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HUMAN ALTERATIONS OF EARTH’S FRESH WATER: SCALE,
CONSEQUENCES, AND A CALL TO ACTION

Sandra Postel?

Abstract—One of the biggest challenges society faces in this new century is figuring out how to satisfy the water demands
of 8 billion people while at the same time protecting the aquatic ecosystems and ecological services that humans and all
species depend upon. Since 1950, water demands worldwide have more than tripled, while the scale of our dams and
reservoirs, river diversions, and groundwater exploitation have fundamentally altered hydrological systems and the
ecological services they perform. On top of all these stresses, we face the added complexity of global climate change. We
are going to need a fundamentally different approach if we are going to have any hope of maintaining some degree of
ecological health in the face of these rising demographic and economic pressures. This paper addresses some of the goals
and key policy levers necessary for wetland ecosystem restoration and protection. This paper is a transcription of Sandra

Postel’s plenary talk at the May 2000 Conference.

INTRODUCTION

One of the biggest challenges society faces in this new
century is figuring out how to satisfy the water demands of
eight billion people while at the same time protecting the
aquatic ecosystems and ecological services that humans
and all species depend upon. This paper explains why | think
this is the case, and explores the critical role of science and
scientists in helping meet this challenge.

We have an unsettling degree of uncertainty when it comes
to just about all aspects of the world's water—from the
natural hydrological cycle itself to the amount of water we
have stored in reservoirs, to how much groundwater is stored
in aquifers, to how much water humanity currently uses. Most
of the numbers discussed below are best estimates rather
than precise facts. There’s no doubt that we need a much
better scientific understanding of many aspects of
freshwater. But we know enough to say unequivocally that
over the last century, human activities have altered the
hydrologic cycle and hydrologic regimes in unprecedented
ways and on a global scale—and the costs and
consequences of these impacts have just begun to come to
light.

Since 1950, water demands worldwide have more than
tripled. We now remove from the earth’s rivers, streams,
lakes, and aquifers about 4,000 cubic kilometers of water per
year. Irrigated agriculture has been by far and away the
biggest driver behind this rise in water use. Irrigated land
worldwide has nearly tripled over the last half century,
climbing from 100 million hectares to more than 270 million
hectares today. Agriculture now accounts for about 70
percent of world water use, industries for about 20 percent,
and cities and towns for about 10 percent.

At first glance, it might seem that at current levels of water
use we're still in reasonably good shape. Our current use of
4,000 cubic kilometers represents only about 10 percent of

the world’s total renewable runoff—the water that annually
flows back toward the sea via rivers and aquifers. But if we
look more carefully at how much of that river and
groundwater flow is actually accessible to us—and therefore
can serve as a supply for agriculture, industry, and cities—
we find that the situation isn’t at all comfortable. Only about
31 percent of global runoff can be tapped where and when
we can use it. And of this, we already appropriate about half
to meet current human needs—which suggests that global
limits are closer than we’d previously realized. The only way
to increase the accessible runoff is to capture and store
more flood water, which typically means constructing more
dams. So we face a kind of Faustian bargain with Nature: In
order to meet future human needs, it seems, we need to
shift an even larger portion of the world’s water from serving
Nature’s purposes to serving humanity’s purposes. And | will
come back to this dilemma.

But first, a few reality checks. If we are anywhere close to
hitting global limits, we should be seeing physical signs of
water stress and unsustainable uses in many freshwater
systems and across fairly wide geographic regions. So let's
look at what is happening.

Rivers

We have seen the number of large dams (those at least 15
meters high) climb from 5,000 in 1950 to more than 40,000
today. We have a less good count of small dams, but they
number somewhere in the 800,000 range. The reservoirs
behind these dams are capable of storing nearly 20 percent
of total annual global runoff, and as is often the case, this
global figure masks great variation and extremes among
individual river systems. Lake Nassar, behind Egypt's Aswan
Dam, is able to fully store two years worth of the Nile’s flow,
for example.

Recent surveys suggest that nearly 60 percent of the world’s
largest 237 rivers are moderately to strongly fragmented by

! Director, Global Water Policy Project, 107 Larkspur Dr., Amherst, MA 01002-3440
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dams and diversions. Perhaps more dramatically, we're now
seeing that many major rivers are tapped out during the dry
season, with virtually no freshwater reaching the sea for
months at a time. These include five of Asia’s great rivers—
the Ganges and Indus Rivers in South Asia, the Amu Darya
and Syr Darya Rivers in Central Asia, and the Yellow River in
China. The Yellow River first ran dry in 1972. But the
situation has worsened greatly over the last 15 years. |
remember traveling by train in China in 1988, and awakening
early so as not to miss crossing the Yellow River, and being
stunned by how little water this great river—the cradle of
Chinese civilization-was actually carrying. In 1997 the Yellow
ran dry for a record 226 days. Closer to home, the Colorado
River doesn’t reach the sea at all in an average year, and
that's been true more or less since completion of Glen
Canyon Dam in the early 1960s.

Groundwater

Groundwater, which forms the base flow of rivers, has come
under heavy pressure in the last 50 years as well. Prior to
WWII, we just didn’t have the technical capabilities of
pumping groundwater on a vast scale. But with the advent of
powerful pumps and deep drilling technologies, farmers and
other water users began to tap groundwater on a historically
unprecedented scale. In India, the number of groundwater
wells climbed from 4 million in 1951 to 17 million in 1997. In
China, the number of irrigation wells has climbed 20-fold
over the last three decades. Here in the US, farmers drilled
millions of wells into the Ogallala Aquifer—one of the
planet’s greatest underground water reserves, and which
now waters 20 percent of U.S. irrigated land.

The problem is that much of this groundwater use is not
sustainable. In just about every area of intensive
groundwater-based agriculture, water tables are dropping
steadily because pumping exceeds recharge. This is the
case in the Punjab of India, the north plain of China, the U.S.
Great Plains, California’s Central Valley, and much of North
Africa and the Middle East. This is a big red flag for future
food security, since as much as 5-10 percent of the world’s
food production may now depend on the overpumping of
groundwater. And it's also a great ecological threat as the
lowering of water tables dries up springs and wetlands—
and, in some cases, turns perennial rivers into seasonal
ones by eliminating their base flow.

Together, the scale of our dams and reservoirs, river
diversions, and groundwater exploitation have fundamentally
altered hydrological systems and the ecological services
they perform. It's estimated that half of the world’s wetlands
have been lost during the 20" century—in part due to direct
conversion to agricultural and urban land uses, but also due
to the cutting off of rivers from their flood plains and their
deltas, and to the overpumping of groundwater.

In many countries, 10-30 percent of freshwater fish are now
threatened with extinction. Here in the United States, The
Nature Conservancy reports that 38 percent of freshwater
fish are at risk, along with 69 percent of freshwater mussels,
and 51 percent of crayfish. The U.S. ranks first in the world in
the number of known species of freshwater mussels and
crayfish and 7" in the number of known freshwater fish
species. Freshwater species are proportionately at greater

risk than others, and the principal reason for their
imperilment is the destruction and degradation of aquatic
habitats.

We could, if we had time, run down a long list of aquatic
ecosystems on every continent that are in states of rapid
decline—from the most dramatic case of the Aral Sea in
central Asia, which used to be the world’s fourth largest lake,
to the Everglades of south Florida, the Danube Delta of
Europe, the Ganges and Indus deltas of south Asia, to entire
river systems like the Colorado, the Missouri, the Nile, and
the Rhine.

On top of all these stresses, we face the added complexity
of global climate change. The patterns of river runoff we
have measured during the 20" century will almost certainly
not be good guides for our planning in the 21t century.
Rainfall patterns are expected to shift and droughts and
floods to intensify. Many of the world’s major rivers are fed by
mountain snowpacks, which are fantastic natural reservoirs.
They store water through the winter and release it during the
spring and summer. As temperatures warm, more of that
winter precipitation will fall as rain rather than snow, and the
snowpack will melt earlier and faster. In many places, this
will mean more intense flooding in the early spring and lower
flows during the summer, when water demands are highest.

So we have a large backlog of water problems to confront,
even as pressures on water systems continue to increase.
Just to supply the food demands of 2025, we could need to
find an additional 800 cubic kilometers of irrigation water - a
volume nearly equal to the annual flow of ten Nile Rivers.

So | return to our Faustian bargain: We can continue to
extract more water from Nature in order to meet rising water
demands, but in doing so we place in jeopardy the survival
of major pieces of the aquatic world, pieces we depend on
for a host of ecological services worth—no one knows how
much—but almost certainly in the hundreds of billions if not
trillions of dollars annually.

| would submit that there is no winning scenario we can
create out of these current trends in water use and
management. We are going to need a fundamentally
different approach if we are going to have any hope of
maintaining some degree of ecological health in the face of
these rising demographic and economic pressures.

What are some of the big priorities?

First, | believe we need a multi-disciplinary and cross-
professional effort to systematically determine the quantity,
quality, and timing of flows needed for freshwater
ecosystems to sustain their critical functions. Without an
effort such as this, no country or region can answer such
basic questions as: how much water is available to meet
human needs in a sustainable fashion? Or, how must dams
be operated in order to sustain critical ecosystem functions
and to protect biodiversity? This initiative would have to be
scientifically credible but policy-focussed-that is, produce a
strategy that can be implemented. South Africa is the only
country | know of that has adopted this kind of goal as a
matter of national policy. South Africa’s new water policy
states that, “The quantity, quality, and reliability of water



required to maintain the ecological functions on which
humans depend should be reserved so that the human use
of water does not individually or cumulatively compromise
the long term sustainability of aquatic and associated
ecosystems.” Many of the aquatic scientists in South Africa
are now involved in the effort to determine these
“environmental water reserves” in some way. Of course it
remains to be seen how effectively this policy will be carried
out.

Another bold step has been taken in Australia’s Murray-
Darling river basin, where the Commission has placed a Cap
on total water extractions from the basin. The rationale here
is simply that the river system has already sustained too
much ecological harm, and so no additional water diversions
should take place. New demands for water in the region are
to be met through conservation and water trading rather
than by increasing the supply.

Here in the United States, we have had several calls for
major initiatives to generate the knowledge-base needed for
sound freshwater management and protection of
ecosystems. Bob Naiman, Diane McKnight, Jim Karr and
others wrote eloquently of the need for a national initiative of
this sort in an article in Science in 1995. These and other
researchers have written extensively about the geomorphic,
hydrologic, and biological parameters that would form the
core of this knowledge base for freshwater ecosystem
protection and restoration.

| think the time is right to push harder for an initiative such
as this, because much has changed in the last five years.
When the Edwards Dam on the Kennebec River in Maine
was demolished in the summer of 1999, it was a very public
symbol and signal—and Secretary Babbitt said this—that
dams are not forever. The idea that we'd be having a serious
discussion about breaching major dams in the Columbia
River basin—four on the lower Snake—would probably have
seemed outlandish even 5-10 years ago.

These debates signal a major shift in public attitudes that
provides new opportunities. Many more small dams will likely
come down over the next few decades, but probably more
important is the possibility of rethinking the operation of
dams that will remain standing. To what degree can we
mimic a river’s natural hydrograph and still meet a portion of
the economic uses for which a given dam was built? What
will be the ecological benefits of doing this? Marginal
tradeoffs like this will be made, and these collectively may
be more important than the big-ticket items like a few big
dams coming down.

What are the key policy levers for ecosystem restoration and
protection that we're likely to see greater use of?

¢ FERC relicensing: of private hydro dams (e.g., Edwards
Dam)

« Endangered Species Act—which, if invoked in its full
force, would dramatically alter water use and river
management nationwide.

¢ Instream flow requirements—On a case by case basis,
these are beginning to get clarified. Judges are making

decisions about what “impairment” of a river system
means in order to determine what uses and extractions of
the river are reasonable and acceptable. This is not just
happening in the West, but in the East as well. Very
interesting case of the Shepaug River in western
Connecticut decided in February 2000.

e Public Trust Doctrine—applied in a historically new and
much broader way in the case involving Mono Lake in
California. It is not yet clear whether this will be a
precedent for broader applications.

Unless we have the knowledge base to assist in these legal,
regulatory, and management debates, and are able and
willing to translate that knowledge base to policymakers and
water managers, we will miss big opportunities for
conservation and restoration of aquatic ecosystems.

Second, we need an all-out effort in every sector of the
economy to raise water productivity. We simply cannot hope
to achieve our ecosystem protection and restoration goals if
we do not promote more efficient use of water. | believe that
with an all-out effort to promote more efficient and equitable
use of water worldwide, we could satisfy year-2025 water
demands without extracting much more water from the
natural environment than we do today. That's an exciting
prospect-but we're a long way from getting there.

| once heard it said that “Technology is Nature’s experiment
with Man.” We need to get smarter about the technologies
we employ and how we employ them—whether it's how we
control floods, how we irrigate our crops, or how we operate
our dams.

To do this we need to build new research and
management partnerships, especially ones that bridge
ecology, engineering, and economics. Some of the best
attempts I've seen to evaluate ecosystem services have
been done through interdisciplinary and/or cross-
professional collaborations. We need more efforts not just
to think out of our box, but to come out of our box. Even
applied science is not getting used in making good policy
and management decisions because too few scientists
are bridging the divide to the policy world.

Finally, | also believe that, as scientists and citizens, we can
contribute more to the resolution of our water problems by
advocating more forcefully for the adoption of a guiding
water ethic in society. The fact that water is the basis of life
lends an ethical dimension to every decision that's made
about how to use and manage it. Especially in the face of
scientific uncertainty and potentially irreversible change,
appealing to an ethic of protection and preservation of
freshwater ecosystems can be both justified and compelling.

Eleanor Roosevelt once said, “We should constantly be
reminded of what we owe in return for what we have.” |
would submit that what we have is more knowledge about
the health of our aquatic ecosystems and the threats to them
than the vast majority of people on the planet, and that what
we owe to society in return is the expression of our best
judgement—not perfect judgement, but best judgement—of
how to preserve and protect these critical ecological assets.



INSTITUTIONAL CHANGE AND CAMPUS GREENING
AT TULANE UNIVERSITY

Aaron S. Allen?

Abstract—A case study of Tulane University that examines the institutional change process is presented in this paper.
Agents of change can use the examples and conclusions as a basis for making changes at any institution. The inability for
Tulane to make the campus environmentally sustainable in terms of operations and education was due to the lack of an
institutionalized internal lobbyist and leader dedicated to environmental issues. That argument is supported with a model for
institutional change, a historical analysis of nonenvironmental and environmental change initiatives at Tulane, a review of
campus greening programs in institutions of higher education, and a series of interviews with Tulane students and employ-
ees. In the summer of 1999, as a result of an earlier version of this study,? an Office of Environmental Affairs (OEA) was
created according to the “Blueprint for a Green Tulane,” which outlined the steps necessary for institutional environmental
change to occur. The central component of that change is leadership from the OEA's Environmental Coordinator and from
students who will, in turn, carry their leadership beyond the campus to create a more sustainable world.

INTRODUCTION

“Greening the campus” means increasing environmental
awareness or action or both on campus—in the operational
facilities and processes of the campus as well as in the
human communities of the campus and surrounding areas.
Greening the campus involves working towards some or all
of the goals set forth in the Blueprint for a Green Campus.®
Although the fundamental theme of greening is education,
this study focuses on campus operations, the greening of
which is pedagogical process itself.

The economics of campus environmental initiatives in higher
education are well documented: greening the campus saves
money. Twenty-three conservation initiatives at fifteen U.S.
institutions of higher education each saved between $1,000
and $9 million, with total annual savings at $16.8 million
(Eagan and Keniry 1998).* Investing in campus greening is
therefore an economic, educational, and environmental

investment with handsome returns—both financial and social.

In addition to saving money, campus greening allows
students to learn how to infuse environmental sustainability
into the larger society. Students must be able to practice
(and see the university practice) the lessons of
environmental sustainability, which they are taught in the
classroom. Tulane has committed to environmental studies
along with three other areas of interdisciplinary interest:
urban studies, international studies, and information

technology. Together, the four are conducive to
environmental responsibility and stewardship.

Tulane is located in New Orleans, LA, the southernmost port
on the 2,552-mile-long Mississippi River. The Mississippi
River Basin drains 41 percent of the landmass of the
continental United States. The river is the dominant feature
of New Orleans, and the university has designed research
agendas and teaching curricula around it. Tulane was
established in 1834 as the Medical University of Louisiana to
study and treat “the peculiar diseases which prevalil in this
part of the Union” (Tulane University 1997). The university is
now comprised of 11 academic divisions with approximately
6,500 undergraduates, 4,800 graduate students, and 8,000
employees, of which approximately 1,750 are full- or part-
time faculty. Tulane is responsible for approximately 24,000
jobs in Louisiana and an annual injection of nearly $1.5
billion into the local economy (Strecker 1998). With its
location on the Mississippi River, traditional focus on health,
and impact on the local economy, Tulane has a formidable
presence in the Southern United States.

INSTITUTIONAL CHANGE

A Model for Institutional Change

Figure 1 is the model of institutional change. It is derived
from a literature review of institutional change in higher
education.® Additionally, case studies in nonenvironmental

1 Environmental Studies Program, 201 Alcee Fortier Hall, Tulane University, New Orleans, LA 70118.

2 This article is excerpted from a larger study by the author, Greening the Campus: Institutional Environmental Change at Tulane University
(1999). It is available on the Internet at www.tulane.edu/~env_stud/greening.htm .

3 The Blueprint (1995) mentions ten items: integrating environmental knowledge into all relevant disciplines; improving environmental course
offerings; providing opportunities to study campus and local environmental issues; conducting a campus environmental audit; purchasing
environmentally responsible products; reducing campus waste; maximizing energy efficiency; making environmental sustainability a top priority
in campus land-use, transportation, and building planning; establishing a student environmental center; and supporting students who seek

environmentally responsible careers.

4 The summary of financial data from Eagan and Keniry (1998) is available at www.nwf.org/nwf/campus/tools/publications/gigr/cost.html .

5 The complete literature review is in the Greening the Campus study.
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Figure 1—Schematic of the model for institutional change.

and environmental change at Tulane and in academia
support the model, which itself is not restricted to
environmental change in any way. The key element is a
leader who is an administrator or faculty member but not a
student because students lack power and connections and
are temporary. (Students, however, do play absolutely
integral roles in the change process, as discussed in a later
section.) In addition to the leader, leadership from the
administration is necessary to support the change agenda.

The model is a conceptual framework for understanding
and implementing change. It is dynamic: the dark arrows
represent normal “flow,” whereas open arrows represent
feedback. The model is dynamic not only in itself but also
between applications; different circumstances result in
different paths. For example, education (the “end”) may
result in further advocacy for new changes (thus the dotted
line, effectively making the model cyclical); also, procuring
policy may return the advocates to the advocacy stage



before getting resources. The model is not rigid; for
example, policy may be skipped entirely, but the results of
the change may not be permanent. Dividing the change
process into the segments of the model is artificial but
necessary; institutional change is not spontaneous, and
greater understanding of the process will increase the
likelihood of success for change movements.

Advocacy is the impetus to begin change. It is the product of
diffuse, irregular efforts of (primarily) students and faculty
found in the “shadow” of the university—the area outside of
the “mainstream” of campus life and separate from the
traditional governing structures of the institution (Bowers
1997, Mansfield 1998). Advocacy is usually a grassroots or
bottom-up effort, but top-down advocacy is just as important:
the two converge in the middle to create the integrated
advocacy required for institutional change.

Advocacy results in policy. Development of specific and
general policies should be consensual with the input of all
appropriate parties. Policies should be applicable,
enforceable, and nonrhetorical in order to support, justify, and
communicate the change goals. Additionally, policy
development and having policies in place are forms of
education (a means and end) about the change agenda
(Altbach 1974, Cerych and Sabatier 1986, Creighton 1998,
Fantini 1981, Gitell 1981, Hamburg and Ask 1992, Keniry
1995, Lane 1990, MacTaggart 1996, Smith 1993, Strauss
1996).

Advocacy and policy procure resources. Roughly prioritized,
the primary resources are personnel (a leader, support staff,
an office), financial resources, information and data, power
(or direct access to power), and the ability to offer
opportunities and incentives for improvement and positive
change. Resource allocations should be in line with the
missions of the institution, and a continual supply of
necessary resources will maintain the desired changes
(Altbach 1974, Cerych and Sabatier 1986, Creighton 1998,
Dominick 1990, Fantini 1981, Gitell 1981, Hamburg and Ask
1992, Keniry 1995, Lane 1990, MacTaggart 1996, Smith
1993, Strauss 1996).

Leadership is the key and defining element of the model for
institutional change. Advocacy procures the leader, who is
supported with policy and resources. The leader is in an
institutionalized position dedicated to the change agenda.
He or she is the change agent: the communicator and
facilitator of the change process, the advocate and lobbyist
for the change agenda. The leader needs power or direct
access to power. The institution—especially the
administration, which should also act as leaders for
change—must support the leader. Finally, the leader should
be charismatic. Important character traits include
communication, interpersonal and listening skills, visionary
planning, and the capability to accomplish meaningful
projects (Berry and Gordon 1993, Creighton 1998) (see also
Altbach 1974; Cerych and Sabatier 1986; Creighton 1998;
Dolence and Norris 1995; Dominick 1990; Fantini 1981;
Farmer 1990; Gitell 1981; Hamburg and Ask 1992; Keniry
1995; Lane 1990; MacTaggart 1996; Orr 1990, 1992, 1994,
1995, 1996; Rainsford 1990; Smith 1993; Strauss 1996;
Wood 1990).

While the leader is the key element to the model, it is also
the place for the tragic flaw: how one person can do
everything. Some solutions include having other leaders and/
or support staff, or, as discussed below, having a guiding
committee and involving students in the change process.

The leader develops well-defined means to achieve agreed-
upon ends. Neither the means nor the ends can be rigid.
Means are the implementation plans; they are many and
specific, and they address education and process re-
engineering (physical and administrative). Ends are goals;
they are few and broad in scope. Examples of ends might be
ecological literacy of graduates and an environmentally
sustainable campus (Alinsky 1971) (see also Altbach 1974,
Dolence and Norris 1995, Eagan and Orr 1992, Farmer
1990, Keniry 1995, Lane 1990, Smith 1993, Wood 1990).

Education is the primary means and end. Campus decision-
makers must be educated on the mechanics of the means
and ends of the change agenda. The same issues should be
communicated to the entire campus since education about
the change agenda is not spontaneous, e.g., the campus
community must be educated on the mechanics of a
recycling program or the larger goals of environmental
sustainability. Eventually, the education reaches society, and
such is the ultimate goal for environmental change in higher
education (Ackerman 1997; Altbach 1974; Brown and Duguid
1996; De Young 1986; Dolence and Norris 1995; Gitell 1981;
Keniry 1995; MacTaggart 1996; Orr 1992, 1994; Smith 1993).

Some theory ties together the model for institutional change
in higher education. Change does not happen spontaneously
(Ackerman 1997, Bowers 1997, De Young 1986, Williams
1991). The changes pursued must be realistic. They will take
time to achieve and will never be 100 percent complete
(Cerych and Sabatier 1986, MacTaggart 1996, Steeples
1990). Operational changes affect some people significantly,
whereas most are affected only minimally; transformation,
not revolution, is needed. A two-dimensional framework of
change is appropriate for Tulane: depth is the degree to
which a change requires a departure from existing values
and practices, and breadth is the number of areas within the
institution that a change is expected to introduce
modifications. Wide/deep changes result in opposition, and
narrow/shallow changes do not take hold. Changes are most
likely to succeed when they are moderate in depth and
breadth of change (Cerych and Sabatier 1986). Institutional
environmental change with regard to campus operations is
moderate change (Hamburg and Ask 1992).

Nonenvironmental and Environmental
Institutional Change at Tulane

Six case studies of change initiatives at Tulane show that
moderate and profound changes are possible—given an
empowered leader (or leaders) with resources and policy
who introduces means and ends to implement change.

Multicultural Affairs, Bisexual, Gay, and Lesbian Affairs, and
Tulane College Programming show that it is necessary to
establish offices responsible for oversight and
implementation of changes. Advocacy began the
establishment of all three, and all established policies and
procured resources; then institutionalized leaders



implemented educational programs (means) to achieve
broad goals (ends). Two other reforms were more ambitious
in their scope: Tulane 2000 sought to stabilize the
university’s budget (and subsequently focus the institution’s
academic priorities) with cutbacks and resource
reallocations; the University Transformation Program sought
to improve the quality of staff services and classrooms,
create an extracurricular program for first-year students,
institute an information technology helpdesk, and establish
an international studies office. Both initiatives had a leader
(the president and the provost, respectively) and resources
to develop and implement policy to affect change. People did
not immediately embrace these issues (they were not
spontaneous); advocates and leaders convinced the campus
that they were meaningful changes. For example, Tulane’s
management takeover of the Housing Authority of New
Orleans was not spontaneous—the leader who initiated the
project believed that Tulane’s involvement was appropriate
and in the best interests of HANO, Tulane, and the citizens
of New Orleans.

The necessary elements of achieving change characterize
these preceding examples, and most fit into the strategic
goals of the university (urban studies, international studies,
information technology, and environmental studies). Missing
from these six initiatives, however, is a concerted effort to
make Tulane more environmentally responsible. Whereas
environmental research and education have improved
(largely due to grant funding), the third and critical element
of a green institution of higher education—operations— has
not been greened. The three divisions of the university are
research, education, and operations, and, at Tulane, each
has been greened to some extent.

Environmental research has been the most successful
division. It is a popular area because of the income
associated with research grants and the opportunities for
publishing. Also, quasi-policy (the environmental studies
focus) and resources (multimillion dollar grants) led the
development of extensive environmental research programs.
The leadership of Dr. John McLachlan of the Center for
Bioenvironmental Research at Tulane and Xavier
Universities (CBR) has developed, coordinated, and
maintained environmental research program opportunities.
The research division received a subjective grade® of “A-" in
the spirit of the Green Gradecard for the Green Wave
environmental audit (discussed in a later section).

Tulane’s Environmental Studies Program (ENST) has a
history that epitomizes how institutional change occurs. In
the early 1970s, students lobbied for the creation of the
ENST, but the resulting coordinate major program (in which
students major in another field in addition to environmental
studies) stagnated until the early 1990s because the
program was not allocated a budget and had only the
devotion of one professor, who was not compensated for his

5 The Green Gradecard did not use any standardized grading
procedure; the approximately 45 students who conducted the audit
relied on collective, subjective judgement to grade each area. The
same subjectivity was used in this study, although the research
behind the decisions was more extensive.

involvement. As a result of the then new environmental
studies focus of the university, the program progressed: new
faculty became involved and established an environmental
education committee, and grant monies provided the
resources to offer course development grants, purchase
equipment, hold training seminars,” and hire a part-time
program coordinator. As a result, the program prospered,
and enrollment increased dramatically. But the faculty
leading the program could not dedicate enough of their
professional time to the program; they treated it as if it were
a University Senate committee. The student environmental
organization, the Green Club, worked cooperatively with the
ENST on numerous projects, including the Environmental
Forum Newsletter, campus environmental email lists, and
the design and publication of the Enviro Counter Culture
Catalog, a guide to environmental classes at Tulane, which
has received wide acclaim from within and outside of the
university.® In 1998, the grants ended and the university did
not provide a budget for the ENST and its more than 50
students. The CBR stepped in to fund the program, but that
funding is also from grants. The future of the environmental
education program at Tulane is in question because of the
lack of institutional support (a budget). The program is still
directed by faculty members who receive ho compensation
or official credit for their time. Whereas the ENST has
potential to be a top program at Tulane and in the Southern
United States, the lack of support and the absence of a full-
time dedicated leader are hindering such success. The
education division received the subjective grade of “B-".

The Green Club and the Tulane Environmental Project
(TEP) have been significantly involved in the greening of
one operational aspect of Tulane: recycling. Recycling at
Tulane began in the 1970s as a volunteer effort. In the late
1980s, the Green Club formed to address more
institutionalized recycling. In the early 1990s, Green Club
leadership petitioned the university to establish a committee
to green the campus. Tulane’s president at the time, Dr.
Eamon Kelly, established the TEP and appointed the chair,
Oliver Houck, Professor of Environmental Law. The TEP was
active for 2 years. In the first year, the members of the TEP
researched and implemented a recycling program, hiring a
full-time coordinator and receiving a minimal university
budget. (In their second year, they began a recycled
procurement program to “close the loop,” but that initiative
was limited to a few paper products.) Peaks and troughs in
student leadership and activism (advocacy), the coming and
going of numerous recycling coordinators over the years
(leadership), and variable administrative support
(resources) have led to peaks and troughs in the success of
recycling operations. The Green Club has attempted other
operational greening programs, e.g., a “Green Dining”
initiative in Tulane dining areas, with minimal success. The
administration took on an economics-based lighting retrofit,
which did not include any education initiatives for saving
energy and had no explicit environmental motives, but no
other significant environmental initiatives have been

" Information on the faculty enrichment seminars is at
www.tulane.edu/~efes/ .

8 The Catalog is available at www.tulane.edu/~greenclb/catalog/ .



institutionalized. The operations division received a
subjective grade of “D-"/“D".

The history of greening at Tulane supports the model and
reaffirms the need for a leader. Research has had a
supported leader, and that division has been successful. As
for education, the Environmental Studies Program should be
a university-supported program with a leader. Recycling and
procurement programs are in need of improvement; each
needs policy, resources, leaders, and comprehensive means
to achieve those ends. Additionally, other campus greening
programs for operations need to be established for Tulane to
live up to its reputation as an environmental (research and
education) university.

THE GREENING PHENOMENON IN HIGHER
EDUCATION

The Green Gradecard for the Green Wave environmental
audit highlights many areas that are in need of improvement
at Tulane, especially when compared with other institutions
of higher education.® Experiences in academia offer
caveats, lessons learned, and examples on which Tulane
can build and even exceed. The greening initiatives in
academia support the model for change, and they show the
sound economic, social, and environmental implications of
such programs (Blueprint 1995, Creighton 1998, Eagan and
Keniry 1998, Keniry 1995, Smith 1993).

Environmental audits are powerful tools for gathering
information about the environmental quality of the campus.
They are the starting point for environmental change, and
they provide information to educate the campus, the
community, and especially those involved in the audit.
Tulane’s audit, the Green Gradecard for the Green Wave,
which an Environmental Sociology class conducted in the
spring of 1997, issued letter grades with respect to various
areas of environmental performance. Environmental Studies,
an energy-saving lighting program, and hazardous waste
policies received “A-" grades, whereas recycling, investment
practices, and procurement of chemicals and pesticides
received failing grades. Overall, the audit graded 22 areas,
and Tulane’s “Green GPA” came out to a 1.9/4.0, or a “C”
average. The audit concluded that the university should
make an “institutional commitment to incorporate
environmental decision making into all facets of [campus]
operation . . . [and] establish a standing University Committee
for Environmental Affairs.” The Gradecard supports the
model for change in that it advocates institutional policy and
resources that would allow for administrative (leadership)
efforts to implement environmental change.

Programs at other institutions concerned with environmental
curricula and campus environmental consciousness illustrate
the essential role of leadership to provide education. Their
success is reflected in campus environmental cognizance.
Progressive environmental building, land use, and
transportation (parking) policies have social, administrative,

9 Tulane’s mascot is the “Green Wave.” The Green Gradecard for the
Green Wave is available at www.tulane.edu/~greenclb/audit/
audit.html .

and economic benefits. Energy and water conservation
programs are financially sound and serve as education
about the importance of conserving natural resources. The
greening of food service operations has health,
environmental, and economic benefits for the campus and
local community. Waste issues (recycling, hazardous waste,
and medical waste) are visible to many in and out of the
campus community; greening them is fiscally responsible, is
educational, has positive impacts for the environment, and
improves the image of the institution. Green procurement
provides market stimulation to keep recycling and waste
reduction initiatives available and economical. Finally,
environmental research and socially responsible business
and investment practices have impacts that can be felt
around the world. Case studies from progressive and
innovative institutions in the above areas provide examples
of what and how Tulane can green (Creighton 1998, Eagan
and Orr 1992, Keniry 1995, Smith 1993). Many of the case
studies support the model for change.

HEARING FROM THE TULANE COMMUNITY
Interviews with Tulane students, staff, faculty, and
administrators further support the model. Five of the six
questions support the thesis of the study that a leader is
needed to institutionalize and carry out greening efforts.

The four main institutional change barriers, as determined
from the interviews, are institutional/organizational (lack of
communication, lack of advocacy, and the lack of a leader),
financial (lack of allocation of resources), cultural (lack of
education),'® and educational (lack of a modus for
education). Interviewees thought that greening programs
should relate to operations (administrative and physical) and
education (individual and community learning, both in and
out of the classroom). The results of the interviews clarify
roles of each tier of the university community: students as
learners, educators, and advocates; staff as learners and
empowered “doers”; faculty as advocates and educators
(who should practice environmental sustainability, especially
if they teach it); and administrators as leaders in all aspects
of the greening process. The responses for the roles of
administrators reiterated every element of the model and
focused on the need for an environmental coordinator to
lobby the administration on environmental issues. Finally,
interviewees affirmed that it is possible and appropriate to
green Tulane. It is now possible to formulate a proposal for
greening Tulane.

THE “BLUEPRINT FOR A GREEN TULANE”

The “Blueprint,” which is based on the model for change, is
the plan for implementing institutional environmental change
at Tulane. Included in it is the proposal to establish an Office
of Environmental Affairs (OEA) and create an Environmental
Coordinator position, both of which were accomplished in
the summer of 1999. The “Blueprint” is presented here as
outlined in the spring of 1999; changes in actual
implementation are presented in the Conclusion.

10 The “cultural barrier” is complex, and more research is necessary
to determine specific aspects that could be the target of educational
programs.



Advocacy

Re-establish/reinvigorate the Tulane Environmental Project
(TEP) as the Tulane Environmental Committee (TEC).
Ideally, President Cowen should initiate the new TEC; he
should also confirm all appointments to the TEC and
appoint the chair who would act as the presidential liaison.
The TEC would be charged with approving an annual
agenda for campus greening and reviewing OEA projects. A
working group from the TEC could develop such an agenda
and then continually work with the OEA. The Environmental
Coordinator of the OEA would report to the TEC, (which
would, in turn, answer to the president). The TEC would
meet once or twice each academic year with
representatives from the students (Associated Student Body
and Green Club), the staff (Staff Advisory Council), the
faculty (University Senate, CBR, and ENST), and the
administration (President’s Executive Working Group). Such
representation involves the research, education, and
operations divisions. The members of the TEC should be the
key players on campus with regards to environmental
change. The TEC would be the convergence of grassroots
advocacy, which has been displayed for years, and top-
down advocacy, which has yet to be shown, while
simultaneously holding the power to make environmental
change. The TEC, the OEA, and the Environmental
Coordinator are interdisciplinary, interdivisional entities
pivotal for coordinating comprehensive institutional
greening.

Policy

Publish a statement that Tulane will be a leader in
environmental research, environmental education, and
environmental stewardship. The statement should outline the
core values of environmental responsibility that Tulane will
espouse. With such a proclamation, the TEC could gather
input from the university community via “town meetings” and
could draft a university environmental policy statement. The
president and the various legislative bodies of the university
could then ratify the policy. Additionally, it would be
necessary for the university to sign on to national and
international environmental platforms, e.g., the Talloires
Declaration and the Valdez Principles; such involvement
brings national and international attention as well as
assistance in implementing sustainability on campus. Finally,
project-specific policies, such as for recycling and
procurement, should be developed.

Resources

Seek funding for institutionalizing the OEA from internal and
external sources. Internal funds could first come from a
cooperative funding procedure, whereby each of the
academic deans, along with the vice presidents who would
be primary representatives on the TEC, would contribute
$3,000 to $5,000 for the job search and first year’s salary of
the Environmental Coordinator. With a job search estimated
at $3,500 to $4,000 and with salary and benefits estimated
at $36,000 to $36,500 (for a senior program coordinator
position), a total of approximately $40,000 is needed; with
eight academic deans and three vice presidents, the
cooperative funding program could work. (In the spring of
1999, no one was reluctant to contribute to such a
cooperative funding measure; they did mention that they
would be more willing to participate once they knew that the

president supported the OEA proposal.) This literal buy-in
into the OEA is important for developing cooperation.

External funds could come from alumni gifts and
endowments for programs, such as scholarships and
speaker series, and grants for projects and operating
expenses. An endowment of $1 million would secure the
OEA in perpetuity; the Office of Development could assist in
such fundraising. Some grants pending in the ENST include
such monies in anticipation of the OEA; the ENST has
found, however, that granting agencies will not pay for
employee salaries but are more likely to provide funds for
students, programs, and operating expenses. A study
sponsored by the Nathan Cummings Foundation suggests
that granting agencies and foundations fund specific
campus projects that have the potential for success and
could serve as a model for other institutions to use.
Additionally, the report recommends “seed money” funding
for projects that will eventually sustain themselves (Strauss
1996).

Other potential funding mechanisms include a university
budget, internal “loans” repayable with savings from cost
avoidance programs, and a student environmental fee. The
more innovative the design of the OEA, the more marketable
it is; as such, the OEA could easily raise outside funding—
especially from alumni and foundations. Other necessary
resources include personnel, information and data, and an
office. The issue of personnel is addressed later. Initial
sources of information and data already exist (the larger
study from which this paper is extracted and the
environmental audit mentioned above), but an annual report
of the OEA submitted to the TEC, e.g., the “State of the
Tulane Environment”, could continue to chronicle important
information and data. Finally, the OEA has been allocated
office space in the new Environmental Science Building
complex where it will be in close proximity to most of
Tulane’s environmental research and education programs.
The CBR, Green Club, and Environmental Studies Program
can provide necessary office supplies, including a computer,
until full funding is raised.

Leadership

Empower the OEA to make a positive impact on campus.
The Environmental Coordinator should work closely with
various campus entities and constituents to develop and
implement greening initiatives.

Means and Ends

Educate the campus on environmental issues. This
education could be via the following possibilities: large- and
small-scale seminars and programs for students, staff,
faculty, and administrators; continued research into and
implementation of greening initiatives; a comprehensive
measurement/reporting system; the development of an
environmental management plan; and classroom and
curriculum initiatives. The TEC should initially prioritize
projects, and, after the first year, the TEC could approve
annual plans and review past performance. The “ends”
should be outlined in general and specific policies. The
Environmental Coordinator might also teach environmental
classes such as “The Campus and the Biosphere” or
“Ecological Design.”



THE OFFICE OF ENVIRONMENTAL AFFAIRS

Leadership

The OEA will house the leadership that will make
environmental change at Tulane: the Environmental
Coordinator. As the director of the OEA, the Environmental
Coordinator should report to the TEC. Dr. John McLachlan
and the CBR would essentially provide a “home” and some
day-to-day operational oversight for the OEA, whereas the
TEC would provide the approval and guidance for long-
range operations. Dr. McLachlan might also chair the TEC.
Such an establishment is necessary because of the access
to the varied power and resources of TEC members in
addition to the valuable experience with successful
environmental change initiatives of the CBR and its director.
The TEC would involve the people who guide the university
in its daily and long-range operations and would ensure that
environmental concerns are heard. The TEC could appoint a
working group (with ample student involvement) to
cooperate with the OEA throughout the year on projects and
programs.

The OEA should be “bootstrapped” to each division and tier
of the university: research, education, and operations; and
students, staff, faculty, and administrators. Bootstrapping
involves creating official and unofficial connections that
prevent atrophy or abolishment and that foster collaboration
and cooperation between all areas of the university. Such
connections include research programs with the CBR;
educational and service programs with the Green Club, the
ENST, and various deans; and operational programs (the
ones that will receive much of the focus) with the appropriate
vice presidents and facilities administrators. Many other
connections are possible with Janitorial Services, Student
Programs, Orientation, Admissions, Housing and Residence
Life, Athletics, and campus institutes. These connections
bootstrap the OEA to the core of the university and provide
ways to affect change.

Having an environmental coordinator—the leader—is
absolutely critical to the institutional environmental change
movement. The leader should be a full-time employee with
appropriate experience and degrees; the leader cannot be a
student, although students are the second key to success.

Students

Students from the Green Club, ENST, student organizations,
and the general campus population are pivotal to the
feasibility and success of the OEA. Not only could students
carry out office duties in the OEA, they could also participate
in and benefit from the myriad programs. To maintain their
involvement, ENST and OEA fundraising endeavors could
provide work-study funds for student workers, scholarships
for leadership and academic excellence, and research
assistanceships for student projects. Such opportunities
would also be excellent recruiting tools.

As “customers,” students are effective advocates for change;
they could advocate and stand up for issues in student
milieus by representing the OEA on various campus
committees. Through the OEA, students would have an
organized outlet for environmental activism, volunteerism,
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and research opportunities as soon as they arrive on
campus. They would provide a constant source of
enthusiasm and ideas for the program, continually clarifying
the raison d’etre of the OEA. Students would be involved in
an active learning and service community, and they could
gain valuable leadership and job skills by, for example,
taking part in efforts to educate campus denizens through
various programs such as greening seminars, the Internet,
and publications.

As well as contributing to the success of the programs of the
OEA, the students will also be active participants in their
own education. In addition to classes, other educational
venues include service learning in the community and
campus environmental research, effectively using the
campus as a laboratory for environmental problem solving
and for learning how to make positive environmental
change.

Programs of the OEA could also help create connections for
students, especially between students and place, i.e.,
Tulane and New Orleans. The connections they make at
Tulane through the OEA—with outside agencies, community
members, with professors and, most importantly, with each
other— would ensure the lasting success of the OEA
because of the broad and dedicated alumni support
network that could develop. And the innovative programs of
the OEA and ENST could certainly attract talented new
students.

The OEA will depend integrally on students; it will also
empower, support, and educate them. The relationship will
be one of symbiotic, collective leadership, and learning.
Campus sustainability programs are an extraordinary boon
for the students, the entire university community, and,
ultimately, modern civilization. The students will carry their
lessons and skills with them, disseminating environmental
sustainability wherever they live.

Programs

Potential programs of the OEA range from large-scale
projects (conferences with national or international
organizations) to smaller scale projects (office recycling
education in a department; they would encompass the four
divisions and four tiers of the institution, the areas of
Tulane’s strategic interest, and all appropriate environmental
parameters. Through the TEC, presidential invitations could
be sent to key faculty and administrators to strongly
encourage them to participate. In doing so, the OEA would
educate campus decision-makers and crystallize their
involvement with campus stewardship programs, all of which
would strive for ecological literacy.

The OEA would not necessarily run all the programs, but it
would help coordinate efforts, provide information and
experience, and advocate for new programs. Students are
an integral part of the programming function of the OEA, and
they comprise the crucial links between the OEA and the
myriad departments, programs, and organizations on
campus and in the community. The successful projects of the
OEA should be chronicled in campus, local, and national
media. Projects would likely begin focused on campus; once
the OEA builds momentum and accomplishes some campus



tasks, programming could move into the local community.
The program possibilities are virtually endless.™

CONCLUSIONS

In the early fall of 1998, it was estimated that, with
fundraising throughout the year and with hiring in the spring,
the OEA could be in place by the summer in order to prepare
for the next academic year. In 1998 when an earlier version
of this study was circulated to raise support and funding,
eight deans, the CBR director, the vice president for
administration and planning, and the provost all said that
they were in support of the initiative in principle. Funding was
solicited from these senior administrators via a one-page
proposal abstracted from the “Blueprint”. It cited the research
findings (presented earlier) and recent events (outlined later)
as sources of campus support and asked for their financial
contribution. Follow-up meetings ensued with most of them.
Eventually, all were in support but were hesitant to commit
resources before they knew the opinions of the president.
After convincing them of presidential support, each donated
amounts ranging from < $1000 to over $5,000. Then the
hiring process began, and the OEA was established.

In 1998-99, Tulane was in a time of profound change—a
presidential transition. Tulane’s new president, Dr. Scott
Cowen, saw that year as a “renaissance of thought and
action” to redesign Tulane for the future. That time of
strategic planning was an opportune time for
institutionalizing the greening process, and the grassroots
advocacy pulled out all stops in order to convince President
Cowen that the OEA was a good and worthwhile venture. He
was not immediately convinced of the validity of the project,
but after 1 year of advocacy, he gave his verbal support. At
least seven actions were fundamental to the advocacy of
1998-99. All were student initiated and led, thus exhibiting
the unique role and power of students in implementing
change. The president was their ultimate target, but the
advocacy helped crystallize the involvement of the
administration and the campus in general.

First was the establishment of the Associated Student
Body’s Committee to Green Tulane, which created a
proposal asking the administration, and the president
specifically, to implement steps that would make the
university more environmentally responsible, including
establishment of the OEA. By the spring, the committee
presented its recommendations to the student body
assembly, which passed the resolution; a subsequent
campus newspaper article on the resolution included a
quote from President Cowen supporting the
recommendations in principle. Second was a year-long
series of letters to the editor regarding campus
environmental initiatives, all of which were in response to
contemporary campus news issues, such as parking and
security lighting, which were not originally presented as
environmental in nature. The third item involved the
collective results of numerous programs by the Green Club,

1 For examples of potential programs, see Greening the Campus
(footnote 1), especially Appendix F (also Table 4 of the Executive
Summary).

including public events on Earth Day and America Recycles
Day as well as numerous smaller events that garnered
campus media attention. Fourth was a continual series of
meetings on the proposal with the president and other
administrators. Fifth was the attention provided to Tulane
when the present author, then a graduating senior, was
selected for a national scholarship, as well as top campus
honors, for work greening Tulane; those events involved
local television as well as local and national newspaper
coverage.

The penultimate item was of great importance to the
eventual success of the advocacy. Using the Greening the
Campus study and some of the core texts that informed it
(Creighton 1998, Keniry 1995), the present author and Dr.
Charles Reith, a visiting professor of business and
environmental studies, teamed up to create a class entitled
“Ecological Design.” The class performed an in-depth audit
of Gibson Hall, Tulane’s main administration building that
houses the offices of the president, provost, senior vice
presidents, and other upper administration. The results of
the audit were presented in poster form at a campus-wide
Earth Day celebration in Alcee Fortier Hall, one of the two
new environmental science buildings on campus. President
Cowen, many administrators, and hundreds from the
campus community were present at the event. A report with
suggestions for specific improvements, one of which
involved the establishment of the OEA, was prepared and
submitted to President Cowen; the campus faculty-staff
newsletter featured the Gibson Hall audit, and the report and
posters were placed in Gibson Hall itself as well as on the
Internet.*? In addition, earlier in the semester members of
the class attended and presented at a national conference
on ecological campus design. The eight Tulane delegates—
two staff, one faculty, three students, and the two
professors—eventually drafted a letter to the administration
supporting efforts promoted at the conference, and they
formed a working group that continued to meet and follow up
on ecological design issues. The class also sponsored two
campus-wide events: a public lecture by renowned campus
environmental activist David Orr of Oberlin College, which
was well attended (especially by administrators) and was
pivotal to the campus greening dialogue; and a round-table
discussion on the merits of the International Standards
Organization’s environmental management scheme, ISO
14001.

The ISO issue became the final and pivotal item in the
advocacy effort. President Cowen, a professor of business,
understood the language of ISO 14001 and eventually lent
his support to a concerted effort to decide if it was best for
Tulane. A 1-day conference on the feasibility of ISO at Tulane
was held in May of 1999; it involved many faculty and senior
administrators, and even included an important appearance
by President Cowen. The proposal for the OEA (the
“Blueprint”) now included language that called for pursuing
ISO certification, which Tulane saw as a program that could
eventually go beyond campus boundaries and connect with

12 The class report and syllabus are at www.tulane.edu/~greenclb/
enst481/ .
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local institutions that have environmental impacts
(especially industry).

With presidential support and 2 years of funding procured,
a national job search began in early June. In early August, a
committee hired Elizabeth Davey, who had experience in
campus greening initiatives and the added bonus of having
a Ph.D. in English, providing her with a familiarity with the
academic environment and a certain legitimacy among the
faculty. Unfortunately, the group who formed the search
committee and who should have eventually become the
Tulane Environmental Committee, did not form the TEC, and
thus starting institutional change and campus greening
moved more slowly than it would have if the TEC were
initially in place. Whereas the TEC has yet to be formed, the
ISO initiative may result in its creation because it is an
important element for ISO certification. Its absence has been
noticeable.

It was a controversial decision to place the OEA in the CBR
because of the center’s isolation from many aspects of the
university (especially the operations). However, the most
appropriate home for the OEA, the office of the vice
president for administration and planning, agreed to
consider relocation of the OEA after it becomes established
because placing it in the CBR for administrative start-up
purposes seemed the best decision despite the political
ramifications. The office space in one of the two new
environmental studies buildings on campus guaranteed a
close proximity to other environmental programs such as the
Environmental Studies, the CBR, and the Green Club,
whose Student Environmental Center is located there. After
a year of operation, the future placement of the OEA is still
uncertain.

All the elements of model for institutional change are evident
in the events that unfolded at Tulane. Presenting the model
to the administration also legitimized and supported
proposed decisions since they saw the logic, data, and
support of the literature (and academics resonate with
academically supported arguments). The advocacy stage
involved the collective efforts of many to convince the
administration to go forward with the proposal; the TEC as a
formal entity was not the instrumental advocacy group as in
the “Blueprint.” Resources were pooled collectively, and
plans are already in place for alumni fundraising and grant
writing. Policy exhibited the dynamism provided for in the
model. Only informal policy (the early versions of the
“Blueprint” and commitments to funding support, for
example) was in place before the hiring of Dr. Davey.
Eventually, formal policies will be established as in Tulane’s
Strategic Plan in which, as a result of Davey’s work and the
advocacy that led to her appointment, President Cowen has
recently included environmental issues. The OEA is in place,
and its leader, Dr. Davey, is working closely with the various
groups, departments, and schools and is developing a
variety of means to educate the campus on environmental
issues with the eventual ends of environmental
responsibility. Although much planning remains to be done,
she has already started campus greening projects such as:
instituting a grant program for student campus environmental
research and education projects, creating with alumni the
Tulane Environmental Network, improving recycling and
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composting efforts, creating an “ecological design” chapter
of the campus master plan, developing a preorientation
program, and developing an environmental Web page.*®

The model has provided a helpful framework for
understanding and activating institutional change. The
limitation of the “Blueprint” (and of the model) has been
recognized: it limits to one person the responsibility for
making Tulane an environmentally responsible institution,
rather than sharing the responsibility and initiative across
schools and departments. Some of that limitation could have
been alleviated if the TEC had been successfully established
before or at the time of Davey’s hiring. The second element
to remove some of that limitation, however, is being
actualized. With Davey’s leadership, students are playing key
roles in greening Tulane; they are being supported with
work-study funding, semester research grants, and
extracurricular activities. In fact, it cannot be stressed
enough that the students—from the Green Club, the
Environmental Studies Program, the Associated Student
Body and the general campus population—were absolutely
central to the success of the entire initiative to institutionalize
campus greening. Moreover, they are key to maintaining the
effort, and, after their campus tenure, these students and
their peers will take sustainability beyond the campus to
create a more sustainable world.
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THE COLLABORATION BETWEEN THE UNIVERSITY OF MISSISSIPPI
AND BELIZE ENABLES OPPORTUNITIES FOR SCIENCE EDUCATION

Richard A. Belisle!

Abstract—The University of Mississippi and the American Universities International Program (AUIP) enjoy vast educational
opportunities in Belize. Bounded by Mexico on the north, Guatemala on the west and south, and the Caribbean Sea on the
east, Belize's 22,960 km? of topography range from sea level to 3,688 ft. This variation in altitude and the tropical climate
support a great diversity of habitats. The relative underdevelopment and pristine ecosystems of rain forest, pine savannahs,
and mangrove swamps are complemented by the longest barrier reef in the Western Hemisphere. Since 1995, the primary
purpose of the AUIP study program in Belize has been to provide experiential learning courses for students, professors, and
professionals from the United States and Belize. The main emphasis has been on marine biology, ecology, natural resource

management, anthropology, ecotourism, and land use.

INTRODUCTION

The University of Mississippi, along with the American
Universities International Program, developed an intense
study-abroad program in Belize since 1995. This
collaboration has seen outstanding success during the past
5 years and involved many university professors, students,
professionals, and other officials from both the United States
and Belize.

PROGRAM OVERVIEW

The Belize field-study program is a unique multicultural
program where participants live and work together with other
students from across the United States and other parts of
the world. They travel throughout Belize with supervisors,
instructors, guides, and local staff to various sites, which
provide for affordable living opportunities to study within the
natural settings and cultures of the local people. Students
are given proper orientation in compliance procedures and
regulations to ensure protection of ecosystems being
studied while maintaining strict North American safety
standards.

The actual classrooms and study sites include spectacular
and pristine ecosystems, which range from the largest
barrier reef in the Western World, lush rain forests,
mangrove swamps, high forested mountains and plateaus,
freshwater lagoons, scenic and wild rivers, extensive
underground caves, Mayan ruins, and much more. The
student is given a truly interactive and hands-on experience
that can definitely put the fun and excitement back into
science education in a most pragmatic and affordable
manner. Such an opportunity can take learning well beyond
the greatest expectations, broaden one’s scope, and
perhaps change one’s overall life perspective in a most
positive manner. Consequently, almost daily, students are in
awe of what they experience and learn.

The current success of the Belize field-study program
demonstrates the tremendous opportunities for science

1Vice President, Beaus, Ltd., Box 300, Belmopan, Belize, Central America.

education and research that American universities can
utilize in collaboration with the many and varied Belizean
institutions. Reliable and dependable cooperation with local
institutions can be readily established that will provide good
accommodations, warm atmosphere, fine food, and a
complex mix of pristine subtropical ecosystems—all at a
super value and within strict safety standards and
regulations.

COUNTRY OVERVIEW

Belize, formerly known as British Honduras, gained
independence in 1981 and remained a parliamentary
democracy and member of the British Commonwealth. It
continues to be a peaceful country, well insulated from the
problem areas of Central America.

Belize is on the eastern coast of Central America on the
Caribbean Sea. It is located between 15°53" and 18°30" N.
and is bounded on the north by Mexico (the State of
Quintana Roo and in the extreme northwest, Compeche) to
the west and south by Guatemala (the department of Peten
and in the extreme south Izabal) and to the east by the
Caribbean Sea. In form, the country is roughly rectangular,
extending 280 km from north to south and 109 km from east
to west. The maximum extension is 180 km, including the
territorial sea. Total land area, including some 1,200 cays, is
22,960 km?, which is divided into 6 districts, 9 municipalities,
and more than 240 villages. The territorial sea adds to a total
area of 46,620 kmz2.

In spite of its small size, Belize is composed of a diversity of
landscapes. Inland, the Mayan Mountain/Mountain Pine
Ridge Massif is the dominant physical feature and rises to
1,124 m at its highest point. It is surrounded by rugged karst
limestone hills. Beyond that, most of the north and the entire
coastal area, including the south, consists of low-lying
plains. Nine land regions, each comprising a particular
combination of topography, soils, and vegetation, and, thus,
a distinctive landscape, have been distinguished. The

Citation for proceedings: Holland, Marjorie M.; Warren, Melvin L.; Stanturf, John A., eds. 2002. Proceedings of a conference on sustainability of
wetlands and water resources: how well can riverine wetlands continue to support society into the 21st century? Gen. Tech. Rep. SRS-50.
Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 191 p.
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upland of the Mayan Mountain land system constitutes the
dominant topographical feature. The geology of this area
comprises Carboniferous and Permian metasediments
(quartzites, shales, slates) with granite intrusions. Most of
this land system is characterized by steep slopes and
shallow soils, which are leached, acidic, infertile, and
fragile.

There are five upland regions, which are characterized by
hilly terrain made up of a thick section of indurated
Cretaceous limestone that has eroded into an extremely
rugged scenery known as karst. These regions are: the
central foothills, located on the northern flank of the Mayan
Mountains Massif; the western foothills, located in the
western and midwestern areas of the country that include
the most extensive cave system in Central America; the
eastern foothills, overlooking the coastal plains and hosting
the oldest rocks in Central America; the southern foothills,
located in the northwestern parts of the southernmost
district; and the Bravo Hills, located in the northwest area of
Belize.

The other three land systems are comprised of the coastal
plains. The southern coastal plain lies in the most southerly
district and is further divided into the Machaca (marginal
agricultural suitability) and Temash (poorly drained acid and
infertile) plains; and the northern and central coastal plains,
both underlain by Tertiary limestone, marl, and calcareous
clays.

The preliminary classification scheme for the coastal zone,
as developed under the current Protected Areas System
Plan, further distinguishes four regions that reflect
differences in sediments, bathymetry, topology, and
hydrology, and represent marine equivalents of the
terrestrial land systems. These four coastal regions, running
from north to south, are the Ambergris region, the Belize
region, the Stann Creek region, and the Punta Gorda
region.

The climate in Belize is subtropical with rainfall varying from
< 1300 mm per year in the north (with a 4-month dry
season) to over 4500 mm in the south (with a shorter dry
season). This remarkable variation in rainfall over a small
area (280 km in length) is incredible but true.

The climate, along with the diversity of geology, topography,
and edaphic factors, maintains pristine ecosystems of rain
forest, pine Savannahs, jungle mountains, rivers, deep
caves, lagoons, estuaries, huge waterfalls and more.
Likewise, the natural vegetation shows astonishing variation
and diversity with some 49 distinct types already recognized.
Together, the terrestrial ecosystems of Belize display as
much habitat diversity at low altitude as any other
Mesoamerican country. The exceptional inland ecosystems
of Belize are home to over 500 species of birds, 107 species
of reptiles, more than 120 species of mammals, 26
amphibian species, and over 700 plant species.

Seven principal habitats make up the Belizean coastal zone:
coral reefs, sea grass beds, mangrove forests, littoral forests,
watersheds, wetlands, and estuaries. The shallow crystal
clear waters of the coastal zone of Belize are host to the

largest barrier reef of the Northern Hemisphere. This is one
of the most spectacular, complex, and biologically diverse
ecosystems in the world. The barrier reef complex runs from
north to south and extends some 230 km along the coastline
from the border with Mexico to the threshold of the border
with Guatemala. Three offshore coral atolls occur east of the
barrier reef and are associated with multiple sand and
mangrove islands enclosing a lagoon with sparse coral
formation. The southernmost atoll, however, has frequent
and well-developed structures.

Some 65 coral reef species have been identified with
suggestions that as many as 113 coral-associated species
may occur. Indications are that apart from corals, as many
as 343 species of other invertebrates may occur. In
December 1996, seven locations on the barrier reef were
designated World Heritage Sites under the World Heritage
Convention; and in 1998, one inland wetland site was
designated under the RAMSAR Convention.

Over 4,000 years ago, the Mayan Civilization took root in
what is now Belize. Some 2 million Mayas may have lived
there during its height. They built sophisticated cities and
temples, and the record of their lives in over 900
archeological finds has survived the years. Although many
temples have been excavated from the earth, many more, it
is certain, remain hidden in the dense jungle. The reign of
the Mayas has vanished, but direct blood ancestors still live
in Belize in harmony with an unlikely mix of newcomers.
They include descendants of English settlers, European
pirates, African slaves, Atlantic Coast Indians, East Indians,
Mennonites, Chinese, Lebanese, and some veterans of the
U.S. Civil War. More recently, an influx of Central American
immigrants has increased the population of Belize to some
230,000 strong.

Although multilingualism prevails in Belize, communication is
not a problem because almost everyone speaks English.
However, the different ethnic groups maintain their cultural
traditions and dialects, thereby adding to the natural charms
of Belize.

Getting to Belize from the United States is facilitated by
direct flights out of the cities of Houston, New Orleans,
Dallas, and Miami, each with a short duration of 2 hours.
Central standard time is observed year round in Belize, and,
similarly, the currency exchange is stable at $2.00 BZE to
$1.00 U.S. Hotels, restaurants, and stores accept U.S. and
Belizean currencies interchangeably.

Belize is still an outpost on the edge of the world, where all
things wild live undisturbed. If the country is famous for
anything, it would be for its genuinely friendly people,
touring, diving along its outer cays, and ecotourism inland.
The richness of the traditional medicine that preserves the
value of many species of plants and animals in the
unspoiled ecosystems is likewise appealing to tourists,
students, professors, and researchers alike. Furthermore,
the availability of modern and highly efficient
telecommunications and Internet facilities throughout Belize
adds irresistible appeal to the high-tech generation of today
and provides exceptional delight to both students and
professors.
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The primary purpose of the current University of Mississippi
collaborative program in Belize is to provide an experiential
learning adventure whereby undergraduate students, along
with their professors, can develop an understanding of living,
working, and learning in a developing country where pristine
ecosystems prevail. It is designed to entail field study for
persons with backgrounds and interests in natural
resources, biology, geology, ecology, tourism, and
anthropology. It is for anyone who enjoys working and
learning in remote environments and cares about further
conservation of global resources, particularly in a diverse
and challenging natural situation. Special emphasis is
placed on natural and social sciences and how land use and
ecological decisions are developed within existing
socioeconomic constraints.
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Some recent direct spin-off activities include: baseline
environmental studies, evaluation and monitoring of
environmental factors, natural product research, research
and development of bioremediation systems and prototypes,
and current and tide data generation within a U.S. Navy
hydrographic project. Also, possibilities exist through
collaboration with the Mississippi Research Consortium in
the completion of a diagnostic for the World Bank’s Regional
Mesoamerican Reef Project. Subsequently, several new
avenues for additional marine biology research activities and
operations have evolved. Clearly, Belize is how being
recognized as a country that affords ideal hands-on
situations for field studies that can certainly provide
tremendous opportunities for science education within a
regional and global context.



FEASIBILITY OF USING ORNAMENTAL PLANTS IN SUBSURFACE FLOW
WETLANDS FOR DOMESTIC WASTEWATER TREATMENT

Marco A. Belmont and Chris D. Metcalfe?!

Abstract—Constructed wetlands are possible low-cost solutions for treating domestic and industrial wastewater in
developing countries such as Mexico. However, treatment of wastewater is not a priority in most developing countries unless
communities can derive economic benefit from the water resources that are created by the treatment process. As part of
our studies directed at improving the quality of water in the Rio Texcoco in central Mexico, we are determining the feasibility
of using ornamental flowers for treatment of domestic wastewater. In a laboratory-scale study, we determined that subsur-
face flow wetlands planted with calla lilies could reduce levels of ammonia and nitrate in simulated domestic sewage.
Results are presented on the optimal conditions for treatment of domestic wastewater in these systems. Floriculture
activities in constructed wetlands could provide the economic benefits necessary to encourage communities in developing

countries to maintain wastewater treatment systems.

INTRODUCTION

Constructed wetlands are a feasible solution to treat
domestic wastewater in small rural communities. These
systems are especially valuable for onsite wastewater
treatment in developing countries because they are low tech,
and the costs of construction and operation are low (Denny
1997).

The gains in vegetative biomass in constructed wetlands
can provide economic returns to communities when
harvested. These can be realized through biogas production,
animal feed, fiber for papermaking, and compost (Lakshman
1987). There have been no reports of the use of ornamental
plants, such as commercial flowers, in constructed treatment
wetlands even though these plants can be harvested and
sold.

Most of the research on constructed wetlands has been
conducted in northern countries. Therefore, the plants most
studied for treatment purposes are cattail (Typha spp.),
bulrush (Scirpus lacustris), and reeds (Phragmatis australis)
as these plants are native to northern countries (Denny
1997). It is known that ornamental plants like canna lily
(Canna flaccida), calla lily (Zantedeschia aethiopica),
elephant ear (Colocasia esculenta), ginger lily (Hedychium
coronarium), and yellow iris (Iris pseudacorus) can be used
in rock/plant filters to treat septic tank effluents (Wolverton
1990). However, there is not enough information about the
efficacy of these “warm weather” ornamental plants for use
in treatment wetlands. Because most developing countries
are located in tropical and subtropical areas, the use of
ornamental plants for treatment in wetlands should be
explored. Floriculture opportunities would also provide
economic benefits to the communities in addition to the
benefit of the wastewater treatment.

This study is focused on the use of calla lily in subsurface
flow wetlands to treat domestic wastewater.

OBJECTIVES

The objectives of this study are to set up a lab-scale
subsurface flow wetland to study the feasibility of using the
calla lily to treat simulated wastewater and to assess the
efficacy of the system in removing nitrogen from the
wastewater.

METHODS

A lab-scale subsurface flow wetland was installed in a
greenhouse at Trent University. The system consists of six
cells of 38 cm by 240 cm by 30 cm (width by length by
depth) filled with crushed rock of 3 to 5 cm in diameter. Two
cells were unplanted and four were planted with calla lilies.
The cells were provided with the same simulated domestic
wastewater, stored in an elevated tank, at the same flow. The
output water was collected and pumped back into the tank.
Each cell was planted with 16 plants at a distance of 15 cm
between them.

The plants were 8 cm tall when planted. The system was
maintained at a temperature range of 14 to 20 °C and 16
hours of light per day. After plantation, nutrients were added
to the water in the same composition as is used for
hydroponics to allow the plants to root and grow. After 120
days, once the plants were well established, lawn fertilizer
and tannic acid were added to increase the nitrogen and
carbon levels to those typically found in domestic
wastewater (table 1). The flow was adjusted to operate the
system at 1 day of hydraulic retention time.

lon-selective electrodes were used to measure N-NH_, N-
NO,, N-NO,; phosphate, sulfate, and chloride were
measured by ion chromatography. Total organic carbon
(TOC) was measured using a TOC analyzer, Shimadzu
model TOC-5000; pH and Eh were also measured. The
monitoring of the water was performed according to
techniques described in the Standard Methods (American

1 Belmont, Graduate Student, and Metcalfe, Professor, Environmental Resources Studies, Trent University, Ontario, Canada.
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Table 1—Typical water-quality parameters in domestic
wastewater

Sewage in North America Experimental wetland?®

Parameter medium-strong April-May 2000
----------------- Mg/lL-------mmmmaa - -
TSS 720 — 1200 6.5—- 145
TOC 160 — 290 110 - 155
N-NH, 25— 50 70 - 180
N-NO, 0- 0 60 - 170
N-NO, 0- 0 1.2-11.16
pH 6 — 8 6.9- 8.1
Phosphate 5- 10 25 - 75
Sulfate 30— 50 600 - 620
Chloride 50 - 100 43 - 57

@ Metcalf and Eddy 1991.

Public Health Association and others 1998). The parameters
were measured in input and output water of the cells.

The simulated wastewater was prepared to meet the usual
characteristics of sewage as shown in table 1 (Metcalf and
Eddy 1991).

RESULTS AND DISCUSSION

The experiment shows that the calla lily can grow very well
on crushed rock beds at warm temperatures. The growth of
the plants was faster than expected, and the plants started
flowering after 6 weeks of plantation.

Ammonia and nitrate measurements showed that the
wetland removed ammonia (fig. 1), but nitrate reduction
occurred only at the beginning of the experiment before the
addition of organic nitrogen (fig. 2). In fact, once fertilizer was
added, the nitrate concentration was higher in the output
than in the input water. This probably means that the
production of nitrate by the conversion of organic nitrogen
into ammonia followed by conversion of the ammonia to
nitrate exceeded the nitrate removal capability of the system.
In other words, the concentration of nitrate increases
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o | SR
gi 100.00 ¥
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4/28/00
5/5/00 1
5/12/00

Figure 1—Ammonia concentration in mg/L.
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Figure 2—Nitrate concentration in mg/L.

because of the lower capability of the system for
denitrification than for mineralization and nitrification. It is
necessary to quantify organic nitrogen to support this
hypothesis.

Nitrite was found in very low concentrations compared with
nitrate and ammonia; therefore, nitrate and ammonia are
more descriptive of the nitrogen transformation in the
artificial wetland.

Measurements of pH showed that the output water from the
wetland had a quite constant pH, slightly higher than 7, even
when the input water pH changed with time for almost 2
units (fig. 3). The redox potential (Eh) in the input and output
water was very similar through the sampling period (fig. 4).
This parameter showed a tendency of decrease with time
throughout the duration of the experiment. This is probably
due to the addition of organic nitrogen, ammonia, and
organic carbon to the input water.

CONCLUSIONS

Calla lily plants can live and grow very well in subsurface
flow beds of crushed rock. In warm places, the calla lily can
be used in subsurface flow wetlands to treat wastewater and
produce cut flowers. This adds a financial benefit to the
environmental benefit of wastewater treatment. Under proper
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Figure 3—Measured pH.
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Figure 4—Redox potential (Eh) in mV.

conditions of hydraulic retention time, calla lilies can be used
in subsurface flow wetlands to reduce levels of nitrogen and
to convert ammonia to nitrate.

For the next phase of the experiment, it is necessary to
quantify total organic nitrogen. The artificial wetland
regulates the water pH buffering changes in the input water
pH.
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REHABILITATION OF COASTAL WETLAND FORESTS DEGRADED
THROUGH THEIR CONVERSION TO SHRIMP FARMS

Peter R. Burbridge and Daniel C. Hellin!

Abstract—International demand for shrimp has stimulated large-scale conversion of mangrove and other coastal wetlands
into brackish water aquaculture ponds. Poor site selection, coupled with poor management and over-intensive development
of individual sites, has led to nonsustainable production and often, wholesale abandonment of ponds. This has been
followed by further conversion of wetlands in an attempt to maintain aquaculture production, incomes, and employment.
This has also often proved nonsustainable. The net result is that extensive areas of formerly biologically rich and productive
wetland forest are lying idle. In limited cases, natural regeneration of wetlands is taking place, and there are sporadic
attempts to stimulate regeneration. However, the drive to convert further wetlands is far greater than efforts at rehabilitation.
The development of alternative, sustainable uses of former wetland forests is examined as a means of reducing the

pressures to convert further areas of wetland forest.

INTRODUCTION

Burgeoning human populations with inherent needs for food
and income continue to drive the settlement and exploitation
of coastal regions. Some 20 percent of the human
population (over 1 billion people) live within 30 km of the
coast (Gommes and others 1998). In tropical developing
countries, approximately 90 percent of fishery landings
come from shallow coastal waters and provide for 40 to 90
percent of national animal protein consumption (Holdgate
1993). In Asia, it has been estimated that one billion people
depend exclusively on fish for their protein requirements
(Anon. 1985). Population densities in excess of 1,000 people
per square kilometer are commonplace in rural areas of
developing countries in Asia, the Pacific, Central America,
and the Caribbean (Lundin and Linden 1993). Such
population densities place adverse pressures on coastal
zones, which are used for settlement, transport, waste
disposal, agriculture, forestry, aquaculture, and fishing. In
many cases, the sustainable levels of exploitation in
fisheries, harvest of mangroves, or the use of the
assimilative capacity of wetlands to deal with sewage has
long been exceeded. Competition for and overuse of
renewable resources have been identified as a major
problem in many regions. There are also mounting conflicts
between different forms of resources development that
reduce the effectiveness of investment and threaten the
sustainability of resource production. For example, logging
and mining activities in upland areas of Southeast Asia have
brought short-term and localized economic benefits to the
communities involved. At the same time, they have caused
major environmental damage and imposed negative
economic impacts that damaged capture fisheries,
aquaculture, and tourism interests in lowland areas (Chou
and others 1991, Hodgeson and Dixon 1988).

We are therefore facing a very serious challenge in most
coastal regions where rapid growth in coastal populations,

rapid urbanization, competition for land and water
resources, and pollution are undermining the potential of
coastal zones to sustain social and economic development
objectives. One such objective is sustainable protein
production through wise fisheries management and the
development of aquaculture. However, throughout the world,
coastal ecosystems believed to play a significant role in
supporting fisheries and aquaculture are being lost or
severely degraded. Coastal wetland forests play such a role
but are not being effectively conserved. For example,
estimates suggest that 70 percent of Thailand’s mangrove
has been converted to industrial sites, agriculture, and
shrimp ponds. A policy to encourage the conversion of
mangrove and other coastal ecosystems into shrimp ponds
was stimulated by the reduction of open-access fishing
areas as a result of the declaration of Exclusive Economic
Zones by countries bordering the Gulf of Thailand. The
policy aimed to relieve unemployment among fishermen
and to increase fisheries production. However, little or no
account was taken of the impact of the loss of mangrove in
terms of decreasing support of capture fisheries or
aquaculture. This lack of attention to such a basic issue
may undermine the benefits derived from aquaculture when
good planning and management could avoid a conflict of
interests between forestry, aquaculture, and capture
fisheries.

With the mounting pressures on coastal areas and
resources, it is increasingly important to strive for the
sustainable use of ecosystems and the renewable natural
resources they generate. However, this takes sophisticated
development planning and careful management of
development activities. In the case of shrimp-pond based
aquaculture development, we are facing two distinct sets of
issues affecting the sustainability of production. The first is
the adverse impact of other forms of development on
aquaculture; the second is the poor siting and management
of the aquaculture units.
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Aquaculture has a legitimate right of access to and use of
coastal resources as well as a right not to be adversely
affected by the poor planning and management of other
forms of coastal development. These issues have been
addressed in a comprehensive manner in recent reports of
the Working Group on Environmental Interactions of
Mariculture (ICES 1995, 1996, 1997, 1998, 1999). The
second set of issues has been addressed by FAO (Barg
1992) and numerous other technical groups and individual
experts. For example, as early as 1981, Juliano and others
(1981) were able to demonstrate that production from shrimp
ponds in the Philippines could be doubled through marginal
improvements in the management of ponds using existing
knowledge, thus reducing the need to expand the area of
mangrove converted to aquaculture.

Agencies such as the World Bank and FAO are addressing
basic institutional and technical issues concerning the
establishment of coastal management in developing nations.
However, no international organization has yet developed
proactive approaches or practical guidelines for the
integration of aquaculture into coastal planning and
management activities in both developing and developed
nations. Where integration is being attempted, it is based
upon local or regional planning within individual nations
(ICES Working Groups on CZM 1995). As a result,
opportunities for promoting the sustainable growth and
diversification of coastal aquaculture are not being fully
realized, and options for future development are being
foreclosed.

Despite the feasibility of greatly enhancing the sustainable
production of aquaculture through integrated development
planning and sound management, there has been a rapid
and largely unplanned expansion of shrimp aquaculture in
developing nations. As a consequence, there has been
large-scale destruction of mangrove and other wetland
systems with consequent impacts on human activities that
are supported directly, or indirectly, by their ecosystem
functions. A second consequence has been the cessation of
production in extensive areas of aquaculture sites. Land is
frequently lying idle, yet there is continuing pressure to
convert more wetlands in an attempt to maintain
aquaculture production. This trend cannot be sustained, and
it is argued that rehabilitation of disused and unproductive
aquaculture sites presents a positive means of bringing
these lands back into some form of productive and
sustainable use while reducing the pressure to convert
remaining productive wetlands. This presents a major
challenge to all of us involved in forestry, aquaculture,
capture fisheries, and other aspects of human development
in coastal regions.

THE ISSUE OF NONSUSTAINABLE CONVERSION
OF COASTAL WETLANDS TO AQUACULTURE

The actual scale of conversions of mangrove and other
wetlands to aquaculture is very difficult to document. It has
been estimated that over 15 million ha of mangrove had
been cleared. This accounts for approximately half of the
mangrove that had previously existed, and this is thought to
be further decreasing at a rate of between 2 and 8 percent
per year (Kunstadter and others 1985). In the Philippines,
279,000 ha of mangrove were lost between 1951 and 1988,

and conversion to culture ponds accounted for
approximately 50 percent of this loss (Primavera 1995).

In addition to areas converted from mangrove to shrimp
ponds, other areas have been converted from salt flats, salt
marshes, freshwater wetlands, fishponds, rice paddies, or
agricultural lands. Frequently, ponds were built in regions
already degraded by other practices and already in need of
active management.

Aquaculture of marine species has been a well-established
feature of coastal development for more than a thousand
years in parts of Asia. An example of this is the polyculture
of milkfish and shrimp in “Tambaks” (brackish water ponds)
in Indonesia. Most of these systems were extensive in
nature and many integrated mangrove conservation into the
pond management system as both a means of enriching the
food supply in the ponds and of protecting ponds from
coastal storms. The traditional extensive or semi-intensive
pond systems have largely given way to intensive systems,
which require very careful site selection and high levels of
inputs of feed and other materials to balance water
chemistry and maintain the health of the cultured species.
The capital investment, technical skills, and knowledge of
markets required to sustain production in intensive
aquaculture systems often puts them beyond the reach of
most rural communities. Where they are attempted without
the requisite inputs and protection from adverse external
impacts, production cannot be sustained, and they become
disused.

The Scale of Disuse of Aquaculture Sites

Accurate estimates of pond disuse (in both mangrove and
nonmangrove areas) are difficult to obtain because land
tenure records are often unreliable and out of date, and
assessments using remote sensing are hampered by the
inability to discern between productive and disused ponds
(Stevenson and others 1999). Unofficial estimates of pond
disuse have suggested that the percentage of ponds left idle
after a period in production can be as high as 70 percent
(Stevenson 1997). Attempts to quantify the scale of pond
disuse have been marred by the belief that an admission of
pond abandonment is tantamount to an admission of
management failure, and, to date, comprehensive surveys of
disused shrimp ponds have not been undertaken
(Stevenson and others 1999). In practice, ponds are often
converted to other uses; for instance, in Thailand, some
ponds have been sold for housing and industrial
development, converted to salt farms or fish or crab culture
operations, and some shrimp farmers have sold topsoil for
construction projects (Stevenson 1997).

In Thailand, Potaros (1995) stated that 19 900 ha of shrimp
farms in the five provinces of the Inner Gulf of Thailand were
closed in 1990-91. A report produced by the Network of
Aquaculture Centres in Asia-Pacific (NACA) indicates that in
1989 about 62 percent of farms were operating “under
capacity” and another 22 percent of farms were “abandoned”
in Samut Sakhon province (Office of Environmental Policy
and Planning - OEPP 1994). This is supported by Briggs and
Funge-Smith (1994) who reported that an area of 40 000 to
45 000 ha south of Bangkok became derelict after shrimp
production collapsed in 1989-90.

21



Yap (1997) reports that nearly all of the 54 912 ha of shrimp
ponds in the Philippines were abandoned, and another

83 000 ha of brackish water ponds were “idle”. Reports
from NGOs in the Philippines in late 1997 stating that pond
disuse is common in the Philippines have supported this,
although pond operators have frequently returned to
traditional forms of milkfish [Chanos chanos (Forsskal)]
culture after shrimp production has ceased (Stevenson and
others 1999).

The disuse or abandonment of coastal aquaculture sites has
been reported elsewhere but not quantified. Extensive areas
of disused shrimp ponds are thought to exist in Bangladesh,
China, Malaysia, and Colombia (Stevenson 1997) and, more
recently, Mexico.

Causes of Disuse and Abandonment of Ponds
There are numerous reasons for the cessation of production
in shrimp ponds. Examples include:

e poor site selection (reported in Sri Lanka by Jayasinghe
1995);

¢ flooding due to poor catchment management as well as
from storm surges where the buffer function of mangrove
has been lost due to their removal;

e predation by nontarget species in the ponds, e.g., birds
and other animals;

e poor cohesivity of soils, which causes the pond walls to
collapse;

« acidification of soils and water as a result of the exposure
of potential Acid Sulfate Soils (reported in Vietham by
Tuan 1996, in Cambodia by Sreng 1996);

e contamination of pond water from agricultural wastes
(noted in Indonesia as a result of a shortage of fresh
water and problems of water quality by Burbridge pers.
obs. 1997); and

e diseases resulting from a lack of hygiene, which can be
rapidly transmitted among ponds through poor water
management, for example, reported in India as a result of
white spot disease (Sammut and Mohan 1996), in Sri
Lanka (Jayasinghe 1995), in the Philippines (Ogburn and
Ogburn 1994), and in Taiwan (Stevenson and others
1999).

Briggs and Funge-Smith (1994) were among the first to
highlight the problem of poor hygiene and diseases in a
report to the British Overseas Development Agency (now
the Department for International Development, DFID).
Hambrey (1996) reported that chronic disease and water-
quality problems have caused ‘significant’ pond
abandonment. For instance, disease problems have caused
abandonment in India, (Sammut and Mohan 1996), the
Philippines (Yap 1997), and Thailand (Macintosh 1996).
Poor water quality and poor site selection have caused
production failure in Sri Lanka (Jayasinghe 1995) and
Indonesia, and problems with Acid Sulfate Soils (A.S.S.)
have caused abandonment in Vietnam (Tuan 1996) and
Cambodia (Sreng 1996). These problems often lead to
financial difficulty, causing farmers to either sell or abandon
their farms (Fegan 1996). Ponds may also be abandoned
due to a drop in profits or yields (Flaherty and
Karnjanakesorn 1995), or political intervention, such as the
revoking of leases or license agreements (Stevenson and
others 1999).
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Where the development of coastal aquaculture has not
been well planned and managed, it undermines the
potential for coastal zones to sustain economic and social
development. This raises the question of whether it would
be better to rehabilitate these areas and restore the original
ecosystem, or to find a means of modifying the aquaculture
system to allow it to be more productive and sustainable.
There are good arguments for both alternatives. On one
hand, the rehabilitation of the original ecosystem may help
to rejuvenate coastal capture fisheries stocks and the
income of fishermen, improve biodiversity, ecotourism, and
reduce salinization of soils and groundwater, which
adversely affect agriculture and domestic water supplies.
However, it must be realized that rehabilitation will cost
money, will take considerable time, and may not be
welcomed by local people who may see little benefit for
themselves.

On the other hand, developing more productive use of
unsuccessful aquaculture sites could allow the original
developers to achieve a reasonable return on their
investment and could provide opportunities to diversify and
expand local employment. Mixed aquaculture systems may
help improve the food security of rural communities and
reduce organic pollution loads from other forms of
development, including more intensive aquaculture. One
example might be the change from nonprofitable intensive or
semi-intensive shrimp culture to a less intensive polyculture
system or an integrated aquaculture-agriculture forestry
system.

These and other alternatives will vary from place to place
depending on environmental, social, and economic
conditions. At this meeting, it would be useful to discuss how
to develop a system to identify and evaluate opportunities to
put nonproductive and idle aquaculture sites into a more
productive use that helps to meet sustainable development
objectives at both a local and national level. In the following
paragraphs, factors that influence options for rehabilitating
disused aquaculture sites are set out.

OPTIONS FOR THE REHABILITATION OF

DISUSED OR ABANDONED AQUACULTURE
PONDS OR BOTH

The term restoration has been adopted in recent studies to
mean any activity that aims to return a system to a pre-
existing condition, whether or not this was pristine (sensu
Lewis 1990b). Whereas, the term rehabilitation is used to
denote any activity that aims to convert a degraded system
to a stable alternative use, which is designed to meet a
particular management objective (Stevenson and others
1999). The term rehabilitation is used here to describe a
continuum of management options for altering the state of
the ponds to some alternative condition where human
activities can be sustained. This can include the
reinstatement of a wetland forest ecosystem such as a
mangrove, where uses foreclosed through the conversion of
the wetland can be regained and benefit a range of different
interests. For example, mangrove forests have been restored
to meet commercial purposes such as silviculture (Watson
1928), for restoring fisheries habitat (Aksornkoea 1997,
Lewis 1992), for sustainable multiple community use



purposes, or for shoreline protection purposes. None of
these are mutually exclusive.

There are three basic rehabilitation options. The first is to
rehabilitate the pond sites so that they can be put back into
sustainable shrimp production. The second is to rehabilitate
the pond sites so that they can be put to some alternative,
sustainable use. The third option is to restore the
environmental conditions within the pond sites and the
surrounding area, and to re-establish a productive wetland
ecosystem (Stevenson and others 1999). Each of these
options is influenced by the causes of production failure and
the conditions that remain in the pond after production has
ceased (Stevenson 1997). The continuum of rehabilitation
options is illustrated in figure 1.

Factors That Influence the Choice of

Rehabilitation Options

The basic rationale for attempting rehabilitation is to address
factors that alter a wetland or other productive coastal
ecosystem to such an extent that it can no longer self-
correct or self-renew. Under such conditions, ecosystem
homeostasis has been permanently stopped, and the
normal processes of secondary succession (Clements 1928,
Watson 1928) or natural recovery from damage are inhibited
in some way.

Before any restoration is attempted, the goals should be
determined through an active dialogue with, and effective
participation of, the local stakeholders. The stakeholders
comprise both individuals or interest groups that have
promoted aquaculture, as well as those who may have been
influenced by the conversion of wetlands and other systems.
Those with interests in aquaculture may have invested
scarce capital, as well as their labor and materials, to
develop what they saw as a means of improving their
welfare. In the process of developing the aquaculture sites,
they may have attained user rights or title to the land. They
will want to see some productive outcome from restoration
efforts that will help them achieve sustainable return on their
investment. On the other hand, people who did not benefit
from the aquaculture development may have suffered a
loss of access to common property resources such as the

crabs that breed and thrive in mangrove forests or fish and
crustaceans that depend upon wetlands for part of their life
cycle. Balancing the needs and aspirations of the different
stakeholders and achieving broad agreement on the goals
are critical to the sustainability of rehabilitation initiatives.
The importance of this involvement of stakeholders is often
overlooked, and, without local support, restoration and
rehabilitation programs have little chance for long-term
success (Primavera and Agbayani 1996).

It may be possible to restore the functionality of a system
even though factors such as soil type and condition may
have been altered with consequent effects on the flora and
fauna. If the goal is to return an area to pristine condition,
then the likelihood of failure is high and must be regarded as
unrealistic (Stevenson and others 1999). The restoration of
certain ecosystem traits and the replication of some
functionality stand more chance of success (Lewis and
others 1995).

The reference conditions for restoring the functions of a
system also need to be examined carefully because “pre-
existing conditions” may not have been pristine due to factors
outside those associated with the conversion to aquaculture.
Potaros (1995) reports that in Thailand, “the mangrove area
that has been used for shrimp farms is often previously
degraded forest so it is very difficult to assess the economic
damage related directly to shrimp farming”. In such cases, it
is not sensible to return the area to a previously degraded
condition. The goal may be to achieve a level of functionality
that will allow productive alternatives to be developed and
sustained. These alternatives could include mangrove timber
production or development of new forms of aquaculture.

Additionally, restoration to the original habitat type may not
be the best social, economic, or ecological option. For
example, rather than restoring the area to a relatively
common ecosystem type, it may be preferable to restore not
to the original condition, but rather to a scarce type of habitat
within the ecosystem (Cairns 1988, Lewis Environmental
Services, Inc. and Coastal Environmental, Inc. 1996). This is
also known as “out-of-kind” restoration (Stevenson and
others 1999).

Restore the
envi ronnment al
conditions to re-
establish a wetl and
ecosystem

Rehabilitate the
site to achieve an
alternative,
sust ai nabl e use.

Rehabilitate the

ponds so they can
be put back into
shrinp production.

Figure 1—Diagram illustrating the continuum of options that are available for the rehabilitation of disused or

abandoned aquaculture ponds.
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Some areas may not be considered suitable for
restoration. In such cases, the best practical option may be
to re-establish shrimp farming in a well-managed and
sustainable manner. Similarly, the primary redevelopment
goal of coastal managers may be to recommence shrimp
farming in disused ponds.

In an area subject to storm activity, the primary goal may be
to restore natural coastal protection afforded by the buffer
function served by mangrove. Different goals are not
necessarily mutually exclusive. Rehabilitation of a degraded
mangrove can help to sustain shrimp aquaculture by acting
as a buffer to storm surges and reducing flooding of ponds.
It can help to provide nutrients to ponds as well as helping to
assimilate wastes drained from ponds.

The choice of options can be limited by the information
available on key factors that influence the costs and technical
difficulties of rehabilitating ponds. For example, ponds sited
in areas where Acid Sulfate Soils have been exposed to air
pose difficult problems of restoring neutral soil conditions
without costly liming or leaching the acids by flushing, which
can impose unacceptable impacts on neighboring rivers and
estuaries. There are fundamental gaps in the information
available on the environmental effects of leachate from Acid
Sulfate Soils and the persistence of chemicals, disinfectants,
and other materials used during shrimp culture. If new and
innovative treatments develop, then a variety of new
alternatives may be open to the coastal manager for
consideration (Stevenson and others 1999).

FACTORS THAT INFLUENCE OPTIONS FOR THE
REHABILITATION OF MANGROVE

Factors influencing the rehabilitation of mangrove were
reviewed by Chapman (1976), Field (1997), Hamilton and
Snedaker (1985), Lewis (1982, 1990a, 1990b), Lugo (1992),
Noakes (1951), Saenger and Siddiqgi (1993), Siddigi and
others (1993), and Watson (1928).

Some of the main factors that have a major influence on

both the sustainability of aquaculture and the rehabilitation

of disused sites include:

¢ the presence of Potential Acid Sulfate Soils (P.A.S.S.);

e erosion and subsidence of soils and associated
increased risks of flooding;

e waterlogging of soils; and

¢ the presence and longevity of antimicrobials and other
chemical compounds used in aquaculture operations.

There is a shortage of studies that quantify the
environmental conditions in disused shrimp ponds and their
effect on surrounding areas. Disused or abandoned ponds
or both may represent heavily degraded environmental
conditions that could prove technically difficult, expensive,
and time consuming to rehabilitate. In some case,
environmental changes brought about by developing ponds
in inappropriate situations may be irreversible. For example,
it is not possible to reverse the formation of Actual Acid
Sulfate Soils (A.A.S.S.) resulting from the oxidation of
Potential Acid Sulfate Soils (P.A.S.S.) caused by excavating
ponds. However, it may be possible to transform A.A.S.S. to
a pH neutral soil that has less acid-producing capacity.
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Great care must be taken in choosing methods of dealing
with A.A.S.S. Methods commonly recommended by
agriculturists involve flushing the acids from the soil with
copious amounts of either fresh or brackish water, for
example, in Agency for Agricultural Research and
Development and the Land and Water Research Group
(1990). Although this may reduce the acidity in local areas, it
does not address the issue of the impact of acids draining
into adjacent streams, rivers, or estuaries. Field
observations by one of the authors in the Mekong Delta
indicated acid levels as low as pH 2.3 in canals dredged in
P.A.S.S. in an attempt to reclaim Melaleuca wetland forests
for agriculture. P.A.S.S. can extend over large areas and
represents a very large reservoir of potential acid materials.
Flushing of acids from pond sites may in the short term
appear to be a viable solution. However, unless water levels
are maintained above the P.A.S.S. layers, oxidation will
continue with the result of continuing leaching of acids.
Maintaining water levels in the soil profile can be very
difficult where groundwater is being extracted to irrigate
crops or to moderate salinity and temperatures in
aquaculture sites.

With the clearance of trees and other vegetation to create
ponds, surface erosion and subsidence and compaction of
the soil profile can take place. This can have a series of
knock-on effects, including increased risks of flooding from
river systems as well as increased vulnerability from oceanic
storm surges. These conditions are very difficult to reverse.

Additionally, it is difficult to counteract the adverse effects on
surrounding areas resulting from clearance of mangrove and
other wetland forest types. Lahmann and others (1987)
discuss the impact of shrimp aquaculture siting in basin
mangrove forests and “salitrales” (salt flats) in the southern
Gulf of Guayaquil, Ecuador. The basin forests are often
characterized as “unproductive” in major shrimp aquaculture
countries like Thailand, but Lahmann and others (1987)
point out that the local“...declining abundance of shrimp
postlarva in Ecuadorian estuaries...” may at least in part be
due to “...the disproportionate elimination of sources of
dissolved organic matter...” and “...may be the dominant
cause of the reduction in wild shrimp postlarva stocks...” (p.
242).

There is evidence that mangrove forests around the world
can recover from a degraded or heavily harvested condition
if: (a) normal freshwater flows entering the mangrove are not
disrupted, (b) the normal tidal hydrology is not disrupted,
and (c) the availability of waterborne seeds or seedlings
(propagules) from adjacent mangrove stands is maintained.
Through afforestation, mangroves can also be established
on unvegetated, intertidal flats where they would not
normally grow. These areas, however, are limited in extent
and often serve other ecological purposes such as feeding
areas for wading birds like herons and egrets. They may also
support valuable submerged aquatic vegetation like
seagrass meadows that are a valuable marine habitat in
their own right (Phillips and McRoy 1980).

Based on the ability of mangrove to restore itself, it has been
recommended that plans for restoration should first look at
the potential existence of stresses such as blocked tidal



inundation, which might prevent secondary succession
from occurring and to remove those stresses before
attempting additional restoration (Hamilton and Snedaker
1985, Lugo 1992). The identification of stresses and
evaluation of their effects on natural regeneration are not
simple tasks. Studies in Panama (Duke 1996) and
Indonesia (Soemodihardjo and others 1996) report
successful natural regeneration of mangrove subjected to
stresses from oil spills and logging, respectively. In
Panama, Duke (1996) observed that “...densities of natural
recruits far exceeded both expected and observed
densities of planted seedlings in both sheltered and
exposed sites...” (p. 228). Soemodihardjo and others
(1996) report that only 10 percent of a logged area in
Tembilahan, Indonesia, needed replanting because “...the
rest of the logged over area...had more than 2,500 natural
seedlings per hectare” (p. 109). In cases where natural
recovery is not occurring through natural seedling
recruitment, assisting natural recovery through planting is
one option.

Unfortunately, many mangrove restoration projects move
immediately into planting of mangroves without determining
if natural recovery is taking place and which stresses may
prevent natural regeneration and the likely effectiveness of
replanting. This often results in major failures of planting
efforts (Stevenson and others 1999). For example, Sanyal
(1998) has recently reported that between 1989 and 1995,
over 9000 ha of mangroves were planted in West Bengal,
India, with only a 1.52-percent success rate. The World Bank
funded Central Visayas Regional Project-l, Nearshore
Fisheries Component in the Philippines that targeted 1000
ha for mangrove planting between 1984-92. An evaluation of
the success of the planting in 1995-96 (Silliman University
1996) indicated only 18.4 percent of 2,927,400 mangroves
planted over 492 ha had survived. Another planned 30 000-
ha planting effort in the Philippines (Fisheries Sector
Program, 1990-95) funded by a $150 million loan from the
Asian Development Bank and the Overseas Economic
Cooperation Fund of Japan was cut short after only 4792 ha
were planted due to similar problems (Ablaza-Baluyut 1995).

Restoration of Disused Aquaculture Ponds

to Mangrove Forests

Detailed studies by Lewis and Marshall (1997) of pond
restoration at field sites in Central America and the
Philippines indicate that the most important factor in
successful restoration of ponds to mangroves is the re-
establishment of the tidal hydrology to the maximum extent
possible. Restoration of mangroves through restoring the
natural hydrology has been emphasized before by Hamilton
and Snedaker (1984), Lugo (1992), and by Olsen and
Arriaga (1989). Turner and Lewis (1996) also give examples
of successful restoration of mangroves through restored
hydrology alone.

Lewis and Marshall (1997) have suggested five critical steps

to achieve successful mangrove restoration in general and

pond restoration in particular:

¢ understand the autecology (single species ecology) of
the mangrove species at the site, in particular the
patterns of reproduction, propagule distribution, and
successful seedling establishment;

¢ understand the normal hydrologic patterns that control
the distribution and successful establishment and growth
of targeted mangrove species;

¢ assess the modifications of the previous mangrove
environment that occurred and that currently prevent
natural secondary succession;

¢ design the restoration program to initially restore the
appropriate hydrology and utilize natural volunteer
mangrove propagule recruitment for plant establishment;
and

< only utilize actual planting of propagules, collected
seedlings, or cultivated seedlings after determining,
through steps 1 through 4, that natural recruitment will
not provide the quantity of successfully established
seedlings, or rate of stabilization, or rate of growth of
saplings, established as goals for the restoration project.

These critical steps are often ignored, and failure in most
restoration projects can be traced to proceeding directly to
step 5 without considering steps 1 through 4. Lewis and
Marshall (1997) refer to this approach as “gardening”, where
simply planting mangroves is seen as all that is needed.

SELECTING APPROPRIATE REHABILITATION
OPTIONS

The selection of the most appropriate options for
rehabilitation depends heavily upon local as well as national,
economic, social, and environmental priorities. From an
economic viewpoint, assessing the value of the flows of
resources derived from the former ecosystem provides an
important benchmark against which to assess the relative
costs and benefits that can be derived from different
rehabilitation options. Such benchmarks should incorporate
both the tangible economic goods and services as well as
the less tangible environmental goods and services
provided by the wetland forest or other ecosystems before
they were subjected to conversion. These environmental
goods and services include flood and storm protection,
sediment and toxicant removal, erosion mitigation, and
nutrient export.

Of particular importance are the benefits provided by
mangrove in coastal protection from typhoons or hurricanes.
In areas subject to strong storm activity for West Bengal,
Bangladesh, and Mozambique, the removal of mangrove to
form shrimp ponds has made coastal activities more
vulnerable to storm surges and flooding. In some states in
India, e.g., Andrha Pradesh, the buffering capacity and the
erosion mitigation provided by mangrove is particularly
important because the costs associated with the
construction of artificial structures to combat erosion and to
protect from storm damage can total more than.$12,000
(U.S.) per meter. In such areas, the case for restoration may
be very strong, and the costs involved in restoration may be
small when compared with the costs of constructing these
artificial structures. The benefits in such cases would be
both financial, in terms of costs avoided, and social, in terms
of the avoidance or minimization of the loss of human life
and property.

There are well-established economic techniques for
undertaking such analyses. For example, see section 6 of
the Mangrove Area Management Handbook (Hamilton and
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Snedaker 1985). Mangroves are regarded as particularly
rich in terms of the goods and services they provide
(Burbridge 1990, Dixon 1989, Hamilton and Snedaker 1984)
and some researchers have made estimates of the
economic benefits of mangroves both in terms of fisheries
and other benefits. There is less information available on the
economic value of other land-use types or other habitats in
tropical regions, e.g., salt pans, tidal swamp forests,
Melaleuca wetlands, or mud flats.

However, well-constructed economic cases that include a
full range of social as well as environmental factors for
different rehabilitation options are seldom undertaken.
Justifications for rehabilitation such as those by Sidall and
others (1985) who state with reference to Ecuador, Panama,
and the Philippines that “reclamation of abandoned ponds
should be encouraged... and poorly sited or engineered
ponds should be breached to promote eventual
recolonization” would benefit from rigorous assessment of
the benefits of different rehabilitation options. This also
applies to justifications for rehabilitating general aquaculture
related degradation in mangroves. For example, Ishwaran
(1996) argues that given the importance of mangroves,
there is a need to rehabilitate degraded areas through
planting and the introduction of environmentally friendly
aquaculture technology.

The case for rehabilitating disused shrimp ponds should
also be viewed objectively. The direct loss of shrimp sales
revenue from ponds, which fail due to poor management,
can be in the region of.$15,000 to $25,000 (U.S.) per
hectare per year. The costs of the system degrading further
and posing a risk to neighboring habitats or land-use types
should also be taken into consideration. Damaged resources
are often unstable and actively deteriorating, and, in general,
if deterioration is not arrested, repair may become
progressively more expensive and difficult; i.e.,
redevelopment costs must be balanced against ‘costs
avoided’ (Stevenson and others 1999).

There can be added benefits from the rehabilitation of
degraded pond sites to an alternative income-generating
activity. For example, by redeveloping an area that has
become degraded and helping stakeholders to regain
productive use of the sites, pressure will be reduced on
neighboring areas, which are perceived to be of high value
for conversion and are at risk of degradation. The resulting
re-establishment of production of useful goods and services
in a rehabilitated or restored area may serve to help
maintain the flows of economic and environmental goods
and services provided by undisturbed ecosystems. This will
allow these systems to continue to sustain other forms of
human activity, as well as meeting international obligations
such as maintaining biological diversity.

Where ponds were converted from other land-use types,
such as fish ponds, paddy fields, or other agricultural lands,
socio-economic reasons may exist for restoring ponds to
their prior uses, particularly where local reliance on
subsistence agriculture or aquaculture exists. However,
there is little in the literature that supports restoration to prior
land-use types. Where restoration to a ‘natural’ habitat (such
as mangrove) is considered inappropriate, technically very
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difficult, or too expensive, then restoration to prior or other
land-use types may be considered. This may represent the
best option in terms of economic feasibility, environmental
acceptability, and maximal sustainable productivity
(Stevenson and others 1999).

Where ponds have been constructed in inappropriate
locations, such as those frequently hit by typhoons or
hurricanes, there is a strong case for not rehabilitating ponds
to alternative uses that also will be vulnerable and difficult to
sustain. In cases where areas which are not normally hit by
hurricanes but experience El Nifio years, for instance, along
the Pacific Coast of Latin America and the United States,
there can be a case for rehabilitation (or even restoration) of
ponds if the benefits outweigh the risks. In such cases,
management practices can reduce the vulnerability of
aquaculture production to periodic events.

Selection of Rehabilitation Options and

Their Implementation in Practice

There are limited references to the practical restoration of
abandoned shrimp ponds. Given the extensive areas of
mangrove converted unsuccessfully to shrimp ponds, there
have been surprisingly few reports of attempts to restore
aquaculture ponds back to mangroves. Anecdotal reports of
up to 13 000 ha of ponds restored in Thailand and several
thousand hectares in Vietham have been noted by
Stevenson and others (1999). It is significant to note that
Field (1997), in compiling and editing reports on mangrove
restoration from 13 countries including Thailand, Malaysia,
Vietnam, Indonesia, India, Pakistan, and Bangladesh, does
not report a single occasion where pond restoration was
attempted. In fact, the only mention of aquaculture ponds in
this work is by Aksornkoae (1997), in which mangroves were
restored between existing shrimp aquaculture ponds in
Pattani Province, Thailand. In several areas in Thailand (and
probably elsewhere), mangrove has been planted in bund
walls and in areas adjacent to ponds as part of the
aquaculture management system in order to stabilize
sediments and to improve water quality.

Stevenson and others (1999) observed that pond
rehabilitation is an ongoing concern, and there are probably
many localized efforts to either reforest ponds in former
mangrove areas or to put disused ponds to alternative uses.
However, the data that do exist are often of poor quality, or
they are poorly disseminated and difficult to obtain or verify.
Consequently, it is not possible to draw any substantive
conclusions from them. The authors concluded that in most
cases, evaluation procedures or assessment of pond
condition do not take place prior to the initiation of pond
rehabilitation projects. Therefore, the reasons behind either
the success or failure of pond rehabilitation projects are not
known, and there is no ‘learning curve’ or lessons learned
from these endeavors. This is not a rational way to continue
(Stevenson and others 1999).

CONCLUSIONS

Aquaculture forms an important activity in many of the
world’s coastal regions, and its importance as a source of
income, employment, and exports is likely to continue to
expand for the foreseeable future. Aquaculture of a generally



nonintensive nature has been a part of coastal land and
water use for many centuries in Asia, and it has proven
sustainable. However, the rapid expansion of poorly planned
and managed semi-intensive and intensive shrimp
aquaculture has created a humber of significant adverse
environmental, economic, and social effects. In turn, shrimp
aquaculture has often been adversely affected by impacts
from other forms of human development.

The combined effects of poor standards of aquaculture
development and adverse impacts on aquaculture
operations have led to unnecessary destruction of coastal
wetland forests, nonsustainable aquaculture production,
disuse of pond sites, and even abandonment of the land and
the loss of the investment of peoples’ labor and capital.
Reluctance on the part of the aquaculture industry and
government to admit that shrimp aquaculture has often
proven nonsustainable has helped to disguise the extent of
unproductive shrimp farming. However, extensive areas are
believed to be involved in many of the poorer developing
nations such as India, the Philippines, and Indonesia.

Developing nations cannot afford to allow the extensive
areas of nonsustainable, unproductive shrimp farms to
remain idle if they are to meet the development needs of
coastal communities, as well as national development
objectives and international obligations such as the
conservation of biodiversity. Substantial scientific effort is
required to analyze the factors that lead to nonsustainable
aquaculture and to help the 50 or more shrimp-producing
nations find ways to rehabilitate unproductive, disused, and
abandoned areas. This will serve both to help people to
develop sustainable uses of coastal areas and resources
already committed to aquaculture and to reduce pressures
on remaining coastal ecosystems and the renewable
resources they generate.

Options for the rehabilitation of areas that can no longer
sustain shrimp production need to be identified, tested,
evaluated, and demonstration projects established as a
means of engaging the interest and active support of
stakeholders. Efforts to improve the dialogue between
donors, researchers, aquaculturists, and governmental
bodies will be essential in developing workable solutions.
Unfortunately, much of the research into pond rehabilitation
carried out to date has been conducted without adequate
site assessment, without documentation of the
methodologies or approaches used, and often lacks
subsequent follow up or evaluation. Those projects, which
have not been successful, are rarely documented and
information on them is largely anecdotal and hard to obtain.
The reasons for success or failure are still largely
guesswork, and we are still at the beginning of what may
prove to be a steep ‘learning curve.’

To reduce the length of time required to address this
learning curve and avoid further unnecessary damage to
wetland forests, consideration should be given by the
international scientific community and donors to placing
greater emphasis upon working with developing nations
where these issues are acute and where poverty and lack of
effective development assistance will drive people to
degrade more areas through repeating mistakes of the past.

The potentially adverse effects of new aquaculture
development can generally be avoided through good
planning and management. To be fully successful, such
plans and management arrangements must recognize that
aquaculture should have equal rights of access to and use of
natural resources and a good quality environment. It is
suggested that Integrated Coastal Zone Management can
provide a beneficial framework for the development of
aquaculture where due care and attention are given to the
maintenance of the functional integrity of coastal
ecosystems that sustain aquaculture and other natural
resource-dependent activities. It is also suggested that
multiple use management of coastal ecosystems will provide
a better basis for integrating aquaculture with other activities,
which have a common dependence on the functions and
resources provided by one or more coastal ecosystems.
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EFFECTS OF HYDROLOGIC CONDITIONS ON
BIOGEOCHEMICAL PROCESSES AND ORGANIC POLLUTANT
DEGRADATION IN SALT MARSH SEDIMENTS

W. James Catallo*

Abstract—This work addressed the influence of tidal vs. static hydrologic conditions on biogeochemical processes and the
transformation of pollutant organic chemicals (eight representative N-, O-, and S-heterocycles (NOSHs) from coal
chemicals, crude oils, and pyrogenic mixtures) in salt marsh sediments. The goals were to: (1) determine the effects of static
(flooded, drained) vs. dynamic (tidal) hydrology on redox potential (Eh) dynamics, trace gas evolution, and pollutant
transformation; (2) deploy hydrodynamic microcosms for this purpose that were reproducible, well controlled, and
adequately monitored; and, (3) develop analytical approaches for target pollutant chemicals that allowed for detection of
small but significant concentration differences between time points and treatments, i.e., isotopic dilution. NOSH-amended
sediments were exposed to three hydrologic conditions: static drained (oxidized redox potentials), static flooded (reduced
redox potentials), and diurnal-tidal (alternating redox potential). The rate of NOSH transformation and the number of NOSHs
degraded decreased in the following order: drained = tidal flooded. This indicated that sediments and associated biota
exposed to tidal pulsing removed more NOSH compounds faster and to lower levels than flooded, highly reducing

sediments.

INTRODUCTION

The work summarized here examined the influence of
hydrology on biogeochemical processes that govern
transport and transformation of selected pollutant chemicals
in wetland sediment-plant systems. “Biogeochemical” refers
to a group of coupled biological, e.g., microbial, plant and
physicochemical, e.g., flood-drain events from tides and
floods, processes that to a large extent determine the
productivity, habitat quality, and regional-global significance
of wetland and other ecosystems (Catallo 1999, Catallo and
others 1999). Previous microcosm studies have confirmed
that degradation and transformation rates and pathways of
aromatic hydrocarbons (AHs) and N-, O-, and S-
heterocycles (NOSHSs) differed significantly in marine
sediments of different particle sizes and under oxidized vs.
reduced conditions (Catallo 1996b, Catallo and Gambrell
1994). In the cited work, AH and NOSH transformation was
evaluated in stirred, bubbled, controlled Eh/pH reactors
containing sediment slurries maintained as “oxidized,
aerobic,” “moderately reducing, anoxic,” and “highly reducing,
methanogenic.” AH and NOSH degradation rates generally
were: oxidized = moderately reducing >> methanogenic. The
reactors used were first-order feedback control systems
whose output domains were predefined by desired Eh
ranges for each treatment. As a result, Eh vs. time outputs
were sinusoidal. Fourier spectral analysis of the Eh
waveforms demonstrated that periodic sampling
interventions and other system perturbations were detected
by the electrodes and preserved in the time series for each
system. This suggested that the Eh might change rapidly
and reproducibly in response to other periodic forcing, such
as diurnal tidal flushing, but this had not been well

documented. Further, it was clear that the terms “oxidized,
aerobic” applied to wetland sediments were something of an
oxymoron. Nevertheless, this treatment type was evaluated
because large quantities of wetland and aquatic sediments
are disposed of in upland or otherwise well-drained
situations, so evaluation of these sediments was deemed
important, albeit not especially compelling from the
perspective of “wetlands ecology.”

Apart from the differential NOSH and AH transformation
rates observed in these experiments, results strongly
suggested that measured redox potential (Eh) can be a
dynamic nonlinear variable in wetland sediments that can
respond quickly and significantly to changing conditions, and
that this information can be preserved in a time series of Eh
provided adequate sampling intervals are employed. As Eh
is considered a biogeochemical “master variable” in many
ecosystems, the behavior of this variable should be
adequately and accurately represented by the data at all
scales relevant to the experimental design (Catallo 1993,
Catallo and others 1999, Lindsay 1991). It was clear that the
interaction of tidal water level changes with sediments
should be included as a treatment in studies of
biogeochemical processing of contaminants. In order to do
this, effort was expended in the design, monitoring, and
evaluation of hydrodynamic sediment microcosms (20 gal)
and, later, mesocosms (300 to 3000 gal) containing a
biocenosis comprised of sediments, plants, microbes,
meiofauna, and macrofauna (Catallo 1999).

The central aims of the current study were: (1) determine the
effects of static vs. dynamic hydrology on biogeochemical
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behavior of salt marsh sediments, particularly with respect to
major output variables, e.g., Eh dynamics, trace gas
signatures, and pollutant transformation; (2) design, build,
and optimize microcosms for this purpose that are
reproducible, well controlled, and adequately monitored in
the laboratory or greenhouse; and, (3) develop extraction/
analytical approaches for NOSH target chemicals that allow
for detection of small but significant concentration
differences between time points and treatments. This last
item was important because most common methods used
for identification of chemicals in sediments are
semiquantitative, i.e., provide for order-of-magnitude
differentiation in analyte concentrations, and it was expected
that differences between NOSH transformation profiles in
different treatments of this study would be below this
threshold (Catallo 1996a).

The pollutant chemicals selected for this work included
representative N-, O-, and S-heterocycles (NOSHSs) that
occur in coal chemicals, several crude oils, and pyrogenic
(combustion-generated) mixtures (fig. 1) (Turov and others
1987). These and other NOSHSs are found in large quantities
in pollutant mixtures near certain industrial activity,
hazardous waste sites, and major harbors. They enter
coastal marine and wetland ecosystems through: (a) direct
dumping/spillage; (b) fluvial transport of dissolved and
sediment-associated chemicals from source outfalls,
deposition of combustion-generated airborne particles,
semivolatiles, e.g., from the so-called in situ burns of spilled
oils, and polar residues; and, (c) assorted natural processes,
including marine oil seeps and reactions between biogenic
organic matter and sub- and supercritical water in various
geochemical settings. They are of continuing interest
because they can accumulate to bioavailable levels in
aquatic sediments, and many NOSH compounds are acutely
toxic, with some, e.g., the quinolines, carbazoles, and
benzoquinolines and their oxidized metabolic and
environmental transformation products, being mutagens or
carcinogens or both (Catallo 1996b, Catallo and others
1994, Warshawsky 1992).

Q0 QQ,, OO

Quinoxaline

OO 0RO

Phenothiazine

2-Methylquinoxaline  2,3-Dimethylquinoxaline

Phenazine Dibenzothiophene

Acridine Phenanthridine

Figure 1—NOSH target analytes examined in this study.

MATERIALS AND METHODS

Hydrodynamic (Tidal) Wetland Microcosms

The microcosms for this work were comprised of 20 gal
glass aquaria containing sediment columns as shown in
figure 2. Sediment samples were collected from a
streamside S. alterniflora salt marsh site in Terrebonne
Parish, LA. The sediments were mixed with quartz sand and
commercial seed starter (5 percent w/w) and then loaded
into cylinders (26 cm i.d.) made first of wire, and ultimately of
plastic mesh (0.5 cm) to a height of 38 cm. The wire mesh
was discontinued after preliminary runs because it interfered
with Eh measurements. The systems were covered with
plexiglass containing throughputs for water lines, gas
sampling, and electrode wire leads, and sealed with silicone
plastic. A diurnal tide was simulated by pumping artificial
seawater (15 g/L Instant Ocean) into and out of the
aquarium once dalily, i.e., one high and one low per 24 hour,
using peristaltic pumps and controlled by battery-powered
timers. The seawater reservoir was continuously aerated. At
“high tide,” the sediment columns were covered with ca. 8 cm
of water. At “low tide” about 5 cm of water remained in the
aquarium. Two Eh electrodes (below) were positioned in the
top 1 cm of sediment (surface), and two additional
electrodes were placed deep within the column in the
continually flooded zone near the bottom. Trace gases were
analyzed by direct sampling of headspace gases under
vacuum to a 10-m cell connected to a Buck Scientific FTIR
spectrometer with gold optics and 4 per cm resolution.
Molecular sieve 5A and Ascarite A (Aldrich) traps were used
to reduce water and CO, spectral interference and increase
sensitivity. Compounds were identified using authentic gas
standards (Scott Specialty Gases) and published spectral
libraries from NIST. Digital background subtractions were
performed using spectra of normal laboratory air sampled
immediately prior to sampling the microcosms, and handled
identically; i.e., reference air samples were passed through
the sampling loop of the system and through the traps. Thus,
CO, and water vapor signals in the experimental spectra
represent excesses of these materials in the microcosm
headspaces vs. the laboratory air.
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Figure 2—Schematic diagram of the tide simulation microcosm: (1)
data logger, (2) calomel reference electrode, (3) salt bridge, (4)
platinum electrodes, (5) concentrated KC1 solution, (6) soil column
enclosures, (7) water inlet/outlet, (8) automatic peristaltic pumps,
and (9) reservoir. Gas tight cover and FTIR feeds are not shown.
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Redox potential (Eh) was logged using Pt wire—SCE
electrode cells and a multichannel logger (Catallo 1999).
The platinum electrodes were constructed by welding Cu
wire to 0.5 cm-lengths of 12 gauge Pt wire. The junction and
Cu lead were enclosed in glass tubes of varying lengths,
and both ends were sealed using a blowtorch. Hence, a ca.
0.5-cm length of Pt was exposed to the sediments whereas
junctions and leads were enclosed in sealed glass. The
electrodes were polished with light emory paper, soaked in
aqua regia and then distilled water. Each electrode was
calibrated prior to use with a 1-percent quinhydrone solution.
Samples were collected at rates between 1 Hz and 1 per
hour, depending on the application (in general, the rates
were 1 to 2 per hour).

Signal Acquisition and Analysis

A biogeochemical system can be viewed as a signal
processor, with inputs, e.g., light and heat cycles, water
fluctuations, inputs of organic matter and toxic chemicals,
impinging on the system, influencing its behavior, e.g.,
aerobic vs. anaerobic microbial metabolism, and influencing
the magnitude and time structure of numerous outputs
(water chemistry, trace gas identities, and evolution time
series). Shown schematically below is a generic system with
single continuous input and output variable functions, u(t)
and y(t),

u(t)y ——{ SYSTEM |— Y(1)

N\ —= | SYSTEM | — I\ N

u(t) y(t)

respectively. The inputs mentioned are impulses or excitation
functions having importance to system processes, and all of
these must be known (identified) and measured accurately
with appropriate sampling frequencies. The former is
important because confounding and collinear variables can
invalidate normal statistical approaches and corrupt causal
ascriptions (Asher 1983, Catallo and others 1999) and the
latter because processes changing faster than the sampling
rate applied to them can cause error (aliasing) when spectral
analysis techniques are applied to the time series (Brockwell
and Davis 1991, Mallat 1998). These functions, (u(t)), can be
of many kinds, e.g., linear, spike, ramp, threshold, sinusoidal.
Signals are outputs, y(t) carrying information about system
processes. Signals are structured in time, whereas noise is
not, and increase relative to noise as the square root of the
sampling repetitions; (S/N), = n**(S/N),; where S is signal
amplitude, N is noise amplitude, (S/N), is signal:noise ratio
after one data acquisition (scan), n is the number of sample
scans, and (S/N), is the signal:noise ratio after n scans. The
states of the system can be defined by the stable and
transient domains occupied by output signals y(t).

It frequently is assumed that biogeochemical processes
change slowly, i.e., weeks to months, and therefore
adequate sampling of many outputs can be performed at
rates on the order of 1 per day or longer (Catallo 1999,
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Picek and others 2000). Unfortunately, it must first be
verified that there are no cyclic outputs from the system with
frequencies greater than the sampling rate, and this is rarely
done. As a result, the assumption that widely spaced data
points from dynamic systems can be connected by linear
interpolation to accurately reconstruct system temporal
behavior becomes a matter of faith rather than
demonstration. Further, attempts to analyze such a time
series in order to determine its component waves can be
highly inaccurate and misleading. The upshot of this is that
complex system variables (u(t)) and signals (y(t)) cannot be
interpreted accurately if data points are gathered at rates
slower than the changes in the process. For virtually all
ecological system processes, classical single resolution
Fourier analysis of time series suffers from major analytical
drawbacks, not the least of which being its inability to
accommodate nonstationarity in the data; i.e., transients and
other deviations from perfect statistical regularity in the
signals. Single resolution analysis of nonstationary time
series leads to aliasing of power spectra (Brockwell and
Davis 1991, Mallat 1998) in ways that are not readily
interpreted or identified. It was clear from Eh, pH,
temperature, and other time series from the microcosms that
nonstationarity was a major feature of the input and output
variables of concern in this work. As a result, multiresolution
“wavelet” analysis was applied to the time series of signals
from the microcosms.

Wavelet analysis is a recent development in applied
mathematics (Mallat 1998) that has stimulated an enormous
interest in many disciplines including signal processing/
reconstruction, vision science, medical imaging, and
physiology. The wavelet transform is a technique that allows
for the acquisition of both localized time and frequency
information about a signal. Its ability to dilate and shift time
windows with respect to a signal allows for transient features
to be accommodated, long- and short-term variations to be
compensated, and periodic features to be isolated,
identified, and, if needed, enhanced. In a sense, the wavelet
approach has operational and conceptual affinities with the
use of an oscilloscope to visualize waveforms in circuits:
time sampling windows are varied by the analyst in an
attempt to isolate component waveforms of complex signals
as standing waves, with frequency data available as the
inverse of the time window used to capture the particular
wave of interest. Waveform components and their alterations
by specific processors (distortion, clipping, chirping, and
damping) are obtained by thoroughly permuting the available
sampling windows.

The definition of the continuous time wavelet transform

(CWT) entails an “analysis wavelet,” Y (t), and the family of
shifted and dilated versions

W, =0a0"y t-bya @

The transform of x (t) O L,(R) is then

Tx] (a, b) = Jal0™ [ x(t) P *(t - b/a dt o)

The analysis wavelet, ¥ must satisfy the admissibility
condition
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This condition guarantees the existence of the inverse
transform

x = Cyf [ T [x] (a,b) Y *(t — b)/a dadb;
(intergrals evaluated + o)

(4)

One way to realize the transform is using the filter bank
interpretation and defining

h, () = (Va) (®)

It follows that
T [x] (a,b) = x (t) h, (1) :I X(t)h, (b —t)dt (6)

So, for each scale, a, the CWT is comprised by the output of
a filter with impulse-response h_(t). As the filters are dilated
according to a scale parameter, their frequency response is
modified accordingly, at the discretion of the analyst. Hence,
the wavelet transform maps a function of one variable into a
function of two independent variables (time, scale). There is,
as a consequence, significant redundancy, and, if desired,
the time/scale parameters can be rendered discrete, the
signal preserved in the transform samples. A standard
discretization approach employs a logarithmic step for the
scale parameter and a scale-dependent discretization for the
temporal parameter. Thus a discretized wavelet transform
can be defined by

Wil = Twlx] (27, 27n) @)

In effect, a family of wavelets of the form | = 272y
(t/ 2™ —n) is deployed.

Even in the discretized case, the representation can be
optimized by requiring the wavelet family, Y, to be an
orthonormal as a set. In this case for each value of the
integer m, the collection of vectors {lijyn; n 0z}, defines a
subspace, Wr,. As the dilation parameter is held constant, all
wavelets in that subspace have the same scale. The
projection of a function, x(t), on this subspace is interpreted
as the details of the function at that particular scale. Since
increasing the value of the integer, m, introduces larger
dilations in the basic wavelet, its time resolution decreases.
The sum of all details for all values m 2m, is said to give a
representation of x(t) up to resolution m,. Mathematically, the
representations exist in the subspace

Vm = Dkem Wy (8)

One of the bulwarks of multiresolution analysis is that a
unique analysis function ¢ (t) can be defined such that the
collection {¢ . = =2"™2y(t/ 2™ —n)} spans the subspace, V,,
and these are easy to compute recursively. If, for example,
the representation of a signal up to a fine resolution level,
m,, is in the form

Xme = nE Cmon ¢ mo,n ©)

one can define adigital filter, H, receiving as input the
discrete signal, { c™=c™ ; n 0Z}, and producing as output
the coefficients of the next lower resolution, c™*1. Similarly,
the digital filter, G, can be defined as receiving the same
input and producing as output the details at resolution level
m,.
The wavelet packet approach also applies to discrete time
functions such as those obtained by sampling a continuous
time signal. It can be considered as the discrete version of
the multiresolution decomposition. Using suitable digital filter
banks, a discrete time signal is decomposed into orthogonal
components, which also have disjoint frequency changes.
Then, by combining various orthogonal components one can
develop representations of the signal at various resolution
levels. For cases of nonstationary ecological signals, such
as the Eh time series realized in the tidal microcosms of the
current study, periodic features, transients, and long-term
trends can be determined without unknown aliasing in
resulting spectra. A further advantage is that the effects of
low-resolution sampling can be examined, and the resulting
effects of aliasing on the signal analysis evaluated. This also
was applied to the Eh time series as an illustration of the
perils of undersampling outputs dynamic systems and then
applying spectral analytical or other analytical techniques to
those data.

Synthetic Organic Chemistry

In order to quantify minor or subtle differences in
transformation of target compounds between treatments, it is
desirable to have stable isotope-labeled, e.g., deuterated,
standards for each target compound of interest. These
standards can be added to sediments before extraction and
serve as internal “monitors” of extraction and analytical
efficiencies for the target compounds. As these deuterated
standards have properties virtually identical to the target
compounds, their loss in the various steps of extraction and
analysis is the same as the compounds under study. With
appropriate controls and calibration, this allows for
guantitative analyses (percent differences can be detected),
rather than semiquantitative data (order-of-magnitude
differences are detected) provided by many analytical
approaches (Catallo 1996a). In addition to this advantage,
isotopic dilution also allows for data streamlining:
guantitation is simply a matter of integral ratios between the
standard (known concentration and base peak integral) and
the target analyte (concentration unknown, base peak
integral known). Unfortunately, commercial availability of
deuterated NOSHs is very limited. As a result, methods were
developed in our laboratory to label the target compounds
with deuterium either using de novo or postsynthetic
approaches (reviewed in Junk and Catallo 1996, 1997), the
latter typically using supercritical (T >374 °C/221 bar)
deuterium oxide (D,0O), or “heavy water.” A basic example of
this strategy is shown for the N-heterocycle, quinoline,
below:
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Supercritical water is extremely corrosive, and commercial
stainless steel reactors leaked or exploded (destroying
furnaces and part of a wall) after a few hours. As a result, a
substantial amount of effort in the first year of this work was
devoted to designing reactors that could withstand
supercritical aqueous conditions and were large enough to
permit multigram labeling of target compounds. With this
accomplished, the target compounds were made in
quantities sufficient for use in the transformation studies of
NOSHs in the microcosms. Unfortunately, some NOSHs
were unstable even in subcritical water, and novel synthetic
protocols had to be devised for these compounds. Thus,
quinoxaline-d6, 2-methylquinoxaline-d8, and 2,3-
dimethylquinoxaline-d10 also were prepared by syntheses
developed for this work (Junk and Catallo 1997, Junk and
others 1997). Attempts to prepare phenazine-d8 and
acridine-d9 by: (a) base-catalyzed supercritical isotope
exchange at 400 °C for 6 hours following Junk and Catallo
(1996); (b) acid catalyzed isotope exchange at 220 °C for 2
days; and (c) palladium-catalyzed exchange at 250 °C for 2
days, all resulted in extensive substrate decomposition. All
compounds subsequently were prepared by base-catalyzed
near-critical exchange at 300 °C for 4 hours. Exchange was
carried out by heating 300 mg substrate, 15 mL D,0O, and 0.1
mL 40 percent NaOD (in D,O) in a 30 mL Hastelloy C-22
autoclave. The crude products were extracted with
dichloromethane (DCM), the solvent evaporated and
deuterated quinoxaline, and 2,3-dimethylquinoxaline purified
with a microdistillation apparatus. Phenazine and acridine
were crystallized from methanol. Further purification was
achieved by chromatography (200 mesh silica gel,
hexane:DCM 10:1 v/v). Yields ranged from 45 to 55 percent.
Dibenzothiophene-d8, phenothiazine-d8, phenanthridine-d9
were prepared using the published Supercritical Isotope
Exchange technique (Catallo and Junk 1998, Junk and
Catallo 1996). A 30-mL Hastelloy-C22 autoclave was
charged with the 0.3 g of the respective substrates, 15 mL
deuterium oxide, and 0.1-mL 40-percent deuterium
deuteroxide solution. Exchange was achieved by heating to
400 °C for 6 hrs. Compounds were collected by filtration and
purified by chromatography over 200-mesh silica gel using
hexane as mobile phase for dibenzothiophene and
phenanthridine, and DCM for phenothiazine. Yields for
dibenzothiophene and phenanthridine were above 75
percent and have been reported along with a range of other
AHs and NOSHSs (Junk and Catallo 1996). The yield for
phenothiazine was 86 percent. No attempts were made to
preclude the facile back-exchange of the N-H proton of
phenothiazine during work up under ambient (open-air)
conditions because this analyte would be exposed to water
during the sample extraction.
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NOSH Transformation Studies

Three sediment columns prepared as described above were
equilibrated under drained, flooded, and tidal conditions for 2
weeks. The sediments then were collected from the surface
third of the enclosures from each hydrologic type. Protiated
(hydrogenated) NOSH compounds in acetone were added to
the sediments with mechanical mixing (2 hours) to provide
uniform levels of the individual target contaminants between
200 and 400 parts per million (ppm) on a weight basis. Care
was taken to maintain the electrochemical condition of the
sediments (oxidized vs. reduced) during mixing by purging
the system and flooding the headspace of the mixing
enclosure with Ar (reduced, flooded) or air (oxidized,
drained, and tidal). The sediments then were reintroduced to
their respective microcosms in the appropriate column
enclosure. The three hydrologic regimes were initiated and
“time zero” samples were collected within 8 hours of
placement using a clean glass corer. Subsequent samples
were taken at intervals (1 to 4 weeks) depending on
estimators of microbial activity, e.g., iodonitrotetrazolium
reduction (Catallo and others 1990), and previous recovery
of NOSH target analytes. After collection, the sediment-
water samples (ca. 10 g) were weighed and amended with
deuterated isotopic dilution standards for each NOSH target
analyte at the levels near the sediment concentrations. The
samples then were Soxhlet extracted with DCM for 48 hours,
with the extract subsequently dried (Na,SO,) and
concentrated under N,. The residual sediments in the
extraction thimbles were dried and weighed. The sample
extracts then were subjected to GC-MS in the full-scan
mode. NOSH target analyte concentrations in the extract
were determined vs. the isotopic dilution standard by ratios
of corresponding peak integrals. These extract
concentrations were corrected for concentration factor and
dry weight of sediment in the original sample.

RESULTS AND DISCUSSION

The biogeochemical behavior of the sediment columns in
the microcosms was very similar to that observed in natural
settings and in accord with prevailing theory (Catallo 1999,
Jorgensen and Okholm-Hansen 1985, Odum 1981). With
respect to the Eh, the continuously flooded and drained
systems had reduced (mean = -428 mV) and oxidized (+ 73
mV) Eh values, respectively, with no evidence of daily or
longer periodic variation. The routine (weekly) wetting/
draining of the drained system, and water exchange in the
flooded system, did not affect these trends; apparently the
pre-equilibration of sediments prior to addition of the NOSH
analytes afforded a degree of redox potential poising, i.e.,
“buffering,” that was not affected by the brief maintenance
interventions. The tidal systems, however, exhibited
oscillating Eh values, with significant amplitudes (40 to 180
mV) (fig. 3). Analysis of these signals using the wavelet
transform confirmed the presence of strong diurnal Eh
variations, with a mean value period of 23.78 + 2.10 hours. It
has been shown that these diurnal signals were: (1)
reproducible in the tide microcosms; (2) found in the
corresponding tidal mesocosms, which also contained the
plant S. alterniflora; and (3) observable in tidal field sites but
not impounded areas isolated from diurnal tides (Catallo
1999). Thermal and light cycles in the laboratory had no
discernable effect on the Eh time signature; variation of tide
stage throughout the day and at different times of the year
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Figure 3—Time series of Eh from shallow and deep electrodes placed in tide simulation microcosms.

(the experiments were conducted in an annex not equipped
with climate control) did not affect the tide-derived Eh signal
period.

The Eh traces shown in figure 3 are characteristic of the tidal
systems in three main respects: (1) the sinusoidal Eh
oscillations continued for as long as the tides were applied,
but ceased immediately when static conditions ensued; (2)
the waveforms are asymmetric, exhibiting hysteresis with
respect to oxidation and reduction; and (3) electrodes at the
different depths were out of phase (as expected), with
deeper electrodes showing smaller amplitudes (probably
reflecting the effects of compaction). These features were
consistent throughout the experimental runs and in
subsequent work with large hydrodynamic mesocosms
containing plants and invertebrates (Catallo 1999). The
hysteresis of measured redox potentials (item 2, preceding)
suggests that the Pt electrode-SCE cell is quasi-reversible
with respect to oxidation and reduction in sediments; i.e., it is
patently non-Nernstian. This almost certainly reflects
compositional as well as bulk phase chemical variables in
situ. Unpacking these factors and adequately describing the
physics involved is far beyond the scope of this
communication and might well be impossible given the
current level of theory on heterogeneous electrochemical
systems (Southampton Electrochemistry Group 1985). In
spite of this, the electrodes in the tidal systems remained
functional throughout the duration of the experiments and
rarely had to be replaced. The electrodes in the oxidized and
reduced static microcosms, however, were replaced

frequently because of passivation with oxides and sulfides
(respectively) and consequent loss of calibration. It would
seem that dynamic Eh conditions in the tidal systems
reduced the level of passivation on the working electrodes
and provided for conditions most favorable for obtaining
accurate potential values vs. the more static, well-poised
conditions in the other treatments. “Reconditioning” of solid
electrode surfaces by alternating oxidation-reduction cycles,
i.e., cyclic removal of surface metal oxides and sulfides by
alternating redox processes, apparently has not been
reported elsewhere and represents an area of interest for
further research.

Biogeochemical gas mixtures leaving the sediments also
reflected the hydrological status of the treatments: the major
gases observed were CO, from microbial respiration
(drained and tidal) vs. large amounts of sulfide and methane
(flooded conditions) (fig. 4). The gas profiles in each
treatment were checked weekly and were consistent
throughout the experiment.

Transformation of the NOSH analytes was significantly
different in each of the hydrologic regimes, with the rate of
transformation and the number of NOSHs degraded
decreasing in the following order: drained > tidal > flooded.
This can be discerned in figures 5 through 7 with respect to
the number of NOSHSs transformed so as to afford a
recovery of under 50 ppm at 16 weeks. Except for one
sample showing a spike at week 18, the drained system
showed the most complete degradation of quinoxaline, 2-
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Figure 5—NOSH transformation profiles from the drained/

oxidized microcosm.
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Figure 6—NOSH transformation profiles from the diurnal tidal
microcosm.
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Figure 7—NOSH transformation profiles from the flooded/reduced
microcosm.

methylquinoxaline, 2,3-dimenthylquinoxaline, and
phenanthridine by week 16, with the recovered
concentrations of the other NOSHs also diminished to or
below 25 ppm, i.e., a tenfold concentration reduction. Under
tidal conditions, quinoxaline, 2-methylquinoxaline, and
phenothiazine were eliminated more rapidly than in any
other treatment, with phenazine and phenanthridine reduced
below 25 ppm by week 16. By 17.5 weeks, all NOSH
analytes were transformed so that recoveries were less than
25 ppm. Under flooded conditions, only quinoxaline and
dimethylquinoxaline were degraded to recovery levels below
50 ppm within 16 weeks, and these were completely
eliminated by week 17. Other than these, only phenothiazine
and 2,3-dimethylquinoxaline were transformed to below 50
ppm recovery by week 20. The sediment concentrations of
the other NOSHs remained static, with recovery levels
remaining relatively constant between 100 and 170 ppm for
acridine, phenanthridine, and phenazine between weeks 7
and 20. It would seem then, that except for quinoxaline, 2-
methylquinoxaline, and perhaps phenothiazine, there was a
pronounced Eh effect on transformation rates for the NOSH
compounds studied here.

These transformation studies, while preliminary, clearly
indicated that tidal pulsing optimized the transformation of
some NOSH compounds relative to flooded conditions, and
that in situ or “passive” remediation of coal- and petro-
chemical pollution in coastal wetlands should include design
features that accommodate prevailing hydroperiods,
including tides and seasonal events. For most settings
where NOSH and AH contamination is a problem, the
statically well-drained/oxidized approach is not an option
unless excavation or draining/impounding of the system is
envisaged. In these cases, changes in sediment
physicochemical properties, e.g., acidification, resulting from
such approaches are not easily reversible and would
attenuate the usability of these sediments in post-treatment
applications, e.g., marsh restoration. On the other hand, in
many cases so called passive remediation approaches
could be adopted that exploit natural hydroperiodicities and
the biogeochemical processes that are coupled to them,
rather than artificially manipulating them, i.e., by impounding

or dredging, and further compromising the functioning of the
ecosystem.

In an abstract sense, the use of hydroperiodicity for
enhanced chemical remediation and ecological recovery of
polluted systems seems promising in light of this and related
work (Catallo 1996b). It would involve, at the least, attempts
to optimize the tidal volume of the wetland without
compromising its integrity and function. Obviously, this kind
of undertaking in a real wetland would involve a set of
engineering interventions and monitoring strategies that
encompass hydrologic, sedimentologic, and biogeochemical
variables in a progressive sense. The same is true of the use
of marginally contaminated dredge materials and other
wastes, e.g., phosphogypsum, bauxite red mud, for coastal
habitat restoration projects. The author is aware of no actual
cases in which the goals and approaches of chemical
remediation and wetland creation/restoration have been
successfully coupled. Much further ecological study is called
for in microcosms and other controlled settings where
variables and causal relationships can be identified and
ranked with respect to holistic endpoints including, but not
limited to, pollutant transformation.
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RESTORATION METHODS FOR DEEPWATER SWAMPS

William H. Conner, Kenneth W. McLeod, and Ellen Colodney?

Abstract—Planting in deepwater swamp areas is difficult and time consuming, and nursery-grown seedlings are often not
suited for such conditions. Baldcypress [Taxodium distichum (L.) Rich.], water tupelo (Nyssa aquatica L.), swamp blackgum
[N. sylvatica var. biflora (Walt.) Sarg.], and green ash (Fraxinus pennsylvanica Marsh.) have been planted at various
flooded sites in South Carolina and Louisiana. One of the most effective means of planting these species in flooded
situations was to heavily prune the lateral roots, grasp the seedling at the root collar, and push it into the soil. Excellent
results have been obtained with baldcypress, whereas green ash was most sensitive to root pruning and water depth. Water
tupelo and swamp blackgum were intermediate in response. Tree shelters are commonly used to reduce herbivory prob-
lems, and height growth inside the shelters is increased. Additional research is needed to compare operational performance
of various techniques under conditions of interacting stresses such as herbivory and flooding.

INTRODUCTION

Deepwater swamps are found along rivers and streams of
the Atlantic and Gulf Coastal Plains, and baldcypress
[Taxodium distichum (L.) Rich.], pondcypress (T. distichum
var. nutans), water tupelo (Nyssa aquatica L.), and Atlantic
white-cedar (Chamaecyparis thyoides) are common tree
species found in these areas. Both the Spanish in Florida
and French in Louisiana found Indians using cypress (when
used this way can be either baldcypress or pondcypress),
which the Seminoles called “hatch-in-e-haw,” meaning
everlasting (Neubreck 1939). Europeans quickly recognized
that cypress wood was very rot resistant, strong, and easily
worked, and efforts to establish a timber trade with
Louisiana began around 1700 (Mancil 1980). Cypress was
the staple commodity of the colonial lumber industry in
Louisiana and the principal cash product for most colonists
of the Lower Mississippi Valley until the 1790s, when sugar
products became profitable.

The timber resource in the swamps seemed inexhaustible to
early settlers with over 35.5 million m® (15 billion fom) of
cypress estimated in the Louisiana delta swamps alone
(Kerr 1981). Harvesting in these wet swamps was seasonal
in nature until the invention of the pullboat in 1889.
Pullboats and the expansion of the railroad system
(Sternitzke 1972), combined with a massive national
campaign by cypress dealers (Burns 1980), resulted in a
logging boom during the period from 1890 to 1925.
Production of cypress lumber increased from 1.17 million m?
(495 million fom) in 1899 to over 2.36 million m® (1 billion
fbm) in 1913 (Betts 1938, Mattoon 1915). By 1925, nearly all
of the virgin timber had been cut and most of the mills
closed. In 1933, only about 10 percent of the original
standing stock of cypress remained (Brandt and Ewel

1989), but some cypress harvesting continued throughout
the Southern United States on a smaller scale (Conner
1988).

Atlantic white-cedar logging began as early as 1700 in North
and South Carolina (Frost 1987) and 1749 in New Jersey
(Little 1950). Up to 50 percent of the Atlantic white-cedar
area in North Carolina was cut between 1870 and 1890. As
in other parts of the Southern United States, the rate at
which Atlantic white-cedar swamps were logged greatly
increased following the introduction of railroads, steam
logging technology, portable sawmills, and dredging
technology (Earley 1987, Frost 1987).

Unfortunately, the early exploitation of these swamplands
occurred with little regard for sustainability. According to one
logger, “We just use the old method of going in and cutting
down the swamp and tearing it up and bringing the cypress
out. When a man'’s in here with all the heavy equipment, he
might as well cut everything he can make a board foot out of;
we’re not ever coming back in here again” (Van Holmes
1954). Nearly all of the virgin swamplands in the Southern
United States were logged (Conner and Buford 1998).

Compared to other forest ecosystems, little silvicultural
information is available for deepwater swamp forests, and
management of these areas has been largely limited to
clearcutting and highgrading (Johnson 1979, Williston and
others 1980). Only recently have studies begun to
investigate the response and recovery of these forests to
harvesting practices, e.g., Aust and others 1989, 1997.

Cypress and water tupelo regenerate well in swamps where
the seedbed is moist and competitors are unable to cope
with flooding, but extended dry periods are necessary for the
seedlings to grow tall enough to survive future flooding
(Keeland and Conner 1999). Early height growth is important
because seedlings can be killed in as little as 10 to 12 days
of total submergence during the growing season (Demaree
1932). Although natural regeneration has also been the
preferred method of regenerating Atlantic white-cedar
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(Laderman 1989), many projects now rely on artificial means
to recreate Atlantic white-cedar habitat (Guidry 1999,

Phillips and others 1993), and much research has been
initiated to identify nursery practices to produce the best
seedlings (Summerville and others 1999). Lack of seed
source and herbivory problems are commonly reported as
causing failure of natural regeneration projects for Atlantic
white-cedar.

Coppice regeneration is also a possibility in cutover areas of
cypress and water tupelo. Stumps of vigorous stock up to 60
years old can generally be counted on to send up healthy
sprouts. Although many stumps sprout during the first
growing season after logging, few of these sprouts survive,
although results are often contradictory.

PROBLEMS LIMITING SWAMP REGENERATION

Flooding and Salinity

Human activities have inextricably altered the hydrology of
almost all major alluvial floodplains in the United States
within the last two centuries through the construction of
dams, levees, and causeways and by channelization. Dams
reduce the frequency and magnitude of downstream
flooding, often extend the length of time the floodplain is
inundated, and reduce the rates of erosion and
sedimentation. Channelization and canal building, with
associated levees or spoil banks, represent major
modifications to natural hydrological patterns and often
result in permanent impoundment of large areas of
swamplands (Conner and Day 1989). Floodplain
communities are adapted to a fairly predictable flood pulse,
and alteration of the timing, duration, or magnitude of this
flooding reduces diversity and productivity (Junk and others
1989). Because many swamp areas are permanently to
nearly permanently flooded, natural regeneration is
negligible (Conner and others 1986), and planting is difficult.

Another aspect of flooding that should be considered for
vast coastal swamp areas is sea level rise and resulting
increases in salinity (Conner and Brody 1989, Conner and
Day 1988). While baldcypress and water tupelo can survive
extended and even deep flooding (Hook 1984, Keeland and
Sharitz 1995), they do not seem capable of enduring
sustained flooding by water with salinity levels > 8 ppt
(Conner and others 1997, McLeod and others 1996), and
Atlantic white-cedar is very intolerant of salinity (Little 1950).

Hurricanes

Coastal Plain swamps have developed with windstorms as a
normal, episodic part of the climatic regime (Conner and
others 1989). Recent hurricanes such as Hugo (1989) in the
southeast Atlantic Coastal Plain and Andrew (1992) in the
northern Gulf caused extensive damage to forests in their
paths. Such damage may be especially severe to the
shallow-rooted hardwoods with large crowns that are
common on alluvial floodplains. In the Congaree Swamp in
South Carolina, 61 percent of the bottomland oaks (Quercus
spp.) and 45 percent of the sweetgums were severely
damaged by Hurricane Hugo, but only 3 percent of the
baldcypress trees were affected (Sharitz and others 1993).
Regeneration in hurricane-damaged areas may be limited if
natural hydrological patterns have been altered.
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Animals

Nutria were introduced from South America in the 1930s,
and early plantings of baldcypress in Louisiana were
destroyed (Blair and Langlinais 1960). The problem has not
been solved (Brantley and Platt 1992, Conner 1988), and
nutria have been reported to damage even mature trees
(Hesse and others 1996). Beaver, deer, and feral hogs can
also present a problem and can be fairly numerous in some
areas. Conner and others (2000) found that clipped
seedlings usually die, but baldcypress tends to resprout in
many cases. Even such a small creature as the crayfish can
become a problem to planted seedlings when food sources
are low. Scraping of algae at the waterline can girdle a
seedling and cause tip die-back (Conner 1988). Deer, field
mice, and rabbits have deterimental effects on Atlantic
white-cedar seedlings (Guidry 1999, Zimmerman and others
1999).

RESTORATION OF WETLAND SITES

Because of loose, unconsolidated muck commonly found in
deepwater swamps, an easier method of planting seedlings
was needed. The method adopted in our studies involves
pruning the lateral root systems and clipping the tap root so
we end up with a spear. Root systems of seedlings grown in
unsaturated soils in the nursery are not appropriate to
saturated soils, and large portions of this system will be lost
once planted. A new root system appropriate for saturated
soils will be produced. Since much of the original root
system would normally be lost anyway, pruning it prior to
planting generally does not cause problems.

Seedlings are bundled in plastic with damp peat moss
around the tap root and either stored in coolers or
transported to the field. Planting can be done along precisely
laid out lines or by walking and estimating distances. By
holding the seedling at the root collar, one pushes the
seedling into the ground until the hand hits the soil surface.
There are no tools to carry for digging holes, and one does
not have to worry about filling in completely around the root.
In very loose soils, the seedlings will need to be staked to
keep vertical.

Root pruning does not work well with all species. While
baldcypress and tupelo success rates have been high,
green ash (Fraxinus pennsylvanica Marsh.) and swamp
blackgum [N. sylvatica var. biflora (Walt.) Sarg.] success has
been poor. Green ash seemed to do well in the first 1 to 2
years after planting but died in succeeding years (Conner
and others 2000). One reason is that root systems never
redeveloped on the seedlings when planted in wet areas.

Hand-bagged seedlings and balled and burlap seedlings
have also been tried (Conner and others 1999). Balled
seedlings planted on the sediment surface produced
sufficient rooting down into the sediment to withstand
complete drying of the surface water. However, there was no
real benefit to using the hand-bagged or balled and
burlapped seedlings since root-pruned baldcypress and
water tupelo seedlings are less costly and easier to plant
and survive just as well.

If the site is subject to drying out, a seedling with a large
lateral root component is desirable. Increased root branching



allows for more water and nutrient absorption, which results
in more root growth and a healthier seedling. One such way
to accomplish this is by way of specialized containers such
as RootMaker. The pots have openings in the corners and at
various levels in the sides and bottom. Roots are air-pruned
and the design is such to prevent the secondary roots from
becoming congested at the bottom of the pot. Seedlings are
generally grown on a wire bench 20 cm above the moist soil
to allow for good air circulation. Otherwise the roots of
species like baldcypress and some oaks grow out of the
openings, swell, and removal is awkward. The roots and
secondary roots are well distributed within the pot.

Atlantic white-cedar is generally done using the same
planting tools and techniques used in planting southern
pines, and there is no apparent need to develop other
techniques. Work by Weyerhauser has shown that rooted
cuttings are more reliable and easier to grow than bare-root
seedlings (Phillips and others 1998).

Tree shelters work well, especially in early years before
seedlings emerge from the tube. After emerging from
shelters, height growth is not as great, but the initial growth
spurt keeps them above nonsheltered seedlings. Overall,
baldcypress and water tupelo have grown well (Conner and
others 2000). Tree shelters are generally advertised to
breakdown within a few years due to ultraviolet light in the
field. This has not been our experience, but the diameter
growth of the seedlings has been strong enough to rip the
shelters longitudinally and not girdle the trees.

CONCLUSIONS

Tree species composition in deepwater swamps remains
fairly constant because so few species can tolerate
extended flooding. With changes in hydrology, many of these
forests are now flooded more than in the past. Regenerating
swamp forests is not a simple matter of overcoming past
disturbances, but is complicated by continuing disturbances
and impacts, both natural and manmade. Successful
regeneration is limited by flooding, and planting may be
required to ensure that populations of these trees are
established in areas impacted by manmade (logging) or
natural (herbivory, hurricanes, salt-water intrusion)
disturbances. Not all adverse site conditions can be
overcome, and some solutions may not be cost effective in
meeting landowner objectives. Simple root-pruning
techniques allow easy planting of these areas, and survival
and growth have been shown to be excellent in many areas
if animal herbivory can be controlled.
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WETLANDS SYSTEMS IN SOUTHERN THAILAND: THE ESSENTIAL
RESOURCES FOR SUSTAINABLE REGIONAL DEVELOPMENT

Rotchanatch Darnsawasdi and Prasert Chitpong?

Abstract—Parts of Southern Thailand are inundated by water for months annually resulting in various wetlands including,
among others, Tapi River Basin, Pak Panang River Basin, Songkhla Lake Basin, Pangnga Bay, Pattani River Basin, and
Narathiwas Peat Swamp. Most wetlands perform functions such as flood retention, water filtration, bird and wildlife habitat,
and tree growth. These wetlands are invaluable also for the value derived from: (a) commodity products such as timber,
food, and chemicals; (b) nonconsumptive uses such as recreation and tourism; and (c) environmental attributes such as
biodiversity, wildlife, and water quality. These values are derived from their hydrogeologic and biochemical functions, not
dependent on the size of the wetland but on the intrinsic properties of the ecosystem, particularly their location within a
watershed and positioning with respect to rivers, uplands, and seas. As many wetlands have been transformed and
deteriorated, research into these wetland systems and their relationships with human activities are required. Integrated and
participatory approaches to management of these wetlands are also recommended.

WETLANDS IN SOUTHERN THAILAND

Wetlands in Southern Thailand may be classified into nine
categories according to their formation, location, and
morphology.

Open Sea Coasts, Sandy Beaches,

and Offshore Islands

These wetlands are found along the coastlines and offshore
islands of the peninsula. In most cases, they occur in
association with other coastal wetlands, such as mudflats
and mangroves. There are many islands and small rocky
outcrops off the west coast of the peninsula, most of which
have never been surveyed. Some islets are known nesting
sites for the Pacific Reef Egret (Egretta sacra) and terns
such as Stema cougalli, S. sumatrana, S. bergii, and S.
anaethetus. The Beach Thick-Knee (Esacus magnirostris) is
also located, but is restricted to, sand beaches on offshore
islands, whereas both the Malaysian Plover Charadrius
peronii and the Little Tern S. albifrons breed on the sand
beaches of mainland and island coasts.

Intertidal Mudflats and Mangroves

This type of wetlands is most known and is of great
conservation value in Southern Thailand, having enormous
importance in sustaining both inshore capture fisheries and
aquaculture. The most extensive and species-rich mangrove
ecosystems are found along the west coast of the peninsula,
which supported 63 percent of the total mangrove area of
2871 km? at the end of 1982. There are also several
important mangrove and mudflat sites on the east coast of
the peninsula. Extensive areas have been converted to
shrimp farms.

Intertidal mudflats are important in terms of wildlife
conservation. These wetlands support a huge number of

passage and wintering herons and shorebirds. The
mangroves themselves still support nesting colonies of
cormorants, herons, and a few Lesser Adjutants (Leptoptilos
javanicus), together with considerable numbers of some
birds of prey such as Brahminy Kites (Haliastur indus). Two
other important species are the Brown-winged Kingfisher
(Pelargopsis amauroptera) and the Mangrove Pitta (Pitta
megarhyncha), both of which are restricted to the west coast.

Lower Perennial Rivers

Wetlands of this category in Southern Thailand consist of
meandered rivers and riverine marshes. In most cases,
these areas are deforested, except where narrow fringes of
fresh and brackish water swamp woodlands remain along
the riverbanks. As most riverbanks usually support a high
human population density, relatively few waterfowl are found.
Only certain grounds with strong conservation movement
may support breeding colonies or large roosts of herons or
storks, together with a few Black Kites (Milvus migrans).
Vertical earth banks also support a few nesting Pied
Kingfisher (Ceryle rudis), whereas mud and sand banks
support passage shorebirds as well as the resident River
Lapwing (Vanellus duvaucelii). There are a few colonies of
Plain Sand martins (Riparia paludicola). The rare and local
Jerdon’s Bushchat (Saxicola jerdoni) appears to be
associated with stands of the tall grass (Saccharum
arundinaceum) in riverine floodplains. The species may have
decreased greatly as a result of the burning of such
vegetation in order to open up seasonally inundated alluvial
soils for dry season cultivation.

Large areas of seasonally inundated land also lie along
many rivers in Southern Thailand, particularly along large
rivers such as the Tapi River in Suratthani and the Pak
Phanang River in Nakhonsrithammarat. Many such areas
are utilized for the cultivation of vegetables or rice as the
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seasonal flooding recedes, yet they may perhaps be of
considerable value to waterfowl.

Upper Perennial Rivers

Wetlands of this category are usually characterized by large
streams in mountainous or hilly terrain, often in association
with waterfalls and rapids. Because the upper reaches of
many rivers are still largely forested, they may continue to
support a considerable diversity of wildlife, including a great
many nonaquatic species. Some of the important sites are
already enclosed within the boundaries of national parks,
forest reserves, and wildlife sanctuaries.

Several kinds of birds such as Fish-Eagle, Crested
Kingfisher (Ichthyophaga humilis), Sarcogyps calvus, Pavo
muticus, and Megaceryle lugubris are sometimes found in
these wetlands. Many such sites, including many small
streams and torrents, may be of critical conservation
importance for various frogs and toads. There has never
been any comprehensive assessment of the conservation
status of Thai amphibians, however, so that many important
sites remain undocumented.

Freshwater Lakes, Ponds, and Associated Marshes
These wetlands are usually related to the Lower Perennial
Rivers. They comprise abandoned oxbow lakes, inundated
sinkholes, and submerged flood plains. Most sites are small
(less than 500 ha) and are usually surrounded by rice
paddies. A great many lie within 1 to 2 km of major rivers.
Like the Lower Perennial Rivers, almost all have been
utilized mostly for agriculture causing habitat disturbance,
which greatly limits the residence of wildlife. The vegetation
is usually restricted to floating or submerged aquatic plants
alternating with open water and supports such breeding
waterfowl as Pheasant-tailed Jacana (Hydrophasianus
chirurgus). The highest diversity of breeding and wintering
birds is usually found at those sites, which contain extensive
areas of emergent vegetation, especially Phragmites or
Typha. Many such sites are of international or national
importance for their wintering duck populations.

Water Storage Reservoirs

Wetlands of this category are manmade or constructed
wetlands. Most larger reservoirs are constructed for
hydroelectric power generation, and are situated in steep
forested river valleys. They tend to support fewer native
wildlife, but may lead to a new ecosystem that can support
the other wildlife. Many irrigation reservoirs, on the other
hand, are situated in the plains, are relatively shallow, and
show considerable annual fluctuation in area. Such sites
may be of value for wintering and passage wading birds. A
few such sites are known to support wintering
concentrations of ducks as well as such breeding species as
Porphyrio porphyrio.

Rice Paddies

In most circumstances, rice paddies are river flood plains,
which were transformed into rice fields. They constitute an
important and very extensive, seasonally inundated habitat
for birds. The extent to which these areas can be utilized,
however, depends upon the availability of undisturbed
roosting and nesting sites such as clumps of trees and
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permanent water bodies. Egrets and herons feed to a
considerable extent in flooded paddies; cormorants utilize
ditches around their margins, and the Asian Open-billed
Stork (Anastomus oscitans) feeds both in flooded and dry
paddies. Areas of hard, dry paddy stubble in the late dry
season are utilized by huge numbers of nesting Oriental
Pratincoles (Glareola maldivarum).

Freshwater Swamp Woodlands

Detailed information on the history of such sites is usually
lacking. In most cases, such swamp woodlands may be
merely the degraded remnants of primary peat swamp
forests. The most disturbed sites, particularly those having
been subject to repeated burning, are species poor and are
usually dominated by Melaleuca leucadendron. Some
Alstonia spathulata may occur in the less disturbed sites, as
at Thale Noi Non-Hunting Area in Peninsular Thailand. Small
areas of other freshwater swamp woodland formations may
occur along the banks of larger rivers and other sites, which
are subject to occasional inundation. Such sites are of
considerable importance for nesting and roosting colonies of
larger waterbirds, such as cormorants, herons, and storks.

Peat Swamp Forests

These are wetlands dominated by a species-rich forest
community growing on waterlogged peat. They are
botanically very rich and may be of great conservation
importance for amphibians and for some fish, such as the
walking catfish Prophagorus nieuhofi and possibly the highly
endangered Asian Bonytongue Scleropage fonnosus. In
terms of their avifauna, they are important in supporting
many arboreal members of the lowland forest community,
which are scarce or absent elsewhere due to the almost
complete destruction of terrestrial lowland forest. Phru Toh
Daeng or Phru Sirindhom, in Narathiwat Province, is the only
example of this habitat remaining in Thailand, although many
other areas, now dominated by the species-poor Melaleuca
woodland, may be degraded remnants of this type.

MANAGEMENT OF WETLANDS IN SOUTHERN
THAILAND

Wetlands are now known for many people in Southern
Thailand. So are their functions and values. Some
management practices have long been imposed on these
areas although not all wetlands are properly managed.
These practices may be categorized roughly, according to
responsible organizations, into the following five categories.

Conservation Imposed by the Government

Several wetlands, including many intertidal mangroves,
forested upstream wetlands, and some primary peat forests
have been designated by the government as conservation
areas. Among others, national parks, nonhunting areas, and
wildlife sanctuaries are most common. These practices
usually target objectives such as conserving wildlife, plant
species, and wetland ecology. Human activities have, to
some level, been controlled by the central government
through responsible departments such as the Royal Forestry
Department (RFD) and the Department of Fisheries (DOF).
However, ecotourism, which has been allowed and
promoted in many areas, may lead to more of the general
public entering these wetlands and thus posing a threat to



them. One good example of wetlands with this type of
management can be seen at Phru Toh Daeng in Narathiwas
province.

Management Imposed by Responsible
Government Agencies

Similar to the first category, this type of management,
usually invented by responsible authorities in line with the
government policy, aims at controlling the uses of the
wetlands where such agencies have been granted special
right to access and manage. Whereas the former strategy
usually aims to conserve the wetlands, these agencies,
Electricity Generating Authority of Thailand (EGAT) and
Royal Irrigation Department (RID), for example, could seek
to optimize their principal objectives while taking into
account conservation practices as secondary objectives
wherever possible. A constructed wetland complex at
Chewlam Dam in Suratthani is a good example of wetlands
with this type of management.

Management Introduced and Supported

by Local People

In line with the increasing awareness of the general public,
some wetlands have been conserved by various groups of
local people, many of whom rely to some extent on the
wetlands. Without support from the government, this type of
management may lead to resource-use conflicts because
some other groups sometimes want to make different uses
of the same wetlands. It is, however, believed to be most
cost effective and more in line with new legislation and
modem resource management paradigms—the integrated
and participatory approach, in particular.

Also, there are several projects funded by overseas
organizations also suggesting a similar approach. Whereas
the first strategy will likely remain essential, this
management practice is gaining more acceptance. A good
example of wetlands with this type of management is
Talenoi, Phattalung. There are several other examples in
Songkhla Lake Basin and some intertidal mangrove areas in
Suratthani and Pattani.

Owned by the Government but Accessible

Freely by the General Public

This type of management is common in most midstream
wetlands such as flood plain grass swamps and some peat
forests, most of which are of lower value compared to the
other natural wetlands. The government usually designates
these areas as public lands but has paid less attention to
control of their utilization. As a result, it is considered less
efficient and often leads to misuses or deterioration of these
wetlands or both. These practices also result in many
conflicts either among different users or between villagers
and the government. Several grass wetlands in Suratthani
and Nakhonsrithammarat are obvious examples of these
wetlands.

Experimental Management by Researchers
Several action research projects have been conducted by
many organizations including universities, international
organizations, and some government agencies. Important

research teams include, among others, Prince of Songkla
University, Kasetsart University, Wetlands International,
ASEAN, USAID-CRMP, DANCED, National Research
Council of Thailand, Department of Fisheries, and Royal
Department of Forestry. These research projects usually led
to a set of management guidelines, some of which were
adopted by responsible authorities. Some also led to actual
management practices based on scientific data and
reasoning. Local people also support many research
outputs.

Many organizations including responsible government
agencies, universities, nongovernment organizations, local
administrative organizations, and local people have played
different roles in wetlands management, sometimes leading
to resource-use conflicts. A more integrated approach to
management, which takes into account different people or
organizations or both, their expectations, responsibilities,
and underlying legislation have gained more acceptance
and would likely result in restructuring of the region’s
wetlands management scheme. The Songkhla Lake
management is one good example of the new paradigm.

Research into Wetlands in Southern Thailand
Numbers of research into intertidal wetlands in Southern
Thailand were and have been carried out using satellite
imagery, aerial photography, ground surveys, and laboratory
testing to examine various aspects of major wetlands in the
region. Among many, the extent of wetlands, the
ecosystems, waterfowls, and other biological species have
been known to some degree. Research into the only
remaining primary peat forest at Phru Toh Daeng has also
been carried out, and an integrated management plan for
the site was developed. Several aspects of Songkhla Lake,
the largest and most important lagoonal wetland complex,
were and have also been studied. Many management
proposals have been presented.

Apparently, past research into wetlands in this region had
paid more attention to estuarine wetlands, mangroves in
particular. More recent research has also extended to cover
rain-forested wetlands and some peat forests. Most of the
midstream wetlands, such as flooded grasslands, have been
left unexplored. So have many small upstream and isolated
wetlands.

Different research teams have collected various information
about wetlands flora and fauna. Research interests have,
however, focused upon the wetlands being habitats for
wildlife, various bird species in particular. Some research
into proper management has been carried out. Most
research in the past aimed at each particular wetland
although many are interrelated and could affect one another.
A few projects applied systems approach to wetland
research. Songkhla Lake management is among those who
based their investigation on the wetlands system.

Just recently, Prince of Songkla University, in cooperation
with Wetlands International, has set up a group of research
projects aiming at wetlands inventory and management in
Southern Thailand. Only a few issues have yet been handled
so far.
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RECOMMENDATIONS

The authors suggest that wetlands in Southern Thailand,
based on recent investigation, should be categorized into
three groups.

Mountainous Upstream Riverine Wetlands
These wetlands should include upper perennial rivers and
hilly water storage reservoirs.

Lowland Midstream Riverine Wetlands

These wetlands should include lower perennial rivers,
freshwater lakes, ponds and associated marshes, freshwater
swamp woodlands, lowland water storage reservoirs, and
rice paddies.

Lowland Coastal and Marine Wetlands

These wetlands should include open sea coast, sandy
beaches and offshore islands, intertidal mudflats and
mangroves, and peat swamp forests.
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The new scheme takes into consideration the system of
wetlands and thus should emphasize the interrelationships
among different wetlands, which call upon more systems
approach to management and further research.

Future research into wetlands should extend from lowland
intertidal mudflats and mangroves and a few major upstream
wetlands to peat forests, both intact and degenerated, and
lowland midstream wetlands, which also support various
forms of wildlife, natural conservation, and human activities.
Issues for investigation should extend from biology or
ecology or both to include human activities, problems and
their causes, and appropriate management practices that
would lead to sustainable wetlands in this region.
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THE DEVELOPMENT OF A DECISION SUPPORT SYSTEM FOR PRIORITIZING
FORESTED WETLAND RESTORATION AREAS IN THE LOWER YAZOO RIVER
BASIN, MISSISSIPPI

Angela A. Davis, Barbara A. Kleiss, Charles G. O'Hara,
and Jennifer S. Derby?

Abstract—The Eco-Assessor, a GIS-based decision-support system, has been developed for the lower part of the Yazoo
River Basin, Mississippi, to help planners and managers determine the best locations for the restoration of wetlands based
on defined ecological and geographic criteria and probability of success. To assess the functional characteristics of the
potential restoration areas, the data layers are organized by hydrology, water quality, and habitat. The overall potential
restorability, or the predicted physical ability of a tract of land to sustain a functional wetland, is also considered. Because
an exact spatial representation of wetlands in the lower Yazoo River Basin does not exist, surrogate data layers are used to
predict locations that might be restored to a functional wetland. The Eco-Assessor analyzes the following data layers by
using a ranking system: geomorphology, soils, mature forest cover, farmed wetlands, flood frequency, topographic depres-
sions, River Reach File Level 3 streams, wildlife management areas, conservation areas, primary roads, secondary roads,
permanent water, and landscape factors. Various categories of each data layer are assigned a rank. A higher rank indicates
that a particular geographic area has a higher probability of being restored to a functional wetland. Ranks for all the data
layers are summed to result in a cumulative rank which can then be used to determine the areas that, overall, are the most
likely to be successfully restored to a functional wetland. The ranking system method provides a means to analyze various
restoration scenarios. A restoration scenario can be defined in a way that may focus equally on all functions, focus on one

function, or focus on a particular geographic area.

INTRODUCTION

Forested wetlands, once the predominant land cover on the
Mississippi River Alluvial Plain (Creaseman and others
1992), provide habitat for wildlife, water-quality benefits,
flood storage, and many other ecological and environmental
benefits. Ongoing efforts of many Federal, State, and local
agencies and organizations to restore forested wetlands
have been successful. However, the lack of quantitative
methods for prioritizing the selection of wetland restoration
areas has meant that a less than optimum approach has
been taken in the evaluation, selection, and restoration of
forested wetlands.

In the past, selecting areas for wetland restoration was
conducted based largely on identifying landowners willing to
sell their land. This selection method, coupled with the lack
of a quantitative approach for selecting and prioritizing
potential restoration sites in past efforts, caused the process
of forested wetland restoration to overlook how the
restoration activity occurred on the landscape. Also, forested
wetland “restoration” was often undertaken with little regard
as to whether wetland functions were replaced. Until
recently, the evaluation of alternate forested wetland
restoration scenarios was a task that was impeded by the
general unavailability of input data, the cost of developing
digital data, the lack of sufficient tools for developing and
comparing alternate scenarios, and the difficultly of
integrating results into various types of independent
analysis. Recent improvements in data availability,

geographic information system (GIS) applications, computer
technology, and general software technology have made
possible the development and use of powerful decision-
support systems (DSS) that integrate data, provide flexible
analysis methods, and allow the easy interchange of data
between various software analysis tools.

The DSS presented in this paper is the result of an
interagency agreement between the U.S. Department of the
Interior, Geological Survey, Water Resources Division, and
the U.S. Environmental Protection Agency. The purpose of
the agreement was to develop a DSS to facilitate the rapid
generation and consideration of many alternate forested
wetland restoration scenarios for the study unit located in
the Yazoo River backwater area.

STUDY AREA

The study area examined was the Yazoo backwater area of
the lower Yazoo River Basin, which included at least a
portion of the following six counties in Mississippi: Warren,
Issaquena, Sharkey, Yazoo, Humphreys, and Washington.
The Yazoo backwater area is in the southern portion of the
Yazoo River Basin, bounded by the Mississippi River levee
on the west and the valley wall on the east and south. The
southern tip of the Yazoo backwater area is just north of
Vicksburg, MS. The area extends north about 100 km to a
latitude near Belzoni, MS (fig. 1).
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Figure 1—The boundaries of the study area located in the Lower
Yazoo River Basin in Mississippi.

PROCEDURES

Ecological Rule Development

Wetland functions are often used as comparative evaluation
criteria for the ecological merit of wetlands.
Hydrogeomorphic Assessment (HGM) uses wetland
functions to evaluate existing wetlands at a site-specific level
(Brinson 1993). The Eco-Assessor DSS uses similar

principles to HGM, but spatial data at a landscape level is
grouped by wetland functions to evaluate whether or not a
sustainable wetland could exist at a location where there
currently is not one. In this study, common wetland functions
have been grouped into four categories: restorability,
hydrology, water quality, and habitat functions. For the
purposes of the initial model generation, the hydrology,
water quality, and habitat function categories were given
approximately the same weight in the overall analysis,
whereas restorability has a weight of approximately half that
of the other three. However, the model is adaptable, using
check boxes and pull-down menus, which allow the model to
be run with any preferred subset of functional categories
emphasized, and it also allows the input of new ranking
values for any of the functions. This kind of customization
can address particular resource needs or test hypotheses
about the impact of ranking decisions and weights. Also in
some cases, a particular function appears in more than one
functional category. In these cases, the function is
considered critical enough that the redundancy is justified.

Restorability—This functional category is defined as the
physical ability of a parcel of land to sustain a functional
wetland. The wetland restorability section of the Eco-
Assessor DSS provides for the evaluation of geomorphology,
soils, regeneration distance, and farmed wetlands spatial
data layers. A summary of the ranks assigned to functions
within this group is presented in table 1.

Geomorphology, as derived by Saucier (1994), consists of
abandoned channels, backswamps, and pointbar/valley
trains. Abandoned channels are considered the lowest land
formations in terms of elevation, become inundated most
frequently, and are given the highest rank. Backswamps are

Table 1—Summary of the ecological rules used in the Eco-Assessor
decision-support system for the wetland restorability function

Functional
Wetland restoration
function Spatial data layer Data variables ranking
Wetland
restorability  Environment of
deposition Abandoned channel 5
Backswamp 3
Pointbar 1
Soils Hydric 10
Nonhydric 1
Regeneration
distance Within 60 m of
mature forest 5
Between 60 and 120 m 3
Greater than 120 m 1
NCRS
farmed wetlands Farmed wetland 5
Other 0

NCRS = Natural Resource Conservation Service.
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Table 2—Summary of the ecological rules used in the Eco-Assessor
decision-support system for the wetland hydrology function

Functional
Wetland restoration
function Spatial data layer Data variables ranking
Hydrology Flood frequency Within the 0.5-year flood 20

Topographic
depressions

Within the 2-year flood 10
Beyond the 2-year flood 5

Topographic depressions 20
Other 1

slightly higher in elevation than abandoned channels but are
still low enough to be frequently inundated. Pointbar/valley
trains are slight ridges on the land’s surface, are the least
wet, and are given the lowest rank.

Hydric soils are defined by the U.S. Department of
Agriculture, Natural Resources Conservation Service
(NRCS), and modified for the Yazoo River Basin by using the
U.S. Army Corps of Engineers report “Delineation of
Wetlands of the Yazoo River Basin in Northwestern
Mississippi,” Misc. Paper EL-92-2 (Kirchner and others
1992). The presence of hydric soils is important to the
sustainability of wetlands.

Restoration areas that are near existing mature forest tend
to have much higher species diversity than areas that are far
from an existing stand of mature forest (Allen 1990). The
rapid natural regeneration of forest will occur out to a
distance of 60 m from existing forest (Allen 1997), and areas
within 60 m of existing forest are given the highest ranking in
this model.

The criterion for NRCS “farmed wetlands” is for areas
(excluding pothole, playa, and pocosin) that have a 50-
percent chance of being flooded or ponded for at least 15
consecutive days during the growing season (U.S.
Department of Agriculture 1996). Areas classified as NRCS
“farmed wetlands” indicate places on the landscape that are
inundated for a significant duration and are, therefore, very
likely to maintain sustainable wetlands and are given a high
rank.

Hydrology—The hydrology function is a representation of
the hydrologic regime of a given cell within the landscape.
Both the frequency and duration of flooding are considered.
The hydrology section includes and provides for the
evaluation of flood frequency and topographic sinks spatial
data layers. A summary of the ranks assigned to functions
within this group is presented in table 2.

Those areas indicated as flooded by a 0.5-year flood are the
most frequently inundated and, therefore, most likely to
sustain a wetland. The areas within the 2-year flood are not
inundated as often but are still viable sites for a wetland.
Those areas beyond the 2-year but within the 100-year flood
are the least likely to be inundated on a regular basis and

are the least likely areas for a sustainable wetland. The flood
frequency data were created by compositing the nominal
flood image data for the 0.5-, 2-, and 100-year nominal flood
images into a composite nominal flood frequency image

(fig. 2).

Topographic depressions indicate places on the landscape
where water is likely to pond because they are points of low
elevation surrounded by points of higher elevation. Once
water enters a depression, there is no outlet through which
the water is able to drain. The lack of an outlet causes the
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Figure 2—The spatial extent of the 0.5- and 2.0-year floods

in the Lower Yazoo River Basin, as determined from satellite
imagery
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water to remain in the sink until evaporation or seepage or
both occur, resulting in floodwater storage and possible
interaction with ground-water resources.

Water quality—The water-quality function gives weight to
areas on the landscape that would filter, trap, or degrade
chemical components such as nitrogen and phosphorous
commonly found in the water. The water-quality section
includes and provides for the analysis of spatial data layers
such as stream buffers, flood frequency, and topographic
sinks. A summary of the ranks assigned to functions within
this group is presented in table 3.

Flood frequency is a factor in both the wetland hydrology
function as well as the wetland water-quality function. In the
water-quality function grouping, those areas indicated as
flooded by a 0.5-year flood are the most frequently
inundated. Therefore, the areas within the 0.5-year flood are
the most likely to sustain a wetland. The areas within the 2-
year flood are not inundated as often but are still viable sites
for a wetland. Those areas beyond the 2-year but within the
100-year flood are the least likely to be inundated on a
regular basis and are the least likely areas for a sustainable
wetland.

Stream buffers are assigned by stream level beginning with
a 10-m buffer because no less than a 10-m stream buffer is
a minimum necessary to filter nitrogen and phosphorous
(Dillaha and others 1989, Howard and Allen 1988). Stream
buffers have been shown to control the flow of nitrate,
phosphorous, sediment, and sediment-borne chemicals in
surface runoff and shallow ground water (Lowrance and
others 1997).

Topographic depressions allow water to pond in areas with
no outlet through which water can drain. If water remains
trapped in a topographic depression for extended periods of
time, sediments fall out and anaerobic processes begin. The
amount of sediment that will be deposited in depressional
areas is higher than in nondepressional areas because
longer hydroperiods allow for longer settling time (Hupp and
Morris 1990, Kleiss 1996). Both the trapping of the
sediments and the degradation of chemicals through
anaerobic processes improve overall water quality (Mitsch
and Gosselink 1993).

Habitat—The habitat function gives weight to areas of the
landscape in which wildlife may easily persist. The habitat
section considers proximity factors, such as distance to
wildlife management areas and conservation areas, distance
away from primary and secondary roads, proximity to
permanent water bodies, and landscape factors such as
forest block size and core area. A summary of the ranks
assigned to functions within this group is presented in

table 4.

Proximity Functions

The public lands are divided into two categories. The first
category contains the managed wildlife areas, National
Wildlife Refuge And State Wildlife Management Areas. The
second category contains general conservation lands,
Public Land Restoration, Delta National Forest, Farmer’s
Home Administration, and Wetland Reserve Program lands.
Expanding existing public lands, when managed
appropriately, greatly benefits wildlife by increasing the
interior space available for habitat. Also, any connections
that can be made between two patches of land add valuable
corridors for the movement of wildlife (Allen and Kennedy

Table 3—Summary of the ecological rules used in the Eco-Assessor
decision-support system for the wetland water-quality function

Functional
Wetland restoration
function Spatial data layer Data variables ranking
Water quality  Flood frequency Within the 0.5-year flood 15
Within the 2-year flood 10
Beyond the 2-year flood 5
Stream buffers Stream level 1: within 90 m 15
Stream level 2: within 80 m 15
Stream level 3: within 70 m 15
Stream level 4: within 60 m 15
Stream level 5: within 50 m 15
Stream level 6: within 40 m 15
Stream level 7: within 30 m 15
Stream level 8: within 20 m 15
Stream level 9: within 10 m 15
Stream level 0: within 5 m 15
Other 0
Topographic
depressions Topographic depressions 15
Other 0
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Table 4—Summary of the ecological rules used in the Eco-Assessor decision-
support system for the wetland habitat function

Wetland
function Spatial data layer

Data variables

Functional
restoration
ranking

Habitat Wildlife management areas

Conservation areas

Primary roads

Secondary roads

Permanent water

Forest block size

Core area ratio

Within 250 m of wildlife

management areas
Between 250 and 500 m
Between 500 and 1000 m
Beyond 1000 m

Within 60 m of

conservation areas
Between 60 and 120 m
Between 120 and 500 m
Beyond 500 m

Within 50 m of

primary road
Between 50 and 500 m
Beyond 500 m

Within 50 m of

secondary road
Between 50 and 500 m
Beyond 500 m

Within 150 m of

permanent water
Between 150 and 1000 m
Beyond 1,000 m

Between 1 and 10 acres
Between 10 and 320 acres
>320 acres

Ratio of core area to total

area of patch >0.66
Between 0.33 and 0.66
<0.33
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1989). The expansion of existing wildlife management areas
has an added benefit because the management of wildlife is
already the top priority in this area.

Distances away from primary and secondary roads were
adapted from a Louisiana Department of Natural Resources
study by Kinler (1994). The study ranked human
disturbances by distance and type of disturbance. For the
purposes of the Eco-Assessor, primary roads are
considered a constant disturbance and secondary roads are
considered only a frequent disturbance.

Being near permanent water bodies is beneficial to wildlife
because water is a requirement for basic living needs. In a
study conducted in the same general geographic area
(Wakeley and Marchi 1992), six species were chosen for a
habitat evaluation of the Upper Steele Bayou area in
Mississippi. The six species, which are common to
bottomland hardwood forest, include the barred owl (Strix
varia Barton), gray squirrel (Sciurus carolinensis Gmelin),
Carolina chickadee (Parus carolinensis Audubon), pileated

woodpecker (Dryocopus pileatus Linnaeus), wood duck (Aix
sponsa Linnaeus), and mink (Mustela vison Schreber)

(Wakely and Marchi 1992). Of these six species, the pileated

woodpecker has the most quantitatively specific habitat
requirements according to the U.S. Fish and Wildlife Service
Habitat Suitability Index Model (HSI). Minimum distance
requirements to and from permanent water bodies, as well
as minimum forest block size, are given in the HSI. The HSI
for the pileated woodpecker indicates that nesting habitat
generally is not observed greater than 150 m from water
bodies (Schroeder 1982). The habitat requirements for the
pileated woodpecker are often used as a representation of
the habitat requirements for other cavity nesting birds by
natural resource agencies (Renken and Wiggers 1993).

Landscape Factors

The landscape can be assessed using such landscape

factors as patch size, core area, and patch shape. A patch of

forested land < 1 ac does not provide sufficient habitat for
wildlife (Wakely and Marchi 1992); therefore, any patch < 1
ac is dissolved. The larger the patch size the more that
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habitat is benefited. There are two categories of wildlife
species: generalists and specialists. Generalists can live in
patches of many shapes and sizes because their
populations are larger and they are highly mobile. It is the
specialists that require the greatest conservation efforts.
Specialists require large patches of forest with greater
interior area and less edge (Kinler 1994). It is important to
provide for the needs of the specialists by giving weight to
larger patches of land.

The ratio between core area and total patch area is used to
give more weight to patches of land that have a greater
portion of interior area. Core area is defined by the Fragstats
manual as “the area within a patch beyond some specified
edge distance or buffer width” (McGarigal 1995). Any land
that is in the interior of a patch more than 100 m from the
edge is considered core area. For a given patch of land, the
number of cells considered core area divided by the number
of cells in the entire patch, results in a ratio of core area to
patch shape. A long thin patch of land would receive a lower
ratio, whereas a long wide patch of land would receive a
higher ratio. A patch of land with a high ratio would provide
wildlife habitat with fewer edge effects and more interior
space. More interior space available in a given patch gives
rise to the number of interior species and species diversity
(Ohman and Eriksson 1998).

GIS Data Layers

The scope of this project did not include the collection of
new data to develop new data layers; therefore, the data
layers are the best information currently available from
agencies working within the State of Mississippi. In some
cases, data layers are numerically derived from existing
layers. All data layers were resampled to generate a grid of
25-m cell size.

Land use image data—In 1988, the U.S. Army Corps of
Engineers, Vicksburg District (USACE), collected satellite
image data for the purpose of generating a land use
classification data set. Land use in the study area was
based on these data and was provided by the USACE in the
Universal Transverse Mercator (UTM) projection, North
American Datum (NAD) 27. The satellite image data were
divided into the following land use categories: cotton,
soybeans, corn, rice, herbl, herb2, pasture (grass),
bottomland hardwood, swamp, river, lake, and pond. In
areas within the satellite images where the land use was
obscured by cloud cover or where the spectral response is
similar to that provided by sandbars, selected pixels are
classified as sandbar/clouds. For areas not classified, null
data values indicate the spatial extent of the study unit.

After generating land use data, the USACE adjusted the
land use. The adjusted land use data differ from the original
land use classifications where it is known the land has been
put into habitat or land use management programs such as
wildlife management areas, wetland reserve program lands,
national wildlife refuges, and conservation reserve program
lands.

Flood image data—The USACE collected satellite imagery

of flood scenes to accomplish several specific tasks. The
primary tasks included compiling areas inundated by floods
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of a known stage to develop a stage-area relation and
spatially characterizing areas inundated by a flood of a given
frequency.

A relation between flood stage and inundated area is
developed in the form of a stage-area curve by selecting
images for flood scenes of various stages and determining
areas inundated. The stage-area curve is useful in
estimating flood extent. Dates and stages for flood scenes
used by the USACE in generating a stage-area relation for
the lower Yazoo River Basin are listed in table 5. By
comparing those dates and times with satellite image data
availability, it was possible to select images that
corresponded to specific flood events for areas in the vicinity
of specific gages within the study area. Image data for each
gaged area for flood events of specific frequency were
composited into a mosaic of images. The nominal flood
image data generated from composited images provided a
view of a simulated flood in which all areas are at the stage
for the specific flood considered. The 2-year nominal flood
image scene is shown in figure 2.

Hydric soils data—The soils data mapped and provided by
the USACE show the extent of hydric, nonhydric, and
riverbottom soils throughout the study area (fig. 3). The
presence of hydric soils in a location provides one of the
physical indicators that the location might support wetland
function. Hydric soils, as defined by the NRCS were for the
Yazoo River Basin in northwestern Mississippi (Kirchner and
others 1992).

Geomorphology data—The base source for hydrogeo-
morphology GIS data compiled at 1:250,000 scale was the
report “Geomorphology and Quaternary Geologic History of
the Lower Mississippi Valley” (Saucier 1994). This data layer
provides an indication of the fluvial environment that gave
rise to specific landforms and divides the landscape into
areas that are characterized as abandoned channels,
backswamps, and pointbar/valley trains.

Public lands data—The public lands data were obtained
from the U.S. Department of the Interior, Fish and Wildlife
Service (USFWS). The data contain six public land types,
including Public Land Restoration, Delta National Forest,
Farmer’'s Home Administration, Wetland Reserve Program,
National Wildlife Refuge, and State Wildlife Management
Area lands.

Roads and transportation data—Data for primary and
secondary roads and railroads were obtained from the
Mississippi Automated Resources Information System
(MARIS). The sources for MARIS transportation data layers
are U.S. Department of the Interior, Geological Survey,
digital line graph (DLG), and the Mississippi Department of
Transportation. The 1:100,000-scale primary roads data
include interstates, U.S. highways, and 1- and 2-digit State
highways; for example, Mississippi Highway 3 and Highway
25. The secondary roads layer includes 3-digit highways; for
example, Mississippi Highway 471 and the Natchez Trace
Parkway.

Water bodies data—Permanent water bodies were adapted
from MARIS permanent water data. This data layer was



Table 5—Stage measurements for seven stream gauging sites in the Yazoo backwater

area’
Big
Steele  Sunflower Big Little
Steele Steele Bayou River at Big Sunflower  Sunflower
Bayou Bayou at Little Sunflower River at River at
Date of at at Upper Callao River at Holly Upper
image Grace Onward Intake Landing Anguilla Bluff Intake
03/12/73 93.3 85.5 77.2 97.1 94.1 89.5 82.2
03/31/73 98.2 92.5 89.3 102.8 99.3 96.5 95.4°
05/05/73 100.4 100.6 100.2 101.9 100.7 100.4 100.3
01/30/74 98.3 92.9 90.6 101.2 98.1 96.0 93.4
01/13/83 94.6 93.1° 91.9 100.8 98.1 95.5 93.1
02/17/84 92.6 85.8 76.1 99.4 94.3 90.5 81.4
03/05/87 91 84.9 79.5 98.7 94.7 90.0 82.4
12/02/87 86.9 73.7 66.2 87.0 83.0 79.1 70.8
03/10/89 89.7 89.7" 89.7 90.1 89.0 91.5 90.0
04/01/91 87.5 N/A 83.3 89.4 87.7 86.0 83.8
04/30/91 98.1 93.9 90.4 103.0 98.5 95.4 91.7
06/04/91 86.9 85.2 84.8 95.0 93.8 92.4 89.1
02/01/93 86.3 83.4 83.0 84.7 83.8 83.6 83.2

All measurements are in feet above mean sea level.
N/A = not available.

B Stage values are from U.S. Army Corps of Engineers published data except where indicated.
® Dave Johnson, U.S. Army Corps of Engineers, written communication, November 2, 1998.
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Figure 3—The spatial extent of hydric and nonhydric soil

in the study area.

modified by removing areas designated as catfish ponds, for
the specific needs of this effort.

Elevation contour data—Hypsographic contours were
made available through MARIS as compiled from 1:24,000-
scale U.S. Department of the Interior, Geological Survey,
base material.

Hydrologic network data—The EPA River Reach File Level
3 (RF3) was selected to represent the hydrologic network for
the area. Stream buffers were created from the RF3 streams
network coverage by using stream level. Stream level ranges
from 0 to 9. A level 1 stream flows to the ocean. A level 9
stream would be the size of a small creek or a ditch. A level
of 0 indicates that the actual stream level is unknown in the
RF3 dataset.

NRCS “farmed wetlands”—The NRCS created the “farmed
wetlands” data set such that the criteria for “farmed
wetlands” was for areas (not pothole, playa, or pocosin) that
have a 50-percent chance of being flooded or ponded for at
least 15 consecutive days during the growing season. Areas
classified as NRCS “farmed wetlands,” indicate places on
the landscape that are inundated for a significant duration
and are, therefore, very likely to maintain sustainable
wetlands. The NRCS “farmed wetlands” are defined for
regulatory purposes and are not indicative of farmed areas
that may be considered wetlands under alternate wetland
definitions.
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Digital elevation data—High-resolution hypsographic data
were obtained from a collaborative effort with MARIS. High-
resolution, drainage-reinforced digital elevation model (DEM)
data were developed by using the high-resolution
hypsographic data and the Arcinfo routine TOPOGRID,
which uses line information to create customized elevation
grids. The hypsography data layers were combined, and a
seamless elevation grid was created at a 10-m posting
interval (raster cell spacing) for the entire lower Yazoo River
Basin. A filled DEM layer and other hydrologic derivatives
were produced to allow the analysis of hydrology within the
study area. The filling of a DEM involves an automated
process wherein localized depressions (which in nature fill
and overflow) are digitally filled to provide a continuous
hydrologic surface.

The difference between the filled and the unfilled high-
resolution DEM was used to create a topographic
depressions data set (fig. 4). This layer provides an
analytical tool for assessing the size, distribution, and nature
of areas that can be considered as topographic depressions
and likely sites for water storage and functional wetlands
restoration.

Topographic base data—To provide a continuous
topographic base for the study area, USGS digital raster
graphics (DRG) of the 1:24,000-scale quadrangle maps
were collar-clipped (the white map collar or border was
clipped out), edge-matched, and placed into seamless
image catalogs for the study area. This topographic base
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Figure 4—The spatial extent of topographic depressions
in the study area.
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layer was used to provide quality assurance for all GIS data
layers used in the study.

Model Development

The Eco-Assessor program was written using Arc Macro
Language programming and runs using Arcinfo in a
Windows NT environment. Clickable menus are provided in
order to give the user the ability to turn on and off each data
layer as well as change the ranks assigned to each data
layer.

RESULTS AND DISCUSSION

Generation of “Functional Restoration” Maximum
Once the Eco-Assessor has analyzed each data layer, the
ranks for all data layers are summed. The summation results
in a functional restoration (FR) rank for each cell of eligible
land. The functional restoration rank is used as the indicator
of which areas on the landscape are the most suitable for
wetland restoration and would perform wetland functions
well.

Functional restoration maximum is the grid generated by the
Eco-Assessor that contains the total FR value for each
eligible cell in the study area. The FR maximum assumes
that every eligible cell within the study unit is selected for
reforestation. The total FR value is the sum of the assigned
rank for each data layer of a given cell. The resultant FR
maximum spatial data layer has cells that have cumulative
ranks that range from 15 to 140. The highest ranked areas
are those that would be the most suitable for wetland
restoration and would be most likely to perform wetland
functions. This is depicted in figure 5.

Scenario Generation and Evaluation

Reforesting all eligible areas within the study area is an
unrealistic goal; therefore, specific subsets of the study area
are recommended for reforestation. These subsets of the
study area or scenarios are selected by using the GIS and
establishing spatial criteria. The justification for the spatial
criteria may be based on a number of reasons. A scenario
may be based upon targeting a particular wetland function, a
certain geographic area, a certain feature on the landscape,
or any other set of criteria that can be spatially determined.

The use of the FR rank becomes particularly important when
considering scenarios. The FR rank allows for the
comparison of scenarios on an ecological basis. The total
FR rank for a given scenario provides an indicator of the
ecological benefits to be gained by reforesting the area
specified by the scenario. The total FR rank for a scenario is
divided by the total number of acres for that scenario. This
calculation results in a FR per-acre score for that scenario.
The FR per-acre score can then be used to compare the
ecological merits of various scenarios (fig. 6).

In the hydrology scenario, the eligible areas inundated in the
USACE nominal 2-year flood scene are selected for
reforestation (fig. 7).
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Figure 5—Functional Restoration Maximum—the data layer
generated by summing the assigned ranks for all data layers for
each 25-m cell in the study area. Darker areas represent areas that
have a higher probability of being restored back to a functional
wetland.
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Figure 6—Various restoration scenarios can be compared by
comparing their sum of functional restoration values (A) and by
dividing the functional restoration value by the area to get a
functional restoration value per land area estimate (B).
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Figure 7—An example of a restoration scenario derived from the
Functional Restoration Maximum layer in which all cells within the 2-
year flood are selected.

SUMMARY

The Eco-Assessor DDS provides a valuable tool to prioritize
the restoration of forested wetlands in the lower Yazoo River
basin. The data compiled, and the tools that are included in
the DSS, facilitate the rapid generation and consideration of
alternate restoration scenarios. The DSS can be used to
help develop reforestation plans that place wetland forest
communities in locations in the landscape where each
wetland has a high probability of developing into a functional
wetland system. Reforestation efforts can be targeted to
areas that would provide the highest ecological benefit for a
given economic investment. The DSS also provides a
method for systematically altering the buffer distances and
ranks assigned to each data layer through the use of the
interactive menus, which make up the Eco-Assessor
framework. The ability to change the ecological rules and
rank values allows the user to obtain the most appropriate
ranking for a given wetland system.
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STATES ASSUMING RESPONSIBILITY OVER WETLANDS: STATE ASSUMPTION
AS A REGULATORY OPTION FOR PROTECTION OF WETLANDS

Kristen M. Fletcher?

Abstract—While States have initiated their own wetland protection schemes for decades, Congress formally invited States
to join the regulatory game under the Clean Water Act (CWA) in 1977. The CWA Amendments provided two ways for States
to increase responsibility by assuming some administration of Federal regulatory programs: State programmatic general
permits and State assumption. States are also active in conservation programs such as preserving and managing wetlands.
State programmatic general permits (SPGP) allow a State to become the sole permit issuer under an existing State-
permitting program for projects that have similar characteristics and will have low environmental impacts. SPGP have gained
popularity whereas, in contrast, State assumption has been less popular with only two States adopting such a program. In
most instances, State assumption grants more permitting authority to States but also places a heavier burden on the State
with a stricter application and approval process, a greater funding obligation, and a larger regulatory responsibility.

INTRODUCTION

Last year, the Fish and Wildlife Service reported that the rate
of U.S. wetland loss has slowed to a rate 60 percent below
that experienced in the 1970s and 1980s. Jamie Clark,
Director of the Fish and Wildlife Service, explained that the
study shows that our Nation’s efforts to restore and protect
wetlands are making a difference. At a time when many
Federal regulatory programs are criticized as too expansive,
these protective efforts are increasingly occurring at the
State level. Many States maintain wetland protection
schemes, and their legislatures continue to consider
methods of increasing control over State wetlands. Combine
this factor with express invitations from the U.S. Congress
and the Executive Branch, and the signs indicate that the
momentum behind the State initiatives will likely continue.

While States have initiated their own wetland protection
schemes for decades, Congress formally invited States to
join the regulatory game under the Clean Water Act (CWA) in
1977. The CWA Amendments provided two ways for States
to increase responsibility by assuming some administration
of Federal regulatory programs: State programmatic general
permits and State assumption. State programmatic general
permits (SPGP) allow a State to become the sole permit
issuer under an existing State-permitting program for
projects that have similar characteristics and will have low
environmental impacts. But, Federal control is maintained for
permitting other projects. SPGP have gained popularity, with
27 States holding permits of this type. In contrast, State
assumption has been less popular, with only two States
adopting such a program. In most instances, State
assumption grants more permitting authority to States:
States may issue individual permits for projects that do not
have to meet the general permit requirements of similar
nature and low environmental impacts. But, State
assumption also places a heavier burden on the State with a
stricter application and approval process, a greater funding
obligation, and a larger regulatory responsibility.

This paper reviews the two regulatory options available to
States under the CWA, focusing on the advantages and
disadvantages inherent in each. It explores the reasons why
States may choose to adopt Federal regulatory
responsibilities and presents a guide for States considering
one or both of these regulatory options.

EVOLUTION OF WETLANDS REGULATION

In the 1700s, 221 million ac of wetlands existed in the United
States. A 1995 inventory showed < 101 million ac remaining.
Historically, a wetland was considered a nuisance, believed
to inhibit navigation and provide habitat for little more than
mosquitoes. Thus, the Federal government encouraged
draining and filling of wetlands throughout the 1800s. Under
the Swamp Lands Acts, the Federal government granted 15
Western States almost 65 million ac for “swamp reclamation,”
making drainage and filling wetlands a national policy.

In the late 1960s, the Federal government took greater
notice of the benefits of wetlands. It began regulating the
filling and dredging of wetlands under the authority of the
Rivers and Harbors Act of 1899, which prohibited excavation
from or fill to any navigable water of the United States
without a recommendation by the Chief of Engineers and
authorization from the Secretary of the Army. The Corps also
began to consider the ecological benefits of wetlands and to
make more protective decisions regarding permits.

In 1972, Congress enacted the Federal Water Pollution
Control Act (Clean Water Act, CWA) to eliminate the
discharge of pollutants in the waters of the United States,
including wetlands, by 1985. Pursuant to this goal, the CWA
prohibits all persons from discharging pollutants into waters
of the United States unless they have obtained and are
operating within the strictures of certain permits. If the
pollutants involve dredged or fill material, the permits are
issued by the Corps with the EPA maintaining a supervisory
role.
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The CWA Section 404 is the primary Federal regulatory
program providing protection for the Nation’s remaining
wetlands. The EPA and the Corps jointly administer the
program. The Corps’ responsibilities include day-to-day
program administration, individual permit decisions,
jurisdictional determinations, development of policy and
guidance, and enforcement. The EPA’s responsibilities
include development and interpretation of guidelines for the
environmental criteria used in evaluating permit applications,
identifying certain exempt activities, reviewing and
commenting on individual permit applications, exercising the
authority to veto Corps’ permit decisions, and overseeing
administrative responsibilities of the State assumption
program.

The section 404 process includes a public notice and
comment period. After receiving public comments, the Corps
evaluates the application to decide if it contributes to
conservation, economics, aesthetics, fish and wildlife values,
flood protection, general public welfare, historic values,
recreation, land use, water supply, water quality, and
navigation. A public hearing may be held, or the Corps may
grant or deny the application outright. An application for an
individual permit must meet the requirements of a
comprehensive inquiry through the Corps’ public interest
review and its analysis of compliance with the EPA
guidelines. The EPA guidelines seem to require a rigorous
examination of the availability of practicable alternatives, and
prohibit the authorization of any project that would result in
significant adverse impacts. In reality, the Corps denies < 10
percent of individual permit applications.

The CWA also authorizes general permits on a State,
regional, or national basis. Rather than applying for an
individual permit, a person may qualify to discharge dredged
or fill material into waters of the United States under one of
these permits issued for projects with small impacts. General
permits decrease the administrative burden for the Federal
and State regulatory agencies but have come under
increasing criticism because of the potential to greatly
contribute to overall loss of wetlands, little by little.

Some argue that the CWA was enacted precisely because
the individual States lacked the political will to clean up their
waterways and protect key resources. But, 5 years after its
enactment, Congress amended the CWA authorizing
substantial State regulatory participation. The amendments
authorized States to take over the section 404 permitting
program from the Corps and also provided for general
permits to relieve pressure created by expanded Federal
jurisdiction and, in part, as an acknowledgment of a practice
that the Corps already was performing.

One of the reasons Congress amended the CWA was to
address concerns that the section 404 program was too
overwhelming for the Army Corps of Engineers to manage
and that funds were insufficient. Reduction of Corps
workload was a primary reason for providing delegation to
the States. Even though parts of the legislative history
confirm Congress’ intent to delegate a greater responsibility
to the States, it also indicates concern for the performance
of State programs. Advocates argue that States occupy the
best position to take the lead in wetlands protection because
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States tend to be more responsive than Federal agencies to
local needs but are still removed from the influences of local
politics, providing better protection than local governments.

In addition to the congressional invitation of 1977, the
Executive Branch has encouraged reducing Federal
involvement and replacing Federal wetlands regulators with
States. Specifically, the Bush Administration preferred a
minimum level of Federal involvement, citing Federal
regulatory programs as burdensome. The Clinton
Administration called for greater State action in its Wetlands
Policy of 1993. Two of the five principles for the Federal
Wetlands Policy directly related to States increasing their
responsibilities: avoidance of duplication between regulatory
agencies and expansion of partnerships with State and local
governments.

States were given alternative opportunities to respond to
pressures on wetlands. Since the passage of the CWA,
States were encouraged to establish their own conservation
and permitting programs and to work as partners with the
Corps in order to manage wetland areas. Some State
programs predated the Federal protections of wetlands, and
many took action in favor of their coastal wetlands prior to
extending protection to upland wetlands. Other States joined
programs sponsored by the Federal government that
combine Federal, State, local, and private efforts at restoring
and preserving wetlands.

States may also protect against the filling of wetlands
through the CWA Section 401 water-quality certification and
under the consistency determinations of the Coastal Zone
Management Act. Under the CWA Section 401, a State may
veto or condition a Federal licensed or permitted activity that
may degrade water quality or aquatic habitat, including
wetlands. It requires that an applicant for a Federal permit for
activities that may result in a discharge into navigable waters
must receive a certification from the State to insure
compliance with State water-quality requirements. Section
401 gives State water-quality control over a wide range of
activities for which they otherwise might lack such authority,
including wetlands preservation, protection of wildlife habitat,
and protection of aesthetic and recreational values of
waterways. It also allows States to limit impacts on wetlands
without running its own regulatory program or operating
under an SPGP or assuming section 404 authority from the
Corps.

A State may also use the consistency requirement under the
Coastal Zone Management Act to limit Federal permitted
activities, which affect wetlands in a coastal zone. If a State
has an approved coastal zone management program, then
an applicant for a Federal permit whose activity may affect
any land or water use or natural resource in the coastal
zone, must obtain certification from the relevant State
coastal resources agency that the permitted activity
complies with the State program and will be conducted in a
manner consistent with the program. A State may
specifically designate wetlands as regulated areas if they fall
within the State’s coastal zone. For fill activities in these
wetlands, the State may deny certification if it finds the
activities inconsistent with its program. Generally, a project
cannot continue without such certification. But State wetland



protection schemes have powerful 404 alternatives. As
regulatory tools, SPGP and State assumption must be

analyzed and adapted to further wetlands protection, in
addition to trying to simplify the permitting process.

STATE PROGRAMMATIC GENERAL PERMITS

The State programmatic general permit is one type of
general permit issued by the Corps. Today, the Corps uses
general permits to authorize 80 percent of the regulated
activities. The Secretary of the Army issues general permits
on a programmatic, regional, or nationwide basis. To qualify
for a general permit, the project must meet the following
requirements: (1) the activities authorized under the general
permit must be “similar in nature;” (2) the activities may
cause only minimal adverse environmental effects when
performed separately; (3) the activities may have only
minimal cumulative adverse effect on the environment; (4)
the permit must be based on EPA guidelines; (5) the permit
must be limited to a 5-year life span; (6) the Secretary can
revoke or modify the permit if the authorized activities have
an adverse impact on the environment, or such activities are
more appropriately authorized by individual permits.

The general programmatic permit furthers the idea that State
and Federal regulatory programs should complement rather
than duplicate one another. Corps regulations define
programmatic permits as “a type of general permit founded
on an existing State, local, or other Federal agency program
and designed to avoid duplication with that program.” Under
the SPGP, the Corps in effect delegates to a State the
primary responsibility under section 404 for permit review of
the activities meeting the requirements of the SPGP. As a
general permit, the SPGP must comply with the
congressionally mandated requirements set forth in section
404(e).

Before authorizing an SPGP, the Corps must analyze the
State program upon which it is based. Often, because of the
limited scope of some State programs, an SPGP will not
necessarily cover the entire State in question. Instead, the
Corps refers to any general permit program based on a
State program to assure the protection of wetlands as an
SPGP.

The programs tend to follow two models in practice: those
using fixed criteria and those using a process of consultation
and review. The SPGP using fixed criteria called the “New
England model,” requires the State to place potential section
404 permit applications in one of three categories: the
nonreporting, screening, or individual permit categories. If
the State places a permit application within the nonreporting
category, the applicant does not have to inform the Corps of
the activities. Instead, the applicant is only responsible for
meeting State requirements: a State permit, State water-
quality certification, and a consistency concurrence, if the
project is in the coastal zone. An activity with higher impacts
may fall in the screening category, which requires an
interagency screening, or the individual permit category,
which requires an applicant to go through the Corps’
individual permit application process.

The second type of SPGP uses a consultation and review
structure. When a State agency receives an application for a

State permit, it conducts a site visit of the area and produces
a field report or evaluation. The State then produces public
notices of permit applications, putting the Corps and other
Federal resource agencies on notice. One of these agencies
or the State agency may request that the Corps require the
applicant to seek an individual permit. If not, the State
agency can issue the permit. This consultation and review
process is often criticized for increasing the workload and
delays but potentially provides a better review of the project
site and more accurate prediction of impacts.

States with SPGPs cite greater control over wetlands as a
reason to take on this authority. Through an SPGP, the State
can control the permitting of those actions with minimal
impacts, does not have to rely on the Corps, and avoids
duplication for these permit applications. Finally, the SPGP
gives States an alternative avenue to control the fate of their
wetlands other than by assuming the 404 permitting
process.

The SPGP is a win-win for the Corps as well. By giving the
State the authority to review and issue or deny these
permits, the Corps can reduce duplication between State
and Federal regulatory programs and reduce the Corps’
regulatory workload without compromising, at least from the
Corps’ perspective, the overall effectiveness of section 404
and section 10 permit review in protecting wetlands. In
addition, most SPGPs specifically exclude activities affecting
sensitive areas such as endangered species habitat or
historic properties and provide for kick-out provisions if
necessary.

STATE ASSUMPTION

The second option for States is State assumption of the
Corps’ permitting authority. Many States perceive that
SPGPs provide adequate control of State wetlands without
assuming the responsibility offered under State assumption
whereas others view SPGPs as merely a stepping stone to
assumption, which can offer a State more regulatory
authority than a general permit.

Unlike SPGPs, the CWA and accompanying regulations
specify the requirements for assuming section 404 authority.
The EPA must approve a State’s application to assume the
404 permitting program. The statute requires the Governor
of the applicant State to submit a description of the program
to the EPA, along with a statement from the State attorney
general that the laws of the State “provide adequate
authority to carry out the described program.” A State must
submit to the EPA Regional Administrator the following six
items: (1) a letter from the Governor of the State requesting
approval of the State program; (2) a complete program
description; (3) an attorney general’s statement confirming
that the laws of the State provide adequate authority to carry
out the described program; (4) a memorandum of agreement
with the EPA Regional Administrator; (5) a memorandum of
agreement with the Secretary of the Army; and (6) copies of
applicable State statutes and regulations, including those
governing applicable State administrative procedures.

The attorney general’s statement must also include
certification that each agency responsible for administering
the State program has full authority to administer the
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program within its category of jurisdiction. In addition, the
State as a whole must have full authority to administer a
complete State program. Finally, the statement should
include a legal analysis of the likelihood of a constitutional
taking as a result of the successful implementation of the
State’s program.

In order to assume, the State will enter memorandums of
agreement (MOA) with both the EPA and the Corps. The
MOA with the EPA must set out State and Federal
responsibilities for program administration and enforcement
including provisions specifying classes and categories of
permit applications for which EPA will waive Federal review
authority and provisions addressing EPA and State roles and
coordination with respect to compliance monitoring and
enforcement activities. The MOA with the Secretary of the
Army must include a description of the waters of the United
States within the State over which the secretary retains
jurisdiction and an identification of all general permits issued
by the secretary, the terms and conditions of which the State
intends to administer and enforce upon receiving approval of
its program, and a plan for transferring responsibility for
these general permits to the State.

The program description must include various essential
elements in order to be approved. First, the description must
explain the State’s permitting, administrative, judicial review,
and other applicable procedures. In addition, it must include
a description of the funding and manpower available for
program administration, a description of how the State will
coordinate its enforcement strategy with the Corps and EPA
for nonassumable waters or projects, a comparison of State
and Federal definitions of wetlands, and the extent of the
State’s jurisdiction, scope of activities regulated, anticipated
coordination, and the scope of permit exemptions, if any. The
EPA distributes the State’s program submission to the
Corps, Fish and Wildlife Service, and the National Marine
Fisheries Service. EPA has up to 120 days to approve or
disapprove the State’s program. Once the EPA approves the
State application, the Corps transfers to the State those
permit applications for projects in the State’s jurisdiction.

The EPA retains oversight authority and receives copies of
all permit applications. The State must notify the EPA of any
action that it takes with respect to such applications. The
EPA Administrator provides copies of the application to the
Corps, the Department of Interior, and the Fish and Wildlife
Service and must notify the State within 30 days if the
administrator intends to comment on the State’s handling of
the application. The State must then await comment before it
may issue the permit. If the EPA objects to the application,
the State may not issue the proposed permit but may
request a hearing before the EPA or alter the permit to
accommodate the EPA objections. If the State does not
request a hearing, the EPA transfers authority to issue the
permit to the Corps. Once in the Corps’ hands, jurisdiction
remains there.

Finally, the statute requires that EPA review any revisions to
the State wetlands program, determine whether such
revisions are substantial or not substantial, and approve or
disapprove the revisions. The EPA also maintains the
authority to withdraw approval of the program. If the
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administration of the State program does not meet EPA
guidelines, the EPA may take corrective action and may,
within a reasonable time, withdraw approval of the program
and redirect authority to the Corps.

MICHIGAN AND NEW JERSEY ASSUMPTION
PROGRAMS

Two States, Michigan in 1984 and New Jersey in 1994, have
assumed permitting authority with mixed results. An analysis
of these two programs provides a look at permitting under
State assumption.

Michigan began wetland permitting even prior to
congressional authorization for State assumption of section
404 authority. In 1955, the Michigan State legislature passed
the Great Lakes Submerged Lands Act, authorizing the
Michigan Department of Natural Resources (MDNR) to
regulate dredge, fill, and construction activities in the State’s
coastal zone. In 1972, the Michigan legislature acted again
by passing the Inland Lakes and Streams Act authorizing
the State to regulate activities occurring up to the ordinary
high-water mark on Michigan’s inland wetlands. Four years
later, Michigan developed a MOA with the Corps for a Joint
Public Notice System to expedite the issuance of wetland
permits. When congressional authorization for assumption
followed the next year, Michigan was well placed to assume
the wetlands permitting program. The State then passed the
Goemaere-Anderson Act of 1980, forming the framework for
assumption and expanding the State’s wetland permitting
requirements to include those wetlands, which were not
subject to section 404 jurisdiction.

The MOA between the EPA and Michigan named the MDNR
as administrator of the Michigan wetlands program. The
program’s procedures are similar to those under the CWA.
The Michigan DNR has 14 districts in 3 regions to handle
State permitting, mitigation matters, wetland delineation, and
enforcement. Upon submission of a completed application,
the MDNR has 90 days to issue a determination on the
proposed project; if the MDNR fails to issue a determination
within that time frame, the proposed project is considered
approved.

Prior to assumption, New Jersey’s wetlands scheme was
comprised of four acts. First, the Hackensack Meadowlands
Development Commission of 1968 set up a permitting
scheme for activities within district boundaries. The Wetlands
Protection Act of 1970 regulated activities within the coastal
and estuarine wetlands and required applicants to obtain
permits from the New Jersey Department of Environmental
Protection (NJDEP). In 1979, the New Jersey legislature
enacted the Pinelands Protection Act to regulate wetlands
and other areas within the Pinelands National Reserve.
Finally, in 1987, the legislature passed the Freshwater
Wetlands Protection Act developed specifically with
assumption in mind. The act created the State’s wetland
regulatory program and allowed the State to create buffer
areas adjacent to designated wetlands that are subject to
active regulation.

New Jersey assumed 404 authority in the spring of 1994.
The NJDEP was named as the State authority over the
program. The MOA with the EPA requires the State to submit



monthly and yearly reports to the EPA for review. The
NJDEP is not subject to strict 90-day time constraints like
the Michigan DNR. The program requires the NJDEP to act
“in a timely manner”; in practice, permit processing often
takes up to 4 months.

FEDERAL PERMITTING VERSUS ASSUMPTION
Improving the efficiency of permitting is a high priority for
those States considering assumption. The Corps is often
criticized for slow responses on permits. States can impose
a strict time limit on their permitting agencies, as Michigan
has done by requiring turn around by the MDNR in 90 days.
States also can provide more manpower than the Corps,
evidenced by Michigan’s creation of 13 field offices
throughout the State, as compared with 4 Corps offices. With
more field offices, decisionmakers can be more readily
available to applicants and can be closer to the wetlands
actually under their jurisdiction.

An element of improving efficiency of the 404 program is to
reduce the ever-present regulatory duplication. Under a
State-assumed program, paperwork for the applicant is
reduced, and the State agency becomes directly responsible
for the application. By reducing duplication, the State can
also increase predictability of the application process. A
State can also consolidate several different wetland statutes
to reduce the burden on the regulated public and streamline
the process.

Finally, advocates argue that wetlands will receive better
protection under an assumed program for three reasons.
First, the State is in a better position to address regional and
local concerns about the conservation and use of wetlands
resources. Assumption supporters claim that State agency
regulators are more familiar with the treatment and use of
the regulated lands. Also, because the State assumes
permitting authority over a smaller square acreage of
wetlands than the Corps had been responsible for, a State
can potentially provide closer examination of cumulative
impacts. Advocates also claim that a State regulator will be
more aggressive than its Corps predecessor, and a State
can avoid the inconsistency problems that often plague
Corps regulators.

Once State policymakers determine that State assumption
and SPGPs are a better alternative for wetlands protection in
their State, they must determine which alternative to employ
in their State. An analysis of the advantages and
disadvantages to each alternative is essential to this
determination.

Control Over Wetlands Decisions

States that have taken over some aspect of the Federal
regulatory program, and those considering such action
indicate that increased control over permitting decisions
regarding State wetlands is a driving force in seeking more
regulatory authority. But “control” over permitting decisions
hinges on several factors: jurisdiction, Federal oversight, and
flexibility of the program.

Jurisdiction
Jurisdiction of an SPGP varies according to the State
program upon which it is based. An SPGP generally covers

wetlands, waters, and activities within the Corps’ Section
404 and Section 10 jurisdiction that are regulated by a State
wetlands program. Therefore, a State can design its SPGP
to best match its regulatory program but can also amend this
underlying program to alter its jurisdiction. SPGPs do not
include those activities and areas that are considered to be
of national or international concern and many exclude
specific activities that have a potentially higher impact, such
as new or expanded marinas, projects requiring an
environmental impact statement, and wetlands fills over
specific acreage. A comparison of the underlying State
programs reveals the degree to which SPGPs can differ.

For instance, the Maryland SPGP covers only section 404
activities affecting < 5 ac of nontidal wetlands based upon
the jurisdiction of the Maryland Nontidal Wetland Protection
Act. The North Carolina SPGP applies to all section 404 and
section 10 activities that receive prior approval from the
State based on the State’s Coastal Area Management Act
permit, a State dredge and fill permit, or a section 401 State
water-quality certification when there is a discharge into U.S.
waters. But the North Carolina SPGP only applies to its 20
coastal counties. Finally, the Massachusetts PGP applies to
section 404 and section 10 activities that receive prior State
approval under the Wetland Protection Act Final Order of
Conditions, a Public Waterfront Act waterways license or
permit, a section 401 State water-quality certification, or a
State coastal zone consistency determination. Also,
jurisdiction under the PGP is expressly limited to wetland fills
less than or equal to 1 ac in size. Finally, these programs
expressly exclude activities affecting navigation, national
wildlife refuges, forests, parks, components of the National
Wild and Scenic River System, and threatened or
endangered species and their critical habitats.

The MOA between Michigan and the EPA divided jurisdiction
as follows: Michigan acquired responsibility for all activities,
which require dredging, placement of fill, or construction in
inland waterways; the Corps (Detroit District) maintained
jurisdiction over activities, which require dredging,
placement of fill, or construction in the Great Lakes coastal
areas, connecting waters, navigable waterways and those
wetlands adjacent to navigable waterways, and under other
specific circumstances. Similarly, New Jersey gained
permitting authority over freshwater wetlands except that a
1,000-ft boundary from the mean high water line of
navigable waterways was established as the jurisdictional
boundary between “adjacent” and “nonadjacent” wetlands.

As the above examples show, the two States that assume
section 404 permitting authority have jurisdiction over a
greater acreage of State wetlands. This does not necessarily
benefit the States, however. Jurisdiction under State
assumption can be changed if a State fails to meet EPA
guidelines. Thus, even though a State begins its 404
authority responsible for a large number of wetlands, the
Corps can reassume permitting authority over certain areas.

Whereas SPGPs can also be subject to change, especially
because they must be reapproved every 5 years, they offer
more flexibility. A State can easily create a second SPGP to
include wetlands in a different part of the State if it wishes

authority over a greater number of acres. Even a State with
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an assumption program can create an SPGP to streamline
routine permits with minimal impacts. New Jersey attempted
to create such a general permit for the formation of
cranberry bogs in wetlands. Ultimately, the general permit
was rejected for lack of safeguards to pinelands in New
Jersey, but the option remains even under a State-assumed
permitting program.

Federal Oversight

The Corps views both the SPGP and State assumption as
successful programs because they lower the workload of the
Corps. Developers approve of such programs because they
believe that passing authority to States may be the only way
to reel in the numerous Federal regulatory arms. But,
SPGPs and State assumption do not automatically shift all
decisionmaking ability to the State level. Some of the control
a State might gain from creating an SPGP or assuming 404
permitting authority is tempered by the remaining Federal
oversight with these programs.

Under an SPGP, the Corp generally turns over to the State
the primary responsibility for individual permit review of the
activities included in the SPGP. This allows a State to
streamline permitting applications and approval for more
routine wetland disturbances but the EPA 404(b)(1)
guidelines provide that an SPGP “may be revoked or
modified by the Secretary of the Army if, after opportunity for
public hearing, the Secretary determines that the activities
authorized by such general permit have an adverse impact
on the environment or such activities are more appropriately
authorized by individual permits.” States also object to the
Corps’ authority to override State decisions on a case-by-
case basis. The Corps retains authority to review PGP
applications individually and determine on a case-by-case
basis whether or not the concerns for the environment
require that the Corps override the permit and require an
individual application and review. This discretionary authority
is often incorporated as a condition to the programmatic
permit.

Similar Federal oversight exists under State assumption.
After assumption, the EPA monitors the effectiveness of the
State program on individual and overall levels. The State
must submit to the EPA a copy of each individual permit
application and proposed general permit. The EPA may
transfer permits to the Corps when deemed necessary. It
also requires annual reports to evaluate the State’s
administration of the program. State assumption documents
can also specify certain oversight authority with other
Federal agencies such as the Corps or Fish and Wildlife
Service. For instance, the MOA between New Jersey and
the Fish and Wildlife Service specified that activities
suspected of being in close proximity to sensitive areas will
be cleared by the Fish and Wildlife Service.

Even with these disadvantages of Federal oversight, the
State does gain more control. A State better controls the
timing of permitting decisions, the execution of onsite
evaluations, the drafting of permit conditions, and
establishes rapport with the public, which helps to maintain
public support for State wetland programs. Finally, the State
may be able to benefit from the mandatory Federal
oversight. When a State is faced with a tough political
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decision, it can remove itself from the equation and shift the
decision to the Corps, leaving the Federal agency to take the
resulting “heat” from an unpopular permitting decision.

Flexibility

A final element of a State’s control over its regulatory
decisions under an SPGP or assumed program is flexibility.
Ideally, a State could experiment with parts of the program
until it best fits the State’s regulatory program already in
existence and the State’s wetland needs. Unfortunately, a
number of States cite lack of flexibility as a reason not to
partake in the SPGP or assumption alternatives.

Application procedures for the SPGP are less rigid than
assumption, and SPGPs provide a greater potential for
streamlined permit review. An SPGP can cover a limited
area in the State, such as the North Carolina SPGP that
covers 20 coastal counties, or can be statewide for particular
activities. The SPGP process also allows delegation of a
partial program to a State. The State may assume
management in the form of a pilot program on a small basis
before implementing the program across the State. This
allows a State to institute higher levels of regulatory
oversight for more fragile areas. For instance, Florida
recently developed an SPGP for a single watershed.

Funding

Congress relied on a State survey when providing for State
assumption in the CWA Amendments of 1977. The survey
revealed that States were interested in assumption but only
if adequate funding was available. Interestingly, Congress
has never provided such funding and does not appear to
consider it necessary. Lack of funds continues to be a top
deterrent for States considering assumption of the 404
program. The State agency must incur a large share of the
workload from the Corps including project review, impact
assessment, program enforcement and administration, and
the assumption of new responsibilities for compliance with
certain Federal statutes.

With an SPGP, States do not face the heavy funding burdens
associated with assumption of the section 404 program.
Because the SPGP is based on a State regulatory program
already in place, the State has already expended most of
the necessary funding. Its earlier investment in the
regulatory program will pay off when operating under an
SPGP. If additional funds are necessary and a State cannot
immediately fund the program, it can phase into operation
under an SPGP, lessening problems with start-up funding.
Or, a State can use an SPGP to strengthen an existing
regulatory program, using Federal funds to complement a
program limited by the shortage of State funds.

Permit Review

Both the SPGP and assumption alternatives offer a State a
way to change permit reviews and procedures and offer
more predictability in the permitting process. Because the
Corps is criticized for delayed permit review, States often
seek to simplify permitting procedures and streamline
application review and negotiations.

The SPGP expedites review of permit applications. An
SPGP can require accelerated action by those Federal



agencies that maintain veto or supervisory power. These
Federal agencies must meet State timelines that are often
shorter than the Federal counterparts. For example, the
North Carolina SPGP provides the Corps 45 days to
distribute the SPGP application materials to Federal
agencies to comment and develop a coordinated Federal
agency position. The SPGP allows for extension of this peer
review period, but it is discouraged. Similarly, the Maryland
SPGP offers a 45-day limit to the Corps but provides that the
Corps or the Maryland Department of Natural Resources
may extend the 45-day limit to complete the review. Finally,
in New Hampshire and Massachusetts, the Corps
coordinates with the Federal resource agencies through
meetings about every 3 weeks to review projects in the
SPGP screening category.

Operating under an SPGP also simplifies the permitting
process for applicants and avoids potential inconsistencies
in Federal and State approaches. Properly implemented, a
State can provide protection to wetlands while facilitating
minor development proposals. This bolsters the theory that
wetlands regulation is developing into a land use practice
and that the historical land use actor, the State, can best
define such policies.

Under State assumption, the State can design its permitting
procedures as long as it continues to meet EPA
requirements. States can limit delays in reviewing
applications and provide an avenue for better
communication between State regulators and permittees
and greater predictability in the application process.

Protection

Protection of wetlands remains a thorny issue in both State
and Federal regulatory programs. There is a constant
struggle to determine if the ability to provide adequate
protection for wetlands is at the Federal or the State level. If
a State decides to participate in regulation under an
assumed program or an SPGP, which alternative best
protects wetlands?

SPGP proponents cite increased protection of wetlands as a
benefit. Primary State control allows for increased
recognition of local differences in wetland conditions and
community needs. And it provides review to those smaller de
minimis impacts that are usually never reviewed. A
movement is gaining momentum to formulate an SPGP that
replaces Corps nationwide permits. This may be a result of
continuing criticism over the lack of examination of NWP
activities. Prior to the rise of SPGPs, in order to review
NWPs, States had to rely upon their authority to deny
section 401 water-quality certification to the Corps for an
NWP.

This approach supports delegating the NWP review to a
State under an SPGP because the Corps does not exercise
review over nationwide permit activities. This allows the
Corps to rely on a strong State program to take up the slack
and allows a State to protect against the dangers of
unregulated NWP activities. Under these circumstances, an
SPGP can provide a more streamlined review of minimal
impact activities that is better tailored to a State’s particular
circumstances.

The Corps’ New England Division is attempting this
approach. It has revoked several nationwide permits and
delegated those responsibilities to various States in its
region. The New Hampshire and Massachusetts SPGPs
have assumed many of these responsibilities but still ensure
at least some form of Federal review for impacts over 3,000
or 5,000 ft2, respectively. These may represent an
acceptable compromise between State protection and more
thorough Federal permit review.

Because the SPGP generally applies at the State
government level, the effectiveness of the program is limited
to that of the State agencies involved. Thus, SPGPs are
criticized for restricting local and regional involvement. In
addition, SPGPs may actually lower the amount of oversight
of wetlands by authorizing a State agency to substitute its
discretion in categorizing activities as those with minimal
impacts. Even small activities that have minimal impacts
cause loss of wetlands. While Corps oversight is present for
certain permit applications, the goal of reduction of
duplication and Corps workload may override the need for
adequate supervision. In testimony last year, a Corps
representative stated that “[p]Jrogrammatic general permits
allow the State or local agency to take the lead in working
with the applicant and reduce duplication among programs.
If enough of these programmatic general permits are
developed, the long-range benefit will be a significant
workload reduction for the Corps regulatory program.” The
primary goal, wetlands protection, is pushed aside in favor of
lessening duplication and lowering the workload for the
Corps.

State assumption has the potential to improve protection for
wetlands. States may offer more in-depth knowledge of local
and regional wetlands values and functions than Federal
agencies. In addition, a State may provide better
enforcement and may even create a program more stringent
than the Federal one. At a minimum, the State permits must
comply with the requirements of the CWA, its regulations
and the EPA 404(b)(1) guidelines, but this does not limit a
State as it may adopt more stringent requirements. For
example, a State may choose to require individual permits to
regulate isolated wetlands less than an acre in size, often
authorized under NWP 26 that would otherwise receive no
review. In 1984, the Detroit District of the Corps transferred a
majority of nationwide permits to the MDNR. The result is
that the Detroit district no longer issues NWPs in areas that
are under State jurisdiction in Michigan. There is no NWP
equivalent in Michigan, a significant change as a result of
the assumed program.

These benefits, however, may be outweighed by the
substantial political pressure a State agency can experience
when making permitting decisions previously made by the
Corps. Michigan and New Jersey have both experienced
some political challenges to their regulatory authority.

Michigan’s program has been cited as a success as the first
assumed program in the Nation. It has lowered the
workloads of both the EPA and the Corps, and both
agencies believe that the MDNR is doing an adequate job.
The Michigan program claims greater enforcement of
permitting violations than its Corps predecessor. However,
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wetland protection advocates support Corps regulation and
cite great wetland losses due to the lack of political willpower
and enforcement mechanisms at the State level. One
commentator remarked that “in a large part because of its
permanence, the Michigan assumption is widely regarded by
conservationists to have been ultimately a disaster.”

Two examples can place this remark into context. First, the
EPA overruled its own regional office objection to a permit to
build a 267-acre gold course and housing development. In
1991, the Michigan DNR was set to issue a permit, but the
EPA regional office objected. After meetings between the
State, developer, and EPA regarding modifications, EPA
Administrator William Reilly withdrew the regional office’s
authority. An EPA representative explained that the action
was “to send a signal to the States that, if they follow the
proper procedures and are qualified and capable, EPA is
not going to interfere.” It did leave tension between the
MDNR, which was poised to issue a permit, and the
Regional EPA.

Second, the changes in the program in recent years have
caused strife within the program. Some cite Governor John
Engler’s guidance as weakening the program. In 1991,
Governor Engler issued Executive Order 1991-31, which
abolished some State agencies and reorganized others,
such as the MDNR. After litigation, the Michigan Supreme
Court upheld the restructuring in House Speaker v.
Governor, affirming the executive’s right to make such
changes. In 1994, the principal changes set forth in the 1991
Order were codified through statute, but, in 1995, Governor
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Engler issued Executive Order 1995-18, further
reorganizing Michigan’s environmental agencies. The
National Wildlife Federation and State conservation
organizations challenged the 1991 and 1994 orders for
restructuring as violations of the State’s assumption
requirements, suing the EPA for failing to withdraw approval
of Michigan’s program due to substantial revision. The
District Court for the Western District of Michigan, however,
dismissed the claim, finding no subject matter jurisdiction.

The Michigan program remains in effect, but also in flux as a
result of the recent restructuring challenges. Its experience
shows that even at the State level, a wetlands regulatory
program may be subject to political whims. Also, it highlights
the hoops that a State must jump through to attain and
maintain an assumption program.

The New Jersey program has received favorable reviews
from the Federal agencies and many State conservationists
for its protection of wetlands. The program, however, faces
similar executive difficulties as the Michigan program. For
instance, conservationists in New Jersey have been vigilant
in opposing Governor Whitman’s attempts at creating a
general permit for cranberry bog conversions. Like the
struggles with reorganization of the Michigan program, New
Jersey’s program is also still subject to the impulses of State
political pressures and executive branches.

The experiences of these two States can assist other States
in determining if State assumption can help them protect
their wetlands.



LITTLE CYPRESS CREEK STUDY: A WATERSHED RESTORATION CASE STUDY

Lisa Gandy, Randy Roberson, and Tom Foti!

Abstract—The Little Cypress Creek watershed, which is the home of the Louisiana Purchase Historic State Park and
Natural Area, is one of the only remaining examples of a headwater swamp ecosystem left in Arkansas. An increase in
water elevations and a change in species composition were noticed in the park in late 1970. A study of the upper watershed
of Little Cypress Creek was conducted to identify potential factors causing these changes. Water elevations, vegetative
composition, and physical modifications were recorded and compared to historical information. A conceptual model of the
watershed was developed summarizing current understanding and hypotheses. Although natural variability in rainfall
explains some of the changes observed, roads, beaver dams, clearing, levee construction, and irrigation tail water inputs
contribute to hydrologic changes in the study area. The vegetation changes observed in the study area are likely due to

multiple stressors rather than any single factor.

INTRODUCTION

The Louisiana Purchase Historic State Park and Natural
Area (Park) is located in eastern Arkansas at the intersec-
tion of Monroe, Lee, and Phillips Counties (fig. 1). The 37-ac
Park contains a granite monument commemorating the 1803
purchase of the Louisiana Territory from France and marks
the point from which all land surveys of the Louisiana
Territory were referenced. The Park is not only historically
significant, but it also is ecologically significant in that it
preserves one of the remaining examples of a headwater
swamp ecosystem left in the State.

Arkansas Department of Parks and Tourism (Parks &
Tourism) and Arkansas Natural Heritage Commission

Project
Location

Figure 1—The Little Cypress Creek study area is located in
eastern Arkansas at the intersection of Monroe, Lee, and Phillips
Counties.

(Natural Heritage) personnel noticed that water levels were
increasing in the Park in the late 1970s and early 1980s.
Between an 18-to 24-in. increase in surface water elevations
was reported. In the early 1980s, Parks & Tourism and
Natural Heritage personnel observed that a large number of
overcup oaks (Quercus lyrata Walt.) on the slopes adjacent
to the deep swamp were dying; and species such as button
bush (Cephalanthus occidentalis L.) and smart weed
(Polygonum hydropiperoides Michx.) were becoming more
dominant.

The ability to sustain this unique headwater swamp
ecosystem and its rich heritage and values is an important
goal for Parks & Tourism and Natural Heritage. Achieving
this goal requires the cooperation of over 150 landowners
within the Little Cypress Creek watershed. In 1998, Parks &
Tourism and Natural Heritage initiated a study of the upper
watershed of Little Cypress Creek as the first step in the
process to achieve this goal. The objectives of this study
were: (1) to identify the factors that most likely have or are
contributing to changes in the upper watershed; and, (2) to
build community and stakeholder interest and ownership in
the restoration and long-term protection or sustainability of
the swamp.

The results of phase one of the Little Cypress Creek
watershed study are presented in this paper. The results of
the initial historical and current data analyses and the
community response to and involvement in the project are
shown. A hydrologic or water-balance model and model
analyses are being completed as phase 2, and the
development of a conceptual plan for restoration will be
completed as phase 3.

1 Gandy, Project Scientist/Ecologist, FTN Associates, Ltd., 3 Innwood Circle, Suite 220, Little Rock, AR; Roberson, Natural Resources Planner,
AR Department of Parks and Tourism, One Capitol Mall, Little Rock, AR; Foti, Director of Research, AR Natural Heritage Commission, 323

Center Street, Little Rock, AR.

Citation for proceedings: Holland, Marjorie M.; Warren, Melvin L.; Stanturf, John A., eds. 2002. Proceedings of a conference on sustainability of
wetlands and water resources: how well can riverine wetlands continue to support society into the 21st century? Gen. Tech. Rep. SRS-50.
Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 191 p.



PROJECT APPROACH AND METHODS

Community Involvement

The ultimate goal of this project is to develop a community-
based restoration and protection plan that will be
implemented by landowners and other stakeholders within
the watershed. Community interest and involvement in the
study is a critical component in the overall success of this
project. Figure 2 shows the approach used to initiate and
foster community involvement in the project. The approach
consists of three interrelated and iterative steps: (1)
community and stakeholder outreach; (2) education and
community participation; and (3) transfer of project
ownership to stakeholders. Steps one and two were initiated
in this project.

Watershed Data and Analyses

The upper watershed of Little Cypress Creek was identified

as the limits of the study (fig. 3) to make best use of project

funding. As additional funding potentially becomes available,
data collection efforts will be expanded to the lower parts of
the watershed.

Available data and information describing historical and
current conditions in the study area were obtained from a
number of sources and through field surveys. These data
and information were compared to current data to identify
potential changes or factors within the study area that might
have impacted water levels and plant communities.

COMMUNITY OUTREACH

* Stakeholder identification
* Stakeholder contacts

COMMUNITY

EDUCATION PARTICIPATION

+ Newslettors *Open house * Partnerships
« Displays ¢ Small focus groups «Document review
« Articles * Roundtable » Inpu/Comment

meetings,

|

WATERSHED RESTORATION PLAN
{Developed with community input)

STAKEHOLDER OWNERSHIP

o Co

ity-based imp! ion of
® Long-term monitoring of condition
oM; I vation of d

o Benefitsivalue to stakeholders

Figure 2—A three-stepped approach is being used to initiate
and foster community involvement in the project.
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Figure 3—The Little Cypress Creek study area is located within
the drainage basin of Big Creek within the White River watershed.
The upper drainage area of Little Cypress Creek was the limits of
phase 1 study area.

Drainage basin delineation—A preliminary delineation of
the study area basin was made based on 1971 USGS
topographic quadrangle maps (Monroe, Pine City, and
Marvell, ARK 7.5 minute series maps). Field surveys were
completed in April 1999 to confirm the preliminary drainage
area delineation. Due to the flatness of the area, the
drainage basin delineation will be refined as additional
information on drainage patterns in the study area are
collected.

Aerial photographs—Hlistorical and current aerial
photographs were used to identify changes in land use,
drainage patterns, hydrologic modifications, and vegetation
within and adjacent to the study area. Several sources for
historical aerial photographs were investigated including the
U.S. Department of Agriculture (USDA) Farm Service
Agency (FSA) for Monroe and Phillips Counties, Arkansas
State Highway and Transportation Department, and the
USDA FSA Aerial Photography Field Office. The oldest aerial
photographs of the site were found at the USDA FSA county
offices. Black and white aerial photographs were obtained
for Phillips County for the period covering 1969 through
1972. Black and white photos dated 1982 were obtained for
Monroe County. No aerial photos were found for Monroe
County before 1982. No aerial photographs were needed for
Lee County because it was covered in the other
photographs.



The USDA FSA Aerial Photograph Field Office obtained a
set of color infrared photographs of the study area dated
1992. The watershed was flown in May 1999 to obtain
current aerial photographs of the study area. Color infrared
aerial photographs were produced.

Hydrometeorological data—Historical and recent
precipitation and temperature data were available from the
National Weather Service monitoring stations at Brinkley,
Clarendon, and Marianna, AR. Monthly rainfall and
temperature data for these stations were downloaded from
CLIMATEDATAO (Hydrosphere 1998) for the period of
record covering January 1948 through December 1998.
Data for January 1999 through December 1999 were
obtained from the climatological reports issued by the
National Climatic Data Center. Daily rainfall and temperature
data for the study period, i.e., February 1999 through August
1999, were obtained from the local observers. Based on the
relative location to the study area, data from Clarendon and
Marianna were averaged to develop mean annual and
monthly precipitation totals for the study area. Data from
Brinkley were only used to fill in missing data from the other
two stations.

Runoff data—There are relatively few gauging stations
within the immediate vicinity of the study area. The closest
station is a discontinued station on Big Creek at Poplar
Grove (USGS station 07077950) located southeast of the
Little Cypress Creek study area. Data were available from
this station for the period from 1970 through 1993. These
data were supplemented with data from the L’Anguille River
at Palestine (USGS station 07047950) to develop a historical
record. This station was the closest station in the immediate
vicinity that had similar land use. A comparison of annual
runoff values from the L’Anguille River station with the Big
Creek at Poplar Grove station for the overlapping period
justified the use of the L’Anguille River data. The flow data
were expressed as runoff in inches per year. The annual
totals for the historical period and the mean monthly totals
were obtained.

Government Land Office record review—Government
Land Office survey records, housed at the Arkansas
Geologic Commission office, document early land surveys
throughout Arkansas. Records dating back to the original
establishment of the Baseline and the 5" Principle Meridian,
i.e., the location of the granite monument were reviewed.
Information on the historical composition of vegetation in the
watershed was obtained. Other vegetation accounts
specifically relating to the watershed are practically
nonexistent.

Arkansas Department of Heritage—Historical records
maintained at the Arkansas Department of Heritage’s
Arkansas History Commission and Natural Heritage
Commission offices also were reviewed to obtain available
information on Little Cypress Creek upper watershed and
the Louisiana Purchase Historic State Park. The available
records spanned a time frame over the past 100 years.

Arkansas Department of Parks and Tourism—A review of
files and records at Parks & Tourism’s Planning and
Development office was completed to obtain additional

information on the historical condition or on activities and
changes that have been documented for the Park.
Information in these files covered a 30-year time frame from
mid-1960 to mid-1990.

Water surface elevation measurements—No historical
water-surface elevations were available or are known from
the study area. To document current conditions within the
study area, water-surface elevation data were collected at
five locations within the study area (fig. 4). Three types of
recording devices were used to measure water-surface
elevations within the watershed: continuous stage recorders,
staff gauges, and crest gauges.

Continuous stage recorders—Stevens™ stage recorders
were placed at three locations within the Little Cypress
Creek study area (fig. 4) to record water level data on a
continuous basis during the study. One recorder (recorder 7)
was placed adjacent to the granite monument to record
water levels within the Park. A second recorder was placed
on the upstream side of the road at the Cotton Trailer Road
(recorder 3). This road is located in the approximate middle
of the study area. The third recorder (recorder 9) was placed
in the lower portion of the study area on the downstream
side of Rogers Road. The monument and Cotton Trailer
Road recorders were installed in the watershed in February
1999. The third recorder at Rogers Road was installed in
June 1999 after a review of water-surface elevation data
indicated that a recorder was needed in the lower part of the
study area.

Figure 4—Locations of road crossings and water-surface elevation
recorders in the study area.
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The stage recorders were set to record changes in water-
surface elevations over a 16-day period. Charts were
replaced every 2 weeks from February 4, 1999, through
August 9, 1999. Electronic data loggers were initially placed
on the recorders at the monument and at the Cotton Trailer
Road. Continuous water-elevation data were captured with
the data loggers for a period of approximately 1 to 2 months,
and the data were cross-referenced to the chart data to
verify the operation of the recorders.

Staff gauges—A total of nine staff gauges were installed at
five locations throughout the study area (fig. 4) to obtain
instantaneous water-surface elevations. Only one staff
gauge (staff gauge 7) was placed in the Park near the
granite monument. Staff gauges were placed on the
upstream and downstream sides of the North Road (staff
gauges 1 and 2, respectively), the Cotton Trailer Road (staff
gauges 3 and 4, respectively), the South Road (staff gauges
5 and 6, respectively), and Rogers Road (gauges 8 and 9,
respectively). Staff gauges were surveyed at the beginning
and end of the study. Staff-gauge readings were taken on a
biweekly basis from February 4, 1999, to August 9, 1999.

Crest gauges—A total of six crest gauges were installed at
three locations throughout the study area (fig. 4) to obtain
the maximum surface-water elevation at designated
locations within a 2-week period. Readings were taken on a
biweekly basis from February 4, 1999, through August 9,
1999. Crest gauges were surveyed at the beginning and end
of the study period.

Spot elevations—No historical survey data documenting
land-surface elevations within the headwater swamp or
elevation of the granite monument were found. The
elevations of the recorders and gauges, top of the granite
monument in the Park, and the ordinary high-water mark on
the granite marker were surveyed. Road profiles were shot
for the North Road, Cotton Trailer Road, South Road, and
Rogers Road to determine the elevation of the lowest point
along each road. Where culverts were present under the
road, the elevation was obtained for the invert of each
culvert.

Surface water withdrawals and irrigation—The Arkansas
Soil and Water Conservation Commission was contacted to
identify whether any registered riparian or nonriparian water
users were located within the study area. Registered users
are persons that withdraw greater than or equal to 1 ac ft of
water per year from a stream or other waterbody within the
State. The USDA Natural Resources Conservation Service
County offices in Monroe and Phillips Counties were
contacted to identify any water withdrawals within the study
area.

Groundwater withdrawals—The U.S. Geologic Survey
(USGS) was contacted to obtain a list of irrigation or other
wells within the watershed. Although there are several
irrigation wells in the study area (USGS 1968, 1984), no
information on the amount of groundwater withdrawn from
the study area was available from the USGS.

Vegetation surveys—Vegetation surveys were completed
in the Little Cypress Creek study area on March 30, April 13,
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and May 13, 1999, to make observations of existing
vegetation. These surveys also were completed to identify
potential reference areas within the watershed for
restoration. Dominant species, community types, and
condition of vegetation were observed and recorded.

RESULTS

Aerial Photograph Review

Land use changes—Approximately 65 percent of the
approximately 7,680-ac study area, i.e., approximately 12
mi2, is currently in agricultural crop production with the
remaining 45 percent in forests. Historically, hardwood
forests were extensive within the watershed. The majority of
land clearing in the study area occurred prior to 1969. Land
clearing has been minimal in the Little Cypress Creek study
area since that time. A total of 440 ac were cleared in the
lower half of the study area, i.e., below the Park, between
1969 and 1982. No additional land clearing of significance
was identified between 1982 and 1999. Overall, < 10 percent
of the land within the study area had been converted from
forest to agricultural land use between 1969 and 1999.

Drainage—The comparison of historical and current aerial
photographs did not reveal any obvious changes in drainage
patterns within the study area from 1969 to the present.
However, discussions with landowners indicated that large
changes in drainage patterns have occurred within the
watershed, including an increase in pumped drainage and
rerouting of flows within the watershed. Detailed mapping of
drainage patterns was not conducted as part of this phase of
the project but general patterns were recorded. Fields on the
far-west side of the study area generally pump water into
ditches that ultimately drain to the lower part of the study
area. Most of the fields close to or adjacent to Little Cypress
Creek either pump or discharge directly into the creek.
Several ditches along the west and east sides of the study
area carry water directly into Little Cypress Creek.

Levees—Levees have been constructed throughout the
watershed to eliminate inundation of adjacent farmland or to
hold water during the winter for hunting leases. Landowners
in the study area indicate that since the early 1950s, a
significant number of acres that historically provided storage
of water within the system have been cleared and leveed.
Approximately 320 ac were cleared and leveed between
1979 and 1982. Without additional historical and current
information, the reduction in storage capacity within the
study area could not be adequately quantified, but it is
estimated that approximately one-third of the historical
storage capacity of the study area has been lost.

Irrigation—Based on conversations with landowners, there
has been an increase in the acres of irrigated lands within
the study area since the early 1980s due to the conversion
from soybeans to rice production. Within the study area,
groundwater is continuously pumped onto the fields to
eliminate stagnation of water and increased incidence of
pests. Consequently, irrigation tail water is continuously
discharged into Little Cypress Creek from April through
September. Rapid discharges of large volumes of water into
Little Cypress Creek also occur at the end of the rice-
growing season in preparation for harvest. The volume of



water entering the system from irrigated fields was not
quantified as part of this phase of the study.

Roads—The historical aerial photographs showed that a
number of road crossings existed within the study area prior
to 1969. Figure 4 shows the locations of three major
crossings south of the Park, i.e., Cotton Trailer Road, South
Road, and Rogers Road, and one north of the Park, i.e.,
North Road, that were present in the study area in 1969 and
that currently exist. No new road crossings were constructed
in the watershed since 1969. The roadbed of Cotton Trailer
Road was elevated some time in the 1990s to its present
height.

Hydrometeorological Data

Precipitation—Annual precipitation totals in the study area
range from 35.3 to 71.5 in. over the approximately 42-year
period of record (table 1), and the long-term mean annual
precipitation total is 51.1 in. A comparison of rainfall data for
the study period, i.e., 1999, to historical data indicates that
total precipitation for 1999 was approximately 4 in. less than
the long-term average. The highest total annual rainfall of
71.5 in. was observed in 1979 and was approximately 20 in.
greater than the mean annual total rainfall. Observations of
an approximate 18-to 24-in. increase in water elevations in
the Park made by Parks & Tourism and Natural Heritage
personnel in the late 1970s are consistent with this data.

Average monthly precipitation totals for the study area (fig. 5)
for the period of record range from approximately 3.0 to

5.3 in. The greatest amounts of precipitation typically fall
during the months of November through May. The driest
months are June through October. During the study period,
conditions were much drier than the average during the fall
of 1998. With the exception of February 1999, conditions
during the study period were wetter in the winter and spring
than long-term monthly mean values.

Runoff—The delineation for the upper Little Cypress Creek
drainage area was based on historical topographic maps
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Figure 5—Comparison of monthly rainfall totals during the study
period with long-term monthly average rainfall.

and a ground reconnaissance. Due to the flatness of the
area and the many anthropogenic modifications for
drainage, the basin boundaries are difficult to define and
probably have changed over the years. Runoff averaged
18.3 in. per year or approximately 36 percent of precipitation.
On a monthly basis, runoff varied from 0.46 in. or 12 percent
of precipitation in July to 2.54 in. or 58 percent of
precipitation in February.

Groundwater

Although irrigation wells exist within the study area (USGS
1968, 1984), there is no published groundwater level data to
characterize groundwater levels within the Little Cypress
Creek watershed or to confirm whether groundwater
discharges to the Little Cypress Creek wetland ecosystem.
Papers describing the geomorphology of the Little Cypress
Creek drainage area and the HGM classification of wetlands
in Arkansas (Klimas 1999, Saucier 1996) indicate that there
is the potential for groundwater discharge into Little Cypress
Creek. Based on groundwater data (USGS 1998) collected
from a well located less than one-fourth of a mile south of
the study area (local well 1SO1E20DDBL1), the water table
may be as close as 10 to 20 ft below ground surface at
ground surface elevations of 185 ft.

Hydrographs from wells located throughout the region show
a general decrease in groundwater levels, since the mid-
1950s (USGS 1998). Landowners with irrigation wells within
the study ar