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PUBLIC ACCESS TO THE BEACHES OF VIEQUES, PUERTO RICO:
A CONFLICT OF RECREATIONAL VERSUS MILITARY USE

Eileen Alicea, University of Miami

Introduction

It seems unthinkable that a military enterprise would conduct target practice
bombing on a small island with a large population. Yet, this is in fact the case on
the Puerto Rican island of Vieques where the U.S. Navy’s activities negatively
impact the civilian population and the coastal ecosystems.

The conflicts between the Navy and the Viequenses as a result of this situation
are myriad, boiling down to questions of basic human rights and thus reaching
well beyond the matter of coastal access.  This paper proposes, however, that
resolution of the coastal issues can only be achieved by returning ownership of
the land to the local government and its constituents for carefully planned
sustainable development.  Such a seemingly radical course of action may
contradict the consensus-based principles of an Integrated Coastal Zone
Management (ICZM) approach.1  However, reconciliation of military and
recreational coastal resource users is difficult at best in ICZM.  In the case of
Vieques, as this case study demonstrates, integration is impossible, judging from
the historical intransigence of US national security interests and the fundamental
incompatibility of the two parties.  Besides, existing laws and regulations, such
as Federal Consistency, would disallow current naval policies and practices on
the island if applied.  A legal examination is included herein as further
recommendation for the discontinued presence of the Navy on Vieques.

Background

Vieques is located six miles off Puerto Rico's southeast coast.  The island is 18
miles long by 3.5 miles at its widest point, with an area of 51 square miles.  The
coastal environment includes mangrove, wetlands, bioluminescent bays, sandy
beaches, seagrass communities, and coral reefs.

In 1941 the Navy purchased two-thirds of Vieques through eminent domain.
The Navy expropriated land from owners of farm and housing areas, most of
whom were then forcibly relocated to the islands of St. Thomas and St. Croix
(US Virgin Islands)2.  A population of 12,000 people declined to today’s
population of 8,000.  A history of restricted access to beaches and coastal waters
for both recreational and fisheries purposes, and environmental damage ensued.

The Commonwealth of Puerto Rico has long been unable to regulate US Navy
activities on Vieques.  For example, a 1982 Supreme Court decision3 overturned
a Court of Appeals injunction against Navy activities in Vieques until the Navy
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obtained a National Pollutant Discharge Elimination System (NPDES) permit.
The Supreme Court upheld the earlier United States District Court decision4

allowing the Navy to continue the target practice while arranging for the permit.
The circumstances under which the Navy finally obtained the permit remain
unclear.   Nevertheless, the government of Puerto Rico and the Navy eventually
entered into a Memorandum of Understanding (MOU) in October 1983.  As part
of this accord, the Navy agreed to promote economic development activities by
encouraging civilian businesses to relocate to Vieques and to establish
conservation zones for the purpose of ecosystem protection.5  The MOU,
colloquially referred to as the "Entrampamiento de Fortín" (The Fortin
Entrapment) - as opposed to "The Fortin Accord," the official name - is
popularly perceived as a widespread failure.6

A recent fatal incident represents the worst nightmare of the Viequenses and
caused an escalation of the debate over the future of the island.  On the evening
of April 19, 1999, an FA-18 fighter jet missed the practice target, hitting an area
adjacent to a naval observation tower.7  The 500-pound bomb killed a civilian
security guard and injured four others.  The responsibility of the security guard
was to make certain no one was near the bombing range for security reasons.
The Navy apologized for the incident but was adamant about conducting its own
investigation without the cooperation of Puerto Rican authorities.8  The naval
investigation revealed errors by the fighter pilot and a ground control officer.9

The pilot became disoriented and selected the observation tower as the target.
Without following naval regulations that required visual contact with the plane,
the ground control officer cleared the pilot to drop the bomb.

The Navy insists that Vieques is a crucial training site because it offers 200,000
square miles of uncongested air and sea space and some land for target and
amphibious assaults.10  In addition, the area offers an underwater training range
for submarines and an opportunity to utilize all war resources.

Thus, the 60 years of U.S. Navy activities on Vieques have generated a profound
conflict with the Puerto Rican government and especially with local residents.
This conflict is clearly over the use of coastal space on this small island.  A
Presidential Commission reconsidered the Navy’s role in Vieques and
recommended abandoning the site and its related activities within 5 years.11

Inert bombs would be utilized during this period of transition.

Nature of the Coastal Access Conflict

The Navy controls beach and coastal water access through a series of regulations
and schedules posted weekly in town areas (See Appendix 1).  The notices
include the days and times of Naval prohibition of access to specific areas.
Naval personnel then post red flags on the corresponding beaches to indicate
prohibited access.
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Lt. Charles Swift 12, Naval Staff Advocate and environmental lawyer, stated
another version of current access regulations.  The entrance to the Green Beach
area and Mosquito Pier, along the northwestern side of Vieques, is accessible
year-round, except once every quarter when ships have to unload munitions.
Although more people visit Green Beach by boat than by car, which diminishes
the inconvenience imposed by closing vehicular access, Mosquito Pier is a
popular fishing spot mostly used by locals.  The Camp Garcia beaches (Red and
Blue Beaches) on the southern coast are closed when military forces conduct
ground maneuvers, but Lt. Swift did not report the number of days in 1997-98
that this occurred.  Although roads exist that lead to the beaches along the
eastern side of the island close to and around the impact area, the Navy does not
allow recreational access to them for safety reasons.  The Navy does permit
tourists to arrange transportation to isolated beaches for day trips as long as they
are not in restricted areas.

Federal Consistency and Legal Precedents

Many long-standing obstacles impede the implementation of alternative
recreational possibilities for Vieques. Legal challenges to these precedents could
be made on several fronts, one of which relates to Federal Consistency.  The
Coastal Zone Management Act (CZMA) requires that federal actions that are
reasonably likely to affect any land or water use or natural resource of the
coastal zone be consistent with the enforceable policies of a coastal state’s or
territory’s federally approved coastal management program.13  The Coastal Zone
Management Act Reauthorization Amendments of 1990 amended the Federal
Consistency requirements of section 307(c)(1)(A) to require consistency review
for federal activities inside or outside the coastal zone that may affect coastal
zone resources.  Section 307(c)(1)(A) of the CZMA [16 U.S.C. sec.
307(c)(1)(A)] now requires that

[e]ach Federal agency activity within or outside the coastal
zone that affects any land or water use or natural resource
of the coastal zone shall be carried out in a manner which
is consistent to the maximum extent practicable with the
enforceable policies of approved State management
programs.

The Federal Consistency Workbook  goes on to explain that these changes reflect
congressional intent to

establish a generally applicable rule of law that any federal
agency activity (regardless of  its location) is subject to
[the consistency requirement] if it will affect any natural
resources, land uses, or water uses in the coastal zone.  No
federal agency activities are categorically exempt from this
requirement.14
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Due to the requirements discussed above, all federal agencies must “make a case
by case factual determination of reasonably foreseeable effects on the coastal
zone.”15  Therefore, although the Navy lands are not in the coastal zone as
defined in the Puerto Rican Coastal Zone Management Plan and CZMA sec.
304, their activities may still be subject to Federal Consistency review.

Many precedent cases and policies from Connecticut, New York, and
California 16 reaffirm the applicability of Federal Consistency in the case of
Vieques.  In a 1988 Connecticut case, the Navy required that a zone surrounding
the New London Submarine Base be restricted from all but Naval uses.17

Recognizing national defense interests, the State of Connecticut also recognized
that the coastal zone is a place of commerce and that the public should have
access to the coast for recreational purposes. Through the use of federal
consistency, Connecticut’s Coastal Zone Management Program established a
compromise with the Navy to resolve water-dependent use conflicts.18  This
compromise permitted commercial and recreational development on the side of
the river opposite the submarine base, an area the Navy would have preferred to
remain more restricted than the final plan permitted.  The State of Connecticut
offers many similar examples of consistency review for naval base activities.19

In a 1995 New York case, the U.S. District Court for the Northern District of
New York concluded that a Navy’s dredge disposal project was not consistent
with the New York Coastal Management Program.20  The General Counsel of
the Navy agreed to modify the project by providing barge reports, allowing
access to state observers, and developing a biological monitoring project to
assess the environmental effects of the disposal activities.

Puerto Rican authorities could also consider exercising their authority in matters
of Federal Consistency for Naval activities in Vieques.  Similarly, the Navy
should listen to Puerto Rico’s concerns and act to restrict or end its activities on
Vieques.

CZMA sec. 307(c)(1)(B) states that the Secretary of Commerce may request the
President to exempt an inconsistent activity if he determines that the activity is
of paramount interest to the US.  Military/national security activities might be
considered of paramount interest to the nation.  However, paramount national
interests and their interplay with local values depend on one’s value system.  Is
it in the paramount interest of the nation to bomb an island populated with US
citizens?  The Navy utilizes at least two other islands (San Clemente in
California and Bloodsworth Island (BWI) in Chesapeake Bay) for target
practice, but these islands are not populated.  Is it of paramount national interest
to threaten Vieques' sensitive coastal ecosystems that are in need of
conservation?  The regulations on BWI, in contrast, are stricter; for example, the
area is closed to bombing during bird migratory season, and bombs cannot
exceed 500 lbs.21
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Perhaps reconsideration of the issue of the water pollution permit granted to the
Navy just prior to the 1983 MOU is in order.  After initially denying the Navy's
request for a permit, the government of Puerto Rico may have granted it under
pressure in exchange for the MOU provision for the Navy's assistance with
economic development and environmental damage mitigation.  Yet, neither of
these promises has come to fruition in any meaningful way.

The Navy prepares Environmental Assessments (EA) for each military exercise.
The EA’s routinely state that proposed operations will not affect any coastal
natural resource of Vieques, thus precluding the need for an Environmental
Impact Statement (EIS).22  The time is ripe for a new EIS and a Federal
Consistency review that would determine the current effects of target practice on
the access and integrity of Vieques' coasts.

Coastal Use Alternatives

Alternative uses of the coastal areas of Vieques could bring innumerable
benefits to Puerto Rican and foreign tourists, island residents, business owners,
and local government.  More opportunities to fish and less damaged nets could
increase fishers’ income.  Implementation of a new economic development plan
could include the emergence of new tourism-related small business owners.
Local and commonwealth governments could benefit from additional revenues.
The tourism industry could offer a greater choice of marine recreational
activities centered around the 40 beaches and the mangrove sites around the
island.

The eastern part of Vieques (See Figure 1), where the live impact area is located,
would be most appropriate for a multiple use Marine Protected Area (MPA).
This region is in great need of special protection because it requires significant
rehabilitation and cleanup of unexploded ordnance and exploded bomb debris on
sea and land.  It is also the section of Vieques with the best beaches and marine
life, due to nutrient upwelling resulting from a convergence of Atlantic and
Caribbean currents.23  The safety issue combined with conservation effort
contrast with the common concerns of other MPAs, which usually center on
conservation, recreational, and commercial issues. The designation of closed,
no-take reserves address safety and fish conservation issues.  Preparation of a
management plan requires identification of exploded and unexploded ordnance,
fish nursery grounds, and reefs.  Consultation with commercial fishers is
imperative in Vieques for the success of a management plan, and a co-
management approach involving local/state agencies and fishers is highly
desirable.  Initially, Puerto Rican fishing regulations could be used with an on-
going review to consider special needs of the area.  The feasibility of installing
mooring buoys for the use of dive operators should be considered.  Careful
attention must be given to the presence of buried unexploded ordnance and the
possibility of an explosion that might result from drilling.  A Vieques MPA plan
should consider management objectives for multiple uses.  After decades of
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prohibited access, Vieques residents probably would not support an overly
restrictive MPA plan.

          

The Blue Beach (Bahía de la Chiva) and the Red Beach (Caracas) areas, located
in the southern part of the island, could be converted into public beach areas
with facilities for daytime recreation. This area is well suited for this purpose;
the Red and Blue beaches are presently the most popular Navy beaches for
recreation despite the restricted access and decayed vegetation. Many areas
under naval jurisdiction could be developed as low-impact tourism areas where
a series of small guesthouses could be built near beaches that would still
maintain public access for daytime users.

The western side of the island, where the current Naval ammunition storage site
is located, also contains conservation zones and the Green Beach (Punta Arenas)
recreational area. Because the offshore waters are also popular anchoring sites,
mooring buoys could protect the adjacent degraded coral reefs.  The Kiani
Lagoon (See Map 1) is also located on the northwest side of the island in the
same area as a Superfund site,24 and the associated  mangrove area is
contaminated.  The Navy decided to propose a No Further Action Alternative to
the Superfund site because, according to information presented, “(n)either the
soil, sediment, ground water, nor surface water at the sites appears to pose a
threat to human health or the environment.”25  A plan for planting mangrove
seedlings, as well as final cleanup of the Navy’s waste disposal site (the
Superfund site) may be appropriate

Conclusion

This paper has presented an analysis of the Navy’s marine public access policy
in Vieques, Puerto Rico, and argues for the application of Federal Consistency
to promote ecosystem protection and peaceful uses of Vieques.  This analysis
also proposes that, for an ideal management plan to work in Vieques, the Navy
would have to leave the island most likely by presidential order or legislative
mandate.  The historically unyielding nature of naval coastal access policy
appears to exclude the possibility of a compromise in the conflict.
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Puerto Ricans of all political affiliations share a long history of opposition to the
Navy’s presence in Vieques. While North American United States citizens
vociferously protest base closings in the States, for decades Puerto Ricans have
demanded that the Navy leave Vieques in order to achieve sustainable economic
development.  Do Puerto Ricans’ lack of congressional representation, their
inability to vote in presidential elections, and cultural differences influence the
way US policy affects them?  Would the Navy conduct target practice on a
populated US mainland coastal island?  These are all serious questions that,
apparently, no one who directs US marine policy has ever directly addressed.

The presence of the Navy in Vieques is indeed a difficult issue to resolve
through use of laws and legal precedents due to the Navy’s historical
intransigence and political strength.  Perhaps the solution lies in the political
realm, an event that may be occurring presently due to the series of protest
events that the unfortunate civilian death initiated.  This action and others at
high political levels in Washington may mark the beginning of the resolution of
this seemingly intransigent conflict.
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COMMUNITY STRUCTURE OF BENTHIC FORAMINIFERAL
ASSEMBLAGES: A STATISTICAL METHOD TO ASSESS

ENVIRONMENTAL CHANGES IN COASTAL ECOSYSTEMS
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Florida Bay is a shallow, subtropical estuary, which experiences highly variable
environmental fluctuations due to natural forces (hurricanes, climatic variations
and sea level rise) and anthropogenic influences (agricultural activity, water
management and urbanization). The effects of natural and anthropogenic
influences on present assemblages are difficult to understand without knowledge
about the characteristics of the natural assemblages. Statistical analyses of
modern assemblages can be conducted to determine their environmental
preferences. When these results are applied to downcore faunal assemblages the
interpretation of historical environmental trends can be made. The foraminiferal
assemblages preserved in two cores from the Florida Bay region (Oyster Bay
and Jimmy Key) provide a record of historical trends in environmental
fluctuations. Foraminiferal populations exhibited dramatic shifts and significant
temporal variability at both Jimmy Key and Oyster Bay core sites in total
abundance and the Shanon-Weiner Diversity Index (SWDI). These shifts
indicate a long-term change to more saline conditions with greater variablity in
salinity changes beginning around the mid-1900s and also correspond to the
construction of the Everglades Agricultural Area (EAA), construction of canals
and water management practices. In the absence of archived data this method
can be useful in determining the natural state of an ecosystem before
anthropogenic changes occurred. Establishment of environmental parameters
with current assemblages can be applied downcore to assess changes and
possibly differentiate between natural and anthropogenic influences. This will
allow managers to make informed decisions regarding restoration and
monitoring practices for a wide range of coastal ecosystems.
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Introduction

It is often difficult to assess the effects of sub-lethal contaminant exposure in
wildlife populations.  One reason for this difficulty is that markers of effect,
such as reproductive success, are influenced by many interacting environmental
factors (competition, habitat, food availability) and require substantial effort and
time to assess.  Immune function has been shown to be a biological marker that
is sensitive to sub-lethal contaminant exposure, due in part to its physiologic
complexity (National Research Council, 1992).  There is increasing evidence
that contaminant-induced immunosuppression in wildlife contributes to
significant population declines of marine mammals (McGourty, 1988; Ross et
al., 1996).  For birds, Sagerup et al. (in press) found a strong correlation between
parasite load (an indicator of an individual's health) and levels of
organochlorines.  However, existing studies on wild populations are limited in
number, and literature reviews have cited the need for more research into
contaminant-induced immunosuppression (Briggs et al., 1996; Fairbrother,
1994).  Here we present data from preliminary studies on the development and
validation of methods to assess immune function as biomarkers of contaminant
exposure/effect in a variety of avian species.  To assess immune function we
have examined mitogen-induced lymphocyte proliferation and monocyte
phagocytosis. Lymphocyte proliferation in response to an antigen is an
important first step in antibody production, whereas phagocytosis is a first line
of defense against some pathogens.  From this work we hope to establish
methods that can be used to assess immune function in wild populations of
coastal birds.

Materials and Methods

Method Development

The objectives of this study were to: (1) Determine an optimal method for the
isolation of monocytes and lymphocytes for use in immune function tests; (2)
Validate that isolated white blood cells (WBCs) could be cryo-preserved for
later assessment of immune function; (3) Evaluate a non-radioactive method to
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assess cell proliferation for use in a mitogen-induced cell proliferation assay; (4)
Evaluate and validate an assay to assess phagocytic ability of plated monocytes;
and (5) Evaluate and validate the sensitivity and reproducibility of the effect of
in vitro exposure to  contaminants on mitogen-induced lymphocyte proliferation
and phagocytosis .

Sample Collection

Blood was collected opportunistically from the following species for use in
methods development: Domestic chicken (Gallus, species), domestic goose
(Anser, species), Magellanic Penguin (Spheniscus magellanicus), American
Coot (Fulica americana), Western Gull (Larus occidentalis) and Ostrich
(Struthio camelus).

Objective #1 - White Blood Cell (WBC) Isolation

Whole blood (~2 mls) was centrifuged at 1000xg for 10 minutes, and the plasma
fraction collected and stored for future use.  RPMI with 10% FBS and pen/strep
(C-RPMI) was added to the remaining blood fraction (to obtain 2x the original
volume of whole blood) and mixed gently.  After evaluating the use of a
Histopaque 1.077 and Histopaque 1.077 layered on 1.119 for both monocyte and
lympocyte recovery, the following protocol was adopted: Lymphocyte isolation:
Blood/C-RPMI mixture was layered on top of 3mls of Histopaque 1.119 and 3
mls of  Histopaque 1.077 and centrifuged at speed 700xg for 30 min.  The
lymphocyte layer was isolated, and cells were washed 2x in 10mls C-RPMI.
Monocyte isolation: Blood/C-RPMI mixture was layered on top of 3mls of
Histopaque 1.119 and centrifuged at speed 600xg for 30 min.  The monocyte
layer was isolated, and cells were washed 2x in 10mls C-RPMI.

Objective #2 - Cryo-preservation

Freeze Cells: Isolated cells (monocytes or lymphocytes, see above) were re-
suspended in Origen DMSO freeze medium (Fisher cat #1G50-0715).  Samples
were stored in cryovials and placed in a Nalgene cryo-preservation container for
at least 4 hours at -70C.  Cryovials were transferred to liquid nitrogen and stored
until analysis.  Thaw Cells: Cells were thawed quickly by placing in a water
bath (41˚C) and diluted with 10mls of C-RPMI for each ml of cell suspension
frozen.  Cell suspension was incubated (at 41C and 5%CO2) for 4 hours.  Cells
were washed 2x and re-suspended in C-RPMI to obtain the desired cell
concentration.

All subsequent tests below were conducted on cryo-preserved cells and
incubated at 41˚C, 5%CO2, except where stated otherwise.
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Objective #3 - Mitogen induced cell proliferation

A colorimetric immunoassay, BrdU (Boehringer Manneheim #1647229), was
evaluated to assess lymphocyte proliferation by the measurement of
incorporation of BrdU (a pyrimidine analogue) into DNA synthesis.  3.5x106

live lymphocytes/ml were plated in 96 well plates with Concavalin-A (Con-A)
(10, 20, and 50 µg/ml), and incubated for 48 hours.  BrdU labeling agent was
added to each well and the plates were incubated 22 hours.  Cells were harvested
according to BrdU kit instructions; plate absorbance was measured on an ELISA
plate reader.

Objective #4 Monocyte Phagocytosis

Monocyte phagocytosis was conducted according to the method of Trust et al.
(1994).  One ml of 4x106 leukocytes/ml was placed in each well of a 24 well
plate and incubated at 4˚C for 24 hours.  Suspension media was removed and 1
ml of C-RPMI was added to each well.  Plates were incubated for 24 hours.
Fifty µl of 1x107 FITC labeled yeast were added to each well.  Plates were
incubated for 15 min, washed 3x with PBS, and examined under a fluorescent
microscope. Phagocytosis was quantified by counting the number of yeast
ingested for at least 100 plated phagocytic cells.

Method Validation

Objective #5 - In Vitro Spiking of Cells

Various toxic metals (lead, cadmium, mercury) and a synthetic organic
compound (9, 10, Dimethyl-1,2-Benz-anthracene) were utilized in in vitro cell
exposures to assess the effects of contaminants on immune function using the
above assays.  One thousand ppm mercury (Hg), cadmium (Cd), and lead (Pb)
stock were diluted in C-RPMI (pH=7.2-7.3).  9, 10, Dimethyl-1,2-Benz-
anthracene (DMBA) (Sigma) was dissolved in DMSO (tissue culture grade) and
diluted in C-RPMI.  The final concentration of the DMSO carrier was ~0.125%
in the plate wells.

Results and Discussion

Method Development

Objective #1 - White Blood Cell (WBC) isolation

Initial attempts to isolate both lymphocytes and monocytes from the same cell
population by layering over Histopaque 1.077 and then plating the cells for 24
hours proved unsuccessful.  The recovery of lymphocytes from the single
suspension liquid was unacceptably low (<5x106 total lymphocytes), and there
were not sufficient monocyte numbers plated for conducting the phagocytosis
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assay.  Based on this, it was necessary to split the collected whole blood sample
and perform separate cell isolations, using Histopaque 1.077 for monocytes and
Histopaque 1.077 layered over Histopaque 1.119 for lymphocytes. For single
and double density isolation of leukocytes, WBC recovery was between 2.5x 106

and 3.7x107 leukocytes per ml of blood collected.  This approach was assessed
in a variety of avian species (chicken, goose, American Coot, Western Gull, and
Magellanic Penguin) to ensure its general applicability. Comparable and
satisfactory cell recoveries were obtained for all species evaluated.

Objective #2 - Cryo-preservation

Cryo-preservation proved to be a valuable method for long-term sample storage
(greater than 3 days), with cell viability post-thaw between 73 and 95% when
evaluated with Trypan blue exclusion (Table 1). There was no measurable
difference between species evaluated in cell viability after cryo-preservation.  In
addition, other laboratory experiments have found no difference in the Con-A
induced proliferation response for fresh and cryo-preserved chicken
lymphocytes (Croisant, unpublished data).

Table 1.Viability of cryo-preserved avian WBCs. Viability was determined
using trypan blue exclusion.
Species (n) Cell Viability, Post-thaw* Days cryo-preserved
Domestic Goose (1) 76% 1
Domestic Chicken (6) 81-95% 5
Domestic Chicken (2) 74-79% 12
Domestic Chicken (3) 73-85% 48
Magellanic Penguin (2) 80% 74
Ostrich (1) 83% 148
Ostrich (1) 83% 300
*  Cell viability prior to cryo-preservation (i.e., fresh) was >95% for all species.

Mitogen-induced cell proliferation

The chosen mitogen concentrations (10, 20, 50µg/ml of Con-A) stimulated a
strong proliferation response, with the peak proliferation at 20µg/ml with little
variability for 3 chickens run across 3 different plates (Figure 1).  All
proliferation is reported as % of unstimulated control values unless otherwise
noted.
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Figure 1.   Proliferation response of chicken lymphocytes to 0, 10, 20, and 50 µg/ml Con-
A (n=3 birds/point,  +/-SE).

Monocyte Phagocytosis

Figure 2 illustrates the average phagocytic response of 3 different birds run
across 3 plates. The low variability between birds allows differences to be
detected when cells were exposed to contaminants (Figure 7).  (Note: We did
not differentiate between phagocytic monocytes and thrombocytes for the results
shown).

Figure 2.  Phagocytosis of yeast by chicken phagocytic cells (n=3 birds/point,  +/-SE).
The phagocytic index was reported as 0, 1-5, and ≥6 yeast ingested for at least 100
phagocytic cells.

Method Validation

In Vitro Exposure of Cells to Contaminants

Metals: In vitro additions of Cd and Pb to a final concentration of 1ppm had no
measurable effect on cell proliferation (BrdU assay).  However, the addition of
Hg to the metal mixture at a final concentration of 1ppm for each metal
significantly suppressed cell proliferation (Figure 3).
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Figure 3. Chicken lymphocyte proliferation following in vitro exposure to lead, mercury,
and cadmium.  Con-A= 20µg/ml. Overall effect of treatments was significant (p < 0.05)
based on ANOVA (Star indicates significance between specific treatments; n=3, error
bars are std. error).

Figure 4 illustrates the ability of Hg to suppress lymphocyte proliferation in a
dose response manner.  The ability of cells to ingest yeast tended to be
suppressed with 1ppm metal exposures
(Pb, Cd, Hg) (Figure 5).

Figure 4. Chicken lymphocyte proliferation following in vitro exposure to different
concentrations of mercury.  Con-A= 10µg/ml, (n=2).  Each bar per treatment is
representative of an individual bird.

Figure 5. Chicken phagocytosis following in vitro exposure to a mixture of lead, mercury
and cadmium, (n=2).  Each bar per treatment is representative of an individual bird.
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9,10, Dimethyl-1,2-Benz-anthracene (DMBA)

In vitro exposure of 1.25, 12.5, and 165.8µM DMBA significantly (p<0.05)
reduced the ability of chicken leukocytes to proliferate and ingest yeast (Figures
6 and 7).

Figure 6 Chicken lymphocyte proliferation following in vitro exposure to 9,10, Dimethyl-
1,2-Benz-anthracene.  Con-A= 20µg/ml.  Overall effect of treatments was significant (p <
0.05) based on ANOVA (letters indicate significance between specific treatments; n=3,
error bars are std. error).

Figure 7. Chicken phagocytosis following in vitro exposure to 9,10, Dimethyl-1,2-Benz-
anthracene. Overall effect of treatments was significant (p < 0.05) based on ANOVA
(letters indicate significance between specific treatments; n=3, error bars are std. error).

Conclusions

This preliminary study demonstrated that: (i) The cell separation technique
yielded sufficient recovery of  WBCs to perform lymphocyte proliferation and
phagocytosis assays; (ii) Cryo-preserved cells exhibited high viability (73-95%),
even when cells were stored for periods of up to 300 days; (iii)  In vitro
exposure of heavy metal (Pb, Cd, and Hg) and organic (9,10 Dimethyl-1,2-
Benz-anthracene) contaminants suppressed mitogen induced cell proliferation
and phagocytosis of avian WBC.  Future work will apply these tests to assess
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immune function in wild populations of birds residing in areas known to contain
sub-lethal levels of environmental contamination.
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ESTABLISHMENT OF THE SCDHEC-OCRM INFORMATION
MANAGEMENT SYSTEM: INTERFACING INFORMATION AND

LOCAL GOVERNMENTS

Teresa G. Fleener, South Carolina Office of Ocean and Coastal Resource
Management

Education on the value and existence of natural resources is a necessary tool for
coastal management.  An appreciation for the benefits of coastal resources
prepares communities for healthy development.  A well-informed community
makes planning decisions that recognize long-term costs as well as short-term
gains.  Access to accurate natural resources information is indispensable for both
natural resource managers and for beneficial growth within the coastal zone.

There is, however, a disparity in information acquisition, as the local decision-
makers are unaware or unable to access critical information on natural resources.
This includes an absence of accurate information and technology as well as an
ignorance of regulations.  The result is too often development that escalates the
stress on natural resources and hence limits the abilities of communities to
provide the basic amenities of clean water, clean air and space.

Coastal Growth and Information Transfer

South Carolina is experiencing rapid growth in its coastal zone.  Coastal
communities are becoming more aware of the limits of existing federal and state
regulations to protect the community or their surrounding natural resources.
Lacking environmental management experience, many communities are
requesting technical assistance and natural resource information to formulate
better planning strategies.

The South Carolina Office of Ocean and Coastal Resource Management
(OCRM) is in the Department of Health and Environmental Control.  It is to this
office that many communities request the necessary expertise to adequately
address coastal resource issues.  Staff from the agency are regularly asked to
participate in local and regional planning efforts.  Research conducted by the
agency is used to support planning initiatives throughout the coast.  The new
Planning Division of OCRM is responsible for effectively meeting these needs
of the coastal communities.  It has become apparent to the planning staff that an
organized system is needed to better reach and support the local governments
with the available information.

Difficulties are on both the local government and the OCRM sides.  The local
governments are not aware of the available reports and planning information and
their technological capabilities and needs are not specifically known.  The local
municipalities also under utilize information from other government agencies.
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This has left the development of local comprehensive plans without significant
consideration for natural resources.  OCRM, while aware of the local
governments requests, does not have its own existing information and data in
formats that are appropriate for all parties nor is it easily distributable.

Establishing the Information Clearinghouse

Attentive to this dilemma, the Planning Division of OCRM, with the support of
the National Oceanic Atmospheric Administration through a Coastal
Management Fellowship, is establishing an information clearinghouse to
provide the local municipalities access to planning tools and natural resource
information.  The Planning Division is concurrently initiating an in-house
Planning Information Management System to aid OCRM staff in understanding
and using new information on innovations in coastal management.  Through a
series of steps, four goals are being instituted to bring the OCRM Information
Clearinghouse to an operational reality.

The first goal, and the most pressing prerequisite, is to assess the technical
capabilities and information needs of the local governments within the coastal
zone.  A survey with questions concerning information needs and technical
capabilities has been sent to all of the coastal zone municipal governments and
several state and county agencies.  The results of the survey will be complete in
early April and then used to prioritize the information/data to be distributed and
to determine appropriate delivery formats and mechanisms.

The second goal includes establishing the Information Management System with
a corresponding Information Distribution Mechanism.  These two sub-projects
are to provide the local governments with requested information in a usable
format.  It is expected that this distribution mechanism will take on several
forms including Internet web pages, hard copy, and digital.  Additionally,
protocols will be developed to ensure long-term data content maintenance and
technological updates of the distribution formats.

The third goal within the Clearinghouse system is to utilize the Information
Management System to keep the OCRM staff updated with new and innovative
coastal research.  The Information Management System is to be synchronized
for the education of the OCRM staff as well as for the assistance of the local
governments and the public.

In late 1999, the OCRM staff participated in an office survey.  The goals of the
survey were to determine whether information and resource materials produced
by OCRM divisions would be useful to local governments and whether there are
resource materials and training that could be useful to OCRM staff.  The results
evaluate the staff's perception of in-house effectiveness and of how to better
serve the public with improved information dissemination and technological
advancements.  Overall, the agency staff feels that while they are putting
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adequate emphasis on wetlands and coastal development there is still an
expressed concern for the competency and effectiveness of the current wetland
legislation.  The implicit need for planning and better planning organization,
both within the agency and within communities, is divided evenly between those
that feel there is not enough to minimal emphasis and those that feel there is
adequate to far too much emphasis.  Adequate staffing, as well as further
training in conflict mediation, wetland delineation, GIS and office software are
perceived as significant matters.  Everyone felt that the web page should have
even more information to assist the public.  As a whole, the staff identified the
need for better information transfer, within the agency, between other agencies
and to the public, as a main concern.

Within the Information Management System will be a format protocol.  Since
many local governments do not possess computers or GIS software, the requests
for paper maps and information is expected to be much larger than the need for
electronic data.  (In calling to verify contacts and addresses for the survey, the
technical ability of many of these small government offices did not even include
voice mail, let alone computers, GIS or Internet access.)  The bulk of the data
presently available at OCRM are recommendations and findings from the 67
Charleston Harbor Project research efforts, products from the Broad-New River
Watershed Wetland Management Project and other agency generated
information.  This information is being developed into information indices and
data dictionaries as part of the Information Management System project.  To
initiate the Information Clearinghouse project, an OCRM web page began in
1999 with information on permit processes, OCRM publications and projects.

Once the survey results indicate the types of information and the particular
formats that local governments need, the Information Distribution Mechanism
can be phased into operation. The information requested by the local
governments, in the returned surveys, will be organized and sent out first.  A
protocol for data and information maintenance will be within the Information
Distribution Mechanism to keep the database current and effective.  A third and
final protocol is also being developed for the overall information acquisition and
maintenance of the Information Clearinghouse.

Commencement Outreach

An education and outreach program will launch the Information Clearinghouse
with help from the OCRM Public Information Director.  Assessment of
Clearinghouse effectiveness will be from feedback via questionnaires and phone
contact.  Based upon the evaluation results, Clearinghouse components will then
be revised.

With the Information Clearinghouse functioning for both the local
municipalities and the OCRM staff, a fourth goal is to develop a procedure and
mechanism for integrating information to DHEC-OCRM policy development
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and permit review processes.  This long-term goal has already been initiated
with dialogue resulting from the staff survey.

Once there is sufficient and accurate information organized into the Information
Management System and imparted to staff and public via the Information
Distribution System, the Information Clearinghouse will be an operational
reality.  It will require the data and technology maintenance written into its three
protocols.  Just as significantly, it will require regular administrative checks with
those it serves, the people and coastal governments of South Carolina.

Teresa G. Fleener
South Carolina Office of Ocean and Coastal Resource Management
Department of Health and Environmental Control
1362 McMillan Avenue, Suite 400
Charleston, SC  29405
Phone: (843) 747-4323
Fax: (843) 744-5847
Email:fleenetg@chastn86.dhec.state.sc.us
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DEVELOPING A RESTORATION AND MANAGEMENT PLAN FOR
FORESTED WETLANDS AT THE BUCKRIDGE COASTAL RESERVE

IN NORTH CAROLINA

J. David Fuss, North Carolina Division of Coastal Management

Introduction

The North Carolina Coastal Reserve System, which presently includes more than
30,000 acres of lands and waters associated with barrier islands, estuaries, and
coastal freshwater ecosystems, was established by the Coastal Reserve Act of 1989
(NCGS 113A-129.1-3). The Coastal Reserve System, administered by the N.C.
Division of Coastal Management (DCM), contains nine sites, four of which are part
of the National Estuarine Research Reserve System.

The Buckridge Coastal Reserve (hereafter Buckridge), the most recent and largest
addition to the Coastal Reserve System, represents the first inland Reserve site.
Buckridge is 18,648 acres of nonriverine swamp forest that serves as an important
addition to the 320,000 acre wetlands complex known as the Alligator River
Wetland Mega-Site. Buckridge harbors many rare, threatened, and endangered
species and communities of flora and fauna.

With funding from the N.C. Natural Heritage Trust Fund, the N.C. Clean Water
Management Trust Fund, and the U.S. Fish and Wildlife Service (USFWS), DCM
acquired Buckridge in June 1999. Funding was allotted for the planning and
implementation of restoration and management of forested wetlands at Buckridge.
This poster describes Buckridge and outlines the planning process for its wetlands.

Site Description

Located within Tyrrell County, Buckridge lies along the Alligator River, which
leads into the Albemarle Sound (Figure 1). The Albemarle Sound and its tributaries
are the state’s most important anadromous fish spawning areas (Epperly, 1984). In
particular, the Alligator River is designated by the N.C. Wildlife Resources
Commission and the N.C. Division of Marine Fisheries as a primary nursery area
for striped bass, spot, croaker, American shad, hickory shad, and weakfish, and as
a major spawning area for anadromous fish -- principally river herring (NC
DEHNR, 1997; NC DEHNR, 1990).

Buckridge is a vast area of nonriverine swamp forest that comprises communities
of pond pine woodland, peatland Atlantic white cedar and tidal cypress-gum swamp
(Schafale, 1996). Using criteria from The Nature Conservancy (Master, 1981), the
N.C. Natural Heritage Program determined that these specific community types are
rare globally and within the state of North Carolina. Historically, Buckridge has
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been heavily timbered and most of the Atlantic white cedar (Chamaecyparis
thyoides) has been cut within the last 25 years (Bell, 1998). However,
approximately 4,000 acres of regenerating Atlantic white cedar exists, representing
the most extensive contiguous example of the species in North Carolina and about
one-third of what remains in the state (Davis and Daniels, 1997).

As a result of its timber history,  Buckridge is hydrologically altered by 49 miles of
ditches and canals. Most of the site is characterized by shallow and deep peat soils,
with isolated areas of mineral soils (Tant et al., 1988). Studies by the USFWS on
the adjacent Pocosin Lakes National Wildlife Refuge show that drainage facilitates
the oxidation of deep peat soils, resulting in a tremendous release of nutrients (e.g.
nitrogen) and mercury (Hinesley and Wicker, 1997).

Situated between the Pocosin Lakes National Wildlife Refuge and the Alligator
River National Wildlife Refuge, Buckridge and its adjacent waters serve as an
important habitat corridor for many rare, threatened and endangered wildlife
species, such as American alligator, black bear, bald eagle, Atlantic sturgeon,
shortnose sturgeon, red wolf, red-cockaded woodpecker, and neotropical migratory
birds.

Atlantic Ocean

Coastal
Counties of

North Carolina

Albemarle Sound

Buckridge

Tyrrell County

Figure 1.  Area map showing the coastal counties of North Carolina and the Buckridge Coastal
Reserve in Tyrrell County along the Alligator River near the Albemarle Sound.
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Plan Development

DCM, with the guidance of the USFWS, is developing a restoration and
management plan for the swamp forest resources at Buckridge, with an emphasis
on the Atlantic white cedar community. Due to the history of alteration from past
timber activities, adequate planning for Buckridge’s management and restoration
is important to its success. Hydrological restoration will be emphasized.

The planning process for Buckridge includes several phases (Figure 2). First, an
environmental assessment, which outlines the goals and objectives of the project,
was completed to fulfill requirements of the USFWS. Second, a comprehensive
resource assessment is underway. The assessment will yield needed information
about the condition of the forested wetland resources, particularly Atlantic white
cedar. Third, DCM will incorporate input from researchers and experts in Atlantic
white cedar growth and management. This phase will integrate information from the
scientific literature and the opinions of an ad hoc advisory group of experts
performing Atlantic white cedar research and restoration in coastal North Carolina.
Fourth, based on the resource assessment and the input from the literature and the
experts, restoration and management alternatives for the swamp forest resources at
Buckridge will be identified. Fifth, the alternatives that are ecologically sound and
are best suitable to the goals and objectives of the project will be chosen. Lastly, a
restoration and management plan for the forested wetland resources will be
finalized and implemented.

The environmental assessment prepared for the USFWS outlines the goals and
objectives of the restoration and management of forested wetlands at Buckridge.
The overarching goals of the North Carolina Coastal Reserve System are: 1)
preservation of coastal ecosystems; 2) research in support of resource management
decision-making; 3) educational activities to promote awareness of the importance
of coastal ecosystems; and 4) recreational activities that do not interfere with the
other Reserve goals. The specific objectives for the Buckridge project are to: a)
restore the natural hydrology and vegetative communities; b) protect the outstanding
water quality of the Alligator River; c) improve water quality in the coastal area by
preserving and restoring functioning wetlands; and d) ensure the protection of
aquatic and terrestrial habitat at a watershed level. The environmental assessment
further addresses the possible restoration and management alternatives – and their
potential beneficial and negative impacts - that may become part of the final
restoration and management plan for the swamp forest resources at Buckridge.
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Define goals and objectives for Buckridge project

Perform comprehensive assessment of forested wetland resources
and create  GIS

Integrate scientific literature and input from experts

Identify restoration and management alternatives

Choose ecologically sound alternatives suitable to project goals and
objectives

Finalize restoration and management plan for forested wetland resources at
the Buckridge Coastal Reserve

Implement the plan and monitor the results

Figure 2. The planning process for developing a restoration and management plan
for the forested wetland resources at the Buckridge Coastal Reserve.

A comprehensive forested wetland resource assessment is underway at Buckridge.
Information about the condition of the different forest community types is being
collected. The types of data collected include: height, age, diameter at breast height,
and condition of the trees; soil type; and adjacent species. In addition, information
about associated wildlife species is also being collected. For example, a survey of
the status of red-cockaded woodpeckers at Buckridge has been completed in
conjunction with a survey at the adjacent Pocosin Lakes National Wildlife Refuge.
Other wildlife status assessments may be undertaken by volunteer groups or other
agencies. Finally, an assessment of the hydrology at Buckridge is underway.
Activities include identification of culvert locations, direction of flow in drainage
ditches, water level monitoring, and water quality monitoring. This information will
provide insight into how to restore the hydrology and where to place key water
control structures.

In support of the resource assessment, a GIS for Buckridge is being assembled. This
will include GPS data for the reserve boundary, roads and other features, as well as
GIS data for soils, vegetation types, locations of red-cockaded woodpecker nests,
and locations of monitoring wells and water control devices. The GIS will afford
a landscape perspective that will aid in making decisions about Buckridge’s
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management and restoration. The GIS will also be enhanced by the existing GIS
wetlands data developed by DCM. This data includes wetland type, wetland
functional significance, and functional potential of wetland restoration sites.

In order to fully evaluate the possible alternatives to restoration and management
of the forested wetland resources at Buckridge, a comprehensive survey of the
existing literature is being undertaken. Also, input from Atlantic white cedar experts
and researchers is being sought. This group includes individuals from the USFWS,
the North Carolina Wetland Restoration Program, North Carolina State University,
Christopher Newport University, the North Carolina Division of Forest Resources,
and private consultants. With the assistance of this group, possible management and
restoration alternatives will be identified.

Then, the alternatives that are most ecologically sound and are best suitable to the
restoration and management goals and objectives will be chosen. These alternatives
will be incorporated into the final restoration and management plan for the forested
wetland resources at Buckridge, which will be produced by October 2001.

Plan Implementation and Monitoring

The plan will be implemented and monitored by DCM staff and collaborating
agencies. Corrective measures will be undertaken if deemed necessary. Efforts will
be made to integrate the other primary goals of the North Carolina Coastal Reserve
System - research and education - into the activities at Buckridge. Research on the
forested wetlands and associated wildlife resources will be encouraged. In addition,
educational materials and trips will be supported.

Conclusions

The Buckridge Coastal Reserve provides a unique opportunity for the state of North
Carolina to preserve and restore forested wetland ecosystems near the Alligator
River. Buckridge harbors many rare, threatened, and endangered species of flora
and fauna. Due to the site’s history of timber activity, proper restoration and
management of the site is essential to its long-term success. To that end, the process
of developing a restoration and management plan – including specific attention to
hydrological restoration - is important.

The plan development process includes the definition of goals and objectives, a
comprehensive resource assessment and creation of a GIS, the examination of
scientific literature and expert advice, and the evaluation of possible management
alternatives. By choosing the strategies that are ecologically sound and that best
meet the goals and objectives of the project, the likelihood of Buckridge’s success
will increase. With research and monitoring of the plan’s implementation, the
success of the restoration will be assessed. Through education, the advantages of
the planning process will be shared with other resource managers and the public.
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THE SURFER'S CODE

Neil S. Lazarow, Graduate School of the Environment, Macquarie University

Abstract

This poster acknowledges the popularity of surfing and recognises that
surfers are major users of coastal resources. The poster has two key
messages. Firstly, the poster promotes and encourages support for
surfing's unofficial ‘code of ethics’ or rules. In order to gain support for
this non-regulatory and community based initiative, the poster was
developed in conjunction with local councils, user groups such as life-
saving and board-riding clubs, local surfers and a number of
community groups. As there are no official rules sanctioning user
numbers and behaviour in surfing, it was important to canvas as much
local support and sponsorship for the initiative as possible in order to
drive its success.

The second message portrays surfers as modern day 'custodians of the
coast'. Australia's 'beach' culture is epitomised by the image of surfing
and surf culture. By emphasising key messages and actions aimed at
improving water quality and respect for the coastal environment, the
poster: firstly, broadens the focus of coastal protection issues to that of
catchment management - a more holistic and integrated perspective;
and secondly, targets a particular coastal resource user group - surfers -
as a means of educating the broader community about coastal
protection.

The growing popularity of surfing has required the emphasis of
surfing's 'code of ethics' to new and existing resource users. As well as
this, as more and more people make use of our precious coastal
resource, there is a growing need to target user groups and educate
them about coastal protection actions.

Australia's coastal zone is a priceless natural resource, with a special place in the
lives of Australians. Comprising only 17 per cent of the land area of Australia
(as defined by administrative boundaries), it is home to 86% of Australia's
population. In the past 50 years, Sydney, Australia’s most populous coastal city
has witnessed significant increases in population and tourism growth, and
intensive residential development within the coastal zone. Trends indicate that
future population growth is likely to continue to be concentrated in coastal areas.

Today, Australia’s beach culture is well and truly established and our preference
for settling on the coast has as much to do with easy access to a sandy beach as
has to do with access to employment and resources. The coast is also the main



863

focus of Australia's rapidly expanding tourism industry, providing an important
part of the industry's attraction and resource base for both domestic and
international visitors.

The Commonwealth Coastal Policy has identified coastal tourism as a major and
significant growth industry. The policy also recognises that growth requires
guidance, particularly with respect to environmental criteria, in other words,
ecologically sustainable tourism. Estimates from the Bureau of Tourism
Research show that combined international and domestic tourism to the State of
New South Wales in 1993/94 generated $15 billion in gross expenditure
(including domestic day trips) or approximately one-third of the Australian total.
The value of Australia's marine based industries was estimated in 1994 at around
$30 billion.

One of the characteristics of ecologically sustainable tourism is that it must
benefit local communities and the region socially and economically. This in turn
needs to reflect the carrying capacity of a particular natural resource in relation
to public usage and management. Neglecting the issues associated with any one
of these areas may threaten the sustainability of the resource in the long term.

One of the consequences of the growing affiliation for the coast has been the
growth in popularity of ocean based activities. Surfing is one such activity. The
sport of surfing has grown massively in popularity over the past few decades.
The surfing industry was estimated at $1 billion in 1996 in Australia. Every day
surfers are heading to the water in increased numbers. The result is that there are
growing number of surfers competing at a limited number of surf breaks. Of
particular concern are the city beaches of Sydney, where a sunny day can attract
100s surfers to any major city beach over the course of a day. The increasing
number of surfers competing for the same wave can often lead to confrontation
between local surfers, tourists (local or international) and beginners.

Most sports and activities, including surfing, have a set of rules or an unofficial
covenant that governs users. The sport of surfing has an unofficial ‘code of
ethics’. However, many newcomers to the sport are unaware of these rules and
their first induction to ‘surfing etiquette’ comes in the form of an abusive tirade
from an irate ‘local’ who has just had his or her 'ride' interrupted.

The Surfer’s Code Project

The project has four main aims:

1. the development, production and dissemination of the 'Surfer's Code Poster;
2. the development, production and dissemination of the 'Surfer's Code

Postcard (this includes getting the postcards translated into different
languages such as Japanese and Hebrew to target non-English speaking
surfers in our local area;
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3. the development, production and placement of signposted posters at
beaches within the project area; and

4. national/international distribution

In order to gain ‘political’ support for this initiative, the poster has been
developed in conjunction with local councils, Coastcare, life-saving clubs,
board-riding clubs and local surfers. Because there are no official rules, it was
seen as important to canvas as much local support for the initiative as possible in
order to drive its success.

The posters and postcards will be widely distributed through Local Government
education programs; the Surfrider Foundation network, including meetings and
stalls; schools, through the Surf Safe Schools Program and broader
environmental education programs; surf shops; surf-lifesaving clubs, board
riding clubs; learn-to-surf-surf schools; community groups; and local council
facilities and programs The postcards, which will be printed in a number of
different languages will be distributed to: all of the above; as well as cafes;
backpacker hostels; and hotels.

The Surfer’s Code Poster

In 1997, Rob Conneeley and Roscoe Kermode produced the ‘Tribal Law’ poster
in Western Australia. The ‘Tribal Law’ poster encourages ‘gentleman’s rules’
back into surfing. With Rob’s permission, the content of his poster has been
included in the Surfers Code poster which has a broader agenda.

The Surfer’s Code has two principle messages:

1. to encourage 'gentleman's rules' back in the surf zone through a multifaceted
education program, and

2. to encourage surfers to take up the role of modern day custodians of the
water and to look after this precious resource in every way possible.

Surfers are major users of coastal resources. The first message is to promote and
encourage support for surfing's unofficial ‘code of ethics’ or rules. In order to
gain support for this non-regulatory and community based initiative, the poster
has been developed in conjunction with local councils, user groups such as life-
saving and board-riding clubs, local surfers and a number of community groups.
As there are no official rules sanctioning user numbers and behaviour in surfing,
it was important to canvas as much local support and sponsorship for the
initiative as possible in order to drive its success.

The second message has an environmental basis. Surfers are portrayed as
modern day 'custodians of the coast'. Australia's 'beach' culture is epitomised by
the image of surfing and surf culture. By emphasising key messages and actions
aimed at improving water quality and respect for the coastal environment, the
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poster: firstly, broadens the focus of coastal protection issues to that of
catchment management - a more holistic and integrated perspective; and
secondly, targets a particular coastal resource user group - surfers - as a means
of educating the broader community about coastal protection. The poster
contains two blocks of information about coastal and catchment protection and
management. The information is divided into two sections – ‘At the Beach’ and
‘At Home’. Each block of information has a series of bullet point messages
aimed at making people more aware of their actions and how those actions can
affect the coast and water quality.

This project is unique in that it tackles the issue of environmental education -
specifically that of catchment and coastal management and conservation as well
as attempting to raise the level of awareness of a particular user group - surfers -
about a set of informal regulations that govern the use of a particular natural
resource - surf breaks. The primary aim of the project is that of environmental
awareness and education. As identified in the Natural Heritage Trust, the
National Coastal Policy, The NSW Coastal Policy and the Sydney Regional
Coastal Management Plan, the concept of stewardship - community education is
fundamental to the success of natural resource management in the longer term.

The growing popularity of surfing has required the emphasis of surfing's 'code
of ethics' to new and existing resource users. As well as this, as more and more
people make use of our precious coastal resource, there is a growing need to
target user groups and educate them about coastal protection actions.

Acknowledgements

The production of the poster and postcards would not have been possible
without the kind and generous support of Coastcare (NSW), Department of Land
and Water Conservation (NSW), Macquarie University, Randwick City Council,
Rob Conneeley, Rosco Kermode of Soulwater Designs, Surfrider Foundation –
Sydney Eastern Beaches Branch and Waverley Council. Thanks to all of the
people in these organisations.

Neil S. Lazarow
Phd student,
Graduate School of the Environment
Macquarie University
Sydney 2109 Australia
Phone: 0011 62 9850-7985
Fax: 0011 62 9850-7972
Email: nlazarow@ecosys.gse.mq.edu.au



Coasts at the Millennium
Proceedings of the 17th International Conference of
The Coastal Society, Portland, OR USA

866

A LONG ISLAND SOUND SEDIMENT QUALITY INFORMATION
DATABASE AND GIS APPLICATION

Kevin P. O’Brien, Connecticut Department of Environmental Protection, Office
of Long Island Sound Programs

Waterways in Connecticut are subject to continuous deposition of
predominantly fine silts due to the geologic nature of southern New England.
Therefore dredging from tidal rivers and harbors throughout Connecticut and the
subsequent disposal of sediments is necessary on a continual basis.  Such
activity is vital for the safe transport of various commercial products as well as
the continued viability of recreational boating on Long Island Sound.

For over twenty years, dredged sediments have been disposed of at four open
water disposal sites within the Sound in accordance with the Interim Plan for the
Disposal of Dredged Sediment in Long Island Sound.   The disposal sites have
been carefully monitored by the U.S. Army Corps of Engineers (ACOE) and the
Environmental Protection Agency (EPA), and analyses indicate that open water
disposal in Long Island Sound is an environmentally sound and economically
viable method for dredged sediment management.  Some stakeholders, however,
are currently challenging open water disposal practices on a project-by-project
basis.  The opposition appears to result from a perceived lack of available
information regarding the ecological effects of contaminants in dredged
sediment upon water quality and biological communities.

To help address this issue, in November 1999 the Connecticut Department of
Environmental Protection (DEP), Office of Long Island Sound Programs
(OLISP) began an initiative to create a user-friendly Geographic Information
System (GIS) and an associated relational database.  This Sediment Quality
Information Database (SQUID) will manage information (i.e., physical
characteristics, bulk chemistry, bioeffects of dredged sediments, current/historic
contaminant source data) and will assist all stakeholders by enhancing the
sediment disposal decision making process.  For every harbor compiled data
pertaining to contaminants and their potential sources will be used to define and
justify specific sampling standards for each dredging project, ensuring that any
potential contaminants are included in testing, while reducing unnecessary
expenses.  The bulk chemistry and any associated bioeffects data may also
reveal trends that could better relate sediment chemistry to bioeffects data for
Long Island Sound. This would allow the establishment of Long Island Sound-
specific screening guidelines that could be used by decision-makers to identify
at an early stage those projects which would likely require bioeffects testing.

Presently sediment chemistry data is spread among various State and Federal
agencies and often exists in disparate analog formats. Therefore the initial phase
of SQUID development centered on the GIS component with the basic premise
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of visualizing and querying digital spatial and tabular data based on specific
criteria.  By presenting a viable, functional utility that can make otherwise static
information more dynamic and useful, the goal is to raise interest among
stakeholders and assist in the subsequent data acquisition process.  Initial
discussions provided the following project parameters:

- Basic spatial sediment chemistry data, either in a table format
within the GIS, or in a separate database management system
(DBMS).

- Geographic data describing the location, extent, and frequency of
dredging activities.

- Historic and current sources of contaminants.
- The means to easily query the data and display the results.
- A users manual providing information and exercises.

A prototype project was built using ArcView 3.1, Environmental Systems
Research Institute’s (ESRI’s) desktop GIS software package.  ArcView enjoys a
wide user base, can perform a variety of both simple and complex operations,
and most importantly, is readily customizable.  Since it is likely the SQUID user
group will not include people proficient with ArcView in its standard, out-of-
the-box format, the ability to streamline the platform is essential.  This permits a
project environment that is not only efficient, but also simple to comprehend and
use.  Through Avenue, the object-oriented programming language ArcView is
built upon, many traditional functions were removed, and several new features
were added.  These new items include: menus that quickly access and add
different types of project-specific data, various options that allow the user to
easily manipulate the display to zoom in or out of a particular area or change the
viewing parameters, and two specialized functions for querying data.

The prototype focused on Hew Haven Harbor, area that has been historically
active with both federal and private dredging operations, thus making it
relatively easy to procure sample data from OLISP and ACOE archives to create
the sediment chemistry data table.  The initial version includes information
regarding sediment grain size, heavy metals, total organic carbon (TOC)
concentrations, polycyclic aromatic hydrocarbons (PAHs), pesticides, and
polychlorinated biphenyl (PCB) congeners.  While the ultimate goal is to
eventually incorporate this into a separate DBMS, the data currently exists as an
individual spreadsheet that can be imported as a table into the GIS.

All spatial data for this project exists in the 1983 North American Datum,
Connecticut State Plane Coordinates, and is divided into two basic categories.
The first provides background and ancillary information for the project site and
includes aerial photographs, delineation of town boundaries, hydrography of the
harbor, regional tidal wetlands, possible contaminant sources, sewer treatment
plants, etc.  This information was taken from DEP Environmental and
Geographic Information Center statewide data layers, and serves as a basemap
for the second category.   This data centers specifically on dredging activities
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and was created specifically for this project by using OLISP dredging permit
files and ACOE records.

Within ArcView, the dredging data is subdivided into three distinct themes:
Dredging Points, Dredging Polygons, and Sample Sites.  Dredging Points
indicate there is dredging activity at a given location.  The placement of the
marker on the computer screen is in the vicinity of the dredging, but is
ultimately an arbitrary point.  The theme is set to display in such a way that
these markers are visible at both small and large scales.  Therefore, a user can
quickly locate dredging locations and get a general idea of their distribution
when looking at the entire harbor, or just a particular area.  Individual activities
are displayed as Dredging Polygons, which can also be thought of as “dredging
footprints.”  These provide a general idea of the physical boundaries where
sediments were removed.  Where data is available, there will be a polygon for
every instance of dredging.   If there are several Dredging Polygons for a single
Dredging Point, temporal analysis of the location is possible.  The display
threshold of this theme is set so that these areas do not display when viewing the
entire harbor, but rather at larger scales.  This reduces the potential amount of
graphic clutter on the screen.  Finally, the Sediment Samples theme represents
the coordinates where sediment chemistry sampling has occurred in a given
dredging polygon. This theme only identifies the point where a sample was
taken; the analytical results are contained in the sediment chemistry data table.
Like the Dredging Polygons theme, the display threshold of this theme is set to
minimize graphic clutter on the screen at smaller scales.

There are inherent relationships between the three dredging themes and the
sediment chemistry data table.  A dredging point has one or more dredging
polygons, any dredging polygon has a set of sediment samples, and the sediment
samples have some chemical data.  Within the project, they appear as
independent entities.  However, they were built in such a way to take advantage
of ArcView’s linking function.  When two or more themes are linked, records
from one are associated with records from the others by using some common
information.  Therefore, selecting a Dredging Point will also select those
Dredging Polygons linked to that particular point, as well as only those
Sediment Sample points contained within the selected polygons, and finally,
only those entries in the sediment chemistry table that relate to the selected
sample points.

Creating the links in this manner facilitates the use of two query functions
specially developed for the SQUID.  Conceptually, each steps the user through a
series of procedures and choices that use the linked dredging data to select the
desired information.  The SQUID will then adjust the display to center on the
geographic area defined by selected data and highlight the associated tabular
data.  Since the ultimate goal is to understand the sediment chemistry of some
location, the major difference between the two lies in the spatial extent the
queries select from.
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The first function is based on using the dredging data for the entire harbor.  In
this sense, it is a “global” search method.  By clicking on the appropriate button,
the user is prompted to choose one of three search options: by location, by date,
or by chemical concentration.  The location option provides a list of all dredging
activities throughout the harbor to select from. The date option gives a list of
dates when dredging was performed.  The chemical concentration option allows
the user to select a contaminant field from the chemistry table, a concentration
level, and some logical operator such as “less than,”  “greater than,” etc.

While it may be useful to look at the entire harbor region for sediment data,
there may be instances when the user is more interested in examining a smaller
or more specific area.  For example:

- A particular sub-region of the harbor.
- Near something that may affect sediment quality (i.e., a sewer

outfall or chemical spill).
- An area within or close to a potential natural resource.

In cases such as these, the second query function can accommodate this need for
greater flexibility.  It operates exactly the same as the chemical concentration
option from the global selection query, but rather than being used to make an
initial selection from the entire harbor, this function will select from a set of
previously defined or “localized” dredging data.  To create the set first needed to
apply this query type, there is a modified ArcView tool whereby the user can
graphically choose a set of points on the computer screen that identify the area
of interest.  Once this is accomplished, clicking on the appropriate button will
begin this querying process.

To better facilitate dredging decision making, the Connecticut Department of
Environmental Protection, Office of Long Island Sound Programs  has recently
begun an initiative to develop technology for characterizing sediment chemistry
in dredging activities within state waterways. It its present form, this exists as a
prototype ArcView based GIS project centered on a particular Connecticut
harbor.  Using data from state and Federal sources, this project is geared towards
displaying spatial and tabular data and providing a customized suite of tools for
a novice ArcView user to easily access and analyze it.  When fully functional,
this will assist in determining where areas of concern might exist and what types
of contaminants to expect for a given dredging activity.  This will make site
sampling more efficient, help address potential bioeffects issues, and aid in
determining or justifying disposal methods and alternatives at an early stage.
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NATURE OF COASTAL AQUIFERS IN PARTS OF EAST COAST,
ANDHRA PRADESH,  INDIA

Dr. K.L. Narahimha Rao, Head Dept of Geology, S.V. University, India
Dr. P. Babu Rao, Director, A.P. State Ground Water Department, India

Abstract

Coastal aquifers of Andhra Pradesh form a part of a discontinuous strip of
alluvium along the East Coast of India. These aquifers comprise ridge like
features generated by tidal action and the deltaic fluvial deposits. They show
many of the characteristic morphological features of stream and deltaic
sediments, like channel bars, levees, etc., Their maximum thickness is reported
to be around 400 metres. Deltaic sediments are derived from 3 major river
systems: Godavari, Krishna and Pennar and many smaller but, locally important
streams. They range widely in thickness, grain size distribution and by
implication in aquifer parameters and well yields which can be attributed to their
depositional environment. Seasonal variation in yields of shallow wells is
related to changes in the thickness of the zone of saturation. These aquifers are
sustained by average normal annual rainfall is more than 1000 mm with an
effective infiltration rate of 10 to 15%, and an average specific yield of around
10%.  Use of groundwater continues to increase rapidly in these areas. This has
resulted in up-coning of Salt water fresh water interface, but as yet there is no
reversal in regional flow direction.

Aquifer chemistry shows evolution towards higher chlorides at the expense of
bicarbonates and sulfates after initial rise in calcium content. Revelle’s ratio
progressively decreases away from the coast. However, complexities in
chemical characteristics of the aquifers are introduced on four counts: 1. saline
water ingress in locally over-exploited areas, 2. cyclonic activity that transports
large quantities of sea water directly over land, 3. over-exploitation and  4.
industrial contamination. Further, deviations in expected trends are introduced
by geomorphic characteristics of the terrain, aquifer geometry, basement
characteristics, etc. Thus northern part of the coast being devoid of wide
alluvium is hardly effected by saline ingress. But, vast tracts of Aqua-culture
along alluvial coast in the southern part of the area has rapidly effected the
shallow unconfined aquifers.  Protection measures are controlled abstraction
rates, proper designing of wells, artificial recharge and drainage, remedial
pumping, etc.

Introduction

The coastal area is known for wet cultivation mainly by surface water irrigation
with groundwater as supplementary source.  In-creasing trend of pollutants in
this area is a major threat for drinking, domestic and irrigation purposes.  In
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order to study and to delineate the contamination levels caused by these factors,
groundwater quality studies have been caused all along the coastal tract of
Andhra Pradesh.  Water samples are collected from observation wells
established by Ground Water Department and other private wells for different
seasons are subjected to chemical analyses.  Geochemical methods are applied
in this study to find out both lateral and
vertical extension of the contamination.

Identification of fresh-saline water interface has been attempted by analyzing
water samples collected from different aquifers to study chlorine/bicarbonate
ratio (Ghyben-Herzberg relationship).  The studies revealed that the salt water
contamination has moved inland at vulnerable places.  Development of
groundwater resources has further disturbed the isostacy resulting interface
moving inland.  The cyclonic storms repeated at intervals created havoc in the
coastal areas causing vast agriculture areas sand casted and submerged under sea
water resulted in major damage to groundwater aquifers.

Purpose and Scope

The development of groundwater resources in coastal area is a delicate issue,
and careful management is required if water quality degradation due to the
encroachment and seawater is to be avoided.  In many cases, difficulties arise
when aquifers are pumped beyond their natural recharge rate and seawater is
drawn into the system to maintain the regional groundwater balance.  (Howard,
1987).  Problems can also occur when excessive pumping at individual wells
which lowers the potentiometric surface on a localized scale and causes
upcoming of the natural interface between fresh and saline water.

Coastal aquifers are also sensitive to sea level changes, such as postulated rises
due to global warming.  The associated volumetric expansion of sea water and
melting of snow caps would increase the extent of sea water intrusion and
reduce the availability of fresh groundwater resources.  In this respect areas with
low elevation are particularly vulnerable.

Many models have been developed to represent and study the problem of sea
water intrusion.  They ranges from relatively simple analytical solutions to
complex numerical models.

Hydrogeological Framework

Nearly eighty percent of the shore area is occupied by river and coastal alluvium
and the remaining is underlain by Archaean group of rocks.

The geological succession of the rock formations along the coast in the State is
as follows:(Plate-I)
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    AGE                         FORMATION
    Recent                     River and coastal alluvium
    Sub-Recent             Laterites
    Eocene                    Basalts
    Upper Jurassic        Gondwanas
    Archaean                Khondalite suit of rocks Charnockites
    Granites and gneisses

Gondwanas:  Isolated out crops comprising of sand stones occur near Prathipadu
in East Godavari district, Ranastala in Srikakulam district, Elamanchili area in
Vizaq district and Tenali in Guntur district.  These sand stones are light coloured
clayey and fine to course grained and exhibit mottle appearance.  Some horizons
are pebbly and Carbonaceous.  The attitude of sandstone beds is variable with
easterly to NE-SW strike with dips ranging from 6&#61616; to 12&#61616; but
occasionally near 20&#61616;  towards south.

Sub-recent deposits:  Laterites occurs as thin layer over the weathered
Kondalites, granites and gneisses in and around Vizaq and Bhimili areas of
Vizaq District, Mandara and Uddanam in Srikakulam district, Kavali in Nellore
district and thickness of laterites capping vary from a few metres to 30 metres
tapped by shallow dugwells yielding capacities up to 50,000 lpd.

Recent deposits:  These consists of river and coastal alluvium comprises of silts,
sand and gravel deposited by rivers during floods and is confined essentially
along the streams courses in the interior and to individual alluvial fans along the
sea coast at many places in Sompet and Ichapuram taluks.  The river alluvium is
covered by a Veneer of sands along the coast.   The widest patch of alluvium is
seen in the Krishna-Godavari delta region extending over 30 Kms.

The coastal and deltaic alluvium is mostly found along the entire coastal belt in
the shore areas as Vest plains extending even beyond 30 km; thickness ranging
between 50 to 500 m. as seen in Guntur, Krishna, West Godavari and East
Godavari districts.   In Prakasam, Visakhapatnam and Srikakulam districts the
coastal alluvium is restricted to narrow belt along the shore mainly tapped by
means of filterpoints/shallow tubewells with yield ranging between 40,000 to
70,000 lph.

Dynamic satellite data for two seasons indicate that there is no change in
cropped area and hence, groundwater draft is more or less constant. But well
yields show significant changes across the area. Sinuous tracts of alluvium laid
down by rivers system exhibit well marked and predictable changes in the grain
size, sorting and thickness. Thus, at the concave bends the material is coarse, ill
sorted and not very thick. At convex bends the alluvium is finer well sorted and
thicker. These pockets could be located with IRS data and statistically
significant difference in discharge of wells is noted in these two pockets.
Although the wells located in concave bends tend to reach recharge boundary
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quite early in the pumping phase their average T is lower than the wells taken up
in convex bends Geomorphological features.

The geomorphological disposition of coastal areas of Andhra Pradesh was
prepared by visual interpretation of landsat imagery and IRS-IC imagery and the
various units are discussed below.

Emergent Coastal plain: Forming the inland boundary and running parallel to
the shore is the emergent coastal plain whose width varies from 5 to 40 Km.  It
is characterized by a moderate fluvial activity and occurrence of lakes, tanks and
abandoned marshes  etc.  The material comprises of sandy, loamy and clays.  At
places saline soil patches can be expected.

Deltas:  Deltas of major rivers along the coast form an important land form.
These deltas are laid down by the rivers Krishna, Godavari and Pennar which
have several paleochannels which are important prolific groundwater
yielders.

Tidal flats: These are the depressions either at the back of beach sand ridges or
in between beach sand ridge complexes.  They get submerged under marine
water.  They represent two types 1)tidal mud flats  and 2) tidal sand
flats  both are saline in nature.  Tidal mud flats are mostly submerged under
brackish water and comprise of unconsolidated fluviomatric and organic
material.  Tidal sand flats are located at the inner peripheries of
mud flats or at the elevated areas within mud stretches.  They get submerged
under brackish water periodically and are mostly sandy brackish stretches.

Beach and beach ridges: Along the above line there is an active beach (3) whose
width varies from place to place.  It comprises of loose sand and single material.
The beach ridges are (i) complex of recent origin and comprises of ridges and
swales forming an alternate sequence of high and low ground. (ii) old beach
ridges and swale complex.  The elevated ridges comprise of loose sand and silt
where as the low depressions called swales comprise clayee silt and mud.  The
swales are not suitable for Groundwater development as they are mostly saline
due to submergence of tidal water.

Cyclones and Their Effects

On 8th November, 1996 severe cyclonic storm crossed the coast at East
Godavari District with gale speed of 200 to 250 Kms and caused havoc in
coastal areas of the district.  These natural calamities are not new to Andhra
Pradesh.

Analysis of 16 cyclones occurs over a period of 317 years, one in the 17th
century, 4 in the 18th century ; 3 in 19th century and 8 in 20th century indicates
that there is an  increase in their numbers during the 20th century.  This is due to
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ecological imbalances created by unscientific development of resources,
deforestation, soil erosion, silting and development of mangroves in major and
minor irrigation tanks and its distributary drain, spreading of saline water over
the land surface during cyclone, high tides in lacustrian rivers resulting in
contaminating fresh water aquifers present in the coastal areas.

Salinity inflow in Estuaries: The tidal fluctuation is accompanied by a cyclic
diurnal change in water quality due to the mixing, in continuously varying
proportions, of original river water with sea water.  In the lower reaches of
rivers, the water quality resembles that of sea water and at the farthest point
inland as that of primary river water.  Within the tidal reach, the changes in
water quality depends on the composition of the original river water and sea
water.  As the  zone of mixing and diffusion migrates up and down the river, the
maximum contamination occurs during high tides and the minimum during low
tides.  During the lean months when the river stage is at its lowest, the quality is
most adversely affected by tides, due to the predominance of sea water.

Zone of diffusion: The interface is, therefore a transitional zone and not one of
sharp contact.  Groundwater extraction changes the dynamic balance between
the flow of fresh water and the interface so that the interface will  move and
attain an equilibrium position governed by the quantity attracted and the balance
out flow of fresh water to the sea.  Heavy pumping of groundwater through filter
points, in coastal areas, during lean months is
causing contamination.

Quality of water:

Chemical analysis forms the basis of interpretation of the quality of water in
relation to source, geology, climate and use. Water being an excellent solvent, it
is important to know the geochemistry of the dissolved solid constituents and
methods of reporting analytical data.  The contamination of fresh water aquifer
due to sea water ingress is estimated by the study of chloride-bicarbonate ratio
and EC of water samples collected from wells for
1984 and 1994.

Based on the chemical analysis data, the chloride-bicarbonate ratio has been
demarcated and ratio contour generally runs parallel to sea coast with major
bends with the mainland south of Nellore, Ongole, Repalle, Eluru and Kakinada
and towards sea coast at the mouths of Pennar, Krishna and Godavari rivers.
Specific conductance contours of 1000 microsiemans/cm for the years 1984 and
1994 almost concur with that of Chloride- Bicarbonate ratio contours.  At
southwest of Nellore, Ongole, Repalle, Kaikaluru areas contamination advances
inland due to over development of groundwater, cyclonic storms and man made
pollution through aquaculture ponds and industries.   The remaining areas has no
significant change.  These trends indicate effects of estuarine rivers and saline
water ingress into fresh water in the areas other than deltaic mouths.  Surveys
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carried out by the department in the Krishna-Godavari delta indicated that 50%
of the area is identified as salt water zone.  Large scale sea water intrusion has
taken place in the southern part of  Chirala, Bapatla, Repalle and Tenali taluks of
Guntur district, Divi, Gudivada, Bandar, Kaikalur areas in Krishna District,
Bhimavaram, Narasapuram areas and southern part of Eluru and
Tadepalligudem in West Godavari District.  The contamination may be
attributed to the repeated marine transgressions and incursions to which the area
has been subjected to in the past.

The analysis of water level data of 28 observation wells in the coastal alluvium
located close to the coast and topographic elevations less than 5 metres above
mean sea level indicate that the water levels are high and above mean sea levels
by about 0.20 to 3.00 m. except in 5 wells in East Godavari district (Karapa,
Katrenikona, Allavaram, Kotanandur, Sakhenelipalli) and two locations in
Krishna district (avanigadda, Nagayalanka).  When the water level fails below
the mean sea level by a maximum of about 2.00 m. the high fresh water table
above mean sea level as per Ghyben-Herzberg's theory helps to keep the sea
water inter-face (below the operational depth of groundwater exploitation in the
area to) near vulnerable range to much below the operational depth of
exploitation.  However even in parts of these areas the quality if found to be
contaminated by cyclones, tidal effects, poor drainage, waterlogging conditions
and agro based industries.  The water levels below mean sea level disturbs the
interface and may bring in the sea water interface with in the operational depth
of groundwater exploitation in the area.

Groundwater Quality Near Aquaculture Ponds

To study effects of aqua culture ponds 120 observation wells were established to
monitor groundwater levels and quality of water periodically.   Water samples
collected near ponds indicate high specific conductance values between 770 to
25000 microsiemans/cm.  Out of 120 samples 85 samples show high specific
conductance values and 35 samples are in permissible limits.  This clearly shows
the contamination of groundwater by aquaculture activity in the coastal areas of
Andhra Pradesh.

Conclusions and Recommendations

In the 633 shore area villages of the State the main source of drinking water is
by means of shallow wells as the deeper aquifers are saline due to ingress of salt
water.  The river alluvium deposited by Krishna, Godavari and Pennar rivers
near the coast are more prolific groundwater aquifers.

Deltas, sub-deltas, sand bars, paleo river channels are potential groundwater
units, shallow dugwells feasible down to depth of 3 to 6 m.
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Exploration carried out by various organization indicates that fresh water is
limited to shallow depths near the Coast.  Tubewells constructed away from the
coast did not suffer in quality and the yields are even up to 1 cusec in the delta
regions.  The fresh water aquifers occurs down to 85 m. below which saline
water occurs.

As per Ghyben-Herzberg theory the sea water interface near coast is near
valunerable range to much below the operational depth of exploitation of
groundwater.  However, contamination of fresh water aquifers is noticed in
certain parts of these zones due to cyclonic storms, tidal effects, agro based
industries, waterlogging conditions and poor drainage system.

Chemical quality of the water analyzed indicated that there is no major change
in the quality of water along the shore areas except in Kaikalur, Bandar and Divi
areas of Krishna district; Bapatla, Tenali and Repalle areas
of Guntur district; Bhimavaram, Tanuku and Tadepalligudem of West Godavari
district; where the quality of fresh water aquifers has deteriorated due to
cyclones, poor drainage system and waterlogging conditions.  Due to over
pumping of groundwater and subsequent disturbance of equilibrium of fresh
water and salt water interface, fresh water aquifers in parts of  Nellore and
Guntur districts are becoming saline.

The present development of groundwater along the shore areas is limited and is
mainly used for drinking as well as supplementary irrigation. The percentage of
development is more than 23 per cent in Pennar delta region of
Nellore district and it is less than 10% in the remaining districts.

Contamination has advanced towards inland between areas of Godavari, Krishna
and Pennar river and less advancement at mouths of river deltas due dilution of
salt water by river waters.

Further, contamination of fresh water shallow aquifers near aqua culture activity
is noticed along the coastal areas, is alarming and has to be regulated with
Legislation.

Preventive measures have to be initiated by adopting.

-Regularization of groundwater development in critical areas with
Legislation.

- establishment on scientific lines of piezometer network along the shore areas
and monitor water levels and quality periodically to study the effects and extent
of sea water intrusion inland and demarcate the fresh-salt water interface time to
time.
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-study the different methods of preventing salt water intrusion inland by
structural barriers and artificial recharge of groundwater already in vogue in the
coastal 005areas elsewhere in the country.

- study of the extent of ingress of tidal waves through  the drains and rivers and
identify sites for construction of structural barriers to prevent sea-water ingress
inland.

- Carry out soil survey and existing cropping pattern studies to suggest salt
resistant cropping pattern.
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Abstract

The Red Sea area in front of Hurgada was influenced in recent years from
progressive increase in tourism. A research project was conducted during 1999
for illustrating the impact of tourism on the water and sediment characteristics in
this area, by comparing the present results with the pioneer ones obtained from
the same area and seasons during 1980 – 1981. The present study, a part of this
project, deals with seasonal variations of the hydrographic conditions. Similar to
earlier records, the lowest water temperatures were recorded in January and the
highest in July. However, the increase in present temperatures reflects variations
in climatic conditions and increase in siltation from touristic projects. Contrary
to earlier pH conditions, the present vertical pH values were mostly above 8.00
and each of the present seasonal and regional pH averages were almost similar.
They were higher than the corresponding earlier averages, reflecting touristic
impact. Contrary to earlier dissolved oxygen (DO) conditions, the present lowest
seasonal DO average was found in winter and the highest in spring. This and the
increase in present DO averages at the morhern stations reflect environmental
changes in recent years. Contrary to earlier seasonal salinity variations, the
present minimum and maximum averages were found in January and October.
The differences between present and earlier salinity averages suggest the effect
of domestic wastes from tourism and climatic changes on the study area.

Introduction

The Red Sea is considered as one of the least explored seas. This landlocked
semi-enclosed sea located in an arid zone, where evaporation is far in excess of
precipitation and run-off, has a unique ecosystem in the tropical region. The Red
Sea environment is threatened, due mainly to oil pollution, as well as the
increase in sewage and industrial wastes discharged into its coastal areas. One of
these areas is the area in front of Hurgada on the western side of the Red Sea
(Fig. 1). According to the available literatures, very few chemical measurements
were carried out on the Egyptian Red Sea waters.

Although the Red Sea at Hurgada has received intensive biological studies since
1932 (Beltagy, 1975), it still lacks the physico-chemical investigations. This
coastal water was selected before two decades for a chemical research program
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to determine the status of its hydrographic conditions and chemical
characteristics during 1980-1981 (before touristic developmental activities),
mainly for providing the essential basic oceanographic information to serve as a
reference for evaluation of possible future environmental variations from
different developmental projects. Because this coastal area was not subjected to
monitoring or chemical investigations since that pioneer study and until 1995 in
presence of intensive and successive impacts of tourism, a recent more or less
similar research project was conducted on the same area during 1999 to evaluate
the touristic impacts and to provide suggestions for better management of this
coastal area, due mainly to its importance on the national and international
levels, especially that it attracts tourism from all over the world. The impact of
tourism was evaluated by comparing the recent results with the pioneer ones
obtained from the same stations and in the same seasons but during 1980-1981.
The present study, a part of this project, deals with the seasonal and regional
variations of the hydrographic conditions.

Study Area

The study area, the coastal sea water in front of Hurgada, occupies the
northwestern part of the Egyptian coast of the Red Sea around Hurgada between
latitude 27 0 05’ N and 270 30’ N and longitude 330 37’ E and 340 0’E. This area
extends from Magawish in the south to Abou-Shar in the north and from
Hurgada shore to near Shadwan Island (Fig.1). The area of investigation is
situated near the southern end of the remarkable maze of reefs and islands,
which occupy the northwestern corner of the Red Sea. All forms of reefs are
mostly found in this area.

The climatic conditions in this region in the northwestern part of the Red Sea
favor a high rate of evaporation. The rainfall is very small. Water movements
are due to tides, winds and changes of density. The winds blow from the N.N.W.
and remain almost unchanged, except on a few days, all the year round.

Material And Methods

Four sections perpendicular to the coast were selected to cover the study area.
They are from south to north: A- Magawish; B-Fanadir; C-Marine Biological
Station and D-Abou-Shar. Each section included three stations (Fig.1). These
sections and stations were the same as those selected for the earlier study during
1980-1981. Similar to that earlier study, sampling was carried out seasonally in
January (winter), April (spring), July (summer) and October (autumn) 1999.
Most cruises were completed in two successive days, starting from the northern
part of the study area. Similar to the earlier study during 1980-81, vertical water
samples were collected using a Niskin bottle at different depths (surface, 5, 10,
15, 20 and 25m). Selection of the same earlier sections, stations, water depths
and seasons was necessary for better comparison between the present recent data
and the corresponding earlier ones during 1980-81.Water temperature, pH,
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dissolved oxygen and salinity were recorded at the time of sampling, using a
Hydrolab.

Results And Discussion

Temperature

Temperature is one of the most important environmental factors. There are many
records on the effect of temperature on tolerance, food consumption, growth,
survival, respiration, distribution of organisms and the rate of their oxygen
consumption (Hamzm, 1985), as well as on reproduction and aggregation of
fish.
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The absolute values of temperature fluctuated between a minimum of 21.610 C
at 25m depth of station XII in January and a maximum of 30.320 C at 5m depth
of station III in July. The corresponding earlier lowest and highest absolute
temperatures were 18.23 and 29.000 C recorded from the same seawater in front
of Hurgada in January 1981 and July 1980, respectively (Kandeel, 1982). Such
increase in seawater temperatures in recent years can be attributed mainly to
variations in climatic conditions following the global warming and the increase
in siltation from the successive increase in touristic projects. The very active and
continuous touristic constructions on the shores of the study area increased the
allochthonous minerogenic suspended particles in the coastal seawater column.
According to Saad & Antoine (1978), suspended particles absorb heat more
readily than does the water and thus increase the temperature of the turbid water.
The seasonal average values of water temperature for the water column ranged
from 22.47 ± 0.360 C in January to 29.74 ± 0.090 C in July. The regime of
increase in water temperature in July (summer) and its decrease in January
(winter) was observed by several workers (Saad & Antoine, 1978; Saad &
Kandeel, 1987 and Ahdy, 1999). These variations reflect the conditions of the
warm subtropical zone of the northern Red Sea.

The vertical distribution of the seasonal average values is shown in Fig. 2. In
January, the water temperature decreased slightly with depth, whereas in the
other seasons slight irregular vertical variations appeared. The surface water
temperatures are directly affected by solar radiation and changes in air
temperatures (Saad & Antoine, 1978; Soliman, 1995 and Ahdy, 1999).
Variations of the vertical seawater currents and the vertical amounts of
suspended particles might be also responsible for the vertical distribution of
water temperature.

The slight local variations of water temperature found at different sites in each
season are due mainly to the differences in the times of measurements (Saad &
Antoine, 1978; Behairy & Saad, 1984 and Saad & Kandeel, 1987).

A tendency of increasing temperature from north to south was generally
observed. This is in agreement with Saad & Kandeel (1987) on the same area
and also with Soliman (1995) on the Gulf of Suez north of the study area. This
author recorded temperatures varying from 16.0 - 28.00 C in the northern sector
of the Gulf of Suez, from 18.0 – 26.00C in the central sector of the Gulf and
from 20.0 – 28.0 0 C at the entrance of this Gulf and the head of the Red Sea.

Hydrogen Ion Concentration

Living organisms are very dependent on and sensitive to pH. The pH is one of
the important classical chemical parameters used to investigate the buffer
mechanism of the oceans. Accordingly, pH is a reflection of many biological
and chemical processes occurring in natural waters (Saad, 1978).
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The pH in the study area was always on the alkaline side, varying from an
absolute minimum of 7.57 at 5m depth of station VII in October to an absolute
maximum of 8.88 in the surface of station X in January, giving an annual mean

of 8.64±0.01. The pH ranges, being on alkaline side, were also found by Behairy
& Saad (1984) in the coastal Red Sea water in front of Jeddah.
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The seasonal average pH values for the water column fluctuated slightly
between 8.16 ± 0.02 in October and 8.83 ± 0.02 in July. Slight seasonal pH
variations in the study area were also observed during 1980 – 81 by Kandeel
(1982), varying from 8.08 in July to 8.37 in January, giving an annual mean of
8.24, which was relatively lower by 0.4 pH than the present recent annual mean.
Several earlier pH records were below 8.00 and only two pH records were below
8.00 in the present study. The increase in pH values in recent years reflects the
touristic impacts.

As shown in Fig. 2, the average values of pH decreased slightly with depth in
January, while increased slightly with depth in July and April and did not show
definite vertical variations in October. Photosynthetic activity in the surface
seawater participated in the slight increase in surface pH values. However,
decomposition of the descending organic remains accompanied by a decrease in
dissolved oxygen content in the bottom water participated in decreasing the
bottom pH values ( Hemeda, 1982).

As shown in Fig. 4, the regional average pH values for the seawater column
showed a slight decrease towards the shore line, confirming possible
modification of the near shore seawater characteristics from touristic activities.

Dissolved Oxygen (Do)

Dissolved oxygen is considered as an important parameter for the identification
of different water masses and in assessing the degree of aquatic pollution.
The absolute minimum value of DO was 4.25 mg/l at station V (depth 5m) in
July and the absolute maximum was 8.45 mg/l in the surface seawater at station
X in April, illustrating that DO has never been found depleted in the study area.
There was an observed increase in DO northward. Fig. 4 shows that the spatial
distribution of DO divided the study area into two regions; the southern region
(sections A and B) contained lower DO average values, ranging from 5.52 ±
0.25 to 5.78 ± 0.02 mg/l and the northern region (sections C and D) contained
higher DO average values varying from 6.27 ± 0.14 to 6.44 ± 0.31 mg/l. This
coincided mostly with man’s impact, which is more concentrated in the southern
region than in the northern one. Saad & Kandeel (1987) also observed an
increase in surface DO in the same area from south to north.

The DO concentrations gave irregular vertical variations (Fig. 2), due mainly to
the vertical mixing processes and the tidal effects in the study area (Saad &
Kandeel, 1987). Also, the decrease in DO toward the bottom resulted mainly
from decomposition processes (El – Wakeel & Wahby, 1970).

The seasonal average values of DO for the water column ranged from 5.16 ±
0.04 mg/l in January to 6.63 ± 0.19 mg/l in April, with an annual mean of 5.94 ±
0.10 mg/l, which was slightly higher than that of 5.81 mg/l found in the same
area during 1980 – 81 (Kandeel,1982). Such seasonal DO distribution was
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different from that found during 1980 – 81 by Kandeel (1982), who attributed
the maximum seasonal average DO in January to the decrease in temperature
and the increase in vertical mixing processes in winter. This author related the
minimum seasonal average DO in July to elevation of temperature in summer
and consequently to the increase in the rate of DO consumption from organic
matter decomposition. Accordingly, the present abnormal seasonal distribution
of DO coincided mainly with the anthropogenic activities and the effects of
climatic changes in the area.
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Salinity

The Red Sea is considered as the most saline body of water in the world oceans
(Morcos, 1970). Similar to the Arab Gulf, the high salinity values in the Red Sea
result from the extremely limited supply of fresh water run-off (Dubach, 1964).

The present absolute salinity values ranged from 39.79‰ at station VIII (5m
depth) in January to 41.61‰ at station XII (25m depth) in July, giving an annual
mean of 40.66 ± 0.03‰. The corresponding salinity range found during 1980 –
81 by Kandeel (1982) was from 39.06 – 41.23‰, with an annual mean of
40.41‰. The increase in salinity in recent years reflects the global warming
effects.

As shown in Fig. 4, there was an obvious increase in salinity values northward,
as confirmed from the regional averages of salinity for the water column,
varying from 40.38 ± 0.03‰ at station I in the south to 40.95 ± 0.05‰ at station
XII in the north. This is an agreement with Soliman (1995). This author found
salinities from 41.80 – 42.60‰ in the northern sector of the Gulf of Suez from
40.80 – 41.40‰ in its central sector and from 40.20 – 40.50‰ at the head of the
Red Sea. Soliman (1995) assumed that evaporation was the solely factor that
caused the increase in salinity, as the water flew northward into the Gulf
ignoring the influence of the Suez Canal; the salinity increased with a constant
rate in proportion to the rate of evaporation.

Similar to earlier vertical salinity distribution during 1980 – 81 (Kandeel, 1982),
the vertical profiles of the seasonal average salinity values showed a general
increase with depth (Fig. 2). This is a general characteristic of the Red Sea and
could be related to sinking of the denser more saline water, which was formed
near the surface by water evaporation. However, the irregular vertical salinity
distribution might reflect the vertical mixing processes and land effect (Saad &
Kandeel, 1987).

The seasonal average values of salinity for the water column varied from 39.93
± 0.03‰ in January to 41.21 ± 0.04‰ in October. This seasonal variation was
different from that found during 1980 – 81 by Kandeel (1982), giving a
minimum in October and a maximum in July. This might be also related to the
effect of climatic changes and man’s impact in the area in recent years.
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A GEOGRAPHIC INFORMATION SYSTEM–BASED CONCEPTUAL
MODEL FOR EVALUATING WETLAND SIGNIFICANCE

Lori Sutter, Technology, Planning and Management Corporation, NOAA
Coastal Services Center

Introduction

The National Oceanic and Atmospheric Administration Coastal Services Center
develops tools to help coastal resource managers make informed decisions.  One
of the programs within the Center identifies key management issues for
watersheds and examines how interrelationships among ecology, land use,
demographics, and socioeconomic trends affect those issues.  Of interest to
many coastal managers are wetlands, specifically, how to protect the integrity of
a wetland ecosystem while managing for human use.  Borrowing from the
constructs of a model developed by the North Carolina Division of Coastal
Management, the North Carolina Coastal Region Evaluation of Wetland
Significance (NC-CREWS) (Sutter et al. 1999), the Center has developed a
modeling approach to guide managers in decision making using a fundamental
understanding of the ecological significance of these systems on the landscape.
The Spatial Wetland Assessment for Management and Planning (SWAMP) uses
basic ecological principles to evaluate the significance of wetlands within a
watershed while allowing the decision maker to establish the rules for overall
rating.  The SWAMP approach was developed within the Ashepoo-Combahee-
Edisto (ACE) Basin, South Carolina for tidal and riverine wetlands.

Much of the ACE Basin is occupied by wetlands.  These wetlands are of great
ecological importance, in part because they occupy so much of the area and are
significant components of virtually all coastal ecosystems, and in part because of
their relationships to coastal water quality, estuarine productivity, wildlife
habitat, and the overall character of the coastal area.

Historically, approximately 25 percent of the original wetlands of South
Carolina has been drained and converted to other land uses (Hefner et al. 1994).
Although agricultural conversion, the largest historical contributor to wetlands
loss, has largely stopped, wetlands continue to be lost as they are drained or
filled for development.  Conflicts between economic development and wetlands
protection continue to be a major concern, with many coastal communities
considering wetlands protection to be a major barrier to needed economic
development.  Since wetlands are such a dominant part of the coastal landscape
and are vitally important to many aspects of the area's ecology, their manage-
ment and protection is a major concern.

SWAMP facilitates the basic analyses of these systems while allowing the user
the final opportunity to assign the relative importance of each parameter.  This
approach can be transferred to other geographies, initiated with a workshop that
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brings together local experts to describe the system ecology and establish
parameters and thresholds.

Model Development

Since this model was designed for a large geographic application with a dense
population of wetlands, it was obvious that a method applicable to large land
areas without individual site visits was required.  This ruled out the many site-
specific functional assessment methods that have been applied in other contexts.
Almost out of necessity, geographic information system (GIS)–based
approaches were investigated and employed, which meant the procedure would
have to use data available in GIS format and be subject to GIS analytical
techniques.

The primary objective of the SWAMP procedure is to produce information
about the relative ecological importance of wetlands that would be useful for
planning and the overall management of wetlands.  It does this by predicting the
significant wetland functions that would be determined by a detailed, site-
specific method. The resulting information is useful in siting suitable
development, determining appropriate development or considering wetland
restoration.  The result of the procedure is not a substitute for a site visit in
making regulatory decisions, but a predictor of what a site visit would
determine.

An underlying requirement of the procedure is that it be ecologically sound and
scientifically valid, based on the best information available about the functions
of wetlands.  It must be based on fundamental principles of wetlands and
landscape ecology rather than on arbitrary or subjective decisions.

The procedure is watershed-based.  This requirement was imposed primarily
because consideration of a wetland's role in its watershed is a sound basis for
determining its ecological significance.  Watershed units of any size could be
used without changing the validity of the watershed-based considerations used
in the procedure.  SWAMP, like NC-CREWS, suggests the user employ 14-digit
hydrologic units as described by the Natural Resources Conservation Service.

Unlike other models, SWAMP is designed with a user interface that allows the
user to question various combinations of the parameters and compare the results.
Another unusual feature of the model is that it allows the user to alter land uses
throughout the watershed, thus allowing simulations to be run for various
situations that may occur.

These initial considerations result in a summary definition of the functional
assessment procedure.  SWAMP is a GIS-based, landscape-scale procedure for
predicting the relative ecological significance of wetlands throughout a region
using fundamental ecological principles to determine the functions of wetlands
within their watersheds.
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Data Analysis

This GIS-based approach can make information on wetland functional signifi-
cance available for broad regions in advance of specific development plans.  The
information is then available for planning so that impacts to the most
ecologically important wetlands can be avoided.  In this sense, this procedure is
unique and unlike other functional assessment techniques that are designed to be
used in a regulatory context or that require field data for each wetland.

Since the procedure uses GIS analyses, it requires digital information in GIS
format.  GIS data layers used in the procedure include the following:

(1) wetland boundaries and types

(2) land cover

(3) soils data

(4) hydrography

(5) watershed boundaries

The ways in which these data layers are used to determine values for various
parameters in the functional assessment procedure can be complex.  The
procedure uses the Spatial Analyst extension of ArcView® and substantial
Avenue® programming.  The decision interface employs Microsoft® Visual
Basic®.  Since the assessment procedure was designed for GIS analysis, the
choice and expression of individual parameters have been shaped to a large
extent by the GIS data available and the capabilities and limitations of ArcView.

Hydrogeomorphic Classes

The hydrogeomorphic (HGM) classification system for wetlands (Brinson 1993)
classifies wetlands into categories based on landscape position (geomorphic
setting), water sources, and hydrodynamics (direction of water flow and strength
of water movement).  It is being increasingly used as the basis for wetland
classification and functional assessment systems.  HGM classification focuses
on the abiotic features of wetlands rather than on the species composition of
wetland vegetation on which most of the more traditional wetland classification
schemes are based.

Several features of the HGM classification system make it a useful starting point
for an assessment of wetland functions.  Since the HGM system is based on geo-
morphic, physical, and chemical properties of wetlands, its result is to aggregate
wetlands with similar functions into classes.  The HGM class of a wetland, in
itself, indicates much about the ecosystem functions of the wetland.  The HGM
approach also forces consideration of factors external to the wetland site, such as
water source.  This helps relate the wetland to the larger landscape of which it is
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a part and puts consideration of the wetland's functions into a landscape and
watershed context.

SWAMP consists of several modules, and each module is a distinct HGM class.
The HGM class of a wetland, as a broad functional indicator, determines which
module of the assessment procedure is used.  To date, tidal estuarine and
freshwater riverine modules have been developed, with depressional and
headwater wetland modules forthcoming.

Wetland Types

In addition to HGM classes, wetland types identified by dominant vegetation
and landscape position are used at several points in the functional assessment.
This reflects a recognition that the biological properties of a wetland site
considered together with its hydrogeomorphic properties can provide a more
detailed indication of wetland function than either property taken alone.

The wetland types used are those typical of the ACE Basin.  They result from
collapsing the Cowardin (1979) classes used on the digital National Wetland
Inventory into fewer types.  These wetland attributes are used in the wetland
data that form the starting point for the functional assessment.

Wetland types are used in SWAMP as indicators of functional characteristics.
The correlation between wetland type and wetland functions was determined
from best professional judgment.  Additional field verification should be
implemented to verify these assumptions.

Other Parameters

In addition to wetland type and HGM class, several other parameters are used as
indicators of the existence or level of specific wetland functions.  These include
both site-specific parameters, such as wetland size and soil characteristics, and
landscape considerations, such as watershed position, water sources, land uses,
and landscape patterns.  Values for these parameters are determined by GIS
analyses based on the data layers previously described.

Unlike assessment procedures that depend solely on information that can be
collected within a wetland, this procedure relies heavily on factors external to
the wetland site itself.  Relationships between a wetland and the landscape
within which it exists are integral considerations in determining wetland
functional significance.  Characteristics of the landscape surrounding a wetland
are often more important determinants of its functional significance than are the
characteristics of the wetland itself.

While the emphasis on a wetland's landscape context is a more ecologically
sound approach to functional assessment than site-specific methods, it requires a
great deal more information than could be collected within the wetland itself.
The procedure is based on GIS data and analysis not only to make it suitable for
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regional application, but because GIS provides the most practical way to analyze
the spatial relationships of landscape elements and their properties.

Structure of SWAMP

SWAMP uses a hierarchical structure in which individual parameters are rated
and successively combined until the wetland's functional significance is deter-
mined for each primary function.  The objective of functional assessment is to
determine an individual wetland's ecological significance in its watershed. The
functional significance of a wetland is determined by the degree to which it
performs, or has the capacity to perform, specific functions.

Parameters are the basis for all evaluations and make up the levels in the
hierarchical structure that are actually measured based on fundamental
ecological considerations.  An evaluation of specific parameters is performed to
derive significance ratings for wetland functions.  In all cases, parameter values
are determined by GIS analysis based on the data layers described previously.
Some parameters, such as wetland type, are surrogates or indicators of other
wetland properties that actually determine the wetland's functional capacity.
The use of indicator parameters is necessitated by the limitations of GIS data
and techniques.  Parameter values, in turn, are combined to produce ratings for
the various functions.

The broadest grouping of wetland functions includes water quality functions,
hydrology functions, and habitat functions.  The highest hierarchical level, or
end result of applying the procedure, then, is the wetland's contribution to its
watershed's water quality, hydrology and habitat function.  The decision rules
are left to the user to determine and allow parameters that vary in importance to
rank differently, depending on the context of the particular model run.  Default
rules are provided and recommended, unless specific, regional knowledge
suggests an alternate evaluation.

Evaluation Procedure

The objective of SWAMP is to determine an individual wetland's functional
contribution to the watershed in which it exists.  Functional significance is
divided into three broad classes rather than attempting to derive a specific
numerical "score."   The three broad classes of ratings that SWAMP uses to
describe a wetland’s functional significance are exceptional (E) functional
significance, substantial (S) functional significance, and beneficial (B)
functional significance.

The approach of classifying wetlands into three broad functional significance
classes also is used, however, because it is justifiable with our current
understanding of wetland function.  Attempting to assign a specific value along
a numeric continuum of functional significance potentially exaggerates the
accuracy with which current knowledge can realistically be applied.  The three
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significance classes used in SWAMP provide the information necessary to meet
the procedure's objectives without going beyond the realm of reasonable
scientific validity.  As scientific understanding increases, however, it is
reasonable to expect that specific numerical assignments can be integrated into
SWAMP.

As explained above, the basic evaluation is performed at the parameter level.  A
value is assigned to each parameter as it relates to the performance of the
wetland function being considered.  For example, if the soils underlying a
wetland have properties that are highly conducive to the function being consid-
ered, the soil characteristics parameter is rated E; if soil properties are less
conducive to performing the function, the parameter is rated S; and if soil
properties are not at all conducive to the function, the parameter is rated B.  The
individual parameter rating is then combined with other parameters to give an E,
S, or B rating for each function.

The evaluation of individual parameters is based on fundamental ecological
principles about how wetlands and landscapes function.  The process of
successively combining ratings up the structural hierarchy is the most complex
aspect of the SWAMP procedure.  Since the ecological processes themselves
interact in complex ways, combining ratings is mu ch more complex than a
simple summation of individual ratings.  Because managers wished the
opportunity to alter the arrangements for developing the final outcome, however,
an interface was developed to allow users to change the defaults and combine
the parameters to meet their needs.  The user has the responsibility of creating
the priorities for the ratings (though defaults are provided).

SWAMP maintains all of the individual parameter ratings and combinations
within the ArcView project.  Since the combining process can be complex, it
may not be obvious why a wetland receives an exceptional, substantial, or
beneficial rating for any function.  The database component of the ArcView
project makes it possible to trace through the parameters and couplings that
result in a wetland's final rating.

This database also makes it possible to consider specific wetland functions
individually.  For example, in a watershed targeted for nonpoint source pollution
reduction, it might be a management objective to give the highest level of
protection to wetlands most important in performing water quality.  The
database makes it possible to examine each wetland for its significance in each
function.

Individual function ratings in the database can also be used to improve planning,
impact assessment, and mitigation for development projects that impact
wetlands.  If alternative sites are available, such as alternative corridors for a
highway, the alternative with the least impact on the wetland function
considered most important in the watershed can be identified.  Rather than
simply minimizing the number of acres of wetlands impacted, the objective
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would be to minimize impacts to the most important wetland functions.
Environmental assessment of wetland impacts can identify specific functions
that would be lost.  Mitigation can be improved by giving priority to sites with
the highest potential for performing the same functions.

Opportunity and Capacity

For a wetland to actually perform a given function, it must have both the
opportunity and the capacity for that function.  Considering nonpoint source
pollution, for example, there must be a source of potentially polluted runoff
entering the wetland to provide an opportunity, and the wetland must have the
internal capacity to hold the runoff and remove the pollutants before releasing
the water.  Opportunity to perform a function is usually determined by factors
external to the wetland, while capacity to perform the function is determined by
properties of the wetland itself along with its landscape position.

Since SWAMP is a landscape-scale procedure that evaluates the functions a
wetland performs in relation to its surroundings, opportunity parameters are
included where appropriate.  A functional assessment that is too heavily
dependent on opportunity parameters, however, is static and will rapidly become
invalid as land use changes.  A wetland that is bordered by natural forest today
can be bordered by a young pine plantation or a subdivision under construction
by next year.  The fact that a wetland does not have the opportunity to perform
certain functions today does not mean that it will not have the opportunity in the
future.  If an assessment of wetland significance is to remain valid over time in a
landscape subject to change, opportunity parameters alone cannot be determi-
native.

These conventions hold throughout the SWAMP evaluation procedure.  A
present high opportunity to perform a function can result in an evaluation of
essential significance for the function, but high capacity can also result in an
essential evaluation even if present opportunity is lacking.  Lack of present
opportunity alone should never result in a lower level of significance for a
function.  Opportunity is treated essentially as a "bonus" consideration that can
result in a higher evaluation for a wetland than its capacity alone would indicate
but that will never result in a lower evaluation because of its absence.  The user
has the choice of whether to include the “bonus” in the evaluation.

Application of SWAMP is a hierarchical process in which individual parameters
are first evaluated and then successively combined to produce ratings for
functions.  The processes of evaluating parameters and then combining them are
two separate steps.  Each step of parameter evaluation and combination is based
on ecological principles and/or assumptions based on best professional
judgment.
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Future Directions

To remain current with technological advances, further improvements to
SWAMP will be programmed in Visual Basic rather than Avenue.  This
transition will occur as the base code to access ArcView commands becomes
available.  At that time, the Center will consider creating the headwater and
depressional modules.

The Center also is exploring the use of a SWAMP-like approach to address
particular management issues, such as restoration.  Using the functions
identified, staff will develop appropriate parameters to help partners choose
restoration sites that have the greatest significance within the landscape.
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Introduction

A rapid increase in urbanization and commercial development of coastal areas
has occurred worldwide over the last two centuries. Industrial, agricultural and
technological activities have triggered changes in natural ecosystems at
considerably accelerated rates. The industrial revolution, growth in human
population and the onset of modern agricultural development have all resulted in
increased nutrient loading of rivers and lakes, and the alteration of natural
freshwater supply drainage basins. Rivers have become the conduits for
anthropogenic byproducts that reach the coastal ecosystems affecting water
quality and amplifying eutrophication on the continental shelves. As a result,
decreasing oxygen levels in the water column have impacted marine fauna and
flora. Most cases of eutrophication are related to massive nutrient flux from
rivers and anthropogenic addition of nitrogen and phosphorous to the watershed.

In order to assess these environmental impacts, it has become important to focus
our studies on organisms that are sensitive to, but also have a high tolerance for,
changes in water quality. In this context, ostracods are particularly valuable
because they are abundant worldwide in aquatic environments and have specific
ecological requirements. In addition, they are very sensitive to oxygen depletion
(Alvarez Zarikian, 1998) and have well-defined salinity tolerances (Neale,
1988). Ostracods are microscopic crustaceans that secrete a low-Mg calcite shell
and are commonly preserved as fossils. As they grow, they molt their bivalve
carapace to form a new one rapidly in a few hours to a couple of days.
Laboratory experiments have shown that shell chemistry is controlled by the
chemistry and temperature of the water from which shells are formed (Chivas et
al., 1986), thus providing a snapshot of the chemical conditions of the water in
which they lived. However, to properly interpret the geochemical record
preserved in the ostracod shell, the life history of the species under investigation
must be understood (Xia et al., 1997).

Demonstrated here is the usefulness of ostracods as indicators of natural and
anthropogenic factors that affect coastal ecosystems in two highly impacted
coastal areas. These factors are (1) seasonal chronic hypoxia in the Louisiana
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inner-continental shelf and (2) increased salinity variability in the lower
Everglades National Park in south Florida.

The Louisiana inner-continental shelf

In the northern Gulf of Mexico, discharge of anthropogenically-increased
nutrient loading in the Mississippi and Atchafalaya Rivers has significantly
influenced the productivity and trophic dynamics of the coastal ecosystem on
the Louisiana and Texas continental shelves (Lohrenz et al, 1990). Declining
water quality and the existence of an extensive area (up to 9800 km2) of seasonal
chronic hypoxia (dissolved O2 <2 mg/L) have been reported, indicating a
linkage between river and continental shelf water quality (Rabalais et al., 1998).
The lowest O2 values are found during the summer months when they often
reach the anaerobic level. Hypoxia affects the bottom 10-20 m of the water
column, down to a shelf depth of 60 meters. The dynamics of this hypoxia is
also linked to large-scale circulation patterns, and strong and persistent density
stratification due to wind-mixing events from local winds, tropical storm activity
and winter storms (Rabalais et al, 1998). Studies by Rabalais et al. (1994) show
that the spatial distribution of hypoxia in the northern Gulf of Mexico ranges
from frequent (8 out of 9 years) to not documented (0 out of 9 years) (see Figure
1). The phenomenon of hypoxia in the northern Gulf of Mexico has been
considered by many scientists as "one of the country’s biggest ecological
problems” since as early as 1966 (Science, 1966, 274:331). The deleterious
effect of this seasonal chronic bottom-water hypoxia on the distribution and
abundance of benthic macro- and microorganisms has been documented by
several authors (e.g., Rabalais and Harper (1992), Blackwelder et al. (1996), Sen
Gupta et al. (1996) and Alvarez Zarikian (1998)).

We have investigated the spatial and stratigraphic distribution of ostracod
assemblages in Louisiana inner-continental shelf surface sediments and from a
50cm-long sediment core recovered within the zone of severe oxygen depletion.
The study area corresponds to that of the NOAA’s Nutrient Enhanced Coastal
Ocean Productivity (NECOP) Program (Figure 1). Surface samples were
collected to the west of the Mississippi River Birdfoot delta from a 40-station
surface sample grid in April 1992. The sampling locations varied from those
with a strong Mississippi River influence to those less impacted by river flow.
Sediment accumulation rates range from 0.02 cm/year in the southwesternmost
region up to 5.0 cm/year in the Mississippi River plume. The sediment core was
collected in 29m of water depth and within the hypoxic zone. Sediment X-
radiography was used to verify the absence of sedimentary structures indicating
disruptive processes, such as bioturbation and mass sediment movement, and
210Pb-dating techniques were used to establish the geochronology (Nelsen et al.,
1994).
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Hypoxia Frequency

Loxoconcha Distribution

Figure 1: NOAA’s NECOP study
area in the Louisiana inner-
continental shelf: West of the
Mississippi River Birdfoot delta, a
40-station surface sample grid
collected in April 1992 using a
Shipek grab sampler. Also showing
the sediment box-core (BC-10)
location near surface station 2G.

(Top) The frequency of seasonal
severe oxygen depletion in number
of occurrences since 1985 until
1994 within the NOAA-NECOP
Study Area: Seasonal hypoxia
(<2ml/L O2) frequency: in number
of years out of nine years. Frequent,
8 out of 9 years; not documented, 0
out of 9 (data from Rabalais et al.,
1994). Areas to the northwest are
the most impacted by chronic
hypoxia.

(Bottom) Relative abundance of Loxoconcha cf. L. matagordensis and L. moralesi (The
Loxoconcha Assemblage) as percentage of the total ostracod community. The highest
relative percentage of these species are found within the hypoxic zone.

Ostracods were isolated and identified, and evaluation of the spatial distribution
and characteristics of the ostracod populations allowed us to divide them into
distinct faunal assemblages. The indicator assemblage of the zone of seasonal
chronic hypoxia was dominated by the ostracod species Loxoconcha cf. L.
matagordensis (>40%), L. moralesi (>30%) and the less frequent Paracytheroma
texana. Loxoconcha cf. L. matagordensis occurs commonly within the Louisiana
inner-continental shelf but it exhibits an exceptional tolerance to low oxygen
levels and is found as a monospecific population in those stations with the most
severe hypoxic conditions. High nutrient/low oxygen environments near river
deltas are commonly sites of opportunistic behavior in the benthic microfauna,
but a survivor-type response is more likely the case for the Loxoconcha
assemblage, as the total abundance of the ostracod species does not increase, but
its relative abundance does. Hypoxia tolerance is also known in other members
of the genus Loxoconcha elsewhere. Bodergat et al. (1998) observed
monospecific populations of Loxoconcha turbida inhabiting polluted and
hypoxic waters in the Lagoon of Nador in NE Morroco. This tolerance to low
oxygen permits exploitation of the increased nutrient supply found in hypoxic
environments (P. Carbonel, Univ. Bordeaux, pers. comm.). Additionally, P.
texana seems to be tolerant to a high accumulation rate setting and an increased
organic carbon supply.
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Relative Abundance of Loxoconcha
cf. L. matagordensis

U.S. Fertilizer Application
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Figure 2: (Left) Temporal distribution of Loxoconcha cf. L. matagordensis within the hypoxic
zone, expressed as relative abundance (%), from about the turn of the century to core recovery in
1992.  (Right) Amounts of fertilizer application in the United States during the 1900s (Fertilizer
Tons x 106) (data from the National Fertilizer and Environmental Research Center).

Recognition of low-oxygen-tolerant species in the surface sediment samples
facilitated interpretation of the core-derived populations to reconstruct the time-
history of hypoxia and population dynamics over the last century. Relative
abundances of Loxoconcha cf. L. matagordensis and P. texana increase upcore,
especially Loxoconcha c.f. L. matagordensis, whose relative abundance
exceeded 70% of the total population at the time of core recovery in 1993
(Figure 2). Since no routinely measured record of bottom-water hypoxia exists
before 1985 (Rabalais et al., 1994), the record of fertilizer application in the
United States was plotted to compare to the sample intervals in the sediment
core (data from the National Fertilizer and Environmental Research Center). As
can be seen in Figure 2, the application of fertilizer in the U.S. increased
conspicuously from the mid-1940’s to about 1970, and then leveled off at high
values that persist to the present. The timing of these intervals corresponds to the
inflection points in the ostracod abundance curve. It is assumed that this long-
term record has a causal relationship with hypoxia because the input of mineral
nutrients (primarily in the form of N and P) influences eutrophication in coastal
ecosystems. The immediate effect of eutrophication in most systems is an
increase in the plant (phytoplankton and/or macrophyte) biomass with
subsequent flux of carbon (via sedimentation, mortality and dilution) from
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surface waters to the lower water column and seabed. The microbial processes
associated with the decay of this organic material consume oxygen, causing a
decline in the oxygen concentration in the surrounding waters. Other
independent biological and mineralogical data from BC-10 support the
hypothesis that hypoxia began in the 1940’s at this site. A dramatic increase in
glauconite abundance (Hood, pers. comm.) and a decrease in benthic foraminifer
abundance and diversity (Blackwelder et al., 1996) occurred during this same
time interval.

The Lower Everglades National Park, Florida: Oyster Bay

Numerous hydrological modifications have impacted the Everglades natural
ecosystem during the 20th century. Among these are the fragmentation of the
wetlands due to construction of a massive network of canals and levees for
water supply and flood control; and the loss of extensive wetland area to
agriculture and residential development (Davis and Ogden, 1994). Prior to
human impact, natural forces and seasonal climatic variability were the main
factors controlling
hydrological conditions in
the area. Increased
salinity and nutrient
concentration in Florida
Bay (Mc Ivor et al., 1994;
Rudnick et al., 1999), as
well as algal blooms and
major seagrass die-offs
(Robblee et al., 1991),
have created growing
concerns as to whether the
origin of these changes
are anthropogenic or are
part of a natural cycle of
climatic variability.

Over the past few years, scientists have successfully used ostracod communities
contained in undisturbed sediment records as proxy records of environmental
conditions in Florida Bay and its environs (Alvarez Zarikian et al., 1999 and
Dwyer and Cronin, 1999). Ostracod populations and stable isotopic data
obtained from a high-deposition rate sediment-core collected in Oyster Bay
(Figure 3) are presented here. These data have allowed interpretation of yearly
to decadal changes in hydrological conditions from this area within the
Everglades National Park. Because of its location, adjacent to Shark River and
the Gulf of Mexico, the Oyster Bay core locality experiences extreme salinity
fluctuations due to the interaction of freshwater run-off, precipitation and marine
water inputs.

Figure 3: Detailed map of the lower Everglades National
Park, showing Florida Bay, Whitewater and Oyster Bays
with the core site location indicated by the arrow.
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Ostracod population dynamics in Oyster Bay over the last century included
significant decreases in abundance and diversity, and shifts in species
dominance. These responses represent episodes of environmental stress due to
natural and/or anthropogenic forces. Distinctive characteristics of the ostracod
assemblages from the core locality facilitated the division of the 100-year
ostracod record into three zones (Figure 4). The first zone extends from the turn
of the century to about 1950; the second, from the early 1950s to the late 1970s;
and the third to core recovery in 1995. Before 1950, the significant declines in
ostracod community structure are temporally coincident with severe tropical
storms or hurricanes. Hurricanes are capable of causing immediate or long-term
environmental changes due to massive erosive and destructive power in coastal
areas, and storm-induced bi-directional sediment transport (Wanless et al.,
1994). However, reasonably rapid populations recoveries from these events
indicate a relatively resilient community.

The second zone, between the late 1950s and late 1970s, exhibited the richest
ostracod fauna and the highest diversity. Community fluctuations during this
time were more systematic and temporally correlated to South Florida Water
Management District (SFWMD) policies. It is characterized by a "bloom" period
only disrupted by a brief hiatus in the ostracod assemblage continuity at about
1960, coincident with Hurricane Donna. The third zone extends from about
1979 until core recovery in 1995. It is highlighted by the survivor-mode
dominance exhibited by Peratocytheridea setipunctata, one of the two most
common species in the core locality, and known to be tolerant to extreme
salinity fluctuations (<5 to 42) (D. Keyser, pers. comm.). The timing of the onset
of this zone is marked by the end of the SFWMD’s Monthly Minimum Water
Delivery Plan, which was replaced by a regulated flow plan believed to be more
natural, known as the Rainfall
Plan. Extracting information
embedded in the ostracod record
to assess the effects of water
management practices may not be
possible in this case; as the mid-
1980s drought occurred before the
end of the Monthly Minimum
Water Delivery Plan causing a
decoupling between rainfall and
water flow.

Stable isotopic composition (δ
13C and δ18O) of ostracods shells
can further support the
interpretation of community
variability and paleoenvironmental reconstruc-tion. The ostracod Peratocy-
theridea setipunctata was chosen for isotopic analysis due to its common
occurrence in the core record. It is important to understand the environmental

Figure 4: Ostracod diversity (Shannon-Weiner
diversity index; left axis) and abundance
(valves/g; right axis) recorded in the Oyster Bay
core. Geochronology based on 210Pb dating
techniques [cm (year)].
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factors that control δ18O and δ13C incorporation in ostracod valves. These are
primarily water chemistry, and, in the case of δ18O, temperature, rainfall and
evaporation. The δ18O of the water changes in response to evaporation;
increased evaporation preferentially removes 16O and leaves the water behind
enriched in 18O. As evaporation proceeds, the δ18O value of the water becomes
more positive. This chemical balance is recorded in the ostracod as they molt
and calcify their new shells. However, differences in the physiology and
microhabitats of organisms give rise to the so-called vital effects (von
Grafenstein et al., 1999). This means that different species inhabiting the same
environment have similar responses to environmental factors, but are offset from
one another. Therefore, the stable isotopic composition (δ18O and δ13C) of
calcareous organisms principally responds to three factors: water chemistry,
temperature, and physiology.

In Oyster Bay (Figure 5), strong negative deviations to lighter values of δ18O of
Peratocytheridea setipunctata that take place prior to 1925 ±4 correlate to high-
rainfall years, and indicate relatively fresher conditions or rather constant
brackish water conditions in a typical estuary. In contrast, strong positive
deviations or heavier δ18O values that occurred in P. setipunctata during the mid-
1980s are concurrent with a major regional drought in south Florida, as well as
with algal blooms and a major die-off of sea grasses (Robblee et al., 1991 and
Swart et al., 1999).

Evaporation of marine or brackish waters
will result in a correlation between
salinity and δ18O, whereas evaporation
of freshwater produces no such
correlation. Generally, the ostracod

isotopic data from Oyster Bay shows
positive correlations between δ13C and
δ18O, suggesting a normal interaction
between freshwater and marine waters.
Positively correlated δ18O and δ13C
suggest an association between
terrestrially derived, isotopically light C
and O. This continental source best explains
the Oyster Bay data prior to 1926 and
ostracod community descriptors support
this hypothesis.

Exceptions to the positive correlation in
the ostracod data occur in the 1970s and
between the 1930s and 1940s. The first
instance is significant because it occurs
immediately prior to a substantial shift
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towards more positive oxygen and carbon isotopic compositions. At this time,
flow in the Shark River Slough and the rainfall record at Homestead and
Flamingo meteorological stations are decoupled (Nelsen et al. in press),
suggesting a major modification in water flow prior to this time period. The
second period with a negative correlation between δ13C and δ18O (1930s and
1940s) is more difficult to understand because of an absence of hydrological
data and the lower abundance of ostracods.

Conclusions

Two sediment core studies have demonstrated the value of ostracods as
indicator-organisms of environmental impact in coastal marine ecosystems. The
first showed effects of hypoxia on benthic ostracod populations in the Louisiana
inner-continental shelf, and the second studied increased salinity variability on
ostracod populations in the south Florida the lower Everglades National Park.

In the northern Gulf of Mexico, it was demonstrated that study spatial and
temporal distribution of ostracod assemblages can provide a historic record of
the onset of hypoxia in the area since the beginning of the 20th century.
Temporal correlation in fluctuations in ostracod population characteristics at the
sediment core site with nutrient loading of the Mississippi River was observed
and is likely a consequence of the application of artificial fertilizer in the U.S.
Deterioration of the water quality in the northern Gulf of Mexico appears to be
coupled with the increase in anthropogenic activity along the Mississippi River
drainage basin since the mid-1940s. The low-oxygen tolerance of Loxoconcha
was observed, and its environmental adaptation as survivor-type ostracod
species confirmed. Its tolerance of low-oxygen conditions permits its
exploitation of the increased nutrient supply found in hypoxic environments.

In Oyster Bay, temporal trends in ostracod populations were used to evaluate the
effects of increased salinity variability as a consequence of rainfall, fresh water
management and hurricanes. Hurricanes and their effects are the major cause for
immediate modifications within ostracod populations; however, these
populations are capable of a fairly rapid recovery. Rainfall is the dominant
driving force behind long-term variability in ostracod assemblages.
Nevertheless, the Oyster Bay core showed a dramatic decline in ostracod
diversity and abundance at about 1980. The timing of this event is temporally
correlated to the onset of the SFWMD "Rainfall Plan" and the closing of the
Buttonwood canal. Strong positive deviations in δ13C and δ18O of
Peratocytheridea setipunctata in the mid-1980s were concurrent with a
documented major regional drought in south Florida, as well as with algal
blooms and a major die-off of sea grasses in Florida Bay. Relationships between
ostracod populations characteristics and environmental stresses have been
documented. This enhances the value of ostracod data in providing useful
analogs for recognition of conditions related to paleoclimate change in the fossil
record.
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PISCO: A LONG-TERM ECOLOGICAL CONSORTIUM STUDYING
THE INFLUENCE OF NEARSHORE OCEANOGRAPHY ON COASTAL

MARINE COMMUNITIES

Renee Davis-Born, PISCO, Department of Zoology, Oregon State University
Jane Lubchenco, Bruce Menge, Gary Allison, Brian Grantham, Patti Halpin, and

Carl Schoch, PISCO

Introduction

Nearshore marine ecosystems are the focus of myriad conservation efforts, yet
we lack the basic knowledge necessary for effective management and protection
of these areas.  First, ocean waters are variable over multiple scales of space and
time.  In particular, the dynamics of coastal waters are one of the least
understood areas of physical oceanography.  Second, seawater carries plankton,
including larvae of marine organisms, and nutrients.  These essentials flow into
a community at many ecological levels.  Recruitment, growth, and survival of
many organisms in a coastal marine community are intimately tied to the
characteristics of the water bathing the site.  Thus, communities, even those that
are a short distance apart, can have fundamentally different structures.  Third,
because the young of most marine organisms are water-borne for extensive
periods of time, the connections between distant communities are potentially
great.  As such, local production may not correspond to local recruitment.

PISCO Overview

In January 1999, the David and Lucile Packard Foundation awarded a grant to
Oregon State University to fund the Partnership for Interdisciplinary Studies of
Coastal Oceans: A Long-Term Ecological Consortium.  PISCO was created to
overcome two major impediments to conserving marine ecosystems:  a lack of
understanding of the basic processes governing the essential features of coastal
systems, and ineffective transfer of new scientific knowledge to the public and
to policy makers.  PISCO is predicated on the idea that research, education and
policy should be intimately linked.  Our objectives are:

1) To understand the processes and mechanisms underlying the dynamics of
coastal ecosystems along the U.S West Coast;

2) To incorporate sound science into effective management and conservation
measures by communicating with the public and policy makers; and

3) To initiate a novel program in interdisciplinary training and research.

PISCO is a consortium of scientists at four universities: Oregon State University
(OSU), the Universities of California at Santa Cruz (UCSC) and Santa Barbara
(UCSB), and Stanford University’s Hopkins Marine Station. Principal
investigators are Jane Lubchenco and Bruce Menge (OSU), Mark Carr and Peter
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Raimondi (UCSC), Mark Denny and George Somero (Stanford), and Steven
Gaines and Robert Warner (UCSB).  OSU, UCSB and UCSC coordinate the
ship-based, shore-based and remotely sensed ecological monitoring and
experimental research, and provide leadership in policy and outreach.  Stanford
coordinates the Consortium’s graduate and post-graduate training efforts and
develops new, advanced workshops in relevant, interdisciplinary scientific
techniques.  The initial funding period for PISCO is 5 years, but we hope to
continue the research for a total of 20 years.  This timeline provides a real
opportunity to affect significant, lasting changes at all levels, including scientific
understanding, education, policy, management, and outreach.

PISCO studies rocky shores and the adjacent waters 0–10 km from shore, along
the U.S. west coast (Fig. 1).  These areas are some of the richest of all marine
habitats and the focus of myriad conservation efforts.  The U.S. West Coast
encompasses several biogeographic boundaries such as Point Conception,
Monterey Bay, and Cape Blanco.  At
these places, abrupt changes occur in
species distributions, community
composition, and biodiversity.  The
southward-flowing California Current
system dominates this region, and
exhibits potentially significant variation
from north to south at scales of hundreds
of kilometers and on temporal scales of
decades.  Variation has been identified
in currents, upwelling, temperature, El
Niño events, climate, zooplankton
abundance and transport, and the
patterns of benthic biota.  Yet, until
PISCO’s inception, synthesis of this
knowledge across habitat boundaries
and traditional scientific disciplines had
not occurred.

Figure 1.  PISCO research area.

Research Questions

Our first research question asks, Do community patterns in nearshore benthic
communities depend on bottom-up oceanic processes?  Strong evidence
suggests that variation in the patterns of coastal biota can depend on recruitment
and oceanic influences as phytoplankton productivity and nutrient concentration.
These factors vary significantly with currents, upwelling, and other physical
oceanographic processes, thus PISCO studies Nearshore Oceanography.

Our second research question asks, What are the spatial and temporal scales of
dispersal of marine larvae?  One of the unique characteristics of marine
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populations relative to their terrestrial counterparts is that  early life stages of
many marine species are planktonic and are moved  by ocean currents for
periods of days to months. The potential scales of movement of offspring away
from the site of their parents are enormous.  PISCO is working to increase
scientific understanding about Dispersal and Connectivity of Marine
Communities.

Our third research question asks, How do physical and biological processes
influence variation in community diversity and structure?  Differences in biotic
communities stem from complex interactions of physical processes, which affect
larval distribution and settlement, and biological processes.  Biological
processes include ‘bottom-up’ effects on algal growth, delivery of food to filter
feeders, and larval recruitment, and the ‘top-down’ effects of predation and
grazing.  PISCO research into Recruitment and Post-recruitment Processes
addresses this question.

Our fourth research question asks, What are the community patterns in rocky
habitats along the U.S. West Coast?  Nearshore oceanography and the processes
and mechanisms that occur in intertidal and subtidal areas ultimately define
community structure.  PISCO’s monitoring of Community Diversity and
Structure is targeted at this question.

Research Program

PISCO realizes that understanding the ecological dynamics of nearshore
ecosystems requires scientific inquiries across large areas.  Thus, we study the
entire, contiguous U.S. coast, from Washington to southern California.  PISCO
integrates the talents of researchers in a variety of fields -- ecology, population
dynamics, larval behavior, physiology, genetics, fluid dynamics, physical
oceanography, and modeling.  We quantify patterns of distribution, abundance
and diversity of the biota in nearshore ecosystems, and determine how
ecological, evolutionary and oceanographic processes and mechanisms influence
these patterns.  Principal investigators, post-doctoral fellows, graduate students,
technicians, and undergraduates comprise PISCO’s research teams.

Nearshore Oceanography – Our research begins in nearshore waters, with an
array of moorings.  The moorings provide information about local
oceanographic conditions, which carry larvae and affect nutrient supplies to
coastal communities.  The moorings collect physical, chemical and biological
information, such as water temperature, current speed, salinity, and recruitment.
The moorings have a combination of recruitment and larval collectors,
fluorometers to measure chlorophyll-a, vector-averaging current meters, and/or
temperature recorders.  The moorings, which have multiple sampling racks, are
deployed within 1 km of shore, at depths between 8 and 15 meters.  Thus, the
moorings simultaneously provide such information as abundance of larvae and
recruits, temperature, and current speed and direction, all stratified by depth.
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During the summer of 2000, approximately 45 moorings are deployed from the
central Oregon coast south to the Channel Islands area.

PISCO deploys and services its moorings by boat, so access to a research vessel
is crucial to the moorings program.  PISCO OSU, in cooperation with Oregon
State University’s Research Office and College of Oceanic and Atmospheric
Sciences (COAS), has funded a new boat for use by the OSU community.  The
R/V ELAKHA is a 54-foot vessel that is specially designed for oceanographic
research and is capable of studying the nearshore ocean.  The name elakha is
Chinook for “sea otter,” and honors the importance of Native American heritage
to Oregon’s history.

Additional sources of data supplement information from the nearshore
moorings.  PISCO scientists collect water samples to measure chlorophyll and
nutrients available in nearshore waters.  We also use Acoustic Doppler Current
Profilers, or ADCPs, to track current speed and direction across small areas.
PISCO collaborates with oceanographic colleagues to collect and analyze other
data.  For example, coastal radar (CODAR) arrays complement PISCO’s ADCP
data by determining surface current patterns over large areas.  At OSU, PISCO
cooperates with faculty in COAS to deploy “Mini Bat” devices.  Mini Bats
quantify physical oceanographic patterns over the nearshore region and link the
physical oceanography of the nearshore to that of the better-known, offshore
California Current system.  Finally, remote sensing by satellites supplies data
about large-scale patterns of currents, ocean temperature, upwelling, and
chlorophyll at the sea surface.  The goal of PISCO’s mooring array is to provide
data that link nearshore oceanographic processes to the dynamics of coastal
communities.

Dispersal and Connectivity of Marine Communities – A very exciting aspect of
PISCO’s research regards dispersal and connectivity among marine intertidal
communities.  One of the least understood, yet most fundamental processes that
determine population and community structure in coastal oceans is dispersal, or
the transport of larvae.  PISCO uses microchemistry analysis and molecular
genetics to determine the sources and dispersal patterns of coastal marine larvae.
Analysis of elemental chemistry indicates different water masses where
organisms previously resided.  The marine environment can be exceptionally
variable in terms of its physical, chemical, and biological properties.  Larvae
distributed among water masses with distinctly different environmental
characteristics are likely to experience developmental differences during growth.

PISCO’s microchemistry analysis detects trace elements in the balance organ of
a fish’s ear, called the otolith.  During growth, elements from the surrounding
seawater can become permanently incorporated into the otolith.  Thus, these
elements reflect distinctly different characteristics of different areas of the
marine environment, and identify whether settling larvae are the offspring of
local parents or dispersed across the open ocean from a distant source.  PISCO
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currently is mapping environmental signatures in two pilot locations, Monterey
Bay and the Channel Islands/Point Conception area, and identifying successive
larval environments from the site of release to the settlement site.  We now are
focusing our microchemistry analyses on rockfish.  Rockfish are prominent
species in subtidal area off the U.S. West Coast, are commercially valuable, and
have a substantial period of otolith growth before leaving their maternal
environment.

PISCO is beginning to complement the microchemistry studies with research
into the genetic structure of a the populations of several nearshore species, such
as rockfish, urchins, mussels, and kelp.  PISCO expects that results from the
molecular genetics work will provide estimates of long-term average dispersal
distances for marine organisms and reveal patterns of genetic structure at
multiple geographic scales.

Recruitment and Post-recruitment Processes – PISCO’s subtidal and intertidal
research builds upon an impressive series of long-term studies conducted by
PISCO scientists in Oregon and California.  One aspect of the research assesses
recruitment.  PISCO measures recruitment variation to determine settlement
patterns, and investigate the effects of nearshore oceanography in patterns of
recruitment and community structure.  PISCO intensively samples larvae,
recruits, and post-settlement individuals in both subtidal and intertidal
communities.  Bio-collectors measure recruitment of such species as mussels,
barnacles, urchins, hermit crabs, and surfgrasses in intertidal and subtidal
communities.  This research is conducted in coastal regions of particular
ecological significance:  Pt. Conception and the Channel Islands, Monterey Bay,
Cape Blanco, and the central Oregon Coast.

Across our geographic study area, we quantify organisms’ condition and growth,
and the intensity of key species interactions (predation and grazing).
Physiological data provide a quantitative “snapshot” image of the current
condition of an organism.  For example, we determine the instantaneous growth
potential of mussels by measuring RNA:DNA ratio of adductor tissue.  We
quantify algal condition by measuring the ratio of carbon to nitrogen (C:N).
These methods help us to determine how an organism’s survival is influenced by
the surrounding environment at discrete points in time.  Physiological studies
also help to determine the effects of diverse environmental factors, especially
abiotic factors such as temperature and desiccation, on the well-being of
organisms.  For select species such as limpets, we measure the condition of
individuals inhabiting several locations across the intertidal gradient from the
low- to mid-zones.  To measure exposure-related stress along this gradient,
PISCO uses heat-shock protein analysis.  PISCO’s studies of heat shock protein
and the mechanism that drives its production is of tremendous value in
determining organisms’ tolerance ranges and their responses to alterations in
environmental factors.
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Differential growth rates are a potentially important source of variation in
nearshore populations.  The growth of many invertebrates and fish depends on
bottom-up factors such as the concentration of particulate water-borne food such
as phytoplankton and zooplankton, while the growth of macrophytes depends on
the concentration of water-borne nutrients.  As a result, patterns of growth
provide a direct link between nearshore oceanographic conditions and coastal
biota.  To examine this influence on growth rates, concentrations of
phytoplankton and nutrients are monitored in nearshore waters.  Growth rates of
mussels and barnacles are determined either by transplanting marked individuals
to an experimental plot (mussels) or by allowing recruitment in a competition-
free environment (acorn barnacles).  We are also using transplants to measure
growth rates of feather boa kelp, rockweed, sea palm, and red algae.  PISCO
research is beginning to uncover links between nearshore water and growth rates
of macroinvertebrates.  Sites along the southern Oregon Coast typically have
higher concentrations of chlorophyll-a than those along the north-central coast.
Chlorophyll-a concentrations correlate with concentrations of phytoplankton, a
food source for filter feeders.  We have found that sites with high chlorophyll-a
concentrations typically have higher growth rates of mussels and barnacles.

Interactions among species also influence patterns of coastal biota.  Top-down
effects are quantified though field experimentation. The ochre sea star and
whelks are major predators in the low- and mid-zones of the intertidal.
Predation intensity is estimated by quantifying the rate of disappearance of
mussels transplanted to areas with and without predators.  Preliminary results
from PISCO research suggest that predation likely is a local effect.  Large
differences in predation effects have been observed among sites, but this is not
correlated with changes in geography across a species’ range.  PISCO OSU is
taking the lead to refine the methodology for a second predation experiment that
studies herbivory.  The herbivore effects of limpets and chitons are quantified by
excluding grazers from experimental plots with copper-based paint, a deterrent
to these organisms.  PISCO’s study of species interactions provides insight into
how ecological processes affect community patterns.

Community Diversity – Comparisons of rocky shore communities over large
spatial scales often are confounded by variation in the physical characteristics of
these complex habitats.  To overcome this problem, PISCO studies diversity and
structure of communities as a function of physical processes in the nearshore
environment.  Our coordinated, quantitative assessments are unprecedented in
scale:  they sample the entire, contiguous U.S. West Coast.  PISCO conducts the
assessments at 14 intertidal sites in Washington, Oregon, and California.  We
also assess subtidal communities at 14 sites in central and southern California.
Subtidal and intertidal assessments occur at adjacent sites, when possible.
PISCO assesses patterns of the coastal biota occur annually.

PISCO uses a nested hierarchical classification system to assess community
diversity and structure in coastal areas.  Rocky shores along the west coast are
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partitioned into relatively homogeneous alongshore polygons based on substrate
size, slope angle, roughness, and wave runup.  The smallest shoreline partitions
represent physically homogeneous habitats at scales of 10-100 meters.  In each
of these areas, the biota is sampled using standard transect/quadrat methods.
This methodology for continental shorelines, which was developed by a PISCO
scientist, recently was adopted by the National Oceanic and Atmospheric
Administration as part of its National Marine and Estuarine Habitat
Classification System.

PISCO gathers information about abundance, distribution, and diversity of such
organisms as macrophytes, macroinvertebrates, and fishes.  Results from our
first year of data collection have begun to uncover links between ecological
responses and physical attributes of the nearshore environment.  At mesoscales
(10-100 km), oceanographic processes such as nutrient upwelling, water
temperature and patterns of water movement influence community structure by
controlling food supply and the release and distribution of larvae.  However, at
smaller scales (10-100 m), the hydrodynamics of the nearshore, substrate size,
elevation on the shore, and biological interactions become more important in
determining local distributions of coastal biota.  Our research to-date suggests
that physically similar habitats support similar biological communities, even
when separated by long stretches of heterogeneous shoreline.

PISCO research intends to expand scientific understanding about the influence
of processes and mechanisms on community structure.  We compare
information from community-level monitoring with data from our studies of
nearshore oceanography, larval dispersal, and rocky-shore ecology.  Over time,
as new discoveries are made and new methods are developed, we will refine
PISCO’s Research Program.

The Policy and Outreach Program

PISCO aims to integrate sound marine science into the analysis and
implementation of programs in marine conservation.  PISCO research will
answer ecological questions about coastal ecosystems and, over time, may
identify and track environmental trends.  This enhanced scientific understanding
can inform marine policy, management, and conservation.  For example,
managing fisheries, understanding the dynamics and evolution of marine
populations, and predicting the responses of coastal ecosystems to perturbations
such as pollution, habitat loss, and the spread of exotic introduced species all
await breakthroughs in the area of larval dispersal.  Also, the effective design of
any marine reserve depends on the degree to which populations within the
reserve are sustained by recruitment from other populations and supply recruits
to distant communities.  PISCO research is relevant to academic scientists,
legislators and policy makers, resource managers, conservation organizations,
industry groups, and the interested public.
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The Policy Program builds bridges to share information about marine science
and translate new knowledge from PISCO research.  For example, our website
(http://www.piscoweb.org) promotes ecological collaboration, informs policy-
and decision-making groups, and shares conservation-based information with
the public.  The program also encourages two-way communication by keeping
scientists abreast of current marine policy and conservation issues.  We offer
resources to enhance the ability of scientists to communicate with diverse, and
oftentimes non-scientific, groups.

The Interdisciplinary Training Program

Current traditions in graduate training make it extremely difficult for students to
acquire a formal education in cross-disciplinary research.  Established lines of
communication with mentors in multiple disciplines are often absent, and few, if
any, universities teach the breadth of courses a student needs to be at the cutting
edge of cross-disciplinary ecological research.

PISCO’s Interdisciplinary Training Program is pioneering a new approach to
preparing graduate students and post-doctoral fellows for interdisciplinary
research.  The program has three goals:
• To create opportunities for students to conduct research in laboratories at

the four PISCO universities;
• To offer formal training in molecular, physiological, and biomechanical

approaches to ecology at biannual summer courses; and
• To teach emerging techniques in marine ecological research at biannual

workshops.

Hopkins Marine Station at Stanford University coordinates the summer course
and workshops for PISCO.  During summer 1999, the Hopkins summer course
taught students new techniques in physiology, biochemistry, genetics and
biomechanics.  The summer courses are open to the research community as a
whole.  This year, Hopkins Marine Station will host the first biannual workshop
for PISCO researchers.

Conclusion

The Partnership for Interdisciplinary Studies of Coastal Oceans is unique in that
its investigations of ecosystem dynamics along U.S. west coast integrating
multiple disciplines and occur over a 20-year period.  Our goals are to determine
the processes that underlie patterns in coastal ecosystems, to share this
knowledge into public and policy arenas, and to promote interdisciplinary
training.  We expect PISCO to be a model for future interdisciplinary efforts in
research, training, and policy.
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WASHINGTON STATE COASTAL ATLAS: A DIGITAL TOOL FOR
IMPROVED SHORELINE MANAGEMENT

Cinde Donoghue, Washington State Department of Ecology
Brian Lynn, Washington State Department of Ecology

Washington has over 2500 miles of highly diverse shoreline, including sandy
ocean beaches, large estuaries, rocky islands, and eroding coastal bluffs.  The
state's Department of Ecology is responsible for guiding shoreline planning and
landuse decisions and for providing coastal information to educate the public,
monitor coastal health, and encourage better-informed decisions.  This project is
an effort to build a website and mapping tool that provides these stakeholders
with state coastal information in a coordinated, easily accessible, geographic
structure.  This will allow users to pull up a website on their desktop computer
using an internet browser, click on a map location and view all natural resource
information, data on projects, reports and grants, related to that site.

A number of critical natural resource management issues affecting the coast
have recently come to the forefront in the state.  For example, pending listings of
several stocks of salmon under the Endangered Species Act are driving state and
local agencies to carefully analyze the condition of our shoreline to assess the
impacts of landuse decisions on salmon habitat, and to develop plans and
policies to protect this habitat.  The State’s Shoreline Management Act (SMA)
rules are currently being modified with a requirement that local governments
complete comprehensive inventory their natural resources.  In addition, serious
landsliding along Puget Sound bluffs in 1996 and 1997 led to hundreds of
millions of dollars worth of damages and loss of life, yet local planners and
shoreline property owners currently have limited access to information about
coastal hazard areas.

The state has begun developing the data framework necessary to compile and
disseminate shoreline and watershed information critical for guiding well-
informed coastal management decisions.  Although the initial project involved
strictly coastal information, the urgency of the need to assess habitat status for
the recently listed endangered salmonids has encouraged the growth of the
project to include upper watershed data as well.  The inclusion of this data
promotes the ecosystem management approach that the coastal program has
been long espousing.

This project involves several contemporaneous steps.  An inventory of the
existing data was performed to establish which data layers are available and
valuable to potential users, what is the scale and format of the data, and what
processing needs to occur to bring it into the internet mapping system.  From
this assessment the extent of the project has grown to include statewide
watershed planning, water quality and quantity data.
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Another portion of the project involves creating GIS layers from existing non-
digital maps and images.  During the 1970's, the Department of Ecology
produced a detailed atlas of much of Washington's marine shoreline.  The
Washington Coastal Zone Atlas included maps and information about littoral
drift, erosion, geology, slope stability, land cover (including aquatic vegetation),
substrate, and human modifications.  These atlases are out of print but some of
the information is still viable, particularly the slope stability and geology layers
which are currently being digitized.  There are also a several sets of oblique and
aerial photos that have had layers created or have been linked to the appropriate
shoreline position.  Historical oblique photos are now being scanned and
georeferenced.  Comparisons of the new and historical photos will allow for
previous management efforts to be evaluated and their effectiveness assessed.

An additional step is deciding which type of internet mapping software to apply
and determining how to integrate this geographical expression of the coastal
information into the existing website.  There has previously been significant
effort within the Department of Ecology in displaying natural resource data on
the web through use of hot linked images, tables, scanned documents and pdf
files.  One way to build on the previous work is to mutually link the images and
mapping site.  An example of this is demonstrated with the two figures below.
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The current Coastal Atlas was constructed using ESRI’s Map Objects.  As the
company’s new ArcIMS software becomes available, Ecology may choose to
upgrade.  This would require some rebuilding and customizing of the existing
site.

Finally the project calls for development of a long-term strategy for updating,
improving, and expanding the digital Atlas.  This strategy involves
administrative, organizational, and financial discussions within the coastal
program as well as among the other agencies who will be employing the
mapping site for display of their data.

Cinde Donoghue
NOAA Coastal Management Fellow
Washington State Department of Ecology
PO Box 47600
Olympia, WA  98504-7600
Phone: (360) 407-7257
Fax: (360) 407-6902
Email: cdon461@ecy.wa.gov
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IDENTIFYING POTENTIAL WETLAND RESTORATION SITES FOR
ESTUARY-WIDE RESTORATION PLANNING IN OREGON: A PILOT

PROJECT IN THE COOS ESTUARY

J. David Fuss, Marine Resource Management, Oregon State University;
now with the North Carolina Division of Coastal Management

Introduction

Oregon's estuaries have undergone significant human alteration, so that many
former tidal wetlands no longer provide the functions that preserve the integrity
of estuarine ecosystems. Oregon has been a leader in wetland protection and has
used ecological restoration in the pursuit of its goal of "no net loss" of wetlands.
Local wetland mitigation site inventories serve as the primary planning
instrument for wetland restoration in many Oregon estuaries. Recent emphasis
has been placed on non-regulatory wetland restoration, but little information is
available about suitable sites.

While wetland mitigation planning has traditionally been site-specific with a
focus on development interests, there is a growing need for landscape-scale
restoration planning - encompassing both mitigation and non-regulatory
restoration - that emphasizes ecological values. The goal of this project was to
develop and demonstrate a landscape-scale geographic information system
(GIS)-based methodology for (1) identifying and (2) screening potential estuary
wetland restoration sites with updated, ecological information. A database of
potential tidal wetland restoration sites was created that allows the user to search
for suitable sites to match to specific restoration projects. This work builds on
recent state efforts and was designed to guide ongoing projects to identify
potential estuary wetland restoration sites all along the Oregon coast.

Background

Oregon's 22 major estuaries are mostly small and are acutely vulnerable to the
cumulative effects of habitat loss because they are unable to absorb the mounting
damage. Channelizing, diking, draining, dredging, filling and other alterations
have converted estuaries and their wetlands to human uses. Estuaries in Oregon
have suffered an average loss of 40-60% of their historical wetland acreage,
mostly due to agricultural activity (Boulé and Bierly 1987; Simenstad and Thom
1992; Good and Sawyer 1998). Although Oregon has gained much from wetland
conversion, those benefits must be weighed against the ecological and economic
costs of conversion. Coastal wetlands provide important ecological functions and
services to estuarine ecosystems and organisms. Common coastal wetland
functions include provision of fish and wildlife habitat, protection from shoreline
erosion and storm damage, and water quality maintenance (Mitsch and Gosselink
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1993). Altered and degraded coastal wetlands no longer adequately provide
these functions, contributing to a decline in the ecological quality of Oregon's
estuaries.

Today, agriculture on some coastal lands is less viable and it has become clear
that some wetland alterations - like diking and draining of tidal marshes - are
potentially reversible. The goal of ecological wetland restoration is to reestablish
vital wetland functions that improve the quality of degraded ecosystems.
Estuarine wetland restoration occurs in two contexts: (1) compensatory
mitigation for permitted dredging and filling for water-dependent development
(no net wetland loss is the goal) and (2) non-regulatory restoration that is not tied
to development but is restoration designed to recapture some of the lost wetland
functions and services.

The Oregon Estuary Plan Book (DLCD 1987) includes designated wetland
mitigation sites in each Oregon estuary, but local mitigation site inventories are
outdated, site-specific, do not address non-regulatory restoration, and do not
incorporate GIS technology. In addition, local site inventories contain little
ecological data and were designed around the interests of future development.
Given the limited success of wetland restoration projects due to inadequate
planning, researchers have suggested that watershed-level plans are essential to
improve restoration programs (Good and Sawyer 1998; Gersib 1997). This
approach, underutilized in Oregon, can be enhanced with a GIS-based approach
to identifying potential wetland restoration sites.

This project created 1) a GIS-based methodology for identifying potential
wetland restoration sites that emphasizes ecological information and 2) a
database of potential restoration sites for the Coos estuary. This work builds on
the Dynamic Estuary Management Information System (DEMIS) project of the
Oregon Coastal Management Program (OCMP). The original DEMIS project
established a library of GIS data for the Coos estuary. The current DEMIS
project has evolved, with this project’s results as a guide, into an effort to create
inventories of potential wetland restoration sites in four additional Oregon
estuaries.

Since the mid-19th century, the Coos estuary on the south coast of Oregon
(Figure 1), has experienced an 84 percent loss of salt marsh acreage, primarily
due to agricultural practices prior to 1930 (S. Rumrill, pers. comm.). Restoration
of converted tidal wetlands in the Coos estuary could improve ecosystem quality.
The current local mitigation site inventory is outdated, site-specific, does not
address non-regulatory restoration, does not incorporate GIS data, incorporates
scant ecological data, and was built around development interests. To facilitate
watershed-level restoration planning, a project was undertaken by the OCMP to
create a database of potential wetland restoration sites for the Coos estuary,
incorporating the Estuary Plan Book mitigation sites and GIS data from the
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DEMIS project. The database allows users to visually display and analyze spatial
and ecological data for the estuary. By completing this database, a GIS-based
methodology for identifying potential wetland restoration sites was established.

Figure 1. The Coos estuary (map courtesy of South Slough National Estuarine
Research Reserve)

Methods

To construct the database of potential wetland restoration sites, several project
phases were completed. First, data needs were assessed. Second, potential
restoration sites were identified. Third, collection of digital and non-digital
ecological and socio-economic data was accomplished. Fourth, the data fields
were structured to facilitate search methods and were stored digitally. Fifth,
metadata for the data fields were created. Finally, the database was made
available to the public.

A combination of functional approaches of existing wetland assessment
methodologies and personal interviews with local experts and professionals in
the restoration community along the Oregon coast was used to determine what
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data to include in the database. This ideal set of data fields was narrowed to data
that were readily available.

Next, additional potential tidal wetland restoration sites, besides the mitigation
sites from the Estuary Plan Book, were identified from aerial photographs. These
sites, which are likely to be successfully restored from an ecological perspective,
experience no or restricted tidal influence, are altered by human activity, are
adjacent to existing marsh to enable salt marsh re-establishment (seed source),
and have remnant tidal channels. On the other hand, sites that are heavily
affected by adjacent or on-site intensive human activity (e.g. intensive
agriculture, high-density residential, industrial, etc.) were excluded. The wetland
mitigation sites from the local inventory were included.

Then, data fields for both the mitigation sites and the additional sites were
completed utilizing GIS data from DEMIS, aerial photographs, site visits, and
socio-economic data from Coos County records. The data fields were structured
so that users could easily search the database to narrow site choices for
restoration projects. The data was stored in ArcView GIS and Microsoft
Access software programs. Both programs support database searches.

To document the data sources in the database, metadata were created for the GIS
data and for the attribute data tables within ArcView GIS. Metadata are now a
standard element of GIS data and enable the user to assess the condition of the
data and whether there are any problems, such as accuracy or resolution.

The database was made available to the public in 1999. From the DEMIS web
site, a user may request a CD-ROM containing either the Coos estuary potential
wetland restoration site database or the original DEMIS data project including
all of the GIS data for the Coos estuary (DLCD 1999).

Results

The database for the Coos estuary consists of 89 potential wetland restoration
sites. There are 15 non-regulatory restoration sites and 74 sites that are intended
for wetland mitigation. Of those 74 sites, 47 are expressly protected for
mitigation, while 27 may also be used for non-regulatory restoration. The
database includes 48 GIS data sets, while the supporting data tables include 96
data fields. In addition, there are on-the-ground photos for 18 of the 89 sites. The
database may be searched to yield possible site choices for specific mitigation or
non-regulatory restoration projects. By creating the Coos estuary database, a
methodology was developed for identifying potential wetland restoration sites
emphasizing ecological information and establishing a supporting GIS database
(Figure 2).

To grasp the utility of the database, consider a hypothetical site search for
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possible choices for a 15-acre wetland compensatory mitigation project designed
to improve Coho salmon habitat in either Catching or Isthmus Sloughs, two
major branches of the Coos estuary. A focused search of the 47 sites protected
exclusively for mitigation reports that 18 of these sites are located in either
Catching or Isthmus Sloughs. Further searching reveals that 3 of these 18 sites
meet the requirement of 15 acres or more. A final search shows that only one of
these 3 sites has Coho salmon in its adjacent waters. At this point, the mitigation
project manager could visit the site to assess other site characteristics not
available in the database. If the site proved unsatisfactory for any reason, another
search pattern could be generated to find suitable sites. If the site was
satisfactory, the project manager could use the site data, along with more
detailed site surveys, to develop and implement a restoration action plan.

Figure 2. General methodology for identifying potential wetland restoration sites
and establishing a searchable GIS database with an estuary-wide perspective

Another potential use for the database is the development of a vision plan for the
restored conditions of the estuary. The display features of ArcView GIS® can
convey estuary-wide restoration goals to lay citizens who can better understand
them in map form. This key step builds community support, which is crucial to
the success of an estuary-wide restoration plan. Many restoration opportunities
exist on privately owned land and local backing helps landowners realize their
important role in achieving restoration goals (Good and Sawyer 1998).

Assess estuary-
wide data needs
and formulate

restoration goals

Identify potential
wetland restoration

sites and save
locations as GIS data

Develop list of data fields for GIS
database of potential wetland

restoration sites

Collect data and verify accuracy

Structure data entries for searching and store data

Create metadata for GIS data

Make GIS database publicly available

Search database for suitable site choices for specific restoration projects
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Once potential restoration sites have been identified, the GIS-based process of
visualizing a plan for a restored estuary can be realized. First, existing tidal
wetlands are displayed in one color (e.g. green). Next, the potential wetland
restoration sites are shown in another color (e.g. red). Finally, by showing both
the existing tidal wetlands and the potential wetland restoration sites in the same
color (e.g. green), a vision of restored estuary conditions can be demonstrated.
However, landowner cooperation must be achieved before publicly displaying
these maps. Otherwise, landowners who are angered by the public display of
their land on the maps may stall the estuary restoration planning and
implementation process.

Conclusions

Due to historic alterations, many of Oregon's former tidal wetlands no longer
provide the functions that maintain the ecological integrity of estuaries. Wetland
restoration is one means of improving the quality of degraded estuaries by
reversing the trend of wetland losses in Oregon estuaries. The methodology
described in this poster produces a searchable ecological and socio-economic
GIS database for potential mitigation and non-regulatory restoration sites in a
landscape context that supports estuary-wide restoration planning.

The methodology and the GIS database it produces facilitate more effective
wetland restoration than do current wetland mitigation site inventories. The use
of GIS to store, search and display potential restoration site information allows
landscape analysis of estuary restoration sites that will likely improve ecosystem
quality. The local mitigation site inventories contain little ecological data and
were built around the interests of future development at a site-specific scale. This
project’s methodology emphasizes an estuary-wide, ecological approach to
matching potential restoration sites with specific restoration projects that will
save coastal resource managers and planners time, effort, and money. In
addition, the ability to visually display the restoration sites on a GIS-based map
can lead to public understanding of watershed wetland restoration goals.
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METADATA MATTERS: A NATIONAL GEOSPATIAL
CLEARINGHOUSE FOR THE OREGON COAST

Dawn J. Wright, Gillien Duvall & Brian Ward, Department of Geosciences,
Oregon State University

Abstract

Although much data and information are available for the coast of Oregon, they
are scattered in various formats among several federal, state, and local agencies,
research institutes and universities. In the past there has been no central
repository or access point for all natural resource geographic data for the Oregon
coast. Therefore, as a collaborative effort between university, federal, state, and
regional entities, an Oregon Coast Geospatial Clearinghouse was developed to
disseminate natural resources data to organization and individuals for
management, research and educational applications. The clearinghouse
(buccaneer.geo.orst.edu), funded by the Federal Geographic Data Committee
(FGDC) Cooperative Agreements Program, is a searchable node of the National
Spatial Data Infrastructure (NSDI). The node includes coastal and marine
resource thematic data and FGDC-compliant metadata contributed by Oregon
partners in the project (the Tillamook Coastal Watershed Resource Center,
Ecotrust, the Pacific Northwest Coastal Ecosystems Regional Study, and Oregon
State University), as well as embedded URL linkages to online data throughout
the state. Protocols are currently being established for maintenance and update,
and training will be provided to clearinghouse users and cooperators. The
clearinghouse is designed in such a way as to be easily accessible and
understood by coastal managers, scientists, decision-makers and the general
public desiring to obtain geographic information on coastal resources.

Introduction

The coast is a region where complex political and resource issues are
increasingly being negotiated and balanced. The mild climate, ocean access,
wildlife, scenic, timber, and mineral resources of the Oregon coast easily
attracted the initial settlement and economic development of hundreds of
communities. Over the past 150 years, the landscape and ecosystems of the
Oregon coast (Figure 1), already subject to many variable natural forces, have
been affected the most by human activities (Stein et al., 1996).

As the economy and culture of Oregon rely so heavily on natural resources, it is
vitally important that the public, political leaders, extension agents, resource
managers, and resource users be better informed about the ecosystem status and
trends, and the nature of the forces affecting ecosystems. For example, analyses
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Figure 1. The Oregon Coastal Zone extends seaward to the edge of the Territorial Sea, 3
miles offshore, and inland to the crest of the Coast Range, except in the Rogue, Umpqua,
and Columbia River basins. On the Columbia River, the coastal zone extends to Puget
Island, near the Clatsop County line; on the Umpqua, to Scottsburg at the head of the
tide; on the Rogue, to Agness, above the head of the tide. (Map courtesy of Randy Dana,
Oregon Department of Land Conservation and Development, Coastal Division).

of vegetation patterns in the western Cascades of Oregon demonstrate the value
of using diverse data sources across political boundaries to assess spatial
patterns and managerial options (Cohen et al., 1995; Sachs et al., 1998; Turner
et al., 1999). Currently however, such data are widely scattered, often duplicated
across multiple agencies or research groups, and largely inaccessible except by
word of mouth. Tracking down desired data and metadata remains a daunting
task for managers and scientists. For the general public the task is even more
difficult. Many data sets are restricted to individual projects and then shelved,
eliminating the potential for usefulness in a myriad of additional planning,
management, and scientific projects. Managers, scientists, and the public have
all expressed confusion over the complexity of identifying data at suitable
scales, formats, and quality for designated management areas.
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Clearly there has been a need for an established clearinghouse, as well as a
unified, policy-driven data framework. Clearinghouses are the primary means
for implementing the National Spatial Data Infrastructure (NSDI –
www.fgdc.gov/nsdi). President Clinton's Executive Order 12906 called for the
establishment of the NSDI in order to promote sharing of geospatial data
throughout all levels of government, academia, and private and non-profit
sectors. The NSDI, with its timely focus on rethinking the methods of spatial
data delivery to users, represents a welcome change from the centralist period in
geographic information management when federal agencies dominated decisions
and data resources. The NSDI recognizes that local empowerment will work
only if there are local groups to take up the challenge of data dissemination. For
the state of Oregon, a partnership of Oregon State University (OSU) with the
Pacific Northwest Coastal Ecosystems Regional Study (PNCERS, funded by the
Coastal Ocean Program of NOAA and the Oregon Coastal Management
Program of Oregon's Department of Land Conservation and Development), the
Tillamook Coastal Watershed Resource Center (TCWRC, formerly one of 28
National Estuary Projects established nationwide by the EPA), and Ecotrust (one
of the largest non-profit environmental conservation organizations in the Pacific
Northwest and a leader in public access GIS), and the State Service Center for
Geographic Information Systems, was funded by the NSDI via the Federal
Geographic Data Committee (FGDC) Cooperative Agreements Program.

The primary objective was to develop a searchable Clearinghouse node
consisting of pointers to coastal and marine resource data contributed by the
initial partnership, as well as embedded URL linkages to coastal data throughout
the state of Oregon. In general, clearinghouses provide a valuable means not
only for delivery of spatial delivery via the Internet, but more importantly for
advertising the existence of useful data via metadata, including geographic
coverage, data quality, inventory, and further processing requirements. In so
doing, clearinghouses also help to minimize the duplication of effort involved in
spatial data collection and processing.

Metadata and Why it Matters

Metadata are information about data, such as its geographic coverage, quality,
completeness, accuracy, etc. They are a "pedigree" of sorts for a data set,
helping the user to judge its "fitness for use" or reliability, thereby facilitating
more appropriate and efficiently use. In addition, metadata allow a potential
user, for comparative purposes, to understand how the data were collected, and
provide the all-important details of how one can actually obtain the data in
question, or who best to contact. Data that do not have accompanying metadata
are often hard to find, difficult to access, troublesome to integrate, and
perplexing to understand or interpret. If a significant amount of effort and
money have been invested in the collection of data, especially if one wishes
others to be able to use and re-use them, that investment will surely be enhanced
by having the appropriate metadata on hand (e.g., Larson et al., 1998).
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A national content standard has been established by the Federal Geographic
Data Committee (FGDC) for metadata, ensuring that it fully outlines all the vital
information pertaining to a data set's source, content, format, accuracy, and
lineage (i.e., what processing changes the data set has gone through over time).
All of the metadata records in the Oregon Coast Geospatial Clearinghouse are
FGDC-compliant.

Technical Approach

Existing FGDC-compliant metadata and accompanying digital databases were
acquired from cooperating organizations on the original grant (PNCERS,
TCWRC, Ecotrust, and OSU). FGDC-compliant metadata was created where
needed. This will be facilitated by metadata-collection software developed by
the NOAA Coastal Services Center (www.csc.noaa.gov/metadata/
text/metatools.html). FGDC parsing software (mp) was used to ensure correct
format before final indexing and loading into the clearinghouse. The metadata-
parsing software optionally creates both HTML and SGML versions of the
metadata.

Next, the metadata were indexed for clearinghouse searches using specialized
software provided by the FGDC (Isite v. 2.06a for clearinghouse node services)
running on a Sun Ultra 10. Unix server was chosen over NT machine as it
provides more integrated and stable network support, particularly as a web
server, and is still the superior operating system in terms of handling large data
sets, complex software, higher-quality graphic output, and processing speed.
After testing to ensure that the node was working as expected, it was registered
with the FGDC. Registration with the FGDC rendered the metadata on the node
accessible to users worldwide via the clearinghouse gateway at the FGDC web
site (www.fgdc.gov/clearnghouse).

In addition to making metadata available through the search mechanism of the
national clearinghouse gateway, a comprehensive web site was constructed for
the project, that includes not only downloadable metadata and data, but tools for
submitting additional data (for which clearinghouse personnel will create
FGDC-compliant metadata), linkages to interactive, online data sets elsewhere
in the state of Oregon, information on the original clearinghouse partners, digital
images and visualizations of the Oregon coast and continental shelf, and
documents and publications related to the original FGDC grant (Figure 2).
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Figure 2. The Oregon Coast Geospatial Clearinghouse (buccaneer.geo.orst.edu).

The site also links to a web-based discussion forum open to anyone in the state
(research, manager, teacher, student, web wanderer, etc.) who has interest in the
clearinghouse and would like to contribute an idea or comment.

It was also determined which federal state, and private organizations subsequent
to the original partners would be potential contributors to the clearinghouse.
Steps were taken to: (1) identify accurate contact information for each
organization and its GIS manager; (2) describe what data layers are available;
and (3) compile metadata for each data layer of each organization. All submitted
data are required to adhere to FGDC standards. Although all organizations will
be encouraged to participate fully, those with proprietary interests (e.g., private
landowners) may simply provide contact information and some limited
description of the data.

In addition, the clearinghouse project is now serving as one of the testbeds for a
new project funded by the University Consortium for Geographic Information
Science to improve the usability of the national clearinghouse gateway (see
www.nacse.org.mhs). The Oregon Coast Geospatial Clearinghouse is being
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evaluated in terms of user friendliness for searching and downloading both data
and metadata.

Conclusion

In principle the above activities should help to build or strengthen relationships
among organizations in Oregon that support digital geographic data coordination
for the coast. Statewide coordination of this type may serve as an example to
other coastal states, and stimulate growth of similar clearinghouse efforts. The
Oregon project is closely related to ongoing projects in Washington state on the
Olympic Peninsula, (cathedral.cfr.washington.edu/~chouse), in Florida
(ocean.fmri.usf.edu/ims/sori/), and Alaska (146.63.13.150/ciimms/).

Clearinghouses have great merit not only because of their relevance to the
NSDI, but because they promise unparalleled collaboration between academe,
state/federal government, and private non- profit entities. This will lead to an
important institutional framework for further regional cooperation, helping to
identify major stakeholders in coastal management, and to organize thoughts
and efforts towards jointly identified coastal issues.

Future activities related to the Oregon Coast Geospatial Clearinghouse include:
- development of an online mapping tool for Oregon coastal data. The
application will enable users to create digital maps over the web using
geographic data and metadata stored on our servers. Though internet map
servers are not nearly as robust as desktop GISs, they provide a quick, effective,
and often entertaining means by which to view and manipulate spatial data (and
accompanying metadata) before making the decision to download to a local
system.
- preparation of a framework (database structure) document, as well as protocols
for adding additional data layers, metadata, and URLs, once participation in the
clearinghouse by agencies other than the original cooperators is firmly
established.
- development of a new, user-configurable metadata entry tool in cooperation
with the Northwest Alliance for Computational Science & Engineering
(NACSE, www.nacse.org), that may supercede current FGDC tools and provide
more adequate long-term documentation of spatial data sets.
- consideration of “once we build it, how do we get them to come?” We hope to
do a fairly thorough evaluation of the usage of the clearinghouse web site (i.e.,
site statistics, number of hits, from what hosts, etc.), and will explore additional
ways to spur its growth, utility, and influence in the state of Oregon and the
broader coastal resource management community.
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