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ABSTRACT

Maine Coastal Island Management: Public Access and Recreation

Eric Denny
University of Rhode Island, Department of Marine Affairs

This report investigates historical and current management of the undeveloped
Maine islands by thethree largest resource management sectors with coastal
island responsibilities; federal government, state government and non-profit
conservation organizations. Thereport is based on thefindings of the 1997
Maine IslandManagement Survey. This survey investigated trendsin the
management of undeveloped islands inan attempt todiscern the extent of
currentrecreational resource management. Particular emphasis was placedon
determining levels of public access, natural resource andvisitor monitoring, and
theamount andavailability of public information/education on the island
resources and management strategies.

The physical scope of the undeveloped island resource inMaine has limited the
extent to which island resource management issueshave been investigated.
There are nearly 4,600 islands, islets andledges overoneacre in sizespread out
overa coastline4,568 miles long. Untilrecently, theexternal forces of a
developing society which threaten topermanently alter the Maine island
resources were considered to be diluted across the expansive geographic scope
of thecoast. However, key indicators show thatboth privatization and
development of the islands aswell as increasing recreational use threaten the
natural carryingcapacities of thesefragile island resources.

Amajor hindrance tosustainable resource management of the Maine islands is
that undeveloped island management asa whole can becharacterized as
proprietary and jurisdictional. Close to 1,500 undeveloped islands were included
in theMaine Island Management Survey region. Nearly halfof the
undeveloped islands are owned privately while the remainder are owned infee
ormanaged through conservation easement ormanagement agreement bystate
and federal agencies and nonprofit organizations. These public agencies and
nonprofit organizations have been limited inhow they manage their island
holdings bythesizeof their budget and thescope of their mission. Management
goals vary greatly between organizations and private individuals, and at times
they conflict with each another.

The findings of this report indicate several trends regarding undeveloped island
management on the Maine coast. Across all three sectors, levels ofpublic
information identifying management goals anduser guidelines areextremely
low. Most island managers have attempted tomitigate increasing levels of
recreational use by limiting information onpublic access opportunities. Only
7%of the islands managed to protect seabird nesting have signage on island
indicating public access closure periods and other user restrictions. Of islands
managed primarily forconservation purposes, 30% have regular natural
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resourceand visitor monitoringand less than20% have public information
associated with them. Islands managed primarily for recreational use have the
highest amount of regular monitoring(80%) and public information(55%)
compared with islands managed primarily forotheruses, yet they compriseonly
5% of the total number of islandsin the survey region.

The report discusses several recommendations to insure the sustainable
managementof Maine's undeveloped islands. First, a higher priorityneeds to
be placed on identifying recreationuse trends on the islands. This can be
facilitated by increasing the levels of information sharing among island
managers through the utilization of Internet based information transfer
technology. Second, the economic effects of coastal island recreation need to
be determined. Finally, levels of public information and education need to be
increased acrossall managementcategories in orderto complement the natural
resource management strategies.

Eric Denny Graduate Student
University of Rhode Island
Department of Marine Affairs
Kingston, RI02881
Phone:(401)294-4167
eden7834@uriacc.uri.edu
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ABSTRACT

The role of reference wetlands in managing state and federal

wetlands.

James E. Perry
Virginia Institute of Marine Science

In order to meet the "no net loss" wetland philosophy adopted by the
Commonwealth of Virginia, state managers and regulators are relying on
creation and/or restoration to compensate for the losses. The created and/or
restoredsystems must replace, to the highest degree possible, the structure,
functions, and values of a natural system.

Therefore, managersand regulators arealso being asked to assurethe public that
the creation efforts are effective. To do so, most managers and regulators are
turning to monitoring ofenvironmental parametersof a created and/or restored
site with the intention of generating data from the constructedwetland for
comparisonwith a similarwetland site. Emphasis is currentlybeing placeon
developing "reference wetlands" that represent regional and local conditions.

The purpose of this work was to:

1) establish a regional suite of forested hardwood reference domain sites, both created
and natural, that represent a rangeofconditions found in eastern Virginia;

2) investigate, through field verification, the use of multi-spectralanalysis. GPS, and GIS
as a an integratedmanagementtool in monitoring wetland reference sites; and

3) develop a trainingcurriculum for the use of referencewetlands to help in the design
and monitoring ofcreated wetlands.

A chronosequence of twenty-seven bottomland hardwood (BLH) forested
wetlands (one to >20 yearsof age),and six BLH createdwetlands in
southeastern Virginia were evaluated for vegetation, soil, and hydrologic
variables. Canonical correlation analysis indicated that secondary succession
patterns within the naturalsites were controlledby the presence of coppice
sprouting, a natural process that relies on the presence of stumps with mature
roots, which are missing from BLH created system. Other vegetation parameters
such as sapling stem density and species diversity, as well as soil organic matter,
pH, and certain nutrient parameters were stable throughout maturation of the
natural systems, thus providing an index for comparison.
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ABSTRACT ONLY

The effectsofcommon reed (Phragmites austraus) invasion on
nutrient flux, sedimentation, and plant species diversity in a tidal

freshwater marsh.

M.L Campana,. and J.E. Perry III
Coastal Ecosystems and Remote Sensing Program,Virginia Instituteof Marine

Science

Nutrient flux, sedimentation rates, plantstructure and plantspecies diversity
within common reed (Phragmites auslralis [Cav.]Trin. ex Steud.) communities
and big cordgrass (Spartina cynosuroides [L.] Roth) communities were
compared to investigate the effect of common reed invasion on tidal freshwater
marsh processes at the CBNERRVA site Sweet Hall Marsh. Nutrient flux
(NH4+,N02-, N03-, P04-3) was measured during3 periodsduring the year
using a benthic chamber method. Annual sedimentation rates were measured
using depth of peak 137Csdeposition. Importance values and Shannon species
diversity were calculated using ground cover, stem density, and frequency
measurements.

Preliminaryresults suggest that there is a small change in sedimentation rates
and species diversity favoringcommon reed communities. Big cordgrass
communities show greater groundcover but similar subdominant species and
overall species richness to common reed communities. These results indicate
that common reed invasion may have limited impact on ecosystem processes in
Sweet Hall Marsh.

M. L. Campana Virginia Institute of Marine Science
College ofWilliam & Mary
P.O. Box 1346
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804 684/7674
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iNJECTrNG SCIENCE INTO ANECONOMIC VALUATION OFRESTORATION IN
the Peconic Estuary, NY

Heidi Schuttenberg and Deborah French

Abstract

Economic valuation of natural resources is animportant tool in coastal policy
for assessing damages tonatural resources and communicating costs and
benefitsassociated with environmental management. The economic, scientific,
and political framework in which this valuation takes place isexamined inboth
aconceptual and practical analysis. Current valuation techniques are reviewed.
A biologically based valuation of habitats inthe Peconic Estuary, NY is
presented.

Introduction

Economic valuation of natural resources is animportant tool in coastal policy. It
is useful for the assessment of damages to natural resources and forthe
communication of costs and benefits associated with environmental
management. Legislative mandates, which guide both Natural Resource
Damage Assessment (NRDA) and environmental policy intheUnited States,
include discussions and requirements for economic valuation of resources. A
weakness of economic valuation has been dissatisfaction with available
valuation techniques, especially for resources not effectively represented by
market prices. Ecological services are one such "commodity" which may be
inadequately valued bycurrent techniques. Typically, natural resources have
been economically valued byquantifying the public's perceptions of the services
they provide. However, public perceptions of economic values donot
necessarily reflect scientific understanding of these values (Goodman et al.f
1997). Only recently have economists and ecologists actively collaborated to
understand how theproductivity of coastal environments relates to their ultimate
value to people.

Efforts are being made tobetter incorporate biological realities into economic
valuations. Some of the mostpublicized efforts focus on assigning market
energy prices onto calculated ecosystem energy production (Odum and
Hombeck, 1997; Costanza and Farber, 1995 asdiscussed in Lipton et al. 1995).
While thismethod links ecology and economics, it is notwidely accepted that
wetlands and other energy sources share asimilarity of usefulness, implicit in
the direct translation of worth. A wetland has values beyond its ability to
produce energy. Other studies have estimated the marginal market values of
species dependent on wetlands inorder tovalue the wetland (Bell and Lynne,
1997).

Anapproach originally developed for NRDA was used toeconomically value
marginal biological changes inthe Peconic Estuary. The Peconic Estuary has
seen dramatic declines in fish and shellfish landings, declines in seagrass beds,
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and increases in brown tides. These indicators have launched concern that
restoration should beundertaken, but at what cost? How much public
expenditure should bespent onrestoring saltmarsh and eelgrass beds? The
biological model from theNatural Resource Damage Assessment Model for
Coastal and Marine Environments (NRDAM/CME) system isbeing used to
quantify the benefits of eelgrass versus open-bottom ecosystems and saltmarsh
versusunvegetated-shore ecosystems. Biological inputdata has been collected
through a search of scientific literature. Results are under review and will be
presented at the conference.

The Context of Economic Valuation of Natural Resources

The incorporation of economic valuation into U.S. legislation has validated the
discipline's usefulness and directed it's development. Natural resource
valuation is incorporated into U.S. legislation from two perspectives: valuation
of resources for damage assessment and valuation ofopportunity costs for
environmental management decisions. The Comprehensive Environmental
Response, Compensation and Liability Actof 1980(CERCLA) and The Oil
Pollution Act of 1990 (OPA) address the use of economic valuation to collect
damages from spills ofoil orhazardous substances. Lipton et al. (1995) explain,
"UnderCERCLA andOPA,in theeventof a spillof oilor otherhazardous
substances, the public must becompensated for natural resource injuries inorder
to make them as well offasthey would have been without the spill." This
legislation and accompanying regulations address types of values—market
related, non-market use values, and nonuse values—as well as methods for
measuring damages, including travel costs, hedonic valuation, and contingent
valuation. The National Environmental Policy Act (NEPA) and The Magnuson
Fishery Conservationand Management Act of 1976both address benefit-cost
analysis as a component of environmental management decisions. Benefit-cost
analysis is required under theregulatory impact review component ofThe
Magnuson Fishery plan. Benefit-cost isdiscussed but not required under NEPA
(Lipton, et al., 1995).

Economic valuation techniques have been developed to respond to thedemands
of this legislation. The techniques outlinedin NOAA's"EconomicValuationof
Natural Resources—A Handbook forCoastal Resource Policymakers" are
summarized in Table 1.

Theconcept of economic valuation ofnatural resources seems to intuitively
suggest that theecological value of theresources is included in theaccounting.
Yet, noneof the techniques inTable 1directly include anecological component.
Instead ecological valuesarederivedindirectly through considerations of
"Producer Surplus." There is not a direct linkage,within a structured
framework, between economic values and a scientific assessment of their
underlying ecological source. Theecological value is expected to be inferred
through the public's perception of its usefulness. Goodman et al. investigated
the similarity between public and scientific valuations of resources and found,
"public preferencesfor, and perceptionsof changes in coastal conservation
qualities are multi-dimensional, and not fully consistentwith scientific
assessment of these qualities." Clearly if the "natural" value of natural
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resources is to be adequately represented in economic valuations, a more
integrated link must be developed between science and economics. Innovative
efforts have been made with this goal in mind.

Table 1. Summary of common techniquesused to valuemarketand non-marketuse values
abbreviated from Economic Valuation of Natural Resources—A Handbook for Coastal Resource

Policymakers (Lipton et al.. 1995)
Valuation Technique 1 Description

Market-Related Values

Measuring ProducerSurplus without
Estimating Supply

Environmental welfare is inferred from changes in
producer surplus,which areassessedthroughcareful
measurementof opportunity costs using market price
and quantity data.

Measuring ProducerSurplus by
Estimating Supply

The producer supply curve is estimated through
econometric techniques and analyzed over time to
isolate the effect of environmental welfare.

EmpiricalTechniques for Measuring
Consumer Surplus

The consumer demand curve is estimated through
econometric techniques and analyzed over time to
isolate the effect ofenvironmental welfare.

Indirect Measurement ofNon-Market Values
Travel Cost Model Consumer demand is derived from a study of how

many trips aremade to a site and at what cost (time
and expense).

Random Utility Models Consumer demand is derived from a study of which
site (among a set of alternatives)recreationistschoose
to visit and at what cost (time and expense).

Hedonic Techniques Consumer demand is derived from comparison of
propertyvaluesto isolatethe effect ofenvironmental
welfare.

Direct Measurement ofNon-Market Values
Contingent Valuation Consumer demand is derived by directly surveying

individuals for the value or relative value of

environmental welfare.

Efforts at Integrating Science into Economic Valuations

As discussed above, most efforts at economically valuing natural resources, such
as wetlands are, are rooted in public perception of ecological values. Several
literature reviews are available of these types of studies. Interested readers are
directed to Odum and Hombeck (1997) and Bell and Lynn (1997). Here we will
briefly discuss two contrasting methods which attempt to integrate biology with
economics: energy-based valuation and the marginal productivity model.

Energy-based theory of valuation

With the energy-based theory of valuation, Odum (1997) suggests that
dollar/energy units, called EMERGY, and not economic dollars, is an
appropriate unit for comparisonof economicand ecological values. He
explains:

"Since money is not paid to nature for its work processes, its contribution is
not measure by payments of money. When environmental resources are
abundant, they contribute most to wealth and a high standardof living, but
this is when they are valued least by costs, prices, and market values. When
resources (such as fisheries) become scarce, their costs and prices go up, so
that as much of the real wealth of the economy is going into obtaining them as
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is yielded to the economy from nature. This is when the contribution to real
wealth is least but the economic values are highest Thus, market values and
real wealth measured by EMERGY are inverse. It is incorrect to use market
value to measure the contribution to wealth of environmental resources or the
impacts on environment.''

ENERGY is calculated by measuring the amountof kilocalories used to
generate the GNP anddividingto get anaverage dollar value perenergyunit.
The energy producedby anecosystem through primary production can then be
determined and multiplied by this conversion to achieve an EMERGY value
useful to naturalresourcemanagementdecisions.

Bell and Lynne (1997) criticized Odum's approach as being ecologically based
to the exclusion of human values. They argued that the human-assigned market
valueofa commodityis notnecessarily related to its energy composition. They
further criticizeEMERGY: "it appears to fail to recognize the systematic
relation between consumer demand and energy use in that a relative rise in
energy prices (not GNP) will shift consumerdemandto less energy-using goods
and services. Ignoring consumerdemandis tantamount to ignoringthe human
element in valuation."

Costanzaand Farber variedOdum's approach by again calculating an
ecosystem's Net Primary Production (NPP), but then translating the kilocalorie
value into equivalentenergy units in coaland using market prices forcoal to
estimate the worth of Louisiana wetland and marine habitats (Costanza and
Farber, 1995in Lipton et al., 1995). While this method links ecology and
economics, it is not widely acceptedthatwetlandsandotherenergy sources
share a similarity of usefulness, implicit in the direct translationof worth. A
wetland has values beyond its ability to produce energy.

An additional problemto the Odum approach is that it only considersquantity,
and not quality. A rarer resourcemay be of higherquality (ecologically) or may
be of more ecologicalvalue becauseof its rareness. Also, forexample, a stateof
eutrophication is consideredof lowerecological value, while quantity of
productionis high (at least forsome partsof the system, particularly for plant
production).

The Marginal Productivity Value

Bell and Lynne valued saltmarsh on the West Coast of Florida. To do this they
used an econometric model to estimate the marginal productivity of saltmarsh.
This method combined a biologicalassessmentof wetland-dependent fisheries
with an economic assessment of the marginal value of these species to the
fishery. This method assumes that a specific species will naturally increase in a
logistic manner to a maximum carrying capacity and will then decline. This
natural carrying capacity is then scaled to reflect changes in saltmarsh acreage
and changes in human fishing effort (both capital and labor). Economic
valuation of the stock (fish species) representing the value of the providing
natural resource (saltmarsh) is derived from the aspect of the market value
which measures fish (and therefore marsh) value. The resource value (marginal
value) is calculated by subtracting from the market value, the worth of the
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capital and laborinvested intofishing, sincethose resources couldbe directed
toward other activities if the fisherycrashed. By summing the marginal values
for all the fishery speciesdependent on saltmarsh, Bell and Lynnequantified the
value for the West Coast of Florida.

Bell and Lynne's integration of ecologyand economics is useful in its ability to
quantify ecosystem values fora largeareaandreport a net worth. It is less
useful as a tool to guide decision-makers through the small, incremental
changes, which are the building blocks of ecosystem change, and restoration in
particular (T. Grigalunas, pers. comm.). Furthermore, Belland Lynne's
approach requires substantial datathatwill not typically be available. In order
to address small incrementalchanges, a study is required that focuses on
marginalbiological valuesas opposed to marginal economic values.

Economic Valuation of Marginal Ecological Gains

This technique directly assesses theecological services provided by habitats.
Plantproduction (primary production) byecosystem is estimated. This plant
production is translated by the food andhabitat services it supports into
equivalent highertropic levelproduction (fishand shellfish). Economic values
for fish, shellfish, hunting and wildlife viewingare then assigned taking into
consideration the lag time between restoration and full ecosystemfunction,as
well as the discounting values for future benefits.

Previous Model Development for Natural Resource Damage Assessment

The methodology of this valuation technique is transferred from a modelcalled
the Natural Resource Damage AssessmentModel for Coastal and Marine
Environments (NRDAM/CME). AppliedScienceAssociates, in collaboration
with several economists, developed NRDAM/CME under contract to the U.S.
Department of the Interior for useinCERCLA regulations (Grigalunas et al.,
1988;French et al., 1996). The model's valuationapproach reflects the goals of
itsmotivating legislation, which includes specific reference to the valuation of
ecological services, by quantifying restoration costsand interim losses to
society. The validityof this type of biologically based valuationis demonstrated
by its inclusion in CERCLA regulations anditsability to withstand challenge in
court

EcologicalValues of Peconic Estuary Habitats

The Peconic Estuary System (PES) includes the waters between the two forks
extending eastward from the east end of Long Island. In recent years,
considerable research has been undertaken, to determine the ecological status of
the PES and the potential benefitsof restorationefforts.

Saltmarsh, eelgrassbeds, and intertidal mudflatsare recognized as highly
productive and valuable habitats in temperate estuarinesystems. Saltmarshand
eelgrassbeds provide food and habitat for at least part of the life cycle of many
fish and invertebrate species for which there are recognized human values (i.e.,
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commercial and recreational fishing). Many birds and other wildlife are
dependenton these habitats for food andotherecological services.

Because of these important services, there is considerable concern over the
decline in areal extent and productivityof these habitats. Decline in water
quality and other factors have jeopardized these habitats in PES. Thus,
restoration projects might include creation of additional habitat (to replace losses
over recent years)or other projects to improve theirextent and functionality.

Our study was an evaluationof the presentecological and resulting human use
values for these PES habitats. The derivedvalues may be included in cost-
benefit analysesconsideringpossiblerestoration projects for the estuary. The
values evaluatedareonly those derived from biological gains of restoration
efforts which result in direct human uses (i.e., fishing and viewing). Other
services these habitats providearebeing considered by associated research (T.
Grigalunas, pers. comm.).

Two types of biological gains are considered: (1) the increase in food produced
by the habitat,which is utilized by higher trophic levels (such as fish and
shellfish)in the PES;and(2) the increase in production of highertrophiclevels
broughtaboutby the increased availability of habitat. Thus, two types of
biological limitation areconsidered: foodandhabitat availability.

The entire food web benefits from increasesin primary productionresulting
from created saltmarshor eelgrassbeds. Similarly, the net gain in lower trophic
level animal production is passedup the food web.

To estimate the amount of food producedby a habitat,primaryand benthic
macrofaunal (amphipods, worms, etc. in and on the sediments) productionrates
were estimated from the literature. The fraction of the additionalproduction,
gainedby restoration of the habitat, which is passedup the food web is then
estimated. This additional production is translated into fish or shellfish
production,and valued using fishery values (for PES landings). This result
assumes that the marginal changes from restoration have no effects on
fishermens' effort This assumption is reasonable for the scale of changes being
considered.

Lower trophic level productionis translated into equivalent upper trophic level
production, as follows. Plant biomass passes primarily through the detrital food
web via detritivores consuming the plant materialand attached microbial
communities. Ecological efficiency to detritivores is assumed 4% (based on a
literature review in Frenchet al., 1996). The next trophic level production is
calculated using an estimate of the ecological efficiency for trophic transfer
from the prey to the predator. Values for production of predator per unit
production of prey are taken from the ecological literature, as reviewed by
French et al. (1996). For fish or invertebrates preying on fish or invertebrates,
20% is a well-accepted generalnumber. Forbirds and mammals (which are
warm-blooded and so less efficient), the efficiency for fish or invertebrate prey
is 2%.
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Increases in habitat value arebasedon (1) the expected yield of fish or shellfish
dependent on thehabitat, and (2) the abundance of wildlife which utilize the
habitat. Fish and shellfish arevalued using fishery values, as priceat the dock.
Wildlife values include those for hunting and viewing uses determined by
contingent valuation studies of marginal use values (see French et al., 1996).

All gains are measured in present-day values, expressed asbiomass or 1994
dollars. Discounting at 3% per yearis included forbenefits gained in future
years. The rate of 3% is consistent with recent economic literature for the social
rate of time preference for long-term growth andwith the OPA NRDA
regulations (NOAA, January 1996, 15 CFR Part 990,439-510).

Created habitats, as part of restoration projects, will notbe fully functional
ecologically for some years after the project initiation. It is assumedthat the
habitat increases in functionality from 0% to approaching 100% according to a
sigmoid curve(using the"logistic" equation commonlyused in population
ecology, whereby a population approaches a carrying capacity asymptote).

Results show that the marginal value of saltmarsh restoration is primarilyvia
food production, whereas eelgrass bedsprovide morehabitat than food value.
Both these habitatsprovide many times more ecological services than open
bottom habitat.

Conclusion

Economic valuation of natural resources is being used for NRDA and
environmental management decisions. It is included in major U.S. legislation,
which guides these activities. With this inclusion, economic valuation hasbeen
validated as a legitimate tool in coastal environmental management. Yet this
tool is being used withoutanadequate incorporation of the ecological values
which areassignedeconomic quantification. Economic tools largely incorporate
ecological values indirectly. There is a need to directly integrate these values
within a structured framework, which scales economic values consistently with
an ecological assessment.

Our study provides abiological assessment by which economic values can be
scaled to reflect ecological realities. It also incorporates human preferences and
values through the use of market and non-market use values. Using ecological
production to derive estimates of resource value allows for comparative analyses
within and between habitats. At this level, small changes can be considered. At
the scale of small changes, net or marginal values need not be separated out
from resource values, as was done by Bell and Lynne. This is because the
changes in fishing effort wouldbe negligible aftersmall changes brought about
by habitat restoration efforts.

Ourstudy provides a framework for further analysis. The estimate of benefits
canbe expanded to give a richer array of the many valuesthatecological
resources directly provide to the public. Other biological servicescould be
addressed. Human values, such as amenity and non-use, can be used to give a
more complete picture from a management perspective. Dr.Grigalunas and co-
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workers are performingeconomic value analyses for the Peconic estuary
habitats.
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Abstract

Small Mammal Habitat use ofTwo Natural and Two Created

Wetlands in Southeastern Virginia: Management Implications.

Muller, A.M. J.E. Perry and C.H. Hershner.

In an age of heightened environmental awareness and concern, society, and
therefore government, is beginning to show an interest in the protection of
natural systems. One system whose values have recently come to the forefront
is the non-tidal forested wetlands. Even though forested wetlands provide
indispensable functions they are still being converted or destroyed at an
alarmingrate. Increasedprotection for non-tidal wetlands has resulted from the
"no net loss" philosophy and Section 404 of the Clean Water Act, which require
compensation for necessary wetland destruction. Wetlands are being
constructed to provide this compensation. The goal of this study was to
establish a method for assessing the success of two created wetland systems
using small mammal abundance and diversity as indicators. A mark-recapture
study was conducted from June 1995to May 1996; small mammal species were
trapped using Fitch live trapsand were markedusing fingerling ear tags.

ProgramCAPTURE was used to estimate small mammal abundance, the
Shannon diversity index was used to calculate species diversity, and the two-
way ANOVA, the Friedman two-way analysis of variance by ranks, and the
Ellenberg similarity index were used to determine significant differences
between the created and natural sites. Habitat suitability models were created
and compared to the observations made for each site. Water depth, vegetation
percentcover, and vegetation species information was collected for each trap
location on all of the sites. The results of this project show that the created sites
are moderately successful at providing habitat for small mammal use.

This projectalso suggests that the success of the wetlands as habitat for small
mammal species was determined not by the created or natural statusof the
wetland but by the level of habitat diversity present at the sites. Each small
mammal species has specific habitat requirements; the greater the habitat
diversity on a site, the greaterthe species diversity on that site. Hydrology and
site elevations appearto play crucial roles in determining the ability of a given
species to survive at a given site. In orderto obtain a true assessment of a
wetland system it is important to look at several or all of the parameters
involved in the community structure.
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College of William & Mary
P.O. Box 1346

Gloucester Point, VA 23062
804/684-7388

Fax: 804/684-7179

jperry@vims.edu

141



Minding the Coast: Its Everybody's Business
Proceedings ofthe 16* International Conference of
The Coastal Society, Williamsburg, VA USA

ABSTRACT

Water Quality Functions of Riparian Vegetative Buffer Systems in
Coastal Watersheds: Nonpoint Source Nutrient Reduction

William G. Reay
Chesapeake Bay National Estuarine Research Reserve in Virginia

Virginia Institute of Marine Science

Riparian vegetative buffer systems are important regulatorsof energy and
material transfer from terrestrial to aquatic ecosystems. The degree of
regulation is dependent upon several interacting factors which include:
watershed hydrogeomorphic characteristics, buffer dimensions and position
within the landscape, riparian vegetation and soil characteristics, and climate.
In terms of water quality functions, riparianvegetative buffer systems have been
shown to influence hydrologic interactions between terrestrial and aquatic
environments, control a streams physical environment (temperature and light),
provide carbon sources and debris to maintain biological diversity, stabilize
creekbanks and reduce instream erosion, and reduce delivery of dissolved and
sediment-borne pollutants.

Due to their influences on the physical and chemical environment of adjacent
surface water resources, the management of riparian vegetation buffer systems
to control nonpoint source pollution, in particularnitrogen and phosphorus, has
received increased attention. Water is the dominant transport medium for
nonpoint source pollutants, and therefore pollutant delivery loads to a stream are
a function of contaminant concentrations and water flow rates. Retention or

removal of nutrients within a riparian vegetative buffer system can occur
through plant uptake, biologicaland chemical immobilization within the soil
matrix, retention of incoming sediments, and the microbial mediated process of
denitrification. In addition to effects on incoming contaminant concentrations,
riparian vegetation buffer systems can also have an important influence on water
movement. Catchment hydrology can be significantly influenced both in terms
of water yield (surface and subsurface sources)and flow dynamics. In order to
properly utilize and manage riparian vegetation buffer systems, both hydrologic
and pollution retention/reduction processesmust be understood and addressed in
the development of nonpoint source pollutioncontrol strategies.

William Reay Virginia Institute of Marine Science
Chesapeake Bay National Estuarine Research

Reserve in Virginia
P.O. Box 1346

Greate Road

Gloucester Point, Virginia 23062
Phone:(804)684-7119
Fax:(804)684-7120
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Abstract Only

Applications of GLOBE data for Coastal Research

R Boger, C Michalopoulos and S D Butler
The GLOBE Program

Global Learning and Observations to Benefit the Environment (GLOBE) is an
international environmental science and education program aimed at K-12
students. Students from schools Throughout the world conduct measurements of
their local environment in four main research areas: Atmosphere/Climate,
Hydrology, Soil, and Land Cover/Biology. Each area is led by one or more
principal investigators who utilize the data in their research. The data are made
publicly available through GLOBE's Web Site.

There are several steps for quality assurance and quality control of the GLOBE
data. All measurements are conducted following specified scientific protocols
and utilizing instruments that meet predetermined specifications. All teachers
are trained in these protocols. At present, over 4000 schools from over 60
countries have joined the program. These numbers are growing steadily as more
teachers are trained in GLOBE measurement protocols. Many schools are
located in coastal areas. Since students around the world are collecting data
using the same methods and equipment, the data can be integrated. This is
resulting in a global data base with potentially high spatial and temporal
resolution. High spatial resolution is most easily achieved in areas with high
population density and this is particularly true in coastal areas.

High-resolution, in-situ environmental measurements are needed in many areas
of scientific research to better understand environmental processes and how
these processes may be changing, either naturally or because ofhuman impact.
Examples of the application ofGLOBEs data to environmental research in
coastal areas is presented.

Rebecca Boger The GLOBE Program
744 Jackson Place,
Washington, DC 20503
202/395-7600

rboger@globe.gov
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The Kachemak Bay Ecological Characterization: An Interactive

Coastal Management and Research Tool

Bridget Callahan and Glenn Seaman

Abstract

Kachemak Bay is long, relatively shallow fjord in Southcentral Alaska that
boasts diverse and scenic habitats, multiple recreation opportunities, and healthy
fish and wildlife populations. Recognizing its naturalresource values, the state
legislature designated much of the Bay as State Critical Habitat Area, and
adjacent uplands as a State Park and Wilderness Area. The protected area will
soon receive national recognition as well when it becomes part of the National
Estuarine Research Reserve System.

Kachemak Bay is one of the most intensively used estuaries in Southcentral
Alaska and as such is at risk from human impacts. Natural and anthropogenic
changes in the ecosystem pose significantchallenges for researchers and
managers, and the many usersthat enjoy and depend on the area for their
economic livelihood. Also hindering management is the dispersed nature of
existing information on the bay. Synthesizing this information would increase
understanding of critical management issues and help identify gaps in
knowledge. The Alaska Department of Fish and Game and NOAA's Coastal
Services Center will create such a synthesis. The product will be an integrated
ecosystem database and GIS (geographic information system) called the
Kachemak Bay Ecological Characterization.

The EcologicalCharacterization project will gather, synthesize, analyze, and
distributeecosystem information about KachemakBay. It will be published on
compact computer disc (CD-ROM), in an interactive format suitable for both
novice and technically sophisticated audiences. The CD-ROM will include
detailed descriptions of the ecosystem and current resource issues, an annotated
bibliography,research summaries, andGIS dataabout the region. The
Characterization will help: a) local usersof the bay, to understand and visualize
trends in the natural resources upon which theirlivelihoods andqualityof life
depend, b) coastal resource managers, to increase their knowledge base for
sound decision-making, and c) researchers, to access information and direct
research efforts.

Introduction to Ecological Characterizations

An ecological characterization is a tool to understand, portray, andcommunicate
information about all elements of the ecosystem. This new tool is not well
defined. For purposes of this paper, the term ecological characterization refers
to a synthesis about the physical, biological, and human ecosystem elements
produced in adigital interactive format. This tool is tailored to meetresearch,
management, and educational needs.
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This paper describes ongoing efforts to create the Kachemak Bay Ecological
Characterization (hereafter referred to as the "Characterization), which will
gather, synthesize, and analyze biological, physical, and human use information
about Kachemak Bay, Alaska. The Characterization will summarize site-
specific information and data for use by managers, researchers, educators, and
the general public. The results will be published on compact disc (CD) and the
Internet by the end of 1999.

The Kachemak Bay Watershed

Kachemak Bay is approximately 39 miles long and 24 miles across at the
mouth. Its habitats include extensive tidal flats, coastal forests, tundra, alpine
lakes, bogs, and meadows, and both clear and glacial rivers. Views range from
rugged glaciated mountains and eroding sandstone cliffs to snow-capped
volcanoes opposite one of the world's longest natural sand spits. Scenery and
recreational opportunities attract over 100,000 tourists annually, and the area is
often considered the "playground" of Southcentral Alaska (ADF&G and NOAA
1998, Alaska Department of Natural Resources 1995). Growing summer
tourism and residential populations have made Kachemak Bay one of the most
intensively used ecosystems in Alaska. The region's economy is closely tied to
its fishing, scenery, and other natural resources.

Maintaining the bay's pristine qualities has long been a goal of resource
management efforts. For example, because of its "extraordinary abundance and
diversity of marine life," Kachemak Bay has been closed to oil and gas
exploration since 1976 (AS 38.05.184). It has also received special recognition
through: 1) legislative establishment of state Critical Habitat Areas, the Kenai
National Wildlife Refuge, and Kachemak Bay State Park; 2) dedication as a
Western Hemisphere Shorebird Reserve Network Site; and 3) World Bank
classification as one of the world's 150 Marine Protected Areas meriting
additional protection. The bay is currently in the designation process to become
part of the National Estuarine Research Reserve System (Alaska Department of
Fish and Game 1997). Designation of the Kachemak Bay National Estuarine
Research Reserve (KBNERR) is expected by October 1998.

Project Purpose

Diverse and increasing human uses of Kachemak Bay generate conflicts,
challenging coastal resource managers. For guidance, managers currently seek
widely disparate types of information on the bay. While numerous agency and
university researchers have collected data, no one has synthesized these studies
to increase understanding of critical management issues and identify gaps in
current knowledge. The Alaska Department of Fish and Game (ADF&G) began
the Ecological Characterization project to address this problem with the help of
NOAA's Coastal Services Center. The project's goals are: to document the
baseline physical, biological, and human conditions in the ecosystem; to analyze
and identify trends in these components; and to provide this information to
resource managers and researchers. Additional goals include promoting and
assisting research and educational efforts in the bay.
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Approach

Characterizations have beenemployed since the 1970's to describeecosystems,
and recent prototypes have demonstrated valuableecosystemmanagement
applications (SCDNR, CSC, NGDC 1996). An interdisciplinary panelon
ecological characterizations recommended that future projects usea digital
format to allow easier user interaction, updates,and distribution. Furthermore,
theirdevelopment processshouldinvolvethe usercommunity, and begin with
an assessment of user's needs (Kineman and Parks 1996).

We assessed user needs by interviewingover forty managers, researchers, and
educators who work in the watershed. Our goals were to determine who would
use the Characterization, their needs for basic information and for information
management, and how to satisfy those needs. The interviewparticipants
represented over twenty local, state, federal, and private organizations that focus
on: research and monitoring; fish, wildlife, and public land management;
contingency planning for oil spills; environmentaleducation; conservation; land
use planning; and using GIS as a tool for all of the above. We asked them about
the value of specific tools such as GIS, searchablebibliographies,and any
synthesis of information about the ecosystem. We requested details concerning
GIS (e.g., their needs, uses, and capabilities) becausewe envisioned developing
this tool for the bay's watershed. Participantsalso explained their interests in
applying GIS to analyze managementproblems and evaluate options, as well as
research and monitoring applications.

We reviewed digital products that incorporate comparable tools to present
information. Informational CD's about Otter Island, South Carolina (SCDNR,
CSC, NGDC 1996), the Exxon Valdez Oil Spill Area (ADNR 1997), and
Glacier Bay, Alaska (USGS BRD, Interrain Pacific, NBII 1997) illustrate the
formats, tools, organization, and GIS applications that we could use in our
Characterization.

We established an advisory framework to further guide the project, involve the
community, and draw upon local knowledge of the bay. This framework
includes user representatives, such as researchers, GIS technicians, biologists,
economists, planners, librarians, fishermen, park rangers, and educators.
Throughout the project, they will review drafts, provide details, and test the
CD's tools and user interface.

Ongoing Project Development

Our accomplishments to date include 1) identifying critical resource
management issues and 2) assessing the information and information
management needs of the audience. This needs assessment guided the project's
design.

Critical Resource Management Issues

One of our first tasks was to identify resource management issues affecting the
Kachemak Bay ecosystem, and the information needed for managers to address
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these issues. We reviewedthe published and gray literature on the region, the
KBNERR scoping meetings, and interviews to identify six primary and
interrelated issue topics shown on Table 1. The Characterizationwill present
the state of knowledge about each issue in an objective, informative manner
suitable for resource managers and area residents. The discussions will also
show how intimatelyeach issue and ecosystemcomponent is linked to the next.

Table 1. Primary natural resource issues in Kachemak Bay.
Ecosystem
Component

Primary Issues of Concern

Forests The health of the forests is declining because of a spruce bark beetle infestation,
bringingaccelerated timberharvesting, catastrophic fire risks,habitatchanges,
and water quality impacts.

Fisheries Over the past 10 to 15years,populationsof commercially importantcrab and
shrimp have declined severely, because of a combination of human and natural
factors. These and other significantchanges in Kachemak Bay and the northern
Gulfof Alaska havebeenobserved overthepastseveral decades, yet theyare
poorly understood.

Hydrology and
Water Quality

Uplandforestchangesand increased developmentin the bay arc altering the
hydrologyof the estuaryand affectingwaterquality. Oceanographicpatterns
and contaminants fromthe Gulfof Alaska and Cook Inlet also affect the bay in
unknown ways.

Climate Climatevariability and change in such formsas El Nino events, increasing
greenhouse gases, and ocean regime shifts have important but poorly understood
impacts on the water, forest, and fishery resources.

Human

Resource Uses
Increasedcompetitionbetweenmultipleresourceuser groups is straining the
ecosystem's resourcesand willaffect the socioeconomic system. Marine
transportation needsand the threatof hazardousspills raise concerns about the
bay's sensitive habitats and the compatibility of competing resource uses.

Habitat

Changes
Natural processes andanthropogenic factors aredriving rapidhabitat changes in
the uplandsand estuaries. The resultingloss of sensitivehabitats threatens the
rich fish and wildlife resources that support local communities.

Audience's Information and Information Management Needs

The interviewees confirmedwhat the participants in the KBNERRS designation
process had expressed: to better understand and address the issues above,
managers and researchers need new information and greater access to that which
already exists. Theirgreatest needis for site-specific dataon heavilyusedareas
of Kachemak Bay, such as baseline environmental conditions and detailed
resource use maps. These areas have undergone observable but undocumented
changes in recentyears. Such information would allow managersto incorporate
local use patterns in the planning and managementprocesses.

Most of the participants stated that detailed informationon Kachemak Bay was
difficult to access. At the present, the managers and researchers seek
information from a wide array of sources, leading to time-consuming phone
calls, and fruitless searches for site-specificdetails. Data and qualitative
informationare separately archived in managementagencies throughout the
state. The daunting task of searching for information and the lack of access
drives repeated requests for a centralized information source. A knowledge
base that identifies what is known and not known about the bay's ecosystem
could guide management recommendations and direct new research efforts. In
addition,a synthesis of relevant research activities would help biologists to
support their observations with readily accessible data and information.
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The individual tools proposed for the Characterization include a GIS, annotated
and searchable bibliography, interactive ecosystem description, and research
summaries. According to the interview participants, all these elements have
practical value for their current or future activities. The GIS, however, requires
more initial effort from the users to learn it. Approximately half of the
participants currently use GIS; half also responded that they have plans to
expand their GIS use and technical capabilities in the future. In so doing, the
primary barriers they face are a lack of funding and an insufficient
demonstration of the applications and benefits of GIS to justify the expense of
purchasing software, hardware, and training staff members.

The respondents stated that improved access to GIS data on Kachemak Bay
would improve their current management and research activities in many ways,
despite limited plans to develop their in-house capabilities. They
enthusiastically described applications for managing fisheries, planning land
use, analyzing habitat changes, measuring cumulative impacts of development
and logging, making permit decisions, monitoring water quality, and modeling
the effects of an oil tanker accident in Kachemak Bay. To develop these
applications, however, they would need training and data on habitat use and
type, land use, and other characteristics.

To determine which Characterization format would be most accessible to the

management and research community, we asked the respondents to comment on
the utility of other informational CDs that they have used. Those with such
experience had several suggestions for improvement. They recommended
providing training, technical support, and interpretationfor the user community.
They also wanted periodic CD updates and Internet access to current
information.

Regionally Tailored Project Design

Three linked componentswill meet the information needs identified in the
KBNERR scopingprocess and assessment: 1)a detailed ecosystemdescription,
2) an annotated, searchable, bibliography and research summaries, and 3) a GIS
database with demonstrations. These components will work together to present
and analyze information through HTML links and navigational aids. To ensure
their use, the Characterization team will provide opportunities for involvement
and training of the user community throughoutthe two-year project. These
cooperative efforts will produce an interactive coastal management and research
tool that managers, researchers, educators, and the general public can use.

The ecosystem description will include detailed information about the
KachemakBay watershedand discuss the primaryresource issues in Table 1. It
will synthesize informationabout the physicalprocesses,biological systems,
and human uses of the bay, referringthe user to research on these topics. For
example, the salmon section will contain descriptionsof each species' life
history, habitat requirements, commercial and recreational fishing importance,
ecosystem processes that affect their abundance,a summaryof research efforts,
and bibliographic references. Each section will have HTML links to related
spatial data in the GIS such as harvestareas, spawningconcentrations, and
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required habitats. It will also have links to photographs, maps, and data sets as
appropriate.

The GIS database and demonstration component will contain digitized spatial
data and associated metadata (i.e., a description of the data type, source, scale,
etc.). GIS layers of habitat, natural resources, physical processes, human use,
roads, land use, and management status will allow managers and researchers to
better analyze problems using an ecosystem perspective. Several
demonstrations will show how GIS can be used to investigate questions specific
to Kachemak Bay. For example, it will contain GIS analysis of land use
planning and fisheries management issues in the watershed. The
Characterization database will improve access to and use of spatial data, and
increase decision-making and research capabilities. The educational aspect of
visualizing the data and trends will also help involve the community in natural
resource decisions.

The annotated bibliography on the Kachemak Bay ecosystem will increase
access to existing studies. While a bibliography for Cook Inlet currently exists
(Dames and Moore 1996), the Kachemak Bay entries will be expanded to
include current research efforts and a broader range of topics. The bibliography
will cover journal articles, gray literature, and major public documents on the
watershed. All of the documents will be searchable by subject, key words,
author, and title. At the same time, the research synthesis component will
summarize past and current research, thus facilitating better coordination among
organizations working in the Bay, and assisting all in accessing the latest
research. Links from our web page will channel research updates to the
Characterization database as the project develops.

Outlook

The goal of the KachemakBay EcologicalCharacterizationis to gather,
synthesize, analyze, and distribute information on the Kachemak Bay ecosystem
and publish it as an interactive management and research tool. The primary
audience includes resource managers and planners, researchers, and others
charged with guiding land and water use activities. The target audience drives
this project; and their needs will continue to define its focus and direction. The
potential uses of the Characterization, however, extend beyond to educators and
the general public. Applications could assist in making regulatory, resource
allocation, and management decisions, gaining a broader understanding of the
ecosystem, researching and accessing background information on the bay,
developing research proposals, and using the GIS for all of the above.
Educators can use the detailed ecosystem information and resource issues as
references in their efforts to educate the public. In the future, the Kachemak
Bay National Estuarine Research Reserve staff will use the tool for research,
monitoring, and educational programs.
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