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FOREST CHANGES IN THE GRAY’S RIVER WATERSHED,
1942-1996

Mark G. Scott, Portland State University

The fact that [the Willapa Hills in southwest Washington] once supported one of
the greatest forests on earth is beside the point since that forest isn’t there
anymore – it’s gone to sunken ships, secondhand furniture, derelict buildings,
and yellowed newsprint. These are devastated hills, doing their best to recover,
to grow green things in time for the next devastation.  A ravaged land, awaiting
the next ravages. (Robert Michael Pyle, 1988. Wintergreen : Listening to the
Land's Heart. Houghtn Mifflin, Boston Mass).

Introduction

Located along the coast of southwest Washington, the nearly 80,000 acres
Gray’s River watershed has undergone a transformation from solid old growth
timberland to simplified and fragmented forest remnants in the last century.
With the technology of the 21st Century, it is possible to keep track of changes to
the modern landscape as it occurs with the use of remote sensed data.  This
project uses geographic information systems (GIS) tools to evaluate the modern
forest landscape by taking a look back at forest landscapes past with the purpose
of finding the significant events that have shaped the forest landscape of today.

The biotic complexity contained within Gray’s River watershed coastal
temperate rain forest has been dramatically altered. As a result of the forest
practices used in timber harvesting, the Gray’s River watershed looks and
functions significantly different from what it once did. Ancient forest tree
species (hemlock, sitka spruce and cedar) that once towered up to 300’ and up to
15 feet in diameter have nearly all been removed and replaced with managed
industrial forest.

It is not hard to understand why ancient forests have been cut.  These forests
were among the world’s finest source of timber.  Forest managers market the
biggest, most valuable species when the markets are good.  Gray’s River forests
have been cut and sold on the world market since 1962.  Because the growth and
development of a viable timber industry is dependent on steady supply of natural
resources, in 1996 only 1,476 acres of the original 76,000-acre forest remain in
the Gray’s River watershed.

Timber companies are now actively engaged in harvesting the last 1,476 acres of
remnants for a few years of additional profit that only a few ever benefit from.
By treating 500 – 1000 year old forests as if they were renewable resources, the
Gray’s River watershed is about to lose a resource.  Forests are renewable, but
once they have been cut down and re-generated several times, the diversity the
forest once had is lost.
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Seeking a pattern

The modern forest landscape has evolved as a result of the practices used on it.
The methods and technology of timber harvesting have dramatically influenced
change to the diversity, form, and function of the forest landscape.  Forest
harvest patterns on the Gray’s River landscape have evolved from logging
methods and technology applied to the forest landscape since the earliest days of
settlement.

Table 1.  Chronology of events and logging technology in the Gray’s River
Watershed.

1800 76,000 acres of old-growth in the Gray’s River Watershed
1850-1930 Early logging utilized lowland streams to provide log

transportation to many local mills.
1860-1930 Timber workers lived in upland logging camps and hand tools

to work the big timber to local mills.
1870-1930 Splash dams used on over 90% of the Gray’s River (type 1)

water.
1940-1970
1940-1970

Diesel logging trucks and bulldozers.
Over 600 miles of upland forest roads constructed.

1942 54,802 acres of old growth remain in the Gray’s River
Watershed.

1953 43,000 acres of old-growth remain in the Gray’s River
Watershed

1962 Columbus day storm, Timber export market opens to Gray’s
River forest products.

1964 29,000 acres of old-growth remains in the Gray’s River
Watershed.

1976 13,330 acres of old growth remain in the Gray’s River
Watershed.

1976-present Washington State Forest Practice Rules, established riparian
buffers.

1983 5,000 acres of old growth remain in the Gray’s River
Watershed.

1990 2,500 acres of old growth remain in the Gray’s River
Watershed.

1992 Jan 15th storm record Gray’s River flood.
1995 Arbor Day record Gray’s River flood.
1996-1999 Flooding in Gray’s River lowlands increases.
1996-present Less than 1,500 acres of old growth remain in the Gray’s

River Watershed headwater areas.
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Methods

The spatial data created from this project is intended to reveal changes in spatial
relationships between timber classes within the Gray’s River watershed between
1942 and 1996.  This kind of data captures and preserves for comparison in a
timeframe various classifications of a forest landscape.  There are many
potential changes to the forest landscape over time.  The temporal component
consists of a sequence of time slices of the forest landscape based on a series of
50 possible land classifications.  This survey categorizes forests into a set of
stand types and landuse.  The interpretations are delineated on airphotos and
digitized into a GIS.  Once the air-photo information is placed in a GIS, new
data representing the spatial relationships between landuse and timber types over
time can be generated.  Forest changes are measured incrementally between
1942 and 1996.

Data Sources

1:12,000 Washington Department of Natural Resources, 1997
Orthophoto Quadrangle
1:24,000 Soil Conservation Service, U.S. Department of Agriculture, 1978
Controlled Mosaic
1:12,000 Gray’s River Watershed Air-photos, 1964-1990
Low elevation stereo pairs
1:24,000 War Department, Corps of Engineers, U.S.ARMY.1942
Restricted (controlled mosaic) photomap.

Results

The spatial relationships between stand types within the Gray’s River watershed
have significantly changed between 1942 and 1996.  Results obtained from the
final data layer clearly indicate several trends.  The 54,802 acres of ancient old-
growth forest that once existed in 1942 (Figure 1) has been reduced to 1,476
acres by 1996.  In addition this old growth within the Gray’s River watershed
has been fragmented with the biggest single piece in 1996 only 200 acres in size.
Second growth (Figure 2) has dramatically increased from 10,600 acres in 1942
to 63,720 acres by 1996.  Third growth (Figure 3), Gray’s River watershed
timber for the 21st century didn’t exist in 1942.  Third growth will replace a
majority of the second growth, continuing the cycle of forest re-generation.
Clear-cutting (Figure 4), once maintained a consistent pace into the early
1990’s, but peaked in the late 70’s early 80’s and is now on the decline.
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Figure 1: The decline of Gray’s River watershed acres of old-growth forests,
1942-1996.

Figure 2: Increase of second growth acreage in the Gray’s River, 1942-1996.

Figure 3: Third growth in Gray’s River, 1942-1996

Figure 4: Clearcutting acres in Gray’s River, 1942-1996.
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Mapping the Changes

The graphical time sequence model of Gray’s River watershed provided in this
report is an important component to more fully understanding changes to the
landscape, a sequence that illustrates habitat destruction, forest fragmentation
and biological simplification.  The map series starts below in 1942, with what
appears to be a few basic types of landcover.  The (darker) old growth was at the
time the largest type of landcover extending from fringes of the valley floor to
the watershed headwaters.  The (lighter) shading indicates clear-cut and young
reproduction tree stands.  The lowlands of Gray’s River including the flood
plane and riparian areas have consistently used as farmland between 1942 and
1996.

1942
Timber harvesting in the Gray’s River watershed began with selective logging
practices in the late 1800’s.  The harvest was selective because of the difficulty
transporting large logs without a developed overland transportation network.
The approach to making logging economical in the early days was to select out
only the best quality timber that would bring the highest price in the timber
market.  The distribution of tree removal reflects this kind of market strategy.
Trees were generally removed in small irregularly shaped patches that
encompass the highest value trees and ideally those adjacent to flowing water.
In many cases these patches opened up into corridors connecting other patches
to form a network of irregular openings.

1942-1953
With the advent of the bulldozer and towers in the late 40’s early 50’s, logging
practices changed dramatically from selective cutting to clear cutting.  Selective
cutting was no longer necsessery because all of the trees could be easily

0

10000

20000

30000

40000

50000

60000

Oldgrowth Secondgrowth Thirdgrowth Clearcut

1942 Stand Types

0

10000

20000

30000

40000

50000

Oldgrowth Secondgrowth Thirdgrowth Clearcut

1953 Stand Types



163

removed with overhead cables suspended from towers on “knob” hills.
Bulldozer (caterpillars) and skidders were also introduced to the Gray’s River.
The natural rough texture and curvilinear shapes of the native forest begin to
disappear in the 50’s.

1953-1964
The economics of timber harvesting drove massive operations to extract high
value old-growth timber from upland road-less areas during this time period.
Roads were expanded providing access to increasingly steeper upland areas in
the northeast of the watershed.  The shape of clearcuts quickly changed the look
of the forest landscape by introducing geometric shapes that tend to parallel the
public land survey forming checkerboard squares of timber based entirely on
timberland ownership.

1964-1976
Between 1964 and 1976, over 15,000 acres of Gray’s River old-growth forest
was clear-cut.  The 70’s was the last decade of the free-for-all style cutting of
high value old-growth timber.  By 1976 only 13,330 acres of old growth
remained in the entire watershed.  An increase in logging efficiency had several
effects on the local economy.  The distribution of log processing mills changed,
many small mills closed as the milling industry shifted to larger mills in more
regionally centralized locations.  Longview Washington boasts to have the
biggest log processing mill complexes in the world.
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1976-1983
Modern forestry in the Gray’s River watershed is focused on producing the
highest valued timber products in the shortest amount of time. Thus, forest
geometry and composition have changed.  Over 600 miles of forest roads have
been constructed in the Gray’s River by 1983.  The roads provide immediate
access to timber with a variety of logging equipment. These 40-70 foot wide
treeless paths can sometimes use as much as 10% of the productive forest area.

1983-1990
The price of forest products on the market has always been the driving force
behind making logging a highly profitable industry.  However, logging has been
not so "profitable" for threatened species of plants found in the Gray’s River:
Frigid Shooting Star - dodecatheon austrofrigidum (threatened), Loose Flower
Blue Grass - poalaxiflora (threatened), Pink Fawn Lilly - erythronium revolutum
(monitored), Queen of the forest - filipendula occidentlis (threatened).
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1990-1996
By 1996 only a little over 1,476 acres of high value old growth timber remained
within the Gray’s River watershed.  A majority of the timber remaining is under
25 years old.

Conclusion

In just over a 50 year time period 2/3 of the Gray’s River (500-1000 year old)
forest has been logged.   Second and third generation forests have already grown
back to take its place.  Not every area can rebound so readily and with so much
vigorous growth.  The Gray’s River watershed will be ready to face the next
challenges.  Right now more than 63,000 acres of second growth is ripening for
harvest in the watershed.  Even though this timber is nowhere near it’s biologic
peak for harvesting, timber companies are waiting and prepared to engage it.

Mark G. Scott
(Student, Portland State University)
PO Box 17
Ocean Park, WA 98640
Phone: 360-665-2447
Email: mscott@co.pacific.wa.us
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COASTAL HABITAT PROTECTION PLANS: PROTECTING AND
MANAGING FISHERIES HABITAT IN NORTH CAROLINA

Patricia Hughes, North Carolina Division of Coastal Management

Background

The Fisheries Reform Act of 1997 directs the North Carolina Department of
Environment and Natural Resources (DENR) to develop and implement Coastal
Habitat Protection Plans (CHPPs).  The goal of the plans is “the long-term
enhancement of coastal fisheries” associated with coastal habitats.  The
legislation directs three agencies to cooperate in developing CHPPs: the
Division of Marine Fisheries (DMF), the Division of Water Quality (DWQ), and
the Division of Coastal Management (DCM).  Assistance may be requested from
other state or federal agencies, as necessary.   These agencies formed a CHPP
Development Team, chaired by the DMF, and invited other key agencies to join
in the effort. These include the Wildlife Resources Commission, responsible for
management of freshwater fish species and for management of wildlife habitats
throughout the state; the Division of Environmental Health’s Shellfish
Sanitation Program; and the North Carolina Wetlands Restoration Program
(NCWRP). In addition,  staff from the U.S. Fish and Wildlife Service participate
in the deliberations.

Once completed, the draft plans must be submitted to the three regulatory
Commissions with jurisdiction over fisheries, water quality, and coastal resource
management - the Marine Fisheries Commission, the Environmental
Management Commission, and the Coastal Resources Commission.  CHPPs
must be approved by all three Commissions to be implemented. During plan
implementation, the legislation requires the three Commissions to ensure, to the
maximum extent practicable, that their actions are consistent with the adopted
plans.

Structure of Coastal Habitat Protection Plans

 CHPPs will be developed on a watershed-level scale and eleven management
units have been identified  (Figure 1). These management units closely parallel
the watershed boundaries established by the DWQ for the state’s basinwide
planning program.  Each river basin management unit extends from its
headwaters to the estuarine or seaward limit of the system, but does not include
another state's jurisdiction.

 In preparing the schedule for drafting the habitat protection plans, the CHPP
Development Team considered the status of fish stocks of economic significance
to North Carolina, the environmental threats posed to different coastal regions,
and the schedule for preparing the state's basinwide water quality management
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plans.  The basinwide plan schedule is important because the DWQ schedules
water quality sampling in specific watersheds in support of the basin wide
planning effort. The Team wanted to take advantage of the most recent data
available in preparing habitat protection plans.

Coastal habitat protection plans will consist of two documents: a habitat
background document that will  summarize historic and current information on
habitats and habitat distribution throughout the state. It will also include a
geographically broad discussion of threats to these habitats and to coastal
fisheries. The second document, the management unit plan, will focus on each
watershed unit and include more site-specific information on habitats. The
management unit plan will include a discussion of fish utilization, existing and
potential threats to individual habitat types, and an assessment of cumulative
impacts.  The management unit plan will include recommendations for
additional research, and for monitoring to evaluate success in implementation of
the plans.  Most importantly, the management unit plans will include specific
action recommendations.  The plans may recommend rule-making, changes to
strengthen or refine the current interagency process for reviewing permits,
certain voluntary actions, and/or recommendations for habitat restoration.

Figure 1: CHPP Management Units

The management unit plans must address habitat criticality. There has been
continuing discussion among the participating agencies and within the scientific
community about the definition of critical fish habitat and habitats important to
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coastal fisheries.  At present, the CHPP Development Team is defining three
levels of habitat significance to be discussed in the plans:

1)  Habitats beneficial to coastal fisheries:  those not contiguous to  open water
through surface water and not directly utilized by coastal fishes or fisheries
activities but whose disturbance/alteration through various land-use activities
could impact habitat quality or quantity.  Examples include maritime forests,
dune systems, and certain wetland types, such as pocosins.

2)  Critical fish habitat: fresh water, estuarine and marine areas that support any
of the various life stages of economically important fish species as well as those
of forage species important in the food chain. Examples include: wetlands,
submerged rooted vasculars, hard bottom, riverine and subtidal bottom and
intertidal flats, shell bottom, and the water column.

3)  Critical habitat areas: specific locations supporting one or more life stages,
exceptional for fisheries production, and/or particularly at risk due to imminent
threats, inherent vulnerability, or rarity.  These may be areas of special concern -
for example primary nursery areas demarcated by the DMF.

This hierarchy of “criticality” may change as the plans are developed because it
has been one of the more difficult issues the Team has discussed.  As the plans
are drafted, it is possible that there may be insufficient data to delineate critical
habitat areas beyond designated primary nursery areas and/or anadromous fish
spawning areas.

Sources of Data

The primary sources of data being used in plan development include the
scientific literature and data, agency publications, and agency data.  Agency data
includes fisheries survey and special studies data from the DMF as well as from
the National Marine Fisheries Service and the National Oceanic and
Atmospheric Administration. Other sources include permits data from the DCM
and the DWQ, and water quality monitoring and sampling data collected by the
DWQ and by the Division of Environmental Health's Shellfish Sanitation
Program. Two other sources of data for preparing these plans are 1) the DCM's
wetland type, potential wetland restoration site, and wetland functional
assessment maps; and 2)  restoration plans prepared by the NCWRP. Secondary
sources include unpublished data, reports, and theses.

In an effort to inform the scientific community and to solicit additional
information important to preparing coastal habitat protection plans, the CHPP
Development Team sponsored a workshop in February 2000.  The Team
identified four key areas for discussion:
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1) linkages between habitats and fishes;
2) indicators of biological and ecosystem health and integrity;
3) status and trend measurements and analysis;  and
4) evaluation of threats to habitat quality and quantity.

The workshop participants were organized around habitat types and discussed
each of the four key issue areas. An example of the workshop results is in the
discussion of hard bottoms. The participants in the hard bottom discussion
included two university researchers, a National Marine Fisheries Service
scientist, a geologist from the North Carolina Geological Survey, a scientist
from a national environmental organization, and a member of the Coastal
Resources Commission.  They noted the lack of data on hard bottom in parts of
the coastal ocean management unit and in some of the estuarine areas.  For areas
where there is good data on hard bottoms, the scientists identified studies that
measured the degradation of hard bottoms due to beach nourishment. Finally,
the hard bottom group identified specific agency reports with information on
hard bottom distribution in two of the state's large estuaries.

Relationship to Other State Resource Management Programs

The CHPP findings and recommendations may be integrated with a number of
programs. The state's basinwide water quality plans, updated every five years,
can incorporate management and protective measures identified in the CHPPs.
CHPP implementation recommendations can be supported by enforceable
policies and mechanisms identified by the North Carolina Coastal Nonpoint
Source Program.

 Another example of integration with existing programs is the use of the
NCWRP restoration plans in the development of coastal habitat protection plans.
The NCWRP has conducted an extensive review of watershed characteristics
and resource information and developed restoration goals for priority
watersheds.  The NCWRP has identified watershed subbasins and hydrologic
units in which wetlands and riparian area restoration is likely to provide the
most significant benefits to the river basin in terms of water quality, fisheries
and wildlife habitat, and floodwater storage values.  This evaluation can be
useful to describing the threats to fisheries habitats in specific management units
and to identifying implementation measures that could result in improvements to
fisheries habitat quality.

Public Participation

The CHPP Development Team identified public participation as an important
element of the CHPP development process.  In particular, the Team wanted to
solicit public input during plan preparation.  For the Coastal Ocean and Chowan
River watershed management unit plans, public meetings were held up and
down the coast to introduce the CHPP process and to hear the public's concerns
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about the threats to fisheries habitats in these areas.  As a result, at one of the
public meetings on the Coastal Ocean management unit plan, oceanfront
development and beach bulldozing  were identified as potential threats to
fisheries habitat.

Conclusions

North Carolina's coastal habitat protection planning effort is an important tool
for protecting and enhancing fisheries habitat.  The state has identified eleven
management units tied to coastal watersheds.   Three levels of "criticality" will
be assessed in the plans. The plans will be developed and implemented through
a multi-agency effort and implementation of the plans can occur only after
unanimous approval of the Marine Fisheries Commission, the Environmental
Management Commission, and the Coastal Resources Commission.   The plans
can be integrated with other state resource management programs.  Finally,
public participation is important in the development and implementation of
coastal habitat protection plans.

Patricia Hughes
North Carolina Division of Coastal Management
1638 Mail Service Center
Raleigh, North Carolina 27699-1638
Phone: (919) 733-2293
Fax: (919) 733-1495
Email: mailto:pat.hughes@ncmail.net
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ASSESSING COMMUNITY VALUES FOR THE TILLAMOOK BAY
ESTUARY

Katharine F. Wellman, Battelle Seattle Research Center, Seattle, WA

Important coastal management decisions incite controversy because of difficult
tradeoffs that are necessary among different stakeholder objectives. For
example, the decision to preserve aquatic habitats may result in the loss of
aquaculture opportunities, or the decision to increase development may result in
a corresponding increase in polluting emissions from a coastal town. Such
tradeoffs are not easy for individuals to make because they typically require
giving up something of value. Tradeoff decisions are particularly complex at the
watershed level because of disagreements among stakeholders about key
objectives and their relative importance.

In recent years, the growth of public-interest and advocacy groups, along with a
trend toward empowering participants emanating from corporations, classrooms,
and public agencies, has resulted in demands for a higher level of accountability
on the part of coastal management decision makers. Decisions that were once
discussed behind closed doors must now be debated in public fora and before
television cameras, and decisions that were once made on an ad hoc basis must
be defended with reference to explicit criteria and a logical approach.

The shift in decision-making authority coincides with recognition that coastal
management issues must be addressed in light of both broad economic goals and
ecosystem integrity. The balancing of ecological and economic systems in
coastal management decision making is, however, a significant challenge given
gaps in our knowledge about ecological processes and the linkages between
ecological and economic systems. There is substantial emerging knowledge
about the ecology of coastal regions that can be used in an adaptive management
framework. The credible integration of scientific information with human values
and preferences in coastal decision making, however, is less advanced and the
focus of this paper.

This paper presents a case study of a decision process undertaken as part of the
development of a Comprehensive Conservation Management Plan (CCMP) for
Tillamook Bay, Oregon. The paper outlines the application of a constructed
survey approach to elicit values and tradeoffs among conflicting community
interests for improving the quality of Tillamook Bay in terms of habitat, water
quality, sedimentation, and flooding. This approach draws from both multi-
attribute utility theory and decision analysis. Beginning from a broad-based set
of actions aimed at achieving a sustainable resource base, essential stakeholder
groups were asked to identify major objectives for that region, sub-objectives
(including means and ends to achieve them), and quantifiable attributes which
were used to measure these objectives (such as numbers of fish, or miles of
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restored riparian zone). Next, several packages of key important actions were
developed to see whether stakeholders responded to and understood key actions,
tradeoffs, and mitigation/compensation options. Finally, alternative packages
were evaluated using approval voting and willingness to pay. The final step
provided economic valuations of key actions as well as valuations of key
tradeoffs.

The paper concludes with recommendations for the use of this approach in
dealing with other coastal management issues. It appears that, compared to
alternative methods of valuation and decision making, the results of this
approach are more credible and politically acceptable. The process is also highly
responsive to stakeholder information needs. The process demands technical
expertise, and institutional structure of trust, and clear decision-making
authority.

Katharine F. Wellman, PhD
Battelle Seattle Research Center
4000 NE 41st Street
Seattle, WA 98105
fax: 206-528-3552
phone: 206-528-3323
email: wellman@battelle.org
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A USER-FRIENDLY WATERSHED DATABASE AND MAPPING TOOL
THAT QUERIES AND INTEGRATES DATA FOR REMEDIATION AND

RESTORATION PLANNING, CHARLES RIVER, MASSACHUSETTS

N. Beckvar, Coastal Protection and Restoration Division
Office of Response and Restoration, National Ocean Service, NOAA

K. Finkelstein, US EPA Region 1
D. Cullom, Genwest Systems

Introduction

Environmental management of coastal watersheds requires access to, and
synthesis of, a variety of data generated by multiple agencies.  Data sets are
generally in different formats, not readily comparable, and may not be easily
obtainable.  To assist in the Environmental Protection Agency (EPA)-sponsored
initiative to clean up the Charles River in Massachusetts, National Oceanic and
Atmospheric Administration (NOAA) developed a watershed project for the
basin that includes the compilation of both geographic data layers and spatial
datasets containing sediment and tissue chemistry and sediment-toxicity data.
The database-mapping program has a built-in query tool that allows users to
quickly extract data from the combined datasets and plot them in a free and easy-
to-use mapping software.  Data can also be exported easily to commercial
statistical or spreadsheet software applications for other types of analyses.
Query results can be saved to formats compatible with Geographic Information
System (GIS) software for enhanced mapping capabilities or spatial analyses.

The Charles River drains an area of 309 square miles and flows for 80 miles
through 23 cities and towns and over 20 dams before discharging into Boston
Harbor.  The Charles River is the most densely populated river basin in New
England, supporting both high recreational use and a variety of industries.
Waters of the lower Charles River are classified as Class B.  Class B designation
means that these waters are suitable as habitat for fish, other aquatic life, and
wildlife, and for primary and secondary contact recreation.  The Charles River
also is identified as a warm-water fishery.  Tidal influence was eliminated when
the first Charles River Dam was constructed in 1910.

The Charles River has a long history of degradation of water quality and river
habitat.  Toward the goal of restoring the river to fishable and swimmable
conditions by 2005, the EPA New England Region initiated a cooperative
program “Clean Charles 2005” to reduce pollution inputs by reducing storm
overflows into the river and unauthorized sewer connections.  The work has
focused on the more highly contaminated lower reach of the Charles River.  In
addition to stricter enforcement, EPA’s approach has consisted of funding
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scientific studies, awarding grants for developing stormwater management plans,
and for education and monitoring.

Methods

The prime objective of the EPA initiative has focused on stormwater inputs and
consequent bacterial contamination of the water column.  However, sediment
quality is highly degraded in many areas of the river.  To address this concern in
more detail, NOAA contacted agencies that have collected sediment chemistry to
identify sources of available data.  NOAA created a catalog of all known
sediment chemistry, sediment toxicity, and tissue chemistry conducted in the
river.  This dataset was used to determine which data would be entered into a
relational database for use in the watershed project.  Sampling years, scope of
the study, available formats, and contacts were obtained for each study.  Data
were provided by the agencies in either electronic or paper format.  Sixteen
different datasets from nine different sources—United States Geological Survey
(USGS), Massachusetts District Commission (MDC), Massachusetts Department
of Environmental Protection (MADEP), Massachusetts Department of Public
Health (MDPH), Massachusetts Water Resource Authority (MWRS), Roy F.
Weston, Inc., Plexus Scientific, EPA, and Brandeis University—were added to
the relational database for the river.  Most of the sediment contaminant data was
derived from two primary sources: a Superfund site (Army Materials
Technology Laboratory) and a USGS survey.

The relational database is accessed using the Query Manager tool developed by
NOAA’s Office of Response and Restoration.  A menu of queries allows data
exploration by enabling the user to select the type of data (surface or subsurface
sediment chemistry, sediment toxicity, or tissue chemistry by species or
contaminant), specific studies, and the chemical or chemicals of interest.
Chemicals can be compared with different sediment-quality guidelines, such as
Threshold Effects Level and Probable Effects Level for freshwater (TEL-PEL)
(Smith et al. 1996) and Effects Range-Low and Effects Range-Medium (ERL-
ERM) (Long et. al. 1995), or user input concentration ranges.  Sediment-quality
guideline quotients are also available in the query tools.  The output tables can
be displayed on maps using Marplot, a desktop-mapping program developed
jointly by NOAA, the U.S. Coast Guard, and the Census Bureau.  Marplot runs
on both Windows and Macintosh platforms and was designed for ease of use,
speed, and small disk-space requirements.  Marplot and ArcView incorporate
geographic data from a variety of sources.  Federal, state, and local agencies
were initially involved in the creation and processing of base geo-spatial data.
EPA, U.S. Fish & Wildlife Service, USGS, U.S. Census Bureau, NOAA
(National Climatic Data Center and National Ocean Service), the Massachusetts
Executive Office of Environmental Affairs-GIS, MADEP, and the Charles River
Watershed Association (CRWA) all provided data crucial to the development
and implementation of this database/mapping project.



175

Results

The final product has been distributed on a compact disk and made available
over the Web.  Watershed managers now can access the combined datasets and
use them for data exploration, data sharing, and export.  While conclusions about
water quality in the river have been positive, the combined dataset reveals a very
different picture of sediment contamination.  Although the Charles River has
evolved from an industrial corridor to a recreational river during the past 30
years, the imprint from past contaminant releases is readily seen in the
sediments.  Using Query Manager and Marplot to explore the datasets shows a
river with high concentrations of contaminants in the sediment (Figure 1).  Not
only are individual chemical concentrations elevated, but many stations have
multiple chemicals exceeding sediment-quality guidelines.  For example, out of
217 river-wide stations in Watertown and downstream, 57 (or 26%) had 10 or
more chemicals at the individual station exceeding their ERM values.  Out of
138 stations, 64% had 5 or more chemicals exceeding their ERM value.  With
such highly contaminated sediments in the lower river, we were surprised to find
only one study of sediment toxicity.  Of the two stations sampled in this stretch
of the river, both were toxic in the 10-day Hyallela tests.

The Charles River database also incorporates several studies (by MADEP, the
MADPH, and the MDC) that produced fish-tissue residue data for many
hazardous chemicals.  Species selected include carp (20 samples), largemouth
bass (19 samples), yellow perch (17 samples), brown bullhead (10 samples),
chain pickerel (7 samples), and white perch (7 samples); several other species
were collected at one or two of the stations.  Most of the data are from locations
upriver in areas with the least sediment contamination.  Hence, exposure from
the gross sediment contamination is, in many cases, not assessed, and only a few
species were measured throughout the watershed.  But from these limited
datasets, one does see an increase in polychlorinated biphenyl (PCB) tissue
concentrations in downstream Charles River fish samples.  Carp have a
downriver tissue residue value of 2.6 mg/kg wet weight (57.8 lipid normalized)
and largemouth bass a value of 1.1 mg/kg wet weight (234 lipid normalized)
compared with low and non-detected concentrations high in the watershed.  Such
concentrations indicate a likely risk from human consumption and a potential
risk to resources in the lower reach of the river.  The MADEP has listed a
consumption advisory due to PCBs in carp from the middle and lower Charles
River.  EPA recently sampled fish in the Charles River to increase the available
tissue residue database, to check for external and internal anomalies, and locate
areas of potentially high exposure and effects.  Largemouth bass, yellow perch,
and carp were collected during the summer of 1999 along six segments in the
lower river.  A report is planned for the fall of 2000 with the results entered into
this database.
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The database-mapping program can be used to screen a large volume of data
relatively quickly to determine contaminants of concern in a particular area.  One
test for the database was to examine whether a Superfund site adjacent to the
river—the Army Materials Technology Laboratory (AMTL) in Watertown,
MA—contributed a greater proportion of hazardous chemicals to the river than
upstream inputs.  Although concentrations of both organic and inorganic
chemicals are high both up- and downstream of the site, we queried the database
to see if chemicals concentrations increased adjacent to the site in the back
channel, indicating a potential source.  By using a query that sorts PCB
(Arochlor 1254) sediment concentrations into three categories—greater than 500
µg/g, between 500 and 60 µg/g, and below 60 µg/g (the LEL as defined by
Persaud et al. 1993 for the Ontario Ministry of the Environment and Energy)—
higher PCB sediment concentrations are apparent in the small back channel
adjacent to the AMTL site (Figure 2).  Although two locations of PCBs greater
than the upper threshold value are located just upstream of the site, many higher
values occur adjacent to the site.  When the Army compared the PCB Hazard
Index (HI)—or the detected sediment concentration at a specific location divided
by the sediment criterion (in this case, the Lowest Effect Level)—in the back
channel with those upstream, they found that HIs near the site exceeded
maximum and average upstream HIs.  By remediating sediments in this channel,
the Army achieves an estimated 56% reduction in the average PCB Hazard
Index.

Similarly, we queried the database looking for changes in sediment pesticide
concentrations in the Charles River.  DDE concentrations were elevated adjacent
to the site compared with upstream concentrations (Figure 3).  Additionally, the
Army reported that nearby channel sediments showed HIs for pesticides that
exceeded upstream maximum HIs.

Compilation of the various datasets and maps was a time-consuming process.
Once completed, however, users have easy access to a very complete picture of
contamination and data availability in the watershed.  Data gaps—such as the
lack of sediment toxicity testing and a paucity of fish-tissue residue data in the
most contaminated stretches of the river—are easily identified by this approach.
Exporting contaminant data into ArcView is a simple process and enables the
use of GIS mapping capabilities.  For restoration planning, contaminant data can
be overlain on aerial photographs, and land-use and wetland maps to identify
areas that are contamination-free.  Also, areas currently contaminated but with
conditions promising for restoration projects (such as wetland development or
improved fish habitat) can be selected for cleanup.  Additional datasets can be
added to the database, thereby maintaining data as both an historical archive and
as a repository for recent data.  Because NOAA is using this standardized
approach in several geographic areas, data can be compared across, as well as
within, watersheds.
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Figure 1.  Number of ERMs exceeded in the lower Charles River.  Solid circles
are stations where more than 5 of the measured chemicals exceeded their
respective ERM concentration.

Figure 2.  Concentrations of Arochlor 1254 in the back channel near the Army
Materials Technology Laboratory site compared to concentrations upstream and
downstream.

Watertown

Army

Cambridge
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Figure 3.  Concentrations of p'p' DDE in the back channel near the Army
Materials Technology Laboratory site compared to concentrations upstream and
downstream.
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EVOLVING OREGON'S DYNAMIC ESTUARY MANAGEMENT
INFORMATION SYSTEM

Tanya C. Haddad, Oregon Ocean-Coastal Management Program

Providing Geo-spatial Information for Estuaries and their Watersheds
Introduction

The physical setting of estuaries and the wide array of human activities they
attract pose some unique coastal management challenges. Analyses which tackle
these challenges often require a wide array of geo-spatial data to resolve. Many
branches of NOAA, and a variety of other federal and state agencies with
jurisdiction in the coastal zone generate geo-spatial data relevant to such
analyses, but often in file formats, scales and geographic projections which
render them unusable to the lay-public or even sister agencies without
considerable effort. This article details a program through which the Oregon
Ocean Coastal Management Program (OCMP) works to make a variety of
federal, state, and other geo-spatial data widely available in common format to
interested public users who are often stakeholders in estuarine and coastal
management issues. The project aims provide a central information depot for
traditional and digital information relating to estuaries in Oregon in order to
focus attention on frequently ignored estuarine systems and facilitate use of the
best available information in state and local estuarine resource management
decisions, non-regulatory conservation and restoration efforts, science, and
education.

Background

Oregon's system for managing it’s 22 major estuaries and their estuarine
shorelands has a history of successfully reducing use conflicts. It is based on
estuary-specific resource inventories that form the foundation of estuarine
management plans, which in turn dictate the types of development that can
occur in specific areas. Unfortunately, the mapped habitat data upon which these
use-decisions are based are increasingly dated: a situation which if left
unaddressed, implies that the effectiveness of the resource management system
will decline. To prevent this eventuality, the Oregon Ocean Coastal
Management Program initiated a project in 1996 to define and launch a coast-
wide estuary-GIS that would be centered on each of the 22 major Oregon
estuaries. The effort was further motivated by fragmentation of information
related to Oregon estuaries that had evolved since estuary management plans
were developed in the 1980's. Important resource information was housed in a
variety of federal and state agency and county offices located around the state,
and newly available information was not sufficiently integrating into decision-
making processes. An estuary-centered GIS had the potential to integrate the
array of digital data generated by assorted local, state, federal, private and non-
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profit entities with emerging new estuarine information, and to subsequently
share this information amongst the various potential users and decision makers.

Pilot Project

A two-year pilot effort was undertaken to fully develop the Dynamic Estuary
Management Information System (DEMIS) for Oregon estuaries. In 1996
OCMP successfully applied to host a NOAA Coastal Management Fellow to
implement the Pilot Phase of the DEMIS project.

The pilot was centered in the Coos Bay estuary and watershed, and explored a
variety of management and data-related issues. The intent was to create a
framework for data collection, storage, and use that was:

a) transferable to local users such as citizen-based watershed councils,
b) flexible and specific enough to address particular local management needs,
c) based on an information system structure that would remain compatible when
expanded along the coast

The main products of the pilot effort included a framework of data management
processes and standards for an estuary GIS, a compact disc with over 140
accumulated data layers which had been geographically standardized and
clipped to the Coos Bay estuary's watershed boundaries, and an informational
internet web site. Part of the web effort experimented with an
early online GIS in the form of a Arcview Internet Map
Server which served the various datasets of the original
estuary plans for 17 estuaries. The CD-ROM included both
shapefiles and ArcInfo Export (e00) files, as well as user
friendly ArcExplorer and ArcView project files which
integrate related datasets into easy to interpret “issue modules”. It was
envisioned that while the initial data collections in the estuary would be
published on CD, any additional data layers developed for the region would be
shared via an expanded version of the web-site.

Phase 2: Expansion Estuaries

Building on the pilot effort, a second phase of DEMIS was begun in late 1998 to
expand the system to other Oregon estuaries. OCMP was once again successful
in obtaining a NOAA Coastal Management Fellow for carrying out this
expansion. Phase 2 objectives were to:

a) Refine the framework, capacity and standards developed by the DEMIS-
Coos Bay pilot,

b) focus data collection on layers deemed pertinent to estuarine wetland
restoration, and

c) inventory and analyze potential estuarine wetland restoration sites for
each DEMIS estuary.
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Phase 2 began by selecting priority estuaries for the DEMIS based on a number
of management-related estuary characteristics, including:

a) the geographic distribution of estuaries in the DEMIS up and down the
Oregon coast,

b) the physical variability amongst selected estuaries,
c) the estuary 's Oregon Estuary Planning classification, (Natural,

Conservation, Shallow or Deep Draft Development),
d) connectivity to Core Salmon Restoration Initiative (CSRI) streams and

Aquatic Diversity Areas (ADA's),
e) presence of Oregon Department of Fish and Wildlife salmon index

sites,
f) progress of the local watershed council in the watershed assessment

process, and
g) the presence or absence of any existing GIS efforts relating to the

estuary.

The overall intent was to expand the
DEMIS system in such a way as to
maximize the contribution that the
program made to the state's total
knowledge base, while maintaining a
diversity in physical location and
estuarine characteristics. Estuaries with
connectivity to CSRI streams and
ADA's were considered a high priority,
as were those where a local watershed
council was advanced in the watershed
assessment process and might be well-
positioned to make immediate use of
the DEMIS products. Estuaries with a
potential to maximize corridors of
beneficial salmonid habitat were given
a higher ranking. Finally, estuaries with
substantial non-DEMIS GIS programs
(such as the Columbia River and
Tillamook Bay estuaries) were
essentially not considered.

As a result of these priorities, four
DEMIS expansion estuaries and their
associated watersheds were chosen for
Phase 2: the Nehalem River, Siletz
Bay, Siuslaw River, and Coquille
River. Data collection and potential
estuarine wetland restoration
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inventories are expected to be complete for these systems by late 2000.

Targeting Users: Working With Local Groups

An integral aspect of the DEMIS program is working with local planners,
citizen-based watershed councils, native american tribes, and other groups
relevant to each of the selected priority estuaries to assure that the products that
emerge from the effort meet local needs in addition to conforming to the
technical standards desired by the state.

SAMPLE CROSS-SECTION OF DEMIS
USERS:

South Slough Estuarine Research Reserve
Scientists
Coos Watershed Council
Coquille Indian Tribe
Southwest Oregon Province, US Forest Service
Southwestern Oregon Community College
Coos County High School Science Teachers
Coos County Planners
Coquille Watershed Council
Oregon Division of State Lands program staff
Nehalem Watershed Council
New Carissa Oil Spill Initial Response Team

The local watershed council structure in particular is a valuable connection for
the program to make. These citizen-based volunteer groups are the footprint of
the Oregon Plan for Salmon and Watersheds, a Governor’s initiative to
encourage grassroots non-regulatory restoration efforts in response to the
Salmon crisis, and are in-place with the specific goal of sustaining natural
resources, watershed protection, and enhancement within a watershed. The
estuary-focus of the DEMIS program complements the councils’ watershed
assessment process well, as the importance of estuarine systems is often
somewhat under-emphasized in their outputs. In addition, the technical skill-
level of watershed council members is also an important benchmark against
which to gauge the “usability” of DEMIS products. With all this in mind,
DEMIS expansion "scope" meetings have been held with groups in the Coos,
Coquille, and Nehalem estuarine watersheds, in order to determine the local
community’s priority issues relative to overall DEMIS goals. At each meeting,
specific local issues were framed in terms of the GIS analyses that might be
done to address them. Through this process, a list of estuary-specific priority
data layers was obtained which were then pursued for inclusion in the DEMIS
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Envisioning Restoration Possibilities

An additional goal of DEMIS-Phase 2 is to demonstrate how the analytical
capabilities of a GIS can be used to synthesize these data into viable community
action plans. The focus on identification of potential estuarine wetland
restoration areas was introduced as a priority for the Phase 2 expansion of the
DEMIS program because the issue of loss of estuarine wetland habitat is seen as
a resource management concern common to all the Oregon estuaries, and
because baseline GIS layers collected for this purpose also constitute an
excellent starting GIS base from which to launch other estuary-related analyses.
In addition, with the 1998 and 1999 federal listings of several coastal Oregon
salmonid populations as threatened under the Endangered Species Act, an
inventory of areas with ecological potential for estuarine habitat restoration
could be a valuable starting point for non-regulatory restoration initiatives. As a
result, an inventory of potential estuarine wetland restoration sites within each
DEMIS estuary is being created by combining the digital data assembled by
DEMIS with site visits and extensive review of aerial photos and county
cadastral maps for each DEMIS estuary. The inventory will be made available to
watershed councils, and managers/decision makers at all levels.  No attempt will
be made to prioritize the sites identified in each inventory. Instead, an attempt
will be made to make the database associated with the inventory as
management-comprehensive as possible, incorporating as many ecological and
social site parameters as can realistically be assembled in order to create a tool
that can be readily queried to create management action plans based on the
specific priorities of the user-group in question. Groups that utilize the DEMIS-
based inventory for selecting and prioritizing  restoration sites may use the
inventory to construct watershed “visions” of the alternative landscape outcomes
of their actions. It is hoped that the proliferation of such tools will facilitate
more informed decision-making regarding non-regulatory estuarine wetland
restoration efforts in both the public and private/non-profit sectors, and that as a
result increases in estuarine wetland acreage will occur in such a way as to
maximize both social and ecological benefits.

DEMIS on the Web: Transitioning into Phase 3

A final aspect of phase 2 has been an expanded DEMIS web site that has been
developed to reflect  the coast-wide nature of the DEMIS project objectives, and
to enhance accessibility for the public. A deliberate effort was made to ensure
that the "look and feel" of the entire site is compatible with the organizational
layout of the DEMIS CD-ROMs, and allowances were made for logical, parallel
navigation paths to the data and metadata collected for any Oregon estuary in
Phase 2 and beyond. This design is meant to ensure ease-of-use for DEMIS
users who regularly navigate both the web-site and the CD-ROM products. The
site is also intended to act as a portal to dispersed internet information about
private, non-profit, local, state, and federal estuary-related projects in both
DEMIS and non-DEMIS estuaries, and it establishes an on-line library to
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Sample Estuary Data Nehalem Bay Coos Bay

Watershed Area 854 Sq. mi. 616 Sq. mi.
Estuary Area 4 Sq. mi. 19 Sq. mi.
Ratio of Watershed:Estuary 214:1 32:1
Estuary Classification Shallow Draft Development Deep Draft Development

Estuarine Habitat Types

(From original survey of Oregon
estuaries)

Estuarine Management Units

(From original estuary plans)

Watershed Land Use

(Percent of Total Basin Area,
data based on Zoning)

# of Potential Restoration Sites
Identified in Estuary * 45 84

Total Area of Potential Estuary
Restoration Sites * 825 Acres 1,241 Acres

Distribution of Ownership Types
of Total Potentially Restorable
Area

* (Information on potentially
restorable sites obtained from
DEMIS inventories conducted
1998-00, Fuss, Haddad, Crowley)
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accommodate non-GIS information regarding Oregon estuaries. Currently the
functionality of the DEMIS web site is limited to access to information which is
largely static in it's nature: DEMIS web users may browse specific estuary facts,
photos and histories, view the metadata for all the GIS layers assembled for the
targeted estuaries, or order the data CD-ROM for their estuary of interest. It is
expected that as the DEMIS program and it’s site continues to grow into "Phase
3"  the program will take advantage of newer on-line mapping technologies to
drastically simplify casual user access to data.

The DEMIS web-site is accessible from within the web site of it’s parent
agency, the Department of Land Conservation and Development:
http://www.lcd.state.or.us/coast/demis/core.htm.  The original experiment with
online map serving of estuary plans is also still available for user browsing at
http://www.inforain.org/epb/intro.htm.
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