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Abstract:
Over the past several years, a conceptual framework for the GEM nearshore monitoring program
has been developed through a series of workshops. However, details of the proposed monitoring
program, e.g. what to sample, where to sample, when to sample and at how many sites, have yet
to be determined. In this proposal we outline a process whereby specific alternatives to
monitoring are developed and presented to the EVOS Trustee Council for consideration. As part
of this process, two key elements are required before reasoned decisions can be made. These
are: 1) a comprehensive historical perspective of locations and types of past studies conducted in
the nearshore marine communities within Gulf of Alaska, and 2) estimates of costs for each
element of a proposed monitoring program. We propose to develop a GIS database that details
available information from past studies of selected nearshore habitats and species in the Gulf of
Alaska and provide a visual means of selecting sites based (in part) on the locations for which
historical data of interest are available. In addition, we will identify what other data, if any, are
required to select specific sampling locations. We will also provide cost estimates for specific
monitoring plan alternatives and outline several alternative plans that can be accomplished
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within reasonable budgetary constraints. The products that we will provide are: 1) A GIS
database and maps showing the location and types of information available from the nearshore in
the Gulf of Alaska; 2) A list of several specific monitoring alternatives that can be conducted
within reasonable budgetary constraints; and 3) Cost estimates for proposed tasks to be
conducted as part of the nearshore program.

I. INTRODUCTION
The Gulf Ecosystem Monitoring (GEM) program has five major programmatic goals:
DETECT: Serve as a sentinel (early warning) system by detecting annual and long-term changes
in the marine ecosystem, from coastal watersheds to the central gulf;
UNDERSTAND: Identify causes of change in the marine ecosystem, including natural variation,
human influences, and their interaction;
PREDICT: Develop the capacity to predict the status and trends of natural resources for use by
resource managers and consumers;
INFORM: Provide integrated and synthesized information to the public, resource managers,
industry and policy-makers in order for them to respond to changes in natural resources; and
SOLVE: Develop tools, technologies, and information that can help resource managers and
regulators improve management of marine resources and address problems that may arise from
human activities.
The nearshore portion of the GEM program has these same goals. As an initial step in achieving
these, the EVOS Trustee Council is currently developing a sampling design to detect and
understand change in the nearshore. A conceptual framework for such a design has been
developed, but details have not been determined. This proposal will provide a process and
products that will aid the Trustee Council in making reasoned decisions regarding the nearshore
monitoring design. The proposed work will provide necessary information that is critical to this
process, and will provide the Trustee Council with several specific, cost effective monitoring
alternatives that can be implemented over the next several years.

II. NEED FOR THE PROJECT

A. Statement of Problem
Over the past year, a series of workshops were convened to help develop a conceptual model for
monitoring in the nearshore (Project 02395) aimed principally at detecting and understanding
change. As part of the development process, it was recognized that the changes are likely to
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occur and to be attributable to a number of different agents (e.g. global climate changes,
shoreline development and associated inputs of pollutants) (Table 1). It was also recognized that
changes are likely to occur over varying temporal and spatial scales. For example, global
climate change may result in a gradual change in the nearshore community that occurs over
decades and has impacts over the entire Gulf of Alaska (GOA), and beyond. On the other hand,
impacts from shoreline development will likely be more episodic and more local. Thus, one
challenge of designing a monitoring program is to detect changes occurring over widely varying
scales of space and time. In response to this challenge, the conceptual design for monitoring in
the nearshore (Schoch et al 2002) called for a multi-pronged approach consisting of the
following:
1) Synoptic sampling of specified physical and biological parameters (e.g. weather, sea surface
temperature) over the entire GOA
2) Intensive sampling of a variety of specified biological and physical parameters (e.g.
abundance and growth of intertidal organisms, abundance of selected birds and marine
mammals) within a few specified areas spread throughout the GOA using a nested sampling
approach. The nested design calls for sampling at some number of locations within the
GOA, and at a number of sites within each of those locations.
3) Sampling of a smaller suite of selected biological and physical parameters (e.g. the
abundance, growth, and contaminant levels in mussels and clams) at a larger number of less
intensively studied sites stretching across the GOA. These are referred to as extensive sites.
4) Conduct of shorter-term studies aimed at identifying important processes regulating or
causing changes within a given system or subsystem.

Sampling at intensive sites was designed primarily to detect large-scale changes (e.g. those due
to global climate change) while sampling at extensive sites was designed primarily to detect
changes that might occur as a result of more localized events such as shoreline development or
logging activities.
A long list of potential parameters to be measured was developed (Table 2) and priorities were
given for each of these within the synoptic, intensive, and extensive components.
This provided a reasonable framework for development of a nearshore GEM monitoring
program, but specifics as to the parameters to be measured, the number of sites to be sampled,
and the location of sampling sites were not determined. Furthermore, no specific cost estimates
were provided and no determination was made as to the appropriate allocation of effort (and
costs) among the various components (synoptic, intensive, extensive and process studies).

B. Rationale/Link to Restoration
In establishing the GEM Program, the Trustee Council explicitly recognized that complete
recovery from the oil spill may not occur for decades and that full restoration of injured
resources will most likely be achieved through long-term observation and, as needed, restoration
actions. The Council further recognized that conservation and improved management of injured
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resources and services will require substantial ongoing investment to improve understanding of
the marine and coastal ecosystems that support the resources, as well as the people, of the spill
region. In addition, prudent use of the natural resources of the spill area without compromising
their health and recovery requires increased knowledge of critical ecological information about
the northern Gulf of Alaska. This knowledge can only be provided through a long-term
monitoring and research program that will span decades, if not centuries.
As part of the overall GEM program, a comprehensive examination of the nearshore zone is
required. The nearshore is a critical component of the GOA system, was one of the components
most severely injured by the Exxon Valdez oil spill, is utilized to a large extent (both directly and
indirectly) by humans, and is likely to be adversely impacted by anthropogenic effects over the
next century. Therefore, development of a cost-effective program that is able to detect and
understand causes for change in the nearshore is a critical.

C. Link to GEM Program Document
The proposed work will provide a list of cost effective alternatives to nearshore monitoring that
will allow the Trustee Council to select and implement a plan that is effective in detecting and
understanding change in the nearshore, and does so within imposed budgetary constraints. The
development of a set of nearshore monitoring alternatives will use the following process.

1. Based on preliminary recommendations resulting from workshops conducted over the past
year, list potential metrics to measure, number and location of sampling sites, and frequency
of sampling.
2. Provide the data analyses and representations needed to determine appropriate metrics, the
number of sites, location of sites, and frequency of sampling. These will include
establishment of a GIS database in which habitat types, locations of historical data, types of
historical data available from each site, existing human use, and biological hotspots are
identified and presented.
3. Establish a protocol for site selection and select potential sites. We envision that the
selection protocol will have the following elements. Intensive sites will be selected that are
spread sufficiently throughout the GOA so large-scale geographic trends and changes in
these trends can be detected. These sites will also be selected based on similarity of habitat,
proximity to logistical support facilities and availability of appropriate historical data, and
proximity to areas known or suspected to be biological “hotspots”. Also, intensive sites will
be selected that are relatively removed from potential localized anthropogenic effects. This
is because the intensive site data will be used primarily to detect changes that result from
large-scale, non-localized agents (e.g. global climate change). Extensive sites will be
selected as follows. A number of sites (approximately half) will be located near those areas
where there are potential impacts from local influences and where humans most heavily
utilize resources. These sites of high likely impact would include human population centers,
logging sites, etc. The other half will be selected from the same geographic region as the
first and of the same basic habitat type, but outside the probable influence of localized
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4.

5.

6.
7.
8.

anthropogenic effects. Data from these sites would be used primarily to detect localized
changes to the nearshore environment. Sites for which there were historical data of interest
would be given priority.
Make preliminary cost determinations and based on these, select alternative sampling designs
that can be conducted within the preliminary budget. These are to be “core” sampling design
alternatives that can be fully sustained based on support received from the EVOS Trustee
Council. Alternatives will provide differing emphases with respect to effort afforded to
synoptic, intensive, extensive, and process studies. Each alternative would include number
and location of specific sites to be sampled, the frequency of sampling, and the metrics to be
sampled at each site.
Identify and conduct preliminary studies that may be needed to finalize metric, site selection,
or sampling frequency determination. For example, additional habitat mapping may be
required to finalize sites selection, and preliminary sampling may be necessary in order to
estimate the number or sizes of sampling units needed to detect change with reasonable
power.
Make final determination of metrics, sampling sites, and sampling frequency selections based
on the above and develop final protocols for a core-sampling program.
Identify potential partnering agreements for “non-core” elements and develop these.
Develop a data management system and quality assurance/quality control procedures prior to
sampling.

In this project, we will focus on numbers 2 through 4 above. Specifically, we will
-

Establish a GIS database that identifies habitat types, locations of historical data, types of
historical data available from each site, existing human use, and biological hotspots.
Make a preliminary list of potential sites and metrics to be evaluated at each.
Estimate costs for each of the above.
Provide alternative sampling designs that can detect change, over varying scales of space and
time, with reasonable certainty and can be conducted within imposed budgetary constraints.

As indicated above, the immediate use of the GIS database of historical information will be to
aid in the selection of long-term monitoring sites. However, it is also anticipated that this
database will have longer-term benefits. This database will be especially valuable in efficiently
gathering information that may be used to detect changes caused by some future unanticipated
event. For example, such a database would have been particularly valuable in designing studies
to assess damages following the Exxon Valdez oil spill. Because of the immediacy of the need
to develop a sampling program after EVOS, and because no central repository of historical data
was available, historical data were underutilized in developing a damage assessment sampling
designs. For example, none of the sites sampled after the 1964 earthquake (Baxter 1971, Haven
1971, Hubbard 1971, Johansen 1971), in extensive studies conducted around Valdez (e.g.
McRoy 1970, Feder and Paul 1974; Paul and Feder 1976, Paul et al 1976, Feder and Keiser
1980), and elsewhere in PWS (Rosentahl et al 1977, 1982, Van Blaricom 1987,1988) were
sampled as part of the EVOS Intertidal Coastal Habitat program. These historical studies
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provided valuable quantitative information on a number of metrics (e.g. littleneck clam
abundance and growth, mussel abundance and growth, limpet size distribution, eelgrass
abundance) that could have been of great value in helping to detect impacts from the spill.
It is also anticipated that this GIS database will be utilized by other projects in order to
coordinate study designs and to help explain potential causes for change. The “human use”
element of this database will be particularly valuable in serving as a baseline by which future
changes in use can be evaluated and their impacts on the GOA system assessed.

III. PROJECT DESIGN

A. Objectives
The objectives of the proposed study are:
1. Establish a historical database that identifies types and locations of data of interest in
selecting monitoring sites for nearshore monitoring.
2. Provide a list of alternative nearshore sampling designs that can detect changes in the
nearshore and fit within budgetary constraints. Each alternative will specifically identify the
location and number of sampling sites, the metrics to be sampled at each, and the frequency
of sampling.
3. Provide cost estimates for a series of alternative nearshore sampling designs to be used to
detect and understand changes in the nearshore environment of the GOA.

B. Procedural Methods
1. Establish a historical database that identifies types and locations of data of interest in
selecting monitoring sites for nearshore monitoring.
We will use ArcInfo to develop a GIS database to organize available historical and current
information, habitat characteristics, and human use for GOA areas of interest. The database will
contain the following layers: 1) A base map of the GOA bounded by Sitka to the southeast and
the western extent of Kodiak Island to the west. 2) Available habitat information (e.g.
bathymetry), 3) The location of historical data for a suite of selected nearshore organisms (e.g.
invertebrates, fishes, birds and mammals), 4) The presence of known or suspected “hotspots”
that are of special biological significance, 5) The areas of special cultural or biological
importance that are to be avoided, and 6) Human use patterns including locations of towns and
villages, important recreational areas, and areas of subsistence harvest.
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Much of the database development will entail gathering and collating existing databases and
building GIS coverages, including past EVOS studies. For example, base maps for most of the
region are currently available from USGS, habitat data are available from Environmental
Sensitivity Index (ESI) databases (e.g. RPI, 1983) and on recent video surveys of Harper et al
(1991 and unpublished), recreational use within Prince William Sound has been gathered by
Murphy et al. (1999), and biological hotspots have been identified by the National Wildlife
Federation (2002) and on ESI maps. Additional sources of information will include existing
catalogs of data sets (Michaelson 1995, Michaelson 1996) and Environmental Impact Statements
(USDA 2002). While we have a reasonable understanding of the data and coverages currently
available, we clearly do not know all of them, and part of this task will be to seek out appropriate
databases and incorporate them into a unified set of coverages. Community representatives will
be asked to provide locations used for subsistence harvest and areas of special cultural
significance that are to be avoided as sampling sites.
The historical biological information will necessarily be restricted to those metrics that are of
interest to a nearshore monitoring program, and will not attempt to be inclusive of all marine
habitats and species (e.g. historical catch data for commercial fishes). Sites where historical data
have been gathered will be identified in a GIS layer and coded as to type (e.g. bird abundance,
sea otter abundance, intertidal invertebrate abundance, PAH concentration in mussels). Each
GIS layer will be accompanied by meta-data that briefly describes the type of data available,
methods used in collection, the time period over which it was collected, and the reference where
the data can be obtained.
An example of the kind of maps that will be produced is given for a portion of Glacier Bay for
which we have compiled these data based on recent surveys (Figure 1).
2. Provide a list of alternative nearshore sampling designs that can detect changes in the
nearshore and fit within budgetary constraints. Each alternative will specifically identify the
location and number of sampling sites, the metrics to be sampled at each, and the frequency
of sampling.

Based on the processes described above, we will compile a list of alternative sampling plans. An
example of such plans, based on a preliminary evaluation of metrics, sampling locations and
costs is given in Table 3.
3. Provide cost estimates for alternative nearshore sampling designs to be used to detect and
understand changes in the nearshore environment of the GOA.
Cost estimates will be provided for each alternative sampling design presented. These will be
established by starting with an estimated total budget per year, establishing a reasonable
percentage of costs for each element (e.g. synoptic sampling, intensive sampling, extensive
sampling, and process studies), and working backwards to determine the sampling design that
could fulfill the requirements of detecting change yet fit within this cost structure. An estimated
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cost per site for conducting sampling of given metrics will be established based on our
experience and on cost estimates obtained from other experts within the field.
The metrics to be examined will be selected from the list given in Table 2. Our process for
selection of metrics to be examined in synoptic, intensive, and extensive sampling is as follows.
First, metrics listed as having highest priority (based on past workshops) will be considered.
However, we will make modifications to these as required in order to achieve program goals.
For example, not all physical data identified has having highest priority are likely to be included
because initial estimates of costs suggest that measuring all of these would leave little or no
funding for biological measurements that are also considered as essential. Second, we will give
priority to metrics necessary to detect change over those used to understand change. While we
see understanding change as an important component of the GEM program, it is critical to first
be able to detect change with reasonable certainty. Finally, we will focus on metrics that fit the
temporal and spatial scale of the impacts we that we are attempting to detect within each
component. For example, the goal of intensive sampling is to detect changes that might occur
over large geographic areas and long time periods. As a result, we will rely on metrics that
integrate environmental changes over large spatial and temporal scales.

C. Statistical Methods
It is anticipated that the power associated with a selected sampling design will be evaluated after
a first year of preliminary sampling and the designs will be modified accordingly. The initial
sampling is not a part of this proposal. However, where estimates of sampling variances are
available, power analyses will be included in each sampling design, and as part of the metric
selection process.

D. Description of Study Area
The study will focus on a sampling design aimed at evaluating changes over the entire GOA. It
is anticipated that sampling designs will be bounded to the southeast by Sitka, and to the
northwest by Kodiak, with sampling concentrated within the PWS and Kenai (Cook Inlet and
Resurrection Bay) areas. The Sitka site, although outside of the influence of EVOS, is critical in
evaluating large-scale spatial patterns (e.g. climate change) and distinguishing changes due to
large-scale events from more localized influences (e.g. local variations in weather). It is
anticipated that a portion of the sampling design will focus on sampling at extensive sites
centered in communities of Kodiak, Homer, Seward, Valdez, and Cordova as well as native
villages throughout the region (e.g. Tatitlek, Chenega, English Bay).

E. Coordination and Collaboration with Other Efforts
It is anticipated that the GIS database development portion of the project will be coordinated
with other efforts being conducted as part of Alaska watershed and coastal current projects. This
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portion of the project will rely on past and current efforts funded by the EVOS Trustee Council
and the USGS that have developed GIS databases. In addition, we will coordinate and
collaborate with other federal, state, public and private institutions and communities in acquiring
and sharing GIS layers required for this proposal.
In this proposal we will identify where proposed sampling efforts may in part be routinely or
episodically undertaken by other federal, state, public or private institutions or communities (e.g.
bird or mammal surveys conducted by the Departments of Interior or Commerce).
IV. SCHEDULE

A. Project Milestones
Objective 1.

Establish a GIS database that identifies types and locations of data of interest in
selecting monitoring sites for nearshore communities in the GOA.
To be met by September 2003

Objective 2.

Provide a list of alternative nearshore sampling designs that can detect changes in
the nearshore and fit within budgetary constraints. Each alternative will
specifically identify the location and number of sampling sites, the metrics to be
sampled at each, and the frequency of sampling.
To be met by December 2003

Objective 3.

Provide cost estimates for alternative nearshore sampling designs to be used to
detect and understand changes in the nearshore environment of the GOA.
To be met by December 2003

B. Measurable Project Tasks
FY 03, 1st quarter (October 1, 2002-December 31, 2002)
November 25:
Project funding approved by Trustee Council
FY 03, 2nd quarter (January 1, 2003-March 31, 2003)
January 13-17:
Annual EVOS Workshop (joint symposium with GLOBEC and
NMFS)
Initiate collection and compilation of existing data and initiate
development of GIS data coverages
FY 03, 3rd quarter (April 1, 2003-June 30, 2003)
March 30:
Continue GIS database
April 30:
Prepare sampling alternatives and cost estimates
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FY 03, 4th quarter (July 1, 2003-September 30, 2003)
September 1:
Complete GIS data layers and sampling alternatives
Submit annual report
December 1, 2003

Submit Final report to the Trustee Council

V. RESPONSIVENESS TO KEY TRUSTEE COUNCIL STRATEGIES

A. Community Involvement and Traditional Ecological Knowledge (TEK)
Community representatives will be asked to provide input with respect to locations of cultural
resources and subsistence harvest areas to be included in the GIS database. This information will
be used in helping to select sites for sampling.
The final report will be presented to the Trustee Council and to its community representatives for
review. It is anticipated that the final decision regarding selection of a nearshore monitoring plan
will be done in consultation with community representatives.

B. Resource Management Applications
The immediate use of the GIS database of historical information proposed for this project will be
to aid in the selection of long-term monitoring sites. However, it is also anticipated that this
database will have benefit to resource agencies concerned with nearshore habitats. This database
will be especially valuable in efficiently gathering information that may be used to detect
changes caused by some future unanticipated event, such as an oil spill. The products of this
proposal will make important regional data sets more accessible to scientists, managers and other
resource dependent individuals, including subsistence users, fishers and teachers.

VI. PUBLICATIONS AND REPORTS
No manuscripts will be submitted as a result of this project. A final report will be prepared and
presented upon project completion.

VII. PROFESSIONAL CONFERENCES
We do not anticipate presenting results at a conference.
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VIII. PERSONNEL

A. Principal Investigator (PI)
Principal Investigators:
James Bodkin
US Geological Survey
1011 East Tudor Road
Anchorage, AK 99503
Phone: (907) 786-3550
Email: Jbodkin@USGS.gov
Thomas A. Dean
Coastal Resources Associates, Inc.
5674 El Camino Real, Suite M
Carlsbad, CA 92008
Phone: (760) 603-0612
Email: coastal_resources@sbcglobal.net

James Bodkin will be responsible for project objectives and tasks.

B. Other Key Personnel
George Esslinger, Kim Kloecker, and Heather Coletti, USGS, Alaska Science Center

C. Contracts
The U.S. Geological Survey, with Coastal Resources Associates, Inc. serving as a sub-contractor,
will carry out the contract. Dr. Dean of Coastal Resources will be responsible for helping to
gather historical information to be included in the GIS database (Objective 1), developing cost
estimates (Objective 2), and helping to develop the final design alternatives (Objective 3).

IX. PRINCIPAL INVESTIGATOR QUALIFICATIONS

CURRICULUM VITAE
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James L. Bodkin
U.S. Geological Survey
Alaska Science Center
(907) 786-3550 wk
(907) 696-4719 hm
Responsibilities:

Coastal Systems Project Leader. Responsible for the design and
implementation of coastal marine research for the Alaska Science
Center. Responsibilities include preparation and approval of study
plans, supervision of research projects and preparation and
publication of results. Responsible for managing coastal systems
project staff. Directs coastal systems research annual funding
allocations. Southern Alaska Coastal Ecosystem Team Leader.

Current Position:

Wildlife Biologist (Research) GS-486-13. Alaska Science Center.
U.S. Geological Survey. Anchorage, Alaska. August 1996Present

Previous Positions:

Wildlife Biologist (Research) GS-486-12. Alaska Biological
Science Center. U.S. Geological Survey. Anchorage, Alaska.
August 1990- 1996.
Wildlife Biologist GS-486-11, Koyukuk/Nowitna National
Wildlife Refuge. U.S. Fish and Wildlife Service. Galena Alaska.
1989-1990.
Fish & Wildlife Biologist GS-401-11, National Ecology Research
Center, U.S. Fish and Wildlife Service. Santa Cruz field station.
1986-1989
Biological Technician (Wildlife) GS-404-09, National Ecology
Research Center, U.S. Fish and Wildlife Service, San Simeon field
station. 1980-1986
Biological Technician (Fisheries) GS-404-05, National Marine
Fisheries Service, Southwest Fisheries Center, La Jolla, California,
1977-1980

Education:
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Memberships:

Society for Marine Mammalogy
American Society of Mammalogists
Society for Conservation Biology
Wildlife Society
Western Society of Naturalists
National Geographic Society
Alaska Sea Otter Commission, Scientific Advisor
USGS National Diving Control Board Member
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XI. TABLES AND FIGURES
Table 1. Possible agents of change in nearshore systems of the Gulf of Alaska over the next
century, their physical effects, biological effects, and temporal and spatial scales on which
impacts are likely to occur.
Physical Effect

Biological Effect

Temporal/spatial scale1

ENSO - El Nino

Temperature increase
Decreased upwelling
Increase storm activity

Years/Region

ENSO – La Nina

Temperature decrease
Increased upwelling

Decrease in primary
production
Northerly range
extension of southern
species
Increase in some
diseases
Southerly range
extension of northern
species
Increase in primary
production

PDO

(In warm cycle)
Temperature increase
Decreased upwelling

Decrease in primary
production
Northerly range
extension of southern
species
Increase in some
diseases

Decades/Region

Freezing in intertidal
Extreme cold air temp

Death of Inverts/algae
and some vertebrates

Heat/desiccation in
intertidal (especially if
coincident with spring
tide)
Waves/debris increase
Salinity decrease

Death of inverts/algae

Days (though effects
may last years) /Area
(with greater effects in
northerly exposures)
Days (though effects
may last years) /Area
(with greater effects in
southerly exposures)
Days (though effects
may last years) /Area
(with greater effects in
more exposed locations,
locations with movable
substratum, or nearer
stream mouths)
Largely unknown

Agents of Change
Natural
Climate

Weather
Extreme cold events

Extreme heat events

Storms

Disease
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Death of inverts/algae
and some vertebrates

Increased death rate or
reduced reproductive
rate

Years/Region
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Geologic events
Earthquakes

Uplift or down
thrust/sediment
shifting/shifting of
stream mouths

Killing of inverts and
algae

Volcanoes

Increased sedimentation
in intertidal

Smothering of inverts
and algae

Glacial activity

Increased / decreased
sedimentation and
calving

Smothering of inverts
and algae (on advance)
or increase in exposed
bottom/intertidal inverts
and algae and decreased
glacial feeding by birds
(on retreat)

Global warming

Increased temperature,
increased UV radiation,
reduced salinity

Years/Region

Introduction of exotic
spp.
Fishing

None

Northerly shift in
species distribution,
reduced photosynthesis
of kelp, reduction in
marine stenohaline spp.
Reduction in abundance
of competitors/prey
Reduction in targeted
stocks, reduction in
predators of those
stocks, possible habitat
destruction
Intertidal habitat loss,
reduction in intertidal
inverts/algae with
possible reduction in
their predators
Reduction in fish
spawning habitat,
reduction in inverts and
algae intolerant to
stress, increases in
stress tolerant spp.,
increased contaminant
levels in animals and
increased death rate or
reduced reproductive
rate especially in higher
trophic levels.

Years/Area or Location

Minutes/Hours (though
effects may last years)
/Area (with greater
effects in areas of
greatest uplift/down
thrust
Minutes/Hours (though
effects may last years)
/Area (with greater
effects in areas most
exposed to ash
Decades/Location or
Sites

Anthropogenic

None

Aquaculture (especially
intertidal clam)

None

Coastal development

Increased sedimentation
and eutrophication,
introduction of
contaminants
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Recreational use

None

Watershed development

Increased sedimentation
and eutrophication,
introduction of
contaminants

Contamination from
distant sources

Increased levels of
metals and other
chemicals

Logging activity

Increased sedimentation
and eutrophication,
introduction of
contaminants

Oil or chemical spills

Increased levels of
contamination

1

Disturbance to
mammals/birds,
entanglement of
birds/mammals with
trash, reduction in
intertidal inverts/algae
due to trampling
Reduction in fish
spawning habitat,
reduction in inverts and
algae intolerant to
stress, increases in
stress tolerant spp.,
increased contaminant
levels in animals and
increased death rate or
reduced reproductive
rate especially in higher
trophic levels.
Increased contaminant
levels in animals and
increased death rate or
reduced reproductive
rate especially in higher
trophic levels.
Reduction in fish
spawning habitat,
reduction in inverts and
algae intolerant to
stress, increases in
stress tolerant spp.,
increased contaminant
levels in animals and
increased death rate or
reduced reproductive
rate especially in higher
trophic levels.
Reduction in inverts
and algae intolerant to
stress, increases in
stress tolerant spp.,
increased contaminant
levels in animals and
increased death rate or
reduced reproductive
rate especially in higher
trophic levels.

Years/Sites

Years/Sites (especially
at stream or river
mouths)

Years/Region or Areas

Years/Sites

Days (although impacts
may last years or
decades) /locations or
sites

Definition of spatial scales (with approximate shoreline extents)
Region – Gulf of Alaska (1,000 plus km)
Area – SEAK, Yakutat, PWS, Cook Inlet/Kenai, Kodiak/AK Peninsula – (200 km)
Location – Sub areas on the order of Western Prince William Sound (50-100 km)
Site - E.g. Herring Bay, Orca Inlet, Jakalof Bay, Etc. (5-10 km)
Spot – 10s to 100s of m
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Table 2. Possible physical, chemical, biological, components to measure as indicators of change
and identify associated causative agents. Possible metrics and spatial/temporal scales of
measurement are also given.
Entire Region
Metric
Synoptic ocean color,
temperature, altimetry
Habitat maps
Human Use maps
Special Use maps (e.g. fish take)
Event documentation (E.G.
earthquake activity)

Sites per
region
Not
applicable
Not
applicable
Not
applicable
Not
applicable
Not
applicable

Frequency

Priority

Comments

Continuous

1

Develop algorithms for
nearshore corrections

Once /
decade?
Once per
decade?
Annual

1

As they
occur

2

Sites per
region

Frequency

Priority

All

Once/5-10
yr
Once/5-10
yr
Once/5 10
yr

1

1

2
2

Intensively sampled sites
Metric

Physical - chemical
Substrate Composition
Slope

All

Exposure

All

Data Loggers
Temperature

1
1

Salinity

1-3

Continuous
(C)
C

DO
PH
Turbidity
Chlorophyll
PAR

1-3
1-3
1-3
1-3
1-3

C
C
C
C
C

1
1
1
1
1

1-3

C

2

“

1-3
1-3
1-3

Monthly
Monthly
Monthly

2
2
2

“
“
“

1-3
1-3

C
C

2
2

“
“

Nutrients
Nitrate, Nitrite, Ammonium,
Phosphate
POC
PON
DOM
Energy
Wave energy
Current speed/direction

Prepared ____/02

1-3

Comments

1

Profiles or near surface
and near bottom
Profiles or near surface
and near bottom
“
“
“
“
Profiles or near surface
and near bottom
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Habitat Characteristics
Kelp and eelgrass mapping
Biological
Abundance - sea otters
Mortality rate – sea otters

All

Once / yr.

1

Entire area
Entire area

Yearly
Yearly

1
2

3-4
All

Yearly
Yearly

2
2

Contaminant levels – sea otters
(POPs, PAHs?)

All

Yearly

2

Abundance – selected birds
(Oyster catchers, goldeneye,
scooters, harlequin ducks)
Abundance - All birds
Abundance – selected fishes
Body burden of contaminants
in selected fish (e.g. greenling)

All

Yearly

2

All
All
All

Once / 5 yr?
Once / yr
Once / yr

2
2
2

All

Once / yr
“

1

All

“

1

All
All

C
“

2
2

All

“

2

All

“

2

All

“

3

All

Rotating
subset once
per year

2

All

“

2

All

Rotating
subset once
per year

2

Diet – sea otters
Disease – sea otters

Intertidal – hard substrates
Abundance - all macro inverts
and algae
Distribution - selected inverts
and algae (Fucus, mussels, kelp)
Temperature
Size distribution – selected
inverts (mussels, stars?)
Recruitment – selected inverts
and algae
Growth – selected inverts and
algae
Condition – selected
inverts/algae
Body burdens of metals, PAHs,
and other contaminants in
mussels
Intertidal – soft substrate
Abundance – Protothaca and
selected clams. crabs
Body burdens of metals, PAHs,
and other contaminants in clams
(Protothaca)

Prepared ____/02

Aerial surveys
Based on recovered
skulls/carcasses
Based on recovered
carcasses
Possible archival of
samples

Diver surveys
Possible archival of
samples

High and low intertidal;

Possible archival of
samples

Possible archival of
samples
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Extensively sampled sites
Metric

Sites per
region

Frequency

Priority

Comments

Temperature?
Salinity?
Substrate Composition

All
All
All

2
2
2

High and low intertidal;
Low intertidal

Slope

All

Exposure

All

C
C
Once/5-10
yr
Once/5-10
yr
Once/5 10
yr

All

Once / yr

2

All

2

All

Once / yr.
Once / yr
“

2

All

“

2

All

“

2

All

Rotating
subset once
per year

2

All

Once/yr

2

All

Rotating
subset once
per year

2

Physical – chemical

Biological
Body burden of contaminants in
selected fish (e.g. greenling)?
Kelp and eelgrass mapping?
Intertidal – hard substrates?
Abundance - selected macro
inverts and algae (Fucus, mussels,
limpets, stars)
Distribution - selected inverts
and algae (Fucus, mussels?)
Size distribution – selected
inverts (mussels, stars?)
Body burdens of metals, PAHs,
and other contaminants in
mussels?
Intertidal – soft substrate
Abundance – Protothaca and
selected clams. crabs
Body burdens of metals, PAHs,
and other contaminants in clams
(Protothaca)?

Prepared ____/02

2
2

Possible archival of
samples

Possible archival of
samples

Possible archival of
samples
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Table 3. Example of options for different sampling designs to be used for GEM nearshore
monitoring.
Option 1. Emphasis on synoptic and intensive sites aimed at evaluating large-scale spatial and temporal changes.
Option 1-A (Few intensive sites with more sampling per site)
Sampling type
Synoptic
Intensive
Cost
$100,000
$600,000
Metrics

1) Habitat mapping

2) Human use
mapping
3) Sea surface
temperature and
ocean color
4) Event monitoring

Sampling areas

Locations and
sites/location

Prepared ____/02

Metrics 1-3: Entire
GOA

Metric 4: As
available, centered
around communities
Not applicable

1) Intertidal
invertebrate and
algal abundance
2) Clam growth

3) Mussel growth

4) Kelp and eelgrass
canopy cover

5) Sea otter
abundance
6) Sea otter survival
7) Abundance of
selected birds
8) Water
temperature and
salinity
9) Weather
conditions
PWS (1)
Kodiak (1)
Cook Inlet (1)
Sitka (1)

Metrics 1-3: 6
locations/area and 6
sites/location
Metrics 4-7: entire
area
Metric 8: 1 site per
location
Metric 9: 1 site per
area

Extensive
$250,000

Process
$50,000

1) Clam abundance
and size distribution

To be determined

2) Mussel
abundance and size
distribution
3) Gross estimates of
cover by Fucus and
mussels
4) Contaminants in
clams (PAHs,
organochlorines,
metals)

20 – with
concentration in
PWS / Resurrection
Bay / Cook Inlet

Selected intensive
sites

5 sites per area

To be determined
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Sampling frequency

Notes

Metrics 1-2: Once
per 10 years

Metrics 1-7:Once /
year

Metric 3: 3 times per
year
Metric 4:
Continuous

Metric 8-9:
Continuous

Community
representatives to
assist in event
monitoring

Areas are
approximately 400
sq. km – sites are
200m sections of
coast
Emphasis on
sheltered rocky
intertidal

Costs based on 1
team of 4 persons
sampling one site
per day for intertidal
species.
Community
representative to
assist in sampling of
sea otter skulls for
estimation of
survival and
servicing of
temperature/salinity
recording devices

Prepared ____/02

Half of locations
once /year – rotating
every other year or
Sample all sites
every other year and
do analyses in nonsampling years

Too be determined

Areas are
approximately 25 sq.
km.

None

Half of areas
centered around
population
centers/villages or
areas of expected
impact such as
logging sites Emphasis on soft
sediment habitats
Costs based on 1
team of 2 sampling
one sites per day

Community
representatives to
assist in sampling

Page 32

Option 1-B (More intensive sites with less sampling per site)
Sampling type
Synoptic
Intensive
Cost
$100,000
$600,000
Metrics

1) Habitat mapping

2) Human use
mapping
3) Sea surface
temperature and
ocean color
4) Event monitoring

Sampling areas

Locations and
sites/location

Sampling frequency

Metrics 1-3: Entire
GOA

Metric 4: As
available, centered
around communities
Not applicable

Metrics 1-2: Once
per 10 years

Metric 3: 3 times per
year
Metric 4:
Continuous

Prepared ____/02

1) Selected intertidal
invertebrate and
algal abundance
2) Mussel
abundance and
growth
3) Sea otter
abundance
4) Sea otter survival

5) Abundance of
selected birds
6) Water
temperature
7) Weather
conditions
PWS (3)
Cook Inlet (1)
Kodiak (1)
Yakutat (1)
Sitka (1)

Metrics 1-2: 6
locations/area and 6
sites/location
Metrics 3-5: entire
area
Metric 6-7: 1 site per
location
Metrics 1-5:Once /
year

Extensive
$250,000

Process
$50,000

1) Clam abundance
and size distribution

To be determined

2) Mussel
abundance and size
distribution
3) Gross estimates of
cover by Fucus and
mussels
4) Contaminants in
clams (PAHs,
organochlorines,
metals)

20 – with
concentration in
PWS / Resurrection
Bay / Cook Inlet

Selected intensive
sites

5 sites per area

To be determined

Half of locations
once /year – rotating
every other year or
Sample all sites
every other year and
do analyses in nonsampling years

To be determined

Metric 6-7:
Continuous
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Notes

Community
representatives to
assist in event
monitoring

Areas are
approximately 400
sq. km – sites are
200m sections of
coast
Emphasis on
sheltered rocky
intertidal

Costs based on 1
team of 2 persons
sampling one site
per day for intertidal
species.
Community
representative to
assist in sampling of
sea otter skulls for
estimation of
survival and
servicing of
temperature
recording devices

Prepared ____/02

Areas are
approximately 25 sq.
km.

None

Half of areas
centered around
population
centers/villages or
areas of expected
impact such as
logging sites
Costs based on 1
team of 2 sampling
one sites per day

Community
representatives to
assist in sampling
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Option 2. Effort split between extensive and intensive sites.
Sampling type
Cost

Synoptic
$100,000

Intensive
$450,000

Extensive
$350,000

Process
$50,000

Metrics

1) Habitat mapping

1) Selected intertidal
invertebrate and
algal abundance
2) Mussel
abundance and
growth
3) Sea otter
abundance

1) Clam abundance
and size distribution

To be determined

2) Human use
mapping
3) Sea surface
temperature and
ocean color
4) Event monitoring

Sampling areas

Locations and
sites/location

Sampling frequency

Notes

Prepared ____/02

Metrics 1-3: Entire
GOA

Metric 4: As
available, centered
around communities
Not applicable

Metrics 1-2: Once
per 10 years

Metric 3: 3 times per
year
Metric 4:
Continuous
Community
representatives to
assist in event
monitoring

4) Sea otter survival

5) Abundance of
selected birds
6) Water
temperature
7) Weather
conditions
PWS (2)
Cook Inlet (1)
Kodiak (1)
Sitka (1)

Metrics 1-2: 6
locations/area and 6
sites/location
Metrics 3-5: entire
area
Metric 6-7: 1 site per
location
Metrics 1-5:Once /
year

2) Mussel
abundance and size
distribution
3) Gross estimates of
cover by Fucus and
mussels
4) Contaminants in
clams (PAHs,
organochlorines,
metals)

28 – with
concentration in
PWS / Resurrection
Bay / Cook Inlet

Selected intensive
sites

5 sites per area

To be determined

Half of locations
once /year – rotating
every other year or
Sample all sites
every other year and
do analyses in nonsampling years

To be determined

Areas are
approximately 25 sq.
km.

None

Metric 6-7:
Continuous

Areas are approx.
400 sq. km – sites
are 200m sections of
coast
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Emphasis on
sheltered rocky
intertidal

Costs based on 1
team of 2 persons
sampling one site
per day for intertidal
species.
Community
representative to
assist in sampling of
sea otter skulls for
estimation of
survival and
servicing of
temperature
recording devices

Prepared ____/02

Half of areas
centered around
population
centers/villages or
areas of expected
impact such as
logging sites
Costs based on 1
team of 2 sampling
one site per day

Community
representatives to
assist in sampling
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Option 3. Emphasis on extensive sites.
Sampling type
Cost

Synoptic
$100,000

Intensive
$360,000

Extensive
$510,000

Process
$50,000

Metrics

1) Habitat mapping

1) Selected intertidal
invertebrate and
algal abundance
2) Mussel
abundance and
growth
3) Sea otter
abundance

1) Clam abundance
and size distribution

To be determined

2) Human use
mapping
3) Sea surface
temperature and
ocean color
4) Event monitoring

Sampling areas

Locations and
sites/location

Sampling frequency

Notes

Prepared ____/02

Metrics 1-3: Entire
GOA

Metric 4: As
available, centered
around communities
Not applicable

Metrics 1-2: Once
per 10 years

Metric 3: 3 times per
year
Metric 4:
Continuous
Community
representatives to
assist in event
monitoring

4) Sea otter survival

5) Abundance of
selected birds
6) Water
temperature
7) Weather
conditions
PWS (1)
Cook Inlet (1)
Kodiak (1)
Sitka (1)

Metrics 1-2: 6
locations/area and 6
sites/location
Metrics 3-5: entire
area
Metric 6-7: 1 site per
location
Metrics 1-5:Once /
year

2) Mussel
abundance and size
distribution
3) Gross estimates of
cover by Fucus and
mussels
4) Contaminants in
clams (PAHs,
organochlorines,
metals)

28 – with
concentration in
PWS / Resurrection
Bay / Cook Inlet

Selected intensive
sites

8 sites per area

To be determined

Half of locations
once /year – rotating
every other year or
Sample all sites
every other year and
do analyses in nonsampling years

To be determined

Areas are
approximately 25 sq.
km.

None

Metric 6-7:
Continuous

Areas are approx.
400 sq. km – sites
are 200m sections of
coast
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Emphasis on
sheltered rocky
intertidal

Costs based on 1
team of 2 persons
sampling one site
per day for intertidal
species.
Community
representative to
assist in sampling of
sea otter skulls for
estimation of
survival and
servicing of
temperature
recording devices

Prepared ____/02

Half of areas
centered around
population
centers/villages or
areas of expected
impact such as
logging sites
Costs based on 1
team of 2 sampling
one sites per day

Community
representatives to
assist in sampling

Page 38

Figures 1-6 are examples of the types of GIS data coverages we are proposing to assemble under
this proposal for the GOA region. The list of data types in the inset table are for example only
and not intended to be representative or comprehensive of potential data types.

Figure 1. Map of shoreline of Glacier Bay National Park and Preserve, Alaska. Theme list inset
illustrates options for querying the GIS database for data types that may be present in the area
selected by the user (e.g. Glacier Bay). In this example data types include; habitat attributes
(bathymetry, slope, and water temperature), species of marine invertebrates (clams mussels and
urchins), marine birds (Harlequin ducks (hadu), Barrows Goldeneye (bago), and Black
Oystercatchers (bloy), and mammals (sea otter (seot) and Harbor seal (hase). (See Figs. 2-6).

Prepared ____/02
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Figure 2. Map of Glacier Bay illustrating selection of the bathymetric data, and identifying other
potential habitat data types (e.g. geomorphology and temperature). Attribute data for the
selected data type are illustrated in the inset table.

Prepared ____/02
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Figure 3. Map of Glacier Bay illustrating the selection of intertidal clam data, and identifying
other potential invertebrate data types (e.g. urchins and mussels). Attribute data for the selected
data type are illustrated in the inset table. Yellow arrow indicates clam data location selected by
user.

Prepared ____/02
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Figure 4. Map of Glacier Bay illustrating the selection of Harlequin duck data (hadu), and
identifying other potential marine bird data types (e.g. Black Oystercatchers and Barrows
Goldeneye). Attribute data for the selected data type are illustrated in the inset table. Yellow
lines indicate extent of survey.

Prepared ____/02
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Figure 5. Map of Glacier Bay illustrating the selection of sea otter data, and identifying other
potential mammal data types (e.g. harbor seals and river otters). Attribute data for the selected
data type are illustrated in the insert table. Red circle indicates extent of survey area.

Prepared ____/02
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Figure 6. Map of Glacier Bay and GIS coverages illustrating 1) shorelines, 2) bathymetry, 3)
intertidal clam sampling locations, and 4) sea otter aerial survey area. In this example the sea
otter survey area includes only the lower portion of Glacier Bay.

Prepared ____/02
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Signature Form
THIS FORM MUST BE SIGNED BY THE PROPOSED PRINCIPAL INVESTIGATOR AND SUBMITTED
ALONG WITH YOUR PROPOSAL. If the proposal has more than one investigator, this form must be
signed by at least one of the investigators, and that investigator will ensure that Trustee Council
requirements are followed. Proposals will not be reviewed until this signed form is received by the
Trustee Council Office.

By submission of this proposal, I agree to abide by the Trustee Council’s data policy (Trustee
Council/GEM Data Policy*, adopted July 9, 2002) and reporting requirements (Procedures for the
Preparation and Distribution of Reports*, adopted July 9, 2002).

Signature of PI

Date

Signature of PI

Date

Signature of co-PI

Date

* These documents are available on the web at www.oilspill.state.ak.us or upon request from the Trustee
Council Office.
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