
ABSTRACT

Quantifying the distribution, abundance, and diversity of nearshore organisms

over large areas presents problems to scientists and resource managers constrained by

time, personnel, and funding. For example, no method currently exists to statistically

extrapolate biological transect data from small to large spatial scales. Ecological

responses caused by interacting physical and biological processes operate across multiple

scales of space and time. At large scales (100-1000 km, decades to centuries) physical

processes may dominate the structuring of nearshore communities, while at smaller scales

(1 - 10 in, minutes to hours) biological processes may become more important in

determining organism distributions. Climatic variations delineate global habitats near one

end of the space/time continuum, while competition for space and food determines

nearshore community structure at the opposite end. Delineating coastal habitats at

intermediate spatial scales becomes complex, requiring multiple parameters at each

increment through the space/time continuum.

The objective of this study was to develop a coastal classification system spanning

spatial scales from 10 in to 1,000's km based on a suite of physical factors linked to

causal processes associated with ecological responses in the nearshore environment.

Complex shorelines can be partitioned into relatively discrete horizontal and vertical

polygons with generally homogeneous morphodynamic attributes. The attributes of each

unit are described and quantified, thus allowing statistical calculations for parametric or

spatial distribution modelling of nearshore habitats.

In 1994 - 1995, the 138 km Cook Inlet shoreline of Lake Clark National Park was

classified using this system. Queries of the GIS database show the total area, length and

width of each intertidal habitat type, to a minimum resolution of 10 meters horizontally, as

defined by alongshore polygon attributes such as wave runup, substrate character, slope

angle and aspect. The methods developed in this study have application to oil spill

damage assessments, inventory and monitoring programs, and global change studies

when economical or logistical constraints dictate a reliance on data collected from

relatively localized areas, but when there is a need to extrapolate to broad spatial scales.
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THE CLASSIFICATION OF NEARSHORE HABITATS:

A SPATIAL DISTRIBUTION MODEL

1. INTRODUCTION

Marine ecological communities vary considerably in both space and time, and this

variability is particularly evident in the ecotone between marine and terrestrial systems.

Therefore, quantifying the distribution, abundance, and diversity of intertidal organisms

over large spatial scales is problematic for scientists and resource managers constrained

by time, personnel, and funding. For example, no method currently exists to statistically

extrapolate biological transect data from small to larger spatial scales. Thus, only limited

inferences can be made about local communities and processes beyond single point

monitoring sites. However, the consideration of broad temporal and spatial scales in

nature is critical to our ability to understand ecological processes.

Nearshore habitats serve a number of ecological functions including nesting,

breeding or refuge areas for wildlife, fisheries, food web support, sediment trapping and

nutrient cycling (Mumford et al. 1992). These habitats are defined by a combination of

interacting environmental variables such as substrate size and type, water temperature,

salinity, water quality, silt loading, hydrology, and processes and patterns of coastal

sediment transport, etc. These variables often act synergistically producing complex

mechanisms that influence the abundance, distribution and diversity of organisms in a

given area. The relative importance of these factors in regulating community patterns

varies across scales of space and time. Some processes dominate or are more important

than others. For example, at small spatial scales, biotic and abiotic factors interact to

influence local patterns of community structure through predation, competition, solar

aspect, wave forces, and point source perturbations. At larger scales, variations in tides,

currents and weather can affect dispersal and nutrient fluxes. At global scales, long term

changes in climate can indirectly modify local variables to produce environmental

stresses directly and indirectly influencing nearshore populations (Menge & Olson,
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1990). The goal of this study is to develop a hierarchical shoreline classification system

that defines nearshore habitats at spatial scales ranging from meters to thousands of

kilometers. The results of the classification can be used to inventory organisms and

communities, and model spatial distributions of nearshore habitats as a first step towards.

understanding biological community structures over large areas.

Information regarding the distribution, type, and functions of nearshore habitats is

critical for making sound management decisions. Local, state, and federal regulatory and

proprietary agencies require this information for planning, zoning, leasing, and

permitting. While mapping and establishing habitat inventories in uplands has been

taking place for over a century, estuarine and marine habitats have been poorly or

incompletely inventoried. The mapping of intertidal functions such as habitat use,

primary productivity, etc'., and habitat values such as esthetics and recreation has not yet

begun. Existing habitat inventories suffer from outdated information, inadequate

resolution, and inaccurate information.

There are two primary objectives of this study:

(1) Develop quantitative criteria for characterizing and delineating nearshore habitats

at scales of 10 -100 in.

(2) Integrate the above small spatial scale quantification of nearshore habitats into

existing classifications to produce a broad scale, spatially nested hierarchy that

ranges from 10's of meters to 1,000's of kilometers.

The body of this paper is divided into five chapters. Chapter 2 reviews existing

classifications currently used in the Pacific Northwest. The various methods used by

regional resource agencies are described and the respective advantages and disadvantages

are listed. This serves to provide a perspective on the parameters currently being

monitored or formerly obtained for habitat inventories.

Chapter 3 describes the development of a hybrid spatially nested classification

system using portions of existing systems used in the Pacific Northwest, but for the
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smallest scale a new list of variables is introduced. Each variable in the classification is

described, and where applicable, the categories of quantified values are listed. Chapter 4

provides an application to 138 kilometers of shoreline along Cook Inlet within Lake

Clark National Park and Preserve, Alaska.

Chapter 5 summarizes the main conclusions of this study, presents implications of

the results and discusses further potential applications. Three appendices provide

additional information for the Cook Inlet project, and a fourth appendix shows

photographic examples of specific geomorphological shoreline types.
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2. A SUMMARY OF PACIFIC NORTHWEST SHORELINE

CLASSIFICATION SYSTEMS

Habitat information is critical for marine ecologists studying intertidal

populations and community dynamics, and for resource managers having jurisdiction

over intertidal lands subject to anthropogenic disturbance. In the Pacific Northwest,

resource agencies at the federal, state and local levels have expended considerable funds

in developing shoreline classification schemes. This section reviews six classification

programs currently in use. Non-hierarchical classification methods include those of the

Oregon Department of Fish and Wildlife (ODFW), (currently applied to rocky intertidal

shores for inventory and monitoring of fauna and flora communities) and the National

Oceanic and Atmospheric Administration (NOAA) Environmental Sensitivity Index

(ESI) maps. The remaining four classification methods are hierarchical. The U.S. Fish

and Wildlife Service (USFWS) has developed a shoreline classification for the National

Wetlands Inventory (NWI). Regional organizations such as the Washington State Natural

Heritage Program have developed more detailed shoreline classifications for specific

projects such as the mapping of intertidal and shallow subtidal lands for the Puget Sound

Ambient Monitoring Program (PSAMP). The British Columbia Ministry of the

Environment has developed the Physical Shore-Zone Mapping System, a comprehensive

classification that relies on qualitative geomorphological descriptions of habitats and

processes that influence temporal and spatial variation of biota. Following theExxon

Valdez oil spill, the Alaska Regional Office of the National Park Service developed a

procedure to quantitatively classify intertidal habitats for stranded oil persistence studies

resulting in a quantitative shoreline classification system. Recently this classification was

used as the foundation for a predictive model that links specific intertidal fauna/flora

communities to geomorphological habitat types (Schoch & Dethier, in press).
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2.1 Oregon Department of Fish and Wildlife Rocky Shore Inventory and

Assessment

The Oregon Department of Fish and Wildlife is currently mapping rocky intertidal

habitats, under a grant from Coastal Zone Management section 309 funds. The overall

objective of the project is to describe and compare species distribution and diversity at

various spatial scales within and between 12 selected rocky intertidal sites along the

Oregon coast (Fox et al., 1994). A secondary objective is to relate species distribution and

diversity to physical habitat characteristics and to features mapped from aerial

photographs (Table 1).

This mapping effort does not use a systematic hierarchical classification,

primarily relying on photo interpretation of 1:1200 enlargements from color infrared

photography to delineate features within the intertidal zone. Polygons delineating habitat

characteristics are drawn on acetate overlays registered to the aerial photographs. The

acetate overlays are then digitized and incorporated into a GIS database and rocky shores

habitat map.

Project Summary

Objective: To aid in managing intertidal resources along the Oregon coastline by

providing descriptive information about rocky intertidal environments

Data source: 1:7200 color infrared vertical aerial photography

Method: photo interpretation and analytical stereo-plotter

Basemap Scale: 1:1,200

Resolution: I Om

Advantages Disadvantages

high spatial resolution limited to relatively small rocky areas

economical only 12 sites were mapped

intertidal contours (at 0,1,2,4m) not process oriented
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algal cover is mapped only visible substrate is mapped

kelp beds were mapped no subtidal habitat information
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Table 1. Rocky Shores Inventory and Mapping
Summary (after Fox et al., 1994)

Habitat Type Biotic Assemblage

bedrock
large boulders
extra large boulders fauna and flora
cobbles species determined
sand from transects
tide pools
surge channels and crevices
macroscopic intertidal algae
mussel beds
large surf grass beds
selected kelp beds
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2.2 National Wetlands Inventory

This hierarchical system was designed to categorically describe ecological units

(Table 2) that have certain homogenous natural attributes and to arrange these units into a

system that would aid natural resource management decisions. The U.S. Fish and

Wildlife Service (USFWS) has mapped wetlands and deep water habitats of the United

States through the National Wetlands Inventory Program. The USFWS adopted a

classification system developed by wetland ecologists to provide comparable information

over large areas (Cowardin et al., 1979). The habitat classification was originally based

on 1:58,000 scale color infrared aerial photography flown during the early 1980's, and

more recently from satellite remotely sensed data. The base maps are 1:24,000 scale 7.5'

USGS quadrangle maps. The minimum mapping. units are 2 acres. Field verification is

limited by a preset criteria of a minimum 2.5 field days and 25 wetlands sites per

1:100,000 map area.

The marine and estuarine portions of the NWI are not considered to be

sufficiently accurate to make land use and resource management decisions (Mumford et

al., 1992). The only relevant information presented by NWI is the presence or absence of

vegetation within the intertidal areas and the relative degree of tidal inundation. No

information is included about whether the aquatic beds are drift or attached vegetation or

what species of vegetation are present. Eelgrass beds or nearshore floating kelp beds

(Nereocystis or Macrocystis) are not distinguished from other types of vegetation, and

there is no means of indicating the substrate type beneath aquatic beds.

Project Summary

Objective: To provide a national standard for the classification of wetlands and deep

water habitats over large areas.

Data source: 1:58,000 color infrared aerial photography and multispectral satellite data

Method: photo interpretation and digital classification with field verification

Basemap Scale: 1:24,000 USGS quadrangles

Resolution: 100m
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Advantages

standard mapping scale

large areal coverage

standard definitions

hierarchical

remote sensing techniques
are used

inclusion of dominant plants
provides some biological relevance

Disadvantages

scale too small to accurately resolve intertidal
habitats

many changes have occurred since data were
collected

limited number of parameters

not process oriented

only visible coverages are mapped (e.g. vegetation
type, and possibly substrate)

lacks biological detail, a single plant is used as a
key for each habitat

no measure of exposure energy

no temporal variation
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Table 2. National Wetlands Inventory Summary (after Cowardin et al., 1979)
(abbreviated for coastal lands)

Province System Subsystem Class Subclass Modifiers
(for each subclass)

Rocky shore Bedrock
Rubble
Cobble-Gravel

Intertidal Unconsolidated Sand
Mud
Organic

Aquatic bed Rooted vascular
Algal

Reef Worm
Marine Coral

Rocky shore Bedrock
Rubble
Cobble-Gravel

Unconsolidated Sand
Subtidal Mud

Organic
Aquatic bed Rooted vascular

Algal
Reef Worm

Coral
Rocky shore Bedrock

Rubble
Arctic Cobble-Gravel Irregularly exposed
Acadian Unconsolidated Sand Regularly flooded
Virginian Mud Irregularly flooded
Carolinian Organic Salinities
West Indian Aquatic Bed Algal Excavated
Louisianian Rooted Vascular Impounded
Californian Floating Diked
Columbian Reef Mollusk Partly Drained
Fjord Worm Farmed
Pacific Insular Streambed Cobble-Gravel Artificial

Sand
Intertidal Mud

Organic
Emergent wetland persistent

nonpersistent
needle-leaved evergreen
broad-leaved evergreen

Estuarine Scrub - shrub wetland needle-leaved deciduous
broad-leaved deciduous
dead
needle-leaved evergreen
broad-leaved evergreen

Forested wetland needle-leaved deciduous
broad-leaved deciduous
dead

Rocky bottom Bedrock
Rubble
Sand

Subtidal Mud
Unconsolidated Organic

Aquatic Bed
Reef
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2.3 Marine and Estuarine Classification System for Washington State

The Washington Natural Heritage Program produced a hierarchical marine and

estuarine habitat classification system that was designed to be compatible with the

Cowardin system, but can identify and describe the full array of nearshore marine and

estuarine natural communities in Washington State (Dethier, 1990). The purpose is to 1)

provide a framework for existing data and future inventory work on the status and

distribution of marine and estuarine communities; and 2) to aid the Puget Sound Ambient

Monitoring Program to map intertidal and shallow subtidal lands by providing mapping

units, thus creating a uniform terminology useful to resource managers and planners. The

mapping units (the nearshore habitat types, each with a distinct physical regime) have an

ecological basis. To make effective decisions, land use planners, regulators and agency

personnel need information not found in the NWI maps. This classification system

provides sufficient detail for the collection, organization and presentation of information

describing the ecological characteristics of nearshore marine and estuarine environments.

The Natural Heritage classification builds on the National Wetland Inventory

classification of Cowardin et al., but adds an energy level to the hierarchy to incorporate

the critical importance of waves and currents in structuring marine communities. This

system also removes the "Aquatic Bed" categories from all levels, making substratum

type one of the highest levels in the hierarchy. Marine and estuarine habitats are thus

defined by their relative depth, substratum type, energy level and a few additional

modifiers. For each combination of these physical variables, species that are diagnostic of

the habitat are described, based on surveys from around the state of Washington (Table

3).

Project Summary

Objective: To provide a regional standard for the classification of subtidal, intertidal and

estuarine habitats in Puget Sound.

Data source: 1:24,000 color infrared aerial photography and multispectral satellite

imagery (MSS).
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Method: digital classification

Baseman Scale: 1:24,000 USGS quadrangles

Resolution: 10m

Advantages Disadvantages

derived from the NWI classification limited number of parameters

standard definitions

defines physical criteria

such as substrate and energy

includes biotic associations

includes subtidal and intertidal

hierarchical

not process oriented

difficult to differentiate estuarine and marine
subdivisions

no temporal variation
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Table 3. Washington Natural Heritage Program Summary (after Dethier, 1990)
System Subsystem Class Subclass Energy Enclosure Modifiers

(for each (for each (for each
marine subclass) estuarine subclass) subclass)

Bedrock
Consolidated Hardpan

Boulders
Cobble
Mixed coarse

Intertidal Gravel
Unconsolidated Sand

Mixed fine
Mud
Organic Exposed

Reef Partially exposed
Marine Artificial Semi-exposed

Bedrock Protected
Consolidated Hardpan

Boulders
Cobble
Mixed coarse

Subtidal Gravel
Unconsolidated Sand

Mixed fine
Mud
Organic

Reef
Artificial

Bedrock
Consolidated Hardpan

Boulders Tidal

Cobble Elevation

Mixed coarse
Intertidal Gravel Salinity

Unconsolidated Sand
Mixed fine
Mud
Organic

Reef
Estuarine Artificial

Bedrock
Consolidated Hardpan

Boulders
Cobble Open

Mixed coarse Partly enclosed

Subtidal Gravel Enclosed

Unconsolidated Sand Channel
Mixed fine
Mud
Organic

Reef
Artificia!
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2.4 NOAA Environmental Sensitivity Index Maps

A non-hierarchical geomorphological classification (Table 4) was developed by

Research Planning Institute, Inc. for oil spill sensitivity studies and was subsequently

adopted by the National Oceanic and Atmospheric Administration (NOAA) for a national

mapping program encompassing much of the United States coastline (Michel et al., 1978,

Hayes, 1980, and Domeracki et al., 1981). The resulting Environmental Sensitivity Index

(ESI) maps provide geomorphological indicators relating shoreline type and energy

regime to retention time (persistence) of stranded oil. The maps also include information

and locations for marine mammal concentrations, seabird colonies, anadromous fish

streams and significant shellfish beds.

Interpretation of geomorphological indicators can define the prevailing shoreline

processes that control the persistence of stranded oil. For example, a wave-cut platform

generally indicates a horizontal or low sloping impermeable bedrock surface with high

wave energy. Stranded oil would not persist there for more than a few weeks. On a well

sorted, rounded cobble beach, oil could seep into interstitial spaces and reside until the

high energy waves of winter storms roll the cobbles, transporting them vertically and

horizontally along the beach face. Trapped interstitial oil could then be exposed and

released into the water or redistributed along the beach. On rocky shorelines with

relatively stable large angular boulders and deep interstitial voids, trapped oil could

persist for many years. The ESI maps rate ten shoreline types on a scale from 1 to 10,

with 1 being the least sensitive to long lasting effects from stranded oil.

This index, used in conjunction with the locations and sensitivity of other

biological and cultural resources, currently provides the basis for prioritizing cleanup

sites and for choosing specific cleanup methodologies for NOAA administered oil spill

response activities. The weakness of this system is the poor resolution of the basemap,

the lack of accurate quantification of shoreline features, the simplification and

generalization of physical environment characteristics, and the lack of a vertical

dimension to capture the shoreline changes at different tide levels (Schoch, 1994). USGS

topographic quadrangles are most often used for basemaps, maps which depict a coast
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outlined by the approximate mean high tide; the intertidal region is generally not shown

except when extensive mud flats are present. The shoreline classification is primarily

based on aerial surveys, with spot-location ground truthing. This is adequate for

identifying general geomorphological trends but fails to delineate the subtle variance of

beach structures that ultimately control the persistence of stranded oil.

Project Summary

Objective: to provide a summary of shoreline types and the associated sensitivity to

spilled oil

Data source: aerial overflights with periodic ground verifications

Method: annotated basemap

Basemap Scale: 1:24,000 USGS quadrangles in contiguous states and 1:63,360 in Alaska

Resolution: 50m in contiguous states and 100m in Alaska

Advantages Disadvantages

standard definitions limited number of parameters

defines physical criteria such as not process oriented
substrate and energy

no vertical zonation
widely used by NOAA and the U.S.
Coast Guard, comprehensive coverage not hierarchical

poor data resolution due to small mapping
scale

no temporal variation
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Table 4. Environmental Sensitivity Index Classification
(after Hayes, 1980)

Shoreline Type Sensitivity
Index

Expected Oil Retention Period

Exposed rocky headlands 1

A few days to a few weeks
Exposed wave-cut platforms 2

Fine-grained sand beaches 3
1 month to 6 weeks

Coarse-grained sand beaches 4

Exposed tidal flats (low-biomass) 5
6 - 24 months

Mixed sand and gravel beaches 6

Gravel beaches 7a

Exposed tidal flats (moderate biomass) 7b 1 - 8 years

Sheltered rocky shores 8

Sheltered tidal flats 9
up to 10 years

Marshes 10
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2.5 British Columbia Ministry of the Environment

Physical Shore-Zone Mapping System

In 1979 the British Columbia Ministry of the Environment set out to inventory

and map the physical character of the provincial coastal zone. Howes et al. (1994)

developed a classification of the materials, forms and processes that occur or operate

along the sheltered mainland and exposed outer-island coasts of British Columbia. The

classification was specifically developed to provide an inventory of the physical character

of the shore zone and to show the distribution, extent and locations of shore types. The

system is hierarchical and the data are independent of map scale. The database has a wide

range of natural resource applications including planning, management, impact

assessment, and oil spill response.

The classification allows systematic recording of shore morphology, shore-zone

substrate and wave exposure characteristics. Thirty-four shoreline categories have been

defined in terms of substrate type, sediment size, width, and slope. Shoreline units are

represented by line segments on a map and with a unique identifier. Alternatively, shore

units may be represented as polygons or points depending upon the scale of the map

representation. Additional information on each unit and the components are recorded in

an associated database.

The classification hierarchy first subdivides the shoreline into alongshore units

(Table 5). These are subsequently partitioned into across-shore components. Each

component is systematically described in terms of physical characteristics such as

morphology, texture and dominant geomorphic processes. As such, the mapping

approach is descriptive (the mapper describes what can be seen of the component). There

are no functional relationships with ecological processes incorporated into the

classification scheme. The component polygons are qualitatively grouped into vertical

zones representing the supratidal, intertidal or subtidal elevations. Shorelines are also

differentiated by wave exposure. For example, additional shore units are delineated where

wave exposure changes significantly. Wave exposure is based on fetch distance, resulting

in a categorization summarizing wave exposure over multiple units. The following
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categories of fetch are currently being used: very protected (< 1 km), protected (1 - 10

km), semi-protected (10 - 50 km), semi-exposed (50 - 500 km), and exposed (>500 km).

A modified effective fetch is also calculated based on directional wave energy exposure

gradients.

Project Summary

Objective: to provide an inventory of the physical character of the shore zone and

baseline data for a wide range of natural resource applications

Data source: vertical aerial photography, aerial videography, field verification

Method: photo interpretation, ground surveys with field documentation

Basemap Scale: scale dependent on selected basemap

Resolution: I Om at 1:5,000 scale (but variable depending on research scale)

Advantages Disadvantages

standard regional definitions relies on aerial imagery and overflights

defines substrate and energy no temporal variation

comprehensive regional coverage qualitative descriptions (except for
calculations of fetch)

hierarchical poor resolution at small spatial scales
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2 .6 Alaska Region National Park Shoreline Classification System

Following the Exxon Valdez oil spill, shoreline assessments were made by the

National Park Service on Alaska's Katmai, Kenai Fjords, and Cook Inlet coastlines from

1989 to 1994. These assessments showed that generalized broad area geomorphological

classifications, such as the ESI, do not provide adequate detail to describe the dramatic

changes in coastal configuration, energy regime and shoreline type at different stages of

the tide where extensive wave-cut platforms, tidal flats, and adjacent reefs dominate the

nearshore geomorphology (Schoch, 1990). In Cook Inlet, where the tidal range reaches

8.4 meters, the low tide may expose an additional kilometer of middle to lower intertidal

shoreline not shown on USGS topographic basemaps. For example, many areas on the

ESI maps are classified as exposed wave-cut platforms. These are generally characterized

as very high energy, thus having low retention times for stranded oil. However, more

detailed assessments have shown that in the Gulf of Alaska these are usually lower

intertidal features often fringed by middle intertidal veneers of boulder and cobble, and

upper intertidal beaches of cobbles and pebbles. On many beaches, the stranded oil was

observed to have been thrown to high elevations by wave spray and runup. These upper

and supra intertidal strandings are often not subsequently inundated by tides on a daily

basis. Despite the generally exposed location, these perched beaches have retained

stranded oil longer than the bedrock platforms (Schoch, 1990).

The Exxon Valdez spill prompted the development of a classification scheme that

integrates field observations with low altitude aerial photography, and focuses on

describing the physical features and conditions controlling shoreline habitats and

processes. Conventional geomorphological parameters such as sediment size and shape,

and landform descriptions are combined with physical factors generally thought to

control the abundance and distribution of macroalgae and macroscopic sessile

invertebrates. This classification scheme is applied to each intertidal zone to vertically

differentiate the shoreline. Vertical differentiation is an important consideration in

regions such as the Pacific Northwest, where large intertidal areas can be exposed during

the tidal range. Many of the parameters utilized by this classification scheme are
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correlated. Although the specific geomorphic mechanisms and beach processes are not

evaluated, all of the parameters combined provide, through association, indicators of the

beach processes that may define biotic patterns (Table 6). More importantly, these

parameters characterize the shoreline in terms that can be statistically analyzed. The

objective was to create a hierarchical and categorical shoreline classification for large

spatial assessments of intertidal habitats and assessments of coastal processes for use in

intertidal habitat modelling.

Project Summary

Objective: to define the physical character of the coastal zone for intertidal habitat

modelling

Data source: ground surveys and 1:12,000 aerial photography

Method: field assessment of geomorphic features, surveyed shoreline profiles, and

subsequent GIS analyses

Basemap Scale: 1:12,000

Resolution: variable depending on research scale, 5m at 1:12,000 basemap

Advantages Disadvantages

high data resolution method requires detailed ground surveys

quantitative criteria no temporal variation

can be used for habitat modelling

provides oblique photography of each habitat

provides shoreline profiles of habitat groups

characterizes process indicators

hierarchical
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Table 6. Alaska Region National Park Service Shoreline Classification Summary (after Schoch, 1994
Regional Ener Shoreline Segment Parameters Intertidal one Parameters

Wave Height Tide Range Location Rock type Shoreline Aspect Net Shore Drift Drift Exposure Length Width Area Debris Volume Interim Zone Zone Energy Slope Dynamism Size Roundness Permeability Shade Seepage Roughness Human Use

I Prima Secondary Interstitial Primary Secondary

1= c 0.5m (m) Lat/long 1= sedimentary (direction facing) (direction to) 1= same direction (m) (m) (0°) 1= none Supratidal (Backshore) 1= very protected I = 0 ° 1= none 1= sand/sift 1= sand/sift 1= sandtsit 1= angular 1= angular 1= none 1= 0% 1= 0% 1=very smooth (sand) 1= none
N N

2=0.5.1.0m 2 = meta-sedimentary NE NE 2=135 degrees 2=scattered Upper lntertidal(MHW) 2=protected 2=5-15° 2=slow 2=pebbles 2=pebbles 2=pebbles 2=subangular 2=subangular 2=slow 2=25% 2=25% 2 = smooth (small pebbles) 2=light
E E

3=1.0.2.0m 3=metamorphic SE SE 3=90 degrees 3=continuous Middle lntertdal(MSL) 3=semi-protected 3=15.35° 3=moderate 3=cobbles 3=cobbles 3=cobbles 3=subrounded 3=subrounded 3=moderate 3=50% 3=50% 3=gnarled(cobbles) 3=moderate
S S

4=2.0.3.Om 4=igneous SW SW 4=45 degrees 4=dense Lower lntertidal(MLLW) 4=semi-expposed 4=35.600 4=high 4=boulders 4=boulders 4=boulders 4=rounded 4=rounded 4=fast 4=75% 4=75% 4=rough(boulders) 4=heavy
W W

5=>3.Om 5=volcanic NW NW 5= opposite direction 5=stacked Subtdal(<om) 5=exposed 5=>60° 5=extreme 5=bedrock 5=bedrock 5=bedrock 5=well rounded 5=well rounded 5=extreme 5=100% 5=100% 5=crevices(blocks) 5=extreme

7
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3. A SPATIAL DISTRIBUTION MODEL FOR INTERTIDAL

AND NEARSHORE HABITATS

Intertidal shorelines are a complex mosaic of habitats, with spatial and temporal

patchiness across many scales of observation. Physical and biological factors strongly

influence the distributions and interactions of marine plants and animals, so that biotic

communities generally are linked to factors such as substrate type, wave exposure, and

other physical characteristics (Dethier, 1990). These physical parameters contribute not

only to horizontal patchiness but also to intertidal zonation. Figure i lists some of the

principal causal variables attributed to ecological responses in nearshore environments.

On small to moderate scales, physical factors contributing to spatial variation of organism

abundance and diversity include wave exposure and associated forces of wave breaking

(e.g. Seapy & Littler, 1978; Lewis, 1964; Paine & Levin, 1981; Underwood & Jernakoff,

1984; Denny et al., 1985), rock type (Raimondi, 1988), desiccation (Johansen, 1972;

Menge et al., 1983), shade (Carefoot, 1977), and disturbance from logs, ice, and sand

scour (Daly & Mathieson, 1977; Paine & Levin, 1981; Littler et al., 1983; Wethey, 1985).

All of these factors may occur randomly in space, creating locally variable assemblages,

because of cm- to km-scale differences in rock aspect, local topography, slope, and wave

exposure. The influence of each factor may vary between seasons or over multiple years

(Foster et al., 1988). At landscape scales, species composition is affected by

oceanographic conditions such as current patterns (affecting dispersal and nutrient

delivery), salinity, and water temperature (Roughgarden et al., 1988). Biogeographic

provinces (very large-scale variations in species compositions) correlate well with marine

climate boundaries which integrate the above oceanographic conditions (Hayden &

Dolan, 1976; Ray, 1991).

An extensive literature exists documenting how various biological factors also

contribute to spatial and temporal variation in intertidal assemblages. Key processes

include competition (Connell, 1972), biotic disturbances such as predation (Paine, 1974)

and grazing (Underwood & Jernakoff, 1984; Duggins & Dethier, 1985; reviewed in
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Steneck & Dethier, 1994), and recruitment (reviewed in Menge & Farrell, 1989; Menge,

1991; Santelices, 1990). Modelling and field work suggest that on local spatial scales,

such biotic factors interact with physical factors to produce community patterns (Menge

& Olson, 1990; Dayton et al., 1984). On larger scales, the role of oceanographic

processes and environmental variation become increasingly important, affecting

community structure indirectly rather than directly. Thus any predictive model of

community ecology must be hierarchical, with simpler local-scale models nested within

more complex larger-scale models.

This chapter describes a hybrid classification that combines parameters of the

previously discussed systems with quantitative field observations in a nested hierarchy

that can be tailored to the specifics of time and funding for any given project. This

classification focuses on characterizing geomorphic features and processes, and

quantifying those generally acknowledged to affect the abundance and distribution of

macroscopic algae and sessile invertebrates in the nearshore zone. The objective was to

synthesize a classification hierarchy that spans the spatial spectrum from global climate

region scale to intertidal habitat scale. This will provide sufficient information for

multiple resource investigations, including habitat modelling and predicting biological

associations, large and small scale monitoring of spatial and structural changes, land use

planning, oil spill response, and cumulative impact analyses. Of these, predicting the

distribution, abundance, and diversity of intertidal fauna and flora requires the most

detailed observations and preferably quantitative information on specific habitat types.

Geomorphic characteristics of beaches can serve as indicators of prevailing

nearshore processes. Coastal classifications based on geomorphology are almost

universally centered on describing landforms. Geological and geomorphological studies

of the coast are usually referenced to temporal scales far exceeding those of ecological

studies (e.g. Inman & Nordstrom, 1971 and Shepard, 1976). It is in this context that the

two disciplines are particularly disparate. In terms of the life history of individual

intertidal organisms, geological processes may be essentially static, even though on

longer temporal scales the coastal environment is one of the most dynamic places on

earth. There are exceptions such as subsidence or uplift caused by earthquakes,
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catastrophic erosional events such as landslides and slumps, and areas of high sediment

transport, erosion or accretion. In such cases, dramatic changes may appear to occur from

one observation to the next. But the changes are often episodic or seasonal and thus do

not necessarily preclude recruitment, settlement, and reproduction of populations between

events. On geological time scales, the physical processes controlling shoreline

morphology may not be as critical to intertidal organisms as the seasonal and annual

changes in shoreline substrate and physical environment. Therefore, it is the

quantification of intertidal habitat parameters at the smallest scale of classification that

differentiates this system.

The spatial heterogeneity of physical environments generates diversity in

intertidal communities. A morphodynamically homogeneous shoreline, or a physically

uniform environment, should have minimal variation of organism abundance provided

that biological factors such as population dynamics, predation and competition, or

anthropogenic factors are not creating small-scale spatial anomalies. The spatial

heterogeneity of the physical variables in shoreline structure can be quantified by

partitioning a contiguous shoreline into relatively discrete segments having generally

homogenous characteristics. The term "homogenous segment" is used here to mean a

spatial region that is morphodynamically uniform as defined by a suite of abiotic

attributes. Within homogenous segments, biotic processes often produce an aggregation

of specific organisms, following various spatial-temporal scales, and these can be

measured (Legendre et al., 1989). For this shoreline model, geomorphologically

homogenous segments become the fundamental unit for the statistical analysis of spatial

variations and distributions of shoreline habitats. The degree of homogeneity is

subjective, in reality there are often no clearly defined boundaries between segments but

rather gradients of abiotic and biotic features. Therefore, the classification relies

considerably on the experience and heuristic analysis of the observer to define and

delineate the segments. Hurlbert (1984) points out that the degree of heterogeneity

permissible or desirable will affect the magnitude of random error and the sensitivity of

the experiment, and thus the interpretation of the results. In terms of the spatial

distribution of organisms, the scale of the geomorphic classification is critical to the
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desired sensitivity of the model to detect biotic homogeneity. Addicott et al. (1987) state

that there are no general procedures or criteria for determining how organisms respond to

or are affected by environmental patterns, and that conclusions appropriate at one

environmental scale may be inappropriate at another scale.

The classification structure presented here was synthesized by nesting seven

horizontal spatial scale increments: the quantitative habitat attributes used in the Alaska

national parks (Schoch, 1994) within the descriptive classification of the British

Columbia Ministry of the Environment (Howes et al., 1994), the Washington Natural

Heritage Program (Dethier, 1990), and the National Wetlands Inventory (Cowardin et al.,

1979). This provides a hierarchical classification combining the spatial breadth of the

larger scale systems with the information depth of the smaller scale systems. The large

number of combined abiotic parameters will increase the precision of biotic community

associations (Lipsey, 1990). Figure 2 illustrates the time and space hierarchy for this

classification. Note that spatial scales are order-of-magnitude and serve to provide a

framework for areal coverage of each group. Considerable overlap is not unusual. The

largest spatial scales addressed here are global climate divisions (> 10,000 km, >100

years) followed by biogeographical provinces (1,000 - 10,000 km, 10 - 100 years) from

Bailey's (1976) ecoregion classification used by Cowardin et al. (1979). The coastal

section scale (100 - 1000 km, 1 - 10 years) spans both terrestrial and marine ecosystems

and is delineated according to mesoscale sea surface temperature and nutrient regimes,

the general coastal orientation and coastal watershed boundaries. The marine domain (10

- 100 km, 3 - 12 months) is derived from the ecological systems of Dethier (1990). This

spatial increment isolates marine and estuarine systems from palustrine, riverine and

other terrestrial systems through definition of productivity, tide range, and salinity.

Exposure region (1 - 10 km, 1 - 3 months) is a combination of wave power estimates

derived from the Howes et al. (1994) energy exposure categories, and the degree of

shoreline enclosure from the Dethier model. The attributes for shoreline segment (100 -

1000 in, 1 - 4 weeks) include shoreline type, sediment source, sediment abundance and

rate of change from Howes et al.. In addition, calculations of the Iribarren number

includes quantify the energy regime, and in situ measurements of salinity, turbidity, tidal
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currents, net sediment transport direction and shoreline profiles help to characterize

geomorphic processes. Alongshore unit (10 - 100 m, 1 - 7 days) parameters describe the

smallest horizontal scale. These include aspect, exposure to alongshore currents, and

debris volume. Finally at the across-shore zone scale (10 - 100 m, 1 - 24 hours), which is

the same horizontal scale as the alongshore segment but differentiates vertical zonation,

the parameters are a combination of the descriptive terminology from Howes et al. and

the quantitative variables from the Schoch/NPS system (1994). This spatial unit is

characterized by the largest number of attributes including elevation, geomorphic form,

wave runup, slope, dynamism, roughness, water seepage, material type, substrate size,

roundness, sphericity, permeability, embeddedness and human use. Detailed descriptions

of each parameter follow according to the above spatial category groupings. Table 7

summarizes the parameters described in this section and lists the categories used for each

parameter in the segmentation and classification of nearshore habitats.

3.1 Global Climate Divisions (>10,000 km)

Climate, as a synthesis of atmospheric events, is unique for each location on earth,

but vast areas have climates that are sufficiently similar to justify aggregation (Walker,

1982). The variation of insolation with latitude, the distribution of land and water, and

surface configuration or topography are the three most important controls of global

climate. Bailey (1976) developed a hierarchical classification dividing subcontinental

areas into 4 divisions of related climates: Polar, Humid Temperate, Dry, and Humid

Tropical (Table 7). These roughly correspond to latitude, which is a proxy for the

intensity and duration of solar radiation, wave energy and sea surface temperature.

However, there is considerable local variation due to continental effects and ocean

currents. Figure 3 shows an example for North America, where climate divisions that

parallel lines of latitude are found only north of approximately 50°. The climatic divisions

in central North America, are primarily determined by relief. The great mountain ranges

run approximately parallel with the longitudes and divide the continent into three
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Table 7. Nearshore Segmentation and Classification Model
DECREASING HORIZONTAL SPATIAL SCALES

Climatic Biogeographical Coastal Section Marine Domain Exposure Region Shoreline Segment Alongshore Unit
Division Province 100-1,000. 10-100m

g10,000km 1,000 -10,000km 100.1,000kn 10-100km 1.10kn Sediment Transport Rime (soBanwar A0Owdam Zaea)
Averse SST Watershed Use Orientation Productivity Tie Range Salinity Wave Power Enclosure Shoreline Type Code Irkarren a Turbidity send Salinity t Tidal Currents Net Shore Drift Sed. Source Sed. Abundance Profile Rate of Change Upland Use Aspect Drift Exposure Debris Volume
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Figure 3. Primary global climate divisions and marine and estuarine biogeographical

provinces for North America
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unequally sized parts. Climate units are based on meteorological data, specifically mean

annual temperature and precipitation, mean monthly temperature and precipitation, mean

daily temperature and precipitation, the absolute monthly minima and potential

evaporation.

3.2 Biogeographical Provinces (1,000 - 10,000 km)

The coast is a transitional zone between the marine and the terrestrial

environments. Bailey (1978) developed a separate classification of the coastal regions

using meteorological data from coastal stations (temperature and precipitation) and

defined climate types that closely approximated the distribution of coastal vegetation. He

arrived at 14 coastal climate types that modify the 4 global divisions (Table 8, note that

dry coastal climates are not represented in the United States):

The Bailey classification system does not specifically include marine and

estuarine habitats. Cowardin et al. proposed a modification that includes 10 marine and

estuarine biogeographic province subdivisions for North America: Arctic, Acadian,

Virginian, Carolinian, West Indian, Louisianian, Californian, Columbian, Fjord and

Pacific Insular. These are also delineated on the map in Figure 3.

3.3 Coastal Section (100 -1,000 km)

The spatial variability of coastal characteristics results from the interactions

between dynamic processes including solar radiation, wind, waves, tides and currents,

and resistant factors such as geological structure, lithology and topography (Owens,

1982). These coastal attributes can be used to partition marine biogeographic provinces

into roughly linear coastal sections having the same approximate coastal orientation, thus

generalizing the influence of the above attributes. At this spatial scale, satellite data can

augment aerial photography and on-the-ground data for large scale classification of
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Table 8. Bailey's (1978) Coastal Climate Classification

Climate Type Percent of Global Typical Locality
Coastline

Humid Tropical
Rainy tropical 20 Hawaiian Islands

Subhumid tropical 10 Everglades
30

Warm semiarid 2 Venezuela
Warm arid 5 Saudi Arabia
Hyperarid 4 Cool-water subtropics

Cool semiarid 1 Bahia Blanca

Cool and 2 Patagonia
14

Humid Temperate
Rainy subtropical 6 East coast, lat. 20 - 35

Summer dry subtropical 7 California
Rainy marine 1 British Columbia

Wet-winter temperate 2 Oregon, Washington
Rainy temperate 9 NE United States

Subpolar 6 Gulf of Alaska
31

Polar 25 North Slope, Alaska
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coastal geomorphology and water conditions in the near and offshore. In addition,

satellite imagery can greatly enhance the predictive capability of nearshore habitat

associations to biotic communities by providing quantitative measures of the spatial and

temporal variability of coastal ocean productivity, sea surface temperature, and locations

of meso-scale currents and eddies. These are required to define the response of a given

nearshore community to changes over regional and biogeographical scales (productivity

is categorized at the 10 - 100 km spatial increment, see Table 7).

The use of satellite imagery for studies of large spatial scale processes is now

fairly common. Patterns of sea surface temperatures and ocean color are used to infer the

location of currents and upwelling zones (Abbott & Chelton, 1991). However, the

availability of satellite data for a given study area depends on favorable weather

conditions. Global Area Coverage (GAC) data are available from the National

Environmental Satellite Data and Information Service (NEDIS) (Abbott & Chelton,

1991). In the near future, satellite data such as Advanced Very High Resolution

Radiometer (AVHRR) for sea surface temperatures and the Coastal Zone Color Scanner

(CZCS) for offshore productivity can be integrated with data from a new generation of

sensors. For example, hyperspectral imagery (HSI) from the LEWIS satellite and EOS

platforms will provide high spectral and spatial resolution data capable of resolving

nearshore productivity. Also scheduled for availability are data from the privately

developed Sea Wide Field of View Sensor (SeaWiFS), and the Japanese Advanced Earth

Observing Satellite (ADEOS) carrying the Ocean Color Temperature Sensor (OCTS) for

ocean productivity and sea surface temperature measurements.

Large volumes of fresh water runoff can significantly influence the structure and

distribution of nearshore communities. Many cumulative impacts result from the

movement of materials through the environment. Rivers, for example, are the primary

sources of environmental pollutants to the coastal zone. The processes controlling the

extent and magnitude (e.g. spatial and temporal scale) of cumulative impacts are often a

function of the mode of dispersal. Dispersal can either increase or decrease the effects of

the materials. For example, pollutants can be transported by rivers and collected in lakes

and reservoirs, where they become concentrated over time and result in increased effects
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to biotic communities. Coastal ecosystems continue to be threatened by the insidious

indirect impacts of watershed land use including timber harvesting, agriculture, and

urbanization. Materials associated with these activities, causing perturbations to the

marine near shore and estuarine environments, are transported by rivers (Beatley, 1991).

Forest practices in the Pacific Northwest have been associated with increased

sedimentation of streams, increased stream temperatures and a larger influx of heavy

metals suggested by the analysis of tissues in marine benthic organisms (Sindeman,

1988). Therefore, in terms of seasonal precipitation, the local weather can be an important

consideration when major rivers and estuaries are present within the bounds of this spatial

increment.

3.4 Marine Domains (10 - 100 km)

Tidal range is an important factor influencing marine intertidal zonation and

organism abundance and distribution. The tidal range controls the areal extent of the

intertidal zone, especially in large embayments and estuaries having low slope angles.

The amplitude of the tide also controls tidal current velocities. The tidal range varies

geographically due to differences in coastal configuration and seafloor topography, and

the locations of amphidromic points. Refer to Table 7 for the tide range categories used in

this classification.

Differences in sali i are often reflected in the composition of intertidal and

nearshore flora and fauna communities. It is difficult to quantify salinity or define

boundaries due to the large temporal and spatial changes caused by precipitation, surface

runoff, groundwater flow, and evaporation. This classification characterizes salinity at

two spatial scales, here at 10 - 100 kin based on published annual mean salinity for waters

within 1 km of the coast, and again at 100 - 1,000 m from salinity measurements adjacent

to the shoreline at a depth of 1 meter.
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3.5 Exposure Region ,1 - 10 km)

At this scale, marine embayments and extended areas of protected marine

environments such as those common to the Pacific Northwest are separated from

shorelines fully exposed to oceanic processes by the relative degree of enclosure. The

Dethier classification proposed qualitative criteria which will be adopted here (Table 9).

The wave climate has a profound impact on the biotic composition of a beach.

Unconsolidated substrates can be moved by the direct impact of waves, by wave run-up,

and by wave generated currents. Nearshore fauna in heavy surf must have thick shells and

strong muscular attachments (limpets and snails), permanent attachments (barnacles), or

the ability to seek refuge in crevices or interstitial spaces (crabs). On beaches with mobile

substrates, the particles can be rolled or entrained continually, seasonally, or episodically

in high wave energy environments. Mobile substrates typically harbor fewer organisms

than stable substrates. For example, rounded cobble and pebble beaches are typically

depauperate of living communities, while stable substrates such as bedrock and large

boulders are relatively species rich.

Wave exposure can aid in the delineation of shorelines having approximately the

same wave energy impinging on the coast. Long term measurements of wave height are

seldom available over large areas. Estimates of prevailing seasonal deep-water wave

heights and wave periods can be derived from offshore buoy records, remotely-sensed

data, and predictions based on wind speed, fetch, and wind duration. In areas with large

seasonal variation in wave climate a separate classification may be justified for the winter

and summer. For this classification, and at this scale, wave exposure is a function of

fetch, orientation and shoreline geomorphology. Howes et al. (1994) suggests a

qualitative method for determining wave exposure based on maximum fetch (Table 10),

where wave exposure increases with increasing fetch distance. Maximum wave fetch

refers to the distance measured in kilometers along the maximum fetch direction.

The Army Corps of Engineers, Coastal Engineering Research Center (CERC,

1984) provides a standard method for calculating effective wave fetch:
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Table 9. Dethier's (1990) Shoreline Enclosure Rating

Cat gory Enclosure %
1 open 100

2 partly open 75

3 partly enclosed 50
4 enclosed 25

5 closed 0

Shoreline Enclosure
Examples

outer coasts
lower Cook Inlet, Strait of Juan de Fuca
Puget Sound, Prince William Sound
South Puget Sound, San Francisco Bay
lagoons
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Table 10. Howes et al. (1994) Wave Exposure Classification

Category
1

2

Description
Very protected - maximum wave fetch is generally
less than one kilometer; usually the location of
all-weather anchorages, marinas and harbors.

Protected - maximum wave fetch less than 10 km;
usually areas of provisional anchorages and low
wave exposure except in extreme winds.

3 Semi-protected - maximum wave fetch distances
in the range of 10 - 50 km. Waves are low except
during times of high winds.

4 Semi-exposed - maximum wave fetch distances
between 50 - 500 km. Swells generated in areas
distant from the shore create relatively high wave
conditions. Large waves can be generated during
storms.

5 Exposed - maximum wave fetch distances > 500 km.
High ambient wave conditions usually prevail within
this exposure category. Typical of open Pacific
conditions.
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Fe = [E(cos (x;)] [F;/(Ecos a;)]

where Fe = effective fetch

a = angle between the shore normal and direction i

F; = fetch distance in km along direction i

(1)

Harper et al. (1991) calculated a modified effective fetch to integrate more than one fetch

direction:

Fm = [F45L(cos 45) + FN + F45R(cos 45)]/[1 + 2(cos45)] (2)

= [F45L(0.707) + FN + F45R(0.707)]/2.414 (3)

where Fm = modified effective fetch in km

F45L = fetch distance in km along direction 450 left of the shore normal

FN = fetch distance in km along the shore normal

F45R = fetch distance in km along direction 450 right of the shore normal

Note that these estimates do not take into consideration the duration of wind forcing or

the cumulative effect of ocean swells including refracted, diffracted and reflected waves.

This method is therefore only useful for estimating wave heights for protected

embayments and inland shores subjected primarily to locally generated wind waves.

The nature of deep water waves reaching a coast is the basis for a wave

environment classification by Davies (1980). A low-energy environment occurs where

coasts are protected from the full force of the waves. Protection may be provided by a

short sea fetch resulting from the distribution of land masses, sea ice, or reefs. The waves

of this environment can only be generated within sheltered waters. At the opposite end of

the energy spectrum are the storm waves which dominate the high latitudes. Strong west

winds in the North Pacific, North Atlantic, and the Southern Ocean generate high and

relatively steep waves that can be destructive to coastal areas. Coastlines subject to these
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waves generally show evidence of erosion such as cliffs and platforms. The swell wave

environment lies between the two above end points. These waves travel long distances

from their generating areas, usually in the stormy west wind belt (Owens, 1982). The

Davies wave environment classification is useful for a general categorization of wave

climates. More specific wave information can be obtained from deep water buoy data of

the Coastal Data Information Program (CDIP), and from the National Data Buoy Center

(NDBC) of NOAA. Also available are U.S. Army Corps of Engineers daily wave

hindcasts from the Wave Information Study (WIS), although Tillotson (1995) shows that

hindcasts for the west coast can be unsatisfactory. Table 7 lists the five categories of

mean monthly significant deep water wave heights used for this classification based in

part on WIS hindcast data for the Pacific coast from Hubertz et al.(1992).

Wave power is a function of the wave height and wave period impinging on the

shoreline. The significant wave height represents the largest 33% of all measurements.

These large waves establish the highly dynamic and variable nearshore environment

characteristic of the Pacific Northwest. North Pacific storm systems have large fetch areas

and pressure differentials causing strong winds with associated large wave heights and

long periods. Episodic extreme storm events can cause catastrophic erosion and

movement of massive volumes of sediment. Thus, the wave climate regime based on the

mean significant deep water wave heights is a primary factor influencing the physical

makeup of nearshore and intertidal habitats.

The energy flux or wave power is calculated using:

P = (1/8pgH2)(g/2it T)(1/2) (4)

where P = energy flux (watts/m)

p = water density (1020 kg/m3)

g = acceleration due to gravity (9.8 m/sec2)

H significant deep water wave height

T = corresponding wave period in seconds.
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Table 11 lists the wave power categories derived for this classification.

The constant wave power curves shown on Figure 4 illustrate the relationship

between wave power and a range of significant deep water wave heights and wave

periods. Table 11 also lists representative wave heights and periods for each category of

constant wave power for use when quantitative wave data are not suitable or available.

Note that wave heights are approximations for the given wave power and will vary

considerably with different periods. Category 5 (exposed) wave power estimates are

based on the wave climate of the adjacent offshore. Categories 4 and 3 (semi-exposed and

semi-protected) account for exposure or the degree of attenuation of deep water waves

(including wave reflection, refraction, and diffraction) and the fetch distance adjacent to

the shore to account for locally generated wind waves. Categories 2 and 1 are for

protected and sheltered waters effected only by local wind waves and boat wakes, thus the

considerations here are fetch distance and the size (ocean-going ships vs. recreational

boats) and volume of vessel traffic.

3.6 Shoreline Segment (100 - 1,000 m)

Shoreline type refers to the descriptive classification of the general

geomorphological landform represented by the predominant physical shoreline structure

(e.g. lagoons, deltas, dunes, bars, spits, sea cliffs, reefs, wave-cut terraces, etc.). Many

coastal geomorphology studies rely on descriptive terminology of predominant short and

long term physical processes to identify shoreline types (Carter, 1988; Domeracki et al.,

1981; Hayes, 1980; Howes et al., 1994; Inman & Nordstrom, 1975; Michel & Dahlin,

1993). Table 12 lists the shoreline types modified from Howes et al. (1994). The

modification consists of replacing the Howes et al. estuary class with "salt marsh". The

salt marsh class defines a unique habitat whereas the estuary class can be composed of at

least one of the other shoreline types (e.g. an estuary can also be a mudflat). Definitions

for each shoreline type can be found in Howes et al. (1994). Photographic examples of
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Table 11. Wave Power Categories

Category Description H. (m) T (seconds) P (watts/m)
I sheltered 0.25 2 100
2 protected 0.5 3 1,000
3 semi-protected 1 5 10,000
4 semi-exposed 2 8 50,000
5 exposed 3 11 200,000

5
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Figure 4. Constant Power Curves for Significant Deep Water Waves



43

each shoreline class are included in Appendix C. Battjes (1974) developed a surf

similarity parameter defined by the Iribarren number:

b = S

(HS/L-
) 1/2

(5)

where S is the beach slope (e.g. tan a), HS is the significant deep water wave height (m),

and L,,, the deep water wave length in meters is:

L0 = gT2/21t (6)

where g is the acceleration due to gravity (9.8 m/sec2), and T is the deep water wave

period in seconds.

Dissipative or low angle shorelines (e.g. slope = 0.03) correspond to very low

Iribarren values (e.g. b < 0.2 to 0.3), and reflective or high angle shorelines yield 4 > 2.

Values in between generally represent highly dynamic shorelines if the substrate is

unconsolidated.

High concentrations of suspended sediments generally reduce light penetration,

thus inhibiting primary production and plant growth. Turbidity is a measure of the optical

property which inhibits the transmission of light through water due to scattering and

absorption by suspended particles of sediment, plankton, or organic detritus. Turbidity

measurements can be affected by factors other than particle concentration, such as the

size distribution, shape and absorptivity of the particles. Turbidity can be measured

electronically with photoelectric cells or more simply with a secchi disk. At this scale

turbidity is estimated by the visibility or depth of light penetration indicated by secchi

disk readings. Estimates are categorized as shown on Table 12. Many intertidal

organisms, especially algae, are extremely sensitive to the salinity range of the water.

Some can survive by adaptation of osmotic mechanisms that protect them against damage

from salinity changes. Since some organisms are better adapted to lower salinity than

others, the entire community structure of one beach may differ from that of another beach
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Table 12. Geomorphic Shoreline Type Classification (after Howes et at., 1994)
SUBSTRATE SEDIMENT WIDTH SLOPE SHORELINE TYPE CLASS

WIDE (>30m) STEEP(>20°) n/a

INCLINED(5-20°) Rock Ramp, wide 1

n/a FLAT(<5°) Rock Plafform, wide 2

ROCK
NARROW (<30m) STEEP(>20°) Rock Cliff, narrow 3

INCLINED(5-20) Rock Ramp, narrow 4

FLAT(<5°) Rock Platform, narrow 5

WIDE (>30m) STEEP(>20°) n/a

INCLINED(5-20°) Ramp w/gravel beach, wide 6

GRAVEL FLAT(<5°) Platform w/gravel beach, wide 7

NARROW (<30m) STEEP(>20°) Cliff w/gravel beach, narrow 8

INCLINED(5-20°) Ramp w/gravel beach, narrow 9

FLAT(<5°) - Platform w/gravel beach, narrow 10

WIDE (>30m) STEEP(>20°) n/a

ROCK INCLINED(5-20°) Ramp w/gravel & sand beach, wide 11

& SAND FLAT(<5°) - Platform w/gravel &sand beach, wide 12

SEDIMENT &

GRAVEL NARROW (<30m) STEEP(>20°) Cliff w/gravel and sand beach 13

INCLINED(5-20°) Ramp w/gravel and sand beach 14

FLAT(<5°) - Platform w/gravel and sand beach 15

WIDE (>30m) STEEP(>20°) n/a

INCLINED(5-20°) Ramp w/sand beach, wide 16

FLAT(<5°) - Pfatform w/sand beach, wide 17

SAND
NARROW (<30m) STEEP(>20°) Cliff w/sand beach 18

INCLINED(5-20°) Ramp w/sand beach, narrow 19

FLAT(<5°) - Platform w/sand beach, narrow 20

WIDE (>30m) FLAT(<5°) - Gravel flat, wide 21

GRAVEL
NARROW (<30m) STEEP(>20°) n/a

INCLINED(5-20) Gravel beach, narrow 22

FLAT(<5°) - Gravel flat or fan 23

WIDE (>30m) STEEP(>20°) n/a

SAND INCLINED(5-20) n/a

SEDIMENT & FLAT(<5°) - Sand & gravel flat or fan 24

GRAVEL
NARROW (<30m) STEEP(>20°) n/a

INCLINED(5-20°) Sand & gravel beach, narrow 25

FLAT(<5°) - Sand & gravel flat or fan 26

WIDE (>30m) STEEP(>20°) n/a

INCLINED(5-20°) Sand beach 27

FLAT(<5) - Sand flat 28

SAND/MUD Mudftat 29

NARROW (<30m) STEEP(>20°) n/a

INCLINED(5-20°) Sand beach 30
n/a

SALT MARSH 31

ANTHRO- MAN-MADE n/a n/a Manmade, permeable 32

POGENIC Man-made. impermeable 33

CURRENT-DOMINATED Channel 34
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having similar morphology but different salinity. Typically sea water has a salinity of 35

O/oo, but due to the influence of precipitaion, snow or ice melt and the proximity of rivers

and streams, the local salinity can fluctuate daily or seasonally. A characterization of

relative salinity adjacent to a shoreline segment is obtained from a salinity measurement

at a depth of 1 meter and categorized as shown in Table 7. Because of potentially

dramatic salinity gradients across space and time, it is important to recognize that here the

intent is to characterize the salinity climate rather than determine through exhaustive

monitoring the exact salinity regime of the adjacent waters.

Currents recycle water through estuaries, embayments and oceans. Currents can

transport pollutants and substances such as salts, oxygen, nutrients, organic material,

fauna and flora propagules and sediment. Near the shore, currents are an important force

in the erosion and transport of beach sediment. Tidal currents, which can reach velocities

of 3 - 4 m/s (Mosetti, 1982), thus modify the configuration of the intertidal and subtidal

environment and also influence the distribution and species compositions of nearshore

communities. Estimated current velocities and directions for specific areas can be

obtained from predicted values published in government documents (NOS, 1994), and

categorized as shown on Table 7.

The analysis of sediments from coastal landforms is an indispensable part of a

geomorphological assessment. These analyses serve two main purposes: first the

prediction of sediment movement, and therefore the development of the landforms, and

second, the interpretation of historic geomorphological processes (Snead, 1982). Very

often, coastal processes are difficult to document within the spatial and temporal scales of

direct observations. Predominant processes may not be operating, or they may be too slow

or infrequent. Such processes may be inferred by examining the size and distribution of

the populations of sediment grains that have been produced. Thus sediment analysis

serves to provide clues to environmental processes (Pethnick, 1984).

Some processes occur continuously such as the transport of sand; others affect the

intertidal zone seasonally or only during the rise and fall of the tide, such as the rolling of

cobbles and the saltation of sand and pebbles by waves. Sediment transport influences

shoreline morphology and dynamism by shifting the sediment along, away from, or onto
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the shoreline. The rate of sediment transport affects the dynamism of the beach. These

characteristics are evaluated for each alongshore unit in terms of sediment sources, and a

relative assessment of abundance. Shoreline change is measured over time with beach

surveys or periodical photogrammetric analyses of the net sediment transport direction

and shoreline profiles. The net sediment transport direction, or net littoral drift, refers to

the transport of unconsolidated sediments along the shoreline between the approximate

line of breaking waves and a line above the high water mark (Komar, 1976). This

characterization is based on observations of landform features, prevailing currents and

accumulations of debris.

3.7 Alongshore Unit

Populations of intertidal biota can be more accurately compared when

environmental variables are similar. The predominant environmental attributes

controlling organism abundance and distribution at this scale (10 - loom) are wave

energy and substrate size. However for purposes of modelling community structure,

greater predictive power can be gained by considering more physical attributes. Many

parameters can be measured directly, others can be determined from indicators that act as

proxies to a host of variables too difficult or costly to acquire for each shoreline unit. The

alongshore unit is the smallest scale of horizontal delineation. Each unit is vertically

subdivided into across-shore zones which are described later. To avoid redundancy, only

those attributes common to all across-shore zones will be described here.

The upland use categories are the same as listed under "coastal section" (see

preceding text and Table 7), but are applied at this scale specifically to the backshore and

uplands adjacent to the alongshore unit. Aspect is the shore normal compass direction the

shoreline segment. It is important in terms of solar insolation, volume of debris

accumulation, wave energy input and wind-induced desiccation. South-facing shorelines

receive more sunlight, which warms and causes evaporation from organisms directly

exposed to its rays. North-facing shores generally retain moisture longer than south facing
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shores. The floral components of the community are especially dependent on day length,

sun angle and azimuth. Floral abundance may, in turn, affect faunal components of the

ecosystem. Therefore, some flora and fauna are more common on north facing beaches

(or on north facing boulders) than on south facing aspects.

Exposure to alongshore currents, characterizes the orientation of the shoreline

with respect to the prevailing seasonal wave and current direction, and is strongly

dependent on the spatial (and temporal) scale of the classification. This parameter,

together with the net sediment transport direction, provides an indicator of how exposed

the segment is to drift logs and debris, and to sediment accumulation or erosion, and

potentially to settlement of propagules and delivery of nutrients to organisms.

Debris volume refers to a qualitative measure of accumulated detritus stranded on

any alongshore unit. In the Pacific Northwest a substantial number of logs tend to drift

down rivers as a result of logging operations, bank erosion and blowdowns. Coastal

currents transport these logs and other debris in the alongshore direction. Logs

occasionally collide with rocky headlands, batter intertidal communities in the surf zone

and may eventually become stranded on shorelines to become a functional component of

a nearshore habitat. Particular combinations of currents, coastal configuration and

shoreline morphology result in some beaches acting as collection areas for debris. Here,

large accumulations of logs, drift kelp, algae, plastic and other marine debris may occur

with potential effects to intertidal communities.

3.8 Across-shore Zone

Field assessment of the intertidal zone to delineate the alongshore units and

collect geomorphic data on across-shore zones is conducted during spring low tides.

Vertical aerial photo basemaps are used for mapping the segment delineations, while the

shoreline is walked or surveyed from a boat. To maximize the surface area observed,

shoreline assessments are limited to a 3 hour window, 1.5 hours before to 1.5 hours after

the lower low tide of the day. The intertidal zones are defined by elevation above mean
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lower low water (or the reference tidal datum as appropriate to the specific coastline) as

predicted by the National Ocean Survey (NOS) tide tables in the United States. The

subtidal zone is adjacent to the lower elevation margin of the intertidal and is never

exposed. For this classification the subtidal is represented by the area below MLLW, and

is characterized at a depth of 5 meters. The lower intertidal zone is characterized by the

area exposed approximately 10% of the time during spring tides. For the purpose of this

characterization, this zone is sampled at 0 meters or at MLLW. The middle intertidal zone

corresponds to the mean water level (MWL), or the area exposed approximately 50% of

the time, and the upper intertidal zone is expose approximately 90% and is sampled at

mean high water (MHW). The supratidal zone is generally the spray zone (the area of

infrequent inundation achieved by only the most extreme tide and storm events). The

backshore is the area beyond the supratidal zone and generally beyond the influence of

extreme tides, but may be episodically flooded during severe storms (e.g. hurricanes).

Note that elevations will depend on the tidal range of the study area. The length and width

of a segment are determined photogrammetrically from the aerial photographs, and area is

calculated following digital polygon delineation.

The qualitative morphological form of a shoreline is described using 12 prima

and 89 secondary categories after Howes et al. (1994). These descriptors are listed in

Table 12. Note that a morphological form description may consist of only one primary

category, but more than one secondary category.

The wave energy is evaluated again at this scale to account for local sheltering or

attentuation of deep water wave conditions. Wave runup is useful as a measure of wave

penetration across shore zones. This can be important for some intertidal communities

that are less tolerant of desiccation. Wave runup on exposed coasts can keep organisms

wet even during periods of low tide, thus controlling the across-shore distributions of

certain organisms. Runup is also a useful parameter in areas of high boat traffic were the

energy regime is otherwise protected, but episodic boat wakes can still create influential

waves on shore causing local areas of erosion, sediment transport, or substrate perfusion.

Runup is based on the Iribarren number, roughness and permeability. Wave runup can be

estimated on site or preferably calculated separately for each intertidal zone within the
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alongshore unit to allow for the differentiation resulting from changes in water depth

through the tidal flux, and effects from protecting structures.

A well known formula for calculating wave runup is:

R%=Cb
HS

(7)

(Battjes, 1974; Holman, 1986; Shih et al., 1994; Tillotson, 1995; and others) where R2%

is the runup exceeded only 2% of the time in a 20-30 minute interval, and C is a constant

between 1.3 and 1.7 (Battjes, 1974). Van der Meer & Stam (1992) used empirical data to

refine the basic formula by considering new values for C when substrate roughness and

permeability vary along with slope. For the upper intertidal zone, this classification uses

estimates of wave runup obtained from field surveys of height and slope of storm berms,

and biological evidence (e.g. elevations of terrestrial vegetation, lichens such as

verrucaria sp., the upper extent of marine fauna/flora, etc.). For the middle and lower

zones, approximations of mean wave runup are calculated based on the slope for each

zone, corrected wave heights based on runup and wave power estimates for the upper

zone, and the following values for C under the appropriate conditions (from van der Meer

& Stam, 1992). Mean runup is used as a conservative estimate for substrate perfusion

rather than the conventional R2% used for engineering studies of erosion and overtopping.

The mean runup for impermeable substrates is given by:

R = 0.47 b (for smooth beaches with low Iribarren ( b < 1.5) (8)

HS

R = 0.60 b34 (for rocky slopes with high Iribarren (Eb > 1.5) (9)

HS

The mean runup for rough, permeable slopes is limited to:
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R = 0.82
HS

(10)

Mean runup can also be categorized by the distance of mean horizontal wave excursion

(E) up the shore slope in meters:

E = Rm (1/sin a) (11)

Whether expressed as vertical rise in wave runup or as the wave excursion up the shore

slope, this parameter defines the extent of perfusion due to wave characteristics

impinging on each across-shore zone, taking into account the roughness and permeability

of the shoreline and the local wave regime including ocean swell and boat wakes.

The following attributes further quantify the character of the shoreline for

statistical analyses of habitat character. Slope influences wave characteristics such as

dissipation or reflection, the wave characteristics (e.g. spilling, plunging, or surging), and

the distance of wave runup. Flat intertidal zones generally dissipate wave energy further

offshore, providing a more sheltered environment than moderate or high angle shores.

The surface area exposed during low tides also varies with the slope angle, as does the

degree of solar insolation. The average slope angle of each segment zone can be

estimated with an inclinometer or surveyed with a rod and level.

Dynamism, a measure of aggregate stability, is based on the change in slope

profile over time; thus for this classification, dynamism is related primarily to the across

shore sediment transport. Shorelines with low dynamism generally exhibit a highly

consolidated (e.g. immobile) substrate not subject to disturbance even during intense

winter storms. This includes bedrock, deeply embedded boulders and armored beaches.

Highly dynamic beaches are indicated by loosely consolidated mobile particles, shifting

sands and unstable slope angles; even large boulders can exhibit dynamism on extremely

high energy shores. Dynamism can be estimated or quantified by measuring the change in

volume of beach material over time. High resolution shoreline profiles can determine the

volume of sediments in the beach prism. Repeated measures can thus be compared for

volumetric analyses. The frequency of profile surveys is dependent upon the mobility of
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the substrate and the prevailing forces acting on the substrate particles. For example,

shifting sand by waves and wind would perhaps require daily profile measurements,

while a boulder beach may only require annual surveys. For this classification, profiles

were surveyed on representative beach segments in each wave power region. Segment

dynamism was then estimated based on local estimates of substrate stability, particle size

and shape, slope angle and wave exposure for each across-shore zone.

Roughness characterizes the surface texture of the beach segment (as opposed to

individual rocks) thus controlling wave runup distances. Roughness also provides an

indication of the quantity and size of microhabitats. Crevices in bedrock, and spaces

between boulders and tidepools on bedrock platforms can modify the environment at

small spatial scales, creating additional habitats for organisms (for examples see Foster et

al., 1988). In riparian systems, Davis and Barmuta (1989) state that roughness appears to

be an excellent habitat descriptor since it combines the effects of water velocity and

substrate type. Relative roughness can be approximated by the following relation:

rrel = k
D

(12)

where k is a measure of roughness (e.g. particle size protruding above the embedded

surface) and D is the water depth (Gordon et al., 1992). For this classification, roughness

has been categorized as follows: 1) skimming flows on smooth surfaces such as found on

sand and small pebble beaches (rrei < .05), 2) isolated roughness flows where velocity

eddies dissipate between roughness elements such as around isolated cobbles and

boulders (rrei = .05 - .1), 3) wake interference flows when elements are close together

creating turbulence as found on cobble and boulder beaches (rrei = .1 - .5), 4) turbulent

flow where conditions create very complex flow patterns and appears as "whitewater" (rrei

= .5 - 1), 5) and extremely rough conditions where large voids are present between very

large boulders such as riprap (> 600 mm) or where crevices exist in bedrock and between

blocks (rCei > 1).

The seepage of fresh water or water with low salinity from intertidal substrates at

low tides may influence the abundance and distribution of species (Lewis, 1964). Seeps
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are identified by discoloration of the substrate and typically by biotic indicators such as

certain filamentous green algae. This parameter is estimated based on the percent areal

coverage of each segment zone exhibiting seeps.

Shade is a key physical factor influencing desiccation of intertidal organisms (e.g.,

Carefoot, 1977; Foster et al., 1988). It is produced at small spatial scales by boulders or

even by large algae, and at larger spatial scales by topographic features, upland

vegetation, manmade structures, etc. This classification uses an estimation of the total

percentage of the segment protected by shade during the hours of maximum sun intensity

(i.e. 10 am to 2 pm). Shorelines oriented towards the south and west may experience

higher potential dessication, particularly in the afternoon, but this factor is taken into

account by the regional and segment orientation parameters.

Material type and color can affect settlement and recruitment of certain organisms

as observed by Raimondi(1988). Qualitative descriptions of the material makeup of the

shoreline include 3 rip

mart' categories and 18 secondary categories. The primary and

secondary material types include composition and origin, which are important in terms of

porosity, fracturing, weathering and structural integrity of the substrate.

Characteristics of the substrate are a major influence controlling the distribution

of benthic populations. A fairly sharp distinction exists between the types of fauna found

on hard substrates such as bedrock or large boulders, and soft substrates such as pebbles

and sand. Larger substrates may provide more shelter in the form of crevices and

interstitial spaces, and also provide a solid surface for organisms to cling to. Slow

growing algae, for example, require stable substrates such as large boulders. Sand and silt

substrates may support higher populations of burrowing fauna, particularly if the silt is

rich in organics. Clay substrates, when compacted into "hardpan", may support an

epibenthos but is generally too hard for an infaunal community (Dethier, 1990). The

greatest number of species, or high diversity, is usually associated with a complex

mixture of bedrock, cobbles and sand.

Sediment descriptors are an indispensable part of a geomorphological description.

Characteristics of sediment can serve as indicators of the frequency of sediment

movement, the local energy regime, shoreline stability, and therefore the evolution of the

rip
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landform and the interpretation of past processes (Snead, 1982). Thus, sediment analyses

serve to provide clues to environmental processes and are sometimes referred to as a

surrogate variable or proxy for more complex processes (Pethnick, 1984). Particle size is

described here using the Wentworth scale (Pettijohn, 1949). The size classes are as

follows: boulders >256 mm, cobbles 64 - 256 mm, pebbles 4 - 64 mm, granules 2 - 4 mm,

sand 1/16 - 2 mm, silt 1/256 - 1/16 mm, clay < 1/256 mm (Figure 5). In addition, for this

classification a distinction is made for substrates larger than boulders and for fine particle

mixtures. Blocks are very large boulders that are essentially immobile yet unattached

fragments of bedrock (e.g. > 2 m). Mud is a mixture of very fine clastics and organic

material generally found only in protected energy environments. Three particle size

estimates are made according to the percentage of areal coverage, with primary size

covering > 60% of the area, secondary size covering < 40%, and interstitial size if

between particle voids are filled. Figure 6 shows a visual calibration chart used for

making estimates of areal coverage.

Particle shape refers to the sphericity and roundness of the sediment clasts.

Roundness describes the sharpness of edges. Terms range from "angular", showing very

little or no evidence of wear (edges and corners are sharp), to "well rounded", where

grains have no original faces, edges or corners remaining (Pettijohn, 1949). Visual

comparison charts such as Figure 7 can be used to provide a more consistent visual

estimate of roundness.Sphericity is a measure of the ratio of a particle's volume to the

volume of the sphere which circumscribes it. This can be calculated by:

yr = (BC/ A2)1/3 (13)

where A, B, and C are dimensional axes of the particle. However, for this classification

an estimation of sphericity is obtained following Brewer (1964) where a particle is

matched with one of the following categories: 1) planar, 2) oblate, 3) spheroid, 4) triaxial

or bladed, or 5) rod-like. Sphericity can be used as an indicator of particle motion, a more

spherical particle being more likely to roll. Permeability is the property of allowing the

passage of fluids without displacement of the substrate particles (Pettijohn, 1949). For the
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Figure 5. The Wentworth Particle Size Classification
(modified from Michel & Dahlin, 1993)
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purposes of this classification, a substrate is considered to be "permeable" when it permits

an appreciable quantity of fluid to pass through in a given time, and "impermeable" when

the rate of passage is negligible. This was determined with the "bucket test". About 5

gallons of water are poured onto the substrate and the time required for this volume to

percolate determines the relative permeability of the segment. Note that permeability is

used here to describe the structure underneath the armour layer and not the armour layer

itself.

Embeddedness is an index of the degree to which larger particles (boulders, large

cobbles) are surrounded or covered by finer sediments (Hamilton and Bergersen, 1984).

Platts et al. (1983) used a rating code to describe the percentage of surface area of the

largest size particle covered by finer sediments. A similar categorization is used here (see

Table 7).

Direct human use characterizes the effects of recreational, scientific and industrial

activities in the intertidal zone. Trampling, souvenir collecting, handling, bait collecting,

etc. have been shown to lower the species richness and densities of key species (Addessi,

1994; Brosnan & Crumrine, 1994). This parameter also includes less direct impacts by

humans such as point source discharges of organic and inorganic wastes, and non-point

source pollution such as agricultural or urban runoff. Most shorelines have public and

private access points where the concentration of use is highest. The concentration, or

number of people per day, is inversely proportional to distance from the access point. For

this classification, human use (v) as a function of distance is given by:

v=N
da

(14)

where N is the number of visitors per day at an access point, and da is the distance in

meters between the shoreline segment (center) and the access point.
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4. APPLICATION

Ray (1991, p. 492) notes that coastal gradients in abiotic factors result in

"complex hierarchies of coastal ecosystems each with characteristic biotic associations".

However, our knowledge of the specificity of these associations is limited. Many

biologists became acutely aware of this dilemma during the Exxon Valdez oil spill of

March 24, 1989 in Prince William Sound, Alaska. Within days of the spill, the National

Park Service contracted intertidal ecologists to conduct baseline surveys of Park

shorelines that might be damaged by the spreading oil. The task was daunting since the

shoreline is tremendously variable both physically and biologically. With only a few days

available before the anticipated stranding of oil, intertidal flora and fauna were surveyed

at 16 sites. Site selection was based on accessibility, substrate type, ability to relocate

transects and replication along wave exposure gradients (Duggins & Miller, 1990). In the

end, oil stranded only sporadically along the Kenai Fjords and Katmai coasts, and none of

the surveyed beaches was contaminated (Schoch, 1989). Thus, although important

information was gathered on a coast having virtually no previous baseline data, the

objective of establishing a pre-oiled condition was not accomplished because no rigorous

method existed to compare the surveyed (unoiled) sites to the oiled sites. As a result of

this oil spill event, administrators for Lake Clark National Park initiated an inventory and

monitoring program to collect physical and biological information on the Cook Inlet

nearshore habitats within the park jurisdiction.

4.1 Classification System Applied to Cook Inlet, Alaska

Natural resource management based on a sound foundation of seasonally

differentiated baseline data is especially important in the Cook Inlet region because of the

inaccessibility of the area, the extreme tidal range of over 10 meters and the harsh nine

month sub-arctic winters which make routine in situ monitoring by resource managers
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unfeasible for most of the year. The ecology, geomorphology and coastal processes along

the Gulf of Alaska are not well documented or understood, and baseline data are

practically non-existent. The ecological functions of the Cook Inlet tidelands are

complex. Available information suggests that the vast intertidal mud flats that

characterize much of the Lake Clark coastline are of great importance to resident and

migratory birds. A survey conducted in 1980 revealed that Tuxedni Bay had the second

highest bird density (332 birds/km2) in Lower Cook Inlet (Bennett, 1993). Shorebirds

account for 66 percent of the spring migration. Chisik Island, which lies one mile off the

Lake Clark coast, supports 50,000 Black Legged Kittiwakes and is the largest seabird

colony in Cook Inlet. The Lake Clark coast also supports nesting seabirds and is the

major feeding area for the entire Chisik Island kittiwake colony. Tidal marshes at the

heads of Chinitna Bay and Tuxedni Bay are also rated as critical spring habitat for brown

bears (Bennett, 1993). Although no formal population surveys have been conducted,

densities appear high, with as many as 62 bears observed at one time feeding at the

western end of Tuxedni Bay. Marine mammals known to use the Lake Clark coastline

include harbor seals, Steller's sea lions, killer whales, minke whales, humpback whales

and beluga whales. Several terrestrial species frequently forage in the intertidal zone

including black bear, brown bear, fox, mink and river otter.

In 1994 a three year field program was launched to:

1. acquire ground control points for aerial photography

2. classify the nearshore habitats

3. survey across-shore profiles at selected shoreline types

4. collect biotic transect data at selected intertidal sites

5. use the resulting data in a statistical model to extrapolate the

biotic information over a broad scale

6. validate the model results

Appendix A presents a complete description of the project area and the development of a

GIS database. The remainder of this discussion will address the results of the nearshore

habitat classification as applied to the 138 km western shoreline of Cook Inlet.
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4.2 Classification Results

The project area falls within Bailey's "Humid Temperate-Subpolar" Global

Climate Division and Cowardin et al. classified the Gulf of Alaska coast as lying within

the "Fjord" Biogeographic Province. The Aleutian low pressure system prevails over the

North Pacific from October to March and dominates the weather patterns of southcentral

Alaska. This semi-permanent feature accounts for the numerous storms that traverse the

Gulf of Alaska. Gales blow 10-15% of the time during November and December and may

have sustained winds of 60-70 knots. Deep water wave heights can reach 6-9 meters in

November, the roughest month. Three or four winter storms per month move from the

Asian mainland towards the Aleutians and into the Bering Sea or the Gulf of Alaska.

From April to September the Aleutian Low gradually weakens. Storms still occur but are

less frequent and intense. Winds of gale force can be expected twice a month (Brower et

al., 1977).

The North Pacific Current flows east from the north coast of Japan. In the vicinity

of British Colombia this current splits with a north flowing component following the

coast in a counterclockwise rotation around the Gulf of Alaska (Figure 8). At

Hinchinbrook Entrance, the Alaska Current remains offshore continuing the

counterclockwise rotation around the Gulf (Reed et al., 1986). In Prince William Sound,

the Alaska Coastal Current flows southwest and is thought to be driven by massive

amounts of fresh water runoff from the numerous rivers and glaciers flowing into the

Gulf (Royer et al., 1989). The coastal current exits Prince William Sound between

Montague Island and Latouche Island, and follows the coast westward through Shelikof

Strait with a branch flowing north into Cook Inlet.

Cook Inlet is located in southcentral Alaska and is exposed to the Gulf of Alaska

and the severe maritime weather generated in the North Pacific Ocean . The Coastal

Section includes all of the western shoreline of Cook Inlet, from Kamishak Bay at the

south boundary to Knik Arm at the north (Figure 9). This is a generally linear coast

broken by numerous fjords, bays and inlets. The mean surface water temperature ranges

from a high of 11.7 degrees (C) in July to 0.7 degrees (C) in January. The local weather
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Figure 9. The western shore of Cook Inlet and location key to the Lake Clark National

Park project area

62
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is strongly influenced by the adjacent Chigmit Mountains and Aleutian Range. Dominant

winds through Shelikof Strait and Cook Inlet are generally aligned with the trend of the

shoreline (SW to NE) and no one direction prevails (NOS, 1987). Northeast winds

generally bring rain and heavy weather, but winds of greater force come from the

southwest and bring clear weather. Gales in this region generally last from 1-3 days

without intermission. Seas and winds are generally much higher and stronger on the

western side of the inlet particularly in the vicinity of the numerous capes and headlands

(NOS, 1987).

Two major estuarine systems lie within the coastal bounds of the park. These

partition the project area into four marine domains. The estuarine heads of Tuxedni Bay

and Chinitna Bay receive a large volume of fresh water that significantly alters the

nearshore community structure. The remaining coastline is dominated by marine habitats

exposed to the prevailing waves and currents of Cook Inlet (Figure 10). The velocity of

the currents in the inlet fluctuates with wind speed and direction but averages 1.5 knots in

a counterclockwise direction (Reed et al. 1986). The mixed semi-diurnal tides along the

western shore fluctuate approximately 7 meters (NOS, 1987). The tide range is amplified

by the length and configuration of Cook Inlet, creating a harmonic oscillation resulting in

tidal amplitudes exceeding 10 meters at the head of the inlet.

The categorization of wave power for segmenting exposure regions was based on

the prevailing wave climate defined by locally generated wave heights and periods, and

the relative exposure to deep water waves. Wave power estimates therefore integrate the

effects of the deep water wave climate and the local wave climate on the nearshore

habitat. Only generalized information on wave heights was available for the study area, so

wave power estimates relied primarily upon fetch distance and geomorphic proxies as

indicators. For example, assessments of geomorphological indicators such as slope angle,

particle size and roundness, and geomorphic forms and processes such as storm berms,

were used to differentiate relatively exposed from protected segments (at a scale of 1 - 10

km). Using the constant wave power chart from the previous section (Figure 4),

significant deep water wave heights and periods were estimated for verification with deep

water wave information obtained from the NDBC buoy at position 56°N 148°W in
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the Gulf of Alaska, and also from estimates of deep water wave heights in Cook Inlet. For

the sheltered portions of the coast (Chinitna and Tuxedni Bays), locally generated wind

wave heights were estimated from fetch distance measurements. Figure 11 shows the

spatial distribution of the different wave power categories. Table 13 lists the wave power

distribution by length of shoreline, and Figure 12 illustrates the wave power distribution

by percent shoreline length. This analysis indicates that 43% of the length is either very

protected or protected from high energy waves. Over half of this length includes the salt

marshes of Tuxedni and Chinitna Bays. Note that no part of the study area is fully

exposed to the wave climate of the Gulf of Alaska, however, southeast storm swells from

the Gulf penetrate into Lower Cook Inlet during the winter months. These events cause

very large berms (see Figure 17) to develop on boulder beaches in the semi-exposed

regions. Note that Figure 11 shows a thumbnail photo of Spring Point. An enlargement of

this photo will be used later as a basemap for more detailed illustrations.

Twenty-six Shoreline Segments were delineated according to geomorphological

shoreline type, the Iribarren number and the sediment transport regime. Preliminary

stereo-image photogrammetric interpretation identified twelve dominant shoreline types

prior to ground surveys in 1994. These are mapped on Figure 13. Table 14 and Figure 14

show the distribution of shoreline classes by length and Table 15 and Figure 15

summarize the distribution by area and'percent area respectively. Note that salt marsh

accounts for 22% of the total project length and 42% of the total area. The combined soft

substrates account for 90% of the total length and 98% of the total area. Combinations of

rocky shores (ramps, platforms, cliffs) are therefore a very small percentage of the total

habitat type in the project area.

Iribarren numbers were calculated for each shoreline segment based on the

representative significant deep water wave height and period for the prevailing wave

power categories listed on Table 12. Values for the slope angle of the shoreline were

calculated from the average width and height of the exposed intertidal zone on aerial

photography flown at MLLW. The distribution .of shoreline types by total length and

Iribarren number are shown on Figure 16.
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Figure 11. Spatial distribution of wave power.
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WAVE POWER COUN LENGTH (m)
Very protected (100 watts/m) 102 35612
Protected (1,000 watts/m) 153 23330
Semi-protected (10,000 watts/m) 139 21953
Semi-exposed (50,000 watts/m) 369 56425
Total 763 137322

Semi-exposed
(50,000 wattslm)

41%

Table 13. Wave Power Distribution

Figure 12. Wave Power Distribution by Percent Shoreline Length
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Figure 13. Spatial distribution map of geomorphological shoreline classes.
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Table 14. Distribution of Shoreline T

SEGMENT TYPE LENGTH (m) % TOTAL
Cliffs w/ narrow gravel beach 2802 4

Cliffs w/ narrow sand and Gravel 8247 f
Cliffs w/ narrow sand beach 1360

Ramo w/ narrow sand beach 2007
Gravel alluvial fan 3657
Wide sand and aravel flat 9491

Narrow sand and gravel flat 3693
Wide sand beach 20752
Wide sand flat 24176 if
Wide mudflat 30063 2,
Salt Marsh 31075 2,g

Total 137322

Figure 14. Geomorphic Shoreline Types by
Percent of Total Shoreline Length
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ype by Area

SHORELINE TYPE COUNT AREA (m) % TOTAL
Cliffs w/ narrow gravel beach 10 27738 0

Cliffs w/ narrow sand and gravel 41 65190 1

Cliffs w/ narrow sand beach 2 80490 1

Ramp w/ narrow sand beach 8 14039 0

Gravel alluvial fan 21 188089 1

Wide sand and gravel flat 22 1240764 10

Narrow sand and gravel flat 8 83219 1

Wide sand beach 22 392463 3

Wide sand flat 29 1565149 12

Wide mudflat 68 2978329 24
River channel 1 644496 5

Salt Marsh 24, 5320286, 42
Total 254 12600253 100

SummaryTable 15. of Shoreline T Distribution

Figure 15. Summary of Shoreline Type by Percent of Total Area

Cliffs w/ narrow sand

Cliffs w/ narrow sand and gravel
Gravel alluvial fan

beach 1 % 1 %
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flat
10% Narrow sand and
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Wde sand beach
3%
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5%



24

,4S oreiine Type=

Figure 16. Distribution of Shoreline Type by Length and Iribarren#
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Across-shore profiles at representative shoreline types were surveyed in 1992 and

1994 using third order leveling techniques. Slope and volumetric changes and particle

size distribution analyses from these shore-normal transects provided information on the

sediment transport regime including erosion/accretion, rate of change, sediment sources

and relative sediment abundance. Figure 17 shows an example of shoreline profiles for

Spring Point, a wave power category 4 (semi-exposed) cobble beach. These profiles show

very steep winter storm berms and a relatively stable backshore. Summer storm berm

shifting accounts for the majority of moved sediment. The particle size analysis of this

transect shows that the winter storm berm is composed of rounded cobbles and boulders,

and the summer berms are mostly rounded cobbles. Aerial photo interpretation and

ground observations of beach ridges, turbidity plumes and spit development indicated the

direction of the net alongshore sediment transport along each shoreline segment.

Preliminary findings suggest that the general transport direction is south with a

counterclockwise transport in Tuxedni and Chinitna Bays. Time limitations precluded

field measurements of turbidity and salinity.

Ground surveys in 1994 resulted in the delineation of 338 alongshore units.

Criteria for field delineation were primarily aspect, substrate size and roundness,

dynamism, wave runup estimates and slope angle for each across-shore zone. When any

of these attributes changed for any of three across-shore zones (upper, middle, or lower

intertidal), a new alongshore unit was demarcated. Across-shore zones were characterized

at specific elevations: 0, 2.5, and 5 meters (above MLLW, based in part on predicted tide

heights). Horizontal and vertical delineation of the across-shore polygons was facilitated

by aerial photo basemaps. Because of differences in alongshore unit elevations, not all

have the complete array of across-shore zones. For example, alongshore units in salt

marshes have only upper intertidal zones while other units may have only upper and

middle zones. A total of 338 upper, 246 middle, and 207 lower intertidal polygons were

delineated. Within each unit, all of the across-shore zone attributes listed on Table 7 were

categorized. Units were not shorter than 10 m, but were often longer than 100 m. The

longest units, not including the salt marshes, were the sandy beaches between the Johnson

River mouth and Spring Point.
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Figure 17. Example summer beach profiles for 1992 and 1994 from Spring Point.
Profiles were surveyed for each of the 12 geomorphic shoreline types.
Profiles based on 3rd order leveling surveys from assumed TBM elevations.
Approximate elevations were determined from local tide gauge predictions.
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Maximum wave runup was surveyed in the field for each upper intertidal zone

based on the height of the vegetation line above extreme high water, the height of storm

berms or drift piles, the upper extent of marine organisms, or the lower extent of blue-

green algae verrucaria on rocky shores. Iribarren numbers were calculated for each

across-shore zone using the wave height and period values estimated from wave power as

before, but incorporating slope angles for each across-shore zone. Then the maximum

wave runup and the new Iribarren number were used to calculate the significant wave

height for the upper zone. Finally, the significant wave height and the Iribarren number

were used with empirical coefficients for C (van der Meer and Stam, 1992) to calculate

the mean wave runup for each across-shore zone, thus taking into account the roughness

and permeability for each zone.

Figure 18 shows an enlarged section of the intertidal zone at Spring Point with an

overlay of wave runup categories. Spring Point lies within the semi-exposed region of the

study area. The significant deep water wave height used for the calculations was 2 meters

with a period of 8 seconds. The red arrow in Figure 18 points to a highlighted upper

intertidal across-shore polygon. The corresponding record in the database is also

highlighted in the accompanying table. Note the values for breaking wave height, wave

length, mean wave runup, roughness and permeability. The runup for this polygon was

calculated to be 2.2 meters, which corresponds to category 4 (2 - 3 meters runup). Table

16 summarizes the distribution for mean wave runup by shoreline length. This table

shows that 21 % of the upper intertidal polygons have wave runup greater than 3 meters,

while 31% of the middle intertidal polygons and only 13% of the lower intertidal

polygons have runup in the same range. This can be attributed to the higher slope angle of

the upper polygons. Consequently the substrate of the upper polygons are considerably

more dynamic while the lower polygon substrates are relatively stable. Figures 19a - 19c

show charts illustrating the distribution by shoreline length. The diagram for the upper

intertidal polygon shows that 55% is less than 1 meter runup. This is attributed to the

extensive salt marshes which are all above 5 meters in elevation. Figure 20 shows a

similar map for substrate slope. The upper intertidal polygon #283 is highlighted and the

corresponding record is also highlighted in the accompanying table. As shown on Figure
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Table 16. Mean Wave Runup Distribution Summary

Upper Intertidal Polygons
WAVE RUNUP LENGTH (m) %

<1 m 122021 55

1 - 2 m 23732 11

2-3m 29613 13
3 - 4 m 34966 16

>4m 10072 5
Totals 220403

Middle Intertidal Polygons
WAVE RUNUP LENGTH (m) %

<1 m 24277 23

1 - 2 m 19955 19

2 - 3 m 27619 27
3 - 4 m 30556 30
>4 m 1293 1

Totals 103700

Lower Intertidal Polygons
WAVE RUNUP LENGTH (m) %

< 1 m 13890 16

1 - 2 m 54014 62
2 - 3 m 7789 9

3 - 4m 10875 12

>4m 1295 1

Totals 87864
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Figure 19a. Upper Intertidal Mean Wave Runup by Percent Total Shoreline Length

Figure 19b. Middle Intertidal Mean Wave Runup by Percent Total Shoreline Length

Figure 19c. Lower Intertidal Mean Wave Runup by Percent Total Shoreline Length
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17, the profile of this alongshore unit is relatively steep in the upper section and flatter in

the lower zones. Note the high dynamism value shown in the attribute table. That

corresponds to the high slope angle and the large volume of sediment transported across

the unit as suggested by the profile changes between 1992 and 1994.

Predicting the responses of ecosytems to perturbations requires experimentation to

determine causal factors. Ecosystem experimentation is inherently observational due to

the multitude of uncontrolled factors. Replicability is problematic because of the

difficulty in locating exact replicates in nature. One of the applications for a classification

system is the grouping of habitat types for ecosystem modelling. Although the details of

nearshore habitat modelling are beyond the scope of this paper, the general procedure is

outlined below.

The administrators of Lake Clark National Park were interested in a broad scale

inventory of intertidal fauna and flora communities. Lacking the, funds for a synoptic

quantitative inventory, ahabitat model was developed based on the preceding

classification. Intertidal communities are strongly influenced by wave energy, particle

size and solar insolation. Wave runup, dynamism, primary particle size, and secondary

particle size from the preceding classification were clustered using a hierarchical

algorithm to determine the number of principal cluster groups. The park administration

determined that funds were available to quantify the ecological communities of 10

intertidal habitat types. Thus, for each across-shore elevation, the attributes were clustered

into 10 groups, each group representing a habitat type. Since each across-shore elevation

was clustered independently, the resulting three groups of 10 habitat types are not

related, e.g. habitat #5 in the middle zone is not the same combination of attributes as

habitat #5 in the lower zone. Table 17 shows the results of the grouping procedure and

defines the habitat types for each zone. Also listed are the alongshore units selected at

random for biological sampling. Figure 21 a - d shows bar charts of slope, dynamism,

wave runup, particle size by shoreline length for each across-shore zone. Figure 21 e - g

illustrates the distribution of the habitat types for each elevation by shoreline length, area,

and count repectively.
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Table 17a. Upper intertidal habitat attributes
Upper Intertidal Habitats

Habitat # Dynamism Runu Size 1 Size 2 Description Sampled Units
1 0 2 5 5 very stable, low energy, bedrock 170
2 0 5 5 5 very stable, high energy, bedrock
3 4 3 2 4 loose, moderate energy. pebbles and boulders 313
4 2 stable, low energy, sand and silt 58,95,100,155,
5 2 3 4 4 stable, moderate energy, boulders 216,220,248,280
6 3 stable, moderate energy, sand and silt 337
7 5 2 very loose, low energy, sand and sift 306
8 3 4 3 loose, high energy, boulders and cobbles
9 3 5 3 3

_

loose, very high energy, cobbles 286
10 2 4 2 stable, low energy, boulders and pebbles 184

Table 17b. Middle intertidal habitat attributes
Middle Intertidal Habitats

Habitat # Dynamism Runup Size 1 Size 2 Description Sam led Units
1 4 loose, low energy, sand and sift
2 stable, low energy, sand and silt 58,52,51,39,170,179,191,197
3 0 4 4 5 very stable, high energy, boulders and bedrock
4 3 5 loose, low energy, sand and bedrock
5 3 4 2 stable, moderate energy, boulders and pebbles
6 4 3 2 loose, moderate energy, pebbles and sand
7 2 3 4 3 stable, moderate energy, boulders and cobbles 216,220,248,280,286
8 4 3 2 4 loose, moderate energy, pebbles and boulders
9 0 5 5 ve stable, low energy, bedrock 184,306,313
10 4 .4 3 loose, low energy, boulders and cobbles

Table 17c. Lower intertidal habitat attributes
Lower Intertidal Habitats

Habitat # D namism Runu Size 1 Size 2 Description Sampled Units
1 3 3 4 4 loose, moderate energy, boulders
2 4 loose, low energy, sand and sift 191,197,321,329
3 4 3 loose, low energy, sand and cobbles 39
4 4 3 2 2 loose, moderate energy, pebbles
5 0 2 5 5 very stable, low energy, bedrock 306
6 4 4 loose, low energy, boulders and sand/silt 184,216,
7 3 3 4 loose, moderate energy, sand and boulders 248,
8 5 2 ve loose, low energy, pebbles and sand/sift
9 3 5 loose, low energy, sand and bedrock 313
10 2 1 4 4 stable, low energy, boulders 220,280,286
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Figure 71A. Siop stAbution of Across-shore
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Figure 219. Habitat Distribution by Shoreline Length
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Finally, for comparison to the Howes et al. classification, Figure 22 shows charts

depicting the habitat distribution within each of the shoreline types. Note that the number

of habitat types within shoreline classes varies considerably. For example, only two

habitat types occur in the salt marsh class, and one of these represents less than 2% of the

total shoreline length. Shoreline Type 29 (Figure 22i), wide mud flats, has the highest

variance in the upper zone with 9 habitat types represented. Shoreline Type 13 (Figure

22b), cliffs with narrow sand and gravel beaches, has the highest variance for the lower

zone with 8 habitat types represented. Figure 23 shows the habitat distribution over the

entire study area and Figure 24 shows the distribution in the vicinity of Spring Point.
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5. CONCLUSIONS

The consideration of spatial patterns has been prevalent in intertidal ecology since

the early 1960's. The intertidal zones of rocky shores have been the prototypical systems

for ecologists exploring the connection between biodiversity and ecosystem functions

(Connell, 1961; Paine, 1980). For example, the structure of intertidal communities can

vary tremendously over a range of spatial scales due to geophysical gradients and

biological interactions. In addition, many intertidal organisms rely on mass dispersion to

propagate their populations, and recruitment from the plankton to colonize suitable

habitats. The interaction between nearshore oceanographic processes and larval transport

is also important to the understanding of the distribution of intertidal species. Therefore,

nearshore habitats provide an appropriate environment to study the associations between

connected populations in open systems (National Research Council, 1995).

It is important to any natural resource database acquisition program to address not

only a species inventory, but also abundance, distribution, food sources and productivity

of breeding populations, so that statistically valid conclusions may be drawn from the

data. Coastal dependent species utilize particular habitats at various times in their life

histories. Their population success is dependent on the presence and dimensions of

appropriate habitats. Thus, if detailed life histories are known and required habitats are

inventoried and mapped, an assessment of the present status and likely fate of a

population can be made (French, 1991). Critical or sensitive habitats can be identified

during such an analysis. Studies of physical habitats such as the intertidal, subtidal, and

upland terrestrial fringes and watersheds are important to a holistic coastal management

program. The inventory and monitoring of coastal fauna/flora communities, including

seabirds, migratory waterfowl, shorebirds, raptors, marine mammals, terrestrial

mammals, anadromous commercial and sport fish, etc., are considered fundamental

requirements for a minimum level of data necessary to adequately assess the effects of

marine pollution, changing climatic patterns or other environmental stresses.



87

This study focused on developing a systematic procedure to define and inventory

nearshore habitats at multiple spatial scales by partitioning shoreline segments with

generally homogenous abiotic characteristics. These segments are characterized using a

suite of physical factors, thus differentiating horizontal (among-segment) characteristics

and vertical (within-segment) characteristics. Small scale applications of this habitat

distribution model suggest that shoreline segments with similar characteristics can be

statistically clustered into groups of like habitats with specific biotic associations.

In most coastal areas, little is known about intertidal habitat structure and

community distribution with the exception of sparse transect data. This is particularly true

for the remote wilderness of high latitudes. The nearshore habitat classification system

developed in this study was applied to a National Park shoreline on Cook Inlet, Alaska

for the purpose of acquiring a basic inventory of nearshore habitats. The database has

been compiled in a geographic information system (Appendix A and B). The long term

objectives for the resulting coastal information system include improving our

understanding of coastal populations and seasonal and multi-year trends and cycles.

Ongoing data analyses will model the biological associations with specific habitat types

to produce a broad area spatial distribution model of nearshore flora and fauna

populations. A map showing the spatial distribution model for intertidal habitats within

the project area is included in Appendix D.

The diversity of life in the oceans is being dramatically altered by the rapidly

increasing and potentially irreversible effects of activities associated with human

population expansion. The most critical contributors to changes in marine biodiversity are

now recognized to include fishing and removal of the ocean's invertebrate and plant

stocks, chemical pollution and eutrophication, physical alteration to coastal habitats,

invasion of exotic species, and global climate change (National Research Council, 1995).

These activities and phenomena have resulted in clear, serious, and wide-spread social,

economic and biological impacts including:

dramatic reductions in most of the preferred edible fish and shellfish species in the

world's oceans
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reduction or loss of species with important potential for biomedical products

altered aesthetic and recreational value of many coastal habitats, such as coral reefs.

bays, marshes, rocky shores, and beaches

vast changes in the species composition and abundance of the ecologically important

animals and plants within and between ecosystems;

changes in the basic functioning of ecosystems, including the rates and sources of

primary production, the stability of populations, the amount and direction of energy

flow, and biochemical cycling

Evaluating the scale and consequences of changes in the ocean's biodiversity due

to human activities is seriously compromised by critically inadequate knowledge of the

patterns and the basic processes that control the diversity of life in the sea. Studies

applied to the nearshore are helping to define the patterns and the processes influencing

marine biodiversity. If the processes determining patterns in nearshore habitats can be

defined as proposed by this study, then they have a potentially significant contribution to

resource management and policy decisions for coastal areas where the spatial distribution

of habitats is a resource management concern. For example, this model has application to

oil spill damage assessments, inventory and monitoring programs, global change, and

biodiversity studies. Modelling the retention and persistence of stranded oil can aid in

assessing the vulnerability and sensitivity of aesthetically, economically or scientifically

important resources to anthropogenic perturbations, and thus establish the need for

protective measures through policy directives. Additional applications can be explored in

hindcasting the ecological functions of disturbed habitats for mitigation and restoration

projects, forecasting impacts based on trends in human or natural perturbation patterns, and

in site selection for experiments in community ecology.
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Al. THE CLASSIFICATION AND SPATIAL DISTRIBUTION OF NEARSHORE

HABITATS ALONG THE COOL INLET SHORELINE OF LAKE CLARK

NATIONAL PARK AND PRESERVE, ALASKA

Lake Clark National Park and Preserve was established on December 2, 1980 by

the Alaska National Interest Lands Conservation Act (ANILCA). The park is

approximately 3.7 million acres ands is located in southcentral Alaska along the western

shore of Cook Inlet, a large tidal estuary which flows into the Gulf of Alaska between the

Kenai and Alaska Peninsulas. The coastal ecology, geomorphology and coastal processes

of the park are poorly documented primarily because of the park's extreme isolation and

vast area. From 1992-1993, new vertical aerial photography of the coast was acquired to

provide high resolution imagery for basemaps of the study area. In 1994 the entire 138

km coastline was reclassified using the hierarchical classification system detailed in the

previous sections. In 1995, intertidal transects of fauna and flora assemblages were

surveyed to provide species and abundance on selected shoreline units representative of

the nearshore habitat types within the study area. The collected data were geographically

referenced with either GPS coordinates in latitude and longitude, or photogrametrically to

the aerial photo basemaps. The detailed mapping of the shoreline and coastal resources

resulted in a database well suited for use in a geographic information system.

Al.l Description of Project Area

The marine shoreline of Lake Clark National Park and Preserve extends north

from Chinitna Bay, approximately 138 km, to Redoubt Point and represents some of the

most pristine coastline in the United States (Figure Al). The shoreline is generally

difficult to access due to the extreme isolation and the lack of roads or man-made trails.

Access from the inlet is often limited by dangerous sea conditions and notoriously foul

sub-arctic maritime weather. Tuxedni Bay is the most prominent coastal feature of the
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Lake Clark marine shoreline. It consists largely of shoals, low tide mud flats and rocky

reefs. Ice floes are generally present from November to May. Tuxedni Bay is generally

not navigable outside of the narrow channel which runs between the western side of

Chisik Island, at the bay entrance, and the mainland. Reefs and shifting rocks make vessel-

operation hazardous along the coastline. The north shore of Tuxedni Bay to Redoubt

Point, a distance of about 25 km, includes some lands conveyed to native regional and

village corporations under the Alaska Native Claims Settlement Act (ANCSA) of 1971.

The shoreline south of Tuxedni Bay is primarily linear sand beach with tidal and mud

flats. A private recreational lodge is located on a tidal lagoon near Silver Salmon Lakes,

about 10 miles south of Tuxedni Bay, and a native cemetery site is on the north shore of

Chinitna Bay. These structures along with about two dozen set-net fisherman cabins, one

commercial clam harvesting operation and an abandoned cannery on Chisik Island are the

only developments along the coast. A hardrock gold mining operation began in 1990 on a

private inholding within the park boundary. The mine is approximately 15 miles inland

from the coast along the Johnson River.

Cook Inlet and the adjacent Gulf of Alaska are tectonically one of the most

dynamic environments on earth. The Pacific Plate descends beneath the North American

Plate at rates of 5 to 7 cm/yr (Hood, 1987). This motion influences the seismicity,

volcanism and geomorphology of the region. Seismicity is concentrated along the

subduction zone with great earthquakes (>8.0 on the Richter scale) recurring once every

hundred years. Alaskan earthquakes are some of the largest recorded on earth. These

seismic events have caused tremendous damage as a result of shaking, faulting,

subsidence, landslides, avalanches, seiches and soil liquefaction.

Cook Inlet currently supports Alaska's largest developed oil field outside the

Kuparuk and Prudhoe Bay fields on the Beaufort sea (Reed, et al., 1986). The Minerals

Management Service of the U.S. Government has recently completed an Environmental

Impact Statement for oil lease sales to begin in late 1995. The development of additional

oil fields in 1996 will exacerbate the risk posed by these activities and put the pristine

shorelines of Cook Inlet and the Gulf of Alaska at a greater risk to marine spills. Natural

hazards inherent to the region such as volcanic activity, tectonic activity and the harsh
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sub-arctic environment also continue to threaten oil field structures and associated

facilities.

The 11 million gallon Exxon Valdez oil spill of March 24, 1989, the largest in

U.S. history, demonstrated that oil spills in Prince William Sound can be carried by the

Alaska Coastal Current to Cook Inlet, over 200 miles from the source. This signifies that

even remote wilderness areas are at risk from catastrophic accidents. Existing

contingency plans and the ability of industry to respond to and contain large spills were

demonstrated to be inadequate. Therefore, it has become imperative for resource

managers to reexamine areas once considered protected and immune from the effects of

anthropogenic development. Additional concerns over marine pollution at Lake Clark

National Park relate primarily to oil production, loading, and tanker activities in Cook

Inlet. The array of threats associated with petroleum hydrocarbon development in Cook

Inlet jeopardizing regional coastal habitats include:

tanker traffic from the Valdez pipeline terminal

offshore drilling and production platforms in Cook Inlet

the Nikiski oil terminal and refinery

tanker traffic to and from the Nikiski terminal

the Drift River crude oil storage and transfer facility

tanker traffic to and from the Drift River terminal

ballasting and bilge pumping from vessels

natural seeps

Mt. Redoubt and Mt. Iliamna are part of an active chain of volcanoes in Lake

Clark National Park. Other adjacent, intermittently active volcanoes include Mt. Spurr to

the north, and Mt. Augustine and Mt. Douglas to the south. From December 1989 to

April 1990, volcanic explosions from Mt. Redoubt produced hot, fast moving clouds of

ash, rock debris and pyroclastic flows that swept across its heavily glaciated north slope.

The resulting debris flowed down the Drift River channel threatening the oil tank farm
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and loading terminal. Flooding of the tank compound on two occasions forced authorities

to curtail oil production from 10 oilwell platforms in Cook Inlet.

The Exxon Valdez oil spill highlighted the current database deficiencies for Prince

William Sound and the Gulf of Alaska. The oil spill provided land management agencies,

including the National Park Service (NPS), an opportunity to evaluate the accuracy of

current coastal databases managed by NOAA and used by the U.S. Coast Guard as a

primary oil spill response tool. Park administrators concluded that the data represented by

the maps and the very objectives of the sensitivity classification were severely

compromised by lack of detail, accuracy and data currency.

A1.2 Data Collection Program

The available USGS topographic maps had proved to be ineffective for detailed

shoreline descriptions. The cost of generating detailed maps or orthophoto quads for this

vast expanse of wilderness would overwhelm even a government agency. Landsat and

Spot multispectral scenes were available for this section of the coast but the 30 meter

pixel size of the Landsat scenes and the 10 meter pixel size for the Spot images were too

large to adequately resolve the shoreline features to the level of detail desired for the

shoreline model. The NASA Alaska High Altitude Aerial Photo Survey generated high

resolution color infrared images at 1:60,000 scale for all of the project shoreline and these

were initially used for a basemap prototype. However, when these were enlarged to

1:12,000, the experimentally determined optimum scale, the images became too granular

and diffused for further consideration. Historical imagery from the USGS (1958), was

examined also but the image quality was low and the scale too small (1:63,360). It

became apparent that new photography would have to be acquired to maximize data

quality.

The dynamic nature of the coast and the extreme tidal range necessitated using the

most recent photography. The coastal configuration following the 1964 earthquake is

significantly different from that depicted on maps since the shoreline was raised about 2-
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4 feet in the project area. The tidal range also changes the coastal outline during the daily

flux, and since the maximum extent of the intertidal area was desired, the photography

had to be flown at mean lower low tide (MLLW). The justification for low altitude

(1:24,000) aerial photography was to provide large scale high resolution images of the

coastal perimeter. The high level of image detail was required for photo-interpretation of

the geomorphological features using stereo image-pairs. A secondary objective was for

developing a coastal atlas basemap. A series of consecutive photos along flight lines

could be selected to depict a continuous image of the entire coastline (Figure Al).

The 1:24,000 scale photography was enlarged to 1:12,000 for use as a high

resolution basemap for accurate spatial referencing and delineation of shoreline segments

during ground surveys. Detailed mapping of the intertidal zone, especially in Alaska, is

often hampered by foul weather, a short field season and the huge tidal flux that precludes

direct observation of the intertidal zone for most of the day. For these reasons aerial

photography was used to capture an image of the entire shoreline at one extremely low

tide. In terms of data collection, aerial photography provided the most economical means

to capture the most information over a large spatial scale. For the purpose of mapping the

geomorphology of the intertidal zone, this method:

provided an improved vantage point to view the entire intertidal. zone, often over 1

km wide

captured the entire length of the park shoreline at the same low tide

provided a permanent recording of the shoreline for future comparative studies

provided a detailed record of the spatial distribution of the geomorphological features

(Lillesand and Kiefer, 1994).

The objective of the mapping project was to accurately define the shoreline,

therefore additional photo criteria were established during the project design. For

example:

In order to delineate the entire intertidal zone, the imagery had to show the shoreline

at a low tide less than mean lower low water (MLLW), an important consideration for
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this region where the tidal range can exceed 30 feet, exposing a significant during the

tidal flux.

The photographs must have a clear image of the coastal fringe unimpaired by clouds

or cloud shadows. This was particularly challenging due to the extreme weather of

the region.

The image must cover approximately 25% water and 75% landmass at low tide. This

was to maximize the coverage of upland resources and to ultimately include terrestrial

components into the coastal model. (e.g. topography, watersheds, salmon streams,

etc.).

Ideally, the photography was to be flown during the highest sun angle to minimize

shadows on the shoreline caused by the often extreme topography of surrounding

mountains and cliffs. This constraint limited the photo acquisition period from late May

to early July when the sun angle was near the solstice and the low tides occurred between

10 AM and 2 PM. This period generally also has the clearest weather. Flying the coast in

late spring also assured that no leaves were present and no accumulated ice lingered on

the shoreline.

Flight lines were designed and laid out on 1:63,360 USGS topographic maps. The

project deviated from convention by not flying a grid pattern but rather, in order to save

money and eliminate unnecessary photography, the flight lines paralleled the coast. A

60% minimum endlap between photographs along a flight line allowed for stereoscopic

coverage. Side lap was not considered critical since very few flight lines were parallel for

a significant distance, but for a measure of consistency a guideline of 20% was used. A

scale of 1:24,000 was determined to be the optimum for the objectives outlined. A larger

scale would require more flight lines and photographs to cover the same area and a

smaller scale would not provide the necessary detail for shoreline classification. The

resolution at 1:24,000 scale was adequate for enlargement to 1:12,000 without significant

loss of image detail for producing the comprehensive basemap (Figure A2).



104Figure Al. The Cook Inlet shoreline of Lake Clark National Park & Preserve with aerial photo index.
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The aerial photo basemap provided the necessary information on spatial

distribution, or areal extent, of the substrate types. The basemap also provided a tool for:

delineating geomorphologically homogenous alongshore units

delineation of across-shore zones

delineating shoreline width

determining segment aspect

evaluating energy exposure

analyzing net shore drift and sediment transport

analyzing general coastal landforms

The convoluted nature of the coast required numerous intersecting flight lines, and

therefore the images could not be oriented towards a consistent direction, but rather

would be roughly parallel to the coast. Each flight line was extended sufficiently beyond

the required coverage to eliminate the need for generating mosaics between intersecting

flight lines. The in-flight pitch, roll and yaw of the aircraft would effect the image quality

but it was decided that any resultant distortion could be mitigated with digital image

rectification at a later stage of processing.

With the exception of two tidal benchmarks and 6 summit triangulation stations

about 5 miles from the coast, there are no horizontal or vertical control stations accessible

for ground control within the project area. The cost to bring in third order control was not

economical. Budget constraints precluded establishing horizontal or vertical points on

the ground prior to the flights. This was a relatively significant omission, but because the

area is very remote and inaccessible, the cost for setting ground control points would have

been prohibitive. The intent was to establish supplemental control at a later date using

Global Positioning System (GPS) coordinates for visually identified photo points such as

solitary trees, small ponds or other unique geographic features.

In the summer of 1994, GPS positions were established every mile along the

entire length of the park shoreline for a coverage that ensured at least 4 control points for

each photograph. Photo-control points were pre-selected on the imagery, then either
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identified on the ground during the shoreline geomorphology assessments or from the air.

With a limited budget, the objective was. to provide, at a minimum, a controlled coastline.

No attempt was made to provide control for vertical distortion of the imagery since the

elevation of the project area was assumed constant, essentially sea-level.

A1.3 Geographic Information System

Resource managers at Lake Clark National Park advocated a geographic

information system (GIS) for coastal habitat sensitivity analysis. Effective management of

the coastal zone is dependent on the availability of accurate information on the

distribution of natural resources in both space and time. A coastal resource GIS can

provide this function and has the potential for significantly enhancing most aspects of

coastal management by accessing information to address issues concerning resource

identification, location and seasonal variabliity. A GIS can provide multi-variate

assessments of coastal ecosystems and can analyze critical linkages between natural

resources, cultural resources and social infrastructures. Access to current and accurate

resource inventories can benefit resource managers in monitoring habitat trends in

response to natural and anthropogenic disturbances by identifying critical habitats for

coastal dependent species, for natural resource damage assessment and for habitat

sensitivity analyses.

The emphasis for this aspect of the project was to develop and assemble a library

of GIS data layers pertinent to the needs of the park administration. A GIS is an

assemblage of computer hardware and software designed to collect, organize, manipulate,

interpret and display geographically referenced information. A GIS provides a means of

creating, storing and accessing data layers, and examining relationships among data

layers. The most significant difference between a GIS and a conventional database

management system (DBMS) is the added attribute of spatial reference linked to each

feature. Computer analysis of spatial data is the primary function of a GIS. Examples of



107

analysis within a data layer include calculating mean density and area of a habitat.

Analysis between layers include calculations of specific areas, mathematical overlay of

different features, the production of composite databases and calculating the proximity of

different attributes (such as measuring the distances between seabird colonies, their

feeding grounds, and commercial development activities). These types of analyses

distinguish a GIS from a computer mapping system.

An important first step for data layer development was to define the spatial and

attribute characteristics most suitable to the needs of the park. These included the

following:

Map Projection

Georeferencing System

Geocoding System

Data Collection Units

Attribute Classification

Scale

Ground Resolution

Brookes (1985) describes how map projections are calculated mathematically or

constructed geometrically to represent the curved earth surface as a planar feature on a

map sheet. The standard adopted by state and federal agencies in Alaska is the Albers

Conical Equal Area projection. It is mathematically based on a cone that is conceptually

secant on two parallels. This projection has the property of equal area and the standard

parallels are correct in scale and correct in every direction. Thus, there is no angular

distortion along the standard parallels and properties at various scales are retained. This

allows for individual sheets to be joined along the edges. This projection produces very

accurate area and distance measurements.

The selected geo-referencing system for the basemap should be the most accurate

for the area. USGS maps are based on a datum derived from a reference ellipsoid. USGS

15 minute topographic maps for Alaska define the corners using the North American

Datum 1927 (NAD 27), based on the Clarke 1866 ellipsoid (the NAD 27 is taken from an
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initial point in Meades Ranch, Kansas, and other points are referenced to it). This datum

was used for the rectification of the aerial photography.

Field data collected for the coastal information database was geocoded with

latitude and longitude coordinates determined by the Global Positioning System (GPS).

The raster based digital imagery encodes each pixel with coordinates during the

rectification pre-processing phase of image enhancement.

The primary data collection unit for the nearshore data layer are polygons

delineating the across-shore zones for each alongshore unit. The polygons represent the

lower, middle and upper intertidal zones, and have a minimum length of 10 meters. The

polygon attributes include the nearshore classification data based on the

geomorphological criteria discussed in the previous section.

A GIS is scale-independent in that each data layer is registered to others by a

standard coordinate system (e.g., latitude and longitude). Map scale specifies the

relationship between distance on a map derived from the data layer and distance on the

ground or over the water. For a printed USGS 15 minute topographic map (1:63,360), 1

inch equals exactly 1 mile on-the-ground. The amount of detail shown on a map is in

proportion to the scale of the map (the larger the scale the greater the detail). Much more

detail is available on maps at a 1:24,000 scale than maps at 1:100,000 scale. This project

used the aerial photos for basemaps for field delineation of alongshore units. The original

scale of the photography was 1:24,000, but digital enlargement provided 11 x 17

basemaps of 1:12,000 scale.

Resolution refers to the size of the minimum spatial unit on the basemap. For

analysis of spatial features in a GIS, accuracy depends on resolution. For example, an

accurate measure of the area of a polygon depends on the detail at which the polygon was

digitized from aerial photos or other sources (i.e., its resolution). The aerial photography

was scanned at a resolution of 600 lpi for a file size of about 14 megabytes. The pixel size

at this resolution is approximately 1 x 1 meter which was adequate for the designed

objectives. The photos were scanned as a 256 step greyscale and formatted in an

uncompressed tagged image file (TIFF).
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The scanned imagery was used as a basemap for digitizing the MHHW shoreline,

the horizontally homogenous shoreline segments, the segment polygons to MLLW and

the intertidal zones within the polygons. Stereo-image pairs were also used for shoreline

classification by identifying prevailing coastal processes of progradation and degradation,

net shore drift and sediment transport patterns.

Documentation was generated for each data layer. The source, types of analysis

and reformatting, the projection and resolution is contained in a metadata file. This will

allow the end-user to make informed decisions concerning the usefulness of a particular

data layer in a map. An example of the metadata form for this project is shown in Figure

A4. Appendix B contains the metadata files for this project. Table Al lists the coverage

types developed for this project.

Queries of a geographic database will frequently involve combinations of three

functions: search, measurement, and comparison. With any of these analyses, the

locational data are manipulated in concert with the descriptive data belonging to that

location. The search capability reads a database of geographic information and retrieves

any required data by location, attribute or specific attribute value. Measurement functions

include a count of points, lines, nodes and arcs. Other measurement functions include

calculations of area, perimeter, distance and direction. Comparison is probably the most

powerful of GIS functions. It is defined as the use of the descriptive or locational data to

determine relationships based on criteria from one or both types of data. The two basic

comparative techniques are overlaying or composing, and inferential statistics such as

regression and correlation.

The general purpose of the coastal information system for Lake Clark National Park

is to provide resource managers with a tool for:

data management

inventory of integrated coastal resource information

monitoring spatial and temporal changes in habitats and flora/fauna communities

designing mitigation plans for development projects

management of anthropogenic disturbance to natural systems
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The primary application of the database will be to develop and analyze linkages

between geomorphologically defined nearshore habitats and nearshore fauna/flora

assemblages for the specific purpose of identifying sensitive habitats for Natural

Resource Damage Assessments (NRDA). Additionally, the database can aid in:

Determination of brown and black bear distribution and abundance

Determination of fluctuations and trends in background petroleum

hydrocarbon concentrations in sediments and water column

Inventory and monitoring of coastal raptor populations

Inventory and monitoring of coastal shorebird populations and habitat

Inventory and monitoring of resident and migratory waterfowl populations

Inventory and monitoring of anadromous fish species,

movements and habitat use

Environmental impact assessment and monitoring of coastal development

Determination of seasonal beach deposition and erosion rates

Data layers may be associated in the GIS to produce maps with a variety of

themes. An example is a map of Common Murre distribution in April, showing its

relation to bathymetry and distance from colonies. Other data layers that might be

included to put the primary theme in perspective are the shoreline and beach type. Such

maps are prepared in the GIS by assembling several pertinent data layers. Themes are not

typically associated in a particular data layer, although this can be done; each data layer is

distinct and can be overlaid (associated) with any other data layer.
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Data Layer Title and Code:
Description:
Suggested Application/ Cautions:
Feature Type(s) Present: arcs points lines polygons
Topology Present: yes no
Precision of coordinates (number of decimal places):
Projections and Parameters:
Name:
Units:
Spheroid (if other than Clarke 1866):

Datum: 1927 1983
Standard Parallel #1 (lat/long):
Standard Parallel #2 (lat/long):
Latitude of origin:

Longitude of Origin:
False Easting (X coordinate manipulation):
False Northing (X coordinate manipulation):
Other Parameters:
Data Source:
Principal Investigator:
PI Affiliation/Phone:
When, Where, and How was Data Collected?:
Data Layer Preparer:
Date Prepared as Data Layer:
Data Source Medium: paper mylar disk/tape
Scale of Data Source:
Data Source Projection and Parameters:
Who Digitized: Phone
Version Date:
Date Last Revision:

Processing Notes:

Comments:

Figure A4. Data layer documentation for Lake Clark National Park
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Table Al. Data layers developed or projected for Lake Clark National Park

Features Type Attributes

Bathymetry
Topography
Nearshore rocks
Intertidal zone
Geomorphology
Transects

Streams

Eagle Nests
Vegetation Types
Seabird Colonies
Marine Mammals

EVOS

Inholdings

Cabins
Cultural Resources

line
line
point
polygon
polygon
line

line

point
polygon
point
point

polygon

polygon

point

depth
elevation
location
length, width, area
intertidal habitat attributes
topographic profiles
horizontal profiles
photo transacts
biotic sampling transects
discharge volume
water quality parameters
fish populations
productive history
species classification
productive history
species
population history
stranded oil location
persistence history
cleanup history
threatened populations
oiled surface area
deeded lands
shore fishery sites

archeological inventories
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APPENDIX B

META-DATA FOR LAKE CLARK NATIONAL PARK & PRESERVE

COASTAL INFORMATION SYSTEM
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B.1 Data Layer Title and Code: cabins

Description: Point coverage of occupied/unoccupied cabins located along the coast
Suggested Application/ Cautions: cultural development, population monitoring
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1(lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: Aerial photography and ground location
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: May 10, 1995
Data Source Medium: screen
Scale of Data Source: 1:1000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.2 Data Layer Title and Code: index

Description: Polygon coverage of aerial photo locations along the LACL coast
Suggested Application/ Cautions: visual reference to aerial photo locations
Feature Type(s) Present: polygons
Topology Present: yes
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: Scanned aerial photography corner coordinates
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: prepared from digital aerial photography
Data Source Medium: screen
Scale of Data Source: 1:50,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.3 Data Layer Title and Code: laclOlal - lacl38al

Description: 38 grid coverages of geometrically corrected scanned grey scale aerial
photo imagery

Suggested Application/ Cautions: backdrop for vector layers, resource inventory and
monitoring, habitat modelling
Feature Type(s) Present: raster imagery
Topology Present: no
Precision of coordinates (number of decimal places): 0.1 m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: 1:24,000 aerial photography
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: September 30, 1994
Data Source Medium: scanned
Scale of Data Source: 1:24,000
Data Source Projection and Parameters: none
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes: Images were geometrically corrected using ground control points with
GPS coordinates. Additional points were acquired from scanned topographic quadrangles.
Images were corrected from north to south, thus images are intended to overlap in that
order, with images to the south overlapping adjacent images to the north to ensure
matching of the shorelines at scales > 1:10,000.
Comments:
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B.4 Data Layer Title and Code: laclgeo

Description: Polygon coverage of homogenous intertidal morphodynamic units
Suggested Application/ Cautions: habitat classification, spatial analysis, modelling
Feature Type(s) Present: polygons
Topology Present: yes
Precision of coordinates (number of decimal places): 0.1 m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: delineations digitized from aerial photography, data from ground surveys
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: September 14, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.5 Data Layer Title and Code: laclhase

Description: Point coverage of harbor seal haulouts
Suggested Application/ Cautions: population monitoring, spatial analysis, modelling
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: locations based on aerial reconnaisance, points digitized from aerial
photography

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: March 30, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.6 Data Layer Title and Code: laclhydr

Description: Line coverage of significant rivers and streams
Suggested Application/ Cautions: spatial analysis, intertidal habitat modelling
Feature Type(s) Present: lines
Topology Present: no
Precision of coordinates (number of decimal places): 0. lm

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: hydrological significance based on volume and proximity to intertidal
habitats, lines digitized from aerial photography

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: April 18, 1995
Data Source Medium: screen
Scale of Data Source: 1:12,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.6 Data Layer Title and Code: laclmllw

Description: Line coverage of Cook Inlet bathymetric contours adjacent to LACL
shoreline

Suggested Application/ Cautions: intertidal habitat modelling
Feature Type(s) Present: lines
Topology Present: no
Precision of coordinates (number of decimal places): 0.1 m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: National Ocean Service Hydrographic Chart for Cook Inlet: Anchor Point
to Kalgin Island

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: March 22, 1995
Data Source Medium: digitizing tablet
Scale of Data Source: 1:100,000
Data Source Projection and Parameters: Mercator, NAD 1983
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes: bathymetry digitized include the 0, 1, 5, 10, 20, and 30 fathom (6
feet) lines

Comments:



121

B.7 Data Laver Title and Code: laclrock

Description: Point coverage of Cook Inlet submerged rocks adjacent to LACL
shoreline

Suggested Application/ Cautions: intertidal habitat modelling
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: National Ocean Service Hydrographic Chart for Cook Inlet: Anchor Point
to Kalgin Island

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: March 22, 1995
Data Source Medium: digitizing tablet
Scale of Data Source: 1:100,000
Data Source Projection and Parameters: Mercator, NAD 1983
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes: all submerged rocks in depths less than 10 fathoms (60 feet) were
digitized

Comments:
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B.8 Data Layer Title and Code: lacltics

Description: Point coverage of ground control points used for geometric correction of
the scanned aerial photography

Suggested Application/ Cautions: aerial photo rectification
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1 m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1(lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: Corrected GPS coordinates of annotated photo-basemap features,
additional features acquired from 1:63,360 USGS topographic
quadrangles, all features relocated on scanned aerial imagery

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: March 22, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes: at least 4 ground control points per aerial image

Comments:
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B.9 Data Layer Title and Code: lacltopo

Description: Line coverage of 100m topographic contours to 500m
Suggested Application/ Cautions: nearshore habitat modelling
Feature Type(s) Present: lines
Topology Present: no
Precision of coordinates (number of decimal places): 0. i m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: scanned USGS 1:63,360 topographic quadrangles
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: February 15, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes: 5 lines at 100m intervals each

Comments:
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B.10 Data Laver Title and Code: raptors

Description: point coverage of 1994 bald eagle and peregrine falcon nest locations
Suggested Application/ Cautions: resource inventory and monitoring
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: aerial surveys and annotated aerial photo basemaps
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: February 15, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995

Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.11 Data Layer Title and Code: seabirds

Description: point coverage of 1994 seabird (kittiwakes, puffins) colonies
Suggested Application/ Cautions: resource inventory and monitoring
Feature Type(s) Present: points
Topology Present: no
Precision of coordinates (number of decimal places): 0.1 in

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1(latllong): 55N
Standard Parallel #2 (latllong): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: aerial and vessel surveys and annotated aerial photo basemaps
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: February 15, 1995

Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.12 Data Layer Title and Code: status

Description: polygon coverage of non-federal lands within LACL boundaries
Suggested Application/ Cautions: resource inventory and monitoring
Feature Type(s) Present: polygons
Topology Present: yes
Precision of coordinates (number of decimal places): 0.1 in

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD1927 Alaska
Standard Parallel #1(lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: 1:63,360 analog maps and ownership data provided by the NPS Regional
Lands Office

Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: April 30, 1995
Data Source Medium: digitizing tablet
Scale of Data Source: 1:63,360
Data Source Projection and Parameters: Transverse Mercator, NAD 1927
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:

Comments:
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B.13 Data Layer Title and Code: transects

Description: line coverage of intertidal transects supporting biological and
geomorphological assessment studies adjacent to LACL

Suggested Application/ Cautions: resource inventory and monitoring
Feature Type(s) Present: lines
Topology Present: no
Precision of coordinates (number of decimal places): 0.1m

Projections and Parameters
Name: Albers Conical Equal Area
Units: meters
Spheroid: Clarke 1866

Datum: NAD 1927 Alaska
Standard Parallel #1 (lat/long): 55N
Standard Parallel #2 (lat/long): 65N
Latitude of origin: 50N
Longitude of Origin: 154W

Data Source: annotated aerial photo basemaps
Principal Investigator: G.C. Schoch/Alan Bennett
PI Affiliation/Phone: Oregon State University, College of Oceanic and Atmospheric

Sciences, 503-737-2360
Data Layer Preparer: G.C. Schoch
Date Prepared as Data Layer: April 5, 1995
Data Source Medium: screen
Scale of Data Source: 1:4,000
Data Source Projection and Parameters: Albers Conical Equal Area
Who Digitized: G.C. Schoch Phone: 503-737-2360
Version Date: April 20, 1995
Date Last Revision: October 10, 1995

Processing Notes:
Comments:
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APPENDIX C

PHOTOGRAPHIC EXAMPLES OF

SHORELINE TYPES (after Howes et al., 1994)
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Figure 1. Wide Rock Ramp, Olympic Peninsula

Figure 2. Wide Rock Platform, Olympic Peninsula



Figure 3. Narrow Rock Cliff,
Olympic Peninsula

Figure 4. Narrow Rock Ramp,
Olympic Peninsula



Figure 5. Narrow Rock Platform,
Olympic Peninsula

Figure 6. Ramp w/Wide Gravel Beach,
Olympic Peninsula



132

Figure 7. Platform w/Wide Gravel Beach, Katmai

Figure 8. Cliff w/Narrow Gravel Beach, Aniakchak
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Figure 9. Ramp w/N arrow Gravel Beach,

Olympic Peninsula

Figure 10. Platform w/Narrow Gravel Beach,
Olympic Peninsula



Figure 11. Ramp w/Wide Sand and Gravel Beach,
Olympic Peninsula

Figure 12. Platform w/Wide Sand and Gravel
Beach, Olympic Peninsula
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Figure 13. Cliff w/Sand and Gravel Beach,
Olympic Peninsula

Figure 14. Ramp w/Sand and Gravel Beach,
Olympic Peninsula
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Figure 15. Platform w/gravel and sand beach,
Olympic Peninsula

Figure 16. Ramp w/wide sand beach,
Cook Inlet
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Figure 17. Platform w/Wide Sand Beach,
Cook Inlet

Figure 18. Cliff w/Sand Beach,
Olympic Peninsula
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Figure 19. Ramp w/Narrow Sand Beach,
Olympic Peninsula

Figure 20. Platform w/Narrow Sand Beach,
Olympic Peninsula
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Figure 21. Wide Gravel Flat,
Olympic Peninsula

Figure 22. Narrow Gravel Beach, Aniakchak
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Figure 23. Gravel Flat or Fan, Cook Inlet

Figure 24. Sand and Gravel Flat or Fan,
Cook Inlet



Figure 25. Narrow Sand and Gravel Beach,
Olympic Peninsula

Figure 26. Sand and Gravel Flat,
Olympic Peninsula
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Figure 27. Sand Beach, Cook Inlet

Figure 28. Sand Flat, Aniakchak
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Figure 29. Mudflat, Tuxedni Bay - Cook Inlet

Figure 30. Sand Beach, Aniakchak



Figure 31. Salt Marsh, Tuxedni Bay - Cook Inlet

Figure 32. Man-Made Permeable,
Olympic Peninsula
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Figure 33. Man-Made Impermeable - Puget Sound

Figure 34. River Channel - Cook Inlet
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APPENDIX D

SPATIAL DISTRIBUTION MODEL FOR INTERTIDAL HABITATS (poster)
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A SPATIAL. DISTRIBUTION MODEL FOR INTERTIDAL HABITATS
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1Summary of Methods

Marine shorelines farm a heterogeneous mosaic of habitats defined by
complex synergies between physical and biological processes. These processes
can vary considerably across multiple scales of space and time. An extensive

documents how biiological communities respond to abiotic factors. At
very large scales (100 -1,M00 Ian), oceanographic processes of nutrient upwMling,
water temperature and azmnts can influence the release and distribution of
prepephrle6. Al scarab of 101- 100 km, wave exposure, salinity, and characteristics
of the adjacent watershed breclme important Al smaller scales, 100 - 1000 meters,
the general geomorphotagy' of the shoreline, wave power, net show currents, local
sediment sources, and the rdessicating influence of solar insulation am influential.
The homogeneous aingshtore units, represented hereby polygons, are delineated
at scales of 10 - 100 meters. The table on the left lists the attributes associated
with each polygon. Multispeectral imagery from satellite sensors provide information
for the oceanographic parameters. Low altitude serial photography, as shown hem,
and videography provide true 1-1D Ion scale geomorphic attributes. The smallest
scale physical and bidogicnal parameters are acquired through on-the-ground
surveys and transacts.

ABSTRACT

Quantifying the distribution and abundance of intertidal organisms over large spatial areas has
confounded scientists and resource managers limited by time, personnel, and funding. The object"
of this research is to dewlap a shoreline classification system spanning spatial scales from 10m -
1,000's tom for use in predicting nearshore fauna and flora distributions.

This classification is based on a suite of abiotic characteristics used to differentiate homogeneous
spatial unite. Complex shorelines can be partitioned into distinct alongshore units with relatively
homogeneous morphodyna is attributes- The attributes of each segment am categorically quantified,
thus allowing statistical differentiation among nearshore habitats.

In 1994, 138 km along the Cook Inlet shoreline of Lake Clark National Park in Alaska was classified
using this system. The classification method has also been applied to 150 km along the Olympic
Coast National Marine Sanctuary in Washington. The resulting habitat units am now being used to
model intertdat fauna and flora associations. This methodology has application to oil spill damage
assessment interidal inventory and monitoring programs, global change and btodNersiystudies,
where economical or logistical constraints preclude synaptic biological inventories.

This poster was compiled from imagery, feature coverages and feature attribute queries within a
spatial database.
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