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Summary
Evidence suggests that biological patterns of nearshore plants and animal are functionally
linked to oceanic processes and physical characteristics of the shoreline. Mapping shoreline
habitats can therefore provide important information for distribution studies of coastal
biodiversity. But most mapping methods are too coarse-scaled to detect subtle environmental
differences that may significantly alter biological structure. ShoreZone is an aerial imaging,
coastal habitat classification, and mapping system used to inventory alongshore and acrossshore geomorphological and biological attributes of the coast. Habitat attributes are
interpreted from oblique low altitude aerial imagery acquired during the lowest tides of the
year, then classified and entered into a searchable database. The data are used for coastal
planning, identification of vulnerable resources, oil spill response planning, habitat modeling,
recreational planning, and scientific research.
The conceptual framework of the ShoreZone habitat mapping and classification system was
developed and tested on shorelines near Victoria, British Columbia in the summer of 1979.
Today the ShoreZone system utilizes spatially referenced, high definition oblique aerial video
and digital still imagery. The images are processed to create digital elevations models of the
shoreline. These are used to interpret and quantify a suite of habitat attributes to a minimum
mapping unit of 10 m. This ShoreZone User Manual provides a standard set of definitions for
interpreting the data. The protocols have evolved but each revision builds on a previous
version. The available protocols include British Columbia (Howes et al., 1994), Washington
(Berry et al., 2000), Gulf of Alaska (Harper and Morris 2004, Harney et al., 2008), Oregon
(Harper et al., 2013), and all Alaska (Harper and Morris, 2014). The imagery, habitat data, and
reports are all available from a web application at http://www.shorezone.org.
Technological advances in image acquisition and processing have recently been incorporated
and this revision updates the 2014 protocol with several additional features including:
•

Image processing using Structure from Motion,

•

Revised bioband classification and codes, and percent cover estimates,

•

Wave energy dissipation metrics, revised coastal flooding and erosion estimates, revised
Coastal Vulnerability Index and Oil Residency Index, and substrate percent cover
estimates.

This version also introduces a new conceptual framework for ShoreZone that uses a nested
spatial scale classification. This framework combined with improved digital shorelines allows
higher resolution habitat mapping to be spatially nested within the original alongshore units,
particularly in areas where the digital shoreline now resolves finer scale features.
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1. Introduction
The current management focus on marine habitat conservation is a response to the general
degradation of coastal ecosystems brought on by ocean margin development, overutilization of
marine organisms, and the lack of knowledge about coastal ecosystems and how to manage
them (Crowder et al. 2006). Loss of biodiversity is well documented and is directly attributable
to over consumption of marine resources and habitat destruction (Halpern et al. 2008). In the
politically charged arena of conservation ecology there is general agreement on the importance
of knowing the diversity and spatial distribution of habitats and how environmental changes
influence the structure and functions of ecosystems (Regan et al. 2003). In order for
conservation measures to be effective we need to know what habitats exist and what biological
communities are associated with them (Costello 2009), what the spatial distributions are of
characteristic, unique, and at-risk habitats, and the current ecological status of each (Groves et
al. 2002). However, this level of detail is often absent over the relevant spatial scales of
conservation planning (Lourie and Vincent 2004).
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 (Beck et
al. 2001). Estuaries in particular are the focus of many conservation efforts yet we still lack the
basic means to quantify these ecosystems at the relevant spatial scales (Edgar et al. 2000).
Information regarding the distribution, type, and functions of nearshore habitats and how biota
respond to them is critical for making sound management decisions. Local, state, and federal
regulatory agencies require this information for planning, zoning, leasing, and permitting. While
mapping habitats in uplands has been taking place for over a century, estuarine and marine
habitats have been poorly or incompletely inventoried (Fraschetti et al. 2008).
There has been progress in the development of marine and estuarine ecosystem classifications
in recent years (reviewed by Kurtz et al. 2006), however, most are regionally focused e.g.,
Australia (Valesini et al. 2003), Caribbean Islands (Mumbya and Harborne 1999), State of
Washington (Dethier 1990), Tasmania (Edgar 1999). Others are geographically broad but
focused only on potential environmental stressors (Engle et al. 2007). More recently there is a
growing awareness for the need to link habitats with biota (Llanso et al. 2002), especially
through spatially nested hierarchical classifications (Hume et al. 2007). A goal of ShoreZone is to
build on these efforts and develop a spatially nested hierarchical habitat classification that
defines habitats at spatial scales ranging from meters to thousands of kilometers and is
compatible with coarser national scale marine classifications (e.g. Allee et al. 2000, Morgan et
al. 2005, Madden et al. 2009).
Complex interactions among terrestrial, freshwater and marine environments exemplify coastal
ecosystems in Alaska and the Pacific Northwest – from the exposed shores of the Pacific Ocean
to the sheltered fjords and tidewater glaciers of the Alaskan coast range. In general, this region
is characterized by large volumes of precipitation which contribute freshwater run-off and landderived nutrients to the marine environment (Wipfli et al. 2003). Moreover, frequent storms
and the large daily tidal variation interact with complex topography to influence flushing,
1
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mixing and retention of nutrients, and their availability for biological assimilation. Intertidal
shorelines are a complex mosaic of habitats, with spatial and temporal patchiness across many
scales of observation. These habitats are a net result of a suite of interacting environmental
variables such as substrate size and type, water temperature, salinity, water chemistry, silt
loading, hydrology, and processes and patterns of coastal sediment transport (Weingartner et
al. 2009). These variables often act synergistically producing complex mechanisms operating
across variable scales of space and time to influence the abundance, distribution, and diversity
of marine algae (Lindstrom 2009) and benthic invertebrates (O'Clair and O'Clair 1998).
Consideration of spatial pattern is essential to understanding how organisms interact with one
another and with their environment since some physical-biological processes are coupled at
small scales while others are coupled only at larger scales (Dethier and Schoch 2005). For
example, at small to moderate scales, physical factors contributing to spatial variation of
organism abundance and diversity include wave exposure and associated forces of wave
breaking (Denny et al. 2004), rock type (Raimondi 1988), desiccation (Willliams and Dethier
2005), thermal stress (Helmuth et al. 2002), tidal range (Edgar and Barrett 2002), and
disturbance from logs, ice, and sand scour (Dudgeon and Petraitis 2001). All of these factors
may act in a patchy fashion, creating locally variable assemblages, because of m- to km-scale
differences in rock aspect, local topography, slope, and wave exposure (Schoch and Dethier
1996). The influence of each factor may vary among seasons or over multiple years. At larger
scales, species composition is affected by oceanographic conditions such as current patterns
that affect dispersal and nutrient delivery, salinity, and water temperature (Connolly et al.
2001). Biogeographic provinces, very large-scale variations in species compositions, correlate
well with marine climate boundaries which integrate the above oceanographic conditions
(Schoch et al. 2006). At global scales, long term changes in climate can indirectly modify local
variables to produce environmental stresses directly and indirectly influencing nearshore
populations (Helmuth et al. 2010).
Raffaelli et al. (1994) noted that physical processes operate in a hierarchy and drive biological
heterogeneity across a complete range of spatio-temporal scales. At landscape scales the
success of biological populations is often dependent on the presence, dimension and
distribution of appropriate habitats (Maurer 1999). Thus any predictive model of community
ecology must be hierarchical, with simpler local-scale models nested within more complex
larger-scale models (Guarinello et al. 2010).
Hierarchy theory posits that complex systems can be divided into discreet sets of entities, with
each level or unit characterized by a particular range of temporal and spatial scales (Allen and
Starr 1982). A nested hierarchy is one where the units at the apex of the system contain and are
composed of all the lower units. While a unit in this case represents a homogeneous entity,
what may be homogeneous at a particular scale of observation may be considerably
heterogeneous at another spatial scale (Kolasa and Rollo 1991). The spatial heterogeneity of
the physical variables in shoreline structure can be quantified by partitioning a contiguous
shoreline into relatively homogenous segments. The term "homogenous segment" is used here
to mean a spatial region that is relatively morphodynamically uniform as defined by a suite of
2
(Back to TOC)

2016 ShoreZone User Manual
environmental attributes. 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. Hurlbert (1984) pointed out that the degree of heterogeneity permissible or desirable
will affect the sensitivity to detect change. In terms of the spatial distribution of organisms, the
degree of environmental homogeneity is critical to the desired sensitivity of the habitat model
to detect changing biological patterns.
ShoreZone is a 6-tier spatially nested hierarchical classification developed to describe the
complexity of nearshore systems in Alaska and the Pacific Northwest (after Schoch 1996). This
regional classification accounts for biogeographic regions (Spalding et al. 2007), marine priority
conservation areas (Morgan et al. 2005) and is compatible with national classification efforts
such as the Coastal and Marine Ecological Classification Standard (Madden et al. 2009).
ShoreZone describes a hierarchical arrangement of ecological units and provides a logical
approach for organizing and grouping complex coastal habitats.

3
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2. Methods
The relative importance of different factors in regulating community patterns varies across
scales of space and time, with some processes forcing patterns at small spatial scales and
others are more important at large spatial scales. For example, the structure of intertidal
communities can vary tremendously over a range of spatial scales due to geophysical gradients
and biological interactions. Biotic and abiotic factors interact to influence local patterns (10’s m)
of community structure through predation, competition, solar aspect, wave forces, and point
source perturbations. At larger scales (10’s km), variations in tides, precipitation, currents and
weather can affect nutrient fluxes. 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 oceanic processes and larval transport is
important to understanding the presence, absence, and distribution of intertidal species. At
global scales (1000’s km), long term changes in climate can indirectly modify local variables to
produce environmental stresses directly and indirectly influencing nearshore populations.

2.1 Spatial Framework
The spatial variability of coastal habitats results from the interactions between dynamic
processes including solar radiation, precipitation, 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 regions, thus generalizing the
influence of the above attributes. There are several marine classification schemes designed to
group marine habitats into similar ecological regions and many are summarized in the Marine
Ecoregions of North America produced by the Commission for Environmental Cooperation
(2009), a tri-national effort based largely on expert knowledge and existing ecological theory as
well as the best available data. ShoreZone adopted the nested classification of biogeographical
regions from Spalding (2007) at the largest regional spatial scales (Level 1), and nested within
each region are local domains identified by the Commission for Environmental Cooperation
(Level 2) and seascapes (Level 3). Nested within each seascape are the ShoreZone alongshore
units (Level 4). Most of the ShoreZone mapping to date has been done only at Level 4. The
latest protocol now provides for finer scales of delineation (Level 5) that partition the shoreline
into subunits with a minimum alongshore length of 10 m, as well as grouping Level 4 units into
seascapes and biogeographical regions. Level 6 is for features less than the minimum mapping
unit and are represented as points. The nested construct reflects the nature of marine systems
and the complex set of forces, pressures and threats that affect them (Schoch 1996).
Classifying environmental conditions over multiple spatial scales can identify the range of
physical processes important to biological communities. Many physical patterns and processes
exist within a hierarchical framework so that complex systems can be subdivided into spatially
nested units, with each level or unit characterized by a particular range of temporal and spatial
scales. A unit represents a partition with relatively homogenous attributes. However, what may
be homogeneous at one particular scale of observation may be considerably heterogeneous at
5
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another spatial scale. A nested hierarchy, therefore, is one where the larger and slowerresponding units are at the top of the hierarchy while successively smaller and fasterresponding units occur at lower levels. The discreteness of units within a spatial (or temporal)
hierarchy is purely a product of human perception, and in that sense the boundaries are
arbitrary. For the purposes of ShoreZone, a six-level hierarchy of relatively homogenous
shoreline partitions is used:
Level 1. Biogeographic Regions (1000s km): Level 1 captures ecosystem differences at large
spatial scales, defining large water masses and currents, large enclosed seas, and regions of
relatively coherent sea surface temperature and salinity. The biogeographic regions are based
on Spalding et al. (2007) and are consistent with the National Oceanic and Atmospheric
Administration (NOAA) Coastal and Marine Ecological Classification Standard (CMECS). These
correlate well with marine climate boundaries which integrate the oceanographic and
atmospheric conditions. Biogeographic Regions are listed in Appendix B.
Level 2. Marine Domains (100s km): Biogeographic Regions are subdivided into smaller marine
domains with relatively unique ecological attributes (Fig. 1). ShoreZone uses the ecoregions of
CMECS, that are similar to the domains defined by the Commission for Environmental
Cooperation (Wilkinson et al. 2009), and are listed in Appendix B.
Level 3. Seascapes (10s km): This intermediate spatial scale represents the coastal regions that
are strongly affected by terrestrial topography, precipitation, river discharges, etc. For example,
large volumes of fresh water runoff can significantly influence the structure and distribution of
nearshore communities even at great distances from the source. Differences in salinity are
often reflected in the composition of intertidal and nearshore flora and fauna communities.
Seascapes are defined by ShoreZone as an optional post hoc analysis. See Schoch et al. (2014)
for examples.
Level 4. Alongshore Units (100s m to kms): Units are the fundamental shoreline partition
defined by ShoreZone and are distinguished based on shoreline geomorphology. Algal and
sessile invertebrate groups are identified based on color, texture and across shore position.
Components are used to distinguish across shore features within a unit. These are described
with geomorphological forms and materials. The alongshore unit habitat attributes classified
are listed in Table 1 and Appendix B.
Level 5. Alongshore Subunits (10s m to 1 km): Geomorphological forms within alongshore units
are partitioned and quantified using estimates of slope, wave energy dissipation, substrate size
percent cover, and bioband percent cover. Components are used to distinguish across shore
substrates and biobands within a subunit. The subunit habitat attributes classified are listed in
Table 1 and Appendix B.
Level 6: Point Features (<10m): Any feature of the shoreline that is less than 10 m in length
(below the minimum mapping unit), but is deemed to be an important structure can be
mapped as a point instead of a line and is otherwise classified with the same attributes as a
subunit.
6
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Figure 1. Biogeographic Domains of the North America West Coast.
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Table 1. Alongshore Unit and Subunit habitat attributes.
Alongshore
Unit Subunit

ShoreZone Attributes
Biogeographic Region
Marine Domain
Seascape

Tide range
Sea surface temp
Salinity
Use
Hydrographic profile
Watershed discharge

Shore Type
Aspect
Width
Slope
Wave exposure
Coastal Vulnerability Index
Oil Residency Index (most sensitive)
ESI Module
Across shore component

Tidal height
Forms
Materials
Cultural
Distribution
Width
Slope
Wave power
Wave dissipation
Oil Residency Index
Flood Zone Width
Erosion

look up
look up
look up
look up
look up
interpreted
look up
calculated
interpreted
measured
measured
calculated
measured
calculated
look up
interpreted
interpreted
interpreted
interpreted
interpreted
interpreted
measured
calculated
look up
calculated
look up
measured
interpreted

X
X
X

interpreted
interpreted
interpreted
interpreted
interpreted
interpreted
interpreted
look up
look up
interpreted
interpreted

X
X
X
X

X
optional
optional
optional
optional
optional
X
NA
X
X
X
X
X
X
X
NA
X
NA
X
X
X
NA
X
X
X
NA
X
NA
optional
X
NA
X
X
X
X
X
NA
X
X
X
X
X
NA
X
NA

Biobands
Name
Width
Length
Percent cover
Dominant Process
Geomorphology
Substrate
Genesis
Category
Type/size
Percent cover

X
X
X
X
X
X
X
X
X
X

Total interpreted
Total look up
Total measured
Total calculated

11
6
5
4

9
5
3
3

Totals

26

20
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3. Unit Delineation and Mapping
Marine ecological communities vary considerably in both space and time, and this variability is
particularly evident in the dynamic environment of shorelines. 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 and wave exposure. Physical
attributes of the shoreline contribute not only to horizontal patchiness but also to intertidal
zonation.
One goal of ShoreZone mapping is to provide an accurate representation of coastal morphology
and biology. ShoreZone is an additive data model that uses spatial units at the finest scale that
are aggregated into a spatially contiguous representation of the coast over larger scales. This
representation is facilitated by Geographic Information Systems (GIS) that link relational tables
of classified physical and biological attributes to a 2 dimensional symbolic depiction that can
highlight relationships among the various attributes. The ShoreZone physical and biological
attributes are interpreted or measured from aerial images, then assigned values based on a
standard classification, and entered in a SQL database. The complete work flow is illustrated in
Appendix A.
The spatial heterogeneity of shorelines contributes to biodiversity of intertidal communities. In
contrast, a morphodynamically homogeneous shoreline, with a physically uniform
environment, should minimize within-unit variation of diversity and abundance. Therefore, the
spatial complexity of shoreline habitats can be minimized by partitioning shorelines into
relatively homogeneous units that maximizing among-unit differences (Schoch and Dethier,
1996). The term "homogenous unit" is used here to define 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 and these
aggregations, or biobands, can be measured. For the ShoreZone data model,
morphodynamically homogenous units become the principal partition of shoreline habitats.
The degree of homogeneity is subjective, and in reality there are often no clearly defined
boundaries between units but rather gradients of abiotic and biotic features. Delineating
coastal habitats based on relative habitat homogeneity becomes very complex requiring
multiple parameters that are cumulative so that factors affecting small spatial increments are
nested within factors defining larger regions (Schoch 1999). The number of physical parameters
used to define the homogeneous spatial units increases with decreasing spatial scale.
Therefore, the shoreline partitioning relies considerably on the experience and heuristic
analysis of the observer to define and delineate the segments, and repeatability can be
challenging (Harney 2008).

9
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3.1 Alongshore Unit Delineation
A ShoreZone unit is a morphodynamically homogenous segment of the coast based on the
criteria listed in Table 2. ShoreZone now defines a minimum mapping unit of 10 m when the
digital shoreline can resolve features of that length, otherwise the minimum mapping unit
length is 50 m. Features below the minimum mapping unit length are either described as forms
that are not spatially explicit, or as points which are spatially explicit. A maximum mapping unit
length of 1 km has also been defined so that no unit should be longer than 1 km
(approximately). As a general rule, if the minimum length criteria is satisfied, a change in one or
more categories for any of the four remaining delineation criteria will initiate a unit boundary
and new alongshore unit (or subunit). Special cases include rivers or tidal channels that are
mapped as points when the width is <10m at Mean High Water (MHW). If the width is >10m at
the MHW line, they are mapped as distinct units.
Table 2. Unit delineation criteria.
Attribute
Minimum Mapping Unit
Aspect

Substrate
Slope

Wave Exposure

Unit Boundary Criteria
Either 10 m or 50 m based on the feature size resolved by the digital
shoreline.
If the orientation of the beach (90 degrees to shore normal at the
waterline) changes by more than 45 degrees for an alongshore unit length
greater than the minimum mapping length (Fig. 7).
A change of one category in substrate type or grain size in either the
primary or secondary substrate for an alongshore length greater than the
minimum mapping distance (Fig. 24).
If the intertidal zone slope changes by a category for an alongshore length
greater than the minimum mapping length (Fig. 17).
If the wave exposure changes by a category for an alongshore length
greater than the minimum mapping unit length. See Table 17 for
definitions of wave exposure categories.

The cartographic symbology used to represent the shoreline is limited to points, lines, and

polygons, but a line is the primary cartographic feature used by ShoreZone. The ShoreZone
units in the US are represented on the best available NOAA digital MHW shoreline. The
segmented line is the primary feature portrayed on maps and is fundamental to understanding
and using the ShoreZone database. Each line segment represents an alongshore unit that is
linked to relational tables in a geodatabase that describe a suite of habitat attributes using a
standard classification. The quality of the MHW shoreline determines the size of the smallest
feature that can be mapped and this is the minimum mapping distance.
Each unit is first identified from ortho-rectified 3D representations of oblique aerial imagery
and then delineated on a shoreline (Figs. 2 and 3A).
10
(Back to TOC)

2016 ShoreZone User Manual

Figure 2. Example of an annotated trackline and shoreline segmentation map. The trackline is
shown by red dots representing one second GPS fixes. Still photo locations are marked by blue
dots. The mapper segments the mean high-water shoreline into a series of alongshore units
shown by short black lines.
The unit boundaries are then transferred to the digital shoreline (Fig. 3B). The units are
delineated and the descriptive data (from relational tables) are linked to the spatial data with a
unique identifier (PHY_IDENT) which is composed of a Coastal Region identifier, a Coastal Area
identifier, a Unit identifier, and Subunit identifier (e.g., 03/07/2451/00).

A

B

Figure 3. Alongshore units are interpreted from oblique and ortho-rectified aerial imagery
(Panel A), and represented on the digital shoreline by line segments with unique identifiers
(Panel B).
11
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Image quality now provides for a theoretical minimum resolution for ShoreZone of less than 1
m based on physical attributes that can be unambiguously resolved from the imagery.
However, for a shoreline feature to be mapped it must be represented by the NOAA digital
shoreline. In Alaska, the operational standard for ShoreZone is the NOAA Coast 63 shoreline
which is a rough cartographic representation of the MHW derived primarily from United States
Geological Survey (USGS) topographic maps at 1:63,360 scale (1 inch=1 mile). Much of this is
based on ca 1950 aerial photographs. Since then, substantial changes have displaced the
shoreline, including coastal erosion and the 1964 earthquake in Alaska that altered the
shoreline up to 15 m in some places. Tests conducted by the National Park Service (NPS) in
Alaska along three park shorelines have shown discrepancies of well over 100 m (Fig. 4). Some
of the issues are scalar, others are related to the age of the shoreline, and the datum used. For
example, NAD27 was the original geodetic datum which introduced an offset when using
NAD83. Also contributing to discrepancies are human errors in the original USGS line work, as
well as distortions in the paper maps, digitization registration errors, and errors in digitizing the
paper maps. An accurate digital representation of the coastline is needed for mapping and
claAssifying shoreline habitats and using Coast 6B3 to represent those habitats essentially adopts
a suite of cumulative errors.
A.

B.

Figure 4. Discrepancies between the digital shoreline and satellite imagery for two National
Park shorelines in Alaska, Panel A is from Kenai Fjords, and Panel B is from Kotzebue Sound.
When significant changes to the digital shoreline are identified during mapping, comments are
clearly marked on a paper map and entered in the UNIT_COMMENTS field of the Unit Table to
explain the nature of the problem to users. Typically, ShoreZone does not alter the digital
shoreline. Missing shoreline features, those that are present on the digital shoreline but not
observed in the imagery are generally not deleted since these could be offshore reefs that were
not flown but should remain part of the basemap. These features are coded “9999” to indicate
they are a part of the shoreline but not mapped. Additions to the digital shoreline are rare and
noted in the SHORE_PROB field in all cases, and in the UNIT_COMMENTS and XSHR_COMMENT
field when appropriate.
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3.2 Subunit delineation
The NOAA Continually Updated Shoreline Product (CUSP) is now the most accurate standard
digital shoreline product available from NOAA for the US coast. The CUSP shoreline is available
for most of the contiguous states but particularly in Alaska there are many gaps. Where both
digital products exist, the CUSP shoreline often deviates considerably from the Coast 63
shoreline and remapping habitat units is warranted (Fig. 5).
A

B

C

Figure 5. The original ShoreZone unit boundaries on the Coast 63 MHW shoreline (red) are
shown in Panel A. Panel B illustrates the difference between the Coast 63 and CUSP MHW
shorelines (blue). Panel C shows subunit delineations (green) that allow for more detailed and
spatially explicit mapping of finer scale physical and biological habitat attributes.
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Higher resolution video and still cameras, as well as new technologies in image processing now
allow more accurate interpretation of small spatial features of the shoreline. This combined
with the availability of a higher resolution digital shoreline in many places, now allow for higher
resolution or more detailed mapping of coastal habitats.
Remapping involves transferring the existing alongshore unit boundaries to the CUSP shoreline.
Where new features can be interpreted from processed imagery, and where this detail is
represented on the digital shore, the original alongshore units are repartitioned into subunits
that account for any within-unit habitat variability based on aspect, substrate, slope, and wave
exposure with an alongshore length >10 m. The 2016 ShoreZone mapping protocol is then used
to classify the habitat attributes of the new units. Remapping ShoreZone to the new CUSP
shoreline using the 2016 protocols will add significantly more subunits, but this will result in
more spatially explicit habitat information (Fig. 6).
A

B

C

D

Figure 6. Panel A shows an oblique aerial image of a shoreline in Kachemak Bay. Panel B
shows the same mage with the Coast63 digital shoreline. Panel C shows the latest CUSP
shoreline. Panel D illustrates how this shoreline will be partitioned into subunits.
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4. Alongshore Unit Attributes
4.1 Shore Type
Categorical attribute classifications are commonly used to map and inventory marine and
terrestrial habitats. Terrestrial classifications generally have large area coverage and are
relatively low cost when combined with remotely sensed data sources, but with some
exceptions (e.g., high resolution spatial and hyperspectral scanners), they lack the data
resolution necessary for small scale ecological comparisons. For example, coastal classifications
based on geomorphology are almost universally centered on describing landforms, and are
usually referenced to temporal scales far exceeding those of ecological studies. It is in this
temporal context that biology and geology are particularly disparate. In terms of the life history
of individual intertidal organisms, geological processes are 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, catastrophic erosional
events such as landslides and slumps, and areas of high sediment transport, erosion or
accretion. These areas may appear to change dramatically from one observation to the next,
but the changes are often episodic or seasonal, thus not necessarily precluding recruitment,
settlement, and reproduction of populations between events. On geological time scales, the
physical processes controlling shoreline geomorphology may not be as critical to intertidal
organisms as are seasonal changes in the physical environment.
Coastal classification methods in the United States include those adopted by NOAA, such as the
Environmental Sensitivity Index (ESI) maps of beach sensitivity to oil spills in the context of oil
retention and ecological consequences of stranded oil (Hayes, 1999; Michel et al., 1978). The
U.S. Fish and Wildlife Service (USFWS) developed a hierarchical shoreline classification for the
National Wetlands Inventory (Cowardin et al., 1979). Other hierarchical classifications include
those from regional organizations, such as the Washington State Natural Heritage Program,
which developed a more detailed shoreline classification for mapping intertidal and shallow
subtidal lands for the Puget Sound Ambient Monitoring Program (Dethier, 1990). The British
Columbia Ministry of the Environment developed the Physical Shore-Zone Mapping System
(SZMS), a comprehensive classification that provides a qualitative database of
geomorphological and biological descriptions for nearshore habitats (Howes et al., 1994). The
BC mapping system uses “Shore Type” as a general descriptor of the structuring process,
morphology and substrate of the unit. The primary structuring processes are summarized in
Table 3, and Appendix D is an illustrated compilation of Shore Types.
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Table 3. Shore type structuring processes and interpretation guidelines.
Structuring Processes

Guidelines for Classification
• the dominance is evident from eroding shoreline landforms (e.g., cliffs or
platforms) or accretional landforms resulting from wave-generated
sediment processes (e.g., spits, barrier islands, swash bars, berms)

Waves

• freshwater input
Riparian
Anthropogenic
Current

• substrates are commonly fine (e.g., muds) and also often includes
organics such as peats
• man-made structures and filled shoreline that comprise more than 50% of
the intertidal zone.
• current dominated tidal channels are usually found between islands or at
the constricted entrances to saltwater lagoons
• intertidal zone widths are often narrow
• glacial ice fronts dominate the intertidal zone

Glacial

No
waves
Lagoon

• restricted to a few locations in SE Alaska, Kenai Fjords and Prince William
Sound
• an enclosed water body that is connected to salt water by either a
permanent inlet, ephemeral inlet or storm wash-over such that the water
body is permanently or at least occasionally salty
• the tidal range is often restricted due to a sill height or narrow channel
• no significant deltaic landforms within the unit
• permafrost and pore ice are dominant in controlling the shoreline
morphology

Periglacial

• thermokarst features such as ground ice slumps dominate coastal
morphology
• degradation of permafrost resulting from thaw subsidence creates unique
morphologies such as inundated tundra (e.g., thaw subsidence has
obviously contributed to submergence of the tundra surface below mean
sea level).

Within each structuring process category, a variety of observed features are used to further
categorize Shore Types. Shore Types are interpreted as follows:
Rock (Shore Types 1-5): These are shores where bedrock substrate dominates the intertidal
zone of the unit with little or no unconsolidated sediment (<10% of the overall unit area).
Rock and Sediment (Shore Types 6-20): Units with more than 25% bedrock outcrops or
platforms are coded to emphasize the rock even if sediments are present.
Sediment beaches (Shore Types 21-30): Units with more than 75% sediments are coded to
emphasize the beach sediment even if bedrock is present (<25%).
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4.2 Wave-Structured Shore Types
The majority of the Pacific coast of North America is affected by waves causing either erosion or
accretion such that a unique suite of coastal landforms or Shore Types is created (Table 4).
Table 4. Wave-structured shore types (after Howes et al., 1994)
Substrate

Sediment

Width
Wide
(30 m)

Rock

n/a
Narrow
(<30 m)
Wide
(>30 m)
Gravel
Narrow
(<30 m)

Rock &
Sediment

Wide
(>30 m)
Sand & Gravel
Narrow
(<30 m)
Wide
(>30 m)
Sand
Narrow
(<30 m)
Wide
Gravel

Narrow
(<30 m)
Wide
(>30 m)

Sand & Gravel
Narrow
(<30 m)

Sediment

Wide
(>30 m)
Sand/Mud
Narrow
(<30 m)

Slope
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)
Flat (<5°)
Steep (>45°)
Inclined (5-45°)
Flat (<5°)

Shore Type
Description
n/a
Rock Ramp, wide
Rock Platform, wide
Rock Cliff
Rock Ramp, narrow
Rock Platform, narrow
n/a
Ramp with gravel beach,
Platform with gravel beach,
Cliff with gravel beach
Ramp with gravel beach
Platform with gravel beach
n/a
Ramp w gravel & sand
Platform with G&S beach,
Cliff with gravel/sand beach
Ramp with gravel/sand
Platform with gravel/sand
n/a
Ramp with sand beach,
Platform with sand beach,
Cliff with sand beach
Ramp with sand beach,
Platform with sand beach,
Gravel flat, wide
n/a
Gravel beach, narrow
Gravel flat or fan
n/a
n/a
Sand & gravel flat or fan
n/a
Sand & gravel beach,
Sand & gravel flat or fan
n/a
Sand beach
Sand flat
Mudflat
n/a
Sand beach
n/a

Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
-
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4.3 Non Wave-Structured Shore Types
Shorelines not dominated by wave action are listed in Table 5.
Table 5. Shore types associated with structuring processes other than wave action.
Dominant
Structuring
Process

Riparian

Anthropogenic

Current

Glacial

Lagoon

Periglacial
(Permafrost)

Description
Organics, fines and vegetation dominate the unit; may
characterize units with large marshes in the supratidal zone IF
the marsh represents >50% of the combined supratidal and
intertidal area of the unit, even if the unit has another dominant
intertidal feature such as a wide tidal flat or sand beach. This
shoretype may also be applied if a significant amount of marsh
(25% or more) infringes on the intertidal zone.
Low vegetated peat are areas of low-lying peat banks; usually
vegetated in the supratidal zone, but not always vegetated in the
intertidal zone. Minimal mineral sediment is present.
Permeable man-made structures such as rip-rap, wooden crib
structures where surface oil from a spill will easily penetrate the
structure.
Impermeable man-made structures such as concrete seawalls
and steel sheet pile.
Current-dominated shore types occur in elongate channels with
restricted fetches and where currents (tidal or otherwise) are the
dominant structuring process.
Glacial ice dominates a few places on the Alaska coast where
tide-water glaciers are present. These locations are characterized
by unstable ice fronts.
Lagoons represent a special coastal feature that has some saltwater influence but may be largely disconnected from other
marine processes such as tides and high wave exposure. Lagoons
are distinguished from estuaries, which must have fluvial or
deltaic landforms. Intertidal zones are often narrow and
restricted in elevation. Saltwater influxes may be only episodic.
Inundated tundra occurs where thaw-subsidence on low-relief
shorelines causes the tundra surface to sink below mean sea
level. Often the polygon fracture patterns associated with icewedges polygons are evident.
Ground ice slumps are areas where the thaw of high ice content
shores causes mass-wasting in distinct patterns including ground
ice slumps, thermo-erosional falls, and solifluction lobes.

Shore
Type

31

39

32
33
34

35

36

37

38
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4.4 Aspect (orientation)
Aspect is the shore normal compass direction the unit faces (Fig. 7). It is important in terms of
insolation, volume of debris accumulation, wave energy input, and wind and sun-induced
desiccation. In particular, wave exposure is measured in the same direction as the unit aspect.
South-facing shorelines also receive more sunlight that heats and causes evaporation from
organisms directly exposed to its rays. North-facing shores generally retain moisture longer
than south facing 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.

Figure 7. Measuring alongshore unit aspect. The eight categories of aspect are: North (N),
Northeast (NE), East (E), Southeast (SE), South (S), Southwest (SW), West (W), and
Northwest (NW).
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4.5 Structure from Motion
The images for ShoreZone are acquired from a fast moving helicopter but still have at least 60%
overlap provided the flight speed does not exceed 100 km/hr at an elevation of 100 m and an
offset of 100 m from the shoreline (Fig. 8). Coastal and Ocean Resources has pioneered the use
of aerial oblique imagery with Structure from Motion (SfM) to render a three dimensional (3-D)
image of the coastline. SfM is a digital image processing technique for generating 3-D spatial
data for use in mapping and GIS applications, and for indirect measurements of objects. SfM
operates under the same principals as stereoscopic photogrammetry so that 3-D structure can
be resolved from a series of overlapping, offset images (Fig. 9). The technique differs
fundamentally from conventional photogrammetry, in that the geometry of the scene, camera
positions and orientation is solved automatically without the need to specify a priori a network
of targets which have known 3-D positions. Instead, these are solved simultaneously using a
highly redundant, iterative bundle adjustment procedure, based on a database of features
automatically extracted from a set of multiple overlapping images (Fig. 10). This approach is
most suited to sets of images with a high degree of overlap that capture full three-dimensional
structure of the scene viewed from a wide array of positions (Figs. 11 and 12).

Figure 8. Oblique aerial images are acquired at 100 m altitude and 100 m offset from the
shoreline, with a ground speed of 100 km/hr. Image geolocation is stored in EXIF.
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Figure 9. Raw images acquired from aerial surveys are assembled and prepared for processing.

Figure 10. Image processing consists of photo alignment, generating orthophoto mosaics, wire
frame construction of 3-D point clouds, image draping onto the wire frame for 3-D rendering.
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Figure 11. The processing technique is illustrated for video frames with 60% overlap.

Figure 12. Ortho-rectified images are exported to Google Earth for width and slope
measurements of the intertidal shoreline. In this illustration the width is 26.9 m.
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4.6 Wave Energy
Wave energy is a dominant physical attribute of the nearshore that affects community
structure directly through episodic disturbance events and indirectly by controlling substrate
dynamics over short and long temporal periods. The lack of bare space is often the limiting
factor governing community structure in the rocky intertidal, thus, the most profound direct
effect of waves on community structure is the creation of bare space allowing recruitment from
the plankton. Denny (1995) discusses the forces generated by waves on intertidal organisms in
terms of patch dynamics, one of the most important processes by which rocky intertidal
communities are structured. Indirect effects of waves include current propagation and the
frequency of substrate movement. Unconsolidated substrates can be moved by the direct
impact of waves, by wave run-up, and by wave generated currents. 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 pebble and sand beaches are typically depauperate of
biota, while stable substrates such as bedrock, large boulders, and angular pebble beaches are
relatively species rich. 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 and worms). The floral community must
likewise adapt to the forces of the nearshore surf and swash zone, and in the absence of wave
runup, must also tolerate long hours of desiccation. The measurement of wave energy is
therefore fundamental to understanding the structure of nearshore communities.
Wave forces need to be measured or modeled for episodic, mean monthly, seasonal, and
annual wave conditions in order to study the effects of wave climate on nearshore biota.
Implementing this over large spatial scales is a daunting task, so ShoreZone uses a nested
approach to scale wave energy from deep water conditions to the beach face. Higher order
approximations of wave energy with each increase in spatial resolution beginning with wave
exposure at the alongshore unit scale and progressing to estimates of wave power at the
alongshore subunit scale, and finally estimating the effects of shore morphology on across
shore wave energy dissipation. Wave power and wave dissipation are discussed in Sections 5.5.
and 5.6 respectively.

4.7 Wave Exposure
A criterion for delineating alongshore units is variation in wave exposure. Wave exposure is
modified by the degree of protection from the full force of open ocean waves. Changes in
coastal orientation, presence of offshore islands, or the proximity to shoaling bathymetry will
attenuate the height and wavelength of open ocean waves. Protection may also be provided by
a short sea fetch resulting from the distribution of land masses surrounding the unit. At the
opposite end of the energy spectrum are the storm waves that dominate the high latitudes.
Strong west winds in the North Pacific generate high and relatively steep waves, which can be
destructive to coastal areas. Coastlines subject to these waves generally show evidence of
erosion such as cliffs and platforms. The swell wave environment lies between the two above
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end points. These waves travel long distances from their generating areas, usually in the stormy
west wind belt. Howes et al. (1994) recommend that wave exposure be based on maximum
fetch, where wave exposure increases with increasing fetch distance. Howes et al. define the
maximum wave fetch as the distance measured in kilometers along the maximum fetch
direction.
The Army Corps of Engineers, Coastal Engineering Research Center provides a standard method
for calculating effective wave fetch (CERC, 1984):
Fe = [∑(cos αi)][Fi/(∑cos αi)]

(1)

where Fe is the effective fetch, α is the angle between the shore normal and direction i, and F i is
the fetch distance in km along direction i. This equation is used for calculating fetch in the
direction of maximum Fi. Note that estimates of wave exposure based on fetch do not take into
consideration the duration of wind forcing, cumulative effects of local waves on ocean swells,
or refracted, diffracted, and reflected waves.
The standard definition of fetch is the length of water over which a given wind has blown, so for
storm generated waves, fetch is actually a measure of the storm diameter. A better measure of
wave exposure is the distance of open water adjacent to an alongshore unit. This accounts for
storm generated swells that travel greater distances than the storm’s actual fetch. ShoreZone
uses the wave exposure categories listed in Table 6 to characterize the wave climate for
alongshore units.
Table 6. Wave exposure categories based on open water distance.
Wave Exposure Category
1
2
3
4
5
6

Open Water Distance (km)
very protected (<1)
protected (I-10)
semi-protected (10-100)
semi-exposed (100-500)
exposed (500-1000)
very exposed (>1000)

Rules for assessing wave exposure assume alongshore unit linearity, a 180° potential
alongshore unit exposure, measurement vectors at shore normal (90°) and 45° left and right of
shore normal, and a measurement of open water distance:
1. Wave exposure is classified by the maximum length of open water between two vectors at
45° from shore normal from the center of an alongshore unit,
2. If the maximum exposure is land-occluded by more than 50%, between the 45° and 135°
vectors, then wave exposure is decreased by one category or to the category of the next
longest vector which ever is greater (Fig. 13),
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3. If the maximum exposure is land-occluded by more than 75%, between the 45° and 135°
vectors, then wave exposure is decreased by two categories or to the category of the next
longest vector which ever is greater (Fig. 14),
4. If the maximum exposure is land-occluded by more than 90%, between the 45° and 135°
vectors, then wave exposure is decreased by three categories or to the category of the next
longest vector which ever is greater.

Figure 13. Wave exposure measurement for an alongshore unit in Kachemak Bay, Alaska. Three
measurement vectors are illustrated, one at shore normal and two at 45°. The maximum wave
exposure is 150 km at shore normal (Category 4, semi-exposed), but this wave exposure area is
occluded by land for more than 50% of the unit, so the wave exposure is lowered by one
category which is also the category of the next longest vector at 75 km (Category 3, semiprotected).
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Figure 14. Wave exposure measurement for an alongshore unit in Cook Inlet, Alaska. Three
measurement vectors are illustrated, one at shore normal and two at 45°. The maximum wave
exposure is >1000 km at shore normal (Category 6, very exposed), but this wave exposure is
occluded by land for more than 75% of the unit, so the wave exposure is lowered by two
categories (Category 4, semi-exposed).

26
(Back to TOC)

2016 ShoreZone User Manual

4.8 Coastal Vulnerability Index
A Coastal Vulnerability Index (CVI) was recently added to ShoreZone that evaluates 5 shoreline
attributes to estimate the vulnerability of a shoreline unit to coastal inundation. The ShoreZone
CVI is intended to meet the growing need of coastal managers for information about the
vulnerability of coastlines and at the relevant spatial scales of coastal communities (100s m).
The methods of Thieler and Hammer-Klose (2000) (http://woodshole.er.usgs.gov/projectpages/cvi/) are used to calculate the Coastal Vulnerability Index (CVI) using five ShoreZone
attributes: Shore Type, Maximum Tide Range, Stability Class, Flooding Class, and Significant
Wave Height (Table 7).
Table 7. The ranked attributes used to calculate the Coastal Vulnerability Index.

Variable

Geomorphology
(Description)

a. Geomorpholog
y (Shore Type)
a.

Flood zone
width (m)

c. Shoreline erosion
(m/yr)
d. Max tide range
(m)
e. Wave height (m)

Very Low
1

Ranking of coastal vulnerability index
Low
Moderate
High
2
3
4

Very High
5
Barrier
beaches
Sand beaches
Salt marshes
Mud flats
Deltas
24,26,28,29,
30,31,
37,38,39

Rocky,
Cliffed coasts
Fiords

Medium cliffs
Indented
coasts

Low cliffs
Glacial drift
Alluvial plains

Cobble
beaches
Estuaries
Lagoons

1,3,4,8

2,5,6,7,9,10,
13,18,32,33, 35

11,12,14,15,
16,17,19,20,
34

21,22,23,
25,27,36

1-5

5-10

10-50

50-100

>100

>2.0

1.0 - 2.0

1.0 - -1.0

-1.1 - -2.0

>-2.0

>6.0

4.1 - 6.0

2.0 - 4.0

1.0 - 1.9

<1.0

<1
(VP, P)

1-2
(SP)

2-4
(SE)

4-6
(E)

>6
(VE)

The attributes are either directly assessed from the imagery or available from local data
sources. Erosion rates are based on shoreline features interpreted from the aerial imagery such
as scarps and beach berms. Flooding is based on the measured width of the visible flood zone
using log lines or marine debris as indicators. Section 5.8 describes the flooding and erosion
attributes in more detail. The geomorphology is from the ShoreZone Shore Type classification.
The tidal range is the maximum mean annual value from the most appropriate local tide
station. Significant wave height is derived from the wave exposure categories. These attributes
are ranked for each unit and used to calculate a CVI value:
CVI = ((a*b*c*d*e)/5)1/2

(2)
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Where CVI is the coastal vulnerability index, (a) is the Shore Type, (b) is the flood zone width, (c)
is the rate of shoreline erosion or accretion, (d) is the maximum tidal range, (e) is the significant
wave height (Table 7).

4.9 Oil Residency Index
The Oil Residence Index (ORI) is an assessment of substrate retention and the potential
persistence of spilled oil that strands on a shoreline. The index is based on exposure, across
shore wave energy dissipation, and properties of the substrate. Although different oil types,
such as crude versus diesel and bunker fuels, may have substantially different retention periods
on different shore types, for the purposes of ShoreZone oil type has been generalized for the
ORI and not specifically included as a variable (Table 8). An ORI is assigned to each across-shore
component, recognizing that the substrate retention of each component is different (Table 9),
and the most sensitive component ORI is then assigned to the entire alongshore unit (Table10).
Table 8. ORI is a relative index of oil retention (after Howes et al. 1994).
Persistence

Oil Residence Index (ORI)

Estimated Persistence

Short
Short to Moderate
Moderate
Moderate to Long
Long

1
2
3
4
5

A few days to a few weeks (<3)
Many weeks (>3) to a few months (<3)
A few months (>3) to one (1) year
One (1) year to a few years (<3)
Many years (>3)

Table 9. ORI for a boulder substrate. The color codes indicate the degree of wave energy
dissipation for reflective (grey), surging (green), plunging (blue), and dissipative (tan) waves
(Section 5.6). The highest retention period is for flat and low inclined protected boulders with
dissipative waves, and the lowest retention is on steep exposed shores with surging waves.

Slope Categories

Wave Exposure Category
Very
SemiSemiVery
Protected
Exposed
Protected
Protected Exposed
Exposed
Flat
Low Incline
Moderate
Incline
High Incline
Steep
Very Steep

5
4

5
4

5
3

4
3

4
3

4
3

3

3

3

3

3

3

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

2
NA
NA

2
NA
NA
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Table 10. ORI lookup table attribute at the component level of mapping in the Xshr Table. The
most sensitive (highest value) becomes the unit level Most Sensitive ORI attribute.
Physical Wave Exposure
VP
P
SP
SE
E

Component Substrate
Rock (or Anthropogenic impermeable)
Blocks (or riprap)
Boulder
Cobble
Pebble
Sand
Mixed sand and gravel
Silt/Mud
Anthropogenic permeable
Vegetated

3
5
5
5
5
4
5
5
5
5

3
5
5
5
5
4
5
5
5
5

3
5
5
5
4
4
4
4
5
5

2
5
4
4
4
3
4
4
4
5

2
5
4
4
3
3
3
3
4
4

VE
2
5
4
4
3
3
2
3
4
4
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4.10 Environmental Sensitivity Index (ESI)
The NOAA Environmental Sensitivity Index (ESI) is a shoreline habitat classification widely
applied throughout the US and is used by response personnel to prioritize shorelines for
cleanup and mitigation following oil spill (Tables 11-14). ShoreZone applies the ESI to each
alongshore unit and multiple values may be entered from landward to seaward according to
Petersen et al. (2002). The most sensitive ESI is assigned to the alongshore unit.
Table 11. The NOAA Environmental Sensitivity Index.
ESI No.
1A
1B
1C
2A
2B
3A
3B
3C
4
5
6A
6B
6C
7
8A
8B
8C
8D
8E
9A
9B
9C
10A
10B
10C
10D
10E

Description
Exposed rocky shores; exposed rocky banks
Exposed, solid man-made structures
Exposed rocky cliffs with boulder talus base
Exposed wave-cut platforms in bedrock, mud, or clay
Exposed scarps and steep slopes in clay
Fine- to medium-grained sand beaches
Scarps and steep slopes in sand
Tundra cliffs
Coarse-grained sand beaches
Mixed sand and gravel beaches
Gravel beaches; Gravel Beaches (granules and pebbles
Gravel Beaches (cobbles and boulders)
Rip rap (man-made)
Exposed tidal flats
Sheltered scarps in bedrock, mud, or clay; Sheltered rocky shores (impermeable)
Sheltered, solid man-made structures; Sheltered rocky shores (permeable)
Sheltered rip rap
Sheltered rocky rubble shores
Peat shorelines
Sheltered tidal flats
Vegetated low banks
Hypersaline tidal flats
Salt- and brackish-water marshes
Freshwater marshes
Swamps
Scrub-shrub wetlands; mangroves
Inundated low-lying tundra

Table 12. Values for the Source attribute in the Unit ESI Module.
Source Code
1
2
3
4
5
6
N

Value
Original digital information
Low-altitude overflight
Aerial photograph
Digitized from 1:24,000-USGS topographic quadrangle
Digitized from scanned 1:24,000-USGS topographic quadrangle
National Wetland Inventory (NWI)
NWI, plus a number of additional sources
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Table 13. Values for the Line attribute in the Unit ESI Module.
Linear Feature Code
B
E
F
G
H
I
S
M
P

Value
Breakwater
Extent
Flat
Glacier
Hydrography
Index
Shoreline
Marsh
Pier

Table 14. ESI environment definitions.
Environment
Name

Marine

Estuarine

Riverine

Lacustrine

Palustrine

Undefined

Definition
Marine habitats are exposed to the waves and currents of the open ocean and the water
regimes are determined primarily by the ebb and flow of oceanic tides. Salinities exceed
30ppt, with little or no dilution except outside the mouths of estuaries. Shallow coastal
indentations or bays without appreciable freshwater inflow, and coasts with exposed rocky
islands that provide the mainland with little or no shelter from wind and waves, are also
considered part of the Marine System because they generally support typical marine biota.
Consists of deep water tidal habitats and adjacent tidal wetlands that are usually semi
enclosed by land but have open, partly obstructed, or sporadic access to the open ocean,
and in which ocean water is at least occasionally diluted by freshwater runoff from the land.
The salinity may be periodically increased above that of the open ocean by evaporation.
Along some low-energy coastlines there is appreciable dilution of sea water.
Includes all wetlands and deep water habitats contained within a channel, with two
exceptions: (1) wetlands dominated by trees, shrubs, persistent emergents, emergent
mosses, or lichens, and (2) habitats with water containing ocean derived salts in excess of
0.5ppt.
Includes wetlands and deep water habitats with all of the following characteristics: (1)
situated in a topographic depression or a dammed river channel; (2) lacking trees, shrubs,
persistent emergents, emergent mosses or lichens with greater than 30% area coverage; and
(3) total area exceeds 8 ha (20 acres). Ocean-derived salinity is always less than 0.5ppt.
Includes all nontidal wetlands dominated by trees, shrubs, persistent emergents, emergent
mosses or lichens, and all such wetlands that occur in tidal areas where salinity due to
ocean derived salts is below 0.5ppt. It also includes wetlands lacking such vegetation, but
with all of the following four characteristics: (1) area less than 8 ha (20 acres); (2) active
wave-formed or bedrock shoreline features lacking; (3) water depth in the deepest part of
basin less than 2 m at low water; and (4) salinity due to ocean-derived salts less than 0.5ppt.
This category is specific to the ShoreZone database and is used when the specific system
encompassing the Unit is unclear or unknown.
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5. Across Shore Components
Each alongshore unit is vertically partitioned into across-shore components (Fig. 15). The
components are described using geomorphic forms such as cliffs, beaches, and tidal flats, with
associated material characteristics based on texture (see Appendix C).

Figure 15. Across shore zones and components on a steep (left panel) and moderately inclined
(right panel) shoreline.

5.1 Tidal Zones
To maximize the surface area observed, shoreline imagery is acquired during a 3-hour period,
starting approximately 1 hour before and extending to about 1 hour after the lower low tide of
the day, during the lowest daytime tides of the month, or the “Spring” tides between April and
August when the sun angle is highest. Intertidal zones are defined by elevation above Mean
Lower Low Water (MLLW), or the reference tidal datum as appropriate for the specific
coastline. In the United State these are predicted by the National Ocean Survey
(http://tidesandcurrents.noaa.gov). ShoreZone defines three across shore zones by the
statistical range of tides (Fig. 16), the Backshore that includes the supratidal (A zone), the
Intertidal (B zone) and the Subtidal (C zone).
Backshore/Supratidal (A) Zone: 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 storm surges. Note that specific
elevations will depend on the local tidal range. This zone lies between the extreme high water
line (EHW) and upper limit of marine influence (including aerosols). The upper edge of the
supratidal is often marked by the presence of terrestrial vegetation, and marine influence will
often extend into the backshore.
Intertidal (B) Zone: The statistical intertidal lies between the Mean Lower Low Water (MLLW)
and Mean Higher High Water (MHHW) indicated by a line of swash debris or on rocky shores,
the base of the black lichen. This region is completely inundated by daily tides. The upper zone
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ranges from Extreme High Water (EHW) to Mean High Water (MHW); the physical attributes
are characterized at MHHW where the substrate is immersed approximately 10% of the time.
The middle zone, from MHW to Mean Low Water (MLW), where the substrate is exposed
approximately 50% of the time, is characterized at Mean Water Level (MWL). In many areas of
the Pacific Northwest and Alaska, the middle zone (as defined above) represents the majority of
the low tide beach face. The lower zone is from MLW to Extreme Low Water (ELW), and is
characterized at MLLW where the substrate is immersed at least 90% of the time. The width of
the alongshore unit is determined photogrammetrically as the linear distance between MHHW
and MLLW. Length and area are calculated in the GIS.
Subtidal (C) Zone: The subtidal is the zone below ELW; this is also known as the shallow
nearshore zone. River channels do not extend into the subtidal. Forms and Materials are
occasionally entered in the C zone, including lagoons, tidal flats and channels, and
anthropogenic features. Forms in the C zone do not require a Material but should include one if
anthropogenic (e.g. pilings or breakwater). Floats should be mapped in the A and B zone but
not in the C zone.

Figure 16. A typical exposed coast beach profile (vertically exaggerated) and an illustration of
intertidal zones relative to statistical tidal heights.
Special Cases for Arctic Coasts
Supratidal (A) Zone: This area is infrequently submerged by extreme meteorological tides or
storm surge, and often marked at the uppermost edge by the landward-most debris lines, ice
scour or by damaged or dead vegetation.
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Intertidal (B) Zone: This area is regularly submerged by normal meteorological tides and is often
marked by a recent tidal swash line. In the absence of a swash line this may be determined by a
difference in surface texture or by a slope break.

5.2 Component Forms and Materials
Each across shore component has geomorphic form and material descriptive codes (see
Appendix C). The first letter of the form code represents a general category, such as ‘C’ for Cliffs
or ‘B’ for Beaches, and the following letters represent modifiers to the general category. For
example, “Cl” represents a Cliff that is low or <5 m in height. Material codes are for the major
substrate category such as ‘R’ for Rock and ‘C’ for Clastics, followed by modifiers (for example
Csp would be a Clastic material comprised of sand (dominant) and pebbles (secondary). This
use of the coding system allows the dataset to be searched for specific features while providing
the mapper with a flexible means of describing the wide-range of intertidal morphologies and
sediment textures.
The assumption of alongshore units is that they represent a section of shoreline with relative
morphodynamic homogeneity, thus each component should also have little alongshore
morphodynamic variability. In reality, there may be alongshore variation in forms and
materials, therefore each across shore component can be described by primary, secondary and
the tertiary forms and materials. If a form or material comprises less than 10% of the unit
alongshore length, it usually will not be listed.
Cultural forms and materials are available on request. Cultural features are not routinely
classified because archeologically sensitive sites should not be accessible to the general public.
There are descriptors and modifiers for cultural forms and materials and new modifiers and
these can be mapped on request. Once mapped the data can also be hidden or removed before
public distribution. Examples of cultural features are listed in Table 15.
Table 15. Cultural feature code examples.
Code
a
b
c
d
f
h
m
p
t
v
u
*

Feature
fish camp
boulder alignment
canoe run
ruins
fish trap
house pit
shell hash midden
holding pond
clam terrace
anthropogenic
meadow/root garden
undefined
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5.3 Distribution
Codes and definitions for the Form Distribution Code (% Dist) attribute at the component level
of mapping in the Xshr Form Material are listed in Table 16.
Table 16. Forms and materials distribution classification.
Code

Class

1
2
3
4
5
6
7

single
few
patchy
uniform
continuous
dense
undefined

Description
one continuous form
2-3 discontinuous forms
>4 smaller (<25%) discontinuous irregularly distributed forms
25-<50% regularly distributed forms
50-75% distribution
>75% distribution
not applicable or not assessed

5.4 Component Width and Slope
Slope influences 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. (Fig.
17).

Figure 17. An illustration of the difference between across shore component and alongshore
unit composite slope angles on a typical exposed coast beach profile (vertically exaggerated).
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The composite width of the beach face is measured between the water line and the lower edge
of the supratidal using the ortho-corrected Structure from Motion processed image. Across
shore component width is based on the average width of the primary form. Slope is calculated
using the maximum tide range (MHHW-MLLW) from the most appropriate tide station and then
categorized in degrees: Flat <1, Low Incline 2-5, Moderate Incline 6-10, High Incline 11-20,
Steep 21-45, Very Steep >45.

5.5 Wave Power
Wave energy arriving at a beach in the form of waves is related to wave height, length, and
period. North Pacific and Arctic storm systems can have large 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. But
these extreme waves are generally not expected uniformly along the coast and may be focused
on headlands by bathymetric refraction (Komar, 1998). Ideally, measurements of wave statistics
can be obtained from buoy data of the Coastal Data Information Program (CDIP), and from the
National Data Buoy Center (NDBC) of NOAA.
The statistical wave heights of a random wave field generated by a distant storm is highly
variable. The significant wave height represents the largest 33% of all wave height
measurements, and is close to the wave heights that are easily observed in the field. These
relatively large waves contribute to the highly variable nearshore habitats of exposed coasts in
the Pacific Northwest. For example, these waves drive the oscillating swash that prevents
desiccation of marine organisms on exposed coasts at low tide. They also generate forces that
dislodge organisms not specifically adapted to withstand high water velocities or direct impacts
(Denny, 1995). In terms of the nearshore biota, the wave power (wave energy per unit area)
generated by a wave, rather than wave height, is a better indicator of the local wave climate
because wave height alone does not correlate well with wave generated forces (Komar, 1998).
The deep water wave power is calculated using the following equations fully described in
Komar (1998):
P=Ecn

(3)

where P is the energy flux (watts/m2), E is the wave energy (Joules/m2):
E = 1/8pgHs2

(4)

p is water density (1020 kg/m3), g is the acceleration due to gravity (9.8 m/sec2), Hs is the
significant wave height, c is the wave celerity:
C = gT/2π

(5)

where T is the wave period. In deep water, n equals ½ - So P becomes:
P = (l/8pgHs2)(gT/2π)(1/2)

(6)

Table 17 lists the twelve categories of wave power used for the wave model to approximate
wave heights in different marine systems and the corresponding ShoreZone categories. The
high endpoint was calculated from the maximum mean annual significant wave height and
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corresponding period from statistical analyses on wave data from buoys in the North Pacific
(Tillotson 1995). Category I (very protected) represents the low endpoint. The intermediate
values are based on the exposure categories of Howes et al. (1994). A range of probable wave
heights and periods was calculated for each wave power estimate. Algorithms from the Shore
Protection Manual (CERC, 1984) were used to convert wave heights and periods into fetch
distances and wind velocities.
Table 17. ShoreZone categorized wave parameters.
Wave Power
(Watts/m2)
50
250
1000
5000
10000
25000
50000
100000
200000
400000
600000
1000000

Significant
Wave
Height (Hs)

Wave
Period
(T)

Wave
Length
(L)

Wind
(km/hr)

Exposure
(km)

0.1-0.3
0.2-0.5
0.4-0.7
0.6-1.6
1.0-1.8
1.5-3.0
1.9-3.5
2.5-5.0
3.0-7.0
4.5-9.0
5.5-11.0
7.0-12.0

0.5-3
1-5
2-7
2-9
3-11
3-12
4-14
4-16
4-20
5-20
5-20
7-20

1-15
2-40
6-75
6-125
15-175
15-225
25-300
25-400
25-600
40-600
40-625
75-650

10
20
20
30
30
35
35
35
40
50
60
70

1
5
10
25
50
100
200
300
500
700
1000
>1000

ShoreZone
Exposure
Category
Very protected
Protected
Semi-protected
Semi-exposed
Exposed
Very exposed

Wave power is not a standard classified attribute of ShoreZone units but is used to assess the
potential range of wave heights and periods associated with a given wave exposure category.
Specific wave heights and periods are taken from the curves shown in Figure 18 and used to
calculate wave energy dissipation.
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Figure 18. Constant power curves for deep water waves over a range of wave heights and wave
periods. The labelled curves represent categories of wave energy for different ocean
environments. Wave statistics can be derived from these curves for use in calculating the
Iribarren number (an indicator of wave energy dissipation) with different beach slope angles.
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5.6 Wave Energy Dissipation
A few operational wave models (e.g., WaveWatch, SWAN, etc.) are now available to estimate
deep water wave height based on the area of open water and the coastal bathymetry adjacent
to shorelines. Applying these models to large areas would greatly improve our understanding of
beach hydrodynamics but because accurate nearshore bathymetry is not yet available in many
places this approach is not yet mature enough to apply to ShoreZone. To avoid the complexity
and inherent error of numerically modeling every beach segment, the effect of waves on
beaches is characterized by a surf similarity parameter defined by the Iribarren number
(Battjes, 1974):
ξb = S/(Hs/L∞ )1/2

(7)

where S is the beach slope (i.e., tan α), and L is the deep water wave length in meters:
L∞ = gT2/2π

(8)

Dissipative or low angle shorelines (e.g., slope = 0.03) correspond to Iribarren values less than
0.2 - 0.3, and reflective or high angle shorelines yield values greater than 2-3.3. Values in
between generally represent highly dynamic shorelines if the substrate is unconsolidated
(Komar, 1998). Figure 19 illustrates how waves dissipate energy on different beach slopes.
Iribarren values are color coded for degree of energy dissipation. Calculations are made for
each alongshore unit and across shore component since for any beach segment an upper
intertidal cliff or seawall is generally highly reflective and a lower intertidal sand flat is highly
dissipative.
Slope
<1
2-5
6-10
11-20
21-45
>45

Vp
0.03
0.15
0.35
0.70
1.63
2.60

Exposure category
P
Sp
Se
E
0.04 0.05 0.05 0.06
0.21 0.30 0.32 0.34
0.50 0.70 0.74 0.79
0.99 1.40 1.49 1.58
2.30 3.25 3.45 3.66
3.68 5.20 5.52 5.85

Iribarren category
Ve
0.06
0.37
0.86
1.72
3.98
6.37

Dissipative < .2
Plunging > 0.2 <1
Collapsing/Surging >1<3.3
Reflective >3.3

Figure 19. Calculated wave dissipation values on shores with different slopes and exposures.
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5.7 Component Oil Residency Index (ORI)
The ORI is assessed for the primary form in each component. The index is based on exposure,
across shore wave energy dissipation, and properties of the substrate (Fig. 20).
Slope Vp
3
<1
3
2-5
2
6-10
2
11-20
2
21-45
1
>45

Rock (or Anthropogenic Impermeable)
P
Sp
Se
E
Ve
3
3
2
2
2
3
2
1
1
1
2
2
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Vp
5
4
3
3
3
3

P

Boulder
Se
E
5
4
4
3
3
3
3
3
3
NA
NA
2
NA
NA
NA
NA
NA
NA

Ve
4
3
3
2
2
NA

Vp
5
4
3
NA
NA
NA

P

Pebble
Se
E
4
3
3
2
2
1
NA
NA
NA
NA
NA
NA

Ve
3
2
1
NA
NA
NA

Vp
4
3
2
NA
NA
NA

P

Mixed Sand and Gravel
Sp
Se
E
Ve
5
4
4
3
2
4
3
3
2
1
3
2
2
1
1
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Vp
5
4
3
NA
NA
NA

P

Anthropogenic permeable
Sp
Se
E
Ve
5
4
4
4
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
NA
NA
NA
NA

Vp
5
5
4
4
NA
NA

P

Vp
5
<1
4
2-5
3
6-10
11-20 NA
21-45 NA
NA
>45

P

Vp
<1
5
4
2-5
6-10
3
11-20 NA
21-45 NA
>45
NA

P

Vp
<1
5
4
2-5
6-10
3
11-20 NA
21-45 NA
>45
NA

P

Vp
<1
5
2-5
4
6-10
3
11-20
3
21-45
3
>45
3

P

Sp
5
4
3
NA
NA
NA

Sp
5
4
3
NA
NA
NA

5
4
3
3
2
2

4
3
2
NA
NA
NA

5
4
3
3
3
3

Block (and riprap)
Sp
Se
E
Ve
5
5
5
5
4
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
Cobble
Se
E
5
4
4
3
3
3
3
2
2
NA
NA
NA
NA
NA
NA
NA
NA
NA

Ve
4
3
2
NA
NA
NA

Sand
Se
E
4
3
3
2
2
2
2
1
1
NA
NA
NA
NA
NA
NA
NA
NA
NA

Ve
3
2
1
NA
NA
NA

Silt/Mud
Se
E
4
3
3
2
2
1
NA
NA
NA
NA
NA
NA

Ve
3
2
1
NA
NA
NA

Vegetated
Se
E
5
5
4
4
4
3
3
3
2
2
2
1
NA
NA
NA
NA
NA
NA

Ve
4
3
2
1
NA
NA

Sp
5
4
3
NA
NA
NA

Sp
4
3
2
NA
NA
NA

Sp
5
4
3
NA
NA
NA

4
3
2
NA
NA
NA

Sp
5
4
4
3
NA
NA

Figure 20. The matrix of each table is the ORI category for each substrate type at different
degrees of wave exposure, beach slope, and wave energy dissipation (Iribarren category). The
most sensitive component level ORI is the alongshore unit ORI.

5.8 Coastal Vulnerability
Flood Zone Width
The potential width of the flood zone adjacent to an alongshore unit is interpreted from aerial
imagery. Indicators include relict loglines or storm berms above the active berms or loglines
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(Figure 21). The width of the flood zone is the metric used to assess vulnerability to flooding
with wider areas being more vulnerable. The Flood Zone Width categories are: Very Low (1-5
m), Low (5-10 m), Moderate (10-50 m), High (50-100 m) and very High (>100 m).
Relict storm berm
Relict logline

Current storm berm
Current logline

Figure 21. Examples of aerial images used to determine the flood zone width. The left image
shows a relict logline on the tundra in northern Norton Sound and the image on the right shows
a relict storm berm now vegetated by dune grass just south of Nome in Norton Sound.
Shoreline Erosion
The rate of shoreline erosion is used to assess shoreline stability. Erosional shorelines (showing
evidence of volumetric loss) are considered more vulnerable than actively accreting shoreline
(showing evidence of volumetric gain). Even though the one-time ShoreZone images cannot
measure rates directly, interpretation of shoreline features can provide an indicator for rates of
change. For example, scarps or “cut banks” indicate actively eroding shorelines, rocky
shorelines are relatively stable, and spits devoid of vegetation indicate active accretion (Fig. 22).

Recurved spit, vegetation starting to
colonize
Eroding peat bank

Figure 22. Examples of indicators for determining the rate of erosion or accretion. The image on
the left shows an eroding peat bank on the exposed coast of the Yukon-Kuskokwim Delta near
Angyoyaravak Bay and the image on the left shows an accretional spit by the city of Teller in
Port Clarence, Norton Sound.
The erosion index categories are: 1= Very high (>2 m/yr, erosional), 2= High (1 to 2 m/yr,
erosional), 3= Moderate (1 to -1 m/yr, stable), 4= Low (-1 to +1 m/yr, accretional), 5= Very low
(>2 m/yr, accretional).
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6. Alongshore Subunits
Subunits adopt most of the attributes from the parent unit, and with several exceptions these
are re-evaluated at the finer spatial scales of the subunit.

6.1 Subunit Process
Geomorphically relevant processes generally fall into the production of regolith by weathering
and erosion, the transport of that material, and its eventual deposition. Primary surface
processes responsible for most topographic features include wind, waves, chemical dissolution,
mass wasting, groundwater movement, surface water flow, glacial action, tectonism, and
volcanism. Other geomorphic processes include periglacial (freeze-thaw) processes, saltmediated action, marine currents activity, and seepage of fluids through seafloor substrates.
ShoreZone interprets the dominant processes modifying each across shore component.
Hydrologic processes are the most common, and others are listed in Table 18.
Table 18. Dominant processes interpreted by ShoreZone.
Process

Process Code

Anthropogenic
Wind
Mass-wasting
Across-shore Waves
Fluvial Current
Tidal Current
Alongshore Current
Glacier
Ice (Sea)
Ice (River)
Ponded
Groundwater (Karst)
Groundwater (Seeps)
Periglacial Slumping/Eroding
Other

A
E
M
W
Cf
Ct
Cx
Ig
Is
If
Hr
Hk
Hs
Pe
X

Energetic Source
Eolian
Gravity

Hydrologic

Temperature
Undefined

6.2 Subunit Geomorphic Forms
Geomorphology is the study of landforms and a complex lexicon has developed to describe
them. Landforms can often be highly complex features, their configuration determined by the
energetics of the system such as the local variability of winds, waves, tides, and other
processes. Landforms extend across the nearshore, including subtidal, intertidal, and supratidal components. At the scale of the alongshore unit, landforms are divided into numerous
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sub-types (Appendix D). For example, barrier beaches may be classified as tombolos, spits,
cuspate forelands, etc., and estuaries may be divided according to their geomorphic setting or
the relative influence of marine or freshwater conditions. At the subunit scale, forms may lose
relevance and the emphasis is placed on substrate descriptions and metrics, therefore a
simplified table of forms is used for subunits (Table 19).
Table 19. Subunit forms.
Subunit Forms
Beach
Face
Ridges/berms/bars
Undefined
Cliff
Sea cave
Pillar
Delta
Dune
Reef
Glacier
Lagoon
Platform
River Channel
Tidal Flat
Anthropogenic
Boat Ramp
Concrete Bulkhead
Landfill
Sheet pile
Rip Rap
Wooden Bulkhead
Pile-supported
Impacted
Marina/Floats
Deep-sea Shipping
Recreational Slips
Undefined
Undefined

6.3 Substrate
Substrate descriptors are an indispensable part of a geomorphological description.
Characteristics of sediment can serve as indicators of stability (frequency of sediment
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movement), the local energy regime, and therefore the evolution of the landform and the
interpretation of past processes. 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. At the scale of the subunit, ShoreZone interprets the substrate
composition by evaluating the genesis, category, and type or size. The percent cover of each
substrate type is estimated within each component (Fig. 23). Three particle size estimates are
made according to the percentage of areal coverage, with primary size covering > 50% of the
area, secondary size covering < 50%, and interstitial size if between particle voids are filled. The
abundances of different substrate types are estimated by percent cover.

Figure 23. Chart for visual estimation of areal coverage.
Particle size is described 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 (Fig. 24). 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 (e.g., > 2 m). Mud is a mixture
of very fine clastics and organic material generally found only in very protected energy
environments.
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Figure 24. The Wentworth particle size classification (from Michel and Dahlin, 1993).
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7. Biological Attribute Classification
7.1 ShoreZone Biobands
Intertidal biota are strongly affected by the rise and fall of the tide and often show spatially
distinct horizontal banding that corresponds to the elevation and slope of the beach and
consequently the duration and area of submergence. For the mixed semi-diurnal tides found on
the Pacific coast, the beach is submerged about 10% of the time at mean higher high water,
50% at mid-tide, and 90% at mean lower low water. ShoreZone classifies and maps benthic
plants and animals based on the interpretation of color, texture, and elevation of biobands
observed from low altitude oblique aerial imagery (Fig. 25). The biobands are named for on the
dominant plant or animal associated with a characteristic color and texture and the location or
height on the shore.

Figure 25. Examples of biobands on a semi-protected shoreline.
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7.2 Bioband Mapping and Classification
Biobands are one of the most used attributes of the ShoreZone dataset, mostly for mapping
regional distributions of biota and resource management applications. In 2016 the ShoreZone
protocols were modified to allow for the quantitative bioband areal cover estimates listed in
Table 20. For biobands found in the A (supratidal) and B (intertidal) zones, the percent of
alongshore unit length and bioband width categories are estimated. In addition, for biobands in
the B Zone, the percent cover of the zone are estimated.
Table 20. Bioband metrics for length, width, and percent cover.

Code

Zone

Bioband
Length

Bioband Width

(% of unit)

Percent cover of zone
area

Area

Not Assessed

NA

Narrow (<10 m),
Medium (10-30 m),

Supratidal

Wide (>30 m),
Not Assessed

A

Narrow (<1 m),
Supratidal
lichens

B

Intertidal

Medium (1-5 m),
<5%

Wide (>5 m),

5-25%

Not Assessed

26-50%

<5%

51-75%

5-25%

76-95%

26-50%

>95%

Not assessed

Not Assessed

51-75%

m2

76-95%
>95%
Not Assessed
Narrow (<10 m),

C

Subtidal

Medium (10-30 m),
Wide (>30 m),

Not Assessed

NA

Not Assessed

48
(Back to TOC)

2016 ShoreZone User Manual
A new nested bioband classification was developed and applied to all ShoreZone mapping
completed after January 1st, 2015. Changes to bioband definitions described in earlier protocols
include the application of a consistent naming convention and a new four-digit code for each
bioband. Some of the original biobands were split to better describe observed biota as
ShoreZone continues to move into new areas, and a number of new biobands were added. An
illustrated data dictionary with aerial photos for selected biobands are in Appendix E.
Biobands are classified across the shore from the high supratidal to the low nearshore subtidal
and include wetlands, saltmarshes, lichens, intertidal algae and invertebrates, and subtidal
canopy kelps. Biobands are classified differently according to zones that correspond to
shoreline elevations (Tables 21-23).
ShoreZone bioband mapping consists of four main tasks listed in Table 22. Alongshore units are
identified and delineated by the physical mappers based on categorical classifications of aspect,
substrate size, wave energy, and slope. The ShoreZone units and subunits are the only spatial
framework for bioband classification. The physical classification may describe multiple acrossshore geomorphic components within each zone, and each component may have a different
bioband but these are not spatially explicit. Biological mappers do not create or modify existing
units or components, and all biological attributes are recorded within the alongshore units and
across-shore components provided by the physical mappers.
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Table 21. Definitions for the supratidal bioband attributes in Bioband Attribute Percent table. This combines biobands used in Oregon State,
Washington State, British Columbia and Alaska. Not all biobands are applicable to all areas and bioband descriptions for specific regions are
noted.
Primary
Level

Bioband Name
Secondary
Level

Tertiary
Level

Old
Code

Terrestrial
Vegetation

Tundra**

TUN

Trees &
Shrubs

New
Code

Zone

Typical Color

Indicator Species

TEVE

A

N/A

N/A

TUND

A

Green to
Grey-green

TRSH

A

Greens and
browns

Salix spp.
Vaccinium spp.
Dupontia
fisheri
N/A

Greens and
browns,
possibly
white-grey
Greens and
browns

Alnus spp.
Betula spp.

Deciduous
Trees

DETR

A

Coniferous
Trees

COTR

A

SHME

A

Pale green

GRAS

A

Green to
blue-green to
beige

Shrub
Meadow

MSH

Grasses

High Grass
Meadow

MAG

HIGM

A

Pale grassy
green or
beige

European
Beach
Grass

AMM

EUBG

A

Beige-green

Dune
Grass**

GRA

DUGR

A

Pale bluegreen

Picea spp.
Pinus spp.
Deschampsia
caespitosa
Picea sitchensis
N/A

Description
Non-specific vegetation existing in the supratidal zone that does not fit
into any other more specific supratidal bioband or cannot be clearly
identified from the imagery.
Low turf of dwarf shrubs, herbs, grasses, sedges with lichens and mosses,
in uppermost supratidal and splash zone. May be inundated in storm
surge.
Non-specific trees and shrubs in the supratidal zone that do not fit into
any other more specific tree/shrub bioband or cannot be clearly identified
from the imagery.
This bioband consists mostly of stands of alder and birch trees mixed with
understory shrubs in the supratidal zone. Mostly confined to river banks.

This bioband consists mostly of stands of pine and spruce trees mixed with
understory shrubs in the supratidal zone. Mostly confined to river banks.
A narrow strip at the uppermost marsh edge, next to the tree line; usually
a transition to spruce forest, including small spruce, shrubs and mixed
grasses, sedges and herbs. Created for Oregon SZ.
Non-specific grass in the supratidal zone that does not fit into any more
specific grass bioband or cannot be clearly identified from the imagery.

Deschampsia
caespitosa
Trifolium
wormskjoldii

Mixed grassy meadow, on uppermost salt marsh, interfingers with Salt
Marsh (TRI) or Sedge (SED) at lower elevation transition. Specific to
Oregon SZ

Ammophila
spp.

Outer coastal sand dunes, forming clumps and stabilizing active dunes.
Non-native species which is displacing native dune grass species. Specific
to Oregon.SZ.
Found in the upper intertidal zone, tall grasses observed as clumps
continuous on dunes, in logline or on beach berms. This band may be the
only band present on high-energy beaches.

Leymus mollis
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Table 21. Continued
Bioband Name
Primary
Level

Secondary
Level

Tertiary
Level

Old
Code

VER†

Splash Zone

Lichen
Black
Lichen

New
Code

Indicator
Species

Zone

Typical Color

SPZO

A

Black, white
or bare rock

N/A

LICH

A

Black, white to
yellow/green
white

N/A

BLLI

A

Black to greyblack

White
Lichen

WHLI

A

Creamy white
to pinkishgrey

Yellow
Lichen

YELI

A

Bright to dark
yellow or
orange

Verrucaria sp.
Encrusting black
lichens
Coccotrema
maritimum
Encrusting white
lichens
Caloplaca spp.
Xanthoria spp.

Description
Non-specific band marking the upper limit of the intertidal zone
that does not fit into any more specific splash zone bioband.
All bands in the splash zone are recorded by width: Narrow
(<1m), Medium (1m-5m) or Wide (>5m)
Non-specific lichen band in the supratidal zone that does not fit
into any more specific splash zone bioband.
Visible as a dark stripe on bare rock marking the upper limit of
the intertidal zone.
Visible as a bright white stripe on bare rock marking the upper
limit of the intertidal zone. When present, this band usually
occurs above the Black Lichen band.
Visible as bright yellow to dark orange blotches, sometimes
forming a stripe, on bare rock. Usually co-occurs with the Black
Lichen bioband.

**Note Arctic coast assemblages described by Taylor (1981).
†
The old Splash Zone (VER) bioband has been split into several new biobands (LICH, BLLI, WHLI, YELI) so it will not directly translate to the new Splash Zone
(SPZO) band.
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Table 21. Definitions for the invertebrate bioband attributes in the Bioband Attribute Percent table. This combines biobands used in Oregon
State, Washington State, British Columbia and Alaska. Not all biobands are applicable to all areas therefore it is noted in the bioband
description if it is specific to a certain region.
Primary
Level

Bioband Name
Secondary
Level

Tertiary
Level

Old
Code

Invertebrate
Crustaceans

Barnacle

Mud Flat
Shrimp

BAR‡

CAL

Molluscs
Blue
Mussels
California
Mussels

Oyster

Sponges

BMU

MUS

OYS

New
Code

Zone

Typical
Color

INVE

B&C

N/A

CRUS

B

N/A

BARN

B

Grey-white
to
pale yellow

MUFS

B

Mottling on
sand flats,
burrows

MOLL

B

N/A

BLMU

B

Black or
blue-black

CAMU

OYST

SPON

B

Grey-blue

B

Dark beige
to brown

B&C

Most
commonly
yellow,
purple or
red

Indicator
Species

N/A
N/A
Balanus
glandula
Semibalanus
cariosus
Neotrypaea
californiensis
Upogebia
pugettensis
N/A
Mytilus
trossulus
Mytilus
californianus

Crassotrea
gigas

N/A

Description
Non-specific band of invertebrates that does not fit into any more
specific invertebrate bioband or cannot be clearly identified from the
imagery.
Non-specific band of crustaceans that does not fit into any more
specific bioband or cannot be clearly identified from the imagery.
Visible on bedrock or large boulders. Can form an extensive band in
higher exposures where algae have been grazed away.

On sand/mud flats in larger estuaries, where textured surface
indicates presence of infauna. Specific to Oregon and Washington
State SZ.
Non-specific band of molluscs that does not fit into any more specific
bioband or cannot be clearly identified from the imagery.
Visible on bedrock and on boulder, cobble or gravel beaches.
Appears in dense clusters that form distinct black patches or bands,
either above or below the barnacle band.
Dominated by a complex of California mussels (Mytilus californianus)
and thatched barnacles (Semibalanus cariosus) with gooseneck
barnacles (Pollicipes
polymerus) seen at higher exposures.
Generally inconspicuous and of limited extent in BC. Includes areas
of oyster aquaculture on mudflats in Oregon and Washington State,
in particular in Coos Bay and Yaquina Bay. Specific to Oregon, BC and
Washington State SZ.
Encrusting sponges usually occur as brightly colored patches at the
waterline or in the shallow subtidal. Usually associated with high
wave energy or current-dominated habitats.
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Table 22. Continued
Bioband Name
Primary
Level

Secondary
Level

Tertiary
Level

Old
Code

Cnidarians

Anemone
s
Invertebrate

Echinoderms
Urchin
Barrens

URC

New
Code

Zone

Typical Color

Indicator Species

CNID

B&C

N/A

N/A

ANEM

B&C

Usually white
to yellow and
red

N/A

ECHI

B&C

N/A

N/A

URBA

C

Coralline
pink/white

Strongylocentrotus

franciscanus

Description
Non-specific band of cnidarians that does not fit into any
more specific bioband or cannot be clearly identified from
the imagery.
Anemones usually appear as small circular dots of colour in
the low intertidal and shallow subtidal. It is usually
associated with high wave energy or current-dominated
habitats. Could include Metridium spp. and Urticina spp.
Non-specific band of echinoderms that does not fit into
any more specific bioband or cannot be clearly identified
from the imagery.
Shows rocky substrate clear of macroalgae. Often has a
pink-white color of encrusting coralline red algae. May or
may not see urchins.
Beds of sand dollars, usually on sand beaches. Specific to
Washington State SZ.

Lower
Dendraster
Black spots
B&
excentricus
DEN
SAND
within beige
Upper
sand matrix
C
‡ The old Barnacle (BAR) bioband has been split into BARN and WILA (now under Red Non-Coralline Algae) so these would have to be combined to be equal to the old BAR band.
Sand
Dollars
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Table 22. Definitions for the intertidal/subtidal vegetation bioband attributes in Bioband Attribute Percent table. This combines biobands used
in Oregon State, Washington State, British Columbia and Alaska. Not all biobands are applicable to all areas therefore it is noted in the bioband
description if it is specific to a certain region.
Primary
Level
Intertidal/
Subtidal
Vegetation

Bioband Name
Secondary
Level

Tertiary
Level

Old
Code

Wetland
Vegetation

New
Code

Zone

Typical
Color

Indicator Species

INSV

B&C

N/A

N/A

WEVE

A&
upper B

Sedges**

SED

SEDG

A&
upper B

Spartina

SPA

SPAR

Upper
& mid B

Salt Marsh**

Salt Marsh
(Oregon &
Washington
State)

Salt Marsh (BC
& Washington
State)

PUC

TRI

SAL

SAMA

SAMO

SAMB

A&
upper B

A&
upper B

A&
upper B

Greens
and
browns
Bright
green to
yellowgreen
Bright
emerald
green
Light,
bright or
dark
green
with
redbrown
Light,
bright or
dark
green
with
redbrown
Light,
bright,
or dusty
green

N/A
Carex lyngbyei

Description
Non-specific intertidal or subtidal vegetation that does not fit into a
more specific algal bioband or cannot be clearly identified from the
imagery.
Non-specific wetland vegetation in the supratidal zone that does not fit
into any more specific wetland bioband or cannot be clearly identified
from the imagery.
Appears in wetlands around lagoons and estuaries. Usually associated
with freshwater. This band can exist as a wide flat pure stand or be
intermingled with dune grass. Often the PUC band forms a fringe below.

Spartina spp.

Spartina-invaded and Spartina-dominated salt marshes and mudflats.
Specific to Washington State.

Puccinellia spp.
Plantago
maritima
Glaux maritime
Deschampsia spp.

Appears around estuaries, marshes, and lagoons and is usually
associated with freshwater. In some areas, PUC can be sparse vegetation
on coarse sediment or a wetter, peaty meadow with associated herbs
and sedges.

Triglochin maritima
Distichlis spicata
Deschampsia
caespitosa.
Plantago maritima
Scirpus americanus
Salicornia virginica

Appears around estuaries, marshes, and lagoons, associated with fresh
water. Separated as ‘high marsh’ and ‘low marsh’ as gradation of
assemblages according to elevation/salt water inundation in Oregon, but
describes only a ‘high marsh’ in Washington State. Can be sparse grasses
and herbs on coarse sediment or a wetter, peaty meadow with an
assemblage of herbs, grasses and sedges. Specific to Oregon and
Washington State SZ.
Salt-tolerant herbs and grasses associated with freshwater. This band is
often associated with estuaries, marshes, and lagoons although it is not
uncommon as a fringing meadow in the supratidal. Used to describe a
‘low marsh’ in Washington State and generally lacking associated grass
species in that classification. Specific to BC and Washington State SZ.

Salicornia
virginica
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Table 23. Continued
Bioband Name
Primary
Level

Secondary
Level

Tertiary
Level

Biofilm

Diatom

Green
Algae

Zone

BIOF

B

DIA

DIAT

B

RED†

Coralline
Red Algae
Filamentous
and Foliose
Red Algae

Winter
Laver

New
Code

BFM

ULV

Red Algae
Intertidal/
Subtidal
Vegetation

Old
Code

BAR‡

GRAL

B

REAL

B

CORA

B

Typical
Color
Rusty
orangebeige or
dark green
Beige or
bleached
white
Various
shades of
green
Various
shades of
red, pink
and gold
Pink to
whitishpink

FFRA

B

Dark to
bright red
and redbrown

WILA

Upper
B

Pale green
to
greenishgold

Bleached
Red Algae*

HAL

BRAL

B

Olive,
golden or
yellowbrown

Graceful
Red Weed

GCA

GRRW

B

Dark
reddish
brown

Indicator Species

Description

Bacterial or
diatom mat, bluegreen algal mat

Low turf or stain on sediment. Includes moss-like turf of blue-green algal
mat. Usually seen in pools of washover bars and river deltas.

Diatoms

This band describes bare-looking lower intertidal areas in the coastal fjords
of BC where a low turf of encrusting filamentous diatoms may be present.
Specific to BC SZ.
Found on a variety of substrates. This band can consist of filamentous
and/or foliose green algae. Filamentous species often form a low turf of
dark green.

Ulva sp.
Monostroma sp.
Cladophora sp.
Acrosiphonia sp.
N/A

Non-specific band of red algae that does not fit into a more specific red
algae bioband or cannot be clearly identified from the imagery.

Corallina sp.
Lithothamnion sp.

A combination of foliose and encrusting coralline algae occurring in the low
intertidal. Lush coralline red algae indicate highest wave exposures.

Odonthalia sp.
Neorhodomela sp.
Palmaria sp.
Neoptilota sp.
Mazzaella sp.
Porphyra

Diversity of foliose red algae indicates medium to high exposures, with
filamentous species, often mixed with
green algae, occurring at medium and lower exposures.

pseudolanceolata

Porphyra hiberna
Bleached
foliose/
filamentous red
algae
Gracilaria spp.

These species of Porphyra grow in the high intertidal of more exposed
coasts in the winter season (sometimes seen in spring or summer in colder
climes). P. hiberna replaces P. psuedolanceolata south of Sitka Sound. It is
associated with the Barnacle bioband.
Common on bedrock platforms, and cobble or gravel beaches. Distinguished
from the FFRA band by color, although may be similar species. The bleached
color
usually indicates lower wave exposure than where the FFRA band is
observed.
Usually present as patches in the mid-intertidal on sandy and muddy tidal
flats. Specific to Washington State SZ.
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Table 23. Continued
Bioband Name
Primary
Level

Secondary
Level

Tertiary
Level

Old
Code

Rooted
Vegetation

New
Code

ROVE

Zone

Typical Color

B&C

Green to
green-grey

Indicator
Species

N/A
Phyllospadix sp.

Surfgrass

SUR

B&C

Bright to dark
green

EELG

B&C

Bright to dark
green

BRBA

B&C

Various
shades of
brown

B&C

Dark brown
to red-brown

SURF

Zostera marina
Eelgrass

Intertidal/
Subtidal
Vegetation

ZOS

Brown
Bladed
Algae

Alaria

ALA

ALAR

Soft
Brown
Kelps*

SBR

SOBK

B&C

Brown to
yellow-brown
to olive

Dark
Brown
Kelps*

CHB

DABK

B&C

Dark brown

N/A
Alaria
marginata

Saccharina
latissima
Cystoseira sp.
Sargassum
muticum
Laminaria
setchelli
Lessoniopsis
littoralis
Laminaria
longipes
Laminaria
yezoensis

Description
Non-specific rooted vegetation in the lower intertidal
and/or shallow subtidal that do not fit in any more
specific intertidal/subtidal bioband or cannot be clearly
identified from the imagery.
Appears in tide pools on rock platforms, often forming
extensive beds. This species has a clearly defined upper
exposure limit of Semi-Exposed and its presence in
units of Exposed wave energy indicates a wide acrossshore profile, where wave energy is dissipated by wave
run-up across the broad intertidal zone.
Commonly visible in estuaries, lagoons or
channels, generally in areas with fine
sediments. Eelgrass can occur in sparse
patches or thick dense meadows.
Non-specific bladed brown algae in the lower intertidal
and/or shallow subtidal that do not fit in any more
specific kelp bioband or cannot be clearly identified
from the imagery.
Common on bedrock cliffs and platforms, and on
boulder/cobble beaches. This band has a distinct
ribbon-like texture, and may appear iridescent in some
imagery.
This band is defined by non-floating large browns and
can form lush bands in semi-protected areas. The kelp
fronds have a ruffled appearance and can be encrusted
with diatoms and bryozoans giving the blades a 'dusty'
appearance.
Found at higher wave exposures, these stalked kelps
grow in the lower intertidal. Blades are leathery, shiny,
and smooth. A mixture of species occurs at the
moderate wave exposures, while single-species stands
of Lessoniopsis occur at high exposures.
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Table 23. Continued
Primary
Level

Intertidal/
Subtidal
Vegetation

Bioband Name
Secondary
Level
Brown
Non-Bladed
Algae

Tertiary
Level

Old
Code

New
Code

Zone

BRNA

B&C

Rockweed

FUC

ROCK

B

Sargassum

SAR

SARG

Lower
B&C

BRCA

C

Brown
CanopyForming
Algae

Typical Color
Various
shades of
brown
Goldenbrown to
brown
Goldenbrown to
brown

Indicator
Species
N/A
Fucus
distichus
Saragssum
muticum

Dark brown

N/A

Description
Non-specific non-bladed brown algae that does not fit into a
more specific algal bioband or cannot be clearly identified from
the imagery.
Appears on bedrock cliffs and boulder, cobble or gravel beaches.
Commonly occurs at the same elevation as the barnacle band.
This bioband describes continuous stands of Sargassum in the
lower intertidal and nearshore subtidal. It is often ‘fuzzy’ looking
and golden-brown in colour. Specific to Washington State SZ.
Non-specific canopy kelp that does not fit into any more specific
canopy kelp bioband or cannot be clearly identified from the
imagery.

Canopy-forming kelp, with winged blades on gas-filled center
midrib. Usually associated with silty, cold waters near glacial
ALF
DRKE
C
outflow rivers. Range: southern Southeast AK to Aleutian Islands,
AK.
Dark brown
Macrocystis
Canopy-forming giant kelp, long stipes with multiple floats and
Giant Kelp
MAC
GIKE
C
to goldenpyrifera
fronds. If associated with NER, it occurs inshore of the bull kelp.
brown
Range: Baja California, Mexico to Kodiak Islands, AK.
Nereocystis
Distinctive canopy-forming kelp with many long strap-like blades
luetkeana
growing from a single floating bulb atop a long stipe. Can form an
extensive canopy in nearshore habitats, usually further offshore
Bull Kelp
NER
BUKE
C
Dark brown
than Eularia fistulosa and Macrocystis pyrifera. Often indicates
higher current areas if observed at lower wave exposures. Range:
Point Conception, CA to Unimak Island, AK.
*Note that four biobands (Foliose/Filamentous Red Algae, Bleached Red Algae, Soft Brown Kelps and Dark Brown Kelps) have slightly different species compositions in the Gulf of Alaska
bioareas.
See Table ?? for species lists for those bands.
**Note Arctic coast assemblages described by Taylor (1981).
†The old Red Algae (RED) bioband has been split into CORA and FFRA. These would need to be combined to be equal to the old RED band (NOT including WILA, GRRW or BRAL in the roll-up).
The new Red Algae (REAL) bioband will be used for the old RED band.
‡ WILA used to be an associate species for the old Barnacle (BAR) band and was not mapped as a separate band as the surveys were often completed in the summer months when WILA is not
present.
Dragon
Kelp

Dark brown
to goldenbrown

Eularia
fistulosa

Please note: An additional bioband, called the Bare (BRE) band was mapped in BC but because it was defined by the lack of any biota it could not be incorporated into this table.
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Quality Control and Data Verification
8.1 Principal Sources of Error
The physical heterogeneity of shoreline habitats at multiple spatial scales leads to many small
juxtaposed biological communities. Many marine organisms only utilize particular habitats and are
generally found in highest abundance where the physical and biological conditions are optimal for their
life history and ecosystem function. Their population success is often dependent on the presence,
dimension and spatial distribution of appropriate habitats. The relative importance of habitat features
in regulating community patterns varies across scales of space and time. For example, at small spatial
scales local factors affect patterns of community structure through predation, competition, solar
aspect, wave forces, and point source perturbations. At larger scales, variation in tides, currents and
weather can affect algal spore and larval dispersal and access to food. At landscape scales, their
population success is often dependent on the presence, dimension and distribution of appropriate
habitats. At global scales long term changes in climate can indirectly influence nearshore populations.
This has led to generalized habitat classifications where biological communities are associated with
specific physical habitat types leading to well defined biogeographic regions. The databases resulting
from this work are of broad utility, not only in detecting ecological change, but also in shoreline
conservation planning and the mitigation of anthropogenic perturbations.
ShoreZone arguably represents the most cost effective method for mapping large areas of shoreline
habitat and biota at relatively fine spatial scales but users must be cognizant of the limitations imposed
by the mapping techniques. Physical and biological habitat attributes are interpreted from low altitude
oblique aerial imagery and there are potentially many sources of error introduced during the mapping
process that may compromise confidence if the data is used inappropriately. Through the efforts of
different funding organizations that recognized the need for verification of the data, a series of reports
were published that address the repeatability of the ShoreZone mapping protocols (Harney and Morris
2007) and the differences between aerial interpretation and ground based observation of shoreline
features (Harney et al., 2009, Schoch 2009). The principal issues are:
1. What is the precision of the ShoreZone classification? An assessment of repeatability of the
habitat interpretations of the same shoreline among different mappers will help guide future
use of the data for change detection.
2. How well does the classification describe the real world or how well does the classified habitat
reflect the actual habitat being mapped? Determining whether the classification is adequately
describing the habitat features that actually exist, assuming no mistakes in the interpretation of
the aerial imagery, will provide more confidence in the data.
Additionally, the highest resolution digital shorelines produced by NOAA often do not adequately
represent the many small scale features described by ShoreZone. ShoreZone habitat information is
displayed in a GIS using the best available digital line data to represent the shoreline at the mean tide
datum. The habitat attribute data are then joined to the line feature so that individual alongshore unit
data can be accessed on a segment by segment basis. Since there is no standardization of scale with
respect to the digital line feature (the digital shoreline is a subjective interpretation of shoreline
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position), considerable error can be introduced by a poorly represented shoreline as shown in Fig. 4-6.
Thus, many potential sources of error may be introduced when we attempt to characterize shoreline
habitat features including:
What features are mapped?
Shoreline habitats are inherently complex with many features that are well suited to classifications
(e.g. substrate size, wave energy, etc), and others that are not (e.g. temporal and spatial change,
dynamical substrates, etc). Because of the linear nature of most shorelines, classification schemes such
as ShoreZone often use a horizontally segmented line to represent shoreline habitats. Since shorelines
are rarely homogenous at any scale, the boundary location of a habitat is a source of error unless strict
classification rules and definitions are used to guide the process. When the shoreline is homogeneous
but highly convoluted, and wave energy is variable depending on aspect, then should a north facing
habitat be differentiated from a NE facing habitat? If so, then at what minimum length of shoreline?
This leads to errors in under-segmenting a complex shoreline. If so, then a standardized determination
is required on the important linear scales of shoreline delineation. Hereafter this is referred to as
defining the minimum mapping unit.
How to represent a feature on a map (points, lines, or polygons)?
Shoreline features are generally mapped using either lines, points, or polygons or a combination to
depict a spatial feature. The Shorezone protocols have few rules to guide the mapper on which select.
This is relatively straight forward when a shoreline is straight, homogeneous and narrow, but when
shorelines are complex, then rules are needed to define when a feature is too small and should be
ignored, when a feature is large enough to be important and depicted as a point, when a point feature
become long enough to be depicted with a line, and when a line feature become wide enough to be
depicted with a polygon. The Shorezone protocols use the best existing digital shoreline, usually
representing MHW, for the project basemap. There is no standard high resolution digital shoreline
available for the west coast of North America so there may be considerable variation in detail from one
mapping project to the next. Some digital shorelines are very poor and entire islands and embayments
may be missing. In these cases, important features visually documented by the aerial video and
observers may not be included in the final product unless the basemaps are upgraded.
When to map, or what is the best time to map a feature with respect to seasonal changes in
geomorphology and algal cover?
Atmospheric conditions (rain, snow, etc.) during image acquisition and oceanic conditions (tide height,
waves, etc.) during the flight may compromise image quality. In areas of large tidal range, the shoreline
can change considerably from one hour to the next. In that regard a polygon feature can change to a
line feature in a few hours. Many of the kelps can only be seen when the water is clear and the tide is
very low. Also, many of the plants mapped as biobands are seasonally variable and can change from
one month to the next. Changes in habitat features at different scales of time is a potential source of
error for any classification scheme.
Who is interpreting the habitat attributes from aerial imagery?
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Shorezone is highly qualitative and the descriptions are based on the subjective interpretation of
experienced observers. But even under optimal conditions no two people will interpret and describe
the same features in exactly the same way. In other words, is the delineation and classification
repeatable even when different mappers are independently classifying the same shoreline?

8.2 Imagery Quality Control
Quality assurance and control (QA/QC) are achieved during image acquisition, unit delineation, and
attribute classification. Image position is quality controlled during pre-flight preparations when the
digital still and video flight cameras are time synchronized with the GPS signal with a tolerance of 0.1
second. With a flight velocity of 60 kts during image acquisition this equals an image position accuracy
of ± 10 feet. Image quality is quality controlled in real time by the flight navigator as well as the camera
operator. If the imagery is thought to be compromised, for example distorted or obscured by water on
the lens, then the affected coastal section is re-flown. The imagery is recorded on an SD card in the
native format of the camera, as well as in MP4 format on an external recorder. During the flight, the
geomorphologist (sitting in the back with a video camera) and biologist (sitting in the front with a high
resolution camera) imaging the shoreline are narrating in real-time the biological and physical
shoreline attributes onto separate audio tracks. This audio is used with the imagery for the
interpretation of biophysical attributes by the CORI mappers.

8.3 Mapping Quality Control
A number of factors influence the complexity of shoreline mapping, including: the natural
geomorphology, the coastal crenulations, the quality of the imagery and associated commentary, the
quality of the best available digital shoreline, and the experience of the physical and biological
mappers. All of these factors can contribute to errors in the attribute classification and mapped data.
The QA/QC protocol for mapping requires 10% of each physical and biological mappers’ work to be
reviewed. A series of SQL database queries are run on the entire database to screen for errors and
inconsistencies. The SQL database is imported into a GIS and converted to a geodatabase. The
geodatabase is then used to create maps and statistical distributions of the various ShoreZone habitat
attributes used for analytical inspections.

8.4 Data Quality Control: Shore Station Surveys
The goal of ShoreZone is to provide first responders, managers and researchers with a descriptive
overview of the geology and biology of the shoreline from the splash zone to the subtidal. It is
therefore important to know if the aerial imagery collected in ShoreZone surveys is being consistently
and accurately interpreted. Consistency among mappers is addressed by an internal QA/QC process
where mappers review 10% of each other’s work and discuss or correct discrepancies. The accuracy of
the data interpreted from ShoreZone imagery is generally measured by comparison to shore station
data collected during ground surveys (known as shore station surveys). Shore station data used for this
purpose have generally been vertical (across-shore) transects surveyed for a basic description of the
substrate, topographic profile, and an inventory of the algal and invertebrate species associated with
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each bioband. Several issues have arisen over the years with the utility of the shore station data for
these purposes.
The first main issue with some shore station protocols is the difficulty in achieving a meaningful
comparison between transect data collected on the ground and the interpretation of habitat attributes
from aerial imagery. This difference in perspective, which usually leads to omissions in the ShoreZone
database, can be misconstrued as errors. In this protocol revision we introduce a method and
standards for collecting shore station data in a way that can be more appropriately used to verify
ShoreZone aerial image interpretation of biobands.
A second issue with other shore station methods is that only one vertical transect at a given exposure
is used to characterize the habitat attributes of an entire alongshore unit and to identify species
associated with biobands across broad areas of coastline. This results in under sampling biobands and
potentially not capturing the variability of associated species, particularly because there are relatively
few shore station sites compared to the length of shoreline mapped with ShoreZone. The SemiQuantitative Bioband Sampling protocol described below lays out methods and standards of collecting
shore station data that allow for better descriptions of the assemblage of species associated with a
ShoreZone Bioband.
The new procedure for verifying ShoreZone aerial interpretation of habitat attributes involves choosing
specific shore station sites a priori from the ShoreZone aerial still image library, then visiting those sites
on the shoreline and classifying specific physical and biological attributes based on ground level visual
inspection and measurements. The same attributes from the same sites are also classified by an
experienced mapper using only the aerial imagery. To preserve the rigor of the double blind
comparison, the field team should not be allowed to see the classification done in the office prior to
the field survey, and the office mapper should not be allowed to see the field team data until the
analysis is completed. An error matrix is constructed by comparing the attributes classified on the
ground to the attributes classified by image interpretation for each site. Site selection is based on the
following criteria:
•
•

The site should be on a beach with safe access from the water;
The site should have relatively good aerial imagery associated with it (to allow for a fair
comparison with ground classification);
• The site should be a minimum of 5 m2 and should encompass or be adjacent to a distinct
feature (such as a large anomalous boulder or distinct outcrop of bedrock) that will make it
relatively easy to locate on the ground and on the aerial image;
• The site should be relatively homogenous in terms of physical and biological attributes;
• Sites should be clustered to allow multiple samples on a beach to minimize the numbers of boat
landing, therefore, choosing a section of shoreline with habitat variability over short distances
is ideal. For example, site clusters should encompass a wide range of shore types (Coastal
Classes) and wave exposure categories.
The field verification procedure is to first locate and delineate sample sites on the high-resolution
ShoreZone aerial still images. This can be done independently by both the mapper and the field team
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for a double blind comparison. The ground team enters the location coordinates of each sample site in
a hand held GPS which is used to quickly locate the site from a skiff. Once the team is on the beach the
physical and biological habitat attributes are classified within each delineated polygon (Fig. 26).

Figure 26. High resolution still image from the Southwest Alaska ShoreZone survey with
potential shore station sites marked by white lines. Each is a homogenous section of shoreline
greater than 10m in alongshore length.

8.5 Physical Attribute Verification
The physical habitat attributes classified by both the mapper and the field team are: beach slope,
substrate size (primary, secondary, and tertiary), and intertidal zone width. Beach slope is measured
using a handheld inclinometer. Substrate size is based on the Wentworth Scale (Wentworth 1922) and
a .25 m2 quadrat is used to estimate grain size categories (Fig. 27). Primary grain size covers the
majority >50% of the quadrat, while secondary grain size covers <50% of the quadrat. The tertiary
category is primarily used for interstitial or mixed grains. A larger size category called “blocks” was
added to the Wentworth Scale to include grains larger than boulders and approximately the size of a
small car. Intertidal zone width is measured in the field between the water line and the start of
terrestrial vegetation. The location of the waterline at the time of measurement is marked on the
aerial image.
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Figure 26. Shore station quadrats for substrate size and bioband verification.
Once the office and the field classifications are complete, the attributes are compared in an error
matrix (Table 24). The scores are summed for each sample site with a higher score indicating less
similarity or greater error.
Table 23. The habitat attribute verification matrix.
Site #
Attribute#1
Attribute#2
Attribute#3
Attribute#4

Attribute#1 Attribute#2 Attribute#3 Attribute#4

Total

0
1
1
0
2

8.6 Bioband Verification
Biological attributes for ShoreZone are the biobands that, for the purposes of field verification, are
defined as an unambiguous and well defined horizontal band of algae and invertebrates with a
relatively uniform color, texture, and elevation. See Section 7.1 of this report for more information. A
minimal presence of a bioband species is insufficient since these are usually very difficult to discern
from the aerial imagery.
Single vertical or across shore transects may undersample alongshore species variability, so a new
protocol was developed that samples bioband algae and invertebrates with a minimum of three .25 m 2
quadrat samples (Fig. 27B) Species visible within the quadrat are identified to the lowest taxonomic
level possible and given a measure of relative abundance (percent cover). The level of effort or time
spent on each quadrat should be enough to account for the most abundant organisms (e.g., >15%), but
large mobile invertebrates such as sea stars should be included regardless of frequency or abundance.
The priority and higher relative importance for field verification is spending time sampling more
quadrats rather than more species per quadrat.
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8. Applications
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. Information regarding
the distribution, type, and functions of nearshore habitats is critical in making sound management
decisions. Local, state, and federal regulatory and proprietary agencies require this information for
planning, zoning, leasing, and permitting. The ShoreZone nearshore habitat inventory improves our
understanding of the relationships between physical features of shorelines and the regional
distribution and abundance of nearshore biota. This has important implications for resource managers
in assessing the vulnerability of sensitive resources. The goal of ShoreZone is to image, classify and
map nearshore habitat attributes at relatively fine spatial scales and provide this high level of data
granularity over very large geographic domains. The ShoreZone database has broad utility for detecting
ecological change against a baseline, shoreline planning, habitat conservation, as well as emergency
management and oil spill response.

9.1 Change Detection
Coastal habitats are constantly changing but large scale changes are now increasingly evident as
manifested by sea-level rise, ocean acidification, loss of sea ice and increased storm surge and
intensity. These can lead to loss of coastal habitat such as salt marshes, eelgrass beds and kelp beds,
which can adversely affect coastal fisheries, as well as exacerbate coastal erosion and flooding all of
which affect coastal communities and their resources. ShoreZone images provide a baseline for
monitoring change over time and is especially valuable because all of the Pacific Northwest has been
imaged in the last 30 years, so the same level of detail exists over a very broad region. Figure 28 shows
an example of imagery acquired in 2001 and again in 2009 in Cook Inlet, Alaska. Erosional coastlines
like this are especially vulnerable to sea-level rise and increased storm intensity associated with climate
change. The supratidal cliff had eroded significantly in during the 8-year interval. Recent developments
in computing power are allowing georeferenced video and photos to become powerful tools using
Structure from Motion (SfM). SfM can create three dimensional projections from overlapping still
images allowing for accurate measures of width, slope and shoreline topography.
A

B

Figure 27. A) Video image taken during a ShoreZone survey in 2001 near Polly Creek in Cook Inlet. B)
The same section of coast imaged during a ShoreZone survey in 2009. The red circles indicate a point of
reference between the photos. It can clearly be seen that the supratidal cliff eroded in the 8 years
between the surveys due to the loss of trees that were at the edge of the cliff in 2001.
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CORI has pioneered the use of this technique with oblique angle imagery so that any of the ShoreZone
images can be processed with SfM to create quantitative digital models of the shoreline. Changes in
coastal topography, height, slope change of beaches and erosion of backshore dunes and cliffs are
examples of changes that can now be measured using ShoreZone imagery processed with SfM. Figure
29B shows an example of a SfM projection processed from ShoreZone imagery and superimposed on a
Google Earth satellite image. The digital point clouds computed using SfM can be compared between
image sets to for a quantitative measure (volume) of sediment lost from the cliff.
B

A

Figure 28. A) Google Earth satellite image of the Polly Creek area of Cook Inlet. B) The same satellite
image overlaid with a SfM photo mosaic created from ShoreZone video imagery.

9.2 Ecology
Estuarine classifications
Spatial patterns of estuarine biota suggest that some nearshore ecosystems are functionally linked to
interacting processes of the ocean, watershed, and coastal geomorphology. The classification of
estuaries can therefore provide important information for distribution studies of nearshore
biodiversity. However, many existing classifications are too coarse-scaled to resolve subtle
environmental differences that may significantly alter biological structure. We developed an objective
three-tier spatially nested classification, then conducted a case study in the Alexander Archipelago of
Southeast Alaska, USA, and tested the statistical association of observed biota to changes in estuarine
classes. At level 1, the coarsest scale (100–1000’s km2), we used patterns of sea surface temperature
and salinity to identify marine domains. At level 2, within each marine domain, fjordal land masses
were subdivided into coastal watersheds (10–100’s km2), and 17 estuary classes were identified based
on similar marine exposure, river discharge, glacier volume, and snow accumulation. At level 3, the
finest scale (1–10’s km2), homogeneous nearshore (depths <10 m) segments were characterized by
one of 35 benthic habitat types of the ShoreZone mapping system. The aerial ShoreZone surveys and
imagery also provided spatially comprehensive inventories of 19 benthic taxa. These were combined
with six anadromous species for a relative measure of estuarine biodiversity. Results suggest that (1)
estuaries with similar environmental attributes have similar biological communities, and (2) relative
biodiversity increases predictably with increasing habitat complexity, marine exposure, and decreasing
freshwater. These results have important implications for the management of ecologically sensitive
estuaries (Schoch et al., 2014).
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9.3 Blue carbon modeling
Shorezone provides a comprehensive dataset in the nearshore and intertidal zone that has huge
potential for use in marine spatial planning and coastal management on a local and regional scale. The
Nature Conservancy (TNC) is using ShoreZone data in the Pacific Northwest on several projects that
make use of regional habitat information for broad-scale analyses in conservation projects. For
example, the Blue Carbon Project assesses carbon sequestration potential in intertidal habitats in
Oregon. ShoreZone was used to extrapolate results from studies in estuarine habitats at the South
Slough National Estuarine Research Reserve to a regional level. The ShoreZone data was also used by
TNC in the Coastal Resilience Toolkit that applies spatial ecological information to assess risk and
vulnerability due to climate change and extreme weather events. Nearshore and intertidal habitat data
from ShoreZone allow for more precision in the assessment of impacts from sea-level rise and extreme
weather events. ShoreZone has been also been used by TNC in its ecoregional conservation
assessments in the Pacific Northwest and provides coastal habitat data that readily integrates into the
Marxan algorithm for computed conservation scenarios.

9.4 Marine Spatial Planning
There is a growing body of research demonstrating that marine zoning has a positive effect on resident
communities of fish, mammals, birds, invertebrates, and algae and plants. Zoning plans are intended to
reduce present and potential conflicts among users and activities, provide business and user group
with regulatory guidelines, improve efficiency in permitting decisions, and provide general
management directions for resource managers. CORI conducted an ecological assessment for the
Marine Planning Partnership for the North Pacific Coast (MaPP) that used ShoreZone coastal habitat
attributes as data layers in a spatial analysis. MAPP is a collaborative process for developing a coastal
and marine zoning plan for the coast of British Columbia. The MaPP partnership is between the
Province of British Columbia, and 18 First Nations represented by the Coastal First Nations-Great Bear
Initiative, the North Coast-Skeena First Nations Stewardship Society and the Nanwakolas Council. More
information can be found online at http://mappocean.org/.

9.5 Risk Assessment
ShoreZone data has been used with geological, geophysical, geotechnical and numerical modelling to
investigate tsunami inundation at a port site with several planned crude oil and liquid natural gas
facilities near Prince Rupert British Columbia. A historical review of tsunami events affecting the area
was conducted, including earthquake source regions, tsunami characteristics, and records of damage.
The review was based on catalogues of tsunamis in the northeastern Pacific, ShoreZone coastal
vulnerability attributes, and on the available literature, with a focus on more recent events for which
there are quantitative records and eyewitness accounts. A statistical analysis of the maximum
expected tsunami heights based on historical data was done (i.e., probability distributions of tsunamis
of particular amplitudes occurring in the area). Numerical computer simulations of tsunamis generated
under different conditions of tide height, earthquake magnitude, and source location were also
conducted. This allowed for semi-quantitative estimates of the likely maximum tsunami amplitude for
a 1 in 100-year tsunami event.
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9.6 Emergency Management
The utility of the ShoreZone data was highlighted prior to the grounding of the Kulluk drill rig that was
adrift in the Gulf of Alaska in late December 2012. ShoreZone imagery was used by the Incident
Command Team along with modelled drift trajectory forecasts to rapidly assess remote shorelines near
Kodiak Alaska (http://www.nytimes.com/2015/01/04/magazine/the-wreck-of-the-kulluk.html). The
data and imagery revealed reefs and offshore pinnacles in the drift path which would have seriously
damaged or sunken the rig. Instead, based in part on the information provided by ShoreZone, efforts
were made to divert the rig further south to Ocean Beach where it grounded with relatively little
environmental damage.

9.7 Oil spills
Most marine and aquatic oil spills eventually strand on shorelines where they can affect land owners
and often the damage to wildlife and property is significant. Knowing in advance where a marine oil
spill will contact land depends on many variables including the characteristics of the oil, the location of
the spill, and the weather and ocean conditions. These variables often interact creating a complex
dynamic that is difficult to forecast. So predictions of where oil will strand rely on real time
observations or sophisticated computer models. The advent of ocean observing systems in North
America, and in particular the utility of high frequency radar to provide estimates of surface currents,
can be combined with ShoreZone data and imagery to provide oil spill responders with the needed
information to stage response equipment and resources at high priority sites. Figures 30 and 31
illustrate how this was used for a simulated spill near the Port of Prince Rupert, British Columbia.

Figure 29. A simulated oil spill near Prince Rupert BC (Fig 32) provided an opportunity to integrate
ShoreZone imagery and data with an oil spill trajectory model. The modelled spill was forecasted to
arrive at this beach in less than 24 hours. ShoreZone data shown provided first responders with the
needed information to stage oil diversion booms and response personnel at the appropriate and
highest priority locations.
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Figure 30. These panels illustrate time steps in the simulated oil spill near Prince Rupert, BC. The
black dots represent oil on the surface, the blue dots are subsurface oil, and the red dots are
onshore oil. The time steps are 0 hr (A), 2 hrs (B), 6 hrs (C), 12 hrs (D), (24 hrs (E). Panel F shows the
available ShoreZone imagery with red dots indicating still photo locations and the blue line showing
the flight track and video imagery.
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9. Development History
The conceptual framework and coding system of the Physical Shore-Zone Mapping System was first
developed in 1979 by E. Owens of Woodward- Clyde Consultants and D. Howes of the British Columbia
Ministry of Environment. The definition of terms and codes were originally developed by D. Howes,
and subsequently revised by Howes and P. Lewis (Ministry of Environment) in 1982. The system was
originally tested on the shoreline of Saltspring Island in the summer of 1979 (Owens 1980). It was
during these pilot projects that Howes and Owens tested the use of oblique video imagery for mapping
the shoreline. This technique has become an integral component in the process of physical shore-zone
mapping. A decade of further development resulted in the first protocols published by the British
Columbia Ministry of the Environment in 1994, and a compatible biological classification was published
in 1995.
The fully integrated biophysical mapping system was first applied to Gwaii Haanas National Park, and
the remainder of British Columbia was completed from 1991 to 2007. The State of Washington was
imaged and mapped between 1994-2002, and the coast of Oregon was imaged in 2011 and mapped in
2013. The Alaska program began in 2001 and continues today. The spatially contiguous database of
imagery and habitat attributes now includes over 100,000 km of shoreline extending from Oregon to
Alaska's Arctic coast. The Alaska portion of the database is part of the Alaska Ocean Observing System
and the Integrated Ocean Observing System. Figure 32 is a map of the image acquisition surveys in
Alaska and the Pacific Northwest.
Several significant changes to the physical and biological mapping protocols were implemented on
January 1st, 2015. The changes to the physical protocols included: the addition of the Coastal
Vulnerability Module (CVM) which indicates areas vulnerable to erosion and flooding, and the revised
Environmental Sensitivity Index (ESI) mapping protocol that explicitly follows the NOAA guidelines. The
biological mapping protocols were updated with new metrics including length, width and percent
cover for each bioband. New definitions and codes were also introduced to clarify and expand the
current suite of biobands classified with ShoreZone. This document describes revisions implemented in
2016 including the new image processing technique called Structure from Motion. Aerial images are
now digitally post-processed to create orthophoto mosaics and three-dimensional elevation models.
This will allow improvements in estimating substrate percent cover, width, as well as the slope of each
unit. This protocol version also introduces mapping at explicit spatial scales so that each unit will be no
less than 10 m and no more than 1 km in alongshore length. Existing units can now also be subsampled
creating a spatially nested configuration of subunits within units. This allows for more detailed
remapping of existing units so that no information is lost and any area remapped will benefit from
quantitative data to augment the existing qualitative information. Table 25 lists the different protocols
and Figure 33 illustrates where the different protocols were implemented.
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Figure 31. Chronology of ShoreZone imagery acquisition.
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Table 24. Chronology of ShoreZone protocol revisions.
Year

Authors

1980

Owens

1994

Howes, Harper,
Owens

1995

Searing and Frith

2001

Protocol document

Revisions

Physical shore-zone mapping
system for British Columbia
British Columbia biological
shore-zone mapping system

Original pilot project using aerial
video, habitat classification using
standardized codes
Documentation of standardized
methods
Documentation of standardized
methods

Berry, Harper,
Bookheim, Sewell,
and Tamayo

Washington State ShoreZone
Inventory User’s Manual

Same as 1994 protocol but with
anthropogenic features added

2004

Harper and Morris

ShoreZone Mapping Protocol
for the Gulf of Alaska

Same as 2001 protocol but with
procedures modified for the Gulf of
Alaska

2008

Harney, Morris, and
Harper

ShoreZone Coastal Habitat
Mapping Protocol for the Gulf
of Alaska

Same as 2004 protocol but updated
with an illustrated data dictionary

2013

Harper, Morris, and
Daley

ShoreZone Coastal Habitat
Mapping Protocol for Oregon

2014

Harper and Morris

Alaska ShoreZone Coastal
Habitat Mapping Protocol

2016

Schoch, Cook, Daley,
Morrow, and Ward

Physical shore-zone analysis,
Saltspring Island, B.C.

2016 ShoreZone User Manual

Same as the 2008 protocol but with
new wetlands forms and biobands,
and maps and an illustrated data
dictionary for Oregon
Same as 2013 protocol but with
maps and images from Alaska and
updated to include periglacial
landforms, wetland forms and
biobands, and assessments of
coastal flooding and erosion
Revised to include high resolution
mapping procedures, quantitative
substrate cover, quantitative
bioband cover, Structure from
Motion, Zone level mapping, ESI
mapping, Coastal Vulnerability
Index
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Figure 32. Map showing where different ShoreZone protocols were implemented.
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10.1 British Columbia ShoreZone
The original Physical Shore-Zone Mapping System was designed for the classification of the substrate
materials, geomorphic forms and coastal processes for British Columbia. The objective was to provide a
descriptive inventory of the physical character of the shore-zone and to show their distribution, extent
and location. The system is scale independent and provides base data applicable for a wide range of
natural resource applications including planning, management, impact assessment and oil spill
response. The data is conveyed in map and database forms, and is conducive to computer digital
storage, management and processing. Most of British Columbia was mapped using the protocols
published in 1994 (Howes et al.) and 1995 (Frith and Searing). The chronology of imaging surveys is
listed in Table 26.
Table 25. Chronology of British Columbia ShoreZone imaging surveys.
Survey
Date

Survey Name

1979

Salt Spring
Island

1982 &
1989

Southern Strait
of Georgia

1981

Strait of Juan
de Fuca, SW
Van. Is. Barclay
Sound

Sooke to Bamfield, Cape Beale,
Alberni Inlet, Broken Group
Island, Pacific Rim National Park

Northern Strait
of Georgia

Powell River, Texada Island,
Jervis Inlet, Sechelt, Pender
Harbour, Nelson Island,
Vancouver Island from Nanaimo
north to Campbell River

Gwaii Haanas

Southeast Moresby Island
within Gwaii Haanas, from Lyell
Island south including Kunghit
Island, Lousoone Inlet

1985 &
1989

1991

1992

Gwaii Haanas

1993

West Coast
Vancouver
Island

Survey Region
Salt Spring Island, Galiano,
Gabriola Island, Saanich
Peninsula
Howe Sound, Vancouver
Harbour, Fraser Delta, Saanich
Inlet, Ladysmith, Victoria

Southwest Gwaii Haanas, south
of Tasu Sound to Louscoone
Inlet, and northeast entrance to
Gwaii Haanas including Tangil
Peninsula, Tanu and Richardson
Islands
Barclay Sound, Deer Group
Islands, Meares, Vargas, Flores
Islands, Sydney, Herbert Inlet,
Claoquot Sound, Tofino

Comment *
Fixed wing, no biological
commentary, SD analog
video
Fixed wing, no biological
commentary, SD analog
video
Fixed wing, no biological
commentary, SD analog
video
Fixed wing, no biological
commentary, SD analog
video

Helicopter, SD analog
video, first survey with
biological commentary
and aerial 35mm slide
imagery
Helicopter, SD analog
video, aerial 35mm slide
imagery

Helicopter, SD analog
video, aerial 35mm slide
imagery
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Table 26 (continued). Chronology of British Columbia ShoreZone imaging surveys.
Survey
Date
1994

1995

1995

1995

Survey Name

Survey Region

West Coast
Vancouver
Island, Hesquiat
to Esperanza

Nootka Sound, Nootka Island,
Espinosa Inlet, Zeballos, Gold River,
Hesquiat Peninsula, Hotsprings Cove

Johnstone Strait

Phase I – Campbell River, Quadra,
Cortez, Read, Redonda, East Thurlow
Islands, and nearby mainland

Johnstone Strait

Johnstone Strait

1996

BC Central Coast

1996

BC Central Coast

1996

BC Central Coast

1997

Queen
Charlottes

Phase II – East Redonda, Maurelle,
Raza, Stuart, Hardwicke, West
Thurlow, Gilford Islands and nearby
mainland, plus Vancouver Is north at
Hope and Nigei Islands,
Phase III – Broughton archipelago
including Bonwick, Baker, Eden,
Mars, Tracey, Malcolm, Cracroft,
Hanson, Village, Broughton Island,
and other nearby islands.

Comment
Helicopter, SD
analog video, aerial
35mm slide
imagery
Helicopter, SD
analog video, aerial
35mm slide
imagery
Helicopter, SD
analog video, aerial
35mm slide
imagery
Helicopter, SD
analog video, aerial
35mm slide
imagery

Fixed wing, no
biological
commentary, SD
analog video
Phase II – Mainland islands and
Helicopter, SD
inlets, from Tribune Channel at
analog video, aerial
south, to Blunden Harbour at north,
35mm slide
including Broughton Island, Kingcome imagery
Inlet, Wakeman Sound, Drury Inlet
and nearby areas
Phase III – Mainland inlets and
Helicopter, SD
nearby islands from Allison Harbour
analog video, aerial
at south, through Cape Caution,
35mm slide
Draney Inlet, Rivers Inlet, Fish Egg
imagery
Inlet, Calvert Island
Graham Island and NE Moresby
Helicopter, SD
Island, includes all of Graham and
analog video, aerial
nearby islands, and Sandspit, north
35mm slide
Moresby Island
imagery
Phase I -- Mainland coast fjords,
Jervis, Sechelt, Toba, Knight, north to
Smith Inlet
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Table 26 (continued). Chronology of British Columbia ShoreZone imaging surveys.
Survey
Date

1997

1997

1997

Survey Name

Burrard Inlet

BC Mid-Coast

BC Mid-Coast

1997

BC Mid-Coast

1998

Haida Gwaii

1998

BC North Coast

1998

BC North Coast

1999

BC North Coast

1999

1999

Northwest
Coast
Vancouver
Island South
Northwest
Coast
Vancouver
Island North

Survey Region

Port of Vancouver, Indian Arm and False
Creek: -- re-flown areas previously
surveyed in 1982
Mainland fjords, from Burke Channel at
south, to east Princess Royal Island at the
north. Includes King Island, Roscoe Inlet,
Mussel Inlet, Finlayson Channel, Khutze
and east side Princess Royal Island
Central coast mainland and islands
nearby, including Namu, Codville Lagoon,
Hunter Island, Spider Anchorage,
McNaughton Group, Campbell Island,
Goose Group
Central coast mainland and islands
nearby, including Dodwell, Denny,
Campbell, Cunningham, Horsefall,
Dufferin, Chatfield, Lady Douglas Islands
West and east coasts of central Moresby
Island, including Tasu, Englefield Bay,
Chaatl, Talunkwun and Louise Islands

Comment
Imaged by boat in
False Creek,
reminder
Helicopter, SD
analog video, aerial
35mm slide imagery
Fixed wing, no
biological
commentary, SD
analog video
Helicopter, SD
analog video, aerial
35mm slide imagery

Helicopter, SD
analog video, aerial
35mm slide imagery

Helicopter, SD
analog video, aerial
35mm slide imagery
Fixed wing, no
biological
Grenville Channel, Hartley Bay
commentary, SD
analog video
Helicopter, SD
Princess Royal, Swindle, Gil, Campania,
analog video, aerial
Price, Aristazabal Islands
35mm slide imagery
Banks Island, Pitt Island and environs,
Helicopter, SD
Islands in Douglas Channel; areas of Work analog video, aerial
Channel and Prince Rupert Harbour
35mm slide imagery
Helicopter, SD
South team area surveyed Brooks
analog video, aerial
Peninsula south to Nootka Is
35mm slide imagery
North team area surveyed Brooks
Peninsula and north to Cape Scott, east
to Hope Island

Helicopter, SD
analog video, aerial
35mm slide imagery
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Table 26 (continued). Chronology of British Columbia ShoreZone imaging surveys.
Survey
Date

Survey
Name

Survey Region

2000

BC North
Coast

Porcher Island to Digby Island, Stephens
Island and environs

2000

BC North
Coast

Dundas Group, Port Simpson, Prince Rupert,
SW Wales Is and environs

2000

BC North
Coast

2004

South Gulf
Islands

2006

Galiano
Island

2007

Juan de
Fuca Strait

Esquimault Harbour to Bamfield, and
entrance to Alberni Inlet

2013

Kitimat

Kitimat, Hawkesbury Island, Kemano,
Butedale

2014

Prince
Rupert

Port Simpson, Metlakatla, Digby Island,
Prince Rupert, Skeena River, Smith Island,
parts of Stephens and Porcher Islands.

2015

Metlakatla

Porcher Island, Observatory Inlet, Nisga’a,
Hartley Bay

Gardner Canal to Kitimat and region,
Douglas Channel; Observatory Inelt, Anyox,
Portland Canal
Gulf Islands from Grabiola at the north, to
James, Sidney, Discovery Islands to the
south, included all adjacent Vancouver
Island: from Duke Point at north to Victoria
at south
Circumnavigate Galiano Island, to complete
resurvey of all islands in the southern Gulf
Islands

Comment
Helicopter, SD
analog video, aerial
35mm slide imagery
Helicopter, SD
analog video, aerial
35mm slide imagery
Fixed-wing, SD
analog video, aerial
35mm slide imagery
Helicopter, SD
analog video, digital
aerial imagery

Helicopter, SD
analog video, digital
aerial imagery
Helicopter, SD
analog video, digital
aerial imagery
Helicopter, HD
analog video, digital
aerial imagery
Helicopter, HD
digital video, digital
aerial imagery
Helicopter, HD
analog video, digital
aerial imagery
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10.2 Washington ShoreZone
The Washington ShoreZone inventory covers all of the states saltwater shorelines (4,936 km), from the
Canadian border to the mouth of the Columbia River. It describes the geomorphic and biological
attributes of the intertidal and nearshore habitats. Features such as eroding cliffs, sand and gravel
beaches, sandflats and wetlands are some of geomorphic forms mapped. Visible macrobiotic, such as
wetland grasses, intertidal algae, and subtidal vegetation such as eelgrass or kelp, are also mapped.
Two agencies worked primarily on the Washington State ShoreZone Inventory. The Washington State
Department of Fish and Wildlife (WDFW) began mapping in 1994 as a pilot project. WDFW collected
survey data and completed data analysis for San Juan Island in 1994 and for the outer coast and the
Strait of Juan de Fuca in 1995. In 1997, WDFW collected survey data for a portion of Puget Sound. In
1998, the Nearshore Habitat Program in the Washington State Department of Natural Resources (DNR)
adopted the ShoreZone Inventory project. It collected survey data for the remaining portions of the
shoreline in 1999 and 2000, and completed data analysis for all of the surveys. The Nearshore Habitat
Program altered the data structure of the ShoreZone Inventory slightly to increase ease-of-use. A series
of fields were also added that describe anthropogenic features, translate codes for biota, geomorphic
forms, and material fields, and convert the BC CLASS shoreline classification into two local classification
systems (the Natural Resource Damage Assessment (NRDA) Classification System and Washington
State Marine and Estuarine Classification System.).
Aerial video imagery was the principal source of data acquired between 1994 and 2000 (Table 27).
ShoreZone inventoried 4,936 km of Washington’s marine shoreline. A total of 8,736 alongshore units
were delineated. The longest unit is 38.3 km while the shortest is 18 m. For the entire coastline, the
average length of a unit is 666 m, while in Puget Sound the average length is 540 m. The Washington
coast was mapped using the protocols published in 1994 (Howes et al.) and 1995 (Frith and Searing).
Table 26. Chronology of the Washington ShoreZone imaging surveys.
Year

Survey Area

1994

San Juan Island

1995

Strait of Juan de Fuca,
Outer Coast

1997

Eastern Puget Sound

1999

Western Puget Sound

2000

Estuaries

2002

Outer Coast Islands

Sponsor
Washington Dept. of Fish
and Wildlife
Washington Dept. of Fish
and Wildlife
Washington Dept. of Fish
and Wildlife
Washington Dept. of Natural
Resources
Washington Dept. of Natural
Resources
Olympic Coast National
Marine Sanctuary

Comments
Pilot project
Helicopter based, SD analog video,
aerial 35mm slides
Helicopter based, SD analog video,
aerial 35mm slides
Helicopter based, SD analog video,
aerial 35mm slides
Helicopter based, SD analog video,
aerial 35mm slides
Helicopter based, SD analog video,
aerial 35mm slides
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10.3 Oregon ShoreZone
The Oregon ShoreZone program imaged 2,633 km of shoreline in 2011. The shoreline was mapped
using protocols revised in 2013. The new protocols resolved several wetland geomorphic forms and
bioband issues introduced by using the new digital shoreline that extended into fringing riparian
habitats. The habitat inventory includes 3,223 along-shore segments (units), averaging 817 m in length
(based on the CUSP_OR shoreline). Organic shore types, dominated by fine sediment and marshes,
comprise 1,202 km (45.7%) of shoreline. Bedrock shore types are relatively uncommon with only 7.8%
mapped. A third (33.7%) of the mapped coastal environment was characterized as sedimentdominated shore types. Of these, wide sand flats are the most common, representing 495 km of
shoreline (18.8%). The inner coast makes up 69% of the total shoreline length and with the dominant
habitat type as organic/estuary habitat (fine sediment and marshes; 46%).
There were 22 different biobands mapped in Oregon. On the outer coast some of the most common
biobands were red algae (54%), California mussels and goose barnacle complexes (32%), surf grass
(18%), and bull kelp (15%). On the inner coast, salt marshes and eelgrass represented 86% and 28%
respectively. Man-modified shorelines were common around populated areas (25.6%). The most
common types of shore modification observed were landfill and riprap (466.3 km and 156.9 km
respectively). Most anthropogenic features are concentrated in the larger communities of Tillamook,
Newport and Coos Bay.
This work was supported in part by the Oregon Coastal Management Program through a Section 309
Program Enhancement Grant from the Office for Coastal Management of the National Oceanic and
Atmospheric Administration. Additional funds were provided by Oregon Department of Fish & Wildlife
and the Oregon Framework Program.

10.4 Alaska ShoreZone
The Alaska coast stretches approximately 75,000 km from the Arctic to British Columbia and has the
longest coastline of any state. As of 2016, the ShoreZone program has mapped over 80% of this
shoreline. Table 28 lists the chronology of ShoreZone imaging and mapping in Alaska.
Coastal habitats and associated biota are strongly controlled by the presence of substrate. The bedrock
coasts typically have high relief and in Alaska these rocky shores are most commonly along the
tectonically active Pacific Ocean and the Aleutian Islands. Much of the remainder of Alaska shorelines
are dominated by mobile sediments (Fig. 34), that are typically forced by waves and tides and are
dynamic as a result. These sediment-dominated shorelines may change significantly in a single storm
and are susceptible to both erosion and accretion. Also because the sediments are so mobile, there are
usually no epibenthic plants and animals; and any biota are likely to be infauna (e.g., clams and other
invertebrates).
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Table 27. Alaska ShoreZone imaging surveys and mapping protocol.
Year

Survey Area

2001
2001
2001

Cook Inlet
Kachemak Bay
North Slope
Lower Cook
Inlet
Outer Kenai
Coast
Kodiak
Archipelago
Upper Cook
Inlet
Katmai
Aniakchak
Prince William
Sound
Southeast
Alaska
Kodiak Island
Lost Coast
Southeast
Alaska
Southeast
Alaska
Bristol Bay
North Slope
Prince William
Sound
Southeast
Alaska
Southeast
Alaska
Copper River
Delta

2002
2002
2002
2003
2003
2003
2004
2004
2005
2005
2005
2006
2006
2006
2007
2007
2008
2009
2009
2009
2009
2010
2012

Cook Inlet
Southeast
Alaska
North Slope
Southeast
Alaska
Kotzebue Sound

Mapping
Protocol
2004
2004
2014
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2014
2004
2008
2008
2008
Not
mapped
2008
2014
2008
2014

Sponsor

Comments

CIRCAC
CIRCAC

Fixed-wing, SD analog video, aerial 35mm slides
Helicopter, SD analog video, aerial 35mm slides
Fixed-wing, SD analog video

CIRCAC
CIRCAC
CIRCAC
CIRCAC
NPS
NPS
PWSRCAC
NOAA
CIRCAC
NOAA
NOAA
NOAA
NOAA
NOAA
NOAA
NOAA
NOAA
CIRCAC
NOAA
NOAA
NOAA
NPS

Fixed-wing, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Fixed-wing, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Fixed-wing, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, SD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery
Fixed-wing, HD analog video
Helicopter, HD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery
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2012

North Slope

2014

2012

Chukchi Sea
St. Lawrence
Island
Alaska
Peninsula
Yukon Delta
Kuskokwim Bay
Norton Sound
Eastern Aleutian
Islands
Barren Islands
Alaska
Peninsula (GOA)

2014

2013
2011
2014
2014
2015
2016
2016
2016

2014
2014
2014
2016
2014
2014
2014
2014

Helicopter, HD analog video, digital aerial still imagery
NOAA
ADNR
NOAA

Helicopter, HD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery
Helicopter, HD analog video, digital aerial still imagery

NOAA
NOAA
NOAA
NOAA

Helicopter, HD digital video, digital aerial still imagery
Helicopter, HD digital video, digital aerial still imagery
Helicopter, HD digital video, digital aerial still imagery

CIRCAC
BOEM

Helicopter, HD digital video, digital aerial still imagery

Helicopter, HD digital video, digital aerial still imagery

Helicopter, HD digital video, digital aerial still imagery
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Figure 33. Distribution of major substrate types on the Alaska coast.
A unique coastal feature in Alaska is permafrost (Fig. 35). Continuous permafrost strongly influences
coastal landform morphology, shoreline stability, and shoreline ecology. Permafrost substrates often
show high erosion rates, the presence of ground ice slumps and thaw subsidence. Predicted trends in
climate change, resulting in longer ice-free seasons, will likely make these shorelines even more
dynamic as the combined effects of sea level rise, increase wave fetches and warming are manifested.
In general, areas of discontinuous permafrost do not strongly influence coastal landform morphology
but the areas of continuous permafrost do show such an influence. For example, there are extensive
areas of ground ice slumps and thaw subsidence along the North Slope of Alaska. The permafrost
zones are also the locations of seasonal sea ice formation, which limits wave exposure for up to nine
months of the year. This protocol revision was required to incorporate relevant observations of
permafrost landforms and processes so that these features can be inventoried and can be addressed
within future coastal planning initiatives.
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Figure 34. Distribution of permafrost along the Alaska coast.
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10. Acknowledgments
Alaska
This protocol is a culmination of work based on input from many individuals in British Columbia,
Washington, Oregon, and Alaska. Previous versions of this manual added considerably to the original
protocol developed for British Columbia. J. Harper and M. Morris revised the protocols for Cook Inlet
(2004); and for Southeast Alaska with J. Harney (2008), and again for Arctic Alaska (2014). The methods
were improved considerably with contributions and suggestions by S. Saupe, M. Lindeberg, S.
Lindstrom, J. Cusick, T. Jones, K. Koski, L. Baker, D. Albert, A. Couvillion, K. Ingram, J. Harney, N. Boreky,
and B. Bornhold. C. Hartmann Moore in particular provided the steady leadership and vision for the
Alaska program. Program coordination was provided by The Nature Conservancy Juneau Field Office
and the Regional Office in Anchorage.

British Columbia
ShoreZone was originally the Physical Shore-zone Mapping System and first implemented in 1979 on
Saltspring Island, British Columbia by Ed Owens and Don Howes. A decade of further development with
J. Harper resulted in the first protocols published by the British Columbia Ministry of the Environment
(Howes et al., 1994). A compatible biological classification was developed in the early 1990s (Searing
and Frith, 1995), and the fully integrated biophysical mapping system was first applied to Gwaii Haanas
National Park, and the remainder of British Columbia was completed from 1991 to 2007. Since its
introduction, this coastal habitat classification and mapping system has been used extensively by
various State, Provincial, and Federal Government agencies in and outside of British Columbia. Other
mappers have applied this system in BC and elsewhere and provided valuable comments and
modifications including: P.D. Reimer, P. Lewis, M.J. Miles, D.L. Forbes, N. McFadden and M. Dunn, B.
Emmett, and M. Morris.

Washington
The Washington State ShoreZone Inventory is the product of years of work by many coastal mappers in
the Pacific Northwest. The protocols were derived from the British Columbia Physical Mapping System
(Howes et al., 1994) and the Biological Shore-Zone Mapping System (Searing and Frith, 1995). The
mapping standards were defined by the Resource Inventory Committee of British Columbia. Don
Howes, of the BC Land-Use Coordination Office in Victoria, BC, was instrumental in the development of
the mapping standards in British Columbia. He also provided conceptual support for the inventory
efforts in Washington State. Carol Ogborne of GeoBC British Columbia Ministry of the Environment
provided valuable technical assistance. Individuals that have contributed substantially to the
development of this system include (in alphabetical order): W.C. Austin, H. Berry, B. Bookheim, J.
Carleton, M. Dethier, M. Dunn, B. Emmett, D.L. Forbes, H.R. Frith, R.D. Gillie, D.E. Howes, R. Hunter, P.
Lewis, M. Morris, M.J. Miles, N. McFadden, E.H. Owens, P.D. Reimer, G. Searing, A. Sewell, G.C. Schoch,
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T. Mumford, K. Warheit, P. Wainwright, M. Wayne. Through their ideas and comments, these mappers
improved the system and its application for land use and resource applications.

Oregon
This work was initiated and supported by Dave Fox with the Marine Resources Program of the Oregon
Department of Fish and Wildlife, and Andy Lanier and Tanya Haddad with the Oregon Coastal
Management Program of the Oregon Department of Land Conservation and Development. This work
was funded in part by the Oregon Coastal Management Program through a Section 309 Program
Enhancement Grant from the Office for Coastal Management of the National Oceanic and Atmospheric
Administration. Additional funds were provided by Oregon Department of Fish & Wildlife and the
Oregon Framework Program.
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Appendix A: ShoreZone Workflow
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Appendix B: ShoreZone Attribute Classification
Biogeography
Region
Ecoregions (Spalding 2007)

Marine Domains (CEC 2009)

Beaufort Sea
Beaufort Lagoons
MacKenzie Delta

Eastern Chukchi Sea
Chukchi Lagoons
Kotzebue Sound

Eastern Bering Sea
St Lawrence Island
Pribilof Islands
Norton Sound
Nunivak Island
Yukon Delta

Bristol Bay
Kuskokwim Bay

Alaska Peninsula
Aleutian Archipelago
Eastern Aleutians
Western Aleutians
Outer Aleutians
Eastern Aleutians
Western Aleutians
Outer Aleutians

Gulf of Alaska
Alaska Peninsula (Western)
Alaska Peninsula Shelikof Strait
Kodiak Island Shelikof Strait
Cook Inlet
Kenai Fjords
Prince William Sound
Yakutat Bay

North American Pacific Fjordlands
SE Alaska Archipelago (Outer)
SE Alaska Archipelago (North Inside)
SE Alaska Archipelago (South Inside)
British Columbia Archipelago (Outer)
British Columbia Archipelago (North Inside)
British Columbia Archipelago (South Inside)
Pacific Columbian
Strait of Georgia
Strait of Juan de Fuca
Puget Sound (North)
Puget Sound (South)
Columbia River
Pacific Northern California
San Francisco Bay
Pacific Southern California
Channel Islands
Baja Lagoons
Page 1
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Biogeography
Seascape*
Tide Range

Average Sea
Surface
Temperature

Estuarine/Watershed
Salinity

Use

Hydrographic Profile

Discharge (m3/s)

1 = < 1m

0 = Ice covered

1 = Oligohaline (0.5 - 5.0)

1 = Wilderness/undeveloped 1 = Rain (mm)

1 = 10

2 = 1 - 2m

1 = 0 - 50

2 = Mesohaline (5.0 - 18.0)

2 = Logging/mining

2 = Snow (mm)

2 = 25

3 = 2 - 4m

2 = 5 - 100

3 = Polyhaline (18.0 - 30.0)

3 = Rural agriculture

3 = Glacier (km2)

3 = 50

4 = 4 - 6m

3 = 10 -150

4 = Euhaline (30.0 - 40.0)

4 = Suburban

4 = 500

5 = > 6m

4 = 15 - 200

5 = Hyperhaline (> 40)

5 = Urban/industrial

5 = 2000

5 = >200

* Optional Module
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ShoreZone Classification
Alongshore Unit
Shore Type

Aspect

1 = Rock ramps, wide

1=N

2 = Rock platforms, wide

2 = NE

3 = Rock cliff, narrow

3=E

4 = Rock ramp, narrow

4 = SE

5 = Rock platform, narrow

Width
Measured
using
Structure
from
Motion

Wave Exposure

Coastal
Vulnerability
Index

Oil Residency Index (Most sensitive
from component ORI)

1 = Very protected

1 = Very low

1 = Days to a few weeks (<3)

2 = Protected

2 = Low

2 = Weeks (>3) to a few months (<3)

3 = Semi=protected 3 = Moderate

3 = Months (>3) to one (1) year

4 = Semi-exposed

4 = High

4 = Year to a few years (<3)

5=S

5 = Exposed

5 = Very high

5 = Many years (>3)

6 = Ramp w/gravel beach, wide

6 = SW

6 = Very exposed

7 = Platform w/gravel beach, wide

7=W

8 = Cliff w/gravel beach, narrow

8 = NW

9 = Ramp/gravel beach, narrow
10 = Platform w/gravel beach, narrow
11 = Ramp w/sand and gravel beach, wide
12 = Platform w/sand and gravel beach, wide
13 = Cliff w/sand and gravel beach, narrow
14 = Ramp w/sand and gravel beach, narrow
15 = Platform w/sand and gravel beach, narrow
16 = Ramp w/sand beach, wide
17 = Platform w/sand beach, wide
18 = Cliff w/sand beach, narrow
19 = Ramp w/sand beach, narrow
20 = Platform w/ sand beach, narrow
21 = Gravel flat, wide
22 = Gravel beach, narrow
23 = Gravel flat or fan, narrow
24 = Sand and gravel flat or fan, wide
25 = Sand and gravel beach, narrow
26 = Sand and gravel flat or fan, narrow
27 = Sand beach, wide
28 = Sand flat, wide
29 = Mud flat, wide
30 = Sand beach, narrow
31 = Riparian
32 = Permeable man-made
33 = Impermeable man-made
34 = Current
35 = Glacial
36 = Lagoon
37 = Inundated tundra
38 = Ground ice slumps
39 = Peat
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ShoreZone Classification
Alongshore Unit
Environmental Sensivity Index
ESI Class

Source

Line

Hydrology

1A = Exposed rocky shores; exposed rocky banks

1 = Original digital information

B = Breakwater

1B = Exposed, solid man-made structures

2 = Low altitude overflight

E = Extent

1C = Exposed rocky cliffs with boulder talus base

3 = Aerial photograph

F = Flat

2A = Exposed wave-cut platforms in bedrock, mud, or clay

4 = Digitized from T-sheet

G = Glacier

2B = Exposed scarps and steep slopes in clay

5 = Digitized from scanned T-sheet

H = Hydrography

Palustrine

3A = Fine- to medium-grained sand beaches

6 = National Wetlands Inventory

I = Index

Undefined

3B = Scarps and steep slopes in sand

N = NWI plus other

S = Shoreline

3C = Tundra cliffs

M = Marsh

4 = Coarse-grained sand beaches

P = Pier

Marine
Estuarine
Riverine
Lacustrine

5 = Mixed sand and gravel beaches
6A = Gravel beaches; Gravel Beaches (granules and pebbles)
6B = Gravel Beaches (cobbles and boulders)
6C = Rip rap (man-made)
7 = Exposed tidal flats
8A = Impermeable: Sheltered scarps in bedrock, mud, or clay
8B = Permeable: Sheltered, solid man-made structures
8C = Sheltered rip rap
8D = Sheltered rocky rubble shores
8E = Peat shorelines
9A = Sheltered tidal flats
9B = Vegetated low banks
9C = Hypersaline tidal flats
10A = Salt- and brackish-water marshes
10B = Freshwater marshes
10C = Swamps
10D = Scrub-shrub wetlands; mangroves
10E = Inundated low-lying tundra
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ShoreZone Classification
Across Shore Components
Tidal Zones

Forms
(alongshore unit
mapping only)

Materials
(alongshore unit
mapping only)

Cultural*

Distribution
(alongshore unit
mapping only)

A0 = Backshore

1 = single

A1+ = Supratidal

2 = few

B1 = Intertidal/All or Upper (MHW)

3 = patchy

B2 = Intertidal/Middle (MSL)

4 = uniform

B3 = Intertidal/Lower (MLLW)

See Appendix C

See Appendix C

See Appendix C 5 = continuous
6 = dense

C1 = Subtidal

Width
Measured
using
Structure
from
Motion

Slope (calculated)
1 = Flat (<1)
2 = Low incline (2-5)
3 = Moderate incline (6-10)
4 = High incline (11-20)
5 = Steep (21-45)
6 = Very steep (>45)

7 = undefined

*Optional Module
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ShoreZone Classification
Across Shore Components
Coastal Vulnerability
Wave Power
(watts/m2)

Wave Energy Dissipation
(calculated)

Oil Residency Index

Flooding

1 = Spilling (<.2)

1 = Days to a few weeks (<3)

2 = 1,000

2 = Plunging (>.2<1.0)

2 = Weeks (>3) to a few months (<3) 2 = Low (5-10 m)

3 = 10,000

3 = Surging (>1.0<3.3)

3 = Months (>3) to one (1) year

3 = Moderate (10-50 m) 3 = Moderate (1 to -1 m/yr)

4 = 50,000

4 = Reflecting (>3.3)

4 = Year to a few years (<3)

4 = High (50-100 m)

4 = High (-1 to -2 m/yr)

5 = Many years (>3)

5 = Very high (>100 m)

5 = Very high (>-2 m/yr)

5 = 200,000

1 = Very low (1-5 m)

Erosion

1 = 50

1 = Very low (>2 m/yr)
2 = Low (1 to 2 m/yr)

6 = 600,000
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ShoreZone Classification
Alongshore Subunits (for remapping only)
Substrate
Dominant Process
1 = Anthropogenic (Impacted)

Forms

Genesis

Beach

Rock

2 = Eolian Transport (wind)

Face

3 = Gravity (mass-wasting)

Ridges/berms/bars

4a = Waves
4b = Fluvial Current

4 = Hydrologic

Category

Lithogenic

Undefined

Sediment

Cliff

4c = Tidal Current

Sea cave

4d = Alongshore Current

Pillar

Type/Size

<5%

Block

5-25%

Boulders

25-50%

Cobbles

50-75%

Pebbles

75-95%

Sand (Coarse)

>95%

Silt (Fine)
Mud/Ooze

4e = Ice (Glacier)

Delta

4f = Ice (Sea)

Dune

Peat

4g = Ice (River)

Reef

Shell

4h = Ponded

Glacier

Biogenic

Organics

Wood

4i = Groundwater (Karst) Lagoon

Coral

4j = Groundwater (Seeps) Platform

Other

5 = Periglacial (Slumping/Eroding)
6 = Undefined/Other

% Cover

Rock

Metal

River channel
Tide Flat

Impermeable

Anthropogenic
Boat Ramp

Concrete
Wood
Other

Concrete Bulkhead

Concrete

Anthropogenic

Landfill

Wood

Sheet pile

Permeable

Rip Rap

Plastic
Miscellaneous debris

Wooden Bulkhead
Pile-supported Wharf
Impacted

Other
Obscured

NA

Vegetated
Other

Marina/Floats
Deep-sea Shipping
Recreational Slips
Undefined
Undefined
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ShoreZone Classification
Across Shore Biobands
Supratidal

Intertidal

Subtidal

Name

% Cover

Width Lichens

Width Other

% Cover

%Length

%Width

% Cover

%Length

Width

See

<5%

Narrow (<1m)

Narrow (<10m)

<5%

<5%

<5%

<5%

<5%

Narrow (<10m)

separate

5-25%

5-25%

5-25%

5-25%

5-25%

Medium (10-30m)

table

25-50%

Medium (1-5m) Medium (10-30m) 5-25%
Wide (>5m)

Wide (>30m)

25-50%

25-50%

25-50%

25-50%

25-50%

Wide (>30m)

50-75%

Not assessed

Not assessed

50-75%

50-75%

50-75%

50-75%

50-75%

Not assessed

75-95%

75-95%

75-95%

75-95%

75-95%

75-95%

>95%

>95%

>95%

>95%

>95%

>95%
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Appendix C: Forms Data Dictionary
A = Anthropogenic
a
pilings, dolphin
b
breakwater
c
log dump
d
derelict shipwreck
f
float
g
groin
h
shell midden
i
cable/ pipeline
j
jetty
k
dyke
l
breached dyke
m
marina
n
ferry terminal
o
log booms
p
port facility
q
aquaculture
r
boat ramp
s
seawall
t
landfill, tailings
u
tide gates
w
wharf
x
outfall or intake
y
intake
z
beach access
*
undefined (comment)
B = Beach
b
berm (intertidal or
supratidal)
c
channel
f
face
i
inclined (no berm)
m
multiple bars / troughs
n
relic ridges, raised
p
plain
r
ridge (single bar; low to
mid intertidal)
s
storm ridge (occurs as
marine influence;
supratidal)
t
low tide terrace
v
thin veneer over rock
(also use as modifier)
w
washover fan
*
undefined (comment)
C = Cliff (>45o slope)
c
cave
height
l
low (<5m)
m
moderate (5-10m)
h
high (>10m)

modifiers (optional)
f
fan, apron, talus
g
surge channel
t
terraced
e
pillar
*
undefined (comment)
D = Delta
b
bars
f
fan
l
levee
m
multiple channels
p
plain (no delta, <5°)
s
single channel
*
undefined (comment)
E = Dune
b
i
n
o
r
p
v
w
*

blowouts
irregular
relic
ponds
ridge/swale
parabolic
veneer
vegetated
undefined (comment)

F = Reef
(no vegetation)
f
horizontal (<2°)
i
irregular
r
ramp
s
smooth
*
undefined (comment)
I = Ice
g
i
*

glacier
?
undefined (comment)

L = Lagoon
o
open
c
closed
*
undefined (comment)
M = Riparian
c
tidal creek
m tidal creek complex
(multiple branching
channels)
d
dead from saltwater
inundation

e
levee
f
drowned forest
h
high
l
mid to low
(discontinuous)
o
pond
s
brackish, supratidal
t
tidal swamps, shrub/scrub
*
undefined (comment)
P = Platform (<45o slope)
f
horizontal (<5o slope)
g
surge channel
h
high tide platform
i
irregular
l
low tide platform
r
ramp (5-45o slope)
t
terraced
s
smooth
p
tidepool
e
seastack
*
undefined (comment)
R = River Channel
a
perennial
i
intermittent
m
multiple channels
s
single channel
*
undefined (comment)
T = Tidal Flat
b
bar, ridge
c
tidal channel
e
ebb tidal delta
f
flood tidal delta
l
levee
p
tidepool
s
multiple tidal channels
t
flats
w
plunge pool
*
undefined (comment)
U = Tundra
g
ground ice slump
i
inundated
o
isolated thaw ponds
p
plain or level surface
r
ramp
*
undefined (comment)
X = Undefined
Q = Cultural Feature
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Appendix C-continued: Materials Data Dictionary
A = Anthropogenic
a
metal (structural)
c
concrete (loose blocks)
d
debris (man-made)
f
fill, undifferentiated mixed
o
concrete (solid cement blocks)
r
rubble, rip rap
t
logs (cut trees)
w
wood (structural)

R = Bedrock
rock type:
i
igneous
m
metamorphic
s
sedimentary
v
volcanic

B = Biogenic
c
coarse shell
f
fine shell hash
g
grass on dunes
l
dead trees (fallen, not cut)
o
organic litter
p
peat
t
trees (living)
z
permafrost

rock structure:
1
bedding
2
jointing
3
massive
U = Undefined

C = Clastic
a
angular boulders (25cm – 3m diameter)
b
boulders (rounded, subrounded, 25cm –
3m)
c
cobbles (6 cm – 25 cm)
d
diamicton (poorly-sorted sediment
containing a range of particles in a mud
matrix)
f
fines/mud (mix of silt/clay, <0.0.63 mm
diameter)
k
clay (compact, finer than fines/mud, <4
micron diameter)
p
pebbles (0.5 cm to 6 cm)
n
granules (2-5mm diameter)
s
sand (0.063 to 2 mm diameter)
t
tephra (volcanic pumice and ash)
x
angular fragments (mix of block/rubble,
>3m)
v
sediment veneer (used as modifier)
z
permafrost
I = Ice
i

W = Water
f
freshwater
s
marine
u
unknown
Cultural Codes
a
fish camp
b
boulder alignment
c
canoe run
d
ruins
f
fishtrap
h
housepit
m
shellhash midden
p
holding pond
t
clam terrace
v
anthropogenous meadow/root garden
*
undefined

ice (e.g., ice wedges in permafrost)
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Appendix D: Illustrated Shore Type Data Dictionary
The following pages provide illustrated examples of shore types and geomorphic features.
Shore Types
Rock (Shore Types 1-5)
Rock and Sediment (Shore Types 6-20)
Sediment (Shore Types 21-30)
Organic Shorelines, Marshes, and Estuaries (Shore Type 31)
Human-Altered Shorelines (Shore Types 32-33)
Current-Dominated Channels (Shore Type 34)
Glacier Ice (Shore Type 35)
Lagoon (Shore Type 36)
Periglacial/Permafrost (Shore Type 37-39)
Geomorphic Features
Marshes and Wetlands
Deltas, Mudflats, and Tidal Flats
Beach Berms and Ridges
Lagoons
Glaciers
Anthropogenic Features
Coastal Structures and Seawalls
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Shore Type: Rock (Shore Types 1-5)

Shore Type 1 (wide rock ramp)
West Hinchinbrook Island, Prince William Sound (Unit 02/06/1165)
pws07_mm_00527.jpg

Shore Type 2 (wide rock platform)
Cape Manning, Nunivak Island, Bering Sea, Alaska (Unit 15_04_1447)
bs14_bt_01874.jpg
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Shore Type: Rock (Shore Types 1-5)

Shore Type 3 (steep rock cliff)
Glacier Island, Prince William Sound (Unit 02/03/3572)
pws07_mm_06093.jpg

Shore Type 4 (narrow rock ramp)
North Prince of Wales Island, Southeast Alaska (Unit 11/04/8496)
se07_mm_08431.jpg
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Shore Type: Rock (Shore Types 1-5)

Shore Type 5 (narrow rock platform)
Behm Canal, Southeast Alaska (Unit 12/01/8133)
se06_mm_04299.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 6 (wide ramp with gravel beach)
Nunivak Island, Bering Sea, Alaska (Unit 15_04_0249)
bs14_bt_01033.jpg

Shore Type 7 (wide platform with gravel)
Nunivak Island, Bering Sea, Alaska (Unit 15_04_2014)
bs14_bt_02677.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 8 (narrow cliff with gravel beach)
Near Cape Newenham, Bering Sea, Alaska (Unit 15_03_5357)
bs14_bt_12725.jpg

Shore Type 9 (narrow ramp with gravel beach)
Point Liscombe, Dall Island, Southeast Alaska (Unit 12/06/1169)
se07_ha_08068.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 10 (narrow platform with gravel)
Nunivak Island, Bering Sea, Alaska (Unit 15_04_2081)
bs14_bt_02825.jpg

Shore Type 11 (wide ramp with gravel and sand beach)
Yale Arm, Prince William Sound (Unit 02/02/7537)
pws07_ml_08301.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 12 (wide platform with gravel and sand)
Clarence Strait, Southeast Alaska (Unit 11_04_6226)
SE07_MM_00780.jpg

Shore Type 13 (narrow cliff with gravel and sand)
Twelve Mile Arm, Thorne Bay, Alaska (Unit 12_08_4079)
SE07_MM_01817.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 14 (narrow ramp with gravel and sand beach)
West Crawfish Inlet, Southeast Alaska (Unit 10/07/1362)
bnf07_mm_03198.jpg

Shore Type 15 (narrow platform with gravel and sand)
False Pass, Unimak Island, Alaska (Unit 08_04_2021)
sw11_cb_03915.jpg
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Shore Type: Rock and Sediment (Shore Types 6-20)

Shore Type 16 (wide ramp with sand beach)
Near Ten Mile Creek, Oregon (Unit 50_01_3079)
or11_or_07044.jpg

Shore Type 17 (wide platform with sand beach)
West Montague Island, Prince William Sound (02/06/0768)
pws07_ml_01084.jpg
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Shore Type: Sediment (Shore Types 6-20)

Shore Type 18 (narrow cliff with sand beach)
Thomas Bay, Southeast Alaska (Unit 11_01_0686)
se10_hb_02123.jpg

Shore Type 19 (narrow ramp with sand beach)
Sanak Reefs, Alaska Peninsula, Gulf of Alaska (Unit 08_04_4302)
sw11_cb_10458.jpg
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Shore Type: Sediment (Shore Types 6-20)

Shore Type 20 (narrow platform with sand beach)
Coos Bay, Oregon (Unit 50_02_5120)
or11_or_11614.jpg
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Shore Type: Rock and Sediment (Shore Types 21-30)

Shore Type 21 (wide gravel beach)
Yakobi Island, Southeast Alaska (Unit 10/01/3530)
se05_mm_0902.jpg

Shore Type 22 (narrow gravel beach)
Port Walter, Baranof Island, Alaska (Unit 10_08_1111)
BNF07_MM_09524.jpg
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Shore Type: Rock and Sediment (Shore Types 21-30)

Shore Type 23 (narrow gravel flat)
Nagai Island, Alaska Peninsula, Gulf of Alaska (Unit 08_01_5167)
sw11_sp_02364.jpg

Shore Type 24 (wide sand and gravel flat or fan)
Ban Island, Kodiak Island (Unit 06/01/1128)
kdkavi05_1879.jpg
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Shore Type: Sediment (Shore Types 21-30)

Shore Type 25 (narrow sand and gravel beach)
Will Roger-Wiley Post Monument, Barrow AK
USGS A509AK_DSC_6138.jpg

Shore Type 26 (narrow sand and gravel beach)
Silver Bay, Baranof Island, Alaska (Unit 10_07_0834)
BNF07_MM_02211.jpg
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Shore Type: Sediment (Shore Types 21-30)

Shore Type 27 (wide sand beach)
Kokechik Bay, Cape Romanzof, Bering Sea, Alaska (Unit 15_02_1215)
bs14_yk_05434.jpg

Shore Type 28 (wide sand flat)
Southeast Hinchinbrook Island, Prince William Sound (Unit 02/06/7048)
pws07_mm_10851.jpg
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Shore Type: Sediment (Shore Types 21-30)

Shore Type 29 (wide mudflat)
Ninglick River, Yukon Delta, Bering Sea, Alaska (Unit 15_02_3101)
bs14_bt_08473.jpg

Shore Type 30 (narrow sand beach)
Scammon Bay, Bering Sea, Alaska (Unit 15_01_1032)
bs14_yk_04436.jpg
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Shore Type: Organic Shorelines, Marshes, and Estuaries (Shore Type 31)

Shore Type 31 (organic shorelines, marshes, and estuaries)
Thorne Arm, Revillagigedo Island, Southeast Alaska (Unit 12/01/2049)
se06_mm_06819.jpg

Shore Type 31 (organic shorelines, marshes, and estuaries)
Kosciusko Island, Southeast Alaska (Unit 11/05/0261)
se07_mm_17130.jpg
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Shore Type: Human-Altered Shorelines (Shore Types 32-33)

Shore Type 32 (man-made, permeable)
Coffman Cove, Prince of Wales Island, Southeast Alaska (Unit 11/04/9453)
se07_mm_03968.jpg

Shore Type 33 (man-made, impermeable)
Freshwater Bay, Chichagof Island (Unit 10_02_4561)
SE08_AD_07003.jpg
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Shore Type: Current-Dominated Channels (Shore Type 34)

Shore Type 34 (current-dominated channel)
Big Salt Lake, Prince of Wales Island, Southeast Alaska (12/07/0758)
se06_mm_19974.jpg
Shore Type: Glacier Ice (Shore Types 35)

Shore Type 35, Form Ig (glacier)
Harvard Glacier, College Fjord, Prince William Sound (Unit 02/02/7485)
pws07_ml_08154.jpg
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Shore Type: Lagoon (Shore Type36)

Shore Type 36, Form Lc (closed lagoon)
Near Northeast Cape, Saint Lawrence Island
bs13_sq_01085.jpg

Shore Type 36, Form Lc (closed lagoon)
Northern Kasegulak Lagoon near Wainwright, AK
USGS A509AK_DSC_5604.jpg
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Shore Type: Permafrost Landforms (Shore Types 37)

Shore Type 37. Inundated Tundra
Beaufort Sea Coast, North Slope Alaska
ns12_bs_006579.jpg
Shore Type: Permafrost Landforms (Shore Types 38)

Shore Type 38 Ground Ice Slump
Beaufort Sea Coast, North Slope Alaska
ns12_bs_006351.jpg

126
(Back to TOC)

2016 ShoreZone User Manual
Shore Type: Permafrost Landforms (Shore Type 39)

Shore Type 39. Low Vegetated Peat
Inside Arctic Lagoon, near Shishmaref
nw12_kz_01984.jpg

Shore Type 39. Low Vegetated Peat
Inside Lagoon near Point Hope
nw12_kz_12340.jpg

127
(Back to TOC)

2016 ShoreZone User Manual
Geomorphic Features: Marshes and Wetlands

Shore Type 31, Forms high marsh ponds (Mho), low marsh ponds (Mlo), multiple
river channels (Rm), tidal flat (Tt), and tide pools (Tp).
Tuxecan Passage, Southeast Alaska (Unit 11/05/4952)
se07_mm_18954.jpg

Shore Type 31, Forms Mhoc (high marsh with ponds and tidal creeks)
Prince of Wales Island, Southeast Alaska (Unit 11/04/4189)
se07_mm_06248.jpg
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Geomorphic Features: Deltas, Mudflats, and Tidal Flats

Shore Type 24, Forms Tt (tidal flat) Tp (tide pools) Bt (beach low tide terrace)
Portage Arm, Southeast Alaska (Unit 10/08/2509)
bnf07_mm_13527.jpg

Shore Type 28, Forms Tt (tidal flat), Bf (beach face), Bb (beach berm)
Southeast Ice Bay, Southeast Alaska (Unit 09/01/0044)
se05_ml_3437.jpg
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Geomorphic Features: Deltas, Mudflats, and Tidal Flats

Shore Type 24, Form Dfmb (delta fan with multiple bars)
Rakovai Bay, Southeast Alaska (Unit 10/07/2967)
bnf07_mm_06312.jpg

Shore Type 24, Forms Tt (tidal flat) Df (delta fan)
Shuyak Island, Kodiak Island (Unit 06/01/3733)
kdkavi05_10125.jpg
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Geomorphic Features: Beach Berms and Ridges

Shore Type 25, Forms Bn (relic beach ridge) Bs (storm berm) Bb (beach berm) Bf
(beach face)
Tatoosh Islands, Southeast Alaska (Unit 12/01/8412)
se06_mm_05217.jpg

Shore Type 25, Form Bf (beach face)
Gnat Cove, Southeast Alaska (Unit 12/01/1797)
se06_mm_06356.jpg
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Geomorphic Features: Lagoons

Shore Type 31, Form Lo (open lagoon)
Revillagigedo Island, Southeast Alaska (Unit 12/01/2117)
se06_mm_06881.jpg

Shore Type 24, Form Lc (closed lagoon)
Tanner Head, Kodiak Island (Unit 05/02/0065)
kdkavi05_5959.jpg
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Anthropogenic Features: Coastal Structures and Shore Modifications

Shore Type 32, Form Ab (breakwater)
Port Chilkoot, Lynn Canal, Southeast Alaska (Unit 10/04/3064)
se05_ml_0778.jpg

Shore Type 32, Forms Aw (wharf), As (seawall), and Af (floats)
Revillagigedo Island, Southeast Alaska (Unit 12/01/0140)
se06_mm_00191.jpg
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Appendix E: Illustrated Bioband Data Dictionary
The following pages provide illustrated examples of the biobands listed in Tables 23, 24 and 25. The
photos are in the same order as in the tables. These examples only include those biobands that have
been mapped somewhere in ShoreZone, even if they were mapped under a different (older) name or
code. Good photo examples of some biobands could not be found.
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Biobands: Tundra (TUND)

Tundra (TUND) Bioband, Semi-protected (SP)
Kuskokwim River, Bering Sea
bs14_bt_15496.jpg

Tundra (TUND) Bioband, Semi-protected (SP)
Inside Lopp Lagoon, near Wales, Chukchi Sea
nw12_kz_07673.jpg
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Biobands: Trees and Shrubs (TRSH) and Shrub Meadow (SHME)

Trees and Shrubs (TRSH) Bioband, Very Protected (VP)
Kuskokwim River, near Bethel
bs14_yk_01674.jpg

Shrub Meadow (SHME) Bioband, Protected (P)
Along the backshore, lower Yaquina River, Oregon
Or11_or_05679.jpg
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Biobands: Grasses (GRAS) and High Grass Meadow (HIGM)

Grasses (GRAS) Bioband, Protected (P)
Sanak Island, Pacific Ocean
sw11_cb_09821.jpg

High Grass Meadow (HIGM) Bioband, Protected (P)
Lower Yaquina River, Oregon
or11_or_05737.jpg
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Biobands: European Beach Grass (EUBG) and Dune Grass (DUGR)

European Beach Grass (EUBG) Bioband, Exposed (E)
Near Manzanita, outside Nehalen Bay, oregon
or11_or_00769.jpg

Dune Grass (DUGR) Bioband, Protected (P)
Nunivak Island, Bering Sea
bs14_bt_03586.jpg
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Biobands: Splash Zone (SPZO) and Black Lichen (BLLI)

Splash Zone (SPZO) Bioband, Semi-Exposed (SE)
Nunivak island, Bering Sea
bs14_bt_03655.jpg

Black Lichen (BLLI) Bioband, Semi-Exposed (SE)
Round Islands, Cordova Bay, Southeast Alaska
se06_ml_01339.jpg
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Biobands: White Lichen (WHLI) and Yellow Lichen (WHLI)

White Lichen (WHLI) Bioband, Semi-Protected (SP)
Big Koniuji Island, Pacific Ocean
sw11_sp_05659.jpg

Yellow Lichen (YELI) Bioband, Exposed (E)
Wosnesenski Island, Pacific Ocean
sw11_cb_13188.jpg
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Biobands: Barnacle (BARN) and Mud Flat Shrimp (MUFS)

Barnacle (BARN) Bioband, Semi-Exposed (SE)
Alitak Bay, Kodiak Island (Unit 05/02/1513)
kdkavi05_06980.jpg

Mud Flat Shrimp (MUFS) Bioband, Protected (P)
Alsea River, near Waldport, Oregon
or11_or_06596.jpg
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Biobands: Blue Mussels (BLMU) and California Mussels (CAMU)

Blue Mussels (BLMU) Bioband, Semi-protected (SP)
Speel Arm, Port Snettisham, Southeast Alaska
se05_ml_9353.jpg

California Mussels (CAMU) Bioband, Exposed (E)
Government Point, Depoe Bay, Oregon
or11_or_04628.jpg
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Biobands: Sponges (SPON) and Urchin Barrens (URBA)

Sponges (SPON) Bioband, Semi-Exposed (SE)
Falmouth Harbour, Nagai Island, Southeast Alaska
sw11_sp_01696.jpg

Urchin Barrens (URBA) Bioband, Semi-Protected (SP)
Edge Point, Mary Island, Southeast Alaska
se06_mm_12922.jpg
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Biobands: Wetland Vegetation (WEVE) and Sedges (SEDG)

Wetland Vegetation (WEVE) Biobands, Protected (P)
Near Takiketak, Bering Sea
bs14_bt_10616.jpg

Sedges (SEDG) Bioband, Protected (P)
Uyak Bay, Kodiak Island (Unit 06/03/0691)
kdkavi05_4444.jpg
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Biobands: Spartina (SPAR) and Salt Marsh (SAMA)

Spartina (SPAR) Bioband, Protected (P)
Puget Sound, Washington State
PUG00-03-0016.jpg

Salt Marsh (SAMA) Bioband, Protected (P)
Port Banks, Whale Bay, Baranof Island, Southeast Alaska
bnf07_mm_06470.jpg
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Biobands: Salt Marsh (Oregon & Washington State) (SAMO) and Salt Marsh (BC & Washington State) (SAMB)

Salt Marsh (Oregon & Washington State) (SAMO) Bioband, Protected (P)
Coos Bay, Oregon
or11_or_11090.jpg

Salt Marsh (BC & Washington State) (SAMB) Bioband, Protected (P)
Gulf Islands, British Columbia
GIAVI_04_0163.jpg
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Biobands: Biofilm (BIOF) and Diatom (DIAT)

Biofilm (BFM) Bioband, Protected (P)
north Chukchi Sea coast
ns12_cs_001651.jpg

Diatom (DIAT) Bioband, Protected (P)
Central Coast, British Columbia
CCAVI96_02_0018
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Biobands: Green Algae (GRAL) and Red Algae (REAL)

Green Algae (GRAL) Bioband, Semi-Protected (SP)
Entrance Island, Dall Island, Southeast Alaska
se07_ha_03467.jpg

Red Algae (REAL) Bioband, Semi-Protected (SP)
Montague Island, Prince William Sound
pws07_ml_02579.jpg
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Biobands: Coralline Red Algae (CORA) and Filamentous and Foliose Red Algae (FFRA)

Coralline Red Algae (CORA) Bioband, Exposed (E)
Herbert Graves Island, Southeast Alaska
se05_mm_2668.jpg

Filamentous and Foliose Red Algae (FFRA) Bioband, Exposed (E)
Unimak island, Southwest Alaska
sw11_cb_05821.jpg
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Bioband: Winter Laver (WILA) and Bleached Red Algae (BRAL)

Winter Laver (WILA) Bioband, Semi-Exposed (SE)
Nagai Island, Southwest Alaska
sw11_sp_02049.jpg

Bleached Red Algae (BRAL) Bioband, Semi-Protected (SP)
Wanda Island Group, Southeast Alaska
sw11_cb_10936.jpg
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Bioband: Rooted Vegetation (ROVE) and Surfgrass (SURF)

Rooted Vegetation (ROVE) Bioband, Protected (P)
Flat Island, Bering Sea
bs14_yk_08155.jpg

Surfgrass (SUR) Bioband, Semi-Protected (SP)
Discovery Point, Knight Island, Prince William Sound (Unit 02/05/1022)
pws07_ml_02736,jpg
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Bioband: Eelgrass (EELG) and Bladed Brown Algae (BRBA)

Eelgrass (ZOS) Bioband, Protected (P)
Lodge Island, Baranof Island, Southeast Alaska (Unit 10/07/1661)
bnf07_mm_03772.jpg

Bladed Brown Algae (BRBA) Bioband, Semi-protected (SP)
Big Koniuji Island, Southwest Alaska
sw11_sp_05627.jpg
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Biobands: Alaria (ALAR) and Soft Brown Kelps (SOBK)

Alaria (ALAR) Bioband, Semi-Exposed (SE)
Little Branch Bay, Baranof Island, Southeast Alaska
bnf07_mm_08218.jpg

Soft Brown Kelps (SBR) Bioband, Semi-Protected (SP)
Krishka Island, Baranof Island, Southeast Alaska (Unit 10/07/3037)
bnf07_mm_06396.jpg
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Biobands: Dark Brown Kelps (DABK) and Rockweed (ROCK)

Dark Brown Kelps (CHB) Bioband, Exposed (E)
Little Branch Bay, Baranof Island, Southeast Alaska (Unit 10/07/3827)
se07_mm_08220.jpg

Rockweed (ROCK) Bioband, Semi-Protected (SP)
Little Branch Bay, Baranof Island, Southeast Alaska
bnf07_mm_08182.jpg
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Biobands: Dragon Kelp (DRKE) and Giant Kelp (GIKE)

Dragon Kelp (ALF) Bioband, Semi-Protected (SP)
Lemesurier Island, icy Strait, Southeast Alaska (Unit 10/02/7855)
se10_hb_00912.jpg

Giant Kelp (MAC) Bioband, Semi-Protected (SP)
Point Mirraballis, Prince of Wales Island, Southeast Alaska
se06_mm_21102.jpg
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Biobands: Bull Kelp (BUKE)

Bull Kelp (NER) Bioband, Semi-Protected (SP)
Cat Island, north of Duke Island, Southeast Alaska
se06_mm_10044.jpg
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