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Executive Summary 
The hierarchical framework for classification of bays and estuaries in southeastern 
Alaska presented here represents a further refinement of efforts toward systematic 
conservation planning and ecological assessment conducted by The Nature Conservancy 
within the Coastal Forests and Mountains Ecoregion (Schoen and Dovichin 2007).  While 
differences in biological communities among coastal and estuarine systems in this region 
have been previously recognized (O’Clair et al 1996), this work represents the first 
attempt to quantify these patterns systematically by using comprehensive physical and 
ecological data.   

The basic method we have applied is to analyze data from the physical environment (e.g., 
climate, oceanography, wave exposure, freshwater discharge) to (1) characterize the 
range and spatial distribution of conditions within the region; and (2) identify groupings 
of estuaries that share similar characteristics.  This classification represents a preliminary 
framework, or hypothesis, of how estuarine systems are structured, that can be tested 
using data on biological communities such as intertidal and subtidal vegetation, fish and 
wildlife distributions.  This document presents the preliminary framework, and future 
work will focus on testing biological associations.   

The 3-tiered hierarchical nature of this framework reflects the fundamental nature of 
estuaries in the region: individual shoreline segments and estuarine stream channels are 
nested within larger estuarine embayments, that are themselves nested within more 
complex fjordal systems.  At each level, predictable ecological gradients produce 
repeated patterns of habitat conditions that structure biological communities.  At the 
coarsest level, we divided the region into 3 Marine Domains based on broad-scale 
patterns of sea surface temperature and salinity.  Next, we characterized intermediate-
scale bays and estuaries based on their hydrodynamic regime from marine and freshwater 
influences.  Marine influence was based on wave exposure, and freshwater influence was 
based on a combination of freshwater discharge, snow accumulation and glacial 
influence.  At the finest scale, Tier 3, we applied the ShoreZone classification describing 
shoreline habitats based on type of substrate and biological assemblages.  As a 
hierarchical framework, it is applicable to a wide variety of potential classification at the 
Tier 3 level, including estuarine channel types as well as pelagic and benthic habitat 
classifications. 

As a first step toward testing the utility of this classification we have described 
associations between physical types and biological shoreline communities (biobands) in 
the ShoreZone database.  This is described in the preliminary manuscript that is currently 
in preparation for peer-reviewed publication.  Moreover, we have also compiled a suite of 
available data layers on habitat and species distributions including National Wetlands 
Inventory, Environmental Sensitivity Index, ADF&G Anadromous Waters Catalog, 
USF&WS waterbird and marine mammal surveys. 

This work provides the first quantitative step toward a multi-scaled systematic 
characterization of bays and estuaries in southeastern Alaska, and will be useful for a 
variety of applications in conservation and development planning, research and 
education. 
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Introduction 
The purpose of this document is to report on progress in development of a systematic 
classification of estuarine and nearshore ecological systems in Southeast Alaska.  This 
project represents an iterative refinement of The Nature Conservancy’s Conservation 
Assessment of the Coastal Forests and Mountains Ecoregion in Southeast Alaska to better 
represent biological diversity and productivity at the interface of terrestrial, freshwater 
and marine environments (Schoen and Dovichin 2007). 

First, we present a simple conceptual model of the primary interactions among terrestrial, 
freshwater and marine systems as they relate to ecological characteristics and functions of 
the estuary and nearshore environment.  Next, we describe a spatial framework and data 
model to better represent the hierarchical nature of this complex system from the broadest 
zones of climate and oceanic influence down to specific points of intersection between 
freshwater streams and the sea.   

We have taken an initial step in applying these tools to characterize specific estuarine 
systems by compiling a suite of data sources on key processes that influence estuarine 
systems, and have conducted a coarse-scale characterization of nearshore ecosystems 
based on currently available data.  These data include sea surface temperature, salinity, 
bathymetry, freshwater inflow, shoreline substrate, wave exposure, intertidal vegetation, 
shoreline complexity and shoreline diversity.  Finally, we compiled a suite of data on 
biological features associated with estuarine ecosystems in this region including wetlands 
and aquatic vegetation, water birds, marine and terrestrial mammals, fish and shellfish.   

This paper represents a modest step forward in ongoing efforts by The Nature 
Conservancy toward development of a systematic classification of ecological systems 
within the coastal, estuarine and nearshore environment in Southeast Alaska.   

Why do we need a classification? 

A classification describes a systematic arrangement of ecological units, whether estuaries, 
shore types or waterbodies, and provides a logical approach to organizing and grouping 
complex information (Engle et al. 2007).  It provides a systematic framework to 
explicitly describe relationships among elements, clarify areas of uncertainty and guide 
further research.  By explicitly identifying the logical arrangement of interacting 
processes, a classification provides a tool to further refine our understanding of specific 
functions (e.g., rearing by juvenile salmonids) that tend to be associated with specific 
components of the system at various levels.  Thus, our goal is to be able to organize and 
analyze diverse and disparate information in order to derive measures of habitat quality 
and productivity for a suite of species and ecological systems.  When such measures are 
combined in a systematic manner, we are able to distill relatively simple indices of 
combined biological value that are very useful for systematic planning of conservation 
(Graham et al. 1999, Groves 2003). 

We propose a simple conceptual model to guide a process in which we are ultimately 
able to evaluate relative biological value and conservation significance of specific areas, 



as well as a range of human values including social, cultural and economic uses (Fig. 1).  
This model involves a preliminary characterization of estuarine systems based on 
physical parameters derived from the marine (e.g., depth, sea surface temperature, tidal 
range, salinity), freshwater (runoff, glacial influence, velocity), and terrestrial (geology, 
landform, gradient) realm.  The combination of these factors results in a large number of 
classes.  The ecological significance of each of these combinations will be evaluated by 
experts in the field, and reduced to a relatively small number of identifiable systems.  
These categories represent a working hypothesis of how systems function, that can be 
tested using available data on intertidal and nearshore vegetation, fish and wildlife values.  
Additional hypotheses can be developed in the form of habitat models and specific 
ecological functions associated with particular combinations of system types that will 
also contribute to an assessment of the conservation significance for particular habitat 
types and locations.   

The distribution of past and current human activities as well as management status will be 
useful to characterize the ecological integrity of specific estuary sites, as well as societal 
goals for the management of these resources.  The combined assessment of ecosystem 
diversity, biological and human values, within the context of human uses and 
management status will contribute to a final assessment of the significance of specific 
habitats and sites for long-term conservation of biodiversity, ecological productivity and 
a range of human uses. 

 
Figure 1. A conceptual model for ecological classification of estuaries and assessment of 
their conservation significance (from Graham et al. 1999). 

Ecological Framework: 
Complex interactions among terrestrial, freshwater and marine environments exemplify 
coastal ecosystems in Southeast Alaska – from the exposed shores of the Pacific Ocean to 
the sheltered fjords and tidewater glaciers of the coast range.  In general, this region is 
characterized by large volumes of precipitation which contribute freshwater run-off and 



land-derived nutrients to the marine environment.  Moreover, frequent storms and the 
large daily tidal variation (up to 8 meters) interact with complex fjord topography to 
determine flushing, mixing and retention of these nutrients, and their availability for 
biological processing.  Within this context, the underlying physical characteristics of 
temperature, salinity, turbidity, wave exposure and physical substrate determine the 
structure of biotic assemblages (Ricketts et. al 1985, O’Clair et. al 1996), as well as 
habitat values and productivity of ecologically and commercially important species of 
fish and wildlife (O’Clair and O’Clair 1998).  
 
We define an estuary following Tomczak (2000): 
An estuary is a narrow, semi-enclosed coastal body of water which has a free connection with the 
open sea at least intermittently and within which the salinity of the water is measurably different 

for the salinity of the open ocean. 

Thus, estuaries exist at a number of spatial scales in Southeast Alaska, and indeed the 
entire archipelago meets this definition as an extended estuarine complex.  With the 
understanding that the estuarine system extends far beyond the mouth of any single 
stream, it is nonetheless useful to sub-divide the basic component of this complex that are 
more or less strongly influenced by the terrestrial, freshwater and marine realms, as well 
as the boundary zones of intertidal (terrestrial x marine), wetland (freshwater x terrestrial) 
and salt wedge (freshwater x marine) (Fig. 2).  Each of these systems is governed by a set 
of ecological processes and is represented in our analysis by a discrete set of data layers.  
We will briefly review each of these components and describe some of the key processes 
as they influence the estuarine environment. 

 
Figure 2.  Key ecological processes in the terrestrial, freshwater and marine realms, as 
well as wetland, intertidal and estuarine ecotones provide the contextual framework for 
characterization of functional values for a wide range of species and ecological systems. 



 

Terrestrial Realm 

The coastal environments of southeastern Alaska are characterized by a mild maritime 
climate with cool summers, warm winters and abundant rainfall.  Processes in the 
terrestrial realm that influence estuarine functions are primarily related to the climatic and 
hydrologic regime.  These include factors such as local precipitation, snow accumulation, 
elevation, slope and landform associations and geology.  All these factors are integrated 
within a hydrologic drainage area that ultimately determine the timing, velocity, 
variability, sediment regime and nutrient transfers from the terrestrial environment 
through the freshwater and into the estuarine and nearshore environment. 

Wetland Ecotone 

Wetland systems exist at the interface of the terrestrial and freshwater realms, and are 
characterized by high spatial variability and yet predictable associations that reflect 
underlying hydrographic position and function (MacKenzie and Moran 2004).  For the 
purpose of this analysis, we used the classification of Cowardin et. al (1972) for a general 
characterization of the types and distribution of freshwater wetlands within a drainage 
basin.  Important wetland systems from the perspective of estuarine classification include 
the spatial extent of peatland complexes within a watershed, as well as riparian 
floodplains and palustrine side-channels in the lower watershed.  While the former serves 
to regulate water flow and nutrients, the latter provide structural habitat features such as 
emergent vegetation and large-woody debris. 

Freshwater Realm 

Freshwater systems serve as the arterial connectivity and transport of material from the 
upper boundary of a watershed to the estuarine basin.  Key functions of the freshwater 
realm such as transport of sediment and nutrients, as well as timing, volume and velocity 
of freshwater delivery to the estuary are determined by the size, shape and climatic 
regime of a watershed basin.  The net sum of erosional and depositional forces 
throughout the watercourse determines the rate and volume of sediment delivery to the 
estuary. 

Intertidal Ecotone   

The boundary between the terrestrial and marine realm is a dynamic and highly variable 
environment characterized by daily tidal fluctuations, seasonal variation in temperature 
and storm intensity, and long-term changes in climate and relative sea level.  Organisms 
that inhabit this environment are specially adapted to withstand periodic drying and 
emersion in salt water, exposure to prevailing wave energy, competition for space and 
resources within a relatively narrow tidal band and vulnerability to both terrestrial- and 
marine-based predators.  Thus, species and ecological systems are structured along 3 
primary gradients: exposure to wave energy; substrate mobility; and vertical position 
relative to average sea level (Ricketts et al. 1985).  The composition and abundance of 
habitats within these 3 criteria largely determines the local productivity, food-web 
relationships and estuarine functions.  For example, in an area sheltered from erosional 
forces of waves and ocean currents, with a low gradient that allows expansive 
accumulation of sediments in relatively shallow water will have high primary 



productivity in the form of salt tolerant grasses, sedges and algae.  This in turn feeds a 
wide array of consumers including single-cell organisms as well as worms, shrimp, crabs, 
mussels, clams and other invertebrates, and finally fish, birds and people.  On the other 
extreme, a very exposed rocky shoreline will allow only limited local productivity by a 
few species of algae, and thus the higher food web is largely dependent upon nutrient 
inputs from marine-based sources.  For our purposes, we adopted the habitat 
classification of BC ShoreZone to describe ecological systems at the land-sea interface. 

Marine Realm 

The marine environment in southeastern Alaska is dominated by the northward-flowing 
Alaska current that interacts with the immense volumes of freshwater flowing from the 
regions’ rivers and melting glaciers within a complex glacial fjordland environment.  In 
general, outside waters and those most exposed to the Alaska current exhibit warmer 
temperatures and higher salinity while inside waters tend to be colder with greater 
freshwater and glacial influence.  Likewise, daily tidal amplitude and mean tide level is 
lower on the outside coast and higher within the fjordlands.  Thus, marine habitats in 
southeastern Alaska may be generally categorized into 3 zones: northern inside (colder, 
freshwater influenced), southern inside (warmer, freshwater influenced) and outside 
waters (warmer, saline).   

Estuarine Ecotone 

Movement of water in the estuary environment is primarily influenced by the inflow of 
freshwater, as well as daily cycles of seawater into (flood tide) and out of (ebb tide) the 
system.  Factors such as wind, temperature and salinity gradients also establish secondary 
currents that are important in mixing and sediment transport (Graham et al 1999).   

Spatial Framework 
To describe the hierarchical nature of estuarine systems, and spatial complexity of 
waterways in Southeast Alaska, we developed a framework to characterize ecological 
systems at a range of spatial scales as have been developed in terrestrial (Cleland et al. 
1997) and freshwater realms (Maxwell et al. 1995; Higgins et al. 2005). This framework 
nests within the marine ecoregion of the world (Spaulding et al. 2007) and provides a 
framework for classification of estuarine and marine systems at finer spatial scales 
(e.g., Madden et al. 2005, Alee et al. 2000).   
 
We identified nested ecological units at 6 spatial scales within marine ecoregions (Fig. 1).  
At the ecoregion level, this study area is contained within the North American Pacific 
Fjordlands and the Gulf of Alaska coast, which extends northwest from Icy Point and 
includes Yakutat Bay.  Within these, primary distinctions are drawn among ecological 
systems direct influenced by the Pacific Ocean (high salinity), and between northern 
(colder, low salinity) and southern (warmer, low salinity) inside waters (O’Clair et. al 
1996, O’Clair and O’Clair 1998).   
 
The boundary between northern and southern inside waters occurs at the Kuiu-
Kupreanof-Mitkof island group, with only 3 narrow connections at Rocky Pass, Wrangell 
Narrows and the Dry Strait.  The northern inside zone is the complex drainage of 



Chatham Strait, including Lynn Canal, Glacier Bay, Icy Strait, Stephens Passage (which 
includes the Taku River) and Frederick Sound.  The southern inside zone is dominated by 
the freshwater effluent of the Stikine River into both Sumner and Clarence Straits, with 
Dixon Entrance as the southern boundary of this zone.  Thus, the Alexander Archipelago 
can be understood as a complex estuarine system with deep-water connectivity of large, 
mainland rivers to the Pacific Ocean at Chatham Strait and Dixon Entrance, and more 
constrained connectivity at Cross Sound, Salisbury Sound and Sumner Strait. 
 
Coastal Basins are further divided into sub-basins representing sets of adjacent 
watersheds with similar coastal morphology, glacial and marine influence, and a common 
salt water basin.  This scale of the hierarchy is analogous to, and was informed by, 
ecological subsections (Nowacki et al. 2000) and sub-basins (5th-field HUCs) among 
freshwater systems (Maxwell et al. 1995).  Characteristic examples of sub-basins in 
Southeast Alaska include Tenakee Inlet, Sitka Sound, Tracy / Endicott Arm, Sea Otter 
Sound and Kasaan Bay (see Appendix A).   
 
Coastal watersheds are estuarine systems that typically range from 10km2 to 500km2, 
with some watersheds >5000 km2 for large river systems.  The watershed encompasses 
all terrestrial, freshwater and coastal systems with a common bay or estuarine system.  In 
some cases, the coastal watershed represents a series of small watersheds along a 
shoreline lacking an embayment or a cluster of small islands.  For the purpose of this 
analysis, the coastal watersheds database was derived from the USFS Value Comparison 
Unit (VCU) inventory, and modified to represent watershed units on lands outside the 
Tongass NF (Albert and Schoen 2007).  Coastal watersheds are characterized by a 
combination of the terrestrial attributes such as basin size, geology and morphology, 
freshwater inflow and sediment loading, as well as features of the nearshore environment 
including depth and basin geometry, tidal inflow and wave energy.  It is at this scale that 
the physical morphology of an estuarine system determines the hydrologic conditions, 
such as circulation and nutrient retention, that influence biological productivity and 
ecological function (Montgomery et al, Estuarine Science).  
 
Coastal watersheds will typically contain a variety of shoreline macro-habitats including 
rocky types in more exposed areas, gravel and mixed sediment beaches in semi-protected 
areas, as well as tide flats, eel grass beds and salt marshes in areas where sediment 
accumulates within protected areas.  Indeed, wave and fluvial energy that controls 
deposition and transport of sediments, as well as the local substrate are primary 
determinants of habitat associations and biotic composition within a shoreline unit 
(Ricketts et. al 1985).  Finally, within a single shoreline unit a diversity of conditions 
(micro-habitats) reflect the vertical position relative to mean tide lines.  In the ShoreZone 
mapping system, data on these components include both the physical substrate and 
biological composition (biobands).  Thus, based on this framework specific data on 
habitat associations and biological communities can be characterized at a range of spatial 
scales. 



 
Figure 3.  A six-tiered, hierarchical estuarine classification framework includes 
(1) marine zones, (2) coastal basins, (3) sub-basins, (4) coastal watersheds, (5) shoreline 
units and (6) across-shore tidal zones and biobands. 



PHYSICAL CHARACTERISTICS OF ESTUARINE SYSTEMS 
We compiled a range of datasets related to marine, freshwater and terrestrial systems in 
order to develop a database for characterization of estuarine and nearshore ecosystems in 
Southeast Alaska.  These included:  

1) Sea surface temperature 
2) Bathymetry 
3) Salinity 
4) Precipitation 
5) Freshwater inflow 
6) Shoreline substrate 
7) Shoreline wave exposure 
8) Intertidal and nearshore vegetation 
9) Geology and physiographic setting 

Sea Surface temperature 

Estimation of sea surface temperature is available in the Advanced Very High Resolution 
Radiometer (AVHRR) that is housed in the Polar Operational Environmental Satellite 
(POES), which orbits the earth approximately 14 times each day.  These data are 
available based on a 1-km grid.  We combined average monthly temperatures for 2007 to 
provide an estimate of the mean temperature for that year (Fig. 3).  While data from 
longer time frame will be desirable for further analysis, we believe this is adequate for 
our current work.  AVHRR data were re-sampled to a 50 meter grid using a bilinear 
interpolation to match the resolution of our database.   

Bathymetry 

Seafloor topography in Southeast Alaska is highly variable reflecting the glacial history 
of the region as well as dynamic fluvial and tidal processes.  We developed a bathymetric 
surface for Southeast Alaska by combining soundings data from NOS Hydrographic 
Surveys (n = 7,839,424) with NOAA nautical charts (n = 80,397 points and n = 821 
bathymetric contour lines), and NOAA ETOPO2 Global Topography (n = 6,950).  In 
addition, we included the USFS high and low tide shorelines for the best resolution of 
near shore and intertidal areas.  The regional bathymetric dataset was developed as a grid 
based on a 50 meter cell size (Figure 6).  The maximum depth of nearshore waters 
(< 1km) was coded into the shoreline database (SE_SHORE) as an indicator of the 
diversity of nearshore marine habitats.  Given the large tidal range in this region (>7 
meters), the ecology of many shallow bays and estuaries is defined by freshwater fluvial 
processes and tidal characteristics.  In contrast, shorelines in proximity to deep water 
provide access to a more stable marine environment at all cycles of tide, and will have a 
greater representation of species associated with marine habitats.   

Some of the deepest waters in Southeast Alaska are the very narrow and sheltered fjords 
such as upper Glacier Bay, Tracy and Endicott Arm and upper Lynn Canal.  Examination 
of the bathymetric surface reveals many examples of sub-marine terminal moraines left 
by glaciers in the bays and inlets of Southeast Alaska.  These features form sills of 
variable depth that play a strong role in the circulation patterns and resulting 
oceanographic processes of the region.   



 
Figure 4.  Average sea surface temperature for 2007 was estimated using Advanced Very 
High Resolution Radiometer (AVHRR) imagery. 



 
Figure 5.  Regional bathymetry was compiled by combining available data from high-
resolution NOS hydrographic surveys with soundings published on NOAA Nautical 
Charts to fill data gaps. 
 
 

 

 



Precipitation and Freshwater Inflow 

The timing, variability and volume of freshwater inflow into the estuarine system is one 
of the primary drivers of estuarine functions (Graham et al. 1999, Tomczak 2000).  Data 
on freshwater flow are available from a limited number of stream gauges in Southeast 
Alaska.  Therefore, we used the PRISM climate model, which uses data from existing 
weather stations to provide estimates of mean monthly temperature and precipitation for 
the period 1970 – 2000 (Daly et al. 2002).  PRISM is an analytical model that uses point 
data and a DEM to generate gridded estimates of monthly and annual temperature, and 
incorporates a conceptual framework that addresses the spatial scale and orographic 
patterns (mountain effects).  Moreover, the DEM provided an estimate of overland 
direction of flow as well as the total accumulation of runoff at the point it enters the 
marine environment (Tarboton et al. 1991).  These results estimate mean annual flow 
(m3/second), and were reasonably close to published estimates from USGS stream gauge 
data.  The annual average provided a reasonable approximation for our current purposes, 
yet this hides variability in the timing of runoff among glacial, snow-fed and rain-fed 
systems. 

Surface Salinity 

Surface salinity was obtained from the World Ocean Atlas 2005 (WOA05).  This 
represents a set of objectively analyzed (1° grid) climatological fields of in situ 
temperature, salinity, dissolved oxygen, Apparent Oxygen Utilization (AOU), percent 
oxygen saturation, phosphate, silicate, and nitrate at standard depth levels for annual, 
seasonal, and monthly compositing periods for the World Ocean.  This resolution is fairly 
coarse for analysis of individual bays and estuaries in Southeast Alaska, and can only be 
applied in very general terms to describe gross differences between outside (high salinity) 
and inside (lower salinity) waters. 

Shoreline database 

A variety of shoreline datasets exist for Southeast Alaska, at a variety of scales.  These 
include shorelines digitized from USGS Quads at 1:250,000 and 1:63,360, from NOAA 
Nautical charts at 1:60.000 (Glacier Bay), and the USFS shoreline digitized from air 
photos at 1:12,000.  To compile the highest quality shoreline for the entire region, we 
selected the USFS shoreline for areas within the Tongass National Forest, the NOAA 
Nautical Chart shoreline for Glacier Bay National Park, and the USGS 1:63,360 shoreline 
for the remainder of the region (Icy Bay to Cape Suckling).  These data form the basis for 
the representation of linear features contained in SE_SHORE. 

 



 
Figure 6.  Data on ocean salinity was obtained from the World Ocean Atlas 1998 with a 
resolution of 1x1 degree grid. 
 



 
Figure 7. Mean annual precipitation (1970 – 2000) estimated in the PRISM climate 
model as a basis for freshwater flow into estuarine and nearshore systems. 



 
Figure 8.  The estimated average volume (m3/second) of freshwater input to the estuarine 
system using flow accumulation based on a digital elevation model and precipitation 
derived from the PRISM climate model. 
 



Physical Shoreline Characteristics 

A variety of systems for classification and mapping of coastal ecosystems have been 
employed in Southeast Alaska and neighboring regions.   Primary among these are the 
NOAA Environmental Sensitivity Index (Petersen et al. 2000).  The ESI database was 
developed during the 1990s as a tool for prioritization of response in the event of an oil 
spill, and describes the physical characteristics of 27,400 km of shoreline Southeast 
Alaska (Appendix 1).  ESI attributes describe the physical substrate of the shoreline as 
well as 2 categories of exposure (exposed vs. sheltered) for selected substrates.  In cases 
where the high-tide zone differs from mid or low-tide zones, attributes are combined 
sequentially to form complex codes.  ESI data were published in 2 installments, 1995 and 
2002, each with a slightly different method of recording multiple shoreline attributes.  To 
make these data usable at a regional scale we combined the 2 within the 1995 database 
framework.  This framework involved multiple attributes concatenated into a single string 
field (e.g., 10A/6B).   

Attributes from the combined ESI shoreline were transferred to SE_SHORE based on 
nearest-arc assignment with a sampling distance of 50 meters.  Thus, SE_SHORE was 
divided into segments 50m in length and each segment was attributed based on the 
nearest segment in the ESI database.  This allows transferring of attributes where the line 
representations are not identical. 

An alternative to the ESI classification is the Biophysical ShoreZone Mapping System 
(Howes et al. 1994, Harper and Barry 2000).  The ShoreZone system was designed to 
systematically record aerial observations of physical and biological characteristics in the 
intertidal and nearshore subtidal zones (Appendix 2). The basis for the ShoreZone 
mapping system is linear shoreline unit based on common physical attributes, which also 
serve as a framework for attribution of biological characteristics.  To date, ShoreZone 
surveys have been completed for Washington and British Columbia, as well as Kenai 
Fjords and Katmai National Parks and Kodiak Island in Alaska.  In addition, 
approximately 4,000 km of shoreline have been mapped in Southeast Alaska since 2004 
using the ShoreZone method.  This classification is structured around substrate and 
exposure, and thus provides a better framework for description of biological communities 
and functions of shoreline ecosystems than the ESI system.  To understand the correlation 
between these systems, we convened a meeting of regional ecologists and resource 
managers in Juneau, Alaska to examine definitions and develop a preliminary cross-
reference between the ESI and ShoreZone systems (Appendix C).   

The most common substrate types in Southeast Alaska are rocky shore / rock cliff (7,051 
km), followed by rock platform (3,823 km), gravel beach (4,084 km) and mixed rock 
with gravel beach (2,435 km).  Sand beaches are exceedingly rare (73 km), but mixed 
sand and gravel beaches and flats are more common.  Salt marsh and emergent vegetation 
commonly occurs in small patches at or above the mean-high water line, and larger 
patches are associated with stream outlets.  Both because of the primary productivity 
contributed by emergent vegetation, and the structural habitat for insects and juvenile 
fishes, these are among the most productive of nearshore habitats in the region. 

 



Table 1.  Total length (km) of shoreline classes based on exposure and substrate within 
the Southeast Alaska portion of the Coastal Forests and Mountains Ecoregion. 
 

 Exposure 

Substrate 
 
 Exposed 

 
Semi-Exposed 

Semi- 
Protected 

Protected to 
Very Protected Total 

Rocky Shore / Cliff 233 940 2,414 3,463 7,051 
Rock Platform 319 1,707 1,437 361 3,823 
Rock w/ Gravel 
Beach 45 604 993 793 2,435 
Rock w/ Sand & 
Gravel 3 168 211 127 510 
Rock w/ Sand Beach 1 28 156 260 445 
Gravel Beach 19 532 1,583 1,949 4,084 
Sand & Gravel 
Beach 8 328 652 524 1,512 
Sand & Gravel Flat 0 91 546 1,019 1,655 
Sand Beach 2 27 35 8 73 
Tide Flat 0 58 329 1,221 1,608 
Salt Marsh 1 58 424 1,049 1,531 
No Data 98 250 1,044 2,416 3,808 
Total 730 4,792 9,823 13,191 28,536 
 
 



 
Figure 9.  Substrate is one of the primary indicators of biotic communities in the 
nearshore environment, and were defined on a continuum of mobility based on the 
NOAA Environmental Sensitivity Index database. 



Wave Exposure 

Shoreline exposure to wave energy is one of the primary variables structuring intertidal 
communities (Ricketts et al. 1985, O’Clair and O’Clair 1998).  To account for this in our 
ecosystem model, we developed an estimate of wave energy based on an index of the 
viewshed, or total area visible over water, from each point along the shore.   

The shoreline exposure index was calculated as: 

i
i

i rp¦
 

6

1

ln  

where: 
 p = number of points visible at radius i, and 
 r = distance in km of radius i 
To accomplish this, we first generated concentric buffers seaward of the shoreline at 
distances of 1, 2, 5, 10, 20 and 100 km.  These lines were then converted to points at 1 
km intervals.  We used the VIEWSHED command in the GRID module of Arc/Info to 
identify the # of points at each radius visible 
from each segment along the shoreline.  The 
index of shoreline exposure was calculated as 
the natural log of the sum of points visible at 
each radius multiplied by the radius distance 
(i.e., distance-weighted index).  Although not 
identical, this is analogous to an estimate of 
“fetch” or the maximum distance over water 
from which wind-driven waves have the 
opportunity to gain size and speed.  Based on 
this index, shore units were grouped into 4 
categories that generally correspond to outside 
coast (exposed), larger inside canals and straits (semi-exposed), smaller inside passages 
(semi-protected) and small bays and passages (very protected) (Figure 2). 
 

 



 
Figure 10.  Shoreline exposure is another primary indicator of potential biotic community 
in the nearshore environment.  To estimate shoreline exposure, we developed an index 
based on a viewshed analysis for the total area (over water) visible from each point along 
the shore. 

 



Estuaries Database 

The Alexander Archipelago ranks among the largest and most complex estuarine systems 
on Earth, having a total water area of 30,721 sq. km.  The entire archipelago represents a 
single estuarine complex, being a semi-enclosed by land and influenced by freshwater.  
Based on extrapolation of data from 141 flow stations in the region, we estimate that the 
total freshwater flow is approximately 25,500 m3/second (900,524 ft3/sec), including 48 
rivers with flow >25 m3/second (882 ft3/sec.).  Indeed, a large number of estuaries occur 
at intermediate scales such as the complex fjord systems of Glacier Bay, as well as a very 
large number of individual estuarine streams that flow into salt water (Paustian et. al 
1992).   

To begin to characterize estuarine ecosystems in Southeast Alaska, we developed a 
preliminary database of point of intersections between a stream system and the salt water.  
The shoreline database was SE_SHORE, described above.  The streams database was 
derived by combining datasets from the USFS and NPS for the Tongass National Forest 
and Glacier Bay National Park, respectively.  For areas NW of Yakutat and the Chilkat / 
Chilkoot / Skagway systems we used DLG data originally digitized from USGS Quads at 
a scale of 1:63,360. 

Based on this definition, approximately 12,000 estuaries exist in Southeast Alaska. By 
imposing a minimum basin size of 100 ha, this number is reduced to 2,944 (Figure 7). 
These points can further be described based on drainage area, physiography, vegetation 
and land cover, fluvial processes, and biotic communities. We believe this is an important 
first step in developing a better understanding of the interrelationships among freshwater 
stream systems, intertidal habitats and the marine environment. 

 



 
Figure 11.  For the purposes of preliminary database development, we have defined an 
estuary as the point of intersection between a mapped stream and the salt water shoreline.  
Out of a total of approximately 12,000 of such estuaries in Southeast Alaska, 2,944 had 
basin size >100 hectares.  Both the size and the physical geomorphology of the drainage 
basin affect the flow regime, sediment and nutrient transport, and other estuarine 
characteristics. 
 



BIOLOGICAL CHARACTERISTICS OF ESTUARINE SYSTEMS 
 

Intertidal and Nearshore Communities 
 

A growing number of data sources are available that describe estuarine wetlands as well 
as common plant and animal communities within intertidal and shallow subtidal habitats.  
The National Wetlands Inventory (Cowardin et al. 1979) is complete for most of 
southeastern Alaska and contains orthographic mapping (i.e., explicit mapping of 
vegetation polygons) of wetland systems (e.g., estuarine, palustrine or riverine) and 
general description of vegetation classes (e.g., salt marsh or algal bed). 

 

In addition, the ShoreZone Mapping System (Morris 1996, Harper et al. 2000) has been 
completed for 21,332 km (70.8%) of shoreline in southeastern Alaska.  We expect to 
complete the digital imaging and biological characterization of all shorelines in the region 
during FY 2011.  While these data are not yet complete for the region, we have included 
the most recent extent of ShoreZone mapping in this data product to begin to explore the 
utility of these data for a range of research, monitoring  and educational applications.   

 

The ShoreZone mapping system involves low elevation observation along the shoreline 
by helicopter with visual interpretation by experts in intertidal geomorphology and 
biology.  This documentation of geological and biological characteristics of shoreline 
segments is supported by digital video and global positioning, and allows subsequent 
attribution of detailed biological communities (biobands) associated with a spatially-
explicit shoreline database.  The strength of this system is the combination of (1) spatially 
explicit location along a pre-mapped shoreline; (2) simultaneous visual interpretation of 
geologic and biological features within a well developed classification; and (3) a 
permanent record of shoreline habitats captured in digital video and oblique photographs.  
The limitation of this system is that it does not provide for orthographic data on the 
spatial extent of intertidal habitats that may cover many km2 within large estuaries and 
tide flats. 

 

To test the efficacy of using remote sensing imagery to map intertidal and sub-tidal 
vegetation, we conducted a preliminary inventory of the general distribution of canopy 
kelps in Southeast Alaska using a combination of NOAA nautical charts and 
classification of Landsat ETM imagery.  This was an opportunistic mapping effort using 
the classification “seed tool” in the Image Analysis Extension of ArcView (Fig. 3).  Once 
areas were identified that had “kelp-like” reflectance, we used bathymetry to differentiate 
between intertidal (e.g., Fucus sp.) and sub-tidal kelps (Fig. 4). 

 

  



Grasses and Sedges 

Biobands characterized as Grasses (GRA) and Sedges (SED) in the ShoreZone inventory 
include a number of salt tolerant vegetation communities near the upper range of tidal 
influence.  Grass communities are found on the upper intertidal zone on dunes or beach 
berms and are identified by presence of dune grass (Leymus mollis).  Sedge communities 
(Carex sp.) are found in wetlands around lagoons and estuaries. 

 



Salt Marsh 

The Salt Marsh bioband in the ShoreZone inventory is associated with estuaries, marshes 
and lagoons.  It is typically associated with freshwater, and often fringing the lower tidal 
of salt tolerant sedges and grasses.  The indicators of this community are Puccinellia sp., 
Plantago maritima or Glaux maritima.  

 
  



Aquatic vascular plants 

The ShoreZone inventory describes 2 communities (biobands) of intertidal and upper 
subtidal aquatic vegetation dominated by vascular plants that include surfgrass 
(Phyllospadix sp., SUR) and eelgrass (Zostera marina, ZOS).  These communities 
typically occur in the lower intertidal or upper subtidal zones, and range from very 
protected to semi-protected (ZOS) or semi-protected to semi-exposed (SUR) shorelines. 

 



Invertebrates 

Marine invertebrates are ubiquitous along the shores of this region, and are characterized 
in the ShoreZone inventory within 4 bioband communities.  These include barnacles 
(BAR), blue mussels (BMU), California mussels (MUS) and urchin barrens (URC). 

 
 
 



Algae 

Within the ShoreZone inventory, there are 7 biobands characterized by low growing 
marine algae.  These include rockweed (Fucus sp., FUC), green algae (Ulva sp., ULV), 
red algae (e.g., Corallina sp., RED), bleached red algae (e.g., Palmaria sp., HAL), soft 
brown kelps (e.g., Saccharina sp., SBR), and dark brown kelps (e.g., Laminaria sp., 
CHB). 

 



 
Canopy Kelps 

Three communities of canopy-forming marine algae described in the ShoreZone 
inventory.  These include Macrocystis (giant kelp) Nereocystis (bull kelp) and Alaria 
(dragon kelp). 

 



 
 
Figure 12.  The methodology for identifying canopy kelps relied on Landsat ETM 
augmented by information on canopy kelp contained in NOAA Nautical Charts, and 
interpolated nearshore bathymetry. 
 
 
 
 
 



 
Canopy Kelp from Landsat ETM, current 2000 - 2002 

 
Figure 13. While canopy kelp habitats are widely distributed in Southeast Alaska  
(33% of all shoreline), areas of high density kelp (>10 ha / km2) are much more  
narrowly distributed (0.8% of shoreline) and tend to be associated with semi-exposed 
rock platform types. 



Waterbird Surveys, 1997 - 2002 
 
Aerial surveys were conducted by USF&WS throughout southeastern Alaska during 
summer (24 July – 14 August) and winter (15 Feb – 15 March), 1997 – 2002.  These 
surveys made observations of species and numbers of waterbirds and marine mammals 
during these flights.  The following maps represent selected layers from this database.  
For full description of methods and results, see Hodges et al. (2008). 
 
Mergansers (Mergus sp.) 

 



 
Goldeneye (Bucephala sp.) 

 
 
 
 
 
 
 
 



 
Harlequin duck (Histrionicus histrionicus) 

 

 
 
 
 
 
 
 



 
Mallard (Anas platyrhynchos) 

 

 
 
 
 
 
 
 



 
Scoter (Melanitta sp.) 
 

 
 
 
 
 
 
 



 
Canada goose (Branta canadensis) 
 

 
 
 
 
 
 
 



 
 
Common loon (Gavia immer) 
 

 
 
 
 
 
 



 
 
Cormorant (Phalacrocorax sp.) 

 

 
 
 
 
 
 



 
Seabird Colonies 

 

 
 
 
 



Marine and Terrestrial Mammals 
 
Sea lion (Eumetopias jubatus)  

 

 
 
 
 
 
 



 
Harbor seal (Phoca vitulina) 

 

 
 
 
 
 
 
 
 



Sea Otter (Enhydra lutris) 

 

 
 
 
 
  



 
Marine mammals (ESI) 

 

 
 
  



 
Brown bear (Ursus arctos) and Black bear (Ursus americanus) 

 

 
  



Fish and Shellfish  
Species richness of salmon and steelhead 

 



King salmon (Oncorhynchus tshawytscha) 
 

 
 



 
Sockeye salmon (Oncorhynchus nerka) 

 
 



 
Coho salmon (Oncorhynchus kisutch) 

 
 



 
Pink salmon (Oncorhynchus gorbuscha) 

 
 



 
Chum salmon (Oncorhynchus keta) 

 
 



 
Steelhead (Oncorhynchus mykiss) 

 
 



 
Forage fish 

 

 
 
 
 
 
 



Dungeness Crab (Caner magister) 

 

 
 
 
 
 
 
 
 



 
King Crab (Paralithodes sp.) 
 

 
 
 
  



 
Tanner Crab (Chionocetes bairdi) 
 

 
 
 
  



 
Shrimp  
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