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Abstract

Benthic habitat mapping has become the principal method
for defining the distribution of benthic habitats, and indi-
cating or predicting the distribution of marine organisms
that are closely associated with these habitats. The method
is heavily dependent on technologies, both at remote sens-
ing scales for creation of seafloor maps and at smaller scales,
mainly visual and sampling activities, for direct charac-
terization of the seafloor. Thus an understanding of what
technologies are available, their capabilities, and how they
might be used is essential to development of effective habitat
mapping programs. This volume is a product of the Marine
Habitat Mapping Technology Workshop for Alaska (April
2007), and contains papers developed from presentations
by the invited speakers. The focus is on proven technolo-
gies that have capabilities appropriate for habitat mapping in
Alaska waters. The context and need for benthic habitat map-
ping is discussed from the point of view of marine resource
managers. Remote sensing technologies and their applica-
tions to habitat mapping are reviewed, including a variety
of sonar mapping systems, mapping AUVs, small-boat sur-
veys in shallow water, airborne LIDAR (light detection and
ranging) bathymetry, and subbottom profiling. Visual scale
technologies are also reviewed, including towed video sleds,
small ROVs, the imaging AUV SeaBED, the manned sub-
mersible Delta, and methods of quantitative video analysis.
Habitat classification schemes are discussed. Finally, several
case histories of major habitat mapping programs are sum-
marized as illustrations of several possible approaches to

habitat mapping of large regions: Heceta Bank, Oregon; the
Scotian Shelf; the Australian Exclusive Economic Zone; and
the Irish National Seabed Survey. These case histories are
relevant to development of strategies for habitat mapping at
the scale of the Alaska region.

Introduction

In the marine science community, there is now broad recog-
nition that a comprehensive ecosystem approach is necessary
for effective management of marine resources. An important
step toward ecosystem-based management is to define and
understand the relationships among marine habitat charac-
teristics, species distribution, and human activities such as
fishing. However, a major challenge lies in reconciling (1)
the need to define and characterize marine habitats over the
large areas covered by ecosystems or species populations,
that is, large enough to be useful for management or pre-
dictive modeling purposes; with (2) the capabilities and cost
of the technologies available to accomplish this at adequate
resolution.

Benthic habitat mapping has become the principal
method for defining the distribution of benthic habitats, and
indicating or predicting the distribution of marine organisms
that are closely associated with these habitats. Rather than
mapping the distribution of the species themselves, benthic
habitat mapping characterizes wide regions of the seafloor,
primarily the substrate and geomorphology, and combines
this with much smaller visual and sampling surveys that
match species and biological communities with habitat char-
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acteristics. The mapped area is divided, or classified, into

different types of habitats. In simple terms, the combination

of these two types of data, along with knowledge of the bio-
logical, geological, and oceanographic systematics, is used to

create maps of seafloor habitat on scales that are relevant to

ecosystem research and marine resource management.

The method is heavily dependent on technologies, both
at remote sensing scales for creation of seafloor maps and at
visual and sampling scales, for direct characterization of the
seafloor. Thus an understanding of what technologies are
available, their capabilities, and how they might be used is
essential to development of effective habitat mapping pro-
grams. The purpose of the papers presented in this volume is
to examine the technologies that would be effective for ben-
thic marine habitat mapping in the Alaska region.

Workshop outline

The University of Alaska Fairbanks and the Alaska Sea Grant
College Program convened the Marine Habitat Mapping
Technology Workshop for Alaska, with funding support
from the North Pacific Research Board. This public work-
shop was held in Anchorage, Alaska, on April 2-4, 2007. The
workshop addressed the topic of marine habitat mapping
technologies specifically for marine regions around Alaska,
emphasizing (a) available tools and techniques, including
potential applications and costs; (b) a synthesis approach;
and (c) a focus on needs in the three large marine ecosys-
tems around Alaska, i.e., Gulf of Alaska, Bering Sea/Aleutian
Islands, and the Arctic. The agenda was designed around two
days of synthesis presentations by 23 invited speakers, poster
presentations by attendees, and a half-day discussion in three
breakout groups.

To accommodate the schedule limitations of a 2.5-day
workshop, the workshop focused on (1) benthic habitat
mapping, and (2) subtidal depths. Thus the important top-
ics of water-column characteristics, pelagic habitat, and the
dynamic region within the tidal zone fell outside the scope
of this workshop. The decision to focus the workshop in this
way was based on three considerations. First, techniques and
philosophies for benthic habitat mapping have been under
development for two decades. A need for wider understand-
ing of benthic capabilities and applications was a primary
motivation for this workshop. Second, the tools and tech-
niques applied to mapping pelagic habitat and the intertidal
zone are different from those used to map seafloor habitats.
Third, characteristics structuring these environments also
vary on a shorter time scale (e.g., water temperature, cur-
rent speed), forcing a different approach. Thus, there is a
natural division between these topics and that of benthic
habitat mapping.

A Workshop Report of the presentations and working
group products is included in this volume (Reynolds et al.
2008), and is also available from Alaska Sea Grant and from
the North Pacific Research Board. Readers are referred to
that summary for discussions of specific issues in the Alaska

region, and for topics that were not developed into formal
papers for this volume.

Papers in this volume

This volume presents papers by the invited speakers, devel-
oped from their presentations at the workshop. The papers
are organized by theme. They are intended for a general sci-
entific audience, rather than specialists. While they contain
technical details, the emphasis is on conceptual explana-
tions of the capabilities and limitations of the technologies,
as well as techniques for their application to habitat mapping.
This volume is intended as a reference, and a source of infor-
mation to help guide choices and project design for future
habitat mapping in Alaska waters.

Marine Habitat Mapping: What Is It, and

Why Do Managers Need It?

The first paper, by Jon Kurland (NOAA National Marine

Fisheries Service, Habitat Conservation Division) and Doug
Woodby (Alaska Department of Fish and Game), introduces

the topic of benthic habitat mapping and discusses the need

for this information from the perspective of marine resource

managers (Kurland and Woodby 2008). While not explicitly
described in the paper, the information needs of other inter-
ested stakeholders are similar, though their priorities may be

different. The legal and management history of regional fish-
ery management up to 2002 have been reviewed elsewhere

by Clarence Pautzke, with an emphasis on Alaska and the

North Pacific Fishery Management Council (Pautzke 2005).
These information needs provide the rationale and goals for

habitat mapping efforts, and should guide their design.

Remote Sensing Technologies

Papers in this section discuss technologies available for
remote sensing surveys, primarily methods for acoustic map-
ping of the seafloor, and their applications to habitat mapping
in Alaska. The technologies discussed here are existing sys-
tems available for use today, and do not include experimental
or unproven technologies. The choice of remote sensing tech-
nologies may be dictated by various factors, including depth,
seafloor characteristics, oceanography, weather conditions,
data type, and resolution requirements. Specific technolo-
gies are addressed in a series of papers.

Lloyd Huff (University of New Hampshire, Center for
Coastal and Ocean Mapping) reviews different types of
sonar systems, including vertical-beam (single-beam) sonars,
multibeam sonars, sidescan sonars, subbottom profilers, and
hull-mounted versus towed systems, with an eye toward
their application to habitat mapping (Huff 2008). Additional
points on these topics may be found in the Workshop
Report of presentations by Larry Mayer (University of New
Hampshire, Center for Coastal and Ocean Mapping) and
Doug Lockhart (Fugro Pelagos, Inc.)(Reynolds et al. 2008).
By far the largest seafloor mapping effort in Alaska is the
hydrographic charting program of NOAA’s National Ocean
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Service, Office of Coast Survey; an update on this program
by CDR Gerd Glang is briefly described in the Workshop
Report (Reynolds et al. 2008). For a summary of recent devel-
opments and future prospects in seafloor mapping systems,
readers are referred to Mayer (2007).

Dave Caress and coauthors (Monterey Bay Aquarium
Research Institute) (Caress et al. 2008) describe the capabil-
ities of MBARI’s autonomous underwater vehicle (AUV) D.
Allan B., which has been designed and equipped for seafloor
mapping. The key advantage of AUV surveys for habitat
mapping is the ability to acquire high-resolution data in deep
water. AUV mapping is also efficient, and the acoustically
quiet platform produces very high quality data. This rela-
tively new technology is now in operational use worldwide,
while also undergoing further development. Use of mapping
AUVs for certified nautical charting is currently under evalu-
ation (R. Downs, NOAA Office of Coast Survey, 2008, pers.
comm.), but their use for scientific research is well estab-
lished (e.g., Cormier et al. 2003, Grasmueck et al. 2006).

The shallow coastal waters of Alaska, particularly in
rocky areas, present difficult challenges for mapping efforts.
Ship-based mapping operations in shallow water can be
dangerous, both to ships operating in poorly charted areas
and to hydrographers mapping in small boats or launches (a
standard practice by NOAA’s Office of Coast Survey). Kelp
forests can interfere with boat operations. Ship-based acous-
tic mapping systems are also less efficient in shallow water,
because the area of seafloor mapped per unit survey time
decreases rapidly as the height of the sonar above the seafloor
decreases, though interferometric sidescan systems have
coverage advantages over multibeam sonar in this environ-
ment. AUV mapping in shallow water may potentially be less
costly and more efficient, if multiple vehicles are used, but
at present it cannot serve the dual purpose of hydrographic
charting and benthic research. Airborne LIDAR mapping
systems, which use a scanning, pulsed laser beam to map in
tidal and shallow subtidal depths, are limited by water clarity
and weather and sea conditions. Nevertheless, each of these
approaches is a good choice under some circumstances.

Aspects of shallow-water mapping were covered by sev-
eral workshop speakers. Small-boat surveys are discussed
by Rob Hare (Canadian Hydrographic Service, Pacific
Region) in this volume, with an emphasis on operational
issues and experience in coastal British Columbia (Hare
2008). He reviews the history of mapping in shallow water,
advantages of multibeam and sidescan sonars, potential pit-
falls of such operations, equipment installation, navigation,
vessel requirements, and logistical issues. Jim Galloway also
mentions plans to expand shallow-water mapping in British
Columbia using bathymetric sidescan sonar (Galloway
2008).

Airborne LIDAR bathymetry is a relatively new tech-
nique for shallow-water mapping, having become well
established only in the past decade. Guenther (2007) provides
a thorough and accessible overview of the topic. Significant
advantages are rapid and efficient data collection, and elimi-

nation of the safety issues associated with mapping shallow,
rocky areas from small boats. The latter is a particularly
important consideration in Alaska. Significant limitations are
imposed by water turbidity, which affects the depth of light
penetration into the water; whitewater on the sea surface,
which can cause false or degraded surface returns as well as
scattering signal energy; and weather and safety consider-
ations for the operation of small aircraft. In Alaska, several
airborne LIDAR bathymetry mapping programs have been
conducted on contract with NOAA, for ISO-certified hydro-
graphic charting in shallow water (Sinclair et al. 2003, Sinclair
2004, Moyles et al. 2005). Sinclair et al. (2003) report suc-
cessful data collection to depths of 20 m in surveys around
the Shumagin Islands.

All of the above technologies are designed to map the
seafloor. Acoustic systems for high-resolution, subbottom
profiling can be very useful for interpretation of seafloor
geology, and thus for understanding the nature and distri-
bution of benthic habitats. Vaughn Barrie and Kim Conway
(Geological Survey of Canada) describe two case exam-
ples from the British Columbia coastal waters (Barrie and
Conway 2008). The first example, from Hecate Strait, is the
relationship between groundfish/rockfish distribution and
oceanographic conditions that are constrained by the sub-
merged terraces and platforms. The second example is the
substrate conditions that allowed formation of hexactinel-
lid sponge reefs in the inland waters and coastal fjords of
British Columbia. Understanding the development of these
habitats improves scientists’ ability to predict the distribu-
tion of such habitats.

Note that additional papers in this volume on the use
of remote sensing data are located in the section on Habitat
Classification (Cochrane 2008, Galloway 2008).

Visual-Scale Technologies
Papers in this section discuss technologies used for photo-
graphic imaging or direct visual observation of the seafloor.
The scale of observation is very different from that of remote
sensing methods, and combining the two presents a chal-
lenge. Nevertheless, both scales are crucial for construction
of benthic habitat maps. The visual-scale observations
characterize the seafloor and its inhabitants at the outcrop
scale (in geological terms) or fish scale (in biological terms).
However, for logistical reasons this method cannot be used
to map large areas of the seafloor. The maps constructed by
remote sensing methods enable researchers to extrapolate
from the limited area of visual observations to areas relevant
to ecological studies or management needs.
Characterization of the “fish-scale” attributes of ben-
thic habitat is generally made through visual observations or
physical samples. This includes camera and video observa-
tions on a variety of platforms, in situ observations by scuba
divers and divers in submersibles, and direct sampling of
seafloor substrate. Several sampling methods are described
in this volume by Barrie and Conway (2008), Galloway
(2008), Pacunski et al. (2008), and Yoklavich and O’Connell
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(2008). Sampling methods described by Amend et al. (2007b)
at the workshop are addressed in more detail elsewhere by
Yeung and McConnaughey (2008). However, readers will
note that papers in this volume are not organized specifi-
cally around bottom sampling methods. Instead, the focus
is on the more advanced technologies that can be used for
imaging the seafloor in a survey mode.

One useful method for systematic seafloor imaging is
the use of towed video sleds. This method is sometimes
overlooked in favor of more advanced vehicles, but can be
productive and cost effective. Chris Rooper (NOAA Alaska
Fisheries Science Center) reviews sled designs and costs,
including six designs used in Alaska, and discusses advan-
tages and shortcomings of towed video surveys. One of these
sleds, the TACOS sled owned by the Alaska Fisheries Science
Center, was featured in a poster presentation at the workshop
(Amend et al. 2007).

Small remotely operated vehicles (ROVs) represent a
step up in vehicle capability, and are well known as a tool for
marine research at shelf depths. Bob Pacunski (Washington
Department of Fish and Wildlife) and coworkers have writ-
ten a practical guide to conducting shallow-water surveys
with a small ROV, based on their experience in the San Juan
Channel, Washington (Pacunski et al. 2008). This is a unique
paper on the technical aspects of ROV operations, and will
be particularly valuable to new users and those considering
ROV surveys. The paper also lists noncommercial agencies
and organizations that operate small ROVs on the U.S. West
Coast and Alaska, and publications resulting from ROV
surveys in this region. As an example, Mike Byerly (Alaska
Department of Fish and Game) has described methods and
application of ROV surveys in the Chiswell Ridge area south
of Seward, Alaska (Byerly 2005, 2007a,b; Byerly and Spahn
2007; Byerly et al. 2007).

A new method of seafloor imaging is the use of auton-
omous underwater vehicles, or imaging AUVs. These are
distinct from the mapping AUVs described by Caress et al.
(2008). While torpedo-shaped mapping AU Vs are designed
to travel continuously at speeds greater than 1 knot, for effi-
cient mapping surveys, imaging AUVs are less restricted in
form and behave more like a helicopter. They can hover or
stop in response to programming commands, and in survey
mode they can travel at speeds slow enough to acquire high-
quality, continuous images of the seafloor. Ocean engineers
at Woods Hole Oceanographic Institution (WHOI) have
developed an imaging AUV, the SeaBED AUV, intended for
research at depths to 2,000 m (Singh et al. 2004). A modi-
fied version, the Sirius AUV, is operated by the University
of Sydney’s Australian Centre for Field Robotics (Rigby et
al. 2007).

The Northwest Fisheries Science Center has worked
with WHOI to adapt the SeaBED AUV for autonomous
surveys of untrawlable rockfish habitat. The image prod-
uct from SeaBED is a continuous photomosaic along the
dive track; SeaBED can also conduct high-resolution sid-
escan and bathymetric surveys. Nick Tolimieri (NOAA

Northwest Fisheries Science Center) and coworkers describe
their experience with SeaBED AUV surveys, at Daisy Bank
and Coquille Bank (Oregon), to document benthic habi-
tat and rockfish habitat preference and to quantify rockfish
abundance and distribution (Tolimieri et al. 2008). They also
review plans for further development and modification of the
SeaBED AUV for fisheries research, with the ultimate goal of
using it for stock assessment.

The human-occupied submersible Delta, operated by
Delta Oceanographics (Ventura, California), is an important
tool for West Coast and Alaska benthic fisheries research.
Mary Yoklavich NOAA Southwest Fisheries Science Center)
and Victoria O’Connell (formerly Alaska Department of
Fish and Game) have written a comprehensive account of
fisheries research with Delta over the past 20 years, includ-
ing its present capabilities (Yoklavich and O’Connell 2008).
Survey methods have been developed specifically to take
advantage of Delta’s assets. For areas beyond scuba depth,
this has been the vehicle of choice on the West Coast and in
Alaska for putting scientists underwater. One of its greatest
advantages is the excellent visibility through nineteen view
ports, enabling scientists to establish a three-dimensional
context and make observations that are not possible with
underwater cameras alone. In recent years, Delta surveys
have been conducted more or less annually in Alaska waters,
primarily by the Alaska Department of Fish and Game and
NOAA Alaska Fisheries Science Center. A similar vehicle
now in use by Canadian researchers is the manned submers-
ible Aquarius, operated by Nuytco Research Limited (North
Vancouver, B.C.) (e.g., Grandin 2005).

A major product from submersible dives (and ROV
dives) is video recordings that document the dive. In the
absence of high-definition cameras, observations from video
recordings will have lower resolution and a smaller field of
view than observations by human divers in situ. However, the
video serves as an archive and can be reexamined as needed.
As with diver observations (Yoklavich and O’Connell 2008),
the video recordings can be analyzed for continuous and
quantitative documentation of benthic habitat, fish and
invertebrate abundance, and species-habitat relationships.
In fact, today most submersible dive programs for fisher-
ies or ecosystem research are motivated by a need for such
quantitative data. Brian Tissot (Washington State University
Vancouver) discusses successful methods for quantitative
video analysis, including equipment, observer training, and
data management (Tissot 2008). He strongly emphasizes the
importance of designing the dives specifically to achieve sur-
vey goals and data needs, including statistical considerations
such as replication, independence, and statistical power.

Two additional visual-scale technologies were consid-
ered but not included in the workshop or in this volume. The
first is towboard or towed-diver surveys, in which a scuba
diver and a submerged platform with data logging capabil-
ity are towed by a small boat. Standard scuba transects are
effective only over short distances, i.e., tens of meters. A tow-
board transfers the energy requirement from the diver to
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the boat, and enables the diver to conduct much longer sur-
veys at a more rapid speed. This method was developed at
the Pacific Islands Fisheries Science Center, and is an estab-
lished survey technique in the Hawaiian Islands (e.g., Kenyon
et al. 2006). However, trials of towboard surveys in coastal
waters of Southeast Alaska have shown them to be ineffective
and dangerous in this environment, due to the combination
of low visibility and uneven, rocky seabed (Mark Pritchett,
Alaska Department of Fish and Game, 2007, pers. comm.).

The second technology not included in the workshop is
laser line scan. The scale of laser line scan data is interme-
diate between visual scale and acoustic remote sensing, in
terms of both resolution and coverage, and in that sense it
fills a gap in our capabilities. Monochromatic laser line scan
has been tested several times for benthic surveys, with good
results (e.g., Yoklavich et al. 2003, Joye et al. 2005, Amend et
al. 2007a). Multispectral laser line scan surveys on tropical
coral reefs take advantage of the fluorescence of the ben-
thic communities (e.g., Mazel et al. 2003). However, cost
has been a barrier, as the lasers must be recharged before
each mission, and technical problems remain (Amend et al.
2007a). Furthermore, only one instrument has been avail-
able in the United States for civilian and commercial use, a
Northrup-Grumman SM-2000 on a FOCUS tow vehicle, and
it met with an accident at sea in 2006 (see Operation Laser
Line 2006 on the NOAA Ocean Exploration web site, http://
www.oceanexplorer.noaa.gov). Nevertheless, development of
laser line scan instrumentation continues (e.g., Dalgleish et al.
2007), and may lead to a practical tool in the future.

Habitat Classification Schemes

The variety of published classification schemes reflects the
viewpoints and goals of those who developed them, as well
as the different environmental factors that organize and
dominate marine habitats. Scientists directly involved in
constructing habitat maps may use classification schemes
that are designed or adapted for local conditions or specific
research needs. An example is presented by Valentine et al.
(2005), who discuss their decision to create a new classifica-
tion scheme specifically for the Scotian Shelf region of the
North Atlantic. However, for the purpose of site comparison
and for compiling habitat maps on a regional basis, the need
for a common benthic habitat classification scheme, or at
least compatible ones, has long been recognized (e.g., Greene
et al. 1999, Roff et al. 2003). NOAA has taken on the task of
developing a consensus in the U.S. marine science commu-
nity on a unified habitat classification scheme (Allee et al.
2000, Madden et al. 2005, Madden and Grossman 2007).

In this volume, Gary Greene (Center for Habitat Studies,
Moss Landing Marine Laboratories) and coworkers list avail-
able classification schemes in the United States and Europe,
discuss desirable attributes, and describe in greater detail
a classification scheme that was developed for deepwater
marine benthic habitats in a broad range of environments,
from subarctic to tropical (Greene et al. 2008). This scheme
was developed by Greene and colleagues working in Alaska

and along the U.S. West Coast (Greene et al. 1999, 2005,
2007), and has been used for numerous deepwater habi-
tat studies in these regions. Greene et al. (2008) argue that
future efforts in Alaska should build on this base.

The scheme of Greene and others has largely been incor-
porated into the most recent version of NOAA’s Coastal and
Marine Ecological Classification Standard (CMECS), a broad,
hierarchical framework designed to standardize littoral, estu-
arine, coastal, and deepwater habitat descriptions, for both
benthic and pelagic habitat (Madden et al. 2005, Madden
and Grossman 2008). In comparison with the scheme of
Greene et al. (2005, 2007), the CMECS may be seen as a
broader, hierarchical application of similar code structure
and descriptors; in addition to characterizing benthic sub-
strate, the CMECS provides for structured characterization
of oceanographic parameters and pelagic habitat.

The classification schemes mentioned above are rela-
tively complex and content-rich, and have a structure that
enables users to incorporate different scales and resolutions
in the maps. Reasons for this design are discussed by Greene
etal. (2007, 2008), as well as Madden et al. (2005) and Roff et
al. (2003). Other scientists have chosen to characterize only
substrate grain size. A simple classification scheme widely
used among scientists studying groundfish habitat on the U.S.
West Coast is a two-letter code for primary and secondary
substrate grain sizes ranging from boulder to mud, gener-
ally based on in situ observational data (Stein et al. 1992). In
this volume, the two-letter code is used in the Heceta Bank
study (Tissot et al. 2008); another recent example is a dem-
ersal fish-habitat study in Monterey Bay by Anderson and
Yoklavich (2007).

Among many fisheries scientists and others study-
ing marine ecosystems, including attendees at the Marine
Habitat Mapping Technology Workshop for Alaska, there
is a desire for habitat maps that include oceanographic fac-
tors such as bottom water temperature, salinity, and oxygen;
oceanographic fronts; energy regimes such as currents; and
relationships between these parameters and the physical,
chemical, and biological characteristics of benthic substrates.
Readers are referred to the excellent discussion by Roff et
al. (2003). Several notable attempts to broaden the charac-
terization of benthic habitat in this way are the CMECS, as
described above (Madden et al. 2005, Madden and Grossman
2007); the biotope concept formulated in Europe (Connor
et al. 1997, 2004; Davies et al. 2004); bioregionalization of
Australia’s marine regions (Butler et al. 2001, Heap et al. 2005),
which is used in this volume by Harris and others (Harris et
al. 2008); and a classification scheme for northeastern North
America that incorporates oceanography, sediment dynam-
ics, and calculations of habitat disturbance and adversity
(Valentine et al. 2005, Kostylev et al. 2005). However, while
relatively extensive data on sea surface conditions exist, data
for oceanographic conditions near the seafloor are gener-
ally sparse or unavailable. The technologies needed to collect
such data are different from those used for mapping the sea-
bed, and thus require a separate survey effort. Furthermore,
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oceanographic conditions are dynamic and vary on much
shorter time scales than do seafloor substrates; this compli-
cates the process of characterizing oceanographic conditions
at appropriate temporal and spatial scales. The absence of
oceanographic characteristics from benthic habitat maps is
due to these issues. For now, benthic habitat maps are based
primarily on seafloor physiography, substrate characteris-
tics, sediment transport and accumulation processes, and
biological associations. Nevertheless, while seafloor ocean-
ographic data are lacking, comprehensive seafloor maps can
be constructed that will provide good base maps for future
inclusion of oceanographic and other data once these data
are available.

Habitat Classification Procedures

Classification of seafloor regions into discrete habitat classes

is a process of data interpretation. The standard method,
manual classification with reference to multiple seafloor

data sets, is relatively labor intensive and requires substan-
tial expertise. One of the lines of inquiry in benthic habitat

mapping is automated classification of acoustic (sonar) data

to delineate areas of different seafloor substrates. Acoustic

classification is of great interest because of its potential to

increase efficiency of data interpretation. However, accurate

and useful acoustic classification is not a simple procedure,
because multiple factors affect the interaction between

acoustic energy and the seafloor. Furthermore, for direct

interpretation of acoustical data, e.g., calibrated backscat-
ter, the character of the transmitted acoustic energy must

be precisely defined in order to quantitatively interpret the

return from the seafloor. It is difficult, expensive, and rare

to do a survey with a system that is adequately calibrated

to do this directly, and even then the ambiguities inherent

in acoustic response to the seafloor make this an uncertain

enterprise. Instead, the common approach is to survey with

an uncalibrated system, and use seafloor images, samples, or
other groundtruth information from the study area to inter-
pret the data.

Supervised classification is an interactive process in
which the scientist uses groundtruth information to iden-
tify the (hopefully distinct) acoustic signatures of substrates
of interest in the study area, and then classifies the rest of
the map according to those acoustic signatures. The U.S.
Geological Survey has recently conducted this type of study
in Glacier Bay, Alaska. At the Marine Habitat Mapping
Technology Workshop for Alaska, Guy Cochrane (U.S.
Geological Survey, Coastal and Marine Geology) described
the data collection, processing, and interpretation steps used
in that study (Harney et al. 2005, Etherington et al. 2007,
Cochrane et al. 2007). In this volume, Cochrane presents
similar methodology developed for the California Coast
State Waters Mapping Project (Cochrane 2008). The prod-
uct is a classified seafloor map of continuous variation in
attributes rather than discrete regions (map polygons) that
are dominated by a particular set of attributes.

Unsupervised classification is an automated procedure
in which acoustic data processing and statistical cluster anal-
ysis are used to identify areas of the seafloor with distinct
acoustic signatures. A successful outcome is one in which
this classification identifies regions that correlate with bio-
logically significant differences in habitat. The most widely
used software for this type of analysis is Quester Tangent
Corporation’s QTC, of which there are several variants. QTC
is based on the concept that acoustic returns from the seabed
carry quantitative information, beyond bottom detection and
simple backscatter intensity, that is relevant to identification
of different seafloor substrates. The Canadian Hydrographic
Service now uses QTC Multiview™ in a program to map and
classify seafloor substrates of the entire British Columbia
coastal region, as an ancillary program conducted in con-
junction with bathymetric surveys and formal hydrographic
charting. Jim Galloway (Canadian Hydrographic Service,
Pacific Region) describes the equipment and methodology
currently in use, as well as plans for the future (Galloway
2008). The principal advantage of this approach is effi-
ciency; the principal risk is that acoustical classes, even when
appropriately defined, do not necessarily correlate well with
important habitat attributes such as sediment grain size.
Galloway states that in these British Columbia applications,
the QTC-based acoustic seabed classification “usually corre-
sponds directly to unambiguous geology,” but he also reviews
the uncertainties involved in this interpretation and repeat-
edly emphasizes the need for direct verification of seabed
character by groundtruthing methods.

Efforts to rigorously test the validity, success, and repro-
ducibility of unsupervised classification by QTC are few, in
part because the software is proprietary (e.g., Legendre et
al. 2002, Preston and Kirlin 2003, Legendre 2003). Two new
studies were reported in poster presentations at the Marine
Habitat Mapping Technology Workshop for Alaska, and have
since been published in journals. Bob McConnaughey and
coworkers conducted a field and modeling test of the ability
of acoustic variables derived from QTC software to improve
models of species distribution in a flat, sedimented region of
the continental shelf in Bristol Bay, Alaska (McConnaughey
etal. 2007a,b; Amend et al. 2007; Yeung and McConnaughey
2008). Data for this study included new interferometric side-
scan data, sediment grab samples, and video images along the
survey tracks; a historical database of sediment samples; and
benthic invertebrate and groundfish abundance data from
annual NMFS bottom-trawl surveys. They concluded that
acoustic variables derived from the QTC analyses did some-
what improve the species distribution models over models
based on trawl data alone, and that further development of
this approach could be useful. Mark Zimmermann and Chris
Rooper (Zimmermann et al. 2007, Zimmermann and Rooper
2008) took a very different approach, examining the way the
QTC software handles acoustical data. Because the QTC soft-
ware is proprietary and not available for direct examination,
they instead conducted close analysis of its analytical out-
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put. Raw echosounder data were compared with echograms
output from QTC, the properties of QTC echograms were
examined in detail, and statistical tests were conducted on
the QTC principal component analysis by which the acous-
tic components Q1, Q2, and Q3 are derived. Zimmermann
and Rooper (2008) identified several previously unrecog-
nized behaviors of the QTC software, and concluded that
those behaviors produce artifacts in the acoustic analysis
and can lead to serious errors in the resulting substrate clas-
sifications. They recommended development of acoustical
classification methods using open-source software, to pro-
vide for user criticism and identification of systematic errors
and biases.

Both types of acoustic classification, supervised and
unsupervised, are different from manual classification by
scientists based on geological and oceanographic interpreta-
tion of the bathymetry, backscatter (or sidescan sonar data),
and whatever seafloor images, samples, or other ground-
truth information may be available. This type of habitat
mapping requires expertise in collection, interpretation, and
integration of these varied data sets, and is usually done by
geologists in collaboration with biologists who help to define
the mapping parameters. This approach is less “objective’
than acoustical classification, in that it requires scientific
interpretation and integration of multiple data sets, and is
less reproducible in that interpretations by different geolo-
gists will vary to some degree. However, it should be noted
that “objective” interpretations must be based on underly-
ing assumptions and judgments as to the relative importance
of different aspects of the data. They are also less compre-
hensive because they can be based only on standardized
data sets. That lack of flexibility is a major disadvantage in
benthic habitat mapping, for which the goal is character-
ization of complex benthic ecosystems. An intermediate
approach incorporates the results of supervised acoustical
classification as one of the data sets in manual interpretation.
This approach is illustrated by the Glacier Bay habitat map
(Harney et al. 2005, Cochrane et al. 2007) and the method
developed for the California Coast State Waters Mapping
Project (Cochrane 2008).

4

Case Histories

The purpose of the case histories is both to illustrate the use
of technologies for marine habitat mapping and to present
several possible strategies for meeting the challenge of ben-
thic habitat mapping in an area the size of the Alaska region.
The U.S. Exclusive Economic Zone (EEZ) around Alaska cov-
ers over 3.7 million square kilometers, fully 45% of the total
U.S. EEZ around the 50 states. Alaska has 54% of the U.S.
coastline and 66% of the U.S. continental shelf around the
50 states. Rather than reviewing habitat mapping efforts in
Alaska, the case histories focus instead on well-developed
examples of large-area efforts elsewhere. These examples
describe contrasting approaches to habitat mapping of
large regions, including the different motivations for these
studies, the rationale for each approach, the types of data

required, issues encountered along the way, and the habitat
classification products that resulted. The workshop included
three case studies, from Heceta Bank (Oregon), Australia,
and Ireland. Here we also point readers to a major Canadian
study on the Scotian Shelf (Browns Bank, Georges Bank,
German Bank) that may be of interest.

In the first paper in this section, Brian Tissot
(Washington State University Vancouver) and coworkers
present a longitudinal study of the 20-year history and devel-
opment of benthic habitat mapping at Heceta Bank, Oregon
(Tissot et al. 2008). The study area covers 725 square km.
The paper specifically discusses how changing management
needs and research priorities, as well as newly available tech-
nologies, led to changes in the design and execution of the
habitat mapping program.

Another major study of important fishing grounds, dis-
cussed elsewhere, is the Canadian habitat mapping program
at Browns Bank, German Bank, and Georges Bank on the
Scotian Shelf. Pickrill and Todd (2003) outline the highly suc-
cessful partnership between the Geological Survey of Canada
and Clearwater Fine Foods Incorporated, to conduct benthic
habitat mapping and determine species-habitat associations
on these banks. New, 95 kHz multibeam sonar bathymetry
and backscatter data were collected for this purpose. Based
on knowledge of the habitat distribution on Browns Bank
(Todd et al. 1999, Kostylev et al. 2001, 2003), the scallop fish-
ing industry redirected its efforts, and was able to reduce
its fishing effort for a fixed quota by 75%. Bycatch and hab-
itat disturbance were also reduced. Following this success
on Browns Bank, additional joint industry-government hab-
itat mapping programs were conducted on German Bank
and Georges Bank (Kostylev et al. 2005, Pickrill and Todd
2005).

Roff et al. (2003) produced a separate, broadscale habi-
tat map of the Scotian Shelf region, covering approximately
316,000 square km. Their map was based on a geophysical
framework, and used existing data for depth, sediments,
water temperature, tidal patterns, and sea ice as variables.
Benthic and pelagic seascapes were defined separately, and
were combined in a final step. The authors treated this map
as an illustration of their method, and discussed how habitat
maps for other locations might be designed differently. This
study also provides a useful contrast with the higher-resolu-
tion habitat maps on portions of the Scotian Shelf, Browns
Bank, German Bank, and Georges Bank, which were based
on new multibeam mapping.

Peter Harris and others (Geoscience Australia) describe
how Australian researchers coped with a mandate to pro-
duce benthic habitat maps for the Australian Exclusive
Economic Zone (Harris et al. 2008). The Australian EEZ
covers approximately 6 million square km around the con-
tinent of Australia, and an additional 2.1 million square km
around island territories. The habitat maps had to provide
the basis for selection of regional networks of representative
marine protected areas, for the purpose of preserving bio-
diversity. Furthermore, the maps had to be created without
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extensive new surveys. The strategy adopted was to construct
broad-scale maps of “seascapes,” based on geomorphology,
seafloor substrates, fishery and other biological data, and
oceanographic variables. Geomorphic features and other
physical variables in the maps were then used to predict the
spatial distribution of biodiversity, for the selection of marine
protected areas. A new benthic classification scheme was
adopted, to meet the specific needs of the program (Butler
et al. 2001). Note that this mapping effort depended almost
entirely on compilation and interpretation of existing data
sets.

The Irish National Seabed Survey has taken a differ-
ent approach. At the Marine Habitat Mapping Technology
Workshop for Alaska, Anthony Grehan (National University
of Ireland) presented the outlines of the Irish program, and
discussed its progress (Grehan and Brown 2007). The govern-
ment mandate is to map the entire Irish Exclusive Economic
Zone plus its Extended Continental Shelf claim, approxi-
mately 700,000 square km, using multibeam sonar. Funding
is being provided in five-year increments. This program
has been able to design data collection efforts to meet the
objectives of habitat mapping. The EUNIS system of habitat
characterization was implemented with the use of European
Union funds; however, this system has proven difficult to
use in the construction of seafloor habitat maps. The Irish
are now reconsidering the methodology of mapping marine
benthic habitats. Nevertheless, Ireland will probably be the
first country to map its entire EEZ. Further information is
available through the Geological Survey of Ireland, at www.
gsiseabed.ie.

Acknowledgments

We wish to thank the 46 reviewers for their thoughtful eval-
uations and advice on the papers presented here. Discussion
and input from participants at the Marine Habitat Mapping
Technology Workshop for Alaska improved the focus and
content of this volume.

The staff at Alaska Sea Grant have made major contri-
butions to the success of this effort. Sherri Pristash played
a crucial role in planning and executing the workshop,
and Dave Partee created graphics used at the workshop.
Sue Keller managed production of this volume, and Jen
Gunderson designed and laid out the text pages and cover.

We gratefully acknowledge support from the North
Pacific Research Board (NPRB), for both the Marine Habitat
Mapping Technology Workshop for Alaska and publication
of this volume. This support was provided through NPRB
award no. 615 to the University of Alaska Fairbanks (Reynolds
and Allee). NPRB publication no. 183.

References

Allee, R.J., M. Dethier, D. Brown, L. Deegan, G.R. Ford, T.R.
Hourigan, J. Maragos, C. Schoch, K. Sealey, R. Twilley, M.P.
Weinstein, and M.M. Yoklavich. 2000. Marine and estuarine
ecosystem and habitat classification. NOAA Tech. Memo.
NMES-EF/SPO-43. 43 pp.

Amend, M.R., M.M. Yoklavich, Y. Rzhanov, C.B. Grimes, and W.\¥.
Wakefield. 2007a. Mosaics of benthic habitats using laser line
scan technology. In: B.J. Todd and H.G. Greene (eds.), Mapping
the seafloor for habitat characterization. Geol. Assoc. Can.
Spec. Pap. 47, pp. 61-70.

Amend, M., J. Lomnicky, K. Smith, B. McConnaughey, C. Yeung,
G. McGillicuddy, and Y. Rzhanov. 2007b. Adding ecological
context to EFH models using ground truthing technologies.
Marine Habitat Mapping Technology Workshop for Alaska
(Anchorage, Alaska), April 2-4, 2007, Program and Abstracts.
Alaska Sea Grant College Program, University of Alaska
Fairbanks, p. 31. (http://www.nprb.org, Project 615)

Anderson, T.J., and M.M. Yoklavich. 2007. Multiscale habitat asso-
ciations of deepwater demersal fishes off central California.
Fish. Bull. U.S. 105:168-179.

Barrie, J.V., and K.W. Conway. 2008. Surficial geology: The third
dimension in habitat mapping. In: J.R. Reynolds and H.G.
Greene (eds.), Marine habitat mapping technology for Alaska.
Alaska Sea Grant College Program, University of Alaska
Fairbanks. CD-ROM. (This volume.)

Butler, A., P. Harris, V. Lyne, A. Heap, V. Passlow, and R. Porter-
Smith. 2001. An interim bioregionalisation for the continental
slope and deeper waters of the South-East Marine Region of
Australia. Report to the National Oceans Office, Geoscience
Australia and CSIRO, Hobart. 38 pp.

Byerly, M. 2005. Project 8: North Gulf lingcod distribution and
recruitment. In: D. Carlile. Nearshore marine research in
Alaska (IV): Final comprehensive progress report. NOAA
Cooperative Agreement NA16FN2808. Alaska Department
of Fish and Game, Division of Commercial Fisheries, Juneau,
pp. 67-93.

Byerly, M. 2007a. Project 6: Lingcod population parameters in the
Northern Gulf of Alaska. In: D. Carlile. Nearshore marine
research in Alaska (V): Final comprehensive progress report.
NOAA Cooperative Agreement NAO3NMF4370202. Alaska
Department of Fish and Game, Division of Commercial
Fisheries, Juneau, pp. 42-76.

Byerly, M. 2007b. Use of a shallow-water ROV in the Northern Gulf
of Alaska. Marine Habitat Mapping Technology Workshop
for Alaska (Anchorage, Alaska), April 2-4, 2007, Program and
Abstracts. Alaska Sea Grant College Program, University of
Alaska Fairbanks, p. 19. (http://www.nprb.org, Project 615)

Byerly, M., and M. Spahn. 2007. Habitat-based groundfish assess-
ment using a shallow-water ROV in the Northern Gulf of
Alaska. Marine Habitat Mapping Technology Workshop for
Alaska (Anchorage, Alaska), April 2-4, 2007, Program and
Abstracts. Alaska Sea Grant College Program, University of
Alaska Fairbanks, p. 33. (http://www.nprb.org, Project 615)

Byerly, M., R.E. Sylwester, D. Aldrich, and M. Spahn. 2007. Chiswell
Ridge habitat mapping and groundfish assessment: Final
report. North Pacific Research Board project no. 616. 20 pp.



Marine Habitat Mapping Technology for Alaska

Caress, D.W., H. Thomas, W.]. Kirkwood, R. McEwen, R. Henthorn,
D.A. Clague, C.K. Paull, J. Paduan, and K.L. Maier. 2008.
High-resolution multibeam, sidescan, and subbottom sur-
veys using the MBARI AUV D. Allan B. In: J.R. Reynolds
and H.G. Greene (eds.), Marine habitat mapping technology
for Alaska. Alaska Sea Grant College Program, University of
Alaska Fairbanks. CD-ROM. (This volume.)

Cochrane, G.R. 2008. Video-supervised classification of sonar
data for mapping seafloor habitat. In: J.R. Reynolds and H.G.
Greene (eds.), Marine habitat mapping technology for Alaska.
Alaska Sea Grant College Program, University of Alaska
Fairbanks. CD-ROM. (This volume.)

Cochrane, G., P. Dartnell, ]. Harney, and L. Etherington. 2007. Video
supervised numerical classification of acoustic data from
Glacier Bay, Alaska. Marine Habitat Mapping Technology
Workshop for Alaska (Anchorage, Alaska), April 2-4, 2007,
Program and Abstracts. Alaska Sea Grant College Program,
University of Alaska Fairbanks, p. 26. (http://www.nprb.org,
Project 615)

Connor, D.W., M.J. Dalkin, T.O. Hill, R.H.F. Holt, and W.G.
Sanderson. 1997. Marine nature conservation review,
marine biotope classification for Britain and Ireland: Vol. 2,
Sublittoral biotopes, Version 97.06. Joint Nature Conservation
Committee Report 230, Peterborough, UK.

Connor, D.W.,, J.H. Allen, N. Golding, K.L. Howell, L.M.
Lieberknecht, K.O. Northern, and J.B. Reker. 2004. The marine
habitat classification for Britain and Ireland, Version 04.05.
Joint Nature Conservation Committee Report, Peterborough,
UK.

Cormier, M.-H., W.B.E. Ryan, A K. Shah, W. Jin, A.M. Bradley, and
D.R. Yoerger. 2003. Waxing and waning volcanism along
the East Pacific Rise on a millennium time scale. Geology
31(7):633-636.

Dalgleish, E., F. Caimi, W. Britton, and C. Andren. 2007. An AUV-
deployable pulsed laser line scan (PLSS) imaging sensor.
Marine Technology Society/IEEE Oceans 2007, Conference
Proceedings, doi:10.1109/OCEANS.2007.4449184.

Davies, C.E., D. Moss, and M.O. Hill. 2004. EUNIS habitat classifi-
cation revised 2004. Report to the European Topic Centre on
Nature Protection and Biodiversity/European Environment
Agency, Paris. 310 pp.

Etherington, L, G. Cochrane, J. Harney, ]. Taggart, ]. Mondragon,
A. Andrews, E. Madison, H. Chezar, and J. de La Bruere. 2007.
Glacier Bay seafloor habitat mapping and classification: First
look at linkages with biological patterns. In: J.F. Piatt and S.M.
Gende (eds.), Proceedings of the Fourth Glacier Bay Science
Symposium, October 26-28, 2004. U.S. Geological Survey
Scientific Investigations Report 2007-5047, pp. 71-75.

Galloway, J.L. 2008. Systematic acoustic seafloor habitat mapping of
the British Columbia Coast. In: J.R. Reynolds and H.G. Greene
(eds.), Marine habitat mapping technology for Alaska. Alaska
Sea Grant College Program, University of Alaska Fairbanks.
CD-ROM. (This volume.)

Grandin, C. 2005. Use of video for inshore rockfish stock assess-
ment. In: D.A. Somerton and C.T. Glendhill (eds.), Report
of the National Marine Fisheries Service Workshop on
Underwater Video Analysis, August 4-6, 2004. NOAA Tech.
Memo. NMFS-F/SPO-68, pp. 42-43.

Grasmueck, M., G.P. Eberli, D.A. Viggiano, T. Correa, G. Rathwell,
and J. Luo. 2006. Autonomous underwater vehicle (AUV)
mapping reveals coral mound distribution, morphology, and
oceanography in deep water of the Straits of Florida. Geophys.
Res. Lett. 33:1.23616, doi:10.1029/2006GL027734. 6 pp.

Greene, H.G,, ].]. Bizzarro, V.M. O’Connell, and C. Brylinsky. 2007.
Construction of digital potential marine benthic habitat maps
using a coded classification scheme and its application. In:
B.J. Todd and H.G. Greene (eds.), Mapping the seafloor for
habitat characterization. Geol. Assoc. Can. Spec. Pap. 47, pp.
141-156.

Greene, H.G., V. O’Connell, C.K. Brylinsky, and J.R. Reynolds. 2008.
Marine benthic habitat classification: What’s best for Alaska?
In: J.R. Reynolds and H.G. Greene (eds.), Marine habitat map-
ping technology for Alaska. Alaska Sea Grant College Program,
University of Alaska Fairbanks. CD-ROM. (This volume.)

Greene, H.G., ].]. Bizzarro, J.E. Tilden, H.L. Lopez, and M.D. Erdey.
2005. The benefits and pitfalls of geographic information sys-
tems in marine benthic habitat mapping. In: D.J. Wright and
A.]. Scholz (eds.), Place matters. Oregon State University Press,
Portland, pp. 34-46.

Greene, H.G., M.M. Yoklavich, R.M. Starr, V.M. O’Connell, W.\¥.
Wakefield, D.E. Sullivan, J.E. McRea Jr., and G.M. Cailliet.
1999. A classification scheme for deep seafloor habitats.
Oceanol. Acta 22(6):663-678.

Grehan, A J.,, and C. Brown. 2007. Do large scale multibeam sur-
vey programmes improve our knowledge of seafloor habitats?
The example of the Irish National Seabed Survey (INSS).
Marine Habitat Mapping Technology Workshop for Alaska
(Anchorage, Alaska), April 2-4, 2007, Program and Abstracts.
Alaska Sea Grant College Program, University of Alaska
Fairbanks, pp. 28-29. (http://www.nprb.org, Project 615)

Guenther, G.C. 2007. Airborne lidar bathymetry. In: D.F. Maune
(ed.), Digital elevation model technologies and applications:
The DEM users manual, 2nd edn. American Society for
Photogrammetry and Remote Sensing, Bethesda, Maryland,
pp. 253-320.

Hare, R.M. 2008. Small-boat surveys in shallow water. In: J.R.
Reynolds and H.G. Greene (eds.), Marine habitat mapping
technology for Alaska. Alaska Sea Grant College Program,
University of Alaska Fairbanks. CD-ROM. (This volume.)

Harney, J.N., G.R. Cochrane, L.L. Etherington, P. Dartnell, N.E.
Golden, and H. Chezar. 2005. Geological characteristics
of benthic habitats in Glacier Bay, Southeast Alaska. U.S.
Geological Survey Open-File Report 2006-1081.

Harris, P.T., A. Heap, T. Whiteway, and A. Post. 2008. Applications
of geoscience to Australia’s representative marine protected
area program. In: J.R. Reynolds and H.G. Greene (eds.), Marine
habitat mapping technology for Alaska. Alaska Sea Grant
College Program, University of Alaska Fairbanks. CD-ROM.
(This volume.)

Heap, A.D., P.T. Harris, A. Hinde, and M. Woods. 2005. Benthic
marine bioregionalisation of Australia’s Exclusive Economic
Zone. Report to the National Oceans Office, Geoscience
Australia, Canberra. 140 pp.

Huff, L. 2008. Acoustic remote sensing as a tool for habitat map-
ping in Alaska waters. In: J.R. Reynolds and H.G. Greene
(eds.), Marine habitat mapping technology for Alaska. Alaska
Sea Grant College Program, University of Alaska Fairbanks.
CD-ROM. (This volume.)



10 Reynolds et al.—Overview: Marine Habitat Mapping Technology for Alaska

Joye, S.B., L.R. MacDonald, J.P. Montoya, and M. Peccini. 2005.
Geophysical and geochemical signatures of Gulf of Mexico
seafloor brines. Biogeosciences 2:295-309.

Kenyon, J.C., R.E. Brainard, R.K. Hoeke, F.A. Parrish, and
C.B. Wilkinson. 2006. Towed-diver surveys, a method for
mesoscale spatial assessment of benthic reef habitat: A case
study at Midway Atoll in the Hawaiian Archipelago. Coastal
Management 34(3):339-349.

Kostylev, V.E.,, R.C. Courtney, G. Robert, and B.]. Todd. 2003. Stock
evaluation of giant scallop (Placopecten magellanicus) using
high-resolution acoustics. Fish. Res. 20:479-492.

Kostylev, V.E., B.J. Todd, O. Longva, and P.C. Valentine. 2005.
Characterization of benthic habitat on northeastern Georges
Bank, Canada. In: PW. Barnes and J.P. Thomas (eds.), Benthic
habitats and the effects of fishing. Am. Fish. Soc. Symp.
41:141-152.

Kostylev, V.E., B.]. Todd, G.B.]. Fader, R.C. Courtney, G.D.M.
Cameron, and R.A. Pickrill. 2001. Habitat mapping based on
benthos and multibeam bathymetry interpretations of Browns
Bank, Scotian Shelf. Mar. Ecol. Prog. Ser. 219:121-137.

Kurland, J., and D. Woodby. 2008. Marine habitat mapping: What
is it and why do managers need it? In: J.R. Reynolds and H.G.
Greene (eds.), Marine habitat mapping technology for Alaska.
Alaska Sea Grant College Program, University of Alaska
Fairbanks. CD-ROM. (This volume.)

Legendre, P. 2003. Reply to the comment by Preston and Kirlin on
“Acoustic seabed classification: Improved statistical method.”
Can. J. Fish. Aquat. Sci. 60:1301-1305.

Legendre, P., K.E. Ellingsen, E. Bjornbom, and P. Casgrain. 2002.
Acoustic seabed classification: Improved statistical method.
Can. J. Fish. Aquat. Sci. 59:1085-1089.

Madden, C.J.,and D.H. Grossman. 2007. A framework for a coastal/
marine ecological classification standard (CMECS). In: B.J.
Todd and H.G. Greene (eds.), Mapping the seafloor for hab-
itat characterization. Geol. Assoc. Can. Spec. Pap. 47, pp.
185-210.

Madden, C.J., D.H. Grossman, and K.L. Goodin. 2005. Coastal and
marine systems of North America: Framework for an ecologi-
cal classification Standard, Version II. NatureServe, Arlington,
Virginia. 48 pp.

Mayer, L.A. 2007. Frontiers in seafloor mapping and visualization.
Mar. Geophys. Res. 27:7-17, d0i:10.1007/s11001-005-0267x.

Mazel, C.H., M.P. Strand, M.P. Lesser, M.P. Crosby, B. Coles, and
A.J. Nevis. 2003. High-resolution determination of coral reef
bottom cover from multispectral fluorescence laser line scan
imagery. Limnol. Oceanogr. 48(1):522-534.

McConnaughey, B., L. Huff, C. Yeung, and S. Syrjala. 2007a. Using
acoustics to characterize sediments for essential fish habitat
models. Marine Habitat Mapping Technology Workshop for
Alaska (Anchorage, Alaska), April 2-4, 2007, Program and
Abstracts. Alaska Sea Grant College Program, University of
Alaska Fairbanks, p. 30. (http://www.nprb.org, Project 615)

McConnaughey, B., C. Yeung, S. Syrjala, and K. Smith. 2007b.
Mapping environmental variables to produce essential
fish habitat models. Marine Habitat Mapping Technology
Workshop for Alaska (Anchorage, Alaska), April 2-4, 2007,
Program and Abstracts. Alaska Sea Grant College Program,
University of Alaska Fairbanks, p. 38. (http://www.nprb.org,
Project 615)

Moyles, D., A. Orthmann, C. Lockhart, and J.D. Lage. 2005.
Hydrographic mapping by combined operations using bathy-
metric LIDAR and multibeam echosounder in Alaska. US
Hydro 2005 (San Diego, California), March 29-31, 2005.

Pacunski, R.E., W.A. Palsson, H.G. Greene, and D. Gunderson.
2008. Conducting visual surveys with a small ROV in shal-
low water. In: J.R. Reynolds and H.G. Greene (eds.), Marine
habitat mapping technology for Alaska. Alaska Sea Grant
College Program, University of Alaska Fairbanks. CD-ROM.
(This volume.)

Pautzke, C. 2005. The challenge of protecting fish habitat through
the Magnuson-Stevens Fishery Conservation and Management
Act. In: P\W. Barnes and J.P. Thomas (eds.), Benthic habitats
and the effects of fishing. Am. Fish. Soc. Symp. 41:19-39.

Pickrill, R.A., and B.J. Todd. 2003. The multiple roles of acoustic
mapping in integrated ocean management, Canadian Atlantic
continental margin. Ocean Coast. Manag. 46:601-614.

Pickrill, R.A., and B.J. Todd. 2005. Sea floor mapping on the Scotian
Shelf and the Gulf of Maine: Implications for the management
of ocean resources. Am. Fish. Soc. Symp. 41:108.

Preston, J.M., and R.L. Kirlin. 2003. Comment on “Acoustic sea-
bed classification: Improved statistical method.” Can. J. Fish.
Aquat. Sci. 60:1299-1300.

Reynolds, J.R., H.G. Greene, D. Woodby, J. Kurland, and B. Allee.
2008. Workshop report: Marine Habitat Mapping Technology
Workshop for Alaska. In: J.R. Reynolds and H.G. Greene (eds.),
Marine habitat mapping technology for Alaska. Alaska Sea
Grant College Program, University of Alaska Fairbanks,
CD-ROM. (This volume.)

Rigby, R., O. Pizarro, and S. Williams. 2007. Improved AUV nav-
igation through multi-sensor data fusion. Sea Technology
48(3):15-19.

Roff, J.C., M.E. Taylor, and J. Laughren. 2003. Geophysical
approaches to the classification, delineation and monitoring
of marine habitats and their communities. Aquat. Conserv.
Mar. Freshw. Ecosys. 13:77-90.

Rooper, C.N. 2008. Underwater video sleds: Versatile and cost
effective tools for habitat mapping. In: J.R. Reynolds and H.G.
Greene (eds.), Marine habitat mapping technology for Alaska.
Alaska Sea Grant College Program, University of Alaska
Fairbanks. CD-ROM. (This volume.)

Sinclair, M. 2004. Hydrographic lidar operations in Alaska. Sea
Technology 45(10):10-13.

Sinclair, M.J., D.J. Stephenson, and R.M. Barker. 2003. Alaska
Peninsula deployment of laser airborne bathymetric system.
Marine Technology Society/IEEE Oceans 2003, Conference
Proceedings, doi:10.1109/OCEANS.2003.1283371.

Singh, H., R.A. Armstrong, F. Gilbes, R. Eustice, C. Roman,
O. Pizarro, and J. Torres. 2004. Imaging coral I: Imaging
coral habitats with the SeaBED AUV. Subsurface Sensing
Technologies and Applications 5(1):25-42.

Stein, D.L., B.N. Tissot, M.A. Hixon, and W. Barss. 1992. Fish-
habitat associations on a deep reef at the edge of the Oregon
continental shelf. Fish. Bull. U.S. 90:540-551.



Marine Habitat Mapping Technology for Alaska

Tissot, B.N. 2008. Video analysis, experimental design, and data-
base management of submersible-based habitat studies. In:
J.R. Reynolds and H.G. Greene (eds.), Marine habitat mapping
technology for Alaska. Alaska Sea Grant College Program,
University of Alaska Fairbanks. CD-ROM. (This volume.)

Tissot, B.N., W.W. Wakefield, M.A. Hixon, and J.E.R. Clemons.
2008. Twenty years of fish-habitat studies on Heceta Bank,
Oregon. In: J.R. Reynolds and H.G. Greene (eds.), Marine hab-
itat mapping technology for Alaska. Alaska Sea Grant College
Program, University of Alaska Fairbanks. CD-ROM. (This
volume.)

Todd, B.J., G.B.J. Fader, R.C. Courtney, and R.A. Pickrill. 1999.
Quaternary geology and surficial sediment processes, Browns
Bank, Scotian Shelf, based on multibeam bathymetry. Mar.
Geol. 162:165-214.

Tolimieri, N., M.E. Clarke, H. Singh, and C. Goldfinger. 2008.
Evaluating the SeaBED AUV for monitoring groundfish in
untrawlable habitat. In: J.R. Reynolds and H.G. Greene (eds.),
Marine habitat mapping technology for Alaska. Alaska Sea
Grant College Program, University of Alaska Fairbanks.
CD-ROM. (This volume.)

Valentine, P.C., B.J. Todd, and V.E. Kostylev. 2005. Classification of
marine sublittoral habitats, with application to the northeast-
ern North America region. In: P.W. Barnes and J.P. Thomas
(eds.), Benthic habitats and the effects of fishing. Am. Fish.
Soc. Symp. 41:183-200.

11

Yeung, C., and R.A. McConnaughey. 2008. Using acoustic back-
scatter from a sidescan sonar to explain fish and invertebrate
distributions: A case study in Bristol Bay, Alaska. ICES J. Mar.
Sci. 65:242-254.

Yoklavich, M.M., and V. O’Connell. 2008. Twenty years of research
on demersal communities using the Delta submersible in the
northeast Pacific. In: J.R. Reynolds and H.G. Greene (eds.),
Marine habitat mapping technology for Alaska. Alaska Sea
Grant College Program, University of Alaska Fairbanks.
CD-ROM. (This volume.)

Yoklavich, M.M., C.B. Grimes, and W.W. Wakefield. 2003. Using
laser line scan imaging technology to assess deepwa-
ter seafloor habitats in the Monterey Bay National Marine
Sanctuary. MTS Journal 37(1):18-26.

Zimmermann, M., and C.N. Rooper. 2008. Comparison of
echogram measurements against data expectations and
assumptions for distinguishing seafloor substrates. Fish.
Bull. U.S. 106:293-304.

Zimmermann, M., C.N. Rooper, and P.D. Spencer. 2007.
Comparison of echogram measurements against data expec-
tations and assumptions for distinguishing seafloor habitats.
Marine Habitat Mapping Technology Workshop for Alaska
(Anchorage, Alaska), April 2-4, 2007, Program and Abstracts.
Alaska Sea Grant College Program, University of Alaska
Fairbanks, p. 46. (http://www.nprb.org, Project 615)






