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Benthic Habitats and Offshore Geological Resources of
Kaloko-Honokohau National Historical Park, Hawai i

By Ann E. Gibbs, Susan A. Cochran, Joshua B. Logan, and Eric E. Grossman

Executive Summary

Kaloko-Honokohau National Historical Park (KAHO) is one
of three National Park lands located along the western coast of the
Island of Hawai'i and the only one to include submerged lands
and marine resources within its official boundaries. The park was
established in 1978 and is 1,160 acres in size, including 596 acres
of marine area. The submerged lands are currently managed by
the State of Hawai'i, Department of Land and Natural Resources,
Division of Aquatic Resources (DLNR-DAR). KAHO is located
adjacent to a moderately well developed area of the Kona coast.
The park is bordered on the south by the Honokohau small-boat
harbor and on the north by a luxury residential/resort and golf
course development currently (2006) under construction. A
county landfill and wastewater treatment facility that discharges
treated effluent are located within a mile upslope of the harbor
and the park. Across the highway from the east boundary are a
rock quarry and a light industrial and business district. Future
development slated for lands adjacent to the south boundary of
the park include a 300-percent expansion of the small-boat harbor,
along with construction of hotels, condominiums, and a light
industrial park.

Marine resources located within KAHO include coral reef
and habitat for many marine animals, including the green sea
turtle and a variety of fish and invertebrates. In addition, many
archeological, cultural, and recreational resources are located
within the marine realm of the park. Potential threats and stressors
to the modern marine environment include ground-water and
surface-water contamination, invasive plants and algae, fishing
pressure and use of monofilament gill nets (which can ensnare
marine life or become tangled on reefs and be left behind as
fishing debris), and visitor use impacts, such as scuba diving and
snorkeling. Illegal dumping, oil releases, boat groundings, and
other physical damage to reef resources are potential threats from
users of the nearby harbor. Special issues of concern for the park
include establishing baseline conditions of the offshore resources
before the development of adjacent coastal lands.

Until this study, only a general knowledge of the
distribution of benthic habitats and the characteristics of the
offshore region of Kaloko-Honokohau National Historical Park
was available. In 2003, a collaborative project between the
U.S. Geological Survey (USGS) Coastal and Marine Geology
Program and the National Park Service (NPS) was initiated

to develop detailed benthic-habitat classification maps for
the marine lands within and adjacent to the park. The intent
of this project is to provide baseline maps and a Geographic
Information System (GIS) database and description of the
biological and geological resources of these marine lands
in order to facilitate the management, interpretation, and
understanding of park resources.

A benthic-habitat classification map was created for
the park using existing color aerial photography, Scanning
Hydrographic Operational Airborne Lidar Survey (SHOALS)
bathymetric data, georeferenced underwater video, and still
photography. Individual habitat polygons were classified
using five basic attributes: (1) major structure or substrate, (2)
dominant structure, (3) major biologic cover on the substrate,
(4) percentage of major biological cover, and (5) geographic
zone. Additional information regarding geology, morphology,
and coral species were also noted.

Geologic Framework

The offshore region of KAHO consists of multiple,
coalescing volcanic flows that form distinct morphological
regions and support diverse benthic habitats. The offshore
geology is predominantly composed of smooth to undulating
pahoehoe-type basalt flows that form flat to gently sloping
benches, cliffs, and steep shelf escarpments. In some locations
the basalt surface is irregular and mounded into ridges,
pinnacles, and arches. Large rounded boulders and smaller
scattered rocks are common throughout the park. In only a few
locations does coral cover or accreted carbonate reef obscure
the underlying volcanic surface.

The upland area of the park is composed of three Holocene
basalt flows that originated from Hualalai Volcano and range
in age from 10 ka (thousand years) to 1.5 ka. The geologic
history and ages of the submerged flows, however, are poorly
constrained. In general, the surface of the submerged volcanic
substrate shows textures commonly seen on subaerial flows
(ropey pahoehoe, pinnacles, and tubes), suggesting that little
erosion has occurred in these locations. However, the presence
of the shallow and deep cliffs and the abundant, well-rounded
boulders that cover much of the study area indicates that
extensive erosion has been modifying the shape of the sea floor
over an extended period of time. No features or morphology
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that would indicate primary deposition underwater (for
example, lava pillows) were observed, suggesting that the flows
we observe today were originally deposited subaerially and
have subsided to their present position below sea level.

Benthic Species

The reefs at KAHO are primarily Porites reefs, comprising
mainly P. compressa and P, lobata; overall, four individual Porites
species were identified. A total of thirteen species of coral from
nine genera were observed within the park. KAHO has a high
abundance of the endemic octocoral, Anthelia edmonsoni. This
species is common at many other locations on the west coast of
the Island of Hawai'i, although relatively rare at most other sites
within the State. Seven species of invertebrates were observed
within the park, most commonly the collector urchin, Tripneustes
gratilla, and the rock-boring urchin, Echinometra mathaei. The
Crown of Thorns sea star, Acanthaster planci, was also observed
at numerous locations within the park.

Benthic Habitat

Benthic habitat varies greatly throughout the study area.
Nearly 73 percent of the study area consists of a hardbottom
structure that is potentially available for coral habitation;
the remaining 27 percent includes unconsolidated sediment
and artificial and artificial/historical features. Coral cover is
predominantly low, with 68 percent of the total hardbottom
area covered with 10 to <50 percent coral. Significant areas of
moderately high (50 to <90 percent; 12 percent total hardbottom)
and high (90 to 100 percent; 2 percent total hardbottom) coral
coverage are also mapped within the study area. Generally, coral
cover increases with depth, with the maximum at depths between
about 10 and 20 m of water.

Coral Distribution

The coral cover in the park is low overall, except for areas
that are relatively protected from high wave energy—in the
most deeply embayed reaches off the harbor mouth and off
Kaloko Fishpond. In both of those areas, the coral communities
are diverse, healthy, and thriving. The embayments are locally
protected from south swell and Kona storms by Noio Point and
from all but the most westerly north Pacific swell by Wawahiwa'a
Point. Between the two, the deep bench and central bench/
escarpment regions provide additional protection from larger
waves that shoal across the relatively exposed platforms.

Status of the Habitat

Overall, the park’s offshore region supports a healthy
and relatively diverse coral habitat. Little evidence of invasive
macroalgae and no diseased coral were observed. However, a few
limited occurrences of macroalgae were noted. Several specimens

of the potentially destructive sea star Acanthaster planci were
observed, although limited evidence for widespread destruction
of coral suggests that these predators may be balanced within the
ecosystem.

The only anomalous habitat area appears to be off the harbor
mouth, where an area of low coral cover was mapped between
some of the most abundant and diverse coral communities within
the study area. The causes of this apparent degradation are unclear.

Low sedimentation rates, along with the dearth of invasive
or native macroalgae and the presence of thriving, healthy reefs
in protected locations, suggest that the coral habitat in KAHO is
primarily controlled by natural wave-induced stresses, with little
evidence of anthropogenic stresses. Areas of high visitor use,
such as near the shoreline or around mooring buoys, were not
specifically evaluated for impacts of the users.

Special Considerations and Recommendations

As results of the study reported in this work, the
following observations and recommendations are given:

* The areas of highest coral cover within the park are located
adjacent to the most highly developed (developing) areas of
adjacent coast—offshore Honokohau Harbor and Kaloko
Fishpond. We recommend that the NPS establish long-term
monitoring stations near these locations to evaluate any
changes in environmental conditions (sedimentation, water
quality, direct impact) that may adversely affect the habitats in
the future.

* Establish coral and water-quality monitoring and current-
measurement transects near the poorly colonized area off
the harbor mouth and control area(s) in order to determine
whether potential changes in sedimentation, water quality, or
bottom currents are affecting coral colonization off the harbor
mouth.

* Define boundaries of the degraded area off the harbor mouth
to evaluate its stability, the processes affecting it, and/or
to determine if the adjacent areas of thriving coral habitat
are expanding, contracting, or susceptible to these same
processes.

+ Evaluate freshwater conduits and establish water-quality and
benthic-habitat monitoring locations along the north boundary
of the park, off Kohanaiki, near areas of recent and future
development of housing and golf courses.

* Carry out additional scuba transects to better quantify spatial
variations in the percent cover, health of P. compressa, and
structure of the shelf-escarpment habitat.

* Establish long-term coral and fish monitoring sites to monitor
coral health and ecosystem health throughout the park.

* Collect airborne infrared or hyperspectral imagery to isolate
spectrally unique bio-indicators to improve delineation of
intertidal habitats.



Introduction

This study is the result of a collaborative effort between
the Coral Reef Project of the U.S. Geological Survey (USGS)
Coastal and Marine Geology Program and Kaloko-Honokohau
National Historical Park (KAHO), the only national park
along the west coast of the Island of Hawai'i to include a
marine region within its official boundaries. The purpose of
the study was to develop benthic-habitat classification maps
for the marine lands within and adjacent to KAHO. Baseline
maps and a Geographic Information System (GIS) database of
biological and geological resources of these marine lands are
provided in order to facilitate the management, interpretation,
and understanding of park resources.

Using a combination of aerial photography, bathymetry,
video, and still imagery, a total area of nearly 2.5 km?* was
mapped between Noio Point and Wawahiwa'a Point from the
shoreline out to the west boundary of the park. The total arca
also includes two areas north and south of the park that were
mapped from the shoreline to 40-m water depth (fig. 1). The
interpreted geological and benthic-habitat classification maps
and GIS database produced by this collaborative effort are
included in conjunction with this report.

Marine resources located within KAHO include coral
and coral reef habitat for many marine animals, including
the green sea turtle and a variety of fish and invertebrates.

In addition, many archeological, cultural, and recreational
resources are located within the marine realm of the park.
Special issues of concern for the park include establishing
baseline conditions of the offshore resources before the
planned harbor expansion near the south end of the park and
a golf course/resort/residential development near the north
boundary.

Study Area

General Setting

Kaloko-Honokohau National Historical Park (KAHO)
is one of three National Park lands located along the west
coast of the Island of Hawai'i. The park was established by an
act of Congress (Public Law 95-625) in 1978. The legislated
boundary of the park encloses approximately 1,160 acres,
including nearly 600 acres of submerged marine resources. To
date, only a portion of the park has been acquired by the NPS,
with the remaining acreage held privately or by the state of
Hawai'i. The submerged lands are currently managed by the
State of Hawai'i, Department of Land and Natural Resources,
Division of Aquatic Resources (DLNR-DAR). KAHO is one
of only three National Park lands in Hawai'i to include marine
resources within its official boundaries.

KAHO is located adjacent to a moderately well
developed area of the Kona coast. The park is bordered on
the south by the Honokohau small-boat harbor, which is the
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primary fueling, maintenance, and berthing facility on the
central Kona coast. The harbor was quarried out of basalt
rock from the shoreline landward more than 0.5 km. The first
phase of construction was completed in 1970, and secondary
expansion was completed in 1979. A county landfill and
wastewater-treatment facility that discharges treated effluent
are located less than 2 km upslope of the harbor and the

park. Across the highway from the east boundary are a rock
quarry and light industrial and business district. Construction
of a golf course and a resort/residential development with
500 single-family housing units, The Shores of Kohanaiki,
began in 2005 on lands along the north boundary of the park
within the Kohanaiki ahupua’a (a traditional Hawaiian land
division extending from the upper ridgeline slopes to the sea).
Development slated (circa 2006) for the lands adjacent to the
park in the south include a 300-percent expansion of the small-
boat harbor along with construction of hotels, condominiums,
and a light industrial park (fig. 2).

The upland area of the park is composed of three
Holocene basalt flows that originated from Hualalai Volcano.
Flat to gently rolling pahoehoe and rough jagged a'a types of
basalt flows are both found within the park and range in age
from 10 ka (thousand years) to 1.5 ka (Wolfe and Morris 1996;
fig. 3). Together they form a gentle seaward-sloping surface
that meets the shoreline along a mostly flat-lying, narrow
intertidal zone, except south of the harbor, where the shoreline
is marked by a cliff 2-3 m high. A geological resources
evaluation, including an overview of the regional geology,
local volcanic deposits, and a detailed description of coastal
landforms in the upland portion of the park can be found in a
companion paper by Richmond and others (2007).

The offshore region of KAHO is characterized by
multiple coalescing basalt flows, as discussed in detail below.
The geologic mapping of Wolfe and Morris (1996) ends at the
shoreline, and thus the geologic ages of the submerged flows
are unknown and the relative relations to the emergent flows
poorly constrained.

The mean tidal range at Kailua-Kona, which is a subordinate
tidal station adjusted to the primary station at Hilo, is 1.4 feet
(0.43 m) with a spring range of 2.1 feet (0.64 m) and a mean tide
level of 0.9 feet (0.27 m) relative to mean lower low water (mllw)
(National Oceanic and Atmospheric Administration National
Ocean Service, 2005).

The numerous cultural and natural resources within the
park include archeological sites, petroglyphs, native species,
anchialine pools (inland depressions connected to the ocean by
subterranean conduits), and three ancient manmade fishponds
(Kaloko, *Aimakapa, and "Ai opio fishtrap). In addition to
these historical and natural resources within the upland part of
the park, the offshore component of KAHO hosts a rich coral-
reef community, habitat for many diverse marine species, as
well as submerged archeological sites and popular recreational
resources.

Potential threats and stressors to the modern marine
environment include ground-water and surface-water
contamination, invasive plants and algae, fishing pressure and
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Figure 1. Location map showing the boundaries of Kaloko-Honokohau National Historical Park, the mapped area,
and the geographic locations described in this report. The “legislated boundary” was established by the U.S.
Congress in 1978. The “actual boundary” includes only lands actually acquired by the National Park Service.
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Figure 2. Map showing land use around Kaloko-Honokohau NHP circa 2006 (from unpublished
National Park Service data; Sallie Beavers, written commun., 2006).

use of monofilament gill nets (which can ensnare marine life
or become tangled on reefs and then be left behind as fishing
debris), and visitor use impacts, such as scuba diving and
snorkeling. Illegal dumping, oil releases, boat groundings,
and other physical damage to reef resources are potential
threats from users of the nearby harbor. The proximity of
coastal developments and their effects on water quality

and aquatic ecosystems are also important considerations
(DeVerse, 2006; Hoover and Gold, 2005).

Wave Climate

Although typically considered a low wave-energy coast,
the Kona coast can experience large wave events associated
with seasonally varying wave sources. Moberly and Chamber-
lain (1964) describe four primary wave patterns that influence
the main eight Hawaiian Islands, including the following:

North Pacific swell —This generates some of the largest
waves in the Hawaiian Islands. It is produced by storms in the

Aleutians and mid-latitude lows and approaches from the NW
to NE. The largest waves are from October to May, and have
heights of 8—14 ft (2—5 m) and periods of 1015 s.

Northeast trade waves—The second most powerful or
influential waves on the islands are generated by trade winds
that blow across the open ocean. These approach from the N to
SE. The largest waves are from April to November, and have
heights of 4-12 ft (1-4 m) and periods of 5-8 s.

Kona storm waves.—These waves are very erratic and
infrequent. They are generated by local fronts or extratropical
lows and are associated with the weakening of the trade winds.
They approach from SE to SW. The largest waves are from
SW, usually in the winter time (December-March), and have
heights of 1015 ft (3—5 m) and periods of 810 s.

Southern swell —These waves are generated by winter
storms in the Southern Ocean. The largest waves are from
April to October. They are more common than Kona storms
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flows, aged between 1,500 and 10,000 years, all originated from the Hualalai Volcano (Wolfe and
Morris, 1996). The offshore part of the figure is Quickbird satellite imagery draped over bathymetry.
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Figure 4. Diagram illustrating primary wave patterns for the main
Hawaiian Islands (after Moberly and Chamberlain, 1964).

waves, but smaller, having heights of 1-4 ft (0.3 to 1.3 m) and
periods of 14-22 s.

The Kona coast is protected from the effects of northeast
trade waves by its location along the west coast of the island.
It is also semiprotected by the islands of Maui, Moloka'i, and
Lana'i from all but the most westerly of north Pacific swell.
Hence, primary wave energies that affect the Kona coast and
KAHO in particular are from westerly north Pacific swell,
southern swell, Kona storm waves, waves associated with the
passage of low-pressure systems and typhoons (hurricanes), and
locally generated wind waves (fig. 4).

Previous Efforts

Previous efforts to document or evaluate the underwa-
ter habitat and geological resources in Kaloko-Honokohau
NHP are limited. Recently, Hoover and Gold (2005) pre-
sented an extensive assessment of coastal water resources
and watershed conditions in the park, which includes an
overview of offshore resources and discussion of previous
studies. Parrish and others (1990) provide a comprehensive
description of the physical characteristics and biological
communities of the intertidal and subtidal environments.
Shoreline habitat, intertidal habitat, and nine major subtidal
habitats are differentiated, including shallow sand, shallow
pavement, shore cliff, shallow cliff, deep cliff, boulder and
deep pavement, pinnacles and canyons, deep coral slope, and

Previous Efforts

deep sand zones. Coral, fish, and invertebrate communities
specifically associated with each of the habitat zones are
also described in detail by Parrish and others (1990).

The U.S. Army Corps of Engineers compiled and
summarized the results of oceanographic, water-quality,
and biological investigations conducted between 1971
and 1982 after the initial construction and expansion of
the Honokohau Harbor (U.S. Army Corps of Engineers,
1983). These studies included surveys of water quality and
circulation and of the status and population of plankton,
coral, invertebrates, and fish. In that compilation, Maragos
(1983) describes the patterns of coral colonization within
and outside of the harbor and entrance channel over the
11-year period (1971-1982). Direct physical impact to
existing corals was limited to the area just seaward of where
the entrance channel was quarried and dredged from the
existing shoreline. Surveys within the harbor and entrance
channel showed relatively rapid coral colonization in the
11 years following harbor construction. Observations also
showed increased coral mortality and a decrease in individ-
ual species abundance following the harbor expansion in
1979, although there was little evidence linking the decline
to harbor construction (Maragos, 1983). Surveys con-
ducted outside of the harbor entrance showed no substantial
changes between 1971 and 1982, and flourishing coral com-
munities in water depths less than 5 m appeared unaffected
by the blasting and dredging of the entrance channel.

A benthic habitat map for the KAHO area was pro-
duced in 2002 by National Oceanic and Atmospheric
Administration (NOAA) Biogeography Team as part of a
larger effort to map the distribution of coral reefs and other
benthic habitats throughout the main Hawaiian Islands (fig.
5). Using aerial photography collected in 2000, coral reefs
and other benthic habitats were mapped using a minimum
mapping unit of 1 acre and the classification scheme estab-
lished by Coyne and others (2003). For more information
see: http://ccma.nos.noaa.gov/products/biogeography/

bawaii cd].

Data and Methods

A standard for characterization of coral-reef environ-
ments was first implemented by NOAA for mapping the Flor-
ida Keys (Rohman and Monaco, 2005) and Puerto Rico and
the Virgin Islands (Kendall and others, 2001). This standard
for mapping coral reefs in the United States and its territories
describes benthic habitats on the basis of their sea-floor geo-
morphology, geographic zonation, and biological cover.

In this study, the benthic-habitat classification maps
were created using the standards established by NOAA but
at a finer scale (minimum mapping unit of 100 m? versus 1
acre) and with additional data sources, including existing
color aerial photography, Scanning Hydrographic Operational
Airborne Lidar Survey (SHOALS) bathymetric data, georef-
erenced underwater video, and still photography. The maps
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were generated using both ArcView and ArcMap Geographic
Information System (GIS) software by ESRI (
) and a statistical analysis of accuracy of the resultant

maps was performed. The flowchart in figure 6 illustrates the
complete methodology.

Background Data
Aerial Photography

The National Park Service (NPS) provided the aerial
imagery used as a base layer in this mapping effort. True-color
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and infrared aerial photographs were collected in August and
October 2002, respectively. The images were orthorectified,
mosaicked, and geometrically registered to true map coordi-
nates by the NPS, resulting in a digital mosaic with a resolu-
tion of 0.16 m per pixel (fig. 7). Metadata included with the
data states that the horizontal accuracy of this photography is
“better than 2 m.” In places, adjacent frames of imagery over-
lap and sea-floor features are obscured. Overall, the photogra-
phy is quite good, with most features being recognizable to a
water depth of 15 to 25 m.

Pan-sharpened (an image processing method in which a
higher resolution panchromatic image is merged with a low-
er-resolution color or multispectral image, resulting in a higher
resolution image with as much of the spectral information as
possible), multispectral Quickbird satellite imagery is used as
a background image for many figures in this report because
of its superior visual quality and larger coverage area (fig.

8). Quickbird imagery was not used for interpretive purposes
because of its lower spatial resolution of 0.6 m.

SHOALS Bathymetry

High-resolution SHOALS bathymetry point data col-
lected in 2000 by the U.S. Army Corps of Engineers (USACE)
were obtained and converted to a raster surface (fig. 9). The
bathymetric data have an average horizontal point spacing
of 4 m (£ ~3 m) and a vertical resolution of + 15 cm, with a
maximum water penetration of about 42 m in the study area.
The vertical datum is mean lower low water (mllw). The
SHOALS technology determines water depth by comparing
the time difference between a pulse of laser energy reflected
off the surface of the water and one reflected off the sea floor.
This time difference is difficult to resolve in shallow water (<
~1 m) or where waves are breaking. The maximum depth the
system is able to sense is related to the complex interaction of
reflectance of bottom material, incident sun angle and inten-
sity, and the type and quantity of particles in the water column.
As a rule of thumb, the SHOALS system should be capable
of sensing bottom to depths equal to two or three times the
Secchi depth—the depth to which an 8-inch (20 cm) disk with
alternating black and white quadrants can be seen from the
surface. For further details regarding SHOALS data, see
khoals.sam.usace.army.mil.

For the most part, continuous bathymetric data were
obtained for the entire park area, except in the shallow coastal
waters of Honokdhau and Kaloko Bays and a swath of missing
data in the central part of Honokohau Bay (fig. 9). Bathym-
etry in the central part of Honokohau Bay was filled using
the few data points available from the historical National
Ocean Service (NOS) survey H09336, collected in 1968. A
triangulated irregular network (TIN) of the point data was
generated, from which one- and four-meter grids were created.
One-meter grids were used for visualization purposes only, but
the four-meter grids were used for all analytical calculations
and interpretations. Isobaths, hillshades, and slope maps were
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derived from these grids using standard ArcMap functions and
then used to assist in the interpretation.

Additional reconnaissance-type bathymetry data were
collected using a ship-mounted Lowrance fathometer to obtain
general information on water depth and sea-floor morphology
beyond the limit of the lidar data. No corrections for variations
in water temperature or salinity with depth were applied to
the data. Because of this, comparisons between the lidar and
fathometer-derived depths for the same area show greater
offsets with increasing water depth. Geographic positioning
was obtained using a Garmin GPS76 receiver enabled with a
Wide Area Augmentation System (WAAS). The stated hori-
zontal accuracy of the Garmin GSP76 is better than 3 m when
receiving WAAS corrections. The fathometer’s transducer was
located approximately 5 m aft of the GPS antenna. This offset
was applied when comparing the data sets.

Acquired Data
Underwater Video and Still Photography

Nearly 48 trackline kilometers (22 hours) of underwa-
ter video footage and more than 500 still images (89 towed
lines, 124 on-station drop/drift sites, 5 SCUBA, transects
and 3 snorkle transects), were collected during three field
surveys between December 2003 and August 2004 (fig. 10).
Navigation and other information regarding these surveys are
available online at:
ttp://walrus.wr.usgs. gov/infobank/a/aS03hw/html/a—8-|
p3-hw.nav.htm]

http://walrus.wr.usgs.gov/infobank/a/a204hw/html/a-24
p4-hw.nav.htm]

http://walrus.wr.usgs.gov/infobank/a/a604hw/html/a-64

[24—hw, nav. htm!
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Figure 9. Aerial photomosaics of the KAHO park area overlain with bathymetry data. Left image: Gridded data set showing original
SHOALS survey coverage. Right image: Gridded data set with the gaps filled using soundings from an historical National Ocean

Service (NOS) bathymetric survey.

Several types of camera systems and collection methods
were used. During diving and snorkeling, video was collected
with a hand-held SONY TRV-900 video recorder and still
images were obtained using a hand-held digital camera (Olym-
pus C-4000, Sony DCS-P5, or Canon PowerShot S-400).

Video imagery was primarily obtained by either towing a
camera behind a vessel while underway or dropping it over the
side while remaining on a fixed station or drifting slowly. Two
vessels were used during the study, the Alyce C, a 32-ft vessel
operated by Captain Joe Reich of Moloka'i (fig. 11) and a 13-ft
Boston Whaler owned by the NPS. The camera system used
was a watertight video camera illuminated with a light-emitting
diode (LED) light ring designed by SeaViewer Underwater
Video Systems (http://www.seaviewer.conf). When rigged for
towing, the camera was mounted in a small aluminum hand-
held frame with a rear-mounted plastic fin (fig. 124). When
rigged for on-station dropping, the SeaViewer camera and light
were integrated with two battery-powered lasers and a Seabird
CTD instrument in a steel frame (fig. 12B8). Live video from
both systems was viewed in a shipboard laboratory on a stan-
dard CRT monitor and recorded directly to miniDV tape (fig.
13). Time, date, location, and ship speed were overlaid on the

video using Sea-Trak Global Positioning System (GPS) Video
Overlay, also developed by the SeaViewer Company.
Simultaneous navigation, recording of ship position, and
feature annotation were conducted in real time using Red Hen
Systems (http://www.redhensystems.conf) VMS200 hardware
and MediaMapper software on a PC laptop. Location data were
recorded using a hand-held, WAAS-enabled, Garmin GPS76
receiver. The VMS200 transmitted NMEA-formatted GPS data
at two-second intervals to the first audio channel of the video
tape. A database was simultaneously created by MediaMapper
to cross-reference the GPS locations and video time codes. This
technique allowed for navigation and video to be viewed in real
time and the location of features of interest and comments (for
example, start/end of lines, substrate types) to be added to the
database during data collection. Back in the lab, this technique
allowed rapid random access to the original video by selecting
locations along the navigation trackline within MediaMapper
and GeoVideo (an extension developed by Red Hen Systems
for integration with the ESRI ArcMap platform) software pack-
ages. Video could be interactively queried and geographically
referenced feature annotations added to the database.
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Figure 11. Photograph of the Alyce C of Moloka'i heading out of
Ma'alaea Harbor, Maui.

Figure 12. Photograph of the SEAVIEWER camera system (A) rigged

Video Mosaics

Recent advances in software development have allowed
digital video to be converted to georeferenced image strips
that can be imported into a GIS. Researchers at the University
of New Hampshire (UNH) are developing software tools for
pattern recognition from one video frame to the next, which
results in a continu