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PREFACE

The Defense Appropriations Act of 1991 created the Legacy Resource Management Program, an
effort intended to provide for the preservation and protection of the Department of Defense’s natural and
cultural resources. One of the main components of this program is to establish an inventory of all
significant historical and cultural resources within the jurisdiction of the Department of Defense
landholdings. The Naval Historical Center’s implementation of this program includes grants provided to
outside contractors for the completion of individual state inventory reports, important parts of a larger
nation-wide U.S. Navy shipwreck database. Through UH project number UH01495, the Naval Historical
Center’s Underwater Archaeology Branch contracted with the University of Hawai'i’s Marine Option
Program for the completion of the State of Hawai i’s submerged naval property inventory. The UH Marine
Option Program was the only in-state program to actively pursue research and education involving
submerged cultural resources. Budget cuts at the university have since restricted its ability to continue in
this field.

Archaeological inventories are the main tool in preservation management. Inventory reports serve
to focus attention on, in this case, a very unique historical record, the material remains of submerged naval
properties. These reports are more than just management tools, though. They are, in and of themselves, a
form of commemorating past achievements and events with the history of the Navy. Investigating the
original construction and subsequent state of deterioration of what once was a commissioned naval vessel,
but is now a shipwreck, is a way of remembering the entire class of such vessels, their function during
specific periods, and ultimately the roles played by the ship’s crew. Documenting wreck sites that involved
the tragic loss of life involves a much more intimate and direct link to historical significance.

The beautiful waters of Hawai'i are a natural setting for shipwrecks, and the Islands have had for a
long time a special significance to both naval and national history. This inventory absolutely had to be
completed; there was no choice. | would like to thank both the Marine Option Program and the Naval
Historical Center itself for the opportunity to work on this project. There were many individuals who
contributed a great deal of guidance along the way, a few of them are: Dr. Sherwood Maynard, Marine
Option Program Director; Dr. William Dudley, Director Naval Historical Center; Barbara VVoulgaris,
Underwater Archaeology Branch Naval Historical Center; Wendy Coble, Underwater Archaeology Branch
Naval Historical Center; Glenn Helms, Naval Historical Center Library; Bob Cressman, Ships’ History
Branch Naval Historical Center; Jeff Adams, research assistant University of Hawai'i; Kepa Lyman,
research assistant University of Hawai'i; Kevin Foster, maritime historian National Park Service; Jeff
Dodge, Terry Kerby, senior chief pilot Hawai'i Undersea Research Laboratory; Sandy Smith, archivist
National Archives at College Park; Barry Zerby, archivist National Archives at College Park; and Mr. Bob
Lewis, who has for the past many decades collected every newspaper article on airplane crashes in the State
of Hawai’i.



EXECUTIVE SUMMARY

The following report summarizes all known information for submerged U.S. naval properties in
the vicinity of the Hawaiian Islands. It is based on various published and unpublished documents, oral
reports, previously completed archaeological investigations, and archival resources. The report was
completed as part of a grant from the Underwater Archaeology Branch of the Naval Historical Center in
Washington D.C. to the Marine Option Program of the University of Hawaii at Manoa. The survey area
includes all ocean bottom lands within 200 miles of the Hawaiian Island chain, an archipelago stretching
over 1,500 miles from Kure Atoll to South Point on the Island of Hawai'i.*

Material culture serves as a window to past human activity. Submerged naval wreck sites in
Hawai'i represent the physical record of naval activity among the islands beginning in the 19" century.
The types of wreck sites specifically emphasize major technological changes, such as the adoption of
submarines as well as amphibious warfare, and the tremendous growth of naval aviation. Wreck sites also
represent major historical events, such as the Pearl Harbor attack in 1941, the Battle of Midway in 1942,
and the disastrous explosions at West Loch (during preparations for the Saipan invasion) in 1944. There
are many different ways one can interpret wreck sites, for they are a record of naval events unlike any other
resource. The majority of Navy wrecks and submerged materials in Hawai'i remain property of the U.S.
Government. The proper management and protection of these historical sites, therefore, is a concern for the
Underwater Branch of the Naval Historical Center. This inventory is an important first step in that
management and protection.

There are 76 identified and unidentified naval vessels within this area. Very little shipwreck
survey has been accomplished to date in Hawai'i, so the true number may exceed this known sample.
Some of these losses are due to tragic accidents or mysterious unknown causes, some due to intentional
sinking or abandonment. Besides surface ships, amphibious vehicles, and submarines, submerged aircraft
crash sites represent a large part of the naval resource in Hawai'i. Information on 12 confirmed naval
aircraft sites, as well as an updated basic inventory gleaned from available documents, is included here as
well. Currently there are 1,484 documented aircraft losses in the vicinity of the Hawaiian Islands, though
admittedly parts of the aircraft database remain incomplete. The inventory report includes background
information on the environmental setting in Hawai'i, prehistoric and historic contexts, potential

nominations to the National Register, and management recommendations.

! In rare instances, vessels based in Hawai'i but lost beyond the 200-mile limit have also been included.
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INTRODUCTION

The Context of the Inventory

An inventory report such as this provides an opportunity to delve into specific national elements of
Pacific maritime history. This is no small matter, as the Pacific is many things: the region of America’s
first territorial possessions and colonial ambitions beyond the continental states; the setting for historic
contest between Japan and the United States during World War 11; and the realm for cultural contact
between western nations and the Pacific Islands. Today, the Pacific is the sea highway to East, Southeast,
and South Asia, areas of strategic national interests. As the location for the Commander Pacific Fleet,
Hawai’i is still the stepping-stone to an oceanic realm far beyond our borders. In terms of size, the Pacific
is most likely the ultimate challenge to any navy, requiring the ability to project and maintain power across
distances unequaled in any other part of the globe. This Mahanian-scale task demanded whole new styles
of vessels and operations, and a major commitment to the strength of the U.S. Pacific Fleet.

The centerpiece of this inventory is the wreck site itself. Frankly the material artifacts are, in the
final analysis, nothing more than steel structures, many of which rest quietly in the dark depths surrounding
the volcanic island chain. If they have settled in calm conditions and achieved near equilibrium with their
surroundings, these wrecks can be relatively static and inanimate objects. The importance that we ascribe
to these objects, though, goes far beyond their physical description. Like many types of submerged cultural
resources, Navy wreck sites are windows into the past. They are a record of human technological
achievement, of sometimes tragic loss, of great and lesser events, and often of the sheer industrial
capability of the nation. They may be war graves, or archaeological sites, or historic properties integral to
national landmarks or memorials. They may be someone else’s relatively insignificant junk. This
inventory categorizes many different types of submerged Navy properties for management purposes. It
should be remembered that there is no simple single scale from which to evaluate material resources. Each
must be viewed from multiple perspectives.

The history represented by submerged Navy ships and aircraft in Hawaiian waters can make a
claim for significance on a number of different levels. Differences are apparent between the state and
federal points of view. From a national perspective, all such properties can be seen as part of the great
importance placed on the strategic location of the Hawaiian Islands in the central North Pacific. Asa
gateway to the Pacific, Hawai'i served as a supply and repair base, a training ground, a rest and relaxation
facility, a battleground, and a burial place. Pearl Harbor as a base features heavily in national importance.
Wreck sites in Hawai'i are a measure of the Navy’s activity and “investment” in the Central Pacific. The
national history of the Navy is tied to the strategic geographic location of Hawai'i.

For the Islands, these properties represent change from the outside. Beginning in the early 1800°s
the influence of the U.S. Navy increased over time, to the point where the service became (during World
War I1) the single most important factor in all aspects of island life. The amount of land controlled by the
military forces, as well as the infrastructure developed and job opportunities created, insured that the Navy

played (and continues to play) a significant role in the political, economic, and even social setting of the



state of Hawai"i. Not just Pearl Harbor, but aviation and submarine support facilities as well spread
throughout the Main and even Northwestern Hawaiian Island chain.

From the perspective of technological evolution, the variety of vessel types capture critical
innovations and emphasize Hawai'i’s role as a support base on the cutting edge of these changes.
Specifically, there are a great number of submerged aviation wreck sites, some of which are from the
formative period in the 1920’s and 1930’s. Hawai'i played a major part in the training of young aviators
for combat in the Pacific. This was, of course, a major shift in tactical thinking, one featuring the air war
and aircraft carriers as the centerpieces of offensive task forces, rather than the battleships.

Submarine operations and technology, relatively ineffective during World War |, matured quickly
during World War Il in the Pacific. Not only have a number of U.S. submarines been intentionally
disposed in Hawaiian waters, but submarines have been lost mysteriously during training, and associated
assets like submarine rescue vessels lay on the bottom as well. Hawai’i continues to be a major port of call
for submarines of many nationalities. Amphibious vessels and vehicles, so necessary to the island-hopping
campaign in the Pacific, lie scattered in many locations around the Islands. These were truly new types of
ships designed to operate at sea and on the beach, and (some) beyond the beachhead and into the interior
during amphibious invasions. Some were lost during training on Hawaiian beaches; some were lost during
the tragic explosion at West Loch in May 1944.

Reflective of Hawai'i’s chief role as a support base for the Pacific Fleet, there are a number of
service type vessels lost in local waters. The utilitarian nature of these sometimes less-than-glamorous
vessels may initially put them in a different category than major combatants, but oftentimes vessels like
LST’s and fleet oilers and other supply ships are critical to the logistical support that make the distant
operations of the combatants possible at all. Several patrol craft, integral to the domestic duties of the
Hawaiian Sea Frontier, also were lost throughout the island chain. Hawaiian Sea Frontier forces, a
patchwork of leased and borrowed vessels, relieved more important assets for active duty on the battlefront.

Of course, the Hawaiian Islands have twice witnessed major battles resulting in losses and,
subsequently, submerged naval properties. Though most of the ships damaged and sunk during the attack
on Pearl Harbor were later salvaged, repaired, and put into action during the war, several are left as
“survivors” of Pearl Harbor. Although most of the Battle of Midway took place beyond the limits of state
or federal waters, many aircraft from both navies were lost in the immediate vicinity of Midway Atoll.
Such properties represent combat losses, a distinctive classification within the site’s individual profile.

From the mystery of the loss of USS Levant in 1861, to the more recent oiler YO-257 sunk
intentionally as an artificial reef, there remain a wide variety of ship types and aircraft beneath the surface.
Some are known and have been systematically surveyed, but many are unlocated and have not been
investigated in any way. As the technology for underwater survey and research continue to advance, there
is increasing potential for further discoveries in this field. Hawai'i in general possesses a great deal of
potential within the field of maritime heritage resources, for little survey has been accomplished anywhere

within the Islands. With the increasing capability for underwater investigation, though, comes the



increasing need for the planned and intelligent management of this material resource. The small local
diving community (small compared to the larger and constant traffic of visiting tourist divers) is very aware
of the few known and accessible wrecks, and takes a great interest in any new discoveries. Management in
terms of controlling access and position information is particularly important.

This inventory is the first step in the management of submerged naval properties in the Hawaiian
Islands. The report includes background material which serves to add to the interpretation and
understanding of the many known submerged naval properties in Hawai’i. It is as comprehensive as is
possible for the documentary and archival sources available. The report combines material from the Naval
Historical Center, National Archives collections at San Bruno, California, Washington D.C., and College
Park, Maryland. It includes local public and academic archives, newspaper databases, published texts and
unpublished manuscripts, National Park Service resources at Pearl Harbor, the state library and archives,
the state artificial reef program, dive shops and dive boat operators, and numerous informal contacts with
residents among the islands.

Format of Inventory Report

The report begins with an introduction highlighting the significance of submerged Navy
properties. Throughout the various phases of the Navy’s uses of the Hawaiian Islands, the dominant theme
remains the great importance of the strategic location of the Islands themselves. The facilities at Pearl
Harbor, the location of Naval Air Stations for training in the mid-Pacific, and the advanced submarine base
at Midway Atoll all served as a distant line of defense far west of the continental coastline.

Chapter Two presents background information on both the above-water and below-water physical
environment in Hawai'i. Not only does the environment often play a role in the initial loss event, storms or
tsunami waves causing shipwrecks, but also over time physical parameters shape the wreck site itself.
Interpretation of sites must take into account the fact that site formation processes intimately involve the
natural environment.

Chapter Three provides a brief introduction to the maritime setting of the original Pacific
Polynesian voyagers. Navigation, canoe construction, and the Peopling of the Pacific set the stage for
understanding the contemporary Hawaiian attitudes towards the ocean.

Chapter Four gives the reader an abbreviated commercial maritime history of the Hawaiian
Islands. Following their “discovery” by Captain James Cook, the islands became a strategic reprovisioning
point for merchants and whalers alike. Over time sailing barks and schooners were replaced by inter island
steam vessels serving the plantation economy. Transpacific steam ships tied the islands more closely to the
continental United States. It’s interesting to note that this refit and reprovisioning role is essentially the
same as the Navy’s supply base at Pearl Harbor at a later time.

Chapter Five attempts a more comprehensive history of naval activities in the Hawaiian Islands.
There is currently no work, which encapsulates this broad topic in any manner, but articles and excerpts
from related works help to complete the overall picture. (The subject certainly deserves fuller treatment

elsewhere!) The question of the significance of the U.S. Navy’s presence in Hawai'i is best addressed



within the historical context of this section. The fact that the Navy’s significance in Hawai'i is a complex
and varied topic necessitates a slightly longer section than the preceding chapters.

Chapter Six is the heart of the report, the actual site-by-site inventory of submerged naval
properties. Sites are organized by loss dates in chronological order. Known vessels are listed first,
followed by unidentified naval vessels and vehicles, followed by submerged naval aircraft crash sites.

Each ship entry includes a standardized table encompassing basic descriptive characteristics. Sections
featuring the individual ship’s history, wreck event, wreck site history, archaeological investigations, and a
final section on threats, protections, and recommendations follow this.

Chapter Seven, Management Recommendations, addresses the current state of maritime heritage
resource management in the Hawaiian Islands. For most agencies involved, there is no difference between
military and non-military submerged cultural resource management, it is a common field in which few have
the funds, awareness, or expertise to enter. This chapter describes the management agencies with potential
concerns regarding submerged naval properties, and summarizes the prevailing attitudes of a select number
of professional and non-professional cultural resource providers.

Suggestions for Nomination to the National Register of Historic Places make up the contents of
Chapter Eight. Register Nominations, as well as designation of National Historic Landmarks, are the
principle tools employed by resource managers to protect and preserve significant historical properties.
Site eligibility is based on a careful assessment of historical significance, as well as a judgment of site
integrity. Both of these categories are divided into standardized and detailed criteria. The completion of
full nominations typically requires documentary and field research, and is therefore beyond the scope of the
current inventory report. The suggested entries in this chapter summarize possible nomination information
for these U.S. Navy shipwrecks.

Sections Nine and Ten consist of references and a list of informant and contacts crucial to the
completion of the inventory report. Supplementary Materials are included as “attachments” to this report,

and are listed in section Eleven.



THE HAWAIIAN OCEAN/ISLAND NATURAL ENVIRONMENT

The Hawaiian Islands, the most physically isolated group on Earth, feature a very dynamic land
and ocean environment. Understanding this environment is crucial in interpreting artifact preservation and
site formation factors for the many U.S. Navy submerged properties among the Islands. Environmental
conditions, of course, sometimes significantly vary between discrete locations, so this section can only
present a generalized description of environmental influences on submerged cultural sites.

Geology

The Hawaiian Islands are almost wholly volcanic in nature. The Island Archipelago consists of
submerged and emergent volcanic mountain range peaks extending east-southeast and west-northwest in
the northern Pacific Ocean. The islands were all formed by the progressive movement to the northwest of
the Pacific plate over a relatively stable volcanic “hot spot.” The slow extrusion of magma formed sub sea
shield volcanoes, which gradually emerged from the surface of the water. Hawaiian volcanoes, then, are
broadly rounded in shape, covered by innumerable thin lava flows and frequent cinder cones and craters.

Kure Island at the extreme western end is approximately 30 million years old. Currently the
recent point of magma generation, or hot spot, is located at the opposite end of the long archipelago, to the
southeast of the Island of Hawai'i. The slowly rising seamount is known as Loihi. The Island of Hawai'i
itself is still the site of active volcanism, while the older volcanic islands to the northwest have long since
settled beneath the waves.

The rocks of the main shield-building eruptions of the Hawaiian Islands are tholeiitic basalts, rich
in magnesium and iron and poor in alkalies. Many contain visible crystals of green olivine. Some may be
as much as 50% olivine. White crystals of feldspar are occasionally visible. Later stage lava flows consist
of alkalic basalts, rocks containing more alkalies and less magnesium and iron than earlier flows.
Sedimentary rocks only exist in an occasional narrow fringe around the borders of the islands.> There are
two basic types of lava flows in Hawaii: pahoehoe is the solidified rock from a smooth surface magma
flow, and a"a is the hardened sharp-edged clinker rock flow. Lava flows remain an active concern on the
island of Hawai’i, covering areas of shoreline and creating new land.

Being volcanic in origin, the Islands are dissimilar to continental plates. They have no true
continental shelf. Tectonic activity, in the sense of strike-slip movement and crustal deformation, almost
does not exist in Hawai'i. The entire region, though, is slowly being tilted to the southeast. The depths
immediately around the main Hawaiian Islands appear to be due to the sinking of the adjacent seafloor,
perhaps from the downward load of the heavier volcanoes resting on it.> This “moat,” the Hawaiian Deep,
extends only part of the way around the islands. Certain geomorphic features, terraces and eroded valleys,
have thus been “sunk” and now characterize the near shore bathymetry. Submarine canyons are best
developed north of Moloka'i, northeast of O*ahu, and northwest of Maui.?

Mid-Pacific island formation processes can be classified by general stages of island “growth,”
regulated by volcanic, erosional, and even biological activity. Young active volcanic islands consist of

high rocky basaltic peaks. Calderas and cinder cones mark the landforms. The main Hawaiian Islands are



characterized by deeply cut valleys and steep volcanic cliffs. Flat alluvial floors are formed by deposition
of material from the cliffs and valleys. Middle-aged islands exhibit coral reef growth around their fringes,
while the original shield volcano moves into the erosional stage. As the basalt continues to erode and
finally sinks below the surface of the water itself, only the coral ring or atoll remains, along with low sandy
islands.

From young shield volcano to weathering calderas and reefs to coral reef atolls, Pacific islands
move through distinct land forms with age. In Hawai'i, the lower older atoll environments are found to the
northwest. Higher rocky peaks can be found from Necker and Nihoa Islands south. Hawaiian islands
exhibit the whole range of characteristics from both high volcanic to low coral atoll formations.
Geography

Hawai'i consists of eight main islands plus more than 120 rocks, reefs, and shoals which stretch
for over 1,600 nautical miles. The main islands inhabit a group to the southeast, while the long chain of
atolls and low islands extend to the northwest. Because of their low and, until recently, uncharted nature,
the Northwestern archipelago has been the site of numerous historic shipwrecks. The entire Hawaiian
Archipelago extends from 18 degrees 55 minutes north to 28 degrees 25 minutes north, and from 154
degrees 49 minutes west to 178 degrees 20 minutes west, straddling the Tropic of Cancer. The Hawaiian
Islands are located approximately 2,400 miles from the North American west coast, 3,800 miles from
Japan, and 4,300 miles form Papua New Guinea. They are surrounded by the Pacific Ocean that occupies
1/3 of the total surface area of the planet.

Geological processes and stages of island “growth” affect the formation of Pacific coral reefs.
Reefs, themselves, move through stages of fringing (adjacent to the coast), barrier (separated from the
coast), and atoll (circular, no coast). Most reefs in the main Hawaiian Islands are fringing reefs. Only a
few locations, such as Kane“ohe Bay, feature older barrier reef environments. Both corals (invertebrates)
and coralline algaes are the main builders of the reefs. Coral reef ecosystems thrive within a relatively
narrow band of physical parameters, such as turbidity, water temperature, nutrient load, etc. To remain
stable, reef ecosystems must balance processes of growth with processes of erosion.

Mechanical weathering of rocks forms only a small portion of sand in Hawai'i. The majority of
white sands come from the break down of coral skeletons, calcium carbonate. Surf action accounts for
some of this sand, but most is formed actually by parrot fish (sp. Scarus), which crush corals in their beaks
and deposit the sand elsewhere. Prevailing winds can build localized sand dunes along the coast. Many
areas underwater in the near shore environment can be characterized as sand substrate, coral reef substrate,
or mixed coral/sand spur and groove topography. In some places geomorphic features like submarine
canyons serve to channel detritus to deeper waters. Calcareous sands, mud, and gravel of shallow water
origin, make up the principal sediments near the islands. Pelagic brown clays dominate over most of the

deeper sea floor regions.



Island and oceans “form” coral reef ecosystems, and in turn coral reefs affect their immediate
environments. An idealized cross section of the off shore of near shore and benthic zones highlights the
reef’s role in forming seaward barriers and dissipating wave energy.

Many minor earthquakes are associated with volcanic eruptions, but most of these are too small to
be felt. Major earthquakes in Hawai’i are associated with faults and the volcanoes themselves. Fault
movement and seafloor shifts can generate large coastal waves or tsunamis. The largest Hawaiian
earthquake in historic times occurred in April 1868, and the resulting tsunami generated a wave which,
reportedly, dwarfed the coconut trees on the south shore of O’ahu. Since 1820, nine tsunamis have caused
moderate to severe damage in the Islands. Most of these were generated by tectonic activity on the Pacific

Rim, thousands of miles away from Hawai’i, though several have originated locally.

Table 1: Historic Tsunami Events in the Hawaiian Islands

Date Origin Effects
1868 Hawai’i Greatest Hawaiian earthquake recorded, destruction to
O"ahu south shore
1946 Aleutian Islands Wave heights at Hilo over 30 feet, total 159 tsunami
related deaths
1952 Kamchatka
Peninsula
1957 Aleutian Islands
1960 Chile Wave bore in Hilo Bay causes destruction
1964 Prince William Last major Pacific-wide tsunami
Sound, Alaska
1975 Hawai’i Earthquake centered near VVolcano National Park, deaths
and injuries
1996 Peru

It would be difficult to determine the exact effects that tsunami events can have in specific areas due to the
complex nature of wave mechanics in the Hawaiian Islands. Tsunami waves can refract or bend around
islands in the “wrap around” effect. They can also reflect off of islands and strike what might be
considered sheltered coasts. In any case, they can have a significant impact on coastal communities and
resources.”

Climate in the main Hawaiian Islands is quite temperate for the North Pacific. Considering the
latitude of the Islands, there is relatively little uncomfortable heat. This cooling is a function of the
prevailing northeasterly trade winds. Their influence is dominant throughout all seasons in Hawai'i, and
they may blow unceasingly for weeks. The prevailing trade winds are a result of the semi-permanent
pressure cell, an anti-cyclonic circulation known as the North Pacific or Hawaiian High. This high-
pressure cell strengthens during the northern summer and weakens in the winter season. Northeast trade
winds blow predominantly between 13-24 miles per hour. In near shore locations, diurnal heating and
cooling can give rise to onshore breezes during the day and offshore breezes at night.

There are only two distinct “seasons” in Hawai'i: summer between May and October, when the

sun is more overhead, weather warmer, an trade winds more persistent; and winter between October and



April, when the sun is further south, weather cooler, and trade winds more interrupted by intervals of cloud
and rain. North Pacific storms, anti-cyclonic circulation, generally migrate eastwards between 35 and 65
degrees latitude, the majority of their impact missing the Hawaiian Islands. The main islands are subject to
strong northern swells in the winter months, and occasional southern swells in the summer. The
Northwestern archipelago can also experience severe storms in the winter.

Hurricane season in Hawai'i stretches seasonally between June and November. The long-term
frequency for hurricane events is not clear; they appear to be quite variable. Prior to 1950, tropical storms
were not called hurricanes at all. The advent of meteorological satellites, though, has revealed that
hurricanes in the central Pacific are more frequent than previously expected. Documentation has only
increased in recent decades.

Most hurricanes originate in the Pacific waters off the Central American Coast or those of
Southern Mexico. They generally approach the Hawaiian Islands from the east and from the south,
gradually losing power as they track over cooler waters. Most pass far to the south of the Islands, but since
1950 there have been five hurricanes that have caused significant damage to the state. Hurricanes can

generate powerful and sustained swells and water movement.

Table 2: Historic Hurricane Events in the Hawaiian Islands®

Date Name Track

1957 Nina Moving northwest, to the south of the Island chain,
record winds in Honolulu

1959 Dot Northwest, north, northwest, directly over Kaua'i, $6
million property damage

1982 Iwa Moving to the northeast, crossing Kaua'i, $250 million
property damage on Kaua'i and O ahu

1986 Estelle Floods on O“ahu

1992 Iniki Moving west then north, directly over Kaua'i, Iniki by

far the most devastating hurricane event, causing over
$2.2 billion in damages

Ocean Dynamics

The Pacific Ocean is the largest of the world’s oceans and has the greatest average, as well as the
greatest observed, depth. The Hawaiian Islands, with their numerous banks, guyots, and seamounts,
emerge in the middle of the north Pacific as a linear ridge. Their shores and near shore environments are
relatively exposed to swells generated from a distance, as well as waves generated locally. Wave erosion in
Hawai’i cuts into the edges of the Islands and forms sea cliffs. Sea caves and arches may form, particularly
where there are remnant hollow lava tubes along the coast. There are four basic types and sources for
waves in Hawai'i. Trade wind waves from the northeast may be present all year. These are largest from
late spring until late autumn, with heights from 4-12 feet and periods from 5-8 seconds. North Pacific
swells, generated by distant storms, are common in the winter and early spring. These have greater heights

at 8-14 feet or more and periods of 10-17 seconds. Periods of high surf between October and March can



last for several days. Kona Storm waves may strike the shores from passing southern storms at any time,
with heights of 10-15 feet and periods of 8-10 seconds. Finally, Southern Swell waves, generated by
Antarctic winter storms, have heights only of 1-4 feet and longer periods of 14-22 seconds.®

General surface currents, driven by the prevailing northeast trade winds, average 0.4 to 0.6 knots.
Average North Pacific surface currents form a large basin-scale clockwise circulation known as a gyre,
centered at about 28 degrees north latitude. Ocean currents vary somewhat with the changing seasons, and
are also modified by the position of the main Hawaiian Islands. Eddies occur in the lee of main islands,
particularly on the west coast of the island of Hawai'i. The prevailing current picture for the Northwestern
Hawaiian Islands (NWHI) is more complex. Further to the north and west, these isolated locations
experience southward and eastward flows. Hawai'i’s diurnal mixed tides, never exceeding three feet, are
relatively minor. Flood and ebb tides can affect near shore currents, particularly in the lee of islands and in
narrow channels. A.P. Balder’s Marine Atlas of the Hawaiian Islands contains a more detailed description
of the various near shore currents by specific location for the Main Hawaiian Islands (MH1).’

Seasonal variation of sea surface temperatures in Hawai'i is only approximately six degrees, from
73-74 degrees Fahrenheit in late February and March to a high near 80 degrees by September and early
October. Temperatures are slightly cooler in the NWHI. Currents and irregularly shaped islands mix in
Hawai’i to prevent the establishment of a distinct sharp thermocline between surface and deep-water
temperatures. Surface waters, driven by prevailing winds, have generally mixed and uniform
characteristics. This mixing zone can be extensive, its depth varying with location and season. The zone is
shallower in the lee of islands, though this is accompanied by greater surface warming in the same
locations.® In the winter the mixing zone may extend to 400 feet deep; in the summer, as shallow as 100
feet. Beneath the mixing zone lies the main thermocline or temperature change, by convention the
isothermal line at 50 degrees Fahrenheit. Thermocline depth varies between 1,500 feet in the northwest to
800 feet in the northeast and southeast of the Islands.’ Below the thermocline there is a sharp decrease in
temperature from an average of 77 degrees to 41 degrees Fahrenheit at 2,300 feet. From there on out
temperature gradually decreases to 36 degrees Fahrenheit at extreme depths.

Salinity levels are generally higher in equatorial regions where evaporation exceeds precipitation,
but they drop off beyond 15 degrees north latitude where there is greater rainfall. In Hawai’i salinity levels
generally fall between 34.1 and 35.2 ppt.®® Oxygen concentrations tend to be relatively low in warm
equatorial waters, though are almost always near saturation at the surface levels.'*

Site Formation Process and Environmental Factors in Hawai'i

From their original discovery and settlement by voyaging Polynesians, to their importance in the
sandalwood and whaling trades, to the more recent remains left behind by World War 11 in the Pacific, the
Hawaiian Island chain has accumulated the material record of at least 1,500 years of maritime activity.
Much has of course decayed, turned into reef through biological processes, floated away, or otherwise
smashed against solid rock cliffs and broken into unrecognizable pieces. The remaining submerged

material record, however, testifies to Hawai’i's uniquely diverse maritime traditions.



For many near shore locations Hawai'i may be described as a high-energy environment.
Periodically influenced by powerful northern and southern swells, strong channel currents, and strong
consistent trade winds, there are relatively few naturally protected harbors in the Islands. These conditions,
combined with the fringing reefs and solid lava rocks around the volcanic islands, have led to a great
number of shipwrecks in Hawai'i. An initial examination of the relative position of shipwrecks reveals
clusters around the locations of historic landings, especially on windward sides of islands where vessels
needed to “beat” out of harbors upwind through narrow reef passages.** Trade winds, channels, and islands
can combine to form “ship traps,” areas of naturally occurring concentrations of shipwrecks. The north
shore of the Island of Lana’i, locally referred to as “Shipwreck Beach,” is the best example of this
phenomenon. Trade winds can push all flotsam and jetsam into the Pailolo channel between Moloka'i and
Maui. The channel acts as a funnel, depositing material directly onto Shipwreck Beach. Any vessel that
broke its moorings at Lahaina would end up on Lana’i’s reefs, and ship owners (including the U.S. Navy)
intentionally abandoned worn-out vessels there by simply casting them adrift upwind fro the treacherous
shore.

Many vessels have been pounded into pieces on sharp reefs or against basalt rock cliffs. Protected
locations for wreck sites are relatively rare, consisting mainly of lagoons in atoll setting in the
Northwestern Hawaiian Islands, back reef areas between fringing reefs and shores, and harbors. Even in
these areas, large portions of heavy steel shipwrecks can still be moved and re-deposited by passing
hurricanes.™® This has occurred in the Northwestern Hawaiian Archipelago even when such storms do not
cause any damage to the main Islands. Historic boilers from sites almost 100 years old have been tossed
ashore in recent storms. Ships and aircraft sunk as artificial reefs have been moved out of location, or
sometimes swept entirely away during hurricane events. Any investigation of a particular site, therefore,
must take into account the historical record of hurricane and tsunami events, linking site location with the
direction and intensity of the natural phenomenon.

Even relatively deep-water wreck sites are subject to seabed movement and effects from the
Islands’ currents. The site of the World War Il Japanese midget sub, discovered by the Hawai'i Undersea
Research Laboratory in 2003, lies in approximately 1,400 of water. Bottom sediments have been scoured
by the currents out from under the stern portion of the vessel.

Certain locations, mainly back reefs, lagoons, and protected harbors and bays, do offer shipwrecks
greater protection from the elements. Sedimentation rates can be relatively high where development and
agricultural runoff change the landscape. Kane ohe Bay is the best example of this, where sewage outfall
combined with the poor circulation of the Bay’s waters have led to approximately 10 feet of biogenic ooze
being deposited over the historic PBY mooring area in the southeastern sector and the remains of the four
PBY-5’s which were sunk there on 7 December 1941.** Older atoll settings at the extreme end of the
Northwestern Hawaiian Island chain, such as Kure and Midway Atolls, also may see higher sedimentation
rates within their calmer lagoons. Erosion on the island of Kaho olawe, initiated by years of intensive use

as a naval target range, has led to a deeper sediment load in some areas around the Island. Sediments and
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biofouling organisms that thrive in the warm nutrient-rich waters of Pearl Harbor have created a protective
layer over the wreck of USS Arizona. The measurement of this layer has been an important factor in the
National Park Service’s study of the corrosion rates on the site.

Most of the waters around the Islands are more exposed than these exceptions. Hawai'i’s
shipwreck environment is dynamic. Fortunately, the greatest period of American naval activity coincides
with the age of steel hulls and steam propulsion. Steel and steam material culture is therefore over-
represented in Hawai'i. Though many wooden schooners and other commercial sailing vessels have been
lost in the Islands, many shipwreck sites consist of steam engines, boilers, and propeller shafts in similar
close association. Rigging, pieces of iron or steel hull, and other relatively heavy cargo and artifacts will be
scattered in holes or pukas in the reef and depressions in the spur and groove topography.

Warm water temperatures in Hawai'i allow the shipworm, teredo navalis, to exist on organic
material including wood from shipwrecks. Most wreck sites in the Islands consist of non-wooden remains,
with planks and other wooden components only occurring occasionally where buried in sediment or mud in
protected back reefs and lagoons. Warm clear waters also encourage coral growth, and hard substrates like
shipwreck sites make excellent substrates for colonization. In waters shallower than 60 feet, coral growth
can completely obscure artificial objects. In addition to the studies done on the USS Arizona and Utah by
the National Park Service and associated agencies, there are a few other papers relating to the interaction of
wreck sites with the biological environment in Hawaiian waters: Anthony Pico’s “The Kaua'i, a Financial
loss...an Ecological Gain,” and Marc Hughes’ “Marine Life Ecology and Shipwrecks in the Northwestern
Hawaiian Islands.”

From the process of wrecking, to the disintegration of perishable materials, to the colonization of
materials by invertebrate organisms, to the erosion and site changes caused by seabed movement and the
mechanical effects of waves and current, Hawaii’s underwater environment has actively shaped its wreck

sites in numerous ways and will continue to do so.
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PREHISTORIC BACKGROUND: VOYAGING in the PACIFIC!

For many in Hawai’i, the story of Polynesian voyaging in the Pacific represents the boldest
maritime migration ever recorded. In the words of anthropologist Patrick V. Kirch, “The history of the
Pacific is more than anything a history of voyages, and all that word entails: curiosity, courage, skill,

"2 The vast distances to be covered, combined with the

technique, stamina, doubt, hope, and more.
minuteness of the islands themselves, called for lifestyles and skills completely adapted to the sea.

The intentional voyaging, which accounted for the maritime migration of Polynesian seafarers
throughout distant locations in the Pacific, is a phenomenon which has only been recently accepted by the
Western academy. Previous theories attempting to explain the wide distribution of Austronesian language
family populations revolved around several common themes: Pacific voyagers were actually lost tribes of
previously known civilizations; Pacific voyagers actually migrated from the Americas westward
(downwind and down current at equatorial latitudes); and Pacific voyagers somehow accidentally managed
to populated distant islands, being blown off course by storms.® All of these theories assume that
Polynesian voyagers lacked the necessary skills to cross long stretches of open ocean against prevailing
currents and winds. All of these theories contradict indigenous Pacific traditions. The first, that Pacific
voyagers were actually a lost tribe of Israel or Persian or Egyptian seafarers, reflects 19" century social
Darwinism and environmental determinism. The second, tested by Thor Heyerdahl’s Kon Tiki passage from
South America, flies in the face of biogeographical and genetic evidence. The third, the accidental drift
theory, was found unfeasible in the 1970’s by current and weather computer modeling.*

Lapita Migration

The core of the most current anthropological theory on the peopling of the Pacific comes from
archaeological evidence of eastward migration. Though pottery remains do not exist throughout the entire
Polynesian area, traces of a distinctive tradition, the Lapita pottery culture, do reveal eastward migration
from Southeast Asia to the Fiji/Tonga/Samoa area of Polynesia. Lapita pottery styles and relative dates
correspond to more recent traces of habitation in a progressively eastward pattern. To be more exact,
Lapita culture is more of a rubric for a collection of seemingly related cultural artifacts, including
ornaments, adze and tools, fishhooks and sinkers, etc. The Lapita people were seafarers, moving with their
whole cultural assemblage. The Lapita theory and the basic model for Pacific migration begin with
archaeological site work in the late 1960’s and early 1970’s.> Lapita theory is by no means complete and
internally consistent, but it encompasses most of the major important elements of contemporary work. It

consists of an eight-step chronology:
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Table 3: Lapita Theory Pacific Migration

1) Austronesian language family Lapita people move south into
Southeast Asia from eastern Taiwan 8,000-6,000 BCE;

2) Migration turns east into the Pacific;

3) Areas in Melanesia settled relatively quickly (interaction between
Austronesian migration and Melanesian inhabitants not clear);

4) Component of Lapita migration splits off and moves north into
Micronesia;

5) Migration reaches Samoa/Fiji/Tonga area around 3,600 BCE;

6) Samoa/Fiji/Tonga area (Western Polynesia) settled relatively quickly;

7) Migration halts for approximately 1,500 years (cultural development
from Austronesian to Polynesian lifestyles);

8) Distant outliers (beginning with Marquesa Islands and Tahiti and later

Hawai’i, Easter Island/Rapa Nui, and New Zealand/Aoteroa)
discovered and settled.

Lapita site investigations continue into the present day. It is important to note that this theory presupposes
eastward sailing migration against the prevailing winds and currents at the equatorial latitudes, as well as
the navigational capabilities to locate and colonize islands across distant stretches of open ocean. Many in
the academic community were not willing to accept these Pacific voyaging abilities until archaeological
evidence was combined with actual experimental testing and replica voyaging in the 1970’s.
Canoe Construction

Polynesian voyaging encompasses both the technical skills of double-hull canoe construction and
a complex body of navigational lore. Technical descriptions of Pacific outriggers and voyaging canoes
have been compiled in Haddon and Hornell’s Canoes of Oceania, but this does not include examples of
double-hull voyaging canoes for the Hawaiian Islands.® Archaeological examples of ancient voyaging
canoes are quite rare. To date there are no known elements of ocean going voyaging canoes from any
underwater site. Outrigger or double-hulled canoes with no need for ballast simply don't seem to sink very
often. The most likely areas for such finds, therefore, include swamps and ancient occupation sites on land,
long since filled with mud. The best known terrestrial site was discovered by Yosihiko Sinoto, chairman of
the anthropology department of Hawaii's Bernice P. Bishop Museum. In the early 1970's Sinoto uncovered
a canoe production site in French Polynesia. Excavations were initiated by the construction of Hotel Bali
Hai on the small island of Huahine, 110 miles northwest of Tahiti.” The partially waterlogged site
contained a number of shell, bone, and wooden artifacts as well as stone tools. Inundated by a tsunami,
everything had been quickly covered by a thick layer of sand and silt, and then preserved in wet site
conditions for hundreds of years. The most critical finds relevant to Hawai'i occurred in 1977 with the
discovery of a large wooden steering paddle, an outrigger boom, and two wooden canoe planks measuring
23 feet in length. Such boards would have been upper splashboards for the bow section of a canoe under

construction. These were apparently meant for the construction of a large double-hulled sailing canoe.
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Though found in French Polynesia, these remains were to help shape the direction of experimental
archaeology and the revival of voyaging culture in Hawai’i.

The study of Hawaiian long distance voyaging technologies has chiefly been the result of
experimental archaeology, beginning with the construction of the performance-accurate Hokule'a in 1974.
Anthropologist Ben Finney at the University of Hawai'i, along with Tommy Holmes and Herb Kane,
envisioned the creation of a double-hull Hawaiian voyaging canoe from modern materials (fiberglass
laminated plywood). Sailing this replica would allow them to test the vessel’s speed, habitability, sea
keeping qualities, ability to go to windward, etc. Hokule'a’s launch in 1974 and first long distance voyage
in 1976 coincided in Native Hawaiian resistance to the continued use of Kaho olawe Island as a military
target range. In these and other ways, the experiment in replica archaeology took on a new aim of cultural
symbolism and a revival of Hawaiian identity.®> Hawaiians accompanied the anthropologists on the first
voyage to the Marquesas.

The story of the revival of indigenous Pacific navigation methods begins with the Hokule a
project and the formation of the Polynesian Voyaging Society (PVS). A number of scholars, such as
Thomas Gladwin and David Lewis, had previously become involved in investigating traditional Pacific
navigation techniques.’

Relationships to the Sea

Beyond just sailing skills, traditional Hawaiian lifestyles remained connected to the ocean in
numerous ways. For hundreds of years the Hawaiians lived in close relation to the sea, and the cultural
resources associated with this lifestyle are still very much in evidence throughout the main islands.
Structures such as seawalls for fishponds, tools, and fishing implements, speak of an advanced maritime
culture and a sustainable form of food production. Today, of course, most of the necessities of life are
shipped to Hawaii from any number of distant locations.

Stonewalls for fishponds and fish traps were once prominent features in the Hawaiian coastal
landscape. Prior to Western contact, there may have been between 400 and 500 stone fishponds in the
Hawaiian Islands, producing something around two million pounds of fish annually.’® Today only 12
ponds are in condition to produce some fish. Stone canoe houses and canoe launching ramps can also still
be found in certain locations. Such lithic remains can sometimes endure hundreds of years in relatively
good shape. Marine Option Program maritime archaeology students mapped a stone fish trap at Koloko
Honokahau National Park on the Big Island during the field school in 1997.** Compartments that seemed
to be traps or holding areas were surrounded by a larger seawall. Information gathered can help determine
the presence or absence of a traditional gate or makaha. Not only are such structures examples of an
advanced and efficient food production system, but also if restoration is to take place, accurate surveys
should be completed before the sites are further altered.

While terrestrial heiau or temples have been investigated, submerged heiau and other unclassified
coastal structures do exist. One university researcher is currently studying the Hawaiian oral histories and

chants in an effort to locate further underwater sites.* It should be mentioned that understanding the
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cultural significance of such places could be quite challenging to the traditionally trained researcher. In
Hawaiian culture, as with other Pacific peoples, the land itself possesses a special connection with the
remembered history of the ancestors, sites being a direct link to historical genealogies and events. This
cultural difference adds a layer of significance to, and demands a greater sensitivity from, what has often
been in the past a strictly Western interpretation of artifacts.

Hawai'i has the richest archaeological record of any Pacific archipelago.® The Hawaiian cultural
sequence has been depicted by several semi-discrete phases: 1) Colonization Period, A.D. 300-600; 2)
Developmental Period, A.D. 600-1100; 3) Expansion Period, A.D. 1100-1650; and 4) Proto-Historic
Period, A.D. 1650-1795. The date of initial settlement during the first phase remains controversial, but
apparently separate phases of migration and two-way voyaging, first from the Marquesas and later from
Tahiti, took place. Coastal settlements and forest clearing for agriculture mark the Developmental Period.
Population estimates during this phase do not exceed 20,000 for the Islands. Eastern Polynesian traits at
this time transformed into distinctly Hawaiian patterns. The first archaeological traces of habitation near
the Pearl Harbor area appear in the late Developmental Period. During the Period of Expansion, the
archipelago’s population increased exponentially, moving out from the windward areas of best cultivation
and inhabiting more marginal (dry) regions. Terraced field systems and large fishponds for aquaculture
intensified production. Pearl Harbor became a center for agriculture and aquaculture. The hierarchical
organization of the Hawaiian chiefly class, the ali’i, increased, and many interpret the Hawaiian culture to
be the most stratified example of Pacific Polynesian societies. Land tenure systems matured, and the
ahupua’a divisions, units separated by ridgelines running from mountain to sea, solidified. The final Proto-
Historic phase witnessed increasing wars of territorial aggression and the increasing unification of once
independent chiefdoms.** These wars were influenced by the introduction of western ships and weapons in
the 1790’s.

Most archaeology in Hawai'i has focused on the terrestrial remains of habitation sites, as well as
stone heiau or temples. There is no doubt, though, that the canoe and voyaging remain (or have become
again) central symbols of Hawaiian Islander identity. Since the 1970’s, the experimental archaeology of
voyaging canoe construction and navigation has blossomed throughout the island Pacific, tied closely to a
transpacific cultural revival surrounding not just the physical form of