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1. Executive Summary 
The development of sustainable energy sources to the level of 70% by 2030, established as a 

Hawaii statewide goal, includes proposed projects in Hawaiiôs offshore Outer Continental Shelf 

(OCS) waters.  The Bureau of Ocean Energy Management (BOEM), the regulatory agency for 

OCS energy proposals, is required to take into consideration the impacts of these activities on 

archaeological and cultural resources and traditional cultural properties.  To meet this mandate, 

in 2013, BOEM entered into an interagency agreement (IAA No. M13PG00018) with National 

Oceanic and Atmospheric Administrationôs Office of National Marine Sanctuaries (NOAA 

ONMS) for compiling and analyzing cultural resource data for the marine environment 

surrounding the main Hawaiian Islands.  The interagency agreement defined three objectives: 1) 

develop a database of known, reported, and potential submerged cultural resources e.g., 

shipwrecks, submerged aircraft (OCS Study BOEM 2017-021); 2) develop a database of land-

based historic properties that could be adversely impacted by the alteration of the view of the 

ocean (OCS Study BOEM 2017-022); and 3) develop a proactive approach with indigenous 

Native Hawaiian communities in identifying areas of cultural significance (OCS Study BOEM 

2017-023).  The three-part assessment facilitates the management and protection of cultural 

resources and properties, and enhances agency communication with local communities.   

This report The Unseen Landscape: Inventory and Assessment of Submerged Cultural Resources 

in Hawaì i, provides cultural, environmental and historic context to the database of known, 

reported, and potential submerged cultural resources inventory (objective #1 above).  The report 

includes a description of the interagency project, research and analysis methods, marine 

environmental description for the study area, discussion of site formation processes affecting 

submerged historic properties, cultural landscape summary of cultural and historical changes 

from the original Polynesian discovery of the islands to the post-World War II period, 

conclusions, references, and supporting appendices.  It is a work of synthesis, providing 

contextual background and analysis at the cultural landscape level.  This report is not a 

compilation of individual ship histories or site descriptions.  That information is included within 

the accompanying database, which features comprehensive referenced site and historical 

information for the 2,120 known, reported, and potential submerged cultural resources in 

Hawaiian waters.   

Humans have been seafaring from long before the advent of recorded history.  The worldôs ocean 

covers 71% of the globe, and for navigators it serves as a highway of discovery, migration, trade, 

and cultural contacts.  People of the islands of Hawai`i have been for hundreds of years, and 

remain so today, intimately connected to the sea, actively engaged in cultural, recreational, 

military and commercial pursuits, as well as marine resource conservation.  This connection has 

produced a maritime ñfootprintò or cultural landscape, the physical legacy of submerged cultural 

resources and historic properties.  This first-ever statewide analysis and inventory, The Unseen 

Landscape, is intended to enhance increasing awareness, appreciation, and consideration of these 

unique resources, in the hopes of continued heritage preservation and protection for future 

generations.  
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2. Introduction 
 

2.1. Purpose of This Document 

With passage of the Energy Policy Act of 2005, BOEM has assumed jurisdiction for renewable 

energy development on the OCS, and is required under multiple statutes (Outer Continental Shelf 

Lands Act 1953, OCSLA; National Environmental Policy Act 1970, NEPA; and National 

Historic Preservation Act 1966, NHPA) to take into consideration the impacts of OCS activities 

on archaeological and cultural resources and traditional cultural properties.  To meet this 

mandate, BOEM entered into an interagency agreement with NOAA ONMS for compiling and 

analyzing data on the Hawaiian Islands.  The specific objectives of the Agreement were to:  

1) develop a geo-referenced database of known, reported, and potential submerged cultural 

resources (e.g., shipwrecks, airplanes, etc.) on the Hawai`i OCS emphasizing the use of 

primary sources; 

2) develop a geo-referenced database of land-based historic properties that could be 

adversely impacted by the alteration of the view of the ocean; and 

3) develop a proactive approach to working with the indigenous Native Hawaiian 

community in order to identify areas of significance that need to be considered in the 

planning process for offshore renewable energy development. 

The purpose of this document, The Unseen Landscape: Inventory and Assessment of Submerged 

Cultural Resources in Hawaì i, is to provide appropriate cultural, environmental and historic 

context to the inventory of submerged cultural resources database inventory cited in the 

aforementioned first objective.  The report makes use of the cultural landscape approach in order 

to better categorize and interpret the many varied sites and historic properties surrounding the 

eight southeastern Hawaiian Islands.  This is the first time that a state-wide inventory of 

submerged cultural resources in Hawai`i has been completed.  

 

2.2. Identifying Native Hawaiian Cultural Properties 

Resource management programs for Federal agencies, organized under the National Historic 

Preservation Act (NHPA) (Public Law 113-287, 54 USC 300101 et seq.), emphasize physical 

objects and specific bounded locations as ñpropertiesò or markers of cultural significance, and 

these properties are the focus of targeted preservation efforts.  Historic properties are material 

remains of past human activities which meet specific pre-defined National Register criteria, both 

from historic and Pre-European contact.  The NHPA defines a historic property as: 

é any prehistoric or historic district, site, building, structure, or object included 

on, or eligible for inclusion on, the National Register, including artifacts, records, 

and material remains relating to the district, site, building, structure, or object. 

(NHPA 1966, as amended). 

Historic properties may also be Traditional Cultural Properties (TCPs), locations that meet 

specific criteria used for ceremonies or other cultural activities that may leave no material traces, 
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and may have on-going use important to the maintenance of cultural practices (Parker and King 

1998).  The role the historic property plays in a community's traditional religion, beliefs, 

customs, and practices can enhance the propertyôs eligibility to the National Register of Historic 

Places (NRHP). The Advisory Council for Historic Preservation (ACHP) provides guidance on 

the role of Native Hawaiian Organizations in the identification of historic properties 

(Consultation with Native Hawaiian Organizations in the Section 106 Review Process: a 

Handbook 2011), and has acknowledged Native Hawaiian traditional cultural knowledge, 

beliefs, and practices, and recognized their value in the understanding and preservation of 

historic properties in Hawai`i (ACHP 2011).   

It is important to note that Hawaiian perspectives on cultural resources may sometimes seem 

unfamiliar to non-Hawaiian resource managers.  The foreign emphasis on structures, properties, 

and specific pre-defined locations, rather than living practices and traditions, may not be ideally 

suited for Hawaì i.  Many Hawaiians maintain active personal connections with the marine 

environment, placing more importance on intangible practices and traditions, rather than tangible 

fixed properties.  Similar attitudes are seen elsewhere in the Pacific Islands region, such as in the 

Commonwealth of the Northern Marianas Islands (McKinnon and Carrell 2015: 5).   

Understanding indigenous cultural perspectives is critical to cultural resource preservation 

efforts; cultural resource significance in Hawai`i encompasses far more than just a list of 

submerged properties.  The BOEM ï NOAA interagency agreement (IAA No. M13PG00018) 

recognized this fact and actively solicited Native Hawaiian perspectives and input in the second 

objective, ñland-based coastal historic propertiesò (OCS Study BOEM 2017-022), and the third 

objective, ñdeveloping a proactive approach to identify areas of significanceò (OCS Study 

BOEM 2017-023).   

This inventory report (OCS Study BOEM 2017-021) includes contextual background for the 

Polynesian discovery and settlement of the islands, and descriptions of selected near-shore 

Hawaiian property types, but does not inventory Native Hawaiian submerged properties per se, 

for describing these living practices and traditions in terms suitable to property lists would 

frequently be inappropriate.  Information regarding marine locations that are important to 

gathering and fishing activities was traditionally the responsibility of specific konohiki (resource 

managers) or families and individuals, and not suitable for general distribution.  The more 

detailed assessment of Native Hawaiian cultural resources is therefore left to the two 

accompanying studies (above).  This study, The Unseen Landscape: Inventory and Assessment of 

Submerged Cultural Resources in Hawai`i, focuses on the many submerged properties of 

shipwrecks and aircraft around the islands from the historic period.   

All three of the OCS BOEM studies are necessary for gaining a more comprehensive 

understanding of Hawaiiôs complex tangible and intangible cultural resources setting.   

 

2.3. Identifying Historic Submerged Cultural Resources 

The assessment effort focused on the OCS which, for Hawaìi, is defined as the zone of Federal 

jurisdiction around the islands 3-200 miles from island shorelines.  Hawai`i has no shallow 

continental shelf, for the islands are formed of volcanic activity through the oceanic shelf or 

plate.  The Hawaiian Islands are literally the tops of large subsea mountains, with slopes 



 

4 
 

dropping quickly to the abyssal plain.  In other words, depths increase very quickly in the waters 

surrounding the islands.  Shallow water remote-sensing surveys, used elsewhere to locate 

submerged cultural resources on continental shelves, are limited to near-shore coastal areas in 

Hawaì i.  Deep water surveys for these types of resources are more complex and expensive, and 

far fewer have been conducted.   

The bulk of information on submerged cultural resources is, therefore, document-based, derived 

from archives and libraries and collections, and most often describes what was lost, rather than 

what has been found.  Referred to here as ñsubmerged cultural resourcesò (SCR), the sunken 

properties that describe elements of Hawaiiôs historic maritime past are today also collectively 

known as ñunderwater cultural heritageò (UCH).  Submerged shipwrecks, submarines, and 

aircraft reflect major parts of Hawaiiôs recent past, and discoveries of these resources generate 

public attention to the field of maritime archaeology and heritage preservation.   

 

2.4. The Maritime Cultural Landscape 

Maritime archaeologists have often tended to interpret individual sites as isolated properties, but 

submerged cultural resources are often related to each other, or related to common historic 

events or historic periods, and should be considered in context.  Submerged archaeological sites 

are never isolated from their surroundings, but are affected by many features outside the normal 

description of historic properties, such as ocean environment, past and present uses of ocean 

space, etc.  Synthesis in interpretation, therefore, is critical to gaining a better understanding of 

the cultural significance of individual sites.  This report provides cultural and historic contexts 

that are more comprehensive and holistic in nature, in order to understand the categories of sites 

and common events or historic periods that give meaning to the many discrete individual entries 

in the submerged cultural resource database.  This is a small part of a maritime cultural 

landscape approach.   

Cultural landscape studies do not represent a new concept, but have long been recognized as 

useful tools in describing distinct geographical areas of associated cultural and natural features.  

Dr. Christer Westerdahl first introduced the term ñmaritime cultural landscapeò as an 

archaeological concept spanning both sea and land, and other scholars since then have further 

refined the archaeology of maritime landscapes (Westerdahl 1992).  There is much more to 

culture than archaeology, however.  Community stakeholders seek recognition of cultural 

resources beyond historic shipwrecks.  Resource managers must make decisions balancing 

numerous cultural inputs.  Until now, though, cultural resource issues have not been understood 

in a comprehensive manner.    

A Cultural Landscape Approach (CLA) offers a means for looking at the 

important ways in which specific cultural and environmental processes overlap 

and influence one another. The intellectual concept of cultural landscapes has 

been established for nearly a century, but its application to the management of 

marine resources is quite new. Cultural landscapes identify combinations of 

human activity and natural areas and resources that have left identifiable cultural 

and ecological patterns. (MPAFAC 2011) 
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Associated sites and features of landscapes may be categorized chronologically, thematically, or 

in other ways depending on the nature of the research question.  The goal of this report is to 

describe and analyze the broad swath of submerged cultural resources in the inventory.   

In the island setting of Hawaì i, major social and technological changes were often initiated by 

the arrival of new groups or specific events.  Sometimes new technologies supplanted older ways 

of doing things; sometimes new activities added to or transformed traditional ways.  At other 

times the old and the new found ways to coexist.  The maritime cultural landscape in Hawaì i is 

dynamic.  The historical background provided in Sections 4-9 (below) provides the context 

necessary for better understanding this changing and evolving maritime cultural landscape as it 

progresses through identifiable phases or themes:     

¶ Polynesian discovery and Hawaiian settlement  

¶ Early foreign voyagers 

¶ Sailing era, sandalwood, and whaling 

¶ Plantation era and steam propulsion 

¶ US Navy, Pearl Harbor, and WWII 

¶ Contemporary maritime transportation 

The cultural landscape approach is central to understanding the significance of Hawaiiôs 

submerged cultural resources in a more comprehensive and holistic fashion.  Other aspects or 

ñlandscapesò, such as the physical landscape (environmental criteria) or the legal ñlandscapeò 

(preservation laws) will also be addressed.   

 

 2.4.1. Defining Known, Reported and Potential Resources 

The interagency agreement initiating the project directs NOAA to create a database of known, 

reported, and potential submerged cultural resources.  ñKnownò wrecks are comprised of verified 

and located resource sites.  ñReportedò wrecks are comprised of unverified resources which have 

not been located, but for which there are reliable primary and/or secondary reports of loss in a 

general area.  ñPotentialò wrecks are comprised of reports in which vessels have gone missing, or 

are reported adrift, when there is no evidence to indicate where or when they sank (or if they 

sank at all), as well as those cases where it is simply not possible, due to lack of information, to 

assess the reliability of the reported loss. 

In reference to the criteria used by the NRHP, the database characterizes all wreck entries as: 1) 

listed; 2) eligible; 3) ineligible; and 4) not determined.  The vast majority of reported and/or 

confirmed sites have not been formally assessed in terms of the Register, and therefore fall under 

the ñnot determinedò status.  This is not equivalent to ñineligible.ò  It is important to note that 

prior to an actual assessment of the submerged cultural resource, properties should be treated as 

potentially ñeligibleò for management and preservation purposes.   

  

2.5. Authorizations 

The State of Hawai`i has mandated a goal of achieving 70% clean energy by 2030.  In order to 

meet this goal, development of offshore renewable energy resources and construction of 
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interisland transmission cables may be necessary.  With passage of the Energy Policy Act of 

2005, BOEM has assumed jurisdiction for some types of renewable energy development on the 

OCS.  Though the islands of Hawai`i are not ñcontinentalò in nature (do not possess a continental 

shelf), for Hawaìi the OCS is defined as the zone of Federal jurisdiction around the islands 3-

200 miles from island shorelines (Figure 1).   

Understanding the 

types and locations of 

significant 

archaeological and 

cultural resources is 

essential to their 

preservation and 

consideration during 

planning for offshore 

renewable energy 

development.  This 

includes, among 

others, resources and 

areas important to the 

archaeology and 

history of the 

Hawaiian Islands, as 

well as resources and 

areas important to 

Native Hawaiian 

communities, both 

historical and 

modern.  As planning 

and development for offshore renewable energy projects increases, the potential for impacts to 

underwater and terrestrial archaeological, cultural, and historical resources, and traditional 

cultural properties, will increase as well.   

The inventory of cultural and historic resources, including the compilation of historic 

background information and all available site data, and assessment of site significance where 

possible, directly addresses Federal preservation mandates under NHPA Section 106 requiring 

agencies to consider potential impacts to historic properties from proposed undertakings, and 

Section 110 requiring agencies to identify, evaluate, and protect historic properties under their 

jurisdictions.  The information will also be used to support reviews under NHPA, NEPA and 

other Federal laws.   

 

2.6. Team Participants 

BOEMôs Pacific Region is responsible for managing the development of conventional (oil and 

natural gas) and renewable energy resources (wind and wave) and also mineral resources (sand 

and gravel) on the OCS offshore California, Oregon, Washington and Hawai`i in an 

Figure 1: 200-mile EEZ boundary (purple) around the main eight Hawaiian 
Islands.  (NOAA ONMS) 
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environmentally and economically responsible way.  The Pacific Region functions, relative to 

these energy and mineral resources and uses, include: lease management, plan administration, 

environmental science, environmental analysis, resource evaluation and economics. The Bureau 

also manages the alternate use of existing oil and gas OCS facilities.  The Region is responsible 

for providing information needed to predict, assess, and manage effects from offshore energy 

and marine mineral exploration, development and production activities on human, marine and 

coastal environments. The Region also develops environmental documents under NEPA for 

proposed and ongoing OCS energy and alternate use projects, and for environmental evaluation 

efforts with other agencies. 

NOAAôs Maritime Heritage Program (MHP), created in 2002, is an initiative of ONMS.  The 

program focuses on maritime heritage resources within the fourteen designated National Marine 

Sanctuaries and Marine National Monument of the Sanctuary system, and also promotes 

maritime heritage appreciation and preservation throughout the entire nation.  NOAA is legally 

responsible for the management of maritime heritage resources within sanctuary boundaries. 

Congress directs NOAA, through the National Marine Sanctuaries Act, to comply with the 

Federal Archaeological Program.  This is the collection of laws and regulations that pertain to the 

protection of historical and archaeological properties on Federal and Federally-managed lands.   

The University of Hawaì i Undersea Research Laboratory (HURL) specializes in providing 

scientists with the tools and expertise they need to investigate the undersea environment, 

including submersibles, remotely operated vehicles, and other cutting edge technologies. This 

Center, within the School of Ocean and Earth Sciences and Technology at the University of 

Hawaì i, is funded through a cooperative agreement from NOAA that began in 1980. The Center 

is now part of NOAAôs Office of Ocean Exploration and Research.   

Honua Consulting Inc. is a Hawaiian-owned, small business founded in 2003 by Dr. Trisha 

Kehaulani Watson.  Honua Consulting provides a variety of cultural, educational, community, 

and environmental services, specializing in cultural and environmental impact assessments, 

community engagement and consultations, education and outreach, cultural monitoring, and 

community capacity-building.  The company is located on the island of O`ahu.   

 

2.7. Report Organization 

This report provides the analysis and interpretation of all data collected during the course of this 

project for the first objective: the database of known, reported, and potential submerged cultural 

resources (e.g., shipwrecks, aircraft) on the Hawaìi OCS.   

Section 1 presents the Executive Summary of this report.   

Section 2 describes the background of the project, the research and analysis approaches 

undertaken for the study, and the team participants who contributed to the study and 

information sources for the inventory.   

Section 3 presents an environmental description of the waters surrounding the main 

Hawaiian Islands, including basic background information on the geologic, geographic, 

and hydrologic environments.  This section includes general information on the past 
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frequency of hurricanes and tsunamis in the area.  These are the general prevailing 

parameters which influence individual site and site formation processes.  

Section 4 begins the contextual history with the original human discovery of the islands, 

with general background in Lapita migration theory and a summary of current estimates 

of original landing and settlement.  The discovery of Hawai`i was the result of the longest 

and boldest marine migration ever accomplished by humans.  Polynesian navigation and 

voyaging technology are introduced, and the basics of Hawaiian fishing and aquaculture 

are covered as these activities have left a significant signature in coastal Hawaiian waters.   

Section 5 explores the European discovery of the islands, along with some of the cultural, 

biological, and demographic consequences of foreign contact, which proved in many 

ways to be devastating to the Hawaiian population.  Potential archaeological resources 

that may be associated with these impacts must be understood in this context.   

Section 6 covers a period of accelerated change in Hawaiian history, as Pacific trade 

contacts increase, and Pacific whaling activities reach their apogee, bringing intense 

social and economic transformation to Hawai`i.  This period saw the once-isolated island 

kingdom more closely bound to regional and global economic activities.  The 

archaeological record of this intensification, particularly for shoreline infrastructure like 

harbors and landings, increases.   

Section 7 describes the era of steam propulsion in Hawai`i, which was dependent on the 

needs of the plantation system and was itself a social and economic revolution for the 

islands.  Following the illegal overthrow of the kingdom, few obstacles remained in the 

commercial exploitation of island labor and agricultural resources.  The steam 

industrialization of the islands has left its mark in the surrounding waters.   

Section 8 describes, at least from the perspective of submerged cultural resources, the 

most important aspect of Hawaiian history, the US Navy and the militarization of 

Hawaiian waters.  No other period left such a tangible footprint in the oceans surrounding 

the islands, for better and for worse.  The section describes the strategic military nature of 

the islands, the specialized tactics of submarine warfare and amphibious craft and naval 

aviation, the 1941 attack on the island of O`ahu (misleadingly known as the Attack on 

Pearl Harbor), the intense training operations held among the islands during wartime, and 

the intentional disposal of ships and other materials during and following the war.    

Section 9 describes maritime activities of the past 50 years or so.  Container ships, tugs, 

and barges are now the platforms for commercial operations, leaving their own distinct 

imprint on the seafloor.  Submarine cables, a continuing communications legacy, must be 

taken into account as well, considering that the earliest cables around the islands were 

laid over 100 years ago.   

Section 10 presents a brief discussion of the results of the study as a whole, concluding 

with a preliminary analysis of resource distribution patterns across the known maritime 

cultural landscape.   

The body of the report sections is followed by complete References, and appropriate 

Appendices 1-6. 
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Due to the high number of confirmed locations/sites (404), full individual vessel descriptions and 

histories are not included in this study The Unseen Landscape: Inventory and Assessment of 

Submerged Cultural Resources in Hawai`i.  Only highlights and summaries of archaeological 

surveys are included for selected representative vessels.  All details regarding each specific 

vessel or aircraft can be found within the database itself, including transcribed journal and 

newspaper articles, summaries, references etc.  Appendix 4 provides an excerpt summary list of 

the inventory.  This study The Unseen Landscape accompanies the database and provides a 

broader landscape-level analysis, rather than individual site descriptions.  Statistics generated 

from the database, selected highlight vessel entries, and implications of resource types for the 

inventory are the focus of this study for each contextual background section (Sections 4-9).   

   

2.8. Sources for the Inventory 

Both known and reported sites within the Federal waters of Hawaiiôs OCS, from 3-200 miles 

offshore (1,400 entries), as well as sites within State waters (0-3 miles; 720 entries) were 

included within the database.  

To complete the inventory database of submerged cultural resources, ONMS examined archival 

and secondary sources that were germane to the study area and revised and populated a database 

template with confirmed, reported, and potential submerged archaeological resources around the 

islands of Hawai`i, Kahò olawe, Kauài, LǕnà i, Maui, Molokà i, Ni`ihau, and Òahu.  The 

database template provided by BOEM was based on the similar BOEM Pacific OCS study 

database, with some of the internal fields, menus, and combo boxes being modified for specific 

Hawaiian island circumstances.   

The archival and field sources examined included both primary and secondary sources, and 

focused on primary sources to the greatest extent possible.  These sources included:   

¶ State Historic Preservation Division Library in Kapolei;  

¶ Bishop Museum Library and Archives (including insurance company records of 

the Dillingham Collection);  

¶ State of Hawai`i public library and archives division; 

¶ Hawaì i Maritime Center manuscripts and library inventory;  

¶ University of Hawaìi library system;  

¶ National Archives and Records Administration (San Bruno CA, Washington DC 

and College Park MD);  

¶ Public and private libraries and collections (Thrumôs Hawaiian Almanac, Richard 

Rogerôs database collection, Bob Krauss Memorial Shipwreck Article Database, 

Bob Lewis aviation list, Craig Fuller aviation list; local recreational and technical 

diver data);  

¶ Historic newspapers (Pacific Commercial Advertiser, Honolulu Star Bulletin, The 

Friend, Polynesian Paradise);  

¶ Historic maps and navigation charts (University of Hawaìi Manoa Government 

Documents section historic maps, NOAA Office of Coast Survey Historical Maps 

and Chart Collection);  
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¶ Archaeological site reports (University of Hawaì i Manoa Marine Option 

Program reports, Hawai`i Undersea Research Lab (HURL) database, NOAA 

ONMS Pacific Islands Region internal database);  

¶ Department of Defense navy shipwreck and aircraft database (Naval History & 

Heritage Command) and legacy report US Navy Shipwrecks in Hawaiian Waters: 

an Inventory of Submerged Naval Properties (Van Tilburg 2003). 

¶ Department of Homeland Security United States Coast Guard records; 

¶ State of Hawaì i database of obstructions (Hawai`i Department of Aquatic 

Resources artificial reef program);  

¶ US Army Corps of Engineers Honolulu District); State Division of Boating and 

Ocean Recreation Harbors Division;  

¶ NOAA Resources and Undersea Threats (RUST), Abandoned Vessels Program, 

MHP internal database for Pacific Islands Region; 

¶ Archaeological survey data from: National Park Service (NPS), HURL, 

University of Hawai`i Marine Option Program (UH MOP), NOAA MHP and 

Office of Exploration and Research (OER), including the Pearl Harbor Deepwater 

Inventory 2005; and 

¶ Online sources (International Registry of Sunken Ships, Northern Mariner 

Research shipwrecks database 2002, Papakilo Database, Google Earth, 

Automated Wreck and Obstruction Information System, Electronic Navigation 

Charts, Hawaì i State wreck inventory).  

  

2.8.1. Accuracy of Information 

Accuracy of positions is one of the most challenging obstacles to submerged resource 

management.  Data for the location of resource sites is therefore broken down and categorized 

as:  

 

1) confirmedðresource is verified as located and confirmed/recorded by standard 

differential Global Positioning System (DGPS) coordinates (datum WGS84 unless 

otherwise stated); 404 entries or 19% of the inventory; 

 

2) goodðresource is not confirmed or actually located, but the location is reported to 

nearest actual minute of latitude and longitude, or reported within a specific offshore 

lease block, or previously recorded using the former Long Range Navigation (LORAN) 

system.  Resource sites located with moderate to good accuracy could be discovered with 

a moderate amount of field survey with remote sensing equipment, plus some additional 

historical research; 134 entries or 6% of the inventory;  

 

3) fairðresource reported location is only general, to nearest degree of latitude or 

longitude, or only reported in reference to a nearby landmark, as in ñ"8 miles southwest 

of Upolu Point."  Discovery of these resources would be very difficult, requiring 

considerable time and effort in archival and field investigation; 179 entries or 8% of the 

inventory;  

 



 

11 
 

4) poorðresource location is unreliable or very vague, or without any directional 

component, as in ñ30 miles off Sand Islandò or ñbetween Kaua`i and Òahu.ò  Vessels 

listed as adrift without further information as to when or if they sank also fall into this 

category.  Defining survey areas for locating these types of vessels is nearly impossible; 

280 entries or 13% of the inventory.   

 

(The remainder of the inventory is made up of entries without position estimatesðsee 2.9.2. 

Graphic Representations of Positions below.)      

 

2.9. The Database 

The initial template for the projectôs database was provided by BOEMôs 2013 Pacific Coast OCS 

study Inventory and Analysis of Coastal and Submerged Archaeological Site Occurrence on the 

Pacific Outer Continental Shelf (OCS Study BOEM 2013-0115), with appropriate field 

additions, subtractions and modifications to conform to the Hawaiian island setting.  All of the 

entries in the database originate in a documented report of resource crash, wreck or loss, or 

discovery and/or survey of the submerged site.   

In total, there are 123 unique data fields within the database, plus categories for: vessel 

photographs/sketches, diver/Autonomous Underwater Vehicle (AUV)/Remotely Operated 

Vehicle (ROV) photographs, magnetometer contour images, multibeam bathymetry images, 

sonar images, and sub-bottom profiler images.  (See supplemental document ñMaritime 

Resource Database User Guideò included with the database.)  Types of data include (selected 

excerpt): 

¶ Vessel identification 

¶ Vessel history 

¶ Vessel construction 

¶ Wreck event information 

¶ Site location information 

¶ Archaeological documentation and publication 

¶ Information and outside database sources 

¶ Vessel and/or wreck images 

¶ Site plan, side scan, multibeam and/or magnetometer imagery 

 

2.9.1. Arrangement of Data 

The database provides multiple tools and formats for viewing content.  The Vessel Form View 

divides wreck information into five separate form pages: vessel information, spatial information, 

vessel description, wreck site information, and documentation.   Comments under the vessel 

description page include transcribed journal articles, summarized newspaper features, citations, 

and more.  The Image Form View includes six separate pages for vessel photographs/sketches, 

diver AUV/ROV photographs, magnetometer data, multibeam data, sonar images, and sub-

bottom profiler images.  A unique SCR Record Number (RN) provides the specific identification 

for tracking each of the 2,120 entries.  Vessel Form data and Image Form data may also be 
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viewed in table (Excel) format.  Content in the database may be imported to Access and exported 

to/from many other formats including Excel, Outlook, ASCII, dBase, Paradox, FoxPro, SQL 

Server and Oracle.    

 

2.9.2. Graphic Representation of Positions 

Entries in the database are represented within the Geographical Information System (GIS) 

product.  This map (Figure 2) is a powerful tool for understanding the geographic scope of 

submerged historic properties and other cultural resources, yet representing estimated 

(unconfirmed) locations for reported but unlocated sites has always been problematic because 

estimates are of varying accuracy.  In order to address this issue, the GIS map is constructed with 

several specific layers of data.  Green positions correspond to confirmed/located sites (confirmed 

location accuracy); yellow positions correspond to resources not confirmed/located, but ones that 

could be discovered with a moderate amount of survey (good location accuracy); orange 

positions correspond to resources which have only general location information, where discovery 

would be very difficult (fair location accuracy); and red positions correspond to resources which 

have only unreliable or very vague position information, where even defining search survey 

areas would be almost impossible (poor location accuracy).  Note: the red/vague category still 

provides enough spatial information for a very rough estimated latitude/longitude.  Each of these 

four categories/layers may be switched on or off in order to portray the range of accuracy in 

resource locations from confirmed to estimated.   

Only a subset of the inventory has been represented on the map, as many do not even qualify 

under the red/vague category.  Only a handful of the more than 750 surface vessels and 

submarines reported and/or confirmed lost in the Hawaiian Islands have insufficient spatial data 

to allow for even an estimate of position to be graphically plotted.  But, of the 1,375 naval 

aircraft related entries in the database, 1,115 (81%) are listed simply as lost in ñHawaiian watersò 

without any more specificity.  This is due to both the lack of detail in the original documentation 

and inconsistencies in completing the naval aircraft crash forms.  Many of these aircraft were lost 

during training flights from the decks of World War II aircraft carriers operating at sea in 

Hawaiian waters, far beyond the vicinity of island landmarks for easy orientation.  Graphically, 

then, aircraft are far underrepresented in the final GIS product.  Of the 2,120 entries in the 

database, these 1,115 ñunmappedò aircraft represent approximately 53%.  Therefore, it is 

important to understand that the GIS map, while potentially revealing distribution patterns of 

submerged cultural resources of various types, does not graphically represent the entirety of the 

known or reported inventory.  It is also important to understand that most of the marine space 

around the Hawaiian Islands has not been surveyed in a systematic manner for submerged 

cultural resources; the majority of confirmed data for located sites comes from the handful of 

archaeological projects, combined with voluntary reports from recreational divers and others.  

The graphic representation of sites can often be misleading; the map therefore is a powerful but 

limited tool, and its limitations need to be understood for the proper interpretation of distribution 

patterns.   
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Figure 2: Graphic overview of wreck sites in the main Hawaiian Islands, including location categories 1-
4.  Not shown: 1,115 ŀƛǊŎǊŀŦǘ Ǉƻǎƛǘƛƻƴǎ όŎŀǘŜƎƻǊȅ Ґ пύ ǎƛƳǇƭȅ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƭƻǎǘ ƛƴ άIŀǿŀƛƛŀƴ ǿŀǘŜǊǎΦέ  
(NOAA ONMS) 
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3. Description of the Marine Environment  

 

3.1. The Pacific Ocean 

The Pacific Ocean, spanning nearly 165 million km2 (64 million mi2), is the worldôs largest body 

of water covering a third of the planet, larger than all the worldôs land masses combined.  It is 

twice as large as the Atlantic Ocean.  The Pacific is defined not only by its waters, which are the 

planetôs deepest, but also by its dynamic shores and islands, many of which were either created 

or shaped by volcanic forces.  The Pacific Rim is also known as the Ring of Fire.  It is lined by 

volcanoes, through which the molten heart of the planet seeps past the ragged edges of the plates 

that form the earthôs crust.  It was that tectonic action that created the Pacific as the modern 

continents began to form some 750 million years ago, and that activity continues as the 

movement of the Pacific plate shifts and its edges push beneath its neighboring plates.  

The vastness of the Pacific is hemmed by the land masses of the Americas and Asia to the east 

and west, respectively.  To the south, the major islands of Indonesia and Papua New Guinea, 

then Australia and New Zealand form a partial southern barrier.  Then, spread across the ocean, 

are the islands of Micronesia, Melanesia, and Polynesia.   There are more islands in the Pacific 

than anywhere else on earth, in all, some 25,000.  Some of these islands, like those of Hawai`i, 

are the tops of emergent volcanic islands.  They are still active, and as the Pacific Plate slowly 

drifts over this ñhot spotò exuding from the planetôs mantle, these islands continue to be formed. 

Others are dormant or dead volcanoes, fringed by coral reefs that top the rims of drowned 

craters.   Such island groups are known as atolls.   

The ocean moves around the Pacificôs northern hemisphere in a clockwise manner.  In the 

southern hemisphere, the ocean moves counter clockwise.  These are the major currents, but 

there are many lesser and yet important currents that move water not only across distances but up 

from the depths.  On the eastern edge of the ocean ï the west coast of North America ï one of 

these is the North Equatorial Current.  As it moves past the Philippines, it bends toward Japan, 

and becomes the Kurushio, or the North Pacific Current, a powerful conveyer belt of water that 

crosses the Pacific.  Off the Aleutians, it forks, separating into the Kamchatka Current, moving 

into the Arcticôs Bering Sea and sweeping southeast past Alaska and British Columbia.  A 

separate current, appropriately named the Alaska Current, circles the Gulf of Alaska and passes 

Vancouver Island, before looping north.  These northerly, looping currents form the Subpolar 

Gyre.   

The North Equatorialôs southern movement past these frigid shores and its regional currents 

carries cold water from them down along the west coast of North America.  Known as the 

California Current, this cold water sinks and then collides with the narrow continental shelf as it 

passes the coast and then swings at the Equator, warming to rejoin the North Equatorial as it 

moves to the Philippines to begin its cycle again.  This regular circling of the North Pacific forms 

another vast gyre.  Below the North Equatorial is the South Equatorial Current, separated by an 

Equatorial Countercurrent that flows along the Equator.  The South Equatorial pushes east 

toward the west coast of South America, swinging along it to form the Peru (sometimes called 

the Humboldt Current).  Those warmer waters merge with the colder ones of the Antarctic 

Circumpolar Current and then swing along the east coast of Australia to rejoin the equatorial and 

start the cycle again of the South Pacific Gyre.   
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3.2. The Hawaiian Archipelago 

The entire Hawaiian Archipelago consists of eight main islands plus more than 120 rocks, reefs, 

atolls, shoals, and submerged seamounts, which stretch for over 2,900 km (1,800 mi) from the 

island of Hawaìi in the southeast to Kure Atoll in the northwest.  The main eight islands inhabit 

a distinct group to the southeast, while the long chain of atolls and low islands extend to the 

northwest.  The archipelago itself 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 main Hawaiian Islands group are located approximately 

3,860 km (2,400 mi) from the North American west coast and 6,100 km (3,800 mi) from Japan.     

The Hawaiian Islands, the most physically isolated group of islands on Earth, feature a very 

dynamic land and ocean environment.  Understanding this environment is crucial for 

understanding shipwrecks and in interpreting artifact preservation and site formation factors for 

the many submerged cultural resources among the islands.  Specific environmental conditions 

sometimes vary between discrete locations among the islands themselves, so this section presents 

a generalized description of environmental influences on submerged cultural resource sites.   

 

3.3. Geologic Background  

The Hawaiian Islands are wholly volcanic in origin.  The whole chain of submerged and 

emergent volcanic mountain peaks extends east-southeast and west-northwest in the northern 

Pacific Ocean.  The islands were all formed by the geologic movement of the Pacific lithospheric 

plate over a stable volcanic ñhot spotò or plume of deep mantle material, the plate moving slowly 

to the north, then to the northwest.  The extrusion of magma through the hot spot formed subsea 

volcanoes, which gradually emerged from the surface of the ocean.  The line of the older 

submerged seamounts (former islands) to younger emergent islands extends from the Kurile 

trench near Kamchatka to LǾ`ihi southwest of the Island of Hawaìi (Figure 3).  

Figure 3: The trail of underwater mountains created as the Pacific plate moves across the hotspot over 
millions of years, north and subsequently northwest.  (National Geophysical Data Center/USGS 2000) 
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Kure Island at the extreme western end of the emergent chain is approximately 30 million years 

old.  It is an atoll; its volcanic core has eroded beneath the waves, leaving only a ring of corals 

and coralline substrate.  Currently the recent point of magma generation, or hot spot, is located at 

the opposite end of the emergent islands, to the southeast of the island of Hawaìi.  The slowly 

rising seamount is known as LǾ̀ihi.  The island of Hawaìi is still the site of active volcanism.    

The rocks created by the volcanic eruptions among the Hawaiian Islands are basalts, rich in 

magnesium and iron and poor in alkalies.  Many contain visible crystals of green olivine.  Later 

stage lava flows consist of alkalic basalts, rocks containing more alkalies and less magnesium 

and iron than earlier flows.  Sedimentary deposition plays only a small role in island formation.  

Sedimentary rocks like sandstone only exist in an occasional narrow fringe around the borders of 

the islands (Armstrong 1983).   There are two basic types of basalt lava flows in Hawaìi: 

pahoehoe is the solidified rock from a ropey-textured smooth surface magma flow, and a`a is the 

hardened sharp-edged clinker rock formed by the broken edges of the hardening flow.  Lava 

flows remain an active concern on the island of Hawai`i, continuously covering areas of 

shoreline and creating new land.  Unstable projections of lava flows can lead to landslides or 

mass wasting, and are important geologic processes both above and below the ocean surface.  

The iron-rich basalts in the Hawaiian Islands can represent an obstacle to magnetometer surveys 

for submerged cultural resources.   

 

3.3.1. Ocean Plate Tectonics and Isostacy 

Two types of lithosphere, the outermost shell of the planet, make up the earthôs multiple plates: 

oceanic lithosphere and the thicker continental lithosphere.  The Hawaiian Islands reside wholly 

on the section of oceanic lithosphere known as the Pacific plate.  Understanding the nature of 

this plate is important in understanding the ocean depths surrounding the islands.  The Pacific 

tectonic plate is to a certain extent flexible, responding to the weight of the tall volcanoes above 

it by depressing downwards.  The depths immediately around the main Hawaiian Islands appear 

to result from the sinking of the adjacent seafloor, from the downward loading forces of the 

heavier (taller) volcanoes of the island of Hawai`i (Armstrong 1983; Grigg 2015).   This moat, or 

Hawaiian Deep, averages 4,800-5,500 m (16,000-18,000 ft) in depth.  Near to Hawaì i Island, 

remnant fossil reef substrate has been found at depths of 1,220 m (4,000 ft), though most corals 

do not grow below 45 m (150 ft). Surrounding the subsidence of the moat, the lithosphere shows 

an upward or uplifted bulge of about 300 m (1,000 ft).  The radius of this Hawaiian Deep 

surrounded by the uplifted arch extends only part of the way around the islands, reaching 

outwards from Mauna Kea volcano on Hawaìi Island about 400 km (250 mi).  The islands of 

LǕnà i, Molokà i and Òahu, on parts of the arch, show evidence of uplift (exposed coral 

substrates) as they slowly move to the northwest over this lithospheric bulge (Grigg 2015).  The 

Hawaiian Deep and the surrounding arch are the geologic settings for many submerged historic 

properties in Hawai`i.   

 

3.3.2. Tsunami Frequency 

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 rather than volcanoes, and 

fault movement and seafloor shifts can generate large coastal waves or tsunamis (Fletcher et al 
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2002).  The largest Hawaiian earthquake in historic times occurred in April 1868, and the 

resulting tsunami generated a wave that, 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 

(Table 1).  Most of these were generated by tectonic activity located on the Pacific Rim, 

thousands of kilometers away from Hawaìi, though two have originated locally.  Tsunami 

events and subsequent ocean movement have the power to impact many submerged resources in 

the islands.   

 

Table 1: Historic tsunami events in the Hawaiian Islands 

Date Origin Effects 

1868 Hawaìi Greatest Hawaiian earthquake recorded, destruction to 
O`ahu south shore 

1946 
 

Aleutian Islands  Wave heights at Hilo over 9 m (30 ft), total 159 tsunami 
related deaths 

1952 Kamchatka 
Peninsula 

 

1957 Aleutian Islands  

1960 Chile Wave bore in Hilo Bay causes destruction 

1964 Prince William 
Sound, Alaska 

Last major Pacific-wide tsunami 

1975 Hawai`i Earthquake centered near Volcano National Park, deaths 
and injuries 

1996 Peru  

2011 Japan  Fukushima reactor damage; Hawai`i harbor damage 

 

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 ñwrap aroundò 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, both on land and in the sea (Dudley and Lee 

1988).  Due to the high degree of seismic activity in the Pacific basin, the Hawaiian coastline can 

be considered to be under continuous tsunami threat (Fletcher et al 2002).   

 

3.4. Geographic Background 

 

3.4.1. Mid-Pacific Island Formation 

Pacific islands that originate as submarine mountains, grow in size through volcanic processes, 

then subside and erode with time can be classified by general stages of island ñgrowth,ò stages 

which are regulated by volcanic, erosional, and even biological activity (Morgan 1996).  Young, 

active volcanic islands consist of high, rocky basaltic peaks, with traces of caldera rims and 

cinder cones.  The main Hawaiian Islands are characterized by such landforms, and deeply cut 
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valleys and steep volcanic cliffs.  Middle-aged islands exhibit more extensive coral reef growth 

around their fringes, while the original core volcano, having shifted away from the active magma 

hot spot, disappears downwards with time due to isostatic subsidence and erosional forces.  As 

the basalt continues to erode and finally sinks below the surface of the water itself, only the coral 

ring or atoll may remain, along with low sandy islands.   

From young shield volcano to weathering calderas and reefs to true coral reef atolls, Pacific 

islands move through distinct land forms with age (Gulko 1999).  In Hawaìi, the lower older 

atoll environments are found to the northwest.  Higher rocky peaks can be found from Necker 

and Nihoa Islands south.  The Hawaiian Islands exhibit the whole range of characteristics from 

both high volcanic to low coral atoll formations (Grigg 2015). 

 

3.4.2. Coral Reef Ecosystem and Reef Zones 

Geological processes and stages of island ñgrowthò affect the formation and depths of Pacific 

coral reefs.  Reefs move through stages of fringing (adjacent to the island), barrier (separated 

from the island), and atoll (circular, no island).  Most reefs in the main Hawaiian Islands are 

fringing reefs.  Only a few locations, such as KǕnè ohe Bay for example, feature older barrier 

reef environments.  Both corals (invertebrates) and coralline algae are the main builders of the 

reefs.  Coral reef ecosystems thrive within a relatively narrow band of physical parameters, such 

as turbidity, water temperature, and nutrient load (Gulko 1999).  To remain stable, reef 

ecosystems must balance processes of growth with processes of erosion.  On many shallow water 

sites, corals and coralline algae have overgrown SCR resources (Van Tilburg 1997; 2002; 2014).    

Mechanical weathering of rocks forms only a small portion of sand in Hawai`i.  The majority of 

white sands come from the breakdown of coral skeletons, which are composed of calcium 

carbonate.  Surf action accounts for some of this sand, but a surprising amount is actually 

produced by parrot fish (sp. Scarus), which crush corals in their beaks and evacuate 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 (Armstrong 1983).   

Islands and oceans ñformò coral reef ecosystems, and in turn coral reefs affect their immediate 

environments.  An idealized cross section of the near shore zones (Figure 4) highlights the reefôs 

role in forming seaward barriers and dissipating wave energy.  Immediately offshore is the 

shallow reef flat or bench zone, a wave-swept area dominated by coral cover and reef fish.  

Figure 4: Barrier reef zonation.  (Coral Reef 2017) 
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Seaward of the reef crest is the reef slope zone, dropping to depths of 20-30 m (65-100 ft).  

Deeper along this fore reef, below 30 m (100 ft), is a rubble zone, characterized by 

accumulations of broken coral fragments (beyond optimum coral growth depths).   

 

3.5. Hydrographic Background 

 

3.5.1. General Climate 

The Hawaiian Islands are known world-wide for their temperate, comfortable climate.  

Considering the relative southerly latitude of the islands compared to the continental United 

States, there is relatively little uncomfortable heat.  This cooling is due to the prevailing 

northeasterly trade winds, which may blow unceasingly for weeks.  The prevailing trade winds 

are a function of a semi-permanent high pressure cell, an anti-cyclonic circulation known as the 

North Pacific or Hawaiian High (Juvik and Juvik 1998).  This high-pressure cell weakens in the 

winter season and strengthens during the summer (Figures 5 and 6).  Northeast trade winds 

usually blow between 21-39 kilometers/hour or kph (13-24 miles/hour or mph).  In near shore 

locations, diurnal heating and cooling can give rise to onshore breezes during the day and 

offshore breezes at night.   

The climate in Hawai`i is dominated by two seasons: summer between May and October, when 

the weather is warmer and the prevailing trade winds are more persistent; and winter between 

October and April, when the weather is cooler, and the prevailing trade winds are more  

 

 

interrupted by intervals of cloud and rain.  This is mirrored by the movement of the North Pacific 

High, which shifts northward in the summer and southward in the winter (Flament et al 2017).  

Figure 5: Average surface pressure in the 
Central Pacific for winter; Units: mbar.  
(Flament et al 1998) 

Figure 6: Average surface pressure Central 
Pacific for summer; Units: mbar.  (Flament 
et al 1998) 
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North Pacific storms, anti-cyclonic circulation, generally migrate eastwards between 35 and 65 

degrees north latitude, the majority of their impact usually 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, impacting SCR resources on exposed shorelines.   

 

3.5.2. Ocean Conditions   

The Pacific Ocean is the largest ocean in the world and therefore possesses the greatest amount 

of fetch or linear ocean surface for the development of waves and swells.  The Hawaiian Islands 

emerge in the middle of the North Pacific as a linear ridge, their shores and near shore 

environments exposed to powerful swells generated from a great distance, as well as waves 

generated more locally.  Wave erosion in Hawai`i continuously cuts into the edges of the 

volcanic islands and forms sea cliffs.  Sea caves and arches may also 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 1-3 m (4-12 ft) 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 2.5-4.3 m (8-14 ft) 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 3-4.5 m (10-15 ft) and periods of 8-10 seconds;   

¶ Southern Swell waves, generated by Antarctic winter storms, have heights only of 

0.3-1.2 m (1-4 ft) and longer periods of 14-22 seconds (Armstrong 1983).    

Surface ocean currents in Hawai`i, averaging between 20 to 30 cm/s (0.4 to 0.6 knots), are 

generally driven from east to west by the prevailing easterly trade winds, a portion of the larger 

North Pacific clockwise circulation of gyre. Ocean current eddies forming to the leeward (west) 

of the islands, as well as the diurnal mixed tides, can influence the strength and direction of near 

shore currents, scouring the seafloor around SCR resources (Figure 7).  Surface currents, in turn, 

affect deeper ocean currents, their influence decreasing with depth.  Below 1,000 m (3,300 ft), 

deep ocean currents average generally less than 5 cm/s (0.1 knot), and their patterns are not 

entirely known (Flament et al 2017).   

The average surface ocean temperature around the Hawaiian Islands is 24 Celsius (C) or 75 

Fahrenheit (F) in winter and 27 C (81 F) in summer (Figures 8-9).  Temperatures decrease with 

depth, but the current eddies and ocean mixing around the islands generally prevents the 

formation of a distinct thermocline between surface and deep ocean temperatures (Flament et al 

2017).  On the west coast of Hawai`i Island, near the Natural Energy Laboratory of Hawai`i, the 

ocean temperature at 1,000 m (3,000 ft) is approximately 5 C (41 F), closer to the constant near 

freezing temperatures of the deep ocean (Makai Ocean Engineering 2017).   
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Figure 7: Average surface current flow, National Ocean Data Center, 
NOAA; units: cm/s (25 cm/s = 0.5 knot).  (Flament et al 1998) 

Figure 8: Average surface water 
temperatures for coolest period (February 
to April); units: degrees Celsius.  (Flament 
et al 1998) 

Figure 9: Average surface water 
temperatures for warmest period (August 
to October); units: degrees Celsius.  
(Flament et al 1998) 




























































































































































































































