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ABSTRACT  
The coastal geomorphology, physical environmental conditions, past and present human uses, and coastal 

land and marine-intertidal biota were surveyed and mapped along the coast of Hawai’i Volcanoes 

National Park (HAVO), including part of the Ala Kahakai National Historical Trail (ALKA), Ka’u and 

Puna districts, Island of Hawai‘i from 22 May-3 June, 2009. An inventory of these coastal habitats and 

resources was done by walking the coast using a standard field protocol, with cross-shore transects within 

field-delineated coastal segments, or by a helicopter flight on 22 May 2009, to collect image data to 

assess the extensive length of inaccessible high sea cliff coast. The 52.6 km (32.7 miles) long exposed 

outer coast of the park consists of frequently wave-battered high slope basalt sea cliffs, horizontal basalt 

bedrock benches with numerous tide pools, boulder and cobble shores, and a few areas of carbonate 

white, or basalt black, sand beaches. Prevailing physical conditions are generally very high energy, and 

limit shore- or boat based human activity nearshore, except during relatively calm Kona wind or wave 

periods. The coast here has been used traditionally for hundreds of years and encompasses many very 

important Hawaiian prehistoric and historic sites. The park coast has multiple current uses by locals and 

visitors alike, who engage in cultural practices and festivals, fishing, hiking, and swimming, or 

sightseeing. The coastal strand land flora is generally typical for the region. Green sea turtles (Chelonia 

mydas), threatened in Hawai’i, and endangered hawksbill sea turtles (Eretmochelys imbricata) have been 

previously observed on the coast, and tracks of the latter were seen on a sand beach. Although not seen 

during this survey dolphins and whales have been observed in offshore waters. The endangered Hawaiian 

monk seal (Monachus schauinslandi) was not observed at the park, although low slope beaches and basalt 

benches have potential future importance as a resting or pupping habitat. A combined total of 103 coastal 

land and marine taxa, including 6 coastal strand or low elevation land plants, 29 species of marine algae, 

49 marine invertebrates, 16 marine fishes, one shorebird, and no feral mammals were observed. One non-

native, invasive species, the barnacle Chthamalus proteus, was observed. The high species richness of the 

coastal biota likely reflects: (1) diverse and extensive habitat types; (2) relatively few discernable 

historical or current human-caused disturbances or impacts on the coast, and; (3) past harvest pressure 

likely limited by prevailing high wave conditions to coastal access during calm conditions. Overall the 

coastal nearshore area has a high proportion of mostly high slope consolidated bedrock sea cliffs, boulder, 

cobble, and some sand shores. The park coast preserves important and interrelated cultural and natural 

resources such as prehistoric occupation sites, trails, tidepools, sea turtles and other features that form a 

unique, and highly valued cultural-natural landscape.  
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INTRODUCTION 
The 11 national park units in the Pacific Islands have extensive and diverse coastal resources, human 

activities, and uses that are highly concentrated in a narrow intertidal zone at the land-sea interface, that 

area alternately covered by the ocean and exposed to air by high and low tides, respectively. Many coastal 

resources in parks are high in environmental, cultural, economic, or aesthetic value, and are subject to 

human exploitation, which is expected to only increase in the future (Perry 2006). Resources are 

geological (e.g., substrates, formations), physical (e.g., streams, tidepools), and biological, such as species 

inhabiting the shore and tidepools (numerous species of algae, other plants, invertebrate animals, as well 

as fishes, birds, sea turtles, and monk seals). Coastal resources also include high densities of 

anthropogenic or human-made or caused features, imprints, or areas (e.g., historic or cultural objects such 

as fishponds, heiau [temples], harbors, canoe landings, docks, remains of vessel groundings, and wrecks. 

Native Hawaiians traditionally lived among and relied on many natural resources on the coast (Malo 

1951, Buck 1957, Handy et al. 1972, Kamakau 1976, Titcomb 1978, Kirch 1979, Clark 1985, Greene 

1993). Coastal resources seaward “below” the intertidal in nearshore shallow subtidal marine waters can 

include diverse fishes, limu (algae), some opihi (limpets), and offshore coral reefs with their high 

biological and physical diversity and productivity (Grigg 1983, Gulko 1999). Also, coastal resources 

occur upland “above” the intertidal per se, including sea cliffs, streams, a variety of true terrestrial 

vegetation types, as well as archaeological and still used objects or structures. All of these are subject to 

multiple current and future threats (Perry 2006). The scope of this survey includes coastal habitat and 

resources occurring generally from the low tide line across shore inland to either the most landward area 

wetted by waves or sea spray (which extends the range of some marine intertidal species), or the most 

seaward extent of true terrestrial vegetation (where this occurs). 

Coastal habitats vary in their geologic substrate composition and landforms. These, along with other 

geologic, biotic, and physical factors determine the structure, dynamics, and composition of the 

associated coastal biological community and resources (Connell 1961, Underwood et al. 1983, Raimondi 

1988). Coastal areas are home to an often incredibly diverse suite of flora and fauna and provide critical 

nursery habitats (e.g., mangroves, tidepools, fish ponds) for recruitment of young life stages of many 

organisms (Levinton 1982, Greene 1993, Gulko 1999, Hawaii DLNR DAR 2010). Many of these species 

are endemic, or of unique ecological, indigenous, traditional, or economic importance (Clark 1985, 

Greene 1993, Gulko 1999).  

Coastal habitats and resources throughout the Pacific islands, including those in national parks with 

relatively more protection, are being increasingly subject to major environmental stressors and changes 

from the effects of global climate warming, particularly increases in sea level, temperature, and acidity, 

increasingly frequent or intense winter storms, hurricanes, and tsunami, as well as geological subsidence 

or slumping due to seismic activity or volcanism (Fletcher et al. 2002, UNFCCC 2007). In addition to 

these major natural or anthropogenic (human-caused) disturbances which may act alone or in synergy 

(e.g., harbor development, fishing, increasing ocean temperature), coastal environments are also among 

the most heavily utilized area in the Hawai’i and other Pacific islands parks, by both local and visitor 

populations alike (Perry 2006). Anthropogenic local-scale threats and impacts include increases in run-off 

and sedimentation due to coastal watershed development, contaminants, vessel groundings, physical 

trampling (e.g., of intertidal benches, shallow reef flats and organisms), over-extraction of resources, and 

disturbance to critical habitats of rare, threatened or endangered species. Moreover, the 2010 catastrophic 

Gulf of Mexico Deepwater Horizon oil spill, and the 1989 Alaska Exxon Valdez oil spill (EVOS) have 
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severely impacted coastal and marine resources in several national parks and surrounding areas. These 

and other spills in Hawai’i (e.g., 1996 Chevron, 1998 Tesoro) and vessel groundings in Hawai’i (e.g., 

2005 M/V Cape Flattery, 2009 USS Port Royal), Guam and American Samoa, as well as coastal or harbor 

development near parks (e.g., Kawaihae, Honokohau, and Kahului Hawai’i, Apra Harbor, Guam), and 

other environmental disturbances demonstrate that accurate scientific baseline survey-scale information 

about existing coastal resources, threats or impacts is crucial for effectively managing prevention, 

assessment, response, cleanup, mitigation, or restoration efforts. 

One important lesson from earlier impacts is that an ongoing Inventory and Monitoring program is 

essential to prepare for “unscheduled events” like spills and groundings and for general resource 

protection (Yerxa 1998, Sharman et al. 2007). Other effects of human activities such as fisheries harvest, 

soil erosion, runoff and sedimentation, excessive groundwater withdrawal, and non-point source pollution 

taking place in and near coastal parks and elsewhere are major environmental threats or impacts (Hoover 

and Gold 2006), and while perhaps less spectacular than a major oil spill are just as profound a threat in 

the short or long term. It is essential that the National Park Service (NPS) and other land and ocean 

resource management partners have both proactive and prescriptive tools to differentiate, whenever 

possible, effects of natural and unnatural (human-caused or anthropogenic) threats or impacts to, and their 

combined effects on, coastal resources, and to take management actions accordingly. Managers must 

understand what resources exist in a given area as well as the range of natural variation in their 

distribution and abundance over different scales in time and space. The NPS is charged with preserving 

and protecting these resources in an unimpaired condition (The National Park Service Organic Act [16 

U.S.C. l, 2, 3, and 4], as set forth herein, Aug. 25 1916 [39 Stat. 535] and amendments thereto.). Yet it is 

not possible in many cases to determine whether resources have been impacted because it is usually 

difficult to distinguish between “impaired” and “unimpaired” due to lack of basic survey information, and 

the shifting baseline phenomenon (Pauley 1995, Dayton et al. 1998). This is the phenomenon in which 

environmental or other changes are chronic, slow, or hard to observe. If the baseline is known for a 

degraded ecosystem efforts can be made to restore it. However, if the baseline shifted before it was 

documented then a degraded state could be accepted as normal, or even as an improvement, and degraded 

ecosystems or resources can be perceived as intact or beautiful, without having knowledge from elders of 

how the environment used to appear (Pauly 1995, Dayton et al. 1998).  

Even if a catastrophic event occurs (e.g., large oil spill, or smaller, more local impacts), and it is clear that 

coastal resources have been damaged, how can we know the extent of damage, or when resources have 

“recovered” following restoration activities? Managers must have the information and capability to tease 

apart human impacts from natural variation if we are to protect coastal resources from often unforeseen 

effects of human activities that cause change, disturbance, damage, or loss. 

A variety of NPS and NOAA reports and scientific papers (e.g., Howes et al. 1994, Schoch 1994, 1996, 

Schoch and Dethier 1996, NPS 1998, Yerxa 1998, NOAA 1999, Sharman et al. 2007, Zacharias et al. 

1999) have noted inventory and mapping of coastal resources as a fundamental element of a robust and 

comprehensive understanding of coastal resources and threats. A coastal resources threats inventory and 

mapping protocol for coastal Alaska parks was summarized by Yerxa (1998) in ‘Natural Resource Year 

in Review-1997’ as being accurate, flexible, repeatable, and affordable. This protocol and its resulting 

database and GIS (Geographic Information System) layers have been used by coastal parks to collect, 

evaluate, and display biological and physical shoreline data, and other coastal environmental information 
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for resource managers to assist in decision-making. This Alaska coastal resources threats inventory and 

mapping protocol (Sharman et al. 2007) was modified substantially here and used as a basis for sampling 

in the Pacific islands parks.  

The purpose of this project was to obtain a broad-based view of coastal resources, impacts, and potential 

threats in the national parks in Hawai’i by surveying and mapping their nature and distribution. For this 

project, marine coastal resources include attributes centered on the intertidal zone. Basic information was 

gathered on geologic, physical, biological, and anthropogenic features (Appendixes A, B) that inform 

management, and potential future monitoring needs. Due to the length of some park coastlines as well as 

time and funding constraints, this survey-level effort was designed and implemented to be comprehensive 

in coverage but not as fine-grained as a monitoring-scale effort with repeated measures over time, yet can 

serve as a foundation for future monitoring. Data were entered into a database linked to spatial 

information, allowing users to access and query coastal information. It is expected that information in the 

coastal project database and this report will provide support to managers to: assess, differentiate and 

respond to effects of natural and human-caused changes on coastal resources; guide responses to effects 

of climate warming, large environmental disasters such as oil spills, and other stressors or impacts; 

identify and guide prioritization of resource protection actions for sensitive coastal areas, natural and 

cultural resources; provide a baseline for reference with which to evaluate subsequent recovery and 

restoration efforts, and; design and select long-term monitoring sampling designs, protocols and sampling 

sites.  

This NPS coastal survey protocol for the Pacific islands compliments, and provides information in 

addition to the NOAA Environmental Sensitivity Index (NOAA 1999, 2002), the Atlas of natural hazards 

in the Hawaiian coastal zone (Fletcher et al. 2002), and other previously reported information in the 

vicinity of the park coast (e.g., Doty and Mueller-Dombois 1966, Ball 1976, Clark 1985, Chai et al. 

1989, NPS 2006, Perry 2006). In addition to project data (Appendixes A, B), data from USGS, NOAA, 

and other sources were integrated in this coastal project database and GIS, and interpreted in this report to 

obtain a comprehensive view of the parks coastal resources.  

This report describes standardized protocols for, and results of, coastal survey and mapping efforts for the 

national parks in the Hawaiian Islands (The Alakahakai National Historic Trail [ALKA]) outside of the 

four Hawai’i island national parks was not included in this project). This report focuses on coastal surveys 

and mapping at Hawai’i Volcanoes National Park (HAVO) (Figure 1). Similar reports are forthcoming for 

the other coastal national parks in Hawai’i. 

METHODS 

Survey location 
The main Hawaiian Islands are on the southeast end of this central Pacific archipelago. These high 

oceanic islands are characterized by precipitous volcanic mountains and consolidated (i.e., bedrock) or 

unconsolidated (e.g., boulder, cobble, sand) coasts primarily composed of volcanic basalt, or carbonate 

materials (Juvik and Juvik 1998). The leeward coasts of these oceanic islands generally have relatively 

low wave action. In contrast wave action is stronger on windward sides and those facing prevailing ocean 

swells and wind. The tidal regime is micro-tidal, with a vertical range less than one meter (m), however 

wind-wave conditions can often mask the influence of tides on the coast (Juvik and Juvik 1998, Fletcher 
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et al. 2002). The park coast is directly exposed to trade wind, severe weather, and ocean conditions except 

during Kona conditions, when the presence of Mauna Loa and other Hawai’i Island peaks may provide 

some protection from Kona winds or storms. The composition, diversity, distribution, and abundance of 

the coastal marine biota generally reflect these underlying differences in geology and physical climate-

ocean conditions (Kay and Palumbi 1987, Juvik and Juvik 1998). Hawaiian coastal life forms are 

characterized by high percentages of endemic species and include tropical and subtropical forms (Kay and 

Palumbi 1987).  

 

HAVO is located at the base of the Mauna Loa and Kilauea volcanoes in the Ka’u and Puna districts, 

south Hawai’i Island (Figure 1). The park authorized boundary comprises a total of 333,805 acres. The 

park coast is 52.26 km or 32.7 miles long (S. Margriter, NPS unpublished data). The park seashore is on 

an exposed outer coast, and under most conditions is not protected from high winds, waves, or oceanic 

swells. 

 
 
 

 
Figure 1. Location map of HAVO, on the southern coast of the Island of Hawai’i, and other 

National Park units. 

Safety and planning 
A project-specific safety Standard Operating Procedure (SOP) was developed, integrated with park-

specific safety plans, and implemented (Appendix C). Park data collection or dissemination (e.g., of 

sensitive resource data) requests were taken into account in the planning process. If the park had existing 
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GIS layers on certain coastal features, this data was utilized in the coastal database and GIS and redundant 

GPS data on these features was not collected. NPS research permits were obtained as required. 

General field methodology 

Tidal information 
Before going into the field, tidal information for each survey date and general location was determined 

from tidal predictions (http://co-ops.nos.noaa.gov/tides04/tab2wc3 .html or 

http://freetidetables.com/state/Hawaii/sid/7760bcb8). Tidal height (m) at low tide and the tidal window 

(time of daylight low tide(s) until predicted time of subsequent peak high tide) was recorded using 

predicted tide times and heights for the nearest tidal station.  

Major data types and field data collection 
The central HAVO coast area was surveyed on the ground and the complete coast surveyed on one 

helicopter flight. Project field staff was trained to minimize inter-observer variability before collecting 

data in parks. Staff was divided into two teams of two for data collection in each coastal segment and 

transect(s) located within a segment (see ‘Segment’ below for definition). One team focused on biological 

attribute data collection, the other on geo-morphological, physical, and anthropological attributes of the 

coast (hereafter referred to as the biology and geology teams). In general, one team member served as 

recorder and one as observer to complete field data sheets (Appendix B) for each coastal segment. By 

working together, their combined observations were a means of error-checking and validation of the data 

and sampling process. Team composition changed often between segments to ensure cross-training and 

consistency of data among observers. Post-sampling comparison of inter-observer variation during initial 

training (and periodically when field sampling) further ensured consistency of data collection. A 

summary, description, brief methods, and rationale for collecting data on major coastal features and 

factors follows (see Appendixes A and B for further detail on field protocols and data collected). 

Geomorphical features: 

  - Substrate composition, coverage, along- and across-shore distribution patterns 

  - Mineral composition, angularity, and slope of substrate 

  - Coastal landscape description, orientation, notable landforms, offshore features 

Physical features: 

  - Wind speed, direction, and wave exposure 

  - Tide, wave conditions 

  - Freshwater input – streams, groundwater seeps  

  - Tide pools and anchialine pools 

Anthropogenic features: 

  - Observed human activity – recreational, extractive 
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  - Evidence of recent human use  

  - Human imprints – historical, archaeological 

  - Trash, debris, and wood 

Biological Features: 

  - Species composition - coastal strand plants, epibenthic (on the sea floor) marine macro-algae and -

invertebrates, fish, birds, sea turtles, marine mammals, and feral animals 

  - Species relative abundance  

  - Distribution of organisms along the coast (frequency of occurrence) 

  - Vertical distribution or zonation of organisms 

  - Patches or aggregations of organisms and their condition  

  - Nursery, recruitment, nesting and haul-out areas  

  - Species of special concern – threatened or endangered, cultural interest or concern, non-native or 

nuisance, harvested. 

Segments  
The field survey and mapping of the coast began in each park by using landmarks (e.g., boundary 

signage, fence lines), remote images, and GPS points to find the park boundary where it intersects with 

the coastline. From there, the coast of the park unit was walked, and divided into contiguous segments 

along the coast based on defined changes in geological or biological features. Segments are the minimum 

mapping unit and the organizing concept that gives spatial meaning to information about coastal features. 

In addition to changes alongshore between segments, there were often changes across-shore within 

segments, which were characterized as vertical zones: single (just one zone across the segment), upper 

(landward), lower (seaward), or cliff zone. Within segments band transects were laid perpendicular to the 

coast in a representative area of the segment whenever field conditions allowed, to collect data on 

substrate, biota, and related physical factors. Criteria for determining segment breaks and other details of 

protocols for collecting related geologic, biologic, physical and anthropogenic data in the field are in 

Appendix A, including a modified protocol for ocean front or sea cliffs.  

Geomorphic features 
Geology and morphology of the coast can influence the type of biota, physical interactions with the biotic 

and abiotic environment (Connell 1961, Raimondi 1988, Denny and Gaines 2007), and the type and 

amount of modern, historic, or anthropologic human activities which have occurred, or can occur, in a 

segment (e.g., Clark 1985, Greene 1993). Therefore, the mineralogy, aspect, slope, and other 

geomorphologic attributes were surveyed by walking the coastal segment while observing large and small 

scale features of the surface geology and morphology of the substrate. Major geologic, related biotic, 

physical, or aesthetic coastal features were recorded including tide pools, streams, sea arches, and 

offshore rocks or reefs.  
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Substrate description & coverage 
A modified Wentworth (1922) scale was used to describe substrate type(s) (Table 1). One substrate type 

descriptor was given to each of four substrate coverage categories (Table 2): Primary, Secondary, 

Interstitial, and Modifier coverage, when present, for each segment or vertical zone. See Appendixes A 

and B for further detail. 

Table 1. Modified Wentworth Scale describing substrate type and size.  

 

 

 Table 2. Coastal substrate surface coverage category definitions.  

 

Mineralogy 
The mineralogy of the substrate was recorded for bedrock, boulders, cobbles, and pebbles. The type of 

mineralogy provides information on the history and processes that form the coast and can provide insight 

on offshore substrate. For example dead coral rubble could indicate the presence of an offshore reef. The 

intertidal substrate was categorized as basalt, carbonate, a mixture of basalt and carbonate, or other. The 

"other" category was rarely recorded and when it was, detailed notes were included to clarify mineralogy 

type. 

Substrate Type-Description

Bedrock- A continuous, consolidated rock surface 

Boulders – Unconsolidated large rocks, head-size or greater (>256 mm diameter)

Cobbles -  Billiard ball-size rocks or dead coral heads up to head-size (>64-256 mm diameter)

Pebbles - Pea-size up to billiard-ball-size (>4-64 mm diameter)

Granules - BB-size to pea-size (>2-4 mm diameter)

Course Sand - Pinhead- to BB-size (1-2 mm diameter)

Fine Sand - Just gritty in fingers (usually salt/sugar) to pinhead-size (<1mm diameter)

Silt - Fine sediments that forms balls out of the water, may or may not detect small particles on 

tongue/between teeth, and often with an anaerobic dark layer <5 cm below the sediment surface.

Shell - Large pebble- to cobble-size shells. Smaller broken shells (sand- to mid-pebble size) should 

be just described as one of the other substrate types.

Substrate Category - Definition

Primary – the single sediment particle size that encompasses the largest area of coverage within 

the intertidal zone (sub-segment or segment). 

Secondary – the single sediment particle size that encompasses the next or second largest area 

within the intertidal zone (sub-segment or segment).  

Interstitial – the single most abundant of the smallest (granules or smaller, Table 1) particle sizes 

found between or on the primary and secondary substrate. Abundant refers to total surface area 

covered in a (sub-)segment, not number of grains. This category is always less than or equal in area 

to the primary or secondary substrate. 

Modifier – pebbles, cobbles, boulders, and bedrock that are present, but  not of a large enough area 

to be primary or secondary substrates. Note that, by definition, modifiers are pebbles-and-larger, 

because these particle sizes can be disproportionately important biologically (e.g., as habitat for 

certain species) to their relative area of abundance or coverage within a segment. 
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Angularity 
The angularity of substrate particles was examined for boulders, cobbles, and pebbles in each segment or 

vertical zone. Particle angularity provides information on the stability of the substrate over time. When 

there was more than one type of angularity present for a substrate type, the one that was most prevalent 

was chosen. Angularity was broken into three categories: subangular, angular, and well-rounded (see 

Table 3 for definitions). 

Table 3. Substrate angularity definitions. 

 

Slope 
Slope of the shoreline is an important factor that contributes to wave wash-up, height of tidal influence, 

and geohazards on the coast. Thus slope is a factor that often influences the vertical distribution or 

zonation of coastal habitats and organisms. The slope of the segment was measured at the same position 

as the combined substrate and biological transect. Slope was a measure of the vertical angle of the beach 

(in degrees) from the water line to the upper (inshore) segment boundary. The slope was measured with a 

handheld inclinometer. The observer stood at the waterline at the end of the transect tape facing landward 

and tilted the inclinometer (Suunto tandem compass-inclinometer) to match the angle of the shore slope. 

The recorder stood at the upper segment boundary (landward end of transect line) and was used as a 

reference for sighting the slope angle by the observer. The angle was recorded to the nearest tenth of a 

degree. 

Physical features 
Variation in physical features or processes over time can influence coastal substrate composition and size, 

interact with slope and tide to determine the type of biotic assemblages present in a given coastal segment 

at any time (Carefoot 1977), and influence past or present human activities within a segment (Clark1985, 

Greene 1993). Therefore, in each segment discrete “snapshot” observations were recorded of the wind 

speed and direction, wave exposure, offshore features, and freshwater input to provide insight into how 

prevailing physical environmental conditions influence the geomorphic and biotic features along the parks 

coast.  

Wind speed & wave exposure 
Prevailing or episodic wind and wave exposure can influence coastal geomorphology and type of biota 

present. Wave dominated rocky shorelines have different species composition, community structure and 

dynamics than those dominated by other geo-morphological or physical attributes (Denny 1988, Denny 

and Gaines 2007). Wind contributes directly to wave disturbance regime as well as desiccation of many 

intertidal species. A wind speed indicator (Wind Wizard) and compass were used to determine wind 

speed and direction. Wind direction, speed (mph) and the corresponding Beaufort number on the wind 

Angularity & Definition 
Subangular - no sharp edges, not uniform in shape; majority of substrate falls into 
this category 

Angular - sharp edges, "fresh" rocks, often found near the base of slopes or eroding 
cliffs 

Well-rounded - no edges, have been worked smooth over some time, fairly uniform/ 
symmetrical in shape, often found on wave-washed coasts or near stream mouths 
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force scale (Table 4) were recorded. If winds were gusting the wind speed range was noted. As a proxy 

for wave exposure, the height and distance of breaking waves from the water’s edge was estimated in 

meters.  

Table 4. Beaufort Wind Scale (http://www.spc.noaa.gov/faq/tornado/beaufort.html). 

 

Wind

World 

Meteorological 

Organization 

(WMO) Appearance of Wind Effects

(Knots) Classification On the Water On Land

0

Less than 

1 Calm

Sea surface 

smooth and mirror-

like

Calm, smoke rises 

vertically

1 1-3 Light Air

Scaly ripples, no 

foam crests

Smoke drift indicates 

wind direction, still 

wind vanes

2 4-6 Light Breeze

Small wavelets, 

crests glassy, no 

breaking

Wind felt on face, 

leaves rustle, vanes 

begin to move

3 7-10 Gentle Breeze

Large wavelets, 

crests begin to 

break, scattered 

whitecaps

Leaves and small 

twigs constantly 

moving, light flags 

extended

4 11-16 Moderate Breeze

Small waves 1-4 

ft. becoming 

longer, numerous 

whitecaps

Dust, leaves, and 

loose paper lifted, 

small tree branches 

move

5 17-21 Fresh Breeze

Moderate waves 4-

8 ft taking longer 

form, many 

whitecaps, some 

spray

Small trees in leaf 

begin to sway

6 22-27 Strong Breeze

Larger waves 8-13 

ft, whitecaps 

common, more 

spray

Larger tree branches 

moving, whistling in 

wires

Force
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Offshore features  
Offshore features are defined as visible emergent features that demonstrated a sustained surface break or 

disconnection from coastal substrate (e.g., Voigt 1998). This includes offshore rocks and reefs. Offshore 

features can influence coastal areas primarily by mitigating wave exposure, potentially affecting species 

composition inshore. Offshore features were counted, named, described, and photographed. The distance 

of the feature from shore was estimated (bins: 1-5, 6-10, 11-25, 26-50, or 50+ meters) as was the average 

area (bins: <1, 1-5, 6-10, 11-25, 26-50, or 50+ m
2
). If offshore features of the same category (e.g., rocks) 

of a variety of sizes and distances from shore were encountered, rather than lumping all offshore rocks 

together and averaging these features as offshore rocks, they were grouped according to distance from 

shore and size (area).  

Wind

World 

Meteorological 

Organization 

(WMO) Appearance of Wind Effects

(Knots) Classification On the Water On Land

7 28-33 Near Gale

Sea heaps up, 

waves 13-20 ft, 

white foam 

streaks off 

breakers

Whole trees moving, 

resistance felt 

walking against wind

8 34-40 Gale

Moderately high 

(13-20 ft) waves of 

greater length, 

edges of crests 

begin to break 

into spindrift, foam 

blown in streaks

Whole trees in 

motion, resistance 

felt walking against 

wind

9 41-47 Strong Gale

High waves (20 ft), 

sea begins to roll, 

dense streaks of 

foam, spray may 

reduce visibility

Slight structural 

damage occurs, 

slate blows off roofs

10 48-55 Storm

Very high waves 

(20-30 ft) with 

overhanging 

crests, sea white 

with densely 

blown foam, heavy 

rolling, lowered 

visibility

Seldom experienced 

on land, trees broken 

or uprooted, 

"considerable 

structural damage"

11 56-63 Violent Storm

Exceptionally high 

(30-45 ft) waves, 

foam patches 

cover sea, 

visibility more 

reduced

 Seldom experienced 

on land, trees broken 

or uprooted, 

"considerable 

structural damage"

12 64+ Hurricane

Air filled with 

foam, waves over 

45 ft, sea 

completely white 

with driving spray, 

visibility greatly 

reduced

 Seldom experienced 

on land, trees broken 

or uprooted, 

"considerable 

structural damage"

Force

Table 4 - continued 
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Freshwater input 
The presence of fresh water influences the suite of species, and likely previous human activity, along the 

coast (Greene 1993, Denny and Gaines 2007). Sources of fresh water input include streams and 

groundwater seeps. 

Streams were categorized as natural or channelized based on bank characteristics. Stream width was 

measured in meters across the channel mouth at or near the coastline. Stream depth was measured in 

meters at the deepest point along the width measurement line. Flow was characterized as dry/no flow, 

peak, base, or other (which was described). Clarity was characterized as dry/no flow, clear, discolored, or 

turbid. Turbid indicated significant quantities of very fine sediments remained suspended in the stream 

giving the water a milky, cloudy, or opaque appearance. Discolored indicated the water was still relatively 

transparent with a “tea” tint, as may occur when high concentrations of tannins are present. All streams 

were photographed.  

If visible groundwater seeps were encountered in a segment they were photographed and categorized 

based on their appearance: wet ground, spring, intermittent flow, constant flow, bubbling, or detected via 

the presence of freshwater algae. Evidence in the shallow nearshore ocean of groundwater seeps 

discharging cold fresh water was noted by an observed temperature change, a schlieren layer (mixed 

fresh-salt water density discontinuity with blurred appearance), or bubbling. If other evidence was present 

it was noted and described, and photos taken (Appendixes A, B). 

Tide pools & anchialine pools 
Pools are features of the coast important to managers because organisms often rely on pools for food, 

shelter, or reproduction. On Pacific islands coasts there are two types of tidally influenced pools: tide 

pools and anchialine pools. Tide pools are basins or cracks in the substrate of various sizes (area, depths) 

and shapes that hold sea water and can be clearly observed close to the coast when the tide is low. These 

pools have a surface connection to the ocean when tides are sufficiently high (Carefoot 1977, Levinton 

1982). Anchialine pools have measurable salinity, are somewhat inland from the coastline, vary in size 

and shape, and have a subsurface connection to the coastal ocean, as evidenced by damped tidal 

fluctuation (Chai 2009).  

Anthropogenic features 
Coastal environments are probably the most heavily utilized areas within the Pacific Islands national 

parks by local communities and tourists alike, and for both recreational and extractive activities. 

Collecting information on how different coastal environments in the park are used by humans allows 

mangers to evaluate the effects of human use on coastal resources. This information is also critical in 

attempts to distinguish between natural and human-caused change in coastal habitats. Human activity, 

evidence of recent human activity, human imprints, and trash/debris and wood were observed 

(Appendixes A, B; however archaeological objects or sites were not surveyed at the request of park 

cultural resources staff to protect sensitive resources) to identify resources within coast segments that 

might be susceptible to human impacts and that might require management protection (e.g., from 

trampling, over-extraction). This protocol provides a discrete, limited base line “snap shot” from a one-

time sampling of human use which can be used for follow-up observations, or to supplement or design 

cultural resources or visitor use studies that can reflect the full range of human activity and impacts over 

time.  
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Biological Features 
The biological species composition, along-shore and vertical distribution, and (when possible) relative 

abundance of coastal biota was inventoried to the lowest possible taxon and referenced to each segment. 

Patches of organisms, their recruitment, condition, and species of concern were also surveyed. 

Transect geo-referencing & digital photos 
 A transect was placed perpendicular to the shoreline in an area that was determined to be biologically 

representative for each segment. If the segment was particularly long, complex, had variable habitat or 

biota, was in an area with high or low diversity, shore relief, topographic complexity, or rugosity, a 

second band transect was done (see below). Observers determined representative area by visually 

scanning or, when segments were long, walking the entire length of the segment. The perpendicular 

transect(s) extended from 1 m seaward beyond the water edge through the intertidal zone to the upper 

(landward) segment boundary. Transects and features along them were documented with GPS and digital 

photos (Appendixes A, B). If waves or surge limited access, the transect line ended at the water line and 

this was noted. If wave conditions prevented safe placement of a transect, species richness and presence 

of biotic vertical zonation bands (see below) were recorded. 

Biological or bio-bands 
Coastal organisms are often vertically distributed in bands or zones based on their tolerance to physical 

environmental conditions or biological interactions (Paine 1974). The perpendicular transects were used 

to define the vertical distributions of organisms within each segment (Ocean Front Cliffs are an exception 

to this protocol, see Appendix A). Targeted taxa within bands were defined as representative key species 

observed to occur in a continuous habitat with similar substrate and wave exposure along the segment 

(parallel to shore), with a vertical width greater than 0.1 m (Table 5).  

As the observer walked the length of the perpendicular transect they searched a 3 m wide area on each 

side of the meter tape and recorded, to the nearest 0.1 m, the first and last vertical appearance of each 

target taxon found in a band. 

Because substrate can be a factor that determines the vertical and horizontal distribution of organisms 

(Raimondi 1988) the type (bedrock, boulder, cobble, pebble, sand, etc.) and width of the substrate directly 

underneath the bio-bands were recorded. Each transect was walked and location of the start and stop of 

each vertical substrate band was recorded to the nearest 0.1m.  
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Species timed searches, incidentals, & relative abundance (DACOR) 
One project goal was to identify visible species in segments, including species of interest to managers that 

are either common, in identified habitats of management interest, have cultural importance, are harvested, 

are introduced or weedy, or are species of biological concern. Many of these target species were 

determined prior to field activities in scoping with park staff, to assist in identification in the field (Table 

6).  

A 10-minute timed search along the perpendicular bio-band transect was used to record the species 

composition of visible organisms found within each segment. One observer walked a 10 m length of the 

transect, from the water line to 10 meters in an landward direction, observing taxa within a 6 m wide band 

(3 m on each side of the transect tape). In areas with small (approximately 50 x 50 cm or less) rocks, the 

observer turned over and searched for species underneath at least 5 rocks, which were then carefully 

Target Band Taxa

Type of 

Organism

Shore 

location 

Habitat 

Indicative of

Ipomea

Terrestrial 

Vegetation Terrestrial

Beach above 

Intertidal Zone

Naupaka

Terrestrial 

Vegetation Terrestrial

Beach above 

Intertidal Zone

Ghost Crabs Invertebrate Upper Sandy Beach

Cellana Invertebrate Upper/Lower Wave Washed

Colobocentrotus Invertebrate Upper Wave Washed

Anhfeltiopsis Algae Upper Wave Washed

Crustose Corallines Algae Upper/Lower Wave Washed

Barnacle Invertebrate Intertidal Intertidal Zone

Brachiodontes Invertebrate Upper

High Intertidal 

Zone

Siphonaria Invertebrate Upper/Mid

High-Mid 

Intertidal Zone

Nerita Invertebrate Upper/Mid

High to Mid 

Intertidal Zone

Littorine Snails Invertebrate Upper/Mid

End of Splash 

Zone

Astronema Algae Upper

Wave Washed 

Overhangs

Vermetid Snails Invertebrate Mid 

Mid Intertidal 

Zone

Ulva Algae Low

Fresh/Nutrient 

Rich Waters

Turf Algae Mid/Low

Mid to Low 

Intertidal Zone

Padina Algae Mid/Low

Mid to Low 

Intertidal Zone

Sargassum Algae Low

Low Intertidal 

Zone

Turbinaria Algae Low

Wave Washed 

Intertidal Zone

Laurencia 

mcdermidae Algae Low

Low Wave 

Washed 

Intertidal Zone 

Echinometra spp. Invertebrate Low/Subtidal

Low Intertidal 

Zone

Frondose algae Algae Low/Subtidal Wetted area

Coral Invertebrate Low/Subtidal Wetted area

Table 5. Target vertical band transect taxa for parks in Hawai’i.  
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replaced in the same location. The observer called out organism names to the lowest possible taxon to the 

recorder. The recorder noted these on the appropriate field data sheet (Appendix B), kept track of the 

time, and followed the observer closely. Species were only recorded when they were observed the first 

time during the timed search, subsequent observations of the same species were not recorded.  

If the diversity of organisms along the transect was low and after three minutes no new species were 

discovered, the timed search was ended and the search time recorded. In contrast, a second timed search 

transect was needed when the number of species did not decrease with time, or if the segment had diverse 

habitats (e.g., crevices, tidepools, boulders) and corresponding differences in biota. 

The standardized 10-minute timed search captures the presence of benthic macro-organisms in a segment. 

However, this technique does not provide quantitative information on absolute abundance and will under-

represent uncommon or very small species. For these reasons, while walking and recording other data 

throughout the segment a visual search of organisms was done. If a species was encountered that was not 

captured in the timed search, it was recorded as an incidental (observation) for the segment. A relative 

abundance scale, DACOR, was used when possible to determine the relative abundance of target species 

in a segment: Dominant (D) - seen throughout the segment in high numbers or area covered; Abundant 

(A) - seen in high numbers, perhaps in a patch(es); Common (C) - seen throughout the segment in lower 

numbers, or in a few places in high numbers; Occasional (O) - seen in low numbers, or; Rare (R) - only 

one or two individuals seen in the segment.



 

16 

 

 

 

Target Seaweeds Reason included Target Invertebrates Reason included Target Fishes Reason included

Acanthophora spicifera introduced Sea Urchins Acanthurus triostegus concern/cultural

Ahnfeltiopsis sp. cultural/harvested Echinometra mathaei common/harvested Abudefduf sordidus common

Asparagopsis taxiformis cultural/harvested Echinometra ob longa common/harvested Bathygobius spp. common

Avrainvillea amadelpha introduced Heterocentrotus mammillatus common/harvested Entomarcodus spp. common

Bryopsis sp. can indicate sandy habitat Tripneustes gratilla common/harvested Istib lennius zebra indicator

Botrycladia skotsbergii cultural Colobocentrotus atratus indicates wave zone/harvestedKuhlia sandvicnesis cultural

Caulerpa spp. can indicate eutrophication other urchins Kuhlia xenura cultural

Crustose Coraline concern Sea Cucumbers Mugil cephalus cultural

Chaetomorpha antennina indicate sandy habitat Holothuria atra indicates sand, harvested Neomyxus leuciscus cultural

Chondrophycus dotyi common/cultural Actinopyga mauritiana common/harvested Omobranchus rotuniceps  indicates calm habitat

Cladophora sp. can indicate freshwater or eutrophication Holothuria cinerescens common/harvested Plectroglyphidodon imparipennis common

Cladophoropsis sp. common other cucumbers common/harvested Stegastes spp. common

Codium edule cultural/harvested Opihi Harvested Shellfish

Dictyopteris australis cultural/harvested Cellana sandvicensis concern/harvested Target Plants Reason Included

Dictyopteris repens cultural/harvested Cellana exarata concern/harvested Heliotropium Common

Dictyosphaeria cavernosa weedy Cellana talcosa concern/harvested Hibiscus tiliaceus Common

Dictyosphaeria versluysii weedy other opihi concern/harvested Ipomoea Common

Dictyota  spp. common Siphonaria normalis concern/harvested/common Kiawe Weedy

Gracilaria cornopofolia cultural/harvested Snails/Slugs Laucaena luecocephala Common

Gracilaria salicornia introduced Cypraea spp. harvested Rhizophora mangle Introduced

Gracilaria tikvahiae introduced Nerita spp. common/harvested Scaevola taccada Common

Grateloupia sp. cultural/harvested Conus spp. harvested Sida Common

Halimeda discoidea common Littorines common/harvested Vigna marina Common

Hinksia sp. can indicate high wave washed habitat other nerites common/harvested

Hypnea musciformis introduced other whelks Seabirds Reason included

Kappaphycus sp. introduced Bivalves Coot Concern

Laurencia mcdermidae indicate wave washed low intertidal Brachidontes crebristriatus common Hawaiian Night Heron Common

Laurencia spp. common/harvested Isognomon spp. common Golden Plover Common

Liagora spp. common concern/harvested Stilts Concern

Lobophora variegata common Sea Anemones Terns Concern

Lyngbya weedy; indicates nutrient input Aiptasia pulchella common

Microdictyon sp. common Anthopleura nigrescens common Other Target Species Reason included

Neomeris sp. common Barnacles Green Sea Turtle concern

Other Blue-green concern Chthamalus proteus introduced Hawksbill Turtle concern

Padina sp. common Nesochthamalus intertextus common Hawaiian Monk Seal concern

Pterocladiella capillacea common Balanus amphitrite common Sharks concern

Pterocladiella caerulescenscommon Euraphira hembeli common Feral Animals (mongoose,rat, pig, goat)introduced

Sargassum echinocarpum cultural/can indicate low intertidal/harvested Corals

Sargassum obtusifolium cultural Anthelia edmondsonii concern

Sargassum polyphyllum cultural Montipora capitata concern

Trichogloea spp. cultural Montipora flabellata (b .rice) concern

Turb inaria ornata common Pocillopora damicornis concern

Ulva fasciata can indicate freshwater or eutrophication Pocillopora meandrina concern

Ulva reticulata can indicate freshwater or eutrophication Porites lobata concern

Ulva compressa indicate freshwater, eutrophication/cultural Other Marine Invertebrates

Turf common Sponges common

Wrangelia elegantissima common Tunicates common

Hydroids common

Target Seagrasses Fireworms common

Halophila spp. concern, rare Hydroids common

Ruppia  sp. indicates freshwater or brackish habitat Hermit Crabs common

Ghost Crab indicates sandy habitat

Table 6. Target coastal species for timed searches in national parks in Hawai’i. 
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Other biological features 
Although native elsewhere, mangroves in Hawai'i were introduced, have become naturalized (Allen and 

Krauss 2006), and are classified as a pest species (Smith 1985). Where they occur worldwide mangrove 

stands are important nursery areas for several fish and invertebrate species (e.g., Robertson and Duke 

1987). For these reasons mangrove stand locations were recorded and the area (m
2
) occupied estimated. 

In addition any other dominant species associated with these stands and the stand condition (Healthy, 

Diseased, Dead, or New Recruit – i.e., rooted propagule or seedling) were noted. 

Corals, sea urchins, limpets (Cellana spp.), seagrasses, and bloom forming algae are target taxa that can 

occur in high density patches. The species, location, estimated size of patch (m
2
), and the organism’s 

apparent condition (Healthy, Bleached, Diseased, Loss of Parts, Dead, Reproductive, or New Recruit - 

i.e., small juvenile size) were recorded when a patch was encountered. A digital photo(s) was also taken. 

Sea turtles, monk seals, and shore- and sea-birds are coastal species of special concern; these species and 

any nesting or haul out habitat was searched for. When these species or their habitat were encountered, 

their presence and location were noted, and photos taken. In addition, the area occupied (m
2
) during 

nesting or haul out was estimated. The species apparent condition (Healthy, Diseased, Loss of Parts, 

Dead, or New Recruit - e.g., fledgling bird or pup) was also noted. No species of concern or sensitive 

habitats were disturbed. 

Data Management 

Data Collection 
Data was entered on field data sheets for coastal geomorphologic, biotic, physical, and anthropogenic 

features during the survey (Appendixes A, B). The data sheets were scanned as PDF documents and 

placed in the project workspace folder assigned to data forms. 

Database Design 
Customized relational database applications were designed to store and manipulate the data associated 

with this project. The design of the coastal inventory database follows the hierarchical data table 

organization of the standard NPS Natural Resource Database Template, with the addition of project 

specific data tables based on the field data sheets (Appendix B; see the data dictionary and other 

documentation in Appendix D: Database Documentation). The PACN data management staff was 

responsible for development and maintenance of the database, including customization of data 

summarization.  

An associated front-end database application (“user interface” with forms and queries) was developed in 

Microsoft Access. The front-end database application has separate screens for data entry, data review, and 

quality summarization. Under this arrangement, database users have no need to open the back-end file, 

thereby reducing the risk of improper deletions or other inadvertent data loss occurring within the project-

specific data tables (see Appendix E: Database User Guide). 

Spatial features were added to the database upon completion of data entry and certification. These spatial 

features were used to generate maps for this report, and are available as part of the database deliverable. 
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Quality Assurance/Quality Control 
At the end of the project, after the data were entered and processed, they were reviewed by the Project 

Lead for quality, completeness, and logical consistency. The Project Lead was responsible for performing 

quality assurance/quality control (QA/QC) of the finalized dataset to ensure acceptable precision and 

minimal bias. To the greatest extent possible, the coastal inventory database application incorporated 

QA/QC strategies involving defining and enforcing standards for electronic formats, locally defined 

codes, measurement units, and metadata. The database design and the allowable value ranges assigned to 

individual fields within the data tables help to minimize the potential for data entry errors and/or the 

transcription of erroneously recorded data.  

Data Certification 
Data certification is a benchmark in the project information management process that indicates: 1) the 

data are complete for the period of record; 2) the data have undergone and passed the quality assurance 

checks, and; 3) that the data are appropriately documented and in a condition for archiving, posting and 

distribution as appropriate. Certification is not intended to imply that the data are completely free of 

errors or inconsistencies which may or may not have been detected during quality assurance reviews. The 

Project Lead determined the coastal inventory database to be certified after performing the QA/QC 

checks. 

RESULTS 

General coastal features  
The park coastline at HAVO is 52.6 km or 32.7 miles long. The park authorized boundary at the coast is 

the high tide line, hence there is no marine area within the park per se (S. Margriter, NPS unpublished 

data). At HAVO there were a total of 68 coastal segments, 16 with a single zone, and 10 with upper zones 

across shore. Forty five segments included cliffs, and there was one complex segment (number 21) at 

Halape (i.e., there was more than one transect per segment). The average length of transects for all coastal 

segments in the park was 32.3 m with a range of 3 to 60 m. This indicates that the width of the park coast 

across-shore is variable but relatively narrow. Slope (across shore) was variable, and high (45-90
o
) for 

cliffs, which occurred in most coast segments (Figure 3). Slope was low to moderate, ranging from -2 

(inverted, down-sloping inland) to 27
 o
 in lower-lying segments along sand and cobble-boulder beaches 

and bedrock benches (Figure 3). The coastal aspect or compass orientation ranged from 21-260
o
 and was 

mainly south-facing, with several segments on the east side, and rarely, the west or north side of points or 

headlands. This orientation and location on the south side of Hawai’i Island provides very little protection 

from prevailing high wind, wave, and oceanic swell conditions except during infrequent times when wind 

and ocean conditions were calm. All data at HAVO was collected in 7 days, between 22 May and 3 June, 

2009, including one day (22 May 2009) when the park coast was flown by helicopter to collect image 

data to assess the extensive length of inaccessible high cliff coastline. The low tide window ranged from -

0.7 to 0.9 ft. between 0423-1743 (Honuapo tide reference station). Winds ranged from 0 to 14 mph, 

mainly from the east, Beaufort scale 0-3, and a maximum wave height of 2.0 m breaking from 0-5 m from 

shore.  

Geomorphology 
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The park coast consists of steep sea cliffs in 39 segments covering 81.7 % of the coast area, with bedrock 

as primary substrate in 54 segments covering 89.6 % of the coast area, and 8 boulder-dominated segments 

(2.5 % of coast area). Cobbles were the primary substrate in 5 segments covering 7.9 % of the coast area 

(Figure 3). There were a number of prominent coastal features such as high sea cliffs, promontories, 

points, bays, long cobble-boulder beaches, sea arches, caverns, white carbonate and black basalt sand 

beaches, and numerous offshore rocks (Figures 3-5, 7, 13, 14).  

Overall, the substrate along the coast is made up primarily of bedrock and boulders (Figures 2-5, 7, 9, 10, 

13). The substrate composition on the coast was as follows. The predominant primary and secondary 

substrates were bedrock and boulders. Interstitial substrate, where this occurred, consisted of coarse sand 

and some fine sand. The primary modifiers were bedrock, boulders, pebbles, and some cobbles, and the 

secondary modifier was mainly pebbles (Figures 2, 3). 

  

Figure 2. % Frequency of Occurrence of Substrate Composition in Substrate Cover Categories 

(n = 86 segment zones).  

The vertical distribution range of substrates from the water line in segment band transects, across the 

coast toward inland is presented below (Figure 6; the vertical distribution of biota was recorded along the 

same transects; see Figure 12). The predominant substrate with the greatest vertical extent inshore was 

boulder and cobble, then bedrock and sand, all of which extended over 55 m inland from the water line in 

some segments (Figures 3-6).  

The distribution of primary and secondary substrates along the coast is shown in coastal geomorphology 

maps and related photographs (Figures 3-6). Similar to substrate vertical distribution, along the shore, 

bedrock was the main primary (89.6 %), and boulder the most common secondary (47.4 %) substrate in 

terms of coast area (Figure 3). The complete datasets for substrate, and other geomorphologic as well as 
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physical, anthropogenic and biotic features are in the coastal inventory database (see Appendixes D, E, 

respectively for database structure and user guide). 

  

Figure 3a. Geomorphology of the west coast, primary and secondary substrate.  
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Figure 3b. Geomorphology of the west-central coast, primary and secondary substrate.  
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Figure 3c. Geomorphology of the central coast, primary and secondary substrate.  
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Figure 3d. Geomorphology of the east-central coast, primary and secondary substrate.  
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Figure 3e. Geomorphology of the east coast, primary and secondary substrate.  

Offshore features included numerous emergent small (< 1-5 m
2
 area) basalt rocks 11-25 m offshore, seven 

medium (6-10 m
2
) rocks 11-25 m offshore, several large rocks (26-50 m

2
) from 1-50 m offshore, and four 

very large rocks or islets (> 50m
2
) more than 50 m offshore. Given the extremely energetic wave climate 

along the coast and the size range of offshore rocks there were few obvious barrier or sheltering effects 

from any but the largest offshore rocks/islets on the inshore wave regime, erosion, biotic composition, 

distribution, or abundance patterns. When sheltering occurred during relatively calm conditions it was 

generally at broad topographic low areas, including some with very large tide pools containing corals 

(Figures 4, 7, 14).  

   
 

 

 

Figure 4a. Low slope 

coast. Black sand-boulder 

beach, Naupaka inland, 

looking east.  

Figure 4b. Low slope 

coast,. Mixed sand, bedrock 

and boulder upper zone with 

Naupaka, above bedrock 

lower zone, offshore rocks, 

looking east. 
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Figure 4c. Low slope coast. Broad 

boulder-cobble beach, high sea 

cliffs in background to east. 

 

 

 

Figure 4d. Low slope coast. 

Bedrock bench covered with algae, 

boulder patch in mid ground, cliffs 

in distance to west.  

 

Figure 5b. High slope coast. Sea 

cliffs, bedrock and large boulder 

intertidal, vertical zonation, aerial 

view. 

 

Figure 5a. High slope coast. Sea 

cliffs, boulder low intertidal at 

western coastal boundary, aerial 

view. 

. 

 

Figure 4e. Low slope coast. Wave-

washed low intertidal bench CCA 

and turf algae at seaward fringe.  

 

Figure 4f. Low slope coast. 

Vegetated upper sand beach above 

intertidal bench, large tide pool in 

mid ground, back coast cliffs to 

west.  
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Figure 5c. High slope coast. High 

sea cliffs, sub-angular bedrock-

boulder intertidal, aerial view. 

 

Figure 5d. High slope coast. High 

sea cliffs, well-rounded boulder-

cobble intertidal, aerial view. 

Figure 5e. High slope coast. Sea 

cliffs, looking east. 

Figure 5f. High slope coast. High 

sea cliffs, sea arch, boulder 

intertidal. 
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Figure 6. Vertical distribution from water line of geologic substrates in all band transects. 

  
 

 

 

 

 

 

Figure 7a. Double sea arch, high 

sea cliffs. 

 

Figure 7b. Large offshore rock islet.  
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Physical features 
No streams were observed on the coast; however two intermittent streams appear on the base image (from 

existing GIS layers), one at Kaaha and the second between Kaaha and the western park boundary (Figure 

8). There were no signs of wetted channels or flow to the ocean. The lack of flowing water was likely due 

to the typical arid coastal desert-like conditions in the area, as well as cracks and crevices in the lava 

substrates where rainfall would drain from the surface. These streams and other dry stream beds further 

inland may have flash flows coinciding with heavy rains that might reach the coast. One groundwater 

seep was seen at Keauhou Landing. There were numerous tide pools along the park coast. There were 

particularly high numbers of tide pools along the western coast in segments 3 and 4, west of Kaaha, and at 

Kaaha (segment 8). Other tide pool “patches” were observed east of Halape (segment 23), near Keauhou 

Landing (segment 31) and Keauhou Point (segment 35) (Figure 8). Several very large tidepools are major 

features of the park coast near Kaaha and Kalue (segments 7 and 17, respectively) (Figures 7, 8, 14). 

Several anchialine pools were observed near Keauhou Landing (segment 32) not far from the 

groundwater seep and tide pools in the same area (Figure 7). 

 
 

Figure 8. Map of physical features on the coast, ground surveyed segments. 

 

Anthropogenic features  

Figure 7c. Offshore rocks, sand 

pocket lower beach, boulder upper 

beach.  

 

Figure 7d. Tide pool, sand beach, 

bedrock coast, and large offshore 

rocks.  
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Observed human activity  
Recreational activity observed included just two hikers. Extractive activity included small boat -

based fishing in four segments (Table 7, Figures 9, 11).  

Table 7. Human activity along the coast. 

 

Evidence of recent human use  
Evidence of recent human use seen on the coast consisted of harvesting, including likely illegal fishing, 

remains, and related gear, and campfire remains in areas that do not appear to be permitted for camping 

(Table 8, Figures 10, 11). An apparent case of resource use conflict or illegal activity observed during 

the survey was a cache of fishing and camping gear (Table 8, Figures 10, 11), which was reported to 

the HAVO ranger division. 

 

 

 

Human imprints 

Location Activity Category People Gear type

HAVO_012 Boating Extractive 2

HAVO_017 Boating Extractive 1

HAVO_022 Hiking Recreational 2

HAVO_024 Boating Extractive Rod/Reel

HAVO_031 Boating Extractive

Location Evidence Description

Campfire      

(n)

Campfire     

legal?

HAVO_007 Harvesting

Spiny lobster 

(5+), slipper 

lobster(1) No

HAVO_008 Harvesting No

HAVO_009 Harvesting No

HAVO_016 Harvesting Cellana sp. No

HAVO_023 Other

Dead large 

fish on shore No

HAVO_031 Campfire 2 No

HAVO_031

Illegal 

take/Use

Lobster, 

opihi No

HAVO_039 Campfire

No illegal w/ 

fishing gear No

HAVO_039

Illegal 

take/Use

Evidence of 

fishing pole 

holder, 

cooler, and 

gear stashed 

for fishing in 

protected 

area No

HAVO_041

Illegal 

take/Use Lobster tails No

Table 8. Evidence of Recent of Human Use. 
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Trails and the road and fence at the western park boundary on the coast were the main human imprints 

recorded on the west coast of the park. These are of either recent, historic, or, for the trails, perhaps 

prehistoric origin (Table 9, Figure 11). At the request of park cultural resources staff no data was 

collected on prehistoric human imprints or their locations because of the sensitive nature of these 

resources.  

The distribution (by segment) of observed anthropogenic features at the park is shown in Figure 11. 

Table 9. Human Imprints along the coast. 

 

  

 

 

 

Location Imprint type Imprint Description Material

Width     

(m)

Height     

(m)

Horizontal            

distance 

(m)

HAVO_A_001 Both

Walkway/  

trail coastal trail Rock 1 10

HAVO_A_001 Modern

Livestock 

fence/wall

HAVO west 

boundary, 

road and 

coastal fence 

intersection 

at southwest 

corner of 

park Metal 1.5 10

HAVO_A_002 Both

Walkway/  

trail coastal trail Rock 1

HAVO_A_003 Both

Walkway/  

trail coastal trail Rock 1

HAVO_A_018 Both

Walkway/  

trail Dirt 2

Figure 9. Human activity. Fishing boat near 

shore on rare calm day. 

 

Figure 10a. Recent 

human use. Fishing pole 

holder. 
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Trash, debris, and wood 
There were mostly low levels of trash along the park coast from local sources, and some marine debris 

from more distant sources, including commercial fishing floats and derelict net fragments (Table 10, 

Figure 10). There were medium to high levels of trash, particularly in segment 18 east of Apua Point. 

There was a variable amount of both natural (unprocessed) wood and lumber along the park coast (Table 

11, Figure 10). Several segments with medium to high levels of wood correspond with segments where 

there were also medium-high levels of trash (as especially occurs west of the park boundary along the 

Ka’u coast).  

Table 10. Trash and debris on the coast. 

Figure 10b. Recent human use. 

Opihi shells and spiny lobster 

carapace. 

 

Figure 10c. Recent human use. 

Illegal cache of fishing and camping 

equipment on coast. 
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Location Origin Amount Description Plastic Metal Glass

HAVO_002 Other Low

Rubber strap, 

large fishing 

float, fishing 

net

HAVO_003 Local Low

Net, rubber, 

water bottle, 

toolbox Yes

HAVO_003 Other Low

HAVO_004 Other Medium

Toilet seat, 

debris, wood, 

floats, buoys, 

debris 

accumulation, 

log, plastic 

bottles Yes

HAVO_005 None Fishing buoys

HAVO_007 Low

1-2 pieces of 

trash/debris 

at most.

HAVO_A_011 Other Low Fishing floats Yes

HAVO_017 Low

Foil, small 

plastic tube Yes Yes

HAVO_018 Local High

Clorox bottle, 

plastic, rope, 

pieces of boat 

foam, water 

bottles, 

aerosol can, 

glass bottle Yes Yes

HAVO_020 Local Low 1 water bottle

HAVO_023 Local Low

Plastic water 

bottle, fishing 

net, float. Yes

HAVO_024 Local Low Glass pieces Yes

HAVO_028 Local Low

Gatorade 

bottle Yes

HAVO_031 Local Low

Socks, 

cardboard

HAVO_035 Local Low Plastic bottle Yes

HAVO_038 Local Medium

Glass bottles, 

plastic 

bottles, old 

shoes, 

polypropolene 

rope Yes Yes

HAVO_038 Other Medium

Fishing floats, 

plastic and 

rubber boat 

fenders Yes

HAVO_039 Local Low

Plastic 

bottles, and 

stashed gear Yes

HAVO_040 Local Low Mask, plastic Yes

HAVO_042 Local Low

Few foam 

fishing floats, 

plastic Yes
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Table 11. Wood on the coast. 

 

 

Location Type Amount Description

HAVO_003 Lumber High

One 

telephone 

pole size log

HAVO_004 Natural Medium

One big 

driftwood

HAVO_004 Lumber Medium

Scattered 

lumber

HAVO_005 Natural Medium

big driftwood 

log

HAVO_005 Lumber Medium

Various 

lumber

HAVO_006 Natural Low

HAVO_017 Low One log

HAVO_018 Natural Medium One log

HAVO_018 Lumber Medium

Small wood 

pieces

HAVO_022 Lumber Medium

Coconut palm 

trunk with 

person

HAVO_031 Natural High

Various, see 

photos

HAVO_032 Natural Low

Couple of 

pieces

HAVO_033 Natural Medium

Couple 

medium size 

driftwood

HAVO_035 Natural Low One small log

HAVO_038 Natural Medium

HAVO_041 Natural Low Driftwood

HAVO_042 Natural Low

Few pieces of 

driftwood
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Figure 10e. Fishing net fragment, 

marine debris. 

 

Figure 10d. Wooden poles 

washed onto high intertidal. 
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Figure 11a. Map of anthropogenic features on the west coast.  

 

 

 

Figure 11b. Map of anthropogenic features on the west-central coast.  
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Figure 11c. Map of anthropogenic features on the central coast.  
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Figure 11d. Map of anthropogenic features on the east-central coast.  
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Figure 11e. Map of anthropogenic features on the east coast.  

Biological Features 

Biological and substrate band transects  
Transects laid across-shore from the water line inland in representative areas within segments showed 

general patterns in the vertical distribution of biota along the coast (Figure 12) on the same transects as 

the types of underlying substrates (Figure 6) on which biota occurred. Transects could not be done in cliff 

segments, and, as elsewhere, few biota were associated with unconsolidated (e.g., sand) beaches (Gray 

2002). Biota on transects varied considerably in vertical distribution. Some of the algae characteristic of 

the low intertidal zone (frondose forms, Ahnfeltiopsis, Padina) had ranges < 10 m, yet these ranges are 

much broader than elsewhere. Other low intertidal algae such as CCA, turf, and Sargassum ranged from > 

20 to > 35 m inshore, particularly on low slope bedrock benches (Figures 12, 13). A similar pattern 

occurred with several animals whose vertical ranges are usually much less; opihi (Cellana spp.), littorine 

and nerite snails, barnacles, and the helmet urchin (Colobocentrotus) ranged from > 25 m to > 45 m 

inshore). Cellana and Colobocentrotus had unusually broad cross-shore ranges, which as usual are 

parallel with those of CCA and turf algae. These animals and plants all ranged to approximately 35 m 

inshore from the water’s edge due to extensive areas of suitable low slope intertidal bench habitat that is 

frequently washed by waves. Littorine and nerite snails typically extend beyond wetted rock in the high 

intertidal zone to dry rocks in the supratidal, indicating that wave spray and splash at times extend the 

distribution of these snails inshore. Infauna and meifauna were not sampled from the white carbonate or 

basalt black sand beaches at the park but are potentially rich, as in many sand beaches worldwide (Gray 

2002). Several species of algae – pink crustose corallines (CCA), turf, Ahnfeltiopsis, and other wave-
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resistant forms -- inhabit the low rocky intertidal, characteristically often co-occurring with limpets 

(Cellana spp.) and helmet urchins (Colobocentrotus atratus) (Figures 12, 13). Biota was largely (and 

typically) absent on unconsolidated substrates smaller than large boulders such as cobble, pebble, or sand 

beaches, which are easily disturbed by wave action. The overall distribution and abundance of organisms 

is in large part reflective of (and a function of) substrate type, distribution and abundance (Raimondi 

1988) (e.g., macroalgae do not attach to sand, burrowing crabs cannot live in bedrock). There was 

considerable overlap in the vertical range of intertidal species (Figures 12-14). There was some discrete 

vertical zonation or bands of biota or substrate (Figure 13). Broad stretches of bedrock and boulder coast 

were common at the park, and there were often low densities of high intertidal biota such as littorine and 

nerite snails throughout the usually non-wetted upper inshore areas of these segments (Figures 6, 12). An 

average of 3.9 targeted band taxa (range 1-6) were recorded on transects.  

 

 

 

 

  

 

 

 

 

 

Figure 12. Vertical distribution from water line of biotic taxa in all band transects, including 

turf, frondose and other algae (Ahnfeltiopsis spp., Sargassum sp., Padina spp., Ulva sp.), beach 

morning glory (Ipomoea spp.), lowland plants (Sesuvium sp. /Lycium sp.), small rock oysters 

(Isognomon californicum), opihi (Cellana spp.), snails (Littorina sp., Nerita sp.), and helmet 

urchins (Colobocentrotus). 
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Timed search, incidentals, and relative abundance (DACOR) 
A combined total of 103 macroscopic coastal taxa were recorded in the park from vertical band transects, 

timed searches (average 11 taxa; range 4-38 taxa/timed search), or incidental (i.e., other than from 

transects or timed searches) sightings within segments (average 5.6; range 1-18 taxa/segment) (Table 12). 

These included at least 28 algal taxa, a blue-green alga, and six coastal strand or other lowland plants. 

There were 49 taxa of marine invertebrates and 16 species of fishes observed. Green sea turtles (Chelonia 

mydas) and hawksbill (Eretmochelys imbricata, tracks on beach) were recorded. One shorebird, a 

wandering tattler, was foraging on a wave-washed flat intertidal bench. No feral animals were observed. 

No Hawaiian monk seals or other marine mammals were seen.  

The frequency of occurrence of species observed on the coast, based on the number of segments in which 

species occurred in the park, is shown in Table 13. CCA was the most frequently seen taxon, in 93 % of 

coast segments. Several of the more common algae and invertebrates occurred on > 50 % of coast (Table 

13). 

Coastal species richness observed in the park during this survey was quite high, concentrated on abundant 

intertidal consolidated substrates (e.g., bedrock, large boulders), and in tide pools, and appeared related to 

one or more factors, including: (1) the widespread occurrence of consolidated intertidal bedrock, boulder, 

and sea cliff habitats (in general, relatively few taxa are found on cobble, sand, or other unconsolidated 

beaches [Gray 2002]); (2) usually inaccessible sea cliff habitats precluding harvest under many 

conditions; (3) the generally high number of (epibenthic) taxa found living on consolidated rock 

substrates; (4) prevailing high wave energy physical conditions (more taxa are often associated with 

relatively higher wave energy regimes than low wave conditions (Denny 1988) ), and; (5) possibly past 

disturbance, including harvest of some species (Doty and Mueller-Dombois 1966 , Clark 1985, Denny 

and Gaines 2007, this survey). Examples of some of the coastal macro-fauna and -flora in the park are 

shown in Figures 4, 5, 7, 13, and 14. 

Figure 13b. Vertical zonation. 

CCA and turf algae. 

 

Figure 13a. Vertical zonation. 

Bedrock base of sea cliff. 
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    Table 12. List of coastal species observed during survey 22 May-3 June, 2008.  

 

 

 

Kingdom Phylum Class Subclass Order Family Species Name Common name Reason included Indicates

Monera Cyanophycota Blue-green algae, Cyanobacteria Blue-green algae, Cyanobacteria nuisance bloom

Plantae Chlorophyta Chlorphyte, green alga Chlorphyte, green alga

Plantae Chlorophyta Chlorophyceae Bryopsidales Caulerpaceae Caulerpa spp. green algae indicator poss. eutrophication

Plantae Chlorophyta Chlorophyceae Cladophorales  Cladophoraceae  Chaetomorpha antennina indicator sandy habitat

Plantae Chlorophyta Chlorophyceae Cladophorales  Cladophoraceae  Cladophora/  Cladophoropsis indicator freshwater, eutroph.

Plantae Chlorophyta Chlorophyceae Siphonocladales  Valoniaceae  Dictyosphaeria cavernosa invasive

Plantae Chlorophyta Chlorophyceae Siphonocladales  Valoniaceae  Dictyosphaeria verslusyii invasive

Plantae Chlorophyta Ulvophyceae Ulvales Ulvaceae Ulva fasciata indicator/cultural poss. eutrophication

Plantae Chlorophyta Ulvophyceae Ulvales Ulvaceae Ulva spp.

Plantae Phaeophyta Phaeophyceae Dictyotales Dictyotaceae Dictyota spp.

Plantae Phaeophyta Phaeophyceae Dictyotales Dictyotaceae Lobophora variegata common

Plantae Phaeophyta Phaeophyceae Dictyotales Dictyotaceae Padina spp. common

Plantae Phaeophyta Phaeophyceae Ectocarpales Acinetosporaceae Hincksia indicator high zone

Plantae Phaeophyta Phaeophyceae Fucales Sargassaceae Turbinaria ornata common high waves

Plantae Phaeophyta Phaeophyceae Sargassaceae  Fucales  Sargassum echinocarpum cultural

Plantae Phaeophyta Phaeophyceae Sargassaceae Fucales Sargassum spp. cultural

Plantae Phaeophyta Phaeophyceae Sargassaceae  Fucales  Sargassum polyphyllum cultural

Plantae Phaeophyta Phaeophyceae Scytosiphonales  Chnoosporaceae  Chnoospora spp. Cladophora sp.

Plantae Phaeophyta Phaeophyceae Scytosiphonales  Scytosiphonaceae Colpomenia sinuosa

Plantae Rhodophyta Florideophyceae Rhodymeniophycidae Ceramiales Rhodomeliaceae Amansia glomerata

Plantae Rhodophyta Florideophyceae Rhodymeniophycidae Gigartinales Phyllophoraceae Ahnfeltiopsis spp. cultural/harvested/indicator wave washed

Plantae Rhodophyta Rhodophyceae Corallinales Crustose Coralline Algae (CCA) Crustose Coralline Algae (CCA) concern low tide

Plantae Rhodophyta Rhodophyceae Florideophycidae  Ceramiales Delesseriaceae  Martensia/  Neomartensia 

Plantae Rhodophyta Rhodophyceae Florideophycidae  Ceramiales Rhodomelaceae Laurencia mcdermidae indicator wave washed

Plantae Rhodophyta Rhodophyceae Florideophycidae  Ceramiales Rhodomelaceae Laurencia spp. common/harvested

Plantae Rhodophyta Rhodophyceae Florideophycidae  Nemaliales Bonnemaisoniaceae  Asparagopsis taxiformis cultural/harvested

Plantae Rhodophyta Rhodophyceae Florideophycidae  Nemaliales  Galaxauraceae Galaxaura/  Liagora 

Plantae Magnoliophyta  Magnoliopsida Dilleniidae  Malvales  Sida  spp. native

Plantae Magnoliophyta  Magnoliopsida Asteridae Campanulales  Goodeniaceae  Scaevola taccada Naupaka common

Plantae Magnoliophyta  Magnoliopsida Asteridae Rubiales Rubiaceae Morinda citrifolia Noni, Indian mulberry

Plantae Magnoliophyta  Magnoliopsida Asteridae Solanales Convolvulaceae Ipomea spp. beach morning glory common, native 

Plantae Magnoliophyta  Magnoliopsida Caryophyllidae  Caryophyllales  Aizoaceae Sesuvium/  Lycium 

Plantae Magnoliophyta  Magnoliopsida Rosidae  Fabales  Fabaceae Leucaena leucocephala koa haole introduced dry land

Plantae Turf algae Turf algae common

Plantae Frondose Algae Frondose Algae
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Kingdom Phylum Class Subclass Order Family Species Name Common name Reason included Indicates

Animalia Arthropoda Malacostraca Eumalacostraca Decapoda Diogenidae Calcinus elegans hermit crab common

Animalia Arthropoda Malacostraca Eumalacostraca Decapoda Diogenidae Calcinus laevimanus hermit crab common

Animalia Arthropoda Malacostraca Eumalacostraca Decapoda Diogenidae Calcinus latens hermit crab

Animalia Arthropoda Malacostraca Eumalacostraca Decapoda Diogenidae Calcinus seurati hermit crab common

Animalia Arthropoda Malacostraca Eumalacostraca Decapoda Grapsidae Grapsus tenuicrustatus lightfoot rock crab, 'ama 'ama harvested

Animalia Arthropoda Malacostraca Hoplocarida Stomatopoda Gonodactylidae Gonodactylaceus mutatus stomatopod shrimp

Animalia Arthropoda Maxillopoda Sessilia Barnacle barnacle

Animalia Arthropoda Maxillopoda Sessilia Chthamalidae Chthamalus proteus barnacle invasive

Animalia Arthropoda Maxillopoda Sessilia Chthamalidae Euraphia hembeli barnacle

Animalia Arthropoda Maxillopoda Sessilia Chthamalidae Nesochthamalus intertextus barnacle common

Animalia Echinodermata Echinoidea sea urchin, echinoid, wana

Animalia Echinodermata Echinoidea Echinoida Echinometridae Colobocentrotus atratus sea urchin, echinoid, wana common/harvested/indicator wave washed

Animalia Echinodermata Echinoidea Echinoida Echinometridae Echinometra mathaei sea urchin, echinoid, wana common/harvested

Animalia Echinodermata Echinoidea Echinoida Echinometridae Echinometra oblonga sea urchin, echinoid, wana common/harvested

Animalia Echinodermata Echinoidea Echinoida Echinometridae Echinothrix calamaris sea urchin, echinoid, wana common/harvested

Animalia Echinodermata Echinoidea Echinoida Echinometridae Heterocentrotus mammillatus sea urchin, echinoid common/harvested

Animalia Echinodermata Echinoidea Temnopleuroida Toxopneustidae Tripneustes gratilla sea urchin, echinoid common/harvested

Animalia Echinodermata Holothuroidea Aspidochirotida Holothuriidae Actinopyga mauritiana sea cucumber common/harvested

Animalia Echinodermata Holothuroidea Aspidochirotida Holothuriidae Holothuria atra sea cucumber common/harvested/indicator sandy habitat

Animalia Echinodermata Holothuroidea Aspidochirotida Holothuriidae Holothuria cinerescens sea cucumber common/harvested

Animalia Echinodermata Ophiuroidea Ophiurida Ophiocomidae Ophiocoma erinaceus brittle star

Animalia Echinodermata Asteroidea Valvatida Oreasteridae Culcita novaeguineae pin cushion sea star

Animalia Chordata Actinopterygii Anguilliformes Muraenidae moray eel

Animalia Chordata Actinopterygii Anguilliformes Muraenidae moray eel

Animalia Chordata Actinopterygii Perciformes Acanthuridae Acanthurus triostegus convict tang concern

Animalia Chordata Actinopterygii Perciformes Chaetodontidae  Chaetodon lunula butterfly fish

Animalia Chordata Actinopterygii Perciformes Chaetodontidae  Chaetodon quadrimaculatus butterfly fish

Animalia Chordata Actinopterygii Perciformes Chaetodontidae  Chaetodon spp. butterfly fish

Animalia Chordata Actinopterygii Perciformes Chaetodontidae  Chaetodon unimaculatus butterfly fish

Animalia Chordata Actinopterygii Perciformes Pomacentridae Abudefduf abdonminalis damsel fish

Animalia Chordata Actinopterygii Perciformes Pomacentridae Abudefduf sordidus damsel fish

Animalia Chordata Actinopterygii Perciformes Pomacentridae Abudefduf vaigiensis damsel fish

Animalia Chordata Actinopterygii Perciformes Pomacentridae Plectroglyphidodon imparipennis damsel fish

Animalia Chordata Actinopterygii Perciformes Pomacentridae Stegastes  spp. damsel fish

Animalia Chordata Actinopterygii Perciformes Blenniidae Entomacrodus  spp. blenny

Animalia Chordata Actinopterygii Perciformes Blenniidae Istiblennius zebra blenny indicator tidepools

Animalia Chordata Actinopterygii Perciformes Gobiidae Bathygobius spp. goby common tidepools

Animalia Chordata Actinopterygii Perciformes Labridae Thalassoma  spp. saddle wrasse

Animalia Chordata Aves Ciconiiformes Scolopacidae Tringa flavipes shore bird, Lesser Yellowlegs

Animalia Chordata Reptilia Testudines Cheloniidae Chelonia mydas green sea turtle, hunu concern

Animalia Chordata Reptilia Testudines Cheloniidae Eretmochelys imbricata hawksbill sea turtle concern

 
Table 12 continued 
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Park Category Species

N segments                    

species found in

N segments             

/park

% of park segments                       

species found in 

HAVO Seaweed

Crustose Coralline 

Algae (CCA) 63 68 92.6

HAVO Opihi Cellana spp. 60 68 88.2

HAVO Urchin

Colobocentrotus 

atratus 50 68 73.5

HAVO Seaweed

Sargassum 

echinocarpum 37 68 54.4

HAVO Seaweed Turf algae 35 68 51.5

HAVO Snail/slug Nerita picea 34 68 50.0

HAVO Snail/slug Littorina pinatado 27 68 39.7

HAVO Snails/slug Nerita spp. 26 68 38.2

HAVO Crab

Grapsus 

tenuicrustatus 23 68 33.8

HAVO Algae

Chlorphyte, green 

alga 22 68 32.4

HAVO Snail/slug Littorina sp. 22 68 32.4

HAVO Snail/slug

Nodolittorina 

hawaiiensis 18 68 26.5

HAVO Snail/slug Serpulorbis spp. 16 68 23.5

HAVO Bivalve

Isognomon 

californicum 13 68 19.1

HAVO Seaweed Ahnfeltiopsis spp. 13 68 19.1

HAVO Seaweed Sargassum spp. 13 68 19.1

HAVO Barnacle Barnacle 11 68 16.2

HAVO Fish

Abudefduf 

sordidus 11 68 16.2

HAVO Barnacle

Nesochthamalus 

intertextus 9 68 13.2

HAVO Snail/slug Morula granulata 9 68 13.2

HAVO Fish

Acanthurus 

triostegus 8 68 11.8

HAVO Seaweed Hincksia 7 68 10.3

HAVO Seaweed Padina spp. 7 68 10.3

HAVO Fish

Abudefduf 

abdonminalis 6 68 8.8

HAVO Hermit crabs Calcinus seurati 6 68 8.8

HAVO Plant

Leucaena 

leucocephala 6 68 8.8

HAVO Plant Scaevola taccada 6 68 8.8

HAVO Snail/slug Drupa ricina 6 68 8.8

HAVO Cucumbers

Actinopyga 

mauritiana 5 68 7.4

HAVO Fish

Plectroglyphidodon 

imparipennis 5 68 7.4

HAVO Plant Ipomea spp. 5 68 7.4

HAVO Plant Sesuvium/Lycium 5 68 7.4

HAVO Seaweed Galaxaura/Liagora 5 68 7.4

Table 13. Frequency of occurrence of all coastal species, based on the 

percentage of segments in which species occurred in the park. 
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Park Category Species

N segments                    

species found in

N segments             

/park

% of park segments                       

species found in 

HAVO Coral

Pocillopora 

meandrina 4 68 5.9

HAVO Coral Porites spp. 4 68 5.9

HAVO Seaweed Caulerpa spp. 4 68 5.9

HAVO Seaweed Ulva fasciata 4 68 5.9

HAVO Snail/slug

Smaragdinella 

calyculata 4 68 5.9

HAVO Urchin

Echinometra 

mathaei 4 68 5.9

HAVO Fish Bathygobius spp. 3 68 4.4

HAVO Fish

Entomacrodus 

spp. 3 68 4.4

HAVO Fish Thalassoma  spp. 3 68 4.4

HAVO Hermit crabs Calcinus elegans 3 68 4.4

HAVO Seaweed Laurencia spp. 3 68 4.4

HAVO Snail/slug Conus  spp. 3 68 4.4

HAVO Snail/slug Cypraea spp. 3 68 4.4

HAVO Snail/slug Drupa morum 3 68 4.4

HAVO Snail/slug Morula uva 3 68 4.4

HAVO Urchin

Echinometra 

oblonga 3 68 4.4

HAVO Anemone Cladactella manni 2 68 2.9

HAVO Annelid worm Loimia medusa 2 68 2.9

HAVO Bivalve Isognomon perna 2 68 2.9

HAVO Coral Montipora capitata 2 68 2.9

HAVO Coral

Montipora 

flabellata 2 68 2.9

HAVO Coral

Pocillopora 

damicornis 2 68 2.9

HAVO Cucumbers

Holothuria 

cinerescens 2 68 2.9

HAVO Cyanobacteria

Blue-green algae, 

Cyanobacteria 2 68 2.9

HAVO Fish Chaetodon spp. 2 68 2.9

HAVO Hermit crabs

Calcinus 

laevimanus 2 68 2.9

HAVO Seaweed

Asparagopsis 

taxiformis 2 68 2.9

HAVO Seaweed Chnoospora spp. 2 68 2.9

HAVO Seaweed

Dictyosphaeria 

verslusyii 2 68 2.9

HAVO Seaweed Dictyota  spp. 2 68 2.9

HAVO Seaweed

Martensia/  

Neomartensia 2 68 2.9

HAVO Seaweed Turbinaria ornata 2 68 2.9

HAVO Snail/slug

Onchidium 

verruculatum 2 68 2.9

Table 13 continued

 continued 

 

 Table 12 continued 
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Park Category Species

N segments                    

species found in

N segments             

/park

% of park segments                       

species found in 

HAVO Sponge Sponges 2 68 2.9

HAVO Turtle Chelonia mydas 2 68 2.9

HAVO Urchin

Heterocentrotus 

mammillatus 2 68 2.9

HAVO Algae Frondose Algae 1 68 1.5

HAVO Annelid worm

Spirobranchus 

giganteus 1 68 1.5

HAVO Barnacle

Chthamalus 

proteus 1 68 1.5

HAVO Barnacle Euraphia hembeli 1 68 1.5

HAVO Brittle star

Ophiocoma 

erinaceus 1 68 1.5

HAVO Cucumbers Holothuria atra 1 68 1.5

HAVO Fish

Abudefduf 

vaigiensis 1 68 1.5

HAVO Fish Chaetodon lunula 1 68 1.5

HAVO Fish

Chaetodon 

quadrimaculatus 1 68 1.5

HAVO Fish

Chaetodon 

unimaculatus 1 68 1.5

HAVO Fish Istiblennius zebra 1 68 1.5

HAVO Fish Stegastes spp. 1 68 1.5

HAVO Hermit crabs Calcinus latens 1 68 1.5

HAVO Hydroids Hydroids 1 68 1.5

HAVO Plant Morinda citrifolia 1 68 1.5

HAVO Plant Sida spp. 1 68 1.5

HAVO Seaweed Amansia glomerata 1 68 1.5

HAVO Seaweed

Chaetomorpha 

antennina 1 68 1.5

HAVO Seaweed

Cladophora/  

Cladophoropsis 1 68 1.5

HAVO Seaweed

Colpomenia 

sinuosa 1 68 1.5

HAVO Seaweed

Dictyosphaeria 

cavernosa 1 68 1.5

HAVO Seaweed

Laurencia 

mcdermidae 1 68 1.5

HAVO Seaweed

Lobophora 

variegata 1 68 1.5

HAVO Seaweed

Sargassum 

polyphyllum 1 68 1.5

HAVO Seaweed Ulva spp. 1 68 1.5

HAVO Shrimp

Gonodactylaceus 

mutatus 1 68 1.5

HAVO Turtle

Eretmochelys 

imbricata 1 68 1.5

HAVO Urchin

Echinothrix 

calamaris 1 68 1.5

HAVO Urchin Tripneustes gratilla 1 68 1.5

HAVO Urchin Urchins 1 68 1.5

Table 13 continued 
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Figure 14c. Native species. Large 

tide pool with wave-resistant 

corals. 

Figure 14d. Native species. Large 

barnacles, low rocky intertidal. 

Figure 14a. Native species. Red 

sponge, coral in large tide pool. 

Figure 14b. Native species. Pin 

cushion sea star and corals, in large 

tide pool. 
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Other Biological Features 
There were no patches of densely occurring or aggregated biota on the park coast. All organisms observed 

on the park coast appeared healthy, without disease, wounds, or abnormalities. There were no nuisance 

algal blooms seen at the park. One invasive species, the barnacle Chthamalus proteus, was observed. 

DISCUSSION  
HAVO has a globally notable and dramatic coastal environment dominated by high rocky sea cliffs and 

headlands with intermittent low-lying bedrock and boulder-cobble shores in diverse forms, and both white 

Figure 14g. Native species. Blenny, 

coral, in large tide pool. 

 . 

Figure 14h. Native species. Sea 

turtle tracks, hawksbill, beach 

morning glory. 

Figure 14e. Native species. 

Corals, damselfishes (mamo), in 

large tide pool. 

 

Figure 14f. Native species. Moray 

eel, emergent, in crevice, low 

rocky intertidal 
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carbonate beaches and lava basalt-derived black sand beaches. This diversity in habitat is mirrored by a 

rich variety of life forms and ecological communities. Rocky intertidal shores have numerous, sometimes 

wave-washed tidepools; a few are very large, unique and noteworthy. Likewise there is a distinctive 

cluster of anchialine pools in the coastal zone (Figure 8). Two small intermittent streams cut across the 

HAVO coastal desert, their gulches, however, are dry except at times of intense rainfall. Human imprints 

occur along much of the park coast; they include numerous ancient and historic inhabited areas, dwelling 

caves, trails, worked rock surfaces, and some modern imprints like fences and camping shelters (however 

none of these were surveyed at the request of park cultural resource management staff due to the sensitive 

nature of these resources). There was no direct evidence of pollution, little marine debris, and few places 

with moderate-high amounts of locally generated trash. There was a variable amount of natural 

(unprocessed) wood and lumber along the coast. Several segments had both medium to high levels of 

wood and medium-high amounts of trash (as especially occurs west of the park boundary along the Ka’u 

coast; NPS 2006). While it cannot be determined with certainty without further investigation, given the 

co-occurrence of buoyant trash and wood in several segments, these areas of the HAVO coast may be 

places of concentrated net accumulation of flotsam or potential pollutants and would be important to 

assess if there is an indication of potential threat or impact to these coast segments.  

 

The park coast has varying but generally low levels of human use, recreational and extractive, with less in 

the remote backcountry. Extractive activity - four small fishing boats nearshore - was low during the 

survey. Based on observations at other times the park coast is frequently used by local and visiting 

people for recreational or extractive activities (Doty and Mueller-Dombois 1966, NPS 1975, Clark 

1985).  

 

High species richness was recorded in this survey - a combined total of over 100 coastal land and marine 

taxa. This value is comparable with the number of species recorded in taxonomic surveys done previously 

(Doty and Mueller-Dombois 1966, Ball 1976) when those numbers are adjusted for microscopic and 

infaunal organisms (e.g., approximately 50 species of diatoms, and another 50 species of minute 

polychaete and other worms and micro-molluscs) that could not be observed in the field without invasive 

sampling or without use of a microscope (Doty and Mueller-Dombois 1966, Ball 1976). The barnacle 

Chthamalus proteus was the only non-native, nuisance or alien marine species seen (in contrast with land 

alien species resource management issues in the park [NPS 1975]). The intertidal sand beaches along and 

to the west of the park coast are important haul out habitat for endangered hawksbill sea turtles 

(Eretmochelys imbricata, which are monitored annually, mainly park volunteers, who collect field data at 

nesting beaches in and outside the park [Perry 2006]), threatened green sea turtles (Chelonia mydas), and 

potentially for endangered Hawaiian monk seals (Monachus schauinslandi). Monk seals are not known to 

have been sighted along the wave-battered park coast, despite their Hawaiian name, ilio holo i ka uaua, 

“the dog that runs in the rough seas.” Should monk seals haul out in the future this may cause potential 

visitor use or resource conflicts, for example, if haul-out beaches, resting or breeding areas need to be 

closed to visitors to protect these species. Humpback whales and dolphins were not observed during this 

survey but are known to occur along the entire coast (NOAA ESI maps HI-06 – HI-10).  

 

Observed patterns in coastal habitat and resources appear to reflect the combined influence of several 

natural environmental drivers (e.g., exposed open coast, generally high wave conditions) and apparently 
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few or no anthropogenic stressors or human impacts (e.g., lack of erosion, runoff, sedimentation, or algae 

blooms). Nonetheless, the shifting baseline phenomenon must always be kept in mind (Pauley 1995, 

Dayton et al. 1998). This phenomenon is where environmental and other changes are chronic, slow, or 

hard to observe. If the baseline is known for a degraded ecosystem efforts can be made to restore it, but if 

the baseline shifted before it was documented then a degraded state could be accepted as normal, or even 

as an improvement, and degraded ecosystems can be perceived as beautiful, without having awareness 

from elders of how these environments used to appear (Pauly 1995, Dayton et al. 1998).  

 

The park coast is at the base of Kilauea volcano and comprises much of the coast of the Puna and Ka’u 

districts, south Hawai’i Island (Figure 1). There was widespread pre-historic Hawaiian occupation and 

use of numerous coastal locations and resources throughout and beyond the park (Malo 1951, Buck 1957, 

Handy et al. 1972, Kamakau 1976, Ball 1976, Clark 1985, Greene 1993). Modern day human visitation 

and use is high along the coast, mainly along the more accessible road corridor. (NPS 1975, Clark 1985). 

 

All survey data are in a searchable database that contains spatial data. The database has built in queries 

that allow the user to choose a coastal inventory parameter and view the summarized data for the chosen 

parameter for individual segments. Custom queries can be requested from the PACN Data Manager (see 

Appendix E). A companion ArcGIS map project for each park displays segments with links to ground 

photos that can be selected for pop-up viewing. The database will be made available on DVD to all park 

employees and others with justifiable need (Appendix E). 

Natural environmental drivers 

Environmental drivers at global to local scales exert a major influence on the park coast. The usually 

relatively narrow band of coastal habitat and organisms between, and influenced by, the low and high 

tides at the park and elsewhere is called the intertidal zone. On rocky coasts this area often includes tide 

pools that are isolated from the ocean at low tide. The spray or splash zone, although above the high tide 

line, is wetted by waves or salt spray which can extend the range of intertidal marine organisms upward 

or inland. The splash zone is therefore considered part of the intertidal coast and was included in this 

survey.  

In contrast to coral and shallow reef habitats off Hawai’i Island, coastal intertidal areas at the park and in 

Hawai’i in general have received little attention unless they have been or are valued or used by humans, 

or there has been, or there is a potential for, an environmental disturbance or impact such as a vessel 

grounding or oil spill. Prior to this survey the intertidal resources at and near the park have had relatively 

little scientific attention other than taxonomic surveys (Doty and Mueller-Dombois 1966, Major 1972 

[unpublished, in] Ball 1976 [including Appendix A], Chai et al. 1989, NPS 2006 for Ka’u coast to the 

west of HAVO, ongoing Hawksbill sea turtle monitoring (Perry 2006), specimen collection for research 

(Ball 1976, Bird 2006). Until recently there have been few quantitative studies of the intertidal ecology in 

Hawai’i (Zabin 2005, Bird 2006). This sharply contrasts with intertidal systems elsewhere, from which 

developed many of the major ideas in ecology such as the competitive exclusion principle (Connell 1961), 

and the keystone species concept (Paine 1966). Hawaiians have traditional knowledge, and have used, 

and continue to use, many intertidal and nearshore organisms for food and materials. (Malo 1951, Buck 

1957, Handy et al. 1972, Kamakau 1976, Kirch 1979, Clark 1985, Greene 1993). Hawaiians recognized 



 

50 

 

intertidal zonation patterns (Kamakau 1976), and several intertidal organisms, including barnacles, opihi 

(limpets), and sea urchins, are specifically mentioned in the Kumulipo, a Hawaiian creation chant, which 

begins by stating that all life arose from the sea (Beckwith 1972).  

 

Life in intertidal zones is harsh, particularly at low latitudes. Coastal organisms at the park are exposed 

during calm daytime low tide and low wave conditions to high air temperatures and direct solar 

irradiation. These conditions can cause desiccation, physiological stress, or death. The slope of the shore 

affects coastal segments in various ways. Slope influences wave characteristics such as reflection, wave 

breaking height and distance from shore, and wave run-up onto the shore. Coasts with high slopes like the 

majority of those at HAVO generally tend not to lower wave energy further seaward due to the absence of 

shoaling and drag related to offshore topography that mediates the full force of incoming waves on the 

coast inshore (Bascom 1964). Just offshore from the south facing park coast the bottom drops 

precipitously to great depth, and there are few apparent barriers to waves (NOAA-USCGS navigational 

chart 19320, Island of Hawai’i). This results in a more wave-exposed coast than low-sloped shores or 

ones with shallow offshore rocks or reefs (Fletcher et al. 2002) as off the West Hawai’i parks.  

The intertidal surface area exposed during low tides varies with slope, as does the area directly exposed to 

sunlight. The amount of sunlight or shading is an important physical factor affecting coastal organisms 

(e.g., Carefoot 1977). Shade at local scales is provided by rocks, crevices, and sometimes algae, and at 

larger scales by slope, topographic features such as cliffs, and upland, or coastal strand vegetation. Coasts 

oriented toward the west or south may be more influenced by potential dessication from high sunlight and 

temperatures particularly in the afternoon at sub-tropical latitudes. Wind affects these factors as well. The 

park coast, on the south side of Hawai’i Island, is under most all conditions exposed to the full force of 

trade- and storm-generated winds, waves, and ocean swells. Although intertidal organisms at low latitudes 

are generally adapted to high temperature, sunlight, and wind, prolonged daytime low tide periods can 

lead to extreme heat, drying, and lethal or sublethal stress including photo-bleaching of pigments or 

denaturation of metabolic enzymes (Denny and Gaines 2007). Effects of these physical factors, which can 

be exacerbated by climate and ocean warming, determine in part the spatial heterogeneity of organisms in 

intertidal habitats on the park coast (Denny and Gaines 2007). 

Physical factors mentioned above, e.g., temperature, light, and wave impacts, in combination with 

generally low nutrient waters and geographic isolation in the central Pacific typically result in lower 

intertidal production, diversity and biomass in Hawai’i compared with the biologically rich intertidal 

zones on cooler, more nutrient rich, productive temperate Pacific coasts (Kay and Palumbi 1987, Denny 

and Gaines 2007). The relatively low intertidal biodiversity in Hawai’i contrasts with the high 

biodiversity of coral reefs that are often just a few steps seaward (e.g., Kay and Palumbi 1987). 

 The tide range or vertical difference between low and high tides is less than one meter (m) in Hawai’i. As 

a result the intertidal zone is generally much smaller or narrower here (depending on slope) than at higher 

latitudes such as the Pacific coast of North America (2 m tidal range) or Alaska (over 10 m). Given the 

microtidal range in Hawai’i, low tide conditions are often overwhelmed by prevailing wind-wave 

conditions, rendering tide table predictions inaccurate or unreliable at various places. In many locations 

and conditions, including those typical at the park, usual ocean swells, trade wind-generated, local, or 

storm waves, and wave splash extend the vertical range of some intertidal organisms higher up on shore, 
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or prevent salt-intolerant land plants from taking hold near the coast. At these places or times the 

influence of wave action overrides that of tidal change to determine where coastal marine organisms can 

live. Three distinctive intertidal community types found on the HAVO coast are: (1) coves or other areas 

somewhat protected from wave disturbance; (2) moderately wave-impacted areas, and; (3) habitats 

exposed to the full force of strong waves, particularly those at the base of high sea cliffs.  

Species less tolerant of wave-induced disturbance are generally lower in abundance or absent on most of 

the park coast due to inability to colonize, disturbance from, or removal due to wave action. Wave-

tolerant species such as limpets (Cellana spp.), the helmet urchin (Colobocentrotus atratus), and crustose 

coralline (CCA) and turf algae are characteristic of wave-exposed coasts (Bird 2006), and were some of 

the many intertidal organisms seen at the park. On coasts like HAVO with high wave exposure there can 

be predictable patterns of vertical zonation or distribution of organisms in bands at different tide heights. 

Zonation from low to high intertidal in such areas typically consists of crustose coralline or turf algae, sea 

urchins, and limpets in the low-mid zone progressing upward in some places to various macro-algae, and 

above that, barnacles. In and above the band of barnacles are nerite and littorine snails and other biota 

(Zabin 2005, this survey, Figures 13, 14). There is often overlapping vertical distribution of intertidal 

organisms whether or not zonation occurs. These patterns are apparent at HAVO.  

Non-native marine organisms have rarely gotten a foothold on exposed open coasts in Hawai’i with two 

exceptions, the barnacle Chthamalus proteus, which occurs in both protected, low wave energy, and 

exposed high energy outer coast conditions (Zabin 2005), and the invasive alga Acanthophora spicifera 

(Smith et al. 2002). The barnacle was found at the park during this survey; other non-native or nuisance 

species were not observed (see below).  

Wave conditions in Hawai’i can limit the “low tide window” in which intertidal work is traditionally done 

at higher latitude regions, resulting at times in less than optimal observations or measurements. This was 

generally the case during this survey, when wave conditions were not safe in many coast segments for 

thorough observation of organisms in the low intertidal zone.  

Coastal geohazards 
Fletcher et al. (2002) characterize coastal geohazards at and near HAVO as follows. The south coast of 

Hawai’i Island including the park is isolated and undeveloped. The slope varies considerably: there are 

generally steep headlands and sea cliffs, with low, sometimes wide, gently sloping lava rock benches, 

boulder, cobble, or pocket sand beaches at bays, coves, or low-lying areas in between. The long high 

cliffs act as barriers to storm overwash across the coast onto land, and to tsunami inundation, erosion, and 

sea-level rise, whereas the intermittent low-lying coast in the park is vulnerable to the same threats. 

Current projections of the range of sea level rise resulting from climate warming suggest that some of the 

low-lying coastal benches and embayed areas at the park, including Halape, Keauhou, and Apua may be 

inundated by future sea level rise (see below). Any resulting changes in specific position or character of 

the local park coastline have not been predicted and are unknown at this time. Although the park coast is 

in a generally arid area, when it rains the risk of stream flooding in localized areas may be moderately 

high depending on slope and elevation. Risk of coastal erosion is moderately low along steep cliffs, but 

higher on sand beaches, as at Halape. Tsunami and sea-level hazards are high along the park and 
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surrounding coast, and are greater at low-lying area due to factors noted above, particularly the absence of 

high cliffs.  

 

Strong wind and wave conditions prevail. Overall, the high wave hazard is moderately high on this S to 

SE-facing coast. Storms present moderately high to high risk (Fletcher et al. 2002). 

 

 The coast here varies from lava flow hazard zone 1 (> 25% of the area covered by lava since 1800) to 

zone 3 (5 % covered) on the west park coast, to zone 2 (15-25 % cover) on the east coast, while the 

Halape area is in zone 5 (no lava coverage since 1800) (Fletcher et al. 2002). However the entire coastal 

plain at Halape catastrophically subsided > 10 feet (3 m), most recently from a 7.2 magnitude earthquake 

in 1975 that created a tsunami that killed two people (Ball 1976, Fletcher et al. 2002). The volcanic-

seismic hazard is high also due to seismicity, including that associated with ongoing eruptions of Kilauea 

Volcano (Fletcher et al. 2002). Moreover, a recent 6.7 magnitude earthquake in October 2006 with an 

epicenter off the W. Hawai’i Island coast, and historical (e.g., 1868, 1946, 1960) (Fletcher et al. 2002), 

and recent (2010) tsunami were quite noticeable on Hawai’i Island and other islands . Tsunami wave run-

up ranged in height from 0.6 m to 3.4 m, with the largest run-up caused by the 1946 earthquake in the 

Aleutian Islands. If a tsunami of similar magnitude occurred today it would probably cause damage to 

park beaches, infrastructure, and cultural sites near the coast as elsewhere, but the relatively stable 

consolidated basalt bedrock areas probably would experience little change (Richmond et al. 2008). As a 

result of this combination of hazard intensity ranks, along the park and surrounding coast(s) the Overall 

Hazard Assessment (OHA) is moderately high to high (Fletcher et al. 2002).  

Environmental sensitivity  

The Environmental Sensitivity Index (ESI) maps HI-6 – HI-10 (NOAA 1999, 2002) include the full span 

of the HAVO coast. However these maps have low spatial resolution and are limited in terms of coastal 

resources data useful for guiding management action. Data from the present survey combined with 

information from geohazards and ESI suggests that the cliff and bedrock segments on the park coast have 

fairly low susceptibility to oil spills due to the relatively low porosity of widespread bedrock substrates 

present and wave action which limit the depth of oil penetration. This said crevices in bedrock and in 

widespread boulder and cobble substrates open to subsurface cavities can increase local oil residence time 

and impacts (Gundlach and Hayes 1978), depending on wave action. These substrates may recover slower 

or be remediated less effectively than coasts with less permeable substrates; on heterogeneous substrates 

with many subsurface holes or pockets oil can reside for prolonged periods and be less subject to natural 

weathering processes or human clean-up or removal efforts (Gundlach and Hayes 1978).  

The susceptibility of the park coast to oil spills or vessel groundings may be heightened due to the 

prevailing onshore high wave and wind regime on the south Hawai’i Island coast, which can transport and 

deposit materials onshore. Some segments on the coast and to the west of the park on the Ka’u coast may 

be areas of net deposition of flotsam, potential spilled oil, or other pollutants.  

Anthropogenic Stressors, changes or historical impacts on coastal habitat 

and resources 
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Land-based changes and coastal impacts  

The natural coastal setting, scenic values, and non-urbanized habitat at the park are becoming increasingly 

uncommon elsewhere on the Hawai’i Island coast as development in the coastal zone occurs. As at other 

parks conditions outside the park boundary can affect park resources. The park legislated boundary ends 

at the high tide line; however adjacent lands and coastal waters are important resources related to the park 

based on the history of the area, ecological linkages, cultural, biological, and recreational values, and the 

NPS mission to preserve and protect resources. At this time the only known potential external local 

sources of threats or impacts to coastal resources are over-harvesting of marine life, localized physical 

disturbance from human activity (e.g., permitted or unpermitted camp sites, trampling of intertidal areas, 

trail erosion), oil or contaminant spills, and vessel groundings. Potential disturbance from trampling in the 

rocky intertidal, and visitor impacts to tide pools should be evaluated at Halape and other trail-accessible 

sites. There are no obvious visual indications of possible habitat degradation related to water quality. 

Coastal waters on- and near-shore at HAVO are designated “Class AA” and marine nearshore benthic 

ecosystems are classed “I” by the State of Hawai’i Department of Health thereby “prohibiting pollution 

by humans and requiring maintenance of their natural wilderness character” (Perry 2006). The occurrence 

and extent of land-based anthropogenic changes and impacts on the park coast is largely unknown, but 

probably relatively low overall given the wilderness character of most of the coastal area. Nonetheless, 

resource managers need to consider the sliding or shifting baseline phenomenon (Pauley 1995, Dayton et 

al. 1998), and any cumulative effects of impacts when making decisions regarding coastal resources.  

Fishing 

Shallow nearshore resources such as food fish, octopus, or lobster were not observed, and there was low 

fishing effort during this survey. Fishing and gathering are traditional and recreational activities presently 

allowed along the western part of the park coast. Fishing along the eastern park coast from the eastern 

boundary to an area halfway between Keauhou and Halape, is by law open only to native Hawaiian 

residents of Kalapana and their guests (Clark 1985). High levels of recreational and subsistence fishing 

using various gear types or methods such as hook and line, gleaning, opihi picking, throw nets, and diving 

have occurred; although it has not always been clear if these activities were shore- or boat-based, harvest 

levels have been high (Doty and Mueller-Dombois 1966, Kirch 1979, Clark 1985, ESI maps HI-6 – HI-

10, Bird 2006, NPS 2006). Therefore any assumptions about past or present resource abundance or related 

trends require thorough consideration of sliding baselines (Pauley 1995, Dayton et al. 1998). As on 

accessible and remote coasts throughout the main Hawaiian Islands harvesting has likely impacted some 

coastal resources (Doty and Mueller-Dombois 1966, Doty 1969, Clark 1985, ESI maps HI-6 – HI-10, 

Bird 2006). There is widespread harvesting of limu (algae), crabs including a‘ama (Grapsus 

tenuicrustatus), opihi (Cellana spp.), he’e or tako (Octopus spp.), pipipi, kupe’e (Nerita spp.), other pupu 

(snails), wana (sea urchins), ornamental shells, and other coastal species (e.g., Doty 1969, Bird 2006, NPS 

2006), and in some places on Hawai’i Island in the past, over harvest of corals (Doty 1969), which is now 

illegal.  

 

Although there is limited information on fishing along the park coast, over harvesting of intertidal 

organisms in certain places is likely to be a significant issue, particularly of exploited highly-value 

resources like endemic opihi (Doty and Mueller-Dombois 1966, Bird 2006, NPS 2006, this survey). 

Recent support has been developing for local community-based management (e.g., the West Hawai’i 
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Fisheries Council). Community-based efforts (including a coastal clean-up) by the recently formed 

Kalapana Fishing Council have started on the eastern park coast. The national parks in Hawai’i, and State 

of Hawai‘i currently do not collect catch or effort data needed to assess the effects of fishing on park 

coastal resources (see Else 2006), however the NPS is developing a fisheries harvest monitoring protocol 

that can be implemented at the park’s option. Currently there is not enough information to determine if 

fishing levels for various species are sustainable along the park coast. Regardless the precautionary 

principle should be invoked by management whenever prudent (UNCED 1992). Sustainable subsistence 

harvest and traditional Hawaiian fishing practices need to be accommodated per state rules (HAR 2005). 

Fishing pressure is likely to be most heavy during calm ocean periods. During these times considerable 

impacts can occur in a short time (as observed on the Ka’u coast [NPS 2006]). Marine resource protection 

efforts might best be focused on such times, perhaps cooperatively between NPS rangers and State of 

Hawai’i conservation and resource enforcement officers.  

Invasive, alien, or nuisance species 

The coastal land, aquatic, and nearshore marine resources at the park are susceptible to impacts from non-

native, invasive, or alien organisms (NPS 1975, Smith 1985, Smith et al. 2002) despite considerable 

distance from the three major harbors on Hawai’i Island: Hilo, Honokohau (next to KAHO) and 

Kawaihae (adjacent to PUHE). Vessel traffic between Hawai’i Island and other ports, anchorages, and 

boat ramps can increase risk of alien introductions because, as in all harbors, invasive species can be 

transported on the hulls and in the ballast water of vessels and in cargo, and harbors are more conducive 

to species invasions (Wasson et al. 2001). However, because it is fully exposed to outer coast conditions, 

the park coast is probably less vulnerable to invasive marine species.  

The barnacle Chthamalus proteus was the only non-native, nuisance or alien marine species seen during 

this survey, in contrast with extensive terrestrial non-native species, resource management issues, and 

efforts in the park (NPS 1975, Smith 1985). A number of marine algae are serious nuisance species 

elsewhere on Hawai’i Island and other main Hawaiian islands (Smith et al. 2002) but were not observed 

in this survey. Chai et al. (1989) observed the (non-marine) alien prawn Macrobrachium lar in anchialine 

pools near the coast.  

Other potential non-native organisms include coral diseases (e.g., Williams et al. 2010), and fishes, 

including snappers (Ta’ape, To’au, Lutjanus spp.), and roi or peacock grouper (Cephalopholus argus) 

(e.g., Beets et al. 2010). These species were not observed in this survey.  

Other coastal resources and impacts 

Considering the large area of the park coast and the potential coastal threats and impacts mentioned 

above, there are extensive and varied intertidal habitats and numerous tidepools supporting diverse and 

abundant life forms, assemblages and resources. Prehistorically the park coast was used extensively by 

Hawaiians; however most of the population was transient. There has been a historical steady decline in 

population, particularly since the 1868 tsunami that destroyed the village and port at Keauhou Landing 

and other settlements on the HAVO coast (Ball 1976, Clark 1985). The coastal zone at the park and 

elsewhere has some of the highest levels of human use and activity, of any Hawaiian or other high island 

area, including most if not all Pacific islands national parks (Juvik and Juvik 1998, NPS 1975, Else 2006). 
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HAVO had several hundred thousand visitors per year as of 1975 (NPS 1975), numbers have undoubtedly 

increased since, and HAVO staff monitors visitor use (Perry 2006). Visitor use data can be used to 

monitor the impact of visitors on flora and fauna of the parks backcountry coastal areas. Based on 

observations at other times the coast is also used by mostly local subsistence, recreational, or 

(offshore) commercial fishers, as well as surfers and campers (some data from NOAA ESI maps HI -

6 – HI-10 mapped onto Figure 11, NPS 1975, Clark 1985). Overall most coastal human activity, 

including bus tours, is concentrated where Chain-of-Craters Road meets the coast, as well as official 

areas near the east coast park boundary for viewing lava ocean entries, when this occurs. 

Backcountry activity on the coast is frequent, especially at Halape, Kaaha, Keauhou, and Apua Point, 

but numbers of people camping overnight are limited by park permits and availability of water in 

tanks at campsites. In certain coastal areas trails and substrates such as sea cliff tops may be fragile, 

prone to erosion, and potentially dangerous. Since the coastal geology is dynamic, these areas should 

periodically be examined by a coastal geologist and appropriate precautions taken, if necessary, to protect 

visitors and resources. While heavily used in places by many people the entire park coast has exceptional 

marine wilderness qualities.  

Climate and environmental change 

Increasing temperature 

Global climate change can impact coastal resources at the park via effects of higher air and ocean 

temperatures, and changes in the frequency and magnitude of storms. Changes in the amount of upslope 

rain and groundwater recharge can affect groundwater flow on the park coast, which could lead to 

changes in coastal marine life, as may occur elsewhere on Hawai’i Island (Hoover and Gold 2006). 

Changes in storm regime could alter the direction and intensity of wave energy on the coast. This in turn 

could affect changes in the composition, abundance, and distribution of coastal organisms susceptible to 

physical disturbance from waves (IPCC 2001). Along with the above, increased ocean temperature 

correlates with higher incidences of coral bleaching and disease (Hoegh-Guldberg and Bruno 2010). 

Coastal sea level rise 

Historical sea level rise at the park is very likely occurred, as documented on the coast at PUHO, west 

Hawai’i island, where several cultural resources and human-made coastal features are now submerged, 

including rocks fashioned for playing konane (a Hawaiian board game), bait cups (Apple and MacDonald 

1966), and a petroglyph (being overgrown by coral, Basch pers. obs.). Considerable seismic activity and 

tremendous subsidence along the coast, particularly in the Halape area suggests that subsidence of coastal 

substrates will continue to occur (Ball 1976, Clark 1985, Fletcher et al. 2002). Recent information 

indicates that sea level in Hawai‘i has risen an average of 0.34 cm per year from 1946-2002 at Hilo, 

probably from sea level rise and coastal subsidence combined (Hapke et al. 2005).  

As global sea level continues to rise due to climate change and ocean temperature increase (Nichols and 

Cazenave 2010), and as the islands continue to subside as the weight of volcanoes depresses the 

underlying oceanic crust (McDonald et al. 1970), some of the coastal intertidal environment and resources 

in topographic low spots on the park coast will very likely continue to be slowly inundated. As a result of 

these slow changes the coastline and the intertidal zone will move inshore in places such as Halape and 



 

56 

 

Kaaha, the present intertidal habitat will be submerged and become subtidal, and resources such as tide 

pools will disappear. Because of their slope and height sea cliff areas are less likely to become inundated, 

or will be flooded more slowly than low-lying areas such as Halape. Cultural resources on the coast at 

land elevations at or just above the intertidal will be susceptible to impact.  

Increasing carbon dioxide concentration 

The increasing level of atmospheric carbon dioxide (CO2) is clearly altering global climate and 

temperatures and also has resulted in higher concentrations of dissolved CO2 in the global ocean (Kerr 

2010). While this has increased availability of CO2 for plant photosynthesis, higher CO2 levels also 

change concentrations of carbonate ions that buffer ocean pH and can shift the acid-base balance 

increasing seawater acidity (Kerr 2010). This can cause carbonates to dissolve, and since the skeletons of 

many organisms are made of these biominerals, the ability of many fundamentally important organisms to 

form and maintain essential body structures is decreased. In short, more CO2 increases ocean acidity, this 

dissolves or decreases formation of the skeletons of many organisms, and can result in the loss of 

calcified algae important for maintaining coral reef structure and creating beach sand, corals, snails, other 

molluscs, fishes, turtles, and many other diverse marine life forms essential for support of ocean processes 

and human life (Kerr 2010). 

Recommendations 
The following are recommendations for continued and enhanced protection of the coastal environment 

and resources at HAVO. Since the park coast is affected by some conditions and actions outside of (e.g., 

upland, adjacent to) the park boundary, these recommendations would need to be considered for 

management action by and with partner agencies, organizations, local communities and landowners, and 

other stakeholders. 

1. If future needs indicate prioritization by NPS management, initiate collaborative long-term quantitative 

monitoring of the coastal-intertidal environment (as at other parks, e.g., CHIS).  

2. Communicate, coordinate, and cooperate with researchers to obtain quantitative data on fishing catch 

and effort on the park coast and adjacent nearshore waters. 

 

3. Consider cooperative management alternatives with the State of Hawai‘i and local communities to 

create a no-take reserve to prohibit harvesting of endemic Hawaiian limpets (opihi) and other heavily 

harvested biota on the park coast outside of the east coast Kalapana permitted area, and to institute rules 

regarding fishing practices and gear such as use of gear made with traditional materials, as has occurred at 

KAHO (HAR 2005). 

4. With partners, increase public education to users of the park coast and nearshore boaters regarding 

resources and fishing regulations on and near the park coast by developing interpretive materials that 

include information on park coastal resources, to prevent pollutant releases, introduction of invasive 

species, unsustainable fishing, and other impacts to coastal resources in and around the park.  
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APPENDIX A: FIELD PROTOCOL FOR COASTAL GEOMORPHOLOGIC, BIOTIC, 
PHYSICAL & ANTHROPOGENIC FEATURES 

Segments  
 Criteria to define the segment breaks were modified for Pacific island shores from the Alaska coastal 

resources inventory and mapping protocol which was implemented at several national parks in SE Alaska 

(Sharman et al. 2007). The criteria focus on geo-morphological features of the coast that are easily 

recognizable and that have the potential to drive the distribution and abundance of much of the associated 

coastal-marine biota (Appendixes A, B). The criteria include changes in substrate type (e.g., mineralogy), 

slope, and aspect of the shoreline (i.e., predominant coastal segment compass orientation facing the sea, 

e.g., southeast). However, geomorphology of the shore at times reflected a spectrum of gradual change 

rather than a series of discrete segment breaks. Thus the team sometimes needed to refer to a short list of 

defining criteria to determine breaks between adjacent segments. To determine the geo-morphological 

changes along the coast, the observers visually scanned the landscape and walked stretches of coast 

focusing on the substrate, slope, and aspect, as well as dominant cover biota 

The segment took the form of a polygon overlain on the base layer in the GIS (Sharman et al. 2007 for 

Glacier Bay National Park and Preserve). To include the range of vertical distribution of coastal macro-

organisms the segment polygon was centered on the intertidal zone and had a bottom or seaward edge (1 

m seaward of the water edge or at the water line if water conditions were deemed unsafe or logistically 

impossible to survey), a top or landward edge (the seaward margin of woody “true terrestrial” vegetation 

(where this occurred) or up to 30 m landward from the start of the wetted intertidal zone (upper limit of 

coastal-intertidal organism occurrence), and two sides (boundaries shared with adjacent segments or a 

park boundary). Data were collected within segments, including from across –shore perpendicular 

transects. Associated information on coastal features and resources offshore (including reefs and rocks, 

buoys, boating activity, or large marine vertebrates) were also collected for each segment. 

Segment break criteria 
In the following criteria, a "Step" refers to a change from one feature size or percentage category to the 

next. The geomorphology field data sheet (Appendix B); modified Wentworth particle scale for substrate 

types (Table 1, Methods) and Surface Substrate Coverage Categories (Table 2, Methods) provide 

definitions and specifics on substrate characteristics used for segment break criteria. For example, moving 

from a coverage category of "1-10%" to a coverage category of "11-25%" would be a one-step change, 

while going from "1-10%" to "26-50%" would be a two-step change. Also, a change in substrate particle 

size from one size category to an adjacent size category would be a one-step change (e.g., granule-to-

pebble), while granule-to-cobble would be a two-step change; see Appendix B geomorphology field data 

sheet). 

 An along shore segment length had to be at least 50 m to be considered as a new or separate segment 

(see complex segments). 

 

Substrate-based segment breaks (Table 2) occurred when: 
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 There was a change in primary substrate type 

 There was a change in secondary substrate type by a single step (applied only to pebbles and larger 

[i.e., not sand or silt]) 

 There was a change in secondary substrate type (regardless of particle size) by two or more steps  

 A substrate modifier (Table 2) was added or dropped 

 Primary substrate modifier changed by a single percent coverage category 

 

Slope-based segment breaks occurred when: 

 Gentle slopes (<5 degrees) changed by at least 3 degrees  

 Moderate slopes (5.5-15 degrees) changed by at least 5 degrees  

 Steep slopes (>15 degrees) changed by at least 15 degrees  

 

 Aspect-based segment breaks occurred when: 

 There was a change in shoreline aspect (i.e., compass orientation facing seaward)  

equal to or greater than 90 degrees.  

Complex vs. typical segment criteria. When a segment break was difficult to determine based on the 

above criteria the segment was noted as complex. Additional detailed descriptive notes, markings on 

remote image photos including the segment, and ground photos of the coastal landscape were taken 

for complex segments. Examples of complex segments include: pocket beaches, spits, recurved 

shorelines, attached, or clustered unattached nearshore rock reefs that were shallow or emergent, or 

any small area of different primary substrate that was less than 50 m of coast line length. A complex 

segment was defined and delineated by one or more of the following criteria:  

 The segment does not contain a "representative" cross-shore transect (i.e., a transect laid out across a 

substrate that is representative for that segment). 

 Length of waterline is significantly different from length of terrestrial vegetation line.  

 The coastal stretch did not have a consistent substrate characterization or surface topography. 

Segment identification 
For each segment the date (YYYYMMDD), observer, recorder, camera number, GPS number, and time 

was recorded. Each segment was assigned a simple alpha-numeric code: the national park's four letter 

alpha code abbreviation (e.g., Hawaii Volcanoes = HAVO) combined with a three digit segment number. 

Segments in each park were numbered sequentially starting from 001 (e.g., HAVO_001). Segment breaks 

and alpha-numeric segment codes were marked in the field on printed copies of aerial digital photographs 

or sketch maps on data sheets. The location of the transect tape and any noteworthy features within 

segments were also marked on the aerial photos or sketch maps. 

GPS waypoints 
Each segment break was referenced with GPS waypoints. These were taken at the beginning and end of 

each segment, at the end points of each transect within segments, and of important geological, physical, 

anthropological, and biological features. If a coastal resource intersected perpendicular with the shoreline 
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(e.g. streams, some trails) the GPS waypoint was taken at the mid-point of the intersection. Trimble XH 

or XT or Garmin 60 SX GPS units were used.  

Two control- or way-points were taken to delineate each segment break, one at the upper (landward) end 

and one at the lower (seaward) end of segment breaks (the exception being Oceanfront Cliffs, where one 

waypoint was taken at the cliff top only since the cliff base could not be accessed safely; see below). 

Segment photographs were taken parallel to the ground facing at a 45° angle into the segment from the 

upper and lower control points (or single cliff top point). Control points at the end of each segment were 

the same as the start points of the next adjacent new segment and thus were recorded only on subsequent 

segment data sheets. However, if a segment ended at a park boundary line, end control points were 

recorded on the segment data sheet and control point photos were taken looking back into the segment. 

Additional upper and lower control point photos were taken (to estimate across-shore width) for each 

segment during the placement of the perpendicular transect(s) (see Biological Features). After processing 

with GPS photolink photos were linked to GPS points, which form a feature class in the geodatabase. 

Photos of features, including transects and segment start and end points were processed to include 

information in a watermark on the image. 

Photographs 
Digital photographs were taken with an Olympus Stylus 1030 SW camera to document segment features, 

species, and other segment information. All coastal project photos corresponding to a GPS waypoint were 

taken within two minutes of recording the waypoint. These steps were taken to allow a GPS waypoint and 

photo(s) to be linked via GPS Photolink software (Geospatialexperts.com, standard version) during 

subsequent processing. Some photos could not be processed because of corrupt GPS Photolink files; 

however photos could be associated at the segment level based on photo data collected. All GPS 

waypoints had to have at least one corresponding photo. However, not all photos had to be GPS 

referenced. Each image received a photo number, as determined by the camera image frame log, and this 

was recorded in the feature photograph’s corresponding section on the data sheets. Unusual photos that 

did not correspond with field data sheet categories were briefly described, if necessary.  

Georeferenced high spatial resolution (to 0.6 m) true-color remote imagery from Quickbird, other 

satellite, or aerial sources was obtained from the NPS PWR-Honolulu GIS specialist. Remote images 

were used to create photo mosaics of each park’s coast for field logistics planning, and were subsequently 

used as base layers in the coastal database-GIS. Park coast remote images were annotated in the field to 

indicate segment delineations (breaks), and major features such as coastal points or promontories, 

streams, or large boulders that could be identified and associated with the segment in which they 

occurred. 

Geomorphical features 

Vertical zones within segments 
In many segments the geology (and often, corresponding biota) of the shore was vertically stratified from 

the waters’ edge landward, across the coast. For example, the landward edge or upper shore may be 

backed by a cliff that transitions toward seaward into a parallel boulder zone and then further grades 

seaward into a bedrock zone. When this occurred the segment was broken into vertical zones. The 



 

66 

 

segment break criteria for substrate and slope were used to determine if and how many vertical zones 

occurred in a segment. A segment could contain one (single) to three vertical zones (lower, middle, upper 

zone[s]). Geo-morphological data was collected for each zone. When a cliff-face backed the landward 

edge of an intertidal bench or a sea-cliff occurred it was recorded as such, and the height (< 5, 5-10, or 

>10 m) and slope (<45°, 45-90°, >90°) of the cliff were estimated, and recorded into binned categories. 

The across-shore width of each substrate vertical zone was documented along a transect perpendicular to 

the shoreline (see Biological Attributes, and Appendix B).  

Substrate description & coverage 
A segment or vertical zone always had a primary substrate, a secondary substrate, and usually an 

interstitial substrate. However, when the second-most abundant particle size failed to cover at least 10% 

of the surface, the primary substrate material was reported as the primary and the secondary substrate. 

Porous or channelized primary substrate for each segment/vertical zone was noted because these factors 

influence water movement and would be important in assessing any impact from an oil or contaminant 

spill.  

Modifiers were used to describe larger particle sizes that were present in the segment/vertical zone but 

whose cover was less than 33%. By definition a modifier was not smaller in size than a pebble. A 

segment/vertical zone could have up to two modifiers. The cover of modifiers was visually estimated into 

the following percentage bins <1%, 1-10%, 11-25%, 26-33%.   

The interstitial substrate was usually fine to coarse sand or shell, and on occasion granules. Sediment 

movement is common in storms and high wave or current conditions have the potential to scour sediment 

from, or deposit sediment on shores. Thus, when unconsolidated substrate was encountered, the depth to 

hard substrate was estimated (bins: <1 cm, 1-5 cm, >5 cm), when encountered. An index finger was used 

as a reference and poked in to loose unconsolidated sedimentary substrate until any underlying hard 

substrate (if present) was encountered.  

Presence and depth of anaerobic mud was determined in all segments/vertical zones that had silt or fine 

sand as a primary or secondary substrate. To determine the presence of anaerobic mud, a team member 

dug into the silt or fine sand with a heel or finger. Darker color (dark gray to black) and "sulphur" (or 

"rotten egg") smell identified anaerobic mud. The presence or absence of anaerobic mud and whether it 

was more or less than 5 cm in depth from the sediment surface was noted.  

Physical features 

Tide pools & anchialine pools 
Tide pools hold water at low tide and are submerged at high tide. For the purpose of this survey 

anchialine pools: (1) had some attached, sessile organisms within them (e.g., green algal, or orange-brown 

bacterial or cyanobacterial (blue-green algae) crust or mat, or a complex of these; (2) had possible 

brackish water-tolerant plants such as the seagrass Ruppia maritima, fringing indigenous sedge, Makaloa 

(Cyperus laevigatus), or native or alien pickleweed (Batis sp.), and; (3) were >1 m
2
 in area or ≥ 1 m along 

the longest axis (some anchialine pools are smaller, and dry or moist at low tide with no visible macro-

organisms; anchialine pools inland of the terrestrial vegetation or wetted upper shore were rarely 
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surveyed). This definition ensured that designation of pools was based on one or more defined stable 

features. 

We estimated the number of pools in each segment using binned categories. A segment was recorded as 

having had 0, 1-10, 11-50, 51-100, or 101+ tide or anchialine pools. Pool numbers at times could be 

slightly under-estimated in this protocol due to one or more factors. Pool numbers were not categorized 

by pool size. Some pools were very small, or shallow ephemeral splash pools. Sampling occurred on and 

between low tide cycles, since the Pacific Islands are characterized as being microtidal – having a vertical 

tide range of < 0.6 m. Therefore, some low intertidal tide pools may not have been recorded due to higher 

tide or high wave conditions. Observers took notes and sometimes digital images of unusual or species-

rich tide pools.  

Anthropogenic features 

Observed human activity 
When present, the number of people and their activity in each segment was recorded while the field team 

was in the same segment (typically minimum of about one hour per segment). Human activity 

documented included, but was not limited to: picnicking, hiking, free diving, snorkeling, SCUBA, 

swimming, camping, fishing, manual harvesting, and boating. Observed human activity was categorized 

as recreational if coastal resources were not taken or consumed, or extractive if resources were being 

removed. When the activity was deemed extractive, the gear used (e.g. net, spear, rod/reel) was recorded 

as well as species taken, when possible. Species were identified to lowest possible taxon without being 

intrusive. People were not interviewed or questioned about their activity, however if during conversation 

they volunteered information or showed their catch, it was recorded. The types of boat(s) observed 

offshore while in a segment, as well as estimated boat length over all, distance from shore, number of 

people and activity were recorded if seen. Photos of human activities were taken if the identity of 

individuals could not be ascertained from the photograph (e.g., photos were taken from behind or from a 

distance).  

Evidence of recent human activity 
Evidence of recent human activity was described and photographed, including: fresh erosion, campfire(s), 

and signs of harvesting, visible pollution/contaminants, illegal take/use, discarded fishing tackle, and 

vandalism. Remains of harvested species as well as those that had been potentially taken or used illegally 

were identified to the lowest possible taxon. The number of campfires and whether they were in a legally 

permitted area was also recorded.  

Human imprints 
Human imprints along the coast included modern or historical structures designed as long-standing or 

permanent features (e.g., rock walls, docks, heiau [temples], roads) as well as more transient structures or 

objects (e.g. fishing koa [rocks]) or incidental debris (e.g., middens, vessel wreckage). It is important to 

document human signs as they indicate how humans have used or impacted a coastal area in the past as 

well as the present. Many human uses or impacts are culturally important. To help managers preserve and 

protect these historical and archaeological objects or sites as well as further research, protection, and 
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public education it is important that these features be accurately surveyed in the context of their present 

natural environment.  

All visible human imprints were photographed and at least tentatively classified as either modern, 

historical, or from an unknown era (e.g., many trails, which can be one or more of these) when 

encountered. These cultural features were only observed, photographed or their location recorded on GPS, 

and were not touched, disturbed, moved, or collected. Human imprints identified as important resources 

by NPS Pacific islands park staff during project scoping and planning included: seawalls/riprap, docks, 

jetties, platforms, roads, livestock fences, rock walls, signage, pipes, fishing pole holders, heiau, canoe 

ramps, petroglyphs, ancient house sites/post holes, burial sites, wells, fish ponds, walkways, trails, 

middens, bones, koa (fishing shrines or traditional fish aggregating devices), ahu (rock cairns), worked 

rock areas (e.g., grinding holes, petroglyphs), salt collection depressions, wreckage, fish traps, and rock 

moorings. Each imprint was described. Descriptions included if the object was (partially) submerged, if a 

road was paved, type of livestock that was enclosed by fence if known, type of signage, species of animal 

bones or in midden remains (where identifiable by non-invasive observation only), and vessel type and 

estimated time since grounding of wreckage. Pipes were described by type, if they were active or not, if 

their discharge point was onshore or offshore (and estimated distance from shoreline), as well as their 

internal diameter. Imprint material was denoted as loose concrete, solid concrete, rock, wood (lumber or 

logs), and metal, dirt, plastic or other. Imprint dimensions were estimated in meters. Horizontal distance 

from the water line for each imprint was also estimated when possible. Photos and GPS points or tracks 

for human imprints such as heiau and walkways were taken if they were not known to occur in existing 

park GIS data sets. 

Trash, debris, and wood 
The accumulation of trash or debris indicates the proximity or accessibility of a coastal area to humans or 

to ocean currents that can deposit local- or distant-generated trash or marine debris in coastal segments, as 

well as what types of human activities can occur in a coastal environment. Areas of predominant or 

consistent accumulation of current- or wave-transported floating debris, trash, wood or other flotsam and 

jetsam are places where pollutants and contaminants (e.g., oil, toxic chemicals, and microplastics) may be 

predicted to concentrate or accumulate and where pre-spill/incident prevention or post- spill recovery 

efforts might be most effective. These efforts depend on empirically derived risk susceptibility and 

environmental values based on substrate type and organisms present. To determine areas of potential 

pollution accumulation, trash and debris were differentiated whenever possible between recently 

discarded locally-derived waste types and usually older current and wave-transported floating debris 

originating away from the park coast (often from offshore, distant, or even international waters). Wood in 

the segment was classified as either processed lumber or driftwood, and its size and shape estimated. 

Trash, marine debris, and wood were described and the amount estimated by relative abundance. Unusual 

trash or wood was photographed.  

Biological Features 

Transect geo-referencing & digital photos 



 

69 

 

Transects were documented at the segment level by taking three GPS-linked photos, one each at: 1) the 

upper segment boundary (i.e., the landward end of the transect line); 2) the middle of the transect line, 

and; 3) at the water line (i.e., at the seaward end of the transect or 1m landward of the transect end).  

Digital photos were taken at these waypoints to serve as documentation of the biotic and substrate 

composition in each segment and as a baseline for future comparison. The first photo was taken from the 

upper (landward) segment boundary looking down the transect line towards the ocean. In the middle of 

the transect facing landward, three wide angle photos were taken: 1) alongshore view to the left of the 

transect; 2) alongshore view to the right of the transect, and; 3) directly down at the substrate, including 

one of the feet of the photographer, for scale. At the seaward end of the transect tape, the observer faced 

inland and took a photo centered on the transect tape including the upper (landward) segment boundary in 

the frame. In addition, observers photographed diverse organisms, biological and substrate features and 

habitats. Noteworthy biological features were referenced with a GPS point.  

Oceanfront cliff protocol 
Ocean front cliffs typically had an inaccessible vertical intertidal zone (i.e., a wall at and above the cliff 

base at sea level) often exposed to extremely heavy wave wash conditions. Hence, for safety, 

environmental, and logistics reasons, the ability to observe the base of cliffs where intertidal life occurs 

was very limited, and placement of transects impossible. This required modification of the ground-based 

protocol to accurately survey this type of coast.  

Features of cliff segments were surveyed by foot. The method of assessment was recorded. Ground 

surveys of cliff segments were done by making observations from the top of cliffs, or from up- or down-

coast vantage points adjacent to and as close as possible to cliff areas. The geomorphologic and physical 

attributes of sea cliff segments, e.g. cliff height and angle, distance of breaking waves, were recorded 

using standard ground-based protocol (however transects could not be done; see above). Determination of 

biological features likewise required modification for cliffs. Since transects and timed searches could not 

be done, incidental species, dominant cover species forming intertidal vertical zonation bands, and other 

biological features were noted and photographed when these could be observed.  

The standard segment break criteria were used to determine the boundaries of segments with cliffs. 

However, the lower segment break (boundary) point could not usually be geo-referenced with a GPS 

waypoint because the lower point at the base of the cliff was inaccessible. Therefore, a single GPS 

waypoint (representing the upper segment break) and related segment photos were taken only at the 

segment upper break point at the cliff top. Since many sea cliffs are vertical (90
o
) or nearly so, the 

distance between upper and lower break points was often short (< 1 m). The upper (inland) boundary of 

the segment was defined as the top of the cliff unless ocean water splashed above and well inland of the 

cliff. In such cases, the segment upper boundary was defined as the most seaward location of land 

vegetation along shore, or the wetted zone, up to 30 m landward from the cliff top.  

Helicopter survey protocol 
The coast of HAVO is 33 miles long, and is mostly comprised of extended lengths of high sea cliffs, 

limiting access to intertidal habitats and organisms. Therefore the standard ground-based field protocol 

was modified to collect coastal feature data from a helicopter flight that moved low and slow along the 
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entire HAVO coast, within gliding distance of it. Limited flight time did not allow use of field data sheets. 

For this reason and those previously mentioned, data collection as done with the ground-based survey 

protocol could not be done. The disadvantage of this approach was that transect or other quantitative 

information could not be collected; the advantage was that the entire park coast could be surveyed and 

mapped. Before the flight GIS was used to tentatively delineate segments using available remote imagery 

and SHOALS LIDAR based on primary substrate, slope, and aspect per the standard protocol. One or two 

(depending on the length of segments) representative random locations within each segment were selected 

for photo analysis. Coordinates of these locations were loaded on to a GPS. Three team members 

participated in the survey flight. One operated a digital still SLR camera (Nikon D70s with a Nikon 70-

200mm f/2.8 AF-S VR lens), the second operated a video camcorder (Sony DCR-PC110 Digital 

Camcorder) to record continuous footage of the coastline, and a third operated the GPS. Just before the 

flight data collection a photo was taken of the GPS clock interface to sync it with the camera. At each 

predetermined location the helicopter briefly hovered to take four photos: two medium angle (70mm), and 

two telephoto (200mm). Replicate photos were taken to ensure useable image availability. GPS points 

were subsequently associated with photo locations using GIS, and used to determine segment breaks 

following the same criteria as the ground-based protocol. All observable segment features - geological, 

biological, physical or human uses - were then derived from photos. Back-up cameras and GPS with pre-

loaded coordinates (for subsequent photo analysis), batteries for all electronics, data sheets, clip board, 

and copies of remote images used to tentatively pre-delineate segments were available as needed in-flight.  

APPENDIX B: FIELD DATA SHEETS FOR GEOLOGICAL, PHYSICAL, 
ANTHROPOGENIC, AND BIOLOGICAL COASTAL FEATURES. 
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APPENDIX C: PACIFIC ISLANDS COASTAL SURVEY PROJECT SAFETY PROTOCOL.  

Purpose 
This Standard Operating Procedure (SOP) explains the safety protocol for the Coastal Survey Project 

implementation for the Pacific Islands National Parks. This document outlines safety considerations for 

conducting any aspect of the field protocol. All observers are required to be familiar with this SOP in 

order to identify and use the most current procedures and ensure optimum safety. This SOP is in addition 

to the required maintenance of current1
st
 aid and CPR certifications, Operational Leadership Training, 

any other requirements of NPS, parks (Table 1), UH, RCUH, CESU, and common sense. All field crew 

are required to read and acknowledge (in writing if requested) that they understand and will follow this 

safety protocol and all other relevant rules and regulations. 

A safety equipment list for the Coastal Survey Project can be found in Table 2. This list should be 

updated if any protocol or SOP revisions are made affecting equipment.  

General preparation and review 
In addition to the Coastal Survey Project safety protocol, all participants should be thoroughly familiar 

with the NPS Occupational Safety and Health Policies, relevant parts of watercraft and other manuals, 

various environmental and chemical safety guidelines, and procedures.  

The USGS National Field Manual (http://water.usgs.gov/owq/FieldManual/Chap9/content.html) is 

another recommended reference for safety procedures. Table 3.1 in that manual provides a partial list of 

reference material and websites with information on specific safety topics. 

 

http://water.usgs.gov/owq/FieldManual/Chap9/content.html
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Table 1. List of documents and websites for safety requirements and guidelines related to 

conducting the Coastal Survey Project protocol. 

 

Safety Topic Guidance Website

Safety policies, regulations 

and requirements

DRAFT NPS RM 50B 

Occupational Safety & 

Health Program

http://inside.nps.gov/waso/customme

nu.cfm?lv=2&prg=46&id=5898

Safety Smart! http://safetysmarts.smis.doi.gov/
USGS National Field 

Manual Section 9.1
http://water.usgs.gov/owq/FieldManu

al/Chap9/A9.1.html
29 CFR, Part 1960, 

"Elements for Federal 

Employee Occupational 

Safety and Health 

Programs," Subpart C

Departmental Manual 

(DM), Part 485, "Safety 

and Health Handbook," 

Chapter 4

Safety training guidelines SMIS Training Materials https://www.smis.doi.gov/SMISRefere

nce/homepage.htm 
DOI Office of 

Occupational Health 

and Safety

http://www.doi.gov/ohs/index.html 

29 CFR, Part 1960, 

"Elements for Federal 

Employee Occupational 

Safety and Health 

Programs," Subpart H

Departmental Manual 

(DM), Part 485, "Safety 

and Health Handbook," 

Chapter 13

Diving safety (no scuba in 

this project)

NPS Reference Manual 

4 Diving Management
http://inside.nps.gov/waso/customme

nu.cfm?lv=3&prg=533&id=1137
Scuba certification 

materials (PADI, NAUI, 

SSI, YMCA)

Boating safety NPS Reference Manual 

50B, Section 9.0 

Watercraft Safety

http://inside.nps.gov/waso/customme

nu.cfm?lv=3&prg=704&id=2863 

DOI Motorboat Operator 

Certification Course 

(MOCC)

Transportation NPS Reference Manual 

50B, Section 6.0 Motor 

Vehicles

http://www.inside.nps.gov/waso/cust

ommenu.cfm?lv=3&prg=704&id=2860 

USGS National Field 

Manual Section 9.3
http://water.usgs.gov/owq/FieldManu

al/Chap9/A9.3.html 
State, Territory, and 

Commonwealth traffic 

laws
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Safety is “the condition of averting or not causing injury, danger, or loss” (Lane and Fay 1997). As a 

Federal employee, partner, or cooperator, you are required to know and follow applicable safety policies 

and requirements documented in Reference Manual 50 B Occupational Safety and Health Program 

(http://inside.nps.gov/waso/custommenu.cfm?lv=2&prg=46&id=5898). For People working near or in the 

water or on boats, Reference Manual 4 Diving Management (RM-4 located at 

http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=533&id=1137) and Reference Manual 9 

Watercraft Safety (http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2863) should be 

followed where applicable. In addition, individual parks also have park-specific safety procedures, and 

operational protocols that will be requested, reviewed and acknowledged in writing by field crew 

members prior to work in parks. This SOP recommends that these and all other available reference 

materials be used to address the topics below. 

Safety policies, regulations and requirements 
All individuals participating in activities related to the Coastal Survey Project must adhere to applicable 

safety policies, regulations, and requirements outlined in RM 50 B Occupational Safety and Health 

Program, project, park, and if employed by UH and RCUH, their policies, regulations, and requirements. 

This includes both field and office activities and applies equally to NPS staff, cooperators, partners, 

volunteers, and others. The applicable policies, regulations, and requirements of each participating agency 

should be compiled and reviewed each year as part of this SOP by field crew. All field personnel must 

Safety Topic Guidance Website

Inclement weather and 

water activities

USGS National Field 

Manual Section 9.4
http://water.usgs.gov/owq/FieldManu

al/Chap9/A9.4.html 
National Weather 

Service
http://www.prh.noaa.gov 

Environmental conditions USGS National Field 

Manual Section 9.8
http://water.usgs.gov/owq/FieldManu

al/Chap9/A9.8.html 

1992.  USDHHS.  CDC.  

HIOSH.  “Working in Hot 

Environments”

Contaminated water NPS Reference Manual 

83D1 Bathing Beaches
http://www.nps.gov/public_health/int

er/info/rms/rm83d1.pdf 
Recreational Waters http://www.nps.gov/public_health/int

er/rec_water/rw.htm 
USGS National Field 

Manual Section 9.7
http://water.usgs.gov/owq/FieldManu

al/Chap9/A9.7.html 
EPA http://www.epa.gov/OST/beaches/ 

Animals and disease 

vectors

NPS Reference Manual 

83G Vectorborne and 

Zoonotic Diseases

http://www.nps.gov/public_health/int

er/info/rms/rm83g.pdf 

Boat Operators USGS National Field 

Manual Section 9.9
http://water.usgs.gov/owq/FieldManu

al/Chap9/content.html 

Table 1 continued 

 

http://inside.nps.gov/waso/custommenu.cfm?lv=2&prg=46&id=5898
http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=533&id=1137
http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2863
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obtain and maintain current First Aid, CPR training, and oxygen administration. This is also 

recommended for office personnel. Supervisors should ensure that all field staff are well trained in the 

safety guidelines and policies outlined below. 

Project-specific safety procedures 
 At least one wave watcher deployed above the wave zone will be within voice distance of near-shore 

staff at all times to spot for, and warn coworkers about, incoming waves. Radio communications 

between all crew members will be maintained at all times for work safety and efficiency. 

Communications with park will be maintained as determined by park radio manager and dispatch, or 

other, park-designated point-of-contact, and a communication schedule set by or with them. 

 

 Use of park radios or satellite phone may be required by park(s). If so, radio call-in procedures and 

schedules will be detailed by appropriate park staff to all crew members. 

 

 Cell phones do not work at all locations in the parks. Park radio reception may also be patchy. As part 

of trip planning field crew will contact park to determine emergency phone number(s), 

communication coverage and ascertain what, if any, specific communication equipment park 

recommends and/or requires field crew to carry and use. 

 

 Personal cell phone use should be kept to a minimum and turned off when not used (e.g., have people 

call e.g., between 7-8 p.m., or leave voice mail, or call park dispatch if emergency; in HAVO: [808] 

985-6170). 

 

 In case of emergency, communications must occur in the following order: Park dispatch, 911(or other 

local emergency response); for PCSU staff: David Duffy (808) 956-8218 or his designate, Lynnette 

Kinoshita (808) 956-3932, for all project personnel: I&M PACN Program Manager (808) 985-6183. 

 

 Gas protective masks with VOG filters will be carried and used as instructed at HAVO. Respirator 

use and spirometry tests are required to be passed before use. Information on HAVO air quality is 

available at: < www.nature.nps.gov/air/webcams/parks > and at the park website:  

< www.nps.gov/HAVO >. Field crew are responsible for learning from qualified park staff, and being 

aware of VOG conditions at beginning of field trip, understanding typical VOG behavior and 

patterns, and understanding proper safety procedures to follow when VOG levels rise to noticeable or 

uncomfortable levels. VOG can occur during any day, particularly with trade winds and is typically 

worst in the morning and evening. As winds pick up during the day VOG tends to move upland. The 

field crew, on detecting increased levels of VOG, will don respirators and applicable filters, limit 

physical activity and contact park dispatch. If nearby, field crew may move inside of closed tents. 

Evacuation is usually not recommended. 

 SO2 meters - Pro gas badge(s) will be checked out with use directions, and returned to I&M HAVO, 

Quarters 22.  

 

http://www.nps.gov/HAVO
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 For any helicopter operations, crew must obtain any required certification(s) (to be kept on file in 

program office) and follow all NPS, RCUH/PCSU, or other applicable rules and regulations. Crew 

must also follow NPS helicopter liaison, manager, or helicopter pilot or crew instructions. 

 

 The HAVO Backcountry Management Directive draft must be complied with at all times when in the 

park back country, and in all other parks as applicable or modified for use by field crew in each park.  

 

 Usual working conditions near the coast will follow the Coastal Survey Project Field Protocol. When 

away from the wave zone the park-specific backcountry directive and other safety documents and 

procedures, along with professional judgment and common sense will be followed. Rest breaks will 

be determined by whoever needs or requests one but at least one break should be taken every 2-3 

hours. Walking pace will be determined by the slowest walker. The group will stay within visual and 

radio communication distance, whichever is closest. 

 

 Cliff top edges will be avoided whenever possible except if field observations need to be made, and 

then with extreme caution. In such cases, all safety procedures and equipment (working PFDs, orange 

surface floats, and throw lines) will be practiced, discussed and used. No cliff work will be done 

during high wave conditions. Cliff base work, including laying transects, will not be attempted if 

conditions or topography are deemed unsafe. If cliff base work is necessary, field crew will wear 

climbing helmets when required by park or when near cliffs where rock falls may occur. 

 

 OLT – NPS Operational Leadership safety training and book will be followed by all project staff at 

all times. Risk assessments (SPE or GAR models) will be done for all conditions, or changes in tasks, 

environment, or condition.  

 

 Other safety related SOPs (See Table 1) will be reviewed and followed by crew members wherever 

applicable. 

 

 All project staff are required to maintain, at minimum, active or current 1
st
 aid and CPR certifications, 

State of Hawaii drivers licenses, and current passports (if needed for travel to certain Pacific islands 

national parks); all current staff are competent swimmers and certified divers, although scuba diving 

is not required for this project. 

 

 Use of snorkel gear by experienced ocean snorkelers is optional on calm days and in case of 

emergency.  

 

 In the event of a local earthquake or tsunami, field staff will immediately and quickly but safely 

proceed inland to higher ground according to park-specific safety protocols, Civil Defense authorities 

or other officials, and common sense. A helicopter would be deployed for warning or evacuation at 

HAVO and perhaps HALE.  
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 Hawai’i County Civil Defense will need to be contacted by field crew lead if work is to be done in or 

near Kalapana at the east end of HAVO, for safety and access.  

 

 Livestock: 3 horses, 2 mules 150 lbs each may be deployed at HAVO per Chief Ranger; panniers are 

available for coolers, water jugs, and duffels. All instructions by park livestock handler are to be 

followed to maintain safety if near these or other animals. 

Snorkel or free diving 
Each snorkel diver must follow safety or legal requirements that may be specified by a park or local 

government. Free or snorkel diving is not a required part of the project, however field crew may wish to 

cool off in hot field conditions, or make occasional observations while swimming, at each individual’s 

discretion. If so, at minimum, a surface orange float and attached whistle, mirror and light stick must be 

worn, and a buddy or shore-side person must be aware of snorkeler’s location at all times. In the event of 

an emergency, local park dispatch or EMS should be contacted. 

Transportation 
Safety considerations and procedures for prudent operation of vehicles used to reach field sites should be 

considered for each park and field location; government vehicles cannot be driven by non-government 

personnel. It is very important to inspect the vehicle before going into the field for proper tire inflation, 

fuel and fluid levels, spare tire and jack, and other basic items. Ensure that safety equipment required for 

the scheduled activity is stowed securely in the vehicle. When driving to and from sampling areas it is 

particularly important to consider issues such as night-time driving, fatigue, storms, road flooding, 

unfamiliar areas, and driving in remote areas where large animals may be crossing the road. Additional 

details regarding transportation safety procedures and policies are listed in NPS Reference Manual 50B 

Section 6.0 Motor Vehicles (http://www.inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2860 

and the USGS National Field Manual Section 9.3 

(http://water.usgs.gov/owq/FieldManual/Chap9/A9.3.html). 

In some cases, this protocol may require the transportation of a trailered vessel. Vehicles towing boat 

trailers should only be operated by individuals who have completed the Department of the Interior (DOI) 

Motorboat Operator Certification Course (MOCC). All small boat operations must be conducted by DOI 

MOCC certified operators and must follow the operational and safety guidelines detailed in the NPS 

Reference Manual 9 “Watercraft Safety” 

(http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2863) in addition to any park-specific 

guidelines. In some cases, approval to operate motorboats may be granted to individuals holding 

comparable or greater active certifications (e.g., U.S. Coast Guard Captain’s License), but this is at the 

discretion of the Park Safety Officer and/or Park Diving Officer (PDO). 

Equipment 
Some equipment may be potentially hazardous. It is the responsibility of the individuals participating in 

field operations to receive training and fully understand and address all equipment issues and 

consequences that potentially relate to field operations. Assistance will always be provided as necessary 

to ensure the safety of all individuals if on a vessel.  

http://www.inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2860
http://water.usgs.gov/owq/FieldManual/Chap9/A9.3.html
http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=704&id=2863
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Table 2. Project-specific Safety gear.  

 Bright color working Personnel Flotation Device (PFD) vests 

 Orange surface floats with mirror, whistle, and light stick 

 Throw bags  

 1
st
 aid kit(s) 

 Walkie talkies 

 Park radio(s)  

 Marine VHF handhelds (unless walkie talkies have marine USCG or emergency and weather bands) 

 Cell Phone(s) 

 Satellite Phone - if required or recommended by park  

 Gas badge(s) - if required and provided by HAVO 

 Gas masks - if required or recommended by HAVO 

 Helmets - if required and provided by park or project as needed 

 Water (and water purification equipment, if required, for 24 hours minimum) 

 Food (minimum 24 hr emergency food supply ) 

 Rain gear 

 Extra clothes 

 Space blanket  

 Pocket knife 

 Handkerchief 

 Headlamps 

 Fire starter 

 Sun protection  

 Insect repellant 

 Sunglasses 

 Personal protective gear 

Weather 
Sampling during inclement weather is of particular concern in coastal environments. Ocean swells and 

surge are always a serious factor to consider in such field operations. Weather can change rapidly on and 

near the coast, creating hazardous conditions in a relatively short time period. Prior to and whenever 

possible during field work, it is the responsibility of all personnel to be aware of the appropriate local 

weather, tide, and current forecast for the day and to decide whether sampling should commence or 

continue. Consult the USGS National Field Manual Section 9.4 

(http://water.usgs.gov/owq/FieldManual/Chap9/A9.4.html) for more weather related safety 

considerations. Also review Reference Manual 9 “Watercraft Safety” 

(http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=533&id=1137) for additional information 

regarding inclement weather. 

Sampling should be conducted whenever possible during periods of calm wind and ocean conditions 

(approximately 5-6 maximum on Beaufort scale). If thunder is heard or lightning seen while on or near 

shore or while boating, sampling will be suspended and personnel should return to shore for at least 30 

minutes. Do not stay near, in, or on the water during a lightning storm. During intense rainfall events, 

visibility may drop and appropriate precautions should be taken to ensure that wind chill does not create 

http://water.usgs.gov/owq/FieldManual/Chap9/A9.4.html
http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=533&id=1137
http://inside.nps.gov/waso/custommenu.cfm?lv=3&prg=533&id=1137
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problems such as hypothermia, that the boat does not ground, and that you are on stable ground. High 

wind and swells can cause people, gear and equipment to be tossed or rolled about the vessel or shore, 

potentially injuring personnel or creating walking hazards. Additionally, high wind and swell conditions 

can cause personnel to lose balance, slip, or fall. At any point during sampling, any personnel involved 

have the right and responsibility to abort a sampling session if hazardous conditions develop. 

Environmental conditions 
Individual parks have occupant emergency plans which cover safety procedures for medical emergencies, 

earthquakes, floods, fires, tsunami, and bomb threats. Be familiar with the procedures and emergency 

contact numbers of each park you visit during field sampling activities. Overall, be aware of your 

environment, use common sense, do not exceed your limits (for example, operation of equipment; lifting 

heavy objects and equipment; physical tolerance to exertion, heat, and cold), and trust your instincts 

(Lane and Fay 1997). The USGS National Field Manual Section 9.8 

(http://water.usgs.gov/owq/FieldManual/Chap9/A9.8.html) covers environmental hazards in more detail. 

The coastal marine environment presents unique environmental hazards. Working along shorelines 

exposes crews to intense tropical sunlight, wind, and rain. Prolonged exposure to sun and sunlight 

reflected from the water can produce potentially serious health hazards including sunburn, skin cancer, 

and eye damage. Protective sunglasses (preferably polarized with UV A and UV B lenses) and sunscreen 

should always be worn on exposed skin. Special care needs to be taken to protect field personnel from 

injuries as well as dehydration and sun exposure in these environments. 

Chemical and material safety considerations 
Any chemicals used should be handled and stored according to the recommendations found in the 

Material Safety Data Sheet (MSDS) provided by the supplier, which should be available in the field if 

such chemicals are used. Chemicals likely to be encountered on a boat include, but are not limited to, 

gasoline and lubricating oil. All persons using or exposed to hazardous substances must be fully informed 

of the properties and potential hazards of the material in use as well as proper handling and disposal 

procedures. Park staff should always be consulted about local considerations when handling any 

chemicals of concern. Chemical users should also consult the park-specific Chemical Hygiene Plan. Other 

chemical handling procedures can be found in the USGS National Field Manual Section 9.6 

(http://water.usgs.gov/owq/FieldManual/Chap9/A9.6.html). 

Contaminated water 
Waterborne pathogens that may survive or be transmitted in seawater include Enterococci and 

Staphylococci bacteria. Never consume seawater. Areas being sampled may be contaminated with 

pathogens or harmful chemicals. Current known water quality issues in the parks, if any, should be 

discussed with park staff, and can be found in the most recent version of the I&M PACN Water Quality 

Report, or similar documents produced by local government agencies. Consuming untreated or unfiltered 

fresh water may result in the contraction of bacterial diseases or parasites (i.e., Leptospirosis, Giardia). In 

particular, keep hands away from nose, ears and mouth and wash hands thoroughly before eating. If no 

soap and water are available, use of an antibacterial hand cleanser is highly recommended after handling 

equipment. Consult NPS Reference Manual 83D1 Bathing Beaches 

http://water.usgs.gov/owq/FieldManual/Chap9/A9.8.html
http://water.usgs.gov/owq/FieldManual/Chap9/A9.6.html
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(http://www.nps.gov/public_health/inter/info/rms/rm83d1.pdf) and the USGS National Field Manual 

Section 9.7 (http://water.usgs.gov/owq/FieldManual/Chap9/A9.7.html) for complete recommended safety 

procedures concerning contaminated water. 

Animal hazards and disease vectors 
Any open cut has a high likelihood of becoming infected and all cuts should be carefully tended and 

monitored. While traveling to field sites in the parks, some terrestrial hazards are applicable. Terrestrial 

areas of the Pacific Island parks are relatively free of pests, although the brown tree snake is a concern on 

Guam. Mosquitoes, possible vectors, are likely to be encountered in freshwater and brackish water 

environments. Personnel should also be aware of spiders and insects that can bite or sting. Of particular 

medical concern are the black widow spider and the brown violin spider. Though bites are not common, if 

they occur personnel should seek immediate medical attention (Kuwaye, 2002). Other insects include 

scorpions and centipedes. All field crew are required to have appropriate training for treating these types 

of bites and incidents, including but not limited to basic 1
st
 aid. 

Hazardous marine life including jellyfish, cone snails, scorpion fish, and large fish can sting or bite and 

some of these conditions can be life threatening (Thomas and Scott 1997). Corals can cause scrapes or 

cuts. These are particularly susceptible to infection and must be kept clean and properly treated. Care 

should be taken whenever possible to avoid contact with living organisms on the substrate. Appropriate 

first aid should be administered and professional medical attention sought if necessary. It is the 

responsibility of all personnel to be familiar with the local hazardous flora and fauna and to understand 

and be able to perform the appropriate 1
st
 aid treatment methods.  

Field trip preparations and emergency contacts 
Basic safety planning is required before each field sampling event. A large component of the planning 

effort involves gathering safety information and documenting all aspects of field sampling trip plans in 

advance, as well as using risk assessment models per Operational Leadership Training. All field personnel 

should complete an Emergency Contact Form (Table 3) and a Medical Information Form (Table 4) prior 

to conducting field work, and leave this information with each park Safety Officer or POC. A trip plan 

must be completed. One copy should be left at the office, and additional copies should be given to the 

park safety officer and field personnel involved in the trip. Weather and marine forecasts should be 

obtained prior to departure. Upon completion of the field work it is imperative that personnel check in 

with the park safety officer or POC at the specified time noted in the plan.  

It is the responsibility of all field personnel to ensure that the appropriate safety equipment is present and 

in working condition. Examples of safety equipment checklists are provided below (Table 5). These lists 

should be customized according to the specific field conditions and the needs of personnel. Additional 

safety equipment may be required at some parks, and the Park Safety Officer or POC must be consulted 

prior to commencing sampling activities. No sampling activities will be conducted without all necessary 

safety equipment present and in proper working condition. 

Emergency procedures 
In the event of an emergency, the first action is ALWAYS to take care of the injured person and seek 

help. See Table 6 for a List of Emergency Contact Numbers and Medical Resources. Once feasible and 

http://www.nps.gov/public_health/inter/info/rms/rm83d1.pdf
http://water.usgs.gov/owq/FieldManual/Chap9/A9.7.html


 

84 

 

appropriate, with help on the way or when the situation is under control, the team leader or a crew 

member should contact, or have someone else contact, the supervisor to inform them of the incident. The 

person that sustained the injury, or (if necessary) another team member who was witness to the accident 

must fill out report forms as soon as possible. The forms are available online on The United States 

Department of the Interior Safety Management Information System (SMIS) at https://www.smis.doi.gov/. 

This website contains online accident reports and other documentation to be filled out by the injured crew 

member, witnesses, and supervisor. These documents must be completed as soon as possible, no later 

than 24 hours from the time of the incident. 

 

Table 3. Emergency Contact Form (modified from USGS National Field Manual, Ch. A9). 

https://www.smis.doi.gov/
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Table 4. Medical information form for field and office personnel (modified from USGS National 

Field Manual, CH. A9). 

Name:

Phone (home) (work) (cell): 

Name:

Phone (home) (work) (cell): 

AMME:

WAPA:

NPSA:

KALA:

HAVO:

HALE:

Hospital / Phone:

Address:

Walk-in clinic / Phone:

Address:

Police:

Fire:

Utility:

Center Disease Control:

Information Hotline:

Fax: Disease Directory:

Local emergency contacts (or call 911):

Health Information Centers:

Other:

Emergency Contact Form

Employee Name:

Personal contacts

PACN contacts:
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 Table 5. Example of standard safety gear checklist. 

Medical:

other:

Name:

Phone: 

Name:

Phone:

Allergies:

Conditions:

Current:

To avoid:

Special Instructions:

Treatment preference:

Doctor

Other Emergency Contact:

Relevant Medical History:

Allergies & Medical Conditions:

Medications:

Medical Information for Office Personnel

Employee Name:

Home Phone:
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Table 6. List of Emergency Contact Numbers and Medical Resources for Pacific Islands parks.  

Item: Check:

Boots

Fluids (e.g., water, electrolyte drink)

Hat, wide-brimmed

Insect repellent (unscented)

Rain gear

Sunglasses

Sunscreen

Antibacterial soap or hand lotion

Temperature-modifying clothing

Complete change of clothes (stored dry)

First aid kit and manual (ensure full/updated)

PDF working vests

Helmets (near cliffs)

Throw rope (one/pair)

Surface Orange Markers

Cellular phone/communication equipment

Field folder (see below)

Digital Radios

Park Radio

Maps

Medical facility numbers/location

Emergency contact numbers

Bungee cords (to secure loose articles)

Food

Communications

Field Folder:

Miscellaneous Equipment

Standard Safety Checklist

Climatic and UV protection

First Aid and Protective Equipment
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Maui or Hawaii County EMS 911

Windward Aviation-Fire Rescue Helicopter Operations 1-808-877-3368

Hawaii Air Ambulance (24hrs) 1-808-836-2000, 1-800-201-2911

UH Hyperbaric Treatment Center (24 hrs) 1-808-587-3425

USCG Search and Rescue Operations Center 1-808-541-2450 Toll free cellular: *8724 (*USCG)

Divers Alert Network (DAN); can be called collect 1-919-684-8111

Hilo Medical Center 1-808-974-4700

1190 Waianuenue Ave

Hilo, HI 96720 

Kona Community Hospital 1-808-322-9311

79-1019 Haukapila St.

Kealakekua, HI 96750

Local Doctors (Moloka’i)

Daniel McGuire 1-808-553-9080

Moloka‘i General Hospital, Kaunakakai                                                  1-808-553-5331

Mau’i Memorial Medical Center                                                               1-808-224-9056

O’ahu Hospitals:

Queen’s Medical Center                                                                          1-808-538-9011

St. Francis Medical Center                                                                          1-808-547-6011

LBJ Tropical Medical Center

                           PO Box LBJ, Pago Pago, American Samoa 96799 1-684-633-1222

Guam Memorial Hospital Authority

850 Gov. Carlos G. Camacho Road

Oka, Tamuning, Guam 96913-3128                                                         1-671-647-2555

Commonwealth Health Center, Saipan, CNMI. Contact AMME:                 1-670-234-7207

Moloka’i General Hospital 1-808-553-5331 (at significant altitude)

http://pubs.water.usgs.gov/twri9A9/
http://www.hawaii.edu/medicine/pediatrics/pedtext/s21c05.html
http://water.usgs.gov/owq/FieldManual/
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APPENDIX D. COASTAL INVENTORY DATABASE DOCUMENTATION 
 

The database for this project consists of four types of tables: core tables describing the “who, where and 

when” of data collection, project-specific tables, lookup tables that contain domain constraints for other 

tables, and cross reference tables that link lookup tables with data tables. Although core tables are based 

on PACN standards, they may contain fields, domains or descriptions that have been added or altered to 

meet project objectives.  

The database includes the following standard tables: 

tbl_Sites  Sample sites – location aggregates, i.e. individual parks. 

tbl_Locations  Sampling frame locations – sampling areas within the parks. 

tbl_Location_Details  Sampling frame location details. 

tbl_Events  Data collection event for a given location. 

tbl_Event_Details  Data collection event details. 

The following are project-specific data tables: 

tbl_Tide  Tide information at the time of the sampling event 

tbl_Debris  Information about debris observed in segment. 

tbl_Driftwood  Information about driftwood observed in segment. 

tbl_Patch  Information about patches found in segments. 

tbl_Transect  Information about transects within the segments. 

tbl_Search  Bio-band search information. 

tbl_Human_Activity  Human activity data per segment. 

tbl_Human_Imprint  Human imprint data per segment. 

tbl_Evidence  Human evidence data per segment. 

tbl_Pool  Information about the number and type of pools found in a segment. 

tbl_Streams  Information about the number and type of streams found in a segment. 

tbl_Groundwater  Information about the number and type of groundwater found in a 

segment. 
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tbl_Geomorphology  Geomorphology data collected for each segment. 

 

The following are standard lookup tables: 

tlu_Contacts  Contact data for project-related personnel.  

tlu_Enumerations  Enumerated lookup table. 

tlu_Species_List  Lookup table of species. 

The following are cross reference tables: 

xref_Substrate_Band  Cross reference table between tbl_Transect and substrate type. Records 

substrate type and the start and stop points on transect. 

xref_Bio_Band  Cross reference table between tbl_Transect and category type. Records 

biological species type and the start and stop points on transect. 

 xref_Search_Species  Cross reference table between tbl_Search and tlu_Species_List. Records 

detection type and species. 

xref_Geo_Offshore  Cross reference table between tbl_Geomorphology and off shore feature. 

xref_Event_Contacts  Cross-reference table between events and contacts. 
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 Figure 1. Data model for the coastal inventory database. 
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tbl_Debris  

Field Name Primary? Field 
Type 

Field Field Description 

Debris_ID Yes Text 50 Debris identifier 

Amount No Text 255 Relative amount of debris 

Description No Memo 0 Description of trash or debris 

Event_ID No Text 50 Lookup to tbl_Events 

Glass No Boolean 1 No description 

Metal No Boolean 1 No description 

Origin No Text 5 Origin of trash or debris, i.e. local or other 

Paper No Boolean 1 No description 

Photo No Text 255 Photo identifier 

Plastic No Boolean 1 No description 

Styrofoam No Boolean 1 No description 

tbl_Driftwood  

Field Name Primary? Field 
Type 

Field Field Description 

Driftwood_ID Yes Text 50 Driftwood identifier 

Amount No Text 255 Relative amount of driftwood 

Description No Memo 0 Description of the driftwood or logs 

Event_ID No Text 50 Lookup to tbl_Events 

Photo No Text 255 Photo identifier 

Type No Text 7 Type of driftwood or logs; i.e. natural or lumber 
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tbl_Event_Details  

Field Name Primary? Field 
Type 

Field Field Description 

Event_ID Yes Text 50 Event ID 

Event_Notes No Memo 0 General notes on the event 

tbl_Events  

Field Name Primary? Field 
Type 

Field Field Description 

Event_ID Yes Text 50 Event identifier 

Certified No Boolean 1 Whether the data has been certified 

Certified_by No Text 50 Person who certified data for accuracy and completeness 

Certified_date No Date/Time 8 Date on which data were certified 

End_Time No Date/Time 8 Ending time for the event 

Entered_by No Text 50 Person who entered the data for this event 

Entered_date No Date/Time 8 Date on which data entry occurred 

Location_ID No Text 50 Link to tbl_Sites 

QA_notes No Memo 0 Quality assurance comments for the selected sampling event 

Sensitive_record No Boolean 1 Flagged if the record is sensitive and for NPS only 

Start_Date No Date/Time 8 Starting date for the event 

Start_Time No Date/Time 8 Starting time for the event 

Tide_ID No Text 255 Link to tbl_Tide 

Updated_by No Text 50 Person who made the most recent updates 

Updated_date No Date/Time 8 Date of the most recent edits 
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Verified No Boolean 1 Whether the data has been verified 

Verified_by No Text 50 Person who verified accurate data transcription 

Verified_date No Date/Time 8 Date on which data were verified 

tbl_Evidence  

Field Name Primary? Field 
Type 

Field Field Description 

Evidence_ID Yes Text 50 Recent evidence identifier 

Campfire_legal No Boolean 1 Are campfires legal at this site? 

Campfire_number No Long 
Integer 

4 Number of campfires 

Description No Memo 0 Description of recent evidence 

Event_ID No Text 50 Lookup to tbl_Events 

Evidence No Text 25 Recent evidence 

Photo No Text 255 Photo identifier 

Species No Text 255 Harvested or illegal take/use species 

tbl_Geomorphology  

Field Name Primary? Field 
Type 

Field  Field Description 

Geo_ID Yes Text 50 Geomorphology identifier 

Anaerobism No Boolean 1 Check for anaerobic conditions in fine sand or silt 

Channel_substrate No Boolean 1 Notes the presence of natural channelization if bedrock 

Cliff_ht No Text 50 Height of cliff 

Cliff_partial No Boolean 1 Is this a partial cliff? 

Cliff_type No Text 255 Type of cliff 
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Complex_segment No Boolean 1 Indicates a non-standard segment; i.e., non- standard 
location of the biological inventory and how the transect is 
conducted (may be split into upper and lower portions due 
to cliff, etc. 

Coral_rubble No Boolean 1 Is there coral rubble? 

Declination No Long 
Integer 

4 Compass declination; used to correct compass readings to 
true north. 

Depth No Text 255 Depth to anaerobic mud 

Event_ID No Text 50 Link to tbl_Events 

Geo_notes No Memo 0 Notes to further define the segment  

Interstitial_mineralogy No Text 25 Interstitial mineralogy  

Interstitial_substrate No Text 25 Interstitial substrate 

Photo No Text 255 Photo identifier 

Porous_substrate No Boolean 1 Notes the presence of porosity if bedrock 

Primary_angularity No Text 25 Angularity of primary; applies to boulders, cobbles, and 
pebbles 

Primary_mineralogy No Text 25 Mineralogy of primary 

Primary_mod No Text 25 Primary modifier 

Primary_mod_angularity No Text 25 Angularity of primary modifier; applies to boulders, cobbles, 
and pebbles 

Primary_mod_mineralogy No Text 25 Mineralogy of primary modifier 

Primary_mod_percent No Text 25 Primary modifier percent coverage 

Primary_substrate No Text 25 Primary substrate; bedrock category will encompass 
pavement 

Secondary_angularity No Text 25 Angularity of secondary; applies to boulders, cobbles, and 
pebbles 

Secondary_mineralogy No Text 25 Mineralogy of secondary 
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Secondary_mod No Text 25 Secondary modifier 

Secondary_mod_angularity No Text 25 Angularity of secondary modifier; applies to boulders, 
cobbles, and pebbles 

Secondary_mod_mineralogy No Text 25 Mineralogy of secondary modifier 

Secondary_mod_percent No Text 25 Secondary modifier percent coverage 

Secondary_substrate No Text 25 Secondary substrate 

Slope No Text 255 Slope to nearest 0.5 degrees 

Substrate_depth No Text 25 Unconsolidated substrate depth; applies to granules, coarse 
sand, fine sand, silt and shell 

Zonation No Text 255 Locations of vertical zone changes in substrate will be 
incorporated into the transect data 

Zone No Text 10 Geomorphological zone; Single is default; other categories 
are used to better classify the segment if definite divisions of 
upper and lower areas exist (the same rules for segment 
breaks determine upper and lower divisions.) 

     

tbl_Groundwater  

Field Name Primary? Field 
Type 

Field  Field Description 

Groundwater_ID Yes Text 50 Groundwater identifier 

Algae No Boolean 1 Evidence of groundwater discharge on shore; freshwater algae 

Bubbling_ocean No Boolean 1 Evidence of groundwater discharge into ocean;  

Bubbling_shore No Boolean 1 Evidence of groundwater discharge on shore; bubbling 

Constant No Boolean 1 Evidence of groundwater discharge on shore; constant flow 

Event_ID No Text 50 Link to tbl_Events 

Intermittent No Boolean 1 Evidence of groundwater discharge on shore; intermittent flow 
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Notes No Memo 0 Notes about groundwater discharge 

Other No Text 255 Evidence of groundwater discharge into ocean; write in 
description of other evidence 

Photo No Text 50 Photo identifier 

Pool No Boolean 1 Evidence of groundwater discharge on shore;  

pool     

Schlieren_layer No Boolean 1 Evidence of groundwater discharge into ocean; schlieren layer 

Temp_change No Boolean 1 Evidence of groundwater discharge into ocean; warmer or 
colder than ambient temp 

Wet_ground No Boolean 1 Evidence of groundwater discharge on shore; wet ground 

tbl_Human_Activity  

Field Name Primary? Field 
Type 

Field  Field Description 

Human_ID Yes Text 50 Human activity identifier 

Activity No Text 25 Observed human activity 

Category No Text 25 Activity category for each observed human activity 

Event_ID No Text 50 Lookup to tbl_Events 

Gear_type No Text 25 Gear type for free diving/snorkel, SCUBA, fishing, other if 
applicable 

Notes No Memo 0 Human activity notes 

People No Long 
Integer 

4 Number of people for each observed human activity; 0 if none 

Photo No Text 255 Photo identifier 

Species No Text 100 Species taken for free diving/snorkel, SCUBA, fishing, manual 
harvest, other if applicable. To lowest possible ID without being 
invasive 

tbl_Human_Imprint  
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Field Name Primary? Field 
Type 

Field  Field Description 

Imprint_ID Yes Text 50 Human imprint identifier 

Area No Double 8 Estimated area of imprint in meters; only measure parameters 
appropriate to imprint 

Description No Memo 0 Description of human imprint 

Event_ID No Text 50 Lookup to tbl_Events 

Height No Double 8 Estimated height of imprint in meters 

Hor_distance No Long 
Integer 

4 Estimated horizontal distance from water line of human impact in 
meters 

Imprint No Text 50 Human imprint observed 

Imprint_type No Text 10 Human imprint type; i.e. modern, historical, or either. 

Is_active No Boolean 1 If human imprint is a pipe, is it active? 

Is_road_paved No Boolean 1 If human imprint is a road, is it paved? 

Is_sensitive No Boolean 1 Is the human imprint sensitive data? 

Is_submerged No Boolean 1 Is the human imprint submerged? 

Length No Double 8 Estimated length of imprint in meters 

Material No Text 255 Material of human imprint 

Photo No Text 255 Photo identifier 

Pipe_diameter No Long 
Integer 

4 If human imprint is pipe, the internal diameter of the pipe 

Pipe_discharge No Text 10 If human imprint is a pipe, what is the discharge point? 

Pipe_distance No Double 8 Distance to discharge point 

Width No Double 8 Estimated width of imprint in meters 

tbl_Location_Details  
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Field Name Primary? Field 
Type 

Field  Field Description 

Location_Detail_ID Yes Text 50 Location detail identifier 

Camera_ID No Text 255 The unique camera identifying number 

Field_Team No Text 255 Team that collected the data, i.e. Biology or Anthro/Geo 

File_Name No Text 255 GPS filename used in mapping control points 

Location_ID No Text 255 Link to tbl_Locations 

Map_Method No Text 25 Location type category 

tbl_Locations  

Field Name Primary? Field 
Type 

Field  Field Description 

Location_ID Yes Text 50 Location identifier 

Accuracy_Notes No Text 255 Positional accuracy notes 

Datum No Text 50 Datum of mapping ellipsoid 

Est_H_Error No Single 4 Estimated horizontal accuracy 

Loc_Name No Text 100 Name of the location; the unique segment ID, i.e. 
KAHO_001 

Loc_Notes No Memo 0 General notes on the location 

Park_ID No Text 50 Link to tbl_Parks 

Photo_Lower_End No Text 25 The photo number for the photo taken at the lower end of 
the segment 

Photo_Lower_Start No Text 25 The photo number for the photo taken at lower start of the 
segment 

Photo_Upper_End No Text 25 The photo number for the photo taken at the upper end of 
the segment 

Photo_Upper_Start No Text 25 The photo number for the photo taken at upper start of the 
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segment 

Unit_Code No Text 12 Park, Monument or Network code 

Updated_By No Text 255 Person who entered or last changed the record 

Updated_Date No Date/ 
Time 

8 Date of entry or last change 

UTM_Zone No Text 50 UTM Zone 

X_Coord_End_Lower No Double 8 Control point lower end Y coordinate 

X_Coord_End_Upper No Double 8 Control point upper end Y coordinate 

X_Coord_Start_Lower No Double 8 Control point lower start Y coordinate 

X_Coord_Start_Upper No Double 8 Control point upper start Y coordinate 

Y_Coord_End_Lower No Double 8 Control point lower end X coordinate 

Y_Coord_End_Upper No Double 8 Control point upper end X coordinate 

Y_Coord_Start_Lower No Double 8 Control point lower start X coordinate 

Y_Coord_Start_Upper No Double 8 Control point upper start X coordinate 

tbl_Parks  

Field Name Primary? Field 
Type 

Field  Field Description 

Park_ID Yes Text 50 Park identifier 

Park_Desc No Text 255 Description for a park 

Park_Name No Text 100 Unique name or code for 
a site 

Park_Notes No Memo 0 General notes on the 
park 

Unit_Code No Text 4 Park, Monument or 
Network code 

tbl_Patch  
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Field Name Primary? Field 
Type 

Field  Field Description 

Patch_ID Yes Text 50 Unique patch identifier 

Area No Long 
Integer 

4 Estimated area of patch; meters squared 

Condition No Text 25 Condition of patch 

Description No Memo 0 Description of patch 

Dom_species No Text 50 Dominant species in patch 

Event_ID No Text 50 Lookup to tbl_Events 

Patch_type No Text 50 Patch type 

Photo No Text 255 Photo identifier 

Sensitive No Boolean 1 Flag as sensitive species? 

tbl_Pool  

Field Name Primary? Field 
Type 

Field  Field Description 

Pool_ID Yes Text 50 Unique pool identifier 

Event_ID No Text 255 Lookup to tbl_Events 

Notes No Memo 0 Pool notes 

Photo No Text 255 Photo identifier 

Pool_number No Text 255 Number of pools 

Pool_type No Text 25 Pool type 

tbl_Search  

Field Name Primary? Field 
Type 

Field  Field Description 

Search_ID Yes Text 50 Unique record identifier 
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Duration No Long 
Integer 

4 Duration of the timed search 

Event_ID No Text 50 Lookup to tbl_Events 

Notes No Memo 0 Time search notes 

Photos_biology No Text 255 Biology photos for segment includes these 
photos 

Start_time No Date/Time 8 Search start time 

Stop_time No Date/Time 8 Search stop time 

tbl_Streams  

Field Name Primary? Field 
Type 

Field  Field Description 

Stream_ID Yes Text 50 Stream identifier 

Clarity No Text 20 Stream clarity 

Depth No Double 8 Stream depth measured in meters at mouth of stream 
mid-channel 

Event_ID No Text 50 Link to tbl_Events 

Flow No Text 25 Stream flow 

Notes No Memo 0 Stream notes 

Photo No Text 255 Photo identifier 

Type No Text 50 Stream type 

Width No Double 8 Stream width (bank/wetted) measured in meters at 
mouth of stream 

tbl_Tide  

Field Name Primary? Field 
Type 

Field  Field Description 

Tide_ID Yes Text 50 Physical identifier 
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Beaufort No Text 2 Beaufort wind scale reading from instrument 

End_window No Date/Ti
me 

8 End of tidal window 

Start_window No Date/Ti
me 

8 Start of tidal window 

Station No Text 50 Tide datum station 

Tide_Event No Text 50 The 4 letter park and date for the tide information 
entered (i.e., HAVO_20090320) 

     

Tide_ht No Double 8 Tide height at time visited according to nearest tide 
datum station in meters 

Wave_distance No Double 8 Estimated distance in meters to breaking waves 
from waterline; helps determine exposure of 
segment 

Wave_ht_max No Double 8 Maximum estimated wave height in meters; helps 
determine exposure of segment 

Wave_ht_min No Double 8 Minimum estimated wave height in meters; helps 
determine exposure of segment 

Wind_direction No Text 255 Direction wind is coming from 

Wind_gusts_max No Double 8 The maximum wind gust in mph 

Wind_gusts_min No Double 8 The minimum wind gust in mph 

Wind_speed No Double 8 Wind speed in mph 

tbl_Transect  

Field Name Primary? Field 
Type 

Field  Field Description 

Transect_ID Yes Text 50 Unique transect identifier 

Aspect No Double 8 Aspect to nearest 0.5 degrees 

End No Text 255 Transect end point 
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Event_ID No Text 50 Look up to tbl_Events 

Inverted No Boolean 1 Inverted slope? 

Monitored No Text 255 How the transect was monitored 

Notes No Memo 0 Transect notes 

Photo_lower No Text 255 Lower photo identifier 

Photo_middle_down No Text 255 Middle down photo identifier 

Photo_middle_left No Text 255 Middle left photo identifier 

Photo_middle_right No Text 255 Middle right photo identifier 

Photo_upper No Text 255 Upper photo identifier 

Slope No Double 8 Slope in degrees 

Start No Text 255 Transect start point 

Transect No Text 2 Transect number 

Zonation No Boolean 1 High wave zonation 

tlu_Contacts  

Field Name Primary? Field 
Type 

Field  Field Description 

Contact_ID Yes Text 50 Contact identifier 

Active No Boolean 1 Allows users to choose which names show 
up in the drop down list 

Address No Text 50 Street address 

Address_Type No Text 50 Address (mailing, physical, both) type 

Address2 No Text 50 Address line 2, suite, apartment number 

Cell_Phone No Text 50 Cell phone number 
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City No Text 50 City or town 

Contact_created No Text 50 Date the contact record was created 

Contact_Location No Text 255 Contact's work location 

Contact_Notes No Memo 0 Contact notes 

Contact_updated No Date/Time 8 Date the contact record was updated 

Country No Text 50 Country 

Email_Address No Text 50 E-mail address 

Fax_Number No Text 50 Fax number 

First_Name No Text 50 First name 

Initials No Text 50 Three letter initials of observer 

Last_Name No Text 50 Last name 

Middle_Init No Text 4 Middle initial 

Organization No Text 50 Organization or employer 

Position_Title No Text 50 Title or position description 

State_Code No Text 8 State or province 

Work_Extension No Text 50 Phone extension 

Work_Phone No Text 50 Phone number 

Zip_Code No Text 50 Zip code 

tlu_Enumerations  

Field Name Primary? Field 
Type 

Field  Field Description 

Enum_Group Yes Text 50 Category for lookup value 
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Enum_Code No Text 50 Code for lookup values 

Enum_Description No Memo 0 Lookup value description 

Sort_Order No Integer 2 Order in which to sort lookup values 

tlu_Species_List  

Field Name Primary? Field 
Type 

Field  Field Description 

Species_ID Yes Text 50 Unique record identifier 

Category No Text 255 No description 

Class No Text 255 No description 

Common_name No Text 255 No description 

Family No Text 255 No description 

Genus No Text 255 No description 

Indicates No Text 255 No description 

Kingdom No Text 255 No description 

Order No Text 255 No description 

Phylum No Text 255 No description 

Reason 
included 

No Text 255 No description 

Sort_Order No Long 
Integer 

4 No description 

Species No Text 255 No description 

Subclass No Text 255 No description 

Subfamily No Text 255 No description 

Suborder No Text 255 No description 
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Subphylum No Text 255 No description 

Superclass No Text 255 No description 

xref_Bio_Band  

Field Name Primary? Field 
Type 

Field  Field Description 

Category No Text 50 Bio-band category 

Start No Long 
Integer 

4 Start of band width along the perpendicular 
transect tape; in meters 

Stop No Long 
Integer 

4 End of band width along the perpendicular 
transect tape; in meters 

Transect_ID No Text 50 Look up to tbl_Transect 

xref_Event_Contacts  

Field Name Primary? Field 
Type 

Field  Field Description 

Contact_ID No Text 50 Link to tlu_Contacts 

Contact_Role No Text 50 The contact's role in the protocol 

Event_ID No Text 50 Link to tbl_Events 

xref_Geo_Offshore  

Field Name Primary? Field 
Type 

Field  Field Description 

Average_area No Text 25 Estimated average area of off shore features 

Description No Memo 0 Description of the off shore feature 

Distance No Text 50 Estimated distance from shore 

Geo_ID No Text 255 Link to tbl_Geomorphology 

Number No Long 
Integer 

4 Number of the off shore features 
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Off_shore No Text 25 Off shore features 

Photo No Text 255 Photo number 

xref_Search_Species  

Field Name Primary? Field 
Type 

Field  Field Description 

DACOR No Text 1 Estimated species relative abundance 

Description No Memo 0 Description 

Detection_type No Text 1 Species detection type. 

Photo No Text 255 Photo identifier 

Search_ID No Text 50 Lookup to tbl_Search 

Species_ID No Text 50 Lookup to tbl_Species 

xref_Substrate_Band  

Field Name Primary? Field 
Type 

Field  Field Description 

Start No Long 
Integer 

4 Start of band width along the perpendicular 
transect tape; in meters 

Stop No Long 
Integer 

4 End of band width along the perpendicular 
transect tape; in meters 

Substrate No Text 50 Substrate band category 

Transect_ID No Text 50 Look up to tbl_Transect 
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APPENDIX E. COASTAL INVENTORY DATABASE USER GUIDE FOR END USERS 
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Introduction 
The Coastal Inventory database is the main storage location for all data related to the Coastal Inventory. 

This user guide is designed for the end user of the database, and therefore does not give instructions on 

how to enter data, but how to view the summarized data. This database is intended for read-only purposes, 

and therefore the data cannot be edited. 

Installing the Coastal Inventory Database 
The database application consists of both a back-end database file and a front-end database file (“user 

interface” with forms and queries) implemented in Microsoft Access. The back-end database file contains 

the data tables and relationships, while the front-end database file has separate screens for data entry, data 

review, and data summarization. The user should copy the “Coastal_Inventory” folder that is on the DVD 

that was delivered to them, and paste it in the root C:\ directory on their desktop or laptop computer. Both 

the front-end (HAVO_coastal_inventory_front_end.mdb) and back-end (HAVO_coastal_inventory.mdb) 

database files are in this folder. Images and ArcMap .mxd files are linked to the database, so it is 

necessary that this folder structure does not change in order for these files to stay linked (Figure 1). 

 

Figure 1. Image of directory structure. 

Opening the Coastal Inventory Database 
Double-click on focal HAVO_coastal_inventory_fe.mdb to start the application. Upon initial start-up, the 

user will see a message box stating that the back-end database file is missing (Figure 2). Click “Yes” to 

fix the connection.  
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Figure 2. Update Data Table Connections error message. 

The Update Data Table Connections form will open (Figure 3).  

 

Figure 3. Update Data Table Connections form. 

Click “Browse” and navigate to the C:\Coastal_Inventory\HAVO folder, select the back end database file 

(PACN_coastal_inventory.mdb), and click “Open”. The file name and path will now be shown in the 

New File and Path fields of the Update Data Table Connections form. Click “Update Links”. A pop up 

message will show saying the update was successful.  

Features of the Application Startup Form 
The startup form is the entry point for the application, and therefore the first thing users will see when 

opening the application. 

Double-clicking “Pacific Island Network” at the top left of the form will open the web site for the 

Network. Double-clicking the NPS Arrowhead or the title National Park Service at the top right of the 

form will open a browser and navigate to the National Park Service web site (www.nps.gov). 

Also at the top right of the form is an exit button which can be used to close the application. 

http://www.nps.gov/
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A tabbed menu resides at the lower left corner of the form. It contains tabs for the main menu and 

information about the application. Each of the tabs will be examined in more detail in the sections that 

follow. 

At the bottom center-right of the form is a box that displays the current location of the data file to which 

the application is linked. 

Main Menu 
The main menu of the application is what users will see when the application is started (Figure 4). It 

provides buttons for viewing data, viewing summary queries, opening ArcMap, viewing the database 

window, and connecting data tables. 

 

Figure 4. Main menu of application. 

View Data 
Clicking on the “View Data” button will open the Data Gateway form (Figure 5).  
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Data Gateway Form 

 This form displays location and visit information for each record, and is designed to help the user 

determine which record to view.  

 

Figure 5. Data Gateway form. 

Filters (criteria that limits which records are displayed) for Park, Segment ID, Year, and Visit Date can be 

set by selecting from the drop-down lists at the top of the form in the Filters box. Filters can be removed 

by clicking the toggle button that says “Filter Is On”. It will toggle up and say “Filter Is Off” when the 

filter is removed. When the filter is removed, all records will be displayed. Optionally, a specific filter can 

be removed by deleting the text that is currently displayed in one of the filter controls. 
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In addition to filters, there are sorting options for the records on the Data Gateway form. Double-clicking 

any of the column headings will cause the records to be sorted in ascending order by that column value. 

The column heading will change to a bold italic format to indicate that it is the column being used to 

determine sort order. If the same column is double-clicked a second time, the records will be sorted in 

descending order by that column value. 

Double-clicking a Segment ID value will open the Segment ID Information form for that particular 

record’s Segment ID (Figure 6). Double-clicking a Visit Date will open the Data Entry form (includes 

Event data; see the Data Entry form section below) for that particular record.  

Segment ID Information Form 

The Segment ID Information Form is where segment information was entered, including GPS 

coordinates.  

 

Figure 6. Segment ID Information Form. 

Data Entry Form 

The Data Entry form (Figure 7) is where sampling event information was entered, including information 

about the people who participated in the sampling event, and all of the coastal inventory-specific 

information. 
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Figure 7. Data Entry form. 

Information about each segment was entered in separate tabs, each tab corresponding to a particular 

subject. To view the data about each subject, click on the tab corresponding to the subject. The various 

subjects are: 

 Geomorphology 

 Physical 

 Observed Human Activity 

 Recent Evidence 

 Trash/Debris/Wood 

 Human Imprint 

 Transect 

 Patches 

 Timed Searches 
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When done viewing the data, click Close Form to exit the Data Entry form. 

Summary Queries 
Clicking on the “Summary Queries” button will open the Data Summary form (Figure 8). 

 

Figure 8. Data Summary form. 

There are two tabs on this form. The Summary Queries tab (Figure 9) allows the user to choose which 

query they would like to view. Click on the drop down menu to choose a query. Listed in the drop down 

list is the query name, the data type in the query, and a description of the query. Click on a query to view 

the results (Figure 10). 
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Figure 9. Summary Queries tab on the Data Summary form. 
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Figure 10. Query viewed in Data Summary form. 

The Summary Charts tab displays charts for either Transect, Bio-Band, or Slope data. Choose a chart type 

from the drop down menu (Figure 11), then choose a Park. To see the chart for the entire park, click 

“View Chart” at this time. To see the chart for an individual segment, choose a segment, then click “View 

Chart” (Figure 12). If the chart is blank, that means there is no data to chart for the segment chosen. 
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Figure 11. Summary Charts tab on the Data Summary form. 

 

Figure 12. Bio-Band chart for segment HALE_001. 
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To exit the Data Summary form, click Close. 

Open ArcMap 
To view the segments and linked images in ArcMap, click “Open ArcMap” in the main menu (Figure 4). 

ArcMap will open with the feature classes for the segments and GPS photo points on a map for the park. 

The base layer for the park is streaming from the internet, so will not be shown if there is no internet 

connection. ArcMap will only open if the user has ArcGIS installed on their computer, otherwise an error 

will be generated. 

                                                                       

 

Figure 13.  Tools toolbars in ArcMap.  
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To view the linked images, make sure the Tools toolbar is visible. Select View->Toolbars, then scroll to 

Tools and make sure the checkmark is visible for this toolbar (Figure 13). 

 Once the toolbar is visible, to view the images, click on the hyperlink tool (Figure 14).  

 

Figure 14. Hyperlink tool in ArcMap. 

Hover over the GPS Photo Point until the hyperlink tool becomes black, then click. If more than one 

photo is linked to the database, a box will pop up with a list of the images (Figure 15).  

 

Figure 15. Hyperlinked image list in ArcMap. 

Choose the image to view, and then click “Jump…”. The image will open in a web browser. Close the 

browser when done. To view a detailed PowerPoint on how to use the link tools in ArcMap, click the 

button below (you must have Flash installed to view some content). 

 

Close ArcMap to return to database. 

View Project Staff 
The Project Staff form shows details about individuals who participated in the coastal inventory, 

including data gathering and data entry into the database. To view staff, click “View Project Staff” on 

main menu (Figure 4) to open the form (Figure 16). 

How to use the link 
tools in ArcMap.ppsm

 

http://get.adobe.com/flashplayer/
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Individual contacts can be shown by clicking “Filter by Search” and selecting from the Search drop-down 

list at the top right of the form. Alternatively, click “View all contacts” and scroll through the records. To 

close the form and return to the Main Menu, click “Close”. 

 

Figure 16. Project Staff form. 

View db window 
When the database is opened, the database objects (linked tables, queries, forms, etc) are automatically 

hidden from the user’s view. Unless the user is a skilled MS Access database user, the objects should stay 

hidden so that unnecessary changes are not made to the database. That being said, to view the database 

objects, click “View db window” in main menu and the objects will be shown on the left hand side of the 

database. This would be most helpful if a user would like to generate their own queries and reports. 

Otherwise there is no need to go into the database objects. 

Connect Data Tables 
The application has a separate front-end (user interface) and back-end (data tables). In order for the 

application to work properly, the front-end file must be connected to the correct back-end file. 

Clicking the “Connect data tables” button in the main menu opens the Update Data Table Connections 

Form (Figure 17), which can be used to establish the link from the front-end to the back-end. 
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Figure 17. Update Data Table Connections form. 

For each back-end file linked to the front-end, a record will be displayed on the Update Data Table 

Connections form. The name, path, and file name of the current back-end file are displayed. To change 

the back-end file connection, click the “Browse” button, select a new back-end file, and click the “Open” 

button. You will be returned to the Update Data Table Connections form and the New file and Path text 

boxes will be filled in. To make the new connection, click the “Update links” button. If the connection is 

made, a success message will be shown and you will be returned to the main menu. 

About 
The About menu (Figure 18) presents information about the application, including: 

 Version number 

 Application author 

 Author organization 

 Author phone 

 Author email (click to email) 

Buttons for viewing release history and reporting bugs are also provided on the About menu. 
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Figure 18. About menu. 

Release History 
Clicking the “View release history” button opens the Application Releases form (Figure 19). This form 

provides information about all of the different versions of the application that have been released. It is 

filled in by the application developer before the application is distributed and is therefore read-only. 

Included in the Application Releases form are title, version, and release information about the application, 

information about the author of the application, and bug information. 
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Figure 19. Application Releases form. 

Report a Bug 
Clicking the “Report a bug” button will prompt the user to contact the application developer with the 

details of the bug. Developer contact information is located above the Report a bug button. 

The following information is useful when reporting a bug: 

 application name 

 application version 

 name of the form/report you were on when the bug happened 
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 action, if any, you took right before the bug occurred 

 screen capture of any error messages 

 

 

 


