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I.  INTRODUCTION

The Inventory program background 

The National Park Service's primary mission is to conserve unimpaired the natural and cultural resources and values of the national park system for the enjoyment of this and future generations.  Recognizing the need for good scientific information to manage parks, in 1998 Congress passed the National Parks Omnibus Management Act.  The Act mandated a "program of inventory and monitoring of National Park System resources to establish baseline information and to provide information on the long-term trends in the condition of National Park System resources."  Currently, the Service is unable to attain this mission in many parks, owing to a serious lack of scientific information about the nature and condition of resources in those parks, especially biological resources.  In addition to a lack of basic information about what biological resources occur in the parks, the Service also generally lacks credible information about the current status of those resources and how they are changing over time in response to the myriad threats and issues impacting those resources.

Addressing this general lack of credible information about park resources and the new congressional mandate, Congress funded a Servicewide Inventory and Monitoring (I&M) Program of the National Park Service.  This national program coordinates systematic efforts to acquire 12 basic data sets for 265 parks with significant natural resources.  This will include basic information on air and water quality; base cartography; weather data; geology, soil, and vegetation maps for the park; a natural resource bibliography; and information about the occurrence, distribution, and relative abundance of vertebrate and vascular plant species in the parks.  The I&M Program views these inventories as an iterative process.  The national program funds the initial efforts in all parks to compile and organize existing data and fill data gaps through targeted field investigations, after which further additions and refinements to these initial inventories can be made during more in-depth field investigations funded by various sources including the national program. 

Goals of the Inventory and Monitoring Program

The purpose of the inventory portion of this study is to will be to synthesize basic inventories for terrestrial vertebrates and vascular plants.  The inventories will also lay the groundwork necessary for park managers to develop effective monitoring programs and to formulate effective management strategies for resource management and protection.  To attain these basic goals, Pacific Islands parks biological inventories will be designed to meet several basic objectives:  

· To document through existing, verifiable data and targeted field investigations the occurrence of at least 90 percent of the species of vertebrates and vascular plants currently estimated to occur in the park. 

· To describe the distribution and relative abundance of species of special concern, such as Threatened and Endangered species, exotics, and other species of special management interest occurring within park boundaries.

· To provide the baseline information needed to develop a general monitoring strategy and design that can be implemented by parks once inventories have been completed, tailored to specific park threats and resource issues.

· Complete field investigations for higher plants and terrestrial vertebrates of War in the Pacific National Historical Park (which will complete terrestrial vertebrate and higher plant inventories in all Pacific Islands parks (reaching the goal of documenting 90% of all species estimated to occur in each park).  

· Re-inventory terrestrial vertebrates and higher plants using a random, repeatable design so that species richness for each taxonomic group in each park can be estimated with specified level of confidence for use in long-term monitoring of species richness.

· Develop distribution maps in GIS for each species in each park in the Network.  

Geographic Information System (GIS) technology has proven to be a powerful and useful tool for organizing, displaying, analyzing, and integrating natural resource information, and most parks routinely use GIS in park management. To promote the usefulness and accessibility of natural resource information to managers and scientists, the biological inventories should provide information in a form that is compatible with or can be downloaded into a GIS format wherever possible. Therefore, biological inventory information will be available to scientists, managers, and resource workers in ArcView form.  A simplified ArcView browser allowing ease of use by non-technical workers is currently in development.  We anticipate all non-sensitive I&M data will be available to the general public via the Internet in similar format.

The ecology of the Pacific Islands Parks, regional human threats to park resources (particularly the quickening pace of invasive alien species), and the National Park Service mission
, combine to determine the function—and thereby the structure—of inventory and monitoring in the Pacific Parks. 

The Pacific Islands Network

The Biological Inventory Network currently includes six National Park units and two collaborative offices. The parks range in size from 4 to 84,900 hectares (Table 2).  All parks in the Network have active relationships with local entities including other state, territorial, and federal government agencies, educational institutions, counties, native villages, and the general public.  The biological inventory parks now in the network are Haleakala National Park (HALE) on the island of Maui; Kalaupapa National Historical Park (KALA) on the island of Molokai; four parks on the island of Hawaii: Hawaii Volcanoes National Park (HAVO), Puuhonua o Honaunau National Historical Park (PUHO), Kaloko-Honokohau National Historical Park (KAHO) and Puukohola Heiau National Historic Site (PUHE).  USS Arizona Memorial (USAR) on Oahu, National Park of American Samoa (NPSA) in Samoa, War in the Pacific National Historical Park (WAPA) on Guam, and American Memorial (AMME) on Saipan will be included in the network for the purposes of long-term monitoring.

                       Table 1.  Parks and collaborative offices in the Pacific Islands Network.

Number
Partner
Alphacode

1
U of H Cooperative Study Unit, US Geological Survey
CSUH

2
Pacific Islands Support Office, National Park Service
PISO

3
Haleakala National Park
HALE

4
Hawaii Volcanoes National Park
HAVO

5
Kalaupapa National Historical Park
KALA

6
Kaloko-Honokohau National Historical Park
KAHO

7
Puuhonua o Honaunau National Historical Park
PUHO

8
Puukohola Heiau National Historic Site
PUHE

9
USS Arizona Memorial
USAR

10
National Park of American Samoa
NPSA

11
War in the Pacific National Historical Park
WAPA

12
American Memorial Park
AMME

Table 2.  Pacific Islands Inventory Network parks grouped by size and elevation gradient.

Park Group
Park
Size (ha)
Elevation

Range (m)

Large
HAVO
84,900
0 – 4169


HALE
11,400
0 – 3055






Medium
KALA
4,365
-61 - 1287






Small





KAHO
470
-46 - 24


PUHO
74
 0 –  37


PUHE
35
-15 - 61

The Pacific Cooperative Studies Unit, (University of Hawaii/US Geological Survey/National Park Service) was started at the University of Hawaii in 1973 as a Cooperative Park Studies Unit (CPSU) of National Park Service.  In 1998, a cooperative agreement was signed between the NPS, USGS BRD, and UH Manoa.  At that time, the unit was renamed the Pacific Cooperative Studies Unit (PCSU) and is now sponsored by the Pacific Islands Ecological Research Center (PIERC) of the U.S. Geological Survey.  PCSU scientists research issues related to the ecology and management of Pacific island resources.  The station collaborates with State, private, and other natural resource agencies to gather, manage, and provide natural resource data to land managers.

The Pacific Islands Support Office was established in 1970 in Honolulu to provide support, assistance, and guidance to personnel in the far Pacific National Park Service Units.  The office is also a liaison between the National Park Service and other federal, state, territorial, and local agencies and governing bodies, conservation groups, and the general public.  Staff expertise includes park operations, natural and cultural science, GIS, ranger activities, engineering, personnel, contracting, purchasing, computers, and public information.

Haleakala National Park on the island of Maui was established in 1916 as a section of Hawaii National Park to preserve from injury of all timber, birds, mineral deposits, and natural curiosities or wonders within the park, and their retention in their natural condition as nearly as possible.  In 1960, HALE and HAVO became separate independent national parks.  The park contains 11,600  ha (28,655 ac), of which 8,200 ha are designated wilderness, and ranges in elevation from sea level to 3050 m (10,000 ft). Haleakala was designated a Biosphere Reserve in 1980.  

With an elevation range of sea level to 3,050 m (10,023 ft), windward-to-leeward rainfall patterns, and the juxtaposition of these factors across a gradient of soil types and ages, the park protects a wide range of habitats.  These include the unique and fragile rainforest ecosystems of Kipahulu Valley, scenic pools along Oheo Gulch, and fragile subalpine and alpine habitats. The recently acquired parcel of Kaapahu consists of 1,478 ha (598 ac) of forest from 1,525 m (5,000 ft) to sea level.  

The Haleakala General Management plan has these natural resource objectives:

· Re-establish and perpetuate as nearly as possible the mosaic of ecosystems which would have evolved without the interference of human technology.

· Protect and restore native biota by controlling non-native plants and animals, particularly those aggressive species which outcompete native forms.

· Isolate and carefully restrict use of the upper Kipahulu Valley in order to ensure the perpetuation of nearly pristine native plant communities, native Hawaiian birds, and other native species.

· Identify and protect cultural sites and remains; stabilize significant archeological structures; and, where appropriate, assist in the perpetuation and interpretation of the traditional Hawaiian culture.

· Encourage a comprehensive park research program for improvement of management and interpretation of Haleakala’s geologic, biotic, and cultural values.

Hawaii Volcanoes National Park on the island of Hawaii was established in 1916 to preserve from injury all of its timber, birds, mineral deposits, and natural curiosities or wonders, and their retention in their natural condition as nearly as possible.  The park encompasses of 87,850 ha (217,000 ac), and ranges from sea level to the summit of the massive volcano, Mauna Loa, at 4,170 m (13,677 ft).  Kilauea, the world's most active volcano, offers scientists insights on the birth of the Hawaiian Islands and visitors views of dramatic volcanic landscapes.  Like Haleakala, Hawaii Volcanoes contains a variety of climate regimes, resulting in habitats ranging from coastal strand to rainforest to subalpine shrubland and alpine stone desert.  HAVO has been designated both a World Heritage Site and an International Biosphere Reserve, and 49,840 ha (123,100 ac) of the park are designated Wilderness.

Hawaii Volcanoes General Management Plan defines relevant natural resource management objectives to:

· Preserve the evolving natural scene by protecting outstanding geologic features, such as calderas and rift zones, steam and sulfur banks, the profile of Mauna Loa, and the associated native ecosystems.

· Protect the park’s remnant Hawaiian ecosystems—including endangered species—from further depredation and competition by those exotic animals and plants introduced by modern man.

· Reestablish the park’s endemic species into their former ranges, concentrating efforts on those species which are in danger of extinction, and those that are key components of major native ecosystems.

· Preserve the sites and structural remains of the early Hawaiian period and historical period through a program of limited stabilization and restoration in cooperation with local Hawaiian interests.

· Support the U.S. Geological Survey’s research program on volcanism which contributes invaluable knowledge needed for park management and interpretation.

· Conduct and encourage natural history research focused upon:  (1) further definition and insight into the park’s native island ecosystems; (2) developing life history and ecological understanding of species facing extinction; and (3) developing management strategies for preserving endemic island ecosystems.

Kalaupapa National Historical Park was established in 1980 to preserve cultural, historic, educational, and scenic resources of the Kalaupapa settlement on the island of Molokai.  The park features the historic Hansen's disease settlements of Kalaupapa and Kalawao.  All the Kalaupapa Peninsula, adjacent cliffs and valleys, and submerged lands and waters out to one-quarter mile from shore are within park boundaries (totaling 4,365 ha or 10,780 ac).   Elevations range from sea level to the 1,220 m (4,222 ft) Puu Alii.  Spectacular north shore sea cliffs, narrow valleys, a volcanic crater, rain forest, lava tubes, caves, offshore islands and waters are within the park. Remote microhabitats, isolated from alien ungulates, still have native habitat for several endangered endemic Hawaiian plants and animals.  These areas range from the dry northern end of the peninsula through the deep moist valleys up to the upper rain forests of the Puu Alii.

The three remaining parks are on the leeward (west) side of the island of Hawaii.  While these parks are relatively small in area, they protect coastal habitat that has been highly altered by resort development and associated urbanization elsewhere in West Hawaii.  

Puuhonua o Honaunau National Historical Park, 74 ha (182 ac), was established in 1955 (as “City of Refuge National Historical Park”) to preserve historic sites and objects of national significance.  The Park master plan dating from the 1970s specified that the Park should represent the area as it appeared during the time of the Hawaiians (National Park Service 1996a).  As the Puuhonua was abandoned as a religious site after the breaking of kapu and collapse of the Hawaiian religious institution in 1819, the early years of the 1800s are a reasonable target date for interpretation of the features of the Park.  The only exception is Kiilae Village, a relatively modern site inhabited until 1926. 

Vegetation of the area was historically open with groves of planted trees. Today the Park maintains open conditions along the coast and the 1871 trail, near archeological sites, and near the visitor center. The remainder of the Park is covered by dense vegetation dominated by alien species (Pratt and Lyman 1996a). 

Kaloko-Honokohau National Historical Park,  470 hectares (1160 ac), was established in 1978 to preserve, protect and interpret traditional native Hawaiian activities and culture. While the park boundary extends beyond shore, the Park has no jurisdiction beyond the mean high tide line.  The park preserves significant marine, coastal and wetland habitat, including fishponds and naturally occurring anchialine pools.  Because of extensive coastal development on the dry west side of the island, KAHO’s wetlands are very important habitat for migratory waterfowl, shorebirds, and two endangered waterbirds.  

The Park is mostly dominated by alien plants (Canfield 1990; Pratt and Abbott 1996b).  Coastal strand and the wetlands around the two large fishponds support vegetation in which native and Polynesian species are still prominent.  A closed forest of the alien species kiawe (Prosopis pallida) forms a distinct band inland from the coastal strand and around Kaloko and Aimakapa Fishponds.  Elsewhere in the Park pahoehoe substrates are covered by a mixture of mostly alien grasses and shrubs. The most recent aa flow in the center of the Park is nearly bare of vegetation, and the 3,000-5,000 year old flow in the northern and central part of the Park is also sparsely vegetated.  Despite the dominance of alien plants in the vegetation of Kaloko-Honokohau NHP, 32 native (primarily indigenous) plant species and four Polynesian introductions were noted on the most recent plant survey (Pratt and Abbott 1996b). Recent analysis of the pollen record at Aimakapa Pond provide evidence that several native plant species not currently found within the Park were growing near the pond during the period prior to European contact (Douglas and Hotchkiss 1998). 

Puukohola Heiau National Historic Site, a small park of approximately 35 hectares (85 acres) was established in 1972 to restore and preserve Puukohola Heiau, a massive war temple built by King Kamehameha I in 1790-91, and the nearby property of his principal advisor, John Young.  The park also includes a small marine portion that may contain cultural features (a shark temple is often associated with these waters).  The goal of cultural landscape restoration in the Park is to recreate the appearance of the area as it was in the 1790s, focusing on Puukohola Heiau and the remains of John Young’s house site. 

The current vegetation cover of PUHE is predominantly alien; of 104 vascular plant species noted in a recent survey, 67% were alien species (Pratt and Abbott 1996c).  There are four main plant communities within the Park: a dry scrub grassland dominated by alien grasses and scattered alien kiawe (Prosopis pallida) trees, a closed kiawe forest along the coast and in the northern part of the Park, a halophytic community near a brackish pond, and a disturbed roadside community.  These communities persist in the Park, but the coastal kiawe forest has been reduced in size, and a narrow strip of native strand plants is now found along portions of the shoreline (Pratt and Abbott 1996c, Pratt, 1998).

Together, these six parks protect habitat for dozens of threatened and endangered plant and animal species (Table 3).  They also play an important role as laboratories for research to identify limiting factors and develop new management strategies to preserve remaining native species and communities.   

Goals and Objectives of the Inventories

The three main goals of all NPS inventories are to:

1) document occurrence of 90% of the vertebrates and vascular plants;

2) obtain abundance and distribution data for a subset of these;

3) provide basic information needed to help develop a monitoring program.

Specific goals for the Hawaii Parks inventory network include:

a) limited invertebrate surveys for species of concern (SOC);

b) inventories of rare aquatic habitat types, e.g., anchialine pools, streams, and freshwater lakes;

c) limited inventories of serious alien pest plants adjacent to HAVO.

Table 3.  Listed T & E Species in Pacific Islands Parks.  Key:  + occurs in the park;  - formerly occurred in the park
Common Name
Scientific Name
HALE
HAVO
KALA
PUHO
KAHO
PUHE

    BIRDS








Hawaiian Dark-rumped Petrel
Ptereodroma phaeopygia sandwichensis
+
+





Newell’s Shearwater
Puffinus auricularis newelli
+
+
+




Hawaiian Goose, Nene
Branta sand
+
+





Hawaiian Duck, Koloa
Anas wyvilliana
-



-


Hawaiian Coot
Fulica alai




+


Hawaiian Stilt
Himantopus mexicanus knudseni




+


Hawaiian Hawk
Buteo solitarius

+





Common Name
Scientific Name
HALE
HAVO
KALA
PUHO
KAHO
PUHE

Ou
Psittirostra psittacea
-
-





Maui Parrotbill
Pseudonestor xanthophrys
+






Nukupuu
Hemignathus lucidus
+






Akiapolaau
Hemignathus munroi

-





Akepa
Loxops coccineus
+
-





Hawaii Creeper
Oreomystis mana

-





Crested Honeycreeper
Palmeria dolei
+






   MAMMALS








Hawaiian Monk Seal
Monachus schauinslandi


+




Hawaiian Hoary Bat
Lasiurues cinereus semotus
+
+

+
+
+

  HERPS








Green Sea Turtle
Chelonia mydas

+
+

+


Hawksbill Turtle
Eretmochelys imbricata

+





INSECTS








Blacburn’s sphinx moth
Manduca blackburni
+






  PLANTS








Kihi
Adenophorus periens

+





Kau silversword
Argyroxiphium kauense

+





Haleakala silversword
Argyroxiphium sandwicense ssp. macrocephalum
+
+





Mauna Kea silversword
Argyroxiphium sandwicense ssp. sandwicense

+





No common name
Asplenium peruvianum var. insulare (A. fragile var. ins.)

+





Kookoolau
Bidens micranthe ssp. kaleaha
+






Uhiuhi
Caesalpinia kavaiensis (Mezoneuron)

+





Oha wai
Clermontia peleana

+





Oha wai
Clermontia samuelii 
+






Haha
Cyanea copelandii ssp. haleakalaensis
+






Haha
Cyanea glabra
+






Haha
Cyanea hamatiflora var. hamatiflora
+






Haiwale
Cyrtandra giffardii

+





Nohoanu
Geranium arboreum
+






Hinahina
Geranium multiflorum
+






Hau kuahiwi
Hibiscadelphus giffardianus

+





Mao hauhele
Hibiscus brackenridgei





+

No common name
Huperzia mannii (Phlegmariurus)
+






Hilo ischaemum
Ischaemum byrone
+
+





Kokio, hauheleula
Kokia drynaioides

+





Alani
Melicope balloui
+






Alani
Melicope ovalis
+






Common Name
Scientific Name
HALE
HAVO
KALA
PUHO
KAHO
PUHE

Alani
Melicope zahlbruckneri

+





No common name
Neraudia ovata

-





Aiea
Nothocestrum breviflorum

+





Kiponapona
Phyllostegia racemosa

+





Lau kahi kuahiwi
Plantago hawaiiensis

+





Lau kahi kuahiwi 
Plantago princeps var. laxiflora
+






No common name
Platanthera holochila
-






Hala pepe
Pleomele hawaiiensis

+





Ihi makole, poe
Portulaca sclerocarpa

+





Loulu
Pritchardia affinis

+

+

+

No common name
Schiedea haleakalaensis
+






Ohai
Sesbania tomentosa

+





Anunu
Sicyos alba (Sarx)

+





Hawaiian catchfly
Silene hawaiiensis

+





Popolo ku mai
Solanum incompletum
-






No common name
Spermolepis hawaiiensis

+
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II.  SUMMARY OF COMPLETED AND ONGOING BIOLOGICAL INVENTORY EFFORTS IN EACH PARK
In Fall, 1999, I&M staff at Fort Collins began entering inventory data provided by the Hawaii parks.  In late spring, 2000, the network filled a position aimed at continued data entry and verification of existing records.  To date, we have entered and checked data from Cooperative Parks Study Unit technical reports (approximately 87 reports), publications, independent research reports, the ANCS+ database for the HAVO museum collection, park checklists provided primarily by BRD cooperators, and unpublished data provided by researchers.  Existing NPSpecies database species names were double-checked and duplicate synonym entries eliminated.  Plant nomenclature was updated to reflect name changes published in the 1990 "Manual of the Flowering Plants of Hawaii" and the 1998 "Supplement to the Manual of the Flowering Plants of Hawaii" by Wagner, Herbst, and Sohmer.

This work will continue into Fall, 2000, with particular emphasis on locating vouchers in the Bishop Museum, at the University of Hawaii, and in Park slide and photo collections; locating missing data from a handful of projects known to have occurred in the past two decades; checking selected park files; searching NRBib for any key missing data sources, and entering historical data.  The process of entering and verifying records is an ongoing one.  Thus, we also will be working with BRD cooperators and scientific collectors to formalize procedures to ensure that future data suitable for NPSpecies is provided to us at the time of voucher deposition.

90% Species Lists

In general, plants, birds, and mammals are well-documented for most parks, although information for KALA is uneven and less complete.  For those parks with streams and/or coastal waters, fish and aquatic organisms are less well known.  The terrestrial herptofauna is completely introduced and also poorly known.  

One of the primary aims of the inventory is to document species occurrence for at least 90% of the focal taxa.  Table 4 details the status of record verification of each taxa at the six parks.  Numbers of species reported were obtained from querying park staff and taxonomic specialists, and also from literature sources when available. We consider the following to be acceptable methods of documentation:  conventional vouchers (i.e., prepared specimens), published records,  reliable sighting(s) by a reputable observer with appropriate field notes, or photographs or slides that show the organism unambiguously and also have adequate accompanying locational information.

Table 4.  Number of species reported (believed to be present), and number and percent of reported species that have been verified through published record, voucher, or reliable sighting.

Fish
Park
Reported
Verified
Percent confirmed

(fresh/brackish)
HALE
9
5
56%


HAVO
?
7
?


KALA
8
4
50%


KAHO
10
8
80%


PUHE
4
2
50%


PUHO
?
0
?













Fish
Park
Reported
Verified
Percent confirmed

(marine)
HALE
N/A
N/A
N/A


HAVO
N/A
N/A
N/A


KALA
163
0
0%


KAHO
166
147
89%


PUHE
?
61
?


PUHO
163
158
97%













Herps
Park
Reported
Verified
Percent confirmed


HALE
13
6
46%


HAVO
16
6
38%


KALA
10
2
20%


KAHO
6
1
17%


PUHE
6
0
0%


PUHO
5
0
0%













Birds
Park
Reported
Verified
Percent confirmed


HALE
43
35
81%


HAVO
58
48
83%


KALA
52
18
35%


KAHO
65
65
100%


PUHE
52
35
67%


PUHO
54
26
48%













Mammals
Park
Reported
Verified
Percent confirmed


HALE
15
11
73%


HAVO
12
11
92%


KALA
15
4
27%


KAHO
10
5
50%


PUHE
10
0
0%


PUHO
9
1
11%













Vascular plants
Park
Reported
Verified
Percent confirmed


HALE
821
747
91%


HAVO
1015
884
87%


KALA
420
345
82%


KAHO
161
154
96%


PUHE
124
124
100%


PUHO
165
162
98%













Invertebrate SOC
Park
Reported
Verified
Percent confirmed

Aquatic
HALE
6
1
17%


HAVO
3
0
0%


KALA
6
1
17%


KAHO
3
0
0%


PUHE
3
0
0%


PUHO
3
0
0%













Invertebrate SOC
Park
Reported
Verified
Percent confirmed

Terrestrial
HALE
2
0
0%


HAVO
4
0
0%


KALA
2
0
0%


KAHO
1
0
0%


PUHE
1
0
0%


PUHO
1
0
0%

Haleakala National Park (HALE)
Fish/Aquatic Organisms

The only fish habitat within the Park’s boundaries are streams in the Kipahulu District and in the newly acquired Kaapahu section. Four streams in the Kipahulu District have been inventoried. Four fish species were found, and remarkably, all were native species.   Streams in the Kaapahu section have not been surveyed.  An ongoing concern for all the streams is the potential range expansion into Park streams of invasive alien fish and crustacean species known to reduce native fish populations in other Hawaiian streams. These streams are also habitat for the native hihiwai snail, a species of concern (SOC) at threat from range expansion of alien prawn species.

Kinzie, Robert A. III and John I. Ford. 1977. A limnological survey of Lower Palikea and Pîpîwai Streams, Kîpahulu, Maui. Cooperative National Park Resources Studies Unit, Technical Report 17. University of Hawaii at Manoa, Honolulu, HI.

Kinzie, Robert A. III and John I. Ford. 1979. Part I -- Biological survey of Pua‘alu‘u Stream, Maui. An ecological survey of Pua‘alu‘u Stream. Cooperative National Park Resources Studies Unit, Technical Report 27. University of Hawaii at Manoa, Honolulu, HI.

Hodges, Marc H.  1994.  Monitoring of the Freshwater Amphidromous Populations of the 'Ohe'o Gulch Stream System and Pua'alu'u Stream, Haleakala National Park.  CPSU Tech. Report 93. Univ. of Hawaii Manoa, Honolulu, HI 96822.

Amphibians (HALE)

No inventories of amphibian species have been conducted for Haleakala National Park. Two amphibian species seen incidentally during other research were reported by Smith et al (1980).   No vouchers of amphibians have been located. The current NPSpecies list is based on species known to occur in similar habitat.

Smith, Clifford W., A.Y. Yoshinaga, and C.H. Diong. 1980. Vertebrates (excluding birds) of Kîpahulu Valley below 2000 feet.  In Smith, C.W. (ed.), Resources base inventory of Kipahulu Valley below 2000 feet. Cooperative National Park Resources Studies Unit, University of Hawaii at Mânoa. Honolulu.

Reptiles (HALE)

No inventories of reptile species have been done for Haleakala National Park.   Three reptile species seen incidentally during other research were reported by Smith et al (1980).  No vouchers of reptiles for HALE have been located. The current NPSpecies list is based mostly on species known to occur in similar habitat.

Smith, Clifford W., A.Y. Yoshinaga, and C.H. Diong. 1980. Vertebrates (excluding birds) of Kîpahulu Valley below 2000 feet.  In Smith, C.W. (ed.), Resources base inventory of Kipahulu Valley below 2000 feet. Cooperative National Park Resources Studies Unit, University of Hawaii at Mânoa. Honolulu.

Birds (HALE)

The Park’s bird fauna has been extensively surveyed.  The Crater District was surveyed during the Resources Basic Inventory of the International Biological Project  in 1975-77.  Kipahulu Valley was surveyed during the 1967 TNC expedition.  Conant and Stemmermann (1980) re-surveyed Kipahulu Valley approximately a decade later.  The Hawaii Forest Bird Survey (HFBS) also surveyed the mid to upper elevations of Kipahulu Valley during its state-wide forest bird surveys (Scott et al. 1986).
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Mammals (HALE)

No comprehensive surveys of the Park’s mammalian species have been done. However, several alien mammals (goats, pigs, and rats) have been the target of research and control efforts (Kjargaard, 1984, Stone et al, 1984, and Stone et al. 1992).  There are occasional records of Hawaii’s only indigenous terrestrial mammal, the Hawaiian hoary bat (Duvall and Gassman-Duvall, 1991)
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Vascular Plants (HALE)
The Park’s flora has been well documented except for the newly acquired Kaapahu section and areas of exceptionally difficult access.  Mitchell (1945) created the first thorough checklist for the Crater District of Haleakala National Park. This checklist was updated with new field surveys during the Resource Basic Inventory (RBI) project undertaken in 1975-1977 to document the plant, bird and insect species of the Crater District. The RBI data and Mitchell’s 1945 checklist were compiled by Stemmermann et al. (1981) to create a new checklist of seed plants of the Crater.  Herat et al. (1981) created a checklist of the ferns and fern allies found in the Crater District during the RBI.

The Kipahulu section of HALE has approximately 500 documented species of vascular plants based on a number of surveys. Lamoureux (in Warner, 1967) documented the vascular plants found during the first TNC sponsored expedition into the valley.  Lamoureux and Stemmermann(1976) reported 2 new species from the valley and made observations on alien plants along the trail and at old camp sites.  Yoshinaga (1980) documented 47 weed species occurring in the Valley.  Canfield and Stemmermann (1980) surveyed vascular plants of in Kipahulu Valley below 2000 feet elevation.  Smith et al. (1985) made vegetation maps of the Kipahulu Valley below 700 m elevation. Kinzie and Ford (1977) and Higashino and Croft (1979) surveyed vascular plants along several streams in the valley.  The checklist by Higashino et al. (1988) of around 500 vascular plants found in Kipahulu Valley is a compilation of plants documented in the previous works, with a few additions from records made during the Kipahulu Interdisciplinary Study in 1983-84 and a feral pig project (1985-86?).

The bogs in park land above Kipahulu Valley have also been the focus of inventory work.  C.N. Forbes carried out the first survey of the bog plants in 1919.  St. John and Mitchell surveyed some of these bogs in 1945 (Loope, et al. 1991).  From 1974 to 1980 several field biologists (B.H. Gagne, J.D. Jacobi, R.J. Nagata, and A.Y. Yoshinaga) recorded observations of the increasing damage to the bog vegetation by feral pigs. From 1982-1988 Loope et al. (1991) documented the invasion of alien species into pig damaged bogs and the partial recovery of native bog plants after fencing to excluded pigs.

The above checklists and the observations from numerous other field studies were compiled into a checklist of flowering plants and gymnosperms (no ferns) of HALE by Medeiros et al. (1998). This checklist is the main source for the current NPSpecies database of vascular plants for HALE.
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Hawaii Volcanoes National Park

Fish
The fish fauna of HAVO is very limited because the park’s boundary ends at the hightide mark and there are no freshwater streams. The only fish habitats in the park are brackish water anchialine pools along the coast. These were inventoried by Chai (1989), who found 7 fish species and 7 identifiable invertebrates in the 19 anchialine pools he surveyed. All the species were native except for an alien invasive species of prawn known to limit the populations of the native shrimp species.

The marine fish species were surveyed twice in waters just offshore of the park. Major (in Ball 1976) produced an unpublished list of 54 fish species seen during a brief survey of reefs near the Halape campsite. Ball (1976) recorded 25 (including 14 not recorded by Major) fish species, 106 invertebrate species, and 89 species of algae in the tide pools near the Halape campsite. 

Ball, Frederick W. Halape Marine Survey.   Cooperative National Park Studies Unit Technical Report 10. University of Hawaii at Manoa. Honolulu, Hawaii.
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Amphibians (HAVO)

No inventories of amphibian species have been done for Hawaii Volcanoes National Park. A single bull frog specimen was collected in the Olaa rainforest section of the Park. Three other species are known from areas near the Park, including two newly introduced Caribbean frogs that form very dense, rapidly expanding populations.  These frogs pose a severe direct threat to endemic invertebrates and an indirect threat to endemic birds from competition for invertebrate prey (Campbell pers. comm.). 

Reptiles (HAVO)

No inventories of reptile species have been done for Hawaii Volcanoes National Park. Only six species have been recorded in the park. The hawksbill turtle regularly nests at several Park beaches and is part of an ongoing protection effort. The green sea turtle has been observed basking on park beaches. The house gecko, metallic skink, and snake-eyed skink have been reported up to mid-elevations (4000 ft) in the park (Stone and Pratt 1994). A single red eared slider (Trachemys scripta) was collected within the Park near the main entrance.  Six other species have been found in areas near the park (Campbell pers. comm.). Voucher specimens exist for the hawksbill turtle and the red-eared slider.
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Birds (HAVO)

The first extensive bird inventories were done by two student technicians of the CCC in 1937 (Donaghho 1937, Craddock 1937).  A park checklist was made by Baldwin in 1941 based on more thorough surveys conducted in 1938 and 1939 and on historical records for extinct birds. In 1948-1949 Baldwin (1953) conducted more surveys in 2 week intervals at forest sites from 610-2135 m (2000 to 7000 ft) in elevation as part of a study of to track annual, elevational movement of native forest birds. Dunmire (1962) conducted  more surveys in 1959-1961approximately paralleling Baldwin's forest bird surveys and found 23 species still present.  Berger (1972)  and Conant (1975) surveyed and censused bird species distribution patterns in the park and adjacent Kilauea Forest Reserve and Keahou Ranch Park during the U.S. International Biological Program. Scott et al. (1986) and Conant (1980) conducted surveys in 1979-1980 and found 29 and  26 bird species respectively.
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Mammals (HAVO)

No comprehensive surveys of the Park’s mammalian species have been done. However, several alien mammals (goats, pigs,  rats, cats, and mongoose) have been the target of control efforts and research.   There are occasional records of Hawaii’s only indigenous terrestrial mammal, the Hawaiian hoary bat (Cabrera 1996), and observations of Hawaii’s only endemic mammal, the Hawaiian monk seal.  Of the 20 mammalian species that have or have had wild or feral populations in Hawaii, eleven have been recorded in HAVO:  4 rodents, a mongoose, an introduced game mammal (mouflon sheep), and 5 feral or stray domestic species (cat, dog, cattle, goat, and pig). 
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Vascular Plants (HAVO)

The vascular plant life of HAVO has been well documented starting with the field work and voucher collection by Fagerlund and Mitchell (1944). In 1947 Fagerlund added a list of alien plants found in HAVO. Stone (1959) added species from the Kalapana extension. Doty and Mueller-Dombois (1966) produced generalized vegetation maps of the Park. In Doty and Mueller-Dombois (1966) Fosberg produced a checklist of vascular plants of HAVO by updating Fagerlund and Mitchell’s checklist with newer collection information. This checklist was again updated by Fosberg and published as a CPSU Technical Report in 1975.  Herat and Herat (1975) compiled an updated list of ferns and fern allies based their own surveys and herbarium specimens of earlier collectors in the Park. Higashino et al. (1988) compiled a checklist of vascular plants of HAVO from the preceding works and from newer field studies and surveys. This checklist was revised by Linda Pratt (one of the original co-authors) in 1998 and is the main source used by the NPSpecies database for HAVO vascular plants.

Numerous field studies and monitoring projects also documented species occurrences and population trends. For example; succession studies after pig, cattle, goat, and fire disturbance (Hilina Pali controlled burn), baseline surveys, and rare plant surveys.
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Kalaupapa National Historical Report (KALA)

Fish

KALA is one of three National Park units in Hawaii to encompass marine waters within its boundary.  The KALA boundary extends one-quarter mile out into the ocean.  However, to date only the freshwater habitats (streams) have been surveyed. Brasher (1996, 1997) conducted two studies of streams in the park and documented populations of four native freshwater fish (including one Species of Concern), an endemic snail (a Species of Concern), a native shrimp, and a invasive alien prawn species.
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Amphibians (KALA)

No inventories of amphibian species have been done for KALA. No vouchers of amphibians have been located. The current NPSpecies list is based on species known to occur in similar  habitat.

Reptiles (KALA)

Only two islets in KALA have been surveyed for reptile species.  A survey of Huelo islet offshore of Kalaupapa Peninsula collected specimens of the moth skink and mourning gecko (Duvall 2000).  The azure-tailed skink was possibly sighted but not collected on Mokapu Islet (Fern Duvall pers. com.). No inventories of reptile species have been done for the main island part of the Park.  Vouchers of the two reptile species found on Huelo Islet were deposited with Bishop Museum.  Most of the current NPSpp list is based on species known to occur in similar  habitat.

Duvall, Fern. 2000. Report on 2-day biological survey Huelo Islet: Vertebrates. Draft report, Department of Land and Natural Resources, Kahului, Maui.

Birds (KALA)

Several sections of KALA have been surveyed for bird species but to date large areas of the Park remain unsurveyed.  Nine species were documented in one section of upper elevation forest during two surveys conducted by the statewide Hawaii Forest Bird Survey.  A survey of the Kalaupapa coast documented seven seabird species (Hodges 1996). A survey of Huelo Islet documented six species of seabirds and 2 passerine species (Fern Duvall per. comm.). No further information exists on the lowland terrestrial birds of KALA.
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Mammals (KALA)

KALA is unique among the Hawaiian National Park units in having a dolphin and whale species recorded and in having recorded five monk seal births within its boundaries. Fencing has recently been erected to control overgrazing by Axis deer and feral goats. Eight other alien species have been reported by park staff, but no extensive inventory of the mammalian species has been done for KALA.

Katahira, L. 1995. Draft environmental assessment. Construct feral animal proof fence at Ka`uhako Crater, Kalaupapa National Historical Park, Molokai.

Vascular plants (KALA)

The more accessible parts of the Park have been surveyed several times but large areas of very steep terrain have not been surveyed.  Kepler and Kepler (1981) recorded 167 vascular plant species during the Hawaii Forest Bird Survey.  Asherman et al. (1990) did a general botanical survey producing a checklist that is the main source for the current NPSpecies database of vascular plant of KALA. Canfield (1990) surveyed the coastal spray zone vegetation. The outer slopes of  Ka`uhako Crater was surveyed for plants by Linney (1987). The crater floor and inner slopes were more intensively surveyed in 1995 by Medeiros et al. (1996).
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Kaloko-Honokohau National Historical Park (KAHO)

Fish

This is one of three National Park units in Hawaii to include marine habitat.  The park also includes traditional fish ponds and brackish anchialine ponds.  Parrish et al (1990) documented 150 marine fish species within the Park boundaries. General biological surveys of the anchialine pools were done by Brock and Kam (1997).
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Amphibians (KAHO)

No inventories of amphibian species have been done for KAHO. No vouchers of amphibians have been located. The current NPSpecies list is based on species known to occur in similar  habitat.

Reptiles (KAHO)

No inventories of reptile species have been done for KAHO.  The only vouchers located are photographs of green sea turtles on KAHO beaches. The current NPSpecies list is based on species known to occur in similar  habitat.

Birds (KAHO)

Because it is a major site for water and shorebirds on the island of Hawaii, the ponds and shoreline of KAHO have been extensively surveyed for birds for many years. A total of  117 bird species have been recorded for KAHO. Most of these are migratory species that only infrequently use the park. Morin (1996) surveyed along transects throughout the park to document the overall bird species composition and habitat use in the park. Her surveys documented 25 species total consisting of 2 endangered waterbird species, seven other indigenous species (including migratory species) and 16 alien passerine and game bird species. Existing vouchers include eggs of three species and photographs of two species taken at KAHO.
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Mammals (KAHO)

Rodent research done in the 1990s documented rats and mice in the park (Stone unpubl. data), although neither NPS nor BRD have copies of the data.  The biological inventory budget includes money to complete summaries of this work, and the original researcher has verbally agreed to this.  No other inventories of mammal species have been done for KAHO, and no vouchers of mammals for the park have been located.  Rabbits, the Hawaiian Hoary bat, mongooses, rats, feral cats and feral dogs have been observed at KAHO by park staff and researchers. One feral pig was present during the early 1990s but no longer is present.

Vascular plants (KAHO)

The vascular plants of this small Park have been well documented in two studies. The first extensive survey of vascular plants for this Park was by Canfield (1990). More extensive surveys were done in 1992-1993 by Pratt and Abbott (1996). The list of plants from these surveys was revised by Pratt (1998) with new information from subsequent field observations. It is estimated that the vascular plant inventory is more than 90% complete for this park.
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Puukohola Heiau National Historical Park (PUHE)

Fish 

Only one survey of the fish species has been done to date of the marine waters directly adjacent to the Park.  Cheney et al. (1977) surveyed the nearshore marine waters adjacent to the park six years after great general disturbance caused by dredging and breakwater construction for a nearby harbor. This survey documented a very depauperate fish fauna of only 63 species. They predicted a continual shift in the fish fauna to silt tolerant species as the breakwater prevented longshore currents from washing away organic sediments. They also documented two alien fish species present in anchialine pools in the park.

Cheney, Daniel P., D.E. Hemmes, and R. Nolan. 1977. The physiography and marine fauna of inshore and intertidal areas in the Puukohola Heiau National Historic Site. Cooperative National Park Studies Unit Technical Report 13.  University of Hawaii at Manoa. Honolulu, Hawaii.
Amphibians (PUHE)

No inventories of amphibian species have been done for PUHE. No vouchers of amphibians have been located. The current NPSpecies list is based on species known to occur in similar habitat.

Reptiles (PUHE)

No inventories of reptile species have been done for PUHE. No vouchers of reptiles for PUHE have been located. The current NPSpecies list is based on species known to occur in similar habitat.

Birds

Morin (1996) documented populations of 16 bird species in surveys conducted in four different months in 1992-1993. No vouchers of birds for PUHE have been located.

Morin, Marie P. 1996. Bird Inventory of Pu'ukohola Heiau National Historic Site, South Kohala, Hawai'i Island.  Cooperative National Park Studies Unit Technical Report 102. University of Hawaii at Manoa. Honolulu, Hawaii.

Mammals (PUHE)

Rodent research done in the 1990s documented rats and mice in the park (Stone unpubl data), although neither NPS nor BRD have copies of the data.  The biological inventory budget includes money to complete summaries of this work.  No additional inventories of mammal species have been done for PUHE, and no vouchers of mammal have been located.  Mongooses, feral cats, rats, and goats have been observed at PUHE by park staff and researchers.

Vascular plants (PUHE)

The vascular flora for this small Park is well documented by two extensive studies.  Field surveys by MacNeil and Hemmes (1977) produced the first plant checklist with a total of 50 species. Further surveys by Pratt and Abbott (1996) in 1992-1994 added more  vascular plant species to the Park checklist. The checklist was further revised by Pratt in 1998 to include a total of 124 species found in the Park.  It is estimated that the vascular plant inventory is more than 90% complete for this park.

Macneil, James D. and D.E. Hemmes. 1977. Puukohola Heiau National Historic Site plant survey. Cooperative National Park Resources Studies Unit Technical Report 15.  University of Hawaii at Manoa, Honolulu, HI.

Pratt, Linda W. and L.L. Lyman. 1996. Vascular Plants of Pu`ukohola Heiau National Historic Site, Hawaii Island. Cooperative National Park Resources Studies Unit Technical Report 101. University of Hawaii at Manoa, Honolulu.

Puuhonua O Honaunau National Historical Park (PUHO)

Fish

The fish fauna of the marine habitat just outside the park’s high tide boundary in Honaunau Bay is unusually diverse and includes many species rarely found elsewhere in Hawaii. Surveys of this fish fauna were done by Doty (1969 in Ludwig et al. 1980).  Doty found 98 species and signs of overfishing and commercial collection of corals.  Ludwig et al. ( 1980) found greater fish abundance and species diversity (163 fish species), indicating recovery from earlier more intense human disturbance.

The aquatic habitats (fish ponds, anchialine pools, wells, and seeps) actually within the park boundaries have not been adequately inventoried.

Ludwig, G.M., L.R. Taylor, and D.M. Imose. 1980. Summer census of the reef-fish community of wares adjacent to Pu`uhonua O Honaunau National Historical Park, Summers 1974-1978. Cooperative National Park Resources Studies Unit Technical Report 32.  University of Hawaii at Manoa, Honolulu, HI.

Oceanic Institute. 1992.  Evaluation of anchialine fishponds Hele 'I Palala at Pu'uhonua  o Honaunau National Historical Park, Honaunau, Hawaii.

Amphibians (PUHO)

No inventories of amphibian species have been done for PUHO. No vouchers of amphibians have been located. The current NPSpecies list is based on species known to occur in similar habitat.

Reptiles (PUHO)

No inventories of reptile species have been done for PUHO. No vouchers of reptiles for PUHO have been located. Park staff regularly observe green sea turtles resting on the Park’s small sandy beach (Gordon Joyce pers. comm.). The current NPSpecies list is based on species known to occur in similar habitat.

Birds (PUHO)

Morin (1996) documented 12 bird species from fall-winter and spring-winter surveys using 29 bird count stations located throughout the park.  Species observations by other credible observers over the years bring the total numbers of species recorded for the park to 26.  The voucher collection of birds of PUHO consists of a single House Finch specimen.

Morin, Marie P. 1996. Birds of Pu'uhonua O' Honaunau National Historical Park. Cooperative National Park Studies Unit Technical Report 106. University of Hawaii at Manoa. Honolulu, Hawaii. 

Mammals (PUHO)

Rodent research done in the 1990s documented rats and mice in the park (Stone unpubl data), although neither NPS nor BRD have copies of the data.  The biological inventory budget includes money to complete summaries of this work.  No additional inventories of mammal species have been done for PUHO.  Vouchers include a specimen of a Hawaiian hoary bat found during trail brush clearing was deposited with the Bishop Museum, and photographs taken by Park staff of the Hawaiian hoary bat, Hawaiian monk seal, feral goat, and mongoose found in the Park being stored at the PUHO library.  An average of and researchers have observed cats, mongooses, pigs, goats, and occasional incursions of cattle from an adjacent ranch.  

Vascular plants (PUHO)

The vascular flora of PUHO has been well documented by two extensive surveys. The first complete vascular plant checklist was published in 1986 as the result of surveys made in the Park during wet and dry periods over 3 successive years (Smith et al. 1986). A vegetation map drawn from ground surveys and aerial photos was concurrently published with the 1986 checklist (Leishmann 1986).  New surveys were done in 1992-93, resulting in a new checklist of vascular plants (Pratt and Abbot 1996). This checklist, along with additional species from casual observations, is the basis for the NPSpecies vascular plants data for PUHO.  Voucher specimens were made during these surveys for approximately two thirds of the species.  These vouchers are held in the HAVO Herbarium.

Smith, Clifford W., L.  Stemmermann, P. K. Higashino, and E. Funk. 1986. Vascular plants of Pu‘uhonua O Honaunau National Historical Park, Hawaii. Cooperative National Park Resources Studies Unit Technical Report 56. University of Hawaii at Manoa, Honolulu, HI.

Leishmann, Jack. 1986. Vegetation map of Puuhonua o Honaunau National Historical Park, Hawaii.  Cooperative National Park Resources Studies Unit Technical Report 57. 1986. University of Hawaii at Manoa, Honolulu, HI.

Pratt, Linda W. and L.L. Abbot. 1996. Vascular Plants of Pu`uhonua O Honaunau National Historical Park. Cooperative National Park Studies Unit Technical Report 105. University of Hawaii at Manoa. Honolulu, Hawaii.

III. PRIORITIES FOR ADDITIONAL INVENTORY WORK
Initial priorities were generated by taxonomically-defined breakout groups at the inventory scoping workshop held in Kona in January, 2000.  Final prioritization of inventory projects and specification of the types of inventories were made by the Inventory Steering Committee, composed of representatives from all network parks and the support office.  Selection of projects was based on the need to meet the basic inventory documentation goal, involvement of T/E species or SOC, inclusion of rare and vulnerable habitats (e.g., anchialine pools), and on cost estimates. 

General inventories or surveys will document presence/absence of target taxa.  These types of inventories are proposed to bring confirmation of species presence up to the target 90% level.  Abundance inventories will result in relative abundance or absolute density estimates, while distribution inventories will have a spatial product, typically one or more GIS layers.  These latter two types of inventories are proposed for taxa that are of special management concern such as aggressive aliens and T/E species.  For example, maps of native and Polynesian introduced plants in the west Hawaii parks will help maintenance and archeological work crews avoid damaging these species.  Table 6 lists the inventory priorities by taxon and park and indicates the type of inventory proposed. In a few cases, priority inventory work that was funded via other sources is included here for completeness.

Table 6.  Inventory priorities for the six Hawaii parks.  The types of inventory are as follows:  G = General (presence/absence), A = Abundance, D = Distribution.

Taxon
Park
Inventory Description
Type






Plants
HALE
Surveys in Ka`apahu addition
G


HAVO
Surveys of Ola`a Trench; 

map of external aliens
G 

A,D


KALA
Surveys:  upland habitats of Pu`u Ali`i and 3 drainages
G, A, D


PUHO
Maps of native and Polynesian introduced species
D


KAHO
Maps of native and Polynesian introduced species
D


PUHE
Maps of native and Polynesian introduced species
D






Birds
HALE
Terrestrial in new addition; seabirds
G, A,D


HAVO
Terrestrial; 

seabirds (partly funded by fee demo)
A,D

D


KALA
Forest birds; 

Seabirds
A,D

D


PUHO
Seabirds and shore birds
G


KAHO
None
-


PUHE
Seabirds and shore birds
G






Mammals
HALE
Ungulates and small mammals in Ka`apahu
G


HAVO
Bat survey
D


KALA
Rodents vouchered; 

bat survey
G

D


PUHO
bat survey
D


KAHO
bat survey
D


PUHE
bat survey
D






Marine
HALE
N/A
-


HAVO
N/A
-


KALA
Nearshore fish
G


PUHO
None
-


KAHO
Nearshore fish (hopefully funded by Coral Reef initiative)
G


PUHE
Nearshore fish (including sharks) and turtles, some inverts, tide pool organisms in nearshore marine habitat, including estuary and “pond”
G

D






Brackish/ freshwater organisms
HALE
Ka`apahu streams; 

three high elevation lakes;

upper reaches of high elevation streams
A, D

D

A, D


HAVO
Anchialine pool organisms
G, D


KALA
Fish, invertebrate macrofauna and SOC in additional streams (not Waikolu); 

rare invertebrates in Crater Lake
A, D


PUHO
fish and invert SOC in anchialine pools, fishponds, wells and seeps
G, D


KAHO
Selected inverts (Odonata, dipterans, shrimps, snails) in anchialine pools and fishponds;

Fish in `Aimakapa fishpond
D

G


PUHE
N/A
-






Herps
HALE
Terrestrial
A, D


HAVO
Terrestrial
A, D


KALA
Terrestrial
A, D


PUHO
Terrestrial
G, D


KAHO
Terrestrial; 

sea turtles (funded RRB project)
A, D

G


PUHE
Terrestrial
G, D

These priority projects cover the outstanding gaps in existing inventory data with the exception of mammal documentation in four parks.  For the three Kona parks and KALA, we believe most of these mammal data already exist in the form of ranger reports and other incidental observations.  Local park staff or one of the two dedicated inventory staff working at HAVO will go through park records to verify remaining mammals.  We will also be instituting photo documentation at these parks within the next 2 months.  Between existing records and photo documentation, we believe that well over 90% of the reported mammals in these small and medium parks can be documented.  Our efforts to this point have been hampered by lack of natural resource staff at all of these parks. 

IV. SAMPLING DESIGN CONSIDERATIONS

Most of the inventory projects proposed for the Hawaii parks will fill relatively small gaps in our data—usually a habitat type or location that has not yet been inventoried.  In these cases, inferences to the rest of the park and comparison with the rest of the network are not the goals.   Moreover, comparison with other parks only makes sense on a limited basis (e.g., amongst the three Kona parks) due to the widely disparate habitats, elevations, climates and soils represented by the inventory network parks.  However, the rationale behind two more comprehensive surveys is discussed below.  More detailed information on all proposed field inventories are found in the individual project statements.

Herpetological Surveys

Non-native reptiles and amphibians are of concern for the following reasons:  a) they may predate or compete with native invertebrates; b) they compete with native birds for invertebrate food resources and c) prior establishment of large numbers of nonnative herps on Guam is believed to have facilitated the rapid spread of the Brown Tree Snake once it arrived on that 

island.  Currently, Hawaii appears to be recreating this very same situation.  For these reasons, this taxon likely will become a component of long-term ecological monitoring for all national parks in the state.

Herpetological sampling in Hawaii parks is designed 1)  to document presence of alien herps already within the parks, 2) to obtain abundance and distribution information for selected alien herps in the parks, and 3) to provide for early detection of new introductions or invasions, particularly of these same selected alien species.  To provide parkwide inference for objectives one and two, and to provide early detection, inventory sampling will use a stratified random design. Since the most likely sites for introduction and initial establishment of alien herps are in areas with high visitor use, developed areas will be included as a stratum in the sampling scheme.  In the three smaller parks (PUHO, KAHO and PUHE), undeveloped areas may be divided into two additional strata based on proximity to wetlands.  These same strata can be applied to the three other parks, with additional strata added to account for the increased habitat complexity encompassed in these larger parks. We will attempt to define strata by physical attributes such as elevation, rainfall, soil type, and proximity to structures or wetlands.  Tentative strata for the comprehensive herpetological inventories in the Hawaii parks are developed areas; wetlands; coastal lowland (0-1,000 ft elevation), submontane wet (1001-4,000 ft), submontane dry,  montane wet (4001-7000 ft), montane dry; subalpine-alpine (7001+ ft).  To provide early detection of new species, additional high-visitation sites may be selected to sample.

Bat Surveys

Our proposed Hawaiian Hoary bat surveys will also cover a broad range of habitats.  However, these inventories are intended to be more exploratory in nature: goals for the bat inventory are to establish initial patterns of habitat use and relative abundance.  Tentatively, we are planning to use the same sampling strata as described above for herps (with the possible exception of developed areas, which may not be a relevant stratum for bats).  Bat inventories will help us determine if this species can be monitored effectively, and if so, what sort of repeatable sampling is most appropriate.
V. DATA MANAGEMENT AND VOUCHER SPECIMENS

Introduction

The National Park Service (NPS) Inventory and Monitoring Program provides funding and technical support to approximately 269 national park units to conduct basic inventories and long-term monitoring of park natural resources.  In FY2000, parks were organized into 32 biome-based networks that share similar natural resources and management issues, and funding was provided to each network to develop a detailed study plan for conducting inventories of vertebrates and vascular plants in parks.  Beginning in FY2001, networks of parks will begin receiving funding to implement long-term monitoring of park ecosystem health.  These inventory and monitoring efforts are part of the Natural Resource Challenge, an initiative to revitalize and expand the natural resource program within the National Park Service and improve park management through greater reliance on scientific knowledge.

The NPS recognizes the importance of collecting data in a scientifically credible manner so that they can be used to address current and future management issues.

During FY2000, 6 parks in Hawaii (PUHO, PUHE, HAVO, HALE, KAHO and KALA) were chosen to serve as a pilot for the implementation of the basic inventory program.  The park resource specialists and experts from federal, state, local and private partners convened a workshop in January 2000 to discuss the basic inventory process and study plan.  This document covers the GIS/Data Management and Voucher specimens chapter of that process.

It is also important to keep in mind that guidelines for the servicewide implementation of the biological inventory program did not include strict protocols and standard file structures for database development other than a general framework provided by the NPSpecies database, the Dataset Catalog and others.  Specific structures and processes for data related to the biological inventory process were not defined, leaving each of the networks to determine how best to collect, process, QA/QC, store and launch data.  To this end, there is movement nationally to develop national file structures for biological inventory data but each network has had to collectively develop their own protocols and standards.

Objectives

1. Identify the data backlog and how the information is to be integrated into the Hawaii pilot park biological inventory, NPSpecies database, the Dataset Catalog and GIS.

2. Provide a framework and methodology for the current field collection and management of GIS data, related databases and sampling schemes from field collections of taxa under the biological inventory.

3. Ensure FGDC compliant metadata for all information.

4. Identify partnerships and common strategies for data collection and management.

Discussion

1. Data Backlog and Integration (historical data):

There exists a wealth of information at each of the parks from past surveys, inventories and fieldwork.  These field records and data, research notes and gray literature need to be inventoried for content, accuracy and resolution assessments and data conversion potential as a first step to determine historic value, assess methodology, and decide how best to integrate into a heritage program of data and GIS themes.

An inventory of old records is needed for both planning the inventory process and for formulating monitoring strategies later on. An additional area to review would include the role and value of historical, archival and voucher specimens (especially pre-1983 NPS specimens) and collections that incorporate natural resources.  Approximately 12 of the largest research museums nationwide are currently being requested to provide a summary of their biological museum holdings to the WASO Natural Resource Inventory and Monitoring Program.

The personnel to complete this task could utilize existing park staff, be hired through the park, contracted out or utilize the services of an outside partner or academic institution.  The task would involve travel to each of the parks and review of the files and records.  Completion of an annotated bibliography and relational database (i.e. in Access) of information would be needed.

2. Existing Data:

An evaluation of existing data at each of the 6 Hawaii parks needs to be updated and compiled.  This can take the format of a matrix or spreadsheet based on the 12 basic themes of the Inventory & Monitoring program and be supplemented with additional data, themes or GIS coverages that each park has assembled.  There is a current working copy of this document (Table 7) which provides general themes.  

The 12 I&M baseline themes/data elements to be collected for all parks include a natural resource bibliography; base cartographic data; geology; soils; weather and air quality data including monitoring stations; water body location and classification; water quality data; a documented species list of vertebrates and vascular plants (NPSpecies database) and a species distribution and status of vertebrates and vascular plants.

Although this document is primarily concerned with the biological inventory information, all other sources can be simultaneously compiled.

These data can be available as digital files, hard copy files, miscellaneous databases and spreadsheets, field forms and logs, draft reports and interviews.  Other data formats to be reviewed include aerial photography, digital photography and satellite, and remotely sensed imagery and files.  Additionally, databases and information from proprietary sources can be utilized to supplement historical biological records such as the Wai Hona ‘Aina LCA database; the TNC Heritage Database; and the GDSI TMK parcel database.

Of special interest will be the metadata and supplemental resources from other agencies that are currently available and/or currently being made accessible.  For the purposes of this discussion regarding GIS and databases, metadata is simply defined as “data about your data” (the critical details which enable another person to work with your data and understand the complete heritage – who created it, what, when, where, and why).  As agencies and partners exchange data and files, the metadata is critical to tracing the source of the data, its reliability, resolution and georeferencing and/or projection information.  Good metadata also enables efficient searches for related data and projects via clearinghouse operations such as the one at the Hawaii NSC.

3. Framework and Methodology for Field Collection (new data):

New field data collection for inventory purposes will commence in the summer of FY2000 for the 6 Hawaii parks.  To this end, data collection methodologies and sampling protocols for inventory along with field collection methods need to be addressed.  It is also important to keep in mind that for some taxa, this process will be the first ever inventory and survey; this data will form a baseline for future evaluations and comparisons.  Strategies for data collection will be designed to maximize effort for future monitoring and research projects specific to taxa.

The parks have created prioritized lists of taxa and species of concern (see Table 4) which form the basis to consolidate and maximize fieldwork, personnel and related expenses.  Given the logistical challenges and the high cost of conducting fieldwork in Hawaii, it is also beneficial for multi-disciplinary crews to collect data across several taxa or species where possible and collect data beyond the minimum requirements.

Beginning in the FY2000 field season, it was agreed by the Hawaii pilot parks that new field collected data for inventory (regardless of taxa), have a common basic attribute sheet, a coordinated data dictionary and a minimal but common metadata form to deal with standardization of projections, coordinate systems etc. that was to be filled out by all crews (see Tables 9 and 10).  It was also agreed that information was needed on range, relative abundance and densities for all categories of taxa.

Where possible, GPS receivers will be utilized to provide coordinates for new field data.  The NPS in Hawaii operates 3 Trimble 12-channel base stations. Differential correction files from the KAHO basestation are available on the website at http://guava.nps.gov/.  With selective availability currently minimized, accuracy of low-end GPs units is being evaluated; this may have an impact on equipment availability for field work.

Methodologies for sampling design, data collection and inventory by taxa will be generally covered by current standards and protocols, (Appendix D), Guidance for the Design of Sampling Schemes for Inventory and Monitoring of Biological Resources in National Parks).  Depending upon the park, ecosystem and taxa being studied, several basic strategies for data collection and sampling designs can be adopted and interchanged.  Refer to sections specific to taxa for recommendations on field procedures and objectives.

The basic framework for all inventory and collection of data could be a base grid system for the park that provides potential sample areas evenly over the entire park or target population.  Over this a statistically generated (random) sub-grid could be constructed.

Using the basic framework, levels of sampling could be established for any taxa that would allow for the use of a grid-cell approach; would provide a method to target special interest areas; and would allow for special studies to occur at specific locations separately selected.  All data would “nest” within the base frame.

A second option is to utilize the basic framework and provide a grid system that allows intensive work in areas of specific concern based on cost, accessibility and logistics.

A third option is to combine two or more strata of a park based on the difficulty of cost or access.  This may have limitations based on the long-term dynamic nature of strata such as vegetation and might be better served with strata developed on attributes such as terrain. 

Ideally, a combination that overlays the basic grid framework of the park and allows the flexibility to work with cost, logistics, terrain, vegetation and other defining factors should be employed for the biological inventory process.  Consideration should be given to design of inventory in relation to any future monitoring processes so that a randomized sample is used.  This might allow for estimation of variance for population changes etc. 

4. Framework and Methodology for Data Management (old, existing and new data):

The Hawaii pilot parks have varying capacities for data management and GIS. KALA has GIS capabilities but limited staff.

Two of the parks (HALE and HAVO) are independent and GIS capable with staff and facilities; the three Kona parks (PUHO, PUHE and KAHO) each have ArcView based data browsers currently available.  WASO NRID I&M program has jointly developed the ArcView based “Theme Manager” which the Hawaii Project will utilize (Table 11).  This browser is built on the AlaskaPak model and will be revised.  Beta testing began in June 2000; planned release of this browser is October 2000.

Additionally, providing overall support, coordination and clearinghouse capability for the Biological Inventory Pilot Project is the Hawaii GIS Node Support Center (NSC) located at Hawaii Volcanoes National Park.  This multi-agency facility provides GIS and clearinghouse services to federal, state and local offices.

The management of all data sources will need to address issues of location, format, structure and compatibility.

A database management system (DBMS) will be developed at the HAVO NSC Facility to serve as a central repositiory and clearinghouse for archiving all biological inventory and monitoring data.  This system will provide for archiving all monitoring protocols from the 6 initial parks, data collection forms, and all data and subsequent electronic files, reports and collections.  Other information to be included and made accessible include links to NPSpecies, NRBib and bibliographical data, study lists and projects for individual parks and access to the ANCS database for collections.

MSAccess will be used to develop the DBMS and user interfaces.  The structure of the relational database will allow data summaries at the site, park and network level.  Information will also be available for regional and national summaries as needed by WASO.

A relational database structure will be established to implement primary common and key fields to ensure data integrity.  Relationship definitions will be established to ensure referential integrity that will enforce the relationships when additions, changes or deletions are made.  Data in fields will be normalized to allow for simplicity in search capabilities.  The structure of the relational model will assist with data query and manipulation.

A client-server architecture will be developed so that applications will occur in the front end (client/field data collection process) and the server at the back end will be the database tables and relationships as defined.  Code links between the front and back ends will correct paths as necessary.

Table definitions will include a description of each field.  Standard forms will be developed for use and drop-down menu format will be incorporated in the structure to allow easy input of data to the various databases.

Additionally, linkages between the MSAccess database and the ESRI ArcView software and suite of programs will be made available to maximize the query and output capabilities of the software and data.

Field collected data that meets the field protocol, documentation and format standards will be transferred from the collecting program at the various parks through the PI.  After quality control and certification by the individual programs and field teams, the field inventory data, metadata and related project materials will then transfer to the GIS Specialist and/or Data Manager at the NSC. Data, files and supplemental materials that have been collected, compiled and certified by the project manager and/or GIS staff of the NSC in conjunction with the collecting team will be merged into the master storage system on site at the NSC incrementally and then archived both on and off site.  

Primary personnel for the inventory phase of this project will include GIS NSC staff supplemented by BRD staff, student interns, part-time and temporary hires with expertise in GIS analysis, data entry, programming and management.  The time line for turning around field collected inventory data into the GIS NSC facility will be adequate to manage the information.

The HAVO GIS NSC facility will serve as a clearinghouse for the biological inventory data and records.  As requested, information will be block transferred to the WASO I&M Program (including the NPSpecies database and Synthesis programs), and be shared with other partnerships and agencies subject to sensitivity and distribution guidelines.  The Thomas Bill provides specific guidance regarding the distribution of sensitive data.  Data requests that are for information maintained in the HAVO GIS NSC Facility should be referred back to the originating agency or office for distribution.

A GIS server will be located at the NSC Facility in HAVO.  The server will provide access to data and NT ArcInfo software.  Using NTFS security, permission levels will be established for files and directories depending upon data sensitivity and required access restrictions.

Data updates and data maintenance/management will be the responsibility of the originating agency, division or program.  “Ownership” of the records (field originator) indicates the authority to update data on the system vs. proprietary data that is specifically agency acquired and maintained.

Data planned for Web distribution will be made FGDC compliant and delivered (via CD) to a Web server.  This will enable parks outside of the LAN to access base cartographic data as well as other data sets specific to their park.  Additional data will be distributed on CDs as needed.

Data for the Hawaii parks will be stored in Universal Transverse Mercator (UTM) coordinates, North American 1983 (NAD83) datum.  

A secure FTP site will be established to allow for the transfer of files to and from each of the park sites.  Data will be made available as ShapeFiles, Arc/Info coverages or Microsoft Access files.  Software upgrades and changes in NPS standards over time will have an impact on requested data formats.

Database linkages will be a critical component of data management.  There are a number of systems currently in place to which the Hawaii parks bio-inventory data will be added.  These include the Dataset Catalog, the NRBib, the NPSpecies database and to a limited extent, the Research and Collecting Permits database.  (see Table 8.)  

The Dataset Catalog has only recently been made available from the WASO NRID.  This catalog/database will contain metadata about datasets available and can be indexed on-line.  Only GIS layers are currently entered in the Dataset Catalog, but as information about other datasets from the various Hawaii parks becomes available, it will be added using the electronic form.  In conjunction with the bio-inventory project, this catalog will be brought up to date over the next few years as more information can be identified, verified and compiled.

As part of this updating and compilation process, a protocol will be developed to be followed by the network parks in conjunction with the inventory and monitoring teams, to allow the addition of information through the electronic forms.  This process will also encourage the development and implementation of a training program for the network parks to insure population and maintenance of the Dataset Catalog.

5. Metadata (all sources):

The creation and maintenance of metadata is a critical element to the success of the biological inventory pilot project.  Metadata is used to provide documentation for data products, by answering questions about who, what, when, why and how the data was created and about the process.  Additionally, metadata helps publicize and support the data that will be collected, compiled and distributed.

With the variety of teams and taxa for which data will be collected, it is critical that as part of the streamlining of this information through the GIS NSC Facility and clearinghouse, that it be FGDC compatible.  To this end, the role of the Data Manager at the NSC is essential to the maintenance and sustainability of the Hawaii pilot project and associated data.

The metadata short form was developed to assist in this process and assure common information from all the field data, regardless of taxa or complexity.  The clearinghouse function allows metadata to be made available that will direct a searcher to the source agency.  (See Table 9).

For further information about metadata refer to Table 9 or check: http://geology.usgs.gov/tools/metadata/tools/doc/faq.html
6. Partnerships, Outreach and Common Strategies:

Due to the relatively small size of the GIS community in Hawaii, there exists the opportunity for cooperation between all levels, (federal, national, state and private).  Several partnerships and formal consortium already exist in which NPS participates.  These include the Hawaii Geographic Information Coordinating Committee (HIGICC), the Pacific Basin Inter-Agency Data User’s Group (PBISDUG); the Hawaii GAP group; and the Eco-Data group.

HIGICC is a professional association made up of members of the GIS community from various agencies at the federal, state and private levels.  It serves as a node for the USGS National Mapping Division (NMD) program here in Hawaii.  The NMD is currently involved with a project to recast and revise the Hawaii quads.  The HIGICC will be working towards coordinating a metadata clearinghouse and internet site with data about geological and hydrological information as well as cadastral and biological data.  This group is intended to serve as the umbrella organization under which others such as the GAP and Eco-Data groups will function.

PBISDUG is a federal agency consortium that collaborates to acquire and share data specific to federal lands and activities.  Acquisitions have included state-wide SPOT imagery, DOQs, DRGs, DLGs, Landsat and IKONOS, AVIRIS and Aurora imagery. 

The Eco-Data group is a small consortium of resource management agencies that exchange restricted or proprietary data for the purpose of  providing analysis and predictability modeling about various species and ecosystems.

The HIGICC and the Eco-Data group have joined ranks and data to collectively head up, along with others, the Hawaii GAP project.  Like national GAP, this process will focus on the eight main Hawaiian Islands to determine biodiversity and ecosystem health, monitoring, vital signs and will also include an aquatic GAP component.

Other partner programs include the Cooperative Education Study Unit (CESU), The Nature Conservancy, and the Cooperative Center for Research and Technology (CCRT)/Hawaii Natural Heritage Program, the Center for Biological Informatics of USGS/BRD and the Hawaii Volcano Observatory of the USGS/GD.  Additional partnerships to explore and nurture include land owners adjacent to park lands and 

Education and public outreach is an important component of this project.  The data and material that will be collected and generated will be invaluable for decision support for park management and the resolution of issues.  Portions of the data may be posted to the Web or published in a series similar to that done by the CPSU at the University of Hawaii, Manoa. 

Table 7. Existing GIS Themes for PIC Parks

GIS LAYER
PARK








HAVO
PUHO
PUHE
KAHO
HALE
KALA
Notes

Boundary
yes
yes
yes
yes
yes
yes
I&M

Topography
yes
yes
yes
yes
yes
yes
I&M

Hydrology
yes
yes
yes
yes
yes
yes
I&M

Hypsography
yes
yes
yes
yes
yes
yes
I&M

Elevation
yes
yes
yes
yes
yes
yes
I&M

Vegetation
partial
yes
yes
yes
partial
partial
L. Pratt et al.

Soils
yes
available
available
available
available
available
NRCS

Trails
yes
yes
yes
yes
yes
partial


Roads
yes
yes
yes
yes
yes
yes


Structures
partial
yes
yes
none
yes
yes
LCS records

DOQQs
yes
yes
yes
yes
yes
yes
A-16

DRGs
yes
yes
yes
yes
yes
yes
A-16

Herp Dist.
limited
none
none
none
none
none


Mammal Dist.








Birds



ongoing
ongoing
ongoing
Jacobi work

Aquatic
ongoing
ongoing
ongoing
ongoing
none
none


Fire
ongoing
limited
limited
limited
none
limited
Ask Minassian

T&E Species
ongoing
ongoing
ongoing
yes
ongoing
ongoing
TNC Heritage

Cultural Res.
partial
yes
yes
yes
partial
partial


Anchialine Pd.
partial
yes
yes**
yes
partial



Survey BM
yes
yes
yes
yes
yes
yes
By district

**verify with sources availability of data; partial indicates some data exists for portions of park

Table 8.  Database Linkages

Dataset Catalog

SYNTHESIS







Blue Angel Gateway

SYSTEM 

Bibliography Database

Investigator’s







Voyager Database

Annual Reports

Database







Park Profile Database

NPSpecies Database                          

Permits Database

Table 9.   FGDC Compliant Metadata Short Form for Hawaii Biological Inventory Network

MINIMUM METADATA REQUIREMENTS FORM




NATIONAL PARK SERVICE, PACIFIC ISLANDS CLUSTER



Metadata #
Metadata_item

Item_value

1.2.1

Abstract

Text narrative

1.6.1.2

Theme keyword
Text with common use word or phrase

1.6.2.2

Place keyword

Text (park name)

1.6.4.2

Temporal keyword
Text file (time period covered by data or source)

1.7 Access constraints
Text (restrictions and legal prerequisites for use of set)

2.4.1.2.1 Horizontal pos. accuracy

2.4.2.2.1 Vertical pos. accuracy

2.5.1.2 Source scale denom.

2.5.1.3

Type of source media
Text file

2.5.1.6

Source contribution
Text (which features from what data sources)

2.5.2.1 Process description

4.1.2.2.2.1 UTM Zone Number

4.1.2.2.4.1 SPCS Zone identif.

4.1.2.4.4
Planar units

Text (units of measure such as feet, meters)

4.1.4.1

Horiz. Datum name
Text (identify reference system, i.e. NAD 83)

4.2.1.1

Altitude Datum name
Text (include with DEMs)

4.2.1.3

Altitude Distrib. Units
Text (for DEMs – be feet in most cases)

4.1.2.4.2.1
Abscissa Resolution
X-value for raster data, cell size

4.1.2.4.2.2
Ordinate Resolution
Y-value for raster data, cell size

4.1.2.4.2.2
Feature Att. Table
3 character abbreviation

5.1.2.1

Attribute label

Name or item or text

5.1.2.2

Attribute definition
Description of attribute

5.1.2.4.1.1
Enumerated domain
Name or label of member of the set/code values

5.1.2.4.1.2
Enumer. D value def
Description of the above

8.1

Originator

Text (org. or individual that developed the data set)

Table 10.  Common Elements for Field Data Collection (General)

1. Access Constraints (raw data, restricted, processed)

2. Date

3. Time

4. Weather conditions

5. Collection Team/principal investigator

6. Contact information (all categories)

7. Location

-Island

-Land division

-Ahupua’a

8. Park Name

-District

9. Spatial reference (BM etc.)

10. Coordinate system and units

11. Elevation and units

12. Coordinates

13. Collection

-terrestrial

-aerial

-marine

11. Taxa

12. Attribute label

13. Attribute description

Beyond common elements and a basic data dictionary structure, each taxa will have a specific collection protocol to guide field observations and collections.  There are examples included in the individual project statements (i.e. plants, aquatic marine organisms).

Table 11.  I&M Theme Manager Data Structure



last revision 5/5/00

GIS CODE---Apps--------------
ArcView------------Ext

(CD Root)
l
     l

-Legends




l
Explorer




l


Data----
l----------Boundary




l----------Cultural




l----------DEM-----------Aspect




l


-Hillshad




l


-Slope




l----------DOQQ---------Imgcat




l----------DRG




l----------Fire




l----------Geology--------IndexMap




l

-----------Graphics




l

-----------GeolMaps




l----------GPS




l----------Hydro




l----------Hypso




l----------IPM




l----------Maint




l----------NoxWeeds




l----------PLSS




l----------Soils--------------Photos




l----------Species




l----------Trans




l----------Veg---------------Photos




l----------Watershed




l----------Wetlands




l----------WQGIS

          Document-------l

          Graphics---------l

          Help--------------l

          Metadata---------l

Voucher Specimens

Currently, voucher specimens and photographs are maintained at various park research facilities, at the Bishop Museum and other academic institutions.  The number of voucher specimens available varies greatly among parks and taxonomic groups.  In general, most of the vouchers are for plants, with fewer for birds and small mammals and herptofauna.  

Biological inventory vouchers will be collected as needed for alien species.  Documentation of native animals will be accomplished through non-destructive means whenever possible.  Threatened, endangered, or rare organisms will not be collected for the purposes of this inventory.

Voucher specimens and photographs collected as part of the Hawaii Biological Inventory project will be stored in individual parks’ reference and teaching collections; additional specimens will be stored at the Bishop Museum in Honolulu.  Some additional vouchers may be sent to mainland museums and research institutions. We have budgeted $15,000 to cover the cost of accessioning these specimens, including ANCS+, NPSpecies, and local database entry.  Costs associated with long-term curation of specimens will be determined by cooperative agreements with the appropriate institutions.  Final costs will be determined by the number of specimens to be accessioned and curated.

Voucher Collection, Preparation and Storage

Plants

At least two representative specimens will be collected for each taxon that is not yet represented by a voucher specimen in the NP Species Database.  Preparation will follow standard procedures for herbarium specimens.  The fresh specimens are pressed in standard plant press and dried as quickly as possible on a dehydrator to maintain specimen quality. The dried specimens are glued onto stiff, acid-free paper labeled with the species name and collection information.  One specimen will be accessioned into the herbarium at Bishop Museum and one will be filed in the park herbaria or working collections. Exceedingly rare taxa will be documented with close up photographs of sufficient detail to identify the taxon.  Specimens retained in the parks on Hawaii Island will be accessioned into the HAVO herbarium.  Specimens collected and retained on Maui and Moloka`i will be accessioned into the HALE herbarium.  Data for all specimens collected or documented in the parks will be incorporated into the NP Species Database.

Aquatic and Marine Intertidal Organisms

For taxa not currently represented in Park collections or otherwise documented in NPSpecies, voucher specimens will be collected and stored in alcohol.  Rare species (e.g., Megalagrion xanthomelas) will be documented with digital macrophotos.   Invertebrates reared from aquatic vegetation and other submerged substrates will be collected weekly from laboratory rearing cages, sorted to family, stored in alcohol, and databased in Biota (see attached database structure).  Specimens will be loaned out to taxonomic specialists for species determinations.  Loans will be tracked using Biota’s Loans Table and determinations will be updated in the Specimen Table and in NPSpecies.  A synoptic collection of specimens with determinations will be stored as vouchers in the zoological collections at Hawaii Volcanoes National Park, currently the only park with adequate museum storage facilities.  Teaching specimens of common species will also be prepared and housed at individual parks as requested.

Birds

Non-lethal documentation of any new species will be obtained whenever possible, preferably via photographs, but minimally by detailed notes of pertinent identifying features. If dead birds are located during the surveys, they will be bagged in plastic, immediately refrigerated if fresh, and labeled with complete information.  The supervising biologist will determine which carcasses should be necropsied by Dr. Thierry Work, USFWS, Honolulu, HI.  Briefly, relatively fresh carcasses, particularly of listed or native species that have not died from obvious causes, are appropriate candidates for necropsy. Carcasses not fresh will be frozen, with all collection information put on a label. All carcasses, fresh or otherwise, will be offered to Bishop Museum for preparation of skins, skeletals, or other specimens and included as Park vouchers in NPSpecies.  Specimens refused by Bishop museum will be retained for the HAVO museum if collections are needed.  Specimen preparation will be conventional taxidermy or freeze drying.  

Mammals

Voucher specimens of each small mammal species and age group will be collected.  Study skins and associated skeletons will be prepared by HALE resource management staff using standard study-skin preparation techniques for small mammals.  Fecal droppings for large mammals will be collected and stored in air-tight containers or bags.  Specimens will be offered to the B. P. Bishop Museum or housed in HALE or HAVO collections.  Pertinent data will be entered in NPSpecies by hired technicians.

Reptiles and Amphibians

The Bishop Museum will be the primary depository for reptile and amphibian vouchers collected on NPS lands in Hawaii during these activities.  Additional specimens will be deposited in park collections (HAVO, HALE).  Because several species to be sampled are abundant, and because the Bishop Museum does not have large amounts of storage space, excess collected material will also be distributed to certain mainland museums with extensive Hawaiian holdings, as warranted, to facilitate research on alien Hawaiian reptiles and amphibians by mainland herpetologists.

The voucher specimens will be produced by euthanizing the animals with Chloretone or Nambutol to leave them in a relaxed condition. The specimens will then be immersed in and injected with 10% formalin solution to fix the color and body tissue. Before the specimens harden, the legs and toes will be positioned spread out and the tail curled alongside the body.  Because the toes are used in species identification, it is important that they are spread out and easily visible. Tails curled alongside the bodies are less liable to breakage and take up less space during storage. The prepared specimens will be stored for at least four days immersed in 10% formalin solution to complete the hardening process and then transferred into ethanol solution for long term storage.  Specimen preparation kits can be made to take into the field on collecting surveys (E. Campell pers. comm.).  Where circumstances do not make this preparation technique practical, specimens can also be frozen and brought to Bishop Museum for preparation (C.  Kishinami pers. comm). The disadvantage with frozen specimens is a loss of body coloration that can make future identification more difficult; however, for reptile and amphibian taxa currently in Hawaii, other body characteristics provide for ready identification (E. Campell).  From HAVO at least two specimens of each species will be made.  Deposition will be at the HAVO Museum and the Bishop Museum.  Ideally, complete male-females sets of specimens will be made for each species.  For the other parks, prepared specimens will be deposited as vouchers at the Bishop Museum in Honolulu. 

Where specimens are not collected, captured animals will be photographed to show both ventral and dorsal views of the head, belly and tail. Captured animals put on ice become lethargic and easier to handle for photographing.  If ice is not available, captured animals will be held in the hand with separate photos taken of top and bottom views of the head and torso, and top and bottom views of the tail (E. Campell pers. comm.).

Bats

Bats will not be actively collected, but any specimens found dead will be stored frozen and labeled and then sent to Thierry Work, USFWS, Honolulu, for necropsy.  Following procedures already established for bat carcasses, necropsied specimens will be offered to Bishop Museum.  If Bishop Museum refuses specimens, they then will be offered to other museums.  A small number of bat specimens may be retained by the parks for educational purposes (pending appropriate FWS permits).  In these cases, preservation will be by taxidermy or freeze drying.  

VI. BUDGET
Not available on the public website ‘Nature Net’ per Directors Memorandum S72(2550); Information Technology Security Implementation; 30 October 2002.

VII. PRODUCTS

In order to achieve products that are useful, scientifically intact and defendable regarding methodology, it is also critical to provide protocols and training.  The Hawaii Network has provided training to its staff in database management, data collection protocols for the field; data processing protocols and methods.  Training will continue to be reinforced and provided as the inventory process moves along to insure that all staff is familiar with methods, analyses, data integrity and processes.

This section will discuss the various products and output of the biological inventory project for the Hawaii network.  The following represent the minimum set of deliverables for the Hawaii Network Biological Inventory Project:

1. Progress reports:

These may be biannual or annual, depending upon the taxa and progress of field work and data compilation.  These will be submitted by the principal investigator to the HAVO GIS NSC Facility for archiving and transmission up the chain (network, park, region, national).

2. Final report:

Structure of the final report to be determined, but at a minimum it will include summaries of each of the taxa, field work and inventory/metadata of materials and information submitted to the Data Set Catalog and NPSpecies.  Bibliographic information will be updated into NRBib and the ANCS+ catalog records will be updated.  If required, this information (excluding sensitive data) will be available in a format to upload to the NPS Website.  GIS products will conform to the I&M specifications for the ArcView GIS data browser extension.

3. GPS data:

Minimal data/products from GPS collection will include original rover files, base files, differentially corrected files (where applicable) or original files with RTCM included, on diskette, zip drive, or CD.  Metadata for all field collections will be required, utilizing at a minimum the Hawaii Parks Metadata form (Table 9, Section V).  Original field notebooks, notes and photographs along with accompanying documentation will be required to be inventoried and submitted to the principal investigator’s records.  These in turn will be accessioned into the records of the HAVO NSC GIS Facility for copying and archiving.  Products of the GPS data will include ArcView Shape files, graphics and derived products in various formats depending upon user, need and audience.  Metadata about this information will be available to upload into the Dataset Catalog.

The HAVO GIS NSC Facility has developed standard protocols for the most commonly used GPS equipment for the Hawaii Network parks.  These protocols include data collection, processing and archiving for all field collections and a minimum data form which all field survey crews are required to complete (the Minimum Metadata Form).  Training has been provided to key field personnel; updates and additional training sessions are scheduled.

4. ArcView GIS themes and Microsoft Access databases:

These will be developed from the field data collected and the historical records and documents incorporated into databases and made available.  Attribute field data for the various taxa will be entered into a relational database by the survey team.  Preliminary QA/QC will be done by the field crews, reviewed and approved by the principal investigator.  Upon approval, this material along with associated field records, documents, maps, raw data, photographs etc. will be transferred to the HAVO GIS NSC Facility via network and electronic format.

Data for all parks will be archived and managed at the HAVO NSC Facility.  Relational database files for all parks which are ready for ArcView production and storage will be maintained at the HAVO GIS NSC. 

ArcView themes, coverages and shape files will use version 3.2 for Windows as a minimal platform; likewise the Access databases will be on the most current platform and version.  Database care, maintenance and feeding will be accomplished with current staff of the HAVO GIS NSC Facility, supplemented with staff from BRD and temporary hires for data entry and editing if necessary.  These positions and their duties have been accounted for in the budget and organizational structure; hiring of additional staff will be dependent on workload.  Until the actual surveys get underway, estimating database management workload has been a challenge.

5. Storage/Archiving:

Archiving and storage of original field data and derived digital products will occur at the HAVO GIS NSC Facility.  Electronic storage of materials via CD, zip disk and diskette will be implemented.  Security for information and protocols for intranet security have been established via protected passwords and multiple tiers of access to records, databases etc.  This information will also be transmitted to WASO NRID for permanent archiving.  Backup protocols for data and information will be implemented, including secure, off-site storage for all information electronically, due to potential hazards (geological, fire).  External building security for the HAVO GIS NSC Facility is underway via alarm system pending completion of Section 106 for the historic building the facility currently occupies.

6. Linkage with NRID Inventory and Monitoring Databases:

It is critical to bear in mind that data from the biological inventories will be maintained in various databases and formats.  The linkages between the major databases, including the permits database will be critical to making the information available to the widest audience and widest range of uses.  The primary linkages between the Dataset Catalog, the NRBib, the NPSpecies and the permits database will allow query, evaluation, analysis and, in the long term, linkage to other critical pathways such as Synthesis, the Investigator’s Annual Reports Database; the Blue Angel Gateway to move information to the WWW; the Voyager Library Database and the Park Profile databases launched from the NPS Web pages.  In turn, the availability of this information will strengthen and serve to sustain the Natural Resource Challenge.

-NPSpecies:  This database will be maintained at the HAVO GIS NSC Facility; updates for all parks except HALE will be done by the staff of the NSC; HALE will maintain their own updates on site with available staff and transfer the relevant data to the NSC for national call updates as necessary.

-ANCS+ (Automated National Cataloging System):  All parks participating in the Hawaii Network have access to the ANCS+ software and database system.  This update process for collections related items (voucher specimens, photographs etc.) will be handled through cooperation of RM/Collections and HAVO GIS NSC staff.

-NRBib (Natural Resources Bibliography):  Ongoing updates to this bibliography will take place as materials are reviewed and records created.  ProCite software serves as the standard platform for this bibliography.  All parks in the Hawaii Network have access to this software and to NRBib.  Entries may be submitted by teams and their principal investigators or an annual update can be processed through the NSC Facility.

-Dataset Catalog:  This catalog has recently been launched – information for this catalog or park holdings and associated metadata will be updated and maintained by the Hawaii GIS NSC Facility as field information is collected, checked and processed.  With the inventory in early stages, there is sufficient staff to maintain this activity.  The budget and plan has incorporated additional funds and staff in various capacities to update and transfer data to supplement this process.

-Metadata (FGDC compliant):  A short form has been developed for the Pacific Islands Cluster parks; it incorporates the minimum number of fields and information required to generate FGDC compliant metadata about any project.  This form will serve as the absolute MINIMUM data which will have a collection requirement by any team gathering data related to the Hawaii Network project.

7. Database updates and maintenance:

Updates and maintenance of the park specific databases will be coordinated through the HAVO GIS NSC Facility utilizing current staff.  Individual parks will transmit data to the facility where it will be uploaded, databases upgraded and archived for transmission on to WASO NRID.

VIII. COORDINATION AND LOGISTICAL SUPPORT

See individual project statements.

IX. INDIVIDUAL PROJECT STATEMENTS 

See file  HIProjSt.doc.

X. APPENDICES

See file HIAppend.doc.
XI. RESUMES

See file HIResume.doc.

XII. CURRENT COPY OF NPSPECIES

See file HI_be.mdb.

�  To preserve unimpaired park resources for the enjoyment, education, and inspiration of this and future generations.





