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EXECUTIVE SUMMARY

In QOctober 1991, the Kaho’olawe Island Conveyance Commission
(KICC) contracted with The Nature Conservancy'’'s Hawai’‘i Heritage
Program (HHP) to conduct a biological reconnaissance of the
island of Kaho‘olawe. This report describes the methods used and
summarizes the available information on the bioclogical resources
known or reported to occur on the island. The purpose of this
report 1is to identify existing areas deemed significant for
preservation, protection, and re-vegetation efforts.

Eight native natural communities occur on the island, including
two that are considered rare: a Ma‘o (Hawaiian Cotton) Coastal
Dry Shrubland, and a High Salinity Anchialine Pool in Lava. The
cotton shrubland is located on the western coast and slopes of
the island, while the anchialine pool occupies the crater known
as Sallor’s Hat, also on the west coast. The remaining native
communities include coastal and lowland grasslands and
shrublands, and two aguatic communities: intermittent streams
and ephemeral pools. Because less than 10 percent of the
island’s area remains in native vegetation, we consider all
remaining examples of native vegetation on the island
significant, and have mapped their locations in this report.

Thirteen rare plant taxa have been recorded from the island.

Most of these rare plants are found along the southern and
eastern coasts and seacliffs. The most significant rare plant
finds of the Heritage reconnaissance were located on ‘Ale‘ale,
which is a steep-sided hill at the base of the southern seacliffs
near the offshore island Pu’u Koa‘e. Most important among these
finds was a new species in the pea or legume family {(Fabaceae).
Another important find on ‘Ale‘ale was the largest known
population of Portulaca molokiniensis in the Hawaiian
archipelago.

Five rare animals have been recorded from Kaho’olawe, or from
areas just offshore. Endangered Hawaiian monk seals and
threatened green turtles have been observed at Hanakanaia
(Smugglers Cove), Kuheia, Lae ¢ Kuikui, and Hakiocawa. Hawaiian
monk seals have also been seen at nearby Molokini Island. The
endangered Hawaiian hoary bat, Hawai‘i’s only native terrestrial
mammal, has been recorded from Kuheia Beach and Hakiocawa Gulch.
In addition, the endangered Hawaiian dark-rumped petrel has been
heard calling in flight near the summit of Pu‘u o Moa'ulanui.

All nearshore waters are important for the Hawaiian wintering
population of the endangered humpback whale.

Although not rare, many other native Hawaiian animals utilize
Kaho’'olawe. During the HHP survey, indigenous seabirds were seen
flying primarily along the southern coast of Kaho‘olawe, and they
were also found on Pu‘u Koa‘e. Both Pu‘u Koa‘e and the nearby
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‘Ale’ale support nest:ng populations of native seabirds such as
red-tailed tropicbirds (Phaethon rubricauda rothschildi) and
brown boobies (Sula leucogaster plotus). Native Hawaiian aquatic
invertebrates occupy the high salinity anchialine pool at
Sailor‘s Hat. The forested areas of Kaho‘olawe, although greatly
altered, may contain small isolated populations of native
Hawaiian land snails and other terrestrial invertebrates. One
native Hawaiian land bird, the pueo, still survives on the
island.

The leading threats to native natural communities and rare plants
on Kaho‘oclawe are invasion by aggressive weeds and fire.

Predation by introduced mammals threatens the native seabird
species on the island, driving them to nest on a few steep cliffs
and Pu‘u Koa‘e, an isolated offshore islet. Threats to green
turtles and Hawaiian monk seals are many, including entanglement
in marine debris, ingestion of plastics, and human disturbance,
especially at beaches required for their birth, basking, and

resting.
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INTRODUCTION

In October 1991, the Kaho'clawe Island Conveyance Commission
(KICC) contracted The Nature Conservancy'’'s Hawai‘i Heritage
Program (HHP) to provide biological information for the island of
Kaho’olawe (Figure 1). Included in the contract are both a
literature review and a reconnaissance field survey. The

purposes of the project were:

1. To document the current status of native and non-native
plants, animals, and ecosystems on the island, including
areas not surveyed in previous studies.

2. To compare the findings of this survey with those of others.

3. To identify specific zones or areas on the island that
remain dominated or particularly rich in native species.

4. To identify areas dominated by native vegetation which could
be treated as special ecological areas targeted for
restoration techniques that focus on native species.

This report describes the methods used and summarizes the results
of the literature review and biclogical reconnaissance. Current
and potential threats to biological resources, and management
recommendations are also discussed.

Data presented in this report are based upon an extensive body of
information derived from publications, documents, museum
collections, and reports from knowledgeable individuals. The HHP
staff supplemented this information with a 20-day biological
reconnaissance of Kaho’‘olawe Island conducted between February 18
and March 26, 1992. From these data, HHP developed a database on
the location and condition of rare native elements (plants,
animals, and natural communities) on the island.

REPORT ORGANIZATION

The Methods section of this report addresses the Heritage
Program’s definition of rarity for native plants, animals, and
natural communities, and the methods used to collect biological
information, including major sources consulted. Thereafter, the
island’s rare bioclogical resources are highlighted in sections
describing each of the major types of rare taxa and natural
communities {(together referred to as “"elements" of biological
diversity). Each section contains a discussion of:

- Rare elements known to occur on Kaho‘clawe or in the
waters adjacent to the island,

Kaho'olawe Biological Reconnaissance Report August 1992
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- Distribution of these rare elements in the project
area, and

- Factors currently threatening the continued survival of
these rare elements.

The final two sections identify the areas of greatest biological
significance and discuss management recommendations.

FOR MORE INFORMATION

This report contains the most recent information on rare
biological resources of Kaho‘olawe as of March 1992. 1If
additional or updated information is needed at any time, the
Hawai'’il Heritage staff and database are available for
consultation.

The following document can also be consulted for additional
information:

How to Read Heritage Database Reports (HHP 1989). This
booklet explains the methods used by HHP staff to document
plant, animal, and natural community locations and other
pertinent information in the database.

NOTE ON TERMINOLOGY AND HAWAIIAN DIACRITICAL MARKS

We have made a sincere effort throughout this report to minimize
the use of unnecessary technical terms and HHP “"jargon;* however,
the use of a small number of unfamiliar biological terms is
unavoidable. For example, most people are familiar with "rare
species" but this term is often inappropriate. While rare plants
and animals are sometimes rare species, they may also be rare
subspecies or rare varieties of more common species. The term
“rare taxa' is used to refer to species, subspecies, and
varieties in this report. A glossary of technical terms is
included at the end of the report to clarify terminology. If
definitions are lacking for any unfamiliar terms or concepts
contained in this report, please contact the HHP staff for
clarification.

This report uses the ‘u‘ina (glottal stop)} in Hawaiian names of
plants, animals, and places. The kaha k& {(macron) is not used,
due to word processing limitations. Hawalian diacritical marks
are excluded from the maps because the U.S. Geological Survey
(USGS) topographic maps used in this report do not include
diacritical marks; however, the spelling of place names has been

Karo'olawe Biological Reconraissance Report August 1992 3




corrected to match those on the place name list provided by the
KICC.

SPECIAL NOTICE

According to HHP policy, the following statement must accompany
all Heritage reports to assure the proper use of Heritage
information:

*The Nature Conservancy's Hawai‘’il Heritage Program database is
dependent on the research of many scientists and individuals. 1In
most cases this information 1s not the result of comprehensive
site-specific field surveys, and is not confirmed by the Heritage
staff. Many areas in Hawai'‘i have never been thoroughly
surveyed, and new plants and animals are still being discovered.
Database information should never be regarded as final statements
or substituted for on-site surveys required for environmental
assessments. Data provided by the Hawai‘i Heritage Program do
not represent a position taken by The Nature Conservancy of

Hawai‘i."®

If Heritage information is distributed in any way. the above
statement must accompany that information.

Kaho‘olawe Biclogical Reconnaissaance Report August 1952




METHODS

To describe the biological resources of Kaho‘olawe, all pertinent
sources of biclogical information for the island were consulted.
From these data, Hawai’il Heritage Program staff developed a
database which contains information on the location and
population status of rare natural communities, plants, and
animals (collectively referred to as °"rare elements®). This rare
element database allows for a better understanding of existing
native biclogical resources.

The following five steps were used to gather and process existing
information and information collected during the Heritage survey:

1) Search and review all pertinent biological
literature and specimen collections on rare,
endangered, or threatened elements reported from
Kaho'‘olawe,

2) Interview scientists and natural resource experts
with knowledge of the island,

3) Create a photo-mosaic of Kaho‘olawe using aerial
photographs to determine the general distribution of
vegetation types,

4) Survey the island using a walk-through method
along predesignated survey routes to identify
major vegetation types and ecosystems and update
the status of rare elements through incidental
observations, and

5) Summarize this information in the HHP, Natural
Diversity Database, including mapping of sites
where rare elements were observed or have been
reported to occur and updating or enhancing the
computerized records of location and status
information.

DEFINITION OF RARITY

The Hawal‘il Heritage Program compiles and maintains statewide
information only on rare and imperilled Hawaiian natural
communities, plants, and animals. A natural community is
considered rare and imperilled if it is known from 20 or fewer
localities QR if it covers less than 2000 acres worldwide.
Natural communities that are more widespread but threatened with
destruction throughout their range are also considered

Kaho'olawae Bioclegical Reconraissance Report August 1992




imperilled. The definition of a rare plant or animal varies
depending on professional opinion. The Hawai’i Heritage Program
defines a plant or animal taxon as rare when available records
indicate that its current distribution or abundance is limited.

A species 1s considered rare if within the last 15 years it is
known from 20 or fewer locations QR if there are fewer than 3000
individuals. Other more widespread taxa that are threatened with
destruction throughout their range are also considered
imperilled.

After rare elements have been identified, a °"Heritage global
rank* is assigned by HHP to represent an element’s worldwide
rarity and threat of extinction. This element ranking system is
used by Heritage Programs throughout the United States, Canada,
and Latin America to identify communities and taxa in need of
immediate protection. The global rank is based upon the
following six criteria:

- Estimated number of sites - Number of protected sites
- Geographic range - Threats
- Estimated abundance - Ecological fragility

In general, an "occurrence® of a rare taxon or natural community
is a location from which the rare taxon or community 1s repcrted
to exist. The detailed definition of an occurrence varies
depending on the element type (natural community, plant, or
animal). Each of the following three sections describes the
element, lists the major information sources, and defines an
occurrence depending on species or natural community
characteristics.

NATURAL COMMUNITIES

A natural community is an assemblage of plants and animals
occurring together at a site. Because of their environmental
requirements, particular taxa tend to occur at specific
altitudes, or on certain soil types, or under limited ranges of
moisture. Additionally, some taxa reguire the presence of other
taxa 1n order to persist. For example, many native birds require
the nectar of ‘chi’a flowers, and many native plants require
either native birds or native insects to pollinate them. These
kinds of direct and indirect interactions between plants,
animals, and environment form the basis for a healthy natural
community.

Classification of natural communities in Hawai‘il is relatively
new. Useful information on the location and condition of natural
communities is difficult to obtain because many field biologists
focus on rare plants or animals rather than natural communities.
Since 1985, ecologists at the Hawai'’i Heritage Program and
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elsewhere have been working together to identify and describe the
many types of native and non-native communities in the Hawaiian
Islands. More than 25 biologists from around the state have
assisted in this effort. Known as the Hawaiian Natural Community
Classification, it is an effective system for distinguishing
native natural communities in the islands. & summary of the
Hawaiian Natural Community Classification appears in the Manual

of the Flowering Plants of Hawai‘i (Wagner, Herbst, and Sohmer
1990). However, the classification will continue to change over
the coming years as it is tested and refined through direct field
observations.

Review of 1986 U.S. Navy aerial photographs of Kaho’olawe,
interviews with biologists, and data collected from previous
biological surveys of the island were used to evaluate known and
potential native natural communities on the island of Kaho‘oclawe.
These sources also helped to refine the locations and general
distribution of natural communities.

For rare native natural communities, an *occurrence® is mapped
when the vegetation of an area consists of at least 60 percent
native plants. Stands are considered alien communities when
alien plants occupy more than 40 percent of the area. These
areas are mapped as alien vegetation and are not included in the
natural community database.

For each native natural community reported for the island of
Kaho'’oclawe, approximate boundaries were plotted on topographic
quadrangle maps and on aerial photographs whenever available.
Community descriptions and plant species lists were compiled when
such information was available. Communities considered rare by
HHP were located precisely and detailed computerized records
{Element Occurrence Records) were completed.

RARE PLANTS

Our understanding of Hawai’i’s native plants is continually being
revised. Recently, the Bishop Museum sponsored the preparation
of the Manual of the Flowering Plants of Hawai'‘'i (Wagner, Herbst,
and Sohmer 1990), a reevaluation of taxonomic treatments by
recognized botanists. Many significant changes in taxonomy were
made as the result of these revisions. Upon the advice of
Hawailan botanists, HHP has adopted the taxonomy outlined by
Wagner, Herbst, and Sohmer (1990). Minor modifications are made
pericdically and reviewed by an advisory committee of
knowledgeable botanists.

Information on rare plant locations comes from numercus sources.
These include herbarium collections (the Bishop Museum and the
University of Hawai‘i’s Botany Department and Harold H. Lyon

Kaho'olawe Biological Reccrnaissance Keport August 1992




Arboretum), published scientific materials, unpublished reports
(including environmental impact studies and government reports),
and observations by field botanists. Information obtained from
surveys of offshore islets is another important source {(R. Hobdy,
personal communication 1991). Only native Hawaiian plants are
included in HHP’s rare plant database. <Criteria used to compile
this database are:

1) All plant taxa listed as endangered by the U.S.
Fish and Wildlife Service (USFWS) are included
(USFWS 1991).

2) All plant taxa identified as candidates for

listing by the USFWS are considered for inclusion
(USFWS 1990). The final decision depends on the
currently accepted taxonomy and the plant'’s
reported abundance.

3) Additional native plant taxa recommended as rare
by experienced botanists are considered for
inclusion. Again, the final decision depends on
the currently accepted taxonomy and the plant’s
reported abundance.

For rare plants, an °"occurrence® is mapped wherever one Or more
individuals of a rare plant taxon are reported within a limited
geographical area. For example, plants of a single taxon
scattered along a cliff face, ridge top, or valley floor are
considered a single occurrence. Each reported occurrence is
classified as either ®current” or "historic." Current
occurrences are those observed in the last 15 vears (1977-1992);
historic occurrences are those observed prior to 1977. It is
important to note that a historic sighting may simply mean that
no one has recently loocked for the plant at this location, or
that the taxon is difficult to find due to habitat, seasonality,
or small size; alternatively, a taxon may be difficult to
recognize except by specialists.

Scientific names are used throughout this report because many
native plants lack Hawaiian or other common names. Where
available, common names for plants on Kaho‘olawe are provided in
individual species accounts and in Appendix Al.

RARE ANIMALS
Only native Hawaiian animal species (excluding insects),

subspecies, or island populations are included in the HHP rare
animal database. The following criteria are used:

Kaho’ocliawe Biological Recornaissance Report August 1592




1} All species, subspecies, or island populations listed
as endangered or threatened by the USFWS (1991) or by
the State of Hawai‘i (DLNR 1990) are included in the
list.

2) All species, subspecies, or island populations
identified as candidates for listing by the USFWS are
considered for inclusion.

3) Additional species, subspecies, or island populations
regarded as rare by the scientific community are
considered for inclusion. Final decision for inclusion
is based on the animal’s reported abundance.

4) Particular freshwater fish and invertebrates used as
indicators of relatively pristine stream systems are
included. These animals were chosen by a statewide
streams advisory committee of aguatic biologists from
the University of Hawai‘l and state, federal, and other
agencies.

The definition of a rare animal occurrence varies due to
behavioral differences in animals. Each reported occurrence is
classified as either ®current®" or "historic.® Current

occurrences are those which have been observed in the last 15
years {(1977-1992);:; historic occurrences are those which have been
observed prior to 1977. It is important to note that, like
plants, a historical rare animal sighting may simply mean that no
ocne has recently looked for the animal in a particular locale.

It may also mean that the animal is difficult to find due to
habitat, seasonality, or behavicr. Appendix B includes a list of
the scientific and common names for each species reported from
Kaho‘olawe.

PRELIMINARY RESEARCH

Literature and Oral History Research: 1In preparation for the
field survey, Hawai'i Heritage Program staff researched available
information on the rare native plants, animals, and natural
communities known to occur on the island. A literature search of
all available written sources was conducted, and experts within
the scientific community were also consulted for additional
information on the rare species of the island. The information
collected was then incorporated into HHP's Natural Diversity
Database.

Helicopter Reconnaissance: A one-day helicopter reconnaissance
was conducted on December 12, 1992, to plan field strategy and to
compile a draft vegetation map. Four bioclogists and a
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representative of the Protect Kaho‘olawe ‘Ohana participated 1in
this initial survey.

FIELD SURVEY

One of the primary objectives of the biological survey was to
document and assess the status of native and non-native plants,
animals, and ecosystems on Kaho‘olawe. Zones particularly rich
in native species or dominated by native vegetation were also to
be identified for possible restoration. In preparation for the
field work, survey routes were chosen, contingent upon the
topography of the island. Fifteen routes were covered during the
biological survey (Figure 2). Most of them extended for two to
six miles and ran from the island’s interior along a ridgetop to
the coast, contoured the coastline, then returned to the interior
along an adjacent ridge. Several of the survey routes were
placed primarily along the coastline and cliffs to concentrate
reconnaissance efforts on those areas likely to include rare
species.

A group of 17 botanists, ecoclogists, zoologists, and other
persons knowledgeable of Hawai‘i‘’s rare natural resources
assisted in this extensive Heritage survey. A list of
participants and their biographies are provided in Appendix F.
To accomplish such an extensive survey, two 10-day visits
{(February 18 through 27 and March 17 through 26, 1992) were
scheduled. During each survey period, a team of three to five
persons, including a military Explosive Ordnance Disposal (EOD)
expert, participated on a staggered fileld schedule.

While walking each survey route, the team recorded all native and
non-native plants and animals encountered. Habitat descriptions
included substrate type, slope and aspect, elevation, and
prevailing moisture conditions. The ecclogist on each team noted
the various natural communities encountered and also recorded the
community type, adjacent communities, canopy closure and height
(for vegetation types), dominant and constituent species
{(including any rare taxa), and biological and human-related
threats.

In the course of the reconnaissance survey, all plant taxa found
either within native natural communities or within areas of
alien-dominated vegetation were identified and recorded. All
birds seen or identified by their calls were also noted. The
vegetation and ground litter were searched for land snails.
Furthermore, management needs were identified where appropriate.
Information on non-native animals and the presence of non-native
invasive plants was recorded along the survey routes. Finally,
other threats were noted where recognized.
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LIMITATIONS

The field surveys were conducted in February and March 1992, and
took place over a period of 20 days, during what is normally the
end of the wet season. However, the 1991-1992 season was
unusually dry. The taxa recorded reflect the seasonal and
environmental conditions existing at the time of the survey--some
seasonally-dependent taxa may not have been apparent at the time
of the survey. Additional surveys during wet and dry seasons may
augment the results of this study. It was beyond the scope of
this study to comprehensively survey for native terrestrial
invertebrates, non-vascular plants, subterranean species and
ecosystems, anchialine pools, and marine biota. These should be
surveyed by qualified specialists.

Because of time limitations, only selected portions of the island
could be surveyed. The remaining parts of the island, however,
are expected to support similar kinds of plants and animals at
similar elevations and habitat types. Aalso, more rare plants and
animals may be found in additional surveys of the island.

12
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RESULTS

HAWAIYAN NATURAL COMMUNITY CLASSIFICATION

Current conservation efforts recognize the need to identify and
maintain intact natural communities as stable habitat for rare
and common native plants and animals. In Hawai‘i, nearly all of
our natural communities are endemic to the islands, meaning they
occur nowhere else in the world.

The Hawalian natural community classification used in this report
is hierarchical. There are aquatic, subterranean, and
terrestrial categories of natural communities. Aquatic
communities include springs, streams, lakes, and pools.
Subterranean communities include lava tubes, limestone caves, and
piping caves. The terrestrial community types are grouped and
named according to elevation, moisture conditions, and vegetation
structure. For example, among the native communities of
Kaho‘olawe are coastal dry shrubland, coastal dry grassland,
lowland dry grassland, and coastal dry cliff. Individual
community types are named more specifically for the most common

or dominant plants present. For example, one coastal dry
shrubland on the island of Kaho‘clawe is located on coastal lava
flats and is dominated by the native shrub ‘ilima (Sida fallax).
In the Hawaiian natural community classification, this community
is named ‘Ilima Coastal Dry Shrubland.

To date, approximately 150 native Hawaiian natural communities
have been recognized and described. O©Of these, more than half
(80 to 90} are considered rare or globally imperilled.

NATURAL COMMUNITIES OF THE ISLAND OF KAHO'OLAWE

Eight distinct native natural community types were observed
during the Kaho'’olawe survey (Table 1). Among them were two
considered rare or imperilled: High Salinity Anchialine Pool,
and Ma‘'oc (Gossypium tomentosum) Coastal Dry Shrubland. The
remaining native communities included two aquatic systems:
Hawailan Intermittent Stream and Hawaiian Ephemeral Pool, and
four vegetation types: ‘Aki‘akl (Sporobolus virginicus) Coastal
Dry Grassland, ‘Ilima {Sida fallax) Coastal Dry Shrubland,
Hawaiian Mixed Shrub Coastal Dry Cliff, and Pili (Heteropogon
contortus) Lowland Dry Grassland. Each of these communities 1is
described in some detail later in this report.

Native natural communities and vegetation constituted far less

than 10 percent of the island, and was distributed along the
coast and a few 1nland areas (Figure 3). In particular, coral

13
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TABLE 1. NATIVE NATURAL COMMUNITIES OF KAHO'OLAWE ISLAND

NATURAL COMMUNITY NAME HERITAGE KAHO'OLAWE
GLOBAL EXAMPLES (b)
RANK (a)
AQUATIC
Hawaiian Ephemeral Pool G3? -
Hawaiian Intermittent Stream G4 -
High Salinity Lava Anchialine Pool * Gl 1
TERRESTRIAL
‘Aki‘aki Coastal Dry Grassland G4 -
Hawaiian Mixed Shrub Coastal Dry Cliff G3 -
‘Ilima Coastal Dry Shrubland G3 -
Ma‘o Coastal Dry Shrubland * Gl 3
Pili Lowland Dry Grassland G3 -

Total: 8 native natural communities, 2 of which are rare.
* Rare rnatural community

(a) Key to the Hawal’'i Heritage Program’s Global Ranks:
Gl = Critically imperilled gliokally (typically 5 or fewer examples worldwide)

G2 = Imperilled globally (typically 6-20 examples worldwide)
G3 = Restricted range (typically 21-100 examples worldwide)
G¢{ = Apparently secure (typically »>100 examples worldwide)

{(b) Number of Kaho'’'oclawe examples provided for rare communities on.y.
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On Kaho'’olawe, ephemeral pocls were numerous in the basins of
intermittent streams after winter storms. During our helicopter
reconnaissance in December of 1991, many pools were seen from the
alr in gulch bottoms. During the ground survey in February, one
such pool was observed in a nameless gulch along the west coast.
Tadpole shrimps and seed shrimps were observed in a warm pool
green with phytoplankton and filamentous algae. If this pool was
typical, then Kaho'’'olawe probably supports a large number of
these ephemeral pools in its many gulches. Flooded depressions
such as those associated with Lua Makika and other similar
features should also be inspected for ephemeral pool organisms
after storm flooding.

Potential threats to ephemeral pools on Kaho’‘olawe include
contamination or chemical modification of pool water from a
variety of human sources including refuse sites and decomposing
ordnance, filling of pool basins by wind-blown soil and silt, and
invasion by alien aquatic insects and other invertebrates.

Hawaiian Intermittent Stream

There are many streams in the Hawaiian Islands that do not
support year-leng surface flow to the sea. These streams cannot
support the typical complement of stream species found in streams
with year-long surface flow, but are characterized by native
aquatic insects and invertebrates, including those that do not
require an oceanic stage. This widespread aquatic community is
not currently considered rare, but the biology of intermittent
streams in Hawai‘i has not been well studied.

In Kaho‘olawe’s dry setting, all of the stream beds can be
considered intermittent streams. These streams, when active, may
be very important to numerous species of aquatic insects, snails,
and other invertebrates. It was beyond the scope of this short
survey to sample the stream beds of Kaho'olawe. An adeguate
sample would have to be well-timed to coincide with brief periods
during the wet season in which Kaho‘olawe’s streams are active.
As this community type becomes better understood, Kaho‘olawe will
probably become an important site for the study of the biology of
Hawailan intermittent streams.

High-Salinity Lava Anchialine Pool

Anchialine pools are land-locked bodies of water of varying
salinity that are adjacent to the ocean (Appendix G). These
pools have indirect, underground connections to the sea, and show
tidal fluctuations in water level. Anchialine pool species
tolerate varying salinity and include those adapted to a
partially subterranean habitat offered by groundwater under the
pools. Characteristic anchialine pool species include
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crustaceans (shrimps, prawns, amphipods, isopods, etc.), some of
which seem restricted to anchialine habitat. Hawailian anchialine
pools are often occupied by small endemic red shrimp
(Halocaridina spp. and others) called ‘opae‘ula. Other species
are restricted to the surface waters of the pools, and include
fish, crustaceans and other invertebrates.

Globally, anchialine pools are found in a limited set of areas
where fresh lava or limestone occurs adjacent to the sea.
Anchialine pools are known from sites in the Indo-Pacific as well
as the Caribbean. Some Hawaiian anchialine pools show extremely
high invertebrate and algal diversity, among the highest in the
Indo-Pacific, and perhaps the world.

There are several subtypes of Hawaiian anchialine pools, and the
Kaho‘olawe example is a high salinity (over 12 parts per thousand
[ppt] dissolved chloride) pool in lava substrate. This pool type
is considered rare, and 1is represented by fewer than 20 sites in
the chain, with most on Hawai’‘i, a few on Maui, and one example
each on Moloka’i and Kaho‘olawe. The Kaho‘clawe example was
undocumented prior to this survey--an unexpected natural
resource.

The Kaho‘olawe anchialine pool occupies the flooded bomb crater
called Sailor's Hat, on the island’s west coast. Formed in June
of 1965, the crater’s waters show no surface connection to the
sea, but water marks along its edge indicate tidal fluctuations
of water level. The surface salinity of the pool was estimated
to be greater than 12 ppt, and is probably higher at greater
depths. The pool is about 50 meters (160 feet) 1in diameter, and
its depth is probably greater than 15 meters (50 feet). Native
animals observed included ‘opae‘ula shrimp (Halocaridina rubra).
amphipods, snails, and red polychaete tube worms. An alien
aquatic insect (family Corixidae) was also observed. A well-
developed algal crust covered the boulders. The water was turbid
with green phytoplankton (microscopic algae). The species
observed form only a preliminary checklist for this pool. There
are almost certainly additional species, many of which might be
night-active, restricted to deeper waters, or detectable only
through baited trapping.

Threats to anchialine pocls include pool filling or other
modifications of substrate, chemical contamination via human
activities (e.g.., bathing, trash disposal), introduction of alien
fish or other biota, and taking of anchialine species from pools.
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TERRESTRIAL COMMUNITIES

‘Aki’aki Coastal Dry Grassland
Sporobolus virginicus Coastal Dry Grassland

A pantropic coastal strand community dominated by ‘aki‘aki
{Sporobolus virginicus) occurs in small pockets on many sandy
coastlines of all the Hawaiian Islands. This community 1s not
currently considered rare; however, extensive ‘aki‘aki grasslands
are limited to a few coastal dune areas where native vegetation
is still relatively intact (e.g., Kahuku and Ka‘ena on O‘ahu, and
Mo‘omomi on Moloka‘i).

These are among the most salt-tolerant communities and typically
cover makai (ocean-facing) dune faces. Elevation ranges from sea
level to about 10 meters (30 feet), and annual rainfall can vary
from less than 250 millimeters (15 inches) on leeward coastlines
to over 1000 millimeters (40 inches) on windward beaches.
However, due to the sandy substrate and strong marine influence,
rainfall seems to have little effect on the structure or
composition of the ‘aki‘aki community.

On Kaho'clawe the ‘aki‘aki grasslands were simple, at times
nothing but a dense cover of ‘aki‘aki on loose dunes of coral
sand. On the mauka (inland) side of these dunes, ‘aki‘aki
grasslands typically abut and intergrade with ‘ilima (Sida
fallax) and ma‘oc (Gossypium tomentosum) shrublands, or with the
alien kiawe (Prosopis pallida) forest. Plants commonly found
within the grassland include beach morning glory (Ipomea pes-
caprae ssp. brasiliensis), nohu (Tribulus cistoides), and ‘ohelo
kai (Lycilum sandwicense).

Though widespread in the Pacific, intact ‘aki‘aki grasslands are
uncommon in Hawai‘i. Most occurrences are heavily invaded by
weeds, especially kiawe, bermuda grass (Cynodon dactylon), and
common purslane (Portulaca oleracea).

Hawaiian Mixed Shrub Coastal Dry Cliff

On very steep to vertical coastal dry basalt cliffs, such as
those of the northern coasts of Kaua‘i, O‘ahu and Moloka‘i,
occurs a sparse to open mixed shrubland of native coastal shrubs.
Precipitation varies among the many examples of this community,
from less than 1300 millimeters (50 inches) to about 2500
millimeters (100 inches) annually, but prevailing dry conditions
exist due to poor soil development, steep, well-drained aspect,
and exposure to sun and salt-laden winds. Dominant and
constituent species vary by location, and often include rare
plants, although the community itself is not currently considered
rare,
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An example of this community on Kaho'’‘oclawe was found on the east

face of *‘Ale‘ale, a pinnacle-like wave-cut point near Pu‘u Koa‘e

on the southern coast of the island. Elevation of this community
varied between near sea level and about 85 meters (270 feet).

Adjacent communities were lacking due to the isclated nature of
the stack, but where the Hawaiian Mixed Shrub Coastal Dry Cliff
community extended to sea level, a native morning glory, Ipomoea
tuboides, was locally dominant closest to the high tide line and
seemed to occur in areas with poorer soil development.
Surprisingly, the rare ‘ihi (Portulaca molokiniensis) was a
locally dominant species in the ‘Ale‘ale example, with over 200
individual plants present. In some sections, kawelu bunchgrass
{(Eragrostis atropioides) and kolomona (Senna gaudichaudii) shrubs
were more abundant.

Other constituents of the mixed shrub cliff community on ‘Ale‘ale
included ‘akoko (Chamaesyce celastroides var. amplectens),
Mariscus phleoides, ‘uhaloca (Waltheria indica), ko'’cko’olau
(Bidens mauiensis), nehe (Lipochaeta lavarum), the grass Panicum
fauriei var. latius, ‘ilima (Sida fallax), and the dryland fern
Doryopteris decipiens.

Rare constituent species of the cliffs of ‘Ale‘ale included two
rare species of ‘ihi (Portulaca molokiniensis and P. villosa),
pua pilo (Capparis sandwichiana), and, most notably, an
undetermined legume (Fabaceae) which appears to be a new taxon.

The main threat to the cliff community on ‘Ale‘ale is alien
plants, especially species that can tolerate the dry, salty sea
cliffs, such as swollen fingergrass (Chloris barbata), Emilia
fosbergii, and tree tobacco (Nicotiana glauca). On any but the
most vertical cliffs, goats can also pose a severe threat, but
the vertical sides of ‘Ale‘ale has spared the vegetation from the
heavy ungulate damage apparent elsewhere on Kaho‘olawe.

‘Ilima Coastal Dry Shrubland
Sida fallax Coastal Dry Shrubland

Shrublands in coastal to lowland areas dominated by ‘ilima {(Sida
fallax) are known from all of the main Hawaiian islands. The
*ilima coastal dry shrubland is a widespread and variable
community that is not considered rare, although some examples
contain rare plants.

On Kaho'olawe, patches of ‘ilima shrubland typically occurred as
a discontinuous band between the coast and inland plant
communities. These were seen while driving the coastal road and
were encountered on coastal transects. A previous survey of
coastal and lowland vegetation of Kaho‘olawe confirmed the
presence of ‘ilima shrubland. From the road, the ‘ilima
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shrubland appeared fairly simple, consisting of open stands of
‘ilima less than one meter (from 1 tc 3 feet) in stature. Other
native plants found in the shrubland included ma‘o (Gossypium
tomentosum), Abutilon incanum, ‘uhaloa (Waltheria indica), and
pili grass {Heteropogon contortus). Some alien plants such as
kiawe (Prosopis pallida), and Natal redtop (Rhynchelytrum repens)
were observed, and in some places these and other weeds had
displaced the ‘ilima almost entirely. Adjacent natural
communities on Kaho‘clawe include: Ma‘o Coastal Dry Shrubland,
*Aki‘Akil Coastal Dry Grassland, Pili Lowland Dry Grassland, and
alien kiawe forest. ‘Ilima shrubland and pili grassland, in
particular, formed a very complex mosaic, in which ‘ilima was
frequently codominant with pili.

It is likely that fire, and feral goats once present in the
lowlands and coastal flats, have damaged the ‘ilima shrubland.
Invasion by alien weeds is another important threat to ‘ilima
shrublands on Kaho'’olawe.

Ma‘c Coastal Dry Shrubland
Gossypium tomentosum Coastal Dry Shrubland

Only remnants of an open shrubland dominated by ma‘oc or Hawalian
cotton (Gossypium tomentosum) remain on the dry coasts and
lowlands of the islands of Kaho‘olawe and Lana‘i (Appendix G).
This community is considered rare and critically imperilled.
Ma‘c shrublands are found in very dry areas, receiving around 250
to 500 millimeters (10 to 20 inches) annual rainfall, on shallow,
weathered clay so0il, often with numercus surface rocks. Other
native plants of this community may include ‘ilima (Sida spp.),
Abutilon incanum, ‘uhaloa (Waltheria indica), nehe (Lipochaeta
rockii), pili grass (Heteropogon contortus), and annual species
of panic grasses (Panicum spp.).

The ma’o shrubland may formerly have extended upslope to 120
meters {500 feet) elevation, but at these higher elevations, the
native vegetation has almost entirely been replaced by thickets
or open woodlands of kiawe (Prosopis pallida) where the ground
cover 1s dominated by alien grasses such as fingergrass (Chloris
spp.), bristly foxtail (Setaria verticillata), and buffelgrass
(Cenchrus ciliaris).

Remnants of the ma‘oc shrubland exist on the west coast and
lowlands of Kaho‘olawe. During our survey, ma‘o shrubland was
observed along the coast north of Hanakanaia. It was very dense,
forming an almost monospecific stand surrounded by kiawe forest.
Other species observed in association with ma‘’o shrubland on
Kaho‘olawe included ‘ilima (Sida fallax), Abutilon incanum, and
pili grass (Heteropogon contortus). In other areas on the west
coast of the island, ma‘oc shrubland appeared to intergrade with
adjacent ‘ilima shrubland and pili grassland. An inland stand of
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ma‘oc shrubland was visited during the helicopter reconnaissance.
It occupied an opening in the prevalent kiawe-dominated woodland.
In that shrubland example, ‘ilima, pili and alien grasses were
also present.

Threats to ma‘o shrubland include fire, feral grazing animals,
and displacement by aggressive alien plants, especially kiawe
(Prosopis pallida) and buffelgrass (Cenchrus ciliaris). The
proximity of two examples of cotton shrubland on Kaho‘oclawe to
roads exacerbates the threat, but also provides ready access for
protective management.

Pili Lowland DPry Grassland
Heteropogon contortus Lowland Dry Grassland

The grass Heteropogon contortus, known in Hawai‘i as °pili," has
a widespread distribution in the dry tropics and subtropics,
where it forms grasslands and savannahs in seasonal-drought
regions of the world. 1Its worldwide status may be secure, since
it is tolerant to both grazing animals and fire, but

demonstrating a secure status for the community will require more
research. In the Hawaiian Islands, pili grasslands are found on
the main islands of Kaua‘i, ©O‘ahu, Moloka‘i, Maui, Lana‘i,
Kaho‘olawe, and Hawai‘i.

Other native grasses, such as kawelu (Eragrostis spp-.), Or
kakonakona (Panicum spp.) may sometimes be common or codominant
in pili grasslands. Depending on elevation, a variety of low-
growing native species can be found in pili grasslands, including
‘a‘ali’i (Dodonaea viscosa), ‘ilima (Sida spp.), ma‘o (Gossypium
tomentosum), pa‘u o Hi‘iaka (Jacquemontia ovalifolia ssp.
sandwicensis), and ‘uhaloca (Waltheria indica).

On Kaho‘olawe, pili grassland patches were observed on both
northwest and southwest slopes, from just above sea level upslope
to about 180 meters (600 feet) elevation. Scattered trees of
kiawe or, rarely, wiliwili (Erythrina sandwicensis) occasionally
occurred in the grassland, and the boundary between grassland and
surrounding shrublands and forests was not always distinct.
Native communities adjacent to pili grassland on Kaho‘olawe
include ‘ilima shrubland, and ma‘o shrubland. Only one rare
plant species was encountered in pili grasslands on Kaho'olawe--
Vigna o-wahuensis, a rare annual vine.

Alien plants in pili grassland on Kaho’olawe include klu (Acacia
farnesiana), Lantana camara, pualele (Emilia fosbergii) and a
variety of grasses which can displace pili in fire-prone areas.
The ubiquitous alien dryland tree kiawe (Prosopis pallida) forms
stable forests in areas that were probably pili grasslands.
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Browsing ungulates such as goats, sheep, and cattle have also had
an effect on pili grasslands, by removing native components and
encouraging the establishment and spread of non-native species.
This probably accounts for the general lack of pili grassland
areas on the eastern end of the island, where historical impact
from feral goats was concentrated. Fire is another potential
threat to pili grasslands. Although pili regenerates well after
fires, introduced grasses such as broomsedge are also fire-

adapted and are rapidly increasing their range at the expense of
pili grassland.

Alien-dominated Vegetation

Over 90 percent of Kaho'olawe was dominated by a combination of
hardpan and barren soils, and alien vegetation such as kiawe
(Prosopis pallida) forest, alien grasslands, and pickleweed
(Batis maritima) flats.

Kiawe Forest: The most prevalent plant community on Kaho‘olawe
was an open forest or woodland of kiawe. In this forest, kiawe
canopy reached up to 5 meters (20 feet), but in exposed areas,
the trees were shorter. Under the kiawe canopy was a mix of

alien shrubs and grasses, with a few remnant native plants. Some
of the native plants encountered in the kiawe forest included:
kawelu (Eragrostis spp.), ‘ilima (Sida spp.), ma‘oc (Gossypium

tomentosum), pa‘u o Hi‘iaka (Jacquemontia ovalifolia ssp.
sandwicensis), and ‘uhalca (Waltheria indica).

Alien Grassland: Breaks in kiawe forest cover, especially above
about 150 meters (500 feet) elevation, were often occupied by
alien-dominated grasslands. However, patches of alien grasslands
were present from sea level up to the summit region. Some of the
more abundant alien grasses included: Natal redtop
(Rhynchelytrum repens), buffelgrass (Cenchrus ciliaris),
fingergrass (Chloris spp.), bristly foxtail (Setaria
verticillata), and Dactyloctenium aegypticum. Along the
northwestern and southwestern slopes between sea level and about
180 meters (600 feet) elevation, alien grasses were sometimes
outcompeted by the native pili (Heteropogon contortus), forming
mosaics of native and alien-dominant grasslands.

Pickleweed Flats: Another prevalent alien-dominated vegetation
type is dominated by a succulent herb, pickleweed. It formed
monotypic herblands in several of the coastal mudflats associated
with the mouths of intermittent streams along the west coast of
the island.
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RARE PLANTS OF FKAHO'OLAWE

The native flora of Hawai’i consists of approximately 1300
flowering plants and ferns (Wagner, Herbst, and Sohmer 1990;
wagner and Wagner 1987). Of these, 89 percent of the flowering
plants and 69 percent of the ferns are endemic (unigque) to
Hawai‘i. Almost half of Hawai‘i‘s native plants are believed to
be rare (HHP 1992).

The Heritage biological survey resulted in several additions to
the flora of Kaho‘olawe, including 7 native taxa:

-Asplenium adiatum-nigrum -Mariscus phlecides ssp. phleocides
-Eragrostis atropioides -Senna gaudichaudii

-Lepidium bidentatum var. o-waihiense* -Ophioglossum concinnum*

-Fabaceae sp. nov.?*

{3 of which are rare*) and 13 alien taxa (Appendix Al}.

Thirteen rare plant taxa have been recorded on Kaho’olawe (photos
and/or line drawings of nine rare plant taxa are included in
Appendix G). O©Only one of the Kaho‘olawe rare taxa 1s currently
listed by the U.S. Fish and Wildlife Service as an endangered
taxon. Five others are Category 1 candidates for listing as
either endangered or threatened, and four are Category 2
candidates for listing (Table 2). The remaining three taxa have
neither endangered status nor candidate endangered status.

Of the 13 rare plant taxa recorded from Kaho‘olawe, 2 were
discovered during the Heritage biological reconnaissance. These
include one Category 1 plant (Ophioglossum concinnum), and one
plant that does not have endangered or candidate endangered
status (Fabaceae sp. nov.?).

The locations of rare plants recorded from Kaho’olawe are shown
on Figure 4. A description of each rare plant taxon recorded
from the island follows in the next section.

Caveats on the Botanical Information in this Report: This report
includes information from a variety of sources including museum
specimens and a large body of published and unpublished
literature. The source material is sometimes subject to
interpretation, and a number of doubtful records and inaccuracies
may exist. For example, according to Wagner, Herbst, and Sohmer
(1990), the rare plant Exocarpos gaudichaudii has been recorded
from *all islands except Kaua‘i." However, the basis for the
inclusion of Kaho‘olawe in the range of the species 1s unknown
and possibly in error (J. Lau, personal communication 1892).
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Also encountered were plant ranges whose inclusion of Kaho'olawe
appear to be based on specimens that were apparently
misidentified. For instance, the rare Chamaesyce celastroides
var. stokesil 1s reported in Wagner, Herbst, and Sohmer (1990) as
occurring on Kaho‘olawe. However, the sole specimen at the
Bishop Museum herbarium identified as Chamaesyce celastroides

var. stokeslii is apparently a misidentified Chamaesyce
celastroides var. amplectens (J. Lau, perscnal communication
1992). In addition, the HHP does not include beach drift
material on its list of native and naturalized plants of
Kaho‘olawe. However, other sources (e.g., Corn et al. 1980; U.S.
Department of the Navy 1979) include drift material on their
lists. Notes on doubtful identifications and non-living material
are made in Appendix AZ.

The focus of the Heritage biological reconnaissance was Lo survey
the native and naturalized flora of Kaho‘olawe. It was not

within the scope of the reconnaissance to inventory the taxa used
in the various revegetation trials and other plantings.

RARE PLANT SPECIES ACCOUNTS
Federally Listed Taxa

Gouania hillebrandii Oliver

Common name: None

Federal status: Listed endangered (USFWS 1991)
Heritage global rank: Gl (HHP 1992)

Gouania hillebrandii is an erect or sprawling shrub in the
buckthorn family (Rhamnaceae}. It grows up to 1.8 meters (6
feet) tall and has slender branches covered with rust- or ash-
colored hairs. The flowers are small and white with a strong
sweet fragrance (Wagner, Herbst, and Schmer 1990).

Gouania hillebrandii ha$ been recorded from Moloka‘i, Maui,
Lana‘’i, and Kaho‘olawe from dry to mesic shrubland and forest,
from near sea level to 850 meters (2800 feet) (HHP 1992).

Gouania hillebrandii was collected from Kaho’olawe only once
between 1851 and 1855 by J. Remy. It has not been reported from
the i1sland since then.

Federally Proposed Taxa

No federally proposed endangered or threatened taxa have been
reported from Kaho‘olawe (HHP 1992). However, the U.S5. Fish and
Wildlife Service 1s currently preparing to propose the following
taxa for listing as federally endangered or threatened species:
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Hibiscus brackenridgei, Neraudia sericea, COphioglossum concinnum,
Sesbania tomentosa, and Vigna o-wahuensis (J. Canfield, personal
communication 1992).

Candidate Taxa

Capparis sandwichiana DC

Common name: Pua pilo, maiapilo

Federal status: Category 2 candidate (USFWS 1950)
Heritage global rank: G2 (HHP 1992)

A member of the caper family (Capparaceae), Capparis sandwichiana
1s a prostrate or upright shrub with light green, fleshy leaves,
and large white flowers that turn light pink with age.

It is possible that the Hawaiian occurrences of Capparis are part
of the widespread Pacific species C. cordifolia, and not a
separate Hawaiian species (Wagner, Herbst, and Sohmer 19G0).

More taxonomic studies are needed to determine if this is an
endemic or indigenous species.

The species has been recorded from all of the main Hawaiilan
Islands as well as Midway, Pearl and Hermes Atolls, and Laysan in
the Northwestern Hawaiian Islands. Most often, this species
grows in coastal areas, but sometimes it can be found inland up
to 910 meters (3000 feet) in elevation (HHP 1992).

On the HHP biological reconnaissance, Capparis sandwichiana was
seen at several locations along the southern, eastern, and
northern coasts. On previous surveys it was recorded from the
same general areas, as well as on Pu‘u Koa‘e off the southern

coast of the island.

Chamaesyce skottsbergii (Sherff) Croizat & Degener var.
vaccinioides (Sherff) Koutnik

Common name: ‘Akoko, koko, kokomalei

Federal status: Category 2 candidate (USFWS 1990)

Heritage global rank: G2T1 (HHEP 1992)

This member of the spurge family (Euphorbiaceae) i1s a subshrub
with elliptic to oblanceolate leaves oppositely arranged along
the stem. The flowers are borne in cyathea with yellowish green
to red glands. The fruit i1s a small green capsule borne on a
recurved stalk that becomes erect just prior to dehiscence
(Wagner, Herbst, and Sohmer 1990).

Chamaesyce skottsbergii is endemic to O‘ahu, Moloka‘i, East Maui,

and Kaho‘olawe. It has two varieties. The variety vaccinioides
is endemic to Moloka‘i, East Maui, and Kaho‘olawe and is found
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between the elevations of 20 and 580 meters {70 and 1900 feet) in
dry grassland and shrubkland (HHP 1992).

There are two records of this variety from Kaho‘olawe. In 1913
it was collected from Kanapou Bay on the eastern coast of
Kaho‘olawe. In 1980 a single plant was reported from the east
side of Kamohio Bay on Kaho‘olawe’s southern coast. This taxon
was not encountered during the Heritage biological
reconnaissance.

Hibiscus brackenridgel A. Gray ssp. brackenridgel
Commcn name: Ma’o hau hele

Federal status: Category 1 candidate (USFWS 1990)
Heritage global rank: G1T1 (HHP 1992)

Hibiscus brackenridgei of the mallow family (Malvaceae) is
Hawai‘i's state flower. The subspecies brackenridgei is a shrub
or small tree which usually grows to a height of 3 to 5 meters
{10 to 16 feet) (Wagner, Herbst, and Sohmer 1990). Its large
showy flowers are bright lemon yellow and sometimes have a maroon
center.

This species was collected on Kaho‘oclawe by J. Remy between 1851
and 1855. It has not been found in the wild on Kaho‘olawe since

then.

Hibiscus brackenridgei is endemic to Kaua‘i, 0O‘'ahu, Moloka‘i,
Maui, Lana‘i, Kaho’olawe, and Hawai‘i. It consists of two
subspecies, ssp. brackenridgeil and ssp. mokuleianus. It is not
certain which of the two subspecies the Kaho‘olawe plant belong
to, because the Remy specimens have not been recently examined by
taxonomists. However, it 1s assumed that they represent the ssp.
brackenridgei which has been recorded from the younger islands of
Moloka‘’i, Maui, Lana‘’i, and Hawai‘il (the ssp. mokuleianus has
been recorded from the older isiands of Kaua‘i and O‘ahu).
Subspecies brackenridgei has been found from sea level to 760
meters (2500 feet) in elevation in dry shrublands and forests
(HHP 1992).

Neraudia sericea Gaud.

Commeon name: Ma‘aloa, ma‘ocloa, ‘cloa

Federal status: Category 1 candidate (USFWS 1990)
Heritage global rank: Gl (HHP 1992)

Neraudia sericea of the nettle family (Urticaceae) is a 3 to S
meter- {10 to 1l6-foot) tall dicecious shrub. Its branches,
leaves, and peticles are covered with short hairs. The flowers,
which are either staminate (male) or pistillate (female), are
small and inconspicuous (Wagner, Herbst, and Sohmer 1990).
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This plant has been recorded from dry to mesic forests on
Moloka‘’i, Maui, Lana‘i, and Kaho'’olawe from 450 meters (1480
feet) or lower, up to 1370 meters (4500 feet) (HHP 1962).

The single known Kaho’clawe specimen of this taxon was collected
by J. M. Lydgate in the 1860s. There have been no records of it
on the island since then.

Ophioglossum concinnum Brack.

Cormmon name: Pololei

Federal status: Category 1 candidate (USFWS 1990)
Heritage global rank: G2 (HHP 1992)

Ophioglossum concinnum is a fern in the adder’s tongue family
{Ophioglossaceae). This perennial plant is generally visible
only during the wet winter season, when the underground rootstock
produces fronds. The fronds are elliptic-lanceolate, ovate-
elliptic, or suborbicular in shape. Each frond bears a fertile
spike 1 to 1.5 centimeters (about .5 inches) long (Clausen 1938).

The species is endemic to Kaua‘i, 0’ahu, Moloka’i, Mauil, Lana‘i,
Kaho‘olawe, and Hawai‘i. It is usually found in coastal
environments, or, less frequently, at inland locations up to 430
meters (1400 feet) in elevation. It occurs in dry habitats
including unceonsolidated sand dunes, lithified sand dunes, and
volcanic substrates (HHP 1992).

The species was observed for the first time on Kaho'’olawe during
the Heritage biological reconnaissance; only a single plant was
seen. It was found at the top of the southern seacliffs at about
160 meters (525 feet) in elevation, 1 kilometer (0.6 mile) east
of Lae o Kuakaiwa 1n a sparsely vegetated, gravelly area.

Portulaca molokiniensis Hobdy

Common name: ‘Ihi

Federal status: Category 2 candidate (USFWS 1990)
Heritage global rank: Gl (HHP 1992)

Portulaca molokiniensis of the purslane family (Portulacaceae) is
a succulent herb. It is branched at the base, with stems 2.5 to
5 decimeters tall. The leaves are broadly obovate, 40 to 45
millimeters long. The yellow flowers are borne in a head-like
cluster on the end of a long leafless stalk (Wagner, Herbst, and
Schmer 1990).

Portulaca molokiniensis has been recorded from Molokini ({(an
of fshore island between Mauil and Kaho'’'olawe), Kaho‘olawe, and
Lana‘l {a recent find} from 10 to 230 meters (33 to 750 feet).
It is known from coastal environments, except for the single
known Lana‘i population which is located inland (HHP 1992}).
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On Kaho‘olawe this species has been found at three locations at
the base of the seacliffs, as well as on the islet Pu‘u Koa'e.
The largest known population on Kaho’‘olawe is at ‘Ale’ale, with
an estimated 500 plants seen during the Heritage bioclogical
reconnaissance. The species was also reported from the east side
of Waikahalulu Bay in 1980, where four plants were seen. Also 1in
1980, 24 to 25 plants were seen on the east side of Kamohio Bay.
On the islet of Pu‘u Koa‘e, a state seabird sanctuary, scattered
individuals were observed in 1984.

Portulaca villosa Cham.

Common name: ‘Ihi

Federal status: Category 2 candidate (USFWS 1990)
Heritage global rank: G1 (HHP 1992)

Portulaca villosa is a succulent herb with stems prostrate to
ascending. Its leaves are narrowly oblanceclate to linear, 5 to
25 millimeters (.2 to 1 inch) long. 1Its flowers are white to
pink in color, with petals 8 to 10 millimeters ({(about .35 inches)
long (Wagner, Herbst, and Sohmer 1990).

The species has been recorded from all of the main Hawaiian
Islands except Ni‘ihau. It has also been found on Ka'ula, and on
Nihoa in the Northwestern Hawaiian Islands. It is usually found
in dry open habitats, on or near the coast, but has been reported
up to 490 meters (1600 feet) in elevation (HHP 1992).

Portulaca villosa has been recorded from three places on
Kaho‘olawe. During the Heritage biological reconnaissance it was
seen along the southern coast at two locations: at ‘Ale’ale, and
in the U.S. Coast Guard Reservation on the southwest end of the
island. At ‘Ale‘ale 12 plants were observed. About 40 plants
were seen at the Coast Guard Reservation. Also, in 1980 on the
northeastern part of the i1island, 50 plants were found south of
Hakiocawa at 290 meters (950 feet) elevation.

Sesbania tomentosa Hook. & Arnott

Common name: ‘Ohai

Federal status: Category 1 candidate (USFWS 1990)
Heritage global rank: G2 (HHP 1992)

Sesbania tomentosa, a member of the pea family (Fabaceae), 1is a
prostrate to erect shrub, or sometimes a small tree up to 6
meters (20 feet) tall. 1Its pinnate leaves bear 18 to 38 elliptic
leaflets, often covered with silky hairs. The flowers, which

grow in clusters of two to nine, can range in color from salmon
to scarlet, and are rarely pure yellow. The fruits are long,
narrow pods that contain 6 to 27 small dark-colored seeds
(Wagner, Herbst, and Scohmer 1690).

32

Kaho'olawe Biclogical Reconnaissance Report August 1992




Sesbania tomentosa has been recorded from all the major Hawaiian
Islands and is also found on Necker and Nihcoa in the Northwestern
Hawaiian Islands. It has been found primarily in coastal
environments, and less often inland as high as 853 meters (2800
feet) in elevation. It occurs in dry habitats in calcareous and
volcanic substrates (HHP 1992},

Sesbania tomentosa occurs on the islet of Pu‘'u Koa‘e, a state
seabird sanctuary. The most recent observation of the species on
Pu‘u Koa‘e was during the Heritage survey. Sixteen plants were
observed from a vantage on the Kaho‘olawe cliffs closest to Pu‘u
Koa‘e, but additional plants may have been hidden from view. Two
to three dozen plants were reported on the islet in 1984. The
species was also collected at an unknown location on Kaho‘olawe
proper by C. N. Forbes in 1913. It has not been reported from
the island since then.

Vigna o-wahuensis Vogel

Common name: None

Federal status: Category 1 candidate (USFWS 1990)
Heritage global rank: Gl (HHP 1992)

A member of the pea family (Fabaceae), Vigna o-wahuensis is a
slender, twining annual or perennial herb. The leaflets, stems,
and fruit pods are sparsely to moderately pubescent. The stems
are usually one to four decimeters long, and the flowers are pale
vellow or greenish vellow in color (Wagner, Herbst, and Sohmer
1990) .

Vigna o-wahuensis is endemic to Ni‘ihau, Kaua'’i, O‘ahu, Moloka‘i,
Maui, Lana‘'i, Kaho‘olawe, and Hawai’i. The species occurs in dry
to mesic grasslands and shrublands from 10 to 1370 meters (30 to
4500 feet) in elevation (HHP 1992).

Vigna o-wahuensis has been collected or reported from three areas
on Kaho‘olawe. 1In 1978, a specimen was collected approximately
150 meters (500 feet) west of Sailor’s Hat (which is at the
southwest end of the island, about 0.5 miles (0.8 kilometers)
south of Hanakanaia). In 1982, specimens were collected on the
upper part of the island between 400 and 410 meters (1300 and
1350 feet) elevation. During the Heritage biological
reconnaissance of Kaho‘clawe, a single plant was seen on the
northwest portion of the island about halfway between Maka‘alae
and Lua Kealialalo at 140 meters (460 feet) in pili (Heteropogon
contortus) grassland.
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Other Taxa of Concern

Lepidium bidentatum var. o-waihiense
Common name: ‘Anaunau, naunau, kunana
Federal status: None

Heritage global rank: G2T2 (HHP 1992)

Lepidium bidentatum var. o-waihiense in the mustard family
{(Brassicaceae) 1s a subshrub 15 to 60 centimeters (6 to 23
inches) tall with inconspicuous white flowers in terminal racemes
(Wwagner, Herbst, and Sohmer 1890).

Lepidium bidentatum is widely distributed from Hawai‘l nearly
throughout the south, central, and eastern Pacific islands and in
New Caledonia. The Hawaiian endemic var. o-waihiense has been
recorded from Kure, Midway, and Pearl and Hermes Atoll and Laysan
in the Northwestern Hawaiilan Islands, and the main Hawailian
islands of Kaua‘i, O‘’ahu, Moloka'l, Maui, Lana‘i, and Hawai‘l.

It has been recorded from near sea level up to 670 meters (2200
feet) elevation, in dry to mesic habitats (HHP 1592).

A single plant was seen on the HHP survey on the southwestern
part of Kaho‘olawe. It was found on sparsely vegetated eroded
ground at 300 meters (980 feet). This taxon had not been
previously recorded from the island. The plant observed possibly
represents an escapee from trial plantings.

Lipochaeta bryanii Sherff

Common name: Nehe

Federal status: No longer a candidate (category 3A) (USFWS 19%50)
Heritage global rank: GH (HHP 1992)

Lipochaeta bryanii is a somewhat woody perennial herb in the
sunflower family (Asteraceae). It has erect stems that reach
three to five decimeters (12 to 20 inches) in length and yellow
flowers (Wagner, Herbst, and Sohmer 1990).

The species is known only from the type specimen collected on
Kaho‘oclawe at an elevation of 300 meters (980 feet) amidst pili
grass (Heteropogon contortus). It was collected in 1931 and has
not been reported since.

Fabaceae sp. nov.?

Common name: None

Federal status: None

Heritage global rank: Gl (HHP 1992)

This apparently new species was discovered during the Heritage

bioclogical reconnaissance of Kaho‘olawe. It 1s a legume 1in the
subfamily Mimoscideae. It appears to be a native plant
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representing a genus unrecorded from Hawai‘i. There is also a
possibility that the plant represents a completely new genus.
Good flowering material needs to be collected so that its
placement within the Mimosoideae can be evaluated.

There are only two known individuals of this taxon on Kaho’‘olawe.
They are growing on ‘Ale‘ale, which is a steep-sided hill at the
/base of the seacliffs on the west side of Kamohio Bay on the
southern coast of Kaho’oclawe,

The plants are robust shrubs 1 meter (3.3 feet) tall and up to 2
meters (6.6 feet) across. Their leaves bear six leaflets. Each
leaf has a pair of terminal pinna, and each of the pinna,
furthermore, bears a terminal pair of leaflets and a single outer
leaflet near the base of the pinna. The flowers are arranged in

a globose head borne on a long peduncle. The fruit is a flat,
dry pod that does not dehisce. Each fruit contains a single

flattish seed.
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RARE ANIMALS OF FKAHO’‘COLAWE

A unique assemblage of native animals exists in Hawai‘i. Most of
these animals are endemic, occurring nowhere else in the worid.
Because of Hawai‘i‘s isolated mid-Pacific location and relatively
small size, the assemblage of native animal taxa i1s a result of
only a few colonizations.

In the Hawaiian archipelago, geology and climate have acted
together to create many different habitats. Early arriving
species (such as forest birds, insects, and land snails) were
able to take advantage of and adapt to these unigque habitats.

The resulting existing endemic species consist of one land
mammal, one marine mammal, 49 birds, hundreds of land snails, and
thousands of insects and other terrestrial invertebrates.

Since humans arrived, they have modified habitat and introduced
numerous non-native species that have been very successful in
out-competing the native species. The result has been that many
of the original animal species have gone extinct, and many of the
remaining endemic populations are now considered rare and in
danger of extinction.

Little is known about the prehuman native Hawaiian fauna of
Kaho'’oclawe Island because of the rapid rate at which ecological
changes and extinctions took place, and because many of the
changes occurred before any detailed biological explorations were
undertaken. Nevertheless, the rocky cliffs, beaches, and
surrounding waters of Kaho’olawe continue to provide habitat for
native Hawaiian animals including seabirds, sea turtles, and
marine mammals (photos of five significant animals recorded from
Kaho‘olawe are in Appendix G). Native Hawalian aquatic
invertebrates occupy the high salinity anchialine pool at
Sailor’s Hat. The forested areas of Kaho'’oclawe, although greatly
altered, probably contain small isoclated populations of native
Hawaiian land snails and other native Hawaillian invertebrates.

One native Hawaiian land bird, the pueo (Asio flammeus
sandwichensis), still survives on the island. Hawai’‘i's only
native terrestrial mammal, the rare Hawaiian hoary bkat (Lasiurus
cinereus semotus), has also been recently recorded from
Kaho'‘olawe.

The species accounts presented below briefly describe the five

rare Hawaiian animals that have been reported alive on
Kaho'olawe, or from areas just offshore. Four of these animals
are listed as endangered and one is listed as threatened (Table
3). Appendix B contains all animals reported on or near
Kaho’'olawe Island. The list includes records made during the HHP
survey, land snail information from the Bishop Museum
collections, and information compiled from the HHP database and
the literature. Appendix B lists only records of living animals,
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with the exception of the recently dead seabirds Bulweria
bulwerii and Puffinus pacificus chlororhynchus. Both seabirds
probably nest on Pu‘u Koa’e and nearby ‘Ale’ale. The dead snails
recorded during the HHP survey are also included because dead
specimens may indicate the existence of undiscovered snail
populations on Kaho’olawe. Although it is not known whether they
were collected alive or dead, snails recorded in the Bishop
Museum collections are also included for the same reason.
Information on archaeological snail records can be obtained in
the report by Christensen (1987). Information on bird bone
records 1s reported in Appendix C.

It 1s noteworthy that bones of both the nene (Nesochen
sandvicensis) and the band-rumped storm-petrel (Oceanodroma
castro) have been discovered on Kaho’‘clawe (Appendix C), although
neither species has been reported alive from the island. The
endemic nene is Hawai’i’s state bird. The species 1is listed as
endangered by the U.S. Fish and wildlife Service (1991) and by
the Hawai‘i Department of Land and Natural Resources (1990). The
indigenous band-rumped storm-petrel is listed as endangered by
the Hawail‘il Department of Land and Natural Resources (1990).

With proper management of Kaho’clawe’s natural resources (see
Management Recommendations section), these birds may eventually
recolonize Kaho'olawe Island.

Caveats on Animal Information: Throughout this report, the
Hawai‘i Heritage Program regards the puec as a native Hawailan
land bird, and considers it to be a distinct endemic subspecies
(Asio flammeus sandwichensis). This classification i1s used by
others (Berger 1981; Scott et al. 1986; Pyle 1988; Hawai‘i
Audubon Society 1989), but is debatable (Olson and James 1982).
The account by Olson (Appendix C) ranks the pueo as a post-
Polynesian immigrant, not taxonomically different from mainland
short-eared owls (Asio flammeus). Therefore, Olson does not list
the pueo among Kaho’clawe’s native Hawaiian land birds.

The Hawai‘i Heritage Program adopts the taxonomic usage that
lists the nene as Nesochen sandvicensis (Berger 1981; Scott et
al. 1986; Pyle 1988; Hawai‘i Audubon Society 1989). The account
by Olson (Appendix C) uses a different classification, and places
the nene in the genus Branta.

it was beyond the scope of the HHP survey to do a complete
invertebrate inventory of Kaho‘olawe. Thousands of insects and
other terrestrial invertebrates inhabit the Hawaiian Islands.

The native Hawaiian invertebrate fauna is poorly understood, and
many of these animals have not yet been described. A
comprehensive invertebrate survey would require highly
specialized workers, and might be warranted for unusual
ecosystems on Kaho‘olawe, such as the newly discovered anchialine
pool at Sailor’s Hat.
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RARE ANIMAL SPECIES ACCOUNTS
Federally Listed Taxa

Pterodroma phaeopygia sandwichensis

Common name: Dark-rumped {Hawaiian) petrel, ‘ua‘u
Federal status: Listed endangered {(USFWS 1991)
Heritage global rank: G2T2 (HHP 1992)

‘Ua‘u formerly nested on all the main Hawaiian Islands except
Ni‘ihau. Now nesting colonies are restricted primarily to
Haleakala Crater on Maui, with smaller numbers nesting on Kaua‘i,
Lana‘i, Hawai‘i, and Moloka‘i (Pratt, Bruner, and Berrett 1987;
Hawai‘i Audubon Society 1989). '

Little is known about ‘ua‘u dispersal as they are rarely seen at
sea in Hawaiian waters (Pratt, Bruner, and Berrett 1987). The
‘ua‘u is generally seen close to the main Hawaiian Islands only
during the breeding season; otherwise, it is a pelagic species.
Breeding extends from March to October. It breeds in burrows or
under rocks in barren areas high on mountain slopes where it lays
a single white egg. Adults arrive and depart colonies at night.
Adults feed on squid, fish, and crustaceans and pass food to
chicks by regurgitation (Hawai'’i Audubon Society 1989).

The ‘ua‘u 1s a large petrel with a short, wedge-shaped tail. Its
upper parts are very dark with a white "V*" at the base of the
upper tail coverts. The forehead and under parts are white. The
wing is white underneath with a black margin, a diagonal bar, and
a broad carpal patch (Pratt, Bruner, and Berrett 1987).

Fledglings usually leave their nests during October and November.
Unfortunately, they are often attracted to man-made lights while
making their first flight toward the open ocean. They often
become disoriented, crashing into the lights and other objects;
hence, many young birds are injured or killed each year (Berger
1981). Predation by introduced rats (Rattus sp.) and mongooses
(Herpestes auropunctatus auropunctatus) 1s also a serious threat
to this endangered species {(Hawai‘i Audubon Society 1989).

Only ‘ua‘u nesting coleonies are included in the Hawai‘l Heritage
Program’s Database. Nesting colonies are not known from
Kaho‘oclawe, but they could potentially become established,
especially if feral mammals are controlled. In July 1982, ‘ua‘u
were heard calling in flight near the summit of Pu‘u o Moa‘ulanui
(Conant 1983). ‘Ua’'u were not observed during the HHP survey.
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Chelonia mydas

Common name: Green turtle, honu

Federal status: Listed threatened (USFWS 1991)
Heritage global rank: G3 (HHP 1992)

Green turtles are found in tropical and subtropical waters of the
Pacific and Indian Oceans. Green turtles are federally listed as
threatened wherever found, except for breeding populations in
Florida and on the Pacific coast of Mexico, where they are listed
as endangered (USFWS 1991).

Green turtles are long-range migrants that spend most of their
lives foraging and resting in nearshore habitats. The main
breeding area for green turtles in Hawai‘i is the U.S. Fish and
Wildlife Service refuge in the Northwest Hawaiian Islands (Balazs
et al. 1987). At least 90 percent of all reproduction by green
turtles in the Hawaiian Islands occurs at French Frigate Shoals,
and most of the remaining ten percent takes place at Laysan and
Lisianski Islands and Pearl and Hermes Reef (Balazs et al. 1987).
In recent years, a very small number of nests has been reported
from some main islands. The total breeding population in Hawai’l
is thought to be less than 1,200.

Although green turtles are thought to grow very slowly, they can
reach up to 42 inches (108 centimeters) or more in shell length
and weigh 250 pounds (113 kilograms) (with the largest ever,
weighing 850 pounds {385 kilograms]). Each flipper has one claw.
The edges of the shell are fairly smooth. The tail of males
extends to the end of the hind flippers, while the tail of
females rarely extends to the end of the upper shell.

Adult sea turtles return to sand beaches to lay eggs once every
two to four years. Females lay eggs 3 to 7 times at 13-day
intervals from July to November. Peak hatching occurs in
September and October. Each clutch contains about 100 white,
leathery eggs about the size of golf balls. After two months of
unattended incubation, small hatchlings dig to the surface and
scramble quickly to sea (Balazs 1976). Hatchlings weigh one
ounce and have black upper surfaces with white borders around

each flipper.

As egg-laying reptiles, sea turtles use both the ocean and land
environments; both are critical to their life cycle. Undisturbed
nesting beaches are required for egg laying, basking, and
resting. Adults and juvenile sea turtles feed primarily in
nearshore waters, while post-hatchlings forage in the open ocean
(Balazs et al. 1987). Their primary food is marine plants.

Serious declines have occurred in most sea turtle populations
around the world because of exploitation for their meat, shells,
and use for soup stock (Balazs 1976). Though these practices
persist in many areas, national and international protection
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programs, such as the Endangered Species Act of the United States
(USFWS 1973) and the Convention on International Trade in
Endangered Species (1973), seek to protect these animals from
extinction by restricting sea turtle hunting and trade.

Habitat degradation is also an international threat to sea turtle
survival. In Hawai‘i, the increasing use of coastal areas for
housing and recreation may impact local sea turtle populations by
inhibiting nesting and/or basking (Balazs et al. 1987). Numerous
sea turtle deaths are attributed to entanglement in marine debris
and ingestion of plastic, which is probably mistaken for food.

Only onshore nesting and basking sites are included in the HHP
database. On Kaho‘olawe, green turtles were seen basking at
Kuheia (Figure 4) in 1990 (HHP 1992). Green turtles have also
been observed feeding nearshore at Lae o Kuikui and Hakioawa.
Green turtles were not seen during this survey.

Lasiurus cinereus semotus

Commen name: Hawailian hoary bat, ‘ope’ape’a
Federal status: Listed endangered (USFWS 1991)
Heritage global rank: GS5T2 {(HHP 1992)

The Hawaiian hoary bat, or ‘ope‘ape‘a, 1s Hawai‘li's only endemic
terrestrial mammal. Originally considered to be a distinct
species, the Hawaiian hoary bat is now taxonomically classified
as a subspecies of the American mainland populations of hoary
bats. Nevertheless, very little information currently exists in
the literature about its roosting behavior, breeding bioclogy.
home range, foraging patterns, or food supply (Kepler and Scott
1990).

Although the Hawaiian hoary bat is considered a solitary species,
groups comprising 2 to 108 individuals have been described
(Kramer 1971; Tomich 1986; Fujioka and Gon 1988; Kepler and Scott
1990). Observations have been reported from the islands of
Hawai’i, Kaua'’'i, Maui, O‘ahu, Moloka‘i, and Kaho'‘oclawe. Although
more commeonly seen in coastal and lowland forested areas,
recorded sightings exist from a wide range of elevations. Bats
have been reported from Haleakala Summit at an elevation of 9,055
feet (Duvall and Gassmann-Duvall 1991). The largest resident
population exists on the 1sland of Hawai‘i. Breeding has been
recorded on both Hawai‘i and Kaua'‘'i. Duvall and Gassmann-Duvall
(1991) recently suggested that at least cone resident population,
if not a breeding one, exists on Maui. There have been few
cbservations of bats on 0O‘ahu, and only one observation has been
recorded from Mcloka‘i. These bats were observed over open
water, suggesting that the animals may have been moving through
the area from other islands (Kepler and Scott 1990). It has been
suggested that the Hawaiian hoary bat, like its mainland
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relative, is migratory ({(Kramer 1971), but there is little
evidence to support this. Hawaiian hoary bats appear to be much
more active and conspicuous in the fall months (Kepler and Scott
1990).

Reproduction in the Hawaiian hoary bat has been virtually

unaddressed by the scientific community (Kramer 1971). The small
amount of data collected suggest that female bats typically
produce two young in June (Kepler and Scott 1980). Kramer (1971)

discusses two instances in which a female bat was found carrying
two young. In one case, the combined weight of the clinging
offspring was 25 percent more than the weight of the mother.

Habitat requirements of the Hawaiian hoary bat are not fully
understood. Analysis by Kepler and Scott (1990) showed no
preference for native vegetation. There is some evidence of bats
occupying lava tubes (Fujioka and Gon 1988), but Tomich (1986)
does not believe that "deep caverns are of advantage to the
physiological needs of the hoary bat in Hawai‘i.® It appears
that the bat is unselective in its choice of roosting sites
(Kramer 1971; Tomich 1986) and it is quite possible that alien
vegetation is not a significant threat to the species’ survival.
On the other hand, we do not know what changes may have occurred
to the distribution of the Hawaiian hoary bat as a result of
direct or indirect human interference.

On Kaho‘olawe, Hawaiian hoary bats have been reported feeding at
Hakiocawa (Figure 4) in 1989 (HHP 1992). Bats were not observed
during this survey.

Monachus schauinslandi

Common name: Hawaiian monk seal, ‘ilio holo 1 ka uaua
Federal status: Listed endangered (USFWS 1991)
Heritage global rank: G2

The Hawaiian monk seal is found only in Hawai’i with virtually
all breeding occurring in the Northwestern Hawalian Islands. The
historical record is incomplete, but indications are that the
species was near extinction in 1900 from over-exploitation by
sealers and whalers (Tomich 1986). Current estimates indicate a
population of about 1,500 to 1,700 individuals (Gerrodette 1985;
Gilmartin 1988). Sightings are rarely reported from the main
Hawaiian Islands, and most of these have been from Kaua‘i (Tomich

1986) .

Mating of Hawaiian monk seals occurs in the water. Females give
birth to a single pup on beaches adjoilining a shallow water area,
affording protection from sharks. Most pups are born between
February and July with peak births in May. Pups are black and
weigh about 25 to 30 pounds (10 to 14 kilograms) at birth. They
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are weaned when about 39 days old and weigh approximately 15 to
200 pounds (7 to 90 kilograms). Adults weigh up to 500 pounds
(225 kilograms); females are slightly larger than males. Adults
are dark grey to brown above, and light grey to yellow
underneath.

Hawaiian monk seals feed at sea, primarily at depths between 30
and 120 feet (9 to 37 meters). Their diet includes reef fish,
eel, octopus, and lobster.

The Hawaiian monk seal is very sensitive to human disturbance.
The species is threatened by marine debris and longline fishing
activities; seals are often entangled in fishing line and other
man-made objects.

Only monk seal breeding and resting (haul-out) sites are included
in the HHP database. Monk seals were observed at Hanakanaia
(Figure 4) in 1988 (HHP 1992)., Monk seals were not observed
during this survey.

Megaptera novaeangliae

Common name: Humpback whale

Federal status: Listed endangered {(USFWS 1991)
Heritage global rank: G2 (HHP 1992)

The humpback whale has a worldwide distribution. It winters
primarily in nearshore tropical waters, and summers in temperate
and subpolar waters (Tomich 1986). Current estimates for the
Hawaiian population of humpback whales range from 1000 to 3000
individuals (U.S. Department of Commerce, no date).

Humpback whales wintering in Hawai‘i are found at water depths of
less than 600 feet (185 meters) (U.S. Department of Commerce, no
date; Shallenberger 1981; Tomich 1986). The highest density of
whales are observed between February and April, primarily in the
waters between Maui, Moloka’i, lLana‘i, and Kaho’‘olawe, but also
near Ni‘ihau, the north coast of Kaua‘i, and along the
northwestern coast of the island of Hawai‘i (U.S. Department of
Commerce, no date). They have also been reported, although less
frequently, from the waters surrounding O‘ahu, the eastern and
southwestern coasts of Hawai‘i, and the Northwestern Hawaiian
Islands.

During the HHP survey, humpback whales, both adults and calves,
were observed daily in the nearshore waters surrounding
Kaho‘olawe. The Hawai‘l Heritage Program is not currently
tracking occurrences of this migratory endangered marine mammal.
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Other Animal Taxa of Concern

Aslo flammeus sandwichensis

Common name: Hawaiian (short-eared) owl, pueo

State status: Listed endangered on O‘’ahu only (DLNR 19890)
Heritage global rank: GS5T3 (HHP 1992)

The Hawaiian (short-eared) owl, or pueo, is endemic to Hawai‘i.
The pueo occurs on all the main Hawaiian Islands, but it is most
common on Kaua‘i, Maui, and Hawai’‘l.

The pueo occurs from sea level to 8000 feet (2440 meters) in
elevation in areas dominated by both native and alien vegetation,
from pastures and grasslands to dry and wet forests. Short-eared
owls have also been observed on some of the Northwestern Hawaiian
Islands, but these individuals are probably mainland stragglers
of A. f. flammeus (Berger 1981; Hawai’‘i Audubon Society 1989).

Unlike most owls, the pueo is often active at mid-day.
Furthermore, it frequently soars at very high altitudes, which
leads some observers to mistake the bird for the Hawaiian hawk
(Buteo solitarius), or 'io (Berger 1981).

Pueoc feed primarily on introduced rodents such as the house mouse
(Mus musculus) and the Polynesian rat (Rattus exulans). Before
humans introduced rodents to Hawai‘i, it is possible that the
pueo fed on the now extinct flightless Hawaiian rail (Porzana
sandwichensis) and other birds (Scott et al. 1986).

Pueo build their nests on the ground, usually in grass. Three to
six white eggs are laid (Hawai‘i Audubon Society 1989). Little
is known about the pueo’s breeding biology. Nests containing
young have been observed in March, May, and November. Pueo begin
incubating when the first egg is laid. Subsequently, eggs

usually hatch in the order they were laid, creating a marked
difference in the size of the nestlings (Berger 1981).

The total number of pueo has not been estimated. Because pueo
nest on the ground, the young are vulnerable to predation by
feral cats and mongooses. Human-related mortalities (e.g.,
shooting) and other human disturbances to habitat seem to be the
predominant reasons for the apparent decline of the bird (Scott

et al. 19886).

Because of its endangered status, only the O‘ahu population of
the pueo is included in the HHP database. However, the pueo is
the only remaining native Hawaiian land bird on Kaho'olawe;
therefore, it is noteworthy that they occur, and that they were
observed during this survey.
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BIOLOGICALLY SIGNIFICANT AREAS

Rare and Native Natural Communities: The island of Kaho’‘olawe
contains bioclogically significant areas for native plants,
animals, and ecosystems. These areas include beaches and coastal
lava flats on the west shoreline containing patches of native
coastal dry grasslands, shrublands, and an anchialine pocl;
cliffs and steep-sided islets on the south and east shoreline
bearing rare coastal plants; patches of the native pili lowland
dry grassland along the northern, western, and scuthern slopes:
and the best remaining ma‘o (Hawaiian cotton) shrubland in the
state, along the island‘s western coasts and slopes.

Particular locations of significance are: Sailor'’s Hat crater,
which contains the only High Salinity Anchialine Pool ecosystem
reported for Kaho‘oclawe; the beaches and coastal flats along the
west shoreline, where intact native coastal grasslands and
shrublands persist; the southern and eastern sea cliffs, where a
variety of rare plants have escaped decades of browsing by
mammals such as sheep and goats (particularly ‘Ale‘ale point,
where a rich Hawaiian Mixed Shrub Coastal Dry Cliff Community is
habitat for a potentially new plant taxon); and finally, zones
along the lower portions of the nerthern, western, and southern
slopes of the island, where patches of pili grassland are
prevalent., All of these areas are depicted in Figure 3.

Furthermore, Hawaiian intermittent streams and ephemeral pools
are poorly understood freshwater ecosystems present on
Kaho’'olawe. Intermittent streams of Kaho‘olawe may provide some
habitat for native stream animals, particularly insects and
crustaceans. Ephemeral pools in stream beds and depressions
flooded during storms support an interesting set of shrimp and
other crustaceans adapted for life in a short-lived body of
water,

Rare Plants: Most of the known Kaho‘oclawe rare plant populations
are located along the island’'s southern and eastern seacliffs.
The most significant location for rare plants on Kaho‘olawe is
‘Ale’ale, which is a steep-sided hill at the base of the
seacliffs on the island’s south coast. ‘Ale‘ale has been
protected by its steep sides against the ingress of the feral
ungulates that have so heavily affected most of Kaho‘olawe. The
two most significant Kaho‘olawe rare plant populations are on
‘Ale‘ale. There, the only known population of a potentially new
species in the pea family (Fabaceae) was discovered during the
Heritage survey; only two plants were found. The second
significant rare plant population on ‘Ale‘ale is that of

Portulaca molokiniensis. The ‘Ale’ale population is the largest
known for this rare taxon, containing about 500 plants. The
species 1s basically restricted to the southern coast of
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Kaho‘olawe, but a few are still present on the islet of Molokini
between Kaho’'olawe and Maui, and there is a single small
population on Lana‘i. ©Other rare plant species found on ‘Ale‘ale
include Portulaca villosa and Capparis sandwichiana.

Other rare plants have been observed elsewhere on the southern
seacliffs and coast. Some were seen during the Heritage
biological reconnaissance; others were recorded within the last
20 years. These records include: scattered populations of
Capparis sandwichiana; small populations of Portulaca
molokiniensis; a population of Portulaca villosa; a population of
Vigna o-wahuensis; a single plant of Chamaesyce skottsbergii var.
vaccinioides; and a single plant of Ophioglossum concinnum.

On the eastern seacliffs at Kanapou Bay are populations of
Capparis sandwichiana. Chamaesyce skottsbergil var. vaccinioides
has also been collected there. On the island of Pu‘u Koa‘e
(which is under state jurisdiction as a seabird sanctuary),
Portulaca molokiniensis, Sesbania tomentosa, and Capparis
sandwichiana have been recorded.

Rare plants have also been found at other widely scattered
locations within the last two decades. These rare plants are
Vigna o-wahuensis, Capparis sandwichiana, Portulaca villosa, and
Lepidium bidentatum var. o-walhiense.

Rare and Native Animals: The most significant locations for rare
and native Hawalian animals on Kaho’olawe are beaches where
threatened green turtles (Chelonia mydas) and endangered Hawallian
monk seals (Monachus schauinslandi) have been cobserved. These
animals have recently been observed at Hanakanaia (Smugglers
Cove), Kuheia, Lae o Kuikui, and Hakiocawa. Hawaiian monk seals
have also been seen at nearby Molokini Island.

Other areas important to native animals include Kuheia Beach and
Hakioawa Gulch where the endangered Hawaiian hoary bat (Lasiurus
cinereus semotus), Hawai'‘i’s only native terrestrial mammal, has
been recorded. Also, all nearshore waters are important for the
Hawaiian wintering population of endangered humpback whales
(Megaptera novaeangliae). Although not rare, the indigenous
Spinner dolphin (Stenella longirostris) has been sighted in large
schools off of the coast, from Lae o Kuikui to Hakiocawa, Lae o
Kuakaiwa, and Hanakanaia.

During the HHP survey, indigenous seabirds were seen flying
primarily on the southern portion of Kaho‘olawe, and they were
found on Pu‘u Koa‘e. Both Pu‘u Koa’e and the nearby ‘Ale‘ale
support nesting populations of native seabirds such as red-tailecd
tropicbirds (Phaethon rubricauda rothschildi) and brown boobies
(Sula leucogaster plotus). Some of Kaho’olawe's coastal cliffs
showed signs of recent nesting by seabirds; however, native
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seabird habkitat is generally limited on the majority of
Kaho’olawe because of the large population of feral cats (Felis
catus).
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MANAGEMENT RECOMMENDATIONS

NATIVE/RARE NATURAL COMMUNITY MAMAGEMENT

Management of Intact Natural Communities: A few areas of intact
native natural communities still persist on Kaho'olawe. Examples
of existing intact native natural communities or assemblages of
communities should be designated as special management areas. In
these special management areas, no activities detrimental to
natural communities should be allowed, and steps should be taken
to counteract existing threats {see Threat Management, below).

Restoration of Native Natural Communities: Most of Kaho’olawe
has been seriously degraded and its original vegetation has been
heavily modified or completely destroyed. Several lines of
evidenice can be considered in attempting to restore native
vegetation on the degraded portions of the island, including
historical vegetation accounts, fossil pollen records, and
studies of native natural communities on other islands occupying
habitats similar to those of Kaho’‘olawe.

Historical accounts ¢of the vegetation of Kaho'olawe may provide
clues to the nature of the original vegetation. However, one
should keep in mind that by the time the first accounts were
written, much of the native vegetation of Kaho’clawe had already
been profoundly altered by human activities. Fossilized
evidence, such as pollen deposits or charcoal deposits, may also
provide some clues to the nature of the original vegetation.

Some of the other dry regions of Hawai'’'i have not been as
severely impacted as Kaho'olawe and examples of relatively intact
native dry grasslands, shrublands, and forests still exist there.
One can examine these examples to gain insight into the natural
communities that may have coccupied similar habitats on
Kaho'olawe, and to assess the potential for native revegetation
of the island.

Some people may hold the opinion that native plants not
historically known from Kaho’‘olawe should not be introduced to
the island. However, others would argue that the native
vegetation of Kaho'olawe has been degraded to a greater extent
than all the other main islands, and, undoubtedly, many taxa that
formerly occurred on the island were extirpated prior to
botanical exploration. One relatively conservative approach
would be to restrict native plant introductions to taxa known
from lowland dry regions of Moloka‘i, Maui and Lana‘i. In the
geologic past, these three islands and Kaho‘clawe were once
connected, forming a single large island; as a result, they share
many of the same plant taxa.
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If native Hawaiian plants are introduced to Kaho‘olawe, managers
should avoid using taxa closely-related to naturally occurring
Kaho'olawe plants because these introductions could affect their
genetic integrity through hybridization. For example, Portulaca
lutea, which is not known from Kaho‘’olawe, should not be
introduced to the island, as there is a potential for it to
hybridize with its rare relative Portulaca molokiniensis.
Introductions should also be screened for their potential to
disrupt the existing native natural communities.

RARE TAXON MANAGEMENT

Setting Priorities for Management of Rare Taxa: Management
should focus first on the taxa that are most immediately
threatened with extinction on a worldwide basis. For example, it
is extremely critical that resources be channeled to the presumed
new species of legume (Fabaceae) that was found at ‘Ale‘ale on
this survey since it is known only from Kaho‘olawe with only two
individuals in existence. Of secondary importance are plants
such as Portulaca molokiniensis, which numbers several hundred on
Kaho‘olawe, with very few plants elsewhere. Other rare plants
that are known from several islands besides Kaho’'olawe and have
additional populaticons and individuals should also receive
attention. These include, for example, Capparis sandwichiana,
Lepidium bidentatum var. o-waihiense, and Ophioglossum concinnum.

Intensive Search for Populations of Rare Taxa: Critically
endangered rare taxa on Kaho‘olawe should be the cobject of
island-wide searches to locate as many of their populations as
possible. This would involve intensive surveys of a given
taxon’s known and potential habitat on the island.

Habitat Protection: For many rare taxa, the protection and
management of their habitats is sufficient to ensure their
survival. Special management areas designated for the
maintenance of native natural communities can serve the
additional purpose of providing protected habitat for rare taxa.
Additional sanctuaries could be designated to protect particular
populations of critically endangered taxa not contained within
the special management areas. Rare taxa within special
management areas often need special attention and additional
management to maintain stable populations and protect against
particular threats.

Establishment of Alternate Populations: For critically
endangered taxa with only one or two populations on the island,
it may be desirable to establish additional populations elsewhere
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on the island as a hedge against extinction. These planted
populations should be established with seed or cuttings of plants
from existing populations to ensure genetic purity.

Ex situ Propagation (Cultivation or Captive Propagation): Taxa
on the verge of extinction should be brought into cultivation or
captive propagation in case a catastrophe should extinguish the
last remaining wild individuals. These cultivated or captive
individuals would also serve to establish new wild populations.
Care should be taken to ensure that collection of propagating
material or individuals does not unduly harm wild populations.

It 1s extremely important that the presumed new legume species at
‘Ale‘ale be brought into cultivation as soon as possible as there
are only two known plants of the species. These plants should be
checked periodically to obtain seeds. It 1s also important to
collect flowering specimens of this species so that its taxonomic
status can be better evaluated (only fruit and dried spent

flowers were collected on this biological reconnaissance). The
Hawai'‘l Plant Conservation Center of the National Tropical
Botanical Garden is currently prepared to take on
responsibilities of ex situ rare plant propagation.

Research of Reproduction/Regeneration Limitations: Various rare
Hawailan taxa are declining for reascons unknown or not well
understood. Research into a taxon’s population dynamics,
genetics, breeding systems, and threats may contribute to our
ability to ensure the taxon’s survival. On Kaho‘olawe this kind
of study would be pertinent for the probable new species of
legume (Fabaceae sp. nov.?), which is represented only by two
mature plants and apparently has not regenerated for at least
several decades.

REVEGETATION PROJECTS

There has been a long history of revegetation trials on
Kaho'olawe, the majority aimed at controlling erosion. Although
the subject of erosion control is not within the scope of this
study, certain elements of revegetation efforts may affect the
island’s native biota and deserve consideration.

Native Plantings: Where possible, the use of material
originating from Kaho‘olawe’s native plant populations should be
used in revegetation projects in order to preserve the integrity
of the Kaho‘olawe gene pocls. Other relevant concerns are
discussed in the Native/Rare Natural Community Management section
above.
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Alien Plantings: It may be important to utilize existing weeds
as erosion control until native vegetation becomes re-established
in restoration projects. However, alien plant taxa that may
potentially become weeds should not be used in revegetation. It
is advisable to use only those plants that are known to be non-
invasive.

THREAT MANAGEMENT: ALIEN PLANTS

Alien plants can represent serious threats to the survival of
native organisms and natural communities. Some alien plants, if
left uncontrolled, are capable of completely displacing the
native vegetation. The most serious habitat-altering weeds
already well-established on Kaho‘olawe include kiawe (Prosopis
pallida), and various alien grasses such as buffelgrass (Cenchrus
ciliaris) and pitted beardgrass (Bothriochloa pertusa). Wwhile
alien plants are in some places important for erosion control, in
native ecosystem areas the threat to native natural resources may
outweigh their erosion control value.

Weed Control: The most serious weeds should be eliminated from
special management areas, or from the island if possible.
However, it may be unfeasible to extirpate some of the island’s
worst weeds. For example, kiawe 1is not only a serious weed on
Kaho‘clawe, but also the dominant tree on the island, and island-
wide removal of kiawe would undoubtedly result in a major soil
erosion problem. In this and similar situations it may be more
feasible to control weeds locally, e.g., around rare taxon
populations or in special management areas for the maintenance of
native natural communities. For example, kiawe could be cleared
in the cotton shrubland areas, and all alien weeds could be
manually removed from ‘Ale’ale,

Prevention: Measures should be taken to prevent the introduction
and establishment of invasive weeds on the island. Plants known
or suspected to have the potential of becoming weeds should not
be intenticnally brought to the island. Also to be avoided are
ornamentals or revegetation candidates whose invasiveness is
unknown. Unintentional introductions should be minimized by
ensuring that vehicle tires, tools, boots, and other gear brought
to the 1sland are free of seeds or soil which may contain seeds.
Importantly, weeds new to the island should be eradicated when
first noticed. Weeds that succeed in gaining a foothold on the
island would be relatively easy and inexpensive to eliminate in
the initial stages of infestation. Advanced infestations would
be much more costly or even unfeasible to eradicate on an island-
wide basis.
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Cenchrus tribuloides is an example of an alien species in the
initial stages of invasion on Kaho‘olawe that should be
eradicated before it spreads beyond control. Cenchrus
tribuloides 1s a grass with burs bearing long spines that had not
been previously reported to be naturalized anywhere in Hawai‘i.
Several plants were found north of the barracks at Hanakanaia, on
the side of the road leading to the dump. All of the plants seen
were pulled when discovered. Because this plant shows some
potential of becoming a serious weed, the site should be searched
during the wet seasons of the next few years to eradicate any
additional plants that may germinate from dormant seeds.

THREAT MANAGEMENT: ALIEN ANIMALS

Aliens in Anchialine Pools: Alien fish and alien invertebrates
are harmful to the anchialine pool biota. Any anchialine pools
on the island should be guarded against the introduction and
establishment of such animals.

Ungulates: Feral goats (Capra hircus hircus) have been
responsible for much of the degradation of the island. A goat
eradication program has eliminated most of them, with the
exception of a few radio-collared individuals. Aside from these
collared individuals there are no ungulates remaining on
Kaho’olawe. Ungulates must not be allowed to reestablish
populations on the island. It is almost ironic that Kaho'olawe
is now the only island of the main chain that is effectively
ungulate-free, and whose management can now proceed without the
complication of ungulate control.

Land Snail Predators: Endemic ground-dwelling snails may still
exist on Kaho‘olawe. There are no indications that the
introduced predatory snails Euglandina rosea or Oxychilus
alliarius (both serious threats to endemic ground-dwelling
snails) are present on the island. It is, therefore, important
to ensure that all plantings and soil brought to the island are
free of alien snails and/or their eggs. It 1s also important to
control (if present) or exclude (if absent) other potential
predators of native land snails such as rats (Rattus spp.) and
mongooses (Herpestes auropunctatus auropunctatus).

Seabird Predators: Evidence of predation by feral cats (Felis
catus) upon native seabirds was observed on this survey. It
appears that cats are a major factor limiting successful nesting
of seabirds on the island. The feral cat problem on Kaho'‘olawe
was underscored by observations made during the Heritage survey
of heavy predation by feral cats on approximately 90 adult
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Bulwer'’'s petrels (Bulweria bulwerii) and at least one adult
wedge-tailed shearwater (Puffinus pacificus chlororhynchus) at
‘Ale‘ale. While island-wide eradication of cats may be
impractical, establishment of protected, cat-free seabird nesting
sites may be feasible and should be actively pursued. 1In
addition, rats can also be predatory upon seabird eggs and
chicks. Both the roof rat (Rattus rattus rattus) and the
Polynesian rat (Rattus exulans hawaiiensis) have been reported
from Kaho‘olawe, although none were cobserved during the Heritage
biological reconnaissance. The Kaho’‘olawe rat population and the
impact of rats upon nesting seabirds on Kaho’olawe should be
studied. It is noteworthy that mongooses (Herpestes
auropunctatus auropunctatus) are not known from Kaho‘olawe. By
preying on bird eggs and chicks, the mongoose has played a
significant role in the reduction of native Hawaiian bird
populations on O‘ahu, Moloka‘’i, Maui, and Hawai‘i. Care should
be taken to avoid introducing the mongoose to Kaho‘oclawe.

The island of Kaho’‘oclawe is noteworthy in its lack of alien
animals that on the other main islands are beyond eradication or
practical control. Preventing the introduction of potential
animal pests to Kaho’'clawe should be a high priority.

THREAT MANAGEMENT: NON-BIOLOGICAL THREATS

Bombing: If there is any resumption of the use of the island for
target practice, 1t should be conducted away from special
management areas oOr sanctuaries designated for the management of
native natural communities or rare native species. Also, care
should be taken to prevent the ignition and spread of fires in

the course of practice firing.

Furthermore, special measures should be taken to minimize
disturbance to rare plant populations in the course of ordnance
disposal. <Care should also be taken when disposing of unexploded
ordnance found in native natural communities. Whenever possible,
all ordnance marked for demolition should be removed and
detonated in predesignated detonation sites or defused and
removed to avoid disruption of ratural communities and rare plant
populations.

Fires: With the elimination of the feral goats from the island,
the threat of fire can be expected to increase as the island
becomes progressively more vegetated. The rising fuel load will
increase the potential for larger and faster-spreading fires. An
island-wide fire plan sheould be drafted to address the
anticipated growing fire threat, and to actively minimize sources
of fire ignition.
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MONITORING

A monitoring program should be designed and established to assess
the status and population trends of rare taxa, changes in
vegetation, and the effectiveness of management programs designed
to protect biological resources. Likewise, monitoring should
gauge the effectiveness of alien weed and alien animal control
programs, as well as any natural community restoration programs.
The Heritage surveys demonstrated that ridgetop surveys from the
island’s center to the coast are quite feasible. Some of the
survey routes may be appropriate for monitoring transects.

ADDITIONAL SURVEYS

Additional surveys are needed to better understand the native
biota of Kaho‘olawe. The current survey provided a good
baseline, and indicated several management actions that can begin
immediately. However, the survey was also limited in a variety
of ways:

Geographical/Habitat Coverage: Areas that have not been covered
by surveys to date should be surveyed. Also, certain habitat
types that are difficult to access have been insufficiently
surveyed to date and should receive further attention. Such
habitat types include seacliffs and talus slopes at seacliff
bases.

Year-long (Wet and Dry Season) Survey: Additional surveys should
be conducted throughout the vear. Some annual plants are
observable only during the wet winter season. Likewise, there
are perennials that appear above-ground only during the wet
season.

Survey for Special Groups: Various groups of organisms and
natural communities that are best examined by specialists have
not been adequately inventoried on Kaho‘olawe. These include
anchialine pools, subterranean species and ecosystems,
terrestrial invertebrates, non-vascular plants (e.g., lichens,
mosses, and liverworts), and marine biota.

COCOPERATIVE EFFORTS AND INTEGRATED PLANNING

Cooperation With Other Concerned Agencies and Organizations:

Cooperative efforts should be expanded to include other agencies
and private organizations involved in the protection and recovery
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of rare and endangered species and the protection and restoration
of native ecosystems. These include The Nature Conservancy of
Hawai’‘i, the National Park Service, the U.S. Fish and Wildlife
Service, The U.S. Soil Conservation Service, and the State
Division of Forestry and wildlife.

Integrated Natural/Cultural Management Plan: The management of
the biological resources of Kaho‘oclawe should be planned and
coordinated in an integrated management plan with other
management concerns of the island, including the preservation of
the island’s archaeclogical resources, the use of the island by
visitors, and Hawaiian cultural activities on the island.
Integrated planning should identify both complementary and
conflicting mandates of natural and cultural resource management,
and capitalize on management actions that serve both natural and
cultural resource protection needs while minimizing conflicting
programs,
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GLOSSARY

The following terms are often found in Hawai‘i Heritage Program
reports. While not all of the terms may be present in this
report, the glossary is meant to provide definitions to terms
that may be unfamiliar to the reader, or to clarify terms which
have specific definitions in different disciplines.

*A‘a: one of two general types of lava flow, distinguished by a
rough, spiny clinker surface overlying a dense, sometimes
massive, core. See Pahoehoe.

Aeolijian desert: ecosystems largely lacking vegetation; usually
dominated by invertebrates; where nutrient input 1s wind-borne
from adjacent habitat. In Hawai'‘l, aecolian deserts occur on
fresh lava flows and in alpine regions.

Alien: (same as exotic, introduced, or non-native) a species
that is not native, i.e., one introduced accidentally or
purposefully by man. In Hawai‘i, these include Polynesian
introductions (such as kukui, coconut, pig, rat, and jungle fowl)
and many post-Cook introductions (such as guava, Christmas berry,
mosquitoes, pigs, goats, cattle, deer, and sheep). See Endemic,
Indigenous, Native.

Alluvial: made up of sand, clay, or other particles deposited by
moving water, as along a river bed.

Alpine: o¢ne of five elevation zones used to classify Hawaiian
natural communities. The Hawaiian alpine zone is above 3,000 m
(roughly 9,000 ft) elevation and only exists on the islands of
Maui and Hawai‘i. See Elevation Zones.

Altered Stream: natural stream flow obstructed or modified by
artificial barriers such as dams, diversions, or channels.

Amphidromous: species that live their entire adult lives in
running freshwater habitats, but spend their larval period as
marine zooplankton.

Anadromous: species that ascend rivers to spawn.

Anchialine pool: a land-locked body of water with no surface
connection to the ocean, but showing measurable salinity and
tidal fluctuations in water level. The pools are habitat for
rare Hawaiilan shrimp and endangered waterbirds.

Avian: relating to birds.

Avifauna: the birds of a specified region.
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Basalt: a dark, dense volcanic rock commonly occurring in
Hawaiian lava flows.

Biogenic: resulting from biological processes.

Biota: all plants and animals of a given area. A general term
for living things.

Biotic: pertaining to plants and animals and characteristics
related to their presence.

Canopy: the highest vegetation cover of a community. In a
forest, the canopy is made up of the tallest and most numerous
trees. In a shrubland, the canopy is the tallest shrub layer.
Closed canopies are those where the foliage interlocks to form a
continuous layer over the underlying vegetation or ground. Open
canopies are those where there are gaps in the foliage, and more
light may reach the lower vegetation layers or ground.

catadromous: species that migrate downstream and into the sea to
spawn.

Coastal: one of five elevation zones used to classify Hawalian
natural communities. The Hawaiian coastal zone extends from sea
level to 30 m (roughly 100 ft) elevation but varies with the
extent of coastal influence (e.g., waves, sea spray, and sea
cliffs). See Elevation Zones.,

Codominant: in a natural community, a condition in which two or
more plant spec1es constitute at least 50 percent of the existing
vegetation cover in a given area. By Heritage definition,
codominant species each must make up 25 percent or more of the
total vegetation cover. See Dominant, Natural Community.

Continuous Perennial Stream: a stream that flows naturally to
the sea year-round under normal conditions, with water always
present from head of stream to ocean discharge.

CPSU: Cooperative National Park Resource Study Unit.

Crustacean: any invertebrate of the class Crustacea, including
aquatic forms such as lobster, shrimp, and crabs.

Current Occurrence: See Element Occurrence.

Degraded: physically altered in such a way as to decrease the
habitat quallty for native species or invaded by alien species.

A community is considered degraded if alien weeds constitute more
than 40 percent of the vegetation cover.

DHHL: Department of Hawaiian Home Lands.
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Diadromous: referring to aquatic animals, a life cycle in which
both the ocean and freshwater habitats are involved. Three
principal types of life history are considered diadromous. See
Amphidromous, Anadromous, Catadromous.

Digjunct: not contiguous; separated by intervening land.
Diverted Stream: See Altered Stream.
DLNR: Hawai'’i Department of Land and Natural Resources.

DOFAW: Division of Forestry and Wildlife: a division of the
State Department of Land and Natural Resources (DLNR).

Dominant: in a vegetated community, the plant species
contributing the most canopy cover in a given area. Dominant
species may also be the most numerous in a natural community. By
Heritage definition, a dominant species must make up 25 percent

or more of the total vegetation cover. See Natural Community.

Dry: a moisture category describing habitat in areas with less

than 50 inches annual rainfall, or subject to seasonal drought,

or bearing generally dry prevailing soil conditions. See Mesic,
Wet.

Ecosystem: an assemblage of animals and plants and its
interaction with the environment. See Natural Community.

Element: a plant, animal, or natural community {(i.e.,
collectively, the elements of natural diversity).

Element Occurrence {(E0O): a place where an element is found. It
is a location or area which sustains or otherwise contributes to
the survival of a population of a particular element. Typically,
"current" occurrences are EOs that have been observed within the
past 15 vyears.

Element Occurrence Record (EOR): the basic building block of the
Heritage database. The EOR is a summary of all available
information for a single element at a single location or
oCccurrence.

Elevation Zones: broad regions defined by elevation range and
used to classify natural communities {ecosystems). There are
five elevation zones defined by the Hawalian natural community
classification: coastal, lowland, montane, subalpine, and
alpine. Each is defined separately.

Endangered: a species officially recognized by federal or state

officials to be in immediate danger of extinction due to natural
or man-made factors. See Federal Status.
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Bndemic: naturally restricted to a locality. Most of Hawai‘i'’s
native plants and animals are endemic (restricted) to the
Hawaiian Islands. Many are restricted to a single island,
mountain range, or even gulch. See Alien, Native, Indigenous.

Endemism: the extent to which the species of a region are unique
to that region. See Endemic.

Bpigeal: restricted to surface waters or surface habitats. See
Hypogeal.

Buryhaline: tolerant of a wide range of salinities.

Butrophic: heavily loaded with nutrients and often supporting
thick algal or bacterial growth.

Exotic: not native. See Alien.
Fauna: the animals of a specified region.

Federal Sstatus: official U.S. Fish and Wildlife Service
categories for endangered and candidate endangered taxa according
to the Federal Register (USFWS 1990):

Taxa formally listed as
endangered.

Taxa formally listed as
threatened.

Taxa already proposed to be listed
as endangered.

Taxa proposed to be formally
listed as threatened.

Categoxry 1 (Cl) = Candidate taxa for which the USFWS
nas substantial information on
biological vulnerability and
threat (s) to support proposals to
list them as endangered or
threatened species.

Same as Cl, possibly extinct.
Candidate taxa for which there is
some evidence of vulnerability,
but for which there are not encugh
data to support listing proposals
at this time. More research on
vulnerability, taxonomy, and/or
threat (s) are needed before they
can be proposed for listing as
endangered or threatened.

Category 3A (3A) = No longer candidates for listing:
taxa for which the USFWS has
persuasive evidence cof extinction.
If rediscovered, such taxa night
acguire high priority for listing.

Listed Endangered (LE)

Listed Threatened (LT)

Proposed Endangered (PE)

Proposed Threatened (PT)

Category 1* (Cl*)
Category 2 (C2)
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Category 3B (3B) = No longer candidates for listing:
names that, on the basis of
current taxonomic understanding,
do not represent distinct taxa.
Such supposed taxa could be
reevaluated in the future on the
basis of new information.

Category 3C (3C) = No longer candidates for listing:
taxa that have proven to be more
abundant or widespread than
previously believed and/or those
that are not subject toc any
identifiable threat. If further
research or changes in habitat
indicate a significant decline in
any of these taxa, they may be
reevaluated for possible inclusion
in categories 1 or 2.

- = No federal status. Recommended as
rare by Hawallan biologists and
confirmed by Heritage data.

Feral: formerly domesticated animals reverted to wild state or
living in wild habitat.

Feral Ungulate Activity: detectable damage or sign of feral
ungulates including: scat, browsing, trails, trampling, wallows,
and rooting.

Global Rank: an indicator of rarity or imperilment of an element
on a world-wide level. This ranking system is used by Heritage
Programs throughout the country to establish The Nature
Conservancy's protection priorities.

Gl = Species critically imperilled globally (typically 1
to 5 current viable occurrences).

G2 = Species imperilled globally (typically 6 to 20
current viable occurrences).

G3 = Restricted range (typically 21 to 100 occurrences).

G4 = Apparently secure globally, although may be rare
locally (e.g., at periphery of range). (Greater than
100 occurrences.)

G5 = Demonstrably secure globally, although may be rare
locally (e.g., at periphery of range).

G#? = Global rank tentative, insufficient data available to
assign definite rank.

GH = Species known only from historical occurrences
(typically no observations in past 15 years).

GX = Extinct.

GlG2 = Global rank tentative, 1 tec 20 current viable
occurrences, insufficient data available to assign
definite rank.

T1 = Subspecies or variety critically imperilled globally.

T2 = Subspecies or variety imperilled globally.
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TH = Subspecies or variety known only from historical
occurrences.

T#? = Global rank of subspecies or variety tentative,
insufficient data available to assign definite rank.

Goby, Gobiid: a member of the Gobiidae family of fishes. These
are usually small bottom-dwelling fish found in both fresh and
marine waters.

HHP: Hawaili’i Heritage Program.

High Salinity Anchialine Pond: pools with bottom salinity of 12
parts per thousand or more dissolved chloride.

Hypogeal: utilizing underground interstices as prevalent
habitat.

Imperilled: rare or threatened by extinction. 1In Heritage
terminology, it is a plant, animal, or natural community with 20
or fewer viable occurrences, all or most of which are immediately
threatened by such factors as alien invasion, direct destruction,
or loss of habitat.

Indicator Species: species that require specific ecological
conditions and are, therefore, used to measure the quality of the
habitat. For example, certain native Hawaiian aguatic animals
are indicator species of quality streams.

Indigenous: naturally occurring in a given area as well as
elsewhere. Indigenous Hawaiian taxa also occur naturally outside
of the Hawaiian Islands (e.g., naupaka kahakai [Scaevola sericeal
is indigenous to Hawai‘i, found in Hawai’i and throughout the
South Pacific). See Alien, Endemic, Native.

Ined.: abbreviation for "ineditus,® referring to a scientific
name that has not been published, or a manuscript prepared for
publication that has not yet received formal review.

Intact: maintaining at least 60 percent cover in native species.
Intermittent Stream: a stream which does not flow continuously.
Interrupted Perennial Stream:: a stream with ecologically
significant perennial water flow in 1ts upper watercourse and
intermittent flow at low elevations; discharge into sea may oOCcCur

occasionally during wet seasons.

Interstitial: occupying the network of small cracks and crevices
in a substrate.

Introduced: See Alien.
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Invertebrates: animals without backbones, including such groups
as insects, spiders, shrimps, and snails. Some Hawaiian
invertebrates are rare and endangered.

Larva (plural = Larvae): young or immature form of an organism
which is different from the adult.

Lava Tube: a cave-like structure often formed in pahoehoe lava
flows.

Lithified: having turned to stone.

Lobeliads: members of the Lobelioideae subfamily of plants in
the family Campanulaceae, commonly known as lobelias. There are
many lobeliad species endemic to the Hawaiian Islands.

Low Salinity Anchialine Pool: pools with bottom salinity less
than 12 parts per thousand dissolved chloride.

Lowland: one of five elevation zones used to classify Hawaiian
natural communities. The Hawaiian lowland zone lies above the
coastal zone, up to about 1,000 m (roughly 3,000 ft) elevation.
There is lowland zone on all of the main islands. See Elevation

Zones.

MHHW: Mean Higher High Water; a term referring to tidal water
levels; the average of water levels reached by the highest tides.

MLLW: Mean Lower Low Water; a term referring to tidal water
levels; the average of water levels at the lowest tides.

Makai: seaward, toward the ocean.

Malacological: having to do with the branch of zoolegy dealing
with mollusks, including snails.

Malacologist: one who studies mollusks, including snails.
Mauka: mountainward, away from the ocean.

Mesi¢c: an area receiving 50 to 75 inches of annual rainfall, or
otherwise provided with sufficient water to result in moist soil

conditions. See Wet, Dry.

Metamorphose: to change in shape or form when going from egg to
adult.

Mixohaline: brackish waters resulting from a mix of fresh and
ocean water.

Mollusk: 1invertebrates in the phylum Mcllusca. Common

representatives are snails, mussels, clams, oysters, squids, and
octopuses.
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Monotypic Genus: a genus with only a single species.

Montane: one of five elevation zones used to classify Hawaiian
natural communities. The Hawaiian montane zone lies above the
lowland zone and runs from 1,000 m (roughly 3,000 ft) to 2,000 m
(roughly 6,000 ft) elevation. There is a montane zone on Kaua'‘i,
O‘'ahu, Moloka‘i, Maui, Lana‘i, and Hawai‘i. See Elevation Zones.

Multizonal: a community typically occupying more than one broad
elevation zone. For example, streams may run from montane
sources to sea level. See Elevation Zones.

NARS: Natural Area Reserves System; state lands designated to
protect Hawaiian ecosystems, native plants and animals, and other
natural features in perpetuity.

Native: found naturally in an area, not introduced accidentally
or purposefully by man; includes both indigenous and endemic
taxa. See Alien, Endemic, Indigenous.

Natural Community: a natural assemblage of plants and animals
that occurs within certain elevation, moisture, and habitat
conditions; sometimes used loosely as another term for
"ecosystem.® However, ®ecosystem® includes abiotic environmental
factors, so that (natural community + environment) = ecosystem.

Naturalized: non-native plants with established populations in
the wild.

Nocturnal: active or most apparent at night.
Non-native: See Alien.

OHA: Office of Hawaiian Affairs.

Occurrence: See Element Occurrence.

Pahoehoe: one of two general types of lava flow, distinguished
by relatively smooth, sometimes glassy, or ropy surface. See
‘A‘a.

Paleontology: the science of the forms of life existing in
former geological periods, as represented by fossil animals and
plants.

Perennial: lasting or active throughout the year, when referring
to streams, including both continuous and interrupted streams
with year-long water flow.

Periostracum: the external layer of most mollusk and brachiopod
shells.

Petroglyphs: carvings of figures and symbols in stone, 1in this
case referring to those of ancient Hawaillans.
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Physiognomy: general descriptive term for habitat, including
categories such as bog, grassland, shrubland, forest, desert, and
cliff.

Postlarva: (plural - postlarvae); a developmental stage between
larva and adult. See Larva.

ppt: parts per thousand.

Priority Weed: an alien plant with known ability to disrupt the
vegetation of native ecosystems. Control of such weeds is a
high priority. For example, Clidemia hirta is a priority weed
that has displaced native understory plants in much of 0‘ahu’s
forests.

Pristine: undisturbed by humans and completely lacking alien
taxa; entirely native.

Protected: legally dedicated to the perpetuation of native
resources and managed to mitigate or remove threats to those
resources, 1if necessary. Areas lacking either legal protection
or management are considered incompletely protected.

Pu‘u: hill or volcanic cone.

Rain Shadow: a phenomenon in which a significant mountain range
intercepts prevailing winds and moisture, leaving little or no
available moisture in its lee. The Waianae Mountains lie in the
rain shadow of the Koolau Mountains.

Rare: imperilled or threatened by extinction due to low numbers.
In Heritage terminology, a plant, animal, or natural community
with 20 or fewer viable occurrences, all or most of which are
immediately threatened by such factors as alien invasion, direct
destruction, or loss of habitat.

Riparian: pertaining to or associated with streams.

RIS: Resource Information Summary: a compilation of data from
Heritage field surveys.

Sexual dimorphism: a condition in which obvious morphological or
color differences are seen between sexes.

Bpp.: abbreviation for more than one species.
g8p.: See Subsgpecies.

Stream Ranks: ranks linked to stream quality established by an
advisory committee of aquatic biologists. There are six rank
categories:
Qutstanding - Due to the potentially rare status of three
gobies (Awaous stamineus, Lentipes concolor and Sicyopterus
stimpsoni) and the hihiwai (Neritina granosa), any stream
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containing significant populations of these indicator species
was considered outstanding. In addition, streams with a high
diversity of native species, fewer than two noxious non-
native species, and essentially unaltered basins were also
considered outstanding.

Substantial - Streams with good native species diversity, at
least three native species, one of which is rare, and less
than two noxious non-native species.

Moderate - Streams with at least one rare native species
present, but low native species diversity (less than three
species) .

Limited - Streams with no rare native species but at least
one native species.

without - Streams with no native species.

Unknown - Insufficient biological information available for
stream.

Subalpine: one of five elevation zones used to classify Hawaiian
natural communities. The Hawaiian subalpine zone lies above the
montane zone and runs from 2,000 m (roughly 6,000 ft) to 3,000 m
(roughly 9,000 ft) elevation. There is a subalpine zone only on
the islands of Maui and Hawai‘i. See Elevation Zones.

Subspecies: (abbreviated ssp.) a taxonomically distinguishable
geographic or ecological subdivision of a species. See Variety.

Substation: a sampling point along a survey transect of a field
survey. Substations were established every 50 m (roughly 150 ft)
along transects, and observations of ungulate damage, weeds, and
changes in natural communities were recorded at every substation.
Substations were additional sampling points established every 150
m {(roughly 450 ft) along transects.

Taxon (plural = Taxa): a group of plants or animals making up
one of the categories or formal units in taxonomic
classification. In this report a taxon can be a species,
subspecies, variety, or form. This distinction is important
because certain species have endemic Hawaiian subspecies and
varieties that are considered rare.

Trachyte Dome: a lava extrusion of fine-grained, generally
light-colored rock rich in potassium and sodium which creates
soil unfavorable to the growth ¢f many plants.

Troglobytic: cave-dwelling species, usually displaving
adaptations to cave life, such as blindness and loss of
pigmentation.

UH: University of Hawai’‘i.

Ungulate: a subdivision of hoofed mammals including pigs, goats,
cattle, sheep, mouflon, and deer.

USACE: United States Army Corps of Engineers.
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USFWS: United States Fish and Wildlife Service.
USGS: United States Geological Survey.

variety: (abbreviated var.) a taxonomically distinguishable
subdivision of a species or subspecies. See Subspecies.

Vertebrate: an animal with a backbone; native terrestrial
vertebrate species in Hawai’‘i include fish, birds, a bat, and a
seal. See Invertebrate.

Viable: Capable of persisting and reproducing under favorable
conditions.

Weed: an undesirable plant. 1In native ecosystems all alien
plants are weeds. See Priority Weed.

Wet: an area receiving more than 75 inches of annual rainfall,
or situated near groundwater or surface water, such that
availability of water is not a major limiting factor to plants or
animals there. See Dry, Mesic.

Zooplankton: animals that live by floating or drifting in the
ocean or in bodies of freshwater; most are small to microscopic.
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APPENDIX Al: VASCULAR PLANT SPECIES RECORDED FROM RAHO‘OLAWE
ISLAND

The vascular plants included on this checklist are those observed
on the three most recent botanical surveys of Kaho’clawe Island:
the Hawai‘’i Heritage Program (HHP) reconnaissance survey
(February and March 1992), the Division of Forestry survey (April
21-25, 1980) by Corn et al. (1980), and the Navy survey (November
22-27, 1978) for the U.S. Department of the Navy Environmental
Impact Statement (1979). Known plantings were not documented
during the HHP reconnaissance survey because the scope of this
project was to document the native and naturalized vegetation of
Kahoc’'olawe. The Division of Forestry survey and the Navy EIS
survey include some known plantings on their checklists, as well
as plant taxa seen in beach drift material, and these are
identified as such in the remarks column of Appendix AZ.

In addition, the flowering plant taxa reported on Kaho‘olawe by
the Manual of the Flowering Plants of Hawai'’i (Wagner, Herbst and
Sohmer 1990} are on this checklist. 1In the Manual, there are
reports of two taxa (Chamaesyce celastroides var. stokesii and
Eragrostis variabilis) from Kaho‘oclawe that may be based upon
misidentified specimens (J. Lau, personal communication 1992).
Also there are fourteen taxa which are reported from Kaho’oclawe
in the Manual, which were not observed on any of the recent
surveys, and for which no Kaho‘olawe specimens were seen at the
Bishop Museum herbarium (BISH) in June 1992.




ze61 1snbny xodoy 0OUVBSTRUUODIDY [RAITHOTOTE oMP {0, Oywy

ewaowssorbBorydo
o - *ds stdatoayden
o o ne, tue, Tu ‘ndoyndny UOQIOW X& 2338laep (°gxod) evioy(jitiTnw stdatoaydan| N
avaseprdatoayday
o] o uIsIpIen NuT] (°71) souerawoTes vuweiboirAard| N
PUDOWPTITUOTWAY
» - ‘1 wnibtu-wnijueipe untustdsy| I
ovaowiuatdsy
. wﬂnzcmvduﬁ ybnoy ‘M5 wnTnprdsty wnjuetpy| N
BRaseIURIPY
- SATTIY NH3J ANY SNY3Jd
6L6T 0861 066T 2661 JWYN NOWWCO JWYN OIJILNIIOS SNLYLS
AAYN NHOD ¥ dHH
-NYH
53 o¥9A08S
uMcuUyun snaw3s = ¢ ame]Oo,oUywy uo I2UTIXT = X3 {(PeIWSTIPUT BSTAIAYJIO SSOTUN ‘PBZTIIRINICU IO 8AT3IRU) amelo,oyey
uo Butriinoso s TRDURK 8yl ut paijrodsy = X (ze6T ounp ur (HSTg) wnraeqiey wnasny doysig Y3 Iv uaess suswidads
ou pue ‘gi6T SIA AaeN Jo (4 x1puaddy) amelo,oyey woljl sijueld JO ISTIY29YD aaTsuayaidwoD ur palio jou ‘sAaaans
gL6T 10 (861 UQ POpIOD8T J0U} amelo,oUuey a0 pIodal PURTET MaN = ABAIng PTOTI UO POAIIBQQ = © E53POD 8dINnos

spuelsl UPTTeMBRH 243l ©3 ATUO 3ATIRU ‘Drwspud = 3
alaymesTa PUP SPURTS]I URTTRMRH Ul ©3 2ATIRU ‘snousabtpur = I BATIVU-UON = N alvy = + :188p0D sniels

*mOT9q paurteldxe 219 SIPOD IDINOE pPuw SIPOd ENIRIS BYL
‘K11we3y zspun Arreorjsqeydie pebueiae axe saloads pue RIaUed °E3000UCW PUR ‘§300Tp ‘EaTTI® ul2] pue suiaj :sdnoab saayl
8yl 3o yowe uty3ITM ArTeoTieqeydie pelsT] eav saT{Iw® - (g86T1) Xnainowe] 'H'D MOTTOJ 6aT[[® UId] pue suxasjl aylL " (066T)
Isuyos pue ‘3Isqiey ‘1eubey o3 Burpiocosw aiv moTaq paisi( sjuvTd BUTISMOTI 9yl JO SNJIBIS puw ’‘aanjelouswou ‘Awouoxely BUL

ANVISI IMYI0,0HVM HOYd qIMIOOTY SdIDAAS LNWId YVINDSVYA TV XIANIddY




2661 18NBNy 110cdoy DOUREEIRUUCIIY [RI1HO[O1H MBTO,OYEY

AAYN NHOD %N dHH
-NVYH

530UN0s

(PaNUTIUOD) (ANVISI IMYTIO.OHVM KWO¥d QIAH0II¥ SIIDIJS LNYId HVINISYA

o} o] x < nunerexend ‘Isamol] uMol) uolly 1L ‘M (') wojuebib stdoijored| N

[} (o] x o jueid ucorred Ja3yoeTyos ("AeW '3) evdavoosAyd seirdatos¥| N

o o] X aTaInwy ‘poasm ATjreiang 1 eotTawsseIND setdatosv| N
(ATTue] peem)TIil) ewaoepelidalssy

X aTyutMTIed Ieosswvbepel uog 9o (1} snasocl snyjueaeryied N
(ATtuey suwgboqg) ewaosweulsody

o x obuen ' edTpur waajibuel| N
{ATTuwey obuvy) ewesvIpavowRUY

x T,n7Iny "AGATITH (AvaH "y) 8B8UIDTMPURS WNTYDTIJO3ION| 3

o o X Teyed ‘Yauvaevwe Jspusdls ‘1 STPTITA snyjuelewy| N

o (o} X nyny Tejyed ‘yjueavue Auidsg *1 snsoutds snyjuelewy| N
(ATTUe] yauvIvuyg) OwesIRYIuwIvwy

o o X o aueleand eves ‘TINYTINYY, *1 {11} umijseownayiod wnranses| I
(ATTWwe] probravw-56T4) oweovwozZly
SI0DIJ  SINYId DNIYIMOTIS

» - “1a87 (1) ®ar3TeeIed RY[23STIYD| N

o - Auzep 3 Aasumoag (-ysiod) wiejuep erroistayl| N
eveovpraejditeyl

o] o o nunumy ‘ws P ("fooH) suatrdioap stasjdoliogl 3
ewvaoepraeijdours

. a,ene *18g5-"2Td (-"wang °"7I°'N) elapuadoloos sniososjvwAygd| N
ewvaowIpodATed

» 1910194 *yovag umuutoued wunssotbotydo| 3 +
6L6T 086T 0661 Z66T JWYN NOWWOD GWYN DIAILNIIOS SNLYLS

PI¥ XIANEddav




]

7661 16NONY 330ddY FOURGSIRUUODISY [DEDHOIOTH AME[O. Cyey

o o X o ysngqanosg STITTO (" TTIW)} ®I1{ojT3AydwAs eayontd| N |
o x o surqea[] ueTpul “sse7 (1) eoTpur eayon(d| N |
. Astep 221y ‘yausg RITOJIOSIIY ROURJUOW) N
X ayaN aQ (330uay ® XOoH) ejualnoons wiswyosodiq| 3
=} X o] aysN 33aays 1Iy20a eieeyzodra| 3
o o X o EMETH Jq {"pnes) wuniear] wiseysodr| 3
X ayaN Aein vy ('33nN) evriceltabajut eiseyoodrll 3
X ayanN j3aeys tiuedaq ejzseyoodtrl| 3+
. aonjjey ArYotad ' ereraass eoanade]| N
) X o axowschb ‘aeva §,3¥> AXTeH ‘1 e3jedTpRex stasoynodAH| N
o e o aea s,3e0 yjoouws ‘1 eageib stasoyosodAH| N
o] X o} paam ydeabatal *33anN eXorjtrpuwab eosyjoasiaH| N
o ) x o poeampns ardang -1 wnaandand wuntreydeus| N
o le] X - *AR) vIOTITAIRd ehHosutles| N
. ysnaqaurted s,eI01d 20 {'1) er1ojryducs eriiud| N
o o X o] - UosSTOOTN tTTBieqso] eITTwd( N
. - 8I00W 'S ('y3jueg) seprotpldeaas umreydeoosswid| N
o paoamasiIoy *buoan (*3any) errisnd -aea -buoid (-1} sTsuaprueva ezAuc)| N
o] % o] eyoTITT ‘posmesaoy AITeH ‘bucay (1) stsuatavuogq ezAuc)| N
< X L] 213IsTYl TINd ‘ual, (Taesg) a2iebrna umisaipl N
o X poeamdeuy ‘er3styl aevis ] STSUSITTIW eaanwviuald| N
© o x o yot13aebboq ‘erposu ysiueds ' esoT1d suapid| N
o X o nefo,oqoy ‘nrio,oyqo,oy 33a8ys ( Aean *y¥) sTsuainew suaptd| 3
JI9UDT9 X8 paelied
X o - ("d1g-23TNYUS) RILIPRI “IvA DJ (") eqie suapld] N
X BUTYRUTY ‘PUTYRUTYY, 8697 sYTeilsN® vIsSTWalIy| I
o] (o] X o] ouoyoy ariey -] saprozAuos unjelaby| N
» Tueyruwd enyewey uosutqoyd "H % buty ¥ (1ebay) eraedra eurieiaby| N
e} X o TrTdtd ang-Autds azauny (-138073) eTwvijzsne wunuwasdsoyaueosy| N
{ATTwe3 uozoﬁwczwu eveORvIeIsyY
o A3pUrITO ‘T I9pueaTo wntIaN| N
6L61 086T 0661 T66T JHYN NOWWOD JWYN DIJILNIIOS SNLYLS
AAYN NHOD ¥ dHH

-NYKH

S3OUN0S

(PSNUTIUOCD) ANVTISI IAMYIO,OHVYM WOYd dIaqu0Dddd SIIDIJS LNVId dVTINISYA

P TV XIAnNIddav




2661 18nbny 110day BOUVSSTRUUODDY (WD(EO{OTIR oMV O, 0Ly

{ATTure3 aede)) awaoeawedded

o P o1oteyed ‘euenlravey *buci) 3 Trews '3 (‘weq) eotpur 'dss 1 vATIRS STQRUURD) N
{AtTuey dwsy) ewvaswquuued

X o Tutued ‘aead Ayortiag *TITW (") eoIput-snor3 eraundol N

X sNa1ad ButwooTq-3IybIN ISOY ¥ u033TIg {"MRH) snNIvpun snalassofAH| N
(ATtue3 sn3nwe)) eveswioed

o x o pIelsnu aqung, T WNWISSTIITP WNTIQWASTS| N

c x ysipel pIIM ‘1 snatyes snueydey; N

o o] X o ssevabiaddsd 'jzomiaddag TTews wnbuolqo wniptdaq; N

“gsod {‘puaiyosaiyos
o vURUNY 'neRUNRU ‘neuneuy, ¥ weyl) esusTylem-oO "IPA UTJUOR wniejuapiq wntpide| I+

o o X o E58I33UTMS ‘wg (1) snwAptp sndoucac)| N
{ATTW®] pIwisny} ovweswoIsEvwig

o o X o 2doxjoTTay epIseas ‘wuan *1 wnoTAesSsRInD umtdoajoTIaH| I
(ATTure; ebeacg) eweowuibrviog

o o X o Ty TTMTINNR, ‘poomerdolg ‘T RWMTIITIVW sTawg| N
(ATTuey jIoM3Tws) ewadwivg

o - ‘ds 3apur| ¢

o [3) x ° Tytdeng T (1} euetanzed eruutz| N

o [ X o PTURYTY ‘angsaIio0d Avio 'y 3 110l {'I1TH) 85USPRURD "IRA °] WNTIBWNIZE wniyjuey| N

o o X o peaMuoOIT 713311 20 (*mutay) vIoritazed °“lea "sse (1) waiaurd eruouisps| N

o o X o pavaq-umolId uaploo "YOOH % "yausg (-Av)) soplOlTacus wvulsaqlep| N

o o X o sUOIING IROD ‘1 suaqunooad xepral| N

o X © PHBMBPON *uUYIeRD {°71) WIOTJIIPOU RTI2Ipauldg| N

o o X o atetend ‘a13STY3 MOS ‘1 sSnaderiIale snyasuos| N

o o X o pIvaq-umoro molieA rews *7 §TTeIUBTIO wTydagsebrs| N

6L6T 0B6T 0661 Z66T JHYN NOWWOO SHWYN DJIJILNIIDS SNLYLS
AANYN NYOD 1Iv¥N dHH
~NVH
S3NIN0S

(PINUTIUOD) ANVISI

dMYT0 ., OHYA WOHd

03a¥00dyd SIIDIAAS LNVTd HYTINISYA

TV XIaNdddv




2665 3snbny jaoduy 2OUVSETOUUODwY [WITDO[O1T 2MP[O, Oyey

o o X °© eyeT, TH-o-Nn,vd E1sUaOTMpURs ‘dss ISTTI®H 'H (ASTOYD)} ®I{OJTTIvAG wlajuowanboep| 3 ]
19M0T JUOOW T
o o x o uetteseld ‘nyed TiwOY * 3363500 % Jaubag saprogny escwod]| A
A101b ]
o] o X o] Butuzow yowaq ‘enyanyod -1353500 (') slsuariiselq *'dss *ag ‘Y (-1} seideo-sad esowodI| I T
vTYRME,
o X o IR0y ‘eme, TTeOY *3Ia (‘wang - p) edrput wsowedr| I
TR, TTROY
o o X o] *Kxo7h HBuruzow paawel-AAl q99ms (') worates eeouwodr| ¢N
o o X o - yauny SIsualTIXnal essaip| I
(AtTwe3y Axorh BuTuIol) 9VIDVTNATOAUOD
TuRweY asIejJ
(o] o ‘pucuite Teotdoit *1 eddeied eiTRUTWIAL| N
(ATTwe3 pucwu® UBTPUI) OWBIVIBICWOD
o| pesmaiquny ‘S13sIY] URISSNY ‘7 1Tey elosies| N
o o X o] paambid ‘joozascon -1 ayvanu untpodouays| N
) o] x paambrd ’'jo00388009 *1g Yy wn3eutaed wuntpodouayd| N
. ysnqires *pasp videzeqns xa17dTaav| N
o © X o ysngares ueryealsny *ag Y waedoeqruwes xardraay| N
(ATTwe3 3003esocn) ewedwipodousyd
poomucatr Jevabuot
/3] ) ‘poomMuoay ysavwiies *busads xa ploqats woneld eutaensed| N
o] X vuted ‘poomuolT UOCUWIOD ' vrTejr3esinbs eutraensed] N
(ATTue3 3wo-8ys) eweowutIense)
<o © X - *1 (') wnyrAydexiay uodieoAtod| N
(ATTue3 Nujd) eweowyrAydoiaw)
© o X o ortdervw ‘ortd eng ] eueTyotmpuws siieddey| 3+
6L6T 0861 0661 C66T JWYN NOWWOD WYN OIJIINIIOJS SALYLS
AAYN NYOD 1I¥N dHH
-NVH
sS324nos

(PONuUTIUOD) ANVISI IMYIO.OHVA WOHd dIq¥0Ddd SIIDAdS LNVId HVINOSVA TV XIONId4Y




2661 Ienbny J1oddy PFOURSSIWUUODDY [RITBO[OTIY IAR]O, 04wy

o o x e} yney ‘wad abprajaed| ('perteo xe Da) etaeirezed -dss youaow (-1) 6URP3T3O5TU ®isTaIDseweyd| N
o - ‘ds e1ssed| N
o o] X o nioy ‘nry ‘PITIM (1) euetrsauiae] ei2edy| N

o x vOY UPSOWIOY "Ia8W BSNJucs eroedyY| N
(ATTuwy wag) awvaow(ed
o o X T10Y ‘'elte,ed ‘uwaq io3se)d ‘T STUNWWOD SNUTSTH| N
X oyT1ed ‘1 eT1Aydoaailsy erqaoydni| N
NTU3INO)Y (JFAIYS) S8pTIOTUTDORA
o X TOTRWONOY ‘OYOY ‘OYoyy, *IeA Jausbag 3 ezr0l1) (333I8US) TTHBI=aqSIjONS adAsseweyd| I+
o o x o abands ajwvaisoag T1PWws {(uUojly) wielgsoad aoAsseweyd| N
o abinds Injaoceasn *dsTTTH (°11) ®1103To1aadAy ansAsavueyd| N
THTY®Y oxoy ‘abands
Q o X o uapieb ‘abands Axtey *dsTTIH (') wiaty asAsavuweyd| N
Jauabag ‘1 3 1suabag (s2qI04 D) TisSaqO3S
X 18TRUONOY ‘ONOY ‘ONOYY, ‘aen aeusbsg 3 JwZYI0I) (°s6TOg) SBPTIOAISWI2D adAsawvueys| 3  +
lauabeg "1 % Jauebsg (3Jjasys) suajnayrdue
o X L] TeTRuONOY ‘OqOY ‘OYONY. *Iea asuabag 3 3vzroxD ('ssT0g) saploilseran oxdsevweyd| 3
Isusbag T % aausbeq (saqiod ‘J)
o ) TONY ' InuaTpued ‘PITIM (°1T) ®ueponTOW sa3Tinaiy| N
(ATTwes ebandg) eweodwiqioydng
o] - *ds jepur| ¢
X o eTedny ‘nunuy, J30uly ¥ “YooH sndieolysed sokors| 3
X Iead wesieg ' eTiuvIRYD worpaocwol| N
o X rueyn, ®Yy ‘Iaqumon)d *1 snatjes stwnond| N
o X ¢| panob Taseay ‘panob BHoysbpoH yoeds x8 -quaayy snasesdip stunon)| N
© eyew-te, ndr ‘uoTewrsiem : TeNeN % wnsiel ('qunyl) snjeuel snIInNIITty] N
{ATTUR] panon) ewveswlTqansn)
e} o] ® o vlwaxisw AITey ‘qan (1) etridAbee ewrwaiasy| ¢N
ucsjiaqoy -y (Aevin ‘y)
6L6T 086T 0661 TH6ET JWYN NOWHWOD GWYN DIJILNIIOS SNINLS
AANYN NHOD YN dHH
-NYH
8324nos

(PONUTIUOD) ANYISI IMYTO,OHVM WOYd QICQYODIY SIIDAAS INYId ¥YINISYA TV XIQNIddY




Z661 1snbny liodey 2oUESETCUUODSY [woIlBOjOlY oMRTO, Oywy

. T16%g ‘7 wissTaexb wnwtoo| N |
(ATTurey JUIW) dwoowIWRT] IR
x o Teyeyey exednen TURA Pa2TIas wloaawds| I
(ATTWRI viuepoon) sraORIUSIPOOD
Aanejuan
o X o uesadoang ‘qasy Ie3lllg vavIyilAla -dss -jey evovaylAle wnraneijusd| N
(ATTUR3I URTIUSH) ORADRURTIIULD
) - -ds -ayepur| ¢
» - ¢ aocu -ds aeaoneqed| 3 +
(o] X o - 19boa stsusnyem-o wubip|l 3 4+
Lo o X vroy ‘nynyny, evoandand -awva ‘'sasd (') esandand ersoaydsl| N
o o} X o Teyo, JI0UIY ¥ HOOH psOJUBWO] eTURGSaS| I+
» vUowoTOoy ’TUNIYN Aqauaeg % utmMII °H (330UIY 3 “YOOH) TIpheysipneb euuas| I
(o} o X o] ame1y ’'23Inbsew ‘wqoiebly yauny {("pritm xe °‘1ducg % ‘qumy) eptiried stdosoxg| N
o o X o wad moD> ‘uvaq PTIM qan (1) ssproxAyjzer wntyradoasel| N
¥ - ‘qan (oa) wneandaindoaze wntrridoasel| N
o o X o vO)D ‘aTorvy wo) ‘woy alo®RH AtM @p (-we]) ereydscconar vusesne] N
© o X o obtpur *TITH ®50213INIIINE vIaJODTIPUI| N
o X ) - opIen (33ouay 3 ybiM) T13ybIM BUISATD] N
o o x o TTIATTIM leuabag sTsuadImpurs eulayailagz| 3
o - ‘ds wnipowsad| N
S o X o peamaebbaq paiasmolI-aaayyl 20 {7} WwNIOT3ITI3 wnipowsag| N
o b psamievbbaq eprIorg 24 (°ms) wnsoniliol unTpowsag| N
o x T11drT1d wnd ‘aeacTd ystuwdg ‘Al 'd esuscTMpurs unipowsag| N
esoutw
o] (o] x o ajvbara ‘wsowiw aapusls "PITIM (1) sniyebata snyjuewsaqg| N
o) - *ds etaeTe3o01d| N
o X o podetriaey ‘T RURDUT RIIRTRIOID| N
Aqauaeg 3 utmal ‘'H ([eboa) eaevaqerb -aeva Ageuzeg ¥ utmar "H
6L6T 086T 0661 Z66T JHYN NCHHOD JWYN OIJILNFIOS SNLYLS
AAYN NYOO 11¥Nn dHH
-NV¥H
5304005

(PBNUTIUOD) JONVTISI IMYIO,OHVM WOMd d3IQY0DIdd SATIDAS LNVId ¥VINOSVA

¥ XIAN3ddVY




Z661 18nbny jaodoy aduessiRUUODSY [ROTHO[OLH IMRTO,OYuY

aToyvW
o < x o TYT, ‘T3II0S poom mMOTT3X T RIRINOTUIOCD STTRX0O| LN
(ATTure3 193308 pocM} 8veowpl[eXO
ol eo X o vualy *1 suadsa etravyisocg| I
o X eUaTy 'qsod 113sqaay wrarylsod| 3
b4 euUaTy aunTg earvigeib eraryisog| I
X - *TTITH ®auTa>20> eravyaaod| N
(ATTuw] XoOoT1o,0-anog) eweswulbeldAN
o sn3dATeonyg *ds sniydAteond N
(ATTuWR] o131fK) ewveswilIAW
o poOMTRPURS pawviseq ‘OTeN Avan 'y esusoTmpurs wniodoA| I
{(ATTww] unxodofy) ewaovicdoll
X anem ‘Azzeqinu xaded ‘usjusp (1) wiajtiAded eijasuossnoag| N
(ATTwe3 AzzeqIny) ©weowIOH
(o] OTTH vaII0]) X8 ‘1o5 (°*) wasuindod wisedsayl| ¢1
(o} ep1s ATY21ag ‘1 esoutds wpls| N
X - ‘7 wijojiquoyx eprs| N
o o X (o] CWITI, *diem xwire3 eprs| I
o) o X o MmoTIvw asTed unuRITapURNCICD “dss axdawH (") wnueiITespuRWCIOD WNIIsRATRH| N
o o] x peam osaayd 1 eioT3TaIed vATRH| N
X a{ay ney o,vH 18bprauayowiq -dss Avan 'y Tabprauayowvaq snostqiy| 3 +
© [+ x (o] 0, W ‘weag Xa -33nN wunsojuawel untdAssos| I
L] o X c o,%uw ‘uorTInge A1vcH 398MS  (MUTT} wnueour uoTIaINgy| ¢
o X o] O,'u ‘UOTTINGY AaTwH 188MS ("PTTITM) wuntroJtpuwib uvortangy| N
(ATTUJ MOTTWKH) 8vaowvAlwW
6L6T 086T 066T Z661 FHYN NOWWOD JGWYN DIJIINIIOS SNLYLS
RAYN NYOD 1T¥n dHH

-NYH

SANNOS

(PanuTluod) dNYIST AMYTO.OHVM HWO¥d daadol3d SAIDALS INVId ¥YINDSYA

1Y XIONE4dv




2661 1enbny 110day SOUNECTIRUUCDUY [WDTDOTCIH umRIC, Oyey

(ATTWR] poomTrepurs) oveleTviIuvs
b o 8933J00 uwIqRay '] eaIqeae eajjced| N I._
(ATTwes ®@8330D) avedwiqny
saoxbBuew
e} © o paa ‘aacabuvu uesraswy *1 arbuew eaoydoziyyl N
{LTTure3y eacibuvwy) eveoevaoydeziyy
{Xd - IIATTO TTPURIQAITTIY wruenoo| I  +
{(ATTUR3 uxoylxong) eweswuwwyy
o o X o] Tauxadutd jatae2s ‘] 8TSUBAlR sTITTRbRUY| N
(ATTurej esOIWTId) 8wesWINWIId
X o Y1, ‘weyD) esSOTTTA vowInlIod| 3 ¢+
. Tytr, ‘peambig *7 esoTTd eoeTniiod| N
© o o yr, ‘pasmbig '] wadwisa[0o woevIniiod| N
o o] x © Tyl, ApqoH sTsuaTuIMOoiow ewoeiniiod| I +
{ATTUe3 suwisang) awaswseTniiod
b4 93,9171, ‘1 eoTuetAez obwqumid| I
{(ATTure] jaompeel 10 obequmid) eweswurbequnid
o nquo ‘eaquos wvirog ' woToTp wooeTo3AUd| N
(ATTue] peemadod) eweowoowTo3Ayd
=] T,04TTTIT ’3ITNI] UOTIEE®R] SWIS sTI[Npa viorjissed| N
(ATTUR] XemOT3J UOTEERd) BwWAIRIOTIIEswd
© o x o vrey ®ngd vone(b aea adog (utwad X8 °33nN) evonerdb suocwsbay| 3
(A1tww3 Addod) eveosvieavded
6L6T 0861 066T Z66T JWYN NOWWQO dWVYN OIJIINFIOS SNLYLS
JAAYN NYOD IV dHH
-NYKW
sS3xdnes

(P8NUTIUOD) ANVISI IMYIO,OHVM HO¥d QIQE0DIY SIIDI4S LNVTId UVINISYA 1 TY XIANIAdVY




Z661 18ndny 11odey acuvssTRUUCIBY [wOTHO(OTY 2MU[O,0URYH

o © X o nyonN °r1 s8p103sTo sninglal] I
(ATtuwey ysngq ejoscaid) owvanwelTAydobAZ
o X o 10 ‘ton, el yuny sT{eIcl1] euaqiap] N
X o TO ‘UTIRAISA ®OTRWEN TyeA (1) stsuantewel ejaydaezlyseis| N
o o x o vuRvIUeR] ‘] eaewR> puRIURI] N
(ATTwe3 vuaqiep) awvadwvuedlIdp
X3 eOTO, ‘evOoTO,Rul ‘wole, Rl ‘pheg eastaes eipheleN| I+
(ATTwe3 eT338N) eveswdsT13IN
le] © HeTIRWE] Tay3ly s3saey (-7) e1rAyde xtaewe]l| N
(ATTWe] XTavwe],) ewedwdTIRWR]
c o x [} vore, 1y ‘worey[, ‘1 BO2TPUT eTIBYITEM| &I
(ATTWe] owor)) 8veIRIINIILIS
o) o wopog jo ey1ddy labavp g 3 3adday wnueawuul] wnueios| N
ol ¢o X o otodod ‘speysiybiu Assoro *TTTH WnuesTIawe wnueios) ¢l
X eyed ‘ooseqoyd, ‘f wnoeqgey PURIJIODIN] N
o o X o ©25vqol 8a1y weyeas *'H ‘Y eoneib euetiodIN! N
o o ) o ojuuo] JuURIIND *ITIH (*T1snp) umttojtiieutrdutd uontsaadodA]| N
o L o3RO, *TTTH wunjuelnose uo21siadedAn| N
o o x Lo} awv,aw, ‘TeY OT19YO. Ae1n 'y ssuadstmpues wnioAg| I
{ATTure] epuwys3jybiN) ewvsowuvyos
o 1,119, Y, ‘boep es00sTA ®wevuopog| 3
(ATwe3 Axxeqdwos) ewsdwpurdes
2X3 poomiepurs ‘TYRITI, ‘pnes unot3diTre wnyejues| 3
X ruRywumey ‘wounTny 2 ¥ tipneyotpneb sndavooxm|l 30 o+
6L6T 086T 0661 ZT66T JWYN NOWWOD JWYN DIJILNIIOS SNLYLS
AAYN NEOD 1I¥N dHH

-NVH

S3ANINCS

(PaNUTIUCD) ANYISI IMVTIO,ORVN WOYd QIAH0Ddy SIIDAJS LNVId ¥YTINDSYA

+I¥ XIANdddv




Z661 enbny 110doy oOUNESTRUUCOBY [¢2tboTOTg emEBIO.Oyey

]

) o] x o] 'ssvabqeao s,Axuay JaTeoy {-zaiay) staerTlo eraellbral N MHu
o] X o) wajisan(q uereIisny snwe) "y (I8 ¥} wnNasTIss wuntyljuedTd| N
o] ssvabaaprIM ‘qgnH (°ITod) wn3ielstae wuniyauedid| N T
o o X o sseabaztm yowag ‘PITITM (1) wntidABse untusinoe1Aloed| N
[e) o) x o atuatuew ’‘ssexb epnuisg "saed (1) uUoTAjoep ucpouds| N
o eyo,syo,nd ‘saeval s,qop ‘1 tqol-vwAzoer X100 N
o - *ds stroTydl N
o] o X o ssvabraburl Iayawag M5 e3ebIta sTIOTYD| N
[o X - 2§ "H eirvounly sTaAOTYUYD| N
L) o X ) ssvabieas RIPDTIRATR "JeA 1§ W RIeDTIRATP STIOTYD| N
ta] n,new
o o [o] 'sswabaabutry uarioms ‘s (7)) wieqaeq staoTys| N
x - T sRpIoTNgTa] snaysualy N
o} o] X o sswabrajzing ] STARITID snayauald| N
Q o] X o] sseabpaesq pe3altd snwel 'y (1) esnjaed eoryootraylod| N
(ATTue3 sswxn) eweowod
o o sutd maaoes ‘wileH ‘ds snuepued| <1
(ATTum3 eutd Mexng) ewadwuvpuRg
. - saproa1yd *des yjuny xa soaN saprostud snostaeW| 3
o x - *310] vaTvd staeyseardl ol
X3 - s8N TTiuadsw x21wd| I
(AtTum3 ebpeg) ewenwviedAd
o o X nIu ‘3nuosod '] elajronu so20d| N
{(ATTturey wiwg) eveswdely
o ) RUTTVW ‘[@ETS autazad vuelests aaeby| N
{ATTue] eavby) evenwvaehy
SLOOONOR :SLNVId ONIYIMOTd
6L6T 086T 0661 Z66T WYN NCHHOD YN DIJILNIIOS SNIYLS

AAYN NYOO "T¥N dHH

-N

S324Nos

WY

(PONUTIUOD) ANVIST AMYTIO,OHYM WOYJ QIadODdd SIIDIAS LNVTId HYINDSYA

IV XIAaN3dd¥




7661 Isnbny J1o0day IdUBSEIRLULDDY [¥O1DO(OTH DMBIC, OYw)

o o X o| sswabjecb ocaejiaq ‘sswab ing *ATNYDS snuetucaajisq snbeil| N

o ) X o %, I}V, yauny {°7) snotuthata snrogqoaods| 1

o o X o T1eyxo3 Ar3stag ‘aneag *d (") e3IRITISIIISA RTIRIIS| N

. TTeIX03] MOT[OX yauny styioeab etaeias| N

o o aueo xebng T WNIVUIDTJI IO wnieyosses| N

o o x o] dojpax 1e3IeN qqnH ("pITIM) suadex unizAleyoulyd| N

io umigstiuusd Aasyjead *3TNYDs (1) ucrtyoeasAtod umiastuuad| N
=] - *dds wnoatued

o = x RUOKHRUOY WY "OUSITIH (*3geTT1TH) uniiydoasx wnotued| 3

o] o X ] VUONPUONBY ‘phnes unpriiol unstued| 3

o X - *OU23TH snisowea wnotued| I

o] X o sev1b wvautnd ‘boep wnutxew umstued| N

o o X o - aspravg (uyep °15) snrae[ ‘iva ‘OUSJTH T8TIne] wnotued| 3

o o] X [S) - T23TINV] “aAwA 'OUDITH TITaANe)] wnotued| I

L] X o 66wab 5965RON *anesag °d RIOTITINUTIW STUTTSW| N

o] [e] X o sseabpaveq peastmy ‘I11d *ATNYDS ¥ W30y X2 ‘Aneag d (1) snaaojuod uobodolrsisH| &l

o) o] - *ds st3soabeam| ¢

Lo Lo X voTowe, ‘niomey ‘pn@is ('pneo) sIiiqeTavAa sTtisoxbwajg| 3

o X ssvibaaoct essuedep TAITNYDS B Cweoy X8 aneag °*d (1) erleous] siasoabwval| N

o o X o] sseabyuras HUTT (°TIY¥) sIsuauer7~2 stasoabeaz| N

o] e} - *IQOTTTH sseprotdoije stiseabeag| 3

o] sewaboitm ‘ulasen ( *1) wOTPUT JUTSNAIFI N

o) x ad11-a1bunp MUITT (-1} euciod woryLoutys3f N

(= o X o sspabancsg ueun{d x8 29| (77} sTaeInsutr ertaearbigl N

e, endaeyny
6L6T 0861 0661 66T JHYN NOWWOD JHYN OIJIINIIOS SNLYLS
AAYN NHOD YN dHH

-NYH

S3OUNOS

(P2nuUTiuUoD) ANVTISI IMVTO,OHYM WOYd qIaa¥oldd SIIOI4S INYTId HVTINISYA

*T¥ ¥XIgNdddv




APPENDIX A2: REMARKS ON VASCULAR PLANT SPECIES RECORDED FROM
FAHO'OLAWE ISLAND

The vascular plants included on this checklist are those observed
on the three most recent botanical surveys of Kaho'’olawe Island:
the Hawal‘l Heritage Program (HHP) reconnaissance survey
(February and March 1992), the Division of Forestry survey (April
21-25, 1980) by Corn et al. (1980), and the Navy survey (November
22-27, 1978) for the U.S. Department of the Navy Environmental
Impact Statement (1979). Known plantings were not documented
during the HHP reconnaissance survey because the scope of this
project was to document the native and naturalized vegetation of
Kaho'olawe. The Division of Forestry survey and the Navy EIS
survey include some known plantings on their checklists, as well
as plant taxa seen in beach drift material, and these are
identified as such in the remarks column of Appendix AZ.

Since the 1980 and 1978 surveys were conducted, the Manual of the
Flowering Plants of Hawai‘i {(Wagner, Herbst, and Sochmer 1990) has

been published, and its taxonomy is the current standard. The
1980 and 1978 survey checklists follow the taxonomy of St. John’s
List and Summary cof the Flowering Plants in the Hawaiian Islands

{1973). This made it challenging to determine which species were
observed on those surveys. Some of the plant names that were
used for the 1980 and 1978 checklists are synonyms of taxa
accepted by the Manual, and these are recorded in the remarks
column. Many specimens collected on the 1980 and 1978 surveys
were examined at the Bishop Museum herbarium (BISH) in June 1992,
to verify their identity. Several specimens ccllected on these
past two surveys have since been reidentified. Explanations of
these changes are also noted in the remarks column.

Also included on this checklist are the flowering plant taxa
reported on Kaho’olawe by the Manual of the Flowering Plants of

Hawail'’'l (Wagner, Herbst, and Sohmer 1990). 1In the Manual there

are reports of two taxa (Chamaesyce celastroides var. stokesii
and Eragrostis variabilis) from Kaho'clawe that may be based upon
misidentified specimens (J. Lau, personal communication 1992).

In addition, there are fourteen taxa which are reported from
Kaho'olawe in the Manual, which were not observed on any of the
recent surveys, and for which no Kaho’olawe specimens were seen
at the Bishop Museum herbarium (BISH) in June 1992. For these
fourteen taxa, distributions according to the Manual appear in
the Remarks column. (The taxa on this checklist are the same as
those on Appendix Al).

Recorded in the remarks column are the collector and collection
number for taxa collected on the HHP survey. Ken Wood and Steve
Perlman of the National Tropical Botanical Garden and Joel Lau of
the Nature Conservancy of Hawalii were the collectors for the
Hawai‘i Heritage Program.
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APPENDIX C

SURVEY OF KAHO'OLAWE FOR BONES OF EXTINCT BIRDS
Storrs L. Olson

Dept. of Vertebrate Zoology, National Museum of Natural History,
Smithsonian Institution, Washington, D. C. 20560

EXECUTIVE SUMMARY

No native land birds are known historically from Kaho‘olawe. It
is assumed that many species were exterminated through human
disturbance during the prehistoric period, but this can only be
proven by fossil remains. A search for fossil sites was
conducted on the island, but with exceedingly poor results. Dune
deposits, which are fairly well developed, were almost barren of
bone. The very few caves on the island likewise produced little.

A few bird remains were recovered in previous archaeological
excavations. Bones of the living storm-petrel, Oceanodroma
castro, constitute the first record of the species for
Kaho‘olawe. A bone of the common myna, Acridotheres tristis,
along with early observations, suggest natural colonization and
subsequent extinction of this species on the island. The only
native land bird documented for Kaho'olawe is the nene, Branta
sandvicensis, which was fairly common in midden deposits and
proves at least one prehistoric extinction. Doubtless there were
many more; recommendations are made for future monitoring of
potential fossil sites on the island.

INTRODUCTION

The relatively recent discovery of deposits of fossil birds on
most of the main Hawaiian islands revealed that prehistoric
hunting and disturbance of native ecosystems by humans had caused
the extinction of the major part of the Hawaiian avifauna prior
to Western contact (Olson and James 1982a,b; 1984; James et al.
1987). Almost three dozen new specles of extinct fossil birds
have been named from the archipelago to date, and many more are
known that remain to be described {(James and Olson 1991; Olson
and James, 1991}.

No native land birds were recorded from the island of Kaho’‘clawe,
but from the preceding discoveries we have assumed that under
natural conditions there must have been a significant native
avifauna on the island prior to the arrival of man. The only way
to document this, however, is by finding bones of exterminated
species. For this reason, we undertock paleontclogical
exploration of the island, with the following, unfortunately
meager, results.
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METHODS

Bones of extinct birds have been found in a wide variety of
geological settings in the Hawaiian Islands, including: sand
dunes, lava tubes, sinkholes in raised limestone reefs, crater
lake depcosits, and archaeological midden (Olson and James 1982b;
James et al. 1987; 1991). On other oceanic islands, such as St.
Helena (Olson 1975), bird bones were also found in various
alluvial and loess deposits. Thus, in searching for bones on
Kaho'olawe, the first step was to attempt to locate similar
geological settings and then determine whether bones were present
in any potentially fossiliferous sites located. Latitude and
longitude of sites was determined with a Global Positioning
System (GPS).

PERIOD OF INVESTIGATION

20 February 1984 (S. L. Olson, H. F. James, D. W. Steadman). We
visited areas of sand dunes by helicopter.

20-26 March 1992. S. L. Olson (ornithology and paleontology),
Rowland Reeve (archaeology), R. Michael Severns (malacology), and
various Nature Conservancy and military personnel explored much
of the island by jeep and on foot.
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RESULTS

Neither in any geclogical report (e.g., Stearns, 1940) nor in our
exploration of Kaho‘oclawe was there any indication of uplifted
limestone with karstic features, nor were there crater lake
deposits. Likewise, we found no alluvial accumulations of
sediment with any paleontological potential. Erosion of the
island has been so severe that had any existed previous to human
arrival, they most likely would have disappeared by now.

Alluvium in the bottoms of gorges is all probably of very recent
origin (Spriggs 1991). For example, at the mouth of Ahupu Gulch
there are banks of red alluvium along the sides of the gulch.
Near the bottom of one of these banks we found a weathered cow
bone under nearly a meter of sediment, suggesting that the entire
deposit may postdate the introduction of cattle to the island in

the 1880s.

Sand Dunes: Because dunes of calcareous sand have yielded
important avian fossils on Kaua‘i and Moloka‘i, the few areas of
sand on Kaho'’oclawe were given top priority for paleontological
investigation. On 20 February 1984 we made a survey by private
helicopter of all of the sand exposures at the western end of the
island and those at Kanapou Bay. The same deposits at the
western end of the island were investigated again on foot on 22
March 1992. Despite the fact that some of these sites looked
potentially quite fossiliferous (especially one windblown
exposure with a lot of root and stem molds of naupaka (Scaevola
sp.) at 20° 32,04’ N; 156" 41.80' W, they were essentially barren
of bones both in 1984 and six years later. The absence of bones
even of burrowing procellariiform birds, such as the wedge-tailed
shearwater (Puffinus pacificus chlororhynchus) and relatives, is
difficult to explain.

Another potentially fossiliferous area of sand occurs inland a
few hundred meters from the coast on the west side of the
principal gulch leading into Hakiocawa. This is well known as the
site of a heiau now being re-used by the Ohana group. It was
briefly investigated on 23 March 1992, but was found to be

heavily vegetated by kiawe, with little exposure of sand.

Caves and Lava Tubes: Specific searches for caves and lava tubes
were made as follows: 21 March 1992--Ahupu Gulch, Ahupuiki Gulch,
and the next gulch to the west. 23 March--Kaulana Gulch (entered
at 20" 34.95° N; 156" 35.40' W; exited at 20° 35.24°' N; 156°
35.24° W), and gulches on approach to Hakioawa. 24
March-~gulches in the area from Lae o Halona Point to Lae o Kaka.

No potential sites were found except at Ahupu Gulch. Several
deep crevices just NE of the mouth of the gulch were large enough
to enter. A barn owl (Tyto alba) was 1n residence here and the
only bones found were those derived from recent owl pellets. We
also investigated a well-known large habitation cave on the west
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side of the gulch a few hundred meters from the mouth (20° 34.17'
N, 156° 38.02' W). This extends about 30 meters uphill (roughly
westward) and ends in a pile of lava rubble. Shells and sea
urchin spines testify to its former human occupancy, but there
were no avian remains at the surface and little or no sediment in
which they might have accumulated. The cave has little potential
as a fossil site in any case, as it would not have functioned as
a pitfall trap and is only barely long enough to have a dark
zone. A few meters mauka of this cave and above it, about 10 to
15 meters above the bottom of the gulch, was ancther lava tube
extending straight back into the wall of the gulch. This had a
flattened oval cross-section and was just big enough to admit a
person, though it opened up sufficiently within to permit one to
turn around. This contained mostly bones of cats, but two bird
bones (myna and storm-petrel) were also recovered.

Remnant "Soil*® Hummocks: On 25 March 1992 we investigated
remnant *soil® hummocks, evidently of aeolian origin, in the
vicinity of Moa Ula, Moa Ula Iki, and in the upper reaches of the
road to Hakicawa. Samples of this sediment were screened for
shells of land snails, with negative results except as noted in
the report of Severns (Severns’ information was incorporated into
HHP report). We found no bird bones on the exposed faces of
these hummocks, but these deposits are probably one of the better
potential sources for archaeological sites that may contain bird
bones. For example, on the road to Hakioawa (20° 33.85 N, 156°
33.96’ W), we discovered the remains of an intact firepit, the
outermost edge of which had been barely exposed, that was under
about 1.2 meters of this sediment and only about 0.3 to 0.4
meters above the so-called hardpan.

In another instance we found a large amount of charcoal deeply
buried in a hummock near archaeological site 111 (20°' 32.82 N,
156" 35.07’ W). These sediments are surely equivalent to what
has been termed the *"Ahupu Formation® (see Spriggs 1991),
although I would not be inclined to so dignify them formally. It
is difficult to reconcile the above mentioned firepit with
Spriggs’ (1991:98) assertion that "there are no prehistoric
Hawaiian sites associated with this soil [sic] formation, ® which
he regarded as "entirely historic in origin." Because this
contrasts markedly with Hommon‘s (1980a,b) view that °massive
erosion was initiated during the period of prehistoric Hawaiian
occupation” (Spriggs, 1991:108), a high priority should be given
to more careful investigation, including radiocarbon dating and
identification of charcoal, and of cultural and other features as
they are exposed in these remnant sediment hummocks. This would
be of much greater value in determining the timing and
consequences of prehistoric settlement of the island than
documenting the inferior cultural remains exposed by deflation
everywhere on the hardpan of Kaho‘olawe.
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Archaeological Midden Material: We did not recover any midden
material during our 1992 survey, although this remains the best
potential source for bird bones on the island. However, the
excavations undertaken by Hommon (1980a,b; 1983) and Rosendahl et
al. (1987) yielded remains of seven species of birds (Collins
1987), as discussed below.

AVIAN REMAINS FROM KAHO'’OLAWE

Dark-rumped petrel, Pterodroma phaeopygia. Individuals,
including some juveniles, have been reported from seven
archaeoclogical sites (Collins 1987). This seabird is known
historically from Kaho‘olawe and may still occur there.

Bulwer’'s petrel, Bulweria bulwerii. Reported from four
archaeological sites (Collins 1987). This seabird is apparently
not certainly known historically from Kaho‘olawe but still breeds
on nearby Molokini.

Band-rumped storm-petrel, Oceanodroma castro. Two humeri were
recovered in 1984 from the sand dunes immediately west of
Smuggler’s Cove, and the distal end of a humerus was found in the
small lava tube in Ahupu Gulch in 1992. The status of this
species in the Hawaiian Islands is unclear, but it probably still
breeds on Kaua‘i and Hawai‘i {(Banko et al. 1991). Furthermore,
it was reported in the last century from Ni‘ihau (Wilson and
Evans 1893), and it is known from fossils from O‘ahu and Moloka'i
(Olson and James 1982b). The specimens mentioned here apparently
constitute the first record of the species from Kaho‘olawe.
Because these birds are extremely recondite on their breeding
grounds (no nests or eggs have ever been found in Hawai‘i), it
cannot necessarily be assumed that the species is extinct on
Kaho‘clawe, although the great number of cats on the island would
certainly preclude its survival in any but the most inaccessible
places.

white-tailed tropicbird, Phaethon lepturus. Reported from two
archaeological sites (Collins 1987). This seabird still occurs
on Kaho'’clawe.

Nene, Branta sandvicensis. Reported from seven archaeological
sites (Hommon 1983; Collins 1987). The nene 1s known
historically only from Hawai‘i, although fossil finds indicate
that it certainly or probably occurred on all the main islands
(Clson and James 1991).

Red junglefowl, Gallus gallus. This species 1is a Polynesian
introduction known on Kaho'olawe from only two archaeoclogical
sites (Hommon 1983; Collins 1987).

Asiatic (Pacific) golden plover, Pluvialis fulva. A relatively

common migrant to Kaho'olawe reported from a single
archaeoclogical site,.
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Short-eared owl, Asio flammeus. A post-Polynesian immigrant to
the archipelago that has been reported historically from
Kaho‘olawe and from three midden sites there (Collins 18987).

Common myna, Acridotheres tristis. The distal two-thirds of an
ulna of this species were recovered from the small lava tube in
ahupu Gulch. This species was introduced from India to the
Hawaiian Islands supposedly in 1865 (Caum 1933) and is generally
abundant on the main islands. Forbes {(1913:8) included *"minas”
among the °many birds . . . observed at various times in
different localities over" Kaho‘olawe in 1913. Stearns
(1940:125), presumably based on his own experience in 1939,
likewise stated that "the common birds include mynahs

By about 1970, however, the species seems to have been m1351ng as
it was not reported by LeBarron and Walker (1971), nor was 1it
seen in 1980 by Conant (1983), and mynas were definitely absent
during our week’s stay in 1992. Although the earlier reports by
non-ornithologists might be questioned, the bone from Ahupu Gulch
provides definite proof that Acridotheres tristis once occurred

on the island. If the earlier populations were well established,
it gives one pause to consider that the environment on Kaho'olawe
may have become so degraded between 1939 and 1970 that it could
not even sustain myna birds.
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CONCLUSIONS

The bird bones recovered so far from Kaho‘olawe tell us very
little about the nature of the pre-human avifauna or environment
of the island. Four of the species are seabirds that may all
still occur on the island, two are human-introduced species, one
is a migrant, and one a recent colonizer from the mainland that
also probably still occurs on the island. Only one species, the
nene or Hawaiian goose, 1s an endemic Hawaiian land bird that has
become extinct on the island. This species was widespread in the
archipelago, and had larger derivatives, possibly separate
species, at least on Kaua‘’i, 0‘ahu, and Maui (Qlson and James
1991). Considering that all forms of the genus were exterminated
in the prehistoric period everywhere in the archipelago except
Hawai‘i, it is hardly surprising that these geese were extirpated
from the small island of Kaho‘clawe. This is at least one small
indication of the level of prehistoric human disturbance with the
environment of the island. The complete absence in the historic
period of any flightless birds, especially rails, of any native
passerines, or of any endemic form of predatory bird, is a strong
indication of pervasive human intervention in the ecology of
Kaho'olawe.
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RECOMMENDATIONS FOR FUTURE RESEARCH

The outlook for recovering further avian remains from Kaho'‘'oclawe
is pretty bleak. Nevertheless, because any material from the
island is potentially of great informative value, I make the
following reconmnmendations:

1. Archaeological midden. This is still probably the best
source of bird bones on Kaho‘olawe. Further investigaticn,
to include radiocarbon dating and charcoal identification, of
cultural features found in situ in sediments of the so-called
*Ahupu Formation®" is warranted to document the timing and
extent of prehistoric environmental changes. All
archaeological excavations should be carefully monitored for
faunal remains. All sediments from excavations should be
passed through screens with mesh no larger than 1/8 inch (1/4
inch mesh is not acceptable for faunal studies unless used

over window screen). All bird bones should be submitted as
promptly as possible to a qualified expert for
identification.

2. Caves and lava tubes. A register should be made of any
further lava tubes or other sorts of caves discovered on the
island so these can be investigated for their paleontological
potential.

3. Sand dunes. Under present conditions, the sand deposits of
Kaho‘olawe are unlikely to produce any significant amount of
bone. However, any of these sites could contain important
fossils. Any kind of construction, or violent storms that
move significant amounts of sand in the dune areas noted
above should be carefully monitored for bird bones.
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APPENDIX D

SCOPE OF WORK

1. Perform literature search for reports of rare, endangered,
or threatened plant and animal species known to occur on the
island.

2. Contact experts within the scientific community for

additional information on known rare, endangered, or
threatened species on the island.

3. Describe and map all rare, endangered, or threatened plant
and animal species found during the survey.

4. Field check, describe, and map all intact native natural
communities (ecosystems) situated on the island using the
Hawal’l Natural Community Classification System developed by
the Hawai’l Heritage Program of The Nature Conservancy of
Hawai’1i.

5. Revisit known locations of rare, endangered, or threatened
plant and animal species and update their current status if
observed during the field survey.

6. Update the biologically significant findings in the existing
Hawai‘i Heritage Program computer database to allow for a
standardized repository for the resource.

PRODUCTS TO BE DELIVERED

1. Final report on the findings of the literature search,
interviews, previous studies, and field reconnaissance:
survey methodology; the significance, distribution, and
condition of the plant and animal communities, and rare,
endangered, and threatened species; and a bibliography of
references. Maps (8.5" x 11") included in the report will
show: general project area, specific surveyed areas and
survey routes, locations of rare native plants, animals, and
native natural communities occurring within the study area.
Appendices will include all vascular plant species and
animal species observed during the survey.

2. Six copiles (blackline) of USGS quad maps documenting the

locations of rare species and natural communities known or
observed in the study area.
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One notebook containing:

a.

b.

Map keys listing the rare species and natural communities
located within the study area.

Site-specific computer database records summarizing the
available information for each rare species or natural
community reported within the study area.

A hard copy of the computerized database records for each
location of rare plant, animal, or natural community in

the study area.

References for published and unpublished sources used in
this report.
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APPENDIX E
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* No longer on staff
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APPENDIX F

BIOGRAPHIES OF RESEARCH TEAM

Principle Investigators:

Joannie C. Dobbs, Hawai‘i Heritage Program, Coordinator

B.S. (Nutrition), Michigan State University, Michigan, 1971

Ph.D. (Comparative Nutrition), University of California,
Davis, 1983. Areas of concentration: Ornithology;
Physiology and Physioclogical Chemistry.

Postdoctoral fellow. (Zoology), University of the
Witwatersrand, South Africa. Area of concentration:
Population dynamics of Cape wvultures.

Over 10 vears of wildlife research and S years of consulting
experience with an emphasis on avian population studies,
biclogical surveys, toxicological identification and
analyses, and o0il pollution research.

Heritage Coordinator, May 1990 to February 1992; other
Heritage administrative positions since 1989.

Samuel M. Gon III, Hawai’i Heritage Program, Science
Director/Ecologist
B.A. (Zoology), University of Hawai’i, Manoa, 1978
M.A. (Zoology), University of California, Davis, 1979
Ph.D. (Animal Behavior), University of California, Davis,
1985
Areas of concentration: Ecology, Evolution, Invertebrate
Biclogy.

Over 15 yvears experience in Hawaiian ecology and natural
history, including surveys of mammals, forest birds,
terrestrial and aquatic invertebrates, native plants, and
terrestrial and aguatic natural communities. Received
training in U.S. Fish and Wildlife Service (USFWS) Hawaiian
forest bird identification. Published scientific articles on
systematic botany, ornithology, mammalogy, entomology,
invertebrate ecology and behavior, arachnology, and
biodiversity.

Science Director/Ecologist since 1991, Heritage Ecologist
since August 1986.

Gail S.H. Chun, Hawai'‘i Heritage Program, Associate Botanist
A. (Biology}), University of Hawai'’'i, Manoa, 1986
S. (Botany), University of Hawai’'i, Manoa, 1990

Areas of concentration: Phycology and Marine Ecology.

B.
M.

Over 6 years experience in terrestrial and marine Hawaiian
plant ecology and taxonony, including extensive held work in
inshore marine ecosystems.
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Heritage Botanical Research Assistant, August 1990 to October

1991.
Heritage Associate Botanist, November 1991 to present.

Archaeologist:
Rowland B. Reeve, Archaeologist

M.A. (Archaeology), Institute of Archaeclogy, University of
London.

Mr. Reeve has been involved with and visited the island of
Kaho’olawe off and on for the past ten years. Mr. Reeve has
worked on archaeological projects in Europe, Central and
South America, Australia, Southeast Asia, and the Pacific.

Biclogist:

Theresa A. Cabrera, Hawai‘i Heritage Program, Associate Biologist
B.A. {(Ecology, Behavior, and Evolution), University of
California, San Diego, 1988

Previous seasonal fieldwork with the Peregrine Fund, The
Greater Yellowstone Ecosystem Bald Eagle Research Team, and
Ano Nuevo State Reserve. Received USFWS training in Hawaiian

forest bird identification.
Heritage Botanical Research Assistant, October 1990 to

Cctober 1991.
Heritage Associate Biologist, November 1991 to present.

Botanists:

Joel Q.C. Lau, Hawai‘i Heritage Program, Botanist, Hawai‘i
Specialist
B.S. (Horticultural Science), University of Hawai‘’i, Manoa,
1983

Over 12 years of experience in Hawaiian botany, including
field experience on all the major Hawaiian Islands,
propagation of native Hawaiian plants, and significant plant
specimen contributions to museum collections.

Botanist, Hawai‘i Specialist since 1990, other Heritage
botanical positions since 1986.

Steven P. Perlman, Hawai‘i Plant Congervation Center, Field
Botanist
B.S. (Botany and Horticulture), University of Hawai’il, Manoa
(including graduate studies in botanical taxononty )}

Interests in native Hawalian plants and floras of Polynesia.
Has done field work in Hawai‘'i, Fiji, and French Polynesia.
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Currently working with Hawaiian rare and endangered plants in
a cooperative project with the State of Hawai‘’i Division of
Forestry and Wildlife and the National Tropical Botanical
Garden.

National Tropical Botanical Garden, Nurseryman and Field
Collector, 1972-1982.

Hawai‘l Heritage Program Botanical Research Assistant, 1985
to 1990.

Hawai’i Plant Conservation Center of the National Tropical
Botanical Garden, Kaua'’'i, Field Collector, 1990 to present.

Kenneth R. Wood, Hawai‘’i Plant Conservation Center of the
National Tropical Botanical Garden, Field Botanist
B.S. (Botany), State University of New York, Oswego, 1976

Over 9 years experience as an arborist. Has done botanical
field surveying and collection throughout the state of
Hawai‘i. Over S years of experience in rare plants and seed
collecting, specializing in rough terrain and cliff habitat
botanical surveys.

National Tropical Botanical Garden, Head Arborist, 1983-1986.
Grove Farm, Head Arborist, 1987 to present.

National Tropical Botanical Garden, Assistant Collector, 1987
to present.

Hawai‘i Plant Conservation Center of the National Tropical
Botanical Garden, Field Botanist, 1989 to present.

Joan M. Yoshioka, Hawai’i Heritage Program, Botanist
B.A., (Botany), University of Hawai‘i, Manoca, 1986

Over 10 vears of experience in the study of Hawai’i‘s natural
history including S years in the field of geology and over 3
years of extensive research on the conservation and
management of natural resources (botanical, ornithological}
at Hawail’l Volcanoes National Park. One and a half years
experience as listing botanist with the U.S. Fish and
Wildlife Service. Heritage Botanist, January 1992 to
present.

Ecologists:

Stefanie G. Aschmann, U.S. Navy, Facilities Engineering Command,
Soil Conservationist
B.A. (Biological Sciences), University of California, Davis
M.S. (Forest Biology), University of Washington, Seattle
Ph.D. (Agronomy), University of Maryland, College Park

Over 16 years experience in natural resources management and
conservation. Dr. Aschmann has been the staff soil
conservaticnist for the Pacific Division, Naval Facilities
Engineering Command since October 1988.
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William G. Garnett III, Hawai'‘i Heritage Program, Associate

Ecologist
Training in Botany, Mycology, and Horticulture.

Over 10 years of field botany experience in Hawai‘1i,
California, Mexico, and the Mascarene Islands, specializing
in insular plant collections.

Waimea Arboretum and Botanical Gardens, Superintendent of
Collections, 1985 to 1992.

Heritage Associate Ecologist, January 1992 to present.

Malacologist:

R. Michael Severns, Malacoclogist

B.A. (Biology), University of Hawai'’i, Hilo, 1978

Over 15 years experience in studying Hawaiian land snails,
Mr. Severns has done research on several snail genera. From
1979 to present, he has been conducting a systematic search
on the island of Maui in an effort to record exact locations
of all of Maui’'s Partulina snail colonies. Since 1982, Mr.
Severns has assisted the Smithsonian Institution in locating
fossil bird sites and collecting fossil snail material.

Production:

Wendy Fulks, Hawai’i Heritage and Stewardship Program, Science

Roy
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Editor

B.S. (Biology), Davidson College, 1986

M.S. (Zoology), University of Georgia, 1989
Areas of Concentration: Behavioral/Population Ecology,
Arachnology

Three years of full-time experience editing and writing
scientific material. Other work: field surveys of wood
storks; field research on overwintering sparrows; field
research on the behavioral ecology of spiders.

Heritage and Stewardship Program Science Editor, August 1992
to present.

S.Y. Kam, Hawai‘l Heritage Program, Data Manager

B.A. (Geography), University of Hawai'’i, Manoca, 1988
Areas of Concentration: Environmental Geography and
Planning.

Over 4 years experience in data base management including
data analysis, computer programming and training, and report
production.

Heritage Data Manager, May 1990 to present; other Heritage
positions since 1988.
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Dwight H. Matsuwaki, Hawai‘i Heritage Program, Geodgraphic
Information System Coordinator/Cartographer
B.A. (Geography), University of Hawai'’i, Manoca, 1990
Areas of Concentration: Cartography and Computer Science.

Over 4 years cartographic experience. Over 1 year experience
in computer mapping.

Heritage Conservation Intern, May 1989 to October 1990.
Heritage Data Technician/Cartographer, October 1990 to
October 1991.

Heritage GIS Coordinator/Cartographer, November 1991 to
present.

Protect Kaho'’'olawe ‘Ohana Representative:

Dan Holmes, Protect Kaho’olawe ‘Ohana
Mr. Holmes has visited the island of Kaho‘olawe more than 40
times since 1987. Extensive 1involvement with conservation
efforts on Kaho'’'olawe has given Mr. Holmes an increasing
familiarity with the island’s flora and fauna as well as its
cultural history. He 1is currently Project Manager of the
Kaho’oclawe Restoration Project, a conservation project of the
Protect Kaho’olawe Fund.

Zoologists:

Luciana Honigman, Hawai‘i Heritage Program, Zoologist
B.A. (Biology), University of California, Santa Cruz, 1985
M.S. (Marine Sciences), University of California, Santa Cruz,
1988
Areas of Concentration: Biology., Natural History, Evolution,
Behavioral Ecology, and Wildlife Conservation.

Over 8 years experience 1in behavioral ecology, wildlife
biology, and conservation.

Over 4 years experience in Hawaiian natural history, zoology,
and conservation, including surveys of marine mammals, forest
birds, and aguatic fauna. Received USFWS training in
Hawaiian forest bird identification.

Zoologist, January 1989 to present.

Craig Rowland, U.S. Fish and Wildlife Service, Zoologist
B.A. {Zoology), University of Hawai‘i, 1985

Over 7 years experience in wildlife management. Mr. Rowland
is currently the Assistant Manager for the Pacific/Remcte
Islands National Wildlife Refuge Complex for the U.S. Fish
and Wildlife Service. Mr. Rowland is also actively involved
in the Wildlife Society, Hawai'’i Audubon Society, and the
Sierra Club, Hawai‘i Chapter.
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Storrs Lovejoy Olson, National Museum of Natural History,
Smithsonian Institution, Curator of Birds
B.A. Florida State University, 1966
M.S. Florida State University, 1968
Sc.D. Johns Hopkins University, 1972

Extensive fieldwork in ornithology (including paleontology)
in the South Atlantic, West Indies, Panama, Bermuda, Japan
and elsewhere. Conducted work on fossil birds, in
conjunction with Helen F. James in Hawal‘l nearly every year
since 1976.

Curator of Birds, Dept. of Vertebrate Zooclogy, Smithsonian
Institution, Washington, D. C. (1975 toc present).

Daniel G. Zevin, Hawai‘i Heritage Program, Associate Zoologist
B.S. (Wildlife Management), Humboldt State University,

California, 1988
Areas of Concentration: Endangered Species Management and

Conservation.

Over 8 years experience in ornithology/mammalogy and
ethology, including behavioral and field work for the
California Condor Recovery Plan and the Los Angeles Zoo
Research Department. Received USFWS training in Hawaiian
forest bird identification.

Heritage Zoological Research Assistant, July 1990 to October
1991.

Heritage Associate Zoologist, November 1991 to present.
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APPENDIX G

PHOTOS AND DRAWINGS OF SIGNIFICANT NATURAL COMMUNITIES,
AND ANIMALS RECORDED FROM KAHO'OLAWE ISLAND
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Vigna o-wahuensis

Vigna o-wahuensis. Drawing reprinted from Manual of the
Flowering Plants of Hawaii (Wagner, Herbst and Sohmer 1990) with

permission from the Bishop Museum Press.
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{Asio flammeus

short-eared owl, or Hawaiian owl
Photo by David Boynton,
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Honu, or green turtle (Chelonia mydas). Photo by Stewart I.
Fefer.




‘Ope‘'ape‘a, or Hawaiian hoary bat (Lasiurus cinereus semotus).
Photo by Jack Jeffery.




‘Ilio holo i1 ka uaua, or Hawaliian monk seal (Mcnachus
schauinslandi). Photo by Bruce Eilerts.




'Ua‘u, or Hawaiian dark-rumped petrel (Pterodroma phaeopygia
sandwichensis). Photo by Robert J. Shallenberger.




