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EXECUTIVE SUMMARY OF THE RECOVERY PLAN
FOR THE HAWAIIAN GARDENIA

Current Species Status: The Hawaiian gardenia (Gardenia
brighamii) is federally listed as endangered. Currently, there
are only six known wild populations, two on Oahu, three on Lanai
and one on Molokai. Two of the populations are made up of only a
single tree. There are less than 20 individuals remaining in the
wild.

Habitat Requirements and Limiting Factors: Gardenia brighamii is
found in dry scrub and forests on the leeward sides of the main

Hawaiian islands. Sites are generally located at low to mid-
elevation (1,000 to 1,800 feet; 304.8 to 548.6 meters) with well-
drained, lateritic soils of low fertility. All populations are
threatened by alien plant competitors, introduced herbivores,
fire, and pathogens.

Recovery Objective: Downlist to threatened status.

Recovery Criteria: The species may be downlisted when it is
represented by three naturally reproducing, healthy, fenced
populations, each with 50 mature plants, on each of Lanai,
Molokai, Oahu, Hawaii and Maui.

Actions Needed:

Secure habitat of current populations and manage threats.
Conduct research on limiting factors.

Increase numbers and monitor.

Reestablish in former range.

Validate recovery objectives.
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Total Estimated Cost of Recovery (§1,000):

Year Need 1

1992 8
1993 14
1994 258
1995 91.
1996 91.
1997 91.
1998 91.
1999 91.
2000 91.
2001 91.
2002 91.
2003 91.
2004 91.
2005 91.
2006 91.
2007 91.
2008 91.
2009 91.
2010 91.
Total 1745

Date of Recovery:
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2010, if recovery criteria are met.
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THIS IS THE COMPLETED RECOVERY PLAN FOR THE HAWAIIAN GARDENIA
(GARDENTA BRIGHAMII). IT DELINEATES REASONABLE ACTIONS THAT ARE
BELIEVED TO BE REQUIRED TO RECOVER AND/OR PROTECT THE SPECIES.
OBJECTIVES WILL BE ATTAINED AND ANY NECESSARY FUNDS MADE AVAILABLE
SUBJECT TO BUDGETARY AND OTHER CONSTRAINTS AFFECTING THE PARTIES
INVOLVED, AS WELL AS THE NEED TO ADDRESS OTHER PRIORITIES. THIS
RECOVERY PLAN DOES NOT NECESSARILY REPRESENT OFFICIAL POSITIONS OR
APPROVALS OF THE COOPERATING AGENCIES, AND IT DOES NOT NECESSARILY
REPRESENT THE VIEWS OF ALL INDIVIDUALS WHO PLAYED A ROLE IN
PREPARING THE PLAN. IT IS SUBJECT TO MODIFICATION AS DICTATED BY
NEW FINDINGS, CHANGES IN SPECIES STATUS, AND COMPLETION OF TASKS
DESCRIBED IN THE PLAN.
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. INTRODUCTION

Brief Overview

- The State of Hawaii harbors the most unique and imperiled
flora in the United States of America. Of the 1,000 native
species known from Hawaii, almost 900 are found only on these
islands (Wagner et al. 1990). At least 80 endemic Hawaiian
species have been completely extirpated by human activities and
approximately another 200 species are in immediate danger of
extinction (Loyal Mehrhoff, unpublished data).

Many of the extinct and at-risk species are former
components of Hawaii’s dry forest ecosystems, expecially the low
elevation dry forests. Early naturalists, such as Rock (1913),
were particularly impressed with these forests and considered them
to be among the most diverse and unique communities in Hawaii.
Today, the dry land forest communities are most notable by their
absence.

Soon after their arrival 1,500 years ago, the prehistoric
Hawaiians began to extensively alter the dry forests by converting
lowland areas to agriculture, intentionally burning forested
areas, and introducing alien species (Cuddihy and Stone 1990). A
little over 200 years ago, Europeans arrived and greatly
accelerated activities detrimental to lowland ecosystems. These
actions have combined to almost eliminate this formerly widespread
vegetation type. Today, less than 10% of the original dry forest
remains and much of this remnant forest is highly fragmented and
infested with alien weeds (Hawaii Department of Land and Natural
Resources et al. 1991).

One member of Hawaii’s dry land forests is the Hawaiian

gardenia (Gardenia brighamii; Fig. 1). This species is known only

from the Hawaiian Islands. It is thought to have originally been




a widespread species inhabiting all eight of the main Hawaiian
Islands, Due to extensive destruction of the dry land forests,
this species has been greatly reduced in both distribution and
population density. At present, there are only six known wild
populations with a total of less than 20 individuals. Gardenia
brighamii is in immediate danger of extinction. All populations
are threatened by alien plant competitors, introduced herbivores,
fire, and pathogens. The preservation of G. brighamii is severely
complicated by a lack of secure, functional habitat and by the
small sizes of the few remaining populations.

Gardenia brighamii was federally listed as endangered on

August 21, 1985 (Herbst 1985). At the time of listing it was
determined that the designation of critical habitat would be

neither appropriate nor prudent.

Iaxonomy

The genus Gardenia consists of approximately 250 species

which are found throughout the Pacific Islands and old-weorld
tropics (Wagner et al. 1990). There are three gardenia species
native to Hawaii: G. brighamii, G. manpi, and G. remyi. All
three are also endemic to Hawaii.

Gardenia brighamii appears to be clearly distinct from the

other two Hawaiian species and was first collected by Mann and
Brigham sometime in 1864 or 1865. Mann (1868) later described the
species, naming it in honor of Brigham. Fosberg (1948) suggested
that these species were derived from at least two colonization
events; presumably, one for G. brighamii and one for the other two
species (Wagner et al. 1990). Smith (1974) felt that there were
probably three separate colonizations - one for each of the

Hawaiian species. He also suggested that G. brighamii was most




Gardenia Brighamii Mann. g, habit, from Mann & Brigham 348, west end of Lanai, x 3,
isotype (BISH); b, habit and immature fruit, from Munro 28, Kalulu, Lanai, x }; ¢, flower,
from C. S. Judd 270, Puu Kuua, Oahu, X }; &, fruit, from Forbes 160.L, Lanai, west end, x%; ¢,
style and stigmas, from C. 8. Judd £70, Puu Kuua, Oahu, x }; 7. anther, lateral and dorsal views,
from C. S. Judd £70, Puu Kuua, Oahu, X 2; g, fruit cross section with seeds, from Forbes 160.
L, Lanai, west end, X ¥ h, seeds, from Forbes 160.L, Lanai, west end, x 2; 1, surface of seed,
from Forbes 160.L., Lanai, west end, x 25.

Figure 1. lllustration of Gardenia brighamii from St. John and
Kuykendall (1948).
3




closely allied with G. hillii, a species native to the dry

thickets and woodlands of Fiji.

Species Description

The Hawaiian gardenia (Gardenia brighamii) superficially

resembles a commonly cultivated species, the Tahitian gardenia
(Gardenia taitensis). Gardenja brighamii is a small tree up to 20
feet (6.096 meters) in height. Trunks are up to 12 inches (30.48
centimeters) in diameter and somewhat smooth. The shiny, dark
green leaves are oval-shaped and measure from 1 to 4 inches (2.2
to 10.5 centimeters) long and 1/2 to 2 inches (1.5 to 5.5
centimeters) wide. The solitary flowers are white and very
fragrant. The flowers range in size from 1 to 1 1/2 inches (2.54
to 3.81 centimeters) in diameter. Fruits are hard, round,
greenish, and moderate in size - about 1 1/2 inches (3.81
centimeters) in diameter. The inside of the fruit is fleshy and
contains many small seeds. Gardenia brighamii is not known to
reproduce végetatively in the wild, but can be air-layered using

horticultural techniques.

Habitat Description

GCardenia brighamii is found in dry scrub and forests on ﬁhe
leeward sides of the main Hawaiian islands. The populations
receive 15 to 35 inches (38.1 to 88.9 centimeters) of rain per
year and experience a summer drought (Gagne 1982, Spence and
Montgomery 1976). Sites are generally located at low to mid-
elevation (1,000 to 1,800 feet; 304.8 to 548.6 meters) with well-
drained, lateritic soils of low fertility (Gagne 1982). Slope
ranges from gradual to steep and the aspect is variable.

The surrounding vegetation is usually low and windswept,
rarely exceedng 20 feet (6.096 meters) in height (Gagne 1982).
Gardenia brighamii is a cbmponent of the Diospyros sandwicensis,

and Erythrina sandwicensis dry forest communities (Gagne and
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Cuddihy 1990). Associated native species include: Diospyros
sandwicensis, Nestegis sandwicensis, Erythrina sandwicensis,

Nototrichium sandwicensis, Nesoluma polynesicum, Bobea

sandwicensis, Santalum freycinetianum, Nothocestrum latifolium,

Pouteria sandwicensis, Rauvolfia sandwicensis, Dodonaeg viscoss,

Waltheria indica. Most sites also have a large component of alien
vegetation. The most important alien species are: Lantapa

camara, Leucaena leucocephala, Panjcum maximum k Tecoma stans,

Grevillea robusta, and Schinus terebinthifolius.

Historic Range and Population Status

Gardenia brighamii is endemic to the Hawaiian Islands and is
thought to have at one time occurred on all of the main islands:
Hawaii, Maui, Molokai, Lanai, Oahu, Kauai, Kahoolawe, and Niihau.
However, it has never been collected from the latter three islands
(Wagner et al. 1990). The known distribution of G. hrighamii is
shown in Figure 2. Appendix A cross-references sites described in
this plan with element codes used by the Hawaii Heritage Program.

None of the naturalists in the 1800’s commented on the
population status~of Gardenia brighamii: thus, it is not clear how
abundant this species was prior tb European contact. Judging from
its use by the Hawaiians as a cloth dye, its habitat, associated
species, and distribution in the early 1900's, it was probably a
relatively common member of the lowland dry forests. At the
beginning of the 20th century, it was considered common on west
Molokai and Maui, but was already either extirpated or very rare

on the other islands.

Current Range and Population Status
As of January 1992, the total known population of wild

Gardenia brighamii was less than 20 individuals. These plants are
distributed among six populations on three islands (Table 1). All

sites are on privately owned land.
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Figure 2. The distribution of Gardenia brighamii in Hawaii.

Solid dots indicate the location of extinct populations. Stars
indicate the location of extant populations.




TABLE 1. The current status of wild Gardepia brighamii in Hawaii.
Data from the Hawaii Heritage Program (1991). Joel Lau (Hawaii
Heritage Program, personal communication 1991), and Steve Perlman
(Hawaii Plant Conservation Center, personal communication 1991).

ISLAND POPULATION NUMBER OF PLANTS
Lanai Kanepuu area 7 -8
Wahane Gulch 2 -3
Puhielelu Ridge 4
Oahu Puu Kuua 1
Nanakuli 2
Molokai Mahana 1
Total 17 - 19

Distribution and Status on Individual Islands

Molokai. Earlier in this century, J.F. Rock (1913)
described Gardenia brighamii as being expecially common in the dry
forests of western Molokai. All of the herbarium collections of
this species are from the areas of Mahana and Maunaloa.

Subsequent development of pineapple fields on Molokai eliminated
much of the dry forest in this area (St. John and Kuykendall
1949). 1In 1963, there were 7 G. brighamii trees remaining on
Molokai (N. Pekelo s.n., BISH). The population dropped to four
trees by 1972 (N. Pekelo s.n., BISH) and two trees by 1982 (Gagne
1982). At present, only a single tree remains on Molokai. The
site is privately owned by Molokai Ranch.

Hawaii. Gardenig brighamii is known from two areas on
Hawaii: (a) the North Kona area near Huehue and Puuwaawaa, and
(b) in the general area of Puu Koihala in the southern part of the
island. The North Kona population consisted of 11-12 individuals
when it was first collected by Rock in 1909 (J. Rock 3550, BISH).
All but one tree were destroyed by a road repair crew in 1930 (G.

Russ s.n., BISH). The remaining tree survived at least until




1955, when it was last collected, again by Rock (J. Rock s.n.,
BISH). The exact site location was revisited by the former
Puuwaawaa Ranch manager and Dr. Carolyn Corn, State Botanist for
Hawaii, in an effort to relocate the plant; however, no plants
were found (Carolyn Corn, Division of Forestry and Wildlife,
personal communication 1991). The Puu Koihala site is based upon
a 1929 specimen in the Smithsonian Institution (Derral Herbst,
U.S. Fish and Wildlife Service, personal communication 1991;
collection information not available). The current status of this
population is not known. Gardenia brighamii is presumed extinct
on Hawaii.

Maui. The only collections of Gardenia brighamii from Maui
were made in 1920 by Forbes (C. Forbes 2387.M., BISH) from a

single tree at the head of Olowalu Valley. The species is
presumed extinct on Maui.

Lanai. Rock (1913, p. 433) stated that Gardenia brighamii
was very common on Lanai in valleys of Mahana and Kaiholena and
the slopes of Kaa Desert. Seven historical populations are known
from this island: (a) Kanepuu, (b) Wahane Gulch, (c¢) Puhielelu
Ridge, (d), Kaiholena Valley, (e) Mahana, (f) Paomai, and (g)
Kaena. The first three populations are probably still extant
while the latter four are extinct. The Kanepuu population is
thought to have 7 or 8 individuals. The Wahane Gulch population
may have up to 3 plants. The Puhielelu Ridge population probably
has from 3 to 4 trees. A total of 13 to 15 plants remain on
Lanai. These sites are privately owned by Castle and Cooke, Inc.,
with the Kanepuu population contained in the Kanepuu Preserve
managed by The Nature Conservancy of Hawaii.

Oahu. Gardenia brighamii has been recorded at four sites:
(a) Makaleha, Waianae Mountains, listed by Hillebrand (1888); (b)
Nuuanu Valley, Koolau Mountains, mentioned by both Mann (1868) in
his original description and by Hillebrand (1888); (c¢) Puu Kuua,
Waianae Mountains; and, (d) Nanakuli, Waianae Mountains. The

first two sites are from areas which have been heavily disturbed




and the populations are probably extinct. The population at Puu
Kuua has been known since 1925 and consists of only a single tree.
This tree is still alive, but it has not produced any natural
seedlings. This site is privately owned by Campbell Estate. The
Nanakuli population was discovered in 1987 (Wagner et al. 1990)
and consists of two trees. This site is in the Nanakuli Forest
Reserve and is privately owned by Hawaiian Home Lands. A total of

three trees remain in the wild on Oahu.

Life Histor

Very little is known about the life history and biology of
Gardenia brighamii. Growth rates and longevity are not known,
though the single tree at Kuua, Oahu, has been under observation
since at least 1925, a period of over 65 years. Collections were
made from this plant in 1925, 1929, 1931, 1945, and 1987. No
seedlings have been observed at this site. In 1925, the height of
this tree was given as 13 feet (3.96 meters) (C. Judd 40, BISH),
in 1931, it was listed as 20 feet (6.096 meters) (H. St. John
11165, BISH), and the most recent account also states 20 feet
(6.096 meters) (S. Perlman 5148, BISH). This plant does not
appear to be increasing in height.

Reports of wild seedlings are rare. Gagne (1982) observed
one seedling (2.5 inches (6.35 centimeters)) tall, but the
subsequent growth and fate of this individual are not known. She
also reported that others had seen seedlings before and that there
was some mortality attributed to trampling by humans and feral
ungulates. Steve Perlman (Hawaii Plant Conservation Center,
personal communication 1991) reported several seedlings in the
Lapaiki fenced exclosure on Lanai, but these did not survive (they
were possibly destroyed by introduced game birds).

Flowering and fruiting times vary among the populations. On
Oahu and Hawaii, flowering is primarily from October through

December. On Maui, Molokai, and Lanai, flowering is primarily in




the spring (March, April, and May) with sporadic flowering in
December and July. Cultivated plants seem to bloom more
continuously. It has been suggested that flowering is positively
correlated with rainfall (John Obata, Hawaii Plant Conservation
Center, personal communication to Gagne 1982). Flowers open in
late afternoon and last approximately one day.

Pollination and fruit set occur in at least some of the wild
populations. The seed is easily grown and seedlings survive well
under nursery conditions, though they seem to be somewhat
susceptible to soil pathogens (William Garnett, Waimea Arboretum,
personal communication 1991) or have problems with leaf fungal
infections (Heidi Bornhorst, The Nature Conservancy of Hawaii,
personal communication 1992). Wild-collected seed is viable and
‘the resulting plants have lived in cultivation for at least 15
years (John Obata, Hawaii Plant Conservation Center, personal
communication 1991). Some of these cultivated plants have, in
turn, produced seed and seedlings. The original pollen vector is
not known, but the flowers would suggest an insect. A serphid fly
was collected on open flowers in 1991 by Heidi Bornhorst of The
Nature Conservancy and identified as Allograpta exotica_ a common
speciés, by Neil Evenhuis of Bishop Museum. Gardenia brighamii is
apparently self-compatible and seedlings resulting from self-
pollination have shown high survivability. The original dispersal

agent is not known, but was most likely a bird.

Reasons for Decline and Current Threats

The arrival of humans some 1,500 years ago set in motion
activities which have been devastating to Gardenia hrighamii. The
lowland forests have been extensively cleared for agricultural and
urban uses, subjected to intentional and unintentional fires,
heavily grazed (by cattle, goats, pigs, Axis deer and Mouflon
sheep), and become infested with alien weeds and pathogens. These

activities have reduced the dry leeward forests to a scattering of
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individual native plants surrounded by a sea of alien weeds or, at
best, small fragmented pockets of remnant vegetation.
1. Herbivores. Numerous species of mammalian herbivores have
been introduced into Hawaii, notably cattle, goats, pigs and deer.
Their introduction (and continued existence) has been the single
most destructive aspect of European contact. These animals
destroy Gardenia brighamii and other native species not only by
grazing, browsing, and trampling, but also indirectly by
increasing erosion and soil compaction, dispersing the seed of
alien plants, and creating disturbances which allow alien plant
competitors to become established. Seven plants are known to
exist within fenced herbivore exclosures. While these exclosures
provide much needed short-term protection of individual plants,
none of these protected areas is large enough to support a viable
population of G. brighamii. Without constant maintenance and
repair, the fences would eventually no longer protect even these
few individual plants.
(a) Oahu. The areas where Gardenia brjghamii were known to
occur have been heavily disturbed by cattle, goats, and
pigs. At present, both remaining populations are within
fenced exclosures. However, both sites are still grazed and
the exclosures are not sufficiently large to support viable
populations of G. brighamii.
(b) Molokai. The area harboring the last remaining tree
has been grazed for decades. This plant is currently within
a fenced exclosure, but there is insufficient area to
support a viable population of Gardenia brighamii.
(c) Lanai. Populations of Axis deer and Mouflon sheep are
the major threats to the Lanai populations. Goats, pigs,
and cattle have been controlled by the landowner for almost
half a century; however, high densities of both Axis deer
and Mouflon sheep have not been eliminated. Three fenced,.
deer-proof exclosures have been erected in the Kanepuu

population, each of which protects a single plant. The
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other 10 to 15 plants on the island are unprotected from

intense herbivore pressure.

2. Land Conversion. The clearing of dry forest for
agricultural and urban uses was without question an important
contributor to the endangerment of Gardenia brighamii. However,

this activity is not known to be a threat to the existing sites.

3. Fire. The early Hawaiians apparently used fire to clear
forests and to maintain desired habitats (Cuddihy and Stone 1990).
European colonization also resulted in an increased frequency of
fire, though most fires were, and are, unintentional. Fire poses
a serious threat to Gardenia brighamii by killing trees outright
and by creating disturbances which generally favor alien plant
invaders over the slower-growing native species. Because the
remaining individuals of G. brighamii are in small, localized
populations, fire should be viewed as a catastrophic event from
which the populations would probably not recover. None of the

populations or fenced exclosures are protected by firebreaks.

4. Disease and predation. Damage to Gardenia brighamii from

various insects, rats, and diseases has not been adequately
studied. At the present time, the following factors appear to be
threats:
(a) Black twig borer (Xylosandrus compactus). This insect
attacks terminal shoots. The single tree at Puu Kuua, Oahu,
was heavily damaged by twig borers in the 1970’'s, but the
State Division of Forestry and Wildlife (DOFAW) apparently
controlled the twig borers (and probably saved the tree) by
spraying with malathion (Gagne 1982 and Carolyn Corn, DOFAW,
personal communication 1991).
(b) Rats. Reportedly, rats climb into G. brighamii trees
and eat or damage the fruits (Gagne 1982). Ziegler (1989)
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considered rat predation to be the main reason that G.
brighamii is not reproducing within the fenced exclosures.
(c) Rust. Gagne (1982) reported that the G. brighamii
trees on Lanal were affected by some sort of fungal
infection or rust. The effect of this rust on growth,
reproduction, or survival is not known.

(d) Scale insects. Gagne'(l982) also reported that wvarious
scale insects are attracted to G. brighamii. The impact of
this factor on G. brighamij is not known.

(e) Future naturalizations. The introduction of alien
organisms into Hawaii continues to this day. It is entirely
possible that future introductions could be harmful to G.

brighamii. For example, the black vine weevil (Otiorhynchus
sulcatus) and citrus whitefly (Dialeurodes citri) are known

to be serious nursery pests in North America of gardenia
roots (Stimmann et al. 1985) and leaves (Hicks and Oliver
1987). If these, or other pathogens, become naturalized in
Hawaii, they could prove to be a major threat to wild

populations of G. brighamii.

5. Alien plants. Alien plants pose a serious threat to the
existence of Gardenia brighamii. These species probably compete
with G. brighamii for light, water, space, and/or nutrients. In
addition, some alien weeds may release allelopathic substances or
alter the soil chemistry. Many alien species also increase the
threat of fire at G. brighamii sites, because they greatly
increase the fuel load of these areas. The most important alien
weeds at the existing G. brighamii sites are: Lantana camara,
Leucaena leucocephala, Panicum maximum, Tecoma stans, Grevillea

—1

robusta, and Schinus terebinthifolius,
6. Soil erosion. The toppling of plants due to erosion is a

problem at the Molokai site, where several plants were lost due to

erosion of the gully walls (Herbst 1985).
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7. Overcollection. Overcollection for horticultural or
scientific purposes does not appear to be much of a threat to the
existence of Gardenia brighamii. Most of the plants are large,
mature individuals which do not appear to be excessively harmed by
occasional collection. 1Indeed, the plant at Puu Kuua, Oahu, has
been collected many times over a 65-year period. All of the other
threats to G. brighamii are more important.

Conservation Efforts

1. Federal actions. The United States listed Gardenia
brighamii as an endangered species in 1985 (Herbst 1985). The
decision was based upon a status report completed by Gagne (1982)
and comments from the public. A designation of critical habitat
was initially proposed, but finally rejected at the time of
listing.

2. State of Hawaii actions.

(a) Legal protection. Because Gardenia brighamii is a
federally listed species, the State of Hawaii also
officially lists Gardenia brighamii as an endangered species
under Chapter 195D of the Hawaii Revised Statutes. All of
the existing G. brighamii populations are on private lands
and all are afforded protection under Hawaiian law.

(b) Protection from feral herbivores. Four plants are
currently protected by State-constructed herbivore
exclosures. Fencing areas from herbivores (goats, pigs and
deer) does provide much needed short-term protection of
individual plants; however, these efforts are inadequate to
protect the species from extinction, because all of the
fenced areas are too small to maintain a viable population
of G. brighamii. In addition, regeneration is not occurring
in the exclosures, and the mature plants within the
exclosures are still threatened by alien plants, rats,

disease, and/or fire.
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(1) Qahu. Concerned foresters have a long history of
protecting the single plant at Puu Kuua, Oahu. By
1931, Hawaiian foresters had already put up a wooden
exclosure to keep cattle away from the Puu Kuua tree
(H. St. John 11165, BISH). This fence lasted until
the 1980’s when it was replaced by DOFAW. The new
fence is a 4-foot (1.22 meters) high hog wire fence
that encloses an area measuring 20 feet (6.096 meters)
by 50 feet (15.24 meters). DOFAW personnel attached a
rat barrier to this tree in the hopes of reducing
predation on Gardenia brighamii seeds. Alien trees
within the exclosure have been removed. Both plants
at the Nanakuli, Oahu, site have been fenced by DOFAW.
Eight G. brighamii seedlings from the Puu Kuua and
Nanakuli trees were planted into the Puu Kuua
exclosure in October 1991 and there are plans to plant
another 12 into the Nanakuli exclosures in the near
future (Earl Pawn, DOFAW, personal communication
1991).

(2) Molokai. 1In 1990, the single plant at Kahana was
enclosed by DOFAW within a 4 1/2-foot (1.37 meters)
high hog wire fence with a top strand of barbed wire.

The fence encloses an area of 1/10 acre.

(c) Collection and propagation of wild-collected plants and
seed. The State of Hawaii has funded the Hawaii Plant
Conservation Center’s efforts to collect and propagate seed
from Gardenia brighamii and other rare plants. These
efforts have resulted in the successful cultivation of seeds
from both Oahu sites (Kuua and Nanakuli) and one of the
Lanai populations (Kanepuu). In addition, the Maui District
staff of DOFAW have successfully air-layered three plants
from the Molokai plant (Richard Nakagawa, DOFAW, personal

communication 1992). The State has also pursued cooperative
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agreements with local botanical gardens to promote the
conservation of Hawaiian plants, including G. brighamii. At
present, the State has agreements or contracts with the
National Tropical Botanical Garden (Hawaii Plant
Conservation Center), Lyon Arboretum, Waimea Arboretum and
Botanical Garden, Amy Greenwell Ethnobotanical Garden, and
Honolulu Botanical Gardens.

(d) Control of disease and predation. The Puu Kuua plant
on Oahu was sprayed by DOFAW in the 1970's to control twig
borers (Carolyn Corn, DOFAW, personal communication 1991).
The treatment was apparently successful and the plant has
recovered well (Gagne 1982).

(e) Control of alien plant competitors. To date, the only
control has been the selective femoval of alien shrubs

within the herbivore exclosure at Puu Kuua, Oahu.

Nongovernmental actions.
(a) Lanai Ranch. Starting in 1918, the ranch manager of

Lanai Ranch, George C. Munro, fenced the dry land forests in
the area of Kanepuu (Ziegler 1989) and removed virtually all
‘feral herbivores from the island (Fosberg 1936). Wild
cattle were removed from the mountains and domesticated, the
mountains were fenced from the ranch cattle, and the other
feral herbivores were killed. Fosberg (1936) stated that
"there is probably not a pig or cow or goat left wild on the
’island, and the deer and sheep, if any remain, are so few as
to be negligible." These efforts were evidently successful,
for in 1935 Fosberg (1936j visited Lanai and found that
"contrary to reports that there are only a few acres of
forest remaining on the island, we found that there are
thousands of acres of forest in good condition." He went on
to describe Kaiholena Valley as a "botanist’s paradise" and
stated that the fenced dry forest at Kanepuu (with Gardenia

brighamii) was "perhaps the finest dry land forest in the

16




Hawaiian Islands" and that it was "apparently the sole
remaining good example of the type of dry land forest which
before the advent of Europeans must have covered great areas
in the lowlands of the older islands of the Hawaiian group."
Fosberg (1936) also implied that Munro’s actions had "almost
eliminated" guava and lantana from the forests.
Unfortunately, the fences were removed in 1935 and cattle
grazing of the forest continued until 1950 (Ziegler 1989).
Populations of Axis deer and Mouflon sheep have increased to
the point where they are now a serious threat.

(b) Castle and Cooke, Inc. 1In 1976, the current landowners
of Lanai, Castle and Cooke, provided major funding to fence
three Gardenia brighamii at Kanepuu. The exclosures range
in size from 1/2 to 1 acre in size (Ziegler 1989). Each
exclosure harbors a single G. brighamii. As of 1989, these
fences were damaged and not providing adequate protection
(Ziegler 1989). The fences have now been repaired, but do
require continual maintenance (Heidi Bornhorst, The Nature
Conservancy of Hawaii, personal communication 1992). 1In
1989, Castle and Cooke gave The Nature Conservancy of Hawaii
a perpetual conservation easement on approximately 590 acres
of thee Kanepuu dry forest. This land is now managed by The
Nature Conservancy of Hawaii as the Kanepuu Preserve. The
Nature Conservancy intends to fence ‘and restore the area
(Ziegler 1989). All of the G. brighamii in this population
will eventually be fenced from herbivores (7-8 plants).

(c) Collection and propagation. Waimea Arboretum and
Botanical Garden, Honolulu Botanical Gardens, the Maui
District Office of DOFAW, and the National Tropical
Botanical Garden have living, wild-collected plants of
Gardenia brighamii. Table 2 provides a detailed account of
the genetic diveréity present in botanical garden holdings.
It should be noted that while many G. brighamii are

currently being grown, certain genotypes are overrepresented
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and others underrepresented. Two of the remaining 17-19
wild genotypes are also represented in botanical garden
collections; one as a plant derived from a cutting and the
other as air-layered branches. 1In addition, over 260 plants
have been grown from wild-collected seed. However, these
collections only represent 4 to 6 family lineages and 4 or 5
populations.

(d) Center for Plant Conservation. The World Wildlife Fu