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Abstract.--Hawaii Division of Forestry and
WIldlife nurseries propagate both native and
i ntroduced plants for conservation plantings.
Propagati on and re-establishment of native
Hawai I an SEeci es is proving to be as challenging as

managi ng t

e threats to the Hawaiian pl ant

comunities. A sumary of the history and threats to
native plant comunities is included in this paper.

I NTRCDUCTI ON

Most peopl e view Hawaii as a tropi cal
Bar adi se consi sting of sandy beaches, warm
| ue skies, and coconut trees. However there is
much nore that nakes the islands so special.
Hawaii's flora and fauna is known for its
natural diversity and high level of endenism
To appreciate the chal | enges of pl ant
conservation in Hawaii, one nust have a
general understanding of its history,
uni queness, and current threats to the native
pl ant communities. This paper includes a brief
summary of Hawaii's past.

The Hawai i an archi pel ago extends from
Kure atoll in the west to the island of
Hawaii in the east, a distance of 1,200
mles. It contains eight nain islands and a
nunber of snaller ones. The island of Hawaii is
about the size of Connecticut and is
approxi mately the same | and nmass of the other
nal n i sl ands conbi ned. The

1Paper presented at the Conbi ned Meeting
of the Western Forest Nursery Council and
I nt ermount ai n Conservation Nursery
Associ ation, Fallen Leaf Lake, CA Septenber
14-18, 1992.

2Jeanine Lum MNursery Forester, State of
Hawai i, Hawaii Division of Forestry and
Wlidlife, Kamuela, Hawaii .

oldest island is an atoll and is 27 nmllion
years ol d. The youngest island is about one-hal f
mllion years old and still volcanically active
(Garlquist 1980). Anewisland is formng on
}_Ee ocean floor south of the island of

wai i .

Hawai i has a diverse range of native
plant comrunities that vary greatly over short
distances. This is attributed to the great
differences in rainfall, topography,
el evation, soils, and exposure. Rainfall varies
fromless than 10 i nches I n coastal areas to
over 460 inches on Kauai's M. Wi al eal e.

M del evation rainforests receive fog and rain
t hroughout the year while | eeward areas often
recei ve noi sture seasonal ly. P ant communities
begi n al ong the coast and sPan up to al pi ne
conditions found at 10,000 feet on the 13, 796
foot Mauna Kea mount ai n.

The Hawai i an |slands are the nost
isolated land nmass in the world, |ocated
2,500 nmles anay fromthe closest continent.

M ants seeds were carried by birds, ocean
currents and wi nds fromnei ghboring
continents. Many Hawaiian plants evol ved are
endem ¢, being found nowhere else in the world.
e exanpl e is the native S |verswords which
evolved fromGCalifornia Tarweeds. Sone plants
are endenic to a particular island. For exanple,
the Iliau (WI kesia gvmmoxi phiun), found only
on the |sland of Kaual.




Hawai i has the highest |evel of
endemismin the world. OF the 216 native
Hawai i an genera, 32 (15% are endenic
(table 1) (Wagner et al. 1990). Endenic
speci es account for 89 percent of al
native plants.

H STORY AND THREATS

Hawai i an forests have been greatly
altered since the arrival of man.
Pol ynesi ans arrived in Hawaii about 1,500
years ago. They brought pigs, chickens, and
dogs for food and inadvertently introduced
Pol ynesi an rats and ot her pests. The
| ow and forests were slashed and burned to
make way for cultivated crops such as taro,
sweet potatoes, and bananas. White man
arrived in 1778 and the forest alteration
accel erated. Large scale agricultural crops
wer e introduced such as sugarcane and
pi neapple. As the word spread about this
par adi se cal | ed Hawai i, urbanization and
devel opnent rapidly progressed thus
di splacing native forests.

Hawaii has no native terrestrial
manmel s except the Hawaiian bat. Goats,
cattle, and sheep were introduced in the
1790's and a taboo was placed on themto
protected and conserve them These animals
becane established in the wild and
destructive to the forests. In the early
1820's cattle were captured and donesti cat ed
for ranching.

Today cattle graze as high as the
6, 000 foot elevation and ranching conprises
25% of the land area (Hugh et al. 1986)
The feral pig with its opportunistic
feeding habits and prolific reproduction
capability, penetrates into sone of the
nost renpte and sensitive Hawaiian forests.
Even rodents are a problem as they devour
native seed, strip bark off trees and
consume pl ant

Table 1l.--Summary of native flowering
plants in Hawaii.

) TOTAL
Families 87
Total genera 216
Endemic genera 32
Total species 956
Endemic species 850
Indigenous species 106
Total taxa 1,094
Total endemic taxa 995
Total indigenous taxa 99

lpata from Wagner et al. (1990).

pol l'i nators (Cuddi hy and Stone 1990).
Hawai i an plants evolved in the absence of
mamal s, therefore, they have no natura

def ense nechani sns. Browsing, tranpling, and
erosion by feral aninals are a key factor in
the reduction and extinction of many native
pl ant speci es.

O her changes include wildfires that
threaten the dry | owl ands ecosyst ens.
Al t hough sonme plants may recover fromthe
wildfire, the setback gives the conpetitive
advantage to non-native fire adapted species
such as fountain grass (Pennisetum
setaceun). Fountain grass 1S aggressive, and
virtually elimnates regeneration of native
pl ants.

I ntroduced plants flourished in
Hawaii's mld clinmate. They conpete and
di spl ace native plants, especially in
di sturbed areas. Forty-seven percent of the
pl ant species found in Hawaii are introduced
(table 2) (Wagner et al. 1990). Sone of the
i ntroduced plants such as Banana Poka vine
(Passiflora nollissim) have becone pests and
are smothering trees in forest reserves.
Ei ghty-si x plants have been recogni zed as
serious problens in native ecosystens (Snith
1985) .

Wth Hawaii's high endem smof flora and
the many threats to the native plant
communities there is no wonder many of the
native plants are threatened or endangered.
Approxi mately one-third of the plants on the
U S. Threatened and Endanger ed Feder al
Regi ster are Hawaiian species. In 1991, only
19 of Hawaii's plants were listed. A law
suit between U S. Fish and Wldlife Service
and Sierra Club Legal Defense Fund was
settled out of court and the judge rul ed
there will be approxi mately 209 species
listed on the federal register over the next
two years (table 3) (pers. comm,

US FWS.)

Table 2.--Number of native and non-native
flowering plants in Hawaii.

Total species 1,817
Native species 956
Naturalized species 861

lpata from Wagner et al. (1990).



Table 3.--Federal status of threatened and
endangered plants in Hawaii as of
August 1992.

Number of

Species
Listed as endangered 88
Proposed endangered 40
Proposed to be listed Nov. 1992 65
Proposed to be listed Nov. 1992 16
(Category 3a)
Total 209

lpata from (pers. comm., U.S.F.W.S.).

KAMUELA STATE TREE NURSERY

The degradati on of Hawaii's watershed
became evident and in 1903 an agency now
known as the Division of Forestry and
WIldlife was forned to set aside forest
reserves and take care of what remined of
the forests. Its goals included eradicating
t he thousands of animals running wild and
pl anting many tree species in denuded areas.
Many planting trials were also conducted in
forest reserves to deternine best species for
reforestation. State nurseries were created
to neet these goals.

The State Tree Nursery is situated in
Kanuel a on the island of Hawaii. It was
formed in 1960 to provide trees for statew de
reforestation projects and of fer affordable
seedlings to the public. The nursery began as
a bareroot operation and in 1978 converted
conpletely to a container nursery grow ng
timber, w ndbreak, and Christnmas trees. Sone
i ntroduced tinber species grown at the
nursery are Queensland Maple (Flindersia
bravl eyana), Australian Red Cedar (Toona
ciliata), Japanese Sugi (Cryptoneria
i aponica), and various pines (Pinus.spp.).
The only native tinmber species grown at the
nursery is the Hawaiian Koa (Acacia koa). It
is a valuable hardwood simlar to Black
Wal nut (Juglans niara). Wndbreak trees
propagated I nclude rapid grow ng introduced
speci es such as the Casuarina spp., Cypresses

(Cupressus spp.), Paperbark (Mel al euca
qui nauenervia), Wld Aive (Oea europea),

various Eucal yptus and Pines (Pinus). Trees
such as Monterey Pine (Pinus radiata) and
Norfol k Island Pine (Araucaria excelsa) are
comonly propagated for Christmas trees. The
nursery grows over 70 species of plants of
which 22 are available for sale to the
public. The nursery has the capacity to
produce one mllion seedlings per year but
currently produci ng approxi mately 500, 000
seedlings a year.

The Division of Forestry and Wldlife
(DOFAW al so has four district nurseries on
the other islands propagating plants for each
district's specific needs. Facilities usually
consi sts of mist houses, and nore advanced
propagati on techni ques such as cuttings and
air layering. Plants are grown for Arbor
Day, threatened and endangered reforestation
and other special projects. In addition,
tissue culture techni ques using threatened
and endangered plant material are being
devel oped at Lyon Arboretum affiliated with
the University of Hawaii.

NURSERY TECHNI QUES

Field planting in Hawaii occurs year-
round because of the favorable climte and
many mcroclimtes statew de. Therefore the
nursery sows year-round and has the chall enge
of managing nultiple crops at nmultiple ages.
A conmputer programis being custonized to
assist in processing tree orders, production
schedul ing, and nonitoring of the crops.

Most nursery seedlings are grown in a
3.4 cubic inch dibble tubes while others are
grown in black plastic bags for speci al
projects. Native plants are experinentally
propagated in various container size since
many do not grow well in the smaller dibble
t ubes.

The nursery sows a variety of seed sizes
and shapes. Eucal yptus deqlupta (.25 nm
produces the smallest seed and the native
Soapberry (Sapi ndus saponaria) (3 cm
produces the | argest seed. Myst seeds are
sown directly into container using the Od
M 1| Seeder which can nanage a w de range of
seed sizes, weights, and shapes.

One of the challenges that all the
nurseries face is the recalcitrant seeds of
the native plants. It appears that seeds of
native plants have a critical mpisture
content and a linmted viability time. In
general, seeds experinentally collected at
different stages of maturity show that the
fresh, recently matured seeds have a faster
and hi gher germ nation rate.

Many seeds from native plants exhibit
erratic germ nation rates. Seeds of species
not previously propagated are treated using
various nethods including water soaks,
chi ppi ng, sanding, and acid

30d MII Seeder is a tradenane for a
electronically controlled optical seeder
manuf actured in Savage, Maryl and.



soak. In general, water soaks and direct
sowi ng seemto yield the best results. Miny
seeds such as Sandal wood (Santal umspp.) are
slow to germnate. Sandal wo0d S€eeds ger ni nate
as early as three nonths and continue for
two years. Some native seeds such as Chia
(Metrosi deros pol ynorpha) germinate readily
but grow sTow y. 1T is not unusual for a one
year old Chia seedling to be only five
Inches tall.

Col l ecting seed fromrare native trees
is sonetines difficult because they are
growing in |lava tube openings, cliffs, or the
seeds are out of reach. The Hawaii Pl ant
Conservation Center is contracted by DOFAWtO
collect seed, especially the rare, threatened
and endangered speci es. Approximately 97
speci es have been collected and 7,000 plants
propagat ed since the contract began in 1990.
Sone plants that were thought to be extinct
are being found and nore plant popul ations
are being found thus increasing the gene
pool . Through this cooperative effort the
col l ected seed is nade avail abl e to DOFAW
arboretuns, gardens, and nurseries in return
for feedback on propagation success.
Propagation information is conpiled and nade
avai | abl e to anyone.

Anot her net hod of propagation besi des
direct sowing is tolift seedlings fromthe
wild and transplant themsuch as Wid Qive. A
planting tabl e technique is used for seeds that
are too large to direct sowin a dibble tube,
for seeds that have poor or erratic
germnation, and for species that require a
selection of the strongest seedlings. The
Plant|ng tabl e techni que consists of a six

oot by four foot table with one inch wire
mesh on the bottom a layer of plastic, well
drai ned soiless mx, and seeds which are
lightly rolled into media and covered with
cinder. Holes are poked into the plastic to
al | ow drai nage. The table is placed on

hol low tiles at a confortable working | eve
and may be covered with shade cloth I f seed
requires shade or protection from birds.
Cerm nating seedlings are gently lifted from
the table and transplanted i nto containers
with a chopstick. The stronger germ nating
seedlings are selected as a means of genetic
i nprovenent. This nethod works well with the
nati ve Koa since seedling quality di mnishes
wi th progressive peaks of gernination

Many native plants experience
sensitivity to pesticides. Insecticida
soaps or chili pepper water is commonly used
to reduce insect infestations. The chili pepper
reci pe consi sts of one cup of crushed peppers
added to three gallons of water. In field
pl anting, ants are the

greatest culprit since they bring in aphids
and scal es. Although the ants and ot her insects
don't kill the seedlings it sets the plants
back in an al ready harsh conditi ons.

FI ELD PLANTI NGS

Pohakul oa Nursery is an acclimation
holdin? area on the island of Hawaii at the
6, 000 feet el evation on the slopes of Mauna
Kea. P ants such as Mamanae (Sophor a
chrvsophvlla) and Silverswords
(Arcryroxi phi um sandw cense) are grown at the
Kamuela State Iree Nursery (2,800 feet) or
Hawai i district nursery in Hlo (sea level)
and sent uP to Pohakul oa to acclimate for 6
nmont hs or | onger before field planting at
10,000 feet. Plants sent up to Pohakul oa
| ast February were exposed to a late frost in
March and died. The plants that were there
fromthe previous sumrer were not affected.

A real challenge continues to be
protect|n? and reforesting nmontane dry forests
on State [and where cattle have grazed for a
century. Plants fromKamuela State Tree Nursery
and Hawaii District Nursery are planted in
excl osures set up to protect the remaining
trees fromgrazing aninals and fire. Conpetition
with non-native plants, insects, fire
drought stress, and grazing aninals are a
constant threat. Sonetines the field pl anted
seedlings are especially palatable to animals
because they are the only green pl ant
material avail abl e.

THREATENED AND ENDANGERED PLANTS

Hawaii's State Law, Section 195D 4,
addr essi ng the Threat ened and Endangered Li st
is nore stringent than its Federal Act
counterpart. It prohibits the collection,
possessi on, Propagatlon, cul tivation, export
or selllng of any listed threatened and
endangered plant or plant parts thereof
wi thout a Pernit. Wth an expected 180
Hawai i an plants proposed there is currently
no provision for a grandfather clause. A
task force has been set up to anend the | aw
but progress has been slow as there are very
differing opinions. Ideally the task force wants
to create a list of threatened and endangered
plants that are suitable for propagation,
such as the State flower (H biscus
brakenridgei). In this case, propagation
material 1S readily available in cultivation
it is a good candidate for |andscapi ng, and
it would not risk hybridization of any wild
popul ati ons.




The current State Law prohibits the
pl anting of a threatened and endangered
species in ones backyard. If not for the
backyard planting of a Kokio (Kokia cookei)
tree on Mol okai years ago this species would
be extinct today. This species was
di scovered on Ml okai in the |late 1860's and
in 1910 only two speci nens were surviving.
Mol okai rancher George Cooke took concern
and planted seeds in his yard. By 1933,
about 30 trees were grow ng strong.
Fortunately successful grafting took place
before a wldfire in 1978 claimed the
remai ning trees. All other plantings in
gardens worl dwi de had fail ed.

NATI VES | N THE LANDSCAPE

Landscaping with native plants in
Hawaii is drawing interest as the awareness
of the crisis in species extinction has
focused attention on Hawaii's native plants
and the need for their conservation and
their usefulness in the | andscape. The
passi ng of Hawaii State Act 73 which
requires all governnent projects to be
| andscaped with indigenous plant materials is
one step closer in the encouragenent in use
of native plants.

Using natives in the | andscape invol ves
a shared risk between t he | andscape
architect, |andscape contractor, and the
nurseryman. Frequently expressed is the
conpl aint that native plants are not specified
because the nurseries don't grow them The
nurseryman sees a lack of interest in grow ng
native plants because | andscape architects
don't specify themin contracts and
propagation techni ques are not established.
Landscape architects sonmetines feel that the
use of native plants is too risky fearing
financial |oss and a damagi ng reputation.
Denmonstration projects or pilot projects are
needed and previ ous successful plantings
shoul d be identified. Proper species
sel ection and mai ntenance tips need to be
shared. DOFAWvi ews t hensel ves as protectors
of the wild plant popul ati ons and hopes the
private

i ndustry woul d be | eaders in the
propagati on of nobre common native plants.

The State Threatened and Endangered
species |aw woul d need nodification to
promot e such use of these natives in
| andscape. Certification of cultivated stock
woul d hel p protect wild popul ations, keep
track of gernplasm I|imt distribution of
pl ants between islands, and reduce
hybridi zati on. The interest and conm t nment
i s obvious by the nunmber of cooperating
agenci es and groups, however, the process
needs to be made easier.
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