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Acacia Koa A. Gray

Koa

L eguminosae L egume family
Craig D. Whitesdll

From the time of the early Hawaiians, koa (Acacia koa) has
been prized for its exceptionally fine wood and is currently
considered the most valuable of the common native timber
speciesin Hawaii (29,60). Koa frequently has curly grain and
striking coloration and has excellent working properties
(11,37,75). It growsin nearly pure stands or in admixtures with
ohia (Metrosideros polymorpha). Other tree species are sparse
in these forests. A large evergreen hardwood tree endemic to
the State, koa belongs to the thornless, phyllodinous group of
the Acacia subgenus Heterophyllum.

Koaforests were more extensive in the past than they are today
Land clearing, poor cutting practices, and destruction by
animals, insects (49), and fire (26,36,67;96) have all taken a
toll. The volume of koa sawtimber totaled about 187 million
board feet in 1970. At that time the commercial koaforest land
in the State totaled about 7500 ha (18,600 acres), and
commercial ohia-koa forests about 17,500 ha (43,200 acres).
The estimated growing-stock volume of commercia koa
exceeded 0.7 million m2 (25 million ft3) in 1978 (50).

Koaisan important component of montane Hawaiian rain
forests. It is a nitrogen-fixing species. In dense, pole-size
stands, nitrogen-rich koa foliage can account for 50 to 75
percent of the leaf-litter biomass produced annually (68). On
the floor of cool mesic forests, koa phyllodes decompose
rapidly; mean residence time has been estimated at 0.6 year
(68). The abundance and distribution of the akiapolaau, akepa,
and Hawaiian creeper, three of the endangered forest birds on
theisland of Hawali, are strongly associated with koain forest
communities (66). Mature koa is needed for bird habitat:
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endangered birds do not use young, pure stands of koa, but do
use the old, mixed-species stands adjacent to young stands (65).

Habitat

Native Range

The range of koa extends from longitude 154° to 160° W; its
latitude ranges from 19° to 22° N. It isfound on all six of the
major islands of the Hawaiian chain: Kauai, Oahu, Molokai,
Maui, Lanai, and Hawaii.
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-The native range of koa.

Climate

Hawaii istropical in latitude, with mild and equable
temperatures at low elevations (table 1). Day length is nearly
uniform year-round, varying by 2 hours. The northeasterly
trade winds dominate; however, "Kona' storms from the south
or west during winter, and occasional tropical storms
throughout the year, bring high winds and heavy rains to the
islands. Hawalii's mountains, especially massive Mauna Loa
and MannaKea on Hawaii, and Haleakala on Maui, have a
strong influence on the weather and provide climates ranging
from the tropic to the subarctic (7).

Table 1-Mean temperature at five stations on the east flank of
Mauna Kea, island of Hawaii!

Mean
: Elevation | Temperature
Station
(M) |January |August
(°C) (°C)
Olaa(6) 85 21 24
Walakea
Foret 550 18 21
Walakea
Forest IS 17 13
Walakea
Forest 1220 13 16
Kulani
Camp 1580 4 14
(6)
(ft) (°F) (°F)
Olaa 280 70 75
Waiakea
Foret 1800 64 69
Waiakea
Forest 3000 62 67
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Walakea

Forest 4000 55 61
Kulani 5190 39 5
Camp

1Data on file at the Pacific Southwest Forest and Range Experiment
Station, Forest Service, U.S. Department of Agriculture, Honolulu,
HI.

Rainfall varies greatly within short distances. Monthly amounts
recorded over a period of years at weather stations in the koa
belts show a phenomenal range. A Forest Service station at
1200 m (4,000 ft) elevation recorded a mean annual rainfall of
4300 mm (170in) for a 14-year period, with extremes of 3450
to 5500 mm (136 to 216 in). During the driest month, only 19
mm (0.74 in) was recorded; the wettest month was 1380 mm
(54.41n).

Koagrows best in the high rainfall areas, those receiving 1900
to 5100 mm (75 to 200 in) annually. It al'so growsin areas that
receive much less than this amount, but growth is slower and
tree form is generally poorer. Cloud cover and fog commonly
shroud the middle forest zone (600 to 1800 m or 2,000 to 6,000
ft) where commercial koa stands are concentrated. Frost is not
uncommon during winter months above 1200 m (4,000 ft)
elevation. Temperature ranges within the koa belt are small, as
may be seen from data for MaunaKea, island of Hawaii (table
1).

Soils and Topography

Koaisfound on volcanic soils of all geologic ages and degrees
of development, from the young ash and "aa" lavarock soilson
theisland of Hawali to the oldest soils on Oahu and Kauai. The
tree grows best on moderately well drained and well drained,
medium to very strongly acid soils. These recent soils are
higher in plant nutrients, having been subjected to less |eaching
and erosion than have the soils on the older islands.

Most koa forests grow on two of the great groups in the soil
order Inceptisol: Hydrandepts and Dystrandepts. Hydrandepts
arefound in areas of high rainfall. They are high in amorphous
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materials and have high cation exchange capacities, but
extremely low base saturations due to the high rainfall.
Although deficient in available phosphorus, sodium, potassium,
calcium, and silica, they have a high content of organic matter
and hydrous oxides of iron and aluminum, manganese, and
titanium. Infiltration rates are rapid and erosion is slight to
moderate, depending upon the degree of slope. Dystrandepts
are formed under lower rainfall than the Hydrandepts. They
have dlightly greater base saturations than the Hydrandepts.

The next most abundant soil great group on which koa growsis
the well drained Tropofolists (organic soils of the order
Histosols). Other minor soils include Haplohumults and
Kandihumults of the order Ultisols and Hapludox and Acrudox
of the order Oxisols.

Koagrows at elevations ranging from 90 m (300 ft) on Oahu
(45) to 2100 m (7,000 ft) on Hawaii (37), on flatlands and
slopes. Koa has been listed as a component of the forests
occupying gulch and ravine walls sloping 40 to 800 (49). The
floraof Hawaii have been divided into groups occupying
different zones of elevation (29):

The lowland zone, at or near sealevel; open country, with
isolated trees or clumps of trees. Koa rarely grows here.

The lower forest zone, upper limit 300 to 600 m (1,000 to 2,000
ft); tropical in character, woods rather open. Koagrowsin
scattered stands, in admixture with ohia.

The middle forest zone, upper limit 1500 to 1800 m (5,000 to
6,000 ft); within the region of clouds, where vegetation
develops the greatest luxuriance. Here koa reaches its greatest
development in size and number.

The upper forest zone, upper limit as high as 2400 to 2700 m
(8,000 to 9,000 ft). Koa reaches into this zone, but seldom
above 2100 m (7,000 ft).

Associated Forest Cover

Botanists and foresters have listed more than 80 trees, shrubs,
vines, herbs, ferns, club mosses, grasses, and sedges associated
with koa. Trees associated with koa (20,33,48) include:
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‘ahakea (Bobea spp.)

‘ald'a (Pouteria sandwicensis)
kalia (Elaeocarpus bifidus)

kauila (Alphitonia ponderosa)
kawau (Ilex anomala)

kolea (Myrsine lessertiana)
kopiko (Psychotria spp.)

loulu palm (Pritchardia spp.)
mamani (Sophora chrysophylla)
naio (Myoporum sandwicense)
‘ohe’'ohe (Tetraplasandra hawaiiensis)
‘ohi‘a (Metrosideros polymor pha)
‘olapa (Cheirodendron trigynum)
olomea (Perrottetia sandwicensis)
olopua (Osmanthus sandwicensis)
pilo (Coprosma spp.)

sandalwood (Santalum spp.)

Life History

Koaisaphyllodia speciesthat undergoes a change from true
leaves (consisting of 12 to 15 paired, bipinnate |eaflets) to
sickle-shaped phyllodes (dilated petioles). In most cases where
light is sufficient, the change occurs while plants are smaller
than saplings, i.e. <2 m (6 ft) tall. Investigations suggest that
true leaves promote more rapid early growth when moistureis
adequate, whereas, during periods of drought, phyllodes are
better adapted(27). Phyllodes persist under moisture stress,
transpiring about 20 percent as much as true leaves, and their
stomata close four times faster after dark (97). Old trees usually
bear only laurel green phyllodes, but sometimes true leaves
appear on the trunk or lower branches, or after wounding.

Reproduction and Early Growth

Flowering and Fruiting-The flowers of koa are borne over the
outer part of the crown. Seedlings have been observed in flower
and fruit (3,80) at 2 and 3 years of age. One of the pollinating
insects found on koa flowers is the honeybee (Apis mellifera).
The extent to which other insects, birds, and wind affect
pollination is not well documented. Koa initiates flower
development nearly year-round at the high elevation on Mauna
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L oa, reaching a peak during the wet season in late winter (46).
On adjacent Mauna Kea, koa flowers appear from December
through February, with few flowers at any other time. At lower
elevations, on all of theislands, flowering usually occurs from
late winter to early summer (July). Weather conditions,
especially severe droughts, influence the timing and extent of
flowering at any time of the year.

The inflorescence of koais an axillary raceme of pale yellow
heads averaging 8.5 mm (0.3 in) in diameter (29), one to three
on a common peduncle, and composed of many hermaphroditic
(bisexual) flowers. Each flower has an indefinite number of
free stamens and a single elongated style. The heads are highly
dichogamous, with anthers dehiscing 3 to 8 days before the
stigmas are fully exserted (8).

Thefruit isalegume, slow to dehisce, about 15 cm (6 in) long
and 2.5to 4 cm (1 to 1.5in) wide. The pods contain about 12
seeds that vary from dark brown to black. They mature at
different times throughout the year, depending on location and
weather conditions.

Seed Production and Dissemination- No records of the
frequency of exceptionally good or poor seed years are
available, but seed years do vary. Koa seed pods dehisce while
on the tree or fall to the ground unopened, where they either
dehisce or disintegrate. "The horny seed often remains on the
tree for ayear after it ripens, and when lying on the ground is
known to have retained for a period for 25 yearsiits ability to
germinate” (37). Koa seeds are seldom dispersed far beyond the
crown, but, occasionally, wind may carry unopened pods some
distance. Seeds from koa growing in gulches may be carried
downstream to lower elevations, especially during torrential
rains.

Koa seeds, like those of other acacias, are among the most
durable of tree seeds and need not be kept in sealed containers.
They will germinate after many years of storage if kept ina
cool, dry place. The seeds have hard coats that retard
germination unless they are first mechanically scarified, briefly
treated with sulfuric acid, or soaked in hot water. The water
treatment is the most practical. The seeds are placed in nearly
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boiling water, after the heat source is removed, and allowed to
soak for 24 hours. Seedsthat fail to swell the first time may
again be subjected to this pregermination treatment, often with
success (99). In seven samples, the number of clean seeds
ranged from alow of 5.300/kg to a high of 16,300/kg (2,400
to 7,400/1b).

Seedling Development-The mode of germination is epigeal
(99). Light is not a requirement for germination (83). Under
favorable conditions-bare mineral soil, adequate moisture, and
exposure to sunlight-koa seedlings will grow readily. Sail
aeration and soil temperature may influence germination (83).

Until recent years, the standard nursery practice was to sow koa
seeds in wooden flats, then transplant the seedlingsto tin cans
(35). Now, plastic bags or tubes are used. Tube-grown
seedlings are easier to plant.

Properly pretreated koa seeds should be covered with 6 to 12
mm (0.25 to 0.5 in) of soil; they begin to germinate within a
week. Seedlings in bags or tubes can be grown to plantable size
of 20 cm (8 in) highin 10 to 14 weeks.

Direct seeding of koa on prepared seed spots has been
moderately successful (9,13) In two trials comparing broadcast
sowing with direct sowing into prepared spots, stocking was
four times higher on the direct seeded spots on Maui, whereas
no difference in the percentage of stocked spots or of height
growth was evident on the island of Hawaii.

K oa has been recommended for watershed planting on well
drained areas (34,37,39) and is described as "the one native tree
which can be easily handled in nursery and planting
operations... suitable for the larger portion of areas in need of
reforestation and particularly for the drier ridges and

slopes’ (35).

Other investigators, less enthusiastic about planting koa, did
not recommend it (13,17), commenting as follows:. "Results on
older soil formations have been uniformly disappointing.
Frequently, the trees die out after 15 to 20 years' (17).
Plantations established on Maui during the late 1930's
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developed scattered, large trees of exceptionally poor form.
Relatively few koa seedlings were planted after World War 11.
However, in the past 10 years, private land owners on the
island of Hawaii, influenced by the short supply, began
planting koa (104).

Seedlings usually appear soon after land is cleared for pasture
or roads, or after fires. As many as 354,700 koa seedlings per
hectare (143,537/acre) were counted in the vicinity of old koa
trees in burned-over areas (41). Seeds escaping the flames may
be induced to germinate by the heat.

K oa seedlings grow rapidly. One month after a burn, koa
seedlings were at least 2.5 cm (1 in) tall; after 3 months they
ranged from 10 to 28 cm (4 to 11 in) tall, averaging about 13
cm (51n) (41). On acleared area at 500 m (1,700 ft) elevation,
1-year-old seedlings ranged from 0.6 to 4 m (2 to 13 ft) tall and
averaged 2 m (6 ft). On favorable sites, seedlings attain 9 m (30
ft) in 5 years (37). Eight months after afire on Kauai, koa
regeneration was most common near fire-killed parent trees,
and maximum height growth was 4.6 m (15 ft) (103). The
abundance, distribution, growth, and mortality of koaon
burned-over areas on Oahu were monitored over a 2.5-year
period (73). During thistime, seedling density declined
dramatically. The root-crown fungus Calonectria crotalariae
caused more than half of this mortality. On these sites the
seedlings grew about 2.3 cm (1 in) per month. Koa did poorly
when planted on abandoned sugarcane land on the windward
coast of theisland of Hawaii. Survival at age 6 years was 78
percent, but trees averaged only 3 m (10 ft) tall, and only 62
percent were judged vigorous. Tree form varied from good to
poor, with 77 percent cull (101).

The abundance and distribution of natural regeneration after
logging were studied on a 200-ha (500-acre) tract heavily
infested with pigs and vines on the island of Hawaii (70).
Seedling density of koa was about three times as great in
disturbed as in undisturbed areas. Most koa seedlings found on
the ground disturbed by logging were well established, but
none of those growing on undisturbed ground were large
enough to have much chance of surviving the menacing pigs
and cattle. Koa seedlings in disturbed areas tend to be clustered
around seed trees (70). In 1922, Krabel stated: "Where cattle
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have been excluded for a number of years, koa groves are
developing with surprising speed on exposed and barren
ridges' (43).

The stimulating effect of soil scarification on seedling
emergence is helpful in regenerating koa on degraded forest
land where seed reserves still exist in the soil. Disking in the
sparsely wooded pastures of the Hakalau Forest National
Wildlife Refuge resulted in koa reproduction. Even in open
areas far removed from live or skeletal remains of koa, afew
seedlings emerged (15).

In the natural rain forest, koa seedlings can emerge from
mineral soil and organic seedbeds, such as decaying logs and
treefern trunks. Seedling growth is generally slower on old logs
than on mineral soil, possibly due to low nutrient availability.
However, seedlings tend to survive better on organic seedbeds
because these sites are elevated and out of reach of feral pigs.
In the Kilauea Forest, more than 60 percent of the mature koa
initially emerged from logs or other large organic seedbeds
(16). Nevertheless, rarely do koa seedlings survive in the dense
rain forest unless openings have been created, as by windthrow.
Gap-phase replacement seems to be the primary mechanism by
which koais maintained in natural rain forest communities
(53). Se