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This study concerns the phenology of growth and flowering of
koa (Acacia koa Gray), a leguminous tree indigenous to the Hawaiian
Islands. The work was done on the slopes of Mauna Loa, on the island
of Hawaii, during a single annual cycle. Therefore the results may
apply to only a portion of the species' natural range.

LOCATION OF PLOTS

MAUNA LOA STRIP

The Mauna Loa Strip forms a part of Hawaii Volcanoes National
Park that was grazed for more than a hundred years before its inclu-
sion in the Park (Baldwin and Fagerlund 1943). The area is covered
largely by grass and woody shrubs, with a scattering of decadent old
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koa trees. Many of the old trees are nuclei of clones resulting from
prolific root-suckering that is gradually increasing the area dominated
by koa. Some clones have merged, forming patches of woodland sev-
eral acres in extent; others occupy relatively litile area and are sur-
rounded by grass and brushland,

The seven plots on the Mauna Loa Strip lay on a transect extend-
ing from 3, 900 to 6, 700 feet on the southeast face of Mauna Loa, a dome-
shaped active volcano more than 13, 000 feet high. Within this transect
rainfall is fairly uniform, but absolute rainfall values may fluctuate
greatly from year to year and from month to month, Winter is the rainy
season and the summer months--especially June--are usually quite dry.
Median annual rainfall is 75 inches at 4, 000 feet and 58,1 inches at
6, 700 feet (Taliaferro 1959).

Temperatures vary only slightly from month to month, or from
yvear to year. They drop as elevation increases, following much the’
same pattern as that on the volcano Haleakala on the neighboring island
of Maui {Britten 1962). Above 5, 000 feet frost develops in the winter-
time. At higher elevations the temperature range widens, minimum
temperatures drop, and rainfall decreases, -

WAIAKEA FOREST RESERVE

Two other plots were established at 1, 750 and 3, 600 feet in the
Waiakea Forest Reserve, on the east-facing slope of Mauna Loa. The
Reserve is more directly exposed to the northeast trade winds than the
Mauna Loa Strip. At the lower elevation median annual rainfall exceeds
200 inches, and at the upper elevation it is 150 inches (Taliaferro 1959},
Seasonal distiribution of rainfall is much more uniform than on the Mauna

Loa Strip,
FLOWERING AND SEEDING

Flowering is difficult to observe in the rain forest, and seed pods
are not readily visible until they approach maturity. But on the Mauna
Loa Strip many old trees grew up while the area was in pasture. And
many flowering branches can be reached from the ground. Ior this
reason, we limited the studies of flowering to the Mauna ILoa Strip plots.

The koa inflorescence is a raceme of up to 10 or more globose
heads, each consisting of about 50 closely packed flowers. When the
flowers open, the head is about 1/2 inch in diameter and pale yellow.
After fertilization the flowers wither. One or two {rarely up to five)
downy yellow seed pods begin to grow from the head, Seeds may be
released from the mature pod by splitting of the pod along its sutures,
or by a pod falling to the ground with its seeds still inside.




METHODS

Three of the Mauna Loa Strip plots (Nos. 2, 4, 7) were used for
detailed study of flower and pod development. A plot consisted of one to
three trees. Monthly counts were started in September 1963 on 16 tagged
branches with 356 flower heads, During anthesis, weekly observations
were made, The 11 branches in plots 2 and 4 were diagramed individ-
ually to record gains and losses of flower heads by raceme as the

season progressed.

To document the development of the flowers, a numerical system
of classification was devised (fig. 1), This system made it easier to
describe the flowering stage; with practice it can be used to predict

approximate date of anthesis.

Other observations were made elsewhere along the transect.
Thus, a major flush of flowering was observed as it proceeded up the
slope from 3, 800 to 6, 700 feet.

RESULTS
TIME OF FLOWERING

In September 1963, a potentially heavy flower crop was observed
on the Mauna Loa Strip. The flowers were then in stages 2 and 3, except
above 5, 700 feet, where they were only in stage 1, This developing
flower crop was the subject of this study.

In addition to the oncoming crop, it was almost always possible
to find occasional open flowers on the lower part of the transect. But
the magnitude o6f the major flush far overshadowed the trickle of flow-

ering during the rest of the year.

The major flush moved upslope at about 300 feet of elevation per
week., Anthesis started at 4, 000 feet in early December., It reached
6, 700 feet by the first week of March, when flowering had practically
ceased at 4, 000 feet. But at 6, 700 feet heavy flushing continued until

mid-May (fig, 2).
FLOWER AND SEED POD LOSSES

The monthly flower-head counts permitted estimates of head and
pod losses throughout the flowering cycle. The most detailed data were
from plots 2 and 4. Before the flowers opened, the number of flower
heads gradually dwindled (fig. 3). Apparently this drop was caused by
Lycaena blackburni Tuely caterpillars? feeding on immature flower heads.

"~ "Much heavier losses occurred after the flowers had opened, prob-
ably because of wind, rain, and the dropping of unpollinated heads (fig.
3). Fruit-set was very low: of the 332 heads in plots 2 and 4, 223
reached maturity but only 34 seed pods started to develop (table 1),

2Ermas't‘Yoshioka, -Hawaii Dep. Agr., Hilo.
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Figure 1.--Flowering stages in Acacia koa,
shown twice natural size.
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Figure 2.--Occurrence of open flowers (Stage 8)
on the Mauna Leoa Strip transect, 1963-5964‘ 400
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Figure 3.--The number of flower heads and seed
pods dropped throughout flowering cycle. The 100~
flower development stage shown was the one pre-
vailing during first week of the month.
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Despite the low level of fruit-set, the pod crop in plots 2 and 4 was an
impressive sight, But by early March nearly every pod was afflicted
by damage of unknown origin that resulted in necrosis, curling, and
eventual death. The few pods that escaped this fate were invaded by
koa seed moth (Cryptophlebia illepida Butler), Further losses were
due to dropping of seed pods less than I inch long. This may have
been the result of selfing, as in some Acaciag in South Africa (Anon-

ymous 1960).

Table 1.--Production of flower heads, seed pods, and seeds on study
branches of koa on three plots of the Mauna Loa Strip,
Island of Hawaii, 1963-64

__ ____OPEN POLLINATED _
Plet and | Branch Flower heads Seed pods Seeds .
elevation| No. OriginalLMatqreQ7¥nitiated Matured] Produced |Viable
' Number
No. 2 42 24 0] 4] 0 ¢ 0
4,020 43 27 15 0; 0 0 0
eet) 44 20 1 0 0 0 0
45 27 26 4 0 0 0
46 59 ‘50 13 0 0 )
47 41 40 13 0 0 0
Total 207 132 30 0 0 0
No. 4 51 36 30 2 0 0 1]
4,420 52 38 30 1 0 0 0
eet) 53 14 7 0 0 0 0
54 19 9 1 1 6 6
56 18 15 0 0 0 ¢
Total 125 91 4 1 6 6
No. 7 57 5 ¢ 0 0 0 0
§4,960 58 3 1 0 0 0 0
teet) 59 8 4 0 0 0 0
60 3 1 1 1 10 5
61 5 1 1 0 o ..o
Total 24 7 2 1 10 5
All plots 356 230 36 2 16 11
. MESH BAGS
No, 2 81 - - 22 2 0 0 0
4,020 82 -- 45 4] 0 (4] 1]
eet) 83 -- 97 0 0 0 0
84 " 51 2 0 0 0
85 -- 56 1 0 0 0
86 -- 58 9 0 0 0
87 -- 78 ¢ 0 0 0
s | oo ay 1 0 o o
Total -- 564 15 0 0 0

POLLINATION AND FERTILIZATION

In mid-December 1963 a simple experiment was performed to
determine whether the exclusion of large insects adversely af fect fruit-
set. Eight bags made of 1/16-inch fiberglass mesh screening were
placed on branches bearing flower heads in stages 3 and 4, in plot 2.
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The bags enclosed 564 heads that reached maturity. Only 15 seed
pods were set. Thus, the level of fruit-set was 2.7 percent. The 223
heads that reached maturity on open-pollinated branches in plots 2 and
4 produced 34 seed pods, a level of fruit-set exceeding 15 percent,
These results suggest that insect pollination is necessary for a better
than minimal level of fruit-set, They are consistent with the results of
somewhat similar work with Acacia in South Africa (Anonymous 1959).
Honeybees and other winged in5ects were often seen visiting the flowers

during clear weather.
POD AND SEED RIPENING

Because of the nearly total loss of the seed crop, only one pod
(in plot 7) yielded usable data. It reached full length within 10 weeks of
flowering, but did not ripen until almost 7 months later., The Acacias
vary in their seed maturation time, Philp and Sherry (1946) reported
that green wattle (A. decurrens Willd.) matured its seeds 4 months after
flowering, and black wattie (A. mollissima Willd.) required 13 months,
The 7-month period reportied in this note is of course only indicative

and requires substantiation.
SHOOQT GROWTH

METHODS

Shoot growth was studied on the Mauna Loa Strip (plots 5,6, 7) by
inserting a pin into the woody tissue of the leading shoot and measuring

to the tip at monthly intervals. Six shoots were measured in each of
three plots. These were root-suckers--no seedlings of the required
size could be found--and varied from 1 to 4 feet in height, Baldwin and
Fageriund (1943) also had noted the unexplained absence of seedling
regeneration on the Mauna Loa Strip. Several root suckers were
abandoned because insects or disease had killed the apex.

On the Waiakea Forest Reserve, the total height of six young sap-
lings was measured monthly throughout the year., Averaging 2 feet tall,
these irees had germinated on ground that was cleared 7 months before

the first measurement.

RESULTS,

On the Mauna Loa Strip, growlh curves were cyclic, Shoots
generally were dormant or very slow growing from September until
about March or April, and a growth flush occurred from April until
August. Though each plot sampled a single clone, there was much
variation within each plot. Thus individual tree curves have been shown,
rather than plot averages which would mask this variation (fig, 4), As
the shoots in each plot are genetically identical, variations in growth
pattern must be due to microenvironmental or physiological differences,
For example, shoot 14 in plot 5 (fig. 4) may owe its unusual winter
growth surge to the stimulating effect of the rust Uromyces koae Arthur,
to the attack of which it later succumbed,3

3Personal communication from R. Raabe, University of Hawaii, Hilo, 1963.
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Figure 4.--Height growth of root sprouts of same clone on
Mauna Loa Strip, 1963-64.

Phenology of a root sprout may alsoc be influenced by its position on
the root system of the clone parent tree. Despite the variations and excep-
tions, there is ample evidence height growth depends on the season on the
Mauna Lioa Strip. Vigorous tip-flushing--first seen at 4, 000 feet in March,
shortly after flowering--reached 6, 700 feet by the first of June,

In contrast to these results are the growth curves from the Waiakea
Forest Reserve (fig. 5). In this warmer and rainier area,no clear indica-
tion of a seagonal response was found,
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Figure 5, --Height growth of koa saplings,1963-64, at the
Waiakea Forest Reserve (1,700 feet elevation).
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Figure 6.--Seasonal course of circumferential growth on the
Mauna Loa Strip plots and on the Stainback plot in the Waia-
kea Forest Reserve, 1963-1964,
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CIRCUMFERENTIAL GROWTH

METHODS

Monthly increases in circumference were measured by expandable
tree-bands made from 1/2-inch wide aluminum or copper alloy. These
were adapted from the bands described by Liming (1957). In each of the
Mauna Loa Strip plots (No. 1 at 3, 920 feet; No. 3 at 4, 200 feet; and No.
7 at 4, 960 feet), and a plot at 3, 600 feet in the Waiakea Forest Reserve,
four trees were fitted with bands. The trees in plot 7 were root suckers
of the same clone; the other trees are believed to be of seedling origin.
Plot 3 was located in a kipuka®* under mesic conditions like those of a
closed forest; the other trees were relatively open-grown,

RESULTS

During 13 months the fastest growing tree (in plot 1} grew 118 mm.
and the slowest growing tree (in plot 3) grew only 4 mm. in circumference.
Such differences were closely associated with size and freedom of the crown.

Examination of the growth curves of the four plots fails to disclose
evidence of a strong seasonal effect on cambial activity (fig. 6). ¥rom
the silvicultural viewpoint diameter growth of koa on these gites can be
regarded as a yearlong activity, In this respect koa more closely resembles
typical evergreens of the wet tropics, where diameter growth proceeds as
long as leaf activity persists (Richards 1957), than deciduous hardwoods of
temperate areas, where diameter growth is strongly sigmoid (Kramer and

Kozlowski 1960},
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