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THE HAWAIIAN ECOSYSTEM AND ITS ENVIF-OmJENTAL DETEBMINANTS WITH

PARTICULAR EMPHASIS ON PRQMISING AREAS FOR GEOTHERM..4.L. EXPLQMTION

THE SETTING

A. A Brief Geobiological History of the Hawaiian Archipelago

1. Volcanic Origins

The geologic history of the Hawaiian Islands can be best understood

in terms of a series of volcanic episodes spanning tens of millions of

years and .extending alanga stupendous fracture zone across the mid-Pacific

ocean floor for at least 1500 miles. The earlier parts of this story are

probably obscured in deeply submerged and buried layers of lava which may

even, long -since, have been recycled through . the surfaces of lava domes

bui~t up along the rift. Many such domes exist along this line; at least

26 ·of them appear above the present surface of the sea forming the islands,

the Hawaiian Archipelago (Stearns 1946).

The most worn-down, submerged or almost submerged, and oldest of

these are toward the northwest end of the rift and the highest,. presently

active, and youngest are at the southeast end. Volcanic activity pre­

sumably started at the northwest end and gradually, over a period of many

millions of years, advanced southeastward, creating new islands of fresh

lava and leaving weathered and eroded· ones behind, these to subside

gradually and finally to be capped by coral reefs, lying at sea level,

growing upward as fast as subsidence proceeded. On these the only dry

land is the coral rock left behind bya recent slight lowering of sea-level

and coral debris pi1ed'up by storms. The Hawaiian atolls are Kure, Midway,

Pearl and Hermes, Lisiansld and Laysan. Southeas twa·rd the volcanic islands

now appear as masses of laminated basalt, built up layer by layer of lava

flows and ash falls, these deeply weathered and eroded, but becoming less

so the nearer the southeas t end of the chain is approached.

On Gardner and French Frigate (surrounded by a coral ring) only tiny

pinnacles of volcanic rock remain. Necker, Nihoa, and Kaula are reduced to

·rocks _ Niihau is a low partial dome. Only Niihau, of the aforementioned

islands, is regularly populated by native peoples.



eastward, is also composed of two

Here the mountain ranges are set
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Kauai (Population -34,700 fOs-t.)is a large symmetrical dome with

a smaller one on its southeast flank. The main mass is deeply dissected

into valleys and canyons. "!aialeale, its tallest mountain, is 1600 m

high. On the windward side are massive cliffs cut into valleys. This

pattern reappears on the Windward coast of. all the larger islands. The

erosional characteristics that result in vertical cliffs ,in Hawaiian

basalts have been discussed by Palmer (1927) and Stearns (1946).

Oahu (Population - 719,600est.)1s composed of two domes', each with

one side .eroded off, the reinaining parts£orming the parallel Waianae and

Koolauranges, separated by a depression formed by the meeting of flow

slopes. The Waianae Mountains are older and have been cut by erosion

into very rugged skeletonized terrain. The Koolaus still preserve some

of the original flow s10pesonthe West side, but have fluted cliffs on

the windward (east) side (Palmer 1927) •

Molokai(Population - 6,400 est.,

domes, with cliffs on the windward side.

end to endrathe.rthan. parallel.

-.Maui (Population - 52,900 est.) again is built out o.f two domes, in

this case rathersymme~rical,connectedby a low isthmus. West Maui is

older, deeply weathered and dissected into steep radiating valleys. Hale­

akala, East Ma:ui,isayoung dome 3085 m high, active as recently as 1750,

and still showing an enormous craterorc:aldera. In the shadow of Maui lie

the deeply weathered and eroded domes of Lanai, Kahoolawe and Molokini.

Th~ IslandHawa11 (Population- 80 ,900'€st'.) consists of five separtate

domes with their bases merged~ The northwest one, Kohala, is old and

weathered with cliffs and valleys on its windward coast. Mauna Kea, the
. .

highest mountain in the pceanic part of the pacific BasiI1, 4240m, is a

recently extinct volcano. It shows signs of Pleistocene glaciation'

(GregoryandJJentwort1l1937; Wentworth and Powers 1941). Hualalai has been

dormant since 1801, b.ut is covered by relatively fresh lava. Mauna Loa,

. currently active,isa broad smoothdpme, with a caldera in the. summit. Its

surface is covered by relatively new, scarcely weathered lava flows. Kilauea,

a lower,but very active dome, is a natural volcanological laboratory with

frequent periods of activity.



Thus. the substrata for the vegetation of the Hawaiian Islands

are the basaltic lava and ash poured forth by the volcanoes, and

so11 derived from the weathering and disintegration of this basalt.

Locally there is also the limestone of the elevated coral reefs and

coral sand flats that surround the older islands. or even make up

their entire surface. Every degree of weathering ·may be seen .and

some deep old soUs exist, where they have not been removed by

recent accelerated erosion.· In some of the soUs the process of

laterization has gone fairly far. there are bauxite beds,. although

the ironstone crusts seen in many tropical countries are lacking

(softer lateritic layers have been described for Hawai'tby Sherman,

1950). the weathering of the basalt to clay and clay-like soils,

greatly decreases its porosity and increases its water-holding

capacity.

The Islands lie entirely within the trade. wind belt. the

northeast trades, moisture laden after a thousand mile sweep across

the Pacific, hit the mountainous islands, rise forming rain clouds

and continually drench the windward slopes and crests with heavy

"orographic" rainfall. This precipitation maybe carried on

down the leeward slopes to a considerable distance, but it falls

off rapidly and the leeward slopes become markedly drier at lower

levels. this falling off of rainfall between the wet crests of

the Koolau Range at the head of Manoa Valley to Diamond Head is

a striking phenomenon; in a gradient of four miles, from Pauoa

Flats to the Honolulu Substation, the rainfall decreases from

4300 to 600 mm(U. S. Weather Bureau, 1960). The rainfall on Mt.

Waialeale (elevation 1600 m) on the Island of Kauai, is famous, and

3



in some years is well over 15,000 mm indicated by finding that

the 600 inch rain {ig~uge has overflowed at !the time of th.e annual

reading.

This orgraphicrise of the trade Winds 1s effective only

between sea level and 2000m altitude; above this level, since the

islands are of limited lateral dimensions, the wind tends togo

around or at least not to go over the top, and the upper parts of

the mountains tend to be dry. Since the drainage may be extreme,

moderately to severely arid conditions may result. Little is known

of the rainfall on the high volcanoes, but at theU. S. Weather

Bureau stat10nat about 3400 monMauna· Loa, the figures for five

years average 595 mill. annually. Snow covers the top of Mauna Kea

and Mauna Loa some years for as much as three months and patches may

rema.inthroughout~he year in shaded spots. Another phenomenon

influencing· the rainfa11 pattern on the very .high islands is

convection. Certain areas on the lee sides, where normally extreme

aridity would be expected. receive afternoon rains· as a result of

the rise ofa:f.rwa.rmed by the sun.

The regional cl.1m8.te of the Hawaiian Isiandshas exhibited

great fluctuations in the la.te geologic past (Selling, 1948; Gregory

and Wentworth, 1937) • Recent c11Dlatic illfl\1ences on the evolution

of thefloI'a and fauna and on the patterns of the vegetation can­

not Yet be exactly determined, but:wet'e Undoubtedly far-reaching.

2. Bio~Colonization

The f1rstprobleminreconstructing the history of Hawaiian

life Is .to .. exPlain •the presenc.e and ns.tureof plants· on such

remote and isolated islands. Thousands of miles of ocean coristi-

4
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tute a formidable barrier to almost. all groups of land plants. ,

Various hypotheses have been advanced proposing land bridges

connecting the island with continental land masses. These are wholly

uus.ubstantiated by geological evidence. Even the supposed biological

evidence for them on close examination appears thoroughly unconvincing

(Skottsberg 1931a; 1931b; Z:lmmerman 1948). Skottsberg (1956) haa

summarized the theories OIl this question for the whole Pacific. For

our purposes we will assume that the Hawaiian volcanic domes were

bullt up from deep water.

The first land available for plant and animal colonization

must have been an unstable mound of volcanic material, ~uff or

perhaps firm lava, somewhere in the western end of the Hawaiian

chain in the neighborhood of the present Kure and Midway Islands.

This may have been 20 or more millions of years ago. It seems a

reasonable assumption that islands have existed here since the

mid- or possibly even the early Tertiary.

tole may assume that, then as now, fruits, seeds ,and other

propagules of plants were being carried about by winds, ocean

currents and birds, and occasionally dropped or washed ashore.

Paleobotanical evidence indicates that the species assemblages on

the continents surrounding the Pacific were different in detall from.

those now there. Thus, the plants that may have become established

on the young island would bave represented a selection from ,the

species then extant. Little paleobotanical work has been done on

the oceanic islands and it is not likely that a very complete fossil

record has been preserved in thier volcanic deposits. Hence, we

have no way of knowing theac:tual story of the early, colonization
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of the new lava and ash domes. By study of the remote (i. e. present

day) descendants of these pioneers insimdlar habitats now existing,

such as new lava flOws and· ash beds (Forb~s191l; Skottsberg 1931a;

Fosberg 1959), we can to some degree reconstruct· the ecological

conditions then prevailing. An approximate average frequency of

successful colonizations can be inferred again by studying what is

here now and allowing for the amount of evolutionary differentiation

that has taken place. We cannot, however, have much of an idea of

what became established, flourished, and has since disappeared. The

only attempt to make an estimate of frequency (Fosberg 1948) is based

cum estimateof5 to 10 million yea.rs above-water history for

the islands. It was jtidgedthat one successfUl eS1:.ablishment of

a new organism every 20,000 to 30,000 years would be sufficient to

account fordthepresentarrayofspecies.

AS p1an.tsbecame.estab1ishedonthenewsubstrata there was

nothing to impede their multiplication in vast numbersuntll all the

suitable ground was covered. In these early stages, and later, as

. .. ~

long as new lava flows and ash beds were being formed, open habitu-B-

were available where competition was reduced and prospects for

survivalbigh,··allowing f01: the coexistence ofnon...deleterious

mutations and gene. recombinants. Thus both the persistence· of

.relics ... and the development of polymorphism were· favored. As more

and more colonists became·established, sollformedand a more

complex andmorec:lose vegetation developed, lessening theoppor-

tunity for new coloniSts toestablishthemselveswitheertain

. exceptions such as shade tolerant species or varieties •. This

process WOUld, naturally, be repeated with each subsequent emergent
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spininess. There is almost a com.pletelack of spines and thorns in

the indigenous flora, and it may have its origin here.

One other factor that may have contributed to the diversification

of the Hawaiian flora was the presence of such a large number of
. , '.

islands separated by relatively narrow channels. These, while acting

as barriers, would have been crossed by the plants far more frequently

than would the surrounding sea between this and other archipelagoes •

Thus many plant groups would have foUnd their way to all or most

of the1slands but would, have had sufficient isolation to develop

endemic
.'. "" '.

By the dawn of the human period, a flora. had been built up
'.- .' -.,', .-

fromfeworig1nalstocks, which showed enormoUs divers'ity and which

occupied practically every available niche. This flora, under the

influence of extreme local physical diversity, had formed a great

assortment of vegetation types. These were forest types in most

cases, where the conditions were not extreme. Being evolved in

the absence of man and of large hoofed an1n1al.s, the plants had no

special adaptations for resistance to the effects of theseanim.als.

In older areas the vegetation was a f~ly' closed one, and invasion

by newcomers was not readily accomplished.

Early man came, brought with him. the pig, an .assortment of

useful plants andprobably>weeds. The eff~ctan the vegetation

mUsth8.ve been dra.~tic, locally at least. Vegetation in favorable

sites was destroyed to make way for agriculture and for trails and

villages. Some native plants weredoub:tlessly utilized though

man must have found'llery little that he could eatln.this'f1ora.
- '.' . ...

Pigs caused great disturbance. At least two plant species, candlenut
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and rose apple, either by their own competitive ability or aided

by disturbance, came to dominate certain habitats. Agricultural

vegetation types such as taro marshes and coconut groves were

created. In the dry areas fire may ha~e played a significant

role. Some grassland associations were probably brought into

existence-' by burning in marginally dry areas.

After hundreds of years of occupation by the Polynesians certain

equilibria between man's activities and the vegetation may have come

about. Fairly stable patterns, different in some areas -from

earlier ones, may have evolved.

Then came European man, and with him came cattle,goats~ sheep,

other domestic mammals , -new agricultural- plants z and new methods for

their culture. Most important he brought commerce and agriculture

for profit. A rising rate of disturbance was accompanied by a

never-endtngstream of new exotic plants - both economic plants

and weeds. Whole vegetation types were destroyed. New ones were

substituted for them, especially sugar cane and pineapple fields.

Erosion was accelerated and whole new habitats were created, mostly

to be occupied by the exotic plants that were being introduced.

Almost none of the original vegetation types remained unaffected,

though some were farJllore vulnerable than others. Few of the new­

comers· would have been able to invade the original closed, undisturbed

vegetation, but disturbance was general, and with the pressure of

increasing population and the availability of new tools and chemicals

the disturbance and change proceed ever more rapidly.

Now almost all the vegetation types that are commonly seen

excepting certain cif those on'new lava and ash around Kilauea Volcano,

are composed largely or entirely of non-Hawaiian plants. And,most
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of the people \rho live here do not even know this. The cane, the

pineapple, the guava, the papaya, the showy treestaht line the

, streets, theweeds'thatinvade gardens and waste places, and the

coconut palm were all brought by man from elsewhere, and almost

no Hawaiian plants have been brought into cultivation.

B. CI1mato1-ogy and Physiography

1. Highlights and Biological Conseque~ces

Hawaii is the only state which lies within the tropics, and

the only state composed of relatively small islands completely

surrounded by ocean. These facts contribute to its unique climate.

Descriptions of the macrocl1mates of Hawaii have b,een provided

by Blumenstock (1961), Britten (1962), Price (1966), and Blumenstock

and Price (1967).

The main Hawaiian Islands are the· stimmits of volcanic mountains,

as indicated by. the fact that 50 percent of the state,land area lies

abov,e an elevation of 600 meters (2,000 feet), and 10 percent lies

above 2100 meters, (7,000 feet). The maximum elevations (in meters)

of the six major islands are: Hawaii - 4,206; Maui - 3,055;
., .... :. ' L

Kauai -1,597; Molokai- 1,515; Oahu - 1,231; Lanai -1,027.

Almost half the land itl the state .lies within 8 km (5 mi.) of

the coast. Only about 5 percent, .allon the island of Hawaii, is

more than 33km inland. Thus the maritle influence on the climate

is pronounced.

During most the year the northeast tradewinds account for the

dominant air movements over the state, and rainfall distribution

is influenced primarily by the trades.~d the terrain. From May

through September the trades are prevalent 80 to 95 percent of the



11

time. From 0e.tober through April the trades are prevalent only 50

to SO. percent of the time.·

Major storms, associated with cold fronts, lows, and upper

air lows and troughs, occur, on the average, from" two to seven times

per year, usually between October and March. It is during such winter

storms that dry leeward lowlands receive most of their annual

rainfall. In fact, most areas of the state, except for the lCona

coast of Hawaii, have higher rainfalls in thew1nter than in the

summer, although most areas with high rainfall remain relatively

wet all year. Hurricanes may occasionally pass close to Hawaii,

but between 1904 and 1967 only four came sufficiently close to

affect the islands, and only one actually passed through" the islands.

Day length in Hawaii is relatively uniform throughout the year.

In Honolulu the longest day (including twilight) is 14 hours, 10

minutes; the shortest is 11 hours, 40 minutes. The uniform day­

length and the small annual variation in the altitude of the sun

above the horizon, result in relatively small variations in the

amount of incoming solar energy. This, and the nearly constant

flow of fresh ocean air of relatively uniform temperature over the

islands, are the major factors which contribute to the very slight

seasonal changes in air temperature in the islands ..

The overall pattern in Hawaii is one of equable temperature

conditions. Below 1,523 meters the difference in mean monthly

temperatures between warmest and coolest months does not exceed

SoC., while the average" daily range in temperature is between 40 C
o· . . ....

and 9 C. The highest temperature of record is 3SoC (1000 F),but

temperatures above 350 C (9S0 F) are extraordinarily rare even in
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the dry leeward lowlands, and outside such areas temperatures, of

32°C (90°1) and above are quite' uncommon~ The lowest temperature

of record is-10°C (l401h recorded at 3,055 meters on Haleakala,

Maut.' When long term records from the summits of MaunaKea and Mauna

Loa, 'above 4,U5 meters, are available, it is possible that tempera­

tures as low as -15°C (5°1) or less may be recorded.

Undert:rade-wind conditions a temperature inversion is typically
,

present between about 1,523 and 2, 130 meters. This inversion layer

is correlated with a 'moisture discontinuity and has an effect on

bothrelativehtlmidity and rainfall. Below the inversion the RH

commonly averages ,10 to 80 percent in ,windward areas and 60 to 70

percent in leeward areas. Avoce the inversion the RH is generally

below 40 percent and often as low as 5 to 10 percent ..

;WhUethe average annual 'rainfall of the state as a whole is

about 180 em (70 inches), variation from place to,place is so

great as to make this figure meaningless 0.,. At Kawaihae on the lee­

ward coast of Hawaii the .average annual rainfall is less than 18 em;

at Mt. Waialeale on Kauaiitis 1215c:m. Rainfall gradients are

extremely steep, exceeding 190cm perkm in~ places. Along the

4kml1nefrom,Hanalei Tunnel toMt. Waialeale on Kauai the gradient

is 100 cm per km. In general leeward lowlands and mountain peaks

above 2,500 meters elevation are the driest areas, \Thl1e maximum

rainfalls ". are recorded at, or ·near ,the "crests ',' of mountains less than

1,800 meters high, and at 610 to 1,220 meters on the windward slopes

of the higher mountains ..

',While the average annual rainfall varies tremendously from

place to place, in anyone place-the rainfall varies as much as 200
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to 300 percent from one year to another. Occasional droughts may

occur in even the wettest places. The steep rainfal~gradients

indicate that more data are needed, especially from the more remote

areas where the native biota is least di-stut.be-d;' the yearly variation

indicate that such data must be collected over a period of several

years to be meaningful.

In considering rainfall-vegetation interactions, the phenomenon

of "fog drip" must be taken into account. On mountain slopes and

crests where clouds are frequent at ground level, condensation of

moisture on the vegetation may coutributesignificantly,tothe

water available to both plants and soU. Thus, wherever possible,

methods of measuring rainfall should involve measuring "fog drip"

or condensation.

Blumenstock and Price (1967) have recognized seven climatic

subregions in Hawaii:

"These are defined chiefly by the major physiographic features

of the State and by location with reference to windward or leeward

exposure. Since one region grades into another, it would be mis­

leading to attempt to draw sharp boundaries between adjacent regions.

In general, however, the regions and their characteristics are as

follows:

"(1) WTh'DWARD LOWLANDS, generally below 2, 000 feet 'on the north to

northeast sides of the islands. This region lies more or less

perpendicular to the prevailing flow of the trade winds, and.is

moderately rainy, with frequent trade wind showers. Partly

cloudy to cloudy days are common. Temperatures are more nearly

uniform and mild than .in other', regions.
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" (2) LEEWARD LOWLANDS, except for the ICona Coast of Rawaii which

has a distinctive:climate. In these areas daytime temperatures are

slightly higher and nighttime temperatures are slightly lower than

in windward locations. Dry weather prevails except for' occasional

light trade wind showers whiCh drift over from the mountains to

windward and for periods of major storms. In some leeward areas

an afternoon sea breeze is common, especially in summer.

"(3) INTERIOR LOWLANDS, on Oahu and Maui. In the northeast these

lowlands have the character of windward lowlands; in the southwest

of leeward lowlands. The central areas are intermediate in character,

and - especially on Oahu, - are sometimes the scene of intense

lOcal aftern~on showers from deep clouds which form as a result of

local heating of the land during the day.

"(4) THE KONA COAST OF HAWAII. This is the only region in which

summer rainfall exceeds ,winter rainfall. .There is a marked diurnal

wind regime, withwell-develop~dandreliabl,e land and sea breezes,

especially in summer. Summer is also the season with a high

frequency of late afternoon or early evening showers. Conditions

are somewhat warmer ~nddecidedly drier ,than in windward locations.

"(5) RAINY MOUNTAIN SLOPES ON THE WINDWARD SIDE. Rainfall and

cloudiness are very high, with ,considerable rain both winter and

summer. Temperatures are equable. Humidities are higher than in

any other region.

"(6) LOWER MOUNTAIN SLOPES ON LEEWARD SIDE. Rainfallis,greater

than on the adjacent leeward lowlands,but distinctly less than at

the same level <on the windward side except ,that the zone of maximum

rainfall usually occurs just to thel"e,ew,a,rd of the, crests of, the
• . • . . . c" . . . '.. . .
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lower mountains. Temperature extremes are greater than on the

rainy slopes of the windward sides of the mountains~ and cloudiness

is almost as great.

"(7) HIGH MOUNTAINS. Above 2~000 or 3,000 feet on the high mountains

of MaunaKea~ Mauna Loa, and Haleakala rainfall decreases rapidly with

elevation. Near the summits of Mauna Loa and Mauna Kea~ rainfall is

scant and sIdes are clear a high percentage of the time. Humidities

may reach very low values, of 5 -percent or less. The lowest tempera-'

_tures in the State are experienced in this region with values below

freeZing being c01IlD1On."

As a rule, islands are thought of as small land masses surrounded

by water. Different opinions exist with regard to defining Australia

as an island or continent; but~ for the purpose of studying differences

between island ecology and continental ecology, islands should be

defined as small land masses surrounded by water. For island research

the UNESCO Expert Panel on MAB Project 7 (1973) suggested an approxi­

mate upper size l~t of 10,000 k;m2 -- a limit which includes the

Island of Hawaii.

The biological implication of "small land size" is that population

sizes of perennial organisms also tend to be small. Even in the

lIlountainous or high islands , which usually have much greatel:land

masses than low coral islands or atolls, 'the recurrence of similar

habitats is rather limited in comparison to most continental mountain

ecosystems. Small areas restrict the size as well as the gene flow

and composition of populations developing there. Greater genetic

homogeneity may imply increased specialization. Whether or not

this leads 'to a greater fragility of island populations cannot be
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answered as generally as is usually done, because population stability

depends on both the ecological properties 6f the population and the

nature of the ~egional perturbations.

One biological consequence of recent geological age is that

tropical island rain forests on high volcanic islands are much

younger than most tropical continental forests. In certain areas

the latter may have undergone more or less uninterrupted succession

from giantequisetum-lycopod and seed fern forests to primitive

gymnosperm and angiosperm forests. In contrast, the origin of most

existing forests on high voleanic islands is within the modern an­

giosperm era~ For examples, the ,oldest parts of the high Hawaiian

Islands are estimated to belllerelysix million years old (MacDonald

and Abbott 1970). Fosberg (1948) estimated that only one arrival

form was required to become suceessfully established. every 20,000

to 30,000 years to account for today's native angiosperm flora of

a little over 1,700 taxa; The shorter geologic:.altillleavailable for

community development may in part account for·alower diversity in

tropical island as comparedto:tropica1 mainland communities. In

that respect tropical island communities are similar to temperate

mainland communities ,which can be considered species-depauperate

eomparedto tropical contiUental' communities, (Dotyet a1. 1969).

It may be ,argued that the t~eeec()l()gicalconditionslIlentioned

above are not unique to.islands. However, thebiologica1consequences

of:these three conditiotisaremost elearlydevelopedonislands.

The main point is that these conditions have resulted .' in a different

evolution,in:islandecosystems • Thus. on -iSlands, more so perhaps

thaninbiogeographically different continental ecosystems, the
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effect of a unique evolution becomes evident in many ecological

relationships. The ecological relationships involve primarily the

interactions among native species, and among native and exotic

species.. Many of the exotic species were introduced by man within

the last 200 years. Man thus effectively broke the natural isolation

barrier of the llawai1an Islands.

Because of unigueevolution and species assemblages, the structure

of islandc01mllunities ·is expected to beunigue also •. However, this

is true only at the level of species composition and quantitative

distribution. At the level of dominant plant life form, islands are

not at all unusual. Nearly all world plant formation types can be

found on high islands. There are grasslands ,bogs, alpine tundras ,

savannas, .closed evergreen· rain forests, open seasonalforeS1:S, scrub

formations, and deserts, to name· a few of the· more common biomes. These

are conditioned by the peculiarities of climates and soils just as

they are on continents. This gross structural similarity combined with

the unique evolution of island biota and c01mlluuities establishes the

scientific and practical relevance of deriving general principles

from the study of island ecosystems •

.The soils which have developed in the Hawaiian Islands. have been

produced under the whole range.of climatic conditions occuritlg from

the arid to very humid tropical regions. The bighyear-round tempera­

tures have provided conditions for rapid mineral decomposition (weathering)

which is controlled only by the rate ·of removal of the;soltible

constituents released during the process of .weathering(leaching).

The high base content and the lack of quartz in the parent materials

have favored the formation of tropical soils at extreme tropical
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latitudes. Thus the representatives of. most of the important soil

groups of the tropical regions. occur in the Hawaiian Islands. The

studies of the typical soils have .established the great similarity

of Hawaiian soils to s9ils of the equatorial regions.

The principal Hawaiian Great Soil Groups are as follows:

1. Dark Magnesium Clays
2. Gray Bydromorphic Soils
3.· Clays
4. Paddy Soils
5. Red Desert
6. Reddish Prarie
7. ·Low Humic Latosol

2. Isolation of Hawaii*

8. Ferruginous Latosols
9. Aluminous Ferruginous Latosol

10. Humic Latosol
11. Laterite
12. Tropical.Reddish Prarie
13. Latosolic Brown Forest
14. Hydrol Humic Latosol

Of all the high volcanic islands in the world, .those of the

Hawaiian chain.are the most remote from any continent - or from
()

other· islands of appreciable size. They lie.virtually alone in

the North Pacific, separated .from North America by about twenty-

five hundred miles of ocean without any land excelltthe small atolls

Wake and Marcus. Looking south from the Hawaiian Islands, only

atolls dot the equatorial latitudes, ~nd the ~igh volcanic islands

such as the MarquesasIslands,theclosest,high islands to Hawaii,

lie two thousand miles away;. Tahiti ~nd other Society Islands are

even £a.rtheraway. Even these islands are relatively small, and

large islands, such as the Philippines, lie about five thousand

miles away.

Ge01.0gical eVidence,indicates that the Hawaiian chain has never

*This section is based largely upon Carlquist (1965, 1966a, 1966b,
1970, 1974) and Fosberg (1948, 1963, 1966,1972).
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been connected to a land mass. No now-vanished islands can

reasonably be placed between the Hawaiian chain and North America.

The Leeward Hawaiian Islands and the reefs in the Leeward group

once' may have been high islands and .probably were. They never were

a continuous landmass - only islands, and rather small ones. The

Leeward chain was probably never close to other island groups to

the west. The most optimistic statement one can make about fonler

land areas in the Pacific is that many of the atolls of the Pacific

were once high islands, and that these may have served as stepping­

stones in the dispersal of animals and' plants' toward . the Hawaiian

Islands. Such former high islands, however, were .. not all in existence

at the same time, and probably there were not many more, if any,

high islands in' the Pacific at anyone time than there are now. At

best, former high islands extended modestly the dispersal possibilities

of some groups, but they still had to cross oceanic distances to

arrive on the Hawaiian Islands.

The rainfall, soil, and temperature conditions of the Hawaiian

Islands make them exceptional for colonization by many groups of

animals and plants. The traversing of vast oceanic distances to

reach the Islands are considerable, however, and only a small number

of species have succeeded over the five to ten mUlion years during

which these Islands have been available. Many large and conspicuous

groups are entirely absent, or were never able to reach the Islands

in prehuman times. Among plants, conifers are notably absent in the

Hawaiian flora, as well as many large-seeded forest· trees of Indo­

Malaysia. The native Hawaiian fauna contains no mammals (except for

a single bat), no reptiles, no amphibians.
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The difficulties of natural dispersal across twenty-five hundred

miles of ocean or more may seem enormous. This process does not

need to take place frequently -- in fact, if it did, Hawaiian plants

and animals would be identical with those of mainland areas (whereas

more than 95 per cent of them are, in fact, found nowhere else on

earth) • Long-distanced:Lspersal may be "unlikely," but it is not

impossible. And many "unlikely" events can take place when ten

million years are available.

In fact, if we 'examine those animals and plants comprising the

native Hawaiian flora and fauna ,we can see that each of them possessed

some feature orfeatureswh:Lcn'gave themexcept:Lonal ability at long­

distance dispersal. Some of these features •have changed somewhat

since the variouS groups arrived, but the mechanisms of transport can

still be detected.

Transportation through the a.:Lr :Ls a means of travel possible for

both plants and animals, but in the case of transport to the Hawaiian

chain, theflllUst be able to floa.t except:1onallylong distances.
" . .... ...., ,

There are two ways in which this can be accomplished: the organism

must be so small, or ha'vea reproductive structure so small, that

it 'is 'dust"like, as are spores, for example; or the organism must

be able to £l.y, as do 1.nseCt:s~d birds. Over such long distances,

evenflY:1ng 8riimalsmight be paSsively aided by air currents, however.

Plants which' reprbduceby ,means of spores inelude ferns , mosses,

flltig:1,a.lga.e,<andlie:b.ens. Any item thi~ smail can be carried almost

:indefinitely il'ls1t CtlUet1.f;S,especially:l.fit reaches upper air

levels. Plants with small spores can" probably travel almost unlimited

distances. This' explains why particular kinds of fungi , fresh water
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algae, and mosses are rarely limited to any given area.

Ferns generally have larger spores, ranging betweentwen~y and

fifty microns. These still can travel in air, but not so readily.

The ferns native to the Hawaiian Islands number about 168 species

plus varieties, and these probably stemmed from about 135 original

immigrants. Many (119) of the native ferns do not occur outside

the Islands, which suggests that spores of their ancestors arrived

only on a single occasion, and the populations then changed, rendering

Hawaiian forms different from those of the mainland. The l1umber of

kinds of ferns estimated to have originally arrived on the Islands

(135) is remarkably large compared to the number of flowering-plant

immigrants (about 255). Fern spores have obviously been more success­

ful at reaching Hawaiian sites than have seeds of flowering plants.

In most cases, these spores have arrived by air.

Flotation in air can account for the arrival of very small seeds

only, preferably those which are winged or irregular in shape and

would thus have more buoyancy. It has been estimated that only 1.4

per cent of the 255 hypothetical flowering-plant immigrants to the

Islands urived in this way. Few seeds are small enough to travel

in this fashion, and even the parachute-like seeds of a dandelion

probably cannot travel the thousands of miles which separate the

H~aiian Islands from the source areas from which plant colonists

come. Orchids are. among the few flowering ·plants which have seeds

suitable for air flotation: orchid seeds are very small, exceptionally

light. However, only three orchids are native to the Hawaiian Islands,

a very small number for a wet tropical c~untry.. Perhaps. orchid seeds



22

do not travel exceptionally long distances by air or have such
, .

specialized pollination requirements that they cannot become es-

tablished unless the right insect is present.

The ohia lehua tree, Metrosiderospolymorpha, has seeds small

enough to permit air flotation. Metrosideros trees have reached

virtually all the high :Lslands of the Pacific, and thus can be said

to be easily dispersible. We can clearly see the ability of ohia

lehua seeds to travel on the wind where lava flows are concerned.

New lava flows acquire a growth of young Metrosideros trees soon

after the lava cools. Many plants which have wind-dispersed seeds

may have reached the Hawaiian Islands in some way other than air

flotation; suc:h seeds can, nevertheless, travel by air within the

Islands, and, thus reach new lava flows. Plants such as Dubautia and

Rumex are often seen as colonists on lava flows, and probably the

seeds arrived there by air, although they may have reached the Islands

via birds.

If passive flotation of seeds can account for arrival of seeds

of only a few flowering plants, dispersal of small flying insects

should be mQJ:'e feasible. Zimmerman has estimated that the approximately

four thousand species of native Hawaiian insects evolved from between

233 and 254 original colonizations. Thus many more wind-borne insects

than wind-borne seeds arrived in ,.' the Islands.

The insectswhichhavesucc:essfully colonized the Hawaiian

Islands inprehumantimesare those adapted to long-distance dispersal

and subsequent "colonization. Small body size is the most important

key to this transport, and in fact most Hawaiian insects are notably

small. Buoyancy in the air due to small body size may seem negligible
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where most animals are concerned, but with very small ones, small

body size does, in fact, yield greater floatability on that count

alone. There are some exceptions to smallness among Hawaiian insects,

notably the crickets and grasshoppers. Grasshoppers have resistant

eggs, notably resistant to dryness and temperature extremes. Some

large insects do migra~e-- dragonflies and butterflies, for example.

The one large Hawaiian butterfly, Vanessa kamehamehae, may stem from

migratory butterflies. Likewise, the two large Hawaiian dragonflies

may be explained in this fashion.

Birds are much too large to be carried passively, and only active

flight can explain their presence on the Islands. Migratory birds,

such as marine birds, shore birds, and waterfowl offer no great

problems in this respect - and these groups are all rather well

represented on the Hawaiian chain. The number of native Hawaiian

land birds, however, is rather small. Only seven colonizations can

account for all the land birds, in the strict sense, now native to

the Hawaiian IslAnds. This seems a very modest number, but is

perhaps understandable. Land birds do not stray very far from land

ordinarily, so only a few exceptional instances of transport over such

long distances would be expected.

The list of birds not native to the Hawaiian Islands but observed

there on one or more occasions as stragglers include the following:

pelagic cormorant, reef heron, white-faced glossy ibis, lesser snow

goose, American white-fronted goose, emperor goose, black brant, cackling

goose, mallard duck, green-winged teal, baldpate, gadwall duck,

buffledhead, harlequin duck, red-breasted merganser, lesser scaup duck,

canvasback, greater scaup duck, marsh hawk, American osprey, black-
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bellied plover, killdeer, Pacific godwit, Wilson's snipem short-tailed

snadpiper, pectoral sandpiper, red phalarope, northern phalarope,

ring-billed gull, herring gull, California gull, Point Barrow gull,

Bonaparte's gull, Pacific kittiwake, artic tern, black-naped tern,

marsh hawk, and belted kingfisher.

All guesses concerning the role of air or wind in dispersal are

valid only if suitable air currents do, in fact, reach the Hawaiian

chain. Trade winds from the northeast form a steady stream toward

the Islands during most of the year. During the winter months,

the Kona storms constitute large weather systems r some of which

traverse long distances from the coast of Mexico or Central America.

Storms that feed into these consistent Hawaiian weather patterns could

contribute spores, insects, etc., to Hawaiian sites.

A significant source of strong wind currents which has not been

generally appr~ciated yet with respect to dispersal is the northern

hemisphere jet stream. The jet stream is a pathway of ultra-high-

speed air which occurs asa continuous band at thirty thousand to

forty thousand feet around the northern hemisphere. Typically, it

accelerates OV2r certain regions, decelerates over others, farther

north at some seasons, farther south at others in a predictable

pattern which can, in fact, be mapped. For example, the January

path of the jet stream leads from southeast Asia, where it begins to

accelerate, to the Hawaiian Islands, where it decelerates markedly.

The 1iopspeed, 122 miles per hour, could account for rapid transport:

an objeet in the jet stream could be carried to the Hawaiian Islands

in a little' over two days, according to the sp~edsshown. The jet

stream tends to sweep warm air upward on its equatorial side, cold
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high air downward on its northern side. Strong updrafts from storms

could funnel plant and animal material upward to a point where the

jet stream could catch it and hurtle it eastward. The vortex-like

nature of the jet stream would tend to keep material air-borne.

Deceleration of a jet stream could account for dropping of material.

Another possibility is that rain clouds, rising high, as over the

Hawaiian mountains, bring material down from high altitudes in

rainfall.

The path of the jet stream from southeast Asia matehes well the

source areas which must have contributed most heavily to the Hawaiian

flora and fauna. Except for animals and plants brought by ocean

currents - and these are relatively few in number - most have

depended directly or indirectly on twansport in air. The predominant

west-to-east direction of air movement in the northern hemisphere,

of which the jet stream is an exaggerated form, favorsfulfUlment

of the Indo-Malays1a-to-Hawaii pattern. Of Hawaiian insects, 95

per cent are "Pacific" (as opposed to "American") in origins.

"Pacific" implies Indo-Malaysia plus parts of the Pacific closer

to Hawaii. Indo-Malaysian origin is stamped on a somewhat smaller,

but still predominant proportion of Hawaiian land shells, ferns, and

flowering plants. The Indo-Malaysian character of the native

Hawaiian flora and fauna might be due to the efficiency of transport

from these areas but another important factor might be that animals

and plants best suited to the Hawaiian climate would mostly be those

native to wet tropical areas most like those of the Islands - namely

other Pacific islands. The coasts of North and South America are

mostly drier, and subject to greater temperature extremes; organisms
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adapted to.theseconditions would be expected to be poorer candidates

for success in the Hawaiian Islands.

that as many as 20 per cent of Ilawaiianflowering plants are, in

fact, American in their "relationships.

Seeds can become embedded in mud on feet or other parts of birds,

and travel in this way. This is likely to happen 1£ seeds are small,

if the plants grow in wet, muddy places, and if the birds. frequent

these places and then migrate. Plants of marsh, big, riverbank, or

pond· could be dispersed best.in this way. In the Hawaiian flora,

only a small number. of plants appear· to have arrived in this fashion.

Seeds small enough to be caught in mud on birds' feet might also be

transported in several other ways, even possibly by wind dispersal.

Observations in vario~spart$ of the world suggest that this mode

of transportation is genuinely effective. Perhaps 12.8 per cent of

the.hypothetical·original 1nml1grantstotheHawaiian Islands might

have.arrtved.in this way.

Some plant and. animal parts are viscid, and can become attached

to bird feathers. Adaptations.of this· kind are sometimes subtle,

and not easily seen. For example,. Plantago has small black seeds that

seem. to have no special adaptation for dispersal. However, when

soaked in water,·· they quickly develop a slimy covering which ,when

allowed to dry, •can attach. the •. seed to various surfaces, such as

feathers or other parts of.a bird. A mucilagenous covering on

seeds can also be seen in Hawaiian species of. Euphorbia (akoko) and

.Lepidium.

Slimy ~terials are probably also basic to long-distance trans-

port of land snails. Land shells can wi.thstand dryness by sealing
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themselves onto leaves, branches, even feathers , by ttteans· of this glue­

like secretion. Land snails have, in fact, been seen attached to

birds. The eggs of land snails can travel in a· similar way.

Long-distance travel for land1l1Olluscs would be difficult for

species with large shell size, unless travel is by eggs alone.

Interestingly, many of the land shells native to the Hawaiian Islands

are quite small.

Some Hawaiian plants have seeds coated with sticky substances.

One such plant is Boerhavia, a common beach plant of the tropical

Paeific. The small fruits of this plant are sticky at the angles,

and adhere very readily to bird feathers. These fruits are borne

a few 1I1ches above the ground, and are thus perfectly placed for

coming into contact with feathers as a bird runs along the ground.

Attachment of a fruit by a mechanical device is one of the most

effective ways in which a seed or fruit can travel. Devices such as

barbs, hooles, bristles, prongs, or even stiff hairs on fruits have

evolved chiefly in relation to furry animals. Regardless of this

mode of origin, these devices serve equally well to attach fruits

and seeds to feathers -- all they require is contact with birds.

It is estimated that 12.8 per cent of the Hawaiian flora's ancestors

arrived in this way.

Some seeds are tipped by a circle of bristles, like the spokes

of an umbrella.

Bidens, known to Hawaiians as kokoolau and to mainlanders as

the weed spanish needle or beggar tick, has fruits ideally suited

for animal dispersal. They are often caught on clothing because

they are needle-like and penetrate between fibers; the two or three
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prongs on the body of the fruit can also do this, mimicking the

action of a fishing 'spear. These prongs are barbed ,moreover, so

once the fruit has lodged in a hairy surface, it is unlikely to fall

off.

Seeds with a miniature fishhook ought to be ideally suited to

catching on feathers , and therefore reaching islands. And so they

are, as is proved by the sedge Uncinia ,which has reached other

islands ·of the world in addition to the Hawaiian Islands •. Although

Bidens andUncinia have special attachment mechanisms, seeds which

are merely covered with bristles or hairs are nearly as good at long­

distance transport. Seeds of grasses . can travel in this way, for

example.

Surprisingly, the means ·of seed. dispersal which seems the most

difficult appears to· have brought more flowering plants to the Hawaiian

Islands than any other mechanism. About 39 per cent of the 255

plants ancestral to contemporary native Hawaiian flowering plants

arrived via birds that ateseeds,carried them internally, and

excreted them onarr.ival. . Fruit-eating birds might also get fruits

attached to them externally by chance. Fruits and seeds attractive

to birds are exceptionally obvious in the Hawaiian flora. Because

these are so typic:al of wet forests in .Indo-Malaysia,they may have

established preferentially in Rawaii despite the difficulties involved

in dispersal.

Plant families which mostly have dryfruitsc.an.be represented

by £leshy fruits in the Hawaiian flora. This indicates. that long­

distance dispersal is relatively more successful for. these fleshy

types. Most members of the mint family have small dry seeds. The
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Hawaiian mints are unusual: Phyllostegia and Stenogyne have seeds

covered with a succulent layer which is green, then turns purple.

Many continental members of the Illy and nightshade families have

dry capsules which release seeds when capsules shake in the wind.

Hawaiian representatives of these 'families all have fleshy fruits.

Shore birds eat. mostly molluscs and other small animal s at the

shoreline, but observations repeatedly indicated that they also eat

a certain amount of fruits and seeds. Even if these area minor

item in their diet, they·can be very effective in the dispersal of

the seeds and fruits when millions of years and millions of individual

birds are involved. Shorebirds·and waterfowl might have been

effective in bringing the approximately one hundred fleshy-fruited

immigrants which originally arrived in the Hawaiian Islands •

Black shiny seeds probably have been brought intemallyin birds,

because they are quite attractive to birds even when their fruits

are not fleshy. Pelea, Zanthoxylum and Pittosporum are conspicuous

Hawaiian plants that bear shiny black seeds in dry pods. Of these,

Pittosporum has seeds which are sticky, perhaps sufficiently to

adhere to feathers. Many birds pick up nonsticky black seeds and

other shiny objects. Even marine birds appear very fond of such

objects, and have been found both to carry them to their nests and

on occasion to eat them.

Dispersal by flotation in seawater might be thought to be highly

effective and to have brought many plants to the Rawaiian Islands.

In fact, only 14.3 per cent of the original flowering-plant immigrants

to the Hawaiian Islands are clearly adapted to oceanic drift, while

another 8.5 per cent may have arrived by rare or freak. flotation
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events. The best way to see plants adapted to flotation on ocean

currents is to 'visit a seashore location. Plants which drift on

ocean currents are beach plants -- and rarely evolve into inland

sites. An exception to this can be seen in the Hawaiian flora,

however, where some of the coastal plants have, in fact, evolved in-

land into dry forest. Most of the coastal flora has seeds or fruits

capable of '.' floating - as shown by Pandanus , Ipomoea, and Erythrina.

Some plants; such as Portulaca, have stems and leaves which float.

In addition to floatability, seeds or plant portions must be able

to resist seawater for weeks, and must arrive alive on beach sites

and be able to grow there. Plailtswith these capabilities arrive

on shores year after year, and so evolutionary changes, which require

isolation of one population from another, tend not to occur.

Same plants typically grow well in beach situations and have

seeds which c:8.nwithstand exposure to seawater, yet they may have

seeds and: frtiits',poo,r atflotat1on or incapable of it. Such plants

may take advantage of "ra.fting"'- flotation ,of an entire'p1ant, or

entiremats'ofvegetatiori. Such a lucky arrival'might never be

repeated, so the new population would be isolated and, might well

deve1()pinto a new species • TbeBawaiia.ilcotton, (Gossnium sandvincense)

is a plant which seems to fit. these specifications. A tree of the

dryforest~thekoa(Acaciakoa)a.lsomayhave had thiS history. Its

closest rela.tive is not inithe Pac:1.fic at all, 'but is Acacia heterophy11a

ofMauritius. Both probably floated from Australia ,by some raTe chance.

The seeds of both could probably withstand seawater, even though they

ha.dno flotation mechanism. Perhaps branches or entire trees floated.

The wili-wi1i ," (Erythrina sandwicensis) might be another, example --
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the only relative 1.11 the Pacific is located on Tahiti, although one

would expect a tree readily carried by seawater would become established

on many Pacific islands.

Infrequent events of dispersal to the Hawaiian chain by oceanic

drift may be expla1.11ed.1.11 another way also. The seawater path to

the Hawaiian cha1.11 is not as easy as it might seem. If we. examine

the currents of the Pacific, we see that across the equatorial zone,

three currents t'1m: the north and south equatorial currents flow

westward, and between them the -counter current ruuseastward. If

a seed from the southeruhem1sphere floated 1.11to the south equatorial

current, it would likely be carried westward; 1fby luck it managed

to enter the counter current , it would be swept far eastward again.

Only by the rarest chance would it cross the three currents and

arrive on a Hawaiian shore. There are many common South Pacific

shore plants absent on Hawaiian beaches - evidently for this very

reason. Some of these have been 1.11troduced to the Islands by man,

and have gone wild readily, prov1.11g that the conditions were right

for their growth; only their iaability to disperse prevented their

presence. Such plants include mangroves (Rhizophora, Bruguiera);

Calophyllum inophyllum and Terminalia catappa, both known as kamani

to the Hawaiians; and Barringtonia and Heruandia. Although it is

not certain, there seems a strong likelihood that coconut palms did

not occur on the Hawaiian Islands before the Polynesians brought them.

The requirements ·for success of an immigrant which arrives intact

are so numerous that we might guess that establishment, not transport,

is the major constraint. Successful colonists in the Islands seem

to have the following qualities. They tend to be weedy, capable of
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liv1ngina pioneer habitat such as a beach, a bare lava flow, a

landslide. Bogs could also be considered pioneer habitats as could. ., . .' "

the branches of trees for epiphytes.

versatile diet favors establishment.

'likely to establish on islands.

t' -"':, ,-
'Iii the case of' animals, a .

Plant-eatinginsects are more

Barren lava flows, contrary to appearance, offer many opportunities

for colonization. ByobservtDg the plants of new lava flows in the

Rawaiianlslarids, we can see re-creations , almost in the sense of a

laboratory demonstration, of how original colonizations occurred.

AiJ.lava tends to favor plant growth because it contains many
" '. ' , t

crevices which provide pockets of shade-and which can retain water.

The minerals.of new lava certainly favor a wide variety of plants.

The tall ohis lehuaforest of the Kona District, Hawaii, is growing

on lava which has very little soil, but rainfall conditions are

good, and that overrid1ng factor has petmitted the forest~

The idea that vegetation of bare surfaces begins with a crust

of lichens" that" these develop pockets of sollwhich permit pro­

gressively larger plants to grow, and that a forest ultimately

develops, is a theory clearly refuted by what happens on a Hawaiian

lava flow. Lichens do appear on certain new lava flows, but most

abUndantly ill wet, foggy regions~ Even so ,flowering plants appear

at 'the same time, often before lichens. And these flowering plants

1Ilclude trees.

Ferns appearearly~n lava flows, a>fact that upsets the idea

of ferns as delicate plants ,of wet, shady tegi~ns. Ferns are actually

often quite weedy - otherwi.se these ancient plants would never have

survived to the present. Sadleriacyatheoides, a fern found only in
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the Hawaiian Islands, grows both on SUt111y new lava flows and in wet,

itature. forests.. Good dispersabUity of its spores aids the appearance

of tMs fern on new lava.

Some plants, like the ohia lehua, are peculiarly suited for

growth in pioneer situations. The ohia lehua forms aerial roots

easily. If a grove of oMasis inundated by a thick blanket of

pumice, oMu are not suffocated; the aerial roots on upper stems

reroot the plant. This happened with ohias buried up to half their

height or more by pumice in the 1959 K1lauea-Ild. eruption.

One. plant often aids another to invade new lava. Where one

plant takes root, it creates a small amount of shade and this may

permit other plants to germinate under it. Or seeds may blow along

a cinder field, lodging at the base of a fern and taking root. In

tMs way, small colonies of plants may appear. The 1959 Kilauea-Iki

eruption killed some ohia lehua trees, but left them standing. At

the bases of these trees, ferns and other plants have taken root

because water seeps around the dead trunks and provides conditions

just right for germination. Empty tree molds often contain seedlings.

evidently the shade in these favors growth.

If a lava flow occurs in a very dry locality, plants will be

slow to appear. Lava flows known to have been formed before 1750 are

still bare in some cases. Pahoehoe flows, with their smooth crusts,

are less inviting for plant growth than are aa flows, however, pahoehoe

crusts may collapse, and the shady recesses below the crust provide

conditions ideal for germination. Cracks eventually develop .in

pahoehoe flows, and these provide suitable sites •. On the Hilina Pali

near Kilauea, a ~ight fall of pumice, evidently from the 1959 K1lauea­

Iki eruption, has .filled some small crevices and depressions in
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pahoehoe. This has been all that was needed for plant growth, because
. .' - ~

these crevices can now retain water for days at a time, and so seedlings

have appeared~

Wet forest plants can quickly invade lava -- if the flow occurs

in an area of wet forest. There always seem to be seeps or crevices

that offer sufficient water for these plants. Once vegetation begins

on a lava flow, the process tends to accelerate. Shady places are

soon available for shade-requiring species. As a canopy of branches

covers the flow, water no longer evaporates readily from the sur-

face of the lava, and plants are increasingly favored.

Weeds introduced by man to the Hawaiian Islands can often be

found on lava flows. Perhaps plant invaders of lava flows in prehuman

times were also quite weedy. As the islands grew older and volcanoes

became extinct, some plants of the Hawaiian flora appear to have

become specialized for wet forest, and to have lost their original

weediness. Thus, the ability a plant or animal now has to survive

in pioneer conditions mayor may not indicate similar qualities in

its ancestors: they might once have grown successfully on new lava.

3. Environmental Degradation

. ,Since 'the advent of man in Hawaii~ profound changes in ecology

have taken place. Large numbers. of "weed" or "pest" species have

,been i.ntro.duced, ·.intentionallyor accidentally • Many ,plants. which

are common garden ornamentals or hedges elsewhere have become serious

weeds, blanketing large areas cleared of forest for grazing, and

invading· and exterminating native forest. Similarly various mammals

and birds have been introduced, as escaped pets, or intentienally
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by organizations or local government agencies, for hunting pruposes.

Cattle, horses, goats, sheep, deer, and pigs have de~astated thousands

of acres of natural vegetation and threaten some of the remaining

stands. Mongooses and rats have helped reduce native birds. And

many species of insects (an average of 1~ species is accidentally

introduced each year; Beardsley, 1962) and other invertebrates have

also ravaged the native environment. The transformation of the biota

from native to introduced is not restricted to the lowlands, but

extends to mountain ridges, valleys, and summits, where hiking trails,

sightseeing roads, radio, radar, and other developments have been

introduced, many temperate plants such as Rubus have become established,

ravaging large areas and exterminating native vegetation.

Nearly all elements of the native biota appear to lack genetic

resilience or other qualities to successfully compete with the in­

vading biota. Native plants have disappeared and been replaced by

the invaders in practically all areas where towns, roads, agriculture,

grazing, gardens, and other developments have materialized, except

where special precautions such as fences (effective for only a few

of the invaders), weed-eontrol, or other special measures have been

taken. Associated with the recession of the native vegetation from

the lowlands and the mountains is the decrease in the numbers of

native birds, insects, and snails, and the extinction of some of

the'more specialized members of these groups. It has become obvious

that native animals cmmot survive when the vegetation of their

natural habitat is seriously disturbed.

Attempts at biological control, primarily stimulated by the desire

to control agricultural or garden pests rather than to protect the

;native biota, have had further disrupting· effects on the environment.
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Many of the beneficial insects tmported have successfully controlled

gests and largely limited their feeding to these pests, but some

have preyed upon native insects or plants. The introduction of

two predaceous snails to control the giant African snail, a serious

plant-feeding pest, bas made inroads on populations of the endemic

land snails. And associated with the giant African'snail itself

are pathogens which provide a potential threat to man and other animals.

The public health implications of introduced animals and plants

is aggravated by the greatly increased air traffic between Hawaii

and the entire Pacific basin. This calls for intensive basic studies

on the biology of both endemic and introduced species and the inter-

relationships between them.

The recession of the native vegetation from the lowlands, mountain­

tops ,and ridges' (with' a consequent decrease in the native birds,

insects, and snails) .> has not only been alarming but associated with

it is the greater tragedy of the extinction of some of the most

specialized birds and other species. The continued threat of ex-

tinction has been accelerated in recent years, with the great growth

in human population, tourism, resort'development, planting of former

native'forests with theoretiC:allypotenti8.lt1mber trees, road-

building, game introduction, and other incursions.

The soltitionofthediverseproblemsiiposedby the> Hawaiian biota
. .,.

andecosystems1.sdirectly relevant to·m.any of the problems of the

present day world. Hawaii fits the concept of a small relatively

quarantined sample area, which might: thus serve as a laboratory for

the study of the future of mankind, particularly in terms of the

conservation of natural resources, of ecology and evolution, and
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the proper use of land in tems of the over-population of the earth

. by man.

The native Hawaiian biota, wh1.ch had evolved in the absence of

man and of. large grazing or camiverous ma1lUl'lals, seems to have been

in particularly delicate balance within the ecosystem, and thus was

especially sensitive to the changes which accompanied man to Hawaii.

The Polynesians brought with them some 25 species.of plants used
w _ --, •

for food, medicine, fiber, and other purposes. These included

coconut, taro, banana, breadfruit, candlenut, paper mulberry, ti,

sweet potato, and various yams. They also brought rats, dogs, pigs,

and jungle fowl. The Polynesians, and the organisms ,which they

brought with them, certainly influenced the native biota, but one can

only speculate on the magnitude of their effects • Undoubtedly the

impact of the Polynesians was greatest in areas where the Hawaiians

lived and grew their crops. On the other hand, Hawaiians considered

lands, plants, and animals as the property of, and to be held in

trust for, the gods. This outlook resulted in a sort of practical

conservation. When birds were trapped to obtain brightly colored

feathers, this was said to be done without harming them, and they

were later released to grow new feathers; fish and shellfish were

collected only in season, etc. Thus, although the initial effects

of Polynesian colonization on the native Hawaiian biota were great,

they were certainly less drastic than the effects brought about

by sustained contact with European cultures.

It is likely that new ecological equilibria were established at

some time after the extensive colonization of the islands by the

Polynesians, and that these equilibria were opuative in 1778 when
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Captain Cook arrived.
,

Cook released the goat and a second type of pig in 1778. In

1793 Captain Vancouver released cattle and sheep. Horses were in-

troduced in 1803. Cats and rats probably arrived on some of the

earliest ships. The last feral horses and cattle were not extermin-

ated from Mauna Kea until the 1930's, and feral cattle are still to

be found in some areas of the Konacoast of Hawaii today. Sheep,

goats, and pigs today endanger the native forests on most of the

main islands •

. While the large hoofed animals were rapidly increasing in numbers

and destroying the vegetation in large areas by grazing and trampling,

many plants introduced, intentionally and otherwise, were aggressive,

weedy species which occupied the areas newly opened up by animals.

Since early records are so incomplete we cannot estimate the number

of species in the native biota which became extinct in the century

following Cook's visit. During the last hundred years better records

are available. As extensive areas of land were cleared for agricul-

tural purposes the native biota disappeared almost completely from

these areas.

The delicate balances existing In the native biota were easily

upset- as the plants disappeared the birds, insects, and terrestrial

molluscs which associated with· them also disappeared. Even after

the unique biotic resources of Hawaii came to .be appreciated by the

scient:lficeommunity, thedesir~for"progressnand economic develop-

ment on the .part of the general public has been so great that policies

. have still not been developed toproteetand manage Hawaii's unique

and precious natural resource, its native biota.
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Even today areas of relatively undisturbed .native forest are

being bulldozed or. treated with herbicides to permit the planting

of introduced species of Eucalyptus or· Pinus which might some day

bring economic benefit to a few people. The introduction of the

giant Afr:lcan snail was mentioned above. These are only two ex­

amples of the sorts of management practices underway today which

result in further destruction of the native biota. Many more can

be cited.

Hawaii affords an ideal area to study the interrelationships of

invading and endemic biota but such studies must be made soon. or

the endemic biota will have disappeared. If any of the unique

members of the Rawaiian biota are to be preserved much more ecologi­

cal data must be accumulated quickly. Such data will hopefully

contribute to the development of management practices in areas which

must be set aside for the preservation of unique Hawaiian ecosystems.

Introduced Flora:

The native flora is a disharmonic one, and several plant groups

which are widespread in the tropics and might be expected to be

native in Hawaii are not. Fosberg (1948) indicated some groups

which he considered to be "significantly absent" as gymnosperms,

Ficus, Cunoniaceae, mangroves, Piper, Bigoniaceae, and Araceae. All

of these groups except the Cunoniaceae have been introduced to Hawaii

in some numbers in recent years • Mangroves have been successful,

probably because there ~ere no other plants occupying their parti­

cular ecological niche, and in less than 50 years well-developed

mangrove swamps have developed on Molokai and Oahu. A few species
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the original cause of disturbance 15 removed. Little of the native

vegetation is relatively undisturbed today ,none 15 completely un­

disturbed since pigs can be found in even the most remote rain forests.

Even in areas such as the Alakai Swamp or Kipahulu Valley the very

act of making trails to permit scientific study may create openings

in which· weedy species can becomeestabl1shed. Thus, precautions

must be taken in any such study areas to prevent further spread of

introduced species.

The most successful species in the introduced flora havel1ttle

in common excep~ an ability to compete well and to invade disturbed

areas. They include a wide variety of species, some of which have

relatives in the native flora, others of which do not. Aside from

those species of value in agriculture and forestry, little work has

been done on the introduced species, and we need to obtain much more

information about their ecology, dispersal, and reproductive biology

if we are to exercise effective controls on them.

The immigrant fauna, that which has come to the Hawaiian Islands

since man arr1ved here, is now an important segment of the total

fauna. It 15 of very great concern since it includes nearly all

of the pests of agriculture, forestry, gardens and·households, and

those concerned with public health. From the economic Eltandpoint,

therefore, the immigrant fauna is of paramount concern, and from the

standpoint of conservation -it 15 of similar importance, because of

its great success in competing with the native biota~ A great part

of the Subprogram will involve the assessment of the ecological impact,

current status and potential of the immigrant biota. Sinceadditional

species of insects and other arthropods are accidentally introduced
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each year (Beardsley, 1962), this is a constantly growing and changing

problem.

The disharmonic nature of the endemic fauna leaves numerous

important ecological'gaps, many .of which have been conspicuously

filled by immigrant fauna. For instance, ants ,termites, and cock-

roaches are lacking in the endemic fauna, but several species of

each are now all colonized , and have had great impact both on the

human economy and the endemic biota. The conspicuous examples of

the i:ntroducedhoofed animals have been mentioned above. Also the,

introduced rats, mongoose, cat and other animals have helped reduce

the birds and other elements. Proposed introduction of deer to

additional'islands would have additional disastrous effect on the

native vegetation, if not also on agriculture.

Among the insects proper, of 33 .' orders recognized , only 12 are

included in the native fauna, but 15 additional have been introduced

by man.

For other arthropods, the picture is similar. About 1,500 species

of insects have been introduced to these islands. To these are to

be added some 200 kinds of mites, plus other arthropods. Thus the

study 'of the role of these many species in the ecology of the islands

will form a major undertaking of the proposed studies.

c. Scope and Objectives£!. the' Ecosystem Overview

To describe'the Hawaiian ecosystem merely as cOmplei:and unique

is to place :1.tinthe:same cat~gotya~j'all other ecosystems on this

planet. Presumably the degree of organization andd.ynaridc st~te

that wan-ants the term t1systemtlalready implies some prescribed
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minimum level of complexity and continuity in .. terms. of material and

energy flow. Thus all ecosystems are complex.

Uaiqueness is inherent in any biological system with the possible

exception of a hypothetical construct based on precisely controlled

physical environment populated by cloned life forms. Thus all (real

world) ecovystems are unique.

The particular complexity and uniqueness exhibited in the Hawaiian

ecosystems set is, in part, a reflection of the historic factors and

in part a consequence of its current status in physical, biological

terms. More than any other attribute, the diversity conferred by

geography, geology and climate along with geobiological, biogeochemical

and biotic interactions which are confined to a miniscule·isolated

land surface, create a kind of uniqueness - setting Hawaii apart even

from the most closely similar tropical islands.

Some of the problems stimulating ecological research in Hawaii

reflect this uniqueness:

What determines the fact that although speciation is a conspecuous

feature of Hawaiian biota, some of its most successful organisms have

not speciated'l

What determines the simultaneous existence of extremely stable

and extremely fragile ecosystems?

How are speciation and stability related to d~versity, isolation,

original gene poos, climatology, etc?

It is within the framework of the distinctive, multi-faceted

Hawaiian ecosystem and the many as yet unanswered questions as to

its nature that we seek to assess the consequences of geothermal

resource development. To that end, .we here assemble data pertaining
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to salient features of the principal Hawaiian Islands overall and

to the Island of Hawaii in particular. To the extent that existing

data prove sufficient, the regional consequences of geothermal field

development will be assessed. Actual experience· with the environ­

mental tmpactofa geothermal facility in.Hawaii is limited to one

specific.site, HGP-A in the Puna district, Island of Hawaii, and

to a short observation period. Other relevant and useful experience

derives from a more general review of the biological effects of

natural geothermal processes and emissions associated with volcanism.

The latter is limited to the active rift and caldera areas on the

Island of Hawaii.

After assembling the elements of a necessarily general picture

of the ecosystems of Hawaii and even more broadly of the other major

islands, our next task will 'be to interface that data.with information

about geothermal processes, and effluents as they relate. to living

matter (geobiology, including geotoxicology and biogeochemistry).

Data from domestic: areas ofgeotherinaldevelopment, e.g •. California

and Utah KGRA's or those in New Zealand and Italy can have but little

relevance, as differences .in contained ecosystems preclude all but the

most superfic:ial c:amparisons: ·Furthermore, Hawaii has all of the

environmental complexity of an entire continent hence is totally unlike

any KGRA overview. study yet done.

As anticipated, .t,he't"efore, a.ttention will thenbe.directed toward

a brief statement of inadequacies and. gaps· in the current·· body of

knC):W:ledge and data, and therefore,towardinformationaF needs for the

future.
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THE LAND

Al. Soil Types and Assoc1atic:ms* (done only part.ially for the Island of
Hawaii as a demonstration of the uniqueness and where mainland
counterparts ar~ unknown)

The Island of Hawaii is one of the eight major islands of the State of

Hawaii. It has an area of 2,579,000 acres or about 4~030square miles.

Although its land area:1s 62.7 percent of the State, its population of 65,941

is only 8 percent. The island is a county. Hilo, the county seat, is about

216 miles southeast of Honolulu, the State capital.

Farming is the ma.iD source of income , and the highly mechanized production

of sugarcane has been the main industry. Farming is now diversified, however,

and other enterprises, including theproducticn ofmacada1n1a nuts, papaya,

truck crops andane of the most extensive orchid cultures in the world are

increasing rapidly. Anthuriums and ornamental foliage are also increasing

rapidly. The only coffee grown in the United· States is produced in the Kona

district. The island leads the State of Hawaii in the production of cattle.

Parker Ranch, the seccnd largest in the United States, is in the Kohala

District. Tourism also is a growing source of· income",

The Island of Hawaii is commonly called the "Volcano Isle," the "Orchid

Isle," or the "Big Island" (13). It has the only active volcanoes and the

largest land mass in the State. Its lush, green. raiD. forest, its warm, sunny

coastal areas,and its snow-covered motmtain peaks provide a variety of

scenery andclimkte.

A soil associatiCln is a landscape that hass. distincHve proportional

pattern of soils. It normally consists of one or more majorso:1ls and at

*Excerpted and condensed from Soi,lSurvey of the Island of Hawaii, State of
Hawaii. Soil Conservation Service, United States Department of Agriculture.
United States Government Printing Office, December 1973, pp.6-150.
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least one minor soil, and it is named for the major soils. The soils in one

-
association may occur in another, but in a different pattern.

A map showing soil.associations is useful to people who want a general

idea of the soils on .theisland, who want to compare different parts of the

island, or who .want to know the location of large tracts that are suitable

fora certain kind of land use. Such a map is a useful general guide in

managing a watershed, a wooded tract, or a wildlife area, or in planning

engineering works, recreational facilities, and community developments. It

is not a suitable map for planning the management of a farm or field or for

selecting the exact location of a road, building, or similar structure,

because the soils in anyone association ordinarily differ in slope, depth,

stoniness, drainage, and other characteristics_that affect their management.

The soil associations on the Island of Hawaii are discussed in the

following pages.

1. Lava flows association

Gently sloping to steep, excessively drained, nearly barren lava flows: on

uplands.

This association consists of excessively drained, nearly barren lava flows

and somewhat excessively drained and well-drained, coarse-textured and medium-

textured soils that formed in volcanic ash, pU1I1i.ce, and cinders. These soils

are on mountains at an elevation ranging from near sea level to 13,000 feet.

ntey receive an annual rainfall of 10 to 250 inches. The mean annual soil

temperature is between 490 and 76 0 F. The natural vegetation consists of

lichen, moss, ohia, amaumau fem, mamane, naio, Kentucky bluegrass, and sweet

vernal.

ntis soil association makes up about 50 percent of the island area. and

most if it is in the saddle between Mauna Loa and Mauna Kea, near the summit
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of Mama Kea, and near Pahala. Pahoehoe lava flows· make up about 40 percent

of this association, and Aa";'lava flows about 30 pet~ent. The main soil series

are Apakuie, Huikau, and Kilohana, each of which makes up about 3 percent of

the association. The remaining 21 percent consists of Kilauea~lieake, and

Keekee so11s, and of Rockland, Rough broken "land, Very stony land, Beaches,

Cinder land, and Fill land.

Pahoehoe lava flows have a smooth, ropy surfa.ce. As. lava· flows are a

mass of· clinkery, hard,·" sharp lava fragments. Apakuie, Huikau, and Kilohana

soils are near the summit of MamaKea. Apakuie soils have a dark reddish....

brown and dusky-red very fine· sandy loam surface layer underlain by dark

reddish-brown very fine sandy loam and loamy sand. Huikausoils 'have avery

dark brawn loamy surface layer underlain by dark reddish-broWn sandy loam

and loamy sand and by slightly weathered volcanic ash, cinders, and pumice.

K110hana soils have. a·· veryda.rk brown loamy fine sand surface layer over

dark-brown and very dark gray fine sand.

BeaChes consist of coral sand, .black. sand, oroUvine sand. Cinder land

is a mxture of fine cinders, pumce, and volcanic ash. Rock land consists of

very shallow soils where rock. outcrop occupies 50 to 90 percent of the

surface. Rough broken land 1s made up ofvery steep and precipitous areas

broken by many intermttent drainage channels. Very stony land consists of

very shallow soils that have stones coveririg:30 to 70 percent of the surface.

This soil association is used for grazing, W1ldlifehabitat, and

recreation. The carry:lngcapa.city.for grazing and Wildlife is low. Thewild­

life conSists of goats,sheep, pigs," phea.sa.nts, andqua1ls. Sheep are connnon

near the summ1tof MauriaKea. Goats. are in the stony areas.
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2. Kekake~-Kiloaassociation

Very shallow, gently sloping to steep, well-dra:lned organic solls over Aa

or pahoehoe lava; on up lands.

This soil assoc1ad.on consists of well-dra:lned, very .shallow soils that

formed :In organic matter over pahoehoe lava or fragmental Aa lava. These soils

are on mounta:lns at an elevation rang:lng from near sea level to 7,000 feet.

The annual rainfall is 40 :Inches to more than 150 inches. '!he mean annual

soil temperature is between 470 and 730 F. The natural vegetation consists

of ohu, tree fern, koa, guava, and Christmas berry.

The total area of this association is about 21 percent of the island,

and most of it is c:lnthe Kau, Kona, and Puna Soil and Water Conservation

Districts. Kekake soils make up 20 percent of the associati.on, Keei soils

15 percent, Kiloa soils 12 percent, and Kahaluu soils 10 percent. The

rema.1ning43 percent consists of Kaimu, Keaukaha, Kealakekua, Kona, Lalaau,

Halama, Hawae, Opihikao, Papai, Puna and Punaluu soils.

Kekake,Keei, Kahaluu, Keaukaha, Kona, Opihikao, and Punaluu soils are

2 to 12:1nches deep over pahoehoe lava bedrock. Kekake soils have a black,

omucky surface layer and a mean annual soil temperature of about 51 F. Keei

soils have a very dark brown, mucky surface layer and a mean annual soil

o
temperature of about 63 F.

Kaimu, Kiloa, Lalaau, Malama, Mawae, Papai, and Puna soils are 2 to 12

:Inches deep over fragmental Aa lava. Kiloa soils have an extremely stony,

mucky surface layer and a mean annual soil temperature of about 650 F.

This association is used for pasture, woodland, watershed, and recreation.

In addition, Kiloa, Malama, Papai,. and Puna soils are used for macadamia nuts ,

and some areas of Kaimu and Punaluu soils are used for papaya. The wildlife

consists mainly of wild pigs.
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3. Hanipoe-Mai1e-PuuOo association

Deep, gently sloping to steep, we11~rained soils that have a medium-textured

to moderately fine textured subsoil; on uplands.

In this soil association are mdium-textured to. moderately fine textured

soils that formed in volcanic' ash. These soils have a dark surface layer

that is high in content of organic mat:ter. 'They are on mountains at an

elevation ranging from 2,SOOto 8,000 feet and receive from 30 to 120 inches

of rainfall annually.
oThe mean annual soil temperature is between S4 and

620 F. The natural vegetation consists of ohia, koa, naio,mamane, tree fern,·

rattail, brome,kikuyugrass,andorchardgrass.

'The total area of this association is about 6 percent of the island.

Hanipoe soils make up 30 percent of .the association, Maile soils 20 percent,

and Puu 00 soils 10 percent~ The remaining 20 percent consists of Kapapala,

Latmaia, Manu, Manahaa,Palapa1ai,·Pub.:f.mau, Ptmohu,andUmikoa soils.

Hanipoe soils are in the Matma Kea, Kona, and Kau Soil and Water

Conservation Districts. These soils have a surface layer of dark reddish-

brown to very darkbrowns:l1t loam and a sub'soi1 of dark-brown, dark reddish­

brown, and Very dark brown silt loam. 'Maile soils are in the Mauna Kea Soil

and Water CotlserVation District.' Their surface layer is dark reddish-brown
,

to very dark brown silt loam, andtbeir subsoil isdark-browtl to dark yellowish-

brown silty cla.yloam. Puu Oosoi1sia.reonth'e eastern slopes of Mauha Kes.

'They have a sudacelayer ofdark.reddish4>rown and very dark gray silt loam

and a subsoil 'ofverydark brown 'to dark reda:lsh--brown silty clay loam.

'Thisassocia#onis'used for pasture and woodland. It produces some of

the finest pasture on the 'island andhassom.e excellent stands of tree

plantings. The soils are favorable' for many kinds ofvegetab1es, but most
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areas are too steep for intensive cultivation and erosion control. the

wildlife consists of wild pigs, pheasants, doves, and quails.

4. Ama1u-Kahua-Kehena association

Shallow to deep, gently sloping to steep, poorly drained to somewhat poorly

drained soils that have a moderately fine textured ,subsoil; on uplands.

'!his soil association consists of moderately fine textured .soils that

formed in volcanic ash. These soils are on the Kohala Mountains at an

elevation ranging from near sea level to 5,500 fee t. they receive 80 inc:hes

to more than 200 .inc:hesof rainfall annually. the mean annual soil tempera­

ture is between 56 0 and 75 0 F. the natural vegetation consists Qf kikuyugrass,

hilograss,sedges,ohia, and guava.

the total area of this association is about 2 percent of the island.

Amalu soils make up 62 percent of the association, Kahua soils 24 percent,

and Kehena soils about 8 percent. Mixed alluvial land and Tropaquepts make

up the rest.

Amalu soils have a layer of partly decomposed moss' and other organic

matter over a surface layer of dark-gray mucky silt loam. their subsoil is

dark-brown to very dark grayish-brown silty clay loam. An ironstone seam

occurs in them at a depth of 15 to 20 inches. Kahua soils have a very dark

brown silt loam surface layer and a subsoil .of dark-brown to very dark

grayish-brown silty clay loam. A thin ironstone seam occurs in these soils

at a depth of 8 to 40 inc:hes. Kehena soils have a surface layer of dark­

brown silty clay loam and a subsoil of dark-brown to very dark grayish­

brown silty clay loam. Mixed alluvial land consists of very stony soil

material derived from alluvium that washed from wet soils. Tropaquepts

consist of very poorly drained soU material that varies in texture and is

shallow over poorly sorted sandy and gravelly alluvium.



Kahua and Kehena soils are used for pasture, woodland, watershed, and

wildlife. Amalu soils are used for watershed and wildlife. Tropaquepts are

used for growing taro. Forage in this soil association has low nutritional

value and very low content of dry matter. The wildlife consists mainly of

wild pigs.

5. Kawaihae association

Moderately'deep, gently sloping to moderately steep, somewhat excessively

drained soils that have a medium-textured subsoil; on coastal plains.

In this association are medium-textured soIls that formed in volcanic
,

ash. These soils are on coastal plains at an elevation ranging from near

sea level to 1,500 feet. They receive 5 to 20 inches of rainfall annually,

. . . 0 '. 0
and their mean annual soil temperature is between 74 and 77 F. The natural

vegetation consists of kiawe, ilima, piligrass, uhaloa, and buffelgrass.

The area of this association is about 1 percent of the island. Kawaihae

soils make up most of the association. Included with them are Kamaoa soils,
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Very stony land, and Rock land. Also included are small areas of the alluvial

KamSkoa soils in drainage ditches.

Kawaihae soils have a surface layer of dark reddish-brown, extremely

stony, very fine sandy loam. Their subsoil is dark reddish-brown and dusky-

red silt loam. Bedrock is at a depth of 20 to 40 inches. Calcium carbonate

is encrusted on rocks or is concentrated in a layer in the lower part of the

profile.

6. Akaka-Honokaa-Kaiw1ki association

Deep, gently sloping to steep, moderately well drained and well drained soils

that have a moderatelyf1Ile textured subsoil; on uplan.ds.

This soil association consists of moderately fine textured soils that

formed in volcanic ash. These soils are high in organic-matter content, are
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very porous, and are continuously wet. They are on mountains at an elevation

ranging from near sea level to 6,000 feet. They receive from 80 inches to

more than 200 inches of rainfull annually, and their mean annual soU tempera­

ture is between 540 and 75 0 F. Their natural vegetation is ohia, tree fem,

koa, and false staghorn fem.

The total area of this associatim is about 11 percent of the island.

Akaka soils make up about 40 percent of the association, the Hydrandept­

tropofolist association 15 percent, Honokaa soils 10 percent, and Kaiwiki

soils 10 percent. The remaining 25 percent consists of Alapai. Kilea, Hilo,

Honaunau, Kealakekua, Ohia, Olaa,Panaewa, Piihonua, and Puaulu soils.

Akaka soils are in the eastem ~art of the island between Glenwood and

Laupahoehoe. They have a dark reddish-brown silty clay loam surface layer.

Their subsoil is reddish-brown to dark reddish-brown silty clay loam.

Rydrandept-tropofolist soils are in the Kau Soil and Water Conservation

District. These are deep soils in volcanic ash and shallow, wet, organic

soils over fragmental Aa and p·ahoehoe lava flows. Honokaa soils are in the

Honokaa area. They have a darlt-brown silty clay loam surface layer and a

Silty clay loam subsoil that is dark brown, very dark brown, and very dark

grayish brown. They have a dark-brown surface layer and a dark-brown and dark

reddish-brown sUty clay loam subsoil.

The major soils and some of the minor soils of this association are used

for sugarcane. The Akaka soils and some of the minor soils are used for

woodland, and the Honokaa and Kealakekua soils are used for pasture, truck

crops, macadamia nuts; and coffee. Forage in this association has low nutri­

tional value and very low content of dry matter. The potential for ember is

high. The wildlife consists of wild pigs.
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Very deep, nearly level to steep, well-drained solls that have a medium-

textured to moderately fine textured sUbsoil; on uplands.

This association consists of medium-textured to moderately fine textured
, , ,

soils that formed in volcanic ash. These soils have a dark 'surface layer

that is high in content of organic matter. They are on motmtains at an

elevation ranging from 750 to 6,000 feet. They receive from 25 to 70 inches '

of rainfall annually,' and their mean' annual soil temperature is between 66 0

and 720 F. The natural vegetation consists of bermudagrass, 'lantana, guava,

rattail, kikuyugrass, and whiteclover.

The area of this sollassociation is about 2 percent of the island.

Waimea soils make up 65 percent of the association, Kikoni soils 20 percent,

and Naalehu soils 15 percent.

Waimea and Kikoni soils are "in the Mli\maKea 'Soil and Water Conservation

District. Waimea 'soils have a surface layer of. very dark brown and dark-

brown, very fine sandy loam and loam. Their subsoil is dark-broWn silt loam.

Kikoni soils have a surface layer of very dark brown very fine sandy loam.

Their sUbsoil is dark-brown and dark reddish-brown very fine sandy loam and

silt loam. Naalehu soils are in the>1{auSofl and Water Conservation District.

These soils have a very dark brown s1~ty clay loam surface layer. The upper

part of their sub~oir is dark-brown silty clay loam, and the lower part is

darkreddish-brownsilt·loam.

Waimeao'andK1k.onisoilS are Used for pasture and, in stn:lll areas, for

truck. crops•. Naalehu soils 'are' used for sugarcane'. The pastures of the

Waimea and Kikon.i soils provide habitat:foipheasants, quails,' and doves.

60
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8. !3!!! Pa-Pakini-Waiaha association

Shallow to deep, nearly level to steep, well-drained to somewhat ~xcessively

drained soils that have a medium-te~tured subsoil or medium-textured

underlying material; on uplands.

This soil association consists of moderately coarse textured to moderately

fine textured soils that fOl:"llEd in volcanic ash. Most of these soils have a

concentration of calcium carbonate that occurs as a soil layer or as coatings

on rock. fragments. These. soils are on mountains and alluvial plains at an

elevation ranging from near sea level to 4,000 feet. They l:'eceive 20 to 60

inches of rainfall annually and have a mean annual soU temperature that is

between 630 and 76° F. The natural vegetation is lantana, natal redtop,

Japanese tea, cactus, and kiawe.

The area of this s01l association is about 3 percent of the island.

Puu Pasoils makeup about 60 percent of the association, Pakini soils 10

percent, and Waiaha soils about 10 percent. The remaining 20 percent is made

up of Kaalualu, Kainaliu, Kamakoa, Kamaoa, and Waikaloa soils.

Puu Pa soils are in the northwestem part of the island. These soils

have a very dark brown extremely stony very fine sandy loam surface layer.

Their subsoil is dark-brown and dark yellowish-brown very stony very fine

sandy loam. Pakini soils are in the southernmost .. part of the island. They

have a very dark brown and dark-brown very fine sandy loam surface_layer.

Their subsoil is brown loam that contains an accumulation of calcium carbonate

at a depth of 30 to 55 inches. Waiaha soils are mostly in the Kana Soil and

Water Conservation District, except for small areas in the Kau district. They

have a very dark b-rown extremely stony silt loam surface layer and a dark­

brown very stony silt loam subsoil. These soils are less than 20 inches deep

over bedrock.



'!bis association is used 'inainly for pasture,' '~fta the pasture is

excellent. Kainaliu soils are used for truck crops, coffee, macadamia nuts,

and pasture. The wildlife consists of pheasants, quails, and doves.

9. Kukaiau-Ainakea-PaaUhau association

Deep and moderately deep, gently sloping to steep, well-drained soils that

have a modera'tely fine textured subsoil; on uplands.

This soil association consists of moderately'finetextured soils that

formed in volcanic ash and basic igneous. rock. These soils are on mountains

at an elevation ranging £romnear sea level to 2;500 feet. They receive

from 50 to 140 inches of rainfall annually, and their mean 'annual soil

temperature is between 66 0 ane! 710 F. The natural vegetation. consists of

bermudagrass, hilograss, molassesgrass, k1kuyugrass, guava, and Christmas

berry.

The area of this association is about 3 percent of the island • Kukaiau

soils make up 25 percent of the association, Ainakea soils 20 percent,' and

Paauhau soils 18 percent. The remaining 37 percent consists of Honuaulu,

Moaula~ Niulii, Ookala, andPuukala soils.

Kukaiau and' Paauhau soils are be tween Kukaiau and Kikuihaele. These

soils have a very darkgrayish~brow.silty clay loam surface layer and a

dark-brown silty clay loam sUbsoiL Ainakeasoils are in the MaunaKea Soil

and Water Conse.rva.tion, District. They have a dark-brow. silty clay loam

surface layer and a dark-brown silty clay loam subsoil.

All of these soils, except HonUauluandPuukala. soils, are used for

nonirrigatedsuga:rcane. Small areas are used for truck crops , 'orchards, and

pasture. Coffee is grown on the Honuaulu soils~ Puukala soils are used for

pasture and woodland. The wildlife consists of pheasants and wild pigs.

62
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10. Kohala-!!!!!-Mahukona association

Deep, gently sloping to steep, well-drained soils that have a moderately fine

textured to fine textured subsoil; on uplands.

In this soil association are fine-textured soils that formed in basic

igneous rock and volcanic ash. These soils have a concentration of manganese

dioxide in the upper part of the profile. They are on the KohalaMountains

at an elevation ranging from near sea level to 1,500 feet. They receive hom

20 to 60 inches .of rainfall annually and their mean annual soil temperature is

between 720 and 74° F. The natural vegetation consists. of guava, lantana,

bermudagrass, natal redtop, ilima, and kiawe.

The area of thiS association is about 1 percent of the island. Kohala.

soils make up about 45 percent of the association, Hawi soils 40 percent,

and Mahukona soils 15 percent.

Kohala soils have a surface layer of very dark grayish-brown and dark­

brown silty clay and a subsoil of dark-brown to dark yellowish-brown silty

clay. Hawi soils have a very dark grayish-brown silty clay surface layer

and a dark-brown to dark yellowish-brown stony silty clay subsoil. Mahukona

soils have a dark reddish-brown very stony silty clay loam surface layer and

a dark reddish-brown and dusky-red silty clay loam subsoil.

This association is used for irrigated sugarcane and for pasture. Small

areas are used for irrigated truck crops and macadamia nuts. The wildlife

consists mostly of pheasants, chukar, partridges, and doves.

Ainakea Silty. Clay. Loam, 12 ~ 20 percent slopes

This soil is similar to Ainakea silty clay loam, 3 to 12 percent slopes,

except that it is moderately steep.
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Included in mapping are about 90 acres of cinder cones about 1 mile

south of Hawi. These cinder cones have a slope of 50 to 90 percent.

Descriptions of~ Soils

This section describes in alphabetical order the soil series and mapping

units of the Island of Hawaii•.~ k general description of each series is

followed by a technical description. of the mapping unit that is representative

of the series. This is followed by brief descriptions of the remaining mapping

units of the series.

Three kinds of survey were made on the island. A high-intensity survey

was made on all cultivated areas; a low-intensity survey was made of all grazing

and forested land; and a reconnaissance survey was made on inaccessible areas.

The composition of the low-intensity mapping units is more variable than that

of the high-intensity units but the survey has been controlled well enough

to allow interpretations for the expected uses of the soils.

Following the name of each soil or mapping unit, isa symbol in

parentheses. This symbol identifies the soil on the soil map and indicates

the intensity of the survey. Fora soil Withiri the high-intensity survey,

the symbol consists of.a·cOlIlbination of capital and lowercase letters (AaC).

It includes a number Hthe soil is eroded. For a soil within the low-intensity

survey,the symbol consists of capital letters (AFD). For a soil within the

reconnaisancesurvey, the symbol consists. ofa lowercase "r" pieceeding the

capital letters (r.AK). Only those·area~·wherein geothermal potential has

been.recognized will be given with full description.

Ainakea .• Series

Akaka series

AlapaiSeries

Amalu Series
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Apakuie Series

Beaches

Cinder Land

Cinder land (rCL) is a miscellaneous land type consisting of bedded

cinders, pumice, and ash. These materials are black, red, yellaw,brown, or

variegated. The particles lulve jagged edges and a glassy appearance and show,

little or no evidence of soil development.

Cinder land commonly supports some grass, but it is not good pasture

land becauSe of its loose consistency and poor traffieability. This land

is a source of material for surfacing roads (Capability subclass VIlIs,

nonirrigated).

Fill Land--
Hanipoe Series

!!!! Series (has potential geothermal sites)

The Haw! series consists of well-drained silty clays that formed in .

basic igneous rocks and were influenced by volcanic ash. These are nearly

sea level to moderately sloping soils on uplands. They are at an elevation

ranging from near sea level to 1,200 feet and receive 25 to 40 inches of

rainfall annually mostly during the winter months. Their mean annual soil

o 0temperature is between 72 and 75 F. The natural vegetation consists of

lantana, uhaloa, ilima, natal redtop, and bermuda grass. These soils are in

the same general area as Kohala and Mahukona soils.

Hawi soils are used for pasture and irrigated sugarcane.

~ silty clay, ..Q.!2.1 percent slopes (HaA).- This soil is on the

lower parts of the KohalaMountains.

In a representative profile the surface layer is very dark grayish-brown

silty clay about 15 inches thick. The subsoil is very dark grayish-brown



to dark yellowish-brown stony silty clay about 53 inches thick. The

substratum is soft, weathered basic igneous rock.,'The surface layer is

slightly acid, and' the subsoil is neutral. The' surface is extremely stony

in places.

The hue of the solum ranges from 7.5 YRto lOYR, and the texture from

silty clay to siltyc:lay loam. The structure of the A horizon ranges from

moderate to strong granular.

Permeability is moderate, runoff is slow~ and the erosion hazard is

slight. The available water capacity is about l.5inches per foot of soil.

Roots canvenetrate to a depth of 4 feet or more.

This soil is used for irrigated sugarcane. (Capability class I, .

irrigated, and capability subclassllc, nonirrigated;stigarcane group 1;

pasture group 3).

Hawi silty clay, 3!2. 12 percent slopes .' (HaC).- thiS soil'is similar

to Hawi silty clay, 0 to 3 percent slopes, exceptth8.tit is moderately

sloping. Runoff is medium,anditheerosionhazard is moderate.

This soil is used for irrigatedsugarcanealld for pasture. (Capability

subclass IIIe, irrigated,· and IIIe, nonirrigated; sugarcane group 1;

pasture group 3).

~ extremely stony silty clay, i!2. 12 percent slopes (HeC).-- This·

soil is similarto'Hawfsilt loam, 0 t03pereentslopes, except that stones

cover 3 to 15 percent of its surface,' and "it is moderately sloping.. Runoff

is medium, and the erosion hazard is moderate.

This soil is used for pasture. (CapabilitysubclassiVIls,nonirrigated;

pasture group 3).

Heake Series

RHea Series
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.!!!!2. Series (has potential geothermal sites)

The Hiloseries consists of well-drained silty clay 10ams. These soils

formed in a series of Volcanic ash layers that give them a banded appearance.

oand 74 F. The natural vegetation consists of hi10grass, californiagrass,

guava, ohia, and tree fern. These soUs are in the same general.area as

ICaiwild, Olaa and Ookala soUs.

HUo soils are used for sugarcane, truck crops, orchards and pasture.

Hi10 sUtyc1ay~ 0 !2. 10 percent slopes (HoC) .-- This soil is low

on the windward side of Mauna Kea and is dissected by steep,narrow gulches.

In a representative profile the surface layer is dark-brown silty clay

loam about ·12 inches thick. The subsoil is about 48 inches thick and consists

of dark-brown, dark reddish-brown, and very dark grayish-brown silty clay

loam. The surface layer is very strongly acid, and the subsoil is strongly

acid to medium acid. This soil dehydrates irreversibly into fine gravel-size

aggregates.

Included in mapping are small areas of shallow soils over pahoehoe lava

bedrock.

Permeability is rapid, runoff is slow, and the erosion hazard is slight.

Roots can penetrate to a depth of 5 feet or more~

This soil is used mostly for sugarcane. Small areas are in truck crops,

orchards and pasture. (Capability subclass IIIe, nonirrigated; sugarcane

group 2; pasture group 9; woodland group 7)

~ silty clay l:2!!" 10!2. 20 percent slopes (HoD).- This soil is

similar to Hi10 silty clay loam, 0 to 10 percent slopes, but is steeper.

Runoff is medium, and the erosion hazard is slight to moderate.
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This soil'is used for sugarcane. (Capability subclass IVe, nonirrigated;

sugarcane group 2; pasture group 9; woodland group 7).

. .} ,". • . ,,' - _ ' ,- "r~ - = - _ ~

Hilo silty clay~, 20 '£2 35 percent slopes' (HoE) .-- This soil is

similar to Hilo silty clay loam, 0 to 10 percent slopes, but it is steeper.

Runoff is medium and the erosion hazard is moderate.

MOst of this soil is used for sugarcane. Small areas are used for

pasture. (Capability subclass VIe, nonirrigated; sugarcane group 2;

pasture group 9; woodland group 7).

Honaunau Series

Honokaa 'Series

Honuaulu Series

Huikau Series

Hydrandept-TropofolistAssociatlon

Kaalualu Series (has possible geothermal sites)

The Kaalualu series COIlsistsof well-drained loamy sands that formed in

volcanic ash. 'these 'are gently'sloping to'moderately sloping soils in coastal

areas at an elevation ranging from near 'sea level t~ 1,000 feet. They receive

from 20 :to 40 inches of rainfall annually, and their mean annual soil

temperature is between 130 and150F~ The natural vegetation consists of

lantana, bermudagrass, indigo, and Japanese tea. These soils are in the same

general area as Kaimu, Kamaoa, Pattini, andPtmaluu s~ils.

Kaalualu soils are used for pasture.

Kaa1ualu extremely loamy sand , ! t~ 12 percent slopes (KBC).-- This

soi1·is in 10weoasta1 areas OIl Mauna toaat South Point.

In a representative profile the surface layer is dark-brown cobb1y loamy

sand and loamabout5inehes thiek. The subsoili.s dark-browncobbly silt

loam about 19 inches thick. The substratum is fragmental As. lava. This soil

is neutral throughout the profile.
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Included in mapping are small areas of K.ama.oa and Pak.1ni soUs_

Permeability is rapid, runoff is slow, and the erosion hazard is sUght_

Roots can penetrate to a depth of 20 to 30 inches_.

This soil is used for pasture. (CapabUity subclass VIls,noninigated;

pasture group 2)

Kaha1uu Series

The Kaha1uu series consists of well-drained, thin, organic soUs

overlying pahoehoe lava bedrock. These soils are moderately sloping to

moderately steep. They are on uplands at an elevation ranging from ;3,500

to 7,000 feet and receive from 90 to 150 inches of rainfall annually. Their

o . 0mean annual soU temperature is between 55 and 57 F. The natural vegetation

consists of ohia, tree fern, amaumau fern, u1uhe fern, and puakeawe. These

soils occur with Kealakekua, Keei, Kiloa, Kana, and Lalaau soils.

Kahaluu soils are used for woodland and pasture.

Kaha1uu extremely rocky muck, ~ !212percent slopes (rKAD).- This soil

is at intermediate elevations on Mauna Kea and Mauna Loa. Rock outcrop

occupies 30 to 50 percent of the surface area.

In a representative profile the surface layer is very dark brown muck

about 5· inches thick. It is underlaid by pahoehoe lava bedrock. This soil

is very strongly acid.

Included in mapping are small areas of Rock land.

The soil above the bedrock is rapidly permeable. The bedrock is very

slowly permeable, although water moves rapidly through the cracks. Runoff

is rapid. Roots extend only to the bedrock or to a depth of a few feet where

the bedrock is fractured. There is little or no erosion hazard.

This soil is too shallow and rocky for cultivation. Most of it is in

native woodland. A few areas are cleared and used. for pasture. (Capability

subclass VIIs, nonirrigated; pasture group 10)

Kahua Series
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Kaimu Series·

Kaina1iu Series

Kaiwiki Series

Kamakoa Series

Kapapa1a Series

Kawaihae Series

The Kawaihae series consists of somewhat excessively drained extremely

stony so~ls that formed in volcanic ash. These soils have a very thin

surface layer of fine sandy loam over silt 10alit and loam. They are gently

sloping to moderately sloping soils on coastal plains at an elevation ranging

from near sea level to 1,500 feet. The annual rainfall isS to 20 inches,

most of which falls. during the winter months.. The mean annual soil temperature
o . 0 . .

is between 74 and 77 F. The natural vegetation consists of kiawe, pi1igrass,

ilima, and fingergrass. These soils and Mahukona, Puu Pa, and Waika10a soils

are in the same general area.

Kawaihae soils are used mainly for pasture, recreation areas, wildlife

habitat, and homesites. Small acreages are used for truck crops.

Kawaihae extremely ,stony ..~~ sandy~,6 !2. 12 .percent slopes

(KNC).-- This soil is on the leeward coastal plains of Mauna Kea.

In a representative profile the surface layer is dark reddish-brown

extremely stony very finecsandyloam about 2 inches thick. Below this is

dark reddish-brown and dusky-red stony silt loam and loam. Hard pahoehoe lava

bedrock is at a depth of about 33 inches. The surface layer is neutral, .and

the subsoil is neutral to mildly alkaline.

The depth to pahoehoe bedrock ranges from 20 to 40 inches. The surface

layer ranges from platy to weak, granular in structure and from 2.S YR to
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7. S YR in hue. The B horizon ranges from sUt loam to loam in texture. In

some places calcium carbonate -has accumulated in the lower part of·· the profUe

or is coated on rocks.

Included in mapping are areas that are underlain by fragmental Ali lava.

These inclusions comprise 10 to 20 percent of this mapping unit.

PermeabUity is moderate, runoff is medium, and the erosion hazard is

moderate. Roots can penetrate to bedrock.

This soU is used mOstly for pasture, wildlife habitae,andrecreation

areas. Small areas, less than an acre insi.ze, have been cleared of stones

and are used for irrigated truck crops. (capability subclass VIIs,

nonirrigated; pasture group 1)

Kawaihae~ rocky~ fine sandy loam, ! ~ 12 percent slopes (KOCl. ....

This soil is s1mUar to Kawaihae extremely stony very fine sandy loam, 6 to

12 percent slopes, except that rock outcrops occupy 10 to 20 percent of the

surface.

Included in mapping are severely eroded areas in which small gullies are

forming and the vegetation is sparse. These areas make up as much as 10

percent of this mapping unit.

This soil is used for pasture. (Capability subclass VIs, nonirrigated;

pasture group 1)

Kealakekua Series

Keei Series

Keekee Series

Kehena Series

Kekake Series

Kikoni Series··

Kilauea Series



Kiloa Series

Kilohana Series

Kohala Series

The Kohala series consists of well-drained silty clays that formed in

material from basic igneous rock influenced by volcanic ash. These soils

are nearly level to steep. They occupy the coastal areas of the Kohala

Mountains at an elevation ranging from near sea level to 1,500 feet. They

receive from 40 to 60 inches of rainfall annually, and their mean annual soil

temperature is between 720 and 740 F. The natural vegetation consists of Koa

haole, lantana, guava, and Christmas berry. These soils and Mnakea and Hawi

soils are in the same general area.

Kobala soils are used mostly for sugarcane. Small areas are used for

pasture, orchards, and truck crops.

Kohala silty clay, .Q.to 1 percent slopes (KhA) .-This soil is on the

windward side of the Kohala Mountains. It is dissected by a few, deep,

narrow gulches.

In a representative profile the surface layer is very dark grayish-brown

and dark-brown silty clay about 14 inches thick. The subsoil is about 25

inches th:lck andcons:1.~ts of dark-brown to dark yellowish-brown silty clay

loam and silty clay. The substratum is weathered basic igneous rock. The

profile is slightly acid in the surface layer, slightly acid a~d ~eutralin .

the subsoil, and neutral in the substratum.

The depth to weathering basalt is more than 36 inches. The hue of the
~ - .. ,- , ...., .•... ,-~

solum ranges from 7.5 YRtD 10 YR. ·In the Ahor:lzon effervescence with

hydrogen peroxide ranges from moderate to strong.

Kana Series

Kukaiau Series
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Lalaau Series

Laumaia Series

.!:!!!. Flows, As. (have possible geothermal site)

Lava flows, As. (rLV), has been mapped as a miscellaneous land type. This

lava has practically no soU covering and is bare of vegetation, except for

mosses, lichens, ferns, and a few small ohia trees. It is at an elevation

ranging from near sea level to 13,000 feet and receives from 10 to 250 inches

of rainfall annually. It is associated with pahoehoe lava flows and many

soils.

This lava is rough and broken. It is a mass of clinkery, hard, glassy,

sharp pieces piled in tumbled heaps. In areas of high rainfall, it

contributes substantially to the underground water supply and is used for

watershed. (CapabUity subclass VIlIs, non1rrigated)

Lava Flows, Pahoehoe

Lava flows, pahoehoe (rLW), has been mapped as a miscellaneous land type.

This lava has a billowy, glassy surface that is relatively smooth. In some

areas, however, the surface is rough and broken, and there are hummocks and

pressure domes.

Pahoehoe lava has no soU covering and is typically bare of vegetation

. except for mosses and lichens. In the areas of higher rainfall, however,

scattered ohia trees, ohelo berry, and aalii have gained a foothold in cracks

and crevices.

This miscellaneous land type is at an elevation from sea level to 13,000

feet. The annual rainfall ranges from 10 inches to more than 140 inches.

Some flat slabs of pahoehoe lava are used as facings on buildings and

fireplaces. In areas of higher rainfall, this lava contributes to the

ground~water supply. (Capability subclass VIlIs, nonirrigated)
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Mahukona Series

The Mahukona series consists of well-drained silty clay loams that formed

in volcanic ash and'basalt residuum. These are undulating to rolling soils

that occupy leeward coastal areas of the Kohala Mountains. They are at an

elevation ranging from near sea level to 550 feet and receive from 20 to 30

inches of rainfall annually. Their mean annual soil temperature is between

720 and 750 F. The natural vegetation consists ofkiawe, uhaloa, ilima,

swollenfingergrass, and bermudagrass. These soils ~nd Hawi, Kawaihae, and

Puu Pa soils are in the same general area.

Mahukona soils are used for pasture and irrigated sugarcane.

Mahukona ~stonysilty clay loam, ! to 12 percent slopes (MKC).­

This soil occupies coastal areas on the Kohala Mountains. The slope is

dominantly 10·· percent.

In a representative profile the surface layer is dark reddish-brown

very stony silty clay loam about: 6 inches thick. The subsoil is dark reddish­

brown and dusky-red silty clay loam about 30 inches thick. The substratum

is hard saprolite. The surface layer is medium acid. The subsoil is slightly

acid to neutral.

The depth. to saprolite is 32 to 42 inclies. In places the A horizon has

a weak, platy structure. The hue of the 'A horizon ranges froni 5 YR to 7.5

YR.

Included in mapll1.ngare shallow.so11s in'drainageways.

Permeability '·ismoderate, runoff isinedium, and the erosion hazard is

moderate. Theava11able ,. water capacity is about 1. 5 inches per foot of soil.

Roots can penetrate· to a depth of 3 feet or more.

, This so11 lsused for pasture. (Capa.b:ilit:jsubclass VIs, nonirrigated;

pasture group 2)
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Mahukona silty clay ~, 1~ 12 percent slopes (MHC).- This soil

is s1milar to Mahukona very stony silty clay loam, 6 to 12 percent slopes,

except that it is nonstony. It is used for irrigated sugarcane and pasture.

(Capability subclass IIIe, irrigated, and IIIe, nonirrigated; sugarcane

group 1; pasture group 2)

Maile Series

The Maile series consists of well-drained silt loams that formed in

volcanic ash. These are nearly. level to moderately steep soils on uplands.

They are at an elevation ranging from 2,500 to 4,000 feet and receive from

60 to 90 inches of rainfall annually. Their mean annual soil temperature

o 0is between 5.7. and 60 F. The natural vegetation consists of ohia, tree

fern, alapaio fern, kikuyugrass, and white clover. These solls and Honokaa,

Kahua, Kikoni, Palapalai, Puu 00, and Umikoa soils are in the same general

area.

Maile soils are used for pasture and woodland.

Maile silt loam, !!2. 20 percent slopes (HLD).- This soil is at

intermediate elevations on the windward side of Mauna Kea. It has a dominant

slope of about 15 percent.

A representative profile has a surface layer of dark reddish-brown to

very dark brown silt loam about 14 inches thick. The subsoil is about 46

inches thick. It consists of dark yellowish-brown and very dark brown silty

clay loam. The subsoil dehydrates irreversibly into fine sand-size aggregates.

The profile grades from medium acid in the surface layer to slightly acid and

neutral in the subsoil.

The A horizon has a chroma and value of 2 or 3 when moist. The B horizon

has a hue of 5 YRto 10 YR and weak to strong, subangular blocky structure.

Thin bands of hard ash occur erratically throughout the solum. The B horizon



dehydrates irreversibly into dark-brown or black, very hard aggregates the

size of sand and silt.
i',

Included with this soil in mapping are small, steep drainageways and

gullies.

Permeability is moderately rapid, runoff is slow, and the erosion hazard

is slight. 'Roots can penetrate to a depth of.5 feet or more.

This soil is used for pasture and woodland. (Capability subclass IVe,

nonirrigated; pasture group 11, woodland group 8)

Maile silt loam, 0.!2.1 percent slopes (MaA) .--This soil is similar to

Maile silt loam, 6 to 20 percent' slopes, except that it is nearly level.

Runoff is 'very slow, and'the erosion hazard is none to slight. This soil is

used for truck crops and pasture. (Capability class I, nonirrigated; pasture

group 11; woodland'group 8)

Halama Series

The Halama series consists of well-drained, thin extremely stony organic

soils over Aa lava. These soils are undulating to rolling. They are on

mountains at an elevation ranging from near sea level to 1,000 feet, and

receive from 60 to 90 inches of rainfall annually. Their mean annual so11

'0 0temperature is between 72 "and 74F.The natural vegetation 'consists of

guava, walwe,mango,hal.9., noniapple, and ohia. These soils and Keel,

Opihikao, Puna, and Punaluu soils are in the same general area.

Malama soils are used for woodland, pasture, and orchards.
.' . , . - . . . . -, ., . .

Malamaextremelystony muck, 3 to lS)ercent slopes (rMAn).- This so11

overliesrelatlvely young Aa lava flows on the windward side of Kilauea

Crater.

Ina representative profllethe'surfacelayer is very dark brown

extremely stony muck about 3 inches thick. It is underlain by fragmental Aa

lava. This soil is strongly acid.
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The depth of fragmental Aa lava ranges from 2 to 8 inches. The hue

of the 02 horizon ranges from 7.5 YR to 10 YR.

Included in mapping are small areas of Opihikao soils.

Permeability is rapid, runoff is very slow, and the erosion hazard is

slight. Roots can extend to a depth,of 24 inches into cracks of the lava.

This soil is used for woodland, pasture, and orchards. (Capability

subclass VIIs, nonirrigated;pasturegroup 7; ,woodland group 13)

Manahaa Series

Manu Series

The Manu series consists of well-drained silt loams that formed in

volcanic ash, cinders, and pumice. These soils are nearly level to gently

sloping. They are on uplands at an elevation ranging from 3,000 to 4,000

feet and receive from 80 to 120 inches of rainfall annually. Their mean

annual soil temperature is between 580 and 620 F. The natural vegetation

consists of ohia, 'tree fern,amaumau fern, and rattail. These soils and

Heake, Kilauea, Kana, Puaulu, and Puh1mau soils are in the same general area.

Manu soils are used mostly for woodland. Small areas are used for

pasture and truck crops.

Manu, silt ~, 1~ ! percent slopes (rMUB).- This soil is at

intermediate elevations on the windward side of Mauna Loa in the Volcano

area.

In a representative profile the surface layer is very dark brown silt

loam about 3 inches thick over about 5 inches of very dark grayish-b~own fine

sandy loam. It is underlain by stratified layers of very dark grayish-brown

coarse sand, fine sandy loam, and loamy fine sand and dark yellowish-brown

pumice. Hard pahoehoe lava bedrock is at a depth. of about 36 inches. The

profile grades from medium acid in the surface layer to neutral in the lower

part of the subsoil.
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The depth of pahoehoe lava bedrock ranges from 27 to 47 inches. The All

horizon is 3 to 5 inches thick and ranges from 7.5 YR to 10 YR in hue.
. ". ~. ;... '~" . . ~- ,~- -~

Included in mapping are small areas of Puhimau soils.

Permeability is rapid, runoff is slow, and the erosion hazard is slight.

Roots can penetrate to the pahoehoe lava bedrock.

MOst of this soil is in native forest. A small acreage is used for

truck crops and pasture. (Capability subclass lIe, nonirrigated; pasture

group 9; woodland group 7)

Mawae Series

Mixed Alluvial~

Mixed alluvial land CM!) isa miscellaneous land type consisting of

recent stream deposition that varies widely in texture. This land is in the

Waipio,Pololu, and Waimanu Valleys. It is on bottoms at the mouth of the

valleys and is subject to frequent flooding. The surface is littered with

stones and boulders.

Mixed alluvial land is at an elevation ranging from sea level to 500

feet and receives from 50 to 100 inches of rainfall annually. The mean annual

soil temperature is about 730 F. The vegetation consists of hilograss, guava,

honohonograss,and monkey pod.

Included with this land in mapping are areas of talus material along the

base of the steep valley sides. It consists of rock debris and soil material.

Mixed alluvial land is used for grazing and for wildlife habitat.

(Capability subclass VIs,nonirrigated; pasture group 7; woodland group 5)

Naalehu Series

Niulii Series

Ohia Series

Olaa Series
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Ookala Series

Opihikao Series

The Opihikao series consists of well-drained, thin organic soUs over

pahoehoe lava bedrock.. These soils are gently sloping to moderately steep.

They are on uplands at an elevation ranging from near sea level to 1,000

feet and receive from 60 to 90 inches of rainfall annually. Their mean

o .0annual soil temperature is between 72 and. 73 F. The natural vegetation

consists 'of guava, waiwe, and ohia. These soUs and Keei, Kana, Ma1ama,

Papai, and Puna soils are in the same general area.

Opihikao soUs are in native forest or are used for pasture.

Opihikao extremely rocky muck, 3!2. 25 percent slopes (rOPE).- This

soUs is in the Puna district. Rock outcrops occupy 30 to 50 percent of the

area.

In a representative profile the surface layer is very dark brown muck

about 3 inches thick. It is underlain by pahoehoe lava bedrock. The muck

is strongly acid.

The depth to pahoehoe lava bedrock is 2 to 5 inches. The hue of the

02 horizon ranges from 7.5 YR to 10 YR.

The muck is rapidly permeable. The lava is very slowly permeable, but

water moves rapidly through the cracks. Runoff is slow,. and the erosion

hazard is slight. Roots are matted over the pahoehoe lava, but they can

penetrate the cracks to a depth of 2 feet.

This soil is in native forest or is used for pasture. (Capability

subclass VIIs, nonirrigated; pasture group 7)

Paauhau Series

Pakini Series

Palapalai Series

79



Panaewa Series

Papa! Series

The Papa1 series consists of well-drained, thin, extremely stony organic

soils over fragmental Aa.lava. These soils are gently sloping to moderately

steep. They are on uplands at an elevation ranging from near sea level to

1,000 feet and receive from 90 inches to more than 150 inches of rainfall

80

annually.
.. 0·.. 0

Their soil temperature is between 72 and 74 F. The natural

vegetation consists of oh1a, tree fern, uluhe fern, and guava. These soils

and Keaukaha, K1loa, Olaa, Opihikao, and Panaewa soils are in the same

general area.

Papai soils are used mostly for woodland. Small areas are used for

pasture, orchards, and truck crops.

Papai extremely. stony muck, 1!2. 25 percent slopes (rPAE) .-- This soil

is low on the windward side of Mauna Kea.

Ina representative profile the surface layer is very dark brown

extremely stony muck about 8 inches thick. It is underlain by fragmental As.

lava. This soil is slightly acid.

The depth to fragmental As. lava ranges from 3 to 12 inches. The hue

of the surface layer ranges from 7.5 YR to 10 YR•

. Permeability is rapid, runoff is slow, and the erosion hazard is slight.

(Capability subclass VIIs~ ~onirrigated; pasture group 9; woodland group 13)

Piihonua Series

Puaulu Series

Puhimau Se:des

Puna Series

The Puna series consists of well-drained, thin, extremely stony organic

soils over fragmental As. lava. These soils are gently sloping to moderately



steep. They are on uplands at an elevation ranging from 1,000 to 3,500 feet

and receive from 60 to 90 inches of rainfall annually. Their mean annual

osoU temperature is 63 F. The natural vegetation consists of ohia, guava,

Christmas berry, and alapaio fern. These soUs and Kana, Halama, and Op1hi­

bo soUs are in the same general area.

Puna soils are used for woodland, pasture, and orchards.

~. extremely stony muck, 1!2.~ percent slopes (rPXE) .-This soU is

at intermediate elevations on Mauna Loa and Hualalai.

In a representative profile the surface layer is very dark brown

extremely stony muck about 5 inches thick. It is underlain by fragmental

Aa. lava. This soU is neutral in reaction.

The depth to fragmental Aa. lava is 2 to 6 inches.

Permeability is rapid, runoff is slow, and the erosion hazard is slight.

Roots are matted in the surface layer, but some roots extend to a depth of

20 inches into the cracks in the lava.

This soil is used for woodland, pasture, and orchards. (Capability

subclass VIIs, nonirrigated; pasture group 7; woodland group 13)

Punaluu Series

The Punaluu series consists of well-drained, thin organic soils over

pahoehoe lava bedrock. These soUs are gently sloping to moderately steep.

They are on uplands at an elevation ranging from near sea level to 1,000 feet

and receive from 60 to 90 inches of rainfall annually. The mean annual sol1

o 0temperature is between 72 and 74 F. The natural vegetation consists of

koa haole, Christmas berry, guineagrass, natal redtop, and sand bur. These

soils and Kaalualu, Kaimu, Kainaliu, Malama, Pakini, and Waiaha soils are in

the same general area.

Punaluu s01ls' are used for pasture.
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Punaluu extremely rocky peat, 6 to 20 percent slopes (rPYD) .-- This soil

is low on the leeward side of Mauna Loa. Rock outcrops occupy 40 to 50

percent of the surface.

In a representative profile the surface layer is black peat about 4

inches thick. It is underlain by pahoehoe lava bedrock. This soU is medium

acid.

The 02 horizon ranges from 3 to 8 inches in thickness and from 5 YR to

10 YR in hue.

The peat is rapidly permeable. The pahoehoe lava is very slowly

permeable, although water moves rapidly through the cracks. Runoff is slow,

and the erosion hazard is slight. Roots are matted over the pahoehoe lava.

This soil is used for pasture. (Capability subclass VIIs, nonirrigated;

pasture group 3)

Punohu Series

Puukala Series

Puu 00 Series---
Puu ~ Series

The PuuPa series consists of well-drained·stonyvery fine sandy loams
,. -'.',. .

that formed in Volcanic ash. These soils are gently sloping to extremely

steep, and most areas are extremely stony. They are on uplands at an

elevation "ranging from 1,000 to 2,500feet:and receive from 20 to 35 inches
- . .. ... . ...•.•.. .. •. . . .' 0

of rainfall annually. Their mean annual soil temperature is between 69 and

710 F. The natural vegetation consists ofberrn'udagrass, swollen fingergrass,

lantana, ilims, and cactus. These soils and Kamakoa, Kawaihae, Mahukona,

Waikaloa, and Waimea soils are in the same general area.

Puu Pa soils are used for pasture.

82



~ E!. extremely stony~ fine sandy ~, ! £.!!. 20 percent slopes

(PVD).- This soU is low on the leeward side of Hualalai, Mauna Kea, and the

Kohala Mountains.

In a representative profile the surface layer is very dark brown

extremely stony very fine sandy loam about 6 inches thick. The next layer is

dark-brown and dark yellowish-brown very stony very fine sandy loam about

34 inches thick. It is underlain by fragmental AJ1 lava. .The reaction is

medium acid to slightly acid in the surface layer and neutral in the

substratum. In places the surface layer is sUt loam.

The depth to fragmental AJ1 lava ranges from 20 inches to more than 40

inches. The depth to soft podery lime ranges from 20 to 40 inches. In some

places this lime encrusts the gravel and stones. The A horizon has a value

of 2 or 3 and a hue of 10 YR to 5 YR. Below the A horizon, the chroma and

value range from 2 to 4.

Included in mapping near Puuwaawaa Bill are small, nonstony areas. Also

included are cinder cones.

Permeability is moderately rapid, runoff is medium, and the erosion

hazard is moderate. Roots penetrate to the fragemental AJ1 lava.

This soil is used for pasture. (Capability subclass VIIs, nonirrigated;

pasture group 2)

~~. extremely stony~ lli! sandy .!2.!!!!, llll 100 percent slopes,

severely eroded (PVF3).- This soil is near the Puuwaawaa Ranch. The average

slope is about 90 percent. This soU is so severely eroded that in most areas

only a thin soil layer is left over weathering trachyte. The hazard of

further erosion is very severe. Runoff is very rapid.

This soil is used for wildlife habitat and watershed. (Capability

subclass VIIls, nonirrigated)
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I

~ !! .!ill, loam, 12 !2~ percent slopes (FWD) .-- This soil is near
{, 'J

Puuwaawaa Ranch. The dominant slope is about 13 percent. The depth to

weathering trachyte is more than 48 inches. Runoff is medium, and the hazard

of erosion is moderate~

This soil is used for pasture. (Capability subclass IVs, nonirrigated;

pasture group 2)

Rock Land---
Rough Broken Land

Tropaguepts

Umikoa Series

~ Stony Land

Waiaha Series

The Waiaha series consists of shallow, well-drained silt 10ams that

formed in volcanic ash. These soils are nearly level to moderately steep and

most areas are extremely stony. They are on uplands at an elevation ranging

from near sea level to 1,000 feet. They receive from 20 to 40 inches of

rainfall annually, most of which falls during the summer months, except in

the Pahala area. The mean annual soil temperature is between 720 and 740 F.

The natural vegetation consists of kiawe, koa haole, natal redtop, .lantana,

guineagrass, andbermudagrass. These sol1sand .Kaimu, Kainaliu,and Punaluu

soils are in the same general area.

Waiaha soils are used for pasture.

Waiaha extremely stony silt loam, ! to g percent slopes (WHCh- This

soil is low on the leeward side of Bua1a1ai and Mauna Loa.

In a representative profile the surface layer is very dark brown

extremely stony silt loam about 4 inches thick. The subsoil is dark-brown

very stony silt loam about 14 inches thick. The substratum is pahoehoe lava
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bedrock. The surface layer is slightly acid. The subsoil is neutral to

mildly alkaline. In places the surface layer is nonstony•

The depth to underlying pahoehoe lava bedrock ranges from 15 to 20

inches. The structure of the A horizon ranges from weak to moderate. Near

sea level, calcium carbonate encrusts the rocks or extends into the cracks of

the bedrock.

Waikaloa Series

Waimea Series

85



GLOSSARY

Aggregate, soil. Many fine particles held in a single mass or cluster.
Natural soil aggregates such as crumbs, blocks, or prisms, are called
peds. Clods are aggregates produced by tiliage or logging. See structure.

Available water capacity (also termed available moisture capacity). The
capacity of soils to hold water available for use by most plants. It is
commonly defined as the difference between the amount of soil water at
field capacity and the amount at wilting point. It is commonly expressed
as inches of water per inch of soil.

Base saturation. The degree to which material that has base-exchange properties
is saturated with exchangeable cations other than hydrogen, expressed as
a percentage ·of the cation-exchange capacity.

Bulk density. The mass of dry soil per unit of bulk voltime. Bulk volume is
determined before drying to constant weight at 105 degrees centigrade.
A unit of measure, usually grams per cubic centimeter or pounds per
square foot.

Cation exchange capacity. The sum total of exchangeable cations that a soil
can adsorb, expressed in milliequivalents per 100 grams of soil or of
other adsorbing material, such as clay.

Clay. Asa soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As a soil textural class, soil material that is
40 percent or more clay, less than 45 percent sand, and less than 40
percent silt.

Consistence, soil. The feel of the soil and the ease with which a lump can
be crushed by thefirigers•. Terms colIlIlionly used to 'describe consistence
are:

Loose. --Noncoherent when dry or moist; .does not hold together in a mass.

Friable,-"lVhen moist, crushed easily under gentle pressure between thumb
and forefinger and can be pressed together into a lump.' '

Firm•...:.'when.moist,crushed undermoderatepressurebetweenthumb,and
forefinger, but resistance is distinctly noticeable. '

Plastic.-Whenwet, readily deformed by moderate pressure but can be
pressed into a lump; will forma "wire" when rolled between thumb
and forefinger.

Sticky.--WhentNet, adheres tootheritnaterial, and tends to stretch
somewhat and pull apart, rather than. to pull free from other material.

Hard.--Whendry,\Uo?erate1rresistantto,pressure;can be broken tNith
difficulty b,etween thumb and forefinger.

Weaklysmeary.-Whenstrong pressure is applied, soil material exhibits
only weak thixotropic properties as evidenced by changing suddenly
to fluid; the fingers "skid," and the soil smears. After the soil
smears there is little or no evidence of free water on the fingers.



Moderately smeary.-Under moderate tq strong pressure, soU material
changes suddenly to fluid; the fingers "skid," and the soil smears
and is slippery. After the soil smears, there is evidence of free
water on the fingers.

Strongly smeary.-Under moderate pressure the soil material changes
suddenly to fluid; the fingers "skid," and the soil smears and is
very slippery. After the soil smears, free water is easily seen
on the fingers.

Drainage, surface. Runoff, or surface flow, of water from an area'.

Erosion. The wearing away of the land surface by wind (soU blowing), running
water, and other geological agents.

Flood plain. Nearly level land, consisting of stream sediments , that borders
a stream and is subject to flooding unless protected artificially.

Horizon, soil. A layer of soil, approximately parallel to the surface. that
has dis,tinct characteristics produced by soil-forming processes. These
are the,major horizons:

o horizon.-The layer of organic matter on the surface of a mineral soil.
This layer consists of decaying plant residue.

A horizon.-The mineral horizon at the surface or just below an 0 horizon.
This horizon is the one in which living organisms are ,most 'active
and therefore is marked by the accumulation of humus. The horizon
may have lost one or more of soluble salts, clay, and sesquioxides
(iron and aluminum oxides).

B horizon.-The mineral horizon below an A horizon. TheB horizon is
in part a layer of change from the overlying A to the underlying
C horizon.' The B horizon also has distinctive characteristics
caused (1) by accumulation of clay, sesquioxides, humus, or some
combination of these; (2) by prismatic or blocky structure;
(3) by redder or stronger colors than the A horizon; or (4) by
some combination of these. Combined A and B horizons are usually
called the solum, or true soil. If a soil lacks a B horizon, the
A horizon alone is the solum.

C horizon.--The weathered rock material immediately beneath the solum.
Inmost soils this material is presumed to be like that from which
the overlying horizons formed. If the material is known to be
different from that in the solum, a Roman numeral precedes the
letter C.

R horizon. Consolidated rock beneath the soiL The rock usually
underlies a C horizon but may be immediately beneath an A or B

.horizon.

Igneous rock. Rock that has been formed by" the cooling ot' molten mineral
material. Examples: Granite, syeni:e, diorite, and gabbro.
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Mottles. Irregular markings of different colors that vary in number and size.
Mottling in. soils usually"t-ndicates poor aeratiopand drainage.
Descriptive terms are: Abundance--few, common,' and many; size--fine,
medium, and coarse; and contrast-faint, distinct, and prominent.

Parent material. The disintegrated and'partlyweatheredrock from which soil
has formed.

Permeability. The quality of a soil horizon that enables water or air to move
~hrough it. Terms used to describe, permeability are as follows·: very
slow, slow, moderately slow,moderate, moderately rapid, rapid and very
rapid.

Plinthite•.• Thesesquioxide-rich,' humus-poor, highly ~eathered mixture of clay
with quartz and other dilutants that commonly shows as. red mottles, .
usuallyln platy, polygonal, or reticulate patterns. Plinthite changes
irreversibly to hardpan or to irregular aggregates on.repeated wetting
and drying or it is the hardened relicts' of the soft, red mottles. It
1s a form of the material that has been called laterite.

Profile, soil. A vertical section of the soil through all its horizons and
extending into theparent'material.

Reaction,soil. The degree of acidity or alkalinity of a soil, expressed in
pH values. A soil that tests to pH 7.0 is precisely neutral in reaction
because it is neither acid nor alkaline. The degrees of acidity or
alkalinity are expressed thus:
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pH

Extremely acid ------- Below 4.5
Very strongly acid --- 4.5 to 5.0
Strongly acid ------- 5~1 to 5.5
Medium .acid ---- 5.6 to 6.0
Slightly acid';""---..;--6.1 to 6.5
Neutral ------------ .6.6 to 7.3

pH

Mildly alkaline ---- 7.4 to 7.8
Moderately alkaline -- 7.9 to 8.4
Strongly alkaline ----- 8.5 to 9.0
Very strongly

alkaline·--:..------ 9.1 and
higher

,. ,-" " .... .<-

Residualmaterial. Unconsolidated partly weathered min.eraLmaterial that
accumulates over. disintegrating solid rock. ..Residual material is not
soil.,bu~,is ..frequently ,the material'in .which a soil has formed.

.. " .. .." .. >< .. '0 _,' '~; ""

Runoff (hydraulics). The part of. the precipitation upon a drainage area that
is discharged from the area in stream channels. The water that '. flows off
thelandsurfac~w1th0t1tsink1nginiscalled surface runoff; that which
enters. thegr0t1ndbeforereachingsurf.ace .streams .is ca:lledground-water
runoff.or seepage flow from groul1dwater. . ,

Sand. . Individual, rockormin.eral frs.gmentsinsol1s· having idiametersranging
from 0.05 to.2.0 millimeters., Most sand grains consist of quartz, but
they may be of any mineral composition.. The textural class name of any
soil,that contains 85 percent or more sand and not more than 10 percent
clay.



Silt. Individual mineral particles in a soil that range in diameter from the
upper limit of clay (0.002 millimeter) to the lower limit of very fine
sand (0.05 millimeter) •. 50il of the.silt textural class is 80 percent
or more silt and less than 12 percent clay.

Soil. A natural, three-4imensional body on the earth's surface that sUpp()rts
plants and that has properties resUlting from the integrated effect of
climate and living matter acting on parent material, as conditioned by
relief over periods of time.

Solum. The upper part of a soil profile, above the parent material, in which
the processes of soil formation are active. The solum in mature soil
includes the A and B horizons. Generally, the characteristics of the
material in these horizons are unlike those of the underlying material.
The Uvingroots and other plant and animal life characteristic of. the
soil are largely confined to the solum.

Structure, soil~ The arrangement of primary soil particles _into compound
particles of clusters that are separated from adjoining aggregates and
have properties unlike those of an equal mass of unaggregated primary
soil particles. The principal forms of soil structure. are: platy
(laminated), prismatic (vertical axis of aggregates .longer than
horizontal), columnar (prisms with rounded tops), blocky (angUlar or
subangular), and granular. Structurelesssoils are (1) single grain
(each grain by itself, as in dune sand) or (2) massive (the particles
adhering together without any regular cleavage, as in manyclaypans
and hardpans).

Subsoil. Technically, the B horizon; roughly, the part of the solum below
plow depth.

Substratum. Technically, the part of the soil below the solum.

Surface soil. The soil ordinarily moved in tillage, or its equivalent in
uncultivated soil, about 5 to 8 inches in thickness. The plowed layer.

Terrace (geological). An old alluvial plain, ordinarily flat or undulating,
bordering a river, lake, or the sea. Stream terraces are frequently
called second bottoms, as contrasted to flood plains, and are seldom
subject to overflow. Marine terraces were deposited by the sea and are
generally wide.

Texture, soil. The relative proportions of sand, silt, and clay particles in
a mass of soil. The basic textural classes, in order of increasing
proportion of fine particles, are sand, loamy sand, sandy loam, loam,
silt loam,- silt, sandy clay loam, clay loam, silty clay loam, sandy clay,
silty clay, and clay. The sand, loamy sand, and sandy loam classes may be
further divided by specifying "coarse," "fine,"or "very fine."

Water table. .The highest part of the soil or underlying rock material that
is wholly saturated with water. In some places, an upper, or perched,
water table may be separated from a lower one by a dry zone.
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Use and Management of the Soils

Soils are used for the production of plants and support of animals

and as structural material for .engineering .. purposes. Thus, this sec-

tion has tw main parts - management of soUs for farming and related

uses, .llhich include woodland and wildlife habitat, and" management of

soils for the'~eonstructionof highways, the support of buildings, and

other engineering uses.

Farming and related usee

This section discusses the suitability and management of the

soUs for crops and pasture, for woodland, and for wildlife habitat.

Management groups .

For convenience in planning the management of .soils, they are

placed.1nmanagement groups accordingtoitheir'suitability for specific

uses. Onegrouping~eseribedinthissectionis the capability system
\

used by the SoU Conservation ..Service (21) • This system is adapted

to soils throughout the country to show their suitability for most

kinds of crops. Other groupings described are those for sugarcane,

pasture, andwodland and for wildlife habitat. These groupings are

adapted to the specialized uses of the soils of theisland~ In the

descript10nof each group the soU features that affect management

are given,· as well as estimated yields al'ldsuggested practices. Only

the soils suited to these spe c1fic .use$ have been placed in these

groups. Some of the stony- so:f.lsandt'be land types, for example,

have not been placed in the sugarcane groups because they are un-

suited or are too variable.

~ As fot' Part IIAl~ pp. 15(1·203.



Crops and pasture

Many factors affect the use of soils for crops .and pasture.

Some important factors are temperature, relief, drainage, depth of

soil, stoniness, availability of water, amount of solar insolation,

and accessibility and suitability for use of mechanized equipment.

These factors are reflected in the grouping of the soils and in the

management suggested. Management refers to such practices assail

preparation, selection of crops, application of fertilizer, uSe ~f

crop residue, and control of soU and water loss. Practices vary,

but generally a high level of management is prac:ticedinRawaii.

Capability grouping

Capability grouping shows, in a general way, the suitability

of soils for most kinds of field crops. The groups are made according

to the l1m:l.tations of the soils when used for field crops, the risk

of damage when they are used, and the way they respond to treatment •

The grouping does not take into account major and generally expensive

landforming such as change slope, depth, or other characteristics of

the soils; does not take into consideration possible but unlikely

major reclamation projects; and does not apply to special management

crops such as rice, cranberries, horticultural crops, or others.

Those familiar with the capability classification can infer from

it much about the behavior of soils when used for other purposes, but

this classification is not a substitute for interpretations designed

to show suitability and limitations of groups of soils for range, for

forest trees, or engineering.

Soils are grouped at two levels, the capability class, and the

subclass. The classification is designated in the "Guide to Mapping
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Units" for all soils on the island, both irrigated and nonirrigated
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soils •
'.

The classification is described in the. following pages •
. '.... ' i'

CAPABILITY CLASSES, the broadest groups, are designated by

Roman numerals I through VIII •. The numerals indicate progressively

greater limitations and narrower choices for practical use, defined

as follows:

Class I soils have few limitations that restrict their use.

Class II soils have moderate limitations that reduce the choice
of plants or that reqUire moderate conservation practices.

Class III soils have severel1m1tations that reduce the choice
of plants, require special conservation practices, or both.

Class IV soils have very severe limitations that reduce the
choice of plants, require very careful management, or both.

Class V. soils are not likely to erode but have other lindtations,
impractical to remove, that limit their use largely to pasture,
range,woodland, or wildlife.

Class VI soils have severe limitations that. make them generally
unsuited to cultivation and limit their use largely to pasture
or range, woodland or wildlife.

Class VII soils have.. very severe J.imitations .that make them un­
suited to cultivation and that restrict their use largely to
pasture or range, woodland, or wildlife.

Class VIII soils and landforms have .limitations that preclude
their. use for c~ercialplants and restrict their use to

. recreation, wildlife, or water supply, or to esthetic purposes~

~

CAPABILITY, SUBCLASSES, are soil groups within one '. class; they

are designated by,adding a small 'letter, e, w, s, or c, to the class

numeral, for example, lIe. The letter e shows that the mainl1m1tation

is risk of erosion unless. close-growing ,plalltc.over is maintained;

wshows that water in or. on the soil interferes ~ithplant growth or

cultivation (in some soils the~etnesscanbe partly corrected by

artificial drainage); sshows that the soil is limited mainly be-

cause it is shallow, droughty, or stony; and c, used in only some



parts of the United States, shows that the chief l1m1tation is

climate that is too cold or too dry.

In class I there are no subclasses, because the soils of this

class have few limitations. Class V can contain, at the most, only

the subclasses indicated by w, s, and c, because the soils in class

V are subject to little or no erosion, though they have other limitations

that restrict their use largely to pasture, range, woodland, wildlife,

or recreation.

Sugarcane

Sugarcane is the principal crop on the Island" of Hawaii. It

is grown on the windward slopes of Mauna Kea and the Koha1a Mountains

and on the southern slopes of Mauna Loa. Sugarcane generally is

not 1rr1.gated, except for the acreage on the Koha1a, Honokaa, and

Paauhau soils at low elevations where the rainfall is relatively

low and solar insolation is high.

Sugarcane is harvested every 20 to 36 months, depending on the

variety of cane and the climate. Replanting generally is not necessary,

because after the cane is harvested the root system sends up new

sprouts, or shoots, to produce the next crop. Replanting is common,

however, to introduce a new variety, alter the irrigation or field

layout, relieve undue compaction of the soil, or change the cropping

system.

The sugarcane industry is highly mechanized. The use of heavy

equipment permits the production of sugarcane in some areas that

otherwise would be considered unsuited for cultivation.

The present method of harvesting sugarcane consists of burning

the cane fields to remove excess leaves. Immediately after burning,
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a mechanical push rake pushes the cane stalks into piles. Large

cranes load the s talksin,to trucks that tran~port the Cane to the

mill. These operations disturb the soil and increase the erosion

hazard, but the hazard can be minimized by harves ting the crop during

periods of low rainfall and by allowing time for regrowth of the

crop before periods of high rainfall. Soil erosion can be controlled

by constructing grassed waterways, irrigating and planting on the

contoUr, lining ditches and canals, and using diversion ditches.

To establish a new planting of sugarcane, the fields are

smoothed, subsoiled, or disk-plowed, and harrowed. If the field

is to be irrigated, the irrigation, drainage, and road systems are

installed. Terraces, diversions, grassed waterways and roads are

installed in non-irrigated areas. After these operations are

completed, the seed stalk is planted by machine or by hand. The

s:talk is 'planted --in the bottom of a machine-opened furrow and covered

with a few inches of soil. The furrows are laid out on the contour

to. minimize erosion. After harvest the common practice is to reshape

and repair the furrows, terraces, diversions, roads, waterways, and

ditches •.

Fertilizer is applied by hand., 1'IIachine,' or airplane or in 1r-

rigation water. The soils respond readily to applications of nitrogen,

phosphorus, and potassium. Lime is needed on some soils. 'The kind .

and amounts of fertilizer are best determined by soil tests, tissue
..

analysis, .field trials, and experience.
",," " -

Insecticides area.pplied· as needed to control inSects. Weeds

are controll~d by herbiCfcies and-hand weeding.
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Sugarcane Group 1

This group consists of we11-drained to somewhat excessively

drained silty clay loams and silty' clays that have a slope of 0 to

35 percent. These soils have moderate to moderately rapid permeability,

slow to rapid runoff, and a slight to severe hazard of erosion. They

hold about 1.5 to 1.8 inches of water available per foot of soil.

Their rooting depth is 36 to 60 inches or more. They receive 20 to

80 inches of rainfall annually. The amount of solar insolation is

high. The mean annual soil temperature is 720 F. or more ~

Those soils are irrigated by sprinkler systems or by furrows

from ditches or aluminum and concrete flumes. The furrows have a

gradient of 0.5 to 1.5 percent. The field layout and tillage practices

are across the slope, nearly on the contour. Diversions and secondary

field roads are also across the slope and serve to remove runoff water.

Young cane is alternated wi.th old cane in strips. The wi.dth of the

strips and the spacing of diversions are determined by the kind of

soil, the length and gradient of slope, and the intensity and fre­

quency of rainfall.

On soils that have a slope greater than 20 percent, special equip­

ment and special land preparation, planting, and harvesting are

required to minimize field damage and soil and water losses.

Yields are 8 to 12 tons per acre per crop.

Sugarcane Group 2

This group consists of well-drained silty clay loams that have

a slope of 0 to 35 percent. These soils have moderately rapid to

rapid permeability, slow to rapid runoff, and a slight to severe

erosion hazard. Their rooting depth is 10 to 60 inches or more.
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They receive 35 to 180 inches of rainfall annually, and the soils

in the lower rainfall areas become droughty during the summer. The

total solar insolation is relatively high. The mean annual soil

temperature is 720 F. or more.

These soils are not irrigated. The field layout and tillage

practices are across the slope, nearly on the contour. The diver­

sions and secondary field roads are also across the slope and serve

to remove runoff water. Young cane.is alternated with old cane in

strips. The width of the strips and the spaeing of diversionS are

determined by the kind of soil, the length and gradient of the slope,

and the intensity andfrequeney of rainfall.

On soils that have a slope greater than 20 percent, special

equipment and special land preparation, planting, and harvesting are

reqUired to minimize field damage and soil and water losses.

Yields are 1 to 11 tons of sugar per acre per crop.

Sugarcane Group 3

This group consists of well-drained silty clay loams.• that have

a slope of 0 to 35 percent. Some of these soils dehydrate irrever­

sibly into fine sand-size aggregates. Permeability is moderately

rapid to rapid, runoff is slow. to rapid, and the erosion ~azard is

slight to severe. The rooting depth is 30 to 60 inches or more.

The annual rainfall is 60 tolOO inches. The amount of solar

insolation is relatively low, and the mean annual soil temperature

is between 680 and n° F.

These soils are not irrigated. The field layout andtll1age

practices are across the slope, nearly on the contour. Diversions

and secondary field roads are also across the slope and serve to
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remove runoff water. Young cane is alternated with old cane in strips.

The width of the strips and die spacing of diversions are determined by

the kind of soil, the length and gradient of the slope, and the

intensity and frequency of rainfall.

On soils that have a slope greater than 20 percent, special

equipment and special land preparation, planting, and barves-ting methods

are required to minimize field damage and soil and water losses.

Yields are 6 to 9 tons of sugar per acre per crop.

Sugarcane Group 4

This group consists of 1II.Oderately well drained to well drained.

silty clay loams that bave a slope of 0 to 35 percent. Some of these

soils dehydrate irreversibly into very bard, fine gravel-size aggregates.

Trafficab1lity is poor. Permeal)ility is rapid, runoff is slow to rapid,

and the erosion hazard is s11gb t to severe. The rooting dep th is 10 to

60 inches or more. The annual rainfall is 80 to 300 inches or more.

The amount of solar insolation is low', and the mean annual s01l

temperature 1s between 560 and 700 F.

These soils ~eceive more than adequate rainfall to produce sugarcane

without irrigation. The field layout and tillage practices are across

the slope, nearly on the contour. Young cane is alternated with old

cane in strips. Diversions and secondary field roads are also across

the slope and serve to remove runoff water. The width of the strips

and the spacing of the diversions are determined by the kind of soil,

the length and gradient of slope, and the intensity and frequency of

rainfall. Harvesting is scheduled during the dry months to minimize

field damage and to allow the regrowth of sugarcane before the wetter

season begins.
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On soils that have a slope greater than 20 percent, special

equipment and speciall~dpreparat10n,planting, and harvesting are

required to minimize field damage and soil and water losses.

Yields are 6 to 9 tons of sugar per acre per crop.

DIVERSIFIED CRO~S

Truck. crops, papaya, bananas, -macadamia nuts, , and coffee are some

of the important crops grown in addition to sugarcane. In 1967 about

18,540 acres were 'used for such crops. About one-fourth of this was

used for coffee and one-fourth for macadamia nuts.

'fRTJCKCROPS •. - Lettuce, cucum5ers, toniatoes, snap beans, daikon

(white radish), and Chinese cabbage are grown for the Honolulu market,

for home use, and to supply other areas when vegetables are out of

season. Broccoli, corn, eggplant, peppers, ginger root, onions, and

taro are also grown, &utin small quantities. VegetaBles are grown

1D81nlyin the Waimea, Kana, and Volcano districts. BecaUSe of the

tropical climate, there 1s an all-year growing season, and in most areas

at least two crops of vegetables can be grown in a year.

In preparation for truck crops, the soil 15 firs t disk harrowed to

chop plant residue. This is followed 5y plowing, disking, harrowing,

and smooth!ng. Areas of extremely stony mucky soils are cleared with

a dozer, tIien smoothed and .rolled. Sugarcane bagasse is spread over

the area for' a mulch. Soil fumigaritsare used before planting to control

nematodes.

The soils used for vegetables respond readily tonitrogeu,

phosl'horus, and potassium. The amount and kin4 of fertilizer and the

time to apply 1 t . depend on the soil arid the crop.:Fe'rti lizer is

applied in dry form or by foliar application. Minor elements and lime
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are added as needed. The rate and kind of fertilizer to apply are best

indicated by' soil tests, field trials, and experience p

Vegetable crops are irrigated by overhead sprinkle-rs or by furrows,

and th~y generally require frequent irrigation.

Weeds a-re controlled by pre-emergence herbicides soon after planting.

Contact herbicides are applied after the crop begins to grow'. Mechanical

and band weeding are also common methods of weed control.

Insects and fungus are controlled by seed treatment and by

insecticides applied by spraying or dusting.

PAPAYA. - Th:l;s is a herbaceous plant commonly referred to as a tree.

It bas a sitngle, erect, hollow stem surmolmted with a crown of large

leaves'. The :melonllke fruit is spherical to oblong in sbape.

The tree, grows rapidly, requiring only 10 to 14 months from the

time of germination of the seed to the harvesting of the first ripe fruit.

Papaya grows well along the coastal plains and tbe foothills where

temperature and solar insolation are high. Most of the papaya plantings

are in the Kapoho area wh,ere the soils are extremely stony and shallow

over fragmental Aa lava. The solo papaya is the most common variety

grown.

P-reparation for planting consists of clearing the fo-rest of ohia

trees, shaping and smoothing, and rolling with a heavy roller or drum.

On fragmental Aa, a small hole is made and a few handfuls of soil are

placed in the ho~e together with fertilizer and a few seeds. Plantings

are usually spaced 8 by 10 feet apart.

Weeds are controlled by herbicides. A complete fertilizer is

applied at planting time and at intervals of 2 or 3 1I10nths.

Control of insects and plant diseases is essential for maximum
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yields~ Phy top tera and anthracnose are the principal diseases of papaya.

Mites and fruitfliesne~d to be controlled. Yields a-r 40,000 to 60,000

pounds per ac-re per year.

BANANAS. - Bananas are among the most commonly grown fruits in

Hawaii. Commerc1albanana plants generally do not p-roduce seeds. New

plants are "USually started from large suckers removedf-rom the parent

plant or from sections takenf-rom old banana stumps • The time required

to grow a crop is_normally one year but depends on climate, soil, and

other f actors.

The ~omost important commercial varieties grown are Cavendish

(Chinese) and Gros Michel (Bluefield). Bananas require adequate moisture

througnout the yea-rand good drainage.

The Cavendish banana can be planted as close as 6 to 8 feet apart,

but the Bluefield reqUires a spacing ofl2 to 18 feet. A surface mulch

ana shallow cultivation help to contr6lweeds. Supplements of manure or

co:nimercial-fertilizers are applied three or more times a year, the rate

depending on the kind and depth of soil, the amount of -rainfall, and the

size of plants.

: Excess suckers are removed at least-four times a year. If soil

fertility is bigh,a new s11cker can be allowed to develop every 3 months

so tliat n01llOre than four stalks make -up a mat at anyone time. _

-Windbreaks are planted to protect bananas in areas exposed to the'

trade winds. The fruit fly and other insects, in addition to nematodes,

diseases, and rats, must Ofa controlled. Bananas ripen best when tney

are picked green. Yieids are abOut 20 ,000 pounds per acre per year~

"MACADAMIA --NUTS. -}1'..acadamia nuts are produced in -the Hamakua. and

Kau distric'ts and on lava soils in Hila, Puna, and Kana. Macadamia
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PASTURE

Approximately 743,000 acres are used for cattle grazing on the

Island of Hawaii. Ranches vary in size from 250,000 acres to small units

operated by part-time ranchers. Nearly all ranches are cow-calf operations.



The beef animals are generally marketed as yearlings, although some

weaners aTe sold as feeders.

SUGGESTED PRACTICES. ~ In areas of low· rainfall, forage production

varies extremely from year to year. When the rainfall is adequate, the

green-feed period sometimes last~fromNovembertoJuly. Wh.en the

rainfall is low, the green-feed period is much shorter, and when there

is a drought the grasses sometimes do not greenup. In areas of higher

rainfall, forage product1oriis consistent from year to year. Those who

manage pas'ture should consider the length of thegreen";feedperiod and

make full useofth({feedwhen it is most nutritious. They should also

consider the consistent variation in forage production from season to

season and vary the stock numbers and grazing time accordingly.

Livestock graze selectively•. They seek the more palatable and "

nutritious plants. Ifgrazirig is not controlled the desirable plants

willoe eliminated and less desirableplantsw11l increase. Pasture

rotation, periodicdefermentc:>f grazing, and a good fertilization

program will help1l18intainthe desirable forage plants.

Weeds can be controlled by applying chemicals, by clipping or

mowing, or oy controlled grazing.

Careful1.y controlled grazing of newly seeded pasture is necessary

to prevent d~structionof the seedl1ngs~ During the first year it is

desirable.'toaiiowbunC::h grass to produce a seed crop.

StockwateTpondsand troughs;· properly located·and constructed,

help to control grazing. The ponds should be l1ned with impervious

material ·to prevent seepage.

"MOst pasture eventually needs reseeding, depending on the kind of

plants and1Danagement.
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EstaDlishingpasture is expensive. If pasture is to fie seeded,

the native rain-forest vegetation. is hulldozed (fig. 16) and a seedbed

is prepared. If .preparing a seedbed is impractical, pasture can De

established by controlling the .existing vegetation. Chain dragging,

brush raking, controlled burning, and applying chemicals are methods

of controlling vegetation. On shallow soils over Aa or pahoehoe lava,

the surface layer of organic matter should not be removed. EstabUshing

pasture on extremely stony soils is difficult, because seeding,

fertiUzing,and controlling weeds andbrush must be done by hand or by .

aerialmethDds. Stony soils are placed in· the same management groups

as nonstony soils, however, because the adapted pasture plants and the

ltIethods of maintaining the pasture are the same.

Nitrogen or a nitrogen-phophorus fertiUzer is generally necessary

to estabUsh grasses. PhosphDrus or a combination of phosphorus and lime

is usually necessary to establish a grass-legume pasture. These should

also fie appUed periodically to maintain yields. The application rate

and timing depend on the..g:!lnd cf Ilasture p.lants, the soil, theet.limat~,

and the season of use.

The best planting stock available should be used for seeding pasture.

Clean seed that has a high percentage of germination insures a gOOd

stand. Legumes should fie inoculated with the proper rhizobium.

All of the present improved varieties of pasturepl~ts on the

island have been introduced. In the following paragraphs some improved

grasses and legumes are discussed.

IMPROVED GRASSES AND LEGt~S. - Koa haole (Leucaena leucocephala)

is a deep-rooted, leguminot,ts, long-lived shrub or. small tree. It is

adapted to areas that receive 25 to 60 inches of rainfall annually and
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are at an elevation .from sea level to 1,500 feet. Koa haole. is established.

from seed. For best res-ults is shouldoe.1Ilechanical1y planted in a

prepared seedbed. It can be planted with guineagrass or green panicgrass,

and it shOUld be lIlanaged according to the growth cycle of the companion

grass.

Big trefoil (Lotus uliginosus) is along-lived semi-prostrate

1e.gume that produces rhizomes and a large fibrous root system. It has

a weak, succulent stem that roots at the leaf axis. The stem grows to

a length of more than 36 inches. This legume is adapted to areas that

.receivemore than 60 inches of rainfall annually and are at an elevation

above 1,000 feet. It grows in'opert s1J!llight or partial shade. It can
..

be established from seed or sprigs and can be planted with kikuyugrass

or pa.ngo1agrass. Big trefoil has a regrowth cycle of 30 days during the

warmer monthS and 45 daysdur1ng' the cooler months. It can withstand

grazing to a2-fnch.stubb1e if the grazing" is" rotated.

Intortum (Desmodium intortum) isa long-lived legume that has a

long, decumbent stem. The stem sometimes roots at the leaf axis and

forms new plants". Intortum is adapted to areas that receive 60 to 120

inches of rainfall annually and are at an elevation from .S4a level to
. .

3,000" feet. It can be established form seed or sprigs. For best

results the seed should be mechanically planted in rows in a prepared

seedbed. This legume is generally planted with pango1agrass but is

1l1anaged according to Its own growth cycle. When the leaves have been

strippedfram the stems, ca.ttle should be' removed from the pasture and

the int6rtum allowed to regrow. The regrowth cycle isaobut60 days

in summer and "90 days in winter.

Kikuyugrass (Pennisetum clandestinum) is a long-lived deep-rooted,



sod-forming grass that spreads. by stQlons and forms a dense turf. This

is an excellent grass for pasture and for controlling erosion. It is .,

adapted to all elevations that receive 40 to aOinches of ~a1nfall

annually. Kikuyugrass is established from sprigs. It bas a ~egrowth

cycle of 30 days during the warmer .months and 45 days during the cooler

months. It can be grazed to .a 2-inch. stubble.

Pangolagrass (Digitaria decumbens) is a long-lived grassth.at. grows

2 to .3 feet tall and produces long stolons that root at the nodes and

fom an open turf. It ~ a good forage producer and provides excellent

ground cover that helps control erosion~ This grass is adapted to areas

that receive 60 to 120 inches of rainfall annually.and are at an

elevation from sea level to 3,000 feet. Pangolagrass does not produce

viable seed. It is propagated by sprigging. For best results the sprigs

should be planted less than 2 inches deep in a prepared seedbed.

Established pangolagrass has a regrowth cycle of 30 days during the

wam months and 45 days in the cool months.

Guineagrass (Panicum 1Ilaxi.mum) is a long-lived btmch grass that

grows 6 to a feet tall. It is adapted to areas that receive 25 to

60 inches of rainfall annually and are at an elevation from sea level

to 2,000 feet. The large fibrous root system is a good soil binder and

helps cont~ol er:osion. Guineagrass is easily established from seed in

a prepared seedbed. Thin stands can be improved by deferred grazing

that permits the growth of a seed crop. Established guineagrass

pasture is ready to graze 40 to 60 days after the end of the dry season.

If soil ~isture is sufficient, guineagrass can be grazed on a 60-day

rotation during the hot months and a 90-day rotation during the cool

months. To maintain a good stand, this grass should not be grazed

105



closer than 8 tolD inches.

Paragrass (~r~chiari,a.muticas1~ Pani.cum ~u1:purascens) is a long­

lived, sod-forming grass. It has a coarse, trailing stem that roots at

the nodes. The flower stem grows as 1Uuch as 6 feet tall. Paragrass is

particularly adapted to poorly drained soils that are at an elevation of

less than 2,000 feet. This grass is a poor seed producer and is usually

propagated from sprigs. Established paragrass has a regrowth cycle of

60 days during the warmer months and 90 days during the cooler months.

Locally, it is used mainly as green~chop forage.

White clover {Trifolium repens) is a shallow-rooted, creeping,

perennial legume that has trigoliolate leaves and stolon!:! that root at

the nodes. It is adapted to areas that receive 35 to 80 inches of rain­

fall. It grows at an elevation from sea level to 10,000 feet but is

commonly grown at 2,000 to 7,000 feet. White clover is always established

from seed and should be planted in a prepared seedbed ~tha mechanical

planter. This is an excellent pasture legume, but good management is

required to keep it in the pasture mixture. It has a regrowth cycle of

30 days in the .wann season and·· 4Sdays in the cooler. months. ,

Dall1sgrass (Paspalum dilatatum).isa deep-rooted, long-lived

perennial sem1bunch grass that hasc,-short rhi~omes., It 1s adapted to

areas that -receive 30 to 100 inches of rainfall, annually, and it grows

at an elevation from sea level to 6,000 feet. It is best established

from seed· in a prepared seedbed. Dallisgrass is· particularly good for

erosion control. Itgrows.hest during the warm season and has a

regrowth cycle of "bQ\,lt..40 days.

Cocksfoot, or orchardgrass (Dactylis glomerata) is a long-lived

bunch grass adapted to areas that receive 40 to 100 inches of rainfall
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annually and are at an eleyation of 3,000 to 8,000 feet. Cock.sfoot has

a large fibrouS root system diat helps control eros.ion. It is easily

established from. seed. It should De planted mecnanically less than 1

inch deep1n a prepared seedbed. It can De planted with a companion

legume. The companion legume can be seeded as recommended or mixed

and planted with the cocks.foot seed. Cocksfoot generally bas a regrowth

cycle of 30 clays during the warmer season, Dut as much as 60 days during

the cooler season. In drier areas the stands can be improved by deferred

grazing that allows the growth. of a seed crop.

Perennial ryegrass (Loliumperenne) is a short-lived, perennial

bunch grass that· forms a turf under grazing. It is adapted to areas

that receive 40 to 100 inches of rainfall annually and are at an elevation

of 2,500 to 7,000 feet. The plant is always established from seed and

should be planted in a prepared seedbed. Perennial ryegrass. has a

regrowth. cycle of 30 days during its most rapid growth, but it may

require 45 days during cool weather.

Buffelgrass CCenchrus ciliare) is a long-lived bunch grass, well

suited to areas that receive 10 to 40 inches of rainfall annually and

are at an elevation of less than 2,000 feet. This grass has a large,

fibrous root system that helps control erosion. It is readily established

from seed, and is best established by shallow seeding with a mechanical

planter in a prepared seedbed. Thin stands can be improved by deferred

grazi.ng that allows a seed crop to grow. Buffelgrass is ready to graze

from 21 to 30 days after rain. If enough soil moisture is available,

this grass can be grazed on a 3D-day rotation, but it should never be

grazed closer than 2 to 3 inches.

Green panicgrass O'anicum maxim.um var. trichoglume)is a medium-tall
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Pas ture Group 1

In this group·· are soils of the. Kawaihae series. These soils occupy

leeward coastal areas in the dr1er.parts of the island. They have a slope

of 6 to 12 percent•. They are at an elevation ranging from sea level to

1500 feet and receive from 5 to 20 inches of rainfall annually, most of

which occurs during the Winter. The mean annual soil temperature is

between 740 and 170 F.

These soils formed in. volcanic ash. They are extremely stony,

somewhat excessively drained, and 20 to 40 inches deep over basalt.

They are moderately permeable.

Unimproved pasture consists mostly of Hawaiianpd,ligrass, feather

fingergrass, swollen fingergrass, il1ma, uhaloa, zinn.1a,and k1awe.

Kiawe .trees grow 1n 't~1ck stands a10?g the coastal flats and in open

stands on the uplands. During the summer the main source of food along

the coastal flats 1s the k1awe pod. Unimproved pasture produces 1,100
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to 1,400 pOmlds of air-dry forage per acre annually. About three~fourths

of the forage is produced dur~ng the· riany season. Dur~ng the dry _~

summer months, most of the annuals die and the perennials are dormant.

Forage plants for improved pasture are buffelgrass, whitepil1grass,

and giant bermuda. Buffelgrass is particularly well adapted. It spreads

rapidly and p-rovides gromld cover that helps control" erosion. Improved

pasture produces 1, 700 to 2,600 pounds of air-dry forage per acre annually •

Pasture Group 2

In this group are Fill land and soils of the Kaalualu, Mahukona,

Pakin1, and Puu Paseries. These soils occupy southern coastal areas

of :Mauna Loa and low, leeward areas ofMamla Kea and the Kohala

Momltains. They have a slope of 2 to 20 percent. They are at an

elevation ranging from near sea level to 2,500 feet and receive from

10 to 40 inches of rainfall annually, JIIOstof which falls during the

winte-r. The mean annual soil temperature is between 690 and 75 0 F.

These soils fomed in volcanic ash and basic igneous rocks. They

are well drained, are moderately to rapidly permeable, and are 20 inches

to more than 60 inches deep.

Unimproved pasture on these soils consists mostly of piligrass,

sand1)ur, natal redtop,bermudagrass, ilima, cactus, klu, Japanese tea,

kiawe, and fingergrass. Winter forage production is about three times

that of su-mer production. The total annual production is about 700 to

1,300 pounds of air-dry forage per acre.

Forage plants for improved pasture on these soils are guineagrass,

and koa hao~e. Improved pasture produces 1,400 to 2,600 pounds of air­

forage per acre annually.



Pasture Group.3

This group cons1sts:of'soilsof the Hawi,,;.Waiaha, and Punaluu series.

These soils are on coastal plains and low uplands. Their dominant slope

is 0 to 20 percent. They are at an elevation ranging: from neat sea

level to 1,200 feet and receive from 20 to 90 inches of rainfall annually.

In the 'Kona district most of·the rain falls from July through September.

The lIlean annual soil temperature is between 720 and 7So F.

These soils formed in volcanic ash, basic igneous. rock, and organic

matter. They are well drained and have moderately rapid -and rapid

permeability. Haw! soils are more than 48 inches deep. Waiaha soils

are less than 20 inches deep over pahoehoe lava. Punaluu soils, which

fo:rmed inorganic matter ," are less than 10 inches deep over pahoehoe

lava.

Unimproved pasture consists mostly ofkiawe,koa haole, klu, cactus,

lantaria, illma, opiuma, natal redtop, andbermudagrass. On the Haw! and
il

Punaluu soils about two-thirds of the forage is produced during the

winter. Onth.e Waiahasolls , four-fifths of the forage is produced

during the summer. The annual production is 1,000 to 1,500 pounds of

air-dry forage per acre.

Forage plants for improved pasture are:b,u£felgrass, guineagrass,

green panicgrass, "and koa haole. Improved ..pasture produces 2,000 to

3,000 pounds of air-dry forage per acre annually.

Pasture Glroup4 .

This group consists ·of so11sof the .Kamakoa, Kamaoa,Waikaloa, and

Wai-mea series. These solIs sreon the leeward side of Mauna ICea. Their

dominant slope is 0 to 20 .percent. They are at an elevation ranging

from 1,000 to 6,000feet:and "receive from 20 to 60 inches of rainfall
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annually, mstof which falls from November through FebruaTY. The-mean

annual soil temperature is between 590 and 69°.F.

These soils formed in ·alluvium and volcanic ash.' They are well

drained or somewhat excessively drained, and are moderately to rapidly

permeable. These soils are.more than 30 inches deep, except for the

Kamakoa soils, which are 20 to 50 inches deep over hard, consolidated

sand.

Unimproved pasture consists mostly of cactus, ili1na.,· aa1ii,

bermudagrass,and natal redtop, and the annual production is 1,000 to .

21 000 pounds of air-dry forage per acre. About two-thirds of the forage

is produced.during theriany season.

Kikuyugrass, green panicgrass, buffelgrass, bermudagrass, white

clover, and bur clover are adapted for improved pasture. The annual

production is 3,000 to 4,000 pounds of air-dry forage per acre.

Pasture Group 5
!

This group consists of soils of the Kohala, Naalehu, Kainaliu, and

Ka1mu series. These soils are on low uplands and their slope is 0 to

35 percent. They are at an elevation ranging from near sea level to

1,800 feet and receive from 35 to 60 inches of rainfall annually. Their

mean annual soil temperature is hetween 710 and 750 F.

These soils formed in volcanic ash, basic igneous rock, and organic

matter. They are well drained and have moderately rapid to r.apid

permeability. They are more than 36 inches deep, except for the

Kainaliu and Kaimu soils. The Kainaliu so11s are 20 to 40 inches deep

over As. lava. The Kaimu soils formed in organic matter and are less

than 8 inches deep over gragmental As. lava.

"Unimproved pasture consists .mainlyof natal redtop, bermudagrass,
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lantana, Christmas berry, guava, Japanese tea, and bush indigo. Monkey

pod, silk osk, and ohia trees are also cammon in some areas. Two-thirds

of the for,age is produced during the \dnter, except in the Kons. area

where four-fifths of the forage is produced during the stmimer. The

annual production is 2,000 to 3,200 pounds of air-dry for,age per acre.

Guineagrass, k081 haole, kikuyugrass, and kaim1 clover are adapted

plants for improved pasture, and the annual production is 4,000 to 7,000

pounds of air-dry forage per acre per year.

PastllreGIioup 6

Tropaquepts are the only soils in this group. These soils are .on
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alluvial valley bottoms. Their slope is ° to 6 percent.
'; , They are at

an elevation ranging.from near sealevel to 500 feet and receive from

60 to 100 inches of rainfall annually. The~r mean annual so11 temperature

is between 720 and 750 F.

These soils formed in alluvium, .and they are 20 inches to more

than 40 inches deep. Their dominant properties are the result of poor

drainage Induced by man.. These soils .have poor workahility. They are

subject to frequent flooding. The depth to the water table is less

than 20 inChes.

Unimproved pasture consists mostly of hilograss, honohonograss,

and wetland sedges and guava and monkey pod. These soils are on sites

that have a l2-.monthgrowing season. The ,annual production is about

3,000 to 4,000 pounds of air-dry forage per acre ..

Pangolagrass,kikuyugrass,big trefoil, and intortum are adapted

plants for improved pas ture. The> annual production is 4 ;0'00 to 5,000

pOlmds of air-dry forage per acre.



Pasture. Group J

'Ihis .. group consists of Mixed alluvial land and soils of the

following series:
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Ainakea
Honuaulu
Kona
Kukaiau
Halama
Hoaula

Niu1ii
Ookala
Opihikao
PaaUhau
Puna

These soils are on low uplands. Their slope ranges from 0 to 35
-

percent. They are at an elevation ranging from near sealevel to 3,500

fe.etand re.ceive from 60 to 120 inches of rainfall annually. Most of

the rainfall on the Honuaulusoi1s comes during the summer. Themean

annual soil temperature is between 630 arid 740 F.

MiXed alluvial land is fonn1Ilg in young a1luviuD1 and has variable

propert1es. Kana, Halama, Op1h1kao, and Puna sol1s formed in organic

.matter over lava. Kana and Opihikao soils are less than 7 inches deep

over pahoehoe lava. Halama and Puna soils are less than 10 inches deep

over fragmental Aa lava. The other soils formed' in volcanic ash and

are more than 20 inches deep. They are well drained and have moderately

rapid pexmeabi1ity.

Unimproved pasture consists of hilograss, glenwoodgrass, yellow

foxtail, carpetgrass, md guava•. Ohia, silk oak, eucalyptus, and kukui

trees also grow on these soils. The pasture sites have a l2-month

growing season. The annual production is about 3,000 to 4,000 pounds

of air-dry forage per acre.

Pangolagrass, kikuyugrass, big trefoil, and intortum are adapted

plants for 11IIproved pasture. The annual production is 4,000 to 5,000

pounds of air-dry forage per acre.



Pasture Gro.up 8

'ni.1s group .consists of soi.ls .of the. Akaka, Kah.ua, lCehena, Piihouua,

and Puaulu seTies. These soils are on uplands of Ma~na Ke.a, ¥.auna'Loa,

and the lCoha1a Mountains. They are a t an elevation ranging from 1,000

to 6,500 feet and have a slope of Q to 20 percent. They receive from

60 t03QQ inches of .rainfal1 annually, and it is well distributed

throughout the year. Their· mean annual soil temperature is between

550 and 680 F. There is considerable· fog and cloud cover, especially

during the winter.

These soils formed in volcanic ash and have a depth ranging from

20 inches to more than 60 inches. They are well drained to somewhat

poorly drained and rapidly to slowly permeable.

Un11I1proved pasture consists mostly ofyellow foxtail, carpetgrass,

rice-rass,glenwoodgrass,rattail, tarweed, an.d wetland sedges. Tree

fern, koa andohia greesgrow in Uncleared areas About four-fifths

of the forage is produced during the summer. The annual production is

2,000 to 3,000 pounds of air-dry forage per acre.

Kikuyugrass, pangolagrass, big trefoil, white clover, and intortUm

are among the adapted plants·forimproved pasture. The annual production

is 4,000 to 5,000 pounds of air-dry forage ·peracre.

Pasture Group· 9
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. Alapai
Bi~ea

Bilo
Honaunau
Honokaa
Kaiwiki
Kealc:ikekua
Keaukaha

Keet
Kiloa
Manu
OMa
Ol~a
Panaewa
Papai

These soils are on uplands and have a slope range of 0 to 35 percent.



They are at an elevation r8:Uging f~OJn near sea level to 5,000 feet. They

receive from; 80 to 200 inches of rainfall annuallf" and it is well

distributed throughout the Yea-r. The'·]Ill!an annual soil temperature is

between 580 and 740 F.

These soils are mode-ratelywell drained to well drained and are

rapidly permeable. Keaukaha, Keei, Kiloa, and Papai soUs fomed in .

organic: matter and are not more than 10 or 12 inches deep over. pahoehoe

or fragmental Aa lava. The other soUs formed in volcanic: ash and are

20 inches to ll10re than 60 inches deep, except for the liilea, and Panaewa

soils, :which.are less than 20 inches.

Unimproved pasture on these soils consists mostly of califomia­

grass, carpetgrass, ricegrass, and honohonograss. Ohia,tree fern,

waiwi, and Eelastome grow in uncleared areas. The pasture sites have

a l2-month growing season, but the best quality. of forage is produced

duri.ng die summer. The annual production is 3,000 to 5,000 pounds of

air-dry forage per acre.

Pangolagrass, kikuyugrass, big trefoil, and intortum are adapted

plants for improved pasture (fig. 17), and the annual production is

8,000 to 14,000 pounds of air-dry forage per acre.

Pasture Group 10

This group consists of soils of the Heake, Puukala, Kahaluu, Lalaau,

and Puhimau series. These soils are on uplands of Mauna Loa and Hualalai

and have a slope range of 0 to 20 percent. They are at an elevation

ranging from 2,000 to 7,000 feet arid receive from 60 to 150 inches of

rainfall annually. Their mean annual soil temperature is between 550

and 65° F.

These soils are well drained and are rapidly permeable. The Heake,
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Puhimau, and Puuk~la·soils formed in volcanic ash., pumice, and cinde1;'s.

'they are less' than .20 inc:h.es deep,over pahoehoe laVA, TOe. ICahaluu and

Lalaau soils formed in organic matter and are }ess tlian lQ inches deep.

The ICahaluu soils are over pahoehoe lava, and the Lalaau soils are over

fr,agmental Aa lava.

Unimproved pasture consists mostly of carpetgrass, ricegrass,

glenwoodgrass, puu lehua, tarweed, and wetland sedges. The main trees

are tree fern, koa, mamani, and obla. About four-fifths of the forage

is produced during the summer. The annual production is 500 to 1,500

pounds of air-dry forage per acr.e.

Kikuyugrass, dallisgrass, orchardgrass, big trefoil, and white

clover are adapted paInts for improved pasture. The annual production

is 1,000 to 3,000 pounds of air-dry forage per acre.

Pasture Group 11

In this group are soils of theMaile.Ma~haa. Punohu, and Puu 00

series. These soils are on uplands of Mauna Kea, Hualalai, and the

Kohala Mountains. They have a slope of 0 to 20 percent. They are at

an intermediate elevation ranging from 2,500 to 6,500 feet and receive

from 50 to 100 inches of rainfall annually. Their mean annual soil

temperature is between 530 and 600 F• There is considerable fog and

cloud cover during the winter.

These soils formed in volcanic ash,. and their depth. ranges from

20 inches to more than 60 inches. They are well drained and have

moderately rapid permeability •

Unimproved pasture consists of bermudagrass, rattail, sweet vernal,

kuka1puaa, white clover , and alapa1ofern. Koa, ohia, and tree' fern

grow on Uncleared areas. About two-thirds of the forage is produced
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during spring and fall. The annual production is 4,000 to 6,000 pounds

of air-d-ry forage per acre.

Kikuyugrass, pangolagrass, orcI1ardgrass, ryegrasS', white clover,

and big trefoil are' adapted plants for improved pasture, and the annual

production is 8,000 to 12,000 pounds of air-dry forage per acre.

Pasture Group 12

In this group are soils of the Kikoni, Palapalai, Umikoa, Kekake,

and l!awae series. These soils are on uplands of Matma Kea, Kohala, and

Hualalai. They have a slope range of 0 to 20 percent. They are at an

elevation ranging from 2,000 to 1,000 feet and receive from 35 to 90

inches of rainfall annually. Their mean annual soil temperature is

hetween 520 and 660 F.

All except the Kekake and Mane soils formed in volcanic ash and

are more than 42 inches deep. The Kekake and Mawae soils formed in

organic material over lava and are less than 10 inches deep. Kekake

soUs overlie pahoehoe lava, and the Mawae soils overlie fragmental

'Aa lava. The soils of this ~oup are well drained andr,have mcderat~ly

rapid to rapid permeability.

Unimprov.ed pasture consists mostly of hilograss, carpetgrass,

yellow foxtail, bermudagrass, and rattail and an overstory of ohia

and tree feme About two-thirds of the forage is produced during spring

and fall. Short, droughty periods and a lowering of the temperature

may influence forage production. The annual production is 2,000 to

5,000 pounds of air-dry forage per acre.

Pangolagrass, kikuyugrass, orchardgrass, big trefoil, and intortum

are adapted plants for improved pasture, and the annual production is

4,200 to 8,000 pounds of air-dry forage per acre.
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Pasture Group 13

In thisgToup are, s~11s of the Hanipoe, 1Q1paJ?a1a, andLaumaia

series. These soi18 are on" the' high 'Uplands of"Mauna 'Kea and Manna Loa.

Their slope is Oto 20 percent. They are at an elevation ranging from

2,000 to 8,000 feet and receive from 30 to 70 inches of rainfall annually.

Their mean annual soil temperature is between 500 and 610 F.

These soilsformed.in o vo1canic·ash and have a depth of 36 inches

to more than 60 inches. They are well drained and have moderately

rapid permeability.

Unimproved pasture consists mostly of bromegrass, rattail, and

kukaipuaa and an overs tory of koa, Ohia, and mamani. Because of the

cool temperature and dry periods, forage production is seasonal. It is

~ligh.t1y higher during the summer. The annual production is 2,200 to

3,500 pounds of air-dry forage per acre.

-Kikuyugrass, puu1ehtla.~0:rch.ardgrass,white clover, and big trefoil

are adapted plants for improved pasture, and the annual production is

4,200 to'O 8,000 pomds ofa.ir-dry forage per acre.

Pasture Group 14

In this group are soiis of the Apakuie, Keekee, Ulohana, and

RuikaU series.' These soils are on high uplands of MaunaKeaandRua.1a1ai.

Their slope is 0 to 20 percent. They are at an elevation ranging from

5,000 to 9,000 feet and receive from 15 to 40 inches of rainfall annually.

Theitllleanannu3.lsoi1temperature is between 410 and 530 F.

All except the Keekee<>so1.1sformed 11l.voicanicash.,cinders, and

pumice. Keekee soi1sareforining in young alluvium; The' soUs of this

group are 36 inChes to more than 60 inches deep • They are well drained

or somewhat excessively drained and are rapidly or very rapidly permeable.
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Unimproved pasture consists lIlOstlyof puakeawe, obela,· aalii,

hardstem lovegrass, 1IICuntain pili; and sweet vernal and an overstory of

koa, ohia, .and 1IIaman i. Forage production is slightly higher during

spring and fall. The annual production is 1,000 to 1,500 pounds of

air-dryforageper acre.

Orchardgrass, altafascue, tall meadow outgrass, velvetgrass,

Parker Ranch bluestem, burclover , and black medic are prospective

plants for improved pasture, and the annual production is 2,000 to

4,000 pounds of air-dry forage per acre.

WOODLAND

In the 1930's the Civilian Conservation Corps planted trees on the

Island of Hawaii, primarily for watershed protection. ~1any of these

stands are now ready to be harvested (fig. 18). According to the

"Forest Resources of Hawaii - 1961" (9), the volume of timber on the

island was about 602 million board feet, which was acout 84 percent of

the volume of timber in the State. The "Conservation Needs Inventory

of 1967" (unpublished) lists 704,000 acres, or 28 percent of the total

acreage of the island, in commercial forest.

The native forests are generally well stocked with. ohia, koa,

eucalyptus, and other trees. There are about 82 million board feet of

robusta eucalyptus, which is used increasingly for furniture manufacturing,

home construction, and other purposes (9).

Host of the trees that are planted are for timber, windbreaks, or

watershed, but Norfolk-Island-pine is planted for Christmas trees (fig. 19),

which are marketed locally and on the mainland.

WOODLAND CONSERVATION. - Conservation practices are needed to develop

a woodland enterprise on the Island of Hawaii. Before trees. can be



planted, .many areas needclear1~g to remove compe,ting plants and

prepare. the soil. Onshallotit\ soils over As. or pahoehoe lava, the

organic1material should be disturbed as little as possible.

Normally, seedlings are planted in spacings that range from 8 by

8 feet.to 12 by 12 feet. To insure tree survival and good form,

initial plantings of trees are usually closer than needed.

When the trees are 5 to 20 years of age, the stands are thinned

to .improve the growth and qual! ty of the crop. Periodic commercial

thinning increases income and maintains a fast growth rate of the

remain:!:ng trees. The trees left for cutting are pruned.

When the stand has reached a desired size, it is harvested by

clear cutting or by some type of shelteYWood cutting. After the

harvest, regeneration of the stand begins, and competing vegetation

is removed un~il the seedlings are well established.

Proper construction of access roads and control of erosion are

important. Roads should be constructed on· grades of less than 12

percent and protected from erosion by water bars, culverts, and ditches.

WOODLAND GROUPS. - The soils of theisland have been placed in

woodland groups on the basis of adapted species of trees, estimated

annual productivity per acre, seedling mortality, plant competition,
" .

equipment l1:m1tations, erosion hazard, arid windthrow hazard.

ADAPTED SPECIES are trees that are best suited for planting or for

favoring in existing stands. Oi:lthe Island of Hawaii, most of the trees

that are grown commercially are exotics that have been introduced. Ohia'

andkoa are the main native trees that are satisfactory forcommerc1al

production.

ESTIMATED ANNUAL PRODUCTIVITY PER ACRE is the estimated annual
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production of board feet per acre measured according to the international

~-inch rule.. At present there are no site or yield tal)les for any

species of trees grown in Rawa1:l,&ut -many stands of trees that have a

known age have been measured and yields have been estimated on the

basis of a harvesting cycle of 30 to 60 years, using rabusta eucalyptus

as a standard. One reason for the wide range in productivity within a

group is the variation in growth rate between species of trees.

SEEDLING'IDRTALITY is the mortality of naturally occuring or planted

seedlings, as influenced by soil, topography, and cUmate. The rating

is slight 1f the expected mortality is less than 2S percent, moderate

if it is between 25 and 50 percent, and severe if it is greater than

, 50 percent.

PLANT COMPETITION is the invasion or growth of undesirable plants.

SlightcompeUtion does not prevent natural regeneration or the growth

of planted seedlings. Moderate competition delays but does not

pTevent the eventual establishment of adequately stocked stands.

Severe competition prevents establishment of stands unless the site

is intensively prepared and weeded.

EQUIPMENT LIMITATIONS are limitations imposed by the characteristics

of the soils that restrict or prevent the use of equipment in tending

and harvesting trees. The limitation is slight if it does not restrict

the kind of equipment or the time of year in ~ich it can be used. The

limitation is moderate if the use of equipment is moderately restricted

by slope, stones, seasonal wetness, or physical characteristics of the

soils. The limitation is severe if special equipement is needed and

its use is restricted by slope, stones, wetness, or soil characteristics.

EROSION HAZARD depends on slope, soil stability, permeaBility,
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water-hold!:ng capacitY, ~dextent of past erosion, Erosion in
, '

woodland seldom'occurs until v:egetation'is distui"bed or' destroyed

by fire or by excessive grazing, logging, or road Duilding. The

hazard is slight if there are only .minor problems, moderate if some

control measures are necessary, and severe if intensive co~trol measures

and special equipement are needed.

wtND'IHROW HAZARD is. the possibility of trees being blown over by

wind. The hazard is slight if trees are not expected to be blown

down &y commonly occUTring winds, moderate if some trees growing on

wet OT shallow soil are likely to be blown down .' by high wind, and

severe if most of the trees growing in a stand on wet or shallow soil

are expected to be blown down by moderate or high wind.

Woodland Group 1

This group consists of well-drained and somewhat excessively

drained veryfinesandyloams that formed. in volcanic ash. These soils

have a slope range of 0 to 20 percent. They are' at an elevation of

1,000 to 6,000 feet and receive 20 to 60inehes of rainfall annually.

The mean annual soil temperature is between 590 and 690 F.

Loblolly pine, slash pine, and gray ir'onback eucalyptus are the

adapted species. The esd.mateda.nnual production is 100 to 200 board

feet per acre. S~edl1ng mortality is moderate to severe. Plant

competition is slight fromberml1dagrass, a~li, and cactus'. The

equipment limitattonis slight except iristoriyareas.The erosion

hazara is slight to moderate, andth.ewindthrow hazard is slight.

Woodland Group 2

This group consists of well-drained silty clay loamsthat formed

in volcanic ash. These soils have a slope range of 0 to 35 percent.
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They receive from 35 to 60 -inches of rainfall annually and are at an

elevation of 750 to 1,800 feet. Their mean annual soil temp~rature is

D~tween 710 and 750 F.

The adapted species are sal,igna eucalyptus, gray ironbark

eucalyptus, red ironbark 'eucalyptus, silk oak, and Norfolk-Island-pine.

The- estimated annual production is 200 to 400 board feet per acre.

Seedling mortall ty is moderate • Plant competi tion is 1DOderate from

bermudagrass, kikuyugt;ass, bilograss, and rattail. The ~quipment

llm1tation is slight .to moderate, -the windthrow hazard 1s slight, and

the erosion hazard1s sUght to severe.

Woodland Group 3

This group consists of moderately deep, poorly drained soils that

formed in recent alluvium. These soils have a slope range of 0 to 3

percent. They receive from 60 to 100 inches of rainfall annually and

are at an elevation of 0 to 500 feet. The mean annual soil temperature

is between 700 and 760 F.

"Monkey pod, robusta eucalyptus, sallgna eucalyptus, and albizzia

are the adapted species on these soils. The estimated annual production

is 500 to 800 board feet per acre. Seedling mortality is slight. Plant

competition is moderate from bilograss, californiagrass, guava, and

ferns. The equipment limitation and windthrow hazard are severe. The

erosion hazard is slight. These soils are subject to frequent flooding.

Woodland Group 4

This group consists of well-drained silty clays that formed in

residuum from basic igneous rock. These soils have a slope range of

o to 35 percent. They receive from 40 to 60 inches of rainfall

annually and are at an elevation ranging from sea level to 1,500 feet.
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The mean annual soil temperature is between 120 nad 740 F.
Norfolk-lsland-pine" irobusta',eucalyptus,si1k oak, ..and monkey pod

are the' adapted species. Estimated annual production is 200 to 400

board feet per acre. Seedling.mortality is moderate to severe. Plant

comPetition is:moderate from bermudagrass. The equipement limitation

is slight' to moderate, the erosion hazard is slight to severe, and the

windthrow hazard is slight.

Woodland GroupS

This group consists of well-drained silty claY'~oams that formed

in volcanic ash.:These soils have a slope range of ~ to 35 percent.

,They receive from 60 yo 120 inches of rainfall annually and are at an

elevation ranging from near sea level to 2,500 feet. The mean annual

soil temperature is between 650 and 740 F.

Sal1gna and robusta eucalyptus, Australian toon, Queensland maple,

lDOnkey'pod, silk oak, Norfolk-Island-pj,ne, and albizzia are the adapted

species on these soils. The es timatedannual production is 500 to 800

feet per acre. Seedling mortality is slight. Plant competition is

~derate fromh1~ograss, californiagrass, guava, Christmas berry, and

kikuyugrass. The equipment limitation is slight to moderate, the

windthrow hazard is slight, and the erosiOn hazard is slight to severe.

Woodland Group 6

This group Consists of well-drained to somewhat poorly drained soils

that farmed in 'Volcanic ash and have a 'silt loam or silty clay loam

texture;>Jll.ese soils have a slope range of Oto 20 pex-cent and are
-....

more than 20 incnes deep. They are on uplands at,an eleyation ranging

from 1,000 to 6,500 feet and receive from·gOto 300 tnchesof rainfall

annually, Th,emean annual soil temperature is between '550 and 680 F.
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Robusta eucalyptus, Nepal alder, tropical ash, and ,the native obia

are the adapted species. The" estimated annual production is 500 to

900 board feet per#"acre. Seedling lDOrtality is slight. Plant

competition is severe from tree ferri, false staghorn fern, melabar

melas tome , downy myrtle, and kikuyugrass. 'the equipment limitation is

severe because of the low bearing capacity of these soils. the erosion

hazard is slight to moderate, and the windthrow hazard is sUght.

Woodland Group 1

This group consiSts of well drained and moderately well drained

silt loams and silty clay loams that formed in volcanic ash. These

soils have a slope range of 0 to 35 percent. they are at an elevation

ranging from near sea level to 5,000. feet and receive from 80 to 2ee

inches of rainfall annually. Their mean annual soil temperature is

between 580 and 740 F.

'the adapted species aresaligna and robusta eucalyptus, Nepal alder,

Norfolk-lsland-pine, Australian toon, Queensland maple, tropical ash,

blackwood, sugi, redwood, and monkey. pod. Ohia and koa are native trees

that are well adapted. The estimated annual production is 700 to 1,000

board feet per acre. Seedling mortality is slight. Plant competition

is severe from tree fern, false staghorn fern, melabar melastome,

downy myrtle, and kikuyugrass. the equipment limitation is moderate

to severe. The erosion hazard is slight to severe, and the windthrow

hazard is slight.

Woodland Group 8

This group consists of well-drained silt loams that formed in

volcanic ash. These soils have a slope range of 0 to 20 percent. They

are at an elevation of 2,500 to 6,500 feet and receive from 50 to 100

125



)

inches of rainfall annually. Their mean annual' so11 tempera ture .is

between' 530 and 600 F.

The' adapted species are sa~igna and robusta eucalyptus, Australian

toon, Queensland maple, tropical ash, .slashpine,redwood,.,sugi, and

the native.ohia and koa. The estimated annual production is 500 to

800 board feet per acre. Seedling mortality is slight. Plant_

competition issllght, except where kikuyugrass grows. The. equipment

limitation is slight, except on the very stony soils Where it is

moderate. The erosion hazard is s~ight to moderate, and" the windthrow

hazard slight.

Woodland Group 9

Tbisgroup consists of well-drained very fine sand loams, silt

loams, and silty clay loams that •. fomed in volcanic ash. These soils

have a slope range of 0 to 20 percent. They receive from 35 to 90

inches of rainfall annually and are at an elevation of 2,600 to 5,000

feet. Their mean annual soil temperature is between 550 and 660 F.

The. adapted species are saUgna and robustaeucalyptus, Australian

toon,Queensland maple,. tropical ash and loblolly and slash pine. The

estimated annual.production is 500 to 700 .board .feet per acre. Seedling

1I1OrtaUtyis slight. Plant competition is severe .fromkikuyugrass

and paspalum. Theequipmellt lim1tationi~ slight, the erosion hazard

is slight to moderate, and the wind throw .hazard is slight.

Woodland Group 10

This >group consists of well-drained loams and silt loams that

fomed<in volcanic ash. These ,soils have a slope range of 0 to 20

percent. They receive from 30 to 70 inches of. rainfall annually and

are at an elevation of 2,000 to 8,000 feet. Their mean annual soil
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temperature is between 520 and 610 F.

The adap ted species are saligna eucalyptus, sugi, tropica~ ash,'

loblolly pine, slash pine,' and the native koa andohia. The estimated

annual production is 400 to 600 board feet per acre. Seedling

.mortality is slight. Plant competition is moderate from alapaio fern,

dallisgrass, and kikuyugrass.the equipment limitation is slight,

except on very stony soUswhere is is moderate. The erosion hazard

is slight.

Woodland Group'll

In this group, are shallow sandy loams and silt loamsthat formed

in volcanic ash and pumice over pahoehoe' lava. These soils are only

10 to 20 inches deep. They have a slope range of Ot020 inches deep.

They receive from 60 to 125 inches of rainfall annually and are at

an elevation of 2,000 to 4,000 feet. Their mean annual soil temperature

is between 590 and 610 F.

Saligna eucalyptus, blackwood, sugi, tropical ash, and Nepal

alder· are the adapted species. The estimated annual production is

20a to 500 board feet per acre. Seedling mortality is slight. Plant

cOEpetition is slight to moderate from tree fern and kikuyugrass. The

equipment limitation is slight to moderate. The erosion hazard is

slight to moderate, and the windthrow hazard is severe.

Woodland Group 12

This group consists of shallow silty clayloams that formed in

volcanic ash and are only 10'to 20 inches deep over pahoehoe lava~

These soils have a slope range of 0 to 20 percent. They receive from

100 to 200inc:hes of rainfall annually and are at an elevation of'300

to 2,000 feet. Their mean anniJal soil temperatl1reis between 650 and 740 F.



...RobuSta and sal:igna eucalyptus, sugi, Australian toon, and the

nativeoIda and koa are '! ttili ,adapted species citF\these soils. The

esti1nated annual production is' 500' to 900 .Eoardfeet'per' acre. Seedling

1IlOrtality is slight. Plant competition'isslight to moderate from

tree fern, hilograss, californi,agrassandmelabar melastome. The

equipment l:f:m1tation is moderate,' the erosion hazard 1s slight,.:and

tIi.e'tdndtlirow ha.zard 1s moderate to severe.

Woodland Group 13

rn . this group are muCky soils tha t. formed in organic matter and are

less than 10 inches deep overAalava. .These soils have a slope range

of 0 to 20 percent. TRey receive from 60 to 150 inches of rainfall

annually and are at an elevation ranging from near sealevel to 4,000

feet. .Their .mean annual soil temperature is between 630 and 750 F.

Sa11gna and· robustaeucalyptus,blackwood,Queenslandmaple,

Australian toon,and the na.tive ohia are the adapted species. Estimated

annual production is 700 to 1,000 board feet per acre. Seedling

1IIOrtality ·is slight. Plant competition is severe from tree fern, guava,

and kik'UY.ugrass. The equipment limitationis··severe. The erosion and

windthrow hazards'are sligh.t.

Woodland Group '14'

In thisgrouparemtickysoilsthat fanned in organic matter and are

less thani2inehes thick over Aa la.va~ Th.ese soils have a slope range

of 0 t020persent. They receive from 50 inches to more than 150 inches

annually and 'are 'at an elevation of 3,500 to 7,000 feet. Their mean

annual soil temperature is between 530 aridSgOF.

Saligna. androbusta eucalyPtus, tropical ash, blackwood; redwood,

sugi,' and theilati-veohiaandkoaarethe adapted species. The
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estimated annual production is 500. to .]00 hoard feet per acre.

Seedling 1I1Orbllity. is sl1gh.t, Plant campetition is .moderate from tree

feTn and kikuyugrass. The' eq"U1pemet1e l.11Ditation is severe. The

erosion hazard and windthrow hazard are slight.

Woodland Group 15

This group consists of well-drained silt loams that formed in

volcanic ash and are 10 to 20 inches deep over pahoehoe lava. These

soils have a slope range of 0 to 20 percent. They receive from 20 to

40 inches of rainfall annually and are at an elevation ranging from

near sea level to 1,000 feet. Their mean annual soil temperature

is beeween 720 and 740 F.

Silk oak, mango, and monkey pod are the adapted species. The

estimated annual production is 100 to 300 board feet per acre. Seedling

mortality is severe. Plant competition is severe from guineagrass.

The equipment limitation and the erosion hazard are slight .to moderate.

The windthrow hazard is severe.

Woodland Group 16

In this group are well-drained and somewhat excessively drained

very fine sandly 108ll1Y sands, and loamy fine sands that formed in

volcanic ash or cinders. These soils have a slope range of 0 to 20

percent. They receive from 15 to 40 inches of rainfall annually and

are at an elevation of 5,000 to 9,000 feet. Their mean annual soil

temperature is beeween47° and 530 F.

Loblolly and slash pine and gray ironbark eucalyptus are the adapted

species. The estimated annual production is 100 to .200 board feet per

acre. Seedling mortality is moderate to severe. Plant competition is

slight frommamani, naio, aa1ii, and 10vegrass. The equipment l1mi.tation
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is sligh.t to moderate, the erosion hazard is slight to severe, and the

windthrow hazard is sl:1gh.t·.·

WILDLIFE·

Various kinds of wildlife thrive on the island, from the arid

coastal plains to the very humid rain forests on themountain slopes.

Nearly all the big· gaineandthe upland game birds were· introduced.

The first pigs were brought in by the early Polynesians as a source

of food. Goats were introduced by Captain Cook in 1778. Captain

Vancouver brought sheep and cattle as gifts to the royalty in 1794.

Atabu was placed on them, however, and they went wild in the forest(Q3).

Since 1920 many kinds of birds have been introdt:.ced forhun.tir.g,

for control of insects, and for esthetic value. Birds that have been

br~ught in primarily for hunting arE: the Chinese ring-necked pheasant,

California valley quail, Japanese. quail, Indian.chukar part.ridge"

barred dove t andlaC'.e-necked dWI!. The Rio-=Grande turkey, Reeves'

.pheasant, Barbilry partridge, Gamel's quail, and fra~colin partridge ,
..-.

have been introduced lately by the State Fish and Gctml! Division of

Hawaii (4).

Bass and bluegill arE: stockp..d in somerese'tVol rs in Kohala.

Wild pig; art: found frotI'. sea level to high up int&emountains.

Goats are common on r.ockyareas throughout the island. Feral sheep

aTe concentrated on the .high. slopes of Mauna Kea and Mauna Loa.

The hunting ;3eason extends year round for sheep, goats, and pigs.

The game-bird season usually opens during the beginning of Noveuber

and closes inthemfddle ':)f Jen\Ul.rY. Bow and arrow hunting for sheep

and pigs is epen all year in certain areas.

There are five public hunting groundn, or ga-me 1IIanagement .1reOlS,
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on the Island of Hawaii. these are located within four soU

associations described in the "General Soil Map" section of this

publication.

the Puako game .area is in the Saddle overlapping the Kekake­

Keei-Kiloa and the Lava flows soil accociations. the vegetation in

the Kekake-Kee.i-Kiloa soil association consists of ohia and tree

fern forest. the Lava flows association has a sparse vegetation of

oheloberry, aalii, and maman!. Wildlife hunted in this area include

goats, feral sheep, wild pigs, pheasants, California quail, Japanese

quail, chukar partridge, and doves.

TI1eMauna Kea game area is within the boundaries of the Mauna

Kea State Forest. the area extends from an elevation of about 6,000

feet to the top of the mountain. It is in the Lava flows soU

association. the vegetation consists of ohelo berry, aalii, naio,

and mamani trees •. Wild pigs, goats, feral sheep, pheasants, quail,

chukar partridge, doves, and pigeons live in this area.

The Horse Pasture game area occurs within the Wa1mea-Kikoni­

Naalehu soil association, which has a vegetative cover of grass and

brush. This area is open to upland game bird hunting.

the Pohakuloa game area is a semi-arid alluvial flat in the

Saddle between Mauna Kea and Mauna Loa. All kinds of birds and

big game common on the island are found in limited numbers.

CLASSIFICATION OF THE SOILS

the Island of Hawaii has a variety of soils as a result of

e~tremes in the factors that are active in soil genesis; climate,

vegetation, parent material, relief, drainage, and time. Annual

rainfall ranges from 10 inches on the dry leeward coast to more than
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300, inches in the wet windward mountain areas. Elevation ranges

from sea level to more., than: ,13.,000, feet. , The average annual temp­

erature, at sea level is aboUt 750 :F• and dec'reaSes on the average

about 30 F. for each. increaseof'l,OOO feet in elevation. Theinean

temperature difference between the coldest and warmest month does

not exceed 90 F. at any location 'on record. Parent material raages

in age from Pliocene to present. It is dominantly volcanic ash

and basic igneous rock. Tb.ese differences in age, parent material,

relief, andclima;e coincide closely with. the patterns, of vegetation

and soil. Consequently, the morphology of each soil reflects the

combined e£fectsof'the genetic factors responsible for its devel-

opment.

Soils are classified according to their observable and measur-

able properties~ The properties 'chosen are primarily those that

peI'1l1it the grouping of soils that are genetically similar. Soil

classification enables us to understand the pattern of soils and
, '

the ways in which they relate to each other •

The scheme of classification uSed1n this survey, was developed

in the early sixties. It was' adopted for general use by the National

Cooperative Soil Survey in 1965 and supplemented in MarCIl. 1967 and

September 1968. It replaces a system, adopted in 1938 and later

revised, that was used in the Soil Surveyo£ the Territory of 'Hawaii

by Cline and others. The <;urrent system'iticorporates knowledge

gained through research over the last 25 years and is much more
•. ..... - . .<.

precise and more compleX thallthe older system. It is 'under con-

tinualstudy~ Readers interested in the development of the system

should refer to the latest literature available.
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The current system of classification has six categories.

B.eginning with the most inclusive, these categories are the order,

the suborder, the: great group, the subgroup, the family, and the

series. The placement of some soil series in the current system

of classification, particularly in families, may change as more pre-

cise information becomes available.

Table 5 shows, according to the current system, the classifi-

cation of each soil series on the island by family and by subgroup,

which also reflects thE7, great. group. It also shows one category ­

the great soU group - of the 1938 system.

Several subgroups, particularly in the order Inceptisols,

correspond approximately to soil families according to the classifi-

cation by Cline.

Family. -Families are established within a subgroup on the

basis of properties important to the growth of plants or the behavior

of S9ils when they are used for engineering. Among the properties

considered are texture, mineral composition, reaction, soil temper-

ature, permeability, thickness of horizons, and consistence.

Names of soil families consist of a series of properties used

with the subgroup name. For example, the Waimea soils are classified

in the medial, isothermic family of. Typic Eutrandepts. The following

list shows the criteria used for classifying soils on the island

in families and gives definitions of the class names:

Class name

Ashy

Definition

More than 60 percent (by weight) consists
of volcanic ash, cinders, or pumice, and
less than 35 percent (by volume) is 2 millimeters
across or 1a.rger, and apparent texture after

. prolonged rubbing is sandy.



Class name

Fine

Medial

Cindery

Medial over cindery.

Medial over fragmental

Medial.over· thixotropic

Thixotropic over
fragmental

Isohyperthermic

Isothermic

Isomesic

Acid

Dysic
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Definition'

Rock.fragments.more than 2 millimeters
acros's ··make up-.35 percent or more by
volUme,' and the' fine earth fraction
is as defined fOt ashy.

Clay portion constitutes 35 to 60 percent
clay in the fine earth fraction.

Term used When the' soil consists of a mixture
of discrete mineral particles and gels, and
there is less than 60 percent (by weight) .
volcanic ash, cinders, and pumice in the
fine earth; less than 35 percent (by volume)
is 2. millimeters across or larger, and the
fine earth is not thixotropic, and apparent
texture. after prolonged rubbing is loamy.

More than 60 percent {by weight) consists of
volcanic ash, cinders, and pumice, and 35
percent or more (by volume) is 2 millimeters
across.orlarger.

Medial material over cindery material.

Medial material over fragmentalAa lava.

Medial material pver smeary material.

Smearymateralover fragmental Aa lava.

Soils that have less than 5° C. (9° F.) diff­
erencebeeweenmean summer and mean winter
temperature and a mean annual soil temperature

..of tnore .than22°.C ~ (720 F.).

Soils that have less than.5° C. (90 F.) dif­
ference between mean summer and mean winter

.temperature, and a mean annual soil temperature
beeween 150 and 220 c. (590 and 720 F.).

Soilstllat have l~ss than 50 C. (90 F.)differencE
between mean summer . and mean. winter temperature
and ameanannua.l soil temperature between
SO and 150 C. (470 and.59 0 F.) ..

.A pH less than5.0inO.001M CaC12 (1:1) through­
out the control section (about 5.5 in H2°, 1:1J

Aplilessthan 4.5 (inO.OIM CaC12) in all parts
. of the control section of a Histosol.



Class name

Euic

Kaolinitic

Mixed

Oxidic
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Definition

A pH. of uudried sample is 4.5 otmore (in O.OlM
CaCl2l in at least some part of the organic
materials in the control section of a Bistosol.

More than half by weight consists of kaolinite,
dickite, nacrite, tabular halloysite, and
S1Ilaller amounts of other 1 : 1 ornonexpanding

. 2 :1 minerals or gibbsite.

Mixed clay mineralogy that contains less than
40 percent of anyone mineral other than
quartz.

Less than 90· percent quartz or less than 40 percent
of any single mineral and the ratio of:

percent extractable iron"oXide and gibbsite ~O.20
percent clay

Series .-Classification of soUs in series is described in the section

"How This Survey Was Made," and each soil series is described in

"Descriptions of the Soils. II

LABORATORY ANALYSIS OF THE SOILS

Table 6 contains analytical data for eight representative soU

series in the survey area: Each. of the soil series was sampled at

two locations. All samples were collected from carefully selected

pits. SoU fragments larger than 1 inch across were discarded in

the field. Fragments larger than 2 millimeters across were discarded

in the laboratory. Soil samples were kept moist, but all capacity

measurements are reported on an oven-dry basis.

The content of organ~c carbon was determined by wet combustion

using the Walkley-Black method (l milliegquvalent K2Cr207 equivalent

to 3.9 milligrams carbonl.

Total nitrogen was detennined by the Kjeldahl method modified

by the Association of Official Agricultural Chemists.

Free iron oxide wasdeterril1ned by dithionite-~itrateextracti.on



and orthophenanthro1ine colorimetry, modified by shaking overnight

instead of heating.

Bulk denSity was determined fram'core samp1es'oven'dried' at

105P C. Two samples each were taken at 3-inch increments to a depth

of 60 inches. The' reported values are the means for the horizons.

Moisture retention was' determined at 1/3 and 15 atmospheres

using the Richards pressure inembrane apparatus.

, The pH was determined by glass electrode, using soil-water and

soil-potassium chloride ratios of 1 :5, except 1 :1 ratios were

used forPakini, Kawaihae, and Waika10a soils.

Cation exchange capacity was determined by direct distillation

of absorbed'mmnonia after saturation with mmnoniumacetate:

Extractable calcium, magnesium, sodium, and potassium were de-

terminedby extraction with. neutral normal ommonium acetate.' Calcium

and magnesium were separated with 4lco.hol and determined by EDTA

titration. Sodium and potassium were determined on original extracts

using flam.e photometry.

Total analysis wasdetermned by standard methods used by the

Hawaii Agricultural Experiment Station of the University of HaWaii.

GENERAL, NATURE OF .THE ISLAND

This section describes the gio10gy, .physiography, and climate

.of the1s1andand gives general information about the transportation,

populatiOn, recreational', faci1i~ies, and •. farming.

Geology and Physiography

The Island of Hawaii is the largest and youngest island in the
.- ,.... .. .. '. ....• ; .. ' ....

Hawaiian group. It was built from ,the ocean floor by voluminous

outpourings of lava from five. volcanoes - Kohala, Mauna. Kea, Hualalai,
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Mauna Loa, and Kilauea. The volcanos are believed to have started

in the Tertiary period.

The Kohala volcano on the northern end of the island, 5,505 feet

high, became extinct in the Middle Pleistocene. 'Ibis volcano waS

deeply eroded on the windward side near the end of the Pliocene time.

Mauna Kea, the highest mountain, reaches 13,784 feet above sea

level. The volcano has not erupted during historic time. It is

built up of olivine basalt and covered with layers of volcanic ash.

These individual ash layers vary in thickness from less than an inch

to about 4 or 5 feet. During the Wisconsin stage of glaciation in

North America, Mauna Kea was capped by a small glacier.

Hualalai mountain, 8,251 feet high, is built up of basalts.

A large trachyte pumi.ce cone of Puuwaawaa occurs on the northern

slope. The last eruption of Rualalai, in 1800-1801, produced olivine
-.

basalt.

Mauna Loa covers an area of 2,035 square miles or 50 percent

of the island. It is 13,680 feet high and last erupted in 1950.

Mauna Loa and Mauna Kea receive an annual blanket of snow that lasts

for a couple of months during the winter.

The Kilauea volcano, 4,090 feet high, originated on the southern

slopes of Mauna Loa. Its lavas are largely oliVine basalt. The

flows in recent years have not been of the exploxive type, and it

has been possible to observe them safely at reasonably close range.

The most spectacular eruption occurred in 1959 when Kilauea Iki

erupted and sent fountains of lava shooting 1,900 feet in the air.

The following year, a flank eruption engulfed the town of Kapoho.

Since then, many eruptions of short duration have occurred along
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the fissure zone.

The" topography of the island reflects the"volcanic activity.

In the northern and eaStern sections where volcanic flowS have

not occurred recently, the- terrain has been eroded" by rivers and

streams. 'nle stream pattern is more or less radial. The spaces

between drainages are narrow. In the southern section the terrain

is undissected, is quite barren, and reveals large areaS of exposed

lava.

The valleys draining the rainy, windward slopes of Mauna Kea

are younger and therefore smaller than those of the Kohala Mountains.

The dry western slope of Mauna Keaislargely undissected by stream

erosion. 'nle prominent gulches in the upper slopes of Mauna Kea

have a distinct relationship to the glacierswnicn covered the' top

of the mountain during the late Pleis tocene time. Shallow gulches-

drain the south-western slopes of Mauna Loa.

The Waimea plains were formed by the Mauna Kea lava ponding

against the older Koha.la Mountains. The plains are covered with

volcanic ash. The Interior Plateau at Pohakuloa is covered with

fresh lava from Mauna Loa banking against Mauna Kea" and HualalaL

Wave actions have eroded the basic rock and formed high sea

cliffs that extend alongtheentirewlndward coast from Hilo north-

ward to Kohala. These nearly vertical cliffs range from 50 to 350

feet in height. Along the, leeward coast where there is less action,

the cliffs-are-generally less than 50 feet ,in height.

Bays and sandy beaches are scarce along the rugged coastline.

Hilo, Kailua, and Kawaihae are the largest bays • There are black

sandy beaches at Kalapana, Kapoho," and Punaluu and a few scattered

coral sand beaches on the western side of the island.
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"

.B. VEGETATION ECOLOGY OF THE HAWAIIAN ISLANDS

The following descriptions are brief and generalized, and do not

attempt to account for all of the local variations present in such a

complex area. They provide an orientation and facilitat~ the descriptions

of the ecological pattens found on the ~dividual islands. The

ecosystems classification presented here draws upon the schemes of .

Hillebrand (1888),Rock (1913), Eosaka (1937), Robyns and Lamb (1939),

Ripperton and Hosaka (1942) and Selling (1948) but is directly based

upon Fosberg's (1972) guide prepared for the Tenth Pacific Science Congress.

1. PRINCIPAL TERRESTRIAL ECOSYSTEMS

METR.OSIDEROS FOREST: "A broad-leafed evergreen forest usually.

dominated by trees of the' genus Metrosideros, the ohia lehua of the

Hawaiian. It is usually referred to as lehua forest locally. It is

found in moderately moist or wet situations at fairly low to middle

altitudes on the six 'larger islands, showing considerable variation in

composition and structure in different habitats. In its simplest form it

is an almost pure stand of Metrosideros collina var. incana, a sparse to

dense forest of erect straight trees, varying in height with age and with

the amoUnt of available moisture. In certain favorable situations, as in

the wettest part of the Rona slopes on Hawaii, they may reach 35 to 40 m.

Homogenous stands of Metrosideros are found in all stages of development

on relatively young lava flows and ash beds on the island of Hawaii. The

seedlings commonly establish themselves on relatively new, scarcely

weathered lava; in older habitats they start on the fibrous trunks of

ferns such as Sadleria and Cibotium, then send down aerial roots to the
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ground, surrounding and strangling their hosts. In sufficiently wet areas

older stands of Metrosidetoscommonly develop a.,dense understory of

tree ferns of the genus Cibotium. On older forests more and more other

species of trees are found mixed with the Metrosideros, also shrubs and

epiphytes become. very abundant. In dry areas of Hawaii and Haui, dwarfed

open stands of Metrosideros are an important component of ,the dryland

sclerophyll forest, described·below.

Lehuaforests are found on the slopes of the other islands , where

they form a rather distinct zone above that dominated by. Acacia koa. Here.

is the montane rainforest ,~a:: ¥llmarlt of tropical highlands. On the older

volcanic domes, the lehua forest is more complex, with other genera, such

as Bobea, Eugenia, Cheirodendron,. and Elaeocarpus in places·~ sharing

dominance, and with many smaller trees, among them Psychotria, Antidesma,

Xylosma, . Tetraplasandra. Pittosporum, Coprosma, .!!!!, Myrsine,Diospyros,

Pelea,andClaoxylonmaking upa second tree layer. Groves and scattered

individuals ofPritchardia palms are foUnd • Shrubs of. many genera such

as Gouldia, Hedyotis, Dubautia, Clermotlt1a,' 'Cyanea, i"Clbot:f:um, . '£yttatidt!a,

Touchardia, Bollandia, Pittosporum, Broussaisia, and Coprosma, .form a

prominent lower layer, 'andferns,peperomia, and a few other herbs, along

with abundant mosses, cover the ground. F,erns of a number of genera, as

well as a few other vascular epiphytes, climbers, such as Freycinetia,

Alyxia, and Smilax and an abundance of .. bryophytes and some lichens. are

found on the trunks and branches of. the trees. Leaf epiphytes are abundant •.

Openings tend to be filled with a Gleichenia. Recent disturbances, such

as trails, are occupied byPaspalum.con1ugatum, Rubus rosaefolius,

Eupatorium riparium,andother weeds Landslide scars are occupied by

ferns, sedges such as Machaerina, various weeds, and bryophytes.
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Locally this forest becomes·so mixed that Metrosideros no longer

can be regarded as the dominant species.- Such genera as Psychotria,

Cheirodendron, Elaeocarpus, Eugenia t and those listed above as making

up the second tree layer form a mixture with no one species dominant, a

usual situation in the tropics. This mixed montane rain forest merges

upward with the cloud forest.

CLOUD FOREST: Above the Metrosideros belt, on many of the mountains

of the Hawaiian Islands, there is a cloud forest zone (Hosaka 1937).

This is a mixed evergreen forest that is characterized by gnarled,

spreading, much-branched trees, abundance of shrubs and great masses of

epiphytic mosses, hepatics, ferns and vascular forms such as Astelia.

Here Psyehotria, Metrosideros, Scaevola, Ilex, Pipturus,Eugenia,Dubautia,

lobeloids of various sorts, Myrsine, Cheirodendron. Pritchardia, Brous­

saisia, Cibotium, and many other genera make up an endlessly varying

vegetation that in sheltered places is of fGrest stature, while on exposed

slopes, ridges, and crests it may be dwarfed and wind-sheared toa tangled

scrub. In some places on wet crests it may even be reduced to grassy

bogs, with dwarf shrubs and herbs approachingtheo9pen"bogs'desct'lbed~:,~

below. Anoectochilus, Habenaria, Viola, Sanicula, Panicum, Peperomia,

Phyllostegia, Vaccinium, Plantago, Lycopodium, and various ferns are among

the herbs and dwarf shrubs occuring here.

The cloud forest is confined to areas where cloud layers rest or

blow by the greater part of the time, mostly on the windward slopes, upper

ridges, crests and tops of the cliffs that face the trade windS. It is

likely to be underlain by a gray soU not found in other situations and .

probably resulting from the low temperatures and percolating humic ~cid

characteristic of this situation.
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~: In bigh, very rainy regions, especially on f1ator gently

; sIpping ground, true bogs are found.
;·~I

These are, according to Selling

(1948, p. 46) both of the ombrogenous (fed by rain water) and ·soligenous

(fed by both rain and ground water) types. They mostly have a substantial

accumulatienof peat and are underla~ by light gray relatively impervious

basal clays· (Skottsberg 1940). Bogs oc.cur at -altitudes between 600 and

1765 m (Selling 1948, pp. 46-47), usUally above 1200 m. Local distri­

bution of those on Maul is well shown by Stearns (1946, Pl. 19).

The vegetation of most of the bogs is basically an irregular cushion

of sedges~ 1Ilostly Rhynchospora ·lavarum and Oreobolus furcatus. Rhacomitrium

lanugionosum, a gray trailing moss, widely.distributed in the world, and

also found colonizing dry bare lava fields, is frequently abundant in the

bogs. ·Grasses, especially dwarf speciescif Panicum and Desc:hampsia,

ferns, such as Sadleria,Polypodium,Hymenophyllum, Athyrium; and Schizaea

and other herbs such as LycopodiUm, Selaginella deflexa, Drosera (Kauai

only), Plantago, Lagenophora, Viola, arid Machaerina are present, as well

as shrubs or dwarf shrUbs of Vaccini~, StyPhelia,Geranium, ~, Metro­

sideres, Pelea,Myrsine, Santa.lumandCheirodendron. Some of these, such

as Metrosideros ,are dwarf formS .• of the same species as occur in the

surToundingforests. Others. arespecia.lbog species or varieties, e.g.,

Vacciniumpahalae, Viola kauaiensis,Lobelia. gaudichaudi:l.var.koolauensis,.

Thevegetatio~ of these.bogs -is lOw artdhummocky, with muddy channels

betweetrthe humniocks.,- or a dwarf shrub, usually with ·seatteredemergent

shr'llbs . to 1 or 2 m tall. The thickness of peat accumulation varies from

very slight to as much as 3.2m (Selling 1948, p.62).

Typical Hawaiian open bogs areknow-·on Kauai, Maui, and Molokai.

SphagUum bogs arefotirid only in the Kohala Mts. of Hawaii.



143

Many attempts have been made to explain the existence of bogs on

these tropical mo1mtains, the most comprehensive one, .which summarizes

previous woprk, by Selling (1948). Most have been on the basis of climate

and none -have heen Very adequate or convincing.

For years it has been noticed that certain Hawaiian forests are in

poor condition, with many dead or dying trees. In some areas these are

acco'tmted for by the activities .ofgrazing animals. This is especially

true in dry areas and on cliffs and rough steep slopes. However,

decadence of forest is also observed in very wet areas where· there is no

particular grazing; these areas are oncomp4t;atively ..levelo~:gEnttly

sloping ground. The larger trees are dead or almost so, but usually

there is a well developed stand of smaller trees or shrubs, including

some or all of the same species as in the original forest. The stands

are of varied statures, but within a stand the height is fairly 'tmiform.

These low forests do not seem to be young associations, as some of the

taller ones, 4-6 m. have an abundance of old dead or partially dead

taller trees, while in some lower stands, 1-2 m. standing dead trees are

uncommon or rare. The lowest of these forests have been referred to as

incipient bogs, and have well developed basal clay layers. One such

stand east of Hanalei Valley, Kauai, where traversed by a road, shows a

striking white clay substatum.

It is suggested that these decadent forests are stages in the process

leading to the formation of bogs. Weathering of the basalt under cool,

very wet conditions that permit an accumulation. of humus and thus perco­

lation of humic acid solutions yields clay {Wentworth et ale 1939}.

Formation of clay on level or gently sloping ground gradually.tm.pedes

drainage, and brings about the accumulation of perches water on top of



the clay. This drowns therootsystems of the large trees, causing
'-

~:" '." ',' .'. .' '. ,'" ;, ,-.-'."

them to die slowly, as is seen. in the decadent "forests. The~ are

replaced by smaller trees, more shallowly rooted. As the clay layer

becomes more impervious and perhaps more extensive, the accumulation of

water may become greater and may even drown the shallow root systems of

the small trees. This process repeats itself, until the low forest, the

shrub bog, and finally the 'very low sedge bog vegetation, are formed.

This gradual .. diminution process might also have brought about the

evOlution of dwarf. 'races of such forest trees as Metrosiderosthat are in

full flower·when.0ri.1ya"few centim.eters tall.

METROSIDEROSWODLANDJJITHGLE1CHENIA: On the 1Iloisteraspects of

the Island of Hawaii, especially, on relatively young lava flows, not

yet deeply weathered, occurs a vegetation composed of thick, more or

less continuoUs, blanketo( G1eichenia linearisvar.tomentosa with

widely spaced Metrosideros collina trees. "These trees vary in size from

place to place but in. any one stand are fairly uniform. Depending on the

site, the G1eichenia may be from 0.5 'to 2m. deep and in thin places

Macherina' angusti£olia. , DianeJ:la ,Sadleria,;4lid·Lycopodiumcernuum. "'as

well asantimcer 'of weedspeeies . are: fairlY-common.

This is interpreted as a normal succession, on relatively moist lava

flows ,leadirigtoMetrosideros forest •

."MIXEDMESOPHYT1CFOREST:1n areas "a little less" wet than the rain

forests but n.ot·suffer:l.ng·an"actualmoisturedeficit,andusually where

"the lavas have been well, weathered, are evergreen' or •partially deciduous"
. . - .

sclerophyllous.".toorthophyllous . forests of.very diverse composition. They

maybepredoininantlyof ot1especies,suchasDiospyrosferreaor Sapindus

oahuensis, but they are commonly of" many species, including some of the
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rarest Hawaiian trees. Hatheway (1952) names them. "semi-deciduous .

seasonal forest," and "evergreen seasonal forest," and the distinction

seems to rest on the presence or absence.of certain species, e.g.,

Reynoldsia sandwicensis and Erythrina sandwicensis, which lose their

leaves in the dry season. Both types seem actually to be highly variable

and to be mosaics of groves of distinctive composition. The., sem.i­

deciduous type usually includes Sapindusoahuensis, Diospyrosferrea,

Ery;hrina sandwicensis, Rauvolfia sandwicensis, Eugenia cumin1, and

Osmanthus sandwicensis, plus many other less constantly present species.

Lantana is usually common in the J1t1dergrowth. The eve~green type usually

includes Diospyros ferrea z Acacia ~,Eugeniamalaccensis, Metrosideros

collina, Osmanthus sandwicensis, and Myrsine lessertiana,plus many x-arer

or less constant species. It usually has little undergrowth.

These forests now occur on steep slopes at moderate t~ low altitudes.

Similar forests may qnce have comvered much of the lower forest zone of

Oahu, but grazing has largely destroyed them, leaVing only those on slopes

that are not easily accessible to cattle.

Another well known forest that seems to fit the mixed mesophytic

category is the tall rich forest found in'-Kipuka Puaulu, above Kilauea

volcano, (Rock 1913) and probably in other similar kipukasonthe Island

of Hawaii. Here Sapindus saponaria is the most abundant tree, sharing the

rather open canopy layer with Metrosideros and Acacia~. Psychotria

(Straussia) hawaiiensis var. hillebrandii is most abundant in the second­

story, but Myrsine lessertiana, Pisoniaumbellifera, Sophorachrysophylla,

Coprosma rhynchocarpa, Pipturus albidus, Osmanthus sandwicensis,Pelea

sp.,. Gouldia terminalis are also common. Here ori.gina1lyoccurred some

of the rarest trees in. the Hawaiian flora, and, indeed, in the world.
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Of Hibiscadelphus giffardianus, for example, no more thant:wo or three

trees were ever known, ill. from ttlis one smaii'te:ipuka. These were

destroyed, along with most of the ground flora, by cattle which were

pastured in thekipuka. Now most of the ground is covered by a dense
... . ,

growth of introduced grasses, with some of thefems which have persisted.

These moist forests have been little studied and even their distribution

is not well defined.
, .

ACACIA: !Q! FOREST: The best known of Hawaiian trees is the koa,

sometimes called Hawaiian mahogany, It has long been used forfumiture
. . . ~

and"musical instruments, because of its strikingc:olor and grain. It

belongs to the Austrailiangroup of Acacia with leaves modified' to

phyllodes,but its closest relative, fromwh1.ch it is distinguished with

difficulty, is Acacia. heterophylla. of Reunion Island, inthe Indian Ocean.

AcaciakoaandtWoveryclosely'allied species (or varieties),

A. koaia andA.katiaiensis,dominateadistinctive sclerophyllous forest

type found on most of the larger islands. Because of the nature of the

foliage and the branching habit of the trees, the canopy presents an open

dull green, almost biuish, appearanc:e. .However ,where the canopy is

dense, undergroWth is largelyth'1.norlacking. On .the 'older islands this

communityoccursgenerallybelowthe1l1ainmontane rain forest or Metrosi'"

deros belt,lisuallyonleeward 'slopesunderconditions'somewhat drier

than th6se prevailirigiri.'therain'forest·· mid on fairly deeply weathered

," lavas: Here it has a 'c:onsiderable ··number.of associated native species.

ImportaIltnative •• trees other.' than Acacia· are. SantalUm.·.·· freycineti'anum,

MYrsinekauaiensis, Psyc:hotria(Straussia)mariana, P. kaduana , Metrosideros

c:ol.lirta.~ Osmanthussandwicensis,iBobea elatior,Charpentieraobovata,

Pisdnia ~eilifera, Sapindus oahuensis, and Dodonaeaviscosa. Spontaneous
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introduced species are Psid1um guajava and-l. cattleianum. Shrubs are

Scaevola. gaudichaudiana, A. chamissoniana, Wikstroemia oahuensis, Pipturus

albidus,. Cibotium splendens, Stvphelia tameiameiae,Lantana.:camara,

Cordyline.fructicosa, Canthium odoratum, Sadleria cyatheoides, ~d Schinus

terebinthifolius. Ground vegetation is meager , with almost no bryophytes

and only a few ferns, such as Pteridium, Sphenomeris, and Nephrolepis

exalta, Psilotum nudum, and a few herbs, such as Oplismenus hirtellus,

Paspalum. orhic:ulate, .I. conjugatum.,. Carex l:Tahuensis, Commel1nadiffusa,

DianeUasandwicensis, Hedychium. spp., Peperomia reflexa, .I.leptostachya,

and a few weedy qompositae. Vines, such as Alyxia, Freycinetia,. Dioscorea

spp., Ipomoea spp. are occasional. Ephiphytes are few.

On steep gulch walls in this forest type are open areas, probaoiLy

mostly landslide scars, occupied by mats of Gleichenia linearis. The

rhizomes of this fern are prostrate, either on the surface C7f the ground

or shallowly buried. The branching fronds arise from ·the rhizomes and

form a bright green color of these patches makes them identifiable from

a considerable distance.

On Hawaii the koa is most prominent in a zone above the montane rain

forest on both windward and leeward aspects. Here also it occupies a

drier habitat than the rain forest and occurs on fairly young lava and

ash surfaces, though it does not seem to be as much of a.pioneer as

Metrosideros. It has far fewer, associated species than on the older

islands. Metrosideros collina var. incana ..,is .common, and locally, Sophora

chrysophyllaandMyoporum sandwicensis as well. Except in the more dense

groves, .the shrub species that form the scrub at comparable altitudes are

found, along with their accompanying grasses and herbs. Grazing has greatly

altered this vegetation, especially ,the herbaceous layer, and has in most
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places inhibited regeneration of. the koa.

Although the koa ftfst occupied a large area, especially. in pre­

European time, and appears quite stable where not disturbed, it may

really represent a long continued successional stage, leading to a mixed

mesophytic forest where the substratum is deeply weathered. On the older

islands, at the altitudes where koa forest is found, the gulch bottoms

are generally occupied by Aleurites forest, which may have replaced koa

in pre-European times. In modern times a great proportion of the koa

forest has been cleared and replaced by pastures and pineapple plantations,

some of it later planted exotic trees such as Eucalyptus.

ALEURITES FOREST: In gulches and along stream courses at moderate

to low altitudes, Aleurites moluccana (kukui) forms dense stands 'composed

almost exclusively of this species. ~e canopy is usually complete, of

a pale frosty green color. The trees are closely to widely~paced, depending

on their size,withspreading crown, their height greater the deeper and

narrower the gulch in which they grow. Undergrowth is scarce or lacking.

Aleurites seedlings are locally abundant. A few ferns, such as Nephrolepis

exalta,Thelypteris dentata and X. parasitica may occur with a very few

other shade tolerant herbs, but these forest usually exhibit poor diversi~y.

PSIDIUM GUAJAVA FOREST .~ SCRUB: One of the commonest vegetation

types in moist to wetarea;s at moderate to low elevations in the islands is

a dense solid stand of the guava, introduced many years for its edible

fruits and scattered by birds and pigs. It is now likely to be found almost

anywhere below middle altitudes where vegetation on moist or wet land has

been disturbed sufficiently to permit its establishment. Spreading and

'reproducing very readily from root sprouts ,itis extremely difficult to

eradicate. The trees are generally crooked, and diffusely branched, with
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smooth trunks and branches, and broad thin leaves. Their height, up to

10 m or more, seems almost in direct proportion to the available moisture,

~~ough guava spreads so rapidly that there are frequent areas of scrub

stature that will develop into forest. In places there is an admixture

of Schinus terebinthifolius and Leucaena leucocephala. The ground is

likely to be covered by Commelina diffusa, Oplismenushirtellus, Paspalum

conjugatum, or ferns, to a density more or less inversely proportional to

that of the guava canopy. There is often an alternation between guava

forest and IIAleurites forest on slopes, with the flAleurites in the bottoms

of draws and gullies. It has principally replaced koa., mixed mesophytic,

and mixed lowland forests.

PSIDIUM CATTLEIANUM FOREST: IIi many wet or mist areas, especially

in koa~ lehua,and mixed lowland forest, Psidium cattleianum (strawberry

guava), or in places, a related species, P. littorale (waiw!), has gained

a foothold or been planted. P. cattleianum, especially, tends to spread

rapidly and to form almost pure thickets or forests. It is well adapted

to growth in the wet forests and its seeds are spread by birds and pigs.

Structurally this type is about the same as the Psidium guajava forest,

but the leaves are thicker and glossy, darker green. Where P. littorale

is dominant the trunks are distinctly taller and straighter. ~~ny shade

tolerant species are able to establish themselves in this type and Psidium

littorale is, by some, regarded as a valuable "nurse tree" in the process

of restoring to abundance some of the native forest plants.

LANTANA SCRUB: A widespread scrub formation, found on all the

large islands, especially in areas that are neither excessively rainy nor

excessively dry, is made up of solid stands of Lantana camara, of tropical

American origin. It has replaced large areas of~etrosideros, mixed
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mesophytic, mixed lowland, and dry sclerophyll forests. This aggressive,

unpleasantly prickly aromatic plant variesiri stature from 0.5 to3 til or

even more in favorable spots. Usually it forms a dense scrub 1-2 m tall,

the stems are tough, up to 2-3 em thick, with hooked prickles when young,

making it exceedingly difficult to traverse. It may occupy otherwise open

slopes or·it may fill the spaces between sca.ttered trees or in open forest.

Thirty years ago this vegetation type was· spreading and very aggressive.

Since then a considerable number ofirisect parasites have been introduced

to control it with some measure of success. On Oahu many areas formerly

covered by Lantana scrub are now occupied by LeucaEma leucocephala. On

Maui and Hawaii large areas are defoliated and not in a healthy condition.

Leucaena and Schinus terebinthiofolius both seem able, slowiy, to replace

Lantana as it is weakened by the parasites.

LEUCAENA SCRuB: In rather· dry to moderately wet area rat low to

middle altitudes, especb.lly in diSturbed places, roadsides ,abandoned
. .

fields, and dry sloped, in former koaforest, dry sclerophyll and mixed

lowland forests, Leucaena. leucocephala (usually incorrectly L. glauca)

forms dense solid 'stands, usually 2-4 m tal1. The fine, feathery, dark

green. bipinnate leaves are produced in great profusion and made a dense

shade. The tall straight stems'teach 2-5 em in thickness and grow very

close together. The ground is often covered by a dense carpet of seedli~gs

of the same species. On·Oahu, Leucaenahasbeen able to replace Lantana

.' in recent' years.

PASTURES: AJ:ticicialpasturesinHawaii are very diverse in species

composition and some,lrhat diverse everiin structure. Under·the term pasture

are here included those areas where the rlative vegetation has been largely

removed and replaced by a herbaceous cover, principally of grasses but often
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with a considerable admixture of leguminous and other broadleaf herbs.

Excluded are native grasslands at high altitudes and on coastal bluffs,

as well as areas of scrub and scrub-forest that are used for grazing, and

the coastal Prosopis forests that are an important source of forage. These

are described under special headings. Most of the pasture grasses and

herbs, especially in the moister areas, are exotics, mostly deliberately

introduced and often specifically sown or planted. Frequently, overgrazing

has favored species that are not considered desirable for forage. In

none of the pastures can the vegetation be said to be in equilibrium with

the environment, as there is frequent overgrazing and at the same time

continual attempt at pasture improvement by planting desirable species

and eliminating undesirable ones. In some areas erosion is a problem.

Pastures, in the sense used here, are found on all the larger islands

(Ripperton and Hosaka 1942), but most extensively on the we~t slopes of

Haleakala, Haui, and on the lower and middle northern and western slopes

of MaunaKea and in the Waimea Saddle, Hawaii. In regions wetter than

these, especially along the windward coasts of Maui and Kauai, many areas

have been cleared and converted to pasture, but they tend t~ be invaded

by shrubs, especially guava, Lantana and Schinus, and to develop a scrub

vegetation. Only constant effort and expense will prevent this, and the

invasion is favored, in the long run, by overgrazing.

In regions that are at all moist or wet the grass cover is continuous,

often forming a compact sod. In areas lmere Panicum maximum, .!. Purt)urascens,

or Melinis minutiflora are dominant, the grass tends to be quite tall, if

not heavily grazed. Generally the stature is low, Clandestinym are dominant,

or where grazing is heavy, only 10-30 em. Few other generalizations can

be made. In dry areas, in the rain shadows of the islands, where grasslands
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occur, the cover is generally open,with substratum showing, the grasses

tending to be tufted or s'ttaggly. Some native' grasses, especially species

of Panicum, persist and are even important components of the vegetation. On

Hawaii, in such areas, Pennisetum setaceum (fountain grass), reported as

rare 20 years ago (Rippertonand Hosaka 1942),has become widely dominant,

changing the structure of the vegetation to' one of large stiff moderately

spaced tussocks. Locally, a180,1n these drier areas, 0puntia megacantha

occurs in some abundance. Formerly it was much more abundant but the

introduction of an·insect,parasite, Cactoblastus, .has controlled it to some

extent and reduced its competitive ability. Overgrazing,especially in the

drier pastures,tends to encourage the development of a low scrub of

Dodonaeaviscosa,one of the few native plants that seems to hold its own

against· cattle.

Artificial pastures have replaced substantial areas in ...the koa forest

the Metrosfderos forest,the dryland sclerophyll forest,'the mixed mesophytic

forest, and the mixed lowland forest ecosystems, so far as can be determined

now. Good historical records, have not been available as to what was present

on much of this land before·theranches were established, and only be

inference ,from remnants of v~getation;andfromthephYeiographics1tuation

can picture of·thefor'lller conditions be reconstructed. It is probably safe

to assume, that with,a. change such as that from forest to pasture, ecological

conditions have tended to become mor,e,xeric,andthat the forest that

,formerly occupied a,' past~re areas was moremeso,phytic than th~present

environment' would indicate.·'"

In the northern part of East Maui at low elevations, in areas with

1500 mm ormorerafnfallper;year,Paspalum.conjugattnnandP. orbiculare

are usually dominant, except within 1 km of the seam where Digitaria henryi
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and Desmodium tnflorum 2.remore abundant. Setaria· geniculata is locally

replacing the dominants. Recently .- there has been much planting of

Disitaria decumbens (pangola) ,Desmodium canum, and.£.. introtum. Other

common species in this area are Centel1aasiatica, Nephrolepis.exa1ta,

Digitaria pruriens, Sporobolus africanus, Cassia.leschenaultiana, Saccio1epis

indica, Cuphea carthagenesis, and Cynodon dactylon.

On the . lower west slopes of Raleaka1a, where the land is not planted

to pineapples and sugar cane, but above the Prosopis belt, pastures are

largely made up of Cynodon dactylon(Bermuda grass), with a considerable

admixture of Tricho1aena rosea, Hedicago lupuH.na, and Desmodium uncinatum.

Other important species are Chlorisgayana (Rhodes grass), Medicago·hispida

(bur cover),-Melilotus indica (yellow sweet clover), Digitaria vio1ascens,

Chloris virgata, Paspalum dilatatum, Anaga11is arvensis (scarlet pimpernel),

and Sidafa11ax (i1iEa). ,.

On the same slopes of Ba1eakala, but above the areas just described

between 760-900 to 1500 m, is a pasture of Sporobolus africanus and Trifo­

leum repens, with substantial areas of Cynodon dactylon, said to have been

formerly the dominant species here. lmportact species associatecwith

these are Rypochaeris radicata, Pteridium aguilinum (bracken), Eragrostis

brownei, Vicia angustifo1ia (vetch), Anthoxanthuo odoratu~ (sweetyernal

grass), Holcus .!.!!!!.tll~ (Yorkshire fog or "mesquite"), Bromus catharticus,

Plantago lanceo1ata, Me1inis minutif10ra (molasses grass),Rumex acetose1la

(sheep sorrel), Digitaria Pruriens, ~ pratensis, Danthoniapilosa (Wallaby

grass), Lolium perenne (perennial rye grass), and Dactylis glomerata (orchard

grass or cocksfoot).

Above this, between 1500 and 1900 m on the west and northwest slopes

ofHaleaka1a~where the land is not covered by scrub, the pastures are mostly
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dominated by Anthoxanthumodoratum and Ho1cus1anatus in varying

proportions, nth Trifolium repens ,and Pteridi1mi aquilinum present in

considerable amounts. Also noticeable here are Dactylis·glomerata,

Sporobolus africanus, Trifolium procumbens, ~. pratensis, Prunella

vulgaris, and Rumexacetosella.

On the Island of Hawaii, in the Waimea section of the vast Parker

Ranch, plants commonly found in the pastures are Digitaria decumbens,

Pennisetum'clandestinum (kikuyu grass), Cynodon dactylon, Medicago

hispida, Medicagolupu1ina, Trifolium repens, Dactylisglomerata, Lolium

perenne (perennial rye brass), Brr:>muscatharticus,Opuntia megacantha

(panini or prickly pear),Pasapalum dilatatum, and Hypochaeris radicata.

In the Waikii area" higher up .onthe west slopes of Mauna Kea, the

common species are Pannisetum clandestinum, Paspalum dilatatum,Cynodon

dactylon, .Poa pratensis,Lolium perenne, Dactylis glomerata, Trisatum
r

glomeratum,Panicum tenuifolium, .Eragrostis grandis,Sporobolus,africanus,

Tricholaenacrosea,.and Bromus catharticus.

PLANTED FORESTS: In many places in the islands are various types

of planted fores.ts.Frequentlythey are blocks composed of single species,

especially Euca1yptusrobustaa.nd other species of this genus, Melaleuca

qUinquenodia,Grevi11ea robusta, Acaciadealbata, Cupressus macrocarpa,

Araucariaexcelsa, .andother conifers. Certain planted .species .'. have

become naturalized and have spread, such as Acaciadea1bata, Casuarina

stricta, andCitharexylum spinosum. ,In addition to these-plantations

made for purely forestry purposes ,there are small orchards of .,Persea-

americana (avocado) andMacadamiaintegrifolia (macadamia nut or Queens-

land nut), and several species of bamboo.
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Although much of the forest planting in Hawaii has been on pasture

land, this land was originally occupied by all the major forest types

the greater portion koa.

MIXED LOWLAND FOREST: Along wet lower slopes and in the mouths of

all but the drier valleys there existed a moist mesophytic forest which

has been mostly destroyed or so altered that its original composition is

now quite uncertain. Metrosideroswas doubtless a component. If Pandanus,

Ca10phy11um and Hibiscus ti1iaceus occurred in the pre-human Hawai;an flora

they belonged here, if introduced by the Polynesians they 'have found their

places in this belt, as did Eugeniama1accensis, Phy110stachys; Aleurites,

and Cocos, and later arrivals such as Eug~nia cumini, !.:. jambosa, PSidium

guajava,. P. catt1emanum, Persea, Samanea, andTermina1iacatappa.

At present this forest presents an irregular aspect, more a tnosaic

of small patches of other forests than an integrated entity. ~However,

Pandanus, Eugenia ma1accensis, !.:. cumini, and Hibiscus ti1iaceusand others

of the above list reproduce themselves effectively and with their associates

do form a recognizable forest belt.

The stature of this forest varies, but is considerable, Its shrub

layer is likely to be of guava, Leucaena, Lantana, or a tnixture, the density

varying inversely with that of the canopy. The herb layer consists of a

few weeds, especially Oplismenus, Commelina, Ruel1ia, and abundant seedlings

of the tree and shrub species. Vines, such as Ipomoea spp., Mucuna, and

Thunbergia alata are common in the margins. Epiphytes are uncommon. Native

plants are not at all common, but doubtless a well developed indigenous

flora once existed here, now replaced by late-comers.

FRESH WATER MARSH: On the windward sides of some of the older
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islands, are a few areas of freshwater marsh land. Most of these are now

gone, those on Oahu being either filled in and ~hanged into housing areas,

or dredged out. Those on Kauai. in Hanalei valley have long since been

converted to rice fields. It is quite probable that all or mestof these

areas were used for taro culture, as low spots on windward Maui are today.

A few small areas of these marshes persist, mostly solid wet meadows of

Panicum. purpurascens,such as Kawainui Marsh, Kailua,Oahu, and a few

patches of tall Scirpus.

DRYLAND SCLEROPHYLL FOREST: Large areas of dry coastal slopes and

higher rain shadows,probably most of the relatively dry areas below 1500 m,

were originally covered by an open scrub forest, principally of broad­

sclerophyll trees. A few scraps and traces of this remain, mostly on rough

lava flows, on the two largest islands, ~ndeven these are mostly in a sad

state 'of degradation from overgrazing. ~

The simplest of these forests are almost pure stands of Metrosideros

collina or of Diospyros ferrea var. pubescens. More generally they include

'mixtures of several species and some have a cons1derabIe number, including

many of. the rarest Hawaiian plants. The most notable forest of this type

was at Puu WaaWaa on the .. Island ofHawaii~Many species' were described

from there and some have been found nowhere else. This has been used for

many years as a cattle ranch and the forest is<now very degraded.

In its best development this is a. low closed forest, the trees with

. rounded crowns. More commonly it is open, the trees not touching. What

. occupied the< spaces between them, originally, is not certain, but some of

the native shrubs, such as.Abut11()n,Gossypium, Euphorbia, Nototrichium,

Chenopodium, Dodonaea, Wikstroemia. arid Sida occur in this sort of habitat,

put usually now with Prosopis.
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This is one of the most important of the original forests types of

the Hawaiian Islands. It is the one that has suffered most from the

activities of man, and is now almost gone.

PROSOPIS FOREST: In dry lowland areas around all the larger islands

is a forest of Prosopis pa111da (keawe). This flat-topped leguminous tree,

related to the mesquite of northern Mexico and southwestern United States,

was introduced in 1828. It was rapidly spread by cattle that eat .. the sweet

pods and void the seeds.

The forest varies from dense to open, even to savanna,· and from a

scrub 2 mtal1 up to 10 m or more tall. The trees have flat-topped

spreading crowns and tiny leaflets. Although many relatives of. this species

are deciduous in their native habitats, in the Hawaiian Islands, at least, it

is nearly or quite evergreen. In open stands the spaces may be occupied

by various grasses, herbs, and shrubs, especially Acacia farnesiana and

Lantana camara. Even in closed stands there is often a ground cover of

weedy herbs. Some forests are so dense as to shade out even ~hese. Locally

the Prosopis may be partly or even wholly replaced by Pithecellobium dulce

(opiuma) of similar habitat.

This vegetation has replaced large areas of open dry grassland and

of dryland sclerophyll forest. In all, probability most of its present area

was once sclerophyll forest. Here, in a few places, may still be found

Abutilon incanum, with a remarkable distribution,.Hawaii and southwestern

North America, and Gossypium sandwicense,an endemic cotton.

BETERQPQr~N GRASSLAND: On steep dry leeward lower slopes and cliffs,

especially on truncated lava spurs where the soil is this or almost lacking,

are grassy areas that may have been free of forest for a long time. Early



158

records speak of the west side of Kauai as bare, and of grassy plains and

hills around Honolulu. It is not known wheth~r ~uch places were already

grassy before the coming of the Polynesians, but it seems certain that by

the time of the first Europeans large dry lowland areas were treeless and

mainly covered by Heteropogon contortus (pili grass), the material used by

the Hawaiians in the construction of their houses. This is a pantropica1

species and may conceivably have been brought by the Polynesians, but may

well have been here before their arrival.

At the present time most of the parts that were grassy 200 years

ago are forested with Prosopis or covered by scrub of Lantana, Acacia,

Schinus, Opuntia, or Leucaena. This is especially true of the flatter lands

and gentle slopes, also wherever there is any significant depth of soil.

Heteropogon is still dominant on very steep slopes, ledges on cliffs, and
~

eroded areas, though it has in many places been invaded, and even crowded

out, by such introduced grasses as Tricholaena rosea, Digitaria insu1aris,

and Me1inis minutif1ora. A great many broadleaf weeds are common in these

grassy ledges and slopes, also.

OPUNTIA~: On many leeward, dry areas, usually at rather low

elevations, the vegetation is dominated byOpuntia megacantha. This huge,

swollen, spiny plant, in places, forms dense thickets up to 3-4 m high,

mixed with Lantana, Acacia, Prosopis and other xerophytic shrubs, as well

as Heteropogon contortus ... and various dry ··larid weeds. In some pasture areas

at moderate to low elevations, these thickets, here mostlyOpuntia, furnish

an important supplementary forage for dry periods.

This formation resulted from the introduction by man" of Opuntia,

and has certainly replaced principally Heteropogon and dryland sclerophyll
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the cactus has already resulted in a considerable reduction of its vigor

and degree of dominance in many areas. It is likely that this vegetation

type will soon disappear from the islands.

. !!!! CLIFFS: Along the windward sides of the islands, and even on

leeward exposures in certain deep amphitheater-headed valleys, are great

fluted wet basalt cliffs, up to a thousand meters in height, with almost

no soil and little vegetation. Ferns and Selaginella are common, and

Pilea, Artemisia, Eragrostis, Phyllanthus sandwicensis, Hedyotis, Lythrum·

maritimum. grow in crevices. DWarfed plants of Metrosideros, Vaccinium.,

and other cloud forest trees and shrubs, even Pritchardia, inhabit ledges.

Very wet areas here are the habitat of Gunnera, the enormous-leafed ape­

ape. However, recent years have seen striking changes in the vegetation

even of these inaccessible places. ,

An interesting feature of some of these cliffs is the presence in

tiny pockets, or hanging valleys, of colonies of Aleurites moluccana

and even of~ sapientum (bananas), the seeds and rhizomes of which

could only have been brought down by torrents from above.

~ CLIFFS: Even less is known of the vegetation of dry basalt

cliffs, such as exist on the Waianae side of Oahu, on valley walls of

southeast Oahu, on valley walls of southeast Oahu, the windward side of

Lanai, around Haleakala "Crater," and in various other locations in the

rain shadows of the islands. Wisps of grass occur on ledges - Heteropogon

and Tricholaena at low altitudes, Deschampsia and Trisetum. higher up.

Such shrubs as Lantana camara, Leucaena leucocephala, Acacia farnesiana,

Prosopis, Canthium odoratum, and several native Euphorbia species occur

on ledges at lower altitudes. Artemisia, Plectranthus,and PeDeromia

159



may also be found here, along with many weeds.

In many areas, goats are very common on such cliffs, and have

denuded surfaces of what vegetation was originally there.

STRAND: The strand - the shoreline and the zone immediately

back of it that is strongly influenced by the sea - has in many parts

of the Hawaiian Islands been so completely disturbed that it is hard

to tell what it was originally like, but in other parts it seems to have

preserved its physiognomy and even its native species remarkably well.

It has been described by ~~cCaughey (1918).

Four main subdivisions may be made with little difficulty, which

present quite different ecological characteristics and which exhibit

striking differences in vegetation, though some of the same species

occur in all oft:hem. These are wet sandy, wet rocky, dry sandy and

dry rocky strands. In some places they are rather intimatelY mixed,

especially where sand has blown onto rocks. Also there are varied

degrees of wetness and dryness.

The Hawaiian Islands have perhaps less than their expected share

of the widespread strand plant species, naturally, though some have been

introduced and have become naturalized, such as Tournefortia argentea,

Batis maritima, and perhaps Paspalum distichum

(P. vag1natum). There are a nUmber of locally endemic strand species,

either developed from chance immigrants from elsewhere, such as~

sandwicensisand_~ac9uemontia sandwicensis ,or derived from Hawaiian

-upland genera, such "as- Santalum ellipticum var. littorale, Achyranthes
. . .. ,

splendens, Euphorbia degeneri, succulent forms of Myoporum sandwicense,

and forms of Chenopodium oahuense.

160
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The physiognomy of the lIawa1ian strand vegetation is not strikingly

different from that in similar habitats elsewhere. On rocky windward

shores the vegetation tends to be low and wind- (or spray-) sheared,

even the species that are normally trees become depressed to creeping

shrubs with most of the branches on the side away from the wind. Rock

cliffs are frequently bare except for tufted plants, such as Fimbristylis

cymosa and Hedyotis insignis. If wooded, such cliffs are usually covered

by Hibiscus tillaceus, Pandanus tectorlus or Scaevola taccada. Lower

rock shores, above the waves but still within reach of the spray, may

have a depressed scrub or Scaevolataccada, and locally Santalum ellipticum,

with Sesuvium portulacastrum and FibriStylis cymosa forming patches and

and tufts in bare areas. On dry cliffs and slopes of tuff or disin­

tegrating lava, Jacguemontia sandwicensis,~ fallax, Boerhavia mutabilis,

B. repens, and Fimbristylis cymosa are common. On limestone~rock shores,

elevated coral reefs, Capparis sandwichiana, with its beautiful nocturnal

flowers, Portulaca lutea, Chenopodium oahuense, .Sesuvium portulacastrum,

Lycium carolinianum, and Fimbrlstylis cymOsa form a depressed vegetation,

and Thespesia populnea forms occastional low clumps of scrub.

On low sandy areas the Prosopis forest is likely to approach close

to the' top of the beach, especially on lee shores. The beach vegetation

may have Ipomoea pes-caprae subsp ~ Brasiliensis, Ipomoea ,;;;.,;;;====;;;.
and a few other hardy weeds. Where the sand is piled up in dunes, Helie­

tropium anomalum, Vitex~, Sesbania tomentosa, Scaevola taccada,

!!!!!!!. sandwicensis, Trlbulus cistoides, Euphorbia degeneri, Sida fallax,

Jacguemontia sandwicensis, Sporobolus virginicus, and Atriplex semibaccata

occur in varying smounts and proportions. All have some tendency to bind

the sand. The sand is usually of coral, but locally there are beaches
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and small dunes of "blaoksand," which is volcanic ,material, largely

olivine. Here the flora is extremely poor, Ipomoeapes-captae and a few

weeds being the only plants fotmd binding the sand at Kalapana, Hawaii,

for example.

In places just back of the beaches are depressions which contain

marshes or ponds, either salt or brackish. The water level fluctuates

with the tide and the salinity depends on whether they are on leeward

or windward coasts, this because leewards coasts are .much drier, so that

less surface and ground water reaches the sea through these ponds. The

leeward ponds tend to have a solid succulent dward scrub vegetation of

Batis maritimaarotmd their margins and in very shallow water. On slightly

ground is a belt of low scrub of Pluches indica" or on still higher

ground, of Plucheaodorata,a remarkable shrub with an ecological ampli-

tude that permits it to grow in almost any situation from these saline

flats~o .the rain forest near the top of the Koolau Mts. Atriplex semi­

baccata and, locally, Atriplexrosea, dominate sandy or silty flats back

of the Batis zone, sometimes sharing this situation with Sesuvium portu-

lacastrum. Surrounding these areas of ver.y halophytic vegetation are less

saline belts of a more weedy herbaceous vegetation, including among

many .otherplants, Achyranthesaspera,Cenchrus echinatus .and its native

variety. hillebtandi, Reichardia ==;..;;.;;=
zeylanica,Cressa truxillens1s, and several/ ~peciesofEuphorbia. On

the w:l.ndward side similar marshes and ponds· are much less saline .~rowing

in them maybe seenScirpus cf .lacustris, with Paspalum distichum,

forming dense sod .. ~round tpe margins, . also : Bacopa .monnier!.

Such ponds were formerly used and improved as fish ponds by the



old Hawaiians, and were very important in the economy. Now there are

almos t none left. The introduction of mangroves has tended to change

them to mangrove swamps, and the development of subdivisions, harbors,

and marinas has eli1Uinated completely many of the finest of them. These

marshes are not only important as a part of the natural Hawaiian, land­

scape, but as refuges, breeding and feeding grounds for numerous species

of water and shore birds. the attitude that a marsh is necessarily waste

land, means the end of these birds in the near future unless our educa­

tional process becomes rapidly more effective in creating a sense of

values that has a place for nature.

MANGROVE St-TAMPS: Mangrove swamps were lacking in the Hawaiian

Islands prior to the beginning of this century. After several species

of Rhizophoracceae were introduced they rapidly spread into favorable

habitats and swamps developed at a number of places, especially at Reeia,

Oahu and west of Kaunakakai, on the south coast of Kalokai, where they

filled fish ponds and occupied shallow muddy places (MScCaughey1917a,

Fosberg 1948). At least three species were introduced, Rhi2ophora mangle,

Bruguiera gytnnorhiza, and Bruguiera parviflora. The latter, while

persisting, has never become common. B. gymI!orhiza is common near the

fresh-water end of the salinity gradient at Heeia, above the bridge.

Rhizophora mangle is the abundant species on the seaward side in all

the swamps and the one that has colonized many places aro\md the coasts.

Thus the mangrove formation here is very impoverished in species, compared

with those in most tropical cO\mtries. However, physiognomically it is

qui te typical.

SOPRORA-MYOPORUM PARKLAND: On the Island Qf Hawaii, above the koa

and lehua forests, and interfingering with them in places and up to an
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\meven'timberline, is an interrupted belt of a vegetation dominated by

Sophora chrysophyUa. (JDaII1ani) and ~oporwn"sandWicense (naio) with scattered

clumps of Ac:ac1akoa in the lower parts. It varies from an open forest

to a savanna, and in places is interrupted by areas of grassland, scrub,

and bare lava. The trees are rather scrubby, or at least spreading, with

full crOwns. Between them once grew a rich herbaceous flora and many

shrubs, espeC1ally'StYPhel1a, Vacciniwn and "Chenopodiwn oahuense.

This complex has been called mountain parkland '(Robyns and Lamb 1939).

Apparently this was an open forest formation even in pre-European times,

and probably also in pre-Hawaiian times, as no activity of the early

Hawaiians would very likely have seriously changed anything on. these high

lava and ash slopes. This parkland has been degraded, and nearly destroyed

by the unrestrained grazing of feral sheep.

2. VEGETATION PATTERNS .Q!.THE HAWAIIAN ISLANDS· r

IStANDOF HAWAII: Hawaii is the largest", the highest, the youngest,

and the most 'compiex or the Hawaiian Islands. 'It exhibits a corresponding

environmental diversity,'wi.thaltitudinalzonation from sea level to well

above timber line ; climatic variation from orographic rainy regions and

soaking bogs . to .desert rain .shadows ; .and a complete range of •primary

ecologicaL15uccessional stages from fresh lava to rain forest on deep

ancient soil.

Its vegetation pattern .reflects this environmental complexity. The

"vegetation: is blliltfroma relatively ·small flora and in no place does it

exhibit the richness ,in composition fOUl1dinmanv tropical continental

areas." However. in spite of this rather restricted floristic composition,

a remarkable diversity of physiognomic and structural tvpeshas developed.

Present day vegetation Includesmanv types and many species of plants not



present before the advent of man. Of course, these have. over large

areas. replaced the vegetation and species that were there before. Recon­

structing past vegetation must, at best, rest largely on informed

guessing and in many places there is not even any information, on which

to base a guess. It seems clear that, in spite of an initial increase

in diversity with the arrival of new aggressive plants,the general

trend is toward much greater uniformity, as the successful immigrants

are mostly species of great-ecological ampUtude. A few. species tend

to cover great 'areas and to replace many local insular endemics. The

present pattern, with some reference to, the past is, in broad strokes,

about as follows:

liang the windward coast of Hawaii mixed lowland forest once formed

a continuous belt, except where high cliffs fell directly into the sea.

Its original nature can scarcely be surmised, and its extent'only guessed

at. At present it exists as an extremely varied mosaic of stands of

Aleurites, Pandanus, Calophyllum, Eugenia cumini, Eugettiamalaccensis,

Hibiscus, tiliaceus, Metrosideros co1Una, and various mixtures of these

with each other and with other species. It extends from the Ka1apana

region around as far as Hilo, interrupted by new lava flows and villages.

Its inner limits are doubtful and it merges with various inland types.

In many areas it has been replaced by guava forest and thicket •. From

Hi10 to the Waipio valley and in the Koha1a area it has been replaced

by a continuous belt of sugar cane plantation up to 500-600 m level,

the forest persisting (unless replaced by guava scrub), only in the lower

courses and mouths of the abrupt stream gorges and ravines that cut the

lavas of this coast. The mixed forest is also found on the floors and

lower slopes of the great gorges of the Koha1a Mts., along the north
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coast, where it gives wa! in places to taroc~lture. The montane rain

forest forms a st:dp above this to about 1200 to 1600 (9reven 2000)m.

It is a' thick forest, generally dominated by Metrosiderosand in many

areas with a conspicuous tmderstorv of Cibot1um (tree ferns). This

rain forest extends from 1ust west: and north of Kilauea to the Kohala

MoUntains. but'islar~elv re-olaced in the Waimea. area by pasture. Where

lava flows have' cut across this forest they a.re mostly covered by open

Metr6sideros and GleiChenia.

Above the montane forest, .still on the windward side, is a. belt

of Acaciakoa forest, with considerable Metrosideros, varYing from a

closed 'forest to open park-like areas with patches of forestln grassland.

'This seldom reaehes2000 m,uSually less. Over large areas it has been

destroyed and replaced <by pasture.

The leeward sides Of the island below 2QOO m are mostl~ a rain­

shadow varying in- degrees of dryness. At the lowest altitudes around the

coast, from somewhat east of Kalapana to Upolu Point on the Kohala

Peninsula, lies a belt/of xeric forestandscrub,giv1ng way to grass

in places onrockrldgesand exposed points. Prosopis pallida is the

domlnant tree overmuch ofthiswoodland,loca,lly mixed wi thor replaced

by'Pithecellobiumdulce (opiuma). These trees, with Acac1a farnesiana

(klu) andLeu~aena leucocephala (koa haloe)formilngashrub layer, make

up amicrophyllous} often' spiny, closed toopenfores t or scrub , or a

savanna.; In ·.certainareas the ··sclerophyllous Diospyros ferrea- (lama)

andas~oc,lates, such as Erythr1ria sanm.ilcensis(wll1wl1i)persist, usually

as scattered tndiv:f.dualsor open stands. In other areas the coast is

covered by bare black lava flows. The highly xeric: belt usually occurs

on the relat1vely flat coastal strip, but locally on the 'northwest and
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southeast coasts it may reach 300-500 m elevation. Above this is a belt

slightly more mesophytic, but still definitely xerophytic. In some areas

there may occur an open sc1erophy110usforest of native trees, mostly

degraded by grazing. It may be a mixture ,but if often dominated by

Diospyros. or by a very sc1erophyllous form of Me trosideros. Large areas,

have been covered by scrub of Lantana, Leucaena, Sch1nus terebinthifolla

orDodonaea,with Opuntia locally abundan~. Other areas are grassy,

with Heteropogon contortus, Pennisetumsetaceum and other introduced

grasses. Much of this vegetation is used.as pasture and frequently

overgrazed. It tends to be more and more mesophytic upward. First it is

a belt ofmesophytic to subsclerophyllous treesw1th fewfems or epiphytes.

The latter become more numerous until in some areas true montane rain

forest, some of it very well developed, prevails. Such forest, seemingly

out of place in a rain shadow, results from frequent convecti.on showers,

which occur in the lee of very high mountains. The greater part of this

forest, where the slopes are not too steep or the lava too rough" is

cleared and replaced by coffee plantations, pastures, and small farms.

Strips of new lava and older lava in various stages of vegetational

development cut across this at frequent intervals. Metrosideros is the

principal tree species in the succession on lava as it is in the mel:iophytic

and montane rain forests. Upward the stature of the forest diminishes

and the epiphytes vanish. The montane rain forest is replaced by ,an

interrupted belt of opel1 nesophytic fO,rest. In places this is a forest

of Acacia ~,in others of a mixture of trees, including Myrsine,Santalum,

Dodonaea, and Metrosideros. At the lower edges, Metrosideros is dominant

with a moist carpet of moss on the ground. Upward the character of the

forest becomes more xerophytic and it is more or less continuous, at least
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on the southeast side of Mauna Loa, with the koa belt that extends around

the windward side at middle altitudes , Here, especially in the Kilauea

region, are "kipukas" or patches of a rich mixed mesophytic forest on old

deeply weathered soil, surrounded by fields of newer lavas, with koa and

Metrosideros forests and grass • A small kipuka of this sort exists, also,

on PuuHu1uhu1u, in the Humuu1a saddle between Mauna Loa and Mauna Kea,

at about 2000m elevation.

In the Ki1auea-Kau region, also, considerable sections in this belt

are grassy or .grassy with scattered trees ,very possibly as the result of

a long history·of grazing. Another conspicuous feature in this same region,

but at a somewhat lower altitude, is the KauDesert,an elliptical area

extending south and southwest, from Kilauea Caldera and almost devoid of

vegetation. 'Much of the desert is relatively fresh lava, pumice, and ash,

but this is scarcely sufficient to explain the general paucity of vegetation.
".

The long-eontinued effect of the sulphur dioxide fumes drifting down-w1nd

from .• the volcano, or some peculiarity in the topography intensifying the

rain-shadow effect ,maybe partly., responsible. There is certainly a marked

decrease in rainfall .in,the v1cihitY',ofKilauea."

On the southwest side of the island, the north slope of Hualalai has

open Metrosideros forest with amossy.ground cover at around 1200-1800 m.

Below .re.extensive areas ofr()ugh1ava wi"th open xerophytic forest,.once

a very rich mixture of ,!ocal<end1m1c'spec:1.es , nOw much degraded by grazing

between Hua1.a1a.i and MaunaLoa and Hualalai and Mauna Kea,' but little infor-

mationis on.record as to their character.

N0t'th 0(Hua1a1ai ,and extending over the Waimea 'Saddle II between Mauna

Kea and the Koha1aMts. ,and up ,toward Rumu.u1a Saddle, is an' enormous are~

of pasture, locally degraded to a low scrupofDodonaea andWlkstroemia;
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some areas are dominated by*Peunisetum. setaceum; mostly it is a mixture

of introduced pasture grasses. The pastures extend far up the slopes of

Mauna Kea and· well· around on its· windward slopes.

On the Rumuula Saddle and down toward Waimea are areas of tussock grass

and of open scrub of Chenopodium oahuense. This vegetation is now much

toru up by military maneuvering with heavy equipment. Much of the area in

the Saddle, itself, is covered by fresh lava flows, one as recent as 1935

and bare vegetation.

The four large mountains on the island are strikingly different in

their vegetational.aspects, as well as geologically.

The top of the Kohalarange is covered by very low wet forests, bogs

and incipient bogs. The windward side is cut by spectacular gorges. Sphagnum

is abundant at the heads of these gorges, Gunnera, also, as well asa rich

shrubby flora.

Hualalai is a clinkery mass of cinder and spatter cones, lava flows,

and ash beds. The vegetation is an open high altitude scrub of StyPhe1ia,

Coprosma, Dodonaea, Wikstroem!a, and Santalum, in varying proportions,

with scattered Sophora, Myoporum, and Metrosideros trees, and patches of

forest of these species. Some of the upper cones and lava are almost bare.

Mauna Kea is .surrounded, between 2000 and 3000 m, by a belt of forest

or open woodland or parkland of Myoporum and Sophora, Vividly described,

both in its original state and present degraded condition by Warner (1960,

see above). Mixed with this woodland, and above it,are areas of scrub of

Styphe1ia, Vaccinium, Geranium, Dodonaea, and Coprosma. The scrub reaches

a higher altitude on this mountain than elsewhere, possibly because the

substratum. is principally of ash. Above the scrub :1.s an almost bare volcanic

landscape in the summit area (Hartt and Neal 1940).
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Mauna Loa, on the other hand, has what is essentially a timber line

between 2000 and 2300 111 with occasional lob~~ 6fforest reaching a bit

higher. The·upperforest may be of koa,Metrosideros, or of Myoporum and

Sophora. In some areas the typical scrub of high altitudes is well developed

above the forest and in interruptions in it. Most of the vast dome of

Mauna Loa, however, is covered by barren slag-like lava flows, with

xerophytic moss, ferns andruftsof grass in the crevices (Fosberg 1959).

In kipukas above 'the forest, surrounded by lava, are patches of scrub. On

the newer ·flow surfaces plants are hard to find.

The most interesting vegetational feature on the Island of.Hawaii is

the great complex of successional stages on lava flows of different ages

and different climatic exposures, on windward and leeward slopes, and in

convection areas. These cannot be described briefly. Several preliminary

studies have been made of them (Forbes, 1911; RobynsandlJamb, 1939; Doty,

in progress), but the results have only indicated how diverse are the

successions involved and how difficult it is togeneral1ze effectively about

them. It· is clear that on moister aspects the development of vegetation is

very much more rapid. The most common primary tree colonist is Metrosideros

collina(lehua). Under many circumstances a population of lehuadevelops

. directly, preceded only by the very earliest pioneer stages of ferns, lichens,

and mosses. This scrub or forestusuallymayberatheropen,.and.ther

intervening surface, where sufficiently moist, .is commonly soon occupied by

Sadleria and especially Gleichen.iaferns. Where drier this may be replaced

by scrub of Dodonaea, Vaccinium Styphelia.andother;shrubs. In a more

advanced ;stage anunders tory of Cibotium(tree.ferns ) develops and may

become very luXuriant, in wet-areas. Gradually other, moremeshophytic trees

come in, and the typicaLmixed mesophytic forest develop on moist, and
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montane rain forest on wet, flows. In drier areas the original population

of Metrosideros may persist indefinitely, or perhaps may be replaced by

dry sclerophyll forest. There are no observations to substantiate any

conclusions about succession on the dry flows except that it is exceedingly

slow.

ISLAND OF MAUl: Maui, with its two high volcanic domes connected by

a very low isthmus, might almost be regarded as two islands. WestMaui is

II1Ucholder and more deeply eroded of the two, .<and is only l762_m high.

There has been no volcanic activity since late Pleistocene. East Maui, of

Raleakala, on the other hand, reaches 3139 m and has been the site of lava

flows probably as late as 1750. It still shows large exposures of scarcely

or slightly weathered lava and ash. Its upper parts extend above the level

of trade wind rain and on its leeward south slopes the rain-shadow effect

is strongly developed. ,..

The windward north and east slopes of Raleakala are wet.and densely

forested, up to altitudes of 1800 to 2100 m, with well developed montane

rain forest, except below 300 m and above 1800 m, where the lehua forest is

partly replaced by the somewhat less hygrophilous koa forest. This forested

region extends around the east end of the island and on the south slope almost

to the Kaupo Gap, where it gives way abruptly to grass. The gulches, in their

lower parts are mostly filled with Aleurites(kukui} forest, and in their

mouths by mixed lowland forest, which also extends all along this wet coast

in the lower 100 m or so. Northwest of Hana there are some fine examples

of the Pandanus forest phase of this mixed type. Considerable areas of these

lower slopes, and in places up to 300 m, have been cleared and converted to

pasture, much of which is strongly invaded or occupied by Psidium guajava.

Near Keanae are lowland marshes used for Colocasia (taro) culture.



The west slopes of Haleakala, up to 1800 to 2000 m, have been
~~

almost completely converted to mesophytic pasttir~~ mostly o£exotic

pasture plants, or, a.t very low elevations, to pineapple plantations.

The south slopes, below 1500 m, are mostly barren lava beds, with sparse

grass, and locally, a few sorry remnants of the once extensive dryland

sclerophyllforest. These persist where the roughness of the lava has

to some extent discouraged the hungry cattle. The lowest parts of these

lava beds, on the southwest corner, even though much more gently sloping

to the sea, are ,almost completely' bare ofvegetadon. GOing north along
, -

the coast to the IstbDlus, the lowest slopes bear Prosopis forest, and

above it much of the pasture is interspresedwithareas of Lantana scrub

and Qpuntia. Above lSClO m on the 'leeward side 'and 1800 to 2000 m on the

more moist exposures, is very sparse to well developed high altitude mixed

microphyUous scrub,with some' areas bftussockgrassland' and some of

Sophora woodland with either grass or scrub:in the space between the trees.

The summit ridges and mucbof'the inside of 'the "crater" are lava desert,

dry cliffs, and desert ash and cinder slopes with almost no ~egetation.

On some of ,these sloPes, though, are Scattered rosettes of the spectacular

s1iversword,Argyr6rlphitml~certainly the most famous vegetational feature

of Maui.Locally in the "crater" are areas of sparse scrUb, and near the
• . l .' •

bases of the cliffs, thin stands of Pteridium.

A large part of the Is'thmus, the gentle lowest northwest slopes of

Haleakals, arid the lowest slopes ofWes't Maui, up to the break where the

steep slopes begin, also the lower 500 m on -the west side, are planted

to sugar cane, -with' only ~omeof theravines -and' gulches woodes. The

lowest and driest parts of the Isth1l1usare covered by Prosopisforest,

except for the towns and an area of salt marsh around Kealia Pond on the
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south side.

The lower north slopes of WestMauiare in lush green pasture

except for the deep wooded gulches which radia te out from the high mountain

mass. The south slopes of West Maui,up to 1000 III or more, are extremely

harrenand seriously eroded. Some grass and bits. of scrub retain a foot­

hold, with brush in the gulches. This barren area extends around somewhat

onto.th.e east and west slopes. Above thi!h and above the plantations

and pastures, the mountain is covered by thi~k, soaking montane rain forest,

except where the wet cliffs are too steep for 1I1ore than thin scrub, and

on· the flat or gently sloping summit and.!uppermost ridges, where there

are extensively developed open bogs. These Wes t Maui mountains exhibit

stupendous erosion features, and form on of the richest botanical regions

in the .islands.

ISLAND 2!~: Oahu, third largest of the Hawaiian Islands, is

made up to two old volcanic domes, both apparently down-faulted on· their

seaward sides, leaving tremendous cliffs facing the sea and gentler slopes

toward the depression that separates them. The topographic expression

of these domes takes the form of two roughly parall.al mountain ranges,

the Waianae Range on the west side, the Koolau Range on the east, trending

northwest-southeast. The Waianae Range is older, higher, and much more

rugged, almost skeletonized by headward erosion. Its highest pea.k, Puu

Kaala, is flat topped and 1227 m high. The Koolau Range is lower, reaching

946 m in Puu Konahuanui, back of Honolulu. The fluted cliffs alo,ng its

windward side, facing generally northeast, are truly spectacular. The

vegetation of Oahu, except above about 500 m in the Koolau Range and on

a few steep slopes in the t-laianae, has been completely altered by man.



In the Koolau Range, at middle altitudes. where .the slopes are not
/i .::. .<: :~

actually cliffs, .the forest is well developed montane rainforest, domi-

natedby Metrosideros. Landslide scars, covered by'Gle1cheniaLinearis,

are very common and show all stages of succession back to forest • Above

this, .along the main' crest· and down some .distance on the long ridges, is

scrubby cloud forest,and on some peaks' and crests, open peaty spots with

dwarfed vegetation approaching bog conditions. At the head of Kaipapau

Valley isa small bog that has some of the special bog plants otherwise

found only on the other islands (Fosberg and Rosaka 1938).

The windward cliffs, con'tinually drenched by orographic trade wind

rain and covered by clouds, are too steep to hav.e :1nUch.vegetation except

on ledges and in tiny hanging valleys • At their bases are pockets of

Aleurites forest and Metrosideros with, a rich undergrowth flora of such

hygrophyticplantsas Cyrtandra. Relow this, in the valley bottoms, is

mixed lowland forest, with Eugenia malaccensisabundant near the foot of

the mountains~ Mangifera indica (JIlSngo) locallyabundant,Pandarus,

Hibiscust1liaceus. Psidiumguajava. and Eugenia cumini nearer the coaSt.

Ridges that sel'aratethese valleys, wherE! they run down toward the coast.

are mostly covered with guava forest and scrub, or closer to the coast,

with Lantana and Leucaena scrub. At Reeia there is a small but well deve-

loped mangrove swamp. There were fOrmerly good coastal dunes, with an

interesting ,vegetation. at Kaneohe and Waimanalo, but they are largely

gone ,asis 'mos t •afthe lowland and beach. 'lege tation. because of, the

development of residential areas ,and military ins~allations. The tuff

cone on MakapuuPeninsula, called Ulapa.u liead, is. rather dry and the .

vegetation is a thin Lantana scrub. Most of the marshes and ponds along

the windward coast thave been filled or dredged out, but Kawainui marsh
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is still fairly extensive. tts original vegetation, however, is entirely

gone, replaced by a solid stand of Panicum.purpurescens, which 1s grazed

by cattle. A number ofS1JUll11slets along the windward coast, mostly

tuff cones, but one OT tWo remnants of elevated reefs, preserve bits of

native vegetation or at least a few native species. Most of theill.are

protected as bird refuges, though the protection is not very effective.

Toward the east end of the range conditions, on both sides ·of the

1II)lUltains become drier and the vegetation becomes xerophytic. Lantana

scrub, Heteropogon grassland, and Prosopis cover much of the ground

(Egler 1947). Scarcely a trace remains ··of the dryland sclerophyll forest

that formerly was dominant.

On the leeward side of the KoolauRange, below th.elehua forest,

koa forest and possibly extens.ive areas of mixed mesophytic forest for­

merly occupied large areas. A 11ttle koa remains in gulcheS'" and on some

cf the narrow ridges. The flatter remnants of original lava flow slopes

have been almost entirely cleared for pineapple fields, and, in their

lower parts, sugar cane. Some traces of native vegetation remain in the

gulches. In the koa belt the gulches are filled with Aleurites forest,

which stands out against the steep valley walls because of its pale green

color. Large areas on the leeward slopes and on the flatter land below

are now occupied by the City of Honolulu nad its suburbs,andot~ertowns.

Much of this land was formerly grassland, probably Heteropogon, which now

only remains on steep lava cliffs and tuff cone slopes. Middle slopes,

too steep for houses, have LeucaenaandSchinus scrub. The lowest and

dryestareas, where not covered by houses, are mostly Prosopis forest.

Some, such as on Koko Head, are so eroded that almost no vegetation remains.
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The Waianae Range, mostly in the rain shadow of the Koolau, is much

drier and bas montane ra~nforestonly on thebighest crests and on the

small plateau and upper slopes ofPuu Kaala. The top of Kaalais an

almost swampy forest, but has been altered by military establishments

and by th.e introduction of the blackberry, Rubuspenetrans, whJ:ch makes

prlcklytangles. Some of the steeper slopes and hanging valleys on the

sides of the Waianae Mts. still retain fine mixed mesophy tic forests.

Most of them however, have been seriously altered by grazing and the forests

are in a degraded condition or have been changed by attempts at reforesta-

uon. Large areas are covered by Lantana and guava scrub especially on

thEf lower slopes. Aleuri tesoccup:f.esmany of the 'gulches • The base,

where not covered by military establishments of sugar and pineapple plan-

tations, ismastly Ptosopis·forest. Dry spurs on the leeward side have

Heteropogon.and'Opuntia where there is a.nyvegetation. On t:'he Ewa Coral

Plain, southwesto£'Pearl Harbor,is extensiveProsopis forest with areas

of Agave sisalana(sisal).Kaena Point, the western extremity of the

island,has some fairly well developed sand dune strand vegetation, with

a number of native plants.

ISLANDQ! KAUA1: KaJai is principally a single enormous, deeply

dissected volcanic dome, with several subsidiary domes and cones, and

considerableflatorgentlyslop:1ng land on the lower slopes. Itshighest

peak,Waialeale, 1576 m, 'does nott"each high enough to be above the oro­

graphic rainfall levels, and receives an enormous precipitation. Kauai

is the oldest of the larger islands of ' the group, and has the most highly

evolved flora, withmanyendendc species.
-" .. ,

Its vegetation has been altered

in many parts, but same of the higher areas are still in much their natural

condition.
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The top of the dome is covered hy cloud forest, very decadent where

the terrain is flat or gently sloping, and with extensive bogs (Selling

1948). Below the cloud forest is montane rain forest, and on the higher

western slopes, some excellent koa forest. The valleys on the north ~ide

are the same sort of stupendous. gorges that are seen on other high windward

coasts, with wet cliff vegetation, in some of the valleys much damaged

by goats. Kalalau Valley, especially, has suffered from the depredations

of these feral animals. In the bottoms of the valleys are areas of mixed

lowland forest, and its Pandanus and Hibiscus tiliaceus phases are also

abmtdant on the bases of the ciiffs above the shDre. Hatialei Valley has

extensive rice and taro fields occupying former marshes. Many of the more

moist lower slopes on the eastern side of the island are of bauxitic solI,

too sterile for successful plantation agriculture. They are covered by

a poor pasture vegetation with much scrubby Melastoma, guava ...scrub, and,

especially in ravines, a phase of the mixed lowland forest with Pandanus,

Eugenia cumini, Psidium guajava, and P. cattleianum, the two latter fre­

quently forming pure forests. Leucaena leucocephala is abundant, as is

Lantana camara. The vegetation of these bauxitic soils is being studied

by Moomaw and Takahashi (1960) and some experimental work is being. done

on revegetation of denuded areas.

The Haupu Range, one of the subsidiary domes, on .the southeast

corner of the island, is partially denuded, but has extensive Lantana

scruD. and Aleurites forest, as well as guava thickets. The south slopes

of the mountains have pasture just below the forest, and the lower parts

are extensive sugar cane plantations. The coastal strip is dry and has

some large areas of Prosopis forest. In places plantations approach very

close to the shore. On the west side, back of a broad strip of Prosopis.
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fores tt rise bare grassy" eroded slopes. These were more OT less bare,

or perhaps covered by He teropogon and xerophytic shrubs even in pre­

European times. Now overgrazing and erosion have made the slopes far

more barren. Upward the grassland gradually merges into scrub and into

the koaforest.

The south slopes of the main mountain 1!IaSS are cut by stream erosion

into tremendous gorges, rivaling those on the north slope in size, but

much drier and with less vegetation. Waimea Canyon has been referred to

as the Grand canyon of Kauai. The w~lls are thinly grassy, with wcrub on

theledges,C:iny strings of kukui forest in ravines. In the bottom of

the -upper part of the valley are kukufi forests and some mixed lowland

forest. Further down, the walls are covered by thin Leucaena scrub, and

Opuntia, andw1th some Heteropogon grass. In the lower parts of the valley

bottomSare·Prosopis forests and pastures, with, in some are'hs, cane

plantations.

There has been much exploration of Kauai from a floristic stand­

point, but very little has been written on its vegetation.



Representative Algal Genera

S. E. Oahu (Reef Area)

Cyanophyta

Brachytrichia Entophysa1is Phormidium
Catothrix Lyngbya Rivu1a.ria

Chlorophyta

Acetabularia Dictyopheria Struvea
Bood1ea Enteromorpha Udotea

Chlorophyta

Caulerpa Halimeda Ulva
Cladophora Neomeris Valonia
Codium Siphonocladus

Phaeophyta

Co1pomenia Padina Sphace1aria
Dictyota Ralfsia Turbinaria
Ectocarpus Rosenvingea Zonaria (incl.
Hydroclathrus Sargassum Pocockiella)

Rhodophyta

Acanthophora Dasya Laurencia
Actinotrichia Galaxaura Liagora
Amansia Geldium Plocamium
Amphiroa Ha10plegma Porolithon
Asparagopsis Hemitrema Tolypoiocladia
Botryoc1adia Hypnea Wurdemannia
Centroceras Jania
Chondrococcus
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S. Kona Coast Hawaii (No Reef)

Cyanophyta

Entophysalis
Scytonema
Calothrix

Chlorophyta

Enteromorpha
Ulva
Halimeda

Phaeophyta

;Ectocarpus
Sargassum
Ralfsia

Rhodophyta

Ahnfeltia
Caulacanthus
Porolithon
.Actinotrichia
Hemitrenia

. Gaacilaria

Rivularia
Brachrichia
Lyngbya

Codium

Dictyopteris
Chnoospera
Padfna

Gelidium
Peyssonelia
Acanthoppora
Centroceras
Galaxaura
Asparagopsis
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C. FAUNA

1. ANCIENT· AND RECENT VERTEBRATE LIFE

The fact that the Hawaiian Ar.chip~lago is isolated by open ocean is

the most important factor in the development of prehistoric animal life.

Birds constituted the principal early immigrants, hence it is significant

that the only unquestionably native mammal is the Hawaiian bat (Lasiurus

semotus).

Ancient bird life originated from many points of the compass. The

ancestors of the honey creepers probablyarrived from South America, and

the honey eaters are similar to those found in Australia and· New Zealand.

A later arrival, the predecessor of the present species of 'flycatcher, is

also considered Australian in origin. The thrushes seemmost.closely

related to Polynesian, Melanesian, and Malaysian species. The non-migra­

tory goose (Brantasandvicensis) and duck (Anas platyrhyncbos ·wYYilliana)

closely resemble the Canada Goose and Mallard in structure. The sub­

specific coot (Fulica americana alai) and gallinule (Gallinula ehloropus

sandvicensis) are similar to the North American types. The distinct

Hawaiian stilt (Himantopus himantopus knudseni) is most likely derived

from an American ancestor which in pre-historic times found it unnecessary

to migrate to survive. The sea birds, and owl (Asio flammeus sandwichensis)

are sub-species of birds with world-wide distribution. The native crow

(Corvus tropicus) is similar in appearance to the Australian crow. The

hawk (Buteo solitarius) is considered closely related to the Swainson's

hawk of North America.

The establishment of these unique birds took place over a long

period of time, and it is thought that all of the diverse forms of land

birds may have evolved from as few as 16 original inunigrants. The
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Hawaiian honey creeper family (Drepaniidae)~ with members whose bill'

structures vary from thick and finch-like to si¢kleshaped, may have
," "~' ~

originated from a single ancestral type. Another factor in this unusual

specialization is the extreme variety of habitats found in these islands.

It is certain that a central core of regular migrants return to
. .

Hawaii each year from the Pacific Coast of North America. Most of these

birds are shovellers (Spatulaclypeata) and pintails (Anasacuta) with a

few Baldpates (Arlas americana) and Scaups (Aythya' sp.) ~ turning up each

year. A variety of chailce migrants have been noted. The annual water­

fowl census numbers between t,SOOand 5,000 birds with a high of 10,462

recorded in 1953. Numerous species of shore birds have been seen over

the years, but the most common are the wandering tattler (Het~roscelus

mcanum) I rudder turnstone (Arenaria interpres interpres) ~ and Pacific

golden plover (Pluvialis dominica fulva). The latter is no.ted for its

spectacular 2;OOO-mile non-stop flight to and from the Aleutian Islands

each year.

The early'Polynesian navigators brought with them domestic animals

as well as food plants. the aboriginal jungle fowl has been domesticated

for years but soon went wild in the uninhabited forests. The pig, varying

mcolor from white tored~stripeci to spotted, reverted readily to a

wild state. At the present time it is a truly wild animal and, in remote
Ie," ',",.!

areas, Uniformly black in co16ratidnwith a distinct "ritzor-back."

The dog, although usually preferring the comp'any of·' man ,has.formed iso­

lated wild packs which raid sheep flocks,and even roam near Honolulu.

Although the Hawaiian rat (Rattus hawaiiensis) is termed native, it is

believed that it arrived in the canoes of the first settlers . along with

the common house mouse (Mus musculus). Before the arrival of the first
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white explorer at least one species of gecko and one skink were extant on

Hawaii. These were of a variety common to the South Sea area. and very

likely arrived with the Polynesians.

The larger domestic animals were brought in primarily as gifts for

royalty by the first explorers. In some cases the chiefs. not knowi~g

of their us~fuln~ss. placed a "kapu" on them and they were free to revert

to a wild state. Captain Cook introduced an English breed, of goat in

1778. and at the same .time left a type of pig which readily crossed with

Hawaiian variety. Domestic sheep (prob~ly a Merino breed) and cattle

were. landed at·Kealakekua in 1794 by Vancouver. Horses were brought

to the Island of Haw~ii in 1803. In most cases these domestic animals

were unrestricted by fences and with vast wild lands to roam ~n. soon

multiplied and became serious problems in the native forests.

Frogs and toads were introduced from Japan and Americ.a. as early as

1867 by the Royal Agricultural Society. There are no snakes in Hawaii

except for a secretive blind snake and of course various species of

sea snakes. Skinks and geckos in addition to those mentioned above

were probably introduced accidentally on shipping and there are a total

of 7 species now recorded.

Domestic cats probably arrived on the first shipping. and are common

on all the major islands in a wild state. They are an important predator

on ground nesting birds. The Indian mongoose (Herpestes griceus). the

only weasel-like animal in Hawaii. was introduced from Jamaica •. West

Indies. in 1883 to rid the sugar cane fields of rodents. In a short time

it was found that not only were they ineffective but that they were pests

to poultry farms and wild birds. They are found on all themain.islands

except Kauai where they were prohibited entry. The Norway rat (Rattus
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norvegicus), black rat (Rattus rattus rattus) and white-bellied rat

(Rattus rattus alexandrinus) arrived on the first shipping. As in

other areas these animals are pests to foodstuffs and carriers of disease.

Although rabbits have been very carefully excluded from the main

islands, Belgian Hares cmd other varieties have been established on

"Rabbit Island" off Oahu since '1903.

Beginning in the middle 1800's, many birds were introduced for

hunting, for the control of noxious insects, and for esthetic reasons.

The earliest established game bird (1875) was the Chinese ring-necked

pheasant (Phasianus ,torquatas) which is, now common on all the· major

islands. A subsequent release of Japanese blue pheasants (Phasianus

versicolor versicolor) about 25 years later filled a wetter habitat. The

two types hybridize readily. From a release of 40 chukarpartridge

(Alectorus 'graeca chUkar) on Hawaii in 1949, the populatioIlrexp loded

to an estimated 35,000 in 10 years. It is found most abundantly in the

mountainous areas of Hawaii and Maul. Other important game birds which

are h1.mted includetheCalif()mia quail (Lophortyx californicacalifomica),

Japanese Quail (Coturnixcoturnix Japonica) ,Barred dove (Geopelia striata

striata), "lace-necked dove (Streptopeliachinensis chinensis) .and feral

pigeon (Columba.livia).'·· Domestic turkeys (Meleagris gallopavo) ,pea fowl

(Pavo cristatushandguinea fowl'(Numida. meleagrisgaleata) were intro-

. duced between 1815 and'1874 and are found in a semi-wild state on many

island~.

Many bIrds have been brought in for economic purposes, the most

common of which is the ,Indian Mynah {Acridotheres tristis) which was intro­

duced to control ctitw'orms' (1865). Others, such as thericebird (t.1unia

nisoria) escaped from cages and have since become a nuisance to crops.
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mainland game fams or directly from their native country, and none are

considered established S:SYet. '!

Big game animal introductions are a little more difficult to plan,

as landuse conflicts, disease, and availability often prohibit entry.

However," the European: Mouflon sheep (Ovismsimon) and North American prong

horn (Antilocapraamericana) have been successfully released recently on

Island of Lariai arid reproduction has occurred. Also, on Hawaii, the

Mouflon is being hybridized with the local feral sheep in an attmept to

upgrade the appearance and habits of present animals. On Mauna Kea,

Hawaii's glaciated mountain peak, the formerly >domestic sheep have ravaged

many parts of the forest despite constant hunter pressure. It is hoped

that the new hybrid will be less detrimental to the flora.

The most successful large mammalian import to date is the Axis deer

(Cervus axis) introduced to Molokai in 1868;, and to Lanai sDmetime after

1920. A beautiful spotted deer of the Indian variety, it soon adapted

itself in most cases to the hot open lowland forests of these islands.

Although transplanted to Maui in 1959, it is not yet established there.

Except in isolated instances this animal is nowhere a problem and limited

hunting seasons are opened each year.

In summary,the Hawaii Islands originally boasted one of the most

unique, albeit limited, faunas to be found in the world. With the advent

of man and all the ramifications of agriculture, introduced animals, and

changing land;uses, many of these animals became reduced in numbers, or

even extinct. Fortunately government controls were put into effect

before any further damage could be done. Through strict quarantine against

disease, and research as to the effects of exotics on the existing wildlife,

the prevention of further extinction of primitive forms if being effecteu.
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2. LAND MOLLUSCA

The endemic land molluscan fauna of Hawaii is represented by

the families Zonitidae,Helicarionidae, Endodontidae, Succineidae,

Achatinellidae including Tornatellininae, Amastridae, Pupillidae,

Helicinidae, and Hydrocinidae. Over 1.000 endemic forms comprise

these families.

A few forms which were introduced accidentally or on purpose

compose a minor but economically important part of the lowland fauna.
,.- ---,

Standouts among these immigrants are Achatina fulica. Subulina octona.

and six species of the old genus Opeas (Stenogyridae-Achatinidae);

Euglandiri.a rosea.'(pleacinidae); Gonaxis Idbeziensis • and,Q. quadril­

ateralis (Streptaxidae)'; Bradybaena (-Eu.lota)' sim1laris (Helicidea);

the zonitidsHawaii minuscula andZonitoides arboreus; and the slugs
~

Veronicella,leydigi,'Limax flavus. Limax maximus. Deroceral laeve.

and PhilomycUS carolinianus. This is due to the fact that the

natural balance between the flora and fauna has been upset severely

through the introduction of plant and animal pests like the lantana

and the rat. to name only tvo. As a consequence, endemic native

snails. with certain exceptions. live only on certain native plants

and this under forest conditions. 'When the plants go. so do the

snails.

In most places, the>riative'forest begins at±1200feet. The
-- -_.- ..

bulk of theriative. snailsa.Iso beginshowirig at thIs level. The

lOWland has been deforested, for agriculture and other human activities.

The principal and commonest host plants on'which the arboreal

snails live are as follows: olopua (Osmanthus), ha'a (Antidesma),

188



kolea (Myrsine), lehua (Metrosideros), kukui (Aleurites), alani

(Pelea), ti (Cordyline), olomea (Perrottetia), kalia (Elaeocarpus),

kanawau (Broussaisia), manono (Gouldia), and pilo (Coprosma) among

native plants; grava and waivi, two forms of Psidium, immigrant.

The ground-dwelling snails use the fallen dried leaves of these

and other plants and their twigs and trunks in their decaying stages

as shelter and feeding grounds besides the usual talus and other

cover.

The endemic snails are thought to subsist on algae and fungi

and the term "host plant" should not mislead the biologist.

The genus Achatinella is confined to Oahu where it may be found

together with Auriculella, Leptachatina, Amastra and Philonesia.

Its congeners Partulina, Perdicella, and Newcombia are scattered

on all the remaining outer islands except Kauai, Niihau, and perhaps

Kahoolawe.

3. MARINE FAUNA

OAHU EXAMPLES

The coastline of Oahu at Black Point consists of a basalt out-

crop massive blocks fronting directly on the sea. The basalt blocks

are interrupted by tidepoo1s of varying size and small, rubb1e-

surfaced coves.

The dominant faunal element of the spray zone are the mo1luscus.

Populations of Littorina pintado Wood and Nerita picea Rec1uz are

conspicuous, and occasional specimens of Siphonaria norma1isGou1d

also occur here. The grapsid crabs, Grapsus grapsus tenuicrastatus

(Herbst) and Pachygrapsus p1icatus (Milne Edwarcs) scurry over the

rocks, and associated with them seaward is P1agusia depressa

tubercu1ata (Lamarck).
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The tidepools harbor a rich and varied fauna. Of the coe1en-

terates, the sea anemones MarChanthea cookei Verrill and Bunodactis

nigrescens{Ve'l'ri11), otc~py sandy bottoms" anddrevices respectively;

and the "soft" coral, Zoanthus nigrescens Verrill coats the sides

of pools. Eichinoderms include the ophiuroids Distichophis c1arcki

Ely, Amphiura.immira Ely, and, beneath s1lla11 clumps of algae,

Ophiactis.savignyi (Muller and Troschel). Commonly foundho10thurians

are the black Ro10thuria~ Jager and the brown and white Actinopyga

mauritiana (Quoy and Gaimard). Tidepoo1 molluscs include several

species of Conus, f. abbreviatilsReeve, f.ebraeusLinn. ,e.. pennaceus

Brug., f. 1ividus Rwass, andC. f1avidusLam. ,and two species of

Cymatium, f. ch10rostoma Lam. and f. ·pi1eareLinn. Beneath loose

rocks are the gastropods Peristernia.ch10rostomaSowerby·and·Mitra

1itterata Lam. and the biva1veIsognomoncoste11atumConrad. Oc.casiona1

specimens of CyPraea.caputserpentis Linn. are also encountered beneath

loose rubble and in crevices. In sandy areas of.thepoo1s, the

enteropneust Ptychodera f1ava 1aysanica Spenge1 occurs. Crustaceans

are represented by the colorful bandana prawn. Stenopus hispidus

(Olivier) and thesnappiIlgshrimp Alpheus. pacificus (Dana) while

empty gastropod shells are occupied.bythe hermit crab, Calcinus

herbstiDe Man. Several species ofportunid crabs abound in ·'the

sand and among the rock rubble, Charybdis japonica (A. Milne-Edwards),

f. orientalis Dana, and Tha1amita.arenata. Careshou1d'be'exercised

in handling loose rocks bec.auseofthe presence of "fireworm" " Eurythoe'

pacifica Kinberg.

The fish fauna of thetidepoo1s.1S made up of a number of well

known species. Istib1ennius zebra (Vaillant and Sauvage) occurs in

1.90



191



MAMMALS AND REPTILES OF THE KONAAREA. HAWAII

MAMMALS

Hawaiianbat, Laslurussemotus

House mouse, Mus musculus

Hawaiian rat, Rattus exulans hawaiiensis

Alexandrine rat, Rattus r. alexandrinus

Black rat, Rattus .r. rattus

Norway rat, Rattus norvegicus

Mongoose, Herpestes griseus

REPTILES

Mourning gecko, Lepidodactylus lugubris

Fox gecko, Hemidactylusgarnoti

Stump-toed gecko,Peropusmutilatus

Moth. skink, .Leiolopisma noctua

Azure";tailedskink,Emoia cyanura

Snake-eyedskink, Ablepharus bouton!i poecilopleurus
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CHECK LIST OF MARINE INVERTERBRATES KONA AREA,. HAWAII

193



SPECIES

Peristernia chlorostoma
Phenacolepassp.
Rhizochilusmadreporum
Siphonaria sp.
Strombus·ma.c.u1atus
Thais harpa
Turrissp.
Vexilla taeniata

Mollusca - Opisthobranchs
Raminoeacrocata
Hexabranchussp.
Hydatinaamplustre
Micromelo gramensis

Mollusca-Lamellibranchs
Anomya. nobilis
Brachidontes ·cerebristriatus
Ctena.bella
Isognomoncostellatum

!l incisum
Perlglypta.edmonsoni
Spondylushawaiensis

Echinodermata -Asteroids
Asteropecarnifera
Linkia multiflora

Unidentified small red.sp.

Eehinodermata- Echinoidea
Centreehinus paucispinus
Eehinometramathaei mathaei

II mathaei oblonga
Eucidaris metularia
Reterocentrotus·mam1llatus
Lytechnius ... verracula.tus

.Pddophoraatrata
Tripneustes .. gratilis

Echinodermata·- Holothuria
Actinopygamauritiana
Chiridota r:hida
Holothuriaatra
Ophiodesoma~ctabilis
Stichopus sp.

Tidepool

x

x

x
X
X
X

X
X
X
X

X
X
X
X
X
·X
X

X
X

X

x
X
X
X
X
X

X

X
X
X
X
X

Inlet

X

X

X

Coast

X

X
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Sub-tidal

X

x
X
X

X

X

X

X
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SPECIES Tidepoo1 Inlet Coast Sub-tidal

Echinodermata - Ophiuroidea
Ophiocoma erinaceus X X

n pica X X

Arthropoda - Crustacea
Carpiloidesbe1la X
Grapsusgrapsus X
Leander debUis X
Leptodius sanguinensiS X
Leptod!us.sp. X
Pachygrapses minutus X
Platypodia eydouxi X
Pseudosquilli·ciliata X
Stenopus hiSpidus X

Arthropoda - Cirripedia
Cthalamus hem.beli X

Unidentified purple sp. X

Bryozoa
Loxoxoma sp. X X

"
Fishes

Abudefdu£ abdominaliS X X
Acanthurus triostegus X X
Aprion·virescens X
Bothus sp. X
Cantherines sandwi.chensis X
Chaetodon fremb1ii X X
Dascyllus albise11a X
Myripustis murjan X
Naso unicornis X
O'S'"ttacion cubicus X X
Po1ydactylis sexfilis X
Priacanthus cruentatus X
Se1ar crumenopthalmus X
Sphyraena he11eri X
Thalassonia umbrostigma X
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shoreward pools with the gobiesBathygobius fuscus fuscus (Ruppell)

and Kellogella £,ligolepis (Jenkins). Entomacrodus marmoratus (Bennett)

is found where there is some surf. Other forms commonly encountered

are juvenildspecimens of AcanthurussandvicensisStreets, Abudefduf

abdominalis (Quoy and Gaimard), A. sordida (Forskal) It and Kuhlia

sandvicensis (Steindachner).

A less varied .fauna is found on the exposed portions of the

coasUine..Qnthealgal-encrustedbasalt is the purple shingle

urchin,Colobocentrotusatrata(L.Agassiz),while two forms of

the short-spined sea urchin., the black Echinometra mathei oblonga

(BlainvUle) and thegrayE. mathei mathei BlainVille occur in
. - "',, - . ',---

small creVices' and holes • Molluscs of this area include the limpet

Helcioniscus exaratus Nuttall and the drupes, Drupa morum Roding,

D. ricinus Linn .' , ..andiMorula.tuberculata >Blaitiville •



4. HAJJArI' S INSECT FAUNA

Insects probably first reached the Hawaiian Islands soon

after plants became established more than 10 million years ago.

Perhaps .a stray bird or .winds .brought the first seeds to the new

born islands. As the plants became established and suitable

habitats deve1oped,.insects began to arrive from the west by

accidental means. Through the succeeding years many changes took

place. New. plants, insects and other anitnals arx-ived ,original

immigrants evolved Into ·endemic species, new islands grew from

the ocean, old.ones eroded and disappeared beneath the sea and the

chain with its biota slowly grew to the southeast and died in

the northwest.

The changes must have taken place ata slow, leisurely

rate to produce one of the most unusual faunistic assemblages

present upon the face of the earth. But recently, changes have

come more rapidly as man has set upon the islands and turned the

land to his own use. The effects upon the native plants and in­

sects have been disastrous. They have been unable to withstand

these changes - both physical changes of the land and the

competition from introduced organisms. Today much of the original

biota is irrevocably lost. It is in the higher mountains that

the native Hawaiian plants and animals have managed to persist.

Only a few native species have been able to withstand the onslaught

of man's activity in the lower, accessible lowlands. To see the

species that make Hawaii unique, one must now go to the mountain

forests.
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There are over 5000 species of insects in Hawaii. They are

not repreSentative of' continental groups, but are random samples

that were able to make the oceanic voyage and gain a foothold in

the islands. Thefaun~t~ an unbalanced (or':di~harmonic) one with
"

many orders not' represented in the native lists. More than half

the world orders of insects are not found naturally in Rm-7aii.

Many of .the larger, eonspicuous families are lacking. There are

no nativephasmids, mantids, stoneflies, mayflies, dobsonflies,

caddisflies , and many others, in llawa:1.L This is' disappointing to

thegeneral'<:ollecto~,but: the uniqueness of many of the existing

native forms should more than compensate for lack of easily col-

lected specimens.

Most of the native insects on HaWaii have originated in

Tropical Asia. Zimmerman lists more than 90% of the genera with

Pacific affinities. The origin, spread and development of the

Pacific fauna has recently been covered by Gressitt in Pacific

Insects Monograph2..Theevidence presented by these two author­

ities on Pacific inSects' isoverwhelmingiy in. favor' of Asiatic

origins of the Rawaiian insects an.dGressitt feels that New Guinea

may have been a primary source of insects in the Pacific. Both

authors cited the means of oceanic dispersal used by:1.nsects.

These are: 1) air currents, especially during storms when strong

winds blow from tb.ewest t:b tb.~ east contrary to the usually

westerly- directiont>fthetradewl1n.ds;2)}accidental transporta-

tion on the body of birds either in the feathers, innrod on the

feet or with the eggs passing throughthe'intestin.al tract; and
." ,. ,.',

3) rafting on floating logs. Of course, many have been brought in

on boats, ships and planes both as accidental and purposeful intro-
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ductions. The predominance of small insects with low specific gravity

indicates the firs t method to be mos t important. Recent work under

the direction of Doctors Gressitt and Yoshimoto of the Entomology

Department, Bishop Museum, has taken insects far at sea in nets

aboard surface vessels and in a specially designed airplane trap,, _ ..,. -.,... .. ,

demonstrating that insects are carried over the. ocean by air currents.

That the native insect. fauna of over 3000 species could have

developed from chance immigrants is emphasized by Zimmerman. He

calculates that the native insects could have originated from about

250 introductions. This means that if the islands are 5 to 10 million

yea!:"s old, one immigrant each 20,000 to 40,000 years would account

for the present species.

For detailed accounts ·of Pacific. insects, the reader is referred

to Zimmerman (1948, Insects of Hawaii, voL 1) and Gressitt (1961,

Pacific Insects Monograph 2), both of which .have been the chief

references in drawing up the above account.

Most of the native insects have been replaced by immigrants in

the lowlands below about 2,000 feet. The remaining native fauna

is largely confined to the native forests in the mountains. The

field trips have been planned to get entomologists to areas where

they might find these, but limitations have been imposed by time

considerations and other factors. The post-Congress tour will

undoubtedly be more profitable than those on Oahu, for on the outer

islands there has been less disturbance and destruction of the

native vegetation an~ the native insect fauna is richer.

The lists of insects for each island include selected genera

which may be taken in the various localities to be visited. Endemic

genera or only those with native spet:.ies are listed. Associated plants
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are indicated in parenthesis. Such orders as Thysanura, Thysanoptera,

Psocoptera, Mallophaga and Lepidoptera have not: been included.

There are only two native butterflies in Hawaii, Vane~ tameamea

Eschscholtz andVaga· (..~~!aena)blackburniCtheiy) .and they are found

on alLmajor islands. Collectors willprobac.lyfind them on several

. of·.• the .fieid trips. 1. tameamea, .theKamehamehabutterfly, is found

on·Pipturus (preferred host), Urera,Neraudia,Touchardia and Bochmeria,
. ..

all· members of the Urticaceae or Nettle family. The Hawaiian lycaenid,

J. Blackburni, feeds on .Acacia koa (preferredhost),Pipturus,Per­

rotditia, Dodonaea,Pithecellobium,.· Samanea, and Redyotis (Kadua).

OAHU: POAMOHO, AIEA· HEIGHTS ,MANOA CLIFF TRAILS

ODONATA.Ariax, .. Megalagrion .. (Freycinetia) , =~==

ORTROPTERA. Gryllidae: .. Leptogryllus t .. =;;;';;;;';:;;;';;;.2.;;.===
Prognathogryllus • Tettigoniidae : Banza.

HEMIPTERA. Sctitelleridae: Coleotichus (Acacia, Dodonaea).
Pentatomidae: OEichilia (Metrosideros). Reduviidae: Nesidiolestes,

... Empicoris. Lygaeic1~.e:: Cceanides (manyn.ative plants),
Glyptonysius, Neseis (many.nativel'lants),
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Nysius (many native and introduced plants), Pseudocymus (Eragrostis), Nesocymus
(sedges, Carex, Cyperus, Eragrostis, Pipturus), Sephora, Metrargax.(Freycinetia).
Nabidae: Nabis (many plants). Anthocoridae: Lasiochllus (Straussia, Antidisma,
Cibotium, Coprosma). Miridae: Kamehameha (Cyrtandra,. Pipturus), Psallus
(Acacia), Engytatus(many native plants), Nesidiorchestes, Pseudoclerada,
Oronomiris. C1xiidae: Oliarus . (Acacia, Broussaisia) • Saldidae: Saldula.

HOMOPTERA. Psyllidae: Trioza(galls on Metrosideros,Pelea) , Kuwayama
(Metrosideros) ~ Megatrioza, Hevaheva (Pelea). Cicadellidae: Nesophrosyne
(Kadua, Bobea, .Metrosideros , Cyrtandra, Wikstroemia, Pipturus, Touchardia,
Myrsine, Eugenia), Balclutha (grasses). Cixiidae: Oliarus (many native
plants) ,.!olania.Delphacidae:Leialoha Cmanynativeplants), Nesodryas
(FreYcinetia), Aloha (Dubautia, Euphorbia) , Nesorestias (Cibotium, ferns,
Elaphoglossum, Phegopter1s), Dictyophorodelphax (Euphorbia), Nesosydne (many
plants), Kelisia (grasses).

COLEOPTERA~ CarabidaE!: Atelothrus. (FreYcinetia), MecycI6thorax,Mesoth­
riscus, Metromenus (Pipturus), Nesocidium (Pipturus), Anchonymus, Baryneus
(Acacia). Staphylinidae: .Diest"ota, . Lispinodes , .. Myllaena (Freycinetia),
Oligota (Pipturus). Histeridae: Acritus, Nitidulidae: Eupetinus(Freycinetia,
Metrosideros,Pipturus), Conicryctus (Pipturus),Nesopeplus,Nesopetinus
(Freycinetia), Orthostolus (Freyc1netia,. Pipturus). DertElestidae: Labrocerus.
Anobiidae: Holcobius, Microsternus, Xyletobius. Ciidae: Apterocis, Cis
(Acacia, Coprosma, Myoporum,. Sm1lax,.~Vacc1.nium, Pipturus ,.Dracaena, Freyc1.netia).
Elateridae: Eopenthes (Acacia, Metrosideros, Scaevola},Anchastus (Clermontia).
Eucnemidae: Dromaeolus (Rubus) •. Cerambycidae: Neoc!ytarlus ·(many native
plants), Plagithymsus(many .nativeplanes). Aclycyderidae: Proterhinus
(Acacia, Cibotium, Coprosma,· Euphorbia, MetTosideros, Pelea, Pipturus,
Cheirodendron), Heteramphus (Astelia, Straussia,Metrosideros, Elaphoglossum),
Oodemas (many native plants), Rhyncogonus (Scaevola, Acacia, Bidens, Pelea,
Sida, Freyc:inetia), Nesotoccus (Cheirodendron, Tetraplasandra) •..

DIPTERA. Tipulidae:~ia (Cyrtandra), Gonomya. Psychodidae: Trichomyia,
Psychoda. Chironmidae: Calospectra,Telmatogeton. Mycetoph:1.lidae: Orfelia.
Sciaridae: Plastosciara, Sciara. Dolichopodidae: Emeroptera, Chrysotus,
Syntormon, Eurygnaster. Pipunculidae: Pipunculus. Calliphoridae: Pros the­
tochaeta, Dryscritomyia. Anthomyiidae: Lispocephala. Drosophilidae:
Drosophila, Tantalia, Titanochaeta, Idiomyia. Tephritidae: Tephritis
(Dubautia) • Ephydridae: Neoscatella. As teiidae: Aste1a.

HYMENOPTERA.. Ichneumonidae: Atrometus, EnicospUus, Echthromorpha,
Neolelaps, Toxeuma. Eupelmidae: Eupelmus. Mymaridae: Polynema. Bethylidae:
Scleroderma, Sierola. Formicidae: Ponera. Vespidae: O~e~ Sphecidae:
Nesomimesa, Deinomimesa, Nesocrabro, Oreocrabro. Prosopidae: Nesoprosopis.
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MAUl

INSECT GENERA CONTAINING NATIVE,SPECIES

ORTHOPTEBA. Tettigonii4ae: Conocephaloide~,'$anza. Gryllidae:
Paratrigonidium, Leptogry1liis (Freycinetia, Cibotium).

ODONATA. ~,NesClgonia,Megalagrion.

HEMIPTERA. Scutelleridae: Coleotichus(Acacia,Dodonaea).
Pentatomidae: Oechalia.Lygaeidae: Oceanides(manynative'plarits), Neseis
(manY native plants),Nysius (111anynativeandintroducedplants), Metrarga,
Sephora (Coprosma, Gouldia, Scaevola,Straussia, Sadler:la). ,Tingidae:
Teleonemia scrupulosa (introduced for control on lantana, only tingid,in Hawaii).
Nabidae: Nabis (many native and introduced· plants). Anthocoridae: Lilia
(Acacia, Cyanea,' Straussia), ,Lasioch:Uus(Antidesma,Cibotium,Coprosma).'
Miridae: . Oronom1.ris(grasses), Psallus(Acacia, Euphorbia), SUlamita(Frey­
cinetia, Zanthoxylum),. Sarona (Metrosideros,·Pelea),Orthotylus (many natIve
plants)~ Saldidae: Saldula.

HOMOPTERA. Cicadellidae: Nesophrosyne .'. (Coprosma, Sadleria), Balclutha
(grasses) .Cixiiciae': "Oliarus(Cibotium,crytandra,Pipturus, Sadleria).
Delph~cidae:" Leialoha(MetroEiideros), Nesosydne (CYrtandra, ,'. Argyroxiphium,
Dubautia" Geraru.um,>Coprosma,Pipturus , Gunnera, Astelia,Styphe!la, 'Raillardia,
Tetramo·opium,Cyanea). Psyllidae: ,Trioza,(galls on Metrosideros), Kuwayama
(Metrosideros), Hevaheva (Pelea).

NEUROPTERA~Hemerobiidae: Chrysopidae: Anomolochrysa.

COLEOPTERA•.... Carabidae:,'.,' Atelothrus, ,Disenochus , .•• Mecyclothol'SX, Mesothriscus,
Metromenus,Nesocidium"Baryneus, Anchony1Xlus. Staphylinidae: Diestota,
Lispinodes, Myllaena«Freycinetia) , Oligota(Pipturus). Histeridae:' Acritus.
Nitidulidae: .Eupetinus(Metrosideros ,Freycinetia, Pipturus), Gonicryctus ,
(Pipturus), Nesopeplus , Nesopetinus (Freycinetia) , '. Orthostolus(Freycinetia,
Pipturus) • De,rmestidae:. Labrocerus. Anobiidae: Holcobius, Microstermus
(Bidens), Xyletobius(manyplants}.,· Ciidae: .... Apterocis , "Cis (Acacia, Coprosma,
Myoporum, -Smilax, Vaecinium, Pipturus, Coprosma,Freycine"'ffi, "Sadleria) •
Ela.teridae:Eopenthes(l>fetrosideros,Scaevola,AC:acia),.Anc:hastus (Clermontia) •

•Eucnemidae: Dromaeolus(Rubus) .Cerambycidae: Neoclytarlus (many native
'plants). Curculionidae: Dryophthorus(Metros ideros ,Suttonia'; Pipturus),
Heteramphus(Straussia,Metrosideros,Elaphoglossum),Oodemas(many native
plants), ,Rhynocogonus(Scaevola,Acacia,.' FreYcinetia,Bidens ,Pelea, Sida).
SC9lytidae: Xyleborus. '

DIPTERA. ',' Tipulidae: ., Limonia, .GClnoniyia.: Chironomidae: Calospectra,
Telmatogeton.Mycetophilidae: Orfelia. Sciaridae: Sciara. Dolichopodidae:
Chrysotus, ." Camps icnemus ",. Eurynogaster .Pipunculidae: Pipunculus. Drosophilidae:
Drosophila, Titanochaeta, Idiomyia. 'Anthomyiidae: ,Lispocephala. Ephydriadae:
Neoscatella~

HYMENOPTERA. Ichneumonidae: Atremetus, Enicospilus. Eupelmidae: Eupelmus.
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Mymaridae: Polynema. Bethylidae: Scleroderma (Sapindus, Straussia, Euphorbia),
Sierola (Coprosma, Metrosideros, Pipturus, ,Dodonaea). Vespidae: Odynerus
(Argyroxiphium, Freycinetia, Metrosideros). Sphecidae:Deinomimesa,Nesomimesa,
Nesocrabro, Oreocrabro. Prosopidae: Nesoprosopis (Sophora, Raillardia,
Broussaisia,Clermontia, Smilax).

HAWAII

INSECT GENERA CONTAINING NATIVE SPECIES

ORTHOPTERA. Tettigoniidae: Banza. Gryllidae: Paratrigonidium.
(Freycinetia, Metrosideros"ferns},'Leptogryllus (Freycinetia, Cibotium).

ODONATA. Nesogonia, Megalagrion.

HEMIPTERA. Scutelleridae: Coleot,ichus (Acacia, Dodonaea). Pentatomidae:
Oechalia (Dodonaea, Myoporum). Coreidae:lthamar (Euphorbia,Sida, Sophora,
StyPhelia) •. ,. Lygaeidae:' OCeanides (many, native plants), Neseis .(many .native
plants), Nysius (many native and introduc:ed.plants),Metrarga (Metrosideros).
Tingidae: Teleonemiascrupulosa (introduced for control of lantana, only
tingidinHawaii). Reduviidae: Nesidiolestes. Nabidae: Nabls (many native
and introduced plants). Anthocoridae:. Lasiochilus (Straussia, Antidesma,
Coprosma , Cheirodendrol1, Cibotium).. Miridae:Psallus (Styphelia,Acacia,
Euphorbia), Sulamita (Freycinetia, Zanthoxylum), Sarona (Metrosideros, Pelea),
Pseudoclerada, Orthotylus (many native plants), Oronomiris(grasses). Saldidae:
Saldula.

HOMOPTERA. Cicadellidae: Nesophrosyne (many native plantS),Balclutha,
(grasses). Cixiidae: Oliarus (Metrosideros, Maba,Astelia,Dubautia, .Cibotium,
Nephrolepis), Iolania. Delphacidae: Leialoha-cMetrosideros), Nesothoe
(Euphorbia, Metrosideros,Osmanthus, Antidesma,Maba),Nesodryas(Pritchardia),
Aloha (Ipomoea, Bidens,Campylotheca,.Cheirodendron, Lipochaeta,Lythrum),
Nesosydne (many native plants), Kelisia (Eragrostis,Sporobolus~Vincentia,

Deschampsia. Psyllidae: Trioza (galls on Metrosideros),Kuwayama (Metrosideros),
Hevaheva(Platydesma).

NEUROPTERA. Hemerobiidae:
Anamalochrysa. Myrmeleontidae:

Nesomicromus, Pseudopsectra.
Eidoleon •.

Chrysopidae: .

COLEOPTERA. Carabidae: Atelothrus, Meoyclothorax, Mesothriscus,'Metromenus,
Nesocidium, Anchonyptus, Baryneus, Barypristus, Colpodiscus. Staphylinidae:
Diestota, Lispinodes, Myllaena, Oligota. Histeridae:. Acritus. Nitidulidae:
Eupetinus,·Gonioryctus, Nesopeplus,Nesopetinus, Orthostolus •. Dermestidae:
Labrocerus. Anobiidae: aolcobius, Microsternus (Bidens)., Xyletobius (Bidens,
Straussia, Euphorbia, Pelea, Clermontia, Pipturus, Broussaisia, Antidesma,
Coprosma, Smilax, Urera). Cucujidae:· Brontolaemus,Laemphoeus. Ciidae:
Aptercocis,Cis. Elateridae: Eopenth.es, Itodacnus. Cerambycidae:. Neoclytarlus
(many native plants), Plagithmysus (many nativeplante;) •. Curculionidae:Acalles,
Dryophthorus, Heteramphus, Oodemus, Rhynocogonus, .Deinocossonus, Nesotocus.
Scolytidae: Xvleborus.
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DIPTERA. Tipulidae: Limonia. Psychodidae: Trichomyia, Psychoda.
Chrionomidae: Termatogeton. Ceratopogonidae:. Dasyhelea. Mycetophilidae:
Orfelia. Sciaridae: Sciara. Dolichopodidae: Chrysotus, Bydrophorus, Euryno­
gaster. Pipunculidae: Pipunculus. Calliphoridae: Dyscritiomyia, Prosthetochaeta
Anthomyiidae: Lispocephala-." Drosophllidae: Drosqphlla, Titanochaeta.
Ephydridae: Neoscatella.ASteiidae: Asteia. .

mMENOPTERA. Ichneumonidae: Atrometus, Eniscospilus. Eupelmidae:
Eupelmus. Myrmaridae: Polynema. Bethylidae: Scleroderma, Sierola. Vespidae:
Odynerus (Freycinetia, Metrosideros) • Sphecidae: Dein.omimesa, Nesomimesa,
Nesocrabro, Oreocrabro. Prosopidae: Nesoprosopis (Sophora, Raillardia,
Broussa1sia, Clermontia, Smilax).
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