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THE HAWAIIAN ECOSYSTEM AND ITS ENVIPONWNTAL DETERMINANTS WITH 

P ~ T I &  EMPELISIS. 'ON PROMISING AREAS FOR G E O T H E R ~ L .  EXPLO=~ATION 

THE SETTING 

A. A Brief Geobiological History of the H a w a i i a n  Archipelago 
1. Volcanic Origins 

The geologic his tory of the Hawaiian Islands can be bes t  understood 
in terms of a series of volcanic episodes spanning tens of millions of 
pears and extending along a stupendous fracture  zone across the add-Pacific 
ocean f loor  f o r  a t  least lS00 miles. The earlier pa r t s  of this s tory  are 

probably obscured i n  deeply submerged and buried layers  of lava which may 

even, long-since, have been recycled through the surfaces of lava domes 
b u i l t  up along the r i f t .  Many such domes eldst along this line; a t  least 

26 of them appear above the present surface of the sea forming the is lands,  
the Hawaiian Archipelago (Stearas 1946). 

c 

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

these are toward the northwest end of the r i f t  and the highest, presently 

active, and youngest are a t  the southeast end. 
sumably s t a r t ed  a t  the northwest end and gradually, over a period of many 
millions of years, advanced southeastward, creating new is lands of f resh 
lava and leaving weathered and eroded- ones behind, these t o  subside 
gradually and f ina l ly  to  be capped by coral  reefs, lying a t  sea level ,  

growing upward as f a s t  as subsidence proceeded. On these the  only dry 

land is  the coral  rock l e f t  behind by a recent s l i g h t  lowering of sea-level 
and coral  debris piled-up by storms. The Hawaiian a t o l l s  are K u r e ,  Midway, 

Pearl and Hermes, Lisianski  and Laysan. Southeastward the volcanic is lands 
now appear as masses of laminated basa l t ,  b u i l t  up layer by layer of lava 
flows and ash falls, these deeply weathered and eroded, but becoming less 
so the nearer the southeast end of the chain is  approached. 

Volcanic activity pre- 

On Gardner and French Frigate (surrounded by a coral  r ing) only t iny 
pinnacles of volcanic rock remain. 
rocks.. Niihau is a low p a r t i a l  dome. 

islands,  is regularly populated by native peoples. 

Necker, Nihoa, and h u l a  are reduced to  
Only Niihau, of the aforementioned 
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Kauai (Population - 34,700 est.) is a large symmetrical dome with 

a smaller one on its southeast flank. 

i n to  valleys and cany . Waialeale, its ta t mountain, is 1600 m 
high. 
pa t te rn  reappears on the windward coast of a l l  the larger  islands. 
erosional charac te r i s t ics  that result i n  r t ical  c l i f f s  i n  Hawaiian 
basa l t s  have been discussed by Pa 

The main mass is deeply dissected 

On the windward s ide are massive c l i f f s  cut i n to  valleys. This 
The 

r (1927) and Stearns 
Oahu (Population - 719,60O&st.)is composed of two domes., each with 

one s ide  eroded off, the remaining pa r t s  forming the p a r a l l e l  Waianae and 

ges, separated by a depression forme y the meeting of flow 
e Waianae Mount 

t o  very rugged erve some 
ave f luted c l i f f s  on of the or ig ina l  flow slope 

the windward (east)  s ide  (Palmer 1927). 
Molokai (Population composed of two 

ranges are set  domes, with c l i f f s  on the 

end to  end ra th  

Maui (Population - two domes, i n  

and s t i l l  showing an 

alalai has been 

a. &una Loa, 

frequent periods of act ivi ty .  
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Thus, t he  subs t ra ta  f o r  the  vegetation of t he  E a w a i i a n  Islands 

3 

are the b a s a l t i c  lava and ash poured fo r th  by the volcanoes, and 

soil derived from the  weathering and dis integrat ion of t h i s  basal t .  

Locally there i s  a lso  the  limestone of the elevated coral  reefs and 

coral  sand f l a t s  t h a t  surroun 

t h e i r  entire surface. 

some deep o ld  soils exist, where they have not been removed by 

recent accelerated erosion. 

l a t e r i za t ion  has gone f a i r l y  far .  

the ironstone crusts seen in many t rop ica l  countries are lacking 

(sof te r  lattiritic 1 

1950). 

great ly  decreases its porosity and increases its waterholding 

capacity. 

e older islands,  o r  even make up 

Every degree of weathering play be seen and 

In some of the soils the process of 

There are bauxite beds, although 

s have been described fo r  Hawaii by Sherman, 

The weathering of the  basa l t  t o  clay and clay-like soils, 

The Islands l i e  en t i r e ly  within the trade wind be l t .  The 

northeast trades,  moisture laden after a thousand mile sweep across 

the Pacif ic ,  h i t  the  mountainous islands, rise forming r a i n  clouds 

and continually drench the windward slopes and crests with heavy 

"orographic" r a in fa l l .  This precipi ta t ion may be carr ied on 

down the  leeward slopes t o  a considerable distance, but i t  falls 

off  rapidly and the leeward slopes become markedly d r i e r  at  lower 

levels.  This f a l l i n g  off of r a i n f a l l  between the  w e t  crests of 

the  Koolau Range a t  the head of Manoa Valley t o  Diamond Head is 

a s t r ik ing  phenomenon; in a gradient of four miles, from Pauoa 

Flats t o  the  Honolulu Substation, the r a i n f a l l  decreases from 

4300 t o  600 mm (U. S. Weather Bureau, 1960). The r a i n f a l l  on M t .  

Waialeale (elevation 1600 m) on the  Island of Kauai, is famous, and 
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in some years is w e l l  over 15,000 mm indicated by finding tha t  

the 600 inch rain ge has overflowed 

reading. 

graphic rise of the  t rade winds is ef fec t ive  only 

level and 2000 m a l t i tude ;  above - 1 

islands are of l imited lateral dimensions, t h  
c 

ound or  a t  least not t o  go over the  top, and 

the  mountains tend t o  be dry. 

moderately t o  severely a r id  conditions may resul t .  

Since the  drainage may be extreme, 

L i t t l e  is known 

Loa, the  figures for  f i v e  

e months and patches may 

convection. 

st (Selling, 1948; Gregory 

% 

c 

of m i l e s  of ocean consti- 

kid 
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t u t e  a formidable b a r r i e r  t o  almost a l l  groups of land p lan ts . .  

Various hypotheses have been advanced proposing land bridges 
i ,  
W 

connecting the  is land with continental  land masses. These are wholly 

unsubstantiated by geological evidence. 

evidence fo r  t h e m  on close examination appears thoroughly unconvincing 

(Skottsberg 1931a; 1931b; Zimmerman 1948). 

summarized the theories on t h i s  question f o r  the whole Pacific. 

our purposes w e  w i l l  assume that the Hawaiian volcanic dames w e r e  

b u i l t  up from deep water. 

Even t he  supposed biological  

" 

Skottsberg (1956) hasi 

For sr 

The first land avai lable  f o r  plant and animal colonization 

m u s t  have been an unstable mound of volcanic material, 

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

chain i n  the  neighborhood of the present Kure and Midway Islands. 

This may have been 20 o r  more mill ions of years ago. 

reasonable assumption tha t  is lands have exis ted here  since the 

mid- o r  possibly even the ea r ly  Tertiaw. 

It seems a 

- 

We may assume that, then as now, f r u i t s ,  seeds, and other 

propagules of plants  were being carr ied about by winds, ocean 

currents and b i rds ,  and occasionally dropped or washed ashore. 

Paleobotanical evidence indicates  t ha t  the species assemblages on 

the  continents surrounding the Pacif ic  were d i f f e ren t  i n  d e t a i l  from. 

those now there. 

on the  young island would have rep 

species then extant. L i t t l e  paleobotanical work has been done on 

the oceanic islands and it  is not l i ke ly  tha t  a very complete f o s s i l  

record has been preserved i n  t h i e r  volcanic deposits. 

Thus, the p l a n t s  that may have become established 
I' 

Y 

Hence, w e  

have no way of knowing the actual s tory  of the ear ly  colonization 
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of the new lava and ash domes. 

day) descendants 

By study of the  remote (i.e. present 

. such as new lava 6 and ash beds (F 
W 

Fosberg 1959), w e  can t o  some degree reconstruct the ecological 

conditions then prevailing. An approximate average frequency of 

successful colonizations can be inferred again by studying what is 

I allowing for  the amount of evolutionary d i f fe ren t ia t ion  

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

what became established, flourished, and has s ince disappeared. 

only attempt t o  make an estimate of frequency ( 

The 

the islands.  

nothing t o  impede t h e i r  multiplication i n  vast numbers u n t i l  a l l  the  

su i t ab le  ground was covered, 

long as new lava flows and ash beds were being formed, open h a b i t e g  

In these ear ly  stages,  and later, as 

themselves w i t  



As long as active building up w a s  taking place, surfaces of the 

dames could remain f a i r l y  even. Ne= lava flows, however, tended 

t o  i s o l a t e  pa r t s  of the plant  populations, at  least those plants 

faqored by some soil development and shade. Evolution was encouraged 
. .  

both by i so l a t ion  and by periodic catastrophic reduction in population 
v 

and size. 

set in. 

During periods of volcanic quiescence erosional  processes 

In time the  deep val ley development now seen on older  high 

islands appeared Both the high ridges and the  valleys between 

them serve as bar r i e r s  t o  the migration of plants  and serve t o  

i s o l a t e  populations of plants which can then d i f f e r e n t i a t e  i n to  

d i s t i n c t  taxa. The fur ther  progress of the  erosion cycle may well  

have broken down physical ba r r i e r s  in some cases before reproductive 

i so la t ion  w a s  achieved. Or by one mans or another the ba r r i e r s  

may have been crossed by seeds and i so l a t ion  thus broken down, allowing 

separate taxa t o  hybridize and introgression and gene flow t o  take 

place between the  populations. Marked climatic f luctuat ions which 

occurred during the  Pleistocene almost cer ta in ly  gave a great impetus 

t o  evolution also. 

Evolution under conditions of reduced competition as described 

above and from a very l imited assortment of o r ig ina l  types would 

also be expected t o  result in the production of curious growth 

forms with characteristics not commonly found in certain plant groups. 

The progeny of the few stocks present would occupy niches ordinar i ly  

held by members of other  families. 

The lack of grazing animals w a s  a lso  a fac tor  in the  survival  

of many uuusual forms: i t  removes the common se lec t ive  advantage of 

u 
of many uuusual forms: i t  removes the common se lec t ive  advantage of 

u 
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, and it may have i 

than would the s 

Being evolved in 

, the plants had no 
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and rose apple, e i t h e r  by t h e i r  own competitive a b i l i t y  o r  aided 

by disturbance, came t o  dominate ce r t a in  habi ta ts .  Agricultural 

vegetation types such as taro marshes and coconut groves were 

created. 

role. 

In the dry areas f i r e  may have played a s igni f icant  

Some grassland associations were probably brought i n to  

exis tence by butning in marginally dry areas. 

After hundreds of years of occupation by the  Polynesians ce r t a in  

equi l ibr ia  between man's activities and the  vegetation may have come 

about. Fair1 able  pat terns ,  d i f f e ren t  in some are 

earlier ones, may have evolved. 

-. 

Then came European man, and w i t h  him came cattle, goats, sheep, 

other domestic mammals, new agr icu l tura l  plants ,  and new methods f o r  

t h e i r  culture. Most important he brought commerce and agr icu l ture  

f o r  prof i t .  A t i s i n g  rate of disturbance w a s  accompanied by a 

never-ending stream of new exot ic  plants  - both economic plants  

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

subst i tuted fo r  them, especial ly  sugar cane and pineapple f i e lds .  

Erosion w a s  accelerated and whole new habi ta t s  were created, mostly 

t o  be occupied by the  exot ic  plants  t ha t  were being introduced. 

Almost none of t he  or ig ina l  vegetation types remained unaffected, 

though some were f a r s o r e  vulnerable than others. Few of t he  new- 

comers would have been able  t o  invade the  o r ig ina l  closed, undisturbed 

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

increasing population and the  ava i l ab i l i t y  of new tools  and chemicals 

the disturbance and change proceed ever more rapidly. 

Now almost all the  vegetation types tha t  are commonly seen 

excepting certain of those on new lava and ash around Kflauea Volcano, 

are composed largely or en t i r e ly  of non-Hawaiian plants.  And.most 

ci 

L, 
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of the people who l ive here do not even Emow th is .  

pineapple, the  guava, the papaya, the  showy trees taht line the  

streets, the weeds tha t  invade gardens 

The cane, the  

w a s t e  places, and the  

coconut palm were a l l  brought by man from elsewhere, and almost 

no Hawaiian plants have been brought i n to  cult ivation. 
v 

B. Climatology and Physiography 

1. Highlights and Biological Consequences 

H a w a i i  is the  only state which lies within the  t ropics ,  and 

the only state composed of r e l a t ive ly  s m a l l  is lands completely 

surrounded by ocean. These fac ts  contribute t o  its unique climate. 

Descriptions of the  macroclimates of Hawaiihave been provided 

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

. and Price (1967). 

in Hawaiian Is volcanic mountains , 
t of the state land area lies 

feet), and 10 percent lies above an elevation o 

ove 2100 meters (7 at ions (in meters) 

of the  six ma are: Hawai i  - 4,206; Maui - 3,055; 

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

Almost ha l f  the land in the  state lies within 8 lcm (5 mi.)  of 

of H a w a i i ,  is 

I 

f 

1 dis t r ibu t ion  

is influence 

through September the trades are prevalent 80 t o  95 percent of the  

bsl 
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t i m e .  

t o  80 percent of the  t ime . '  

Rom October through April  t he  trades are prevalent only 50 

Major storms, associated with cold f ronts ,  lows, and upper 

air  laws and troughs, occur, on the average, from two t o  seven times 

per year, usually between October and March. 

storms tha t  dry leeward lowlands receive most of t h e i r  annual 

r a in fa l l .  In fac t ,  most areas of the  state, except f o r  the  Kona 

coast of Hawaii, have higher r a i n f a l l s  in the  winter than in the  

summer, although most areas with high r a i n f a l l  remain r e l a t ive ly  

w e t  a l l  year. Hurricanes may occasionally pass c lose t o  Eawaii, 

but between 1904 and 1967 only four came su f f i c i en t ly  c lose t o  

a f f ec t  the Islands, and only one ac tua l ly  passed through' the  islands.  

It is during such winter 

Day length in H a w a i i  is r e l a t ive ly  uniform throughout the  year. 

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

minutes; the sho r t e s t  is 11 hours, 40 minutes. The uniform day- 

length and the  small annual var ia t ion  in the  a l t i t u d e  of the sun 

above the  horizon, result in r e l a t ive ly  small var ia t ions  in the 

amount of incoming so la r  energy. This, and the nearly constant 

flow of f resh ocean a i r  of r e l a t ive ly  uniform temperature over the 

is lands,  are the major fac tors  which contribute t o  the very s l i g h t  

seasonal changes in air temperature in the  islands.  

The overa l l  pattern in H a w a i i  is one of equable temperature 

conditions. Below 1,523 meters the  difference i n  mean monthly 

temperatures between w a n n e s t  and coolest  months does not exceed 

SOC., while the average da i ly  range in temperature is between 4 O C  

and 9OC. 

temperatures above 35OC (9S0F) are extraordinar i ly  rare even in 

The highest temperature of record is 38OC (lOO°F), but 

L, 
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the  dry leeward lowlands, and outside such areas temperatures of 

32OC (90°F) and above are qui te  uncommon; 

of record is -10' 

Maui.. When long term records from the summits of Mama Kea and Mama 

Loa, above 4,115 meters, are available,  it is possible tha t  tempera- 

tures as low as -15OC (5OF) o r  less may be recorded. 

The lowest temperature 

(14'F), recorded a t  3,055 meters on Haleakla, 

Under trade-wind conditions a temperature inversion is typ ica l ly  

present between about 1,523 and 2,130 meters. 

i s  correlated with a moisture discontinuity and has an e f fec t  on 

Below the inversion the RFf 

This inversion layer  

relative humidity and r a in fa l l .  

commonly averages 70 t o  80 percent i n  windward areas and 60 t o  70 

percent in leeward areas. 

below 40 percent and of ten as low as 5 t o  10 percent. 

Avoce the inversion the RH is generally 

A t  Kawaihae on the  lee- 

extremely steep, exceeding 190 an per lun in mapy places. Along the 

a h f a l l s  a r e  

of the higher 
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t o  300 percent from one year t o  another. Occasional droughts may 

occur in even the wettest places. The steep rainfall gradients 

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

areas where the  native b io ta  is least dhtgt.b&; the yearly var ia t ion  

indicate tha t  such data  m u s t  be collected over a period of several 

years t o  be meaningful. 

In considering rainfall-vegetation interact ions,  the phenomenon 

of "fog drlp" must be taken i n t o  account. On mountain slopes and 

crests where clouds are frequent at ground leve l ,  condensation of 

moisture on t he  vegetation may contribute s ign i f icant ly  t o  the  

watet avai lable  t o  both plants  and soil. 

methods of measuring r a i n f a l l  should involve measuring "fog drip" 

o r  condensation. 

Thus, wherever possible, 

Blummenstoclc and Price (1967) have recognized seven climatfc 

subregions in Hawai i :  

"These are defined ch ief ly  by t h e  major physiographic features  

of the S ta t e  and by locat ion with reference t o  windward o r  leeward 

exposure. Since one region grades in to  another, it would be  m i s -  

leading t o  attempt t o  draw sharp boundaries between adjacent regions. 

In general, however, the  regions and t h e i r  charac te r i s t ics  are as 

follows : 

"(1) WIXDWARD LOWLANDS, generally below 2,000 f e e t  on the  north t o  

northeast s ides  of the  islands. This region l ies more o r  less 

perpendicular t o  the prevail ing flow of the  trade winds, and is 

moderately rainy, with frequent trade wind showers. 

cloudy t o  cloudy days are common. Temperatures are more nearly 

uniform and mild than . in  other regions. 

Par t ly  
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"(2) LEEWARD LOWLANDS, except for  the Kona Coast of Hawaii which 

has a d i s t inc t ive  climate. In these a 

s l i g h t l y  higher and nighttime temperatures 

i n  windward locations. 

s daytime temperatures are 

e s l i g h t l y  lower than 

Dry weather prevai ls  except f o r  occasional 

l i g h t  t rade wind showers which d r i f t  over from the mountains t o  

windward and fo r  periods of major storms. 

an afternoon sea breeze is common, especial ly  i n  summer. 

In some leeward areas 

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

lowlands have the character of windward lowlands; i n  the southwest 

of leeward lowlands. The cent ra l  areas are intermediate i n  character,  

marked diurnal 

and and sea breezes, 

are somewhat warmer 



lower mountains. Temperature extremes are greater  than on t h e  

rainy slopes of the windward s ides  of the  mountains, and cloudiness 

i s  almost as great.  

"(7) HIGH MOUNTAINS. Above 2,000 o r  3,000 f e e t  on t he  high mountains 

of Mauna Kea, Mauna Loa, and Haleakala r a i n f a l l  decreases rapidly with 

elevation. Near the  s d t s  of Mauna Loa and &una Kea, r a i n f a l l  is 

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

may reach very low d u e s ,  of 5 percent  or  less. 

_tures in the Sta t e  are experienced i n  t h i s  region with values below 

freezing being common." 

The lowest tempera- 

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

Different opinions exist with regard t o  defining Aust ra l ia  by water. 

as an island o r  continent; but, fo r  the purpose of studying differences 

between i s land  ecology and continental  ecology, is lands should be 

defined as small land masses surrounded by water. 

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

mate upper s i z e  l i m i t  of 10,000 km2 -- a l i m i t  which includes the  

For island research 

Island of H a w a i i .  

The biological implication of " s m a l l  land size" is  tha t  population 

sizes of perennial organisms also tend t o  be small. Even i n  the  

mountainous o r  high islands,  which usually have much greater  land 

masses than low cora l  is lands o r  a t o l l s , ' t h e  recurrence of similar . 
habi ta t s  is ra ther  l imited i n  comparison to  most continental  mountain 

ecosystems. S m a l l  areas restrict the  s i z e  as w e l l  as t he  gene flow 
b 

and composition of populations developing there.  

homogeneity may imply increased specialization. 

Greater genetic 

Whether o r  not 

t h i s  leads t o  a greater  f r a g i l i t y  of island populations cannot be 
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answered as generally as is usually done, because population s t a b i l i t y  

depends on both the  ecological properties bf the population and the 

nature of the regional perturbations. ' 

One biological consequence of recent geological age is t ha t  

t rop ica l  i s land  raia fores t s  on high volcanic islands are much 

younger than most t rop ica l  continental forests.  

the  lat ter may have undergone more or less uninterrupted succession 

from giant equisetum-lycopod and seed fern fores t s  t o  primitive 

In  certain areas 

gymnosperm and angiosperm forests.  In contrast ,  the  or ig in  of most 

exis t ing fo re s t s  on high volcanic is lands is within the modern an- 

giosperm era. For examples, t h  ldes t  par t s  of the high H a w a i i a n  

slands are estimated t o  be merely six million years old (MacDonald 

and Abbott 1970). Fosberg (1948) estimated t h a t  only one arrival 

successfully established every 20,000 

native angiosperm f lo ra  of 

a l i t t l e  over 1,700 taxa. 

community development may in par t  account for  a lower divers i ty  in 

t rop ica l  island as compared t o  t rop ica l  mainland communities. In 

tha t  respect t rop ica l  is land communities are similar to  temperate 

mainland communities, which be considered species-depauperate 

The shorter  geological time available for 

et al. 1969). 

c 

than in biogeographically d i f fe ren t  continental ecosystems, the 
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e f f ec t  of a unique evolution becomes evldent in many ecological 

relationships.  The ecological re la t ionships  involve primarily the  

interact ions among nat ive species,  and among native and exot ic  

species. 

the last 200 years. 

ba r r i e r  of the  Hawaiian Islands. 

Many of the exot ic  species were introduced by man within 

Man thus e f fec t ive ly  broke the  na tura l  i so l a t ion  

Because of unique evolution and species assemblages, the  s t ruc tu re  

L, 

of i s land  conrmuniries is expected t o  be unique also. However, t h i s  

is true only at the  level of species composition and quant i ta t ive 

dis t r ibut ion.  

not at all unusual. 

found on high Islands. 

savannas, closed evergreen rain fo res t s ,  open seasonal fores t s ,  scrub 

formations, and deser ts ,  t o  name a few of the  more common biomes. 

are conditioned by t he  pecu l i a r i t i e s  of climates and s o i l s  j u s t  as 

A t  the  level of dominant p l a n t  l i f e  form, is lands are 

Nearly a l l  world plant formation types can be 

There are grasslands, boRs, alpine tundras, 

These 

they are on continents. 

the  unique evolution of i s land  b io t a  and communities es tab l i shes  the 

This gross s t r u c t u r a l  s imi l a r i t y  combined with 

s c i e n t i f i c  and p rac t i ca l  relevance of deriving general pr inciples  

from the  study of i s land  ecosystems. 

The s o i l s  which have developed in the Hawaiian Islands have been 

produced under the whole range of climatic conditions occuritlg from 

the a r id  t o  very humid t rop ica l  regions. 

tures have provided conditions f o r  rapid mineral decomposition (weathering) 

which is controlled only by the rate of removal of the.soltrble 

consti tuents released during the process of weathering (leaching). 

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

The high year-round tempera- 
4 

* 

have favored the formation of t rop ica l  s o i l s  a t  extreme t rop ica l  
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la t i tudes.  Thus represent a t  ives o t of the important s o i l  

groups of the tr a1 regions occur Hawaiian Islands. The 

s tudies  of t he  typical  s o i l s  have established the great s imi l a r i t y  

of Hawaiian s o i l s  t o  s o i l s  of the equatorial regions. 

The principal Hawaiian G r e a t  So i l  Groups are as follows: 

1, Dark Magnesium Clays 8. Ferruginous Latosols 
2. Gray Hydromorphic Soi ls  9. Aluminous Ferruginous Latosol 
3, Clays 10. Humic Latosol 
4. Paddy Soi ls  11. Later i te  

6.  Reddish Prarie 13. Latosolic Brown Forest 
. 5, Red Desert 12. Tropical Reddish Prarie 

14. Hydro1 Humic Latosol 

2. 

Of a l l  t h e  high volc 

Hawaiian chain are the most remote from any continent - o r  from 
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been connected t o  a land mass. No now-vanished is lands 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 is lands and probably were. They never were 

a continuous land mass - only is lands,  and rather  small ones. The 

Leeward chain w a s  probably never c lose t o  o ther  i s land  groups t o  

the w e s t .  

land areas i n  the  Pac i f ic  is t ha t  many of the a t o l l s  of the Pac i f ic  

were once high is lands,  and tha t  these may h served as stepping- 

stones in the  dispersal  of  animals and plants  toward the  Hawaiian 

Islands. 

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

high is lands i n  the Pacific at any one t i m e  than there are now. 

best ,  former high is lands extended modestly the  dispersal  p o s s i b i l i t i e s  

The most opt imist ic  statement one can make about farmer 

Such former high is lands,  however, were not all in existence 

A t  

of some groups, but they still  had t o  cross oceanic distances t o  

arrive on the  Eawaiian Islands. 

The r a i n f a l l ,  s o i l ,  and temperature conditions of the Hawaiian 

Islands d e  them exceptional f o r  colonization by many groups of 

animals and plants.  

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

of species have succeeded over the f i v e  t o  ten mil l ion years during 

which these Islands have been available.  

groups are en t i r e ly  absent, or  were never able  t o  reach the  Islands 

in prehuman times. 

Eawaiian f lora ,  as w e l l  as many large-seeded fores t  trees of Indo- 

Malaysia. The nat ive Hawaiian fauna contains no mammals (except for 

The traversing of vast  oceanic distances t o  

Many l a rge  and conspicuous 

J 

Among p l a n t s ,  conifers are notably absent i n  the 
. 

a s ingle  ba t ) ,  no r ep t i l e s ,  no amphibians. 

. .  u 
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Q 

The d i f f i c u l t i e s  of natural  dispersal  across twenty-five hundred 

miles of ocean o r  more may seem enormous. 

need t o  take place frequently - i n  f ac t ,  i f  it did, Hawaiian plants  

and animals would be ident ica l  with those of mainland areas (whereas 

This process does not b, 

more than 95 per cent of them are, i n  f ac t ,  found nowhere else on 

earth). 

impossible. 

Long-distance dispersal  may be "unlikely," but it is not 

And many llunlilcely*f events can take p3.a 

ose animals and plants  comprising the 

fauna, w e  can see tha t  each of them possessed 

ept ional  a b i l i t y  at long- 

Some of these features  have changed somewhat 

s ince the  various gro arrived, but the mechanisms of transport  can 

means of t r ave l  possible fo r  means of t r ave l  possible fo r  

both plants  and animals, but 

"here are two ways i n  

* 

r 
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algae, and mosses are rare ly  l imited t o  any given area. 

Ferns generally have l a rge r  spores, ranging between twenty and 

f i f t y  microns. 

The ferns  native t o  the H a w a i i a n  Islands number about 168 species 

plus varieties, and these probably stemmed from about 135 or ig ina l  

-grants. Many (119) of the  native ferns  do not occur outs ide 

the  Islands,  which suggests t ha t  spores of t h e i r  ancestors arr ived 

only on a s ing le  occasion, and the  populations then changed, rendering 

Hawaiian forms d i f f e ren t  from those of the  mainland. The number of 

kinds of ferns  estimated t o  have or ig ina l ly  arr ived on the  Islands 

(135) is remarkably la rge  compared t o  the number of flowering-plant 

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

ful at reaching Bawaiian sites than have seeds of flowering p lan ts .  

In most cases, these spores have arr ived by air. 

These s t i l l  can travel i n  a i r ,  but not so readily.  

Flotat ion in air can account for  the a r r i v a l  of very small seeds 

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

would thus have more buoyancy. 

pe r  cent of the 255 hypothetical flowering-plant Immigrants t o  the 

Islands arr ived in t h i s  way. Few seeds are small enough t o  travel 

in t h i s  fashion, and even the parachute-like seeds of a dandelion 

probably cannot travel the thousands of miles which separate the 

H a w a i i a n  Islands from the source areas from which p l a n t  colonis ts  

come. 

su i tab le  for  air f lotat ion:  

l igh t .  

a very small number fo r  a w e t  t rop ica i  country. 

It has been estimated t h a t  only 1.4 

* 

Orchids are among the  few flowering p lan ts  which have seeds 
s 

orchid seeds are very small, exceptionally 

However, only three orchids are nat ive t o  the Bawaiian Islands,  

Perhaps orchid seeds 
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do not travel exceptionally long distances by air or  have such 

specialized pol l inat ion requirements t ha t  they cannot become es- 

tablished unless the r igh t  insect  is present. 

W 

The ohia lehua tree, Metrosideros polymorpha, has seeds s m a l l  

* enough t o  permit a i r  f lo ta t ion .  Metrosideros trees have reached 

T l y  see the  a b i l i t y  of ohia 

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

New lava flows acquire 

way other  than aAr 

a flows, and probably the  

If passive f l o t a t i o  s can account fo r  V a l  of seeds 

should be mcIte feasible. 

. 
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where most animals are concerned, but with very s m a l l  ones, sad1 

body size does, in fac t ,  y ie ld  greater  f l o a t a b i l i t y  on t ha t  count 

alone. 

notably the crickets and grasshoppers. 

eggs, notably r e s i s t a n t  t o  dryness and temperature extremes. 

There are some exceptions t o  smallness among Hawaiian insects, 

Grasshoppers have resistant 

Some 

la rge  insects do migrate - dragonflies and b u t t e r f l i e s ,  f o r  example. 

The one la rge  H a w a i i a n  bu t te r f ly ,  Vanessa kamehamehae, may stem from 

migratory bu t t e r f l i e s .  Likewise, the  two l a rge  Hawaiian dragonflies 

may be explained in this fashion. 

e much too l a rge  t o  be carr ied passively, and only ac t ive  

f l i g h t  can explain t h e i r  presence on the  Islands. Migratory b i rds ,  

such as marine birds ,  shore b i rds ,  and waterfowl o f f e r  no great  

problems in t h i s  respect - and these groups are a l l  r a the r  w e l l  

represented on the Hawai i an  chain. 

land birds ,  however, is ra ther  small. Only seven colonizations can 

account f o r  all the  land birds ,  in the  strict sense, now native to  

the Hawaiian Islands. 

perhaps understandable. 

The number of na t ive  E a w a i i a n  

This seems a very modest number, but  is  

Land b i rds  do not s t r a y  very far from land 

ordinar i ly ,  so only a few exceptional instances of t ransport  over such 

long distances would be expected. 

The l ist  of b i rds  not hative t o  the  H a w a i i a n  Islands but  observed 

there  on one o r  more occasions as s t ragglers  include the  following: 

pelagic cormorant, reef  heron, white-faced glossy i b i s ,  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- 

L. 
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, ki l ldeer ,  Pacific godwit, W on's snipem short-tailed 

snadpiper, pector andpiper, red phal northern phalarope, 

ring-bizled gull, ing gull, Califo t Barrow gull, 

Banaparte's gul l ,  Pac i f ic  kittiwake, art ic t e  

marsh hawk, and bel ted kingfisher. 

naped tern,  

All guesses concerning the ro l e  of a i r  o r  wind i n  dispersal  are 

va l id  only i f  su i tab le  air currents do, i n  fac t ,  reach the  H a w a i i a n  

chain. 

the Islands dur 

Trade winds from the  northeast form a steady stream toward 

During the  winter months, 

her systems, some of which 

st of Mexico or  Central America. 

t Hawaiian weather pat terns  could 

s, insects, etc., t o  H a w a i i a n  sites. 

currents which has not been 

dispersal  is the northern 

f u l  tra-high- 

speed a i r  which oc 

fo r ty  thousand f e e t  around the  northern hemisphere. 

as a continuous band at  t h i r t y  thousand t o  

Typically, it 

I 

stream tends t o  sweep warm air upward on its equatorial  s ide ,  cold 
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high air downward on its northern side. 

could funnel plant and animal material upward t o  a point where the 

jet  stream could catch it and hu r t l e  it eastward. The vortex-like 

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

Deceleration of a j e t  stream could account f o r  dropping of material. 

Strong updrafts from storms 

, 

I 

, Another poss ib i l i ty  is that rain clouds, r i s i n g  high, as over the 
, 

Hawaiian mountains, br ing material down from high a l t i t udes  in 

rainfall, 

The path of the  jet stream from southeast Asia matches w e l l  the  

source areas which must have contributed most heavily t o  the Hawai i an  

f l o r a  and fatma. 

currents - and these are re l a t ive ly  few in number - most have 

depended d i r ec t ly  or ind i rec t ly  on tsansport in air. 

west-to-east d i rec t ion  of air movement in the northern hemisphere, 

of which the  jet stream is an exaggerated form, favors fulfillment 

of the  Indo-Malaysia-to-Hawaii pattern. 

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

Except f o r  animals and plants  brought by ocean 

The predominant 

O f  Emaiian insects, 95 

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

t o  Eawaii. 

but s t i l l  predominant proportion of H a w a i i a n  land she l l s ,  ferns,  and 

flowering plants.  

Hawaiian f lo ra  and fauna might be due t o  the  eff ic iency of transport  

Indo-Malaysian or igin is stamped on a somewhat smaller, 

The Indo-Malaysian character of the native 

from these areas but another important factor  might be tha t  animals 

and plants bes t  sui ted t o  the Hawaiian climate would mostly be those 

native to  w e t  t rop ica l  areas most l i k e  those of the Islands - namely 
other Pacific islands. 

mostly dr ie r ,  and subject t o  greater temperature extremes; organisms 

The coasts of North and South America are 

i 

. 

. 
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adapted t o  these conditions would be expected t o  be poorer candidates 

fo r  success i n  the , then, perhaps surpr is ing 

that as many as 20 per cent of Eawaiian flowering plants  are, i n  

f ac t ,  American i n  the i r  relationships.  

Seeds can become embedded in  mud on f e e t  o r  other pa r t s  of b i rds ,  

This is l i k e l y  t o  happen if seeds are small, and travel i n  t h i s  way. 

i f  the p lan ts  grow i n  w e t ,  muddy places, and i f  the b i rds  frequent 

these places and then migrate. 

pond could be 

Plants of marsh, big,  riverbank, o r  

ispersed best  i n  t h i s  way. In the H a w a i i a n  f l o ra ,  

l y  a s m a l l  numbe of plants  appear t o  have arrived in  t h i s  fashion. 

ds small enough t o  be ght i n  rrud on birds '  f e e t  might a l so  be 

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

Observations in various p a r t s  of the  world suggest t ha t  t h i s  mode 

of transportation is  genuinely e f f ec t  . Perhaps 12.6 per cent of 

r i g i n a l  -grants t o  the  Hawaiian Islands might 

Some plant  and animal pa r t s  are viscid,  and can become attached 

t o  b i rd  feathers.  

and not eas i ly  se 

aptations of t h i s  kind are somethes subt le ,  

For example, Plantago has small black seeds tha t  

e no special  adaptation fo r  dispersal .  However, when 

elop a slimy covering which, when 

s surfaces,  such as  

enous covering on 
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themselves onto leaves, branches, even feathers ,  by means of t h i s  glue- 

like secretion. 

birds. 

Land snails have, in fact, been seen attached t o  

The eggs of land sna i l s  can travel In a similar way. 

Long-distance t rave l  f o r  land molluscs would be d i f f i c u l t  f o r  

species with large s h e l l  size,  unless travel is by eggs alone. 

Interestingly,  many of the land she l l s  aative t o  the Hawaiian Islands 

are qui te  small. 

Some Hawaiian plants  have seeds coated with s t i cky  substances. 

One such plant  is Boerhgoia, a common beach plant  of the t ropica l  

Pacific. 

and adhere very readi ly  t o  bird feathers. 

a few Inches above the ground, and are thus perfect ly  placed for 

coming i n t o  contact w i t h  feathers  as a b i rd  runs along the  ground. 

The s m a l l  fruits  of this plant are s t icky  at  the angles, 

These f r u i t s  are borne 

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

e f fec t ive  ways In which a seed o r  f r u i t  can travel. 

barbs, hooks, b r i s t l e s ,  prongs, o r  even s t i f f  hairs on f r u i t s  have 

evolved chief ly  in re la t ion  t o  fur ry  animals. Regardless of t h i s  

mode of origin,  these devices serve equally w e l l  t o  a t tach f r u i t s  

Devices such as 

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

It is estimated that 12.8 per cent of the Hawai i an  f l o ra ' s  ancestors 

arr ived in t h i s  way. 

Some seeds are tipped by a circle of b r i s t l e s ,  l i k e  the spokes 
=A 

of an umbrella. 

Bidens, known to  Hawai ians  as kokoolau and t o  mainlanders as * 

the  weed Spanish needle or beggar t i c k ,  has f r u i t s  idea l ly  suited 

fo r  animal dispersal .  
I 

They are often caught on clothing because 
1 

they are needle-like and penetrate between f ibe r s ;  the two or three 

Ld 

1 

they are needle-like and penetrate between f ibe r s ;  the two or three 

Ld 



prongs on the body of the f rui t  can a lso  do th i s ,  mimicking t h e  

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

once the fruit has lodged i n  a hairy surface, it is unlikely t o  f a l l  

off. 

Seeds w i t h  a miniature fishhook ought t o  be idea l ly  sui ted t o  

catching on feathers,  and therefore reaching islands.  

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

is lands of the world in addition t o  the  H a w a i i a n  Islands. 

And so they 

Although 

Bidens and Uncinia have special  attachment mechanisms, seeds which 

are merely covered with b r i s t l e s  o r  h a i r s  are nearly as good a t  long- 

distance transport. 

example. 

Seeds of grasses can travel in this way, f o r  

Surprisingly, the means of seed dispersal  which seems the most 

d i f f i c u l t  appears t o  have brought more flowering plants  t o  the  Hawaiian 

slands than any ther  mechanism. About 39 per cent of the 255 

plants ancestral  t o  contemporary nat ive Hawaiian flowering plants  

arr ived v ia  bi rds  tha t  ate seeds, car r ied  them in te rna l ly ,  and 

hem on ar r iva l .  Fruit-eating birds  might a lso get  f r u i t s  

attached t o  them te rna l ly  by chance. Frui ts  and seeds a t t r a c t i v e  

t o  b i rds  are exceptionally obvio the Hawaiian f lora .  Because 

these are so typ ica l  of w e t  f o r  

established preferen t ia l ly  in H a w a i i  despi te  the d i f f i c u l t i e s  involved 

Indo-Malaysia, they may have 
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H a w a i i a n  mints are unusual: 

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

Phyllostenia and Stenogyne have seeds 

Many continental  members of the  l i l y  and nightshade families have 

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

Hawaiian representatives of these famil ies  all have f leshy f r u i t s .  

Shore b i rds  eat mostly molluscs and o ther  mall animals at the 

shoreline,  but observations repeatedly indicated t h a t  they also eat 

a ce r t a in  amount of fruits and seeds. Even i f  these are a minor 

item in t h e i r  d i e t ,  they can be very e f f ec t ive  i n  *=e dispersa l  of 

t h e  seeds and f r u i t s  when mill ions of years and millions of individual 

b i rds  are involved. 

e f fec t ive  in bringing the approximately one hundred fleshy-fruited 

immigrants which o r ig ina l ly  arrived in the  H a w a i i a n  Islands. 

Shore b i rds  and waterfowl might have been 

Black shiny seeds probably have been brought i n t e rna l ly  i n  b i rds ,  

because they are qui te  attractive t o  b i rds  even when t h e i r  f r u i t s  

are not  fleshy. 

H a w a i i a n  plants  t ha t  bear shiny black seeds i n  dry pods. 

Pittosporum has seeds which are s t icky ,  perhaps su f f i c i en t ly  t o  

adhere t o  feathers.  

other shiny objects. 

objects ,  and have been found both t o  carry them t o  t h e i r  nests and 

Pelea, Zanthoxylum and Pittospoturn are conspicuous 

Of these,  

Many bi rds  pick up nonsticky black seeds and 

Even marine b i rds  appear very fond of such 

on occasion t o  eat them. 

Dispersal by f lo t a t ion  i n  seawater might be thought t o  be highly 

e f fec t ive  and t o  have brought many plants  t o  the H a w a i i a n  Islands. 

In f ac t ,  only 14.3 per  cent of the  or ig ina l  flowering-plant immigrants 

t o  the Hawaiian Islands are c lear ly  adapted t o  oceanic d r i f t ,  while 

another 8.5 per cent may have arrived by rare or  freak f lo t a t ion  
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events. The bes t  way t o  see plants  adapted t o  f lo t a t ion  on ocean 

currents is t o ‘ v i s i t  a seashore location. P l a n t s  which d r i f t  on ti 
ocean currents are beach plants -- and r a re ly  evolve into inland 

sites. 

however, where some of the coastal  plants  have, in f a c t ,  evolved in- 

land i n t o  dry forest .  Most of the coastal  f l o r a  has seeds or  f r u i t s  

An exception t o  t h i s  can be seen i n  the Hawaiian f lo ra ,  

I 

capable of f loa t ing  - 
Some plants,  such as Portulaca, have stems and leaves which f loa t .  

In addition to  f loa t ab i l i t y ,  seeds or plant  portions must be ab le  

t o  resist seawater for  weeks, and 

and be able  t o  

on shores year a f t e r  year, and so evolutionary changes, which require  

i so la t ion  of one population from another, tend not t o  occur. 

as shown by Pandanus, Ipomoea, and Erythrina. 

a r r ive  a l ive  on beach sites 

Plants with these capab i l i t i e s  arrive 

Some p l a n t s  typ ica l ly  grow w e l l  i n  beacki s i t ua t ions  and have 

seeds which can withstand exposure 

seeds andlfru5ts;poor at  f lo t a t ion  o r  incapable of it. 

may take advantage of ’* 
e n t i r e  mats of vegetation. 

seawater, yet  they may have 

Such plants  

f t ing”  - f lo t a t ion  of an e n t i r e  plant ,  or 

Such a lucky a r r i v a l  might never be 

he new population would be 

is a plant  which seems t c i f ica t ions .  A tree of the 
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the  only r e l a t ive  in the Pac i f ic  is located on Tahi t i ,  although one 

would expect a tree readi ly  carr ied by seawater would become establ ished 

on many Pac i f i c  islands.  
L; 

Infrequent events of d i spersa l  t o  the Hawaiian chain by oceanic 

d r f f t  may be explained in another way also.  

the Hawaiian chain is not as easy as it might seem. 

The seawater path t o  

I f  we examine 

the currents of the Pacif ic ,  we see that across the  equator ia l  zone, 

th ree  currents  run: 

westward, and between t h e m  t h e e o u n t e r  current runs eastward. 

a seed from the southern hemisphere f loated i n t o  the south equator ia l  

t%e north and south equator ia l  currents  flow 

I f  

current, it would l i k e l y  be carr ied westward; i f  by luck it managed 

t o  en ter  the counter current ,  it would be swept f a r  eastward again. 

Only by the  rarest chance would it cross the th ree  currents  and 

arrive on a Hawaiian shore. There are many common South Pac i f ic  

shore p lan ts  absent on Hawaiian beaches - evidently for  t h i s  very 

reason. Some of these have been introduced t o  the  Is lands by man, 

and have gone wild readi ly ,  proving that the  conditions were r i g h t  

fo r  t h e i r  growth; only t h e i r  i a a b i l i t y  t o  disperse  prevented t h e i r  

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

Calophyllum inophpllum and Terminalia catappa, both known as kamani 

t o  the  Bawaiians; and Barringtonia and Hernandia. 

not cer ta in ,  there  seems a strong l ikelihood tha t  coconut palms did 

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

Although i t  is 

- 
-- 

The requirements fo r  success of an immigrant which a r r ives  i n t a c t  
c 

are so numerous tha t  we might guess tha t  establishment, not t ransport ,  

is the major constraint .  Successful colonis ts  i n  the Islands seem 

t o  have the following qua l i t i es .  They tend t o  be weedy, capable o f ,  

Ld 
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l iv ing  in a pioneer habi ta t  such as a beach, a bare lava flow, a 

landslide.  

the branches of t f o r  epiphytes. d case of animals, a 

versatile d i e t  favors establishment. 

l i k e l y  t o  es tab l i sh  on islands. 

Bogs could ah0 be considered Pioneer habi ta ts ,  as could . .  . 
W 

Plant-eating insec ts  are more 

. 
Barren lava flows, contrary t o  appearance, o f f e r  many opportunities 

.. fo r  colonization. By observing the plants  of new lava flows i n  the 

Hawaiian Islands,  w e  can see re-creations, almost i n  the sense of a 

laboratory demonstration, of how or ig ina l  colonizations occurred. 

Aa lava tends t o  favor plant growth because it contains utany 

crevices which provide pockets of shade and which can r e t a i n  water. 

The minerals of new 

The t a l l  ohia lehua fo re s t  of the Kona D i s t r i c t ,  H a w a i i ,  is growing 

t 

a cer ta in ly  favor a wide var ie ty  of plants.  

has very l i t t l e  s o i l ,  but r a i n f a l l  conditions are 

r r id ing  factor  has permitted the fores t .  

t vegetation of bare surfaces begins with a crust  

. ' o f  l ichens,  tha t  these develop pockets of s o i l  which permit pro- 

gressively larger p l a n t s  t o  grow, and tha t  a fo re s t  ult imately 

develops, is  a theory c lear ly  refuted by what happens on a H a w a i i a n  

t the same time, of 

c clude trees. 

* 

, a fern found only i n  

W .  
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the  Hawaiian Islands,  grows both on sunny new lava flows and in w e t ,  

PlatxueIforests.. 
I 

Good d h p e r s a b i l i t y  of Its spores a ids  the appearance 

of this fe rn  on new lava. u 
Some plants,  like the ohia  lehua, are pecul iar ly  su i ted  f o r  

h 

growth in pioneer s i tuat ions.  The ohia  lehua forms aerial roots  

1 easily.  

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

reroot  the plant.  

height or more by pumice in the  1959 Kilauea-Iki eruption. 

I f  a grove of ohias i s  inundated by a th ick  blanket of 

f 

This happened with ohias buried up t o  half  t h e i r  

One p lan t  of ten a ids  another t o  invade new lava. Where one 

plant  takes root,  it creates a small amount of shade and t h i s  may 

permit other  p l a n t s  t o  germinate under it. 

a cinder f i e l d ,  lodging at  the base of a f e rn  and taking root. 

O r  seeds may blow along 

In 

this way, s m a l l  colonies of plants  may appear. The 1959 Kilauea-Iki 

eruption k i l l e d  some ohia lehua trees, but l e f t  them standing. 

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

because water seeps around the  dead trunks and provides conditions 

A t  

j u s t  r i gh t  fo r  germination. Empty tree molds of ten contain seedlings. 

- evidently the shade in these favors growth. 

I f  a lava flow occurs in a very dry loca l i t y ,  plants  w i l l  be 

slow t o  appear. 

still bare i n  some cases. 

are less invi t ing  fo r  plant  growth than are aa flows, however, pahoehoe 

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

Lapa flaws known t o  have been formed before 1750 are 

Pahoehoe flows, with t h e i r  smooth c rus ts ,  

5 

conditions idea l  fo r  germination. 

pahoehoe flows, and these provide su i tab le  s i t e s .  

Cracks eventually develop in 

On the  Hilina Pali 

near Kilauea, a l i g h t  f a l l  of pumice, evidently from the 1959 Kilauea- 

I k i  eruption, h a s . f i l l e d  some small crevices and depressions in 
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pahoehoe. This has been a l l  t ha t  w a s  needed for  plant growth, because 

r e t a i n  water for  s a t  a t i m e ,  and so seedlings 

have appeared. 

Wet fores t  plants can quickly invade lave -- i f  the  flow occurs 

in an area of orest .  There always seem t o  be eeps or crevices 

tha t  o f f e r  suf f ic ien t  water for  these plants. Once vegetation begins 

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

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

longer evaporates readi ly  from the  sur- 

ncreasingly f avored. 

awaiian Islands can of ten be 

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

times were a lso  qui te  weedy. As e is lands grew older and volcanoes 

became ext inct ,  some p l  

become spec t o  have l o s t  

weediness. 

of the Hawaiian f l o r a  appear t o  have 

Thus, the  a b i l i t y  a plant o r  animal now has t o  survive 

uccessfully on new lava. 

invading and exterminating native forest ,  

and birds  have been introduced, as  escaped pets ,  or  in ten t iana l ly  

Similarly various mammals 
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by organizations o r  l oca l  government agencies, f o r  hunting pruposes. 

Cattle, horses, goats, sheep, deer, and p ips  have devastated thousands 

of acres of natural  vegetation and threaten some of the remaininq Lji 

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

many species of insects (an average of 16 species is accidentally 

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

also ravaged the natfve environment. The transformation of the b io ta  

from native t o  introduced is not r e s t r i c t ed  t o  the  lowlands, but 

extends t o  mountah 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 la rge  areas and exterminaking native vegetation. 

Nearly a l l  elements of the native b io ta  appear t o  lack genetic 

resilience or other  qua l i t i e s  t o  successfully compete with the  in- 

vading biota. Native plants  have disappeared and been replaced by 

the  invaders in prac t ica l ly  a l l  areas where towns, roads, agr icul ture ,  

grazing, gardens, and other developments have materialized, except 

where special  precautions such as fences (effect ive fo r  only a few 

of the invaders), weed-control, o r  other special  measures have been 

taken. 

the lowlands and the mountains is the decrease i n  the numbers of 

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

Associated with the recession of the nat ive vegetation from 

the  more specialized members of these groups. 

t ha t  nat ive animals cannot survive when the vegetation of t h e i r  

It has become obvious 

natural  habi ta t  is ser iously disturbed. 

Attempts a t  biological control, primarily stimulated by the des i re  

t o  control agr icul tural  o r  garden pests ra ther  than to  protect the 

LJ 
"native biota ,  have had fur ther  disrupting e f f ec t s  on the  environment. 

* 

' . .  
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Many of the beneficial  insects imported have successfully controlled 

pests and largely limited the i r  feeding t o  these pests ,  but  some 

have preyed upon e insects o r  plan The introduction of 

two predaceous snails t o  control the giant African sna i l ,  a serious 

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

land snails. And associated with the  giant Africandsnail i t s e l f  

which provide a potent ia l  th rea t  t o  man and other animals. 

The public heal th  implications of introduced animals and plants  

is aggravated by the  great ly  increased air t r a f f i c  between H a w a i i  

and the e n t i r  a c i f i c  basin. This calls for  intensive bas ic  s tudies  

on the  biology of both endemic 

relationships between them. 

ed birds  and other s e continued threa t  of ex- 

years, with the great growth 

l opent ,  planting of former 

t inc t ion  has been accelerate 

tial timber trees, road- 

cularly i n  terms of the 

conservation of 
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the  proper use of land i n  terms of the  over-population of the  ear th  

by man.  

The native Hsvaiian biota ,  which had evolved in the  absence of 

man and of la rge  grazing o r  carniverous nm.mil.8, seems t o  have been 

in par t icu lar ly  de l i ca t e  balance within the ecosystem, and thus w a s  

especial ly  sensitive t o  the-changes which accompanied man t o  Eawaii. 

The Polynesians brought 

f o r  food, medicine, f i be r ,  and other  purposes. 

coconut, taro,  banana, breadfrui t ,  candlenut, paper mulberry, ti, 

- 
them same 25 species of plants  used 

These included 

sweet potato, and various yams. 

and jungle fowl. 

brought with them, ce r t a in ly  influenced the  na t ive  b io ta ,  but one can 

only speculate on the  magnitude of t h e i r  e f fec ts .  

impact of t he  Polynesians w a s  greatesa in areas where the Eawaiians 

They a l so  brought rats, dogs, pigs, 

The Polynesians, and the organisms which they 

Undoubtedly the 

l ived  and g rew t h e i r  crops. 

lands, plants ,  and animals as the property o f ,  and t o  be held i n  

trust for ,  the  gods. 

conservation. When b i rds  were trapped t o  obtain br ight ly  colored 

feathers,  t h i s  was  sa id  t o  be done without harming them, and they 

On the  other  hand, Hawaiians considered 

This outlook resul ted in a s o r t  of p rac t i ca l  

L d  

5 

were later released t o  grow new feathers ;  f i s h  and s h e l l f i s h  were 

collected only in season, etc. Thus, although the ini t ia l  e f f ec t s  

of Polynesian colonization on the  nat ive Hawaiian b io t a  were great ,  

they were cer ta in ly  less d r a s t i c  than the e f f ec t s  brought about 

by sustained contact with European cultures.  

It is l i ke ly  tha t  new ecological equ i l ib r i a  w e r e  established at 

some time a f t e r  the extensive colonization of the  is lands by the  

Polynesians, and tha t  these equ i l ib r i a  were o p b a t i v e  i n  1778 when 
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Captain Cook arrived. 

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

1793 Captain Vancouver released cattle and sheep. 

troduced in 1803. 

Horses were in- 

Cats and rats probably arrived on some of the 

earliest ships. The last  f e r a l  horses and cattle were not extermin- 

a ted from Mama Kea until  the 1930's, and f e r a l  catt le are still t o  

be found i n  some areas of the Kbna coast of H a w a i i  today. Sheep, 

goats, and pigs today endanger the nat ive fores t s  on most of the  

main islands. 

While the  la rge  hoofed anima were rapidly increasing in numbers 

and destroying zing and trampling, 

plants  introd were aggressive, 

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

are so incomple cannot estimate the number 

Bme ext inct  i n  the century 

following Cook's visi t .  During the last hundred years be t t e r  records 

sappeared. Even a f t e r  
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Even today areas of re la t ive ly  undisturbed nat ive fores t  are 

being bulldozed o r . t r ea t ed  with herbicides to  permit the  planting 

of introduced species of Eucalyptus o r  Pinus which might some day 

bring economic benefi t  t o  a fen people. The introduction of the 

giant African snail was mentioned above. These are only two ex- 

amples of the s o r t s  of management pract ices  underway today which 

result in fur ther  destruction of the native biota. 

be cited. 

Many more can 

H a w a i i  affords an i d e a l  area to  study the  interrelat ionships  of 

invading and endemic b io ta  but  such s tudies  m u s t  be 

the endemic b io ta  will have disappeared. If any of t h  

members of the Hawaiian b io ta  are t o  be presented much more ecologi- 

cal data must be accumulated quickly. 

contribute t o  the development of management pract ices  in areas which 

m u s t  be set as ide  f o r  the preservation of unique H a w a i i a n  ecosystems. 

Such data  will hopefully 

Introduced Flora: 

The native f l o r a  is a disharmonic one, and several  plant  groups 

which are widespread in the t ropics  and might be expected t o  be 

native in H a w a i i  are not. Fosberg (1948) indicated some groups 

which he considered t o  be "significantly absent" as gymnosperms, 

Ficus, Cunoniaceae, mangroves, P iper ,  Bigoniaceae, and Araceae. 

of these groups except the Cunoniaceae have been introduced t o  Hawai i  

All - 

L 

'I 

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

probably because there vere no other plants occupying t h e i r  par t i -  
. 

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

mangrove swamps have developed on Molokai and Oahu. A few species 
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of - Ficus (Moraceae) and Spathodea campanulata (Bignoniaceae) have 

become naturalized t o  some extent, but usually only i n  otherwise 

disturbed areas, and are not yet  causing serious problems. 

methysticum has persisted i n  the  wild s ince its cul t ivat ion by the 

Polynesians. Other than these, the plants  in the groups "signifi- 

cantly absent" from the  native f l o r a  have not seemed t o  spread beyond 

cul t ivat ion 

Piper 

The most successful members of the introduced f lora ,  those which 

have become thoroughly naturalized, have occupied the most extensive 

areas, and which most often seem to be i n  competition d t h ' t h e  native 

f lo ra  include: 

f arnesiana (Leguminosae) ; Lantana camara, S tachytarpheta spp (Verben- 

aceae); Rubus rosaefolius,  

- P. . cattleianum, Rhodomyrtus t 

Melastoma malabathricum, Tibouchina semidecandra, Clidemia h i r t a  

(Melastomataceae); Opuntia megacantha (Cactaceae); Bidens pilosa,  

Pluchea spp., and many other genera (Compositae); Commelina diffusa 

(Commelinaceae) ; Andropogon glomeratus , - A. virginicus , Panicum maximum, 

Paspalum conjugatum, Pennisetum clandestinum, - P. setaceurn, and many 

other  genera (Gramineae) 

sopis pal l ida,  Leucacna leucocephala, Acacia 

(Rosaceae) ; Psidium guajava, 

genia cuminii (Mprtaceae) ; 

- 

despread throughout 

w e l l  as H a w a i i .  In H a w a i i  

h is tory of disturbance by man 

most are unable t o  be sturbed areas of nat ive 

pe r s i s t  even a f t e r  
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the  o r ig ina l  cause of disturbance is removed. L i t t l e  of the native 

L.. vegp-tation is r e l a t ive ly  undisturbed today, none is completely un- 

disturbed since pigs can be found in even the most remote r a i n  forests .  

Even in areas such as the Alakai Swamp o r  Kipahulu Valley the  very 

ac t  of making trails t o  permit s c i e n t i f i c  study may create openings 

in  which weedy species can become established. Thus, precautions 

m u s t  be taken in any such study areas t o  prevent fur ther  spread of 

introduced species. 

The most successful species in the  introduced f l o r a  have l i t t l e  

in common except An a b i l i t y  t o  compete w e l l  and t o  invade disturbed 

areas. 

relatives in the native f lo ra ,  others  of which do not. 

those species of value in agr icu l ture  and fores t ry ,  l i t t l e  work has 

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

They include a wide var ie ty  of species,  some of which have 

Aside from 

information about t h e i r  ecology, d i spersa l ,  and reproductive biology 

i f  we are t o  exercise ef fec t ive  controls  on them, 

The immigrant fauna, tha t  which has come t o  the Hawaiian Islands 

s ince man arr ived here, is now an important segment of the t o t a l  

fauna. It is of very great concern s ince it  includes nearly all 

of the pests of agr icul ture ,  fores t ry ,  g ardens and households, and 

those concerned with public health.  

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

standpoint of conservation it is of similar importance, because of 

From the  economic Btandpoint, 

its great success in competing with the nat ive biota .  

of the Subprogram w i l l  involve the assessment of the ecological impact, 

A great p a r t  

current status and poten t ia l  of the immigrant biota.  Since addi t ional  

species of insec ts  and other arthropods a re  accidentally introduced 
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each year (Beardsley, 19621, t h i s  is a constantly growing and changing 

problem. 

The disharmon tu re  of the endemic fauna leaves numerous 
u 

important ecological gaps, many of which have been conspicuously 

f i l l e d  by immigrant fauna. For instance, ants, termites, and cock- 
I 

roaches are lacking in the endemic f a, but  several species of 

. each are now a l l  colonized, and have had great impact both on the 

human economy and the  endemic biota.  

the introduced hoofed animals have been men 

The conspicuous examples of 

oned above. Also the  

ts , mongoose, and other animals have helped reduce 

d other elem Proposed introduction of deer t o  

addi t ional  islands e addi t ional  d i sas t ro  effect on the 

- nat ive vegetation, i f  not a l so  on agriculture.  

Among the  insec ts  proper, of 33 orders ized, only 12 are 

fauna, but 15 additional have been introduced 

by man. 

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

islands.  To these are t o  
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minimum level of complexity and continuity in. terms of material and 

energy flow. Thus all ecosystems are complex. 

thiqueness i s  inherent in any biological  system with the  possible L’ 
exception of a hypothetical construct based on precisely controlled 

physical environment populated by cloned l i f e  forms. 

world) ecosystems are unique. 

Thus all (real. 

The par t icu lar  complexity and uniqueness exhibited in the H a w a i i a n  

ecosystems set is, in part, a reflection of the h i s t o r i c  factors  and 

in par t  a consequence of its current s t a t u s  in physical, b iological  

tenns. 

geography, geology and climate along with geobiological, biogeochemical 

and b i o t i c  interact ions which are confined t o  a miniscule isolated 

land surface, create a kind of uniqueness - se t t i ng  Hawaii apart  even 

from the most c losely similar t ropica l  islands.  

More than any other  a t t r ibu te ,  the  d ivers i ty  conferred by 

Some of the problems stimulating ecological research in H a w a i i  

r e f l ec t  t h i s  uniqueness : 

What determines the f ac t  t ha t  although speciation is a conspecuous 

feature  of H a w a i i a n  biota ,  some of i ts  most successful organisms have 

not speciated? 

What determines the simultaneous existence of extremely s t ab le  

and extremely f r a g i l e  ecosystems? 

Iiow are speciation and s t a b i l i t y  re la ted t o  d ivers i ty ,  isolat ion,  

original gene poos, climatology, etc? 

I It is within the framework of the d is t inc t ive ,  multi-faceted 

, Hawaiian ecosystem and the many as yet  unanswered questions as t o  

i ts  nature tha t  we seek to  assess the consequences of geothermal 

resource development. To tha t  end, we here assemble data  pertaining 

L.i 
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t o  s a l i en t  features of the principal Hawaiian Islands overal l  and 

t o  the  Island of Hawaii  i n  particular.  t.' To the extent that exis t ing 

data prove suf f ic ien t ,  the  regional consequences of geothermal f i e l d  

development w i l l  be assessed. Actual experience with the environ- 

1 mental impact of a geothermal f a c i l i t y  in H a w a i i  is limited t o  one 

spec i f ic  si te,  HGP-A i n  the Puna d i s t r i c t ,  Island of H a w a i i ,  and 

t o  a short  observation period. 

derives from a more general review of the biological e f fec ts  of 

natural  geothermal processes and emissions associated with volcanism. 

k 

Other relevant and useful experience 

The latter is l imited to  the ac t ive  r i f t  and caldera areas on the  

necessarily general p ic ture  

even more broadly of the other major 

t h  information 

eff luents  as they relate t o  l iving 

matter (geobiology, i n c h  and biogeochemistry). 

opment, e.g. California 

and Utah KGRA's o r  tho 

relevance, as differences in containe terns preclude all but the  

n New Zealand and I t a l y  can have but l i t t l e  

1 comparisons. F , H a w a i i  has a l l  of the 

t o t a l l y  unlike 

e 

G 
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A 1. Soi l  Types and Associations* (done only pa r t i a l ly  f o r  the Island of 
H a w a i i  as a demonstration of the uniqueness and where mainland 
counterparts are unknown) 

The Island of H a w a i i  is one of the eight major is lands of the  S ta te  of 

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

Although i ts  land area is 62.7 percent of the State ,  i ts  population of 65,941 

is only 8 percent. 

216 miles southeast of Honolulu, the State  capital .  

Farming is  the main source of income, and the highly mechanized production 

The is land is a county. Hilo, the county seat, is  about 

of sugarcane has been the main industry. 

and other enterprises,  including the  producticcl of macadamia nuts ,  papaya, 

truck crops and me of the most  extensive orchid cul tures  i n  the world are 

increasing rapidly. Anthuriums and o rnhen ta l  foliage are a l so  increasing 

rapidly. 

Farming i s  now divers i f ied,  however, * 

The only coffee grown in the United States is produced in the Kona 

d i s t r i c t .  

Parker Ranch, the  second la rges t  i n  the United States,  i s  in the Hohala 

The island leads the State  of H a w a i i  in the production of cattle. 

District. Tourism a l so  i s  a growing source of income. 

The Island of H a w a i i  is commonly called the "Volcano Isle," the "Orchid 

Isle," o r  the "Big Island" (13). 

l a rges t  land mass i n  the  State. Its lush, gre ra in  fores t ,  i 

It has the only active volcanoes and the 

coastal  areas, and its snow-covered mountain peaks provide a var ie ty  of 

* 

c 

*Excerpted and condensed from Soi 
Hawai i .  So i l  Conservation Service, United States Department of Agriculture. 
United States Government Printing Office, December 1973, pp. 6-150. 

W 
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least one minor s o i l ,  and i t  is named fo r  the major so i l s .  

association may occur fn another, but 

The soils in one 

a d i f fe ren t  pattern. 

A map showing s o i l  associations is useful t o  people who want a general 

idea of the s o i l s  an the island, who want t o  compare d i f fe ren t  par t s  of the 

island, o r  who w a n t  t o  know the location of large tracts that are su i tab le  

f o r  a certain kind of land use. Such a map is a useful  general guide in 
c 

managing a watershed, a wooded tract, o r  a wi ld l i fe  area, or in planning 

engineering works, recreational facilities, and conmnmity developments. It 

is not  a sui table  map f o r  planning the management of a farm o r  f i e l d  or  f o r  

select ing the exact location of a road, building, o r  similar s t ructure ,  

because the soils in any me association ordinar i ly  d i f f e r  $n slope, depth, 

stonlness, drainage, and other  character is t ics  tha t  a f f ec t  t h e i r  management. 

The s o i l  associations on the Island of Hawaii are discussed in the 

following pages. 

Lava flows association 1- - - 
Gently sloping t o  steep, excessively drained, nearly barren lava flows: 

uplands. 

on 

This association consis ts  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, pumice, and cinders. 

are on mountains a t  an elevation ranging from near sea l e v e l  t o  13,000 feet .  

These s o i l s  

They receive an annual r a i n f a l l  of 10 t o  250 inches. The mean annual s o i l  

temperature is between 49' and 76' F. The natural  vegetation consists of 

lichen, moss, ohia, axuaumau fern,  mamane, naio, Kentucky bluegrass, and sweet 

vernal. 

This s o i l  association makes up about 50 percent of the is land area, and 

most i f  it is in the saddle between Mama Loa and Mama Kea, near the summit 
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of Mama Kea, and near Pahala. 

of t h i s  associatica,  and a flows about 30 nt .  The main s o i l  series 

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

the association. 

Keekee s o i l s ,  and of Rock land, Rough broken land, Very stony land, Beaches, 

Cinder land, and Fill land. 

Pahoehoe lava flaws make up about 40 percent 

The remaining 21  percent consists of Kilauea, Heake, and 

Pahoehoe lava flows have a smooth, ropy surface. Aa lava flows are a 

mass of clinkery, hard, sharp lava fragments. Apakuie, Euikau, and Kilohana 

s o i l s  are near the summit of Mama Kea. Apakuie s o i l s  have a dark reddish- 

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

reddish-brown very f ine  sandy loam and loamy sand. 

dark brown loamy surface layer underlain by dark reddish-brown sandy loam 

and loamy s b d  and by s l igh t ly  weathered volcanic ash, cinders, and pumice. 

Kilohana s o i l s  have a very dark brown loamy f ine  sand surface layer  over 

dark-brown and very dark gray f ine  sand. 

Huikau s o i l s  have a very 

Beaches consist  of cora l  sand, black sand, o r  ol ivine sand. Cinder land 

is a mixture of f ine  cinders, 

very shallow s o i l s  where rock outcr 

surface. Rough broken 

broken by many intermittent drainage channels. 

very shallow s o i l s  t ha t  h 

d is  made up of very steep and precipitous areas 

Very stony land consists of 

stones covering 30 t o  70 percent of the surface. 

are common 

ear the sumit of 
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2. Kekake-Keei-Kiloa association --- 
V e r y  shallow, gently sloping t o  steep, well-drained organic soils Over Aa b 
o r  pahoehoe lava; on uplands. 

This s o i l  association consists of well-drained, very shallow s o i l s  tha t  

formed in organic matter over pahoehoe lava o r  fragmental Aa lava. These s o i l s  

are on mountains at an elevation ranging fromnear sea level t o  7,000 feet. 

The annual rainfall is 40 inches t o  more than 150 inches. The mean annual 

s o i l  temperature is between 47' and 73O F. 

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

The natural vegetation consists 

The t o t a l  area of this association is about 2 1  percent of the island, 

and most of it is-in the Kau, K o n a ,  and Puna Soi l  and Water Conservation 

Districts. 

15 percent, Kiloa s o i l s  12 percent, and Kahaluu s o i l s  10 percent. 

remaining 43 percent consists of Kaiwr, Keaukaha, Kealakekua, Kona, Lalaau, 

Malama, Mawae, Opihikao, Papai, Puna and Punaluu so i l s .  

Kekake soils malce up 20 percent of the association, Keei s o i l s  

The 

Kekake, Keei, Kahaluu, Keaukaha, Kona, Opihikao, and Punaluu s o i l s  are 

Kekake soils have a black, 2 t o  12 inches deep over pahoehoe lava bedrock. 

mucky surface layer and a mean annual s o i l  temperature of about 51' F. 

s o i l s  have a very dark brown, mucky surface layer  and a mean annual soil 

temperature of about 63 F. 

Keei 

0 

Kaimu, Kiloa, Lalaau, Malama, Mawae, Papai, and Puna soils are 2 t o  12 

inches deep over f r a g m e n t a l h  lava. 

mucky surface layer  and a mean annual s o i l  temperature of about 65' F. 

Kiloa s o i l s  have an extremely stony, 
1 

This association is  used f o r  pasture, woodland, watershed, and recreation. 

In addition, Kiloa, Malama, Papai, and Puna soils are used f o r  macadamia nuts, 

and some areas of Kaimu and Punaluu s o i l s  are used fo r  papaya. 

consists mainly of wild pigs. 

The wi ld l i fe  

id 
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3. Hanipoe-Maile-Puu 00 assoc ia t im 

Deep, gently sloping t o  steep, well-drained s o i l s  that  have a medium-textured 

t o  moderately f ine  textured 

u 
so i l ;  on uplands. 

In t h i s  s o i l  association are medium-textured t o  moderate fine textured 

. s o i l s  that formed in volcanic ash. These s o i l s  have a dark surface layer  

t ha t  is high i n  content of organic matter. 

elevation ranging from 2,500 t o  8,000 f e e t  and receive from 30 t o  KO inches 

of r a i n f a l l  annually. 

62' F. 

rattail ,  brome, kikuyugrass, and orchardgrass. 

They are on mountains a t  an 

The mean annual s o i l  temperature is between 54' and 

The na tu ra l  vegetation consists of ohia, koa, naio,  mamane, tree fe rn , .  

The t o t a l  area of t h i s  association i s  about 6 percent of the island. 

Hanipoe s o i l s  make up 30 percent of the association, Maile s o i l s  20 percent, 

and Puu 00 s o i l s  10 percent. The remaining 20 percent consists of Kapapala, 

Lamaia, Manu, Manahaa, mau, Pmoh d Umikoa so i l s .  

Hanipoe s o i l s  are in the Mama Kea, Kona, and Kau Soi l  and Water 

Conservation Districts. 

brown to  very dark brown 

These s o i l s  have a surface layer  of dark reddish- 

It loam and a subsoi l  of dark-brown, dark reddish- 

brown, and very dark brown s i l t  loam. Maile s o i l s  are in the Mama Kea So i l  

and Water Conservation Distr ic t  Their surface layer is dark reddish-brown 

dark-brown t o  dark yellowish- 

of &una Kea. 

U 
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areas are too steep f o r  intensive cul t ivat ion and erosion ccntrol.  The 

wi ld l i fe  consis ts  of wild pigs, pheasants, doves, and quails.  L‘ 
4.  Amalu-Kahua-Kehena association -- 
Shallow t o  deep, gently sloping t o  steep, poorly drained t o  somewhat poorly 

drained s o i l s  that have a moderately f i a e  textured subsoil;  on uplands. 

This s o i l  association consists of moderately f ine  textured s o i l s  that 

f o m d  in volcanic ash. These s o i l s  are 011 the Kohala Mountains a t  an 

elevation ranging from near sea level t o  5,500 feet .  

t o  more than 200 inches of r a i n f a l l  annually. 

ture  is between 56’ and 75’ F. 

hilograss,  sedges, ohia, and guava. 

They receive 80 inches 

The mean annual s o i l  tempera- 

The na tura l  vegetation consists of kikuyugrass, 

The t o t a l  area of this association is about 2 percent of the island. 

Amalu s o i l s  make up 62 percent of the association, Kahua s o i l s  24 percent, 

and Kehena s o i l s  about 8 percent. Mixed a l l u v i a l  land and Tropaquepts make 

up the rest. 

Amalu s o i l s  have a layer of pa r t ly  decomposed moss and other organic 

matter over a surface layer  of dark-gray mucky si l t  loam. 

dark-brown t o  very dark grayish-brown s i l t y  clay loam. 

occurs i n  them a t  a depth of 15 t o  20 inches. 

brown silt loam surface layer  and a subsoi l  of dark-brown t o  very dark 

grayish-brown s i l t y  clay l o a m .  

a t  a depth of 8 t o  40 inches. 

brown s i l t y  clay loam and a subsoil  of dark-brown t o  very dark grayish- 

brown s i l t y  clay loam. Mixed a l luv ia l  land consists of very stony s o i l  

material derived from alluvlum that  washed from wet so i l s .  Tropaquepts 

consist of very poorly drained soil material tha t  varies i n  texture and is 

shallow over poorly sorted sandy and gravelly alluvium. 

Their subsoi l  is 

An ironstone seam 

Kahua s o i l s  have a very dark 

A th in  ironstone seam occurs i n  these s o i l s  

Kehena s o i l s  have a surface layer  of dark- ” 

L’ 
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Kahua and Kehena s o i l s  re used f o r  pasture, dland, watershed, and 

wildlife.  Amalu s o i l s  are d f o r  watershed and dl i fe .  Tropaquepts are 

used f o r  growing taro. 

value and very low content of dry matter. 

Forage in  t h i s  s o i l  association has low nu t r i t i ona l  

The wi ld l i fe  consists mainly of 

wild pigs. 

5. Kawaihae association 

Moderately deep, gently sloping t o  moderately steep, somewhat excessively 

drained s o i l s  t h a t  have a medium-textured subsoil; on coastal  plains. 

is association are med textured s o i l s  t ha t  formed in volcanic 

ash. These s o i l s  are on coastal  

sea leve l  t o  1,500 feet. 

and t h e i r  mean annual s o i l  temperature is  between 74 

vegetation consis 

ins a t  an elevation ranging from near 

They receive 5 t o  20 inches of r a i n f a l l  annually, 
0 and 77' F. The na tura l  

f kiawe, ilima, p i l ig rass ,  uhaloa, and buffelgrass. 

t ion is about 1 percent of the island. Kawaihae 

s o i l s  make up most of 

Very stony and Rock land. Also included s m a l l  areas of the a l l u v i a l  

Kamakoa s o i l s  in drainage ditches. 

luded with them are Kamaoa s o i l s ,  

I 
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very porous, and are continuously wet .  They are on mountains a t  an elevation 

ranging from near sea level t o  6,000 feet. 

more than 200 inches of r a i n f u l l  annually, and t h e i r  mean annual s o i l  tempera- 

ture  is  between 54' and 7S0 F. 

koa, and f a l s e  staghorn fern. 

They receive from 80 inches t o  

Their natural  vegetation is  ohia, tree fern,  

The t o t a l  area of t h i s  associat iaa  is about 11 percent of the island. 

Akaka s o i l s  make up about 40 percent of the association, the Hydrandept- 

Tropofolist  association 15 percent, Honokaa s o i l s  10 percent, and K a i w i k i  

soils 10 percent. The remaining 25 percent consists of Blapai, Kilea, Hilo, 

Honamau, Kealakekua, Ohia, Olaa, Panaewa, Piihonua, and Puaulu so i l s .  

Akaka s o i l s  are in the eastern par t  of the is land between Glenwood and 

They have a dark reddish-brown s i l t y  clay loam surface layer. Laupahoehoe. 

Their subsoi l  is r e d d i s h - b r m  t o  dark reddish-brawn silty clay loam. 

Hydrandept-Tropofolist s o i l s  are in the Kau S o i l  and Water Canservatian 

District. 

s o i l s  over fragmental Aa and pahoehoe lava flows. 

Hcmokaa area. 

These are deep s o i l s  in volcanic ash and shallow, wet ,  organic 

Honokaa s o i l s  are in t he  

They have a dark-brown s i l t y  c lay loam surface layer  and a 

s i l t y  c lay loam subsoi l  t ha t  is dark brown, very dark brown, and very dark 

grayish brown. 

reddish-brawn silty clay loam subsoil. 

They have a dark-brown surface layer and a dark-brown and dark 

The major s o i l s  and some of the minor s o i l s  of t h i s  associat ion are used 

f o r  sugarcane. The &aka s o i l s  and some of the minor s o i l s  are used fo r  

woodland, and the Honokaa and Kealakekua s o i l s  are used for  pasture, truck 

U 

k 

crops, macadamia nuts ,  and coffee. 

t i ona l  value and very low content of dry matter. 

high. The wi ld l i fe  consists of wild pigs. 

Forage i n  t h i s  association has low nutr i -  

The poten t ia l  fo r  ember is 
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7. Waimea-Kikoni-Naalehu association 

V e r y  deep, nearly level t 

textured t o  moderately f 

L, 

This association consists of medium-textured t o  moderately fine textured 
* 

s o i l s  t h a t  formed i n  volcanic ash. 

tha t  is  high in content of organic matter. 

These s o i l s  have a dark surface layer 

They are on mountains a t  an 
T 

ranging from 750 to  6,000 feet .  They receive from 25 t o  70 inches 

of r a i n f a l l  annually, and t h e i r  mean annual s o i l  temperature is between 66' 

and 72' F. 

r a t t a i l ,  kikuyugrass, and whiteclover. 

The natural  vegetati  consists of benmrdagrass, lantana, ZTuava, 

The area of t h i s  s o i l  association is about 2 percent of the island. 

Waimea s o i l s  make up 65 percent of the association, Kikoni s o i l s  20 percent, 

and Naalehu s o i l s  15 percent. 

Wairrrea a Kea Soi l  and Water Conservation 

Distr ic t .  

brown, very f ine  sandy loam and loam. 

Waimea s o i l s  have a surface layer of very dark brown and dark- 

Thei 

ine sandy loam. 

e sandy loam and 

s i l t  loam. Naalehu s o i l s  are servation District. 

These s o i l s  have a very dark b r  layer. The upper 

e lower par t  i s  

I 

mall areas, for  
1 astures of the 

ls, and doves. 

C 
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8. Puu Pa-Pakini-Waiaha association 

Shallow t o  deep, near ly  level t o  steep,  well-drained t o  somewhat excessively 

drained s o i l s  tha t  have a medium-textured subsoi l  o r  medium-textured 

underlying material; on uplands. 

This s o i l  association consis ts  of moderately coarse textured t o  moderately 

f ine  textured s o i l s  that formed in volcanic ash. Most of these s o i l s  have a 

concentration of calcium carbonate tha t  occurs as a s o i l  layer  o r  as coatings 

un rock fragments. 

elevation ranging from near sea level t o  4,000 feet. They receive 20 t o  60 

inches of r a i n f a l l  annually and have a mean annual soil temperature that is 

These soils are on mountains and alluvial p la ins  a t  an 

between 63' and 76* F. The natural vegetation is lantana, n a t a l  redtop, 

Japanese tea, cactus, and kiawe. 

The area of t h i s  soil associat ion is  about 3 percent of the island. 

Puu Pa s o i l s  make up about 60 percent of the a s s o c i a t i a ,  Pakini soils 10 

percent, and Waiaha s o i l s  about 10 percent. 

up of Kaalualu, Kainaliu, Knmnkoa, Kamaoa, and Waikaloa so i l s .  

The remaining 20 percent i s  made 

Puu Pa s o i l s  are in the  northwestern p a r t  of the island. These soils 

have a very dark brown extremely stony very f ine  sandy loam surface layer.  

Their subsoi l  is dark-brown and dark yellowish-brown very stony very f ine  

sandy loam. 

have a very dark brawn and dark-brown very f ine  sandy loam surface layer.  

Their subsoi l  is brown loam tha t  contains an accumulation of calcium carbonate 

at  a depth of 30 t o  55 inches. 

Water Conservation District, except f o r  small areas in the Kau d i s t r i c t .  

have a very dark btown extremely stony si l t  loam surface layer  and a dark- 

brown very stony silt loam subsoil. 

Pakini s o i l s  are in the southernmost p a d  of the island. They 

Waiaha s o i l s  are mostly in the  Kona S o i l  and 

They 

lhese s o i l s  are less than 20 inches deep 

over bedrock. 
L# 

. .  
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This association i s  used k i n l y  fo r  pasture, the pasture is 

excellent. 

and pasture. 

9 .  Kukaiau-Ainakea-Paauhau association 

Deep and moderately deep, 

have a 

Kainaliu s o i l s  are used f o r  truck crops, coffee, macadamia nuts ,  

The wi ld l i f e  consis ts  of pheasants, qua i l s ,  and doves. 

n t l y  sloping t o  steep, wel ldra ined  s o i l s  that  

a t e ly  f ine  textured subsoil;  

This' s o i l  association consis ts  of moderately f ine  textured s o i l s  t ha t  

formed i n  volcanic ash and bas ic  igneous rock. These s o i l s  are on mountains 

ion ranging from near sea level t o  2,500 feet .  

from 50 t o  140 inches of r a i n f a l l  annually, and t h e i r  mean'annual s o i l  

temperature is between 66' and 71' F, The na tura l  vegetation cmsists of 

bermudagrass, hi lograss ,  molassesgrass, kikuyugrass, guava, and Christmas 

They receive 

berry. 

The area of this association is about 3 percent of the island. Kukaiau 

s o i l s  

Paauhau s o i l s  18 percent. 

Moaula, Niu l i i ,  Ookala, and Puukala so i l s .  

make up 25 percent of the association 

The remaining 37 percent consis ts  of Honuaulu, 

Kukaiau and Paauhau s o i l s  are between Kukaiau and Kikuihaele. These 

s o i l s  have a very dark grayish-brown s i l t y  c lay loam surface layer and a 

dark-brown si1 

and Water Cons 

surf ace layer  

orchards, and 

I 
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10. Kohala-Eaw3-Mahukona association 

Deep, gently sloping t o  steep, well-drained s o i l s  that have a moderately f ine  

textured t o  fine textured subsoil; an uplands. 

In t h i s  s o i l  association are fine-textured s o i l s  that formed in bas ic  

igneous rock and volcanic ash. 

dioxide in the upper p a r t  of the profi le .  

at an elevation ranging from near sea level t o  1,500 feet .  

20 t o  60 inches of r a i n f a l l  annually and t h e i r  mean annual s o i l  temperature is 

between 72' and 74* F. 

bermudagrass, n a t a l  redtop, ilima, and kiawe. 

These s o i l s  have a Concentration of manganese 

They are on the  Kohala Mountains 

They receive from 

The na tura l  vegetation consis ts  of guava, lantana, 

The area of t h i s  association is about 1 percent of the island. 

s o i l s  make up about 45 percent of the  association, Hawi soils 4Q percent, 

and M a h U k o ~  s o i l s  IS percent. 

Kohala. 

Kohala s o i l s  have a surface layer of very dark grayish-brawn and dark- 

brown s i l t y  clay and a subsoil  of dark-brotm to  dark yellowish-brown s i l t y  

clay. 

and a dark-brown t o  dark yel lowish-brm stony s i l t y  clay subsoil. Mahukona 

s o i l s  have a dark reddish-brown very stony s i l t y  clay loam surface layer  and 

, 
Eawi s o i l s  have a very dark grayish-brown s i l t y  clay surface layer  

, a dark reddish-brown and dusky-red s i l t y  clay loam subsoil. I 
I 

'Ibis association is used f o r  i r r iga ted  sugarcane and f o r  pasture. Small 

areas are used fo r  i r r iga ted  truck crops and macadamia nuts. 

consis ts  mostly of pheasants, chukar, partridges,  and doves. 

The wi ld l i fe  

* 

Ainakea S i l t y  Clay Loam, 12 to  20 percent slopes 

This s o i l  is similar to  Ainakea s i l t y  clay loam, 3 to  12 percent slopes, 

except that i t  is moderately steep. 
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Included in mapping are about 90 acres of cinder cones about lmile 

south of Hawi. These cinder cones have a slope of 50 to 90 percent. 

Descriptions of the Soils 
W 

This section describes in alphabetical order the soil series and mapping 

units of the Island of Hawaii. - A  general description of each series is 

followed by a technical description of the mapping unit that is representative 
1 

1 of the series. This is followed by brief descriptl of the remaining mapping 

units of the series. 

Three kinds of survey wer 

was made on all cultivated are 

and forested land; and a reconnaissance survey was made on inaccessible areas. 

de on the island. A high-intensity survey 

low-intensity survey was made of all grazing 

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. 

he name of eac unit, is a symbol in 

parentheses. This symbol identifi the soil map and indicates 

the intensity of the survey 

the symbol consist 

It includes a number if the soil is eroded. For a soil within the low-intensity 

survey, the symbol co sts of capital 

reconnaisance survey, the 

capital letters (rAK). Only tho 

the high-intensity survey, 

f a combination of capital and lowercase letters (AaC). 

Alapai Series 

Amalu Series - 
w 



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, yellow, brown, or  

variegated. The pa r t i c l e s  have jagged edges and a glassy appearance and show. 

l i t t l e  o r  no evidence of soil development. 

Cinder land cormnosly supports some grass, but it is not good pasture 

This land land because of its loose consistency and poor t r a f f i c a b i l i t y .  

I s  a source of material f o r  surfacing roads (Capability subclass VIIIs, 

nonirrigated).  

F i l l  Land -- 
Hanipoe Series 

-- Eawi Series  (has potent ia l  geothermal sites) 

The Eawi series consis ts  of well-drained silty clays that formed in 

basic igneous rocks and were Influenced by volcanic ash. 

sea level t o  moderately sloping soils on uplands. 

These are nearly 

They are a t  an elevat ion 

ranging from near sea level t o  1,200 f e e t  and receive 25 t o  40 inches of 

r a i n f a l l  annually mostly during the w i n t e r  months. 

temperature is between 72' and 75' F. 

lantana, uhaloa, i l i m a ,  natal redtop, and benrmda grass. 

Their mean annual s o i l  

The na tura l  vegetation consis ts  of 

These s o i l s  are in 

the  same general area as Kohala and Mahukona so i l s .  

Hawi  s o i l s  are used f o r  pasture and i r r iga t ed  sugarcane. 

Hawi  s i l t y  clay,  0 t o  3 percent slopes (€id).-- This s o i l  is on the - - 
lower p a r t s  of the Kohala Mountains. 

In a representative p ro f i l e  the surface layer  is very dark grayish-brown 

s i l t y  clay about 15 inches thick. The subsoil  is very dark grayish-brown 
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t o  dark yellowish-brown stony s i l t y  clay about 53 inches thick. The 

substratum is s o f t ,  weathered basic igneous rock. . The surface layer  is 

s l igh t ly  acid, and'the subsoil  is neutral. The surface is extremely stony 
W 

i n  places. 

The hue of the  solum ranges from 7.5 YR t o  10 YR, and the  texture  from 

silty clay t o  s i l t y  clay loam. 

moderate t o  strong granular. 

The s t ruc ture  of t he  A horizon ranges from 

Permeability is moderate, runoff is slow, and the  erosion hazard is 

s l igh t .  

Roots can penetrate t o  a depth of 4 f e e t  o r  more. 

The avai lable  w a t e r  capacity is about 1.5inchesper foot  of so i l .  

This s o i l  is used f o r  i r r iga ted  sugarcane. 

i r r iga ted ,  and capabi l i ty  subclass IIc, nonirrigated; sugar cane group 1; 

pasture group 3). 

Hawi  s i l t y  clay, 3 t o  12 percent slopes (Hac).- This s o i l  is similar - 
to  Hawi s i l t y  clay, 0 t o  3 percent slopes 

sloping. Runoff is medium, and 

This s o i l  is used f o r  i r r iga t ed  sugarcane and f o r  pasture. (Capability 

subclass IIIe, i r r iga ted ,  and IIIe, noni 

pasture group 3). 

7 Hawi extremelxstonysfltyclay, 5 
s o i l  is similar t o  Hawi silt loam, 0 t o  

cover 3 t o  15 percent of i ts  

is medium, and the  erosion ha 

This s o i l  is used f o r  pa 

slopes (E).-- This 

urface, and it  is  moderately sloping. Runoff 

* 

VIIS, nonirrigated; 
z 

pasture group 3 

Heake Series 

Hilea Series 

- 

w 
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-- Hilo Series (has potent ia l  geothermal sites) 

The Hilo series consists of well-drained silty clay loams. These s o i l s  

formed i n  a series of Volcanic ash layers  that give them a banded appearance. 

They are gently sloping t o  steep s o i l s  on uplands a t  an elevation ranging 

from near sea level t o  800 feet. They receive from 120 t o  180 inches of 

rainfall annually, and t h e i r  mean annual soil temperature is between 72' 

and 74' F. 

guava, ohia, and tree fern. 

The natural  vegetation consis ts  of hilograss,  californiagrass,  

These soils are i n  the  same general area as 

Kaiwiki, O l a a  and Ookala soils. 

Hilo s o i l s  are used f o r  sugarcane, truck crops, orchards and pasture. 

Hilo s i l t y  clay loam 0 t o  10 percent slopes (HOC).-- This s o i l  is  low - 
on the  windward s ide  of -una Kea and is dissected by steep, narrow gulches. 

In a representative p ro f i l e  the  surface layer  is dark-brown silty clay 

loam about 12 inches thick. The subsoi l  is about 48 inches thick and consis ts  

of dark-brown, dark reddish-brown, and very dark grayish-brown s i l t y  c lay 

loam. The surface layer is very strongly acid, and the subsoil  is strongly 

acid t o  medium acid. This s o i l  dehydrates i r revers ib ly  i n t o  fine gravel-size 

aggregates. 

Included i n  mapping are s m a l l  areas of shallow s o i l s  over pahoehoe lava 

bedrock. 

Permeability is rapid, runoff is slow, and the erosion hazard is s l igh t .  

Roots can penetrate t o  a depth of 5 f e e t  o r  more; 

This s o i l  is used mostly f o r  sugarcane. Small  areas are i n  truck crops, 

orchards and pasture. (Capability subclass IIIe, nonirrigated; sugarcane 

group 2; pasture group 9; woodland group 7) 

Hilo s i l t y  clay loam 10 t o  20 percent slopes (HOD).- This s o i l  is 

similar t o  Hilo s i l t y  clay loam, 0 t o  10 percent slopes, but is steeper. 

Runoff is medium, and the erosion hazard is  s l igh t  t o  moderate. 

- -'--- - 



This soil is used for sugarcane. (Capability subclass IVe, nonirrigated; 

sugarcane group 2; pasture group 9; woodland group 7). 
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- Hilo silty clay loam, 20 to 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. 
4 

Most of this soil i s  used for sugarcane. Small areas are used for 

- pasture. (Capability subclass VIe, noninigated; sugarcane group 2; 

pasture group 9; woodland group 7). 

Honaunau Series 

Honokaa Series 

Honuaulu Series 

Huikau Series 

Hydrandept-Tropofollst Association 

Kaalualu Series (has possible geothermal sites) 

ts of well-drained loamy sands that formed in 

volcanic ash. These are gently sloping to madera 

areas at an elevation ranging from near sea level 

from 20 to 40 inches of rainfall annually, and their mean annual soil 

temperature is between 73' and 75 

lantana, bermudagrass, indigo, an anese tea. These soils are in the same 

ly sloping soils in coastal 

o 1,000 feet. They receive 

. The natural vegetation consists of 

. 
soil -is in low co 

* 

loam about 19 inches thick. The substratum is fragmental Aa lava. This soil 

is neutral throughout the profile. ccl, 
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Included in mapping are small areas of Kamaaa and P a k i n i  soils. 

Permeability is rapid, runoff is slow, and the erosion hazard is s l igh t .  

Roots can penetrate t o  a depth of 20 t o  30 inches. 

This s o i l  is used f o r  pasture. (Capability subclass VIIS, aonirrigated; 

pasture group 2) 

Kahaluu Series 

The Kahaluu series consists of well-drained, thin, organic soils 

overlying pahoehoe lava bedrock. 

moderately steep. 

t o  7,000 feet and receive from 90 t o  150 inches of rainfall annually. 

mean annual s o i l  temperature is between 55' and 57' F. 

consists of ohia, tree fern, amaumau fern, uluhe fern, and puakeawe. 

s o i l s  occur with Kealakekua, Keei, Kiloa, Kona, and Lalaau soils. 

These s o i l s  are moderately sloping t o  

They are on uplands at  an elevation ranging from 3,500 

Their 

The natural  vegetation 

These 

Kahaluu soils are used f o r  woodland and pasture. 

Kahaluu extremelx rocky muck, 6 t o  20 percent slopes (rKAD).- This s o i l  - 
is a t  intermediate elevations on &una Kea and Mauna Loa. 

occupies 30 t o  50 percent of the  surface area. 

Rock outcrop 

In  a representative p ro f i l e  the surface layer  is very dark brown muck 

about 5-inches thick. It is underlaid by pahoehoe lava bedrock. This s o i l  

is very strongly acid. 

Included in mapping are s m a l l  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. 

is rapid. 

the bedrock is fractured. 

Runoff c 

Roots extend only t o  the bedrock o r  t o  a depth of a f e w  f e e t  where 

There is l i t t l e  o r  no erosion hazard. 

This s o i l  is too shallow and rocky fo r  cult ivation. Most of i t  is i n  

native woodland. A f e w  areas are cleared and used f o r  pasture.  (Capability . 

subclass VIIS, nonirrigated; pasture group 10) 

Kahua Series 

- 
L 

- 
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Kaimu Series - 
Kainaliu Ser ies  

Kaiwiki Series 
W 

G 

-koa Series 

Kamaoa Series  

Kapapala Series 

.I Kawaihae Series 

The Kawaihae series consis ts  of somewhat excessively drained extremely 

stony s o i l s  that formed i n  volcanic ash. 

surface layer  of f i n e  sandy loam over silt loam and loam. 

sloping t o  moderately sloping s o i l s  on coastal  plains  a t  an elevation ranging 

from near sea level t 

most of which f a l l s  during the winter months, 

is between 74' and 77' F. 

i l i m a ,  and fingergrass. 

are i n  the  same general area. 

These s o i l s  have a very th in  

They are gently 

,500 feet. The annual r a i n f a l l  is  5 t o  20 inches, 

The mean annual s o i l  temperature 

The natural  vegetation consis ts  of Wawe, p i l ig rass ,  

These s o i l s  and Mahukona, Puu Pa, and Waikaloa s o i l s  

Kawaihae s o i l s  are used mainly f o r  pasture, recreation areas, wi ld l i f e  

habi ta t ,  and homesites. Small acreages are used f o r  truck crops. 

Kawaihae extremely stony very f i n e  sandy loam, 6 t o  12 percent slopes 

(E).-- This s o i l  is on the leeward coastal  plains  of Mauna Kea. 

In  a representative p ro f i l e  t he  surface layer  is dark reddish-brown 

extremely stony very f i n e  sandy loam about 2 inches thick. 

dark reddish-brown 8 use-red stony si l t  loam and loam. 

Below t h i s  is 

Hard pahoehoe lava 
4 

about 33 inches. The surface layer  is neutral ,  and - 
the  subsoil  is neutral  t o  mildly alkaline.  

The depth t o  pahoehoe bedrock ranges f r  20 t o  40 inches. The surface 

layer  ranges from pla ty  t o  weak, granular i n  s t ruc ture  and from 2.5 YR t o  
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7.5 YR in hue. 

some places calcium carbonate-has accumulated in the  loner pa r t  of t he  p ro f i l e  

The B horizon ranges from silt loam t o  loam in texture. In 

o r  is coated on rocks. 

Included in mapping are areas that are underlain by fragmental Aa lava. 

These inclusions comprise 10 t o  20 percent of t h i s  mapping unit. 

Permeability is moderate, runoff is medium, and the erosion hazard is 

moderate. Roots can penetrate t o  bedrock. 

This soil is used mostly f o r  pasture, wildlife habi ta t ,  and recreation 

Small areas, less than an acre in size,  have been cleared of stones areas. 

and are used f o r  i r r iga ted  truck crops. (Capability subclass VIIS, 

nonirrigated; pasture group 1) 

Kawaihae very rocky very f i n e  sandy loam, 6 t o  g p e r c e n t  slopes (KOC).- 

This s o i l  is similar t o  Kawaihae extremely stony very f i n e  sandy loam, 6 t o  

12 percent slopes, except t ha t  rock outcrops occupy 10 t o  20 percent of the 

surf ace. 

Included i n  mapping areseverelyeroded areas in  which small gu l l i e s  are 

formingandthe vegetation is sparse. These areas make up as much as 10 

percent of t h i s  mapping unit. 

This s o i l  is  used f o r  pasture. (Capability subclass VIS, nonirrigated; 

pasture group 1) 

Kealakekua Series 

Keei Series 

Keekee Series 

Kehena Series 

- 

Kekake Series 

Kikoni Series 

Kilauea Series 



72 

Kiloa Series 

Kilohana Series 

- 

Kohala Series 

The Kohala series consis ts  of well-drained s i l t y  clays tha t  formed in 

material from basic igneous rock influenced by volcanic ash. These soils 

are nearly level t o  steep. 

Mountains a t  an elevation ranging from near sea level t o  1,500 feet .  

receive from 40 t o  60 inches of r a i n f a l l  annually, and t h e i r  mean annual s o i l  

temperature is  between 72' and 74' F. The natural vegetation consis ts  of Koa 

haole, lantana, guava, and Christmas berry. These s o i l s  and Ainakea and Hawi 

s o i l s  are i n  the  sam 

They occupy the  c 

They 

Rohala s o i l s  are used mostly f o r  sugarcane. Small areas are 

pasture, orchards, and truck crops. 

slopes (KhA).-This s o i l  is  on the  

windward s i d e  of d by a few, deep, 

n ta t ive  p ro f i l e  the surface layer  is very dark grayish-brown 

and dark-brown s i l t y  clay about 14 inches thick. The subsoil  is about 25 

ellowish-brown s i l t y  clay 

1y acid and neutral  in 

Kukaiau Series 
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Lalaau Series 

Laumaia Series  

-- Lava F l m ,  - Aa (have possible geothermal s i t e )  

Lava flows, Aa (rLV), has been mapped as a miscellaneous land type. This 

lava has prac t ica l ly  no soil covering and is bare of vegetation, except f o r  

mosses, l ichens,  ferns, and a few d l  ohia trees. It is a t  an elevation 

ranging from near sea Level t o  13,000 f e e t  and receives from 10 t o  250 inches 

of rainfall annually. It is associated with pahoehoe lava flows and many 

so i l s .  

This lava i s  rough and broken. It is a mass of clinkery,  hard, glassy, 

sharp pieces pi led in tumbled heaps. In areas of high r a i n f a l l ,  it 

contributes subs tan t ia l ly  t o  the  underground water supply and is used f o r  

watershed. (Capability subclass VIIIs, nonirrigated) 

Lava Flows, Pahoehoe -- 
Lava flows, pahoehoe (rLW), has been mapped as a miscellaneous land type. 

This lava has a billowy, glassy surface t h a t  is r e l a t ive ly  smooth. In some 

areas, however, the surface is rough and broken, and there  are hummocks and 

pressure domes. 

Pahoehoe lava has no soil covering and is typica l ly  bare of vegetation 

except fo r  mosses and lichens. 

scat tered ohia trees, ohelo berry, and aal i i  have gained a foothold i n  cracks 

and crevices. 

In the areas of higher rainfall, however, 

This miscellaneous land type is a t  an elevation from sea level t o  13,000 

fee t .  The annual r a i n f a l l  ranges from 10 inches t o  more than 140 inches. 

Some f l a t  s labs  of pahoehoe lava are used as facings on buildings and 

fireplaces.  In  areas of higher r a i n f a l l ,  t h i s  lava contributes t o  the 

- ground-water supply. (Capability subclass VIIIs, nonirrigated) 
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The MahUkona series consists of well-drained s i l t y  clay loams tha t  formed 

i n  volcanic ash and basa l t  residuum. 

tha t  occupy leeward coastal  areas of the  Kohala Mountains. 

elevation ranging from near sea level t o  550 f e e t  and receive from 20 t o  30 

inches of rainfall annually. Their mean annual s o i l  temperature is between 

72' and 75' F. 

swollen fingergrass, and benrmdagrass. 

Puu Pa s o i l s  

These are undulating t o  ro l l ing  s o i l s  

They are a t  an 

The natural  vegetation consis ts  of kiawe, uhaloa, i l i m a ,  

These s o i l s  and Hawi, Kawaihae, and 

e i n  the  same general area. 

Mahukona soils are used f o r  pasture and i r r iga ted  sugarcane. 

Mahukona very stony clay loam, 6 t o  12 percent slopes (MIX).- 

This s o i l  occupies coast  e h h a l a  Mountains. The slope is 

dominantly 10 percent. 

I n  a representative p ro f i l e  the surface layer  is  dark reddish-brown 

very stony s i l t y  clay loam about 6 inches thick. The s dark reddish- 

brown and dusky-red s i l t y  clay loam about 30 inches thick. 

is hard saproli te.  

acid t o  neutral. 

The substratum 

The subsoil  is s l i g h t l y  The surface layer is medium 

The depth to sapro l i te  is 32 t o  42 inches. I n  places the A horizon has 

a weak, p la ty  

YR. 

6 

about 1.5 inches 
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Mahukona s i l t y  clay loam, 3 t o  12 percent slopes (HHC).-- This s o i l  - 
is similar t o  Mahukona very stony s i l t y  clay loam, 6 t o  12 percent slopes, L: 
except that it is nonstony. 

(Capability subclass IIIe, i r r iga ted ,  and IIIe, nonirrigated; sugarcane 

It is used f o r  i r r iga t ed  sugarcane and pasture. 

group 1; pasture group 2) * 

Maile Series  - 
The Maile series cons is t s  of well-drained si l t  loams that formed i n  

c 

volcanic ash. These are n e a r l y . l w e l  t o  moderately s teep s o i l s  on uplands. 

They are a t  an elevat ion ranging from 2,500 t o  4,000 feet and receive from 

60 t o  90 inches of rainfall annually. 

is between 57' and 60' F. 

fern,  alapaio fern,  kikuyugtass, and white clover. These soils and Honokaa, 

Kahua, Kikoni, Palapalai ,  P w  00, and Umilcoa s o i l s  are in the  same general 

area. 

Their mean annual s o i l  temperature 

The na tura l  vegetation consis ts  of ohia, tree 

mile soils are used f o r  pasture and woodland. 

Maile silt loam, 6 to  20 percent slopes (m).-- This s o i l  is a t  --- --- - 
intermediate elevations on the  windward s ide  of Mauna Kea. 

slope of about 15 percent. 

It has a dominant 

A representative p ro f i l e  has a surface layer  of dark reddish-brown t o  

very dark brown s i l t  loam about 14 inches thick. 

inches thick. 

clay loam. 

The p r o f i l e  grades from medium acid in the surface layer  t o  s l i g h t l y  acid and 

neutral  in the  subsoil. 1 

The subsoi l  is about 46 

It consis ts  of dark yellowish-brown and very dark brown s i l t y  

The subsoi l  dehydrates i r revers ib ly  in to  f i n e  sand-size aggregates. 
f 

The A horizon has a chroma and value of 2 or  3 when moist. The B horizon 

has a hue of 5 YR t o  10 YR and weak t o  strong, subangular blocky s t ructure .  

Thin bands of hard ash occur e r r a t i c a l l y  throughout the solum. __ The B horizon 

Ld 
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dehydrates i r r w e r s i b  

size of sand and silt. 

in to  dark-brown o r  black, very hard aggregates the  

Included with t h i s  soi mapping are s m a l l ,  

gul l ies .  
t 

i l i t y  is moderately rapid, slow, and the erosion hazard 

is s l igh t .  Roots can penetra t o  a depth of 5 feet o r  more. - 
This s o i l  is used f o r  pasture and woodland. (Capability subclass IVe, 

nonirrigated; pasture group 11, woodland group 8) 

Malle si l t  loam, 0 t o  3 percent 

Malle silt loam, 6 t o  20 percent s l o  

.-- This s o i l  is similar t o  

hat it is nea 

ne t o  s l ight .  This s o i l  is 

--- --- 

used f o r  truck cr ass I, nonirrigated; pasture 

group 11; woodland group 8 

ly stony organic 

o roll ing.  They are on 

1 t o  1,000 fee t ,  and 

receive from 60 t o  90 inches of r a i n f a l l  annually. Their mean annual s o i l  

temperature is between 72' 

guava, waiwe,  mango, hala, 

1 vegetation.consists of 

* 

. 

extremely stony muck about 3 inches 

lava. This s o i l  is strongly acid. 
W 
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The depth of fragmental Aa lava ranges from 2 t o  8 inches. The hue 

of the 02 horizon ranges from 7.5 YR t o  10 YR. 

Included i n  mapping are s m a l l  areas of Opihikao so i l s .  

Permeability is rapid,  runoff is very slow, and the  erosion hazard is 

Roots can extend t o  a depth of 24 inches in to  cracks of t h e  lava. s l igh t .  

This s o i l  is used f o r  woodland, pasture, and orchards. (Capability 

subclass VIIS, nonirrigated; pasture group 7; woodland group 13) 

Manahaa Series  

Manu Series - 
The Manu series consis ts  of well-drained silt loams that formed in 

volcanic ash, cinders, and pumice. These s o i l s  are nearly level t o  gently 

sloping. 

f e e t  and receive from 80 t o  120 inches of rainfall annually. 

axxual s o i l  temperature is between 58' and 62' F. 

consis ts  of oh ia , ' t r ee  fern,  amaumau fern,  and rattail.  These s o i l s  and 

Heake, Kilauea, KOM, Puaulu, and Puhimau s o i l s  are in t he  same general area. 

They are on uplands a t  an elevation ranging from 3,000 t o  4,000 

Their mean 

The na tura l  vegetation 

Manu s o i l s  are used mostly f o r  woodland. Small areas are used f o r  

pasture and truck crops. 

Manu si l t  loam, 2 t o  6 percent slopes (rM"E).- This s o i l  is a t  --- --- 
intermediate elevations on the windward s i d e  of &una Loa in t he  Volcano 

area. 

I n  a representative p r o f i l e  the surface layer  is very dark brown silt 

loam about 3 inches th ick  over about 5 inches of very dark grayish-brown f i n e  

sandy loam. It is underlain by s t r a t i f i e d  layers  of very dark grayish-brown 

coarse sand, f i n e  sandy loam, and loamy f i n e  sand and dark yellowish-brown 

pumice. The 

pro f i l e  grades from medium acid i n  the surface layer  t o  neut ra l  in the lower 

p a r t  of the subsoil. 

Hard pahoehoe lava bedrock is a t  a depth of about 36 inches. 
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The depth of pahoehoe lava bedrock ranges from 27 t o  47 inches. The A l l  

horizon is 3 t o  5 inches th ick  and ranges from 7.5 YR t o  10 YR i n  hue. 

Included i n  mapping are 11 areas of Puh i ls  . 
Permeability is rapid,  runoff is slow, and the  erosion hazard is s l igh t .  

Roots can penetrate  t o  the  pahoehoe lava bedrock. 

Most of t h i s  s o i l  is in nat ive  forest .  A small acreage is used f o r  

t ruck crops and ture .  (Capability subclass I f e ,  nonirrigated; pasture  

group 9; woodland group 7) 

Mawae Ser ies  

- Mixed Alluvial  Land 

Mixed alluvial land (MT) is a miscellaneous land type consis t ing of 

recent stream deposit ion that varies widely i n  texture.  

Waipio, Pololu, and Waimanu Valleys. 

va l leys  and is subject  t o  frequent flooding. 

This land is  i n  t h e  

It is on bottoms a t  the  mouth of the  

The surface is l i t t e r e d  with 

stones and boulders. 

Mixed a l l u v i a l  land is at  an elevat ion ranging from sea level t o  500 

f e e t  and receives from 50 t o  100 inches of r a i n f a l l  annually. 

s o i l  temperature is about 73' F. 

honohonograss, and mo 

The mean annual 

The vegetation cons is t s  of h i lograss ,  guava, 

Included with t h i s  land i n  mapping are areas of t a l u s  mater ia l  along t h e  

base of the  st es. It cons is t s  of rock debr i s  and s o i l  material. 

Mixed a l l u v i a l  land is used f o r  grazing and f o r  w i l d l i f e  habi ta t .  

(Capability subclass VIS,  

Naalehu Ser ies  

N i u l i i  Ser ies  

Ohia Series 

Olaa Series 

odland group 5 )  

- 
- 
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Ookala Series 

Ld Opihikao Series 

The Opihikao series consis ts  of well-drained, t h in  organic soils over 

These s o i l s  are gently sloping t o  moderately steep. pahoehoe lava bedrock. 

They are on uplands a t  an elevat ion ranging from near sea level t o  1,000 

f e e t  and receive from 60 t o  90 inches of r a i n f a l l  annually. 

annual s o i l  temperature is between 72' and 73' F. 

consis ts  of guava, waiwe, and ohia. 

Their mean 

The natural vegetation 

These soils and Keei, U n a ,  Malama, 

Papai, and Puna s o i l s  are i n  the  same general area. 

Opihikao soils are i n  na t ive  fo re s t  o r  are used f o r  pasture. 

Opihikao extremely rocky muck 3 t o  25 percent slopes (rOPE).-- This -'--- 
soils is i n  the Puna dist r ic t .  

area. 

Rock outcrops occupy 30 t o  50 percent of t he  

In a representat ive p r o f i l e  the  surface layer  is  very dark brawn muck 

The muck about 3 inches thick. It is underlain by pahoehoe lava bedrock. 

is strongly acid. 

The depth t o  pahoehoe lava bedrock is 2 t o  5 inches. The hue of t he  

02 horizon ranges from 7.5 YR t o  10 YR. 

The muck is rapidly permeable. 

water moves rapidly through the  cracks. 

hazard is s l igh t .  

penetrate the cracks t o  a depth of 2 fee t .  

The lava is very slowly permeable, but 

Runoff is  slow, and the  erosion 

Roots are matted over the  pahoehoe lava, but they can 

This s o i l  is i n  native fo res t  o r  is used f o r  pasture. (Capability 

subclass VIIS, nonirrigated; pasture group 7) 

Paauhau Series 

Pakinf Series 

Palapalai  Series 
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Panaewa Ser ies  

. \d Papai Ser ies  

The Papai series cons is t s  of well-drained, thin,  extremely stony organic 

soils over fragmental Aa lava. 

steep. 

These s o i l s  are gently sloping t o  moderately 

They are on uplands a t  an elevat ion ranging from near sea level t o  

1,000 f e e t  and receive from 90 

annually. Their s o i l  temperatu een 72' and 74' F. The na tura l  

vegetation cons is t s  of ohia,  tree fern,  uluhe fern,  and guava. These s o i l s  

150 inches of r a i n f a l l  

and Keaukaha, Kiloa, Olaa, Opihikao, and Panaewa s o i l s  are i n  the  same 

general area. 

Papai s o i l s  are used mostly f o r  woodland. Small ar are used f o r  

pasture,  orchards, and t ruck crops. 

Papai extremely slopes (rPAE).-- This s o i l  

gmental Aa 

lava. This s o i l  

The depth t o  fragmental Aa lava ranges from 3 t o  12 inches. The hue 

oup 9 ;  woodland 

- 
The Puna series cons is t s  of well-drair ked, t h in ,  extremely stony organic 

s o i l s  over fragmental Aa lava. These s o i l s  are gently sloping t o  moderately 
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steep. They are on 

and receive from 60 

soil temperature is 

uplands at an elevat ion ranging from 1,000 t o  3,500 feet 

t o  90 inches of rainfall annually. 

63' F. 
L V J  

Their mean annual 

The natural vegetat ion cons is t s  of ohia, guava, 

Christmas berry,  and alapaio fern. 

kao soils are in t h e  same general area. 

These soils and KOM, Malama, and Opihi- 

Puna s o i l s  are used f o r  woodland, pasture,  and orchards. 

Puna extremely stony muck, 3 t o  25 percent  s lopes (rP=).-= This soil is - 
at intermediate e levat ions on p4auna Loa and Hualalai. 

In a 

extremely 

Aa lava. 

representa t ive  p r o f i l e  t h e  sur face  l aye r  is very dark brown 

stony muck about 5 inches thick.  

This soil is neu t r a l  in reaction. 

It is underlain by fragmental 

The depth t o  fragmental Aa lava is 2 t o  6 inches. 

Permeability is rapid,  runoff is  slow, and the  erosion hazard is s l i g h t .  

Roots are matted i n  t h e  surface layer ,  but  some roots  extend t o  a depth of 

20 inches i n t o  the  cracks in t h e  lava. 

This s o i l  is used f o r  woodland, pasture,  and orchards. 

subclass VIIS, nonirrigated; pas ture  group 7; woodland group 13) 

(Capabili ty 

Punaluu Series 

The Punaluu series cons is t s  of well-drained, t h i n  organic soils over 

pahoehoe lava bedrock. These soils are gent ly  s loping t o  moderately steep. 

They are on uplands a t  an elevat ion ranging from near sea level t o  1,000 f e e t  

and receive from 60 t o  90 inches of rainfall annually. 

temperature i s  between 72' and 74' F. 

koa haole, Christmas berry,  guineagrass, natal redtop, and sand bur. 

s o i l s  and Kaalualu, Kaimu, Kainaliu, Malama, Pakini,  and Waiaha s o i l s  are in 

the  same general  area. 

The mean annual soil 

The na tu ra l  vegetat ion cons is t s  of 

These 

Punaluu soils are used f o r  pasture. 
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Punaluu ' --- 6 t o  20 percent slopes (rF")).- This s o i l  

. b, is low on the  leeward s i d e  of &una Loa. Rock outcrops occupy 40 t o  50 

percent of the  surface. 

In a representat ive p r o f i l e  the surface layer  is black peat about 4 

F inches thick. It is underlain by pahoehoe lava bedrock. This soil is medium 

acid. - 
d frm 5 YR t o  

10 YR i n  hue. 

The peat is rapidly permeable. The pahoehoe lava is very slowly 

water moves rapidly through t Runoff is slow, 

and the  erosion hazard is s l igh t .  Roo ted over t he  pahoehoe lava. 

This s o i l  is f o r  pasture. ubclass VIIS, 

pasture group 3) 

Ser ies  

uukala Ser ies  

Puu 00 Series -- 

. 
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Puu Pa extremely stony very f i n e  sandy loam, 6 t o  20 percent s lopes -- 
(E).- This soil is l o w  on the  leeward s i d e  of H u a l a l a i ,  Ma- Kea, and t h e  

Kohala Mountains. 

In  a representat ive p r o f i l e  t h e  sur face  l aye r  is very dark brown 

extremely stony very f i n e  sandy loam about 6 inches thick.  

dark-brown and dark yellowish-brawn very stony very f ine  sandy loam about 

34 inches thick. It i s  underlain by fragmental Aa lava. The reac t ion  is 

medium ac id  t o  s l i g h t l y  ac id  in the  sur face  l aye r  and neu t r a l  in t h e  

The next l aye r  is 

substratum. In places the  sur face  l aye r  is silt loam. 

The depth t o  fragmental Aa lava ranges from 20 inches t o  more than 40 

inches. 

places t h i s  lime encrusts t h e  gravel  and stones. 

of 2 o r  3 and a hue of 10 YR t o  5 YR. 

value range from 2 t o  4. 

The depth t o  s o f t  podery lime ranges from 20 t o  40 inches. 

The A horizon has a value 

In some 

Below the  A horizon, t h e  chroma and 

Included in mapping near Puuwaawaa H i l l  are small, nonstony areas. Also 

included are cinder cones. 

Permeability is moderately rapid,  runoff is medium, and t h e  erosion 

hazard is moderate. Roots penetrate  t o  the  fragemental Aa lava. 

This s o i l  is used f o r  pasture. (Capabili ty subclass VIIS, nonirrigated; 

pasture  group 2) 

Puu Pa extremely stony very f i n e  sandy loam, 70 t o  100 percent s lopes,  -- 
severely eroded (PVF3).- - This s o i l  i s  near the  Puuwaawaa Ranch. The average 

i 

slope is about 90 percent. 

only a t h i n  s o i l  l aye r  is l e f t  over weathering trachyte.  

This soil is so severelyeroded that in most areas 

The hazard of * 

fu r the r  erosion is very severe. Runoff is very rapid. 

This s o i l  is used f o r  w i l d l i f e  hab i t a t  and watershed. (Capabili ty 

subclass VIIIs, nonirr igated)  
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Puu Pa silt loam 12 percent slopes (PWD) - This s o i l  is near ----'- 
'IC/ - Puuwaawaa Ranch. The dominant slope is about 13 percent. The depth t o  

weathering t rachyte  i 

of erosion is moderate. 

This s o i l  is used f o r  pasture. (Capability subclass IVs, nonirrigated; 

pasture  group 2) 

Rock Land 

Rough Broken Land 

- 
-- 

Tropaquepts 

Umikoa Ser ies  

V e r y  Stony Land 

Waiaha Series  

The Waiaha series cons is t s  of shallow, well-drained silt loams t h a t  

formed i n  volcanic ash. 

most areas are extremely stony. 

These s o i l s  are nearly level moderately s teep  and 

They are on uplands a t  an elevat ion ranging 

from near sea level t o  1,000 fee t .  They receive from 20 t o  40 inches of 

r a i n f a l l  annually, most of which f a l l s  during the  summer months, except i n  

the  Pahala area. 

The na tura l  vege ta t i  

The mean annual s o i l  temperature is between 72' and 74' F. 

i na l iu ,  and Punaluu 

slopes (E) .- This . 



as 

bedrock. 

mildly alkaline. 

The surface layer  is s l i g h t l y  acid. The subsoi l  is neu t ra l  t o  

In places the  surface layer  is nonstony. 

The depth t o  underlying pahoehoe lava bedrock ranges from 15 t o  20 

inches. The s t ruc tu re  of the  A horizon ranges from weak t o  moderate. Near 

sea level, calcium carbonate encrusts t he  rocks or extends i n t o  the  cracks of 

the  bedrock. 

Waikaloa Series  

Waimea Series 
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GLOSSARY 

Aggregate, s o i l .  
Natural s o i l  aggregates such as crumbs, blocks, o r  pr isms,  are ca l led  
peds. 

Many f i n e  p a r t i c l e s  held i n  a s ing le  mass or  c lus te r .  
V 

Clods are aggregates produced by t i l l a g e  o r  logging. See structure .  

Available water capacity (a lso termed ava i lab le  moisture capacity). The 
* capacity of s o i l s  t o  hold water ava i lab le  f o r  use by most plants.  It is 

conrmonly defined as t he  difference between the  amount of s o i l  water a t  
f i e l d  capacity and the  amount at  wi l t ing  point. 
as inches of water per  inch of s o i l .  

It is  commonly expressed 

Base saturat ion.  The degree t o  which material that has base-exchange proper t ies  
is saturated with exchangeable cat ions other  than hydrogen, expressed as 
a percentage of t he  cation-exchange capacity. 

Bulk density,  The mass of dry s o i l  per  un i t  of bulk volume. Bulk volume i s  
determined before drying t o  constant weight at  105 degrees centigrade. 
A u n i t  of measure, usually grams per cubic centimeter or  pounds per 
square foot ,  

Cation exchange capacity. The sum t o t a l  of exc 
can adsorb, expressed i n  mil l iequivalents  per 100 grams of s o i l  o r  of 
o ther  adsorbing material, such as clay. 

mineral s o i l  p a r t i c l e s  less than 0.002 

eable cat ions t h a t  a s o i l  

Clay. As a s o i l  separate,  
millimeter i n  diameter 
40 percent o r  more cla 

a s o i l  t ex tu ra l  class, s o i l  material that is 

Consistence, s o i l .  The f e e  
describe consistence 

Id together i n  a mass. 
pressure between thumb 

are : 

2 

. f r e e  from other  material. 

Hard.--When dry, 

only weak thixotropic  propert ies  as evidenced by changing suddenly 
t o  f lu id ;  t he  f ingers  "skid," and the s o i l  smears. After the  s o i l  
smears there  is l i t t l e  o r  no evidence of f r e e  water on the  fingers.  W 
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Moderately smeary.-Under moderate t o  s t rong pressure,  soil material 
changes suddenly t o  f lu id ;  t he  f ingers  "skid," and the  soil smears 
and is slippery.  After the  soil s m e a r s ,  t he re  is evidence of f r e e  
water on t he  fingers.  b 

Strongly smeary.--Under moderate pressure the  s o i l  material changes 
suddenly t o  f lu id ;  t he  f ingers  "skid," and the  s o i l  smears and is  
very slippery.  
on t he  f ingers .  

After t h e  s o i l  smears, f r e e  water is e a s i l y  seen 

Drainage, surface.  

Erosion. 

Runoff, or surface flow, of water from an area. 

wearing away of t he  land surface by w i n d  (soil blowing), running 

Nearly level land, consis t ing of stream sediments, that borders 

water, and o the r  geological agents. 

a stream and is subjec t  t o  flooding unless protected a r t i f i c i a l l y .  
Flood plain.  

Horizon, s o i l .  A l aye r  of s o i l ,  approximately p a r a l l e l  t o  t h e  surface, that 
These has d i s t i n c t  cha rac t e r i s t i c s  produced by soil-forming processes. 

are the  major horizons: 

0 horizon.-The l aye r  of organic matter on t he  surface of a mineral s o i l .  
This l aye r  cons is t s  of decaying plant  residue. 

A horizon.-The mineral horizon at t h e  sur face  or just  below an 0 horizon. 
This horizon is t h e  one in which l i v i n g  organisms are most active 
and therefore  is marked by the  accmula t ion  of humus. The horizon 
may have l o s t  one o r  more of so luble  salts, clay,  and sesquioxides 
( i ron  and altrminum oxides). 

The B horizon is 
i n  p a r t  a l aye r  of change from the  overlying A t o  t he  underlying 
C horizon. The B horizon a l s o  has d i s t i n c t i v e  characteristics 
caused (1) by accumulation of clay,  sesquioxides, humus, o r  some 
combination of these; 
(3) by redder o r  s t ronger  co lors  than the  A horizon; o r  (4) by 
some combination of these. 
ca l led  the  solum, or t r u e  s o i l .  
A horizon alone is the  solum. 

In  most s o i l s  t h i s  material is presumed to  be l i k e  t h a t  from which 
the  overlying horizons formed. I f  the  material is known t o  be 
d i f f e ren t  from t h a t  i n  the  solum, a Roman numeral precedes the  
let ter C. c 

R horizon. Consolidated rock beneath the  s o i l .  The rock usual ly  
underl ies  a C horizon but may be immediately beneath an 
horizon . . 

B horizon.-The mineral horizon below an A horizon. 

(2) by pr ismatic  or blocky s t ruc tu re ;  

Combined A and B horizons are usual ly  
I f  a s o i l  lacks a B horizon, t h e  

C horizon.-The weathered rock material immediately beneath t h e  solum. 

. 

Igneous rock. Rock t h a t  has been formed by the  cooling of 'molten mineral 
material. Examples: Granite, syenise,  d i o r i t e ,  and gabbro. 

-7 

Lid 
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I r r egu la r  markings of d i f f e ren t  colors  t h a t  vary in number and size. 
Mottling i n  s o i l s  usual lyjfndicates  poor aerat; 
Descriptive tenus are: Abundance-few, common d many; size--fine, 
medium, and coarse; and contrast-faint ,  d i s t i n c t ,  and prominent. 

and drainage. 

Parent material. The d egrated and pa r t ly  weather rock from which s o i l  
has formed. 

Permeability. The qua l i ty  of a s o i l  horizon that enables water o r  air  t o  move 
fhrough it. 
slow, slow, moderately slow, moderate, moderately rapid,  rapid and very 
rapid. 

Terms used t o  describe permeability are as follows: very 

. The sesquioxide-rich, humus-poor, ered mixture of c lay  
with quartz and o ther  d i lu t an t s  that commonly shows as red mottles,  
usual ly  in pla ty ,  polygonal, o r  r e t i c u l a t e  pat terns .  P l i n t h i t e  changes 

f t ,  red mottles. 

P ro f i l e ,  s o i l .  ough a l l  i t s  horizons and 

i n i t y  of a s o i l ,  expressed i n  
1y neu t r a l  i n  reac t ion  
ees of a c i d i t y  o r  

Extremely acid -- Below 4.5 
Very strongly ac id  -+- 4.5 t o  5.0 
Strongly acid -- 5.1 t o  5.5 
Medium ac id  --- 5 .6  t o  6.0 

Mildly a lka l ine  ---- 7.4 t o  7.8 
Moderately a lka l ine  -- 7.9 t o  8.4 
Strongly a lka l ine  ---- 8.5 t o  9.0 

Sl igh t ly  ac id  - - 6.1 t o  6.5 -- 6.6 t o  7.3 

d mineral material t h a t  

has formed. 

g diameters ranging 
st of quartz,  but 

and and not more than 10 percent 
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S i l t .  Individual mineral p a r t i c l e s  i n  a s o i l  t h a t  range in diameter from the  
upper l i m i t  of c lay  (0.002 millimeter) t o  the  lower l i m i t  of very f i n e  
sand (0.05 millimeter). Soil of t h e - s i l t  t e x t u r a l  class is 80 percent 
o r  more s i l t  and less than 12 percent clay. 

Soil .  A natura l ,  three-dimensional body on t h e  ea r th ' s  sur face  that supports 
p lan ts  and t h a t  has proper t ies  r e su l t i ng  from t h e  in tegra ted  e f f e c t  of 
climate and l i v i n g  matter ac t ing  on parent material, as conditioned by 
r e l i e f  over periods of time. 

per p a r t  of a s o i l  p r o f i l e ,  above the  parent  material, i n  which 
the  processes of s o i l  formation are active. 
includes the  A and B horizons. 

The solum in mature s o i l  
Generally, t he  characteristics of the  

hese horizons are unl ike those of t he  underlying material. 
o t s  and o ther  p lan t  and animal l i f e  characteristic of t he  
e l y  confined t o  t h e  solum. 

Li 

Structure ,  soil e arrangement of primary s o i l  p a r t i c l e s  i n t o  
wters that are separated from adjoining agg p a r t i c l e s  

have proper t ies  unl ike those of an equal mass of unaggregated primary 
s o i l  pa r t i c l e s .  The pr inc ipa l  f o r m  of s o i l  s t r u c t u r e  are: p la ty  
(laminated), pr ismatic  (vertical axis of aggregates longer than 
horizontal) ,  columnar (prisms with rounded tops),  blocky (angular o r  
subangular), and granular. S tn tc ture less  s o i l s  are (1) s i n g l e  g ra in  
(each gra in  by i t s e l f ,  as in dune sand) o r  (2) massive ( the  p a r t i c l e s  
adhering together without any regular  cleavage, as in many claypans 
and hardpans). 

' 

Subsoil. Technically, t he  B horizon; roughly, t h e  p a r t  of t h e  solum below 
plow depth. 

Substratum. Technically, t he  p a r t  of t h e  soil below the  solum. 

Surface s o i l .  The s o i l  o rd inar i ly  moved i n  t i l l a g e ,  o r  its equivalent i n  
uncultivated soil, about 5 t o  8 inches in thickness. The plowed layer .  

Terrace (geological). An old alluvial plain,  o rd inar i ly  f l a t  o r  undulating, 
bordering a river, lake,  o r  t he  sea. Stream terraces are frequently 
ca l led  second bottoms, as contrasted t o  flood plains ,  and are seldom 
subject  t o  overflow. 
generally wide. 

Marine terraces were deposited by t h e  sea and are 

? 
Texture, soil. The relative proportions of sand, silt ,  and c lay  par t ic l  

The bas ic  t e x t u r a l  classes, i n  order of increasing a mass of s o i l .  
proportion of f i n e  particles, are sand, loamy sand, sandy loam, loam, 
silt  loam, silt, sandy clay loam, c lay  loam, s i l t y  c lay loam, sandy clay,  
s i l t y  clay,  and clay. 
fu r the r  divided by specifying "coarse," r tf ine," o r  "very fine." 

The sand, loamy sand, and sandy loam classes may be I 

Water table.  The highest  p a r t  of t he  s o i l  o r  underlying rock material tha t  
is wholly sa tura ted  with water. In some places,  an upper, o r  perched, 
water t a b l e  may be separated from a lower one by a dry zone. 

LIif 
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Land U s e  Pat terns  - and Ratings* -- A 2  
. -  

U s e  and Management of the  So i l s  

c Soi l s  are used f o r  t he  production of p lan ts  and support of animals . 
and as structural material for engineering purposes. 

t i on  has t m  main parts 

uses, which include woodland and wi ld l i f e  hab i t a t ,  and management of 

Thus, this sec- 

management of s o i l s  f o r  farming and re la ted  

* 

t hekons t ruc t ion  of highways, t he  support of buildings,  and - 
other  engineering uses. 

Farming and re la ted  uses . 

This sec t ion  discusses the s u i t a b i l i t y  and management of the 

soils f o r  crops and pasture,  fo r  modland, and f o r  w i l d l i f e  habi ta t .  

Management groups 

o r  convenience i n  planning the  management o 

gement groups according t o  t h e i r  s u i t a b i l i t y  f o r  spec i f i c  

ed in t h i s  sec t ion  is the  capab i l i t y  system 

used by t h e  Soil Conservation Service (21). 

t o  soils throughout t h e  country t o  show t h e i r  s u i t a b i l i t y  fo r  most 

kinds of crops. 

This system is adapted 

Other groupings described are those f o r  sugarcane, 

and modland and f o r  w i ld l i f e  hab 

- aced i n  these 

sugarcane gro 

W 
% A s  fo r  Part 
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Crops and pasture 

Many fac tors  affect the use of s o i l s  f o r  crops.and pasture. 

Some important fac tors  are temperature, r e l i e f ,  drainage, depth of 

s o i l ,  stoniness,  a v a i l a b i l i t y  of water, amount of s o l a r  insolat ion,  

and access ib i l i t y  and s u i t a b i l i t y  f o r  use of mechanized equipment. 

These fac tors  are re f lec ted  in the grouping of t he  s o i l s  and in the  

management suggested. Xanagement refers t o  such pract ices  as s o i l  

preparation, se lec t ion  of crops, appl icat ion of f e r t i l i z e r ,  use of 

crop residue, and control  of soil and water loss. Pract ices  vary, 

but generally a high level of management is practiced i n  Hawaii. 

Capability grouping 

Capability grouping shows, in a general way, the s u i t a b i l i t y  

of soils f o r  m o s t  kinds of f i e l d  crops. 

t o  the l imi ta t ions  of the soils when used f o r  f i e l d  crops, the r i s k  

The groups are made according 

of damage when they are used, and the way they respond t o  treatment. 

The grouping does not take i n t o  account major and generally expensive 

landforming such a s  change slope, depth, o r  other  cha rac t e r i s t i c s  of 

the soils; does not take i n t o  consideration possible but  unl ikely 

major reclamation projects ;  and does not apply t o  spec ia l  management 

crops such as rice, cranberries,  ho r t i cu l tu ra l  crops, o r  others .  

Those famil iar  with t he  capabi l i ty  c l a s s i f i ca t ion  can i n f e r  from 

it much about the  behavior of soils when used fo r  other  purposes, but 

t h i s  c l a s s i f i ca t ion  is not a subs t i t u t e  f o r  in te rpre ta t ions  designed 

to  show s u i t a b i l i t y  and l imi ta t ions  of groups of soils f o r  range, fo r  

fo re s t  trees, or engineering. 

Soi l s  are grouped a t  two leve ls ,  the capabi l i ty  class, and the 

subclass. The c l a s s i f i ca t ion  is designated in the  "Guide t o  Mapping subclass. The c l a s s i f i ca t ion  is designated in the  "Guide t o  Mapping 
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U d t s "  f o r  all s o i l s  on t h e  is land,  both i r r iga t ed  and nonirrigated 

*oils. The c l a s s i f i ca t ion  is described in the  following pages. 

CAPABILITY CLASSES, the broadest groups, are designated by I 

Roman numerals I through VIII. The numerals ind ica te  progressively 

grea te r  l imi ta t ions  and narrower choices f o r  p rac t i ca l  use, defined 
.r 

as follows: 

Class I s o i l s  have few l imitat ions that restrict t h e i r  use. 

Class 11 s o i l s  have moderate l imitat ions that reduce the choice 
of plants  o r  t h a t  require  moderate conservation practices.  

C l a s s  111 soils have severe l imitat ions tha t  reduce the  choice 
pract ices ,  o r  both. require  spec ia l  conservat 

Class IV s o i l s  have very sever 
very carefu l  management, o r  both. 

e l y  t o  erode but  have other limitations, 
use largely t o  pasture, 

C l a s s  V s o i l s  are no 
impractical  t o  r 
range, woodland, 

C l a s s  V I  soils have severe l imitat ions that make them generally 
unsuited t o  cu l t iva t ion  and l i m i t  t h e i r  use largely t o  pasture 

C l a s s  VI1 soils have very severe l imitat ions tha t  make them un- 
su i t ed  t o  Cultivation and that restrict t h e i r  use largely t o  
pasture o r  range, woodland, or wi ld l i fe .  
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par t s  of the  United S t a t e s ,  shows that the chief l imi t a t ion  is 

climate that is too cold or  too dry. 

In  class I there are no subclasses,  because t h e  s o i l s  of this 

class have few l imi ta t ions .  Class V can contain,  a t  the most, only 

the subclasses indicated by w, s, and c, because the soils in class 

V are subjec t  t o  l i t t l e  or  no erosion, though they have other  l imi ta t ions  

t h a t  restrict their use la rge ly  t o  pasture ,  range, woodland, wildl i fe ,  

o r  recreat ion.  

Sugarcane 

Sugarcane is the p r inc ipa l  crop on the Is land 'of  Hawai i .  It 

is grown on the windward slopes of &una Kea and the  Kohala Mountains 

and on the  southern slopes of Mama Loa. 

not i r r i g a t e d ,  except f o r  the acreage on the  Kohala, Honokaa, and 

Paauhau s o i l s  a t  law elevat ions where the r a i n f a l l  is r e l a t i v e l y  

l a w  and s o l a r  i n so la t ion  is high. 

Sugarcane generally is 

Sugarcane is harvested every 20 t o  36 months, depending on the  

va r i e ty  of cane and the  climate. Replanting generally is not necessary, 

because a f t e r  the  cane is harvested the  root  system sends up new 

sprouts ,  o r  shoots, t o  produce the  next crop. 

however, t o  introduce a new va r i e ty ,  al ter the i r r i g a t i o n  o r  f i e l d  

Replanting is common, 

layout,  r e l i e v e  undue compaction of the s o i l ,  o r  change the cropping 

system. 

The sugarcane industry is highly mechanized. The use of heavy 

equipment permits  the  production of sugarcane in some areas tha t  

otherwise would be considered unsuited f o r  cu l t iva t ion .  
.r 

The present method of harvesting sugarcane cons is t s  of burning 

the  cane f i e l d s  t o  remove excess leaves. Immediately a f t e r  burning, 
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a mechanical push rake pushes the cane stalks i n t o  p i les .  

cranes load the  sta i n t o  trucks that t rans  

m i l l .  These operations d is turb  the  s o i l  and increase the erosion 

hazard, but  the hazard can be minimized by harvesting the crop during 

periods of low r a i n f a l l  and by allowing t i m e  f o r  regrowth of the 

crop before  periods of high r a i n f a l l .  

by constructing grassed waterways, i r r i g a t i n g  and plant ing on the  

contour, l i n ing  di tches  and canals,  and using divers ion di tches .  

Large 

S o i l  erosion can be controlled 

To e s t ab l i sh  a new planting of sugarcane, the f i e l d s  are 

smoothed, subsoiled,  or disk-plowed, and har  

is t o  be i r r i g a t  

i n s t a l l e d  . 

, I f  the  f i e l d  

e i r r i g a t i o n ,  d 

Terraces, diversions,  grassed waterways and roads are 

W 

i n s t a l l e d  i n  non-irrigated areas.  After these operations are 

completed, the seed s t a l k  is  planted by machine or  by hand. The 

lanted i n  the  bo chine-opened 

w i t h  a few inches of s o i l .  The furrows are l a i d  out on the  contour 

to.minirnize erosion. After harvest  the  common prac t ice  is t o  reshape 

and repa i r  the  furrows, terraces, diversions,  roads, waterways, and 

ditches.  . 

F e r t i l i z e r  nd, machine, o r  a i rp lane  or  i n  tr- 

r iga t ion  water 

are cont ro l  
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Sugarcane Group 1 

This group cons is t s  of well-drained t o  somewhat excessively 

drained s i l t y  c lay 10- and s i l t y  clays that have a s lope  of 0 t o  

35 percent. 

slow t o  rapid runoff,  ma a slight t o  severe hazard of erosion. 

hold about 1.5 t o  1.8 inches of water ava i lab le  per foot  of soil. 

Their rooting depth is 36 t o  60 inches or  more. 

These soils have moderate t o  moderately rapid permeability, 

They 

They receive 20 t o  

80 inches of rainfall annually. The amount of solar inso la t ion  is 

high. The mean annual s o i l  temperature is 72O F. o r  more; 

Those s o i l s  are i r r iga t ed  by spr inkler  systems or  by furrows 

The furrows have a from di tches  o r  aluminum and concrete flumes. 

gradient of 0.5 t o  1.5 percent. 

are across t he  slope, nearly on the contour. 

f i e l d  roads are a l s o  across the s lope  and serve t o  remove runoff wzter. 

Young cane i s  a l te rna ted  w i t h  old cane in s t r i p s .  

s t r i p s  and the spacing of diversions are determined by the  kind of 

The f i e l d  layout and t i l l a g e  pract ices  

Diversions and secondary 

The width of the 

soil, the length and gradient of slope,  and the  in t ens i ty  and fre- 

quency of rainfall. 

On s o i l s  that have a s lope greater  than 20 percent,  spec ia l  equip- 

ment and spec ia l  land preparation, planting, and harvesting are 

required t o  minimize f i e l d  damage and s o i l  and water losses .  

Yields are 8 t o  12 tons per acre per crop. 

Sugarcane Group 2 

This group cons is t s  of well-drained s i l t y  clay 1.0- t h a t  have 

a s lope of 0 t o  35 percent. 

rapid permeability, slow t o  rapid runoff, and a s l i g h t  t o  severe 

erosion hazard. Their rooting depth is 10 t o  60 inches cr more. 

These soils have moderately rapid t o  
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ceive 35 t o  180 inches of r a i n f a l l  annually, and the s o i l s  

i n  the lower r a i n f a l l  areas became droughty during the summer. 

t o t a l  s o l a r  inso la t ion  is r e l a t i v e l y  high. 

temperature is 7 2 O  F. or  more. 

The 

The mean annual s o i l  

These s o i l s  are not i r r iga t ed .  The f i e l d  layout and t i l l a g e  
* 

prac t ices  are slope, near ly  on the  contour. The diver- 

s ions and secondary f i e l d  roads are also across the s lope  and serve 

t o  remove runoff w a t e r .  Young cane is  a l te rna ted  with old cane i n  

s t r i p s  . The wid of diversions a r e  

s 

radient  of the s lope,  

equipment and spec ia l  land d h a r v e s t i q  are 

the erosion hazard is 

and secondary f i e l d  roads are a l s o  across the s lope and serve t o  u 
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remwe runoff water. Young cane is a l te rna ted  with old cane i n  s t r ip s .  

The width of the s t r i p s  and tlie spacing of divers ions are determined by 

the kind of s o i l ,  the length and gradient of the slope, and the 

i n t ens i ty  and frequency of r a in fa l l .  

On s o i l s  t h a t  have a slope greater  than percent, special 

equipment and spec ia l  land preparation, planting, and harvesting methods 

are required t o  minimize f i e l d  damage and s o i l  and water losses. 

Yields are 6 t o  9 tons of sugar per acre per  crop. 

Sugarcane Group 4 

This group consists of moderately well  drained to  w e l l  drained. 

s i l t y  clay loam that have a slope of 0 to  35 percent. 

soils dehydrate i r revers ib ly  i n t o  very hard, f i ne  gravel-size aggregates . 
Traf f icabf l i ty  is poor. 

and the erosion hazard is s l i g h t  t o  severe. 

60 inches o r  more. The annual r a i n f a l l  is 80 t o  300 inches or  more. 

Some of these 

Pe rmedf l i t y  is rapid, runoff is S ~ O K  t o  rapid, 

The rooting depth is 10 to  

The amount of s o l a r  inso la t ion  is low-, and the maan annual s o i l  

temperature €s between 56O and 70° F. 

These s o i l s  receive more than adequate r a i n f a l l  t o  produce sugarcane 

without i r r iga t ion .  The f f e l d  layout and t i l lage practices are across 

t h e  slope, nearly on the contour. 

cane i n  s t r i p s .  

the slope and serve to  remove runoff water. 

and t h e  spacing of the divers 

the length and gradient of slope,  and the in tens i ty  and frequency of 

r a in fa l l .  Harvesting is scheduled during the dry months t o  minimize 

f i e l d  damage and to  allow the regrowth of sugarcane before the wetter 

Young cane is  al ternated with old 

Diversions and secondary f i e l d  roads are a l so  across 

The width of t h e  s t r i p s  

are determined by the kind of soil, 

season begins. 

. 

A 

L; 
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On s o i l s  that have a slope grea te r  than 20 percent, spec ia l  

equipment and spec ia l  land preparation, planting, and harvesting are 

required t o  minimize f i e l d  damage and s o i l  and water losses. 
V 

Yields  are 6 t o  9 tons of sugar per  acre per  crop. 

DIVFiRSIFIEUI CRO@ 

Truck crops, papaya, bananas, macadamia nuts,  and coffee are some 

of the important crops 

18,540 acres were used fo r  such crops. 

used f o r  coffee and one-fourth fo r  macadamia nuts. 

in addition t o  sugarcane. 

Ab 

In 1967 about 

e-fourth Of *is was 

TRTJCK CROPS.. - Lettuce, cucumbers, tomatoes, snap beans, daikon 

Cwliite radish) , and Chinese c 

fo r  home use, and to  supply other areas when vegetables are out  of 

season. Broccoli, corn, eggplant, peppers, 

t a ro  are a l s o  grown, but  i n  small 

are grown f o r  the H ~ o l u l u  market, 

ger root, Onions* and 

d Volcano d i s t r i c t s .  

all-year growing season, and i n  most areas 

es can be grown i n  a year. 

il is f i r s t  disk harrowed t o  

chop plant res idue .  This is followed by plowing, a s k i n g ,  harrowing, 
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are added as needed. 

indicated by s o i l  tests , f i e l d  t r ia ls ,  and experience, 

The rate and kind of fer t i l izer  t o  apply are bes t  

Vegetable crops are i r r i g a t e d  by overhead sprinklers o r  6y furrm, 

and th.ey generally require frequent i r r iga t ion .  

Weeds are controlled by pre-emergence herbicides soon after planting. 

Contact herbicides are applied after the  crop begins t o  grow. Mechanical 

and band weeding are also common methods of weed control. 

Insects and fungus are controlled by seed treatment and by 

t 

insec t ic ides  applied by spraying or dusting. 

PAPAYA. - This is a herbaceous p l an t  commonly re fer red  t o  as a tree. 

It has a sbngle, erect, hollow stern surmounted with a crown of la rge  

leaves. The melonlike f r u i t  is spher ica l  to  oblong i n  shape. 

The tree grows rapidly,  requiring only 10 t o  14 months from the 

time of germination of t h e  seed t o  the harvesting of the f i r s t  r i pe  f r u i t .  

Papaya grows well along the coas ta l  p l a ins  and the f o o t h i l l s  where 

temperature and s o l a r  inso la t ion  are high. Elost of the papaya plant ings 

are i n  the Kapoho area where the s o i l s  are extremely stony and shallow 

over fragmental A a  lava, The solo papaya is the most common va r i e ty  

grown. 

Preparation f o r  planting consis ts  of clearing, the furest of ohia 

trees, shaping and smoothing, and ro l l i ng  with a heavy r o l l e r  o r  drum. 

On fragmental Aa,  a small hole is made and a few handfuls of soil are 

placed i n  the  hole together with f e r t i l i z e r  and a few seeds. 

are usually spaced 8 by 10 f e e t  apart .  

Plantings 

i. 

Weeds are controlled by herbicides. A complete f e r t i l i z e r  is 

applied a t  planting t i m e  and a t  intervals of 2 or  3 months. 

Control of insects and plant  diseases  is  e s sen t i a l  f o r  maximum 
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yie lds  . Phytoptera and anthracnose are the pr incipal  diseases of papaya. 

Mites and f r u i t  f l i e s  need to  be controlled. 

pounds per acre per year. 

Yields ar  40,000 t o  60,000 

ccid 
RANANAS. - Bananas are among the most commonly grown f r u i t s  i n  

H a w a i i .  Commercial banana p lan ts  generally do not produce seeds. New 

p l an t s  are -usually s t a r t e d  from large suckers removed from the parent 
* 

c plant  or from sect ions taken from o l d  banana stumps. The t i m e  required 

to  growa crop is normally one year but depends on climate, s o i l ,  and 

o ther  factors .  

The two most important commercial va r i e t i e s  grown are Cavendish 

CChinese) and Gros Michel (Bluefield). 

throughout the year  and good drainage. 

Bananas require adequate moisture 

The Cavendish banana can be planted as close as 6 t o  8 f e e t  apar t ,  

t* A surface mulch but  the Bluefield requires a spacing of 12 to  18 

and shallow cul t iva t ion  help to  control  weeds. 

commercial f e r t i l i z e r s  are applied three o r  more times a year, the  rate 

depending on the kind and depth of s o i l ,  the amount of r a i n f a l l ,  and the 

s i z e  of plants.  

S 

. Excess suckers are removed at  least four t 

f e r t i l i t y  is high, a new sucker can be allowed t 

so tha t  no more than four s t a l k s  make up a m a t  a t  any one time. 

lop every 3 months 

nted to  pro tec t  Gananas s exposed to  the ' 

d i t ion  t o  nematodes, 
8 

- 

re produced i n  the Hamakua and 

Kau d i s t r i c t s  and on lava soils i n  Hilo, Puna, and Kona. Macadamia 

. b  
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trees grow a t  an elevat ion from sea level t o  about 2,500 f e e t  Cfig. 12). 

These trees grow i n  deep soils as w e l l  as i n  shallow soils oveT Aa lava. 
\ 

LJ They grow bes t  where the annual r a i n f a l l  is 50 t o  120 inches. 

Only graf ted trees of the bes t  varieties should be planted i n  new 

orchards. The three most promising v a r i e t i e s  a re  Kakea, Ikaika, and 

Keauhou. Macadamia trees take aobut 7 years t o  come i n t o  commercial 

production. Y i e l d s  vary from 2,500 to  3;SOO pounds per acre, depending 

on climate and s o i l .  

A complete f e r t i l i z e r  is applied three to  f ive  times a year, the 

amount and frequency depending on so i l ,  amount of rainfall,  and s i z e  of 

p lan ts  . 
Herbicides are used t o  control  weeds. Control of anthracnose, nut 

borer, and rats is a l s o  essential. 

COFFEE. - The production of coffee is the is land 's  th i rd  l a rges t  

industry. 

of 800 t o  2,500 feet .  

mostly during the summer. 

Coffee is grown primarily on the Kona coast  a t  an elevat ion 

The annual r a i n f a l l  i o  40 t o  125 inches and occurs 

Guatemala (Coffea arabica) is the main var ie ty  planted. Seedlings 

are planted about 6 f e e t  apart .  The trees produce coffee be r r i e s  after 3 

years and may continue to  bear for many years. Yields are about 20 to  

25 bags of parchment per acre  p e r  year. 

A complete f e r t i l i z e r  is applied aobut three t i m e s  a year. Herbicides 

are used to  control  weeds. 

PASTURE 

Approximately 743,000 acres are used for  cat t le  grazing on the 

Island of Hawaii. Ranches vary i n  s i ze  from 250,000 acres to small uni t s  

operated by part- t i m e  ranchers . Nearly a l l  ranches are cow-calf operations. 
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The beef animals are generally marketed as yearlings,  although some 

weaners are so ld  as feeders. 

L, SUGGESTED PRACTICES. - In  areas of low r a i n f a l l ,  forage production 

men the r a i n f a l l  is adequate, the  varies k t r eme ly  from year t o  year. 

green-feed period sometimes lasts from November to  July. 

rainfall is low, the green-feed period is  much shorter ,  and when there  

is a drought the grasses s 

rainfall, forage production is consistent from year to  year. 

manage pasture should consider the length of t he  green-feed period and 

make f u l l  use o 

cons€der the consis tent  var ia t ion  in forage production from season to  

season and vary the stock ntrmbers and grazing t i m e  accordingly. 

When the 
- . 

times do not  green up. In  areas of higher 

Those who 
* 

feed when i t  is most nutr i t ious.  They should a l so  

Livestock graze select ively.  They seek the  more palatable  and ' 1  

nu t r i t i ous  plants.  I f  grazing s not controlled the desirable  p lan ts  

will be eliminated and less des i rab le  p lan ts  w i l l  increase. 

rotat ion,  per iodic  def 

program w i l l  help maintain the desirable  forage plants.  

Pasture 

f grazing, and a good f e r t i l i z a t i o n  

Weeds can be controlled by applying chemicals, by clipping or 

, depending on the kind of 

w 
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Establishing pasture i s  expensive. If pasture  is t o  be seeded, 

the native rain-forest  vegetation is hulldozed Cfig. 16) and a seedbed 

is prepared. 

es tabl ished by cont ro l l ing  the ex i s t ing  vegetation. 

brush raking, controlled burninp, and applying chemicals are methods 

of cont ro l l ing  vegetation. 

the surface layer  of organic matter should not be removed. 

pasture  on extremely stony s o i l s  is d i f f i c u l t ,  because seeding, 

f e r t i l i z i n g ,  and control l ing weeds and brush m u s t  be done by hand o r  by 

aerial methods. 

as nonstony s o i l s ,  however, because the adapted pasture  p l an t s  and the  

methods of maintaining the pasture are the same. 

If preparing a seedbed is impractical, pasture  can be 

Chain dragging, 

On shallow s o i l s  over A a  o r  pahoehoe lava, 

Establishing 

Stony s o i l s  are placed i n  the same management groups 

Nitrogen o r  a nitrogen-phophorus f e r t i l i z e r  is generally necessary 

t o  e s t abUsh  grasses. 

is usually necessary to  e s t ah l i sh  a grass-legume pasture.  

also Ke applied per iodica l ly  to  maintain yields .  

and timing depend on the. B&nd 6f pasture  *lanes, the s o i l ,  the  blimatte, 

and the season of use. 

Phosphorus o r  a combination of phosphorus and lime 

These should 

The appl ica t ion  rate 

The b e s t  plant ing stock avai lable  should be used f o r  seeding pasture.  

Clean seed t h a t  

stand. Legumes 

A l l  of the 

has a high percentage of germination insures  a good 

should be inoculated with the proper rhizobium. 

present improved v a r i e t i e s  of pasture p l an t s  on the 

i s land  have been introduced. 

grasses and legumes are discussed. 

In the following paragraphs some improved 

IMPROVED GRASSES AND LEGtWES. - Koa haole (Leucaena leucocephala) 

is a deep-rooted, leguminotp, long-lived shrub or small tree. 

adapted t o  areas tha t  receive 25 to  60 inches of rainfall  annually and 

It is 

k 

. 



are a t  an elevat ion from sea level t o  1,500 feet .  

from seed. For b e s t  res 

prepared seedbed. It c a s s  o r  green panicgrass, 

and i t  should be managed according t o  the growth cycle of the companion 

grass . 

Koa haole is establ ished 

W 

* 

Big t r e f o i l  (Lotus uliginosus) is a long-lived semi-prostrate 

. legume that produces zomes and a large fibrous root  system. It has 

l en t  s t e m  t h a t  roots  at  the leaf  axis. The s t e m  grows t o  

104 

a length of more than 36 inches. 

receive more than 60 inches of r a i n f a l l  a 

above 1,000 f pen sunl ight  o r  r t i a l  shade. It can 

be es tab l i she  

o r  pangolagrass. 

warmer months and 45 days during' the cooler months. 

grazing to a 2- 

This legume is adapted t o  areas that 

Big t r e f o i l  has a regrowth cycle of 30 days during the 

It can withstand 

tubbile i f  the grazing is rotated.  

t the leaf  axis and 

forms new plants .  d t o  areas t h a t  receive 60 to  120 

d with pangolagrass but  i s  

I. 

Kikuyugrass (Pennisetum clandes tinum) is  a long-lived deep-rooted, 

td 
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sod-fotming grass t h a t  spreads by I tolons and forms a dense tu r f  . 
is an exce l len t  grass  f o r  pas tu re  and for control l ing erosion, It is 

adaphed t o  a l l  e levat ions that receive 40 t o  80 inches of r ah fa l l  I 

annually. Kikuyugrass is establ ished from sprigs .  It has a regrowth 

cycle of 30 days during the wanner months and 45 days during tfie cooler 

months. 

This 

It can be grazed to a 2-inch stubble. 

Pangolagrass (Mgi ta r ia  decumhens) is a long-lived grass  that grows 

2 t o  3 f e e t  t a l l  and produces long s to lons  tha t  root  a t  the nodes and 

form an open t u r f .  

ground cover that helps  control  erosion. 

t h a t  receive 60 t o  120 inches of rainfall annually and are a t  an 

elevat ion from sea level t o  3,000 fee t .  

vfahle  seed. 

should be planted less than 2 inches deep i n  a prepared seedbed. 

Established pangolagrass has a regrowth cycle of 30 days during the 

warn m n t h s  and 45 days i n  the cool months. 

It 19 a good forage producer and provides excel lent  

This grass  is adapted t o  areas 

Pangolagrass does not  produce 

It is propagated by sprigging. For bes t  r e s u l t s  the sp r igs  

Guineagrass (Panicurnmaximum) is a long-lived bunch grass  t h a t  

grow 6 t o  8 f e e t  tal l .  It is adapted to  areas  t h a t  receive 25 to  

60 inches of r a i n f a l l  annually and a re  a t  an elevat ion from sea l e v e l  

t o  2,000 f ee t .  The large f ibrous  root  system is a good s o i l  binder and 

helps control  erosion. Guineagrass is e a s i l y  es tab l i shed  from seed i n  

a prepared seedbed. 

t h a t  penn i t s  the  growth of a seed crop. 

pasture is ready t o  graze 40 t o  60 days a f t e r  the end of the dry season. 

If s o i l  moisture is s u f f i c i e n t ,  guineagrass can be grazed on a 60-day 

Thin stands can be improved by deferred grazing 

Established guineagrass * 

ro t a t ion  during the ho t  months and a 90-day ro t a t ion  during the cool 

months. To maintain a good stand, t h i s  grass should not  be grazed 
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closer  than 8 t o  10 inches. 

Paragrass (Brachiaea pu t f ca  sy. Panicum Pllrpurascens) is a long- 

l ived,  sod-farming grass. It has a coarse, t r a i l i n g  stem that roots  a t  

,the nodes. 

par t icu lar ly  adapted t o  poorly drained s o i l s  that  are a t  an elevat ion of 

less than 2,000 f ee t .  This grass is  a poor seed producer and is usually 

propagsted from sprigs .  Established paragrass has a regrowth cycle of 

60 days during the warmer months and 90 days during the cooler months. 

Locally, i t  is used mainly as green-chop forage. 

The flower s t e m  grows as much as 6 f e e t  ta l l .  Paragrass is 

White clover (Trifolium repens) is  a 

perennial  legume that has t 

the nodes. It is adapted t 

f a l l .  

commonly grown a t  2,000 t o  7,000 feet, 

o l i o l a t e  leaves and s tolons t h a t  roo t  a t  

reas tha t  receive 35 t o  80 inches of rain- 

It &rows a t  an  elevat ion from sea level to  10,000 f e e t  but  i s  

White clover is always establ ished 

from seed and should be planted i n  a prepared seedbed with a mechanical 

planter .  

required t o  keep i t  i n  the pasture mixture. 

This is an excel lent  pasture legume, bu t  good management is 

It has a regrowth cycle of 
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annually and are at an e leva t ion  of 3,000 t o  8,QOO fee t .  Cocksfoot has 

a l a r g e  f ib rous  roo t  system &at helps  control  erosion, It is e a s i l y  

es tabl ished from seed. 

inch deep in a prepared seedbed. 

legume. 

and planted with the cocksfoot seed. 

It should be planted mechanically less than 1 

It can be planted with a companion 

The companion legume can be seeded as recommended o r  mixed 

Cocksfoot generally has a regrowth 

cycle of 30 days during the warmer season, but  as much as 60 days during 

the cooler season. 

grazing that allows the growth.of a seed crop. 

In d r i e r  areas the stands can be improved by deferred 

Perennial  ryegrass (Lolium perenne) is a short-lived, perennial  

It is adapted t o  areas bunch grass t ha t  forms a turf under grazing. 

t ha t  receive 40 t o  100 inches of r a i n f a l l  annually and are a t  an  elevation 

of 2,500 t o  7,000 fee t .  The p l an t  is always es tab l i shed  from seed and 

should be planted i n  a prepared seedbed. Perennial  ryegrass has a 

regrowth. cycle of 30 days during its most rapid growth, but  i t  may 

require 45 days during cool weather. 

Buffelgrass (Cenchrus ciliare) is a long-lived bunch grass,  w e l l  

su i t ed  t o  areas tha t  receive 10 to  40 inches of r a i n f a l l  annually and 

are a t  an e leva t ion  of less than 2,000 f e e t .  This grass  has a large,  

f ibrous roo t  system t h a t  helps  control  erosion. 

from seed, and is b e s t  es tabl ished by shallow seeding with a mechanical 

It is readi ly  es tab l i shed  

p lan ter  in a prepared seedbed. 

grazing tha t  allows a seed crop t o  grow. 

from 21 to  30 days after rain.  

Thin stands can be improved by deferred 

Buffelgrass is ready t o  graze 

I f  enough s o i l  moisture is avai lable ,  

t h i s  grass can be grazed on a 30-day ro ta t ion ,  but  i t  should never be 

grazea c lose r  than 2 t o  3 inches. 

Green panicgrass (Panicum maximum var. trichoglume) is a m e d i m t a l l  
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(3' to 6 f e e t ) ,  long-lived bunch grass. 

receive 22 t o  60 inches o 

less than 2,000 fee t .  

cover tha t  helps  t o  control  erosion. 

seed. 

It is adapted to  areas t h a t  

This productive forage pltCntmakes a good ground 

It is eas i ly  es tabl ished from 

For b e s t - r e s u l t s  i t  should be mechanically planted i n  a prepared 

seedbed. This grass has excel lent  seedling vigor and establ ished f a s t e r  

than guineagrass. Grazing can be deferred t o  produce a seed crop o r  t o  

. provide forage during the dry season. Established green panicgrass 

pasture is ready t o  graze 30 to  40 days 

It has a regrowth cycl 

during the cool months 

than 4 to  6 inches. 

ter the end of the dry 

Pasture Group 1 

In t h i s  group are soils of the Kawaihae series. These s o i l s  occupy 

leeward coas t a l  areas i n  the d r i e  

of 6 to 12 percent. They are a t  an elevat ion ranging from sea lev&& t o  

1500 f e e t  and receive from 5 t o  20 inches of r a i n f a l l  annually, most of 

whicfi occurs during the winter. The mean annual s o i l  temperature i s  

somewhat excessively drained, and 20 t 

the coas ta l  f l a t s  i s  the kiawe pod. Unimproved pasture produces 1,100 
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to 1,400 pounds of air-dry forage per acre annually. About three-fourths 

of the forage is produced during the’ r i m y  season. During the dry - !  

b summer months, most of the annuals d ie  and the perennials are dormant. 

Forage plants  f o r  improved pasture are huffelgrass,  white p i l i g ra s s ,  

and g i an t  bermuda. Buffelgrass is par t icu lar ly  w e l l  adapted. It spreads 
J 

rapidly and provides ground cover that helps control erosion. Improved 

pasture produces 1,700 to 2,600 pounds of air-dry forage per acre anrmally. ? 

Pasture Group 2 

In this group are Fill land and s o i l s  of the Kaalualu, Mahubna, 

These soils occupy southern coastal  areas Pakini, and Puu Pa series. 

of’Mauna Loa and law, leeward areas of Mama Kea and the Kohala 

Mountains. 

e levat ion ranging from near sea l e v e l  t o  2,500 feet and receive from 

They have a slope of 2 t o  20 percent. They are a t  an 

, 
10 to 40 inches of r a i n f a l l  annually, most of wNch f a l l s  during the 

winter. The mean annual s o i l  temperature is between 6g6 and 7 5 O  F. 
I 

These soils formed i n  volcanic ash and bas i c  igneous rocks. They 

are w e l l  drained, are moderately to rapidly permeable, and are 20 inches 

to more than 60 inches deep. 
, 
, Unimproved pasture on these s o i l s  consis ts  mostly of p i l i g ra s s ,  

sandbur, natal redtop, bemudagrass , ilima, cactus, klu, Japanese tea, 

kiawe, and fingergrass. Winter forage production is about three times 

that of su-mer production. 

1,300 pounds of air-dry forage per acre. 

The t o t a l  annual production is about 700 to 

Forage plants f o r  improved pasture on these s o i l s  are guineagrass, 

Improved pasture produces 1,400 to  2,600 pounds of air- 

. 
and koa haole. 

forage pe r  acre annually. 
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Pas tu re  Group 3 

This group cons is t s  'of '  s o i l s  of the E d ,  

These soils are on coastal  p l a ins  and low uplands. 

is 0 t o  20 percent. 

l e v e l  t o  1,200 feet and receive from 20 t o  90 Inches of r a i n f a l l  annually. 

In the Kona d i s t r i c t  most of t he  rain f a l l s  from July through September. 

The mean annual s o i l  temperature is  between 720 and 75O F, 

.u Their dominant slope 

They are at an elevation ranging from near sea 

. 
* 

These s o i l s  formed i n  volcanic ash, bas ic  igneous rock, and organic 

matter. 

permeability. Hawi  s o i l s  are more than 48 inches deep. 

are less than 20 inches deep over pahoehoe lava. 

formed i n  organic matter, are less than 10 Inches deep over pahoehoe 

They are w e l l  drained and have moderately rapid and rapid 

Waiaha s o i l s  

Puaaluu s o i l s ,  which 

lava. 

Unimproved pasture  consis ts  mostly of kiawe, koa haole, klu,  cactus, 

On the H a d  and lantana,  ilima, opi  

Punaluu s o i l s  about two-thirds of the forage is produced during the 

winter. On the Walaha s o i l s ,  four-f i f ths  of the  forage i s  produced 

during the summer. 

air-dry forage per  acre .  

n a t a l  redtop, and bermudagrass, 
3 

The annual production I s  1,000 to 1,500 pounds of 
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annually, most of which falls from November through February, 

annual soil temperature is between 590 and 69O F, 

The mean 

These soils formed in alluvium and volcanic ash. They are w e l l  

drained o r  somewhat excessively drained, and are moderately to  rapidly 

permeable. 

Knrrukoa soils, which are 20 to 50 inches deep Over hard, consolidated 

sand, 

These s o i l s  are more than 30 inches deep, except f o r  the 

Unimproved pasture cons is t s  mostly of cactus, ilima, aalii, 

hermudagrass, and n a t a l  redtop, and t h e  annual production is 1,000 t o  

2,000 pounds of air-dry forage per  acre. 

is produced during the  riany season. 

About two-thirds of the forage 

Kikuyugrass, green panicgrass, buffelgrass,  bemulagrass,  w h i t e  

The armual clover, and bur clover are adapted f o r  improved pasture. 

production is 3,000 t o  6,000 pounds of air-dry forage per  acre. 

Pasture Group 5 
t 

This group consists of s o i l s  of the Kohala, Naalehu, Kainaliu, and 

Kaimu series. These s o i l s  are on low uplands and t h e i r  s lope is 0 to 

35 percent. They are a t  an  elevat ion ranging from near sea level to  

1,800 feet and receive from 35 t o  60 inches of r a i n f a l l  annually. Their 

mean annual s o i l  temperature is between 71' and 75O F, 

These s o i l s  formed i n  volcanic ash, bas i c  igneous rock, and organic 

matter. They are w e l l  drained and have moderately rapid t o  r.apid 

permeability. 

Kainaliu and Kaimu so i l s .  The Kainaliu s o i l s  are 20 to  40 inches deep 

over Aa lava. 

They are more than 36 inches deep, except f o r  the 

The Kaimu s o i l s  formed in organic matter and are less 

than 8 inches deep over gragmental Aa lava. 

Unimproved pasture consis ts  .mainly of natal redtop, bermudagrass, 

t 

. 

tp, 
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lantana, Christmas berry, guava, Jap 

pod, silk oak, and ohia s- areas. W - t h i r d s  

of the  forlage is produce 

where four-fifths of the forage is produced during the summer. 

annual production is 2,000 t o  3,200 pouuds of air-dry forage per acre. 

Guineagrass, koa haole, kikuyugrass, and kaimi clover are adapted 

and hdi indigo. 

ing the winter, except i n  the Kana area .r 
The 

plan ts  f o r  improved 

pounds of air-dry forage per acre  per year. 

ture ,  and the annual production is 4,000 to  7,000 

t h i s  group. 

s 0 t o  6 percent. They are at  

e t  and receive from 

These s o i l s  are on 

annual s o i l  temperature 

are 20 inches t o  more 

s are the r e s u l t  of poor 

r workability. They are 

e water tab le  is less 

honohonograss, 

Gi 



113 

Pasture Group I 

Thls group cons is t s  .of Mixed alluvial land and s o i l s  of the .: :: 

f olloving series : 

Ainakea N i u l i l  
Honuaulu Ookala 
Kona Opihikao 
Kukaiau Paauhau 
MalalM PtEU3 
Baula 

These s o i l s  are on low uplands. Their slope ranges from 0 to 35 

li 

percent. 

feet and receive from 60 t o  120 inches of  rainfall annually. 

the rainfall on the  Eonuaulu s o i l s  comes durln 

annual s o i l  temperature is between 63O and 74O F. 

They are a t  an e leva t ion  ranging from near sea-level t o  3,500 

Most of 

The me- the s m r .  

Mixed alluvial land is formhi In young alluvium and has variable 

propert ies .  

matter Over lava. 

after pahoehoe lava. 

Over fragmental Aa lava. 

are more than 20 inches deep. 

Kona, Malama, Opihikao, and Puna soils formed In organic 

Kona and O p i h i b  s o i l s  are less than 7 inches deep 

Malama and Ptma s o i l s  are less than 10 inches deep 

The o ther  s o i l s  formed i n  volcanic ash and 

They are well drained and have moderately 

rapfd permeability. 

Unhprwed pasture  cons is t s  of hilograss ,  glenwoodgrass, yellow 

fox ta i l ,  carpetgrass,  md guava. 

trees a l so  grow on these s o i l s .  

growing season. 

of airdry forage per  acre. 

Ohia, s i l k  oak, eucalyptus, and kukui 

The pas tu re  sites have a 12-month 

The annual production is about 3,000 to 4,000 pounds 
P 

Pangolagrass, kikuyugrass, b ig  t r e f o i l ,  and intortum are adap L 

plants  f o r  improved pasture. 

pounds of air-dry forage p e r  acre. 

The annual production is  4,000 t o  5,000 
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Pasture Group 8 

This group consis ts  of 1s .of t h e  Aka hwa, Kehena, Piihonua, 

and Puaulu series. 

and the Kohala Mountains. 

to  6,500 feet and have a slope of Q to  20 percent. 

60 t o  30Q inches of rainfall annually, and i t  is w e l l  d i s t r ibu ted  

!Chese s o i l s  are on up1 Mauna Kea, Patma Loa, LJ 

They are a t  an elevat ion ranging from 1,000 

They receive from - 
- throughout the year. The mean annual s o i l  temperature i s  between 

55' and 680 F. 

during the winter. 

There is considerable fog and c cover, especial ly  

These s o i l s  formed i n  volcanic as d have a depth ranging from 

20 inches to  more an  60 inches. They are w e l l  drained to somewhat 

poorly drained and rapidly t o  slowly permeable. 

Unimproved pasture n s i s t s  mostly of yellow fox ta i l ,  carpetgrass, 

rice-rass, glenwoodgrass, rattail ,  tarweed, and wetkand sedges. Tree 

out four-f i f  ths 

of the forage is produced during the summer. 

2,000 t o  3,000 pounds of air-dry forage per acre. 

The annual production is  

Kikuyugrass, pangolagrass, b ig  t ver ,  and i n t o r t m  

LJ 



They are a t  an elevat ion rapging from near sea level to  5,000 feet. 

receive from-80 t o  200 inches of rainfall annually, and it i s  w e l l  

d i s t r ibu ted  throughout the year. 

between 58' and 74O F. 

They 

; 

The-mean annual s o i l  temperature is 
_. 

These s o i l s  are moderately w e l l  drained t o  w e l l  drained and are 

rap id ly  permeable. Keaukaha, Keei, Kiloa, and Papai soils formed i n  

organic matter and are n o t  more than 10 o r  12 inches deep over pahoehoe 

i 

o r  fragmental A a  lava. The other  soils formed i n  volcanic ash and are 

20 inches t o  more than 60 inches deep, except f o r  the Hilea and Panaewa 

soils, which are less than 20 inches. 

Unimproved pasture on these s o i l s  cons is t s  mostly of cal i fornia-  

grass, carpetgrass,  r icegrass ,  and honohonograss . Ohia, tree fern,  

I w a i w i ,  and nelastome grow i n  uncleared areas. The pasture  sites have 
l 

a 12-month growing season, bu t  the h e s t  qua l i ty  of forage is produced 

during tlie summer. The anrmal production is 3,000 t o  5,000 pounds of 

air-dry forage per  acre. 

Pangolagrass, kikuyugrass, b ig  t r e f o i l ,  and intortum are adapted 

p l an t s  f o r  improved pasture  (fig. 17) , and the annual production is 

8,000 to  14,000 pounds of air-dry forage pe r  acre .  

Pasture Group 10 

This group cons is t s  of s o i l s  of the  Heake, Puukala, Kahaluu, Lalaau, 

These s o i l s  are on uplands of Mama Loa and Eualalai  and Puhimau series. 

and have a s lope range of 0 to  20 percent. 

ranging from 2,000 t o  7,000 f e e t  and receive from 60 t o  150 inches of 

r a i n f a l l  annually. Their mean annual s o i l  temperature is between 550 

I 

They are a t  an elevat ion 

c 

and 6 5 O  F. 

These s o i l s  are w e l l  drained and are rap id ly  permeable. The Heake, - 
b.i 
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W 

PuhFmau, and P d a l a  s o i l s  formed i n  yolcanic ash, pumice, and cinders. 

aLey are less than .2Q inches deep oyer palmebe lam, T F e  Kahaltru and 

Lalaau soils formed in organrc matter and are less than lQ inches deep. 

The Kahaluu s o i l s  are over pahoehoe lava, and the Lalaau soils are over 

fragmental A a  lava. 

Unimproved pasture consists mostly of carpetgrass, r icegrass ,  

glenvoodgrass, puu lehua, tarweed, and wetland sedges. The main trees 

, koa, mamani, an out fo&-fifths of the forage ’ 

is produced dur e summer. The annual production is 5 

pounds of air-d 

Kikuyugrass, da l  r e fo i l ,  and w h i t e  

The annual production 

is 1,OOQ to  3,000 

Punohu, and Puu 00 

lalai ,  and the 

Kohala Mountains . 0 percent. They are a t  

an intermediate e levat ion ranging from 2,500 to  6,500 f e e t  and receive 

an annual soil 

derable fog and 

nd tree fern 
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during spr ing and fall. 

of air-dry forage per  acre. 

The annual production is 4,000 t o  6,000 pounds 

Kitcupugrass, pangolagrass, orchardgrass, ryegrass, w h i t e  clover, 

and b i g  t r e f o i l  m adapted p lan ts  f o r  improved pasture,  and the annual 

production is 8,000 to 12,000 pounds of air-dry forage per  acre. 

P a s t u r e  Group 12 

In this gmup are s o i l s  of the Kikoni, Palapalai ,  Undkoa, Kekake, 

andMawae series. These s o i l s  are on uplands of Mauna Kea, Kohala, and 

H u a l a l a i .  They have a slope range of 0 to  20 percent. They are a t  an 

elevation ranging from 2,000 t o  7,000 f e e t  and receive from 35 t o  90 

inches of rainfall annually. Their mean annual s o i l  temperature is 

between 52O and 6 6 O  F. 

A l l  except the Kekake and 

are more than 42 inches deep. 

organic material over lava and 

Mawae soi ls  formed i n  volcanic ash and 

The Kekake and Mawae s o i l s  formed i n  

are less than 10 inches deep. Kekake 

soils over l i e  pahoehoe lava, and the Mawae s o i l s  ove r l i e  fragmental 

Aa lava. 

rapid to  rapid permeability. 

-. 
The s o i l s  of t h i s  group are well drained andrihave di0derateI.y 

Unimproveti pasture cons is ts mostly of hi lograss ,  carpe tgrass  , 
yellow f o x t a i l ,  bermudagrass, and rattail  and an overstory of ohia 

and tree fern.  

and f a l l .  

About two-thirds of the forage is produced during spr ing 

Short, droughty periods and a lowering of the temperature 

may influence forage production. The annual production is 2,000 t o  I 

5,000 pounds of air-dry forage per acre. - 
Pangolagrass, kikuyugrass, orchardgrass, b ig  t r e f o i l ,  and intorrum 

are adapted p lan ts  f o r  improved pasture,  and the annual production is 

4,200 t o  8,000 pounds of air-dry forage per  acre. 
- 
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Pasture Group 13 

I n  this group are. sdfls of the Hanigoe, Rapapala, and Laumaia 

series. These s o i l s  are on’ the high @lands of ‘Manna ‘Kea and M a h  Loa. 

Their slope is 0 t o  20 percent. They are a t  an elevat ion ranging from 

2,000 to  8,000 feet and receive from 30 t o  70 inches of r a i n f a l l  annually. 

Their mean annual s o i l  temperature is between SOo and 61° F. 

These s o i l s  formed i n  volcanic ash and have a depth of 36 inches 

t o  more than 60 inches. They are w e l l  drained and have moderately 

rapid pemeabi l i ty .  

Unimproved pasture cons is t s  mostly of bromegrass, rattail,  and . 

kukaipuaa ahd an overstory of koa 

cool temperature and dry periods,  

&l igh t ly  higher during the summer. 

3,500 pounds of air-dry forage per acre. 

a, and mamani. Because of the 

ge production is seasonal. It is 

The annual production is 2,200 t o  

puuleh rchardgrass, white clover, and b ig  t r e f o i l  

are adapted plants f o  

t o  8,000 pounds 

improved pastur  

f air-dry fo ra  

d the annual production is 

In th is  group are s o i l s  of the e, Keekee, Kilohana, and 

series. ‘ These s o i l s  a r e  lands of Mama Kea and Hualalai. 

om 1s t o  40 inches of r a i n f a l l  annually. 

o r  samewhat excessively drained and are rapidly o r  very rapidly permeable. 
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Unimproved pasture consis ts  mostly of puakeawe, ohelo, aalii, 

hardstem lovegrasa, amuntain p i l i ,  and sweet vernal  and an overstory of 

koa, ohia, and m a m a d .  

spring and f a l l .  

Forage production is s l i g h t l y  Uglier during 

The annual production is  1,000 t o  1,500 pounds of 

air-dry forage per acre. 

Orchardgrass, alta fascue, t a l l  meadow 

Parker Ranch bluestem, burclover, and black 

plants  f o r  improved pasture, and the annual 

4,000 pounds of air-dry forage per  acre. 

ROODLAND 

outgrass, velvetgrass , 
medic are prospective 

production is 2,000 to 

I n  the 1930's the Civi l ian Conservation Corps planted trees on the  

Island of H a w a i i ,  primarily fo r  watershed protection. 

stands are now ready to  be harvested (fig. 18) . According to  the 

"Forest Resources of Eawaii - 1961" (91, the volume of timber on the 

i s land  was about 602 mill ion board fee t ,  which w a s  about 84 percent of 

the volume of timber i n  t h e  State. 

of 1967" (unpublished) lists 704,000 acres, or 28 percent of the t o t a l  

acreage of the is land,  i n  commercial fo re s t .  

Nany of these 

The "Conservation Needs Inventory 

The native fo res t s  a re  generally w e l l  stocked with ohia, koa, 

eucalyptus, and other  t rees .  There a re  about 82 million board f e e t  of 

LJ 

robusta eucalyptus, which is used increasingly fo r  furn i ture  manufacturing, 

home construction, and o ther  purposes (9). 

Most of the trees t h a t  are planted are fo r  timber, windbreaks, o r  

watershed, but Norfolk-Island-pine is planted fo r  Christmas trees (fig. 19), 

which a re  marketed local ly  and on the mainland. 

WOODLAND CONSERVATION. - Conservation pract ices  a re  needed to develop 

a woodland ente-rprise on the Island of H a w a i i .  Before trees can be 
- 

c6pJ 
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planted, many areas nee 

prepare the s o i l .  On s i l s  over Aa or  hoe lava, the 

o r g a n i c m i t e r i a l  should be disturbed as l i t t l e  as possible. 

N o d l y ,  seedlings are planted i n  spacings t h a t  range from 8 by 

8 f e e t  t o  12 by 

i n i t i a l  plant ings of trees are usually c loser  than needed. 

feet. To insure tree survival  and good form, 

When the trees are 5 to  20 years of age, the stands are thinned 

to  tmprove the growth and qua l i ty  of the crop. Per iodic  commercial 

thinning increases  income and tains a fast growth rate of the 

trees. The trees l e f t  f o r  cu t t ing  are pruned. 

When the stand has rea d a desired s i ze ,  i t  is harvested by 

c l ea r  cu t t i ng  o r  by some type of shelterwood cut t ing.  

harvest ,  rege 

After  the 

a t ion  of the  stand beglns, and competing vegetation 

gs a re  w e l l  established. 

access roads control  of erosion are 

constructed 

percent and protected from erosion by water b 

rees  that ar 

ntroduced. Ohia 

f o r  commercial 

ESTIMATED ANNUAL PRODUCTIVITY PER ACRE is the estimated annual 
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production of board f e e t  per acre measured according t o  the  in t e rna t iona l  

%-inch d e .  A t  present there are no site o r  y i e ld  t a l e s  f o r  any 

species  of trees grown in M i ,  but  many stands of trees t h a t  have a 

known age have been measured and y ie lds  have been estimated on the  

bas i s  of a harvesting cycle of 30 to  60 years,  using rabusta eucalyptus 

as a standard. One reason f o r  the wide range i n  product ivi ty  within a 

group is the v a r i a t i o n  i n  growth rate between species  of  trees. 

SEEDLING~RTACITP is the mortal i ty  of na tura l ly  occming or planted 

seedlings,  as influenced by soil, topography, and climate. The r a t i n g  

is  s l i g h t  if t he  expected mortal%- is  less than 2s percent,  moderate 

i f  i t  is between 25 and SO percent,  and severe if i t  is greater than 

50 percent. 

PLANT COMPETITION is the invasion or growth of undesirable plants. 

Sl igh t  competition does no t  prevent na tu ra l  regeneration o r  the growth 

of planted seedlings. 

prevent the eventual  establlshment of adequately stocked stands. 

Severe competition prevents establishment of stands unless the si te 

is  in tens ive ly  prepared and weeded. 

Moderate competition delays but  does not  

EQUIPMENT LIMITATIONS are l imi ta t ions  imposed by the  cha rac t e r i s t i c s  

of the s o i l s  t h a t  restrict o r  prevent the use of equipment in tending 

and harvesting trees. 

the kind of equipment or the t i m e  of year in which i t  can be used. 

The l imi t a t ion  is s l i g h t  i f  i t  does no t  restrict 

The 

l imi t a t ion  is moderate i f  the use of equipment is moderately r e s t r i c t e d  

by slope, stones,  seasonal wetness, o r  physical  cha rac t e r i s t i c s  of the 

L J  

its use is r e s t r i c t e d  by slope, stones, wetness, o r  s o i l  charac te r i s t ics .  

EROSION EAZARD depends on slope, s o i l  s t a b i l i t y ,  permeaEility, 

- 

? 
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water-holding capacity, 

modland seldom' occurs 

by f i r e  or by excessive grazing, logging, or road building, 

hazard is s l i g h t  i f  there  are only minor problems, moderate i f  some 

control measures are necessary, and severe i f  intensive control measures 

and spec ia l  equipement are needed, 

. .  
The 

L, 

5 

WINDTHROK EIAzlyRD is the  p es being blown Over by 

wind. The hazard is s l i g h t  i f  trees are not expected to  be blown 

n ly  occurring winds derate if some trees growing on 

w e t  or shallow s o i l  are l i ke ly  t o  be blown down by high 

are expected t o  be b l  

have a slope range of 0 to 20 percent. 

Loblolly pine, nback eucalyptus are the 

adapted species. 

4 

- - 

w .  
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 hey receive from 35 to  60 inches of rainfall annually and are a t  an 

elevat ion of '750 to 1,800 feet. 

between 71° and 7 5 O  F. 

Their mean annual s o i l  temperature is 

The adapted species are sa l igna  eucalyptus, gray ironbark 
.. 

eucalyptus, r e d  ironbark 'eucalyptus, s i l k  oak, and Norfolk-Island-pine. 

The estimated annual production is 200 t o  400 board f e e t  per  acre. 

Seedling mor ta l i ty  is moderate. P lan t  competition is moderate from 

. 
P 

benrmdagrass, kikuyuggass, hi lograss ,  and rattail.  The equipment 

f i rni ta t ion is s l i g h t  t o  moderate, the windthrow hazard is s l l g b t ,  and 

the erosion hazard is s l i g h t  t o  severe. 

Woodland Group 3 

This group cons is t s  of moderately deep, poorly drained s o i l s  that 

formed in recent allwirrm. These s o i l s  have a slope range of 0 t o  3 

percent. 

are a t  an e leva t ion  of 0 t o  500 feet. 

They receive from 60 t o  100 inches of rainfall a d l y  and 

The mean annual s o i l  temperature 

is between 70° and 76O F. 

Monkey pod, robusta eucalyptus, sallgna eucalyptus, and a l b i z z i a  

are the adapted species  on these s o i l s .  

is  500 t o  800 board f e e t  per acre. 

The estimated annual production 

P lan t  Seedling mortal i ty  is s l igh t .  

competition i s  moderate from hi lograss ,  ca l i forn iagrass ,  guava, and 

ferns.  The equipment l imi t a t ion  and windthrow hazard are severe. The 

erosion hazard is slight. These s o i l s  are subjec t  to  frequent flooding. 

This 

r e s f d m  

Woodland Group 4 
? 

group cons is t s  of vell-drained silty clays t h a t  formed i n  

from bas ic  igneous rock. 

a 

These s o i l s  have a slope range of 

0 t o  35 percent. 

annually and are  a t  an elevat ion ranging from sea level to 1,500 fee t .  

They receive from 40 to  60 inches of r a i n f a l l  

. 
-k 
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The mean annual s o i l  temperature is between 72' nad 74O F. 

Norf olk-Tsland-pine Oak, and mo*ey pod 

are the-adapted species. b t i m a t e d  annual p tion is to 400 

board feet per  acre. Plant  

competition is moderate from bermudagrass. The equipe=*t limitation 

is s l i g h t  t o  moderate, the erosion hazard is  s l i g h t  t o  severe, and the 

LJ 

Seedling mor ta l i ty  is  moderate t o  severe. 

i 

- windthrow hazard is  s U  

Woodland Group 5 

This group cons is t s  of well-drained s i l t y  clay'&oams t h a t  formed 

These s o i l s  have a slope range of 0 to 35 percent. in volcanic ash. 

They receive from 60 yo 120 inches of r a i n f a l l  annually and are a t  an 

e leva t ion  ranging from near sea l e v e l  t o  2,500 fee t .  The mean annual 

s a i l  temperature is between 6 5 O  and 74' F. 

Saligna and robusta eucalyptus, A u s t  

ak, Norfolk-Island-pine, and a l b i z z i a  are the  adapted 

species  on these s o i l s .  

f e e t  per  acre. Seed g mortal i ty  is s l i g h t .  Plant competition is 

moderate from h i log  

kikuyugrass. The equipment limitati t to moderate, &e 

windthrow hazard is  s 

The estimated annual production is 500 t o  800 

9 cal i forniagrass ,  guava, Chrimm- berry,  and 

s l i g h t  to  severe- 

oorly drained s o i l s  . . 
t y  clay loam 

. .  ercent  and are 

from 1,000 t o  

,550 and 68' F- w .  . 



125 

, 

Robusta eucalyptus, Nepal alder, t rop ica l  ash, and the na t ive  ohia 

are the adapted species. The- estimated annual production is 500 to  

900 board feet perracre. Seedling mortality is s l i g h t ,  Plant 

competition is severe from tree fern,  f a l s e  s taghom fern ,  =labar  

melastome, domy myrtle, and kikqwgrass.  

severe because of the lop bearing capacity of these s o i l s .  

hazard is s l l g h t  t o  moderate, and the windthrow hazard is s l igh t .  

The equipment l imi t a t ion  i s  

The erosion 

Woodland Group f 

This group consis ts  of wel l  drained and moderately well drained 

These silt loa& and s i l t y  clay loams t ha t  formed in volcanic ash. 

s o i l s  have a slope range of 0 t o  35 percent. 

rangipg from near sea l eve l  to 5,000 f e e t  and receive from 80 to  298 

inches of r a i n f a l l  annually. 

between 5 8 O  and 74O F. 

They are a t  an elevat ion 

Their mean annual s o i l  temperature is 

The adapted species are saligna and robusta eucalyptus, Nepal a lder ,  

Norfolk-Island-pine, Australian toon, Queensland maple, t rop ica l  ash, 

blackwood, sugi, redwood, and monkey.pod. 

that are  w e l l  adapted. 

board f e e t  per acre. Seedling mortal i ty  i s  s l i g h t .  Plant  competition 

is severe from tree fern,  f a l s e  staghorn fern,  melabar melastome, 

Ohia and koa are na t ive  trees 

The estimated annual production is 700 t o  1,000 

downy myrtle, and kikuyugrass. 

t o  severe. 

hazard is s l igh t .  

The equipment l imi ta t ion  is moderate 

The etosion hazard is s l i g h t  to severe, and the windthrow 

Woodland Group 8 

This group consis ts  of well-drained silt loams that formed i n  

volcanic ash. 

are a t  an elevat ion of 2,500 to  6,500 f e e t  and receive from 50 t o  100 

These s o i l s  have a slope range of 0 to 20 percent. They 
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inches of r a i n f a l l  annually. 

between 53' and 60' F. 

Their mean annual s o i l  temperature is 

The'adapted species are sa+igna and robusta eucalyptus, Australian 
u 

toon, Queensland maple, t rop ica l  ash, s lash  pine, redwood,--sugi, and 

the nat ive .ohia  and koa. 

800 board feet per acre. 

The estimated annual production is 500 to  

Seedling mortali ty is s l igh t .  
i: 

Plant  - 

r- competition is s l igh t ,  except where kikuyugrass grows. The equipment 

l imi ta t ion  i s  s l i g h t ,  except on the very stony s o i l s  where i t  is 

moderate. 

hazard s l igh t .  

The erosion hazard is s l i g h t  to  moderate, and the windthrow 

Woodland Group 9 

This group consis ts  of well-drained very f i n e  sand loam,  s i l t  

loam,  and silty clay l o a m  t h a t  formed i n  volcanic ash. . These s o i l s  

have a slope range of 0 t o  20 percent. 

inches of rainfall annually and are a t  an elevat ion of 2,600 t o  5,000 

fee t .  

They receive from 35 to  90 

Their mean annual s o i l  tempera 

The adapted species are sal igna and robusta eucalyptus, Australian 



temperature is between 52' and 61' F. 

The adapted species are kaligna eucalyptus, sugi ,  t r o p i c a l  ash, 

lob lo l ly  pine, s l a s h  pine, and the  native koa and o6fa. Tfie estimated 
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annual production is 400 t o  600 board f e e t  per  acre. 

mor t a l i t y  is s l i g h t .  

dallisgrass, and kikuyugrass. 

Seedling 

Plant campetition is moderate from alapaio fern, 

The equipment l imi t a t ion  i s  s l i g h t ,  

except on very stony soils where is is moderate. 

is s l i g h t .  

me erosion hazard 

Woodland Group 11 

In th is  group are shallow sandy loams and s i l t  loams tha t  formed 

These s o i l s  are only i n  volcanic ash and pumice over pahoehoe lava. 

10 t o  20 inches deep. 

They 

an e leva t ion  of 2,000 t o  4,000 fee t .  

is between 5 9 O  and 610 F. 

They have a s lope range of 0 t o  20 inches deep. 

receive from 60 t o  12s inches of r a i n f a l l  annually and are a t  

Their mean annual s o i l  temperature 

Saligna eucalyptus, blackwood, sugi ,  t rop ica l  ash, and Xepal 

a l d e r ' a r e  the adapted species.  

200 t o  500 board f e e t  per acre. 

competition is s l i g h t  to  moderate from t r e e  f e rn  and kikuyugrass. 

equipment l imi t a t ion  is s l i g h t  t o  moderate. 

slight t o  moderate, and the  windthrow hazard is severe. 

The estimated annual production is  

Seedling mor ta l i ty  is s l i g h t .  P lan t  

The 

The erosion hazard is 

Woodland Group 12 

This group cons is t s  of shallow s i l t y  clay loams that  formed i n  

volcanic ash and are only 10 t o  20 inches deep over pahoehoe lava. 

These s o i l s  have a slope range of 0 t o  20 percent. They receive from 

100 t o  200 inches of r a i n f a l l  annually and are a t  an e leva t ion  of 300 

t o  2,000 f ee t .  Their mean annual s o i l  temperature is between 6S0 and 74O F. 
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Jbbust4 and sal.igna eucalyptus, sugi,  Australian toon, and the. 

native oE&a and koa are hese s o i l s .  The 

estimated annual production is 500' t o  900 

mor ta l i ty  is s l i g h t .  

tree fern,  hi lograss ,  cal i forniagrass  and 

equipment I l s l i t a t ion  is moderate, the erosion hazard is slight,.:and 

the'windthrow hazard is moderate t o  severe. 

d f e e t  per acre. Seedling 

Plant  compet i t ion ' is  s l i g h t  to  moderate from 

Woodland Group 13 

r n - t h i s  group are mucky s o i l s  that. formed i n  organic matter and are 

less than 10  inches deep over Aa lava. 

of 0 t o  20 percent. 

These s o i l s  have a slope range 

They receive from 60 t o  150 inches of r a i n f a l l  

t an elevat ion ranging from near se level t o  4,000 

f ee t .  .Their mean annual s o i l  temperature is between 63O and 7 5 O  F. 

Saligna and r lackwood, Queensland maple, 

Australian toon, dapted species. Estimated 

annual production is 700 t o  1,000 board f e e t  'per acre. Seedling 

W 

. 

morta l i ty  is s l i g h t .  P l a n t  competition is severe from tree fern,  guava, 

and kikuyugrass. 

windthrow Hazards a 

The equipment l imi t a t ion  is se 

Woodland Group 

In this group a 

less than 12 inches 

rganic matter and are 

han 150 inches 

annual s o i l  temp 

&wood, redwood, 

ohia and koa are the adapted species. The 
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estimated annual production is 500.to ,700 board f e e t  pe r  acre. 

Seedling mor ta l i ty  is s U g h t ,  

f e r n  and kikuyugrass. The' equipemcent limitation is severe. The 

erosion hazard and windthrow hazard are s l igh t .  

Plant  campetition is m d e r a t e  f r m  tree 

Woodland Group 15 

This group cons is t s  of well-drained silt loams that formed in 

volcanic ash and are 10 t o  20 inches deep over pahoehoe lava. 

s o i l s  have a s lope range of 0 t o  20 percent. 

These 

They receive from 20 t o  

40 inches of rainfall annually and are a t  an e leva t ion  ranging from 

near  sea level t o  1,000 fee t .  

is between 72O and 74O F. 

S i l k  oak, mango, and monkey pod are the adapted species.  

Their mean annual s o i l  temperature 

The 

estimated annual production is 100 t o  300 board f e e t  per acre. 

mortal i ty  is severe. 

The equipment l imi t a t ion  and the erosion hazard are s l i g h t  to moderate. 

The windthrow hazard is severe. 

Seedling 

P lan t  competition is severe from guineagrass. 

Woodland Group 16 

In this group are well-drained and somewhat excessively drained 

very f i n e  sandly loamy sands, and loamy f i n e  sands t h a t  formed i n  

volcanic ash or  cinders. 

percent. 

are a t  an  e leva t ion  of 5,000 t o  9,000 f e e t ,  

These s o i l s  have a slope range of 0 t o  20 

They receive from 15 t o  40 inches of r a i n f a l l  annually and 

Their mean annual s o i l  

temperature is between 47O and 53O F. 

Loblolly and s lash  pine and gray ironbark eucalyptus are the adapted 

species.  The estimated annual production is 100 to  200 board f e e t  per 

acre. Seedling mortal i ty  is  moderate to  severe, P lan t  competition i s  

s l i g h t  frommamani, 11810, aa l i i ,  and lovegrass. The equipment I tmi ta t ion  
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is s l i g h t  t o  moderate, the erosion hazard is s l i g h t  t o  severe, and the 

windthrowhazard is  s l i g h t  

WZISLIFE 

Various kinds of w i ld l i f e  th r ive  on the is land,  from the a r i d  

coas ta l  p la ins  t o '  the very humid r a i n  f o r e s t s  on themountain slopes. 

Nearly a l l  the b ig  game and the upland game b i rds  were'introduced. 

The f i r s t  pigs  w e r e  brought i n  hy the ea r ly  Polynesians as a source 

of food. Goats were introduced by Captain Cook in 1778. 

Vancouver brought sheep and cattle as g i f t s  to  the royal ty  i n  1794. 

Atadu was placed on them, however, asd they went wild i n  the forestCQ3). 

Captain 

for control  of i n sec t s ,  value. Birds tha t  have been 

brought i f i  primarily f o r  hunting a r e  the Chtnese 

Calif urnia val ley  quai l  

barred dove, and 1ac.e-necke 

' 

ing-necked pheasant, 

Indian dlukar part.ridges ' 

by the S ta t e  Fish snd Gam12 Division of 

Hawaii (34). 

tocked i n  some reservot rs  i n  Kohala. 

ttp i n  the mountains. 

is land.  Feral  sheep 

ea and Mama Loa. 

goats7 and p i p .  

ginning of Noveiiber 

nd arrow hunting f o r  sheep 

. .  
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on the Is land of H a w a i i .  

associations described i n  the "General S o i l  Map" sec t ion  of this 

publication. 

These are located w i t h i n  four soil 

The Puako game area is i n  t h e  Saddle overlapping the Kekake- 

Keei-=loa and the Lava flows soil accociations. 

the Kekake-Keei-Kiloa s o i l  associat ion cons is t s  of ohia and tree 

fern fores t .  

ohelo berry,  aalii, and mamani. 

goats, feral sheep, wild pigs,  pheasants, Cal i fornia  qua i l ,  Japanese 

quai l ,  chukar partridge,  and doves. 

The vegetation in 

The Lava flaws associat ion has a sparse vegetation of 

Wildl i fe  hunted i n  t h i s  area include 

The Mama Kea game area is within the boundaries of the Mauna 

Kea State Forest. 

feet t o  the top of the mountain. 

association. 

and mamani trees. . Wild pigs,  goats, feral sheep, pheasants, quai l ,  

chukar partr idge,  doves, and pigeons l ive in this  area. 

The area extends from an elevat ion of about 6,000 

It is in the  Lava flows soil 

The vegetation consis ts  of ohelo berry,  aalii, d o ,  

The Horse P a s t u r e  game area occurs within the  Waimea-Kikoni- 

Naalehu s o i l  association, which has a vegetative cover of grass and 

brush. This area is open t o  upland game b i rd  hunting. 

The Pohakuloa game area is a semi-arid alluvial f l a t  in the  

Saddle between &una Kea and Mauna Loa. A l l  kinds of b i rds  and 

b ig  game common on the  i s land  are found in l imited numbers. 

CLASSIFICATION OF THE SOILS 

The Island of H a w a i i  has a va r i e ty  of s o i l s  as a r e s u l t  of 

eqremes in the fac tors  t h a t  are active i n  soil genesis; climate, 

vegetation, parent material, r e l i e f ,  drainage, and time. Annual 

r a i n f a l l  ranges from 10 inches on the  dry  leeward coast t o  more than 
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300 inches in the w e t  windward mountain areas. Elevation ranges 

from sea level t o  more than 13,000 

erature a t  sea level is about 75' .F. and de 

eet. The average annual temp- 

es on t i e  average 

about 3'F. f o r  each increase o f  1,000 f e e t  i n  elevation. The mean 

temperature difference between the coldest  and wannest month does 

not exceed 9' Fa at any loca t ion 'on  record. 

in age t o  present. It dominantly volcanic ash 

and bas i c  i k. These differences i n  age, parent material, 

Parent material raages 

t e  coincide closely with the patterns.  of vegetation 

il r e f l e c t s  the  

combined e f f e c t  ac tors  responsible f 

opment 

So i l s  are c l a s s i f i ed  according t o  their observable and measur- 

ab l e  proper ties. ties chosen ar primarily those tha t  

permit the gr similar. S o i l  

c l a s s i f i c a t i o n  enables the  pa t te rn  of 
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The current system of c l a s s i f i ca t ion  has six categories.  

Beginning w i t h  the most inclusive, these categories  are the order, 

the suborder, the great group, the subgroup, the family, and the 

serfes. The placement of same s o i l  series in the current system 

of c l a s s i f i ca t ion ,  pa r t i cu la r ly  in famil ies ,  may change as more pre- 

cise information becomes available.  

Table 5 shows, according t o  the current system, the classifi- 

cat ion of each s o i l  series on the is land  by family and by subgroup, 

which a l s o  reflects the great group. 

the grea t  soil group - of the 1938 system. 

It also shows one category - 

Several subgroups, pa r t i cu la r ly  in the order Incept i so ls ,  

correspond approximately t o  s o i l  famil ies  according t o  the  classifi- 

cation by Cline. 

Family. -Families are established within a subgroup on the 

bas is  of propert ies  i m p o r t s t  t o  the  growth of p lan ts  or the behavior 

of soils when they are used f o r  engineering. 

considered are texture, mineral composition, react ion,  s o i l  temper- 

ature ,  permeability, thickness of horizons, and consistence. 

Among the propert ies  

Names of s o i l  families cons is t  of a series of propert ies  used 

w i t h  the subgroup name. 

in the medial, isothermic family of Typic Eutrandepts. The following : 

For example, the Waimea soils are c l a s s i f i ed  

list shows the criteria used f o r  c lass i fy ing  soils on the i s land  

in families and gives def in i t ions  of the class names: 

C l a s s  name Defini t ion 

More than 60 percent (by weight) consis ts  
of volcanic ash, cinders,  or pumice, and 
less than 35 percent (by volume) is 2 millimeters 
across or l a rger ,  and apparent texture  a f t e r  
prolonged rubbing is sandy. 
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C l a s s  name Defini t ion 

Ashy-skeletal Rock. fragments more than 2 millimeters 
5 percent or  more by 
f i n e  earth f r ac t ion  

across .-make up 
volume, and th 
is as defined foy ashy. 

Fine Clay port ion cons t i tu tes  35 t o  60 percent 
clay in the f i n e  ea r th  f rac t ion .  

Medial Term used when the  soil cons is t s  of a mixture 
Crete mineral pa r t i c l e s  and gels ,  and 
is less than 60 percent (by w e i g h t )  . 

volcanie ash, cinders,  and pumice in the  
fine ear th;  less than 35 percent (by volume) 
is 2 millimeters across or  la rger ,  and the  
f i n e  ear th  is not thixotropic ,  and apparent 
exture a f t e r  prolonged rubbing is loamy. 

Cindery More than 60 percent (by weight) cons is t s  of 
olcanic ash, c inders ,  and pumice, and 35 

percent or  more @y volume) is 2 millimeters 
across  o r  la rger .  

Medial Over cindery . 
Medial Over fragmental 

Medial over thixotropic  

Thixotropic Over 

Hedial material wer cindery material. 

Medial material wet fragmental Aa lava. 

Medial material Over smeary material. 

Smeary materal over fragmental Aa lava. 
. -  

fragmental 

Is ohyper thermic 5' C. (9' F.) d i f f -  
er and mean winter 

o i l  temperature 
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C l a s s  name 

E u i c  

Kaol in i t ic  

Mixed 

Oxidic 

Defini t ion 

A pE of undried sample is 4 3  o r  more ( in  0.0lM 
CaC121 in at least suine p a r t  of the organic 
materials in the  cont ro l  s ec t ion  of a Histosol.  b 

More than ha l f  by w e i g h t  cons is t s  of kao l in i t e ,  
d i ck i t e ,  nacrite, tabular  ha l loys i t e ,  and 
smaller amounts of o ther  1 :1 o r  nonexpanding 
2 :1 minerals or  gibbsi te .  

* 

W e d  c lay  mineralogy that contains less than 
40 percent of any one mineral o ther  than 
quartz  . f 

Less than 90. percent quartz  or  less than 40 percent 

pe tcent  ex t rac tab le  i r o n  'oxide and g ibbs i t e  2 0 2 0  

of any s i n g l e  mineral  and the r a t i o  of: 

percent c lay  

Series . -Classif icat ion of soils in series is described i n  the sec t ion  

"Haw This Survey Was Made," and each s o i l  series is described i n  

"Descriptions of the Soils." 

LABORATORY ANALYSIS OF THE SOILS 

T a b l e  6 contains ana ly t i ca l  d a t a  f o r  e igh t  representa t ive  soil 

series i n  the survey area; 

two locations.  

p i t s .  

Each of the s o i l  series w a s  sampled a t  

A l l  samples were col lec ted  from ca re fu l ly  se lec ted  

Soil fragments l a rge r  than 1 inch across  were discarded i n  

the  f i e l d .  Fragments l a rge r  than 2 millimeters across  were discarded 

i n  the laboratory. S o i l  samples w e r e  kept moist, but  a l l  capacity 

measurements are reported on an oven-dry bas is .  

The content of organic carbon w a s  determined by w e t  combustion 

using the Walkley-Black method (1 milliegquvalent KzCr207 equivalent 

t o  3.9 milligrams carbon). 

Total  ni t rogen w a s  determined by the Kjeldahl method modified 

by the  Association of O f f i c i a l  Agricul tural  Chemists. 

Free i r o n  oxide was determined by d i th ion i t e -c i t r a t e  ex t rac t ion  

\tri 
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and orthophenanthroline colorimetry, modified by shaking overnight 

instead of heating 

Bulk denkity w a s  determined from' core samples' oven dr ied '  a t  

1050 C. Two samples eachwere taken a t  3-inch Lncrements t o  a depth 

of 60 inches. The reported values are the me or the  horizons. 

Moisture re ten t ion  was' determined a t  1/3 and 15 atmospheres 

using the Richards pressure membrane apparatus. 

The pH w a s  determined by glass  e lectrode using so i l -water  and 

soil-potass chlor ide r a t i o s  of 1 :5, except 1 :1 r a t i o s  w e r e  

or  Pakini,  Kawaihae, and Waikaloa s 
. .  

Cation exchange capacity d i r e c t  d i s t i l l a t i o n  

potassium w e r e  de- 

land i n  the 

outpourings of lava from f i v e  volcanoes - Kohala, Mauna Kea, Hualalai, 

136 

, 
-* 
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Mauna Loa, and Kilauea. The volcanos are believed t o  have s t a r t e d  

in the Tertiary period. 

The Kohala volcano on the northern end of the is land,  5,505 f e e t  

high, became extinct i n  the Middle Pleistocene. 

deeply eroded on the windward s i d e  near the  end of the  Pliocene t i m e .  

This volcano was  

&una Kea, the highest mountain, reaches 13,784 f e e t  above sea 

level.  The volcano has not erupted during h i s t o r i c  time. It 16 

b u i l t  up of o l iv ine  basa l t  and covered with layers  of volcanic ash. 

These individual  ash layers  vary in thickness from less than an inch 

t o  about 4 or 5 fee t .  During the  Wisconsin s tage  of g lac ia t ion  in 

North America, Mauna Kea was capped by a small glacier .  

Hualalai  mountain, 8,251 f e e t  high, is b u i l t  up of basa l t s .  

A large trachyte pumice cone of Puuwaawaa occurs on the  northern 

slope. 

basal t .  

The last eruption of Eua la l a i ,  in 1800-1801, produced o l iv ine  

%una Loa covers an area of 2,035 square m i l e s  or  50 percent 

of the island. It is 13,680 f e e t  high and last erupted i n  1950. 

&una Loa and &una Kea receive an annual blanket of snow t h a t  lasts 

fo r  a couple of months during the winter. 

The Kilauea volcano, 4,090 f e e t  high, originated on the southern 

slopes of Mauna Loa. 

flows i n  recent years have not been of the exploxive type, and it 

Its lavas are la rge ly  o l iv ine  basa l t .  The 

has been possible t o  observe them safe ly  a t  reasonably c lose  range. 

The most spectacular eruption occurred in 1959 when Kilauea I k i  

erupted and sen t  fountains of lava shooting 1,900 feet i n  the air. 

The following year, a f lank eruption engulfed the town of Kapoho. 

. 

Since then, many eruptions of shor t  duration have occurred along 
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the fissure zone. 

The topography o 

In the northern and e 

not occurred re 

streams. The st ern is more or less radial. 

i c  f lowi  have u 
by rivers and 

i between drainag 

is undissected, is 

lava. 

eals large areas of exposed - 
The valleys dra 

volcanic ash. The 

c 

1 

u and a few scattered 

tti 

- .  
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.B. VEGFZATION ECOLOGY OF THE HAWAIIAN ISLANDS -- 
The following descr ipt ions are b r i e f  and generalized, and do not  

attempt t o  account f o r  a l l  of t he  l o c a l  variations present i n  such a 

complex area. They provide an o r i en ta t ion  and f a c i l i t a t e  t he  descr ipt ions 

of the ecological  patterms found on t he  individual  i s lands .  The 

. 

ecosystems c l a s s i f i c a t i o n  presented here  draws upon the  schemes of 

Hillebrand (18881, Rock (19131, Bosaka (19371, Robyns and Lamb (1939), 

Ripperton and Bosaka (1942) and Se l l ing  (1948) but  is  d i r e c t l y  based 

upon Fosberg's (1972) guide prepared f o r  t h e  Tenth Pac i f i c  Science Congress. 

1. PRINCIPAL TERRESTRIAL ECOSYSTEMS 

METROSIDEROS FOREST: A broad-leafed evergreen f o r e s t  usual ly  
- :  

dominated by trees of the.genus Metrosideros, t he  ohia  lehua of t he  

Hawaiian. 

found i n  moderately moist o r  w e t  s i t u a t i o n s  a t  f a i r l y  low t o  middle 

a l t i t u d e s  on the  s ix  l a r g e r  i s lands ,  showing considerable va r i a t ion  i n  

composition and s t r u c t u r e  i n  d i f f e r e n t  hab i t a t s .  

It is usually re fer red  t o  as lehua f o r e s t  loca l ly .  It is  

In its simplest  form i t  

is an almost pure s tand of Metrosideros c o l l i n a  var.  incana, a sparse  t o  

dense f o r e s t  of erect s t r a i g h t  trees, varying i n  height with age and with 

the amo\;nt,of ava i lab le  moisture. In c e r t a i n  favorable s i t ua t ions ,  as i n  

the wettest p a r t  of the  b n a  slopes on Hawai i ,  they may reach 35 t o  40 m. 
c 

Homogenous stands of Metrosideros are found i n  a l l  s tages  of development 

on r e l a t i v e l y  young lava flows and ash beds on the  i s land  of Hawai i .  

seedlings commonly e s t ab l i sh  themselves on r e l a t i v e l y  new, scarcely 

The 

weathered lava; i n  o lder  hab i t a t s  they start on the  f ibrous trunks of 

firm such as Sadler ia  and Cibotium, then send down aerial roo t s  t o  the 
LiJ ._ 
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ground, surrounding and s t rangl ing  t h e i r  hosts.  In s u f f i c i e n t l y  w e t  areas 

older  stands of Metrosideros cummonly develop 8 dense understory of 

tree ferns  of t h e  genus Cibotium. On older  f o r e s t s  more and more other  

species of trees are found mixed with the  Metrosideros, also shrubs and 

epiphytes become very abundant. 

open stands of Metrosideros are an important component of the  dryland 

sclerophyl l  f o r e s t ,  described below. 

5 In dry areas of H a w a i i  and Maui, dwarfed 

- 
Lehuafores t sare  found on the  slopes of t he  other  i s lands ,  where :- 

they form a r a the r  d i s t i n c t  zone . .  above t h a t  dominated by Acacia &. 
is the montane r a in fo res t , ;<  h&llmark of t rop ica l  highlands. 

Here 

On t h e  older  

omes, t he  lehua f o r e s t  is  more complex, with other  genera, such 

as Bobea, Eugenia, Cheirodendron, and Elaeocarpus i n  placerr.2 sharing 

Xylosma, Tetraplasandra, Pittosporum, Coprosma, Ilex, Myrsine, Diospyros, 

7 PeLea, and Claoxylon Groves and sca t te red  g up a second tree layer  

individuals  of Pr i tchard ia  palms are found. Shrubs of many genera such 

as Gouldia, Hedyotis , Dubautia, Clermotltk.g, 'Cpanea, ' CXbbffmn, :mtaxidza, 

Touchardia, Rollandia, Pittosporum, Brouss 

, and a few other herbs, along 

with abundant mosses, 

s Freycinetia,  

- l ichens are 

epiphytes are abundant.. 

urbances, such 

l i d e  sca r s  are occupied by 

ferns ,  sedges such as Machaerina, various weeds, and bryophytes. 
W 
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Locally t h i s  fo re s t  becomes so mixed t h a t  Metrosideros no longer 

u can be regarded as the dominant species.- Such genera as Psychotria, 

Cheirodendron, Elaeocarpus, Eugenia, and those l i s t e d  above as d c i n g  

up the  second tree layer  form a mixture with no one species  dominant, a 

usual situation in the  t ropics .  This mixed montane rain f o r e s t  merges 

upward with the cloud fores t .  

- CwIuD FOREST: Above the  Metrosideros b e l t ,  on many of the  mountains 

of the Hawaiian Islands,  there  is a cloud f o r e s t  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 Psychotria, Metrosideros, Scaevola, Ilex, Pipturus,  Eugenia, Dubautia, 

lobeloids of various s o r t s ,  Myrsine, Cheirodendron, Pr i tchardia ,  Brow- 

saisia, Cibotium, and many other  genera make up an endlessly varying 

vegetation t h a t  in shel tered places  is of f o r e s t  stature, while on exposed 

slopes,  r idges,  and crests it may be dwarfed and wind-sheared t o  a tangled 

scrub. In some places on w e t  crests it may even be reduced t o  grassy 

bogs, with dwarf shrubs and herbs approaching thenopen’-bogs -descr’fhed:..? 

below. Anoectochilus, Habenaria, Viola, Sanicula, Panicum, Peperomia, 

Phyllostegia,  Vaccinium, Plantago, Lycopodium, and various fe rns  are among 

the  herbs and dwarf shrubs occuring here. 

The cloud f o r e s t  is confined t o  areas where cloud layers  rest o r  P 

blow by the  greater  pa r t  of the  time, mostly on the  windward slopes,  upper 

r idges,  crests and tops of the  cl iffs t h a t  face the  t rade  winds. It is 

l l k e l y  t o  be underlain by a gray soil not found in other  s i t ua t ions  and. 

probably r e su l t i ng  from the  low temperatures and percolating humic acid 

cha rac t e r i s t i c  of t h i s  s i tua t ion .  
i 
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- BOGS: In high, very rainy regions, espec ia l ly  on f l a t  o r  gent ly  

tmd, true bogs are found. These ar 

6) both of t he  ombrogenous (fed by r a i n  water) and'soligenous 

(fed by both r a i n  and ground water) types. 

accumulation of peat 

basa l  c lays  (Skottsb 

1765 m (Sel l ing 1948, pp. 46-47), usual ly  above 1200 

bution of  those on Maui is w e l l  shown by Stearns (1946, P1. 19). 

They mostly have a subs t an t i a l  

are underlain by l i g h t  gray r e l a t i v e l y  impervious 

Local d i s t r i -  

. Rhacomitrium 

; and Schizaea 

only),  Plantago, 

'- I l e x ,  - Wtro-  

. Some of these,  such 

are found only in the Kohala Mts. of H a w a i i .  



143 

/ 

Many attempts have been made t o  explain the  exis tence of bogs on 

these t r o p i c a l  mountains, t h e  most comprehensive one, which summarizes 

previous wprfr, by Se l l ing  (1948). 

and nonevhave heen berg adequate or  convincing. 

Most have been on the  b a s i s  of climate 

For years it has been noticed t h a t  certain Hawaiian f o r e s t s  are in 

poor condition, with many dead o r  dying trees. In some areas these are 

I accounted f o r  by t h e  a c t i v i t i e s  of grazing animals. This is espec ia l ly  

t r u e  in dry  areas and on cliffs and rough s t eep  slopes.  

decadence of f o r e s t  is a l s o  observed in  w e t  areas where there is no 

par t i cu la r  grazing; these areas are arat iveXy.- level  OF gent ly  

sloping ground. 

t he re  is a w e l l  developed stand of smaller trees or shrubs, i n c l u  

some o r  all of  t he  same species  as in the  o r i g i n a l  fo re s t .  

are of var ied  s t a t u r e s ,  but  within a s tand the  height  is f a i r l y  uniform. 

These low f o r e s t s  do not  seem t o  be young associat ions,  as some of the  

However, 
f 

The la rge r  trees are dead o r  s t  so, bu t  urna l ly  

The stands 

. 

i 

taller ones, 4-6 m. have an'abundance of old dead o r  p a r t i a l l y  dead 

taller trees, while in some lower stands,  1-2 m. standing dead trees are 

uncommon or  rare. The lowest of these f o r e s t s  have been r e fe r r ed  to  as 

inc ip i en t  bogs, and have w e l l  developed basa l  c l ay  layers .  One such 

stand east of Hanalei Valley, Kauai, where t raversed by a road, shows a 

s t r i k i n g  white c l ay  substatum. 

It is suggested t h a t  these decadent fo re s t s  are s tages  i n  the  process 
e 

leading t o  the  formation of bogs. 

very w e t  conditions t h a t  permit an accumulation of humus and thus perco- 

l a t i o n  of humic ac id  so lu t ions  y ie lds  c lay  (Wentworth e t  al. 1939). 

Formation of c lay  on level or  gent ly  s loping ground gradually impedes 

drainage, and br ings about the accumulation of perches water on top of 

Weathering of t he  b a s a l t  under cool,  

hv: 
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the  clay. This drowns the rootsystems of the  la rge  trees, causing 

them t o  d i e  slowly, as een i n  the decadent ests. They are 

replaced by smaller trees, more shallowly rooted. 

I *- 

As the  c lay  layer  \ 

becomes more impervious and perhaps more extensive,  the  accumulation of 

water may become grea te r  and may even drown the  shallow root  systems of 

t he  small trees. 

shrub bog, and f i n a l l y  the’very low sedge bog vegetation, are formed. 

z 

This process repeats  i t s e l f ,  u n t i l  t h e  low f o r e s t ,  the  
- 

This gradual dimhution process might also have brought about the  

evblution of dwarf races of such f o r e s t  trees as Metrosideros t h a t  are i n  

f u l l  flower when only a few centimeters tal l .  

ROSIDEROS WOODLAND WITH GLEICHENIA: On the  moister aspects  of 

the Island of H a w a i i ,  e spec ia l ly ,  on r e l a t i v e l y  young lava  flows, no t  

ye t  deeply weathered, occurs a vegetation composed of thick,  more or  

less continuo anket of Gleichenia l i n e a r i s  var. tomentcsa with f 
I These trees vary in s i z e  from 

place t o  place but  i n  any one stand are f a i r l y  uniform. 

ive ly  moist lava 

fe r r ea  o r  Sapindus 

U 
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rarest Hawaiian trees. 

seasonal forest ,"  and "evergreen seasonal f o r e s t  ," and the  d i s t i n c t i o n  

Eatheway (1952) names them "semi-deciduous 

seems t o  rest on the  presence o r  absence of certain species ,  e.g., 

Reynoldsia sandwicensis and Erythrina sandwicensis, which lo se  t h e i r  

leaves i n  the  dry season. 

and t o  be mosaics of groves of d i s t i n c t i v e  composition. 

Both types seem ac tua l ly  t o  be highly va r i ab le  

The semi- 

deciduous type usual ly  includes Sapindus oahuensis, Diospyros f e r r ea ,  

Erythrina sandwicensis, Rawolf ia  sandwicensis, Eugenia cumid, and 

Osmanthus sandwicensis, plus  many other  less constant ly  present species.  

Lantana is usual ly  common in the  undergrowth. 

includes Diospyros f e r r ea ,  Acacia &, Eugenia malaccensis, Metrosideros 

co l l i na ,  Osmanthus sandwicensis, and Myrsine l e s se r t i ana ,  plus many rarer 

o r  less constant species.  

The evergreen type usual ly  

It usual ly  has l i t t l e  undergrowth. 

These f o r e s t s  now occur on s t eep  slopes a t  moderate talow a l t i t u d e s .  

S imi l a r  f o r e s t s  may once have comvered much of t he  lower f o r e s t  zone of 

Oahu, but  grazing has l a rge ly  destroyed them, leaving only those on slopes 

t h a t  are not  e a s i l y  access ib le  t o  cattle. 

Another w e l l  known f o r e s t  t h a t  seems t o  f i t  the  mixed mesophytic 

category is the  t a l l  r i c h  f o r e s t  found in-Kipuka Puaulu, above Kilauea 

volcano, (Rock 1913) and probably in other  similar kipukas on the  Is land 

of H a w a i i .  Here Sapindus saponaria is the  most abundant tree, shar ing the 

r a the r  open canopy layer  with Metrosideros and Acacia koa. 
(Straussia) hawaiiensis var.  h i l l e b r a n d i i  is most abundant in the  second 

Psychotria 
t 

s to ry ,  but  Myrsine l e s se r t i ana ,  Pisonia umbellifera, Sophora chrysophylla, 

Coprosma rhynchocarpa, Pipturus albidus,  Osmanthus sandwicensis, Pelea 

sp., Gouldia terminal is  are a l s o  common. 

of the rarest trees in the  Hawaiian f l o r a ,  and, indeed, in t he  world. .: 

L 

Here o r ig ina l ly  occurred some 

L d  
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Of Hibiscadelphus giffardianus,  fo r  

trees were ever known, ipuka. These were 

destroyed, along with most of the  ground f l o r a ,  by cattle which were 

pastured in the  kipuka. Now most of the  ground is covered by a dense 

C growth of introduced grasses,  with some of t he  fe rns  which have pers is ted.  

These moist fores  

is not  w e l l  defined. 

have been l i t t l e  studied and even t h e i r  d i s t r ibu t ion  - 
-. ACACIA KOA - FOREST: The bes t  known of Hawaiian trees is the koa, 

sometimes ca l led  Hawaiian mahogany, It has long been used f o r  fu rn i tu re  

cal instrume , because of its s t r i k i n g  

e Austrai l ian group of Acacia with 

t its c loses t  relative, fr 

es modified t o  

d i f f i c u l t y ,  is Acacia of Reunion Is in the  Indian Ocean. 

Acacia koa and es (or varieties), 

A. sclerophyllous f o r e s t  

type found on most Because of the  nature  of t he  

, Metrosideros 
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introduced species  are Psidiumguajava and g. cattleianum. 

Scaevola gaudichaudiana, s. chamissoniana, Wikstroemia oahuensis, Pipturus 

albidus,  Cibotium splendens, Styphelia tameiameiae, Lan-a:camara, 

Shrubs are 

Cordyline f ruc t icosa ,  Canthi- odoratum, Sadler ia  cyatheoides, and Schinus 

te reb in th i fo l ius .  Ground vegetation is  meager, with almost DO bryophytes 

and only a f e w  fe rns ,  such as Pteridium, Sphenomeris, and Nephrolepis 

exalta, Psilottrm nudum, and a few herbs,  such as Oplismenus h i r t e l l u s ,  

Paspalum orh icu la te ,  - P. conjugatum, Carex wahuensis, Conrmelina df f fusa ,  

Dianella sandwicensis, Eedychium spp., Peperomia r e f l exa ,  E. leptostachya, 

and a few weedy Compositae. Vines, such as Alyxia, Freycinet ia ,  Dioscorea 

spp., Ipomoea spp. are occasional. Ephiphytes are few. 

On s t eep  gulch w a l l s  in t h i s  f o r e s t  type are open areas, probabzy 

The mostly lands l ide  scars, occupied by mats of Gleichenia linearis. 

rhizomes of t h i s  f e rn  are p ros t r a t e ,  e i t h e r  on t he  surface crf the  ground 

o r  shallowly buried. 

form a b r igh t  green color of these patches makes them i d e n t i f i a b l e  from 

a considerable distance.  

The branching fronds arise from.the rhizomes and 

On H a w a i i  the  koa is most prominent i n  a zone above the  montane r a i n  

f o r e s t  on both windward and leeward aspects.  Here a l s o  i t  occupies a 

d r i e r  h a b i t a t  than the  r a i n  f o r e s t  and occurs on f a i r l y  young lava and 

ash surfaces ,  though it does not  seem t o  be as much of a pioneer as 

Metrosideros. It has f a r  fewer associated species than on the older  * 

is lands.  Metrosideros c o l l i n a  var. incana is common, and loca l ly ,  Sophora 

chrysophylla and Myoporum sandwicensis as w e l l .  Except i n  the more dense 

groves, the  shrub species tha t  form the  scrub a t  comparable a l t i t u d e s  are 

found, along with t h e i r  accompanying grasses and herbs 

a l t e r ed  t h i s  vegetation, espec ia l ly  the herbaceous layer ,  and has i n  most 

- 

Grazing h 

\cipi 
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places inhibi ted regeneration of the koa. 

Although the  koa &st occupied a la rge  aiea, especial ly  i n  pre- 

European t i m e ,  and appears qu i te  s t ab le  where not disturbed, i t  may 

r e a l l y  represent a long continued successional s tage,  leading t o  a mixed 

mesophytic f o r e s t  where the substratum is  deeply weathered. On the  older 

is lands,  a t  the  a l t i t u d e s  where koa fo re s t  is  found, t h e  gulch bottoms 

are generally occupied by Aleuri tes  fo re s t ,  which may have replaced koa 

i n  pre-European t i m e s .  In modern times a great  proportion of the koa 

fo re s t  has been cleared and replaced by pastures and pineapple plantat ions,  

later planted exot ic  trees such as Eucalyutus. 

ALEURITES FOREST: In gulches and along stream courses a t  moderate 

t o  low a l t i t udes ,  Aleuri tes  moluccana (kukui) forms dense stands composed 

a pale  f ros ty  g 

on their s i ze ,  with spreading crown, t h e i r  height greater  the deeper and 

color. The trees are closely t o  widely-paced, dependins 

narrower the  gulch i n  which they grow, Undergrowth is  scarce o r  lacking. 

Aleurites seedlings are loca l ly  abundant. A few ferns ,  such as Nephrolepis 

exalta, Thelypteris dentata  and 2. parasitica may occur with a very few 

shade to le ran t  h but  t h  rest usually exhibi t  poor diversity. 

PSIDIUM GUAJAVA AND SCRUB: One of the  commonest vegetation 

t ions  i n  the is lands is 

a dense s o l i d  s t an  ars for  i t s  ed ib le  

f r u i t s  and scat ike ly  t o  be found almost 

n on moist o r  w e t  land has 

ent. Spreading and 

reproducing very read 

eradicate .  The trees are generally crooked, and d i f fuse ly  branched, with 
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smooth trunks and branches, and broad t h i n  leaves. Their height ,  up t o  

10 m or more, seems almost i n  d i r e c t  proportion t o  the ava i lab le  moisture, 

though guava spreads so rap id ly  t h a t  there  are frequent areas of scrub 

s t a t u r e  t h a t  w i l l  develop i n t o  fores t .  I n  places the re  is an admixture 

of Schinus t e r eb in th i fo l iu s  and Leucaena leucocephala. The ground is 

l i k e l y  t o  be covered by Commelina d i f fusa ,  Oplismenus h i r t e l l u s ,  Paspalum 

conjugaturn, o r  fe rns ,  t o  a dens i ty  more o r  less inversely proportional t o  

that of t he  guava canopy. There is  of ten  an alternation between guava 

fo re s t  and #Aleurites f o r e s t  on s lopes,  with the  #Aleurites i n  the  bottoms 

of draws and gul l ies .  It has pr inc ipa l ly  replaced koa, mixed mesophytic, 

and mixed lowland fores t s .  

PSIDIUM CATTLEIANUM FOREST: In many w e t  o r  m i s t  areas, espec ia l ly  

i n  koa, lehua, and mixed lowland f o r e s t ,  Psidium catt leianum (strawberry 

guava), o r  i n  places ,  a r e l a t ed  species ,  -11. l i t t o r a l e  ( w a i w f l ,  has gained 

l a foothold o r  been planted. E. catt leianum, espec ia l ly ,  tends t o  spread 

rap id ly  and t o  form almost pure th icke ts  o r  fores t s .  It is  w e l l  adapted 

t o  growth i n  the w e t  f o r e s t s  and i ts  seeds are spread by b i rds  and pigs.  

S t ruc tura l ly  t h i s  type i s  about the same as the Psidium guajava f o r e s t ,  

but  the  leaves are thicker  and glossy,  darker green. Where - P. l i t t o r a l e  

is dominant the  trunks are d i s t i n c t l y  taller and s t r a i g h t e r .  Viny shade 

, 

t o l e ran t  species  are ab le  t o  e s t ab l i sh  themselves i n  t h i s  type and Psidium 

l i t t o r a l e  is, by some, regarded as a valuable "nurse tree" i n  the  process 9 

of res tor ing  t o  abundance some of the na t ive  f o r e s t  plants .  

LANTANA SCRUB: A widespread scrub formation, found on a l l  the  

l a rge  i s lands ,  espec ia l ly  i n  areas t h a t  are ne i ther  excessively ra iny  nor 

excessively dry,  i s  made up of s o l i d  stands of Lantana camara, of t rop ica l  

American or igin.  It has replaced l a rge  areas of Yetrosideros,  mixed 
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mesophytic, mixed lowland, and dry sclerophyl l  fores t s .  

unpleassntly pr ickly aromatic plant  var ies  

even more i n  favorable spots. 

the  stems are to  

making it exceedingly d i f f i c u l t  t o  traverse. 

sl 

Thir ty  years ago 

Since then a con 

t o  cont ro l  it with some measure of succ 

covered by Lantan are now occupie na leucocephala. On 

Maui and H a w a i i  1 

Leucaena and Schinus t e r eb in th io fo l i  both seem able ,  slowly, t o  replace 

Lantana as it is weakened by the  parasi tes .  

This aggressive, 

ure from 0.5 t o  3 m o r  I/ 
Usually it forms a dense scrub 1-2 m ta l l ,  

, up t o  2-3 cm thick,  with hooked pr ick les  when young, 

It may occupy otherwise open 

o r  it may f i l l  the  spaces between sca t te red  trees o r  i n  open fores t .  . 
vegetation type w a s  spreading and very aggressive. 

ab le  number of insect arasites have been introduced 

Oahu mny  areas formerly 

eas are defol ia ted and not i n  a healthy condition. 

In r a the r  dry t o  

i a l l y  i n  d i s  

e r a t e ly  w e t  a r e a I t  low to  

f i e l d s ,  and dry sloped, i n  former koa f o r e s t ,  dry sclerophyl l  and mixed 

lowland fo res t s ,  ncorrect ly  L. plauca) 

shade. The t a l  i n  thickness and grow very 

- . 
n recent years. 

* 
PASTURES: A r t i  

ad 
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with a considerable admixture of leguminous and o ther  broadleaf herbs. 

Excluded are na t ive  grasslands a t  high a l t i t u d e s  and on coas t a l  b lu f f s ,  

as w e l l  as areas of scrub and scrub-forest t h a t  are used f o r  grazing, and 

the  coas ta l  Prosopis f o r e s t s  t h a t  are an important source of forage. 

are described under spec ia l  headings. 

These 

Most of t he  pasture  grasses  and 

herbs, espec ia l ly  in t he  moister areas, are exot ics ,  mostly de l ibe ra t e ly  

introduced and of ten  spec i f i ca l ly  8own o r  planted. 

has favored species  t h a t  are not  considered des i rab le  f o r  forage. 

none of the  pastures  can the  vegetation be s a i d  t o  be in e q u i l  

t he  environment, as there  is frequent overgrazing and a t  the  same time 

continual 

and eliminating undesirable ones. 

Frequently, overgrazing 

In 

w i  t h  

attempt a t  pasture  improvement by plant ing desirab 

In some areas erosion is  a problem. , 

Pastures,  i n  the sense used here,  are found on a l l  t h e  l a rge r  i s lands  

(Ripperton and Hosaka 19421, but  most extensively on t he  w e s t  s lopes of 

Haleakala, Maui, and on the  lower and middle northern and western s lopes 

of Mama Kea and i n  the Waimea Saddle, H a w a i i .  

these,  espec ia l ly  along the  windward coas ts  of Maui and Kauai ,  many areas 

have been cleared and converted t o  pasture,  but they tend t o b e  invaded 

by shrubs, espec ia l ly  guava, Lantana and Schinus, and t o  develop a scrub 

In regions wetter than 

vegetation. 

invasion is  favored, i n  the  long run, by overgrazing. 

Only constant e f f o r t  and expense w i l l  prevent t h i s ,  and the  

In regions t h a t  are a t  a l l  moist o r  w e t  the  grass  cover is continuous, 
? 

of ten  forming a compact sod. 

o r  Melinis minut i f lora  are dominant, the grass  tends to be qu i t e  t a l l ,  i f  

not hezvily grazed. 

In areas where Panicum m a x i m u m ,  2. Purpurascens, 

a 

Generally the  s t a t u r e  is low, C 1 a n d e s t i . a  are dominant, 

o r  where grazing is heavy, 

be made. In  dry areas ,  i n  

only 10-30 cm. Few other  general izat ions can 

the r a in  shadows of the  i s lands ,  where grasslands 
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occur, t he  cover is  generally open, with substratum showing, the grasses 

tending t o  be tuf ted  o r  Straggly. 

of Panicum, p e r s i s t  and are even important components of the vegetation. 

H a w a i i ,  i n  such areas, Pennisetum setaceum (fountain grass), reported as 

Some na t ive  asses, espec ia l ly  species 
(cd 

On 

. ~ rare 20 years ago (Ripperton and Hosaka 19421, has become widely dominant, 

changing the  s t ruc tu re  of the  vegetation t o  one of la rge  s t i f f  moderately 

spaced tussocks. Locally, a l so ,  i n  these d r i e r  areas, Opmtia megacantha 

occurs i n  some abundance. 

w 

Formerly it w a s  much more abundant but the  

are usually dominant, except within 1 km of the  seam where Digi ta r ia  henryi 
bd 
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and Desmodium tr i f lorum ?.re nore abundant. Se t a r i a  geniculata  is l o c a l l y  

replacing the dominants. Recently there  has been much plant ing of 

Digitaria decumbens (pangola), Desmodium canum, and E. i n t r o t m .  Other 

common species  in this area are Centel la  asiatica, Nephrolepis axalta, 

Dig i ta r ia  pruriens,  Sporobolus afr icanus,  Cassia leschenaultiana,  Sacciolepis 

indica, Cuphea carthagenesis,  and Cynodon dactylon. 

. 

On the-lower west s lopes of Haleakala, where the land is not  planted 

t o  pineapples and suger cane, but  above the  Prosopis b e l t ,  pastures  are 

la rge ly  matie up of Cynodon dactylon (Bermuda grass), with a considerable 

admixture of Tricholaena rosea,  MedicaRo lupul ina,  and Desmodium uncinatum. 

Other important species are Chloris gayana (Rhodes grass) , Medicago h isp ida  

(bur cover) , Melilotus ind ica  (yellow s w e e t  clover) , Diaitaria violascens,  

Chloris v i rga t a ,  Paspalum dilatatum, Anagallis arvensis (scarlet pimpernel), 

and Sida f a l l a x  ( i l h a ) .  
c 

On t he  same slopes of Haleakala, but  above t h e  areas j u s t  described 

between 760-900 t o  1500 m, is a pasture  of Sporobolus a f r icanus  and Trifo- 

- leum repens, with subs t an t i a l  areas of Cynodon dactylon, s a i d  t o  have been 

formerly the dominant species  here. Importact species  associate6 with 

these are Hypochaeris rad ica ta ,  Pter idium aquilinum (bracken), Eragrostis 

brownei, Vicia angtrs t i fol ia  (vetch) , Anthoxanthm odoratupl (sveet vernal  

grass) , Holcus - lanatus  -- (Yorkshire fog o r  "mesquite") , Brorcus ca thar t icus  , 
Plantago lanceolata ,  Melinis minutif l o r a  (molasses grass) 

(sheep s o r r e l ) ,  Cinitaria Pruriens, 

Rumex ace tose l l a  

p ra t ens i s ,  Danthonia pilosa (Nallaby 

grass ) ,  Lolium perenne (perennial  rye grass) , and D a c t y l i s  glomerata (orchard 

grass or cocksfoot). 

Above t h i s ,  between 1500 and 1900 m on the  west and northwest slopes 

of Haleakala, where the  land is not covered by scrub, the pastures a r e  mostly 

a 

. 

9 

, 

h; 
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dominated by Anthoxanthum odoratum and Holcus lanatus  i n  varying 

proportions, with Trifolium repens, and Pteridium aquilinum present in 

considerable amounts. Also noticeable here are Dactylis glomerata, 

Sporobolus africanus,  Trifolium procumbens, Poa pratensis ,  Prunella - 
vulgaris ,  and Rumex acetosel la .  - 

Is land of Eawa i i ,  i n  the Waimea sec t ion  of t he  vas t  Parker 

Ranch, plants  commonly found i n  the  pastures are Dig i t a r i a  decumbens, 

Pennisetum clandesthum (kikuyu grass) ,  Cynodon dactylon, Medicago 

hispida,  Medicago lupulina,  Trifolium repens, Dactylis glomerata, Lolium 

perenne (perennial  rye brass) ,  Brmus  cathar t icus ,  Opuntia megacantha 

(panini o r  pr ickly pear),  Pasapalum dilatatum, and Kypochaeris radicata .  

In the  Waikii area, higher up o e w e s t  s lopes of Mama Kea, t h e  

common species are Pannisetum clandestinum, Paspalum dilatatum, Cynodon 

dactylon, Poa pratensis ,  Lolium perenne, Dactylis glomerata, Trisatum 
T - 

, Panicum tenuifolium, Eragrostis grandis, Sporobolus africanus,  

Tricholaena -rosea, and Bromus cathar t icus .  - 
PLLNTED FORESTS: In many places i the  is lands are various types 

of planted forests .  

espec ia l ly  Eucalyptus robusta and othe s of this genus, Melaleuca 

quinquenodia, Grevillea robusta, Acacia dealbata,  Cupressus macrocarpa, 

Frequently they are blocks composed of s ing le  species,  

i n t e g r i f o l i a  (macadamia nut or  Oueens- 
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Although much of t h e  f o r e s t  plant ing in H a w a i i  has been on pasture  

land, t h i s  land was  o r ig ina l ly  occupied by a l l  t h e  major f o r e s t  types 

the  grea te r  port ion koa. 

- MIXED LOWLAM) FOREST: Along w e t  lower slopes and in t h e  mouths of 

a l l  but the d r i e r  va l leys  there  ex is ted  a moist mesophytic f o r e s t  which 

has been mostly destroyed o r  so a l t e r e d  t h a t  its o r i g i n a l  composition is 

now q u i t e  uncertain. Metrosideros was  doubtless a component. If Pandanus, 

Calophyllum and Hibiscus tiliaceus occurred in the  pre-human Hawaiian f l o r a  

they belonged here,  i f  introduced by t h e  Polynesians t y*have found their 

places in t h i s  b e l t ,  as did Eugenia malaccensis, Phyllastachys,  Aleuri tes ,  

and Cocos, and later a r r i v a l s  such as Eugenia cumini, E.jambosa, Psidium 

puajava, p. cattlemanum, Persea, Samanea, and Terminalia catappa. 

A t  present t h i s  f o r e s t  presents  an irregular aspec t ,  more a mosaic 

of small patches of other  f o r e s t s  than an integrated en t i t y .  ,However, 

Pandanus, Eugenia malaccensis, E. cumini, and Hibiscus t i l i a c e u s  and o thers  

of the  above list reproduce themselves e f f ec t ive ly  and with t h e i r  assoc ia tes  

do form a recognizable f o r e s t  be l t .  

The s t a t u r e  of t h i s  f o r e s t  var ies ,  but is considerable,  Its shrub 

layer  is l i k e l y  t o  be of guava, Leucaena, Lantana, o r  a mixture, the  densi ty  

varying inversely with tha t  of t he  canopy. 

f ew weeds, espec ia l ly  Oplismenus, Commelina, Ruel l ia ,  and abundant seedlings 

of the  tree and shrub species.  Vines, such as Ipomoea spp., Mucuna, and 

The herb layer  cons is t s  of a 

Thunbergia alata are common i n  the  margins. Epiphytes are uncommon. Native 

plants  are not at  a l l  common, but doubtless a w e l l  developed indigenous 

f l o r a  once exis ted here,  now replaced by late-comers. 

FRESH WATER W S H :  On the windward s ides  of some of t he  older  --- 
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i s lands ,  are a few areas of f r e sh  water marsh land, 

gone, those on Oahu be 

o r  dredged out. 

converted t o  rice f i e l d s .  

areas were used f o r  t a ro  cu l ture ,  as low spots  on windward Maui are today. 

A few small ar 

PanFcum,purpurascens, such as Kawainui Marsh, K a i l u a ,  Oahu, and a few 

patches of t a l l  Scirpus. 

Most of these are now 

hanged i n t o  housing areas, e i t h e r  f i l l e d  in 

Those on Kauai, in Hanalei 
W 

It is qu i t e  probable that all o r  most of these 

I 

of these marshes persist, mostly s o l i d  w e t  meadows of 

- 

DRYLAND SCLEROPHYLL FOREST: Large areas of dry coas t a l  slopes and 

higher rain shadows, 

were o r ig ina l ly  covered by an open s c  

sclerophyl l  t r e e  A f e w  scraps and 

n the  two l a rges t  i s lands ,  qnd even these are mostly in a sad 

state -of degr c 

c o l l i n a  o r  of f e r r ea  var. pubescens. More generally they include 

‘mixtures  of severa l  species and some have a considerable number, including 

many of the rarest Hawaiian plants.  

w a s  a t  Puu Wa 

from there  and some have been found nowhe 

The most notable f o r e s t  of t h i s  type 

a on the Island of H a w a i i .  Many species  were described 

else. This has been used f o r  

s now very degraded. 

c 

but some of 

, Nototrichium, 

but usually now with Prosopis. 
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This is one of t he  most important of t he  o r i g i n a l  f o r e s t s  types of 

the  Eawaiian Islands.  It is the  one t h a t  has suffered most from the  

activities of man, and is now almost gone. 

PROSOPIS FOREST: In dry lowland areas around a l l  the  l a rge r  i s lands  

is a f o r e s t  of Prosopis p a l l i d a  (keawe). 

r e l a t ed  t o  the  mesquite of northern Mexico and southwestern United S ta tes ,  

w a s  introduced i n  1828. 

pods and void the  seeds. 

This flat-topped leguminous tree, 
s 

It w a s  rapidly spread by cattle t h a t  eat the  sweet 

The f o r e s t  va r i e s  from dense t o  open, even t o  savanna, and from a 

scrub 2 m t a l l  up t o  10 m o r  more tall.  

spreading crowns and t i n y  leaflets. 

are deciduous in t h e i r  native hab i t a t s ,  i n  t he  Hawaiian Is lands,  a t  least, it 

is nearly o r  q u i t e  evergreen. In open s tands the  spaces may be occupied 

by various grasses,  herbs, and shrubs, espec ia l ly  Acacia farnesiana and 

Lantana camara. Even in closed s tands there  is o f t en  a ground cover of 

weedy herbs. 

t he  Prosopis may be pa r t ly  o r  even wholly replaced by Pithecellobium d u k e  

The trees have flat-topped 

Although many relatives of t h i s  species  

Some f o r e s t s  are so dense as t o  shade out even these. Locally 

(opiuma) of similar habi ta t .  

This vegetation has replaced large areas of opea dry grassland and 

of dryland sclerophyl l  fores t .  

w a s  once sclerophyl l  fo re s t .  

Abutilon incanum, with a remzkkable d i s t r ibu t ion ,  H a w a i i  and southwestern 

North America, and Gossypium sandwicense, an endemic cotton. 

I n  a l l  p robabi l i ty  most of its present area 

Here, i n  a few places,  may st i l l  be found 

* 

PWOK GRASSLAND: On steep dry leeward lower slopes and c l i f f s ,  

espec ia l ly  on truncated lava spurs where the s o i l  is  t h i s  o r  almost lacking, 

are grassy areas tha t  may have been f r e e  of f o r e s t  f o r  a long t i m e .  Early 
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records speak of the  west s ide  of Quai as bare,  and of grassy p la ins  and 

h i l l s  around Honolulu. is not known wheth 

grassy before the coming of the  Polynesians, but  i t  seems ce r t a in  t h a t  by 

such places were already 

the time of the  f i r s t  Europeans l a rge  dry lowland areas were treeless and 

mainly covered by Heteropogon n tor tus  ( p i l i  g rass ) ,  the  material used by 

awaiians i n  construction of t h e i r  houses. This is a pantropical  

species  and may conceivably have been brought by the  Polynesians, bu t  may 

w e l l  have been here  before t h e i r  a r r iva l .  

t of the  p a r t s  t h  grassy 200 years 

t r u e  of the f l a t t e r  lands 

i f i c a n t  depth of s o i l .  

Heteropogon is s t i l l  dominant r y  s teep  slopes,  ledges on c l i f f s ,  and 

t has and even crowded 
c 

troduced grasses  as Tricholaena rosea,  i n s u l a r i s ,  

and Melinis minutiflora.  

grassy ledges and 

A grea t  many broadleaf weeds are common i n  these 

megacantha. This huge, 

swollen, spiny 

rubs,  as w e l l  
r 

e 
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fo re s t .  The introduct ion of t he  moth, Cactoblastus cactorum, t o  cont ro l  

t he  cactus has already resu l ted  i n  a considerable reduction of i t s  vigor 

and degree of dominance i n  many areas. 

type w i l l  soon disappear from the  is lands.  

It is l i k e l y  t h a t  t h i s  vegetat ion 

. WET CLIFFS: Along the  windward s ides  of t he  i s lands ,  and even on - 
leeward exposures in c e r t a i n  deep amphitheater-headed va l leys ,  are great  

f l u t ed  w e t  b a s a l t  c l i f f s ,  up t o  a thousand meters i n  height ,  with almost 

no s o i l  and l i t t l e  vegetation. 

-' Pi l ea  Artemisia, Eragrost is ,  Phyllanthus , Lythrum 

maritimum grow i n  crevices. 

Ferns and Selagine l la  are common, and 

&=fed p lan ts  of Metrosideros, Vaccinium, 

and o ther  cloud f o r e s t  trees and shrubs, even Pr i tchard ia ,  inhabi t  ledges. 

V e r y  w e t  areas here  are the hab i t a t  of Gunnera, t h e  enormous-leafed ape- 

ape. However, recent  years have seen s t r i k i n g  changes in the vegetat ion 

even of these inaccessible  places. c 

An i n t e re s t ing  f ea tu re  of some of these c l i f f s  is t he  presence in 

t i n y  pockets, o r  hanging va l leys ,  of colonies of Aleuri tes  moluccana 

and even of Musa sapientum (bananas), the  seeds and rhizomes of which 

could only have been brought down by to r r en t s  from above. 

DRY CLIFFS: Even less is known of the  vegetation of dry basa l t  - 
c l i f f s ,  such as exist on t he  Waianae s i d e  of Oahu, on va l ley  w a l l s  of 

southeast  Oahu, on va l ley  walls of southeast  Oahu, the windward s i d e  of 

Lanai, around Haleakala "Crater," and i n  various o ther  locat ions i n  the 
r 

rain shadows of the  is lands.  

and Tricholaena at  low a l t i t u d e s ,  Deschampsia and Trisetum higher up. 

Such shrubs as Lantana camara, Leucaena leucocephala, Acacia farnesiana,  

Prosopis, Canthium odoratum, and severa l  na t ive  Euphorbia species occur 

on ledges a t  lower a l t i t udes .  

Wisps of grass  occur on ledges - Heteropogon 

Artemisia, Plectranthus,  and Peperomia 

LJ 
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may a l s o  be found here,  g with many weeds. 

In many areas, goats are very common on such c l i f f s ,  and have LJ 
denuded surfaces  of what vegetation w a s  o r ig ina l ly  there.  

STRAND: The s t rand  - the shoreline and the zone immediately 

back of i t  t h a t  i s  s t rongly influenced by the sea - has i n  many p a r t s  

Hawaiian Is lands been so completely disturbed tha t  i t  is  hard 

1 what i t  w a s  o r ig ina l ly  l i ke ,  but  i n  other  p a r t s  i t  seems t o  have 

preserved its physiognomy and even i ts  native species  remarkably w e l l .  

It has been described by YAcCaughey (1918) . 
ubdivisions may be 

f e ren t  ecological  

ces i n  vegetation, though some of the same species 

with l i t t l e  d i f f i c u l t y  , which 

c t e r i s t i c s  and which exh ib i t  

t , rocky, dry sandy and 

ther  int imately mixed, 

as blown onto rocks. Also there are var ied 

dryness. 

The Hawaiian Is lands have perhaps less than t h e i r  

Terminalia catappa, 
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The physiognomy of the Hawaiian s t rand  vegetation is not  s t r i k i n g l y  

d i f f e ren t  from t h a t  i n  similar h a b i t a t s  elsewhere. 

shores the  vegetat ion tends t o  be low and wind- (or spray-) sheared, 

even the species  t h a t  are normally trees become depressed t o  creeping 

shrubs with most of the branches on the side away from the  wind. 

c l i f f s  are frequently bare  except f o r  t u f t ed  p lan ts ,  such as Fimbris tyl is  

cymOsa and Redyotis insignia. I f  wooded, such c l i f f s  are usuzllly covered 

by Hibiscus t i l i a c e u s ,  Pandanus t ec to r ius  o r  Scaevola taccada. Lower 

rock shores,  above the waves but  s t i l l  wi th in  reach of the spray, may 

have a depressed scrub o r  Scaevola taccada, and l o c a l l y  Santalum ellipticum, 

On rocky windward 

Rock 

with Sesuvium portulacastrum and F i b r i s t y l i s  cymosa forming patches and 

and tufts i n  bare  areas. 

tegra t ing  lava, Jacquemontia sandwicensis, Sida f a l l ax ,  Boerhavia mutabi l is ,  

- B. repens, and Fimbris tyl is  cymosa are comon. On lhestone, tock shores,  

e levated co ra l  r ee f s ,  Capparis sandwichiana, with i t s  beau t i fu l  nocturnal 

flowers, Portulaca lu t ea ,  Chenopodium oahuense, Sesuvium portulacas  trum, 

Lycium carolinianum, and Fimbr is ty l i s  cymosa form a depressed vegetation, 

and Thespesia populnea forms occast ional  low clumps of scrub. 

On dry c l i f f s  and slopes of t u f f  or disin- 

On low sandy areas the Prosopis f o r e s t  is l i k e l y  t o  approach close 

The beach vegetation t o  the  top of the beach, espec ia l ly  on l ee  shores. 

may have Ipomoea pes-caprae subsp. Bras i l iens is  , Ipomoea s to loni fe ra ,  

and a few o ther  hardy weeds. Where the sand is p i l ed  up i n  d 

tropium anomalum, Vitex ovata, Sesbania tomentosa, Scaevola taccada, 

- Nama sandwicensis, Tribulus c i s to ides ,  Euphorbia degeneri, Sida f a l l ax ,  

Jacquemontia sandwicensis, Sporobolus virginicus,  and Atr iplex semibaccata 

8 

a 

occur i n  varying smounts and proportions. 

the sand. 

A l l  have some tendency t o  bind 

The sand is usually of coral ,  but  l oca l ly  the - 
L+ 
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and small dunes "black sand," which is volcanic material, largely 

U ere the  f l o r a  is extremely poor, Ipomoea pes-caprae and a f e w  

weeds being the only p lan ts  found binding the sand a t  Kalapana, H a w a i i ,  

ack of the beache are depressions which contain 

marshes or  ponds, e i t h e r  salt o r  brackish. The water l eve l  f luc tua tes  

with the t i d e  and the s a l i n i t y  depends on whether they are on leeward 

o r  windward coasts,  t h i s  because leewards coasts are much d r i e r ,  so t h a t  

less surface and ground water reaches the sea through these ponds. The 

- .  indica,  or on s t i l l  higher 

emarkable s 

Such ponds were formerly used and imp ed as f i s h  ponds by the 

k, 
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old Hawaiians, and were very important i n  the  economy. Now there  are 

almost none left. The introduct ion of mangroves has tended t o  change 

them to  mangrove swamps, and the development of subdivisions,  harbors, 

and marinas has eliminated completely many of the f i n e s t  of them. 

marshes are not only important as a p a r t  of the natural Hawaiian land- 

scape, bu t  as refuges, breeding and feeding grounds f o r  numerous species  

of water and shore birds .  

These 

s 

The a t t i t u d e  t h a t  a marsh is necessar i ly  w a s t e  I 

land, means the end of these b i rds  i n  the near fu ture  unless our educa- 

t i ona l  process becomes rapidly more e f f e c t i v e  i n  c rea t ing  a sense of 

values t h a t  has a place f o r  nature. 

MANGROVE SIJAMPS: Mangrove swamps were lacking i n  the Hawai  

Islands prior to  the beginning of t h i s  century. After  s eve ra l  species  

of Rhizophoracceae were introduced they rapidly spread i n t o  favorable 

hab i t a t s  and swamps developed a t  a number of places ,  espec ia l ly  a t  Heeia, 

Oahu and w e s t  of Kaunakakai, on the south coast  of Molokai, where they 

f i l l e d  f i s h  ponds and occupied shallow muddy places  (MacCaughey 1917a, 

Fosberg 1948). 

Bruguiera gynrn orhiza,  and Bruguiera parvif lora .  

pe r s i s t i ng ,  has never become common. 

A t  least three species  were Introduced, Rhizophora mangle, 

The latter, while 

- B. p u n  orhiza is common near the  

f r e s h w a t e r  end of the s a l i n i t y  gradient  at  Heeia, above the bridge. 

Rhizophora mangle is the abundant species on the seaward s ide  i n  a l l  

the swamps and the one t h a t  has colonized many places  around the coasts. 

Thus the mangrove formation here  is very impoverished i n  species  
7 

- 

with those i n  most t rop ica l  countries.  However, physiognomically i t  is 

qui te  typical .  

SOPHORA-MYOPORW- PARKLAND : On the Island Of 

and lehua fo re s t s ,  and in te r f inger ing  with them i n  

E a w a i i ,  above the koa 

places and up t o  an - 
L d  

f 
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L, 

W 

uneven timberline, is an interrupted b e l t  of a vegetation dominated by 

Sophora chrysophylla (mamani) and Myoporm ' s anMcense  (naio) w i t h  sca t t e red  

clumps of Acacia koa i n  

to  a savanna, and i n  places is  interrupted by areas of grassland, scrub, 

and bare  lava. 

f u l l  crowns. 

from an open f o r e s t  

The trees are r a the r  scrubby, o r  a t  least spreadinp,, with 

Between them once grew a r i c h  herbaceous f l o r a  and many 

pecia l ly  Styphelia, Vaccinium and Chenopodium oahuense. 

This complex has been ca l led  mountain parkland (Robyns and Lamb 1939). 

Apparently this w a s  an open f o r e s t  formation even i n  pre-European times, 

l s o  i n  pre-Hawaiian times, as no a c t i v i t y  of the ea r ly  

d very l i k e l y  have ser iously changed anything on these high 

lopes. 

' 

This parkland has been degraded, and nearly destroyed 

-- I I A N  1sLANns 

is the l a rges t ,  the h i  

and the  most complex of the Hawaiian Islands. It exhib i t s  a corresponding 

a t ion  from orographic rainy regions and 

lava t o  r a i n  fo re s t  on deeo 

ronmental complexity. The 

Present day vegetation includes many types and many species of p lan ts  no t  
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present before the advent of man. 

areas, replaced the vegetation and species  t h a t  were there before. 

s t ruc t ing  pas t  vegetation must, a t  bes t ,  rest la rge ly  on informed 

guessing and i n  many places there  i s  not  even any information on which 

t o  base a guess. It seems clear tha t ,  i n  s p i t e  of an i n i t i a l  increase 

i n  d ive r s i ty  with the  arrival of new aggressive p lan ts ,  the general  

trend is toward much grea ter  uniformity, as the successful  i d g r a n t s  

are mostly species of g rea t  ecological  amplitude. 

t o  cover grea t  areas and t o  replace many l o c a l  insu lar  endemics. 

Of course, these have, over large 

Recon- 

A few species  tend 

The 

present pat tern,  with some reference t o  the p a s t  is ,  in broad s t rokes,  

about as follows: 

Along the windward coast  of H a w a i i  mixed lowland f o r e s t  once formed 

a continuous b e l t ,  except where high c l i f f s  f e l l  d i r e c t l y  i n t o  the sea. 

Its o r i g i n a l  nature can scarcely be surmised, and its e x t e n f o n l y  guessed 

at. A t  present  i t  exists as an extremely var ied mosaic of s tands of 

Aleurites, Pandanus, Calophyllum, Eugenia cumini, Eugenia malaccensis, 

Hibiscus, t i l i a c e u s ,  Metrosideros co l l ina ,  and various mixtures of these 

w i t h  each o ther  and with o ther  species.  

region around as f a r  as Hilo, in te r rupted  by new lava flows and v i l lages .  

Its inner  limits a re  doubtful and it  merges with various inland types. 

In  many areas i t  has been replaced by guava f o r e s t  and thicket .  

Hi10 t o  the Waipio val ley and i n  the Kohala area it has been replaced 

by a continuous b e l t  of sugar cane p lan ta t ion  up to  500-609 m level, 

It extends from the Kalapana 

. 

the f o r e s t  pe r s i s t i ng  (unless replaced by guava scrub) ,  only i n  the lower 

courses and mouths of the abrupt stream gorges and ravines tha t  cu t  the 

lavas of t h i s  coast. The mixed f o r e s t  is a l so  found on the f loors  and 

lower slopes of the great gorges of the Kohala M t s . ,  along the north 
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coast ,  where i t  gives way i n  places to  taro culture.  The montane r a i n  

fo re s t  forms a s t r i p  above t h i s  t o  about €200 t o  1600 (or even 2000) m. 

It is a thick fo re s t ,  generally dominated by Metrosideros and i n  many 

areas with a conspicuous understory of Cibot im (tree ferns). 

rain fo res t  extends from i u s t  w e s t  and north of Kilauea t o  the Kohala 

Mounta 

lava flows have-cut across t h i s  fo re s t  they are mostly covered by open 

Metrosideros and Gleichenia. 

This 

but is largely replaced i n  the Waimea area by pasture. Where 
i 

Above the montane fores t ,  s t i l l  on the windward s ide ,  is a b e l t  

of Acacia koa fo re s t ,  with considerab Metrosideros, varying from a 

‘ fo re s t  t o  open park-like areas with patches of f o r e s t  i n  grassland. 

This seldom reaches 2000 m, Usually less. Over large areas i t  has been 

iving way t o  grass 

loca l ly  mixed w i t h  o r  replaced 

i l i w i l i )  pe r s i s t ,  usually 
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southeast  coasts it may reach 300-500 m elevation. Above t h i s  is a b e l t  

s l i g h t l y  more mesophytic, bu t  s t i l l  de f in i t e ly  xerophytic. In some areas 

there may occur an open sclerophyllous f o r e s t  of native trees, mostly 

degraded by grazing. 

Diospyros o r  by a very sclerophyllous form of Metrosideros. Large areas 

have been covered by scrub of Lantana, Leucaena, Schinus t e r eb in th i fo l i a  

or Dodonaea, with Opuntia loca l ly  abundant. Other areas are grassy, 

with He teropogon contortus, Pennisetum setaceum and o ther  introduced 

grasses. 

overgrazed. 

a b e l t  of mesophytic t o  subsclerophyllous trees with few fe rns  o r  epiphytes. 

The latter become more numerous u n t i l  i n  some areas true montane r a i n  

It may be a mixture but  i f  o f t en  dominated by 

Hu& of t h i s  vegetation is used a pasture  and frequently 

It tends t o  be more and more mesophytic upward. F i r s t  i t  i s  

fo res t ,  some of i t  very w e l l  developed, prevai ls .  

out of place i n  a r a i n  shadow, results from frequent convect5on showers, 

which occur i n  the  lee of very high mountains. The grea te r  p a r t  of this 

Such fo res t ,  seemingly 

fores t ,  where the slopes are not  too s teep  o r  the lava too rough, is  

cleared and replaced by coffee plantat ions,  pastures,  and small farms. 

S t r ips  of new lava and older  lava i n  various s tages  of vegetat ional  

development cut  across t h i s  a t  frequent intervals. Metrosideros is the 

pr inc ipa l  tree species i n  

and montane r a i n  fores t s .  

and the epiphytes vanish. 

the succession on lava as i t  is i n  the mesophytic 

Upward the s t a t u r e  of the fo re s t  diminishes 

The montane ra in  fo re s t  is replaced by an 

interrupted b e l t  of open nesophytic fores t .  

of Acacia koa, i n  others  of a mixture of trees, including Myrsine, Santalum, 

Dodonaea, and Xetrosideros. A t  the lower edges, Metrosideros is  dominant 

In  places t h i s  is a f o r e s t  

.. 

with a moist carpet of moss on the ground. Upward the character of the 

fo re s t  becomes more xerophytic and i t  is more or  less continuous, a t  least ,-- 

C# 
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on the  southeast  s i d e  of Mama Loa, with the  koa b e l t  t h a t  extends around 

the  windward s i d e  at  middle a l t i t udes ,  

region, are "kipukas" o r  

Here, espec ia l ly  in t he  Kilauea 

ches of a r i c h  m i  

deeply weathered s o i l ,  surrounded by f i e l d s  of newer lavas,  with koa and 

Metrosideros f o r e s t s  and grass. 

on Puu Huluhulu, i n  

a t  about 2000 m elevation. 

A small kipuka of this s o r t  exists, also, 

Humuula saddle between Mauna Loa and Mauna Kea, 

In the  Kilauea-Kau region, a l so ,  considerable sec t ions  in t h i s  b e l t  

are grassy o r  grassy with sca t te red  trees, very possibly as the  result of 

a long h i s to ry  of grazing. Another conspicuous fea ture  i n  t h i s  same region, 

at  a somewhat low l t i t u d e ,  is the  Desert, an e l l i p t i c a l  area 

ending south and s 

vegetation. Much of 

but t h i s  is scarce1 

The long-continued f t i g g  down-wind 

from the  volcano, o r  s 

uf f i c i en t  t o  explain the general paucity of vegetation. 

f f e c t ,  may be pa r t ly  respon 

r t h  slope of Hualalai has 

rmous area 

a and Wikstroemia; 
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some areas are dominated by *Pennisetm setaceum; mostly i t  is a mixture 

of introduced pasture  grasses. The pastures extend f a r  up the  slopes of 

&una Kea and w e l l  around on its vindward slopes.  i . . i  

On t h e  Humuula Saddle and down toward Waimea are areas of tussock grass  

and of open scrub of Chenopodium oahuense. This vegetat ion is now much 

to rn  up by mi l i t a ry  maneuvering with heavy equipment. Much of  the area in 
. 

the  Saddle, itself, is covered by f r e sh  lava flows, one as recent as 1935 

and bare  vegetation. 

The four l a r g e  mountains on t he  i s land  are s t r i k i n g l y  d i f f e r e n t  in 

t h e i r  vegetat ional  aspects ,  as w e l l  as geologically.  

The top of t he  Kohala range is  covered by very low w e t  f o r e s t s ,  bogs 

and i nc ip i en t  bogs. 

I s  abundant at the  heads of these gorges, Gumera, also,  as w e l l  as a r i c h  

shrubby f lora .  

The windward s i d e  is cut  by spectacular  gorges. Sphagnum 

v 

Hualalai is a cl inkery mass of cinder and s p a t t e r  cones, lava flows, 

and ash beds. 

Coprosma, Dodonaea, Wikstroemia, and S a n t a l u m ,  in varying proportions,  

with sca t t e red  Sophora, Myoponrm, and Metrosideros trees, and patches of 

fo re s t  of these species. 

The vegetat ion is an open high a l t i t u d e  scrub of Styphelia,  

Some of the  upper cones and lava are almost bare. 

&una Kea is surrounded, between 2000 and 3000 m, by a b e l t  of f o r e s t  

o r  open woodland o r  parkland of Yyovorum and Souhora, v iv id ly  described, 

both in its o r ig ina l  state and present degraded condition by Warner (1960, 

see above). Mixed with t h i s  woodland, and above it ,  are areas of scrub of 

Styphelia,  Vaccinium, Geranium, Dodonaea, A d  Coprosma. 

a higher a l t i t u d e  on t h i s  mountain than elsewhere, possibly because the  

* 

The scrub reaches 
* 

substratum is pr inc ipa l ly  of ash. 

landscape in the  summit area (Hartt and N e a l  1940). 

Above the  scrub is an almost bare  volcanic 
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Mama Loa, on the other hand, has what is essentially a timber line 

between 2000 and 2300 forest reaching a bit 4 d  
higher. 

Sophora. 

above the forest and in interruptions in it. 

Mauna Loa, however, is covered by barren slag-like lava flows, with 

The upper forest may be of koa, Metrosideros, or of Myoporum and 

In some areas the typical scrub of high altitudes is well developed 
* Most of the vast dome of 

* 

phytic moss, ferns and rufts of grass in the crevices (Fosberg 1959). 

In kipukas above the forest, surrounded by lava, are patches of scrub. On 

w surfaces pl 

The most interesting vegetational 

lava flows of different ages 

rd and leeward slopes, and in 

d briefly. Several preliminary 

1; Robyns and Lamb, 1939; Doty, 

only indicated how diverse are the 

uccessions involv s to generalize effectively about 

the development of vegetation is 

rimary tree colonist is Metrosideros 

ion of lehua develops 

stages of ferns, lichens, 

ally may be rather open, and ther 

mmonly soon occupied by 

s may be replaced 

lops and may 

er, more meshophytic trees 

come in, and the typical mixed mesophytic forest develop on moist, and W 
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montane rain f o r e s t  on w e t ,  flows. In d r i e r  areas the  o r i g i n a l  

of Metrosideros may p e r s i s t  indef fn i te ly ,  o r  perhaps may be replaced by 

dry sclerophyl l  fores t .  There are no observations t o  subs t an t i a t e  any 

conclusions about succession on t he  dry flows except t h a t  it is exceedingly 

slow. 

I IS- OF MAUI: Maui, with its two high volcanic domes connected by 

a very low isthmus, might almost be regarded as two is lands.  

m c h  o lde r  and more deeply eroded of t he  two, and is only 1762 m high. 

There has been no volcanic a c t i v i t y  since late Pleistocene. 

West Maui is 

East Maui, of 

Haleakala, on the  o ther  hand, reaches 3139 m and has  been the  si te of lava 

flows probably as late as 1750. It st i l l  shows l a rge  exposures of scarce ly  

o r  s l i g h t l y  weathered lava and ash. Its upper p a r t s  extend above the  level 

of t r ade  wind rain and on i ts  leeward south s lopes the  rain-shadow e f f e c t  

is s t rongly developed. v 

The windward north and east slopes of Haleakala are w e t  and densely 

forested,  up t o  a l t i t u d e s  

r a i n  f o r e s t ,  except below 300 m and above 1800 m, where the  lehua f o r e s t  i s  

p a r t l y  replaced by the  somewhat less hygrophilous koa fores t .  

of 1800 t o  2100 m, with w e l l  developed montane 

This fores ted  

region extends around the east end of the  i s land  and on the  south s lope almost 

t o  the  Kaupo Gap, where i t  gives way abruptly t o  grass.  The gulches, in t h e i r  

lower p a r t s  are mostly f i l l e d  with Aleuri tes  (kukui) f o r e s t ,  and in t h e i r  

mouths by mixed lowland fo res t ,  which a l s o  extends a l l  along t h i s  w e t  coast  

i n  the lower 100 m o r  so. 

of the Pandanus f o r e s t  phase of t h i s  mixed type. 

lower slopes,  and in places up t o  300 m, have been cleared and converted t o  

pasture,  much of which i s  stronglyinvaded o r  occupied by Psidium guajava. 

Near Keanae are lowland marshes used f o r  Colocasia ( ta ro)  cu l ture .  

f 

Northwest of Hana there  are some f i n e  examples 

Considerable areas  of these * 

- 

LJ 

r 



The w e s t  slopes of Haleakah, up t o  1800 t o  2000 m, have been 

Of exotic 
almost completely conver .u 

ts, or ,  a t  very low elevat ions,  t o  pineapple plantations.  

The south slopes,  below 1500 m, are mostly barren lava beds, with sparse  - 
sorry remnants of the once extensive dryland 

the roughness of the lava has - 
t o  some extent  discour 

lava beds, on southwest corner, even though much more gently sloping 

t ion.  Going north along 

ar Prosopis fo re s t ,  and 

t h  areas of Lantana scrub 

d s ide  and 1800 t o  2000 m on the 

o s t  famous vegetational fea ture  

se scrub, and near the 

- 

J 

d by Prosopis fo re s t ,  

W except f o r  the towns and an area of salt  marsh around Kealia Pond on t he  
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south side.  

The lower north slopes of West Maul are i n  lush green pasture  

except f o r  the deep wooded gulches which radiate ou t  from the high mountain 

mass. The south slopes of West Maul, up o 1000 m o r  more, are extremely 

barren and ser iously eroded. i n  a foot- 

hold, with brush i n  the gulches. 

Some grass and b i t s  of scr 

This barren area extends around somewhat 

onto the east and w e s t  s lopes,  Above t h i s ,  and above the  plantat ions 

and pastures,  t h e  mun ta in  is  covered by thick, soaking montane r a i n  fores t ,  

the w e t  c l i f fs  are too s f o r  more than th in  scrub, and 

on the f l a t  o r  gently sloping summit 

are extensively developed open bogs. 

stupendous erosion features, and form on of the richest botanical  regions 

i n  the islands.  

uppermost r idges,  where there  

These West Maui mountain 

ISLAND OF OAZIU: Oahu, t h i rd  l a rges t  of the Hawaiian &lands, i s  -- 
made up t o  two old volcanic domes, both apparently dawn-faulted on t h e i r  

seaward s ides ,  leaving tremendous c l i f f s  facing the sea and gent le r  slopes 

toward the depression tha t  separates  them. The topographic expression 

of these domes takes the form of two roughly p a r a l l e l  mountain ranges, 

the Waianae Range on the w e s t  side, the Koolau Range on the east, trending 

northwest-southeast. The GJaianae Range is older,  higher,  and much more 

rugged, almost skeletonized by headward erosion. 

Kaala, is f la t  topped and 1227 m high. The Koolau Range lower, reaching f 

946 m i n  Puu Konahuanui, back of Honolulu. 

windward s ide ,  facing generally northeast ,  are t ru ly  spectacular.  

vegetation of Oahu, except above about 500 m i n  the Koolau Range 

a few steep slopes i n  the Waianae, has been completely a l t e r ed  by man. 

Its highest peak, Puu 

The f lu ted  c l i f f s  along i ts  
I 

The 
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I n  the Koolau Range, a t  middle a l t i t udes  where the slopes are not 

ac tua l ly  c l i f f s ,  the f o r  ane r a i n  fores t ,  domi- 

nated by Metrosideros. Landslide scars, covered by 'Gleichenia Linearis, 

are very common and show a l l  stages of succession back t o  fo re s t ,  Above 

t h i s ,  along the main crest and down sane distance on the long ridges,  is 

scrubby cloud fo res t ,  and on some peaks 

dwarfed vegetation approaching bog conditions, A t  the head of Kaipapau 

Valley i s  a small bog that has  some of the spec ia l  bog p l an t s  otherwise 

found only on the other  is lands (Fosberg and Hosaka 1938). 

is w e l l  developed 

The windward c l i f f s  , continually drenched by orographic trade wind 

and covered by clouds, are 

dges and i n  t i ny  hanging 

Aleuri tes f o r e s t  and Me t ro s id  

h h y t i c  p lan ts  as h i s ,  i n  the val ley bott 

mixed lowland fo res t  , with 

the mountains, indica (mango) loca l ly  abundant, Pandarus, 

, Psidiumguajava, and Eugenia cumini nearer  the malt .  

Ridges t h a t  separate these valleys,  where they run down toward the coast, 

scrub, or  c loser  t o  the coast, 

with Lantana and Leucaena scrub. 

loped mangrove 

A t  

1 dunes, with an 

tions. The tuf f  

er  dry and the 

e marshes and ponds along 

the windward coast  thave been f i l l e d  o r  dredged out, but Kawainui marsh 
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l 

is  s t i l l  f a i r l y  extensive. Its o r ig ina l  vegetation, hmever,  is e n t i r e l y  

I gone, replaced by a s o l i d  stand of PAnicum.purpurescens, which is grazed , 
I 

by cattle. 

tuf f  cones, bu t  one o r  ttio remnants of elevated reefs, preserve bits of 

nat ive vegetation o r  a t  least a few native species. 

protected as b i rd  refuges, though the  protect ion is not very e f fec t ive .  

Toward the  east end of tho range conditions, on both s ides  of the 

A number of s m a l l  islets along the windward coast ,  mostly 

Most of them are 

, 

muntains  become d r i e r  and the vegetation becomes xerophytic. 

scrub, Heteropogon grassland, and Prosopis cover much of the ground 

(.Egler 1947). 

t ha t  formerly w a s  dominant. 

Lantana 

Scarcely a trace remains of the dryland sclerophyl l  fo re s t  

On the leeward s ide  of the Koolau Range, below the lehua fo re s t ,  
I 

koa fo re s t  and possibly extensive areas of mixed mesophytic f o r e s t  for- 

merly occupied la rge  areas. 

bf the narrow ridges. 

have been almost e n t i r e l y  cleared f o r  pineapple f i e lds ,  and, i n  t h e i r  

lower pa r t s ,  sugar cane. 

A l i t t l e  koa remains i n  gulchesand on some 

The f l a t t e r  remnants of or ig ina l  lava flow slopes 

I Some traces of nat ive vegetation remain i n  the 

I gulches. In  the koa b e l t  the gulches are f i l l e d  with Aleurites fo re s t ,  

which stands out  against  the s teep valley w a l l s  because of i ts pa le  green 

color. 

are now occupied by the City of Eonolulu nad i ts  suburbs, and other  towns. 

Large areas on the leeward slopes and on the f l a t t e r  land below 

Much of t h i s  land w a s  formerly grassland, probably Heteropogon, which now . f  

only remains on s teep lava c l i f f s  and tuff  cone slopes. 

too steep f o r  houses, have Leucaena and Schinus scrub. The lowest and 

dryest  areas, where not covered by houses, are mostly Prosopis fores t .  

Middle slopes, 

3 

Some, such as on Koko Head, are so eroded t h a t  almost no vegetation remains. 
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The Waianae Range, mostly i n  the r a i n  shadow of the Koolau, is much 

d r i e r  and has montane r 

small plateau and upper s lopes of Puu Kaala. 

almost swampy fores t ,  but has been a l te red  by mi l i ta ry  establishments 

fo re s t  only on the . W  

. the introduction of the blackberry, Rubus penetrans, wh&ch makes 

Some of the s teeper  slopes and hanging va l leys  on the pr ickly tangles. 

s ides  of the Waianae M t s .  still  r e t a in  f ine  mixed mesophytic forests .  

Most of them however, have been ser iously a l t e r ed  by grazing and the fo re s t s  

are in a degrad 

ti&. 

the lower slopes. 

II 

condition o r  have been changed by attempts a t  reforesta- 

Large areas are covered by Lantana and guava scrub especial ly  on 

occupies many of the 'gulch 

t covered by tary establishments ot' sugar and pineapple plan- 

r d  s ide  have 

vegetation. On tihe Ewa Coral 

fo re s t  with areas 

- above the oro- 

i p i t a t ion .  Kauai 
* 

condition. . u  
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The top of the dome is covered hy cloud fo res t ,  very decadent where 

the terrain is f la t  or gently sloping, and with extensive bogs @ell ing  

1948). 

w e s t e r n  slopes,  some exce l l en tkoa  forest .  

Below the cloud f o r e s t  is montane ra in  fores t ,  and on the higher 

The val leys  on the north s i d e  

are the same s o r t  of stupendous gorges t h a t  are seen on other  high windward 

coasts,  with w e t  c l i f f  vegetation, i n  some of the va l leys  much damaged 

by goats. 

of these feral animals. 

lowland fo res t ,  and its Pandanus and Iiibiscus tiliaceus phases are a l so  

f 

Kalalau Valley, especial ly ,  has suffered from the depredations 

In the bottoms of the val leys  are areas of mixed 

5 

abimdant on the bases of the  clfffs above the  shore. Efadalei Valley has  

extensive rice and t a ro  fields occupying former marshes. Many of the more 

moist lower slopes on the eas te rn  s ide  of the is land are of bauxitic s o i l ,  

too sterile f o r  successful  plantat ion agricul ture .  

a poor pasture vegetation with much scrubby Melastoma, guavalscrub, and, 

especial ly  i n  ravines, a phase of the mixed lowland f o r e s t  with Pandanus, 

Eugenia cumini, Psidium guajava, and - P. cattleianum, the two lat ter fre- 

quently forming pure forests .  Leucaena leucocephala is  abundant, as is 

They are covered by 

Lantana camara. The vegetation of these bauxi t ic  s o i l s  is being studied 

by komaw and Takahashi (1960) and some experimental work is being done 

on revegetation of denuded areas. 

The Eaupu Range, one of the subsidiary domes, on the southeast  

corner of the is land,  is p a r t i a l l y  denuded, but has extensive Lantana 

scru6 and Aleurites fores t ,  as w e l l  as guava thickets.  The south slopes 

of the mountains have pasture j u s t  below the fores t ,  and the lower pa r t s  

are extensive sugar cane plantations. The coastal  s t r i p  is dry and has 

I 

ome large areas of Prosopis forest .  In places plantat ions approach very 

close to  the shore. On the w e s t  s ide,  back of a broad s t r i p  of Prosopis. __ 

b 
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fores t ,  rise bare grassy s i .  

o r  perhaps covered by Heteropogon and xerophytic shrubs even i n  pre- 

European times. Now overgrazing and erosion have made the slopes f a r  

Upward the grassland gradually merges i n t o  scrub and i n t o  

The south slopes of the m a i  

i n t o  tremendous gorges, r i va l ing  

much d r i e r  and with less vegetation. 

as the Grand Canyon of K a u a i .  The w 

the ledges, t iny s t r i n g s  of k 

the upper p a r t  of the valley are 

forest .  

e on the north slope in size, but 

Waimea Canyon has been referred to  

are thinly grassy, with wcrub on 

ores t s  and some mixed lowland 

Further down, the w a l l s  are covered by thin Leucaena scrub, and 

some Heteropogon the lower par t s  of the val ley 

fo re s t s  and pas with, i n  some argas, cane 

plantations.  

has been much exploration of Kauai from a f l o r i s t i c  stand- 

very l i t t l e  has been w r i  



179 

Brachytrichia 
Catothrix 

Representative Algal Genera 

S. E. Oahu (Reef Area) 

Cyanophy ta 

Entophysalis 
Lyngbya 

Phonnidium 
Rivularia 

Acetabularia Dictyopheria Struvea 
Boodlea Enteromorpha Udo tea 

Chlorophyta 

Caulerpa Halimeda Ulva 
Cladophora Neomeris Valonia 
Codium Siphonocladus 

Phaeophyta 

Colpomenia 
Die tyo ta 
Ec tocarpus 
Hydrocla thrus 

Acan t ho pho r a 
Actinotrichia 
Amansia 
Amphiroa 
Asparagopsis 
Botryocladia 
Cen troceras 
Chondrococcus 

Padina 
Ralf sia 
Rosenvingea 
Sargassum 

Rhodophy ta 

Dasya 
Galaxaura 
Geldium 
Eialoplegma 
Hemi trema 
Hypnea 
Jania 

t 

Sphacelaria 
Turbinaria 
Z&aria (incl. 
Pocockiella) 

Laurencia 
Liagora 
Plocamium 
Porolithon 
Tolypoiocladia 
Wurdemannia 



S.  Kona Coast H a w a i i  (No Reef) 

6d ~ Cyanophyta 

En t ophys a l i s  Rivularia 
Scytonema Brachrichia 
Calothrix Lyngbya * 

Chlorophyta 

- Enteromorpha Codium 
Ulva 
Halimeda 
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C. FAUNA 

1. 

- 
ANCIENT AND RECENT VERTEBRATE LIFE 

The fact t h a t  t h e  Hawaiian Ar.chipelago is i so l a t ed  by open ocean is 

the  most important f ac to r  i n  t h e  development of p reh i s to r i c  animal life. 

B i r d s  const i tuted t h e  pr inc ipa l  ea r ly  immigrants, hence it is s igni f icant  

t ha t  t h e  only unquestionably nat ive mammal is the  H a w a i i a n  bat  ( L a s i u r u s  

semotus) . 
Ancient b i rd  l i fe  originated from many points  of t he  compass. The 

ancestors o f t h e  honey creepers probably 

the  honey eaters are s imi la r  t o  those found in  A u s t r a l i  

A later a r r iva l ,  t he  predecessor of t he  present species 

also considered Australian i n  origin.  

r e l a t ed  t o  Polynesian, Melanesian, and Malaysian species.  e non-migra- 

t o ry  goose (Branta s'andvicensis) and duck (Anas p l a t ~ h ~ c ~ s  W i I l i a n a )  

New 

The thrushes seem most.closely 

L' 

closely resemble the  Canada Goose and Mallard i n  s t ruc ture .  The sub- 

specific coot (Fulica americana a l a i )  and ga l l inu le  (Gallinula chloropus 

sandvicensis) are similar t o  the  North American types. The d i s t i n c t  

Hawaiian st i l t  (Himantopus himantopus knudseni) i s  most l i ke ly  derived 

from an American ancestor which in  pre-h is tor ic  times found it unnecessary 

t o  migrate t o  survive. 

are sub-species of birds  with world-wide d is t r ibu t ion .  

The sea birds ,  and owl (Asio - flanuneus sandwichensis) 

The na t ive  crow 

(Corvus tropicus) is similar i n  appearance t o  the  Australian crow. The f 

hawk (Buteo s o l i t a r i u s )  is considered closely r e l a t ed  t o  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 t h a t  a l l  of t he  diverse forms of land 

birds may have evolved from as few as 16 or ig ina l  immigrants. The 
L' 
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Hawaiian honey creeper family (Drepaniidae), with members whose b i l l  

ctures vary from th ick  and f inch-l ike t o  sickle shaped, may have 

originated from a s ingle  ancestral  type. Another f ac to r  i n  t h i s  unusual 
*61 

w 

I 

and p i n t a i l s  (has acuta) with a 

sp.) , turning up each 

of shore b i rds  have been seen over 

ing ta t t l e r  {Heteroscelus 

on house mouse (=musculus). Before the  a r r i v a l  of the  first 
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white explorer at least one species of gecko and one skink were extant  on 

Hawaii. 

l i ke ly  arr ived with the  Polynesians. 

These were of a var ie ty  common t o  the  South Sea area,  and very 

I 
The la rger  domestic animals were brought i n  pr imari ly  as g i f t s  f o r  

royal ty  by the  first explorers. In  some cases the  chiefs, not  knowing 
t 

of t h e i r  usefulness, placed a "kaput? on them and they w e r e  free t o  rever t  

t o  a wild state. Captain Cook introduced an English breed of goat i n  * 
778, and at t h e  same time left  a t y p e  of pig which readi ly  crossed with 

a i i an  variety.  Domestic sheep (probably a Nerino breed) and cattle 

were landed at Kealakekua i n  i 4 by Vancouver. Horses 

t o  the Island of Hawaii i n  1803. 

were unres t r ic ted  by fences and with vast  wild lands t o  roam in, soon 

multiplied and became ser ious problems i n  the  na t ive  fores t s .  

In  most cases these domestic animals 

Frogs and toads were introduced from Japan and America as ea r ly  as 

1867 by the  Royal Agricultural  Society. 

except f o r  a secre t ive  bl ind snake and of course various species  of  

sea snakes. Skinks and geckos i n  addition t o  those mentionad ahove 

were probably introduced accidentally on shipping and there  are a t o t a l  

of 7 species now recorded. 

There are no snakes i n  H a w a i i  

Domestic cats probably arr ived on the  first shipping, and a r e  common 

on all  the major islands i n  a wild state. 

on ground nest ing birds.  

only weasel-like animal in H a w a i i ,  w a s  introduced from Jamaica,. West 

They are an important p 

The Indian mongoose (Herpestes gr iceus) ,  the  
7 

Indies, i n  1883 t o  r i d  the  sugar cane f i e l d s  of rodents. In  a sh 5 

it w a s  found t h a t  not only were they inef fec t ive  but t h a t  they were pes t s  

t o  poul t ry  farms and wild birds. 

except Kauai where they were prohibited entry.  

They are  found on a l l  the  main is lands 

The Norway rat (Rattus 

L+ 
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norvegicus) , black rat (Rattus rattus ra t tu s )  and white-bellied rat 

(Rattus r a t t u s  arrived on the  first shipping. As i n  

other  areas t h  e pes ts  t o  foodstuffs and carriers of disease. 
*&r 

Although r abb i t s  have been very careful ly  excluded from the  main 

W islands,  Belgian Hares and other va r i e t i e s  have been established on 

"Rabbit Island" of f  Oahu since 1903. 

in  the  middle 1 

e control of noxious insects ,  and f o r  e s the t i c  reasons. 

The earliest established game bird (1875) was the  Chinese ring-necked 

is now common on a l l  the  major 

pheasants (Phasianus 

later f i l l e d  a wetter habi ta t .  

From a re lease of 40 chukar par t r idge  

The 

. 
1949, t he  populationd exploded 

found most abundantly i n  the  

mountainous areas of H a w a i i  and Maui. Other important game birds  which 

ca l i forn ica  ca l i forn ica) ,  

, Barred dove (Geopelia striata 

chinensis) and feral 

8 a1 ea t  a) were i n t  r o  - 

tristis) which was in t ro-  

n i sor ia )  escaped from cages and have since become a nuisance t o  crops. 
W 



185 

Almost a hundred birds  have been introduced t o  H a w a i i  from a l l  over t h e  

world with varying degrees of success. 

include t h e  English skylark (Alauda arvensis arvensis) from New Zealand, 

white-eye (Zosterops palpibrosus j aponicus) f r o m  Japan, Peking night ingale  

(Liothrix lutea) from China, l inne t  (Carpodacus mexicanus f r o n t a l i s )  from 

California,  and, inevi tably,  t h e  English sparrow (Passer domesticus). 

A few important establishments 

The introduct ion of these b i rds  had an undesirable effect on t h e  

na t ive  song birds ,  pa r t i cu la r ly  t h e  highly spec ia l i z  

and honey eaters. Changing land usage and exot ic  diseases contributed 

t o  the  ex t inc t ion  of many native forms. The mamo (Drepanis pac i f i ca ) ,  

00 (Moho - nob i l i s ) ,  moho (Pennula sandwichensis) and probably o thers  are  

considered extinct. However, on t h e  Is land of Kauai, it has recent ly  

been determined t h a t  there  are no ex t inc t  species-an exc i t ing  discovery. 

The Islands at the  present  t i m e  number over 70 species  of  birds found 

nowhere else in t h e  world including t h e  hawk, crow, goose, thrush and 

f lycatcher  . 
If lef t  t o  time alont  it is ce r t a in  t h a t  many land f o p s  of  b i rds  

would never reach H a w a i i .  The introduction of  exot ic  b i rds  and animals 

t o  Hawaii continues i n  an e f f o r t  t o  f i l l  voids i n  t h e  habi ta t  f o r  t h e  

benefi t  of sportsmen and ag r i cu l tu r i s t s .  

cola) has been released on the  Is land of  H a w a i i  t o  fu r the r  combat rodents. 

The ca t t le -egre t  (Bubulcus ib i s )  has been introduced t o  ge t  r i d  of insects 

associated with l ivestock. 

including the  bobwhite (Colinus virginianus texanus). 

The barn owl ( t y t o  - a lba  pratin- 

r 

A long list of game birds  a re  being t r i e d  

Gambel's qua i l  

(Lophortyx gambeli) , Reeve's pheasant (Syrnaticus reevesi)  , Barbary 

par t r idge  (Alectoris barbara barbara),  Rio Grande trukey (Iceleagris 

Sallopavo), and various pr iva te  i n t e r e s t s  a r e  importing these  birds  

L d  



186 

mainland game farms or d i rec t ly  from t h e i r  nat ive country, and none are 

considered established et. k, 
Big game animal introductions a l i t t l e  more d i f f i c u l t  t o  Plan, 

as landuse conf l i  en prohibi t  entry. 

musimon) and North American prong 

s s f u l l y  released recent ly  on 

* 

I 

Mouflon is be i  

omestic sheep have ravaged 

many pa r t s  of the  fo re s t  desp 

t h a t  t he  new hybrid w i l l  be less detrimental t o  the  f lora .  

The most successful large mamma import t o  date  is the  Axis deer 

(Cervus 7 axis) introduced t o  Molokai 

1920. 

i t s e l f  i n  most cases t o  the  hot open lowland fo res t s  of these islands.  

Although transplanted t o  Maui i n  1959, it is  not yet established there.  

68J and to Lanai 'Onetime after 

A beaut i ful  spotted deer of t 

p t  i n  i so la ted  instances t h i s  animal is nowhere a problem and limited 

ing seasons are opened each year. 

t e d  one of the  most 

r l d .  With the  advent 

educed i n  numbers, or 

u t  i n t o  effect  

before any fur ther  str ict  quarantine against 

n the existing wildl i fe ,  

the  prevention of fur ther  extinction of primitive forns i f  being effected.  W 
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2. LAm MOLLUSCA 

The endemic lan molluscan fauna of Eawaii is represent 
' U  

the families idae, Helicarionid ¶ Endodontidae, 

Achatinellidae including Tornatellininae, Amastridae, Pupillidae, 

Hydrocinidae. Over 1,000 endemic forms comprise 

I these families . 
A few forms which were introduced accidentally or on purpose 

compose a minor but economically important part of the lowland fama. 

Veronicella leydini, , Deroceral laeve, 
and Philomycus 

the lantana 

and the rat, 

activities. 

w 
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kolea (-sine), lehua (Metrosideros) , kukui (Aleurites) , a l a n i  

(Pelea) , ti  vordyl ine)  , olomea (Per ro t te t ia )  , k a l i a  (Elaeocarpus) , 
kanawau (Broussaisia), manono (IGouldia), and p i l o  (Coprasma) among 

na t ive  p lan ts ;  grava and waivi, two forms of Psidium, immigrant. 

The ground-dwelling s n a i l s  use the f a l l e n  dr ied  leaves of these 

and other  p lan ts  and their twigs and trunks i n  their decaying s tages  

as shelter and feeding grounds besides the usual t a lus  and o ther  

cover 

The endemic snails are thought t o  subs i s t  on algae and fungi 

and the term "host plant" should not mislead t h e  b io logis t .  

The genus Achatinella i s  confined t o  Oahu where it may be found 

together with Auriculella,  Leptachatina, Amastra and Philonesia.  

Its congeners Partulina, Perdlcel la ,  and Newcombia are scattered 

on a l l  the remaining outer  i s lands  except Kauai, Niihau, and perhaps 

Kahoolawe. 
I 

3. MARINE FAUNA 

OAHU EXAMPLES - 
The coas t l ine  of Oahu a t  Black Point cons is t s  of a b a s a l t  out- 

crop massive blocks f ront ing  d i r e c t l y  on the  sea. The b a s a l t  blocks 

are interrupted by t idepools of varying s i z e  and small, rubble- 

surfaced coves. 

The dominant faunal element of t he  spray zone are the  molluscus. 

Populations of L i t to r ina  pintado Wood and Nerita picea Recluz are 

conspicuous, and occasional specimens of Siphonaria normalis Could 

a l so  occur here. The grapsid crabs,  Grapsus grapsus tenuicrastatus  
t 

(Herbst) and Pachygrapsus p l ica tus  (Milne EdwarCs) scurry over the 

rocks, and associated w i t h  them seaward is Planusia depressa 

L 2  tuberculata (.Lamarck) 
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The tidepools harbor a r i c h  and varied fauna. Of the coelen- 

terates, the sea anemones Marchanthea cookei Verrill and Bunodactis 

nigrescens (Verrill) , 6py sandy bottoms revices  respect ively;  

and the “soft”  cora l ,  Zoanthus 

of pools 

Ely, Amphiura immira Ely, and, beneath small clumps of algae,  

Verrill coats  the s ides  

Eichinoderns include the ophiuroids D i s  t ichophis c l a r c k i  
I 

‘I 

are the  black Holothuria - atra Jager and the brown and white Actinopyga 

Ophiactis savignyi (Muller and Troschel). Commonly found holothurians 

mauritiana (Quoy and Gaimard). Tidepaol molluscs include several 

Brug., - C. l i v idus  Hwass,  and - C. f lavidus Lam., and two species  of 

Cymatium, - C. chlorostoma Lam. and - C. pileare Linn. Beneath loose 

rocks are the gastropods Pe r i s t e rn i a  Sowerby and - Mitra 

loose rubble and i n  

enteropneust Ptychodera flava laysanica Spengel occurs. 

are represented by the colorf bandana prawn, Stenopus hispidus 

empty gastropod 

. Milne-Edwards) , 
* 

C. o r i e n t a l i s  D and Thalamita be exercised 

& 

paci f ica  Kinberg 

known species.  I s t ib lennius  - zebra (Vaillant and Sauvage) occurs i n  

w 
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REPRESENTATIVE BIRDS 

FOREST AND HIGHLANDS 

(Scientific names from Peterson, 1961, Field Guide to Western Birds) 

Apapane (Himatione sanguinea) 
, Iliwi (Vestiaria coccinea) 

Amakihi (Loxops virens) 

Creeper (Loxops maculata) 

Elepaio (Chasiempis sandwichensis) 

Introduced Species 

Red-billed Leiothrix (Leiothrix lutea), SE Asia 

White-eye (Zosterops japonica), Japan 

Spotted dove (Streptopelia chinensis), Asia 

Barred dove (Geopelia striata), Malaysia 

Booby colony at Ulupau Head; Moku Manu-Sea Birds 

Booby (Sula sula) 

Brown Booby (Sula - leucogaster) 
Frigate bird (Fregata minor) 

Sooty tern (Sterna fuscata) 

Possibly Albatross (Diomedea nigripes ) and others 

Shore and Water 

Hawaiian Stilt (Himantopus mexicanus) 

Golden Plover (Pluvialis dominica) 

Turnstone (Arenaria.interpres) 

Tattler (Heteroscelus incanum) 

Sanderling (Crocethia - alba) 

Black Crowned Night Heron (Nycticorax nycticorax) 

Possibly ducks and others 
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MAHMAL,S AM) REPTILES OF THE KONA AREA, HAWAII 

MAMMALS 

urus semo 
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CHECK LIST OF MARNE INVERTEBRATES KONA AREA, HAWAII 
. .  

i coas t  - SPECIES 

Coelenterates 
Pocillopora damicornis 
Pocillopora meandrina 

Por i tes  sp. 
Dendrophyllia mapni 
Cyphastrea ooe l l ina  

var. nob i l i s  

- 

Inlet Tidepool - S ub-t i d d  

X 
s 

t 
X 
X 
X e 

Porif  o ra  
Spiras  trella keadceha 
Black Sponge 

Annelids 
Terebel l id  
Eruythoe sp. 

Mollusca - Gastropods 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 

Bursa bufonia 
Cerithium aesioticum 
- 
Conus abbreviatus 

I* distans 
" heb raeus 

" l i v idus  
imperialis 

nanus 
rattus 

" vermiculatus 
C y m a t i u m  chlorostoma - Pemmatum 

0 

I? 

1? - 

- 
X X 

X 
X 

X 

i s a b e l l a  
moneta 
reticulata 

?? 

?I 

Drupa morum 
~ - r i c i n a  

X 
X 

' X  
X 
X 
X 
X 

X z 

5i - 
Morula ochrostoma - tuberculata  
Natica machrochiensis 
Nerita picea 

X 
X 

x 
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. Peristernia chlorostoma X 
Phenacolepas sp. X 
Rhizochilus madreporum X 
Siphonaria sp .  X 
Strombus maculatus X 

X X 
X 

Vexilla taeniata X 

Mollusca - Opisthobranchs 
Haminoea crocata X 
Hexabranchus s p  
Hydatina amplustre 
Micromelo gramens is 

?follusca - Lamellibranchs 

X 

X 
x 
X 

X 

X 

Actinouyna mauritiana X 
Chiridota ri i ida 

X 
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SPECIES 

Echinodermata - Ophiuroidea 
Ophiocoma erinaceus 

pica 18 

Arthropoda - Crustacea 
Carpiloides b e l l a  - 
Grapsus grapsus 
Leander deb i l i s  
Leptodius sanguinensis 

I 
Psetadbsguilla ciIiata 
Stenopus hispidus 

Arthropoda - Cirr ipedia  
C thalamus hembeli 

Unidentified purple sp. 

Bryozoa 
Loxoxoma sp. 

Fishes 
Abudefduf abdominalis 
Acanthurus t r ios tegus  
Aprion v i res  cens 
Bothus sp. 
Cantherines sandwichensis 
Chaetodon f re& lii 
Dascyllus a l b i s e l l a  
Myripustis murjan 
Naso unicornis 
Os t racion cubicus 
Polydactylis s e x f i l i s  
Priacanthus cruentatus 
Selar crumenopthalmus 
Sphyraena h e l l e r i  
Thalassonia umbrostigma 

- 

- 

Tidepool 

X 
X 

X 

X 
X 

X 

X 
X 

X 

, - - a  coast  Sub-tidal L.' - Inlet - 
X 
X 

x 

X 

X 

X c 

X 
x 

3 

X 
X 

X 
x 
X 
x 
X 
X 
X 
X z 
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shoreward pools with the gobies Bathygobius fuscus fuscus (Ruppell) 

and Kellogella oligolepis CJenkins). Enromacrodus marmoratus (Bennett) 

i s  found where there is  some surf. Other forms commonly encountered 

are jwenild specimens of Acanthurus sandvicensis Streets, Abudefduf 

U 
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HAIJAII'S INSECT FAUNA 

Insects  probably f i r s t  reached the  Hawaiian Is lands soon d; 
after plants Secsme establ ished more than 10 million years ago. 

Perhaps a s t r a y  b i rd  or  winds brought the  f i r s t  seeds t o  the  new 

born islands.  As the  p l a n t s  became es tab l i shed  and s u i t a b l e  
0 

hab i t a t s  developed, insects began t o  a r r i v e  from the  w e s t  by c 

accidental  means. 

place. 

Through the  succeeding years many changes took 

Xew p lan ts ,  insects and o ther  a n i d s  a r r ived ,  o r i g i n a l  

rants evolved i n t o  enaemic species ,  new i s lands  grew from 

old ones eroded and disappeared beneath the  sea and the  

chain with i t s  b i o t a  slowly g rew t o  the  southeast  and died i n  

the  northwest . 
The changes must have taken place a t  a slm-, l e i s u r e l y  

rate t o  produce one of t he  most unusual f a u n i s t i c  assemblages 

present upon the face of the earth. 

come more rapidly as man has set upon the  i s lands  and turned the 

But recent ly ,  changes have 

land t o  hisown use. The e f f e c t s  upon the  na t ive  p lan ts  and in- 

sects have been disastrous.  They have been unable t o  withstand 

these changes - both physical changes of the land and the 

competition from introduced organisms. 

b io t a  is irrevocably l o s t .  

Today much of the  o r i g i n a l  

It is in the  higher mountains t h a t  
5 

the  na t ive  Hawaiian p lan ts  and animals have managed t o  persist. 

Only a few na t ive  specie$ have been abbe t o  withstand the  onslaught 42 

of man's a c t i v i t y  in the  lower, accessible  lowlands. To see the 

species t h a t  make H a w a i i  unique, one m u s t  now go t o  the mountain 

fo re s t s  . 
L d  
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There are over 5000 species of insec ts  i n  Eawaii. They are 

not representat ive of cont inental  groups, but  are random samples 

t h a t  were able  t o  make the  oceanic voyage and gain a foothold i n  

the is lands.  The fau an unbalanced (0 armonic) one with 

many orders not represented i n  the nat ive 1 

the  world orders of insects are not f 

Many of the l a rge r ,  

e phasmids, mantids, s tonef lies, 

caddis f l ies ,  and many others ,  i n  Hawa is is disappointing t o  

na t ive  forms should more t 

l ec ted  specimens. 

Tropical Asia. 2 

Insects Monograph 

ities on Pac i f i c  

or ig ins  of the H 

may have been a 

t i o n  on the body of b 

f e e t  o r  with 

on boats,  ships  and planes both as accidental  and purposeful intro-  
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ductions. 

indicates  t he  first method t o  be  most important. 

the d i r ec t ion  of 

The predominance of small  insects w i t h  low s p e c i f i c  gravity 

Recent work under 

Department, Bishop Museum, has taken insects f a r  a t  sea i n  ne ts  

aboard sur face  vessels and i n  a special ly ,designed a i rp lane  t rap ,  

derconstrating tha t  insects are car r ied  over the ocean by a i r  currents.  

That the  na t ive  insect fauna of over 3000 species  could have 

developed from chance immigrants is emphasized by Zimmerman. 

calculates that the na t ive  insects could have or iginated from about 

250 introductions.  

years old,  one immigrant 

for  the present species. 

H e  

For de t a i l ed  accounts’of Pac i f i c  insects, the reader is referred 

t o  Zimmerman (1948, Insects of H a m a i i ,  vol. I) and Gressitt (1961, 

Pac i f i c  Insects Monograph 2),  both of which have been the  chief 

references i n  drawing up the above account. 

c 

Most of the  native insects have been replaced by immigrants i n  

the  lowlands below about 2,000 f ee t .  

is l a rge ly  confined t o  the na t ive  f o r e s t s  i n  the  mountains. 

f i e l d  t r i p s  haTx been planned t o  ge t  entomologists t o  areas where 

they might f ind these,  but  l imi ta t ions  have been imposed by t i m e  

The remaining na t ive  fauna 

The 

considerations and o ther  factors .  The post-Congress tour  w i l l  

undoubtedly be more Prof i tab le  than those on Oahu, f o r  on the outer  

3 

P 

is lands there  has been less disturbance and des t ruc t ion  of the  
a 

I nat ive vegetation and the na t ive  insec t  fauna is r icher .  

The lists of insec ts  for  each is land include se lec ted  ger.era 

which may b e  taken in the  various l o c a l i t i e s  t o  be v i s i t e d .  Endemic 

genera o r  only those with nat ive species a re  l i s t e d .  Associated plants  L 
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are indicated in pa ch orders as Thysanura, Thysanoptera, 

tera have not been included. 

tterflies in Hawaii, Vanessa tameamea 

lackburni (Tu 

on a l l  major islands. Collectors w i l l  proba1,ly find them on several 
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pvsius (many native and introduced p lan ts ) ,  Pseudocvmus (Eragrostis) , Nesocvmus 
(sedges, a, Cvoerus, EraErostis, Pioturus), Sephora, Xetrarnax (Freycinetia). 
Nabidae: Nabis (many plants) .  Anthocoridae: Lasiochilus (Straussia ,  Antidisma, 

(Acacia), Enpnrtatus (many native plants) ,  Nesidiorchestes, Pseudoclerada, 
Oronomiris. Cixiidae: O l i a r u s  (Acacia, Broussaisia).  Saldidae: Saldula. 

Cibotium, Coprosma). Miridae: Kamehameha (Cyrtandra, Pipturus),  P s a l l u s  c; 
HOMOPTERA. Psyllidae: Trioza (ga l l s  on Metrosideros, 

(Metrosideros), Megatrioza, Hevaheva (Pelea). Cicade l l i  
(Kadua, Bobea, Metrosideros, Cyrtandra, Wikstroemia, Pipturus,  Touchardia, 
Myrsine, Eugenia), Balclutha (grasses) . Cixiidae: O l i a r u s  (many native 
p lan ts ) ,  Iolania.  Delphacidae: Leialoha (many native p lan ts ) ,  Nesodryas 
(Freycinetfa) , Aloha (Dubautia, Euphorbia) , Nesorestias (Cibotium, ferns  , 
Elaphoglossum, Phegopteris) , Dictyophorodelphax ( E u p h o r b i n s y d n e  (many 
plants ) ,  Kelisia (grasses) 

- 

- 

. 

DIPTERA. Tipulidae: Limonia (Cyrtandra), Gonomya. Psychodidae: Trichomyia, -- 
Psychoda. Chironmidae: Calospectra, Telmatogeton. Mycetophilidae: Orfel ia .  
Sciaridae: Plastosciara ,  Sciara. Dolichopodidae: Emeroptera, Chrysotus, 
Syntormon, Eurygnaster, Pipunculidae: Pipunculus. Calliphorid-the- 
tochaeta, Dryscritomyia. Anthomyiidae: Lispocephala. Drosophilidae: 
Drosophila, Tantal ia ,  Titanochaeta, Idiomyia. Tephritidae: Tephri t is  
(Dubautia) Ephydridae: Neoscatella. Asteiidae: As teia. 

I ) ,  Gonomya. Psychodidae: Trichomyia, -- 
alospectra,  Telmatogeton. Mycetophilidae: Orfel ia .  

Sciaridae: Plastosciara .  Sciara. Dolichonodidae: EmeraDtera- Chrysotus, 
Syntormon, Eurym ne: Prosthe- 
tochae ta  , D r y s  c r i  t o q  
Drosophila, Tantal ia ,  T i tanochae ta ,  Idiomyia. Tephri t i dae  : Tephri t is  

- 

HYMENOPTERA. Ichneumonidae: Atrometus, Enicospilus, Echthromorpha, 
Neolelaps, Toxeuma. Eupelmidae: Eupelmus. Mymaridae: Polynema. Bethylidae: 
Scleroderma, Sierola .  Formicidae: Ponera. Vespidae: Odynerus. Sphecidae: 
Nesomimesa, Deinomimesa, Nesocrabro, Oreocrabro. P r o s o p m e s o p r o s o p i s .  

-- 

c 
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bl 

MAUS - 
INSECT GENERA CONTAINING 

ORTHOPTERA. 
ParatriEonidium, 

G r y  l l i d  ae 

ODONATA. Anax, , Megalagrion. 

Scaevola, Straussia, 
oduced for control on 
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Mymaridae: Polynema. Bethylidae: Scleroderma (Sapindus, Straussia, Euphorbia), 

(Argyroxiphium, Freycinetia, . Sphecidae: Deinomimesa, Nesomimesa, 
Nesocrabro, Oreocrabro. Prosopidae: Wesoprosopis (Sophora, Raillardia, 
Broussaisia, Clermontia, Smilax). 

1 Sierola (Coprosma, Metrosideros, Pipturus, Dodonaea). Vespidae: Odynerus 

WAII 

INSECT GENERA CONTAINING NATIVE SPECIES 

ORTHOPTERA. Tettigoniidae: Banza. Gryllidae: Paratrigonidium. 
Metrosideros , ferns), Lep togryllus 

(many native pla 
troduced plants), 

e: Lasiochilus ( 
, 

Euphorbia), Sulamita (Freycinetia, Zanthoxylum) , Sarona (Metrosideros, Pelea) , 
Pseudoclerada, Orthotylus (many native plants) , Oronomiris (grasses) Saldidae 

HOMOPTERA. Cicadellidae: Nesophrosyne (many native planta, Balclutha, 
(grasses). Cixiidae: Oliarus (Metrosideros, Maba, Astelia, Dubautia, Cibotium, 
Nephrolepis), Iolania. Delphacidae: Leialoha (Metrosideros), 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: Nesomicromus, Pseudopsectra. Chrysopidae: 
Anamalochrysa. Myrmeleontidae: Eidoleon. I 

COLEOPTERA. Carabidae: Atelothrus, Meoyclothorax, Mesothriscus, Metromenus, 
Nesocidium, Anchonymus, Baryneus, Barypristus, Colpodiscus. Staphylinidae: 
Diestota, Lispinodes, Myllaena, Olipota. Histeridae: Acritus. Nitidulidae: 
Eupetinus, Gonioryctus, Nesopeplus, Nesopetinus, Orthostolus. Dermestidae: 
Labrocerus. Anobiidae: Holcobius, Microsternus (Bidens)., gletobius (Bidens, 
Straussia, Euphorbia, Pelea, Clermontia, Pipturus, Broussaisia, Antidesma, 
Coprosma, Smilax, Urera). Cucujidae: Brontolaemus, Laemphoeus. Ciidae: 
Aptercocis, cis. Elateridae: Eopenthes, Itodacnus. Cerambycidae: Neoclytarlus 
(many native plants), Plagithmysus (many native plants). Curculionidae: Acalles, 
Dryophthorus, Heteramphus, Oodemus, Rhynocogonus, Deinocossonus, Nesotocus. 
Scolytidae: Xyleborus. 

P 
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DIPTERA. Tipulidae: Limonia. Psychodidae: Trichomyia, Psychoda. 
Chrionomidae: Termatogeton. Ceratopogonidae: Dasyhelea. Mycetophilidae: 
Orfelia.  Sciaridae: Sciara. Dolichopodidae: Chrysotus, Hydrophorus, Euryno- 
gaster. Pipunculidae: Calliphoridae: Dyscritiomyia, Prosthetochaeta. 
Anthomyiidae : phil idae : , Titanochaeta. 
Ephydridae: eiidae: Asteia. 

HPMENOPTERA. Ichneumonidae: Atrometus, Eniscospilus. Eupelmidae: 
Eupelmus. Myrmarfdae: Polynema. Bethylidae: Scleroderma, Sierola.  Vespidae: 
Odynerus (Freycinetia, Merrosideros). Sphecidae: Deiuomimesa, Nesomimesa, 
Nesocrabro, Oreocrabro. Prosopidae: Nesoprosopis (Sophora, Raillardia, 
Broussaisia, Clermontia, Smilax). 
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