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Introduction

Hawaii Volcanoes National Park is a youthful area surfaced with quite
recent lava flow materials and a unigque flora including many incipient
species., Aside from its most interesting birds, vertebrate animals were
almost absent until the advent of man and his dometic companions, the rat,
the pig and the dog. Such a young soil and biota is very sensitive and
will change rapidly. It is susceptible to small climate variations and
to the influences wrought by man. Thus in managing such an area one must
know man's influences, how much of what we see is due to seral or pro-
gressive change as the vegetations and soils develop and how much is a
current reflection of the present variation in climate.

The Park Service has recognized the need for bio-ecological informa-
tion in order to intelligently and efficiently administer, protect and
interpret Park phenomena for the public. In order to learn what has been
done already, assemble or at least index that information and estimate
what is needed to be done in oxder to implement and facilitate bio-ecolo-
gical study of the Park, an agreement was made between the National Park
Service and the Botany Department of the University of Hawaii. This
agreement was, essentially, to achieve these ends by preparing the manu-
seript for an atlas of the presently available information and in doing so
point out the principal gaps and some of the less obvious, yet major,
problems.

The Park is the stage on which impressively active volcanoes put on
their show, and dense tree fern jungles cover the wetter landscape with a
luxuriant rain forest while but a mile away a desert exists. The Park was

established as Hawaii National Park on August 1, 1936, with various
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boundary changes being made May 1, 1922, Tebruarxy 12, 1927, April 11, 1928,
June 20, 1938, July 16, 1940, and July 1, 1961. The name was changed to
Hawaii Volcanoes National Park on September 22, 1961, and with the last
boundary change February 21, 1963, the Park has come to include 220,345
acres of land. The problems and reasoning leading to establishment of the
Park (House of Representatives, 1916} are with us today and make interesting
reading.

Hawaii Volecanoces National Park is the result of an era of volcanism
coupled with perhaps 100,000 to 1,000,000 years of bio-ecological develop-
ment and a very disturbing much shorter period of man's influences. The
geological processes must be considered first. Historically they were first
on the scene insofar as the Park is concerned. They provide the topography
which profoundly influences the climate. The geology and cliimate in turn
have caused primitive soils to be what they are. 1In turn, the bioclogical
elements have colonized and formed the biotic communities of the Park, and
the communities so-formed have changed with the maturing of the scils which
they influence., Lastly, man's influence.

With the arrival of European civilization in the islands a few hundred
years ago, the native and aboriginal biotic elements were disturbed; the
goil where best developed in the wettest arcas was eroded. These disturbing
activities have been minimal in the Park insofar as their being overt is
concerned. That is to say, the Park locks about the same today as it
probably did when the first man saw it—if one looks only for the overt
grandeur of the mountains, the sea, the magnificent displays of volcanism
or the fern forest so strange and interesting to the itinerant viewer from
any other state in our nation. The purely recreational value has even

improved, it seems, but the Park is a scientific and historical resocurce

as well,
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Geologically, soil-wise and vegetationally and from the point of view
ol the evolution of species possibly the Park's primitive nature is of
greater long-term value to the world than is its recreational value. Its
scientific merit has led to the maintenance of the world-famous Volecano
Observatory, now of the U. S. Geological Survey, at Kilauea since 1911.
Further physically, the Park displays splendidly the changes in climate
one can expect with direction of the prevailing wind and altitude. The
Park Service's recognition of biological walue has resulted in this
present effort. The opportunities to study speciation in the islands of
clder surfaces among moxe recent lava flows are unparalleled. Such
studies are noted in appropriate places in the text. The value of the
historic records preserved by the Park should not be overlooked. Tllis's
(1825} travels or accounts of the petroglyphs along the Puna shore at
Puuloa, or a view of the footprints of Keoua's army destroyed (Dibble,
1843) about 1790 by an explosive eruption, an event that may have greatly
altered Hawaiian history, provide enough information to excite one with
the historic value of the Park., Dr. George Ruhle (1959) in a booklet on
the Haleakala region has & historic section of broad interest. Cagtro
(1953) presents the history of the Park itsclf.

The scientific use of such natural areas as national parks has been
the subject of several symposia (e.g., Field & Field, 1965), and some of
them (e.g., AIBS Meeting of August 1966 at the University of Maryland,
convened by Dr. George Sprugel, "Ecological research on the vegetation
in the National Parks ') have dealt directly with the Hawaii Voleanoes
National Parlk at least in part.

Changes have crept in. Some have been so much more sensible than

subtile they have -disturbed those resident in the Park area over the
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years no less than the occasional scientist. The causes for worry brought
by man fall largely in the following three categories.

The intentional plant and animal introductions form a first class
of disturbance introduced by man. Unintentional introductions such as the
weedy animals and plants are a second. The direct vemoval of vegetation by
agrarian practice and fire is the third. It was originally hoped that each
of these could be considered in turn as a chapter after a consideration of
the biotic elements themselves as they are known to oceur in or affect the
Park today. Unfortunately, this cannot be done as the studies of these
subjects for the Park are not done and the purpose of this present manuscript
is merely to assemble the already published studies.

Finally, incorporated throughout are leads to further information
along with tables of data and complete coverage of the Park by means of the
aerial photographs and their overlays. To show no consideration for adjacent
areas would be most unwise for what happens there influences the Park and
vice versa; so this work has not been restricted just to the Park's boun-
daries. Its purpose is to provide a guide to what is known already so that
on-going detailed and thorough bio~ecolegical studies will be facilitated.
This Atlas is merely a stock-taking or inventory that illuminates the gaps
in our knowledge.

Suggestions and information and parts of the text of this Atlas have
been combed from a large number of people interested directly in the Park or
interested in the particular subject matter. Among the principal people who
have provided advice abstracted for inclusion in this report are such staff
members of the University of Hawaii Botany Department as Drs. Gladys E. Baker,

CGeorge W. Gillett and Charles H. Lamourcux., Dr. Andrew Berger of the Zoology



Department has provided textual materials and the check list of birds.

A number of people not comnected with the University have assisted.
Most conspicuous have been Dr. F. R. Fosberg and Mr. Garrett A, Smathers.
Dr. Fosberg, then of the U. 5. Geological Survey, has given a great deal
of assistance with the floristic and vegetation work and prepared the
Floristic list. Mr. Smathers, formerly Supervisory Park Naturalist,
initiated a number of studies that the above people have continued with
. the assistance of other Park personnel. He is also to be credited for
graciously writing various early editions of most of the bird sections
of thig Atlas and alsoc assisted the project in many other ways. Dr. R.
Malcolm Brown, Jr., University of Texas, provided the list of algae from
the Aloi hot spot as part of a special study of this place undertaken by
gseveral of the above. Climatological records were made available by the
Records and Research Division of the U. S. Weather Bureau, by Mr. Toshiichi
Hayashi of the Hawaiian Sugar FPlanters' Association and by Mr. Dugene Horner.
Others are credited for their contributions at appropriate places in the text.

The project once begun was ably carried and expanded by the energy of
Dr. Mueller-Dombois who is continuing the study beyond this Atlas stage.
He has written the chapters on climate, soils and vegetations in addition
to his other major contributions as coauthor. It is to him that credit
must go particularly for the excellence of the vegetations mapping as at
least two months or more of his time was spent field-checking and improving
the vegetation overlays and profiles as well as the classification scheme.
The chapters and their parts not otherwise credited were compiled, written
or exist editorially as they are by the efforts of the undersigned.

It would seem hopeless to express the coauthors' appreciation

individually to the many Park Service people who have made this work
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possible. I have similar feclings about such constant supporters as Dr.
Chester X. and Juliette Wentworth, Dr. James G. Moore, Mr. Howard A, Powers
and Dr. Gordon Macdonald who have often given us assistance and contributed
various portions of their unpublished information.

Finally, acknowledgment of the support of the Hawaii Natural History
Association should be given for without its participation financing this

project would have been unlikely.

Maxwell 8. Doty

February, 1966,



Part One: The Physical Environment

Chapter I-  Geography-Maps and Aerial Photography

Hawaii Volcanoes National Park represents (Fig. 1) the youngest part
of the youngest of the United States of America. To the north and arching
away over 1500 miles westward lies the rest of Hawaii and the Hawaiian
Islands. The island of Hawaii of 4030 square miles is two-thirds of the
total land area of the state. Three hundred and forty~four square miles
of the youngest part of the island, 220,345 acres near 199 20" North
Latitude and 155° 20' West Longitude, is the Park. It is spread from the
shore up over the low dome-shaped tops of two active volcanoes, Mauna Loa
(elevation: 13,680 feet) and Kilauea {elevation: 4090 feet). No
newcomer to the Park should overlock the account by Macdonald & Hubbaxd
(1965) of the Park's volcanoes and their history.

In this chapter are described the maps and aerial photographs found
+o have been of the most use to those who have compiled this Atlas of
information. These and their sources are described below. The principal
maps are those of the U. 8. Geological Survey, the U. 8. Coast and Geodetic
Survey and the different federal and state soil and water agencies. fhe
aerial photographs are largely those of the U. 8. Geological Survey and

the Agriculture and Soil Stabilization Conservation Service.
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Fig. 1. The location of Hawaii Volcances National Park in reference to
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tude near Hawaii is about sixty miles and thes@ortheast-southwest trending
straight boundary of the Park just west of Mauna Loa is 7 miles long. The
¥ilauea caldera, shown as a rude circle, is about 3 miles in diameter.



A~ THE MAPS

The U. S. Geological Survey, a) 345 Middlefield Road, Menlo Park,
California, b) 1031 Bartlett Building, 215 West Seventh Street, Los
Angeles, California, or ¢) the Geological Survey, 1028 GSA Building, 19th
and F Streets, NW, Washington, D. C., are the sources of most of the maps.
Most useful for individual studies are (Fig. 2) the topographic maps. A
small scale map is perhaps best put together from the two 1 to 250,000
scale maps NE 5.1 (Hawaii north) and NE 5.5 (Hawaii south); neither has
all the Park on it, but NE 5.5 shows all but that on the northern slopes
of Mauna Loa., These are obtainable from the above Geological Survey
offices or in Honolulu from Trans-Pacific Instrument Company, 1414 Colburn
Street, the Honolulu Paper Company, 604 Ala Moana, and in Hilo from the
Honolulu Paper Company for $.50 each. The maps can be seen in the library
of the University of Hawaii either in Hile or Homolulu and, of course, at
Park Headquarters.

The maps {charts) of the U. S. Coast and Geodetic Survey are indexed
in "Catalog of Nautical Charts and Publications, Region 0, Hydrographie
Office publication no. 1-N" which, itself, may be purchased for twenty-five
cents either from the U. 8. Navy Hydrographic Office or from Trans-Pacific
Instrument Company, 1414 Colburn Street, Honolulu. Not to be overlooked
in working out long distance relationships are the 20-cent plotting sheets
such as "H. 0. Misc. 9790" showing the whole Pacific north of 50 degrees
South Tatitude in outline with a l-degree grid over the cceanic area.

The National Geographic Society, Washington, D. €., published a map of the
"Pacific Ocean™ drawn in 1952 which is desirable in giving the general
location of the State of Hawaii and the Hawaii Volcanoes National Park

in the Pacific.
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The large scale topographic sheets are being produced in a new
series covering the 7.5-minute guadrangular areas at a scale of 1:24,000
{1 inch = 2000 feet). Some are also available in a shaded relief edition.
At present some of the Park area is only available in the older 15-minute
quadrangles (scale 3:62,500; 1 inch = 1 mile) but the supply of certain of
these is exhausted. The new 7.5-minute maps available at the time of
writing to be available soon are indicated on Figure 2 with the name
printed diagonally across the area they cover. Inquiries to the above-
mentioned sources or to the Map Information Office of the Geological
Survey in Washington, D, C., must be made to determine the current
availability of either the new 7.5 or the older 15-minute maps, and from
these sources the new 7.5-minute quadrangle maps can be purchased for

$.30 each.

B~ THE AERIAL PHOTOGRAPHS

The aerial photographs from among which a series was selected for
the accompanying plates were made during a number of photo reconnaisance
flights over the Hawaii Volcanoes National Park area and the island of
Hawaii. These are largely indexed in Figures 3 & 4. The selection for
this Atlas was made before 1965 when the Agricultural Stabilization and
Congservation Service aerial reconnaisance (Fig. 4) was flown. This is
an excellent series of photographs and is recommended with the one
reservation that the overlays provided for the selection accompanying
this Atlas cannot be used with them except with appropriate adjustment
for scale and coverage, Directions are given (Table I) for obtaining

these.



Fig. 3. Flight line diagram for the .._rial photography from the results
of which selections were made for this Atlas. Directions for ordering any
of these photographs from the U. S. Geological Survey are given in the text.
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Table I. The photographs indexed by Figure 4 may be ordered from the Western Laboratory, Aerial
Photography Division, Agricultural Stabilization and Conservation Service, U. 8. Department of Agriculture,
2505 Parley's Way, Salt Lake City, Utah, according to the following price schedule. A check made cut to
the Agriculture Stabilization and Conservation Service, U, S, D, A,, for the full amount should be forwarded
with the order, and for every photograph provide the following infomation in tabular fom: paper size and
scale; quantity; symbol; roll number; and exposure number. A complete set of photo indices for the island
of Hawaii as 10 rough photo mosaics can be crdered for $13.00.

Contact Prints Enlargements Photo~indexes

Approximate
scale_— |l in.=1667 ft, 1 in,=1320 £t, {1 in.=1000 ft. I in.=660 ft.| 1 in.=440 ft Usually
1 in.=1 mi,

Print sige —s] I10Y"xI1Q% Larxl4n 18"x18" 26 x26" 4O 40T 201 x24"
in inches
Quantity Price per print Price $1.30 per
sheet
i-5 L/$1.00 2/s1.50 | $2.00 $2.20 $2.60 $5.60 (10 required for
whole island),
6-100 .85 1.30 1.70 1,90 2.30 &.70
Over 100 .65 1,15 1.50 1.70 2.10 4,00 (Unless specified,
indexes printed on
County .60 - 1.25 1,45 1.85 3.40 single weight
coverage semi-matte stock).

1/ Double weight semi-matte

2/ Polyester base



Since the major flights were different years, 1954, 1961 and 1965,
one is provided with some opportunities to study the changes wrought by
time and the recent periods of volcanic activity. Especially interesting
is the opportunity provided by infra-red photography (Fischer, et al., 1964)
and the fact that about one month after the completion of the 1965 aerial
photo series (Fig. 4) the March, 1965, eruption (Fig. 5) took place.

The aerial photographs indexed by Figure 3 provided the selection
reproduced with this manuscript. This selection is indexed in Figure 6
and listed in some detail in Table II to facilitate their being ordered
from the U. S. Geological Survey, 345 Middlefield Road, Menlo Park,
California. Table III provides a resume of the prices for such aerial
photographs ordered from the offices of the Geological Survey. A check
or money order for the full amount made out to the U. S. Geological Survey
should accompany any order. For each photo ordered, indicate the roll
mmber and the photo number. For example, for that shown in the index as
"1-0090™ the roll number is "1" and the photo number is "90" or "0090",
Also the flight must be named, e.g., as HAL Spring 1954, HAT Fall 1954, or
GS-VXJ 1961,

These aerial photographs enumerated in Table IT axre not suitable for
making a good photo-mosaic for they are not flown from a geometric plane
parallel to the surface photographed. Foxr this same reason in the selection
reproduced here the margins, even of the polygonal areas selected, do no
quite match as a rule. A reasonable photo-mosaic can be prepared for small
areas if every photo in the series is used. In the present work, florx
reasons of economy, only alternate photos were selected,

The dots, circles and diamonds on the flight line diagrams (Figs. 3

& 4) indicate the centers of every photograph. Since each photograph is



Fig. 5. Map of the 1965 lava extruded onto the surface within and just
to the east of the Park as adapted from a preliminary sketch prepared by
Dr, James Moore of the U, 8. Geological Survey. Aerial photographs covering
this area (Fig. 6) are indicated on this figure, but others for the area
may be selected from inspection of Figures 3 and 4.
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Table I1. List of aerial photographs selected for production
of this Atlas and for which vegetation and topographic overlays were
prepared. Directions for obtaining these are given in the text.

GS-~VXJ 1961- 6-16 HAT-Spring '54 5-0012 {HAL-Fall 754 8-0062
HAI-Fall '54 1-0090 5-0014 8-0064
1-0092 5-0016 8~0066

1-0094 5-0018 8§-0068

2-0081 5-0020 8-0070

4-0015 5-0022 8-0073

5-0027 8-0075

4-0017 5-0035 8-0077

4-0019 6-0124 8~-0079

4-0036 6-0126 8-0081

4-0038 6-0128 8-0102

4-0058 HAl-Fall '5- 7-0014 8-0104

4-0060 8-0018 8-0106

4-0062 8-0020 8-0108

4-0064 8-0024 8-0110

4-0066 &-0026 11~-0005

4-0068 8-0028 11-0007

8-0030 14~0014

14-0016




Table TI1.

reproductions obtainable from the U, S.

from some areas, but inquiry should be

Geological Survey,
made of the survey before ordering them.

Resume of types of aerial photography and the prices for photographic
Photo indices are available

I to 5 6 to 100 101 to 1000 Over 1000
each each each each
Contact prints (9 x 9 in.) ..vevnooea..51.00 $0.85 $0.65 $0.60
Enlargements
Magnification:
I3 (14 %X 14 inu)eesseonassssssses 2,00 1.70 1.50 1.50
2X (18 % 18 in.)eueveonesanaaan . 2,20 1.90 1.70 1.70
3 (27 x 27 in.)ee....s cessesasnes 2,60 2,30 2.10 2.10
45 (36 x 36 in.).eseaesan coven 5.60 4.70 5,00 4,00
Transfomed prints from either
convergent or transverse low-
oblique photographs .....eesceesess. 2.50 2,00 1.75 1.75
Film positives contact printed
from aevial negafives ,...ceece0s... 2.50 2.50 2,00 2.00
Multiplex diapositives-—reductions
on glass, 64 x 64 mm ...i.ienesneoss  3.00 3.00 2.50 2,50
Kelsh plates—contact prints on
glass. Specify thickness (0.25
or 0.06 inch) and method of
printing (emulsion to emulsion
or through film base) ..eeeevornns e 5,50 5.00 4,50 4,50
ER-55 plates—reductions on
glass, 11 x Il cm..ovovnnnnnn eeseaes  4.00 3.50 3.25 3.25
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square, this allows one to judge the coverage of a given photograph for
it will cover almost all the flight line between the centers of the
previous and following photographs. A person interested in a particular
area should try to obtain a photograph with that area in its center. Tor
example, the photograph from the Fall HAI-flight, roll &, number 78, is
much better in this way for Kipuka Puaulu, the Bird Park, than are those
used for this Atlas.

The photographs irregularly numbered in Table IT have each had a
topographic overlay and a vegetational overlay prepared for them. Figure
6 is a mosaic of the contiguous polygonal areas selected on the individual
photographs to provide aerial photocoverage of the Park for the purposes
of this Atlas. The chapter on vegetations, below, discusses what is to
be found on the vegetation overlays. The topographic overlays were
prepared by projection methods, largely by Mr. Edward J. Zubal, as was
the original selection of polygonal areas from the aerial photographs.

The rough draft preparation of the vegetation overlays was done by
Dr. F. R. Fosberg and insofar as possible these were field-checked by
Dr. DMeter Mueller-Dombois during the summner of 1965, From information
obtained during the field-checking process, Dr. Mueller-Tombois modified
the original vegetational overlays as appropriate and prepared the chapter
on Vegetation Mapping, below. Table I, Chapter VIIL, below, presents an
alphabetical list of the mapping symbols used. The contour lines on the
topographic overlays are at 100-foot intervals. On each overlay there is
marked not only indicators for the principal corners of the polygons but
also the center of the area. The linear scales provided are thought to be
most accurate for the centers of each respective area, but where there is

considerable topographic relief the scale may be somewhat inappropriate



Fig. 6. Index map to contiguou  olygonal areas on the aerial
photographs included in this Atlas. With each aerial photography,
recognized by the number composed of the roll and exposure numbers,
is a vegetation and a topographic overlay. The flight line diagram
indicating the centers for all photographs from which these were
selected appears as Figure 3.
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for a great deal of the particular polygon.
Inquiries should be directed to the Superintendent, Hawaii Volcanoes
National Park, Hawaii, for information relative to obtaining copies of the

vegetational or topographic overlays.
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Chapter IL-  Geclogy

Mauna loa, extending from about 20,000 feet below sea level to 13,680
feet above, is one of the world's greatest mountains. To study the impres-
sive geology of this avea, through the efforts of T. A. Jagger, the Hawail
Volcano Observatory began functioning with the completion of the first
laboratory building in 1912. The present building was constructed in 1942.
However, since 1909 under the auspices of the Massachusetts Institute of
Technology detailed observations had been made and records kept by Jagger.

The third mmber of volume 19 of the periodical "Pacific Science”
published by the University of Hawaii Press is a special issue concerning the
geophysics of the Hawaiian Islands and adjacent areas. This contains a large
amount of information on such subjects as the theoretical structure of the
islands, Kilavea caldera, the rift zones, and geochemical studies of the rocks.

The island of Hawaii is actually a coalescence of five separate mountains
that were perhaps first constructed during a flush of volcanic activity in
the Tertiary period. In the general area of the Park this period was closed
by the Ninole volcanic series toward the end of the Pliocene, and this was
followed by a long period of erosion. None of the Park surface is (Stearns &
Macdonald, 1946: 101) Pliocene, that is, of the older Ninole material,

Kilauea probably was not in existence or was but a wminor feature in the
Plioccene. The likelihood that the Ninole lavas exposed at about the 3000
foot level near Pahala, southwest of the Park, are {Stearns & Macdonald, 1964:
102) the remnants of ridges between deeply eroded and large valleys terminating
in sea-cut cliffs argues for this. Had Kilauca been of some size this area

1L have been in its rain shadow and Xilauea's southerly flows would have

prevented the sea from cutting c¢liffs in the Ninole foxrmation.
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The topography and surfaces of prineipal concern to the biologist
and other visitors to the Park are the results of renewed volcanic activity
in the Quaternary, the very latest Pliocene or early Pleistocene. The
principal features of the Park (Fig. 7) were formed as layer after layer
of the earth’s magma was extruded from the volcanic vents and solidified
as it flowed toward the sea. Kilauea perhaps arose as a lateral rift from
Mauna Loa intersecting the main eastward rift of the Hawaiian Islands on
which Kohala and Mauna Xea are constructed. On the other hand, the trend
of the shore northeast from Scuth Point to Punaluu and the continuing fault
serjes (Honuapo and Kaoiki systems) directed toward the saddle between
Kilauea and Mawna Loa and represented in part by the southwest Kilauea rift
zone may indicate a major faulting that disrupted this same major xiflt.

Of course, both may have been involved.

In this early Pleistocene period Mauna Loa and Kilauea both grew by
successive outpourings of the pyroclastics and lavas of, respectively, the
Kahuke and Hilina series. These basalt fiows are of the same age. In the
Park the Hilina series is seen (Stearns & Macdonald, 1946: Plate 1) only
in the great Hilina and Kapukapu fault series near the shore scuth of
Kilauea caldera., There are large exposures of the Kaehuka flows both east
(the land between Glenwood and Mountain View) and west of the Park, but
in the Park they are exposed only as islands (kipukas) in the still younger
flows near the 4250 to 4750 foot elevations northwest of the caldera of
Kilauea. There are a numberof minor exposures of this series along the
highway to Kona southwest of the Park.

Pahala ash overlays the Hilina and Kahuku flow series in series of
layers up to about 40 feet thick, It is usually yellowish and glassy in

nature and is thought to have been derived from a good many sources during



Fig, 7. Hawali Volcanoes Natlonal rar< 4rawn To SRow the promilnent
geological features and the ] ations of the principal access roads.
These latter show as broken l...es. Puu Pua'i is the southwestern
protrusion extending from the lines indicating Kilauvea Iki Crater.
Cross-hatching indicates the location of the historically recorded
lavas on the surface with the exception of those within the caldera
of Kilauea, itself, and at the top of Mauna Loa.
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late mid- or early-late Pleistocene. In the Park the most noteable source
was (Stearns & Macdonald, 1946% 72) Kilanea as indicated by its layers
being much thicker downwind from the main vents. While originally
largely yellowish glassy sand or dust, it is altered in differing degrees
depending largely on the amount of meisture. In dry areas the color is
often greyish. In wetter areas it is yellowish to reddish or even
blackened with huwmus, and it may be a fine-grained palagonite clay and
almost non~granular. As such it is a frequent contributor to kipuka soils
probably where it formerly capped mounds of one sort or another of Hilina
material so that the more recent f{lows passed along its sides.

The stony present day surlfaces of the Park are the prehistoric and
historic lavas of the Kau and Puna volcanic series distinguished in respect
to their sources, respectively, Mauna Loa or Kilauea and overlaying the
Pahala ash. The prehistoric or late Pleistocene lavas are mostly brownish
olivinaceous or picritic basalts. The historic flows are usually of black
basalt rock. The historic lavas of significant extent in the Park are
from rift zones, except quite near the top of Mauna Loa. Macdonald &
Hubbard (1965) describe them nicely in a booklet obtainable from Park
Headquarters for $1.00. Indeed, lava flows have appeared in the craters
(Fig. 8) recently, but out on the surface of the mountain they are actually
small in area and have added little other thar admirable sights for Park
visitors and sites for scientific worlk.

It seems that Kilauea has moved into a mature phase of activity éith
the development of a caldera around its major vent. To & lesser extent
this may be happening to Mauna Loa too. Thus, the tip of Kilauea is
surmounted not truly by a crater but in its place there is a round

collapsed area, a caldera, 4 to 5 kilometers across within which is



Fig. 8. The craters of the Chain-of-Craters area. The aerial photo-
graphs for this area are indicated by the dashed lines and the numbers in
the lower right corner of each polygonal area. Much of the area near
Napau Crater has been covered by the March, 1965, lava flow (See Fig. 5).
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Halemaumaun, an active pit crater or shaft leading to the magma below.
The caldera floor is about 400 feet below the general dome level on the
northwest side. It is but scarcely depressed to the southeast.

While molten lava fills Halemaumau and even overfiows inte the
principal area of the caldera, there is no historic record of lava
spilling over the edge of the Kilauea caldera. However, lava fountains
from the caldera walls of Halemaumau and explosive eruptions have strewn
the prehistoric surflaces around the caldera for a distance of one or two
kilometers with a rather complete cover of ash and rocks of various sizes.
Near the volcano observatory 6 humus-rich layers separated by ash have
been found (Stearns & Clarke, 1930), at least some of them containing
(Stone, 1926) plant fossils.

Previous to 1965 there were (Fig. 7) but three major historic flows
within the Park. TLike all the vest of the surface of the Park these toco
are basaltic., Two, those of 1823 near the shore and 1920 nearer the
caldera, are along the great crack region of the Kau Desert. The 1823
Tlow, south of the "footprints area™ and along "the great crack™ is
erroncously labeled 1868 (fide Stone, 1926) on older maps and is largely
outside the Park. Ellis (1825) discusses this 1823, Keaiwa [low. The
third is the 1880 fliow from the northeast rift zone of Mauna Ioa.
Prol. Gordon Macdonald (personal communication) believes this flow was
over, insofar as the Kau branch was concerned, in November, 1880,
This flow descends (Fig. 7) southwesterly as a stream across the Park from
the 10,000 to the 6000 foot levels and on out of the Park to about the
4000 foot elevation.

Several minor periods of volcanic activity have been recorded, but

aside from the 1840 flow to the cast of the Park, they seem to have bLeen
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insignificant in the production of solid materials outside the craters.

The explosive eruptions of 1790 and 1924 have been much discussed and
produced a great deal of the unconsolidated material in the Xau Desert and
around the caldera of Kilauea. Wentworth (1957) describes some of the
surface features caused by the ejecta from these two eruptions. The top of
Mauna Loa has experienced various eruptive influences in historical times,
but they are above the limit of conspicuous bioclogical activity and are
bypassed here. Figure 9, extended from the similar figure of Stearns &
Macdonald (1946) and Macdonald (1949), records many of these events.

It is accepted as common knowledge that the flank flows, the flows of
great bioclogical interest, are usually related to an immediately previous
summit eruption. Since most of the flank f{lows have been outside the Park,
little attention is given to them here. However, it is hoped that they will
not be overlocked for in many cases the results of their study provide the
body of information that must be used at present in interpreting ecological
phenomena within the less~biologically studied Park itself. Some, like the
1886 report of an eruption 500 miles southeast of Hawaii, may mean new
separate islands will appear in the Hawaiian chain in the future.

After 18 years of inactivity Kilauea erupted on June 27, 1952, and
remained active for 136 days. All the activity was confined (Macdonald,
1955) to the crater, Halemaumau. No flank eruption is known to have accom-
panied this flow.

On May 31, 1954, there was a 4-day period of activity in Halemaumau
{Macdonald & Eaton, 1957), but none of this particular eruption affected
the area outside the crater. It was, however, but the prelude to the

flank activity which followed,
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Entirely outside the Park the east rift (Fig. 7) erupted in 1955 and
the lavas covered extensive areas of rock, forest and fayrm land. Macdonald
& Eaton (1955) have published a description of this flow and there are
various other studies of this flow in manuscript and in the literature.

See the chapter on vegetation, below, for a description of the more
biological aspects.

The most exciting outburst in the Park was that of November 14, 1959,
when a rift in the wall of the ancient pit crater, Kilauea Tki, (Fig. 10)
spewed lava into the crater from a lava fountain which at one time reached
a height of 1900 feet., This lava fountain was probably the highest recorded
by man. The outburst received considerable attention in the public press
which ran many striking photographs of the activity (e.g., Zahl, 1959).
Confined to the crater of Kilauea Iki little remains to be seen outside
this crater in the Park now. A lot of red hot ash fell, covering (Fig. 10)
an area about four-fifths of a mile wide and two and one-half miles long to
a depth of one inch or more. This red hot ash fall resulted in the devas-
tation of a sizeable vegetated area as well as in the production of a new
ash cone, 7This latter has been named Puu Pua'i., The biclogical effects of
this eruption are discussed with the chapter on vegetation,

Richter & Eaton (1960) describe in some detail both phases of this
eruption that poured 11 x 100 cubic yards into the pit, Kilauea Tki,
forming a lake at one time 414 feet deep. Actually, the principal activity
of this eruption was later and outside the Park at the eastern tip of the
island where about 156 x 10° cubic vards of lava covered about 2500 acres.
Of this, perhaps 500 acres was area newly added to the southeast end of the

island above sea level. This latter phase, entirely outside the Park, began
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December 21, 1959, and lasted until February 20, 1960. The flow from this
phase which destroyed the village of Kapoho began January 14, 1960.

In February, March and July of 1961 Kilauea again erupted with lava
being extruded into Halemaumau Crater. HNowever, a considerable amount of
ash was thrown out and this gencrally drifted down onto the area within
two miles southwest of the caldera. This ash fall (Richter, et al., 1964)
is as much as two feet thick near the crater. In September of 1961 & series
of flank eruptions took place with several small lava flows being formed.
Table I gives the chemical composition of two samples from this eruption,
but they are not biologically of concern for they were covered by the 1965
flow described below. Richter, et al., {1964) describe in considerable detail
other geological events as well as the petrography and chemistry of this
eruptive series, with maps, photos and a few comments on bio~-ecological
effects.

In February, 1965, an outbreak of lava appeared from the east rift
(Fig, 5 & 8) filling Makaopuhi Crater to a depth of over 900 feet. Turther
dovmn the east rift the lava covered the floor of Napau Crater. This flow
completely covered the minor flow of lava that appeared in the summer of
1961, Actually, this 1968 flow appeared during the terminal phases of
preparation of this Atlas and, though studies on it were initiated a day
or two alter activity ceased, while magma was actively draining back into
the main vent of Makaopuhi Crater, none of the results is reported here.

As noted above all the flows affecting the Park are basaltic. Their
petrography is (Macdonald, 1949; Richter, et al., 1964, etc.) rather well
known. In general the lava series from Kilauea are more uniformly olivine
basalt (Table I} than those from the other voleanoes nearby, and thus they

are thought to represent more closely the parent magma from deep within



Table 1. Chemical analyses of volcanic rock from Mauna Loa and Kilauea.
After Macdonald, 1946,

Mauna Loa Kilauea
w
g Prehistoric Histcoric Prehistoric Historic
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18/ sal 3a/ sal cal saf 7a/ g b/ 9b/
Si02 48,60 50, 43 52.30 50.03 51.35 49,33 49, 42 50.26 50.22
A1203 10.75 12.37 11.84 12.10 13.36 11.57 11.83 13.87 13.28
Fe203 3.92 1.94 2.06 2.10 1.32 2.31 3.83 2.94 1.69
Fel 9,38 9.56 .03 9.97 9.85 9.48 8,08 8.62 9.70
Mp( 9.80 7.68 7.15 9,57 7.62 12.41 12.04 6.75 8.44
Cal 1G.38 12.56 14.60 10.58 10.74 9.14 9.28 10.88 10.28
Na,0 2.54 1.68 2.47 2.01 1.93 2.20 2.35 2.45 2.39
K50 0.34 0.40 0. 49 0.44 0.30 0.44 0.39 .55 0.59
H20+ 0.22 a,22 0.15 0.32 0,29 0.11 0.16 0.02 0.06
H,0- 0.06 none 0.03 0.16 none 0.01 Q.02 0,02 0.0l
Ti02 3.37 2.26 3.98 2.57 2.50 2.85 2,42 3.04 2.92
P,0g 0.18 0.57 0.28 0.21 0.28 0.37 0.39 0.30 0,26
MnO 0.05 0.06 g.10 0.16 0.07 0.14 0.14 0.18 0.18
€O, none n.d. n.d, 0.05 0.0z
Cry04q n.d. 0.05 n.d. n.d. 0.03 0.08 0.13
Nip n.d. 0.004 n.d. n.d. 0.025
S n.d. n.d. 0.03 0.01
Ba0 n.d. n.d, g.02 Q.04
5r0 n.d, n.d.
Zr0y n.d. n.d.
C1 n.d. n.d. 0.03 0.02 0,02 0.01
F 0.04 0.04

a/ From Stearns & Macdonmald, 1926
b/ From Richter, et al., 1964




Table 1 (continued)

1. Olivine basalt, Kaumaikeohu Spring, Kau District. R.K. Bailey, analyst. Washington, H.S.,
Petrology of the Hawaiian Islands; I1. Hualalai and Mauna Loa: Am. Jour. Sci., 5th ser.;
vol. 6, p. 122, 1923,

2. Olivine basalt, on Volcano highway at southern boundary of Waiakea Forest Reserve, 1.653
miles northwest of the mill at Olaa, J. J. Fahey, analyst. Powers, H. A., Chemical analyses
of Kilauea lavas: Volcano Letter no. 362, p. 2, Dec. 3, 1931,

3. Olivine basalt, lava flow of 1919. H., 5. Washington, analyst. Washington, H. 5., Petrology
of the Hawaiian Lslands; 11, Hualalai and Mauna Loaz: Am. Jour. Sci., 5th ser., vol. 6, p. 113,
1923,

4. Olivine basalt, fragment from wall of conduit ejected during explosions of 1790, collected
near Ywekahuna., G. Steiger, analyst. Cross, Whitman, Lavas of Hawaii and their relations:
U. 8. Geol. Survey Prof. Paper 88, p. &8, 1915,

5. Olivine basalt, National Park quarry on highway 0.75 mile northeast of Volcano Observatory,
J. J. Fahey, analyst. Powers, H, A., Chemical analyses of Kilauea lavas: Volcano Letter no.
362, p. 2, Dec. 31, 1931.

6., Olivine basalt, lava of 1923, pahoehoe phase, near Meakacpsthi Crater. E. §. Shepherd, analyst.
Shepherd, E. S., The gases in vocks and some related problems: Am. Jour. Sci., 5th ser., wvol,.
35-A, p. 3353, 1938.

7. Olivine basalt, lava of 1923, a'a phase, near Makaopuhi Crater, E. 8. Shepherd, analyst,
Idem. p. 335.

8. Tholeiitic basalt erupted Sept. 22, 1961, Kilauea east rift zone, 9 miles from summit {lava
flow one half mile northeast of MNapau Crater).

9, Tholeiitic olivine basalt erupted September 23, 1961, Kilauea east rift zone, 19 miles from
summit (Jonika lava flow).



the earth. The Ninole series 1s largely olivine basalt. The Kghuka

and Kau flows from Mauna Loa have still more basalt and picrite-basalt or,
even, hypersthene-basalt in them and are thus thought tc be derived from
magma that has stood above the general body long enocugh for this differ-
entiation to have taken place. This can be interpreted as evidence that
Kilauea is both younger than Mauna Loa and is a separate vent extending
many, ¢.g., 35, miles into the earth. It can similarly be said that the
differentiation in the Mauna Loa magma has gone on since the Ninole flows
were produced.

An interesting idea was brought forth by Macdonald (1944) as a result
of his studying the petrography of the 1840 flow that issued from the east
rift zone of Kilauea. He observed that the lava from the vents at about
2600 feet elevation had little clivine in them. Those that issued a day
later at the 750 to 800 foot levels contained as much as 30 per cent
olivine. He interpreted these two flows to have tapped upper and lower
parts of the liguid magna and that the difference in composition repre-
sented the degree of settling of the olivine crystals in it. That such
differentiation takes place has been studied in some detail more recently
by others (summarized and extended by Richter, et al., 1964), who have
been able to make similar obhservations consistently on other flows.

Occasional flows with anomalous compositions have been found in the
geological columns examined; e.g., in the 446 foot column in the Kilauea
caldera wall examined by Macdonald (ig Stearns & Macdenald, 1946) a
picrite~basait flow with 35 per cent olivine phenocrysts was found.,
Poggibly the degree of differentiation obgerved in the anomalcus flows
represents the time the magmas were held near the surface previous to

being extruded onto the surface.
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Petrographically Macdonald has analyzed (in Stearns & Macdonald, 1946)
the flows in the Kau series in the 410 foot column provided in the crater of
Mauna Loa and a 763 foot column in the Hilina series of Kilauea as well as
others. Finch & Fagerlund (in Stearns & Macdonald, 1946) studied a 32 foot
Pghala ash column and Finch (1942a) as well as Richter, et al., (1964)
studied the breccia and other explosive clastic materials near the Kilauea
caldera. These latter are largely from the 1790 and 1924 explosive eruptions
mentioned above.

Chemical analyses have been made (Stearns & Macdonald, 1946; Macdonald,
1949; Richter, et al., 1964, etc.} of many of the individual flows. While
particularly abundant in reference to surface materials, these analyses have
included samples from all the principal rock types and volcanic series of which
the island of Hawaii is composed. Table I presents a selection of these
results for they are so much of the "soil"™ from which the biotic elements
derive the mineral part of their substance.

The influence of water on the lava materials is a large factor in
hastening the soil formation sequence, as is temperature. This has been
mentioned above in reference to the Pshala ash. It is of interest here to
consider some of the changes that are correlated with these factors. The
principal changes to be considered are three: a) the natural tropical
laterizing chemical process of change; b) experimentally induced changes,
and ¢) the variation seen from changes in the lava as it cools at the
surface of a flow during the first few days after extrusion. Macdonald
(in Stearns & Macdonald, 1946) considered this point in some detail.
Accepting the above it would appear that acids, heat and steam promote, in

the sense of accelerating, the laterization process.
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A most interesting study would be the response of the biological
elements and soil forming process to the residual heat in lava flows or
that from magma below. A beginning was made in studies of the 1958
lava flows outside the Park where an influence seems to have been found
related to a constant redistilling of the water moving into & warm flow
as it tends to provide for some months a moist substratum. A longer
term Tactor would be the warming of the surface by magma coming closer
and withdrawing from the surface without actually breaking through.
Fischer, et al., (1964) have shown that such influences of relatively
short duration may be present. It is also suspected that, e.g., a dike
or sill of hot lava beneath the soil could exert a visible influence on
the surface, especially in trees the roots of which might penetrate to
significantly warm areas that are not felt sensible without instruments
on the surface. Such areas, e.g., that shown as the Puhimau Hot Spot
(Fig. 8) near Kokolau Crater, are described in the chapter on vegetation.
Detailed infrared photography of the Park with this in mind would be very
worthwhile.

In looking at the lavas from a given flow two kinds are widely
recognized and named from the Polynesian words for them. One is a‘a for
the rough type. This appellation was possibly bestowed as onomatopeetical
by the barefooted Hawaiians who walked on it. The other is pahoehoe, the
smooth kind. Pahoehoe is often formed when lava issues forth in a very
fluid condition, the dissolved gasses escape and the lava cools quickly
while standing stationary. It is offten pillowy, ropey, billowy or in
solid, often scaley-surfaced stands. A'a is most often found where the
lava has cooled in motion. The surface of an a'‘a flow can be expected to

be covered with loose chunks called clinkers. When an afa surface is
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solid it is aptl to be very rough with an extremely coarse to sandy grain or
covered with protrusions as sharp as shattered glass.

Because of the rates of cooling, pahoehoe is apt to be glassy and a'a
more crystalline in nature. Either form may be dense ox nearly as light as
pumice. However, as ground more and wmore finely the resulting material from
light and heavy rocks approaches the same density, so that the differences in
density among rocks are seemingly due to the gas bubbles enclosed. #fn
extreme form is found as the light, fine glassy strands called "Pele's hair."
These strands may be blown a long way from the lava fountain producing the
molten ejecta of which they are spun. Petrographic studies usually support
the idea of a'a bheing more crystalline in nature than pahoehoe and less often
glassy.

Prequently the walls of cracks in flows, usually near their sources,
are red while the rest of the flow surface is the characteristic black of
all historic Hawaiian lavas. Ash productions may sometimes be red beneath
the surface. This seems to represent a preponderance of ferric over ferrous
oxidation states of the iron in such rocks. Chemically the red and black
rocks are hardly distinguishable. Likewise pahoehoe and a'a (see, respectively,
nos. 6 and 7 in Table I), or glassy and crystalline lavas, or dense and non-
dense (light) lavas may not be significantly different from the chemist's
point of view.

Erogion is not a large Tactor in the Park. There are no regular streams
and, in fact, almost no standing water except for a very few very small ponds
near the seashore. There seems to be no evidence of significant wind erosion.
Erosion, such as it is, is largely that from the constant wearing away of the
shoreline by the sea. This is the cause of the marine c¢liffs at the sea's

edge, which are often about 50 feet high. The nearness of the 50-foot contour
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line to the shoreline is an indication of this.

Stream erosion (Aerial photo 8-0078) is reflected in the vegetation
from west and north of the Volcano Laboratory to near the Kilauea Military
Camp. Further north, though only & few hundreds of meters away, the
rainfall is such that the ash ejecta from Kilauea are sufficiently
vegetated or so thinly overiying the lava beneath that such a stream
pattern is not visible. Likewise & few hundreds of meters to the south
the rainfall is so low that there is little pattern reflected in the
vegetation though the dendritic ercsion patterns are clear in aerial view.

Chemical changes and soil formation are discussed, below, under

edaphic conditions.
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Chapter III-  Weather

A~ GENERAL ACCOUNT

The trade winds and the barrier formed by the island of Hawaii, i.e.,
topography, are the principal causes of climatic variation within the Park.
Figure 11 illustrates this topography. The winds, chiefly the trade winds from
the northeast, bring water as rain to the Park. Convectional effects are rela-
tively ingignificant in the Park, though major factors elsewhere on the igland.

Rainfall and temperature data have been gathered for as long as 77 years
at some stations in and near the Hawaii Volcanoes Naticonal Park. Figure 11
shows the locations of these stations as numbered dots. Extensive publications
(Taliaferro, 1959; Blumenstock, 1961) of these data are available.

Humidity, wind and the consistency, frequency and range of change are like-
wise very influential ecological factors. Unfortunately, such factors are not
as a rule measured. The best that can be done for humidity and wind is +o draw
on the observations recorded at the Hilo Airport, thirty miles away. Clouds and
their effects on insolation and thus on air temperature, humidity and soil tem-
peratures are extremely important. The study by Powers & Wentworth (1941) on
wind and clouds in the area between Mauna Loa and Mauna Kea is informational
though it does not apply to the Park itself. Chester K. Wentworth (personal
communication) has watched the weather at the north rim of Kilauea for years
and has observed that when the daily temperature change is over 20 degrees
Fahrenheit, the day is sure to be clear. Such data and similar studies are
badly needed for more sites within the Park.

Only examples of records are included here as a means of initiating the
bio-ecologist into the peculiarities of the local phenomena. At the outset

it can be said that random variation is the rule at any given station whether
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Fig, 11. Median annual rainfall in inches as related to
elevation in feet for the island of Hawaii. The Park boundaries
show as a dashed line. From U. $. Weather Bureau data as recon-
stituted by "Hawaii Water Authority" in a bullefin entitled "Water
Resources in Hawaii' published in 1959 and available from State of
Hawaii, Department of Land and Natural Resources, bivision of Water
and Tend Development. The mumbered dots are the locations of the
weather stations.
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one is concerned with the given time of day, day in the month, month in the
year or year in the whole record. 'This is revealed at many places in the
enclosed tables of climatic data and in the observations of those who live

and work in the Park.

B~ WIND

The direction and mean velocities of the wind have been summarized
{Table 1) as recorded at Hilo Airport, 30 miles away near sea level. There
are no significant records of wind from nearer or within the Park. In
general the Park is not a windy area, but one is sensible of the trades or
lack of them. Occasional strong winds from unusual directions can be ex-
pected. It is these that bring most of the heaviest rains to the south-
eastern part of the Park below the summit of Kilauea. While the trade winds
move up the mountains they lose their water and, passing over Kilauea, are
then relatively dry winds. As such., along with the very porous soil, these
congistent winds from these directions, drying and passing over the shoulder
of the island are probably a significant cause of the dry aspects of the
Kau Desert region, an area from which there is only & poor record but an
indication of a 45~inch rainfall in part. Related to the drying of the
air and consequent decrease in cloudiness southwest of Halemaumau Crater
(Fig. 7), the Kau region receives more sun and thus more heat than the
eastward slopes, and surely this further enhances the effective dryness of
this region too,

The well known persistence of the trade winds is interrupted at
irregular intervals when the winds wmay blow from other directions.
Especially when these winds are quite contrary to their usual direction,
they are referred to as kona winds, and the time the trade winds are

absent is & kona period. The average direction of the trade winds has



Table 1. Mean hours per month of wind from the different directions during 1953 through
1963 at General Lyman Airport in Hilo. This is the nearest weather station recording such datae,

Wind direction

Azimuth  Compass JAN FEB MARE/  APR MAY JUNE JULY AUG SEET OC? NOV DEC
degrees  points

0] N 42.7 51.6 65.0 43.7 45.8 34.9 51.5 43.3 41.7 37.8 38.1 48
23 NNE 31.2 39.7 45.3 37.7 32.2 33.5 41,2 41,0 38.6 33.5 2.1 35.
45 NE 22.8 32.8 40.2 63.7 46.2 48,5 65.5 59.7 51.3 38.5 33.7 3%.
67 ENE 21.0 26.2 3.6 5.7 52.6 55.4 55.3 59.9 47.0 35.8 30.5 29.
90 E 27.8 25.0 35.4 42.8 55.1 62.5 50.2 9.6 38.9 37.5 29.5 29.

113 ESE 39.9 36.3 37.2 39.6 41,2 39.5 32,0 31.3 27.0 4.9 35.6 35.
135 SE 39.7 27.9 28.3 26.8 19.0 17.2 11.4 16.4 13.8 26.6 25.5 28,
157 SSE 37.3 21.4 16.5 19.2 10,9 10.3 7.3 10.3 9.2 18.0 20.6 20.
180 S 5.6 39.4 34.5 22.0 21.8 16.8 17.2 18.1 16.5 27.6 28.1 33.
203 SsW 85.5 61.6 61.4 50.8 36.6 37.5 31.2 31.7 40.0 56.1 53.6 62.
225 SW 136.1 101.7 106.2 8l.1 88.7 93.4 81.1 72.8 101.5 119.1 108.27 128,
247 WSW 98.0 86.4 100.0 04,2 119.2 132.7 1258.9 131.7 1421 129.6 131.5 113.

270 W 34,9 44.5 46,7 50.2 73.7 67.9 82.9 83.8 74,7 58.5 63.4 50.



Table I, {continued).

Wind direction

Azimuth  Compass JAN FEB MARE APR MAY JUNE JULY AUG
degrees  points
293 WNW 13.2 17.4 9.0 19.5 29.8 17.0 22.7 28.3
315 W 13.5 21.3 20.2 17.2 21.96 12.2 31.3  18.4
337 NNW 21.1 22.7 28.7 22.5 20.0 11.4 18.4 18.7
Calm Calnm 27.6 20.4 24.0 21.5 29.5  23.5 29.2 27.2

SEPT oCT NOV DEC
22.4% 17.2 19.5 20.2
24,9 14.3 18.8 16.5
14.7 I5.5 19.1 25.8
15.7 31.9 36.3 32.2

X/ - March 1961 missing,



shifted from more northerly to more easterly and back to more northerly
at least once since 1900, These changes in wind direction are of great
importance for both cloud cover and rainfall are greatly affected.
Unfortunately, there is little record of such events for any station near
the Park.

C~ HUMIDITY AND SOIL MOTSTURE

Humidity and soil moisture studies are very desirable in connection
with any effort to develop an understanding of the "repopulation of
devastated areas", i.e., the population of ash falls and lava flows. These
have not been consistently recorded for any long periocd of time nearer than
Hilo Airport where humidity records are made. Almost ne soil moisture
studies have been made, but see the chapter on soils for what information
there is. Table II provides the humidity record from the Hilo Airport
arranged to show the mean monthly and mean daily variability., such as
there was, through a two-year period. It is readily seen that over 50
per cent of the time the humidity was over 80 per cent and about 25 per
cent of the time over 90 per cent. Measurements in the higher and in the
dryer parts of the Park are generally lower, but often in the 70 to 80
per cent range.

D-  TFOG DRIP

An additional factor of local importance in determining "wetness"
has been described by Ekern (1964) in a paper entitled "Direct Interception
of Cloud Water on Lanaihale, Hawaii' in which he describes an increase in
rainfall from 149 to 391 inches in going from an open area into an
Araucaria (Norfolk pine) stand. This influence is discussed as "fog drip"

elsewhere and below in the section on vegetation.



Table 1I.

Relative humidity by month recorded at General Lyman Airport, Hilo, Hawaii.

The values given are the per cent of the time during the month that the relative humidity was in
the range shown in per cent.
January 1953 through December 1963.

The data are the means of the daily values for the months from

Range of

humidity Jan. Feb, Mar. April Mavy June July  Aug. Sept. Oct, Nov. Dec.
30-49 1.7 2.1 0.7 0.8 0.3 0.6 0.2 0.2 0.2 0.1 0.6 0.5
50-69 26.6 23.8 23.3 23.9 21,5 28.5 25.6 22.7 25.1 23,2 18.7 21,6
70-79 24,2 22.5 20.7 21.6 19.3 20.0 21.0 19.3 19.7 20.7 21.5 22.0
80-89 30.3 27.0 28.7 30.3 28.5 27 .4 27.6 28.1 32,2 29.56 29.6 29.6
90~100 17.2 26.6 25.7 23.4 30.5 23.5 25.6  29.6 22.8 26.4 29.7 26.2

G+
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E- RAINFALL

Rainfall over the island (Fig. 11) is concentrated on the windward
side of the mountains generally between the 2000 and 3000 foot elevations
in correspondence with the approach of the northeast trade winds. It is
also concentrated between the same levels along the South Kona coast,
southwest and outside of the Park, where rain is provided largely by
convectional showers.

As the wind passes over the ridge formed by Kilauea and its east rift,
especially near and above the 3000 foot level (Fig. 11), the rainfall drops
markedly. Thus, while at the Park Headquarters, Station 54, there is an
average rainfall of 93 inches, at Halemaumau, Station 52, scarcely a few
miles to the southwest over the ridge to the sea and 300 feet lower, the
averaée vainfall is about half that value.

Wide variation from year to year is conspicuous in the rainfall records,
some of which are impressive. The longest rainfall record for any gaude
station (to 1964) is that of over 77 years maintained by the Kapapala Ranch.
Station 36, i.e., beginning in 1887. Tigure 12 illustrates the variation
in annual rainfall since 1948 for 13 stations. In the Kapapala (Table IIT)
and Park Headquarters (Table IV) records, the minimum and maximum rainfall
values are, respectively, 24 (1889) to 126 (1923) and 58 (1899) to 182
(1958) inches. These are five-~fold and three-fold ranges, respectively.

If one studies the variation between maximum and minimum values for annual
rainfall (Fig. 12), especially in the light of the irregularities through
the year related below, one gets two impressions without adequate data to

really substantiate them. One is that stations with less rainfall are less
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Table III., Monthly and annual rainfall values in inches for 76 years at the
Kapapala Ranch (Station 36). Elevation 2150 feet.

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT oCT NOV DEC TOTAL
1887 6.81 13.02 6.46 4,90 2,19 1.25 0.0 2.05 3.58 7.66 8.00 23.02 78.94
1888 4. 49 10.52 5.91 4.73 7.41 0.45 4.12 ¢.00 4.16 8.15 2.50 0.00 52.44
1889 0.95 3.50 G.00 3.30 0.00 1.85 3.15 0.00 6.00 2.50 1.65 1.03 23.93
1860 14.66 7.90 16,10 15.85 .00 2.50 5.30 4,65 0.00 7.70 1.8C 6.10 87.56
1861 4,20 1.00 6.20 1.10 0.00 4£.50 0.00 3.02 5.68 13.12 4.15 6.27 49 .24
1892 23.00 4.60 2.80 2.77 2.60 0.00 0.64 2.62 3.38 6.89 0.16 2,52 52.18
1893 6.01 13.65 §.30 1.62 1.35 1.27 0.98 3.00 2.60 0.49 13.30 2.65 55.22
1894 12.96 10.95 3.14 3.10 0.60 0.30 4.30 2.05 3.40 1.50 7.68 1.80 51.78
1895 4.70 3.25 1.76 2,06 14,70 0.18 1.40 10.75 4,67 2.90 7.28 7.00 60.65
1896 2.25 3.00 4.34 0.95 1.00 0.00 1.25 9.18 0,78 0.25 6.30 11.55 41.05
L1897 3.00 3.20 1.35 0.00 0.00 0.93 0.04 0.76 0.83 2.67 8.39 3.70 24,87
1848 9.80 6.42 27.82 3.14 2.15 1.77 2.73 1.07 3.51 5.15 5.45 3.85 72.86
1849¢ L.50 1.55 16.90 6. 48 2.80 0.20 1.37 0.00 0.60 1.92 0.61 2.30 36.23

1900 0.88 2.80 0,65 3.43 2.92 2,38 2.85 3.57 0.66 7.36 10.69 0.24 38.43



Table I1L {comtinued)

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
1901 3.75 15.92 5.17 2.62 5.72 1.32 3,00 1.23 3.88 8.35 B.25 11.71 70.92
1902 4,04 2.21 13.30 2.75 2.43 4.90 3.30 7.00 4,40 4.65 6.42 3.38 58.78
1903 &.60 4.27 13,10 4,06 2.14 2,15 3.75 0.65 3.10  0.45 5.25 2.45 45.97
1904 3.29 22.93 7.55 5.76 5.08 0.00 1.83 6,65 9.45 1.35 0.00 0.65 64.54
1905 1.76 2.45 3.09 1.71 2.00 2.14 4,24 4,28 2.91 2,43 12.48 1.45 40.94
1906 .27 3.15 3.81 2.00 4,85 0.00 1.25 8.03 3.30  2.35 18.61 8.80 57 .42
1907 13.73 4,25 6.37 2.51 4.11 1.72 1.00 12.70 10.42 9.60 1.90 0.40 68.70
1908 0.79 8.33 10.29 1.89 0.20 0.00 0.00 0.87 1.93 2.72 1.21 1.06 29.29
1909 0.24 4,91 7.52 5.79 2.69 0.50 fff§7) 0.00 2.71 2.75 2.56 11.98 43,12
1810 4,99 5.65 0.92 0.98 2.74 1.60 2.53 5,43 4.19 2.17 3.38 3.33 37.91
1911 6.99 7.60 17.21 6.92 4.93 0.00 1.78 2.50 6.80 3.08 1.38 2,81 62.00
1912 0.00 5.37 2.15 2,33 0.58 1.92 3.18 2.33 0.55 5.20 1,40 2.73 27.74
1913 6.97 4,05 1.85 0.60 8.80 5.46 0.42 4,24 1.93 5.81 12.66 1.75 54.54
1914 5.90 2.12 6.33 3.27 6.92 2.53 15.%4 10.70 5.95 1.43 3.90 15.70 8(.69
1915 0.00 0.98 1.67 5.95 4.52 7.70 5.25 3.32 3.18 7.44 25,37 15.52 80.90
1916 20.10 5.07 18.15 4.60 4.36 .12 2,35 1.30 2.85 5.30 2.72 21.02 88.94



YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
1917 9.35 5.26 29.03 5.93 4.67 1.53 0.60 0.55 3.14% 3.52 1.45 14,72 80.75
1918 18.07 31.34 11.48 14,95 6.06 2.55 7.08 3.61 5.60 1.68 10,99 1,17 114.58
1919 1,45 0.00 7.15 1.28 5.24 L.76 .57 5.23 2.54 2,19 4.97 2,02 35.40
1920 10.32 5.06 8.25 3.64 £.53 L.77 0.74 5.75 0. 46 6.49 1.48 17.72 68,21
1621 28.54 5.95 3.97 2.32 5.72 0.00 1.51 1.36 1.00 11.41 1.42 3.08 66.28
1922 6.21 8.2 7.92 4,22 1.25 0.89 L.35 1.78 3.54 4.30 7.14 1.69 48,91
1923 29,05 18.69 16.52 25.42 1.99 0.86 0.81 5.92 10.57 2.37 2.37 11.18 125.75
1924 1.60 1.79 17.29 18.06 5.99 3.354 2,08 2.62 1.84  5.62 3.18 3.84 66,85
1925 7.29 1.64 6.12 1.19 2.15 1.72 2,78 L.20 2.79 6.71 1.68 2.26 37.53
1926 2.32 0.68 1.39 3.33 i.70 6,72 2.42 11.16 2.07 5.56 2.08 8,21 47,64
1927 1.89 3.72  9.47 10.99 1.21 1.82 1.04 2.11 11.23 3.42 1.72 41.32 89.94
1928 .00 2.09 2.64 3.16 4,30 0.50 8.78 0.78 3.50 4,12 3.30 1.84% 35.0%
1929 6,11 [0.25 2.73 1.95 2,48 0.50 4,45 2.81 2,68 4,87 (22?%&) 10.20 71.05
1930 9.52 3.82  8,5% 4,35 0.89 1.46 2.50 11,45 5.60 9.34 5.05 0.30 62.87
1931 0.40 0.07 5.48 4.76 5.92 2,47 4.26 1.05 8.04 11.03 1.35 1.2] &7.24
1932 12.36 (0.82 2.0z 3.21 2.12 2.97 0.44 1.57 &.07 2.14 5,29 5.06 54,97
1933 7.50 3.21 4,20 16,33 4,00 1.16 0.00 1.48 .22 3.83 7.93 1.53 33.39




Table 111 {continued)

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL
1934 6.03 4.30 5.05 7.11 12.40 2735 1.51 3.76 3.85 4.58 5.22 5.44 61.62
1935 7.03 3.18 15.36 5.90 2,73 4,35 2.48 45,48 7.36 11.51 15.27 i.90 81.55
1936 5.03 5.76 5.36 3.38 1.00 2.70 0.84 6.28 5.83 9.35 1.10 3.59 50.22
1937 11.00 14,06 12,30 8.47 5.20 0.30 2.86 11.28 3.10 6.35 2.28 4,32 81.52
1638 16.33 11.55 2.41 7.95 6.00 2.80 3.80 2.47 2.56 5.12 4,98 4.78 70.75
1939 6.12 16.55 22.24 9.25 2.00 2.25 1.81 2.25 7.45 2.79 3.35 0.73 76.79
1940 5.36 4,26 8.69 2.80 1.40 1.78 3.54 10.31 5.50 7.72 7 .48 3.20 62.02
1941 2.71 4.37 0.92 2.68 4.75 4.78 1.23 3.15 13.23 8.65 2,46 0.00 48.93
1942 0.86 .19 5.27 1.95 3.64 2.45 0.50 1.16 5.95 15.43 3.35 3.55 45,30
1943 17.91 4,17 9,27 2.30 8.68 3.62 2.77 3.10 5.59 1.78 0.67 2.95 62.81
1944 1.2¢9 12.29 4.24 1.95 6.05 3.91 1.08 0.76 1.89 3.84 1.31 10.23 48.84
1945 2.53 5.40 3.50 22.34 7.90 2.03 4.87 2.14 1.31 1.98 2.46 7.98 64,44
1946 25.53 7.39 0.57 4,13 3.41 0.51 0.97 1.68 1.03 6,22 7.94 17.47 76.85
1947 3.84 2.61 9.40 1.99 2.36 0.60 2.81 2.98 5.13 1.13 2.36 4.35 39.56
1948 4,64 6.23 6.31 6.61 3.60 3.08 2.52 1.96 3.61 0.57 11.22 1.92 52.27



Table 1II (continued)

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL
1949 32.33 6.47 1.98 0.49 2.41 2.18 0.61 0.55 0.42 3.80 2.61 4.91 58.76
1950 18,90 8.67 1,11 £.13 1,48 1.17 2.17 6.63 2.60 1.65 19.94 2.41 72.86
1951 11.28 20.88 20.12 3.75 3.32 4.10 0.96 5.11% 3.15 11.74 6.76 8.50 99.67
1952 11.10 1,59 5.10 0.82 3.56 0.16 3.81 0.47 2.3% 6.59 4.51 0.96 41.03
1953 1.23 10.64 10.15 3.56 1.37 2.79 0.15 1.61 1.50 1.2t 2,22 £.06 42.49
1954 4,42 14.08 8.13 1.84 4.91 0.38 0.71 2.86 3.29 1.86 9.35 7.26 59.09
1955 4,56 14,37 8.27 2.68 1.02 0.82 2.15 3.01 3.57 3.54 6.93 7 .54 58.46
1956 15.75 12.90 4.88 4,28 3.32 0.17 5.12 7.13 1.18 13.69 22.97 3.42 94.81
1957 14,60 5.00 1.54 6.56 6.12 3.06 0.94  13.75 6.06 6.28 3.97 8.93 76.81
1958 1.15 4,60 16,40 2,44 2.75 1.92 5.32 18.54 0.96 2.56 5.47 4.28 66.39
1959 13.97 6.00 2.67 4,28 3.33 0.38 1.40 7.17 5.05 6.50 13.52 1.68 65.95
1960 4,38 1.32 16.12 3.12 3.54 1.88 2.85 2.73 4,74 4.68 2.56 2.89 50.81
1961 3.33 2,62 1.34 4.62 4.84 1.74 1.37 0.7% 2.65 12,15 3.92 21.12 60, 46
1962 6.94 4,11 9.32 3.25 7.38 1.19 1.97 1.87 4.73 8.09 0.30 3.35 52.50



Table ILL

(continued)

YEAR JAN FEB MAR APR MAY
Monthly

means 7.70 6.81 7.68 4,85 3.78
Maximum 32.33 22,93 29.03 18.06 12.40
Minimum 0.00 .00 0.00 0.00 Q.00

JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
1.88 2.42 3.99 3.83 5.18 5.86 6.06 60.10
6.72 15.94 13.75 11.23 13.12 25.37 23.02 125.75
0.00 0.00 0.00 0.00 0.25 0.00 0.00 23.93



Table 1V.

Hawaii Volcanoes National Park Headquarters (Station 54).

Elevation 3971 feet,

Monthly and annual rainfall values in inches for 64 years at the

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL
1898 2.57 3.32 13.73 6.57 1G.69 1.97 1.96 3.81 2.37 7.04 3.34 1.04 58,44
1600 D.85 1.80 2.47 3.62 8.05 2.02 3.63 10.10 2.85 12.07 13.77 1.75 63.38
1901 5.83 17.38 15.31 6.78 3.78 1.7 2.80 2.13 4.05 6.66 17.72 10.93 95.07
1202 4.78 2.16 22,21 4.98 4.22 L.75 3.79 14.34 5.06 3.i8 12.10 10.79 88,30
1903 45.24 .57 6.14 9.15 3.11 3.45 11.82 2.47 5.46 3.88 9.85 2.30 67 .64
1904 16.19 17.27 4,47 20,29 6.96 2.65 6,68 8.27 4,06 2.86 2.21 2.05 93.96
1905 6.31 6.03 4.31 8.55 9.62 9.15 17.65 4,35 65.97
1906 4.00 2.15 1.88 4.45 6.65 2.49 5.66 l12.18 1.94 2.37 10.35 11.25 65.37
1907 8.97 10.90 12.50 5.65 4,10 5.40 7.10 23.70 3.28 6.40 4.86 2.15 96.95
1908 4.50 6.75 4,60 6.70 2.20 1.40 0.90 2,50 4.03 5.42 0.00 8.65 47 .65
1909 2.25 8.97 13.85 3.25 6.00 3.60 7.73 2.40 5.60 7.50  3.40 13.09 77.64
1910 12.92 1.66 9.50 7.18 8.34 6.30 3.45 9.40 2.67 3.69 6.17 6.29 77.77
1911 8.50 24.58 10.01 10.44 .39 4.52 .00 2.35 8.15 4.71 8.09 9.59 92.33
1ei2 0.64 11.98 4.95 5.51 0.73 2.92 2.91 2.77 7.20 13.26 8.51 11.9% 73.37
1913 17.27 1.92 4.95 8.3¢ 7 .47 3.36 3.33 6.60 5.4  2.39 25.15 2.05 88.32



Table IV (continued)

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTA
1914 4.84 2.68 6.57 6.51 8.96 i0.10 28.38 i8.22 16.91 8.13 13.85 10.06 135.2
1915 2.02 1.33 1.97 8.42 2.68 6.90 3.86 2.56 7.39 14.16 34,51 20.12 105.9
1916 12.97 4,11 15,04 13,89 17.06 6.58 65.76 5.66 5.92 9,33 .11 25.32 130.7
1917 1290 5.04 25.79 11.27 4,16 2.98 2,29 1.96 1.90 2.25 5.45 5.68 81.6
1918 19,02 40,65 12.75 13.82 10.86 4.30 15.51 9.27 3.60 5.44 19,13 17.18 171.5
1919 3.92 3.27 g.52 3.90 2.54 2.99 3.95 5,36 5.72 4,62 3.62 4,14 52.5
1920 8.48 2.11 9.12 3.31 2.566 2.57 3.91 3.66 4.71 7.51 6.74 14,84 69.6
1921 43.96 3.73 2.19 7.63 5.32 1.52 4.25 5.10 5.16 11.37 10.80 6.47 107.5
1922 16.93 15.78 28.13 9.38 3.45 1,28 3.69 4,45 6.14 4,50 6.74 2.34 102.8
1923 26.23 14.26 20,66 27.60 4,33 4.14 3.93 7.19 8.82 7.55 3.14 14,65 142.5
1924 6.78 3.85 10.41 13.27 6.83 1.39 4.74 3.58 2.82 8.22 9,61 4,42 69.9
1925 9.5% 3.96 18.40 7.32 2.92 4.88 2.49 9.69 2.55 5.16 5.98 2.4l 72.3
1926 1.76 3.50 2.23 2.53 3.02 3.60 2.11 13.46 4,92 4.19 .67 16.50 59.4
1927 9.00 2,10 7.79 6.70 6.37 3.77 7.01 7.66 15.97 4,49 4.56 43,15 128.7
1928 6.98 2.74 11,72 5.91 5.24 7.33 7.51 3.52 5.14 8.08 7.30 9.98 72.5
1929 5.63 11.32 1.57 5.20 2.92 3.20 7.11 3.71 3.16 2.87 15.34 7.03 75,4

1930 5.92 3.71 4.15 &.35 8.38 6.82 4014 24,46 2.62 13.83 8.04 4.87 107.8



Table 1V (continued}

YEAR JAN FEB MaR APR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
L1931 1.62 6.40 12.81 3.92 3.39 1.88 1.85 4,89 L1.55 3.19 8.58 3.21 65.35
1932 24,55 14.34  3.91 8.30 6.64 3.26 3.06 1.52 7.10 1.80 6.98 8.69 90.39
1933 16,29 11.38 12.81 15.16 7 .48 1.02 3.92 1.65 3.40 1.67 9.03 1.34 83.15
1934 9.01 4,63 3.91 5.74 7.73 5.87 8.90 2.38 9.41 5.90 6.75 12.52 82.55
1935 10.29 8.56 18.02 G.60 3.13 7.94 3.07 2.5% 9.12 9.03 9.564 5.29 96.28
1936 4.85 3.61 9.65 3.69 4.73 &.70 3.52 10.26 7.78 8.74 2.64 18.93 84.90
1937 22.02 20,46 13.40 7.83 8.61 7.89 2,45 24.75 3.47 7.21 10.52 4,83 133.44
1938 21.98 9.72 g.27 9.54 7.02 3.51 4.15 3.96 2.93  7.72 L&, 44 12.62 106.86
19365 18.01 14,59  29.85 11.28 2.89 4.96 6.65 5.03 2.94 5.27 6.64 1.53 110.66
1940 3.25 1.85 G.22 3.87 3.29 3.05 2.51 20.77 7.99 6.34 10.49 3.08 75.71
1941 L.84 2.22  7.18 2.19 9.19 5.66 10.62 6.57 13.66 15.21 5.47 9.43 89,54
1842 0.70 3.39 17.74 5.45 5.06 3.26 4.38 2.92 5.15  8.34 4.39 6.26 67 .04
1543 16.62 10,45 9.63 7.14 7.83 10.34 9.15 2.73 3.3% 2.74 2.82 7.27 83.08
l1g44 3.44 11.58 4.87 11.70 10.09 6.57 4,40 4.74 3.31 7.99 1G.82 18,08 97.59
1945 2.58 3.81 18.58 27.91 3.45 2.04 6.74 7.81 5.21 5.96 7.18 10.95 102.23
1946 17.22 16.29 17.26 11,48 2.05 3.29 3.28 2.97 1.62 14.15 5.26 27 .83 128,70



Tabla IV (continued)

YEAR JAN FEB MAR AFR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
1947 4.20 1.43 13.39 6.51 4.91 4.30 3.10 7.70 6.64 4.01 10.71 12.09 78.99
1948 5.37 7.20 18.92 10.26 7.07 5.80 3.31 3.28 3.39 7.14  18.59 18.63 103.96
1949 34,32 8.21 7.92 2.09 1.89 3.92 2.48 3.62 1.57 7.08 5.84 16.60 95.54%
1850 13.69 18.30 6.62 14.53 7.46 4,40 5.11 6.17 2.48 3.12 16.25 4.80 102,93
1951 14,11 25.93 28.45 6.09 3.57 4.79 3.59 9.71 2.27 23.73 16.29 6.25 144,78
ig52 30.55 4.60 21.67 3.86 6.19 4,74 3.95 2.94 3.82 5.88 11.23 5.84 105,27
1953 1.29 8.65 10.63 1.64 7.72 3.45 1.30 4. bb 2,12 2.95 8.80 8.33 63.11
1954 4,53 11.36  7.83 2.38 7.66 5,10 9.82 9.82 5.20 4,17 15.61 20.77 100.77
1955 11,15 21.02  7.64 14,20 9.10 3.04 5.25 4,89 4.69 3.02 10.64 12.30 106.94
1956 15.99 25.96 10.16 8.23 9.46 8.28 2.87 17.17 2.04 14,49 20.56 6.02 141,23
1857 18.60 5.46 3.05 3.41 4,76 2.33 6.28 16.72 5.04  4.58 7.16 22.68 109.93
1858 1.69 2,79 17.91 5.14 5.66 4,51 7.36 14.77 3.30 5.78 11.18 1.94 82.33
1959 19,44 17.05 3.44 6.75 5.75 1.90 4,78 11.56 3.63 2.30 21.73 13.09 111,42
1960 16.83 6.25 8.79 12.07 7.30 4,40 3.17 6.32 5.54  4.35 i3.07 2.71 90.88
1961 3.55 14.96 5.31 5.79 4.18 2.95 2.70 4,08 3.70 17.70 12,23 20.27 97.42

1962 3.82 2.96 10.40 3.47 13.90 2.35 3.62 1.80 6.32 3.28 4047 4,66 61.05



Table IV {(continued)

YEAR JAN FBE MAR APR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
Monthly

means 10.45 8.94 9.90 8.06 7.58 4,15 5.33 7.41 5.37 5.83 9.84 9.94 93.39
Maximun 43.96  40.65 29.85 27,60 17.06 10.62  23.38 24,75 16,91 15.21 25.15 27 .83 i71.53
Minimum 0.64 0.96 1.88 1.64 0.73 1.28 0.90 1.352 1.57 1.67 0.00 1,04 47 .65

o~
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consistently wet and vary more between maximum and minimum annual amount.
The other is that the stations on the windward slopes exposed to the more
consistent trade winds have more consistent rainfalls than those on the
leeward (Kona) slopes exposed to the more erratic Meonat winds. As an
example of extremes that may be experienced, it appears that in 1953 at
Kawaihae, Station 148, there was a minimum total annual precipitation for
+hat Station (Fig. 12) of about 0.2 inches. However, there seems to have
been no record of any rain at all for the eleven months preceding December
of that year.

It is often asked whether there are rainfall cycles, say of eleven years,
or it is asked, "Is the ammual rainfall increasing or decreasing?" J. B. Cox
(1924) believed there were 1, 3.7, 11.1 and 33 year periods. Tigure 12 and
the data in Tables I-V can be analyzed from this point of view. Certainly
if there are cycles, a gradual lessening or increase in annual rainfall,
these phenomena might be useful in explaining the changes in the biological
populations in the Park. Of course, the actual quantity of rain is impox-
tant in the rate of development and nature of any vegetation. However, the
extremes, especially the minimum values, are apt to be the controlling
factors. That is to say, one drought year will be more important than the
mean rainfall or that for the wettest years.

The distribution of the rain during the year is strikingly important
in regulating the type of vegetation that will appear. Thus, Tables ITI-X
have been included to convey some conception of the regularity or irregu-
Jarity in rainfall. It is common in these data to find that some particular
year a given month may have had over ten times as wuch precipitation as it
had another year. For example, in Table IV the month of January is shown to

have had 0.64 inches of rain in 1912 and 16 inches in 1904, but 44 inches in



Table V.

Monthly and annual rainfall values in inches for 30
Elevation 3648 feet.

years at the Halemaumau gauge (Station 52).

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT  OCT NOV DEC TOTAL
1933 7.97 8,58 10.82 9.52 1.72 g.79 0.05 0.17 0.78 1.14 6.84 0.71 49.09
1934 5.29 2.18 3.05 3.33 4,51 3.64 2.51 0.68 4,86 2.42 1.67 9.21 43.33
1935 7.81 3.92 14,26 4,48 0.85 0.67 2.50 0.71 5.23 B.26 7 .88 2.81 59,38
1936 3.60 2.35 7.03 1.64 0.73 0.71 1.44 5.19 3,74 7.06 .81 8.63 42.93
1937 14,74 16.26 10.57 3.71 3.67 C.61 2.78 14.10 1.09 3.86 3.78 3.36 78.53
1938 14.91 .13 3.61 5.49 1.54 2.05 0.71 1.33 0.56 5.52 8.20 5.75 58.80
1935 10,81 11,93 23.95 6.50 1.11 L.87 1.04 1.07 0.82 1.93 2.32 0.56 63.91
1940 4.45 1.34  7.74 .43 0.96 0.45 0.71 12.47 3.85 5.43 9.87 2.34 50.94
1941 1.26 2.24 1.87 0.66 3.93 4,461 1.98 2.60 7.61 §.44 1.63 2.60 39.25
1942 0.59 1.67 6.08 (3.04) L.57 1.56 1.06 0.4% 1.87 4.19 2.94 4.15 29.21
1943 tz.12 3.77 (9.22) 4.39 5.54 2.39 4,56 1.44 0.64 0.52 1.03 3.36 48.98
1944 .01 3.44 3.97 2,32 3.31 6.73 .21 Q.70 .86 3.37 3.34 15,28 39.54
1945 0.85 2.48 4.78 20.96 2.29 1.06 0.46 2.86 1.36 1.80 3.68 9.70 52.28
1946 i5.02 13.19 5.39 2.67 0.52 0.78 2.05 0.72 0.17 9.08 3.98 23.75 77.32
1947 2.24 1.06 3.08 1.84 0.89 0.44 1.46 1.77 3.07 1.28 7.46 5.08 29.67



Table V (continued)

=
YEAR JaN FEB MAR APR MaY JUNE JULY AUG SEPT OCT NOV DEC TCTAL
1948 4,05 2.87 4,20 4,50 2,03 0.61 1.67 0.97 0.76 2.69 6.35 4,36 34,40
1949 17.85 3.83 2.87 0.34 0.63 G.50 0.56 0.52 0.10 3.09 2.65 6.08 39.02
1950 5.32 12.43 1.73 7.34 1.76 0.67 1.25 4.69 Q.57 1.11 16.90 2.92 56.69
1951 7.81 16.40 18.35 1.90 0.83 1.47 0.76 5.07 0.47 19.78 5.58 4.07 82.49
1952 21.22 3.31 7.85 0.64 1.50 0,41 0.95 0.08 D.79 3.55 6.72 0.49 47 .51
{Gauge leaking)
1953 0.92 2.45 1.98 0,24 1.25 0.34 0.05 1.03 0.15 0.17 (0.34 Tnop.) 8.58
1954 2.0l 11.53 4,47 2.35 2.40 0.54 2.00 2.08 1.55 0.86 16.9C 10,58 54.79
1955 Z2.85 14,45 6.16 5.76 Q.86 0,17 0.71 1.15 1.50 Q.92 6.50 8.58 49,61
1956 12,03 16,80 4.04 2.80 2.58 0.85 0.12 5.50 0.33 3.90 15.49 3.05 73.49
1957 13,42 1.52 0.63 5.65 2.29 T 1.06 7.55 2.90 2,23 3.20 [0.50 50.95
1958 0.35 1.39 12.00 1.45 1.05 0.15 1,80 7.75 0.15 2.27 4,70 1.70 34,76
1959 13.75 10.21 0.78 1.73 0.95 0.27 0.74 4,30 1.45 G.97 15.10 3.25 33.50
1960 4,90 1.56 .23 3.35 2.00 0.15 T 1.11 1.81 2,07 1.90 0.80 27.88
1951 2.17 3.00 0.55 .29 0.37 O.14 0.15 0.25 1.49 9.31 4,34 9.77 33.33
1962 3.54 0.80 2.01 0.38 3.50 0.87 0.09 0.06 1.29 1,12 0.61 1.09 15.5%



Table V (continued)

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV BEC TOTAL

Monthly
means 7.16 6.20 6.34 3.73 1.90 0.98 L.19 2.598 4.13 4,13 5.94 5.67 47.52
Maximum 17.85 16.80 23.95 20.96 4.51 bl &4.56 14.10 7.61 19.78 16.90 23,75 82.49

Minimum 0.35 0.80 0.55 0.24 0.37 T T 0.06 0.10 0.52 0.61 0.49 8.58

raral
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i.e., the 1959 Kilauea ash-fall rain gauges,
gauges is given in Figure 10,

Table VI, Precipitation records for the “devastation area,"
The location of these
The wvalues given are in inches.,

DATE #1 #2 #3 #4
Dec. 1963
5 1.62 1.20 1.18 1.28
12 0.33 0.42 0.54 0.60
19 0.47 0,37 0.32 0.23
26 0.09 .09 (.08 0.09
Jan, 1964
I Q.59 .35 0.34 0.33
9 7.23 6.57 6.37 .63
16 1.38 1.02 1.24 1.10
23 2,97 2.58 2.29 2.01
30 1.38 0.83 0.69 0.72
Feb, 1964
14 5.70 4,27 3.76 2.38
27 14,74 9,40 8.41 8.32
May, 1964
12 13.98 11.61 10.19 8.29
25 10.28 8.70 9,92 8.85
Apr. 1964
7 2.82 1.75 1.33 Q.91
23 3.90 2.37 2.52 2.30
May 1964
7 6,24 3.93 3.75 2.96
21 6.08 4,02 3.70 3.90
June 1964
3 8.36 7.37 6.35 6.80
18 0.09 0.55 0.50 0.43
July 1964
2 2.34 1.75 1.69 1.80
16 1.87 1.90 0.90 0.82
30 1,02 Q.45 0.38 C.67
Aug. 1964
13 2.10 1.26 1.22 1.08
27 0.41 0,22 0.23 0.13
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Table VI, (continued)

DATE #1 #2 #3 4
Sept, 1964
10 2.35 2.12 2.09 1.57
24 2,20 2.32 2.40 2.53
Oct., 1964
8 2.21 1.38 1.37 0.45
Nov. 1964
1 2.26 1.61 1.36 1.13
5 1.75 1.13 I.04 1.20
19 0,29%/ 7.66 7.19 7.54
Dec. 1964
3 1.54 1.51 1.65 1.65
17 1.46 4,95 4.95 5.09
31 2.07 2,76 2.85 2.71
Jan. 1965
14 2,05 3.55 3.52 3. 49
26 2.01 3.37 4,16 3.70
Feb, 196%
11 2.06 4,41 5.37 3.61
25 2.07 1,44 1,36 1.90
Mar., 1965
11 2.00 1.95 1.70 1,23
30 2.18 3.81 4.16 4.88
Apr, 1965
13 2.58 7.64 7.85 T 47
27 2.07 3.30 3.95 3.66
May 1965
10 2,28+ 12.31 12.21 12.81
June 1965
1 2.18 1.80 1.75 1.49
g 1.58 - - -
16 1.33 1.38 1.50 1.11
July 1965
6 2.00 1.52 1.33 0.77
23 2.32 1.57 1.55 0.74

*/ Probably not reliable after this reading.
+Rain gauge leak discovered.
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Table VI {continued)

DATE #1 #2 3 i#4
Aug. 1965
15 0.52 1.42 1.28 1.86
31 0.48 Q.34 0.28 .30
Sept. 1965
22 5.64 5.30 5.09 3.85
Oct, 1965
4 1.37 - - -
1@ 3.05 3.46 3.88 4,05
30 1.53 - -- -
Nov. 1965
4 - 2.10 2.45 2,48
12 14.83 12.72 13.15 13.78
Jan. 1966

19 12.30 11.38 11.30 8.70



Table VIL.
inside the eastern Park boundary at an elevatisn of about 40 feet.

67

Precipitation record for the Kalapana sites 1 and 2

Gauge

#1 was installed 0,8 miles inside the boundary at the future residence
on November 30, 1964,
at the big bend in the Kalapana Chain-of-Craters Road, as it leaves the

area on January 24, 1964,

coastline, turning inland to climb the pali,

Gauge #2 was installed

The values are given in

inches,
[
Date Cauge #1 Gauge #2 Date Gauge #1 Gauge #2
January 1964 January 1965
30 0.65 3 [.59 [.30
6 1.05 1.18
15 1.56 1.98
Le 0,43 0.22
24 4,45 2.73
26 0.02 ¢.04
31 0.18 0.04
February 1964 February 1965
13 1.20 ) 2.50 2.14
18 2.70 22 0.57
25 3.00
March 1964 March 1965
3 2.86 16 0.45
11 2.50 24 4,49 1.54
18 1.22
21 2.40
22 1.41
30 0.87
31 0.13
April 1964 April 1965
3 0.42 5 & 57 5.55
8 1.09 8 0.61 0.31
15 0.78 L& 4.06 §.93
20 0.48
27 0.59
28 0.27
May 19564 May 1965
5 1.70 3 18,06 8.27
7 1.31 10 11.47 12.91
15 1.80 20 1.56 1.5
22 0.84 28 0.69 0.45
25 3.50 29 .08 0.04
26 1.26
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Table VII {(continued)

Date Gauge #1 Cauge #2 Date Gauge #1 Gauge #2
June 1964 June 1965
11 0.72 i 0.07
19 0.33 16 0.10 1.46
24 0.70 20 0.33 0.11
26 0.98 27 1.25 2.19
30 0.24 0.13
July 1964 July 1965
9 0.27 1 0.14
21 0.50 7 0,11 0.05
14 0.68 0.69
15 0.05 0.06
16 .10 0.01
17 0.53
18 0.12 0.48
19 0.00 0.00
20 0.42 0.20
21 0.04
22 0.04 0.01
23 0.01 0.00
24 0.01 0.00
25 0.01 0.01
26 0.00 0.00
27 0.00 0.00
28 0.00
29 0.00 0.00
30 0.00 0.00
31 0.09
August 1964 August 1965
7 b.31 13 0.01 0.06
11 0.47 2 0,04 0.07
26 0.74 3 0.04 0.00
4 0.01 0.00
5 0.13 0.02
6 0.18 0.01
7 0.00 0.00
3 0.00 0.00
9 0.42 0.05
10 0.01 0.00
11 0.00 0.00
12 0.12 0.00
13 0,47 0.04
14 0.17 0.01
15 0.01 0,00
i6 0.06 0.21
17 0.12 0.03
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Table VII {(continued)

{
! Date Gauge #1 Gauge #2 Date Gauge #1 Gauge #2
August 1964 August 1965
18 0.00 0.03
19 0.04 0.00
20 0.04 6,00
] 21 0.05 0.00
22 0.02 .00
23 0.09 0.07
20 0.18 0.05
25 0.01 0.00
26 0,01 0.00
27 0.00 0.00
28 0.00 0.00
29 0.00 0.00
30 0.00 0.00
September 1964 Beptember 1965
8 0.88 1 0.00 ¢.00
10 1.51 2 0.00 0.00
17 0.63 3 0,00 0.00
30 1.46 4 0.00 0.00
5 0.00 0.00
6 0.00 0.00
7 0.03 0.02
8 0.02 0.00
9 0.00 0.00
10 0.02 0.00
Il 0.02 0.01
i2 0.82 1.50
13 1,37 1.90
L& 0.21 0.1l
15 0.04 0.03
16 0.08 0.02
17 0.00 0.060
i8 0.00 0.00
19 G.12 0.11
20 Q.11 0.57
21 0.00 Q.00
22 1.43 0.18
23 G.ol .00
24 0.03 0.01
25 0.01 0,00
26 .00 0.00
27 0.00 0.00
28 0.01 0.02
29 0.00 0.00
30 1,10 .01
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Table VIIL (continued)

Date Gauge #1 Gauge #2 Date Gauge #1 Gauge #2
October 1964 October 1965

13 0.35 1 0.02 0.01
15 0. 41 2 0.01 0.00
22 0.85 3 0.06 0.00
4 0.00 0.00
5 0.00 0.00
6 .00 0.00
7 0.28 0,11
8 Q.04 0.05
9 0.11 0.06
10 0.00 (.00
11 0.18 0.78
12 0.01 0.03
13 0.63 0.85
14 0.58 0,23
16 0.59 0.08
17 .01 0.02
18 Q.00 0.00
19 0.45 1.02

22 0.02
25 0.00 0.00
31 0.00 0.00

November 1964 November 1965

4 1.00 1 0.00 0.00
12 15.00 2 0.00 0.00
17 0,18 3 C.00 0.00
30 1.75 4 0.03 0,00
5 0.01 0.53
6 0.00 0.00
7 0.03 .00
8 0,00 1.65
9 .00
10 1.04 2.61
11 Q.14 0.00
12 1.38 0.96
13 1.19 2.20
L4 1,06 2.59
16 7.50 1.75
17 0.00 0.02
19 0.43 Q.13
20 0.12 (.00
21 0,58 0.06
22 0.05 (.00
23 0.03 0,01
24 0,09 0.02

25 0.03
26 0.02 0,02
27 0.09 0.05
28 0.15 0.04
gg .12 0.03
0.00 Q.00




Table VIT (count

Tyed )

71

December 1964
1
11
29
24
30

i

et

&,

0,08

A

76

0.13
3.12

5.73
0,25

Date Gauvge #1 Gauge #2 Date Gauge #1 Gauge #2




Annual monthly maximum, minimum and madian rainfall values for the

Table VIIE.

island of Hawaii at 14 stations,

Figure 11.

For locations of stations refer to the station numbers on

The values are in inches, and "T" means there was less than .05 inches,

DEC

NOV

SEPT OCT

JUNE JULY AUG

Years JAN FEB  MAR APR MAY

Elev.

Location

Station

{(ft.)

No.,

15.4 34,4 41.3

7.7 15.9 13.8 13.2

1

14.7

32,3 31.3 29.0 25.4

2150 71 Max,

Kapapala Ranch

36

3.4

3.9
0.0

4.0
0.3

3.2
0.0

2.

1.8
0.0

2.9
0.0

3.3
0.0

i 6.1

5,

5.3
0

Med,

0.0

0.0

Min.

22, 12,0 9.0 5.5 3.8 14.4 11.2 17,1 18,0 23.4

20.5

20.5

33 Max,

34860
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3
1.1
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0.6

25 Max.
Med,
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0.6

0.1

o

0.6

Min.

24,2 34,5 43,2

28.4 24,8 16.9
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5.8

17
0.7
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0.7
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0.6
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0.7

0.1
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I
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{(continued)

Table VIIEL,

]

OCT NOV

MAY JUNE JULY AUG SEPT

APR

MAR

Years JAN

Elev.

Location

Station

{fE.)

No,

5.0

5100 24 Max,

4.1 3.9 3. 4,0 3.7 6.0
1

3.7

5.0

1

6.5

2.7
1.1

0

6.7
1.7
0.0

Papalca

77

1.0
0.0

1.0
0.2

.1

0.1

1.5
0.7

2.3

2.0
Q.7

Med.

0.6

.8

.1

Min.

22.8 50.8

18,0 28.3
12.6

14,6 26.4

18.4 13.1
2.0
3.7

30.3

31 19 Max, 38.4 39.3 45.3

Hilo Airport

87

13.5

9.6
2

6.0
2.4

8.7
4.8

ia}

.9
.1

9.0 13.4 11.&4 8
0.7

8.0

Med.

3

3.5

3.4

3.1

3.8

0.4

Min.

20.3 31.5 36.0

15.5
6.9

12.5 25.3

17.5
6.1

5.5

28.2 32.5 64,3 37.8

65 Max,

11G

Kapoho

93

7.0

!

2
.2

1

6.4 5.5
i

8.8

i

o

9.4
0.8

Med,

3.3

L.7 1

1

Wi

1

1.4

Min.

13.7

8.4

5.4
1.5

12.9 14.5 5.7 4.9 4.1 5.3 11.8 7.8
0.7 0.5
0.0 0.0

9.8
1

18 Max,

G500

Halepohaku

11t

2.0
0.0

1.4
¢.0

1.8
0.0

.3 2.8 i.1 0.5 0.2
0.0 0.0 0.0

.8

Med.

0.0

6.0

0.0

Min.

32.0 75.1
20.6

32.7 50.0

34,2 50,0

21.0

50.3 94,0 55.2 45.8 35,7

Max. 57.4
16.3

31

1550

Pepaekeo

140

23.5

14.0 17.5

19.3

25,2 24,4 20.2 12.6
(2.9) (6.0

.1

16

Med,

4.4

6.8

2.9

3.6

A

5.0

5.5

2.4

0.5

Min.

.8 1.3

2.0
0.1

1

1.0

.3 0.9
2

2
0.0

1.1
0.3

1

ey

3.8

.2

3
0.9

Max,

20

30

Kawaihae

148

5
0.0

1

0.0

2

i

0.2

2
0.0

0.3

2
0.0

Med.

0.0

0.0

0.0

0.0

0.0

Min.,

.8
.9

24,6 14,7 28.0 35.5 14,9 23,9 35.9 29

53.0 48.6

.5
.1
1.2

950 48 Max. 30.5 28

Kukuihaele

199

6

3.9

.2

5.3

2 4.5
1

5.0

8

8.7

6.0

Med.

1.0

0.9

0.6

1

Min.



Table IX,

The wvariability in rainfall at the different gauge stations,

The rainfall values are in inches for the fourtean stations of Table VIII,

Total median rain- Average rain- Standard deviation Per cent

fail for 12 months fall per month from the average deviation
KAPAPALA RANCH (Station 36) 43 3.6 1.4 38
OHAIKEA (Station 44) 30 2.5 I.4 56
HALEMAUMAU (Station 52) 33 2.8 1.6 58
HAW, NAT'L PARK HDQYRS. 78 6.5 2.0 30
{Volcano Obs., Station 54)
AINAHOU (Station 58) 66 5.5 3.8 68
HOLUALOA BEACH (Station 68) 22 1.9 .5 24
KULANTI MAJUKA (Station 796) 34 2.8 1.5 55
PAPALOA (Station 77) 20 L.6 .5 30
HILO AIRPORT (Station 87) 116 9.6 2.6 27
KAPOHO {(Station 93) 85 7.1 1.5 21
HALEPOHAKU (Station 111) 18 1.5 .9 64
PEPZEKEQ (Station 140D 231 19.2 3.8 20
KAWATHAE {(Station 148) 3 G.3 0.2 85
KUKUIHAELE (Station 199) 69 5.7 2.0 34
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Table X. Daily rainfall at Hawaii Volcances National Park

Headquarters (Station 54} during 1951. "TI" indicates less than
.05 inches, Quantities are in inches and the total for the year
was 145,28,
3 [ [
USJ: E\ 5 e g "g E ,_qoj ,8
o 2 s £ f T o, ¢ oz & £ £ F %
25 : 4 & & f§ 2 3 & & & 3
— j£a) = 9] (o) b )
1 .15 T 1.29 .35 .02 T 04 - 20 .20 T .26 .02
2 04 T 5.20 .04 .01 020 .01 .03 T .10 .03 A1
3 T T 2,92 .03 .31 13,06 T T .0l .61 .03
4 T T .67 .39 .01 .10 .09 T el .06 .14 .08
5 .01 .20 .70 .26 .01 .04 T .05 T T 07 .10
6 T .59 3.11 .32 .03 .08 .01 .54 .65 T 10 .31
7 .08 .10 ..96 .96 12 L0808 4,41 T .03 .25 .35
8 .02 T .18 .1¢ .14 .13 T B4 1 .05 .13 .94
9 .16 T 17 .02 .21 T .09 .02 T .48 .70
10 .05 T .20 .07 T .36 T .05 T .05 .28 T
11 LAl .01 .06 .28 el 65 .01 .06 T .29 .30 .06
12 1.54 .01 .05 L42 .05 70 .01 .02 01 .05 04 JAE
13 1.08 .38 .23 .64 .11 .28 .33 .08 T .60 .18 .07
14 .60 L83 4,26 .01 Lbb 09 L34 T .07 .06 .55 .24
15 1.03 .38 .27 T 04 05 (19 .11 .20 .09 .08
ié L.73 .31 .36 ez .30 09 04 .34 04 .09 L34 .02
17 14 23 3.53 .03 11 T 42 .36 T .02 02 .08
18 .03 2.40 %) .09 .05 L0200 011 .01 T , 20 .34
16 T 4,18 .05 .05 .06 .04 .05 .09 T 02 45 L
20 02 2.82 .66 .03 T T .32 .08 T .20 2.87 .02
21 .20 .85 Lhd T .02 .24 1 .75 T .43 6.85 T
22 2.05 3.68 .85 .15 .03 03 .02 T A1 1,29 .02
23 3.81 3.30 .92 .03 .02 L4000 .01 .04 A4 .31 T
24 iy .15 .09 .18 .01 T .07 .07 .06 .0% .09
25 .22 1.39 .39 .45 A3 A3 .07 .36 .23 02 .03 .10
26 .13 1.03 .02 .05 .05 .23 .04 17 .03 6.00 .18 et
27 .18 .46 .16 .49 L0402 .01 .57 4,43 .16 .02
28 T 2,62 .05 .01 07 07,02 A1 .06 10,00 02 T
29 .01 42 .38 .38 12 T .64 .12 .57 .09 .02
30 T 02 .27 .30 Jd6 .23 .10 04 .07 .08 .21
31 17 .20 1.00 .21 .37 1.63
Total 14,11 25.93 28,45 6.05 3.57 4.79 3.59 9,71 2,27 24,23 16,29 6,25
Depart,
from 3.03 18.35 17.03 -2.84 -2.39 L15-2,37 2,39 -4,25 17.47 7,01 -3.91
Nomm.
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1921. With an eye to the importance of extremes, Table VIII has been
inciuded in which this range can be seen very readily. Note the large
number of zeros as the minimum value given even for those stations where
the median rainfall is relatively high. In Table IX a further analysis
shows that at wetter stations the rainfall is more predictable and varies
less during the year. The wetter stations are for the most part on the
{trade wind side of Kilauea oy its east rift and thus under this steadier
influence,

It is not surprising that the daily record of rainfall during the
month shows random variation in turn. Table X is presented to show the
variation dvring 1951 on a daily basis at Park Headquarters. Here the
rainfall is a little less than 100 inches per year, but this particular
yvear it was 145 inches. Yet note that during the 17th to the 25th of
September and earlier in late January and early February there were dry
periods. Actually this particular September was a drought month with less
than half the usual precipitation, but the particular February was unusually
wet. This disparity between dry periods and "departure from the norm" is
an indication of the degree of randomness to be expected.

Dry periods are surely more serious fox the vegetation in these very
porous soils than unusual periods of high daily rainfall such as occurred
(Table X) on February 18-23. The rainfall first increases (Fig. 11) as one
follows the trade winds from the coast up the slopes to successively wetter
areas. There the drought periods are fewer and less extensive, but as one
passes the saddle between Kilauea and Mauna Loa or over the ridge, i.e.,
the rift zone extending to the east from Kilauea, the rainfall drops. As
it drops, longer and more severe drought periods appear. At the north rim

of Kilauea, an area with an average rainfall of about 100 inches of rain
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per year, there is rain almost every day, yet (Fig. 13) a month with five
inches of rain may leave several days with none,

Figure 13 illustrates daily variation in rainfall graphicalily. Such
variation can be expected to be especially critical for seedlings and the
first populants of lava flows and ash falls. A perusal of Table VI of the
rainfall in the 1959 Kilauea Tki "devastated area" will indicate the rather
certain presence of critically dry several-day periods there where it is
not very wet anyway andd nearly within the clearer area of the leeward side
of the island where the hidher insolation and drier air puts a stronger
water stress on the populations.

F-  TEMPERATURE

Temperature is less important in the more frequently seen parts of
the Park than other factors such as rainfall. Very near the shore the
temperature of the air a meter or so above the ground is not often greatly
different from that of the sea, 1l.e., 24 to 26 deg. Celsius. In winter at
the north rim of Kilanea, days with a minimum of over 70 deg. F. are unusual
as are those over 74 deg. F. in summer. As a rule there, 40 deg. F. is a
usual minimm for the year but 38 is recorded, but much of the time the
daily or even wmonthly minimum is near 60 deg. F. On the top of Mauna Loa,
vhere during some years there may be snow all the year around. the
temperatures vary widely,

There are but few daily records of temperatures from within the Park,
however. one set of data {Table XI) for Park Headquarters is given here as
an example. It should be noted that frost has not been recorded at the
4000-Foot level below which the most dense vegetations and deepest, most

mature spils are found. The extreme range is 37 to 85. The mean range of
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RAINFALL N MILLIMETERS

40 ;
: 3

30
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DAY OF MONTH

Fig. 13. Histogram of rainfall measured at
the residence of Chester Wentworth (= "Kilauea
North Rim Station" of various records) during
the month of January, 1965,



Table XL,

Temperatures recorded at Hawaii Volcanoes National Park Headquarters
(Station 54) at 3971 feet elevation from 1948 through 1962.
Fahrerheit.
and those to the right and below this line are the minimum values.

The values are in degrees
Values on the line following the year are maxima for the months ceoncerned,

% Year Eanuaryé Fabrua March | April May June July ¢ August Septembe Dctober| November] Decemberi An

1948 170 72 [ 70 73 82 74 80 78 76 73 75 58 182
47 38 42 48 48 47 50 88 50 51 46 4

1945 69 7L 70 59 72 T4 75 74 75 78 73 73 78
&0 40 a3 L &7 48 5C 31 40 49 41 42

1950 174 72 70 71 73 73 75 5?5 78 75 73 76 78
L4 44 42 43 48 53 S0 50 45 50 49 42

1951 {71 74 73 71l 75 76 75 79 74 73 T4 79
43 37 43 45 47 48 50 50 45 45 49 42

1952 170 72 73 69 72 73 77 76 74 77 73 73 77
41 46 47 47 45 50 50 51 49 48 51 43

19534 74 72 70 72 74 72 75 80 76 74 71 73 80
42 46 45 47 51 51 50 50 56 49 48 41

19544} 72 73 73 76 75 78 76 75 75 76 76 71 78
39 44 38 49 48 53 52 53 51 51 45 46

195547 70 70 73 69 70 71 72 73 T4 75 76 73 76
45 45 42 46 49 48 50 50 49 50 48 41

19561 72 70 69 72 72 75 75 75 76 76 75 72 76
45 46 4g 43 49 49 49 5% 52 51 44 42




Table XI. (Continued)

4]
<
E ]
Year | January { February| March | April May June July August September | October | November| Decembe ] Annu:
1957 | 70 72 70 73 73 75 78 78 79 78 74 72 79
46 42 &1 47 47 50 52 50 4G 49 47 47 4
1958 1 72 74 73 73 73 75 77 79 78 74 75 75 79
&2 43 4] 48 49 50 53 53 52 51 47 43 4
1959 {75 72 76 73 74 75 79 79 78 80 79 70 80
&3 45 47 48 47 50 50 53 46 48 49 44 4
1960 {73 73 74 70 73 74 79 78 85 78 74 74 85
43 42 45 48 58 49 50 52 50 49 47 45 45
1961 171 74 72 72 74 74 75 79 75 77 73 71 79
44 44 43 42 48 46 50 50 46 48 48 41 4]
1962 {71 75 72 74 73 17 78 75 73 75 73 74 78
44 42 4t &7 &7 47 50 49 49 46 4G 40 4
Mean
Max.! 71.6 72.5 71.9 71.8 73,6 | 74.5 1 76.5 76.6 76.7 76,0 74.3 72.6 78.9
Mean
Min.{ 42.9 42.9 43,5 46,1 47.9 49,1 50,4 50.8 48.7 49.0 47,2 } 43.0 40.8
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the monthly extremes being 38.1 deg. Fahrenheit (21.2 deg. Celsius).

To provide contrast, a similar record (Table XII) from a lowland
area, General lyman Airport, Hilo, Hawaii, is included. Note that the
temperatures are higher and there is less variability, in line with the
statement. above, about near-shore areas, than at the higher elevation,
The maximum for the l5-year period being 93 and the minimum 54; the mean
range of the monthly extremes being 32 deg. Fahrerheit (17.7 deg. Celsius).

G- DATA MOST NEEDED

Climatic data in the categories discussed above are badly neceded for
more localities within the Park to provide a reliable conception of the
extremes and consistency of the different factors. These, to be most
economically maintained and useful for bio-ecological studies, should be
across the major climatic gradients recognized in the Park. To oversimplify
for the moment, these gradients are that to be seen with elevation on a
line between Kalapana and Kilavea and on to the top of Maunaz Loa and that
found in the areas ol Park interest on a line that might be drawn from
Hilo to Kilauea through the Upper Olaa Forest Reserve and continued thence

o the shore at,

i

say, Halape. However, special stations should be establighed
and maintained, e.g., in the Kau Desert and in the devastated areas and other
special-study arveas. These should be so instrumented and continued that
bi-weekly. or at least monthly, temperature and rainfall values are obtained
For a ten-year period. Records of light, humidity and wind should be made

at a Tew sites along these transects. TLikewise at a few sites variations
during the day in the other factors as well as day to day variations should
be carrvied out to determine their nature during typical and especially

during extreme periods.



following
and below

Table XII.
31 feet, between 1943 and 1962,

this line are the related minimum values.

The values are in degrses Fahrenheit.

Temperatures recordsd at General Lyman Airpert, Hilo, elevation

Values on the line
the year are maximum values for the months concerned, and those to the right

g

Year | January | Februaryi{ March | April May Juns July August September|{ Cctober | Novemberi DecemberAnnus
1948 { 82 85 82 89 84 &85 87 85 84 84 82 79 89

25 58 58 60 64 55 66 66 66 65 64 65 6!
1949 | 83 80 80 80 83 85 83 83 85 86 83 81 86

58 60 57 60 64 64 63 66 62 62 58 56 5t
1950 { 89 84 84 82 83 84 84 03 85 85 86 82 93

60 62 60 50 62 65 63 63 64 60 62 50 6(
1951 | 84 81 88 83 84 88 86 85 88 85 84 85 88

60 56 60 61 &2 63 65 64 64 52 62 60 5¢
1952 | 81 82 81 81 83 83 87 85 84 88 83 82 88

59 60 60 el 62 64 64 64 64 64 b4 60 5¢
1653 | 84 82 81 82 82 83 83 86 84 85 81 82 85

58 57 5% 50 63 63 65 65 65 63 63 59 57
1954 | 87 83 87 88 85 85 85 85 87 85 85 80 88

57 56 61 61 62 65 g4 64 66 62 61 58 56
1955 § 82 81 86 81 80 82 84 83 84 84 86 85 86

59 58 561 39 62 64 63 63 62 62 62 58 5¢€
1956 ¢ 85 84 81 P82 82 83 85 85 85 85 88 85 88

60 57 38 29 61 61 63 64 64 63 59 i 59 57




Table XI1. {(Ceontinued)
Year | January | February | Maxch April Mavy June July August September ] October | November] December| Anr
1957 | 85 81 83 i 86 L84 85 85 85 88 86 85 85 g8
60 37 37 60 62 H4 64 66 65 65 62 61
1958 | 86 85 82 82 83 84 85 88 85 8% 84 85 89
57 57 56 62 62 63 65 67 65 63 60 57
1959 | 89 23 82 84 84 86 88 88 85 86 84 81 89
50 59 60 62 64 64 63 85 62 62 £3 59
1960 } 83 87 84 83 84 86 87 883 85 90 83 84 c0
38 55 39 52 52 64 64 55 64 64 6l 38
1961 | 86 86 84 84 84 86 86 86 36 91 85 83 ¢1
35 59 60 61 62 64 64 56 63 64 b4 59
1962 | 84 85 34 86 85 87 89 87 28 87 86 84 §9
03 55 62 65 56 69 70 71 69 64 63 54
Mean
Max. | 84.7 83.2 83.3 83.5 83.3 84,8 85.6 86,1 85.5 86,4 84.3 82.9 88.
Mean
Min, | 38.6 57.7 58.9 | 60,9 62.7 64,1 64,5 65.4 64.3 63.0 b 61.9 58.5 56.
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Actually, a very commendable study was begun by Mr. Garrett Smathers
in the area devastated by the ash fall from the 1959 Kilauea eruption.
The rainfall data are given here for this area {Table VI) though the
record is brief and from records read only once a week; Figure 10 shows
the location of these gauge stations. The biclogical events on the Kilauea

Iki ash Tall are discussed elsewhere, below.



Chapter IV-  Climate

by Dieter Mueller-Dombois

The effect of the weather elements described in the above chapter
is climate, Climates may be described by such terms as high or low
altitude, temperate or tropical, hot, ete. Such terms are interpreted by
and convey different subjective meanings to different people and generally
convey no one meaning uniformiy.

Seeking a way to objectively diagram the climates of the Park, various
graphic integrations of weather were considered. Finally, a method (Tigs.
14-18) expanded upon at length and used by Walter (1957, 1964) was selected.
Searching for the origin of this method of diagramming led us to the story
that it was possibly first applied by a meteorologist attached to the
Gexman aymy in North Africa. It is said he devised the method merely as a
means of iliustrating the principal features of temperature, drought,
rainfall and general wetness in briefling sessions. However, e.g., Boergesen
carlier (1929) used a similar graphic presentation in discussing the climate
of the west coast of Indis.

The climate diagrams used (e.g., Figs. 14-17) were prepared following
Walter's method in which 10 deg. C equals 20 mm of rainfall. Each climate
diagram shows on the abscissa the months of the year from January {extreme
left) to January (extreme right)., Mean monthly temperatures (in deg. ) are
plotted in reference to the left ordinate, and monthly precipitation (in wmm)

is plotted in reference to the right ordinate, resulting in annual temperature
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Figs, 14, 15, 16 & 17, Climatic variation in the Park as
illustrated by the climate diagrams from, respectively, Holualoa
Beach, Halemaumau Crater, Park Headquarters and the Mauna Ioa
Observatory. The construction and interpretation of these dia-
grams is given in the text. The location of these and others in
respect to the Park is given on Figure 8.
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Fig. 18. Orientation map of the island, Hawaii, showing
general topography, an outline of Hawaii Volcanoes National
Park and illustrating the climates at different weather sta-
tions by means of climate diagrams. The five straight lines
on the National Park area illustrate the locations of the five
vegetation transects numbered 1-5 and discussed in Chapter VIIL,
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and precipitation curves. Empirical observations have shown that at this
scale a pronounced drought period is in evidence whenever the precipitation
curve undercuts the temperature curve (dotted fields).

For practical reasons, the precipitation scale on the climate diagrams
(g.g., Fig. 16) has been reduced by a factor of 10 for any monthly rainfall
in excess of 100 mm (blackened fields). At the highest altitude station,
Mauna Loa Observatory at 11,130 feet, the average monthly minimum tempera-
tures were additionally plotted (Fig. 17, dotted curve) to show the period
with daily night-frost as recorded in the standard shelter 1.5 m above ground.

The rainfall records read were obtained from Taliaferro (1959) with the
exception of those for the Mauna Loa Observatory, which were obtained
directly from the U. S. Weather Bureau, Honolulu. The rainfall data of
Kulani Mauka and South Point Corral were extended with 14 vears of further
records from the U. S. Weather Bureau. The length of the recording period
in years is shown on each diagram (Figs. 14-18) in the upper left-hand
corner beneath the station name. Where two figures are shown, separated
by a dash, the first refers to the recording period for temperature, the
second to that for rainfall. The mean annual rainfall (in mm) is shown in
the upper right-hand corner on each diagram.

Only 5 stations have temperature records. For these, the mean annual
temperature (in deg. C) is shown in the upper central part of the diagrams
(Figs. 16 & 17) in front of the mean annual rainfall. The temperatures for
Hilo Airport, Hawaii National Park Headgquarters and Pahala (Moaula) were
obtained from Blumenstock (1961). The temperature records for the Mauna Loa
Observatory and Kulani Mauka were obtained f{rom the U. S. Weather Burcau,
Honolulu, The temperature curves for the other 16 stations were extrapolated

as lollows:
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1. The Mauna Loa Observatory values were adjusted to obtain values

for Hale Pohaku at 9500 feet by correcting for the altitudinal difference

as follows:

Mean temp. Altitude
Mauna Loa 6.9% ¢ 11,150 Ft.
Observatory
Kulani Mauka 9.6° C 8,300 ft,
Difference 2.8° ¢ 92.850 ft. (= 1°¢/1000 Ft.)

2. The Pahala values {Moaula) were, similarly, used for South Point

Corral by the following correction:

Mean temp. Altitude
Park Headquarters 15,9° ¢ 3,971 ft.
Moaula 22.0° ¢ 550 £,
Difference 6.1 ¢ 3,421 ft. (= 1.8°C/1000 rt.)

3. The Park Headquarters data were adjusted For all stations in and
near the Park (i.e., Halemaumau, Chaikea, Kekekaniho, Ainahou, Kapapala Ranch)

using 1.89€/1000 feet as an altitudinal correction factor.

4. The Hilo data were used Tor all remaining stations with the

following altitudinal correction:

Mean temp. Altitude
Park Headquarters 15.9° ¢ 3,971 ft.
Hilo 22.8° G 31 ft.

Difference 6.99 ¢ 3,940 £t (= 1.9°C/1000 £t.)



90

The principal differences in the climates distinguished by the climate
diagrams (Figs. 14-17) are in respect to the degree and timing of wetness.

The several months per year when rainfall exceeds the 100 mm mark (Fig. 16)
indicates a humid climate at Park Headquarters. Higher a dry climate (Fig., 17)
can be expected and southwest of Park Headquarters a longer summer (Fig. 15) or,
if one were in or nearer Kona {Fig. 14), a winter-drought climate. Temperatures
are always higher in the summer, but the degree is indicated as "warm" (Fig. 14),
moderate (Figs. 15 & 16) and cool {Fig. 17). At this latter station freezing
temperatures are experienced every night from mid-~November through mid-April

as indicated by the dotted line across the bottom of the figure.

Inspection of the 21 climate diagrams (Fig. 18) constructed as described
above has led to interpretations that seem to be consistent with the observa-
tions one can make on the vegetations, soils and other factors that would
appear to be related.

It is to be hoped that in the not too distant future more complete
temperature records as well as rainfall and temperature records from a wider
range of habitats within the Park will become available., In a broad sense,
but on the basis of the present classification, the following three general
climatic areag are recognized on the island and within the Park.

(a) The climate near sea level: The climate diagrams show clearly the

effect of the northeast trade winds in producing (Fig. 18) a climate on the
northeast side of the island that is humid throughout the year. Only the
most northern windward station (Kukuihaele) shows rainfall amounts of less
than 100 mm in June and September, but rainfall amounts stay well above

the temperature curve, showing that there is hardly any danger of dryness
or drought. On the leeward side exist approximately the same temperature
relations as on the windward side. MHowever, the rainfall pattern is

entirely different, as one would expect, and there is without doubt more



sunlight. Here, rainfall distribution is not of one type, but of four
different types. The most northern leeward station, Xawaihae (Fig. 18),
shows a typical desert climate as the rainfall curve remains below the
temperature curve thronghout the entire year. Holualoa Beach (Figs. 14 &
shows a winter-drought climate and Pahoehoe and Manuka a humid climate,
comparable to those on the windward side. Finally, South Point shows an
extreme summer-drought climate., While perhaps less severe this summer-
drought climate extends northeastward along the Park's coastal lowlands.

(b) The climate at mid-altitudes, below 5000 feet: At the Park

Headquarters {Figs. 16 & 18) the mean temperature is 7 deg. € cooler than
at sea level, but rainfall distribution clearly indicates a humid climate
of the same type as that of the windward low-elevation stations. Just

three miles to the southwest, at Halemaumau (Fig. 15) there is a distinct
summer-drought climate as there is similarly to the west at Chaikea. The
change in climate up-slope from Park Headquarters is not quite as abrupt,
but yet distinct, showing a reduction in summer rainfall, which is paxrti-
cularly pronounced in June, e.g., at Kckekaniho. A broad area extending
south of Halemaumau shows less extreme reduction of rainfall in summer.

There is a similax climate east and south of the Kau Desert. Ainahou, at
nearly 23000 feet elevation, shows a similar summer-dry climate as does

Kapapala Ranch (ocutside the Park boundary) near the 2000 foot elevation.

Further south below the pali (at Moalua) the typical summer-drought climat

extends to South Point Corral,

(¢) The climate at higher elevationg, above 5000 feet: Hale Pohaku, o

9l

18)

e

T

the south slope of Mauna Kea towards the saddle at the 9500 foot elevation,

shows two summer-drought periods~-a well pronounced one in June and a less

pronounced one in September. Both these rainfall reduction periods are
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shown also on the upper windward slope of Mauna Loa (at Kulapi Mauka and
the Mauna Loa Observatory, Fig. 17), but they are less pronounced here.
The higher elevations in the Park, though drier, have this same climate if
we interpret correctly from the adjacent stations and topography. It can
be seen that the two rainfall reduction periods in June and September are
indicated also at the most northern windward station, Kukuihaele, indicating
an affinity in rainfall distribution to the northern windward area. Papaloa,
on the leeward slope of Mauna Loa, shows two dry periods, one in October
through December, and one in February. This rainfall pattern shows an
affinity to the second leeward low-elevation station, Holualoa Beach, which
has a distinet single winter-drought period.

The reduction in mean air temperature with increasing elevation is
only 1 deg. € per 1000 feet at the higher altitudes above 5000 feet, while
from gea level to 5000 feet the decrease is nearly twice as great. This
temperature amelioration at higher altitudes can be attributed to a temper-
ature inversion pattern that has been observed on the east f{lank of Mauna
Loa above 5000 feet. (Mr. Saul Price, unpublished data, U. S, Weather
Bureau, Honolulu.) The average monthly minimum temperature curve at Mauna
Loa Observatory indicates (Fig. 17) nocturnal freezing temperatures from the
second half of November through the middle of March. However, ground frost
can be expected throughout the year. On the assumption that nightly minima
at the soil surface are 10-12 deg. C below mean air temperature measured at
1.5 m above ground, the boundary of nocturnal ground frost (i.e., occurring
almost every night of the year) has been arbitarily accepted here as at an

elevation of 8500 feet.



Chapter V-  Soils

by Dieter Mueller-Dombois
A~ INTRODUCTION

This chapter attempts to summarize available information on the
edaphic factors in the Park. Edaphic factors are those that relate to the
soil. Perhaps the [irst question that could be asked is, whether there
are any soils in Hawail Volcanoces National Park, as the surface area is of
such recent volcanic origin., The answer to this question demands a clari-
Fication at the start. If soil is understoocd to be the "weathered crust of
the earth's surface” as often interpreted, there is almost no soil in the
Park. If, on the other hand, soil is interpreted as the "substrate of
ground-rooted plante™, nearly the entire Park surface, except for the most
recent: lava surface, can be considered "soil. A compromise has been made
by soil survey workers who have classified as "soil" all surfaces consisting
of an accumulation of Fine separates over lava rock. On this basis more
than 50X of Coday's Fark suxface is covered with soil and this soil is
considered to be entirvely from volcanic ash and none from disintegrated
lava (H. H., Sato, personal communication). The rest of the Park surface
consists of soil-baryen rock material (Cline et al., 1955). However, this
soil-barren rock material is not barren of plants and other organisms and
thus is of congiderable bilo-ecological interest., Only the most recent lava
flows are barrven of plants and the stone desert above 11,000 feet around
the summit of Mauno Loa. EBven these cannot be entirely ignored when speaking
of edaphic factors, as some of the initial stages of weathering and populia-
tions arc well displayed even on these otherwise soil- and plant-harren

surlaces.
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Edaphic information relating directly to the Park is very limited,
although there are several references that give more general information,
some of which include observations in or near the Park area.

B- [FROM VOLCANIC ROCK TO SOIL

Lyons (1896) investigated this problem by chemical analyses of selected
Hawaiian soils, which he compared to the chemical composition of Hawaiian
lavas. Among the selected soils he presents data on a soil from Pahala,
Hawaii (outside the 8. W. border of the Park). He also presents an analysis
(Table I) of Pele's hair from Kilauea in the Park which was exposed to
sulfuric vapor from Halemaumau. Pele's hair is of bristly, hair-like lava
Fragments thrown up at the margins of hot moving pahoehoe flows, where they
make contact with the cooled surface material. It is considered to be of
the same chemical composition as the solid lava from which it is formed.

He sampled several other lava fragments from the islands including partially
decomposed old lava from Hile, which he texmed "rotten lava™. He stratified
the soils of Table T into three classes:
1. New, from lapilli (i.e., glassy volcanic ash). This includes the
soil from Pahala, and another from Waimea, Hawaii.
2. New, from partially disintegrated lava. This includes a scil
from Hile, Hawaii.
3. 0ld, from thoroughly disintegrated lava. This includes a soil
from Manoca, Oahu.

The Table I shows that Pele's hair from Kilauea compares rather closely
in composition to that of the average of Hawaiian lavas. In the overall
analysis Lyons {1896) considered aluminum and iron to have remained rather

constant in the formation of soils. Taking these two as a standard for
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Table 1. Comparison of the chemical compositions of
Hawaiian lavas with that of soils in three relative age groups
(data from Lyons, 1896). Values in per cent.

Chemical Average, Pele's hair "Rotten" New goil New soil 01d soil,
constig- Hawaiian Kilauea &/ lava, from ash, from 1ava,9/ Manoa,
uent Lovas R e D
Sioé 47,9 45.6 24.6 0.4 42,1 31.6 42,5
Tio, 3.6 3.3 8.1 - - - --
Al504 15,1 15.1 23.9 i3.0 24,0 22.1 26.9
FeyOg 8.6 5.3 37.9 10.9 18.8 44.5 29.7
Ca 0 8.6 10.2 trace 3.4 5.7 L4 .3
Mg O 6.1 5.9 1.0 o7 1.4 .6 7
Na 0 4.2 3.7 1.4 7 .2 .2 .2
K50 1.1 .9 trace .2 iy b .2
?205 o1 2.5 .24 .5 6.5 .5 .3

a/ Exposed to 80y vapor,

b/ Partially disintegrated.



96

unchanged properties, he concluded that in soil formation 50% of the silica
is lost, more than 90% of each of the bases, 50% of the phosphate, and very
little of the titanium.

Maxwell (1898) studied the problem of soil formation in a somewhat
different way. He was intrigued by the sulfuric acid steaming in the
Kilauea area. He tested the acidity of the steam with litmus paper and
found that it varied from neutral to slightly acid. He determined the steam
at Sulfur Bank to contain 5% sulfuric acid in 1896. Then he traced the effect
of acid steaming by analyzing pieces of lava under different exposures to
steam (Table II). The Table shows a certain reduction in monoxides (bases)
upon sulfur steaming.

Next, he analyzed a number of typical lava disintegration products.
These included: A, gypsum; B, alum deposits (a mixture of sulfates of the
atkalies, iron and aluminum with excess sulfur and sulfuric acid); C, a
portion of the so~called "red ochre™ found in layers in the lava in great
quantities; D, mainly silica released in steam from lava bases, yellow on
drving; E., disintegrating lava; F, sound lava, average. The data are shown
in Table III.

In addition Maxwell made an experiment to study the action of acid
steaming under controllied conditions. He used 52.9 grams of crushed lava
(bean~size) of known chemical composition which he placed into a glass tube
that was connected to an Erlemmeyer flask containing 5% sulfuric acid (i.e.,
the same concentration as that of condensed steam at Kilauea Crater, where
the decomposition products were sampled). He allowed the acid steam to run
over the crushed lava for 120 days. fter this, he found 1.221 grams of
solid matter in the solution. The composition of this material was: 16%

810y, 1.7% FegOs, 4.6% AlgOs, 6.5% Ga0, 5% Nay0, 5.6% K90, 60.7% SO4.
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Table II. Chemical composition of lava fragments
exposed to differing intensities of sulfur steaming at
Kilauea (data from Maxwell, 1898). Values in per cent.

Chemical Lava froth Same lava but Sample from
constituent or scum not exposed to slightly acid
affected by sulfur steam fissure, const.
steam (red) steaming
510, 49.0 55.5 62.5
&14504 16.1 16.0 9.2
{‘18203 7.3 5-7 5-0
Fel 10.1 6.8 3.0
Ca0 10.7 8.0 4,2
Na,0 4.2 4,4 3
K,0 .4 .7 .3




Table TII. Composition of disintegration products from lava at

Kilauea (after Maxwsll, 1898),

Values in per cent,

A B c D E F
Chemical vellow disintegrating sound
constituent gypsum alum red ochre silica lava iava, av.
Si0g 4.0 .8 32.5 75.8 57.0 49.9
Fe,04 .7 12.3 4.5 4.9 8.6 14.4
Al,04 - 26,2 8.1 1.5 8.7 14,5
Ca 0 43,4 oS .2 - 4,3 9.9
Mg O .5 4.6 .5 - 5.7 4.9
Na 50 - 1.1 2.2 4.6 3.2 2.4
K,0 -= a3 .1 .2 .3 .8
S04 44,7 45.6 1.5 1.3 - --

86
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From this Maxwell drew his conclusions about the mode of disintegration.
His data give an indication of the amount of silica removed by action of
sulfuric acid on the bases in the lava. It further shows how "alum" deposits
are Tormed by the separation of alumina and alkalies as sulfates from lava.
The deposits of gypsum are simply the results of the removal of lime, while
iron is less affected. This suggests that those decomposition products that
are very rich in iron (i.e., red ochre) are residual rather than separation
products; that is, they show what is left of the original lava after the
soluble silica, and the elements which form the alums and gypsum have been
removed. e points out also that there are modes of disintegration other
than sulfuric acid steaming, some of which result in the removal of iron.

Starting from the Kilavea area Maxwell located asbundant evidence for
sulfuric acid steaming asg an important rock decomposing phencmenon, firstly
by pointing out the abundance of old cinder cones down to sea level away
from the great centers of volecanic activity; secondly by sampling what
appeared to be lava-decompusition products in soil-covered areas on all
larger isiands., The "earth™ samples, as he calls them, were taken from
various depths (road cuts, etc.) and classified according to their color-
resemblance to the recent lava-decomposition products in the Kilauea area.
Partial chemical analyses of a large number of these color-classified samples
showed a cloge chemical similarity to currently forming decomposition pro-
duets in the Kilavea area,

The effect of steam on Kilauvea lava was investigated experimentally
also by Ferguson (1919). However, the objective of Ferguson's experiment
was quite different Crowm that of Maxwell. It had been suggested that
steaming in general {not necessarily acid steaming) was effective in con-

verting ferrous oxides (FeO) to ferric oxides (Fe,0s). If this was a
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universal process, the presence of olivine and other iron-bearing minerals
(high in ferric oxides) found in association with glass of Kilauea lava
could be taken as an indication of the water content of volcanic exhalations.
Preliminary experiments had shown that lava was not appreciably attacked
by water vapor at 1000°C.  Ferguson used powdered Kilauea lava that was
heated to 1000° or 1100°C in a platinum boat, in a porcelain tube through
which steam was passed for a period of an hour for each of several tests.
There was no formation of ferric oxide in spite of the fact that some
ferrous iron was lost. He attributed the reduction of ferrous iron to the
deliberation of reducing gases from the lava on account of heating and also,
to some extent to absorption of iron by the platinum boat. Thus, the steam
appears to have acted as an inert gas, and the tests leave no deubt that
ferrous iron, when in silicate combinations, can exist in the presence of
water vapor at high temperatures. In lava, ferrous oxide does not exist as
a separate phase, but mainly in silicate minerals. Ignition experiments have
shown that free oxides are much more easily oxidized. Ferguson's experiments
seem to indicate that the red layer in pahoehoe (near the surface, for example)
is not the result of steaming, but probably of differential original heating.
McGeorge (1917) investigated the chemical changes involved in the
formation of Hawaiian soils from parent rock and ash. Among one parent rock
analysis series he included Pele's hair, a sample from the 1910 overflow of
Kilauea and various other dated flows of Hawaii. In discussing the change
from lava to soil he emphasizes the individual elements in relation to their
relative abundance in the different textuxal classes, sand, silt and clay
and elaborates on the properties of the differently sized soil particles.
He had assumed that the larger particles (coarse sand) had more nearly the

composition of the parent lava, since disintegration had not far progressed
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i these. However, he found in most cases that leaching was already so
compliete that there was 1ittle difference in composition whether the soil
was From lava or ash. The coarse particles consisted in most cases of
complex magnesium silicates. His main conclusions are (1) that there is
a wide variation in the chemical composition of soil particles of the same
size, (2) that this is due primarily to differing intensities of weathering
and {3) that irom, titanium and manganese are most prevalent in coarse
grains and silica, aluminum and phosphate in fine grains.

Hough et al. (1941) also fried to obtain an idea of the direction or
course of weathering by comparing the composition of soils of differing
degrees of weathering with that of unweathered parent rock., Similarily as
TLyons (1896) they divided the sample~soils into three age groups. but they
also related them to rainfall, The three age classes of soils were marked
"axceedingly young, tyoung' and ne1d,  The exceedingly young soil class
included a soil near the Park. The source of the sample is described as
a semi-virgin roadside 1ocation on a gentie sloping spur of Kilaunea Volcano
in the Kilauea truck-faym region, Fawaii (May 1936). Two other exceedingly
young" solls sampled were from near iln and near 0Olaa, respectively. In
the category of "young' soils, they inciuded a soil from Moaula near Pshala,
outaide the southwest border of the Park. This soil, from Pahala ash, may
compare to the soil on Puu Kaone inside the Park in the coastal lowland
helow Hilina Pali, which is likewise from Pahala ash. The category ol "old"
soils incinded samples from the older ialands. The following table (Table 1V)
shows the data on the two solls from near the Park and an tald" soil from

Maui. ‘Their constituents are compared to that of Hawaiian lavas. The latter

compare rather closely to the data of Lyons (Table I) and Maxwell (Table I11).
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Tabie IV. Composition of Hawaiian lava and three
soils of different age groups (data from Hough et al.,
1941). Values in per cent,

water

Hawaiian "Exceedingly voung! "Young! noLdH
iava soil, soil, soil,
Kilauea Moaula Maui
{2500 mm rain) (1250 mm rain) (2500 mm rain)
3i0z 36-62 47.5 36~40 8-21
av, 49
Sum of 12-31 21-23 46 1.5 - 2.5
bases av, 21
A1203 8-19 13=-14 20-27 30-35
av, 14
Fe,O 5-22 13-14 22-27 40-53
273
av, 14
Combined —— o5 10-12 10~16
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The general trend in compositional change with weathering is quite
apparent from Table IV. Hough et &l. concluded that alumina are the least
soluble constituents in soils that are neither markedly weathered nor in
soils exposed to low rainfall, that iron is less soluble than alumina in
the more highly weathered soils and that silica and the bases are by far
the most soluble constituents in soil and lava. Bases are more rapidly
lost than silica, particularly in the early stages of weathering. They
considered the silica content to be the best index of the degree of weathering,

The above anlysis was based on whole soils (weathered and unweathered
materials). In examining the colloidal fraction they obtained an even
clearer picture of weathering. On this basis it was concluded that the
exceedingly young soil at Xilauea is made up almost exclusively of unweathered
matevials. They also Found that the kind of colloidal material formed varies
with rainfall and to some extent with parent material. The colleidal material
formed under high rainfall is lower in gilica and higher in iron, alumina and
combined water than that formed under low rainfall conditions.

C~ SO0IL FPORMATION THEORY

Maxwell (18298) distinguished between "chemical™ and "simple" weathering.
Under chemical weathering he understood the decomposing action of sulfuric
acid steaming as currently going on in the Kilauea arca of the Park., He
believed that not only the before-discussed chemical decomposition products
are the result of acid steaming, but also the formation of lateritic soils;
that is, that acid steaming is the initial process in laterization. This is
best expressed by the following quotation Ffrom Maxwell (p. 54):

". . . it appears, without: doubt, that the laterites of the Hawaiian
Islands owe their origin on a grand scale to the action of sulphurous

steam in the disintegration of the lavas."
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His ideas are well developed with supporting cbservations and analyses.

He points out, among other things, that red laterites are found on the
windward and in certain areas of the leeward side of the islands, thereby
occurring within a wide range of annual rainfall. He considered particularly
the tufas as steam-weathered as they show & reduction of alumina, an exhaus-
tion of lime and an enormous increase of iron. It may be remarked here that
Ferguson's (1919) experiments did not lend support to the idea that the
ferric iron and magnitude of red-colored lava has resulted from vapor steam-
ing. TInstead Ferguson attributed the red color to original thermodynamic
changes at the time of lava formation.

Maxwell did not consider chemical weathering to have acted in broad-area
decomposition, and points out that vast areas have not been influenced by
this mode of disintegration. However, he said that all lava, whether influ-
enced initially by chemical weathering or not, is decomposed by "simple™
weathering into soils. Under this he understands the atmospheric influences
of heat and moisture.

The course of atmospheric weathering of Hawaiian soils is well indicated
in the preceding discussion. The process in which silica is removed in
presence of a neutral to basic reaction caused by solution of the bases and
the oxidation of iron and aluminum is generally called laterization.
lLaterization gives rise to reddish iron-aluminum clay soils that are base
depauperated and, therefore, show an acid reaction. Hough et al. (1941)
considered two stages of weathering as characteristic for Hawaiian scils,
both in the category of “simple"™ weathering, to use Maxwell's interpretation.
The Ffirst stage of weathering (laterization) gives rise to a "uniform"
profile, In these the horizons do not vary by more than 5% in silica,

alumina, iron and titanium. He believed that the uniformity was probably
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obtained when all primary minerals were decomposed. However, in 5 out of
12 old profiles analyzed, he found a marked decrease in titanium and a
proportionate increase in alumina downward in the profile. Iron was
found to be less abundant than at the top of the profile. Thus, there
was a pattern produced by translocation of constituents, whereby alumina
had moved down further than iron. This he considered a second stage in
weathering resulting in a non-uniform profile, which he described as
podzoiization of soil material lacking in quartz and high in titanium.
He thought that this type of profile develops when all primary minerals
are decomposed, which may coincide with advanced leaching of the soil
material indicated by a pH of 5. These non-uniform soils are probably the
so-called Humic Ferruginous latosols described by Sherman (1950) and Cline
et al. (1955). They are found on all older islands except Hawaii and appear
to be best expressed on Kauai, the oldest island of the group. As implied
in the above soill name, laterization is still considered the major soil
forming or weathering process. The major agent in physical disintegration
is believed to be the amount of rainfall as implied in the following
statement by Stearns and Macdonald (1946), which refers to an observation
at the northern tip of Hawail near Mohukana:

"The Fertile red-brown soil, 10 to 20 Teet deep and covered with

crops, thins to 2 feet or less of red soil sparsely covered with

desert vegetation. The rocks along the road are the same age;

the change in soil depth is due solely to decrease in rock decom-

pogition with increase in aridity.™

In the Park itself no such observations have been made. Here soil
depth is almost solely a function of the depth of the ash deposits. The

soils are extremely recent in origin, and the more weathered ash beds are
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those composed of Pahala ash, which underlies some of the soils in the east
and southwest area of the Park, and which is locally exposed on Puu Kaone.
In this deposit the ash and lapilii are now almost entirely altered to a
vellow-brown as orange palagonite (Macdonald, 1946). This is a secondary
mineral that develops in the early stages of weathering of volcanic glass.
It appears to be an amorphous aluminosilicate containing Ca, Mg and K ions
{Swindale & Sherman, 1964). Thus, in the Park, soil formation is only
incipient.

D~  S0IL TERMINOLOGY

The Park area was included in the State-wide soil survey reported by
Cline et al. (1955). The soils are classified into several categories that
fit into one another like smaller boxes into larger ones. The largest
category includes three separations, zonal, intrazonal and azonal soils,
Zonal scoils are those in which the major soil-forming influences or factors
are the zonal climate and the zonal vegetation. Intrazonal soils are those
in which edaphic or topographic factors assume a greater influence on soil
formation than does zonal climate. Such soils are, for example, those on
steep slopes or in poorly drained positions. Azonal soils are those of
recent origin, in which soil formation is not yet reflected by well developed
soil horizons on account of too short a time for weathering. Most of the
Park soils are, therefore, azonal soils.

Another important, smaller soil category is the "Great Soil Group™.
The criterion for classifying soils into one of several great soil groups
is their specific reflection of a major soil forming process in terms of
goil herizon development. For example, within the group of zonal soils,
two major soil forming processes have been recognized for the Hawailan

Islands, laterization and calcification. The latter process occurs in



107

areas vhere rainfall is insufficient to leach out the bases, which instead
are Ffound to accumulate in horizons below the surface. These soils are
found on the leeward sides of the islands. Their over-all scoil formation
is, however, related also to laterization. Thus within these two soil
forming processes, a few soils can be separated as to the relative intensity
of each process. For example, there are four types of lateritic soils
recognized: Low Humic, Humic, Hydroel Humic and Humice Ferruginous latosols,

The 1955 Soil Survey Report comes equipped with 1wo kinds of soil maps:
generalized and detailed. The generalized maps show the soils for each
isiand at the "Great Scil Group™ Jevel. According to this, four great
soil group types are found in the Park: a Hydrol Humic Tatosol (zonal soil),
a lLatosolic Brown Forest soil (intrazenal}l{ a Regosol (azonal, material
consisting of relatively unweathered ash) and a Lithosol {azonal, material
consisting of relatively unweathered lava rock}.

The detail maps cover the islands in several sections at a scale of
1:62,500, They show 8till smaller and more homogeneous units, which are
recognized in the successively smaller group concepts of "Spil Family",
"Soil Series™, "Soil Type' and "Soil Phase", each larger unit again containg
several. of the next smaller ones. The concept "Soil Family" takes care, to
a certain extent, of the natural continuum, by allowing for separation of
typical and atypical profiles in a "Great Soil Group™. Up to this point,
only soil genetic features have been stressed. Differences in parent
material and minox differences in the profile are recognized in the "Soil

Series' concept.

L Recently also considered as zmonal rather than intrazonal soil

{Swindale & Sherman, 1964).
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On the level of soil series and family, scils are named according to the
locality where the soil in question was first described. For example,
the name "Kapapala series" refers to the Kapapala Ranch (outside the
southwest border of the Park), where this particular soil was [irst
described. The same name is then applied to all soils with similar char-
acteristics regardless of their location. The concept "Soil Type" refers
to a subdivision in a series based on textural differences of the surface
gsoil. An example would be Kapapala loam. The ultimate separation is that
into "Soil Phases™, in which differences in degree of slope, stoniness,
erosion and soil depth are recognized.

The intensity of soil survey is classified into 4 categories: compiled
maps, reconnaissance survey, semi-detailed suxvey and detailed survey.
These survey intensitics are defined and shown on an orientation map that
accompanies the 195% Soil Survey Report. According to this, the Park has
been mapped at the Reconnaissance Survey stage, which means that traverses
were run at 1 to 10 mile intervals. The soil categories mapped vary from
family to phase; i.e., they differ in homogeneity and size in accordance
with the before mentioned eriteria. More recent, as yet unpublished infor-
mation, is presently compiled on a more detailed survey basis. Some of
this is included here (H. H. Sato, manuscript).

E- TYPES OF SOILS AND THEIR DISTRIBUTION

Since this information is intended for bio-ecological purposes, the
soils are summarized here (Fig. 19) on the basis of their major physical
characteristics. The major criterion used for regrouping is volume of soil
material in texms of depth to underlying bedrock and surface coverage within
type; i.e., whether occurring in pockets only, or being discontinuous or

continuous over the bedrock. This form of summary should Tacilitate an
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Fig. 19. Soil Map of Hawaii Volcanoes National Park (Cline et al.,
19555, Hawaii Sheets No. 7 and 8. The Park soils are described in three
geographic areas: Area 1, Mauna lLoa east slope, from summit to Kipuka
Puanlu (Bird Park); Area 2, from Kilauea Crater south to coastline and
southwest along Park border and Kona highway; Area 3, from north around
Kilauea to east and southeast (near Kalapama). The symbols which are
given outside the Park are explained in Cline et al., 1955.
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HZeovowinn, Horizontally continuous ash-soil, 30-60 cm deep, in summer-dry
climate (Area 3).

H2E, . oooua, Very shallow, discontinuocus ash-sgoil in summer~dry climate on
pahochoe (Area 3).

H2k....... JVery shallow, discontinuous ash-soil in humid climate on
pahoehoe (Area 3).

Hl.oooovians Ash-pocket soil, weakly developed Al (southern fringe area of
Kau Desert) on pahoehoe (Area 2).

K2doouoont Horizontally continuous ash-soil, moderately deep (15-150 cm,
averaging 100 cm) and Ohaikea soil (Area 1).

K2f........ Horizontally continuous ash-secil, very deep (2 m+) Kipuka soils
(Area 1).

KkkKoouvuunn, Horizontally continucus ash-seoil, shifting ash dunes (Area 2).

Kkloowouooo Horizontally continuous ash-soil, stable, raw ash (Area 2).

M2m....veus Horizontally continuous ash-soil, 32-100 cm+ deep, in humid

climate (Area 3).

Odeerannnn, Horizontally continuous ash-soil, shallow (10-50 cm deep) (Area 1).

04uvvunnns Very shallow, discontinuous ash~soil on a'a (Area 1).

Of i enaess Very shallow, discontinuous ash-soil on pahoehoe (Area 1).

P, Horizontally continuous ash-soil; Pahala ash-soil on Puu Kaone
(Arvea 2).

R.evunannn Ata~-lithosol (Areas 1, 2 & 3).

Rdveeounans Ash-pocket soil on a'a (Area 1).

Rleiiusenns Pahoehoe-1ithosol (Areas 1, 2 & 3).

3 Ash-pocket soil, well developed Al (coastal lowland) on pahoehoe
(Area 2).

Rlleueinnnn. Ash-pocket soil in humid climate on pahoehoe (Area 3).

Roovvenann Ash-pocket soil on pahochoe {Area 1); in summer-dry climate
{Area 3).

Rptevanenns Pali~lithosol (colluvial a'a mostly)

( occurring only in Areas 2 & 3 above coastal lowland).
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ecological interpretation in terms of water relations. Soil chemical
differences in terms of parent materials play a minor role as all soils
are considered to be {Swindale & Sherman, 1964) from phreatic basaltic
ash,

The distribution of the kinds of soils in and near the Park (Fig. 19)
have been summarized from the detail maps of the Soil Survey. These detail
maps For the Park area are Hawaii sheet no. 7 (Mauna Loa and Kilauea with
Kau Desert, i.e., the west and southwest part of the Park) and Hawaii sheet
no. 8 (Chain-of-Craters Road including Kilauea Tki and Kalapana; i.e.., the
southeast part of the Park,)

For the detailed discussion of the Park soils which follows, the
Park is divided into three geographic areas (a) east slope of Mauna Loa,
(b) area south and southwest of Kilaunea and (c) arca north, east and
southeast of Kilauea. The official soil class names and map symbols are
added in parentheses to the soil categories used in this report. In
addition ten profile descriptions of soils in or near the Park are shown
in an Appendix to this chapter.

(1) Soils on the east slope of Mauna loa

The area includes the summit of Mauna Toa (13,680 feet) and the Park
arca on its east flank down to Bird Park (Kipuka Puaulu) at about 4000
feet elevation,

The following 6 soil categories have been recognized in this area:

(a) Lithosols (2 types). These are rock-substrates without any
significant aceumulation of "fines' or soil material. Two major kinds are
found in this area: a'a lava, barren of any soil (Rockland, a'a lava; map
symbol Ra); pahoehoe lava, barren of any soil (Rockland, pahochoe lavay

map symbol RL).
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Ata lava is (Fig. 20) the broken-up, clinker like lava with numerous
deep crevasses and fissures. Pahochoe is (Fig. 20} ihe smooth, often ropy,
bedrock-type lava, with widely spaced, usually shallow and narrow cracks.
Both these major lava types are easily recognizable, but they are by no
means uniform; instead they show considerable variations in physical surface
shape with age of exposure., With regard to structure and suriace roughness
Jones (1943) has recognized (Fig. 20) eight different lava types that are
well described by the Figure and in Table V.

Another interesting aspect of a'a lava structure has been reported by
Macdonald (1945). He observed in many of a'a flows a massive phase,
generally thicker than the clinker phase. In measured sections the pro-
portion of clinker to total a'a varied from 15 to 66%. The massive lava
core is usually found within a few feet of the surface. This feature can
be observed on many road cuts in the Park.

Moreover, with regard to age, one cannot say that these two lava
types, a'a and pahoehoe, though relatively barren of soil, are entirely
unmodified, The two lavas differ strongly in color, particularly on the
upper slopes of Mauna Loa, a'a lava being from almost black to medium brown,
pahoechoe being from silvery to purplish-black over steel-gray to light brown
or buff. The brown lavas are the most oxidized and weathered types and on
these one finds a certain accumulation of small lava fragments particularly
on the pahoehoe. Here, they usually occur in form of small cubicles (1-3
cm3) that are broken apart in situ or blown into the cracks where they form
incipient soil pockets.

On the soil map (Fig. 19) the two lithosols are the only substrates

that extend in an east and southeast finger-like pattern from the summit at



Fig. 20, 1Idealized drawing, illustrating a
clagsification of lava surfaces (after Jones, 1943},
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Table V, Classification of lava filows (Jones, 1943)

/

Weak loose structure to solid structure

Ordered smooth surfaces

to

Rough disordered surfaces

Glazed surfaces found inside caves,

bubbles, and vents along with
drip pendants and flow-lines

Massive pahoehoe of very thick
cross-section (10t feet) with
hummocks or tumulii, and
with cracks at infrequent in-
tervals

Ropv lava (on surfaces, slabs and blocks) fine
smooth ropes to coarse rough ropes {1 to 6
inches) formed by folding of viscous surfaces
due to the drag of underlying mobile lava
(grades to furrowed a'a)

Scaly pahoehoe thin (one-
gquarter to one foot) small
flow-units overlapping like
scaies, but sclid, may show
piliows and toes

Ata-lgva in place

Fine-a'a Medium a‘'a Gross-ata
0.1l tol cm 1 to 10 om 10 to 100 cm
£ 1/2 in. 1/2 to 4 in. 4 to 40 in.

Shelly pahoehoe thin bubbles
of weak structure (one-half
foot) that break into slabs
and plates of loose structure
= glab-lava

Ala-rubble of fragmental scoriatious character,
few fractured surfaces (grades from rubble
to a'a-clinker)

Biock~lava usually four to five fractured sides
(grades in size from one-half foot to lO+feet)

PTT
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13,680 feet down to about 7000 feet. The first soils appear at this latter
level, but the more recent lava [lows cut as lithosols still further down
through the lower limit of this geographic area at 4000 feet, here mostly
as a'a lava (around Kipuka Puaulu and Kipuka Ki). It may be mentioned,
however, that pumice~strewn and cinder-covered areas are also found above
700¢ feet. These substrates, that have resulted from explosive volcanic
activity, are physically very different. They are "Regosols™ in the
proper sense; i.e., substrates composed of an accumulation of relatively
unweathered "fines™. However, these substrates are of more local distri-
bution and, for this reason, did not find recognition on the soil map.

(b} Ash-pocket soils (2 types). There are two kinds in this category:

an ash-pocket soil on pahochoe (Rockland, pahoehoe lava with Puu 0o, Maile
or Olinda soil material; map symbol Ro) and an ash~pocket soil on a'a
(Rockland, a’a with the same soil materials; map symbol Rd).

The ash-pocket scil on pahoehoe is the more dominant of the two. It
axtends from about 7000 feet 1o 4000 leet on the east slope of Mauna Loa.
However, it is of restricted distribution in the Park. Two areas occur
west of Chaikea and one north of Kipuka Puaulu (Bird Park). At the high
altitudinal limit, this soil forms the continuation on some of the older
(buff-colored) pahochoe flows, which are barren above 7000 feet and covered
with ash~soil pockets below this elevation. Herc, the soil material occurs
only in pockets of 10-15 em depth, and more than 50% ol the surface consists
still of barren pahoehoe bedrock. These shallow soil pockets are comprised
of only one soil horizon, a2 dark brown to black Al., The dark coloration is
caused by incorporation of organic matter, which is rather high, because
off the slow rate of decomposition at these altitudes with relatively low

temperatures (mean air temperature from 109 at 7000 feet to 15° at 4000 feet).
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The soil is therefore a combination of mineral and organic particles. The
mineral particles are considered to be primarily from ash rather than
weathered pahochoe particles. The soil is of loamy texture, has a crumb
structure and a pH from 5.5 to 6.5.

The ash-pocket soil on a‘a lava on the map is represented in Kipuka
Maunaiu, but it is present also up-slope from the Mauna Loa rest house at
6600 feet to about 7500 feet along the Mauna Toa Trail. The difference
Trom the lithosols described above is that on a'a lava the soil pockets
take the form of partially to fully filled crevices. Thus, they may be
much deeper than 15 em, they are much smaller in diameter and more uniformly
and densely distributed across the surface. However, in common with the
ash-pocket soil on pahoehoe, more than 50% of the surface is barren rock.
The a'a substrates may contain a greater volume of fine soil-—as mentioned
in the soil survey report-—which here appears to be due to a greater
contribution of weathered fine lava particles. In the above defined area,
the writer noticed that many a'a rocks protruding at the surface can be
broken apart by tapping with the foot.

(¢} Very shallow, discontinuous ash-soils (2 types). Two soils in

thig category are described as very shallow phases of the 0linda soil
family. These are: a very shallow, discontinuous ash-soil on pahoehoe lava
(Olinda family, very shallow phase-—pahoehoe lava complex; map symbol O0f),
and a very shallow, discontinuous ash~soil on a'a lava (Olinda family, very
shallow phases—a'a lava complex; map symbol Oe).

According to soil survey estimates, 20-40% of the lava surfaces is
occupied by soil material in these types. Both soils are geographically
rather restricted, the Of soil on pahoehoe forms the dominant substrate of

Kipuka Maunaiu, which extends from about 7000 to 4000 feet across the
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southern border of the Park on the east slope of Mauna Loa, and the Qe
soil on a'a forming the substrate of Kipuka Kekake at the northern Park
border, from about 6000 to 4500 feet.

The very shallow, discontinuous ash-soil on pahoehoe (Of) is less than
30 cm deep and averages between 15-20 cm depth to bedrock. Similarly as in
the previous ash-pocket soil on pahoehoe (Ro), the soil consists only of
an Al horizon of dark brown to almost black color. Thus except for the
greater soil volume with regard to surface cover and depth, which is
reflected in greater water holding capacity, there is no other important
difference.

The very shallow, discontinuous ash-soil on a'a (Os) represents likewise
merely an increase in soil volume over the previously described ash-pocket
soil on a'a (Rd). In the Qe soil, soil depths have been described as reaching
45 cm or deeper. In those decper crevice-soils the Al horxizon (about 20 cm
deep) is underlain by & transition zone (AC horizon) that grades into
relatively unmodified sandy ash and cinder (C horizon). Average soil depths
are between 20-25 com, but the clinker-like a'a rocks crop out at the surface,
of which they occupy 20-40%.

(d) Shallow, continuous ash-soil (1 type)}. There is only one soil

in this category (0linda, very shallow phase; map symbol 0d). This is the
dominant soil that extends from the Mauna Loa rest house at 6600 feet to
about 4500 feet, where it is covered by a parkland forest and shrub savamnah.
The difference from the previous category is that this soil is more or
less continuous. Rock outerops occur only occasionally., It also may overlie
either pahoehoe or a'a. The range in depth is from 10-50 cm and it averages
between 20-2% cm. Twoe ash materials have been found in this soil, an older,

Tight-brown, silty textured, more weathered ash (Pahala ash) next to the lava,
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and a more recent, grayish, sandy textured, less weathered ash (of Kilauea

or Halemaumau origin). The Al horizon is similar to the previously described
soil, but it is here underlain by a thin transitional B horizon that grades
into slightly weathered, sandy volcanic ash (C). Because of the presence of
a B horizon the soil can be considered relatively well developed. Therefore,
it has been classified as Latosolic Brown Forest soil. The pH increases
somewhat in the C horizon to 6.0-7.0, from 5.5-6.5 in the AL and B horizons
(fppendix, Olinda Series).

(¢) Moderately deep ash-soils (1 or 2 tvpes). {Kapapala Tine sandy

loam, sloping phase; map symbol K2d; and Ohaikea series, not on the 1985
map, i.e., Fig. 19). The Kapapala fine sandy loam (X2d) occupies a rela-
tively large area west, up-slope of Kipuka Ki under the more open savannah
vegetation south of the Mauna Loa Road, from where it extends south across
the Park border to the Ohaikea Ranch. The soil is described as derived
from recent volcanic sands and gravel of Halemaumau origin and {rom discon-
tinuous layers of older Pahala ash, which form part of the B horizon, The
depth of the fine soil to bedrock, which is mostly pahochoe, ranges from
15-80 cm.

This area has recently been resurveyed and much of this soil and also
some of the deeper soils shown on the 1955 map (Fig. 19) as 0d have been
newly described as Ohaikea series (H. H. Sato, manuscript). Therefore, the
revised map, which is currently in preparation will show new soil type
boundaries.

The soil description for the new Chaikea soil was made from a soil
pit dug on the Xeauhou Ranch property, approximately 2.1 miles northwest
of Kipuka Puaulu and about 0.1 mile northeast of the fence bounding the

National Park. (This would place it into or near Kipuka Kekake, which in
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the 1955 report by Cline et al. was described as underlain by a very
shallow, discontinucus ash-soil on a'a; Oe. This discrepancy will probably
be cleared up on the forthcoming revised soil map.) In addition, the
Ohaikea soil description probably applies to the tree savannah outside and
next to Kipuka Puaulu in the Park and the grazed tree savannah on the
neighbouring property of the Keauhou Ranch (north and northeast of Kipuka
Puauiu). As in the previcus soil, the underlying lava has been described
as either a'a or pahoehoe and range in soil depth to lava is given as
between 90-150 em. The soil has an almost black Al horizon from 10-15 cm
depth, which is underlain by a narrow (about 3-5 em), reddish brown C
horizon, which is believed to have resulted from intense burning. This
layer was Tound to contain bits of charcoal. Beneath this is another

dark horizon of about 10 cm depth, which appears to be a former buried

Al horizon. Below this occurs a zone (5 em) of gravelly ash and cinder
and next to this layer a deep B horizon of dark brown color from about 32
c¢m on down to bedrock. This deep B horizon is believed to be from older
ash. The overall texture is clay~loam, which however feels like silt-loam
due to aggregation and porosity of the soil.

Both the above soils are classified as Latosolic Brown Forest soil.

The profile description of the Ohaikea soil is shown in the Appendix
(Ohaikea series). Here it is followed by the new type-soil description of
the Kalapana soil series. This soil was described from a soil pit dug near
halfway house on Kapapala Ranch. This location is 9 miles southeast of
Kipuka Puaulu, thus a considerable distance away from this area of the Park.
Therefore, extrapolation from this soil teo the savannah soils or soils
stocked with open forest in or near the ash-kipukas (Ki and Puaulu),

mapped as X2f, must be viewed with some caution.
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(f) Deep ash~soil (2 types) (Kapapala loam, sloping and moderately

steep phases; map symbol K2f). These are the soils of Xipuka Puaulu and
Kipuka Ki, which were recently studied in some detail (see Chapter VII,
B-Kipukas and Soil Relations). According to the 1955 soil map (Fig. 19)
the Kapapala loam (K2f) is found in seven other, similarly small (10-100
acre) kipukas between 5000 and 4000 feet on the lower Mauna Loa slope in
the Park. However, in the 1955 report ne profile is described specifically
for these kipuka soils. Only the modal profile for the Kapapala series
(a more encompassing unit than the phase) is given, which here refers to a
moderately deep soil of 50 cm, the type locality ol which is not stated.
It is therefore more appropriate to use the soil descriptions made by the
writer for the soils in Kipukas Ki and Puaulu. Rock (undated manuscript,
probably written around 1917) observed that the depth of fine soil in
Kipuka Puaulu is in places at least 5.5 m. In two soil pits dug in this
kipuka and in another one dug in Kipuka Ki, the writer found soft soil to
continue at least below 2 m. However, it is gquite possible that shaliow
soil depths occur at the margins of the kipukas in places, since they are
believed (by the present writer) to have originated from ash dunes that
were later surrounded by more recent lava, as are nanatuks by glaciers.

The three profile descriptions are shown in the Appendix (P1l, P2, Ki).
All were dug in a level position beneath a dominating Acacia koa tree.
One (P2) was dug in the open tree savannah occurring in Kipuka Puaulu and
the other two (Pl and Ki) were dug beneath closed forest,

The common characteristic of these deep soils is that they are of an
overall dark brown color and thus thought to be very rich in organic matter,
that they are of a very friable consistency, of a crumb to blocky structure

and an overall loamy texture, except where gravelly ash strata are well
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preserved (P2). The soils would be classified as Latosolic Brown Forest
goils, as were the previous soils discussed. The two profiles beneath
closed forest (Ki and P1)}, even though from different kipukas about 1 mile
apart, show greater similarity with one another than to the two profiles
from same kipuka (Pl forest and P2 savannah) which were about 70 m apart.
The difference is not in depth of fine soil {all were deeper than 2m),

but in a different stratification of the organic matter. Below the biack

- AL horizon {about 15 em deep) and above the buried A hoxizon at about 60-70
em depth, common to all three soil profiles, organic matter is concentrated
in narrow bands in the savannah soil, while it is more uniformly distributed
in the two forest soils. This appears to be related to the different manner
of rooting of grasses and trees. The grasses root intensively and form
shallow {10-20 cm deep) sods, the trees root extensively, throughout a
greater soil volume, and their roots are not as crowded. Also, the somewhat
more acid organic matter from trees (see Appendix) may have contributed to

a greater weathering of the ash strata. In contrast, they are much better
preserved beneath the savannah. The charcoal found at 70 em in Kipuka Xi
was dated by the carbon-14 method, showing that a Cire occurred here 200
vears B.C. This evidence gives support to the contention of the writer
that the kipuka savannah is already very old, and originated from a fire

and not from cattle grazing, as was believed by Rock (1913).

(2) Soils south and southwest of Kilauea

tThis geographic areca includes the Park section from about the Volcano
Observatory and thence straight south from Halemaumau, the Kau Desert,
Hilina Pali and the coastal lowland with Puu Kaone. To the west it is
bounded by the Kona Highway and the Park boundary.

(&) Lithosols (3 types). About 70% of the surface in this geographic
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area is mapped as lithosols, and of this, about 80% as pahochoe-lithosol,
15% as a'a-liithosol and about 5% as pali-~lithosol (Rockland, very steep;
map symbol Rp). The first two types have already been discussed in the
description of the Mauna Loa slope area, but the pali-lithosol represents
a new type. This essentially soil-less substrate in the Park is formed not
by steep to vertical, smooth, solid rock-faces, as in the older parts of the
islands, but by a steeply sloping (40-80%) a'a lava. Much of this is collu~-
vial material. The pali-lithosol represenis a pronounced physiographic
separation between the upland part of the Park south of Kau Desert and the
coastal lowland. It drops as Hilina Pali from about 2200 feet to 700 feet
over a distance of less than half a mile. This pali area extends from the
southern part of this geographic section in a northeast to east direction
roughly parallel with the coastline on into the southeast area of the Park.
It continues on as Poliokeawe Pali up beyond the Naulu Forest at the new
Kalapana highway, encompassing a longitudinal distance of 17 miles. A few
"splinter™ palis, also mapped as pali-~lithoscls, occur below this major
pali area partway in the coastal lowland (Fig. 19).

The pahoehoe-lithosol occurs in the Kilauea caldera, in much of the
Kau Desert and the ccastal lowland, there forming most of the coastline.
A large area of a'a-lithosol occurs as a continuation of the Mauna Loa
slope~a'a, where it surrounds Kipuka Puauiu and Kipuka Ki, along the Kona
highway to the half-way house (Kapapala Ranch). Here it is known as the
late prehistoric Keamoku flow. Other larger a'a lithosol areas occur south

of the Kamakaia and Kealaalea hills.

(b) Raw ash soils (2 types). These are unmodified deposits of ash.

One type represents an ash substratum that has not been translocated by

wind and has settled where it arrived after explosion (Kilauea sands and
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gravel; map symbol Kkl), the other represents wind translocated and currently
actively shifting dune-ash (Kilauea sand, dune phase; map symbol Kkk).
Unfortunately the latter has not been mapped, thus the boundaries between
the two types are rather uncertain. However, while most of the ash next

and further south of Halemaumau is of the stationary or more settled type,
much of the ash in the central Kau Desert is of the shifting ash-dune type
(according to the observations of the writer). Both substrates are almost
non-vegetated, but a map-separation of the two types would be ecclogically
important as the settled ash may provide a habitat for annuals in this
summer-drought climate, while the shifting ash-dunes are lacking these,
instead they are occupied here and there by an individual xerophytic
perennial. Widely scattered small patch colonies of xerophbvitic perennials
are found also on the settled ash. A small amount of incorporated organic
matter can be found only in connection with the scattered, feeble plant
individuals ox groups. The ash is mostly of coarse to fine sand grain

size, but gravelly and stony fragments are Tound as well. The color is

dark to medium gray. Larger rock fragments of boulder size are found
particularly on the surface of the settled ash next, scutheast of Halemaumau
and af: Keamakakoi Crater. Apparently the rocks strewn over the surface
have resulted {Chapter IL) from the 1924 and 1790 explosive eruptions.

The ash-substrates have a loose consistency and single-grain structure.
Depth to underlying bedrock in both ash-soils varies from a few centimeters
to several meters. The shifting ash-dunes may be as high as 7 m. Both
soils are classified as Regosols.

(¢) Somewhat modified ash-soils (2 types). Only one soil has been

mapped on the 1955 map, a shallow-discontinuous ash-pocket soil with a weak

Al horizon (Haleakala family, very shallow phase; map symbol'ﬁé). This soil
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is descfibed ag covering only 20-30% of the surface. The remaining area

in the type would be outcropping bedrock. Tts depth does not extend beyond
30 em., However, a second, ecologically very interesting, modified ash-soil
occurs in this area, which should also be mentioned; although it has not
been recognized in the 1955 soil map, This is a dune soil complex, which is
found at the southern and southwestern margin of the Kau Desert in the same
general area of the shallow Hl soil, These dunes are densely vegetated with

open Metrosideros tree patch stands and an undergrowth dominated by the tall

grass Andropogon., Here a weak Al layer can be recognized. Some of the
dunes are up to 10 m high, and consist largely of dark-brownish gray, fine,
sandy ash. They are more or less stabilized in contrast to the shifting
ash-dunes. The term "somewhat modified” in these soils refers to the pre-
sence of a weak Al layer, which is one of the more important features in
separating these from the previous "raw'" ash-soils. The soils are otherwise
still typical Regosols.

(d) Deep loess-soil. This soil occurs only in a small area (about 100

acres) on top of Puu Kaone, the highest rise (780 feet elevation) in the
coastal lowland, right near the coastline south of Hilina Pali. The soil
consists of Pahala ash. This dis an older light yellowish~brown, dusty
(silt-clay textured) ash that was windborne and blown into this isolated
position from the northwest. The upper seaward ridge of Pun Kaone (787 feet)
apparently provided for a "collecting-bowl'-effect. Soil depth averages 75
cm and the soil is practically stone-free. The modal profile consists of
well developed A and B horizons that overlie a D horizon at a 45 cm depth
that appears to be ash of different origin. The soil is friable throughout
and has a circum-neutral reaction from top to bottom. It has been classified

as Reddish Prairie Soil (Appendix, see Pahala Series).

(e) Ash-pocket soil (1 type). On the next adjacent terrace below Puu
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Kaone (goutheast of it) occurs a shallow ash-pocket soil (Rockland with
Xawailiae, Waikaloa or Naalehu soil material over pahoehoe; map symbol Rm).
This soil is similarly local in distribution (&bout 100 acres) on the map,
but according tc observations of the writer, much of the pahoehoe lowland
between Hilina and Puu Kaone is covered with ash pockets also. The soil
coverage is described as being less than 50% and the depth of the ash-soil
pockets averages 10-15 cm, maximum 25 cm. The soil profile consists essen-
tially of an Al horizon overlying bedrock. The Al is similar to those found
in Reddish Brown soils.

(3} Soils north, east and southeast of Kilauea

This geographic section begins right east of Kipuka Puaulu and goes
around the north side of Kilauea caldera (Volcano House and Park Headquarters).
It includes the area north of the village Volcano, outside the Park boundary,
and there continues eastward, north and south of the Chain-of-Craters Road

to Makaopuhi Crater. From Makaopuhi it continues along on both sides of

the new Kalapana highway down into the coastal lowland at the east end of

the Park to near Kalapana villlage. It also includes the Ainahou Ranch
property, south of Heake Crater and the coastal lowland below the ranch,

with Polickeawe Pali, Holei Pali and Keauvhou Landing.

The area shows three distinet rainfall climates. Firstly, a humid
climate, in which the monthly rainfall is rarely less than 100 mm. This
includes the area from the Park Headquarters to Voleano (and further north)
around Kilauea Tki, and most of the area north of the Chain-of-Craters Reoad
to Makaopuhi and Napau Craters, from there it descends in a southeasterly
direction to about Queens Bath (southwest of Kalapana). Secondly, a
summer-dry climate. This includes a small area near Kipuka Puaulu and the

large area south of the Chain-of-Craters Road including the Ainahou Ranch
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and Poliokeawe Pali.

(a) Ildithosols (3 types). This coastal lowland below Poliokeawe with

a summer-drought climate contains only 1ithosols. These are of the same
three types that were discussed in the preceding sections, the pahochoe-
lithosol, the a‘'a-lithosol and the pali-lithosol consisting largely of
colluvial a'a., However, about 30% of the area with a summer-dry climate

is also covered with these lithosols and a small percentage of lithosolic
surfaces oceurs alsc in the area with a humid climaﬁe. Here, however, it

is restricted to the recent crater floors, such asfl§59 Kilauea Tki pahoehoe~
lithosol, the 1965 Makacpuhi and Napau Crater floors and the 1965 flank
eruption (pahoechoe~lithosol) between Makaopuhi and Napau and east of Napau
(see Fig. 7). Here, again it is worth pointing out that the older lithosols
in the coastal lowland are not completely without soil., The pahoehoe-
lithosol is here occupied by a thin cover of Heteropogoen (pili) grassland.
The grasses root in soil material lodged in the pahoehoe cracks.

(b) Ash-pocket soils (2 types). One of these occurs in the humid

climate north of the Chain-of-Craters Road and extends into the coastal
lowland near Kalapana (Rockland, Pahoehoe lava with Kealakekua, Olaa, or
Ohia soil material; map symbol BE)' The other type occurs in the summer-
dry climate south of Ainahou Ranch above the pali (Rockland, pahoehoe lava
with Puu Qo, Maile, or Olinda soil material; map symbol Ro; same soil unit
as on east slope of Mauna Loa). Both soils occur on pahoehoe bedrock,
where they cover less than 50% of the surface, and both are described as
averaging from 10-15 cm depth in the pockets. However, the humid pocket
soil (Rn) shows an almost black Al horizon of silt-loam texture that is

very high in organic matter, while the summer-dry pocket soil (Ro) consists
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of a dark Al layer that is apparently relatively less enriched with organic
matter. Moreover, while the outcropping pahoehoe mounds on the Rn soil are
barren of vegetation, they are often covered with mosses or lichens or even
mats of Gleichenia (false staghorn fern) in the soil areas. Here, even
stagnating water can be found occasionally in the deeper depressions.

(c) Very shallow, discontinuous ash-soils (2 types). One of these

occurs in the humid climate 1% miles straight east of Kilauea Iki Crater

and west of Volcano {Hilo family, very shallow phases—pahoehoe lava complex;
map symbol H2k). The other oceurs in the summer-dry climate, adjacent east
of ¥ipuka Puaulu to near the Tree Molds, and in an area southeast of
Makaopuhi Crater along the old Kalapana Trail (Heake gravelly loam, very
shallow phase; map symbol H2f). Both scils occur in areas that have a high
proportion of outcropping pahoehoe bedrock (up to 40% of the surface) and
their depths average from 10-30 cm. However, in general the humid-area

soil (EEE) may have more and deeper soil up to 60 cm in places, while the
summer~dry area soil (ng) may tend to have less soil in places, rather than
more. The humid-area soil has an Al horizon up to 24 cm deep that is reddish
brown in color, has a granular structure, is of silty clay loam texture

and has a pH of §.2 to 5.7. The B horizon, where present, is a yellowish
red silty clay loam, gritty due to rock fragments, and a pH of 5.3 to 5.8.
Water may stagnate in depressions., The summer-dry area soil has a shallower
Al horizon (only 5 cm deep) of dark brown color and sandy loam texture that
directly overlays a C horizon, a dark brown sandy loam. Thus, the texture
is coarser in this soil. The summer-dry area soil is classified as Regosol,
while the humid-avea soil is classified as Hydrol Humic latosol.

(d) Moderately deep, continuous ash-soils (2 types). A humid-area

soil (Manu gravelly loam, gently sloping phase; map symbol M2m) occurs
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around Kilauzea Iki, Volcano House, Park Headquarters and continues to
Volcano village. The soil ranges in depth from 35 cm to L m or more. It
has a very dark brown to black Al horizon 20 cm deep, strongly enriched
with organic matter and has a pH of 5.5 to 6.0. It is underlain by a C
horizon of partly weathered ash. Overall texture is loam to clay-loam
(see in Appendix, Manu Series).

A moderately deep ash-soil {(Heake gravelly loam, gently sloping phase;
map Symbol_ggg) occurs also in the summer-dry climate. Here it is found
oceupying a small area west of the Military Camp and the golf course in
direction of Kipuka Puaulu, where it joins the very shallow, discontinuous
ash~-soil (ﬂzf) near the Tree Molds. AMAnother very large area occurs along
both sides of the Chain-of-Craters Road from about Kokoolau Crater to
Makaopuhi Crater. {/Any extention of this area to about 2% miles north of
the Chain-of-Craters Road appears socmewhat questionsble ag this area is
already in the humid climate). A new type-soil for the Heake series has
recently been described from a soil pit dug 25 m north of Bird Park road,
1/2 mile from the belt highway (see in Appendix, Heake Series).

The soil depth varies from 30 to 60 em. A relatively shallow (S em
deep) dark brown Al horizon of sandy loam texture is underlain by a dark
brown to grayish brown C horizon of loamy sand consisting of slightly
weathered volcanic ash. Volcanic pumice commonly occurs below the ash next
to lava bedrock. Both soils are classified as Regosols.

(e) Deep ash-soil (1 type). This soil occurs in the humid climate

north of Kilauea and north of Volcano and outside the Park boundary. This
so0il has recently been deseribed as of the Puauln series (H. H. Sato,
menuscript) and is shown on the 1955 map as P2d. This soil is of interest

as it is very similar to the kipuka soils, but differs primarily by being
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in a humid climate, where it is stocked with tree ferns (Cibotium spp.)

and old Metrosideros trees that are often heavily covered with epiphytes.

The type-soil description was made from a pit dug 1.6 miles from the T
intersection on Wright Road. The soil has a 15 cm deep nearly black A
horizon of medium granular structure that is underlain by a C horizon.
Below this occurs, what appears to be a buried A horizon from 23 to 33 cm,
and this is again underlain by a C horizon, below which occurs a deep B
horizon from about 40 om on down to the bottom of the pit that was dug to
a depth of 175 em. The entire soil is of dark brown color of more or less
friable consistency, blocky structure and clay-loam texture that feels like
silt-loam., Many small volcanic ash and pumice fragments are present in the
different layers. For further detail see Appendix (Puaulu Series). The
soil has been reported to reach 5 m depth in the deepest places near

Wright Road., The soil has been classified as Regosol.

[~  RELATIONSHIPS
The literature review has shown that very little specific information,
apart from a classification, is available on the soils in the Park. Most
soil work after World War I was devoted to crop soils. Information on even
such basic things as pH and organic carbon content is wanting. Some infor-
mation can, however, be extropolated with some meaning to the Park soils.

(1) Seasonal variation in pH

Kaneshiro et al. (1951) made a study of seasonal variations in pH on
Oahu by comparing low-elevation (20-150 feet) and high-elevation (300-920
feet) soils. They found in the slightly acid to basic low-elevation soils
a tendency toward increasing acidity during the hot, dry summer months.
Cultivated soils showed the same general trend as uncultivated soils.

Surface soils showed somewhat greater variation than subsurface soils.
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The average fluctuation for surface soils was .9 pH units, for subsurface
soils .6 to .8 pH units. Upon air-drying they found a small increase in
acidity of .1 pH unit for surface soil and .2 pH units for subsurface soil.
High-elevation soils were acid in reaction and showed no seasonal variation
in pH. This information may be of bio-ecological value in comparing the
coastal summer-drought area of the Park with the nore humid, higher-elevation
areas.,

(2) Organic nitrogen and C/N ratios

The problem of organic nitrogen in Hawailian soils was studied by Kelley
(1914). One of his sample soils was from Glenwood (near the Park) in a
humid climate. This soil was described as a virgin soil from recently
cleared tropical jungle. Other samples included several crop soils from
Maui and Oahu. Total nitrogen in the Glenwood soils was .77%. 0f this
total nitrogen, .58% was nitrate-nitrogen, while ammonia ammounted to 2.86%.
Thus, the nitrate and ammonia content constitutes only & small percentage
of the total nitrogen. The remainder is in the Torm of amide and basic
nitrogen. Of the total nitrogen, 76.6% was from the colloidal humus fraction,
versus 64.4% for the average of all soils. The humus content of the Glenwood
soil was 14.3%, of this 3.9% was nitrogen. This was the highest nitrogen
percentage in his comparison. The next highest, 2.3%, was from an organic-
rich, old pasture soil in a semi-arid region. Most others had between 1
and 2% nitrogen. In studying ammonification and nitrification in Hawaiian
soils, Kelley (1915) concluded that plants growing on uncultivated soils
probably absorb nitrogen largely in the Jorm of ammonium compounds. He
further remarked that the inactive state of nitrification in uncultivated
soils is not due to absence of nitrifying organisms and acidity. He

suggests as the limiting factor pooxr aeration.



131

Dean (1950) studied the effect of rainfall on carbon and nitrogen con-
tents and the C/N ratios in Hawaiian soils. His data (Table VI) are of
particular interest as he cites 6 soils among the 30 that are on Hawaii
near the Park.

The data of Table VI indicate that total nitrogen increases with rain-
fall and elevation or decreasing temperature. While the G/N ratio increases
with increasing rainfall and elevation, it appears to decrease above the
elevation of maximum rainfall at 3500 feet. A similar study was carried out
by Blomberg & Holmes (1959), but they sampled only up to 1360 feet. Their
findings support those of Dean.

(3) Developmental trends

The developmental relationships in the Park as indicated from the

previous discussion can be summarized as follows:

NEW LAVA
{
(Lithosols and local decomposition products, where exposed to
acid-steaming, such as gypsum, alum and yellow silica present.

No fine soil as yet reported; although this would need further

study.)

NEW VOLCANIC ASH
N
(Regosols representing most of the soils in the Park today,

regardless of climate; azonal.)
4

=ZONAL SOITS:

‘\A
Latosolic Brown Hydrol Humic Reddish
Latosol

forest soil

Prairie soil

(from 4000 feet
up on the slope
of Mauna Loa in
cool, summer-dry
climate)

(in humid rain
forest climate,
currently only
Hilo family, N2k,
in Park east of
Kilauea Tki)

(only a small
area on Puu

Kaone in warm,
coastal summer-
drought climate
below Hilina Pali)



132

Table VI,

{after Dean, 19350).

Per cent carbon, total nitrogen and
C/N ratios of soils near Hawaii Volcances National

Park, Hawaii, arranged in order of decreasing amounts
of rainfall

Location Elev, Rain % G % total C/N
(ft.)} Cmm ) N ratio
Volcano 3,500 2500 12,82 604 19.3
Kapapala 4,000 1500 1.83 127 14,4
Humuula &, 500 750G 9.08 . 709 12.8
Pohakuloa 5,000 500 6.31 .566 11.2
Seuth Pt, 100 380 1.43 .188 7.6
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Cline et al. (1955) recognized the Latosolic Brown Forest soil as an
intrazonal, calcimorphic soil. In a recent paper, however, Swindale &
Sherman (1964) consider this soil as reflecting a definite climatic soil-
forming trend, so that the soil can be considered zonal, as indicated above.

While the direction of development is rather clear, little information
is available on the rate of development, except that weathering intensity
is more or less directly related to the amount of rainfall. (Swindale &
Sherman, 1964). It may be surmised also that the rate of weathering
inereases with increasing temperature. but that the effect of increasing
temperature on rate of soil formation from mid-altitudes (4000 - 3500 feet)
on downwards is confounded by the increasing rainfall up-slope. At higher
elevations, above about 8500 feet, nocturnal night-frost may be an impor-
tant agent of lava weathering. Breakage of surface layers into small
cubicles, as observed by the writer and, undoubtedly, others is probably
the result of alternate freezing and thawing. A study of lava weathering
and soil formation at high altitudes {above about 8500 feet) on Mauna Loa

would be of much interest.
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G- APPENDIX

SOIT, PROFILE DESCRIFPTIONS

Olinda Series (Cline et al., 1955, p. 545). TLatosolic Brown Forest soil.

Soil pit location not given; representative for 0d soil, although the
0d soil is not as deep as this profile., Al horizon characteristics
apply also to the discontinuous Oe and Of soils, and to the Ro and Rd
pocket soils.

Al 0-23 cm Dark reddish brown loam; moderate medium crumb struc-
ture; very friable when moist, nonplastic when wet;
pH 5.5 to 6.5; roots very numerous.

B 23~81 cm Red silty clay loam; moderate fine blocky structure;
friable when moist, weakly smeary when wet; pH 5.5
to 6.5; roots present; specific gravity apparently
very low.

C 8l cm + Reddish brown or brown sility clay loam; weathered
volcanic ash similar in most properties to the B
horizon; pH 6.0 to 7.0 grades to moderately to
strongly weathered lava.

Ohaikea Series (H. H. Sato, Mss.) Latosolic Brown Forest soil.

Soll pit location: On Keauhou Ranch property, about 2.1 miles NW of Bird
Park {Kipuka Puaulu) and about 0.1 miles NE of fence surrounding National
Park. Surface convex, 4% slope.

A1l 0-5 cm Very dark brown (10 YR 2/2) material that feels like a
loam, dark gray (10YR 4/1) when dry; weak fine and very
fine granular structure; slightly hard, friable, non-
sticky and non-plastic; roots matted; many very fine
and fine interstitial pores; few 1-3 mm hard basalt
fragments; clear wavy boundary. 2-5 cm thick.

A12 5+13 om Very dark brown (10YR 2/2) material that feels like a
very fine sandy loam, dark gray (10YR 4/1) when dry;
moderate fine and very fine granular structure;
slightly hard, friable, non-sticky and non-plastic;
roots matted; many very fine and fine interstitial
pores; common 1-2 mm basalt fragments; abrupt smooth
boundary. 8-10 em thick,

C 13-18 cm Dark reddish brown {5YR 3/4) volcanic ash layer that
feels like a fine sandy loam, reddish brown {5YR 5/4)
when dry; massive structure; very friable, non-sticky
and non-plastic; many roots; many very fine and fine
pores; common 2 mm or less volcanic cinders and basalt



Ab-Ch718-28 om

Cb?

B21

B22

B23

B24

D

Remarks:

28~33 cm

33-50 eom

50-66 cm

66~81 em

31-100 cm

100 cmt
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fragments; few bits of charcoal; abrupt smooth
boundary. 5~10 cm thick.

Very dark brown (7.5YR 2/2) material that feels like

a fine sandy loam, single grain structure; loose, non-
sticky and non-plastic; many roots; many very fine

and Ffine pores; few 1~3 mm basalt fragments; abrupt
wavy boundary. 8-18 cm thick.

Dark reddish brown (5YR 5/4) material that feels like
a fine sandy loam, single grain structure; loose, non-
sticky and non-plastic; many rcots; many very fine and
fine pores; many 1-3 mm basalt fragments, volcanic

ash nodules and volcanic cinder; abrupt wavy boundary.
5~13 em thick.

Dark reddish brown (SYR 3/2, 3/3) material that feels
like a silt loam:; massive structure; friable, non-
sticky and non-plastic; many roots; many very fine and
fine pores: Tew 1-5 mm basalt fragments and volecanic
ash nodules; clear wavy boundary. 13-24 ecm thick.

Dark reddish brown {5YR 3/2, 3/3) material that feels
like a gritty silt loam; massive structure; friable,
non~sticky and non-plastic; many roots; many very fire
and fine pores; few fine basalt fragments and volcaénic
ash nodules; clear wavy boundary. 10~14 cm thi .

Dark brown (7.5YR 3/2) material that feels l1ike a
silt loam; massive structure; friable, non-sticky and
slightly plastic; common roots; many very fine and
commonn fine pores; few basalt fragments up o 5 cm
size; clear wavy boundary. 13-26 cm thick.

Dark brown {7.5YR 3/3) material that feels like @
heavy silt loam; massive structure; friable, slightly
sticky and slightly plastic; few roots; many very fine,
fine and common medium pores; abrupt wavy boundary.
16-32 em thick.

Hard unweathered pahoehce lava.

Color names are for the moist soil unless otherwise stated,.

Kapapala Series (H. H. Sato, 1965, Msg.) Latosolic Brown Forest soil.

Al

So0il pit location: Near Half-Way House on Kapapala Ranch, surface convex,

18% slope.

0-~10 cm

Black {5YR 2/1) Joam; weak fine and very fine
granular structure; soft, friable, non-sticky
and non~plastic; many rcots; many line pores:
abrupt smooth boundary.
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Bl

Gl

C2

ITAlDb

I3iCL

02

R

10-15 cm

15-38 cm

38-57 cm

57-65 cm

65-100 com

100-120 om

120 cem+

Very dark grayish brown (10YR 3/2) loam; wedk
medium and fine subangular blocky structure;
soft, friable, non-sticky and non-plastic;
many roots; many very fine pores; abrupt
smocth boundary.

Dark grayish brown (10YR 4/2), dark brown
(10YR 3/3) and black (1OYR 2/1) volcanic fine
and very fine sand; massive; loose, non-sticky,
and non-plastic; many roots; abrupt smooth
houndary.

Very dark brown (7.5YR 2/2) loamy fine sand;
massive; loose, non-sticky and non-plastic;
many roots; many fine pores; clear wavy boundary.

Very dark grayish brown (1OYR 3/2) loam; massive;
soft, very friable, non-sticky and nOnmplaetlc,
many roots; many very fine pores; clear wavy
boundary.

Dark brown (7.5YR 3/3) light silt loam; weak
coarse prismatic structure; soft, very friable,
non-gticky and non-plastic; many roots; many very
fine and fine pores; clear wavy boundary.

Dark brown (7.5YR 3/4) loam; weak medium and coarse
subangulayr blockys; soft, friable non-sticky and
non-plastic; common roots; many fine and very fine
pores; abrupt wavy boundary.

Pahoehoe lava.

Kipuka Puaulu, forest soil, P1 (D. Mueller-Dombois, Mss.) Latosclic Brown

Forest soil.

Soil pit location: Kipuka Puaulu (Bird Park) under closed forest,
10 meters S of "Giant Koa™, on level ground. Preserved as monolith
Pl in Botany Department, University of Hawaii. {See Chapter VII,

Vegetations,

for diagram.

Predominantly fermenting foliage of Acacia koa,

Osmanthus (leaf skeletons) and Microlepia setosa.

Very dark brown (black 10YR 3/1, when dry) loam;
weak, fine crumb structure. very friable, upper
0-5 cm held together as a sheet by fibrous roots,
fro@ 5~-15 cm moxe loose fewer fibrous roots; pH
/. % 10.48/ .

Gray brown (10YR §/2, when dry) sandy loam; fine
blocky structure; slightly firm, fine rootlets,
pH 5.5; %C 3.3,

Nomenclature of horizons after 1962 Supplement to Agriculture
Soil Survey Manual.

013/ 1~2 cm deep
Al 0~5 em
CL 15-22 om
a/
Handbook No. 18,
b/ Measured electrometrically

Walkiey~Black Values
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Ab 22-25 cm Brownish black (dark gray brown 10YR 4/2, when
dry) gritty loamy sand and cristalline ashj single
grain structure; loose; incipiently cemented;
roots above and below, not in it; pH 5.8; %C 12.1.

A3 25-38 om Very dark brown (very dark gray brown 10YR 3/2,
when dry) sandy loam; [fine blocky structure;
friable; roots increasing, abundant, pH 5.6; %C 10.5.

B1 38-60 cm Dark brown with reddish hue {brown 10YR 4/3, when
dry) sandy loam; blocky structure; friable; roots
abundant; pH 5.63 %C 7.8.

Alb 64-80 cm Dark brown (no reddish hue; very dark brown 10YR
2/2, when dry) loam; blocky structure, friable;
abundant rooting; buried ALl horizon; few scattered
charceal framments; pH 5.7; %C 12.1.

B3 80-135 cm Brown (10YR 4/3, when dry) loam; fine blocky struc-
ture; friable; well rooted; boulder of 40 cm
diameter at 110 em; pH §.7; %C 6.9.

c2 135 em+ Dark reddish brown (7.5YR 4/3, when dry) sandy
loam to loam; blocky structure, weak in places;
friable to firm; red pumice layer 2-5 cm thick
between 140 and 150 cm depth; loose, but ineci-
piently cemented, very light weight, 1-3 om

diameter stonelets; soft soil continuous be-
yond 2 m, pH 5,73 %C 7.6.

Kipuka Puaulu, savannah soil, P2 (D. Mueller-Dombois, Mss.)., Tatosolic
Brown Forest soil.

Soil pit location: Kipuka Puaulu (Bird Park), in area covered with
dense, tall grass and scattered trees, about 70 meters ESE of
"Giant Kea'. Soil pit under a tall koa tree, on level ground.
Preserved as monolith P2 in Botany Department, University of
Hawaii. See Chapter VII, Vegetations, for diagram.

0 Absent, except for few koa phyllodes that are
entangled in the dense grass mat; a dense net-
work of stolons of Cynodon at surface.

Al 0-15 cm Black (10YR 3/1, when dry) loam; weak crumb
structure, grading from coarse to fine; friable;
full of grass rhizomes and earth worms; pH 5.7;
#C 14.3

cl 15-24 cm Dark gray (gray brown 10YR 5/2, when dry) sandy
Lloam; blocky structure; friable to slightly
firm rather dense; pil 5.4; %C 1.1.

Al2b  24-28 cm Olive (2.5YR3/2, when dry) pumice (like fibre-
glass foam); single grain structure, loose;
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A3

Al4b

AL5b

Bl

ALGb

AL7b

Mb

B3

c2

28-33

33-41

4148

48-51

51-63

63-68

68-75

75~90

90-13% ¢cm

135 em+

ci

cm

cm

cm

cm

Cm

cin

om

organic colloids around pumice particles; grades
into gravelly ash layer below; pH 6.4; %C 15.7.

Dark brownish black (dark gray brown 10YR 4/2,
when dry) gravelly ashji single grain, loose;
pH 5.95 %0 15.4.

Dark brown {very dark gray browa 10YR 3/2, when
dry) loam; fire blocky structure; friable; pH
6.4; %C 7.2.

Black {10VR 3/1, when dry) loam; fine blocky
structure; friable; pH 5.7; %C 12.0.

Dark gray brown (1LOYR 4/2) gravelly ash with some
loam; single grain to weak blocky structure,
friable; pH 6.5; %C 23.0.

Dark reddish brown (brown 10YR 4/3, when dry) loam;
blocky structure; friable; pH 5.7 X%C 5.7.

Black (LOYR 3/1, when dry) loam; crumb structure;
friable; pi 6.1; %C 18.5.

Dark gray brown (10YR 4/2, when dry) gravely ash;
single grain structure; loose; pH 6.3; %C 7.8.

Very dark browm (10YR 2/2, when dry) loam; crumb
structure; friable:; this is the largest buried
Al horizon in this profile; (few red pumice
fragments), lower part of horizon not horizontall
to surface but sloping (wedge-shaped); pH 5.7;

xG 10.1,

Brown (10YR 4/3, when dry) loam; blocky structure;
friable; pH 5.9 %C 5.4.

Gray brown (1OYR 5/3, when dry) sandy loam; very
weak blocky structure; {riable; layer includes a
discontinuous red pumice horizon (7.5YR 4/3, when
dry) at 145 cm depth, it occurs mostly in pockets;
soft soil continues beyond 2 em depth; pH 6.0;

%C 1.9,

Kipuka Ki, forest soil (D. Mueller-Dombois, Mss.) Latosolic Brown Forest

soil.

Soil pit location:

In Kipuka Ki under closed forest, 20 meters N of

paved road at main curve., Level position beneath a large koa.

Hawaii.

Preserved as monolith Ki in Botany Department, University of

See Chapter VI, Vegetation, for diagram.
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01 1-2 cm deep Mostly decaying fern fronds of Microlepia setota
and koa phyllodes, not very dense, occasionally
Al layer exposed.

A 0-17 cm Black (10YR 3/1, when dry) loam, crumb structure,
very friable; 0-6 cm thoroughly rooted with
fibrous roots abundant earth worms (3 per shovel);

6-17 cm somewhat less abundant rcotlets; pH 5.23
20 11.1.

cl 17-20 cm Gray brown (10YR 5/2, when dry) sandy loam; fine
blocky to massive structure; friable to slightly
firms not continuous, more or less restricted to
pockets; pH 8.7; %C 4.2,
gritty
A 20-23 cm Black (dark gray brown 10YR 4/2, vhen dry) sandy
loam; single grain structure; loose; incipiently
cemented; discontinuous; pH 5.9; %C 9.06.

A3 20-39 cm Very dark brown (very dark gray brown 10YR 3/2,
when dry) somewhat gritty sandy loam; fine blocky
structure, friable; pH 6.2; %C 9.9.

B1 39-50 cm Dark reddish brown (dark brown 10YR 4/2-4/3, when
dry) sandy loam, blocky structure; friable; contains
a few coated, vesicular basaltic ash granules that
break on pressure in hand, inside grayish yellow;
pH 5.9; %C 7.7.

Alb 50-68 cm Very dark brown (10YR 2/2, when dry) loam; very
fine blocky structure; friable to loose; with many
fine rootlets; buried Al horizon; charcoal lragments
at lower border (70 em+), were 014 dated as 200 B.C.,
pH 5.7; %C 12.7.

B3 68-150 cm Dark yellowish brown (brown 10YR 4/3, when dry)
loam; weak coarse blocky structure; friable to
somewhat fimm {in lower portion); at 100 cm depth
red pumice (7.5YR 4/3, when dry) layer, about
3~5 em thick; pH 6.0; %C 9.0.

G2 150 cmd Gray brown (10YR 4/5 - 5/3, when dry) loam, blocky
to prismatic structure; somewhat firm; soft soil
continues beyond 2 m depth; pH 6.0; %C 9.0.

Pahala Series (Cline et al., 1955, p. 495). Reddish Prairie soil.

Soil pit location not given; essentially similar to Pg soil on Puu
Kaone in coastal lowland of National Park.

Al 0-20 cm Dark browvn or dark grayish brown leam or fine sandy
loam; moderate fine crumb structure; very friable
when moist, non-plastic when wet; pH 6.5 to 7.5;
roots very numerous.



140

B 20~45 cm

Di 45 cm+

Brown loam or fine sandy loam; moderate fine crumb
structure; very friable when moist, nonplastic
when wet; pH 6.5 to 7.5; roots numerocus.

Reddish yellow, yellowish red, or reddish brown
silty clay; weak medium blocky structure; friable
when moilst, nonplastic when wet; pH 6.5 to 7.5;
roots present; this horizon appears to be weathered
voleanic ash much older than that from which the A
and B horizons have developed; rests on unconfor-

mable lava bedrock at depths mainly more than 75 cm

but locally as little as 45 cm.

Heake Series (H. H. Sato, Mss.) Regosol.

Soil pit location: In National Park, 25 miles North of Bird Park Road
1/2 mile from Belt highway, Kau SCD. Surface convex, 3% slope.

Al 0-5 cm
Cl 5~13 cm
c2 13~18 cm
C3 18-25 cm
C4 25-45 cm
D 45 cmt

Dark brown (7.3YR 3/2) sandy loam, brown {7.5YR 4/2)
when dry; weak fine and very fine granular structure;
soft and slightly hard, friable, non-sticky and non-
plastic; many roots; many very fine and fine pores;
common hard basalt fragments 1 to 4 mm in size;
abrupt smooth boundary. 2 to 8 cm thick.

Dark brown (7.5YR 2/2) sandy loam; massive structure;
friable, non-sticky and non-plastic; many roots:
many very fine and fine pores; common hard basalt
fragments 1 to 4 mm size; abrupt smooth boundary.

5 to 10 em thick.

Dark brown (7.5YR 3/2) sandy loam, with pockets of
firm, gray loamy sand material; massive structure;
friable, non-sticky and non-plastic; common roots;
many ver fine and fine pores; common hard basalt

fragments 1 to 4 mm size; abrupt smooth boundary.

2 to 8 em thick.

Very dark grayish brown {10YR 3/2) loamy fine sand;
massive structure; firm, non-sticky and non-plastic;
few rootgs; many very fine and fine pores; many very
fiym and firm pisolites; abrupt wavy boundary.

5 to 10 em thick,

Very dark gray (10YR 3/1) pumice; many hard basalt
grits: occasional xyoots; abrupt smooth boundary.
16 to 24 cm thick.

Hard pahoehoe basalt.

Manu Series (Cline et al., 1955, p. 620) Regosol.

Soil pit location not given; but applicable to moderately deep
ash~so0il in humid area of National Park around Kilauea Iki, ete.
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Al 0-20 cm Very dark brown to almost black gravelly loam,
high in organic matter; consists of moderately
weathered volcanic ash wmixed with corganic matter.

Cl 20-38 cm Brown partly weathered volcanic ash; clay loam to
loam with inclusions of sandy loam.

G2 38 cm+ Sandy loam to loam; partly weathered volcanic ash.
D Lava bedrock at depths from 15 inches to several feet.

Puaula Series (H. H. Sato, Mss.) Regosol.

Soil pit location: 1.6 miles from T intersection on Wright Road,
Puna SCD, north of Voleano. Surface slightly convex, 3% slope.

A 0-15 cm Dark reddish brown (5YR 3/2) clay that feels like
a silt loam; weak medium granular structure;
friable., slightly sticky, slightly plastic and
weakly smeary; many roots; many very fine and
fine interstitial pores; common worm casts and
common worm holes; many fine sand-size gritty
materials; abrupt wavy boundary. 10 to 20 cm thick.

C 15-23 cm Dark brown (7.5YR 3/3) volcanic ash and pumice that
feels like a sandv loam; massive structure; firm,
non-sticky. non-plastic and non-smeary; few roots;
many very fine pores; many {ine pieces of volcanic
glass; abrupt irregular boundary. & to 20 cm thick.

ACb 23-35 cm Dark reddish brown (5YR 3/3 and 3/2) material that
feels like a gritty silt loam; weak very fine sub-
angular blocky structure: friable, slightly sticky
and slightly plastic; common roots; many very Tine
and fine tubular pores; many pieces of unweathered
pumice, cinders and volcanic glass; abrupt wavy
boundary. 10 to 20 cm thick.

Cb 35-40 cm Dark grayish brown (2.5YR 4/2) material that feels
like a silt loam, with many fine prominent yellowish
red {5YR 5/6) mottles; massive structure; firmm to
very firm, slightly sticky and slightly plastic;
few roots; common very fine poreg; many fine pieces
off volecanic glass and unweathered pumice: abrupt
broken boundary. 2 to 10 cm thick.

B21b' 40~76 cm Alternating bands of reddish brown (5YR 4/3) and
dark reddish brown (5YR 3/3) clay that feels like
a silt loam; moderate fine and very fine subangular
blocky structure; friable, slightly sticky, slightly
plastic and moderately smeary; common rootsi many
very Tine and fine tubular pores; continuous
gelatinous-like coating on ped faces; many ped ash
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nodules and basalt fragments; abrupt wavy boundary.
25 to 42 em thick.

B22~  76-100 cm Dark reddish brown (2.5YR 3/4) clay that feels like

Cht! a gritty silt loam; massive structure; firm, slightly
sticky, slightly plastic and weakly smeary; few
roots; many very fine and fine tubular pores; many
ash nodules; pumice and cinders; abrupt wavy boundary.
16 to 30 cm thick.

Cb'  100-106 cm Dark brown (10YR 4/3) and dark grayish brown (2.5YR
4/2) clay that feels like a silt loam; massive;
Tirm to very firm, silightly sticky, slightiy plastic
and non~smeary; few roots; common very fine and fine
pores; abrupt wavy boundary. 5 to 13 em thick.

B21b™" 106~175 cm Bands of dark brown (7.5YR 4/4) and reddish brown
(5YR 4/4) clay that feels like a silty clay loam;
moderate very fine subangular blocky structure;
friable, sticky, plastic and smeary; few roots;
many very fine and {ine tubular pores; many ash
nodules; common pockets of bluish gray material
which were probably developed from weathered basalt
fragments.

Remarks: Color names are for the moist soil.
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Part Two: Biological factors in the environment

Chapter VI~ Park Organisms

When scientifically approaching a biologically unknown area the first
thing to do is determine what kinds of things grow there. This is the
biotic, the faunistic and the floristic, stage of biology. A second
step is recording and organizing the observational aspects of ecological
and morphological information on the biota. This is the biogeography
and biology unique to the area. With this done the next phase is, then,
developing reliability in our theoretical understanding of the phenomena
seen. This would be done by repetitive application of the scientific
method, i.e., pursuing the experimental method in respect to successive
refinements of the initial hypotheses and eventually-arising theories.
Much of this last phase might be done in laboratories remote from the
Park, but the Park itself is the greatest natural laboratory for such
gtudies.

Our goal in studying ecology within the Park is understanding the
more intimate interrelationships between the living organisms and theiyx
enviromment, both biological and physical, and this is ecology. A major
purpose of this Atlas is to point out the gaps in the more elementary
areas of knowledge of the Park's biota and its ecology. Thug, the general
status of our knowledge of each of the major kinds of organisms is

taken up in this chapter under the following headings:

A~ ALGAE E~ INVERTEBRATES OTHER THAN
B- FUNGL AND LICHENS INSECTS
C~ BRYOPHYTES F~ TNSECTS

D~ FLOWERING PTLANTS AND FERNS G~ VERTEBRATES OTHER THAN BIRDS
H- BIRDS
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Nothing is known specifically about the bacteria or fungi of the
Park, though recently collections have been made in some of the ecologi-
cally different areas. Actually, except for the birds and the flowering
plants, very little has been done specifically on the Park biota. A
beautiful exception is the nicely illustrated booklet, available at Park
Headquarters, by Douglas H. Hubbard (1952) on the ferns. For other
biotic elements, even more useful are the books and papers by Degener
(1945), Hubbard & Bender (1960) and that on the Haleakala Park (Ruhle,
1959), The latter contains much of value to anyone interested in Hawaii
and Hawaii Volcances National Park,

Finally, this chapter should be expanded and improved greatly in
time. It is to be noted that many organisms, e.g., insects listed in
Zimmerman's (1948-60) "Insects of Hawaii' and mosses listed in Miller's
publications (1963a,-b) on bryophytes, are known to occur in the Park.
However, when we have not found a published record of them of scientific
nature with a specific locality reference, they are not listed in the
generic index which forms the last chapter of this Atlas.

A~ ALGAE

A few terrestrial, fresh water, epiphyllous and aerial algae have
been reported in the Iiterature. In view of the extremely uncertain
nature of the taxonomy of these organisms, only a few classical forms
are listed in the generic index. In the case of identity of such algae
one must follow one or another authority and there is little agreement
between the authorities. There has been as yet little monographic or
comparative study of variation within the different taxa. When this is

done, phycologists have hopes for a better understanding of them.



Table I provides a list of the more useful basic publications.

The Park with its wide range of climates over short distances makes
an ideal lield area in which to study variations in the different gpecies
as a function of climatic change. At least two splendid examples of
opportunities for studying distribution and variation in these organisms
exist within the Park. These are both discussed below in the next chapter
on vegetations., One of these is the littoral area along the shores.

The other is the recent flows and such hot soil areas as that near
Puhiman Crater (Figs. 8 & 23) which has been sampled and reported on
informally by Dr. Malcolm Brown, University of Texas, Austin, Texas,
While not yet published he has provided a list (Table II, List B) of
genera isolated and contributed the comment that there are distinct
relationships between the distribution of the algae found and the roughly
concentric zones of different temperature existing across this area. The
area is visible on Aerial Photo 8-0104 just south of Puhimau Crater as a
light spot about the size of the crater itself.

In the preliminary studies made of the marine algae of the Park it
is only largely the common species that have been collected and thus any
collections are desirable, especially west of Kaena Point, and could be
expected to add to the check list (Table II, List A) of collected species.
Little ecological study has been made of the algae within the Park, and
anything well done in this direction would be worthy of publication.

B~  FUNGI AND LICHENS

Like the other organisms whose dissemules are air-borne or wind-
distributed, the algae, protozca, bacteria. mosses, lichens and to a

lesser extent the ferns, the fungi of the Park are those to be Found in
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Table I,

List of useful publications concerning

the simpler plant-iike organisms. None of these has been
studied within the Park in any significant detail nor are
there any publications that dwell in any detail on these
organisms as they occur in the Park.

Alpae

Boergesen, 1913
Boergesen, 1940-57
Dawson, 1954
Dawson, 1956
Dawson, 1957
Palmer, 1959
Prescott, 1951
Segawa, 1957
Smith, 1950
Taylor, 1950
Tilden, 1910

Lichens

Magnuson & Zahlbruckner, 1943

Magnuson, 19535

Fungi
Ainsworth, 1963
Bessey, 1950
Clements & Shear, 1954
Ramsbottom, 1953
Stevens, 1913
Stevens, 1925

Bryophytes
Bartram, 1933
Brotheyrus, 1927
Evans, 1900
Mitler, 1963

1., 1963

Millex, et
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Table II. List A: marine algae known from within the Park.
List B: algal genera isolated from the soils of the hot area just
south of Puhimau Crater during the summer of 1965 by Dy. Malcolm

Brown,

Acetabularia moebii
Ahnfeltia concinna
Amansia glomerata
Anacystls aeruginosa
Anacystis dimidiata
Anacystis marina
Anacystis montana
Boodlea composita
Calothrix crustacea
Calothrix pilosa
Cladophora socialis
Codium arabicum
Codium edule
Colpomenia sinuosa
Dictyosphaeria versiuysii
Ectocarpus indicus
Entophysalis deusta
Erythrotrichia carnea
Gomphosphaeria aponina
Hemitrema fragilis
Hypnea pannosa

Jania capillacesa

Jania pumila

Laurencia parvipapillata
Lyngbya aetuarii
Mastigocoleus testarum
Microcoleus chthonoplastes
Oscillatoria chalybea
Oscillatoria laetevirens
Padina japonica
Phormmidium crosbyanum
Polysiphonia howei
Polysiphonia savatieri
Polysiphonia sphaervocarpa
Porelithon enkodes
Rhizoclonium hookeri
Rosenvingea orientalis
Sargassum echinocarpum
Sargassum obtusifolium
Schizothrix thelephoroides
Scytonema hofmannii
Sphacelaria tribuloides
Tolypiocladia calodictyon
Turbinaria ornate

Valonia aegagropila



Table I1. (continued)

Anabaena
Botrydiopsis
Botrydium
Calothrix
Chlamydomonas
Chlorella
Chlorococcum
Chlorosarcina
Chlorosarcinopsis
Chroococcus
Cylindrocapsa

Cylindrospermum

LIST B

Eucapsis

Gloeocystis

Gomphosphaeria

Heterococcus
Hormidium
Lyngbva
Nannochloris
Neochloris
Netrium
Nostoc
Oocystis

Oscillatoria

Palmella
Phomidium
Pinnularia
Plectonema
Polycystis
Scenedesmus
Scytonema
Stichococcus
Stichogloea
Stigonema
Symploca

Tetracystis
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the same habitats elsewhere in the world. There are no specific publica-
tions on the Park fungi. Though Dr. G. E. Baker of the University of
Hawaii has initiated studies of the soil and epiphylious fungi, none of
this work has as yet reached the publication stage. The fungi may be
approached through Table I, the general literature. The so-called

"leaf spots" were studied seriocusly (Stevens, 1925) and are one of the few
groups of Hawaiian fungi upon which a major publication has appeared.

The mycologist will know the literature for those fungi on which he
wants to work so only an effort has been made (Table I) to list a few
"old standbys" for those who wish to familiarize themselves with the
kinds of fungi to be found or expected within the Park.

The lichens of Hawaii are known largely through the publications of
Magnusson & Zahlbruckner (1943, etc.) and incidental mentions (e.g.,
Skottsberg, 1941) of one or more species. Magnusson (1955) has produced
a second edition of his work. A number of species are mentioned in the
section on lowland vegetation in Chapter VII, below, on vegetations.

Dr. Carroll W. Dodge of the University of Vermont made collections in
and near the Park early in 1965 and provided (Table III) a list of the
species found. See Table I as a guide to other literature.

Probably the most conspicuous lichen in the Park is that which forms
whitish to greyish erect match-stick-sized thalli on the otherwise barren
older lava Tlow surfaces where there is no shade. This is the genus
Sterocaulon. While the above mentioned people recognize a number of
species and varieties in this genus, Dr., I, Mackenzie-Lamb of the Farlow
Herbarium, Harvard University, Cambridge, Massachusetts, has referred alil
the lowland collections to 5. vulcani. It is a pionecer organism on the

surfaces of both pahochoe and a'a lava flows. As shade from the primary
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Table 111, Lichens from Hawaii Volcanoes
National Park or just outside its boundaries found
by Dr. Carrol W, Dodge in 1965.

Catillaria trachonoides (Nyl.)

Zahlbr.

Cladonia coniocraea (Floerke)

Sandst,

Cladonia fimbriata (L.) Fr.

v. simples (Wesis) Flotow
Cladonia leiodea (Magn.)
Cladonia leprosula Magn.
Cladonia mauiensis Magn,
Cladonia oceanica Vainio
Cladonia pityreoides Kwmplhbr.
Cladonia skottsbergii (Magn.)
Coccocarpia fuscata Zahlbr.
Collema rupestre (Sw.) Rabh,
Cyanisticta hawaiiensis (Magn.)
Erioderma marginatum (Zahlbr.)
Erioderma pulchrum Mull. Arg.
Erioderma sandwicense Zahlbr,
Lecanidium hawaiiensis (Erichs.)
Lecanora chlaronella Nyl.
Lecanora cinereocarnea (Eschw,)

Vainio
Lecanora flavovirens (Fee) v,

aeruginosa (Nyl.) Vainio
Megalospora papillifera Magn.
Microthelia thelena (Ach.) Trev.
Nephroma tomentellum Inumaru
Nephroma tropicum (of Magnusson;

probably not of others)
Ocellularia multilocularis

Zahlbr,

Pannaria cinerata Zshlbr,

Parmelia (Amphigymnia) capitulifera
Zahlbr,

Parmelia (Amphigymnia) cristifera
Taylor

Parmelia (Amphigymnia) dominicana
Vainio?

Pammelia (Hypotrachynae) fallax
Zahlbr.

Paymelia (Amphigymnia) hawaiiensis
Magn.

Parmelia (Hypotrachynae) isidiophora
Zahbr.

Parmelia (Hypotrachynae) reticulata
Taylor

Parmelia (Hypotrachynae) subbahiana
Zahlbr,

Pertusaria faurieana Zahlbr,

Pyrenula insularum Magn.

Pyrenula rockii Zahlbr.

Ramalina leiodea Nyl.?

Stereocaulon maunae-loae Magn,

Stereccaulon roccelloides Th. Fr,

Stereocaulon supervestiens Magn,

Stictina lutescens (Taylor) Nyl,

Stictina plumbicolor (Zahlbr.)

Usnea australis Fr.

Usnea hawaiiensis Motyka

Usnea l[utea Motyka

Usnea pruinosa Motyka

Usnea rockii Zahlbr,

Usnea steineri (of Magnusson)

Xanthoria sp.
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flowering plant populations appears such lichens as Cladonia replace it.
The Park is an admirable and easy place to study lichens in corre-
lation with climate and age of the different types of lichen substrata.

C- BRYOPHYTES

Though a good many mosses have been collected and identified fxrom
the Park area there seems to be no publication which mentions localities
more precisely than those of Miller (Table I) in which some such locality
as "Kilauea" is that usually found. Dr. Howard Crum has identified mosses
(Table IV) for Dr, Dieter Muecller-Dombois during the preparation of this
Atlas., Dr. Harvey Miller has many collections identified in his herbarium
from within the Park. See Table I for several of the more useful publica-
tions regarding the Brvophyta of the Hawaiian Islands and which have in
them leads to the other pertinent literature.

One thallose liverwort, Lunularia cruciata, forms a mat under the

porch of the home of Chester and Juliette Wentworth. This genus forms
such mats commonly under greenhouse benches in temperate regions. Mosses

form their characteristic colonies such as Macromitrium on free trunks of

Metrosideros in damper areas along with the leafy, often lejeunioid,

liverworts. Not all bryophytes are in high humidity areas. Certainly

the grey tufts of Rhacomitrium lanuginosum in cavities on the higher

otherwise rather barren lavas are in very xerophytic circumstances.

Campylopus exasperatus, a pioneer on the uppermost parts of a lava Flow

in the open sun, is also in a xerophytic situation,
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Table IV, Mosses collected in the Park by Dr. Dieter
Mueller-Dombois during the summer of 1965 and identified by
Dy. Howard Crum in January 1966.

Acroporium fusco-flavum (C. M,) Broth.

Amphidium cyathicarpum {(Mont,) Broth.

Brachymenium exile Dozy & Molk,

Brachythecium hawaiicum Bartr,

Campylopus exasperatus Brid,

Cerateodon purpureus {(Hedw.) Brid,.

Dicranum speirophyllum Mont.

Distichophylium freycinetii (Schwaegr.) Mitt.
Homaliodendron flabellatum (Sm.) Fl.

Leucobryum hawaiiense var. fumaroli (C, M.) Bartram
Polytrichum piliferum Hedw,

Rhacomitrium lanuginosum var., pruinosum H, £. & W,
Thuidium hawaiiense Reich.

Thuidium plicatum Mitt.
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D~  VASCULAR PLANTS

by F. R. Fosberg

The check list of the plants of the Park prepared by Fagerlund and
Mitchell (1944) and issued in mimeographed form by the National Park
Service has long been unavailable, and many plants have since been added
to this list of those known from the Park in the past.

The present list is a partial revision of the 1944 list. It was
specifically prepared for inclusion in this Atlas but with the additional
feature of citations of the collection numbers of the specimens on which
it is based being given, underscored and in parentheses, after each entry.
Further infoxmation on these plants can be found in the scientific
literature and in this Atlas by use of the index chapter, below, Chapter
VITL.

It was not considered necessary to give precise localities for the
collections on which the list is based, as all are from within the Park
or in its immediate vicinity. Certain materials that should have been
included, as well as reports from Hawaiian botanical literature were not
included for reasons of time. It is hoped this check list will be
publisghed in more finished foxrm later, at which time these defects can
be remedied. Thus, while the present list can serve as an interim list
noting most new additions, it should not be regarded as thoroughly complete.

Many of the additions to this list were brought to light by Mr.
Garrett Smathers, former Park Naturalist, HVNP, now of Lava Beds National
Monument, Tulelake, California, and his assistance and stimulus in the
present project is gratefully acknowledged.

Many of the specimens cited are in the herbarium maintained by the
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Hawaii Volcanoes National Park. Duplicates of some are in the Bernice P.
Bishop Museum, Honolulu. Other collections cited are in the U. S. National
Herbariuwm, some in the New York Botenical Garden, others still in the
author's possession. Unfortunately, many of those in the Park herbarium
lack or almost lack data as to locality and collector. The recent effort
to correct this situation made by the Park in engaging Mrs. Eva G. Hecht-
Poinar to put the Park collections in better order could not alter this
situation entirely.

Certain species included in the list have no specimens cited with
them. These are plants known to exist in the Park, either from the 1944
or 1947 lists by Fagerlund and Mitchell, from other published sources, or
from personal observation.

The symbols in parentheses following the names in the list, along
with any applicable Hawaiian or common name in quotation marks, have these
meanings:

E = endemic to the Hawaiian Islands

I = indigenocus to the Hawaiian Islands but not endemic

¥ = exotic

P = probably of aboriginal introduction

Abbreviations in the specimen citations in parentheses at the end

of each entry are:

B&PF = Baldwin & Fagerlund
CJE = Charles J. Engard

r &M = Fagerlund & Mitchell
M-D = Mueller-Dombois

PHB & GOF = Baldwin & Fagerlund

s, coll. = without collector
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OPHTOGLOSSACEAE
{Adder's Tongue Family)

OPHLOGLOSSUM CONGINNUM Brack. (E, "pololoil)

Rare. Reported by Fowler to be in earthquake cracks near rim of
Halemaumau. Could be the following species. (¥ & M 1061)

OPHIOGIOSSUM NUDICAULE L. £. (I)

Uncommon or inconspicuous; Ffound in fumaroles and steam cracks in

Kilauea Caldera and along the Chain-of-Craters Road. (Degener 9278,

Horner in 1950)

OPHIOGLOSSUM PENDULUM var. FALCATUM (Presl) Fosberg (I, “puapuamoa')

Ophioglossum pendulum ssp. falcatum (Presl) Clausen

Ophioderma falcatum Degener

Ophioderma pendulum var. falcatum Presl

Ophioglossum falcatum (Presl) Fowler

Epiphyte in moist or wet forests. (Baldwin in 1949)

MARATTIACEAL

MARATTIA DOUGLASIT (Presl) Baker (E, "pala" "kapuai hoki™)

Rare in wet forests. (F & M 889; Fowler 201)

GLEICHENIACEAE

CLELCHENIA LINEARIS (Buym. f.) C. B. Cl. (E, "uluhe, uluhi™)

Gleichenia emarginata (Brack) Moore

Dicranopteris sandwicensis Degener

Abundant in moderately wel forest, around fumarcle areas, and in

disturbed places, fomming dense tangles. (Morley 122-H; Eggler 265)

Most Park plants are of the hairy fomm frequently considered as

specifically distinct.
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HYMENOPHYLLACEAE
(Filmy-fern Family)

HYMENOPHYLLUM LANCEOLATUM Hook. & Arn. (E, "palaihinahina')

Frequent epiphyte in wet forest. (Fowler in 1937; M-D H-83)

HYMENOPHYLLUM OBTUSUM Hook. & Arn. (E, "palailaulii™)

Infrequent., On moss-covered trunks in wet forest. (Degener in 1922)

HYMENOPHYLLUM RECURVIM Gaud. (E, "chiaku")

Freguent., On moss-covered trunks and damp rocks in wet forest.

(0Olson in 1939; Fowler 202; M-D H-160a)

TRICHOMANES CYRTOTHECA Hillebr. (E)

Puna, lower Pulama between Punalu'u and Wahaula; in deep lava crack,
on moist vertical rock walls in shade.

TRICHOMANES DAVALLIOIDES Gaud. (E, "kilau™ "palaihihi™)

Frequent in damp woods and on shady cliffs. (Morley 114-H)

TRICHOMANES SAXTIFRAGOIDES Presl. (I)

Trichomanes parvulum Poir. of Hillebrand, Fl. Haw. Is., p. 635

Infrequent. On moss-covered trunks in Makaopuhi Crater. (F & M 590)
POLYPODTACEAE
(Fern Family)

(Sensu lato; the numerous segregate families recognized in recent
vears are not yet subject to sufficient agreement among experts, or
founded on characters very evident to non-experts. Therefore the family
Polypodiaceae is here adopted in the traditional sense.)

ADIANTUM CAPILLUS-VENERIS L. (I, "iwaiwa" "maidenhair Ffern')

"Frequent in moist, rocky places, and in earthquake cracks at Hilina
Pali and vicinity." This species may exist in the Park, but the specimen

on which the F. & M. record was probably based seems to be A. cuneatum.
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ADTANTUM CUNEATUM Langsd. & Fisch. (X, "maidenhair fern™)

Widely naturalized in the Hawaiian Islands. Uncommon in Park.
(FPowler 214)

ADIANTUM HISPIDULIM Sw. (I, "rough maidenhair fern™)

Collected in cave near Hilina Pali. (F & M 1058; Olson in 1938)

ASPLENIUM ADIANTUM-NIGRUM L. (I, Miwaiwa™)

Frequent in open dry places from about 1700 to 9500 feet. (Fowler

219, 19; Stone 2959; Poinar in 1963; M-D H-320; Eggler 149, 271)

ASPLENIUM CONTIGUUM Kaulf., (E)

Prequent in moderately wet and wet forests. (Fowler 208, 245;

F & M 38; Morley 128-H)

ASPLENIUM FRAGILE var. INSULARE Morton {E)

On meoist wall of lava tube at Three Trees Kipuka, 6250 feet.
(P &M 894)

ASPLENIUM HORRIDUM Kaulf. (I, "alae" "alaea™ “iwa" "kumauna')

Asplenium pseudofalcatum Hbd.

Recorded by Rock, Indigenous trees, p. 27, from vicinity of Kilauea.

ASPLENIUM LOBULATUM Matt. (I, "piipiilau manamana™)
,» "piip

Abundant: in the wet and moderately wet forests. (Morlez 40-H;

Fowler 246, 217; F & M 11; Olson in 1938)

ASPLENTUM MAGRAEI Hook & Grev. (E)

Frequent in shady, rocky cliffs in Kipuka Puaulu.
ASPLENIUM MACRAEY var. SIRICTA (Brack.) Hieron. (E)

Coliected in Kipuka Ki, 4300 feet. (Fowler 204; Olson in 1939)

ASPLENIUM NIDUS #. (I, "ekaha' '"birdsnest fern')

Kapaahu, Kalapana, 1/4 miles east of Heiau. (F & M 921)
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ASPLENTUM NITIDULDM Hbd. (E)

Rare, Reported from Byron Ledge by both Skottsberg and Degener.

ASPLENIUM RHIPIDONEUROM W. J. Robinson {(E, "iwaiwa o kane")

Frequent in open, dry kipukas, and in moderately wet forests.

(Fowler 20, 220; F & M 37)

ASPLENIUM SPHENOLOBIUM Zenker var. DIPLAZIOSORIM Hieron. (I)

Infrequent. In moderately damp places at Hilina Pali,

ASPLENIUM TRICHOMANES L. (I, "owalii" "maidenhair spleenwort™)

Agplenium densum Brack.

Frequent on dry rocky soil from about 3000 to 10,000 feet.
(Poinar in 1963; M-D H-306)

ASPLENTUM UNILATERALE Lam. (I, "pamoho')

Infrequent. On shady, wet cliffs near Thurston Lava Tube.
{ Fowler 206)
ATHYRIUM MICROPHYLLUM (Sm.) Alst. (E)

A, poiretianum (Gaud.) Presl

Infrequent. In wet forests and craters. (I &M 832; Fowler 209)

ATHYRIUM SANDWICHTIANUM Presl (E)

Diplazium sandwichianum (Presl) Diels

Frequent in shady moist localities, especially in craters.

(F &M 862, 863; Morley 126-H; Fowler 210)

CONTOGRAMME PITOSA (Brack.) Hieron. (E, "loulu")

Infrequent on wet cliffs from about 3000 to 5000 feet; frequent

near Thurston Lava Tube. (Morley 112-H)

CYRTOMIUM CARYOTIDEUM (Wall.) Presl {I)

Frequent along edge of lava {low in Kipuka Puaulu. {Morley 77-H;

Lamoureux 2496)
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DORYOPTERIS DECORA Brack. (E)

Abundant in lava cracks, especially at Hilina Pali and the Kau Desert,

down to sea level. (F & M 341, 148, 157; Fosberg 41586a; Fowler 215;

M-D H-254)

DORYOPTERIS DECORA var. DECIPIENS (Hook.) Tryon (E)

(Eggler 41)

/

DRYOPTERIS— CYATHEOIDES (Kaulf.) Kuntze (E, "kikawaeo™)

Abundant in wet forest. (Baldwin in 1944; Fowler 224; Morley 142-H)

DRYOPTERIS DENTATA (Forsk.) C. Chr. (1)

Cyclosorus dentatus (TForsk.) Ching

In deep shaded lava crack in Puna, lower Pulama between Punalu'u
and Wahaula, (Stone 3009)

DRYQPTERIS GLABRA {Brack.) Kuntze (E, "kilau')

Frequent in open, moderately wet forests. (F & M 53; Fowler 236;

Morley 149-H)

DRYOPTERTS GLOBULIFERA (Brack.) Kuntze (E, "palapalai o kaumaapua')

Abundant in wet forest near Thurston Lava Tube. (Fowler 216)

DRYOPTERTS HAWAIIENSIS (Hbd.) H. Christ. (E, "palaa™)

Infrequent. In open forest in Kipuka Puaulu. (Fowler 234)

*
2/ Many of the species traditionally referred to Dryopteris should be

placed in the genus Thelypteris. However, there is considerable doubt

as to the legitimacy of the name Thelypteris and it is probable that this
name may be replaced by lastrea, Since this is not certain, and since
combinations are not yet available for certain species in lastrea, all
are here retained in Dryopteris, even though this is admittedly an

improper arrangement.
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DRYOPTERLS KERAUDRANIANA (Gaud.) C. Chr. (E, "akolea" “waimakanui')

Skottsberg reports it at Kilauea along the road to Hilo.

DRYOPTERIS PALEACEA (Sw.) C. Chr. (I, "laukahi')

Rare. 1In open forest in Kipuka Puaulu. Also collected in a lava

tube on Mauna Loa at 8800 feet. {Lamoureux 2459; Morley 69; F & M 774,

Fowler 235)

DRYOPTERLS PARASITICA (L.} Kuntze (X, "downy woodfern™)

Frequent in shady, damp places at Hilina Pali, and in the craters

along the Chain-of-Craters-Road. (Fowler 212, 213)

DRYOPTERIS SETIGERA (Bl.) Kuntze (1)

Frequent. In openings to lava tubes in Kau Desert, Hilina Pali,

and along the shore. (Fowler 230, 231; F & M 173, 366)

DRYOPTERIS STENOGRAMMOIDES (Baker) C. Chr. (E)

Frequent in shady, moist localities along Kilauea Tki trail.

(Fowler 217, 207)

DRYOPTERIS UNIDENTATA (Hook & Arn.) C. Chr. (E, "akole™)

Rare. TFound in dry rocky gulch near Halfway House. (Fowler 237)

ELAPHOGLOSSUM ALATUM Gaud. (I, "ekeha' "™aui's Paddle")

Elaphoglossum aemulum (Kaulf.) Brack.

Frequent on rocks and trees in wet and moderately wet forest from

about 1000 to 4500 feet. {Morley 32-H, 139-H; F & M 695; Baldwin in 1949)

CLAPHOGLOSSUM GORGONEUM (Kaulf.) Brack. (E, "eksgha")

Recorded by Rock, Indigenous trees, p. 27, from the vicinity of Kilauea.

ELAPHOCLOSSUM HIRTUM (Sw.) C. Chr. ("ekaha™)

Frequent on Metrosideros trunks and on exposed ridges, 3000 to 4000

feet. (Morley 4-H; Fggler 287)
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ELAPHOGLOSSUM MICRADENIWM (Pé&e) Moore (E, "ekaha ula"™ "™Maui's paddle™)

Callected by Degener near Waldron Ledge.

ELAPHOGLOSSTM RETICULATUM (Kaulf.) Gaud. (E, "ekaha™ "pusakuhinia™)

Abundant on rocks and trees in wet forests. (Morley 8-H; Stone 2961;

M-D H-51; Eggler 217)

CLAPHOGTOSSUM WAWRAE (Tuerssen) C. Chr. (E, "ekaha" "laukahi")

Reported by Rock from vicinity of Kilauea; Kipuka ¥Ki. (F & M 685)

MICROLEPIA SETOSA (Sm.) Alston (I, "palapalai')

Frequent in moderately wet areas and at lower elevations in moist

transition forest. {Fowler 232; Olson in 1938; Stone 2958B; Lamoureux

2453, 2501; I & M 864)

NEPHROLEPLS CORDIFOLIA (L.} Presl (X, E, 'mianiau" "pamcho®™ “sword fern®)

Degener reports that it is "rather common on the trunks of trees
and on the ground in the open forest near Makaopuhi Crater'™. Commonly
said to be introduced by there is certainly a native form of this

species in wet forests. (Fowler 238; Morley 78-H; F & M 916 (cult. form))

NEPHROLEPTS EXALTATA (L.) Schott (I, “anianiau® “okupukupu" "sword Ffern')

Frequent in moderately wet to dry areas. (Lamoureux 2468; Fowler

2755 Stone 3008)

NEPHROLEPIS HIRSUTULA (Torst. f.) Presl (X)

Puna, upper Kealahoma, near border of Panau Nuij; in transition forest;
common in lava tubes and Tissures; also in Wahaula Hejau, and above

Kalapana along Park boundary. (Stone 3002, 2911; Poinar in 1963; Eggler 42)

PELLAEA TERNIFOLIA (Cav.) Link (I, "laukahi" "cliff brake™ "kalamoho laulii')

Frequent in arid regions and in crevices in bare lava, (Morley 83-K;

Stone 2957; Fosberg 415%9a; Degener & Wiebke 3972)
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PTTYROGRAMMA CALOMELANOS (1.) Link (X, "silver fern' “gold fern")

Frequent in Kau Desert, occasional in open places elsewhere. Some
plants have a silvery, waxy powder on undersides of fronds, others golden.

(M-D H-9255, H-114; Olson in 1938, 1939; F & M 77, 147; Stone 3025;

Fowler 222; Eggler 90)

POLYPODTIM HOOKERT Brack. (E, "makue laulii")

Infrequent epiphyte in wet forest. (Towler 211)

POLYPODIUM HYMENOPHYLLOIDES Kaulf. (F, "palaihuna")

Infrequent on moss-covered rocks and trees in wet forest. ({Fowler
233)

POLYPODIUM THUNBERGIANUM (Kaulf.) C. Chr. (I, 'ekaha akolea" "pakahakaha"

P. lineare Thunb. "langkic wahine

Frequent on rocks and trees. (Lamoureux 2452; Morley 3-H, 67-H;

M-D 1-108, H-190; Wentworth in 1963; Eggler 40)

POTYPODIUM PELLUCIDUM Kaulf. (E, "ae")

Frequent. An epiphyte in wet forests; terrestrial in open woods
and on new lava flows, up to 9500 feet; dwarfed in unfavorable places.

(M-D H-221, H 63; Stone 146; Fowler 30-H; Morley 30-H)

POLYPODEUM SCOLOPENDRIA Burm. f. (X, "laua'e")

(Polypodium phymatodes L.)

Infrequent. Near steaming cracks in Kilauea Caldera and in steaming
area near Kokoolau Crater. Also near Nalapana Shelter. (Stone 2850;

F & M 146; Poinar in 1963)

x/ Certain of the species traditionally referred to Polypodium should

be transferred to Grammitis, but this cannot be attempted here.
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POLYPODIUM PSEUDO-GRAMMITIS Gaud. (E, 'kolokolo™ "mahinalua™)

(= Grammitis tenella Kaulf.)

Frequent epiphyte in wet forest. {(Morley 6-H)

POLYPODIUM SATFTORDIT Maxon (F, "kihi")

Infrequent on moss-covered trunks in wet forest. (Fowler 223;
M-D H-162)

POLYPODIUM SARMENTOSUM Brack, (E)

Infrequent epiphyte in wet forest. (Fowler 2058)

POLYPODIUM TAMARLSCINUM Kaulf., (E, "wahine noho mauna’)

(Morley 5-H)

PTERTDIUM AQUILINUM var., DECOMPOSITUM (Gaud.) Tryon {E, "kilau®" "kilauapueo®

Frequent in moderately dry or open regions from "paia' "bracken')

Hiiina Pali to about 9500 feet. Abundant in Kipuka Nene. (lLemoureux 2484;

Morley 79-H; Poinar in 1963; Eggler 15)

PTERIS CRETICA L. (I, "owalii'")

Infrequent in wet and moderately wet forest. (Fowler 228, 229;

Morley 72~H; Lamourecux 2472)

PTERIS EXCELSA Gaud. (L, "kaimakenui® "“iwa")

Infrequent. In Kipuka Puaulu, (Morley 236)

PTERTS LONGIFOLIA L. (X, 'kilauapueo" "paia'™)

(or P. vittata I.)
Frequent in moderately dry areas and steam cracks. (M-D H-113;

Fowler 221; Eggler 190)

SADLERIA CYATHEOIDES Kaulf, (E, "amaumau')

Apundant generally. (Morley 35-H; Fowler 227; Stone 2578)

SADLERTA HILLEBRANDIT W. J. Rob. (E, "amau™)

Locally frequent in moderately wet regions. (Fowler 226; Moxrley 35-H)
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SADLIRIA SOULEYTIANA (Gaud.) Moore (E)

Rare in wet forest. (Olson in 1939)

SPHENOMERIS CHUSANA (L.} Copel. (I, "palapalaa™ "palaa')

(Stenoloma chinensis (L.) Bedd.)

(Sphenomeris chinensis (L.) Maxon)

Frequent generally 