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General Ecology of Northeast Outer Slopes

of Haleakala Crater, East Maui, Hawaii1

Richard J. Vogl2

ABSTRACT: The northeast outer slopes of Haleakala Crater between 8000 and 6000 ft. eleva-
tion support an extensive alpine Deschampsia grassland, an alpine bog, heath

scrub, cloud forest, and montane rain forest. These plant communities contain rare and en
demic Hawaiian plant species. The tussock grassland is the best expression of this vegetation
type in the Islands. The bog is unique by nature of its alpine location and its potential paleo
botanic record. The Vaccinium-Styphelia heath-scrup is exceptionally well developed and noted
for its striking Sadleriatree fern thickets. The elfin cloud forest is more extensive and reaches
higher elevations than elsewhere in Hawaii. It and the montane rain forest are dominated by
ohia lehua (Metrosideros collina ssp. polymorpha) trees, and are probably better developed
than anywhere else in the Hawaiian Chain. These windward slopes are one of two remaining
areas still with intact bird populations of the otherwise rare and endangered Hawaiian honey
creepers. Two mountain lakes occur within the study area, unusual environmental entities in
Hawaii.

INTRODUCTION

A 1969 expedition, sponsored by The Nature
Conservancy, was undertaken to obtain basic bio
logical data on the unexplored northeast outer slopes
of Haleakala Crater. The area is adjacentto Halea
kala National Park and Kipahulu Valley, and is within
the Hana Forest Reserve of the State of Hawaii Divi
sion of Forestry (Fig. 1). It is hoped that the results
of this preliminary exploration might initiate an in
terest in and understanding of the ecology of one of
the few remaining intact and undisturbed biotas of
Hawaii Net

TUSSOCK GRASSLAND

The highest elevations along the northeast outer
rim of Haleakala Crater, starting at Kalapawili Ridge
at 8000 ft. elevation along the P ark boundary and de
scending to about 7300 ft. elevation, are dominated by
stands of mountain pili grass or Hawaiian hairgrass
(Deschampsia australis forma haleakalensis). This
grassland roughly covers an area one mile by 0.5
miles or 320 acres (Figs. 1, 2). It is unique in that
it represents the highest elevational grassland in the
Hawaiian Islands and is the least disturbed of the
remaining Deschampsia grasslands. The study area
grassland is classified as alpine since it occurs
above the upper limits of forest, and since the term
alpine has been used by previous investigators for it
or similar areas (Skottsberg 1931, Hartt and Neal
1940, Fosberg 1959, Mueller-Dombois 1967). It is
the only grassland of its kind in the United States
and differs from all others in the world by nature of
its endemic flora.

The grasses grow on this cold, wet, and wind
swept Hawaiian summit in bunches or tussocks, with

lBased on: Vogl,R.J.(ed). 1969. Report of 1969 Nature
Conservancy Expedition to the high elevations of East Maui,
Hawaii. 115 p. (unpublished).

2The author is a plant ecologist from the Department of
Botany, California State College, Los Angeles 90032.
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individual clumps often being up to 3 ft. high. The
growth form of the grass and the ever-wet environ
ment produce a formation similar to tropical alpine
grasslands in Central and South America, Africa,
and New Guinea.

The grassland serves as a key area for the kolea
or American golden plover (Pluvialis dominica) which
leaves the Arctic each year to return to these well
established wintering grounds. This migratory
shorebird may have and might still serve as a dis
persal agent for plants, exchanging diaspores between
its mainland breeding grounds and migratory routes,
and its Hawaiian winter home (Proctor 1968, Stoner
1969). Species of Deschampsia, Luzula, Rumex,
Carex, and Trisetum occur on the birds' mainland
breeding grounds and Island wintering grounds. The
grassland also serves as the nesting and hunting
grounds for the now-uncommon pueo or Hawaiian
short-eared owl (Asio flammeus). It may have once
been part of the feeding grounds for the state bird
of Hawaii, the nene or Hawaiian goose (Branta Sand
vicensis).

The grassland consists of a series of inclined
benches of lava and ash that descend or slope in a
step-like fashion to the north and northeast (Fig. 3).
Erosion has cut shallow valleys and small ravines or
gulches, and left behind a few resistant rocky knolls
and ridges. The gulches contain vertical lava tubes,
inactive steam vents or fumaroles, and water
enlarged and excavated fissures, all of which take
considerable run-off during heavy rains. These
man-sized or larger orifices are often concealed by
grass, ferns, or other vegetation, or are covered
by water.

Gentle slopes are occupied by pure stands of
Deschampsia australis and scattered between the
grass tussocks are the yellow-floweredHypochaeris
radicata. an American introduction. The more abrupt
slopes, steps, knolls, and ridges often contain smaller
grass tussocks and bracken fern (Pteridium aquilinum
var. decompositum), with Luzula campestris var.
hawaiiensis occupying tiny openings between the
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Figure 1. Map of the study area with insert of the island of Maui, Hawaii. The area occupies the northeast outer
slopes of Haleakala Crater between 8000 and 6000 ft. elevation and is adjacent to Haleakala National Park and
Kipahulu Valley.

Figure 2. An alpine tussock grassland occupies the northeast outer slopes of Haleakala Crater above 7300 ft.
elevation. Heatb-scrub occurs on the well-drained slopes and ridges. Typical trade-wind clouds can be seen
shrouding the windward forests below.
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Figure 3. Sunset shadows stretch across the alpine grassland along Kalapawili Ridge at 7500 ft. elevotion.

grasses and ferns. These areas are commonly up
rooted by wild pigs which plow up large patches of
sod apparently in quest of bracken fern rhizomes.
Disturbed sites are usually invaded by the non-native
grass (Holcus lanatus), Rumex acetosella,and~
chaeris radicata. Some of the wet gulch bottoms
contain, in addition to the largest Deschampsia
tussocks, Carex spp., Oreobolus furcatus, Polypodi
urn pellucidum var. vulcanicum, and Dryopteris spp.
ferns. The steepest slopes sometimes contain ex
posed soils due to slumping produced by heavy rains.
These scalped areas are invaded by the large-fruited
akala or Hawaiian raspberry (Rubus hawaiiensis),
ohelo (Vaccinium berberidifolium), Holcus, and
Deschampsia either singularly or in mixtures. The
well-drained knolls and ridges contain thin soils,
with the exposed ash, lava, and lava rock dominated
by Vaccinium reticulatum and Styphelia tameiameiae
shrubs. Additional species include Vaccinium ber
beridifolium, the ground-spreading Coprosma erno
deoides, and Pteridium aquilinum.

The area appears to have evolved through time
to become adjusted to the controlling influences of
the relentless trade-winds that drive light to heavy
rains, sleet, hail, snow, mist, and fog across the ex
posed terrain. This produces persistent wetness,
runoff, flooding, swamping, acid soils, and hard
pans. The grassland withstands temperate conditions
and climatic extremes and privides maximum water
shed protection to this vital summit position. The
present changes wrought by wild pigs and goats are
indicative of the need for complete protection, since
these non-native and unnecessary herbivores have
already reduced or possibly eliminated certain plant
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species along with their associated birds and insects,
and have produced destructive erosion.

MONTANE BOGS

An open or treeless bog was discovered in the
northeast sector of the tussock grassland at approxi
mately 7440 ft. elevation. The bog is dominated by
a mixed stand of dwarf Carex montis-eeka and Des
champsia australis growing from cushions of Ore
obolus furcatus. The only woody species present are
a dwarf form of Vaccinium pahalae and a few stunted
Styphelia tameiameiae shrubs. The bog surface is
flat and level and underlain by reddish-brown peat
that is extremely soft, semiliquid, and acid, averag
ing 4 to 5 ft. in depth. The peat has accumulated in
a large saucer-shaped depression apparently formed
by volcanic action and erosion. The area receives
considerable runoff from the grasslands above, and
water swamps the level surface before seeping
through and overflowing the bog rim.

This area is unique since it represents the high
est bog described in the Hawaiian Islands, the previ
ous high being Puu Kukui on West Maui at 5788 ft.
elevation. It exceeds other Hawaiian bogs by at least
1500 ft. elevation, and is the only alpine bog (Skotts
berg 1931) in the Islands. The presence of this vege
tation type, in addition to the tussock grassland,
makes their preservation eminent, not only for their
uniqueness and exceptional floras, but because of the
scientific information accumulated in the layers of
peat in the form of a paleobotanic record of the past
vegetation, climate, and evolutionary history of the
Hawaiian Islands and the Central Pacific (Selling
1942, 1948).



Three additional bogs occur within the montane
rain forest between Lakes Wai Anapanapa and Wai
Ele'ele. The uppermost consists of several boggy
pockets within a swampy tussock grassland located
adjacent to and just above Wai Anapanapa. The other
two occur along narrow portions of a pali separating
Kipahulu Valley from the northeast slopes and the
Hana drainage. These saddle bogs are separated by
forested puus or hills. The openings are abruptly
surrounded by forest and have generally flat surfaces
that slope to the northeast. Some of the common
plants on these wet and spongy sites are Deschampsia
australis, Carex alligata var. alligata, Carex montis
eeka, Carex svenonis, and Dryopteris glabra as well
as some species previously mentioned.

HEATH-SCRUB

Areas between the upper limits of distinct forest
at about 7000 ft. elevation and the highest elevations
at 8000 ft. unoccupied by tussock grassland support
thickets of ericaceous or ericaceous-like shrubs,
stands of Sadleria cyatheoides tree ferns, or mix
tures of the two types. These areas include pali
(cliff) crests, ridges, knolls, and puus (peaks) within
and around the grassland and along grassland-forest
ecotones (Fig. 2). The most common shrubs are
Vaccinium reticulatum and V. berberidifolium, mem
bers of the heath family, Styphelia tameiameiae, of
a Southern Hemisphere family closely related to the
heath family, and scattered individuals of Coprosma
ernodeoides var. mauiensis, C. montana var. mon
tana, Vaccinium calcycinum, and Geranium multi
flo rum var. canum. In places the scrub is sparse
with a Deschampsia understory and frequent grassy
openings, and in others it forms dense thickets of
pure or mixed stands of shrubs 3 to 5 ft. tall, with
individuals up to 12 ft. in height. Small Cheiroden
dron trigynum, Pittosporum confertiflorum, and
Metrosideros collina ssp. polymorpha trees are dis
persed just above the main Metrosideros forest.

The heath-scrub is reminiscent of the post-fire
brushfields of the Sierra Nevada of California, man
zanita (Arctostaphylos spp.) chaparral of southern
California mountains (Wilson and Vogl 1965), and the
ericaceous scrub of Boreal Forest bogs (Vog11964),
and mainland tundra areas. A similar ericaceous
zone apparently exists on tropical and subtropical
mountains in New Zealand, New Guinea (Gillison
1969), Malaysia (Sleumer 1965), Africa (Coe 1967),
and elsewhere.

The heath-scrub topography consists of uni
formly steep slopes that descend from Kalapawili
Ridge northeasterly toward the ocean and have been
fluted by erosion into a series of parallel ridges
and valleys oriented in an upslope-downslope direc
tion. Wherever the slopes become steep, large stands
of Sadleria cyatheoides dominate. Many of these
ferns reach 6 ft. in length with trunks 6 inches in
diameter, supporting umbrella-like canopies of
fronds. Dense stands of Sadleria tree ferns of this
magnitude have not been observed elsewhere, and the
study area may be the only place where this species
reaches such a degree of development.

MONTANE RAIN FOREST

A forest dominated by ohia lehua (Metrosideros
collina ssp. polymorpha) starts at about 7000 ft. ele
vation and extends down the outer slopes of Haleakala
Crater (Fig. 4). The upper reaches of this forest,
generally between 7000 and 6800 ft. elevation, are
classified as cloud forest (Fosberg 1961) because of
their climate and physiognomy. Although similar
appearing forests occur at the highest elevations on
Kauai, Oahu, and West Maui, this East Maui cloud
forest is distinctive as it occurs at least 2000 ft.
higher than these other forests. It appears to be
above the main belt of trade-wind rains but is almost
constantly under clouds which commonly sweep the
forest at ground level thereby producing soaking
mists and heavy fog-drip. The forest is subject to a
temperate climate which is punctuated by cold
periods, freezing rains, and frosts. The cloud forest
is simple in structure and composition. The over
story is dominated by short, spindly, and crooked
stemmed Metrosideros trees of uniform sizes ofless
than 1 ft. dbh and heights of less than 25 ft. with
interlocking canopies. The elfin nature of the forest
coupled with the cold, damp, foggy, and misty condi
tions distinguish this region from the lower forest.
The cloud forest is single-layered, with a general
absence of understory trees or shrubs. Shrubs of
Dubautia spp. often grow tall enough to join the tree
canopies. Mosses, along with Elaphoglossum spp.,
are the common tree epiphytes. The forest floor is
covered with ferns and exposed tree roots, the most
common ferns being Dryopteris wallichiana and
Athyrium microphyllum which produced characteris
tic rosettes or circles of fronds up to 3 ft. high.
Occasional Smilax sandwicensis vines occur in ex
posed trees or shrubs near tree line.

A richer and more stratified Metrosideros col
lina ssp. polymorpha forest occurs below 6800 ft.
elevation, particularly on gentle slopes, valleys, and
puus (Fig. 4). Overstory trees are often 100 ft. in
height and 4 ft. dbh. Individuals of Metrosideros,

Figure 4. The upper rain forest on the windward slopes of East
Maui is dominated by ohio lehua trees (Mestrosideros collina
ssp. polymorpha). Puus or hills support large trees up to 4 ft.
dbh and 100 ft. tall. Photo by H. G. Barclay.
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SUPPLEMENTARY FIGURES

Figure d. Pig rooting occurs in the tussock
grassland wherever bracken fern {Pteridium
aguilinum var.decompositum} grows. These
disturbed areas are usually invaded by in
troduced annuals.

Figure c. Thickets of Sadleria cyatheoides tree ferns occur
on the steeper slopes of the grassland-forest ecotones.

t,,5$>,
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Figure a. Wai Ele'ele is a permanent lake sur
rounded by a rich ohia lehua {Metrosideros coil ina
ssp. polymorpha} forest which supports a fu II com
plement of native forest birds. The understory trees
are Cheirodendron trigynum.

Photo by J. Henrickson.

6



Styphelia, Coprosma ochracea, Vaccinium calycinum,
and Rubus hawaiiensis often occur epiphytically in
these large trees, sending their twisted roots down
the tree trunks. Smaller epiphytes, including mosses,
Elaphoglossum spp., Astelia sp., and various ferns,
cover the trunks and branches of most trees. The
thatch-like and sclerophyll tree canopies are irregu
lar and broken, and generally without lianas, except
for such weak climbers as Stenogyne rotundifolia
and Gouldia spp. The most common understory sub
tree is Cheirodendron trigynum with dense bushy
crowns, followed by Pelea clusiaefolia, Myrsine
lessertiana, and Pittosporum confertiflorum. Dubau
tia spp., Styphelia tameiameiae, and Vaccinium ca
lycinum shrubs are scattered throughout the forest.
Openings produced by wind-thrown trees, landslides,
erosion, or swamping usually support dense stands
of tall and spindly Rubus hawaiiensis, or mixtures
of Rubus and the above shrubs. Some openings or
muddy wet pockets are occupied by shady tangles of
Broussaisia arguta. Occasional scraggly clumps of
Styphelia and individuals of Sadleria cyatheoides
appear as if they are being shadedoutby an invading
or re-invading forest. The forest floor is dominated
by a variety offerns such as Athyrium microphyllum,
Dryopteris wallichiana, D. hawaiiensis, Polystichum
haleakalense, Asplenium caudatum, and Pteris ex
celsa. Herbaceous plants are uncommon, the most
important being Peperomia spp., Uncinia unCinata,
and Astelia sp. The study area contains one of the
best expressions of undisturbed montane rain forest
in the Islands. These windward forests may even
be better developed than those in the adjacent Kipa
hulu Valley because they lack the precipitous terrain
and extensive swampy conditions which have impaired
maximum forest growth in much of the upper Valley.

Besides the common forest birds, pairs of
crested honeycreepers (Palmeria dolei) were ob
served in the understory Pelea clusiaefolia trees
and feeding on ohia lehua blossoms in the forest
canopy. Maui creepers (Loxops maculata newtoni)
were sighted in Rubus hawaiiensis thickets and
Broussaisia arguta tangles. Birds of the montane
rain forest and cloud forest were most active and
sang more during rainless periods, being most active
and vocal during warm, sunny, and calm mornings.
Serious ornithological investigations will probably
confirm that the outer northeast slopes of Haleakala
Crater have substantial populations of native birds,
including rare speCies. The cloud forest and montane
forests may possibly be the last stronghold of
Hawaiian birds occupying high elevational forests
and grassland-forest ecotones.

SUMMARY AND CONCLUSIONS

The study area merits preservation because of
the unique ecological units present. It contains the
only alpine grassland in the Hawaiian Islands, which
is also the last large intact Hawaiian Deschampsia
grassland (C. H. Lamoureux, G. Smathers; personal
communications). It is a key watershed, and study
of this high-elevation grassland may help to under
stand the development and maintenance of tropical
and subtropical grasslands (F. R. Fosberg, personal
communication), the role of birds in plant migration,

the evolution of its endemic flora, and the answers
to questions that man is presently incapable of ask
ing or will someday want to ask.

The area contains the only known alpine bog in
the Islands and several montane bogs. These vege
tation types are rare in Hawaii and contain endemic
floras and paleontological records of Hawaii's past.

The windward cloud forest is the highest and best
developed in the Islands, and it and the montane rain
forest represent the last undisturbed Hawaiian forests
still complemented by an intact Hawaiian fauna. They
are the only two remaining in the entire Hawaiian
Chain where native populations of forest birds can
still be studied, enjoyed, and preserved (A. J. Ber
ger, W. E. Banko; personal communications).

The study area also contains two fresh-water
mountain lakes, Wai Anapanapa and Wai Ele'ele, a
habitat type so uncommon that the lakes and their
aquatiC life constitute biological, limnological, and
geological curiosities. J. C. Maciolek (personal
communication) claims that "true" lakes, unmodified
by man, may be the rarest environmental entity in
Hawaii.

These unique, rare, and endangered assemblages
of plants and animals are a living museum of the
real Hawaii, and can be assured for future genera
tions by preservation. Native Hawaii has been almost
completely abused and irreversibly changed because
of exploitation, selfish and short-sighted interests,
and thoughtlessness. Preservation of the study area,
as proposed in Fig. 1, is a last gasp chance to stop
the complete destruction of the vestiges of a Pacific
paradise. The suggested preserve boundaries would
proceed north of the point where the north boundary
of Haleakala National P ark intercepts the Hana
Forest Reserve boundary which is north of the junc
tion of Lauulu Trail and Kalapawili Ridge, and then
extend north I mile down to approximately 5600 ft.
elevation (proposed west boundary). From this point
the north boundary would extend east for 2.5 miles
to apprOXimately 5200 ft. elevation, and then turn
south approximately 1.5 miles until intercepting the
Kipahulu Forest Reserve boundary (east boundary).
The area circumscribed would roughly cover 3.5
square miles or 2200 acres. These suggested bound
aries could be adjusted, provided they include the
tussock grassland, the bogs, the lakes, and the mon
tane rain forest down to at least 6000 ft. elevation.

All evidence thus far obtained indicates
strongly that these native birds (Hawaiian
Honeycreepers) are not able to adapt to
rapidly changing environmental conditions.
Moreover, if the forests under considera
tion were seriously altered, there would be
no place for the birds to go, even if they
possessed the instinct to move into new
areas .... Only one other area in the entire
State of Hawaii ( the Alakai Swamp region
of Kauai) can compare with the birdlife of
the northeast slopes of Haleakala. These
areas are the last two strongholds for a·
family of birds that demonstrates the results
of organic evolution on oceanic islands bet
ter than any other family of birds in the
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world. (A. J. Berger, personal communi
cation 1969).

Those who contribute to assuring that
Cyanea, Dubautia, Lobelia, Oreobolus, and
the other remarkable local and endemic
Hawaiian plants are still there for our grand
children to enjoy will be much more honored
in the future than many who are noted now
for more transient accomplishments. We
hope that the movement to add this piece
to the Kipahulu preserve is successful. It
is well to give our descendants something
to thank us for, as well as all we get the
blame for. (F. R. Fosberg, personal com
munication 1969).

ACKNOWLEDGEMENTS
I thank The Nature Conservancy for sponsoring

this expedition, particularlyMr. Thomas W. Richards
and Mr. Huey D. Johnson. The participation and
assistance of Dr. Harriet G. Barclay, Miss Sandra
Forehand, Mrs. Edith S. Kinucan, Mr. and Mrs.
F. S. Foote, Jr., Mrs. Caroline Vogl, andDr. James
Henrickson were greatly appreciated. The expedi
tion would not have been successfully completed
without the full cooperation and helpful contributions
of the National Park Service, particularly Messrs.
Ralph Harris, Forest M. Benson, Jr., Hugh Cren
shaw, Larry Guth, Jitsumi Kunioki, Ed Grassi, and
Tony Silva. Thanks also to Mr. Tony Andretti,
Hawaiian Division of Fish and Game. Permission to
study and camp within the Hana Forest Reserve was
granted by Mr. Karl H. Korte, District Forester.

LITERATURE CITED
Coe, M. J. 1967. The ecology of the alpine zone of

Mount Kenya. Monogr. BioI. 17:1-136.

8

Fosberg, F. R. 1959. Upper limits of vegetation on
Mauna Loa, Hawaii. Ecology 40:144-146.

1961. Guide to Excursion III. Tenth
Pacific Science Congress. Tenth Pacific Sci.
Congr. and Univ. Hawaii. 207p.

Gillison, A. N. 1969. Plant succession in an irregu
larly fired grassland area - Doma Peaks Region,
Papua. J. Ecology 57:415-428.

Hartt, E., and M. C. Neal. 1940. The plant ecology
of Mauna Kea, Hawaii. Ecology 21:237-266.

Mueller-Dombois, D. 1967. Ecological relations in
the alpine and subalpine vegetation on Mauna
Loa, Hawaii. J. Indian Bot. Soc. 46:403-411.

Proctor, V. W. 1968. Long distance dispersal of
seeds by retention in digestive tracts of birds.
Science 160: 321- 322.

Selling, O. H. 1942. Post-glacial vegetation history
of the Hawaiian Islands. Preliminary report.
Acta Horti Gotoburgensis 15:31-34.

1948. Studies in Hawaiian pollen statis
tics. Part III. On the Late Quaternary history
of the Hawaiian vegetation. Bernice P. Bishop
Museum Special Pub. 39. 154p.

Skottsberg, C. 1931. Remarks on the flora of the
high Hawaiian volcanoes. Acta Horti Gotobur
gensis 6:47-65.

Sleumer, H. 1965. The role of Ericaceae in the
tropical montane and subalpine forest vegetation
of Malaysia. In Ecological Research in Humid
Tropics. p179-184. Symp. UNEXCO Sci. Coop.
for Southeast Asia.

Stoner, E. A. 1969. Bird banding in California.
California Fish and Game Bull. 55:4-11.

Vogl, R. J. 1964. The effects of fire on a muskeg
in northern Wisconsin. J. Wildlife Manag.
28:317-329.

Wilson, R. C., and R. J. Vogl. 1965. Manzanita
chaparral in the Santa Ana Mountains, California.
Madrono 18:47-62.


