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ABSTRACT 

Montane bogs occur on northeastern Haleakali volcano at 1450-2270 m elevation, with a distinctive, 
largely endemic flora dominated by the sedges Carex alligata, Carex echinata, Cara nzotltis-eeka, 
Oreobokts furcatus, and Rhynchospora rugosa subsp. lavarum, the grass Deschampsia nubigena, and the 
moss Racontitrium lanuginosunt. Although these treeless areas, surrounded by cloud forest, occupy 
less than 20 ha within Haleakali National Park, 15 endemic plant species are largely confined to bog 
habitats. A mostly water-impervious substrate layer and an annual rainfall of ca. 10,000 mm create 
nearly permanently flooded conditions. Invasion of forest species into these bogs may be limited 
primarily by waterlogged and nutrient-poor soils, but moisture stress caused by prolonged periods of 
high solar irradiation or infrequent short-term freezing conditions may be contributing factors. 
Disturbance by feral pigs, beginning in the 1970s, has resulted in destruction of native plant cover and 
invasion of alien species. Exclusion of feral pigs by fencing selected areas has proved to be an effective 
strategy for protecting native bog vegetation. 
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Frontispiece: Bare ground exposed by pig digging in Mid-Camp Bog. June 1982.Cmex echinrrta and 
Argyrariphhium pymurn are the uprooted native species. The alien grass Holclrr lunatus (shown in 
flower at lower right and background), invades exposed soil and progressively dominates such sites. 
(ACM photo) 
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INTRODUCTION 

Hawaiian bogs occur, mostly at higher elevations, as openings in cloud forest on the islands of Kaua'i, 
O'ahu, Moloka'i, Maui, and Hawai'i. The vegetation of these areas contains native taxa thought to be 
derived from ancestors in bogs, wet places, and alpine habitats elsewhere in the world and from 
Hawaiian wet forests (Carlquist 1970). At the generic level, affinities are particularly strong with taxa 
in bogs of Malesia, New Zealand, and southern Chile (Godley 1978, Canfield 1986). Because of their 
remote locations and extremely wet climates, most Hawaiian montane bogs have until recently been 
little disturbed. 

This report deals with the history, environment, and species composition of the bogs of East Maui, 
where substantial disturbance by feral pigs has occurred only during the past decade. It serves as a 
basis for further studies on vegetation changes related to the impacts of feral pigs. Nomenclature and 
taxonomy of flowering plant species follows Wagner, Herbst and Sohmer (1990). 

HISTORY 

Unlike other Hawaiian bogs (Selling 1948), East Maui bogs were largely unknown until the 1970's. 
Because of their isolated location, with difficult access, the bogs and cloud forest of northeastern 
Haleakali were not explored by the earlier Hawaiian naturalists. MacCaughey (1916) stated regarding 
Haleakali bogs: "Of comparatively recent exploration are the boggy flats that lie at the extreme head of 
Kipahulu Valley, on the eastern slope of East Maui. A small lake, Wai' inapanapa, occurs in the midst 
of these high swamps .... The entire windward slope of the Hale-a-ka-la calderon is characterized by 
torrential precipitation. A large part of the upper jungle forest is inaccessible unless the party is 
equipped with machetes and axes. The complete exploration of this deeply eroded and densely 
vegetated area lies in the future." 

Charles N. Forbes, Bishop Museum botanist, became the first biologist to explore the East Maui bogs 
in 1919. Though he did not reach beyond the upper forest or see the larger East Maui bogs, Forbes did 
collect the type specimens of many characteristic Haleakali bog taxa and did view the larger bogs from 
a ridge overlooking Kipahulu Valley. Later, Forbes (1920) would speak of "the extensive bogs on 
Haleakali" 

Forbes' exploration of upper Haleakali can be traced based on his field notes of July and August 1919. 
(Annotated field notes of Forbes' East Maui bog exploration are transcribed in Appendix I.) By 1919, 
the time of this Haleakali trip, Forbes was very familiar with native Hawaiian vegetation. Through 
great physical effort, he explored uncollected natural areas on Maui and the other islands. Forbes was 
also familiar with Hawaiian bogs, having visited Pu'u Kukui and 'Eke on West Maui and the Alaka'i 
swamp on Kaua'i. 

Forbes left Makawao on July 9, 1919, and established a camp above and east of 'Ukulele on the 
northwestern slopes of Haleakali at ca. 1670 m elevation. For the remainder of July, Forbes collected 
in the mesic and wet forests of 'Ukulele to the west rim of Ko'olau Gap, and into Ko'olau Gap and 
Haleakali Crater. On July 17, Forbes descended into Ko'olau (Ke'anae) Gap. Both on the western 
rim and within Ko'olau Gap, Forbes found montane bog ecosystems. He noted visiting "a swamp 
dominated by Cara and Oreobolus furcatus ... with encroaching patches of scrubby rain forest." On 
August 1, camped in Haleakali Crater, he explored the western crater and "Halehaku," an otherwise 
unrecorded place name used by Forbes in describing the area below treeline in western Ko'olau Gap, 
currently called 'Ainahou. 

On August 8, 1919, Forbes moved camp to the base of 'O'ili Pu'u, a cinder cone in eastern Haleakali 
Crater. On the 9th, he ascended a "good horse trail" (an early version of Lau'ulu trail), past two "huge 
pits" (the cinder cone craters, Kalua'iki and Kaluanui) to the "summit" (Pohaku Palaha, 2471 m 
elevation), then down along the north rim of Haleakali crater to the "grass country overlooking Ki 
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pahulu," an area now known as the Kalapawili grasslands. Forbes repeated this climb on the 15th and 
17th, ascending the northern rim of Haleakali Crater then descending to explore the northern and 
northeastern forested slopes. On August 20-23, Forbes reached the lake Wai' inapanapa (2073 m 
elevation), and conducted his exploration of the montane bogs of Haleakali's northeastern rift zone by 
day trips from his crater camp. Below the lake, hiking down through cloud forest along the 
northeastern rift, Forbes discovered "a series of flats which are true bogs, with species of Carex 
predominantly, nigger heads of Oreobolus furcatus, 3 grasses [and] Viola maviensis." Field notes state 
that he followed the "ridge along Kipahulu gulch ... makai, going to next to last of the open bogs, not 
time to visit far makai large bog." Judging by his field notes, Forbes may have descended into the 
forest to approximately 1900 m elevation. This descent would have meant that Forbes primarily 
explored smaller bogs and forest openings and did not reach Haleakala's larger bogs. The "far makai 
large bog" that Forbes noted but did not visit was likely the combined appearance of Mid-Camp Bog 
and Big B O ~ ~  at 1650-1660 m elevation, easily visible on a clear day from the ridgeline that Forbes 
descended. Based on field notes and the collections made, although he may have been close, Forbes 
apparently did not enter Greensword Bog and New Bog at 1860-1905 m. These areas are smaller than 
the 1650-1660 m elevation bogs, and are not easily visible from the ridgeline. Based on specimens 
collected in this area, Forbes published several new species of plants including Clennontia tuberculata 
and C. samuelii. Forbes also visited a "swamp" in rain forest above Hina on July 5,1920. 

Characteristic native species of Hawaiian montane bogs are sometimes found outside typical bog 
habitats, usually either in areas of open, wet cloud forest or at the ecotone between montane rain forest 
and high elevation shrublands. Rock (1913) observed that "most of the species of plants found on Pu'u 
Kukui are not peculiar to the bog region, but have been found by the writer on the steep walls in Kaupb 
Gap in the crater of Haleakali." Hawaiian plant species associated with montane bogs may occur in 
non-bog sites; on East Maui, however, many of these sites have largely been eliminated or degraded by 
alien ungulates, and characteristic bog species now occur primarily in the remote bogs of northeastern 
Haleakali. 

Judging from the historical record, the endemic bog sedge, Oreobolus furcatus, was once much more 
common on Maui and had a much broader distribution in non-bog areas as late as the early 1900s. 
Selling (1948) noted Pickering's report that the U.S. Exploring Expedition in 1841 found Oreobolus 
"growing in large tufts" and "abounding on Mauna Haleakali, at an elevation of 7300 ft [2225 m]." 
Oreobolus still occurs at the treeline of cloud forest (1920-2290 m) from Ko'olau peak (northwest) to 
Kuiki (southeast), though its cover has undoubtedly been reduced due to impacts of alien ungulates. 

The Maui greensword (Argyroxiphium grayanum) currently occurs on East Maui from the northeastern 
outer rift across to the southwestern rim of Kipahulu Valley. The great majority of individuals of this 
species occur in montane bogs on the northeastern rift at 1650-2050 m. In the early 1900s, botanists 
C.N. Forbes and J.F. Rock collected the greensword, along with another species of the genus (A. 
virescens), at a number of areas on northern and southeastern Haleakali where neither occurs today 
(i.e. Pu'u Nianiau to the edge of Ko'olau Gap, within Ko'olau Gap, Kalapawili grasslands, Palikii cliffs, 
Kaup6 Gap). Another endemic composite, largely restricted to bogs, is Lagenijera maviense, collected 
by Forbes in Ko'olau Gap (1919) and by Rock on the Paliki cliffs (1910). The species no longer occurs 
in these areas, but is currently found on Haleakali at two sites, a montane bog and an open high- 
elevation cloud forest. 

After Forbes' botanical explorations, no significant exploration of this area occurred for another 25 
years. Selling (1948) lamented the lack of inclusion of East Maui in the Hawaiian Bog Survey of 1938: 
"It is a pity that we had no opportunity of visiting this little explored, region. It may yield important 
material for pollen-statistical studies." 

Nomenclature of East Maui bogs used in this report is detailed in Table 1. 
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Harold St. John and Arthur Mitchell spent a week at Wai' inapanapa in August 1945 and made 
botanical collections of the area despite torrential rain (St. John, pers. comm.; Henrickson 1971). 
Mitchell wrote (St. John, pers. comm.) a report with plant checklists for the National Park Service 
entitled "Plants of Waianapanapa, Kuiki and Koolau Gap," with authorship listed as St. John and 
Mitchell (1945). St. John (1971) published numerous new taxa for northeastern Haleakali based on his 
collections and the collections of Forbes and others, including Argyroxiphium virescens var. paludosa, 
Panicum lamiatile, and Panicum lustnale. 

John Maciolek (1969) reported on the physical and biological characteristics of the two freshwater 
lakes on East Maui's northeast slope - Wai' inapanapa and Wai'ele'ele. 

Richard Vogl (1971) described a high-elevation bog (Flat Top Bog, 2270 m) on Haleakali and stated: 
"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 H b a  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 [=  D. nubigena], Carex alligata, Carex montis-eeka, Carex svenonis [= C. 
echinata], and Dryopteris glabra [= D. hawaiiensis] as well as some species previously mentioned for 
Flat Top Bog. The two "saddle" bogs that Vogl mentions are likely the bogs visited by Forbes in 1919. 
These bogs have been heavily disturbed by feral pigs and retain but a remnant of their former flora. 

The National Science Foundation (Student-oriented Studies)-sponsored Waiho'i Valley Project of 1972 
reported greensword in "very wet meadows at 1666 m" in the upper Hina rain forest, over "an area of 
several hundred square meters" with many plants in bloom (Harrison 1972). Another NSF-sponsored 
project explored the upper Hina rain forest area in 1973, but did not result in a final published report 
despite several strong manuscripts (Harrison GagnC and Yoshinaga, pers. comm.). As part of that 
project, Betsy Harrison Gag116 compiled a checklist of vascular plants and bryophytes, and recorded 
field notes on the ecology of the area. Fortuitously, the boundary of Haleakali National Park was 
extended in 1969 to include many of these bogs, as well as adjacent Kipahulu Valley. 

Yoshinaga (1977) examined the vegetation of the upper Hina rain forest and included information on 
the vegetation and environment of bogs in the area. Current University of Hawai'i botany graduate 
student Nani Anderson has resumed this work in documenting long-term changes in the understory of 
forests of northeastern Haleakali, adjacent to the bogs. 

From 1974 to 1980, field biologists B.H. GagnC, J.D. Jacobi, R.J. Nagata, and A.Y. Yoshinaga began 
increasingly to record observations of substantial disturbance of native vegetation in Haleakali's bogs 
by feral pigs. Flat Top Bog at 2270 m elevation was severely damaged by pigs in the 1970s. By June of 
1981, feral pig damage in Greensword Bog had destroyed much of the vegetation, uprooting the entire 
central area. 

The damage prompted the National Park Service to initiate a program of fencing selected bogs to 
protect them from feral pig impacts. Flat Top Bog was fenced in 1979; unfortunately, alien plant 
species were already well established and quickly spread to occupy much of the bare ground exposed by 
pig disturbance. Relatively pristine Greensword Bog (upper level) was fenced in June 1981; its 
recovery was rapid, suggesting that emergency fencing was worthwhile and necessary to provide a 
means for these unique communities to survive the immediate future. When Park personnel noted the 
first substantial digging by feral pigs in nearby New Bog, prompt action was taken; it was only sparsely 
disturbed by pigs when fenced in December 1983 (Figure 3). Fencing of the largest bog protected thus 
far, Big Bog, was completed in April 1987. Fencing of Mid-Camp Bog was completed in August 1988. 
All major bogs within the Park have now been fenced. 
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LOCATION AND ENVIRONMENT 

There are seven major bogs on East Maui (1450-2270 m elevation); five are located within Haleakalii 
National Park (Table 1, Figure 1). In order of increasing elevation, the first bog is Waiho'i Bog 
(1450 m) on State-owned conservation land. Waiho'i Bog is unusual in the dominance of the moss 
Raconzitrium lanuginosum, growing amongst the sedge Oreobolus furcatus, which forms large tussock- 
like mounds; this same situation occurs in some of the bogs of upper Kaua'i. Also somewhat unusual in 
comparison to other East Maui bogs is the presence and abundance of the endemic sedge, 
Rhy~zchospora chinensis subsp. spicifomis. Though common in other Hawaiian bogs (especially those 
of upper Kaua'i), this species is absent from four of the seven major montane bogs on East Maui and is 
common only at Waiho'i Bog. 

The next group of bogs is the largest in area, and includes State Bog (on State-owned conservation 
land) and Big Bog at 1650 m, and Mid-Camp Bog at 1660 m (Figure 1). Several small bogs occur on 
State lands about 0.5 km northwest of Big Bog. Upslope, there are two bogs in proximity, Greensword 
Bog at 1860 m and New Bog at 1905 m, the latter area first explored in 1982 (Figure 1). On the ridge 
between these bogs and Wai' lnapanapa at 2025 m are several small bogs and forest openings referred 
to by Vogl (1971). Some bog vegetation also occurs on the shores of the two lakes, Wai' iinapanapa 
and Wai'ele'ele (2050 m); the former is degraded but the latter is largely intact and has the highest 
elevation population of greensword on the northeastern rift. 

Above Wai' lnapanapa is Flat Top Bog, at 2270 m elevation, the highest bog on East Maui and in the 
Hawaiian Islands (Vogl and Henrickson 1971)(Figure 1). The bog is uniquely located above the forest 
line within high-elevation native grasslands (Kalapawili grasslands). This grassland has historically 
been degraded by domestic cattle and feral goats and pigs, and it is likely that associated bog vegetation 
was in the past more diverse and extensive. Flat Top Bog was fenced in 1979 to exclude feral pigs and 
goats which were degrading the remnant bog vegetation. Just below and east of Hat Top Bog is 
another small area (ca. 100 m2) vegetated largely by bog species such as Carex echinata, Carex montis- 
eeka, Oreobolus furcatus, and Carex alligata as well as the dominant of the surrounding area, 
Deschampsia nubigena. 

Table 1: Maior montane boas of East Maui. 
Name of bog elevation area dominant taxa 

Waiho'i Bog 1450 m Racomitrium, Oreobolus, Rhynchospora 
State Bog 1 650 m 2.1 ha Oreobolus, Carex echinata 
Big Bog 1 650 m 5.4 ha Oreobolus, Carex echinata 
Mid-Camp Bog 1660 m 3.0 ha Oreobolus, Carex echinata 
Greensword Bog 1860 m 1.2 ha Oreobolus, Carex echinata in upper part, Carex alligata in 

lower part 
New Bog 1905 m 2.7 ha Carex echinata, Argyroxiphium grayanum 
Flat Top Bog 2270 m 0.1 ha Carex montis-eeka, Oreobolus 
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Figure 1: Montane bogs within and immediately adjacent to Haleakala National Park. 
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Thc gcology of northeastern Haleakali was described by Stcarns and Macdonald (1942). Most of the 
area is underlain with cinder deposits of Hina Series eruptions. Six of seven East Maui bogs (with the 
exception of the anomalous Flat Top Bog) are located in level areas at the base of forested cinder 
cones. Flat Top Bog is located on the flat summit of an eroded secondary cone; this bog is unusual also 
in its high-elevation location above the forest line. East Maui bogs are underlain by an impervious 
layer, located 0.5-1.5 m below the surface, consistent with the placic (thin ironstone hardpan) horizon 
characteristic of other Hawaiian bogs (Van't Woudt and Nelson 1963, Canfield 1986). Flood water 
drains downward through occasional cracks and discontinuities in this layer. 

The East Maui bogs, especially those at or below 1660 m, are located in an extremely wet area, with 
high precipitation and poor drainage accompanied by nearly continual low-lying cloud cover. Rainfall 
records from Haleakali National Park include 7 1/2 months of data (May 18-Dec. 31, 1976) for the 
northeast slope of Haleakali. Rain gauges recorded 73.8 inches (1845 mm) at 2040 m elevation, 82.0 
inches (2051 mm) at 1860 m elevation, and 203.7 inches (5093 mm) at 1660 m elevation. The year 1976 
was drier than average throughout Maui (the May-December total at Park Headquarters was 40% of 
average). A recording gauge left by us at Greensword Bog (elevation 1860 m) from 16 January 1988 
through 13 January 1989 recorded 404.2 inches (10,267 mm) of rainfall. Rainfall for Maui during 1988 
was slightly below average (86% of normal at Park Headquarters). Judging by these figures, 
Yoshinaga's (1977) assessment that mean annual precipitation for the 1650-1660 m elevation bogs 
exceeds 10,000 mm appears reasonable. Using this estimate, these bogs receive about as much 
precipitation as the Pu'u Kukui summit of West Maui and Mt. Wai'ale'ale on Kaua'i and at least twice 
as much as Canfield's (1986) study area in the northern Alaka'i Swamp of Kaua'i. 

Canfield (1986) has reviewed worldwide literature on bogs, mires, and their vegetation as it applies to 
Hawaiian bogs. High water tables and low temperatures result in low rates of decomposition, which 
lead to an accumulation of peat. Waterlogging and undecomposed organic matter are consistently 
associated with a low pH, low microbial activity, and very low concentrations and diffusion rates of 
oxygen. Reducing conditions convert ions present to forms unavailable or toxic to plants. Bogs are 
typically highly deficient in nutrients. Water movement is crucial in carrying potentially available 
nutrients, removing toxic metabolic byproducts produced by waterlogged roots, and promoting 
aeration. Lateral movement of water does occur in East Maui bogs (toward sinkholes) during and 
after heavy rainfall. 

Canfield (1986, 1990) has also investigated the contribution of physiological characteristics of bog and 
forest plant taxa on Kaua'i to their success in or exclusion from the bog habitat. Bog taxa were found 
more capable than their forest counterparts of withstanding the low water potentials sustained in 
waterlogged bog habitats. 

Extended periods of high solar radiation occur in East Maui bogs, occasionally lasting for months, as in 
January-April 1983. During such periods, plants in open bogs are subjected to warm temperatures and 
high moisture stress, resulting in plant mortality or loss of foliage and growing tips. During an 
extended dry period in 1982, greenswords at Greensword Bog wilted with most outer leaves dying, 
leaving a narrow erect column of pale young leaves exposed. 

Infrequent winter frost and related wind damage may be factors contributing to the exclusion of most 
forcst species from bog interiors and edges. Damage to woody plants and ferns was extensive in East 
Maui bogs at 1650-1860 m on February 13, 1987, following a cold period several weeks earlier (A.C. 
Medeiros, pers. obs.). A severe cold period with frost and ice in early morning was followed during 
midday by full solar radiation and high winds. Though conditions were most severe on Haleakali 
volcano above 2000 m, effects of this event extended to the montane bog area at 1650-1660 m elevation 
(Big Bog, State Bog, Mid-Camp Bog), where much vegetation was killed within bogs and at bog 
margins. Effects on the adjacent rain forest were negligible. Mortality of seedlings of certain woody 
species colonizing open bog turf was evident, most notably Metrosideros polymorpha, Argyrox1phium 
grayarturn (Figure 2), and Dubautia plantaginea. The ferns Dyopteris wallichiana and Cibotium 
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glauczrm were defoliated at the bog margins, and small plants in the bog turf were killed outright. 
Certain species appeared resistant to this frost damage (native sedges, grasses, Geranium hanaense, 
Slyphelia tameiameiae, Vacciitizm reticulahlm), whereas other species, both alien (Juncus planifolizu) 
and native (Rubus hawaiiensis, Vaccinium calycinum) were strongly affected by leaf browning, 
defoliation, and even mortality. Similar effects of frost episodes on bog vegetation have been noted in 
the Alaka'i Swamp of Kaua'i (J. Canfield, 1986 and pers. comm.). Such infrequent freezes may help to 
maintain the open conditions of certain Hawaiian bogs. 

Figure 2: Freeze damage to multibranched plants of greensword, Argyrox~phium grayanurn. 
Mid-Camp Bog, Haleakali National Park, elevation 1660 m. February 1987. (ACM 
photo) 
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VEGETATION PATTERNS 

Yoshinaga's (1977) classification of East Maui bog vegetation recognizes three types based on the 
dominant species of native sedge - Oreobolus furcatus, Carex echinata, and Carex alligata. Though this 
classification is reasonable, Carer montis-eeka also occupies substantial areas, especially in certain 
localities, usually but not always with Oreobolus. In one small area in Big Bog at 1650 m and 
throughout Waiho'i Bog at 1450 m, the diminutive Rhynchospora chinensis subsp. spiciformis is an 
important component, often with the moss, Racomitrium. Carex thunbergii is patchy in distribution, 
scattered among other sedge species (C. alligata, C .  echinata), and is more common in the 1650-1660 m 
bogs. Many East Maui bogs share species which are restricted to the bogs and not found elsewhere in 
the surrounding forest. Adjacent bogs at the same elevation generally have closely similar species 
compositions, whereas bogs at different elevations often have diiering species composition. The five 
most characteristic bog sedge species and their associated vegetation are discussed below. 

Oreobolus fircatus is an endemic dwarf tussock-forming herb of bogs and open, cloudswept summits on 
Kaua'i, O'ahu, Moloka'i, and Maui (Wagner et al. 1990). It dominates microtopographically elevated 
areas in East Maui bogs, especially at the higher elevations (Figure 4). In undisturbed sites, Oreobolus 
commonly comprises 50% of the ground cover, but typically has a diverse complement of other bog 
species. While older Oreobolus tussocks may exceed 80 cm in diameter, tussocks seem most green and 
healthy when smaller (20-30 cm). Oreobolus furcatus is a pioneer species, quickly reoccupying scarified 
areas where it has formerly grown, as in the recovery of this sedge from pig damage at Greensword 
Bog after fencing (Loope, Medeiros, and Gagnt 1991). Though damaged tussocks have the ability to 
regenerate, most Oreobolus reproduction observed was by seed. If the disturbance is repeated 
frequently however, Oreobolus appears less capable of recolonization and alien weeds become 
increasingly established. The water table under Oreobolus turf invariably remains below the surface. 
The soil is typically a brown to gray, firm, slippery clay with a moderate amount of organic matter 
(Yoshinaga 1977). 

Carex echinata Murr. (formerly considered an endemic, Carex svenonis Skottsb.) is a lax, spreading 
native sedge that tends to dominate more poorly drained, slightly lower (topographically) sites than 
Oreobolus (Figure 5). This slender-leaved sedge often overtops other plants, including Oreobolus. In 
the East Maui bogs, this sedge is rhizomatous, enabling it to recover quickly from infrequent 
disturbance. Carex echinata occurs in the Hawaiian Islands in the bogs of East Maui and Kaua'i and in 
wet areas of the upper forest on Hawai'i island (Krauss 1950, Koyama 1990). At sites were it grows, 
the water table is above or near the surface, depending on recent precipitation; the soil is a dark-brown 
humus. 

Carex alligata occurs in nearly pure stands in the wettest sites (Figure 5), usually where there is often 
standing or running water. This habitat is frequently disturbed by torrential flooding and submergence. 
In contrast to the more geographically restricted distributions of Oreobolus and Carer echinata, Carex 
alligata is an opportunistic species not restricted to bogs, but common in wet areas at low and middle to 
high elevations throughout the Hawaiian Islands. In adjacent Kipahulu Valley, Carex alligata occurs in 
pure stands in forest openings at 600-2300 m elevation. Though reproduction by seed was noted, the 
bulk of reproduction of this species appears vegetative by rhizomatous suckers. Soil under Carer 
alligata stands is dark-brown humus, loose and poorly consolidated in comparison with soils under 
Carex echinata (Yoshinaga 1977). 

Carex montis-eeka is a stiff, erect, reed-like sedge that occurs with Oreobolus and less often with Carex 
echinata and Rhynchospora chinensis subsp. spiciformis. It is restricted to bog turf on Kaua'i, Moloka'i, 
and East and West Maui. It does not occur in pure stands. This endemic species may be displaced by 
severe pig rooting but is more resistant to displacement than either Oreobolus or Carer echinata. 
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Figure 3: Woven wire (hogwire) being unrolled in the fencing of New Bog. December 1983. 
(ACM photo) 

Figure 4: Symmetrical, isolated tussock of Oreobolus forcatus in an East Maui Bog. Seedling 
of 'ohi'a (Metrosidems potymorpha) and the fern Athyrurn rnicrophyllurn at right. (BHG 
photo) 
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Figure 5: Bog community boundaries Figure 6: The rare and localized native 
can be abrupt. Foreground: sedge Carey thunbergii, 
stand of Carex echinata with growing along the edge of a 
scattered native ferns Care~alligata stand in Mid- 
(Dryopteris hawaiiensis) and Camp Bog. (ACM photo) 
clumps of the alien velvetgrass 
(Holcus lanahrs, lower right). 
Background: Monospecific 
stand of Carexalligara (ACM 
photo) 
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The tall, slender, glaucous sedge Cara t h ~ n b e ~ i  Steud. (Figure 6) (formerly C a m  nealae Krauss) 
occurs uncommonly, usually in pure stands, in areas drier than and often adjacent to C. alligata 
communities. Stands are relatively small and occur at Greensword, Mid-Camp and Big Bogs. Carex 
thunbergii periodically dies back in East Maui bogs, with foliage of an entire patch turning brown. The 
leaf-browning and periodic dieback may be related to drought, sun exposure, and/or other factors. 
Reproduction of this species (often reoccupying dieback areas) was observed only by vegetative 
suckers. 

East Maui bogs are similar to the bog communities - montane sedge bog, montane dwarf shrub sedge 
bog, and montane shrubby bog - described by Canfield (1986) for the northern Alaka'i Swamp. On 
East Maui, low shrubby cover in bogs is less extensive than on Kaua'i and occupies a narrow, ecotonal 
position between forest and bog. 

There are several striking differences between East Maui bog vegetation and that of most other 
Hawaiian bog systems. One is the less important role of Rhynchospora, the dominant genus in the 
northern Alaka'i bogs and on parts of West Maui. A second is the dominance and abundance of Carex 
echinata, a species not recorded for the northern Alaka'i (although present in other Kaua'i bogs) and at 
least not conspicuous on West Maui. Finally, the conspicuous presence of Argyroxiphium grayanum, 
absent from Kaua'i, locally present on West Maui, and a common and characteristic feature of East 
Maui bogs. 
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FLORA 

Approximately 30 native vascular plant species occur in the montane bogs of northeast Haleakali 
(Appendix 11). Of these, about half are native species predominantly found elsewhere which are able 
to tolerate bog conditions. The other half are primarily found in bogs and rarely, if ever, in other 
communities. This latter group includes the dominant sedges Oreobolus furcatus, Carex echinata, Carex 
montis-eeka, and Carex thunbergii. 

A newly described species of endemic Geranium, G. hanaense (Figure 7), is restricted to the area of 
Mid-Camp and Big Bogs at 1650-1660 m (Medeiros and St. John 1988). The closest relative of the 
narrow endemic Geranium hanaense appears to be Geranium cuneatum subsp. tidens. Gnaphalium 
sandwicensium grows on barren lava flows in the xeric leeward lowlands and at high elevations within 
Haleakali Crater, as well as at Mid-Camp Bog. Gnaphalium and Geranium, as well as Vaccinium 
reticulatum, Styphelia tameiameiae, Trisetum glomeratum, and Deschampsia nubigena are all apparently 
derived from relatively dry high-elevation ecosystems, as these same species also occur in subalpine 
shrublands. 

Argyroxiphium grayanum, the greensword, forms three natural intergeneric hybrids with Dubautia 
species of the surrounding forest. These hybrids, products of insect-mediated pollen transfer among 
monophyletic but distinct genera, are rare on bog margins at ca. 1660 m. They include Algyrokphium 
grayanum X Dubautia scabra, A. grayanum X D. dolosa, and A. grayanum X D. plantaginea. All three 
hybrid combinations are known only from bogs within Haleakali National Park (Carr 1985). 

Some rare, delicate endemic plant species occur among the most pristine of bog areas, indicating a 
history of little or no pig damage. Such indicator species are the club moss Selaginella deflexa and the 
Maui violet, Kola maviensis (Figure 8), with fragrant blue-purple (fading to white) flowers. 

A large form of Plantago pachyphylla, ascribed to var. mauiensis, is a major component of many East 
Maui bogs, reaching its best development at Big Bog (1650 m). Based on data from long-term 
vegetation monitoring, this species is being reduced by feral pig activity; once eliminated from a site, it 
recovers very slowly. 

Some interesting endemic species occur in the low-statured shrubland at the margins of Haleakali 
bogs. These species include: Lobelia gloria-montis (forming monocarpic flowering spikes as much as 
4 m tall, Figures 9 and lo), Lobelia grayana, Clermontia samuelii, Clermontia tuberculata, Geranium 
~nultiflorum, Stenogyne rotundifolia, Stenogyne kamehamehae var. albiflora, and Labordia venosa, as 
well as a diverse flora of pteridophytes and bryophytes. 

The flora of bogs and adjacent low-stature vegetation of East Maui bears considerable resemblance to 
that of similar areas on West Maui, Moloka'i, and Kaua'i. Appendix I1 is a list of native flowering plant 
taxa associated with bogs on East Maui. 
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Figure 7: The local endemic Geranium hanaense in habitat at Mid-Camp Bog, Haleakala 
National Park, elevation 1660 m. (ACM photo) 

Figure 8: Maui violet, Viola maviensis, is an endemic species found only in bogs of East and 
West Maui and Moloka'i. (BHG photo) 
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Figure 9: Rosette of Lobelia gloria- 
mo& (approximately 0.75 m 
in diameter), a species 
characteristic of bog margins 
and wind-swept ridgetops in 
rain forests of Moloka'i and 
Maui. (ACM photo) 

Figure 10: Flowering individuals of 
Lobelia gloria-montis. The 
species is monocarpic, 
flowering only once after many 
years of rosette growth. (BHG 
photo) 
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Although windward high-elevation areas of northeastern Haleakali have relatively few alien plants, the 
East Maui bogs have been invaded by a growing number of alien species. Although few introduced 
species currently established on Maui can thrive under the forest canopy, open bog habitat is suitable 
for introduced species from temperate areas tolerant of waterlogged soils. Alien species appear 
incapable of invading undisturbed bog vegetation, but become established following disturbance by 
pigs. Seeds are dispersed along trail corridors by pigs and by humans (e.g. Holcus). Wind dispersal of 
seeds of some species may be significant (e.g. Senecio, Sonchus). Alien plants may eventually be 
crowded out by native species if disturbance is eliminated. Currently, 23 alien plant species are 

- 

established in the East Maui bogs (Appendix 111). Harrison GagnC (unpublished) recorded 11 of these 
same species in the bogs in 1973 and four others elsewhere on upper northeast Haleakali. Canfield 
(1986) recorded only nine introduced vascular plant species (10% of the total bog flora sampled) in her 
sampling sites in the northern Alaka'i Swamp. Species held in common between the two areas are 
Juncus planifolius (said to be the most aggressive of the Alaka'i aliens), Sacciolepis indica, and perhaps 
Andropogon virginicus and Conyza bonanensis. 
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FAUNA 

Besides feral pigs (Sus scrofa), other mammals that occur in East Maui bogs include the roof or black 
rat (Rattus rattus), house mouse (Mus domesticus), rarely the lesser Indian mongoose (Hepestes 
auropunctatus) and the house cat (Felis caftus), all introduced. 

Of native forest birds, 'apapane (Himatione sunguinea), 'amakihi (Hemignathus virens), 'i'iwi (Vestiana 
coccinea) and the 'alauwahio, or Maui creeper (Pareoeomyza montana) are the most common of the 
native species. The 'ikohekohe (Palmena dolei) and the Maui parrotbid (Pseudonestor xanthophrys), 
both Endangered Species, are found in the vicinity of the Park's bogs. Alien forest birds include the 
Japanese bush warbler (Cem'a diphone), northern cardinal (Cardinalis cardinalis), red-billed leiothrix 
(Leiothriu lutea), and the Japanese white-eye (Zosterops japonicus). The short-eared owl or pueo (Asio 
flarnmeus) and barn owl (Tyto alba) have been seen, but very rarely. 

Of sea and migratory birds, the Hawaiiian petrel, or 'ua'u, (Pterodroma phaeopygia) was never heard 
calling at night and does not appear to be nesting near here. A loud, raucous call tenatively identified 
as a Band-rumped storm-petrel (Oceanodroma cusfro) was heard from a bird apparently flying up the 
streambeds in the evening, perhaps to nest. The lesser golden plover or kdea (Pluvialis dominica) 
frequents East Maui bogs between August and April. The bird's itinerant habits (breeding in the 
Arctic during summer months and wintering throughout the tropical Pacific, Pratt et al. 1987) make it a 
likely disperser of bog plant species to and among the Hawaiian Islands. The 'iilili or wandering tattler 
(Heteroscelus incanus) occurs along streamcourses nearby. 

Although the invertebrate fauna of the region is not well known, here are notes on more conspicuous 
species. Earthworms are important ecologically in that they are a group, according to the current state 
of knowledge, that are entirely introduced, and perhaps an important protein food for feral pigs 
(Figure 16) Slugs are another entirely introduced element that can be selective and destructive 
herbivores. G a p 6  (1983) reported the alien slug Mi la  gagates feeding on greenswords in East Maui 
bogs. Native spiders are numerous and well-represented; in the conspicuous genus Tetragnathna 
recently investigated, the river areas adjacent to Mid-Camp and Big Bogs was among the most species- 
diverse of study sites in the Hawaiian Islands (R.G. Gillespie, pers. corn.). 

The large Hawaiian dragonfly, or pinao, (Anax strenuus) is common on sunny days, as are the smaller 
damselflies (Megalagrion spp.). Of the beetles, carabids (Carabidae) are perhaps the most 
conspicuous. The Hawaiian long-horned beetles, Plagithmysus, (Coleoptera: Cerambycidae), 
comprising some 140 species, are usually restricted to native hardwood trees. An undescribed species 
of this endemic Hawaiian genus has been collected in association with greensword, a member of the 
Asteraceae with woody tissue in its stem (Figure 13). Another species of Plagithmysus associated with 
silversword (P. tenyi) has been reared from greensword (Figure 14) (Gap6  1983). 

Large, mostly introduced blow flies in the family Calliphoridae, probably associated with feral pigs are 
common on sunny days. The endemic fruit fly Neotephntis paludosae (Diptera: Tephritidae) was 
described by D.E. Hardy based on specimens collected in 1973 on northeastern Haleakali on 
greensword, Awroxiphium grayanum (Hardy and Delfinado 1980). Larvae of the species inhabit the 
apical meristems of greenswords, causing the tips to enlarge and appear chlorotic. After emergence of 
the flies, the plant becomes multibranched with up to 200-300 reduced growing tips, due to feeding in 
the apical meristems by the endemic tephritid fly (Figure 12). When grown in cultivation outside the 
precinctive range of the endemic fruit fly, the greensword without apical damage is largely unbranched 
with a single or sometimes few large rosettes. Multibranched plants are most common in open bogs 
where large numbers of greenswords grow together. The dynamics of the interaction of this fly and its 
host plant are largely uninvestigated. Adult tephritids with their conspicuous bright green eyes, are 
common around greenswords and are frequently seen displaying and mating (Figure 11). 
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Small flies as well as small moths, both of which are abundant, seem to be likely pollinators of the 
greensword, as solitary bees (Hylaeus subgenus Nesoprosopis), one of the primary pollinators of the 
related silversword, are absent or at extremely reduced numbers in the bogs and adjacent rain forest . 
Moths (Lepidoptera) are common and fairly diverse; conspicuous among those attracted to lights at 
night, are the relatively large moths in the genus Scotorythra (Geometridae), and at the higher elevation 
bogs, the fast-flyinglfaliophyle femcginea (Noctuidae). The larvae of an unidentified probable new 
species of noctuid moth is a common seed predator of the greensword. When the greenswords are 
flowering, conspicuous, diurnal parasitic wasps, Enicospilus, (Ichneumonidae) are commonly seen 
around inflorescences, presumably searching to parasitize large lepidoptera larvae such as the noctuid 
seed predator. The endemic shield bug, Oechalia , (Hemiptera; Pentatomidae) and nabid bug, Nabis, 
(Hemiptera; Nabidae) are also conspicuous predators on bog vegetation. The introduced honey bee 
(Apis mellifera) is not present. 
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Figure 11: The native tephritid fly Neotephritis palodosae, known only from greensword 
(Argyroxiphium grayanom) in b o g s  of northeastern Haleakal3. (ACM photo) 

Figure 12: Multibranched individual of greensword (A'gyroxiphium p y a u r n ) ,  surrounded 
by the sedge Carer echinafa and the grass Deschampsia nubigena, topleft. This branched 
growth form with numerous, much reduced rosettes is caused by the feeding of larvae of the 
endemic fly Neolcphrilk paludosae (Diptera: Tephritidae) on apical meristems. (ACM photo) 
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Figure 13: Unbranched flowering 
individual of greensword 
(Argyroxi'phium grayanurn) with 
a large, woody base. (ACM 
photo) 

Figure 14: This rare cerambycid 
beetle, an as y d  undescribed 
species of PlagiCfrnysus, is 
known only from upper 
Haleaka14 volcano on 
greensword (Argyroxiphium 
grayanurn). (ACM photo) 
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IMPACT OF FERAL PIGS 

Feral pigs (Sus scrofa) have reached high-elevation native ecosystems of East Maui only recently 
(Diong 1982). Substantial pig impacts on the bogs of northeastern Haleakali were not observed until 
the late-1970s. In the mid-1970s, most bog vegetation had not been seriously disturbed, although at 
lcast 11 introduced plant species were present (Appendix 111). 

Pig rooting severely damages Oreobolus turf, uprooting large areas, and killing almost all vegetation 
present. This damage seems to be done by relatively few pigs (Figure 15), apparently seeking out 
earthworms (Figure 16) and slugs. Diong (1982) found nine species of alien earthworms, comprising 
6% of total biomass in the diet of feral pigs of the rain forests of Kipahulu Valley. 

BIOLOGY AND CONSERVATION OF GREENSWORD 

The greensword (Argyroxiphium grayanurn), endemic to Maui, occurs at 1600-2100 m on northeast 
Haleakali and at 1300-1760 m on West Maui. The greensword occurs primarily in bogs, but 
sometimes on open, wet, montane ridgetops. In open bogs, the rosette usually grows with no exposed 
stem, directly on the ground like its alpine relative, the silversword. Greenswords occasionally grow in 
rain forests on bare stems as much as 1.5 m in height, much resembling the related genus Wilkesia, with 
which the greensword was associated by early botanists (e.g. Forbes notes, Appendix I, #1235). Some 
greensword plants grow unbranched for ca. 10-15 years in rosette form, then send up a large flowering 
stalk, set seed and die (Figure 17). Flowering phenology is similar to that of the Haleakali silversword 
(Argyroxiphium sandwicense subsp. macrocephalum), with over a thousand greenswords blooming in 
some years and very few or none in others. Unbranched flowering plants may reach 2 m or more in 
height. 

The life cycle of greenswords makes them particularly vulnerable to pig damage. In the search for 
food, primarily invertebrates and plant material, pigs frequently damage and kill greenswords 
(Figure 18). The displacement of greensword seedlings from potential habitat by aaggressive alien 
plants that colonize the bare soil of pig-rooted sites is another serious problem. 
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Figure 15: Feral boar  (approximately 90 kg) in Mid-Camp Bog. (BHG photo) 

Figure 16: Alien earthworm aggregation taken from ground surface, Waiho'i Bog, East 
hlaui, eleviltion 1450 m. Such concentration of animal protein may be the reason for switlen 
extensive nprootings hy feral pigs in montane bogs. (RlIG photo) 
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Figure 17: Flowering individuals of 
greensword, Argyroxiphium 
grayanurn. (ACM photo) 

Figure 18: Greensword (Argyrm: 
phium grayanurn) plant 
damaged by pigs as it started 
to send up its flowering stalk. 
The pig may have been 
seeking out invertebrates for 
food rather than the plant 
itself. (BHG photo) 
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CONCLUSIONS 

The bogs of Haleakalii offer unique opportunities for the study of evolutionary patterns. The 
adaptations of species to extreme environments have resulted in diverse and resilient native organisms. 
Study of patterns and mechanisms of adaptations leading to the formation of the biota of Hawaiian 
montane bogs can provide insights into evolutionary processes. 

The vegetation and flora of the bogs of the northeastern slope of Haleakalii clearly constitute a 
valuable and threatened resource. Most of these bogs have been subjected to increasing levels of 
disturbance by pig digging in the past decade, resulting in a significant reduction in native bog 
vegetation and increase in the establishment of introduced plant species. The flora of these bogs and 
surrounding areas includes many rare and vulnerable species with very limited distributions. Though 
damage has already been done, much of great value remains - because pig impacts in the area are 
recent and involve few animals. Continued management by the National Park Service must involve 
exclusion of feral pigs with fencing and local control of alien plants, an urgent need if this valuable 
resource is to be preserved. Protective efforts should be continually evaluated by long-term vegetation 
monitoring. 
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APPENDIX I: The field notes of C.N. Forbes 

Regarding the exploration of the montane bogs of northeast 

Haleakah, August 20-23,1919. 

Current taxonomic determinations contained within brackets [ ] following a Forbes collection have 
been added to aid in their interpretation. For the sake of clarity, most of the handwritten additions of 
other Bishop Museum botanists such as Harold St. John or Marie Neal have been omitted. Forbes' 
number of sheets collected for each collecting number listed on the right hand side of the original 
notebooks, has been omitted. Common abbreviations (lvs for leaves, fls for flowers, obs for observed, 
etc.) used by Forbes have been transcribed in full prose to facilitate reading. Notations such as [Carr 
19851 and [Skottsberg 19271 refer to publications citing these collections. 

Thursday Aug 20 - 191 9 

Down ridge overlooking Kipahulu to the lake ("This lake is Wai Anapanapa + the alt is 6,900 ft." ) 
[written in by Marie Neal)] Shores vegetated by 2 sp. of Carex + grass. The ridges vegetated with 
large colonies of Lysimachia Hillebrandi, small Vaccinium, sedges, some Plantago pachyplzylla, 
Coprosma emodeoides + montana, Metrosideros polymorpha, Lycopodium commune [ = ? 1, shrubby 
Vaccinium, a little Fragana Chiliensis [=  F. chiloensis (L.) Duch.)], Lobelia rare, Cyathodes imbricata 
[=  Stypltelia tameiameiae (Cham. & Schlechtend.) F.v. Muell. 1, Oreobolusfurcatus. Below the lake are 
a series of flats which are true bogs, with species of Carer predominately, nigger heads of Oreobolus 
furcatus, 3 grasses, Viola mauaiensis [=  V. maviensis Mann]. Valleys + parts of ridges the 
characteristic forest as observed before with a few additional species not collected before. (See 
numbers following) 

1174 Panicunt imbricatum 
[ = collection described as in part Panicum lamiatale St. John and in part P. lustriale St. John in St. 

John 1971. Now recognized as Dichanthelium cynodon (Reichardt) CA. Clark & Gould 
(O'Connor in Wagner et al. 1990). ] 

Leaves rather light green, glumes green or reddish purple, growing in cushions in open bog, makai of 
lake. 

1175 Railliardia 
[ =  hybrid Dubautia dolosa (Degener & Sherff) Carr X D. scabra (DC.) Keck cited in Carr 1985.1 
Leaves in 3s. Branches reddish, flowers yellow, involucre green, stamens purplish, pistils yellow. Edge 

of forest in shade. 

1176 Rubus 
Edge of bog. Rubus was sterile on mauka end of lake. Stems + spines red. Fruits large dark red. 
(macraei Wai Anapanapa) [det. by Marie Neal?] 

1 177 Luzda 
[ = Luzula hawaiiensis Buch. ] 
Large plants in the bog. Leaves strongly nerved on under side (2 lots) 

1178 Luzula 
[ = Luzula hawaiiensis Buch. ] 
The ordinary type from ridge. Edges of leaves conspicuously wooly. 
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1179 
In  thc bog. This with Sonchus oleraceus were the& [ underlined by Forbes in his field book ] 

introduced elements observed. 

1180 grass 
Leaves pale green, soft pubescent, inner glumes tipped with purple as are the awns. In the bog, rather 

frequent. 

1181 sedge Carex? 
[ = Carex echinata Murr.] 
Forms dense pure colonies in the bog. Water below when stepped on. 

1182 Carex 
[ = C. montis-eeka Hbd.] 
Leaves acicular, dark green, edge of Lake. 

1183 Kncentia 
[ = Machaerina angustijolia (Gaud.) Koyama] 
On pali 

1 184 Eragrostis 
On pali 

1185 grass 
In the bogs, rather frequent. Outer glumes tipped with reddish purple (3 lots) 

1186 Carex 
In swamp 

1187 Carex 
Edge of Lake 

1188 Sonchus oleraceus 
In bog. see under No. 1179M. 

1189 
[ = Carex alligata F .  Boott] 
Common around edge of Lake. 

1190 Sanicula sandwicensis 
Large leaves + root, slopes just above lake. 

1191 Carex 
[ = Carex alligata F .  Boott] 
Edge of Lake 

1192 RaiNiardia 
[ =  Dubautia scabra (DC.)  Keck ssp. leiophylla (Gray) Carr] 
Flowers white, common on ridge, grows in clumps + on slope above Lake. 

1193 Sanicula sandwicensis 
On the ridge 
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1194 Habenana holochila 
[ = Platanthera holochila (Hbd.) Krzl. Forbes collected ten sheets of this rare orchid at this site, 

evidence of its former abundance. The species is currently known from four populations in the 
Hawaiian Islands.] 

Corolla yellowish green. On ridge and above lake growing through dense mass of Coprosma 
emodeoides. 

1195 Lysimachia Hillebrandi 
[ = L.  remyi Hbd.] 
Very very common on ridge pali and above Lake. Leaves in short spiral whorls. 

1196 Viola mauaiensis [maviensis Mann ] 
In the bog. Base of petiole where it meets the stem, pink. Under side of leaves with a bronzy purplish 

hue. 

1197 Lycopodium 
either erubescens or serratum-dentatum. 
Leaves very finely ciliate or denticulate. Lower stem rather dark green except dead portions. In deep 

shade of forest after leaving the lower swamp on a steep slope. Fruiting bodies yellow. 

1198 Dubautia 
[Dubautia plantaginea Gaud. ssp. plantaginea, cited in Carr 19851 
Flowers orange yellow. Trees 8-10 ft. Leaf miners, wood [?] bracts purplish 

1199 sedge 
[ = Uncinia uncinata (L.f.) Kuek.] 
In forest, spikes dark blackish 

1200 Dlyopteris 
Edge of lake above water sink 

1201 
Is the last a young state of this? Common near lake + over the swamps. Stipe almost black toward the 

base. Frond a yellowish green, the pinnules turning upward, also closing slightly 

1202 Lycopodium venustulum var. herpeticum 
[ = L.  venustulum Gaud.] 
In mine, the stem often bearing 3 spikes. 

1203 Railliardia ? 
[ = Dubautia dolosa X D. scabra, cited in Carr 19851 
Leaves alternate in a spiral arrangement. Flowers yellow. 

1204 Vaccinium (illustration of berry) 
[ = V. calycinunt Smith, cited in Skottsberg 19271 
deep cherry red, very slight glaucous hue 
Leaves bluish glaucous on under side. Stiff bush 4 112 - 5 ft high. Berries sub-acid, watery. 

1205 Vaccinium (illustration of flower) 
[ This specimen recognized and cited asV. berben'difolium Skottsb. in Skottsberg 1927, but this species 

reduced to synonymy with V. reticulaturn Sm in Vander Kloet in Wagner et al. 1990. ] 
peduncles crimson deep crimson slight green tinge, dentations of leaf pink 
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1206 Lobelia 
[ = Lobelia ?grayana Wimm.] 
Flowers blue. Slope above Lake. Spicate portion hollow. 

1207 Cyanea 
Branched from the base or single. Stem 5-6 ft high, spiny. 
(314 page illustration of flower) 
strong spines dominant at tips of petals 

1208 Plantago pachyphylla 

Friday Aug 21 - 191 9 

Fix plants. Photograph 2 specimens. 

Saturday Aug 22 - 191 9 

Ridge N of lake zig zag makai and back different way through the forest. 

1209 Asplenium 

1210 Asplenium 
(monanthes L.) [ det. Harold St. John ] 

1211 moss 
On a waterfall in a gulley. 

1212 Asplenium 
Very rare, on waterfall. 

1213 Cyanea 
Corolla white with reddish purple streaks. type of 1207M. 

1214 Asplenium 
Epiphytic 

1215 Clermontia (samuelii) [written in later by C.N.F.] 
[ = C. samuelii Forbes, type specimens, also Forbes #1225M.] 
Calyx a delicate purplish pink, as long as the corolla. Corolla slightly hairy(,) lobes delicate whitish 

purplish pink. Calycine tube green. Staminal column same color as corolla by stamens dark 
purple. Pistil light green. Leaves soft pubescent on both faces. A much densely branched shrub, 
apparently so from the base, amongst dense tangle of shrubbery + branches leaning on other trees. 
2 trees. Lvs very dark green above, dark but slightly paler below petioles + ends of new branchlets 
covered with purplish hairs. Flowers in twos or single. 

seen - later number (1225M). 

1216 Cyartea 
Type of 1207-1213. Tips of corolla lobes purplish also base of tube, otherwise greenish white. 

1217 Cyanea 
Corolla with very dark purplish lines. Type of 1207-1213-1216 Etc. 
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1218 Cyanea 
Corolla very dark purple ridges 

1219 Dubautia 
[ = D. plantaginea ssp. plantaginea, cited in Carr 19851 

1220 Sadlena souleyetiana 
End of a stipe injured near base of frond. Pinnae very much enlarged + pinnules with crinkled edges, 

a few inclined to be lobed 

1221 Polypodium pellucidurn 

1222 Polypodium lineare 
[ = Pleopeltis thunbergiana Kaulf.] 
In dense shade, in clumps, epiphytic 

1223 Dryoptens unidentata? glabra? 
Frond light green. Stipe dark purple hid by a matting of light brown scales 

1224 Viscum 
[ = Dubautia dolosa x D. scabra in Carr 19851 
On Suttonia [= Myrsine], berries green. 

[ = Korthalsella ?complanata (v. Tiegh.) Engler] 

1225 Clermontia 
See no 1215M. 
[ = C. samuelii Forbes type collection.] 

Sunday Aug 23 - 191 9 

Take picture of Lake + 3rd open bog. Views of Kipahulu, etc. Follow ridge along Kipahulu gulch for 
makai, going to next to last of the open bogs, not time to visit the far makai large bog. The lowest bog 
visited was in its final stages with Dryopteris dominant, a few Carex Etc, Rubus, Coprosma emodeoides 
(far from its natural habitat), the large grass on edge. Left camp at 7:00 AM arrived back 8:30 PM. 

1226 Carex propinqua sedge 
[ This species is currently considered Carex macloviana Dum. ~ ' U N .  which does not occur below tree 

line on the northeast rift of Haleakali. It is very possible that this specimen is actually C. echinata 
which is grossly similar to the former species and may have been misidentified. The specimen was 
not relocated. ] 

1229 D yoptens 

1230 Senecio vulgaris 
(sylvaticus L.) [det. Marie Neal?] 
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1231 grass 
All [I226 -12311 from lowest bog visited 

1232 Polypodium 
Fronds dark green. Thick on moss covered trees, far down on way to lower bog. 

1233 Railliardia ? 
[ = Dubautia dolosa x D. scabra, cited in Carr 19851 
Shrub 4 - 4 112 ft. Flowers yellow 

1234 Cyanea 
Tips of petals + base of tube purplish tinged 

1235 Wilkesia ? 
[ = Atgyroxiphiurn grayanurn (Hbd.) Degener, cited in Carr 19851 
Branched from the base, each branch either bearing a single terminal branch of lvs or else basally 

branching occasionally candelabrum like in four or occasionally with short lateral branches. A 
similar clump seen in the next to last swamp visited growing on edge in shade of bordering shrubs 
+ trees. Lobelia was also common here. Leaves almost equally green on both faces, veins 
conspicuous. 

1236 Nertera depressa 
[ =  N.  granadensis (L.  f.) Druce] 
Far down 

2237 Labordia 
[ = L.  venosa Sherff. This specimen cited by Sherff 1939.1 
Capsulesnot ( underlined by Forbes in his field book ) broadly winged at the apex as in Ukulele 

specimens 

1238 fungus 
On Ohia [ = Metrosideros] tree. Under side pure white, pores. Upper side + stem a rich black brown 

mahogany. Edges roll inward toward lower side. 
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APPENDIX II: Native vascular plant species 
recorded in bogs and bog margins of East Maui. 

Species which have asterisks (*) are those largely confined to bog habitats 

MONOCOTS 

CYPERACEAE 

Carer alligata F. Boott 
*Carer echinata JA.  Murray 
'Carex montis-eeka Hillebr . 
*Carer thunbergii Steud. 
Machaerina angustifolia (Gaud.) Koyama 
*Oreobolus fircatus Mann 
*Rhynchospora chinensis Nees & Meyen subsp. spicaefomis Hillebr. 
*?Rhynchospora rugosa (Vahl) Gale subsp. lavarum (Gaud.) Koyama 

JUNCACEAE 

Luzula hawaiiensis Buch. 

POACEAE 

Agrostis sandwicensis Hillebr. 
*Calamagrostis expansa (Munro in Hillebr.) Hitchc. 
Deschampsia nubigena Hillebr . 
*Dichanthelium cynodon (Reichardt) CA. Clark and Gould 
*Dichanthelium hillebrandianum (Reichardt) CA. Clark and Gould 
Trisetum glomeratum (Kunth) Trin. in Steud. 

ASTERACEAE 

*Algyroxiphium grayanurn (Hillebr.) Degener 
*Aqyroxiphium grayanum X Dubautia dolosa 
*Aqyroxiphium grayanum X Dubautia plantaginea 
*Algyroxiphium grayanurn X Dubautia scabra 
Dubautia dolosa (Degener & Sherff) Carr 
Dubautia dolosa X D. scabra 
Dubautia plantaginea Gaud. subsp. plantaginea 
Dubautia scabra (DC.) Keck 
Gnaphalium sandwicensium Gaud. 
*Lagenifera maviensis Mann 
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CAMPANULACEAE 

Clermontia grandifora Gaud. 
Clermontia samuelii Forbes 
Clemzontia tuberculata Forbes 
Cyanea kunthiana Hillebr. 
Cyanea macrostegia Hillebr. 
*Lobelia gloria-montis DC. 
Lobelia hillebrandii Rock 
Trematolobelia macrostachys (Hook. & Am.) A. Zahlb. 

EPACRIDACEAE 

Styphelia tameiameiae (Cham. & Schlect.) F.v. Muell. 

Vaccinium calycinum Srn. 
Vaccinium dentatum Sm. 
Vaccinium reticulatum Sm. 

[ formerly as V. berberifolium (Gray) Skottsb.] 
[ formerly as *V.pahalae Skottsb.] 

GERANIACEAE 

*Geranium hanaense Medeiros & St. John 
Geranium multifomm Gray 

GOODENIACEAE 

Scaevola chamissoniana Gaud. , 

GUNNERACEAE 

Gunnera petaloidea Gaud. 

*Phyllostegia ambigua (Gray) Hillebr. 
Stenogyne kamehamehae Wawra 
Stenogyne rotundifoja Gray 

MYRSINACEAE 

Myrsine emarginata (Rock) Hosaka 
Myrsine lessertiana A. DC. 

MY RTACEAE 

Metrosideros polymorpha Gaud. 
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*Plantago pachyphylla Gray 
[ var. maviensis Gray] 

Lysimachia sp. 
The few individuals of this weak shrub on a steep fern-covered slope on the eastermost extension of 

Mid-Camp Bog apparently represent a new species, unrecognized in current treatments (K. Marr, 
pers. comm ). 

ROSACEAE 

Rubus hawaiiensis Gray 
Rubus macraei Gray 

Coprosma emodeoides Gray 
Coprosma ochracea Oliver 
Nertera granadensis (L.f.) Druce 

RUTACEAE 

Pelea clusiifolia Gray 
Pelea volcanica Gray 

I/iola maviensis Mann 

Korthalsella complanata (Tiegh.) Engler 
Korthalsella latissima (Tiegh.) Engler 

PTERIDOPHYTES 

Ctenitis rubiginosa (Brack.) Copel. 
Dryopteris fusco-atra (Hillebr.) Rob. 
Dryopteris glabra (Brack.) 0. Kuntze 
Dryopteris hawaiiensis (Hillebr.) Christ. 
Dyopteris sp. novum [ "palikuensis" ] 
Dryopteris wallichiana (Spreng.) Hyl. 

ATHYRIACEAE 

Athyrium microphyllum ( J .  Sm.) Alston 
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BLECHNACEAE 

Sadlena cyatheoides Kaulf. 
Sadleria pallida H. & A. 

Cibotium glaucum (J.E. Smith) H. & A. 

ELAPHOGLOSSACEAE 

Elaphoglossum hirtum (Sw.) C .  Chr. var. micans (Mett.) C.Chr. 
Elaphoglossum wawrae (Luerss.) C. Chr. 

GRAMMATIDACEAE 

Adenophoms tamariscinus (Kaulf.) Hook. & Grev. 
Adertophoms tripinnatifidus Gaud. 
Grammitis tenella Kaulf. 
Xiphopteris saffordii (Maxon) Copel. 

HYMENOPHYLIACEAE 

Mecodium recunum (Gaud.) Copel. 
Sphaerocionium lanceolatum (H. & A.) Copel. 

Ptendiunt aquilinum (L.) Kuhn var. decompositum (Gaud.) Tryon 

Syhenomeris chinensis (L.) Maxon 

LYCOPODIACEAE 

Lycopodium venustulum Gaud. 

POLYPODIACEAE 

Pleopeltis thunbergiana Kaulf. 

*Selaginella deflera Brack. 
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APPENDIX Ill: Introduced vascular plant species 
recorded in montane bogs of East Maui 

MONOCOTS 

CYPERACEAE 

Cyperus halpan L. 
Native to tropical and subtropical areas, worldwide. First recorded in 1973 by B.H. Gagnt. Currently 
very common in Mid-Camp, Big Bog, and nearby smaller bogs. 

JUNCACEAE 

Juncus bufonius L. 
Native to Eurasia, North Africa and North America. First recorded in 1980 by A.Y. Yoshinaga. 
Currently common in Mid-Camp, Big Bog, and nearby smaller bogs. 

Juncus planifolius R. Br. 
Native to South America, New Zealand and Australia. First recorded in 1982 by B.H. Gagnt and A.C. 
Medeiros. Currently very common in Mid-Camp, Big Bog, and nearby smaller bogs. First recorded at 
Greensword Bog by B.H. Gagnt and A.C. Medeiros in 1984. 

POACEAE 

Agrostis avenacea Gmel. 
Native to Australia and Pacific Basin. First recorded in 1973 by B.H.Gagnt. Uncommon and localized 
in Mid-Camp Bog. 

Andropogon virginicus L. 
Native to eastern N. America. First recorded in 1986 by B.H. GagnC and A.C. Medeiros. Sporadic 
individuals scattered in both Mid-Camp and Big Bog. Despite removal efforts, still present but 
uncommon in 10188. 

Eragrostis brownei (Kunth) Nees in H.& A. 
Native to Australia. First recorded in 1973 by B.H. GagnC as Eragrostis mauiensis from misidentified 
specimens. Her specimens were collected from the northern end of Big Bog where she noted the 
species as "occasional". Currently very common in Mid-Camp, Big Bog, and nearby smaller bogs. 

Holcus lanatus L. 
Native to Europe. First recorded in 1973 by B.H. GagnC and A.Y. Yoshinaga. Currently very common 
in Mid-Camp, Big Bog, and nearby smaller bogs. 

Poa annua L. 
Native to Europe. Fist  recorded in 1973 by B.H. GagnC. Currently localized but common in Mid- 
Camp Bog. 

Sacciolepis indica (L.) Chase 
Native to Old World tropics. First recorded in 1973 by B.H. GagnC. Currently very common in Mid- 
Camp, Big Bog, and nearby smaller bogs. 
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Sporobolus afrcanus (Poir.) Robyns & Tournay 
Native to Africa. First recorded in 1982 by B.H. GagnC and A.C. Medeiros. Currently uncommon. 

DICOTS 

APIACEAE 

Centella asiatica (L.) Urban 
Native to Asia. ~ i r s t  recorded in 1973 by B.H. GagnC. Currently restricted to north and eastern 
sections of Mid-Camp Bog. Spreading apparently entirely vegetatively in areas of disturbance caused 
by pigs or moving water. 

ASTERACEAE 

Ageratina adenophora (Spreng.) King & Robinison 
Native to Mexico. Locally common in northeast bay of Mid-Camp Bog. First reported in 1981 by B.H. 
GagnC and A.C. Medeiros. 

Conyza bonariensis (L.) Cronq. 
Native perhaps to Mexico. First recorded in 1981 by B.H. GagnC and A.C. Medeiros. 

Entilia fosbergi Nicolson 
Native perhaps to Mexico. Single plant found by A.C. Medeiros in 1988. 

Entilia sonchifolia (L.) DC. 
Native to Asia and western Pacific. Single plant found by A.C. Medeiros in 1988. 

Erechtites valerianifalia (Wolf) DC. 
Native from Mexico to Brazil and Argentina. First recorded in 1973 by B.H. GagnC. Has apparently 
increased in recent years especially in Big Bog, where they were approx. 15-25 individuals in 1988, some 
very large with diameters up to 2 ft. 

Hypochoeris radicata L. 
Native to Eurasia. First recorded in 1973 by B.H. GagnC and A.Y. Yoshinaga. Never extremely 
common nor invasive in montane bogs of Haleakali, and usually restricted to large, single individuals. 
This is in contrast to its invasiveness in the alpine Flat Top Bog, and in upper-elevation grasslands and 
shrublands. 

Senecio ~ylvaticus L. 
Native to Eurasia. First recorded in 1919 by C.N. Forbes;reported in 1973 by B.H. GagnC at Mid- 
Camp Bog. Currently widespread but restricted to north and eastern sections of Mid-Camp Bog. 

Soncltus oleraceus L. 
Native to Europe. First recorded in 1919 by C.N. Forbes. Sporadic, uncommon weed with wind- 
dispersed seed; often found growing on disturbed ground, or less commonly in streambeds. 
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Prunella vulgaris L. 
Native to North and Central America and temperate Europe and Asia. First recorded in 1980 by A.Y. 
Yoshinaga. Localized but spreading downslope with moving water. Original distribution restricted for 
many years in small area near old campsite in small bog between Mid-Camp and Big Bogs. However, 
in recent years this weed has spread, now occurring for approx. 100 m downslope. 

LYTHRACEAE 

Lythrum maritimum HBK. 
Native to Peru and perhaps indigenous to Hawaiian Islands. This species considered alien by St. John 
(1973) and questionably indigenous by Wagner et al., in press. First recorded in 1973 by B.H. GagnC. 

ONAGRACEAE 

Epilobium billardierianum Ser. subsp. cinereum (Rich.) Raven & Engelhorn 
Native to Australia, New Zealand and Chatham Island. First recorded in 1982 by B.I 
Loope, and A.C. Medeiros. 

I. Gagn 

POLYGONACEAE 

Rumex acetosella L. 

6, L.L. 

Native to Eurasia. First recorded in 1981 by B.H. Gagnt and A.C. Medeiros. Localized and not 
spreading rapidly in small bog near old campsite between Mid-Camp and Big Bog. 
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