
Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

i,,,,i,,,,i,,,,i,,,,i,,,,i,,,,i,,,,i,,,,I,,,,i,,,,I,,,,I,,,,i
1 2 3 4 5

IllllInches J.O _ 12---8I1_
,=Illil_lilU_

.... illllg

illll_lllil_roll'._

'_ MnNUFnCTURED TO nTTM STnNOnROS /////xl_'_. ///./._g°'_

0__ BY .PPLIED IM"@E. INC. q)_%u___'



i1



• T/
CEWES-ER-W 25 February 1994

MEMORANDUM FORRECORD

SUBJECT: Resultsof PreliminaryReconnaissanceTrip to Determine the Presence
of Wetlands in Wet Forest Habitats on the Island of Hawaii as part of
the Hawaii Geothermal Project, October 1993

Executive Summary

In October 1993, we sampledsoils, vegetation, and hydrology
at eight sites representinga range of substrates, elevations, soil
types, and plant community types within rainforest habitats on the
Island of Hawaii. Our purposewas to determine whether any of these
habitats were wetlands accordingto the 1987 Corps of Engineers
Wetlands Delineation Manual. None of the rainforesthabitats we
sampled was wetland in its entirety. However, communities
establishedon pahoehoe lava flows containedscattered wetlands in
depressionsand folds in the lava, where water could accumulate.
Therefore, large constructionprojects, such as that associated with
proposedgeothermalenergy developmentin the area, have the
potential to impact a significant numberand/or area of wetlands. To
estimate those impacts more accurately, we presenta supplementary
scope of work and cost estimate for additionalsamplingin the
proposedgeothermalproject area.

Introduction and Objectives

1. At the requestof the RegulatoryBranch, U.S. Army EngineerPacific Ocean
Division (CEPOD-CO-O),Mr. Robert Lichvar(Botanist), Dr. Steven Sprecher (Soil
Scientist), and Dr. James Wakeley (ResearchWildlife Biologist)carried out a
preliminary reconnaissanceof wet forest habitats on the Island of Hawaii as part of
the Hawaii GeothermalProject. The U.S. Army EngineerWaterways Experiment
Station was asked whether it is feasible to identify and map wetlands within the
three identified GeothermalResourceSubzonesin the Puna District, Island of
Hawaii. If feasible, wetland mapping would be done as input to the US
Department of Energy'senvironmental impact assessmentfor geothermal
development in the area.
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2. The purposeof the reconnaissancetrip was to (1) becomefamiliar with the
soils and vegetation of the wet forest communitiesin and around the Geothermal
ResourceSubzones, (2) determine whether the 1987 Corps of Engineers Wetlands
Delineation Manual (the Manual) was appropriatefor identifying and delineating
wetlands in this environment, (3) performsomepreliminarywetland determinations
in selected plant communities in and aroundthe subzones, (4) determine sampling
methods appropriate to identify and delineatewetlands within approximately
25,000 acres in the subzones, and (5) providea revisedscope of work and budget
estimate for the wetland mapping effort.

3. Although intended to be national in'scope, the Manual was written primarily
with temperate zone wetlands of the continentalUnited States in mind.
Application of the Manual to the wet forests of Hawaii may be complicated by the
presence of plant communitiesthat generallyreceive 60 to > 200 inches of rainfall
per year (Cuddihy 1989), and the widespreadoccurrenceof thin organicsoils
(mapped as Folists) that may or may not be saturated and reduced for long periods
of time. Our preliminarystudies were designedto answer the following questions:

a. Do any of the wet forest communitiesmappedwithin the subzones
consist entirely of wetlands accordingto the rulesin the Manual (including
recent guidancefrom HeadquartersUSACE)?

b. If not entirely wetland, do any of these wet forest communities contain ....
smaller areas of wetland within them?

c. If wetlands are present, what is the best way to identify, delineate, and
map them within the subzones (i.e., through interpretationof aerial
photography, use of helicoptersurveys,or by ground survey)?

4. Our study plans, samplingdesign, and data collection benefited greatly from
various meetings and discussionsin the field with localexperts on Hawaiian
vegetation and soils. We particularlythank Dr. Chris Smith (State Soil Scientist),
Mr. Sako Nakamura, and Mr. BillLairdof the USDA Soil ConservationService, and
botanical consultants Dr. Grant Gerrishand Ms. Winona Char. Dr. Jim Jacobi and
Mr. Steve Miller (US Fish and Wildlife Service)providedinformation about plant
communities in the study area. Finally,Ms. Suzanne Baba and MAJ David Samec
(CEPOD-CO-O) providedlogistical supportand tireless assistance with plant and
soil sampling.

Methods

5. Vegetation maps of the subzonesand surroundingareas by Char and
Lamoureux (1985) and Jacobi (1989) were the foundation of our sampling design.
Basedon general lists of plant speciespresent in each community type, and on
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discussions with local experts, we roughly ranked plant communities according to
their estimated likelihood of either being or containing wetlands. We concentrated
our effort on the higher elevation (> 1,000 ft), wet forest communities, which
were widespread within the less disturbed portions of the geothermal subzones.
Lower elevations within the subzones were dominated by relatively fresh lava
flows, widespread agricultural development, and suburban sprawl.

6. We selected representative sites to sample in each community type. Because
access to most areas within the Geothermal Resource Subzones was.restricted, we
chose sites mainly outside the subzones that encompassed the range of variability
in vegetation, soils, elevations, and substrate ages and types present on this
portion of the island and mapped within the subzones.

7. The eight study sites (Figure 1) ranged in elevation from 750-4,000 ft and
substrate ages from 138 yrs to a maximum of 4,000 yrs (Table 1). We
concentrated on communities established on pahoehoe lava flows, because (1)
these were most widespread in the geothermal area and (2) we judged that there
was a higher potential for wetland development on the dense, smooth pahoehoe
than on the more blocky and fragmented aa flows. One site (Thurston Lava Tube)
was on thick ash and cinder deposits.

8. With one exception, vegetation on all sites was dominated by varieties of 'ohi'a
(Metrosideros polymorpha). Understory vegetation ranged from predominantly
grasses, to shrubs, to matted ferns, to native treefern. One site (Treeless Bog)
was a large, open bog that lacked woody vegetation. Soils on five sites were
mapped as Folists, two as recent lava flows, and one as silt loam (USDA Soil
Conservation Service 1973). Annual precipitation in this part of the island ranges
from approximately 100-200 inches per year, but we had no rainfall data for the
individual sites.

9. Sites were sampled between 14-21 October 1993. At each site, we
established three 10 x 10-m sampling plots. Plots were established in
representative locations within the community, but were placed so that each plot
also included typical examples of the wetter spots within that community. There
was considerable topographic relief within most plots. The wetter spots generally
consisted of cracks, depressions, or folds in the lava substrate where there was
increased potential for water to accumulate. Within each plot, we established
three to five (generally four) 1 x 1-m subplots. Generally, two subplots were
placed in what appeared to be the wetter portions and two in the drier portions of
the larger plot. Vegetation, soil, and hydrology were sampled in each subplot;
vegetation data were taken in the larger plot as well.

10. Soil profiles were described to the depth of the bedrock or 16 inches,
whichever was shallower. We recorded the depth to free water, if present. We



did not routinely recordwhether the soil was saturated in the absence of a water
table, because it rained most days and saturationalone was not a reliable indicator
of long-term wetness or chemical reduction. However, to determine whether soils
were reduced at the time of sampling,we tested samples for the presence of
ferrous iron using a,a'-dipyridyl solution(Childs1981). In addition, we used an
Orion portable meter (Model 250A) and platinumredox electrode (Orion model 96-
78) to measure redox potential of each sampledsoilat approximately 6-inch depth
or shallower.

11. Our vegetation samplingdesignwas similarto that describedin the Manual.
On each plot and subplot, we estimated the percent cover of each species present
in three strata: herbs (all herbaceousplants and woody plants < 1 m tall), shrubs
(woody plants > 1 m tall and < 3 inchesdbh), and trees (woody plants > 3 inches
dbh). Only species rootedwithin the plot or subplotwere tallied. Dominant
species in each stratum were the most abundantspeciesthat comprised > 50% of
the total coverage, plusany individualspeciesthat was at least 20% of the total.
Hydrophytic plant communitieswere those in which > 50% of dominant species
from all strata were obligate (OBL), facultative wetland (FACW), or facultative
(FAC, but not counting FAC-] on the list of plant species that occur in wetlands in
Hawaii (Reed 1988).

12. Helicopter overflightsof the generalstudy area and of each site examined on
the ground were made to determinethe extent to which any identified wetlands
could be recognizedand delineated in a low-altitude aerialsurvey. In addition, both
before and after field work, we examined 1"12,000 color infrared aerial
photography of the geothermalsubzonestaken in February 1992 and January and
March 1993 to determine whether a planning-levelwetland inventory could b_
accomplished solely through photo interpretation.

Resultsand Discussion

13. Results of the field work are summarizedin Tables 2-17. In these tables,
each 1 x 1-m subplot is identifiedwith a numberand letter (e.g., 1.1W). A 'W'
indicates that the subplotwas deliberatelyplaced in one of the apparent wetter
microsites in the plot, and a 'U' indicatesa relativelydrier microsite. The 'W' and
'U' were a priori assignmentsmade in the field, and may or may not.relate to the
final conclusionabout a subplot's wetland status.

Vegetation

14. The topographic relief in most plots created micrositevariations in soils and
hydrology that were reflected in the distributionof plants on a plot. Plot-level
sampling masked this internalvariability;micrositevariability was obvious in the
subplot samples. Overall, 10 plots (42% of all plots) satisfied the Manual's
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criterion for hydrophyticvegetation. The Captain's Drive, Thurston Lava Tube, and
Tree PlantingRoad sites each had _ 2 plotsthat were dominated by hydrophytic
vegetation. None of the plots at the 1855 Flow, Ainaloa, or Pahoa sites were
dominated by hydrophyticvegetation. Plantspeciesthat were dominant on one or
more plots or subplotsare listed in Table 18.

15. Plot-leveldecisionsbasedon averagevegetation composition were often
contradicted at the subplot level. Forexample, vegetation on plot 3 at Wailuku
River Road was not hydrophyticoverall, but the two wetter subplots (3. l W and
3.4W) both met the hydrophyticveget.ationcriterion (Table 16). In contrast, plot 2
at Captain's Drive was hydrophytic, whereas none of its subplotswere (Table 6).

16. One difficulty in applyingthe vegetation rulesin the Manual (although the
problem is not unique to Hawaii) was that communitieswere not very diverse and
thus were dominated by only a few species. This was particularly true of the
1 x 1-m subplots, which often had only 1-3 dominants. Therefore, the hydrophytJc
vegetation decisionoften hingedon the status of a singlespecies and the outcome
was subject to chance. Eventhe TreelessBog, which was an obvious wetland in
all other respects, failed to meet the hydrophyticvegetation criterion on two plots
and two subplots (Table 14). It may be that the prevalenceindex, which takes
into account the abundanceand indicatorstatus of all species present, would give
a more consistent and reliableresult in these habitats.

Hydrology

17. Wetland hydrology decisionsgiven in the tables were based on the presence
of free water in the soil pits or coveringthe soil surfaceat the time of sampling.
Becauseof frequent rainfall, observationof saturated soils in the absence of a
water table was consideredunreliable. None of the sites exhibited surface
indicatorsof hydrology (e.g., water marks, drift lines). Our sampling period in mid-
October was at the end of the dry season in this part of the island. During the
wetter portion of the year, evidenceof wetland hydrologymay be much more
widespread.

Soils
J

18. Hydric soildeterminationswere basedmainly on evidence of soil reduction at
the time of sampling. Redox potentialsbelow approximately 150 mV and/or a
positive test for ferrous iron were used to identifysoils that "develop anaerobic
conditionsin the upperpart" and thus meet the hydric soil definition (USDA Soil
ConservationService 1991). We suspect that additionalsoils in the communities
we studied may also become saturated and reducedlater in the rainy season, but
investigation would require long-termmonitoringof soil redox potentials.

5
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19. We found it almost impossibleto identify hydric soilsbased on morphology in
these wet forest habitats, becausethe distinctionbetween hydric and nonhydric
Histosols (i.e., between Sapristsand Folists)requires knowledge of saturation and
reductionof the soils in question. Soil scienceis currently unable to distinguish
morphologicaldifferences between reducingand nonreducingshallow Histosols, so
most of the time we relied on redox measurementsand a, a'-dipyridyl data to
distinguish between Saprists and Folists,that is, between hydric and nonhydric
soils, respectively.

20. On some of the sites we determinedhydric status of the soils from soil
morphologyrather than from redox me'asurements. At the wet subplots of the
Ainaloa site, soils were floating in open pools of entrapped water. The bulk of
these soils was not reducingwith respectto iron (Table 5), probablybecause
aerated water from the open pool freely circulatedwithin the loose soil mass. We
deemed these soils to fit the intent of the definition of Sapristsmore closely than
that of Folists(Folists "are never saturated with water except for a few days
following heavy rains" [Soil Survey Staff 1975]). Gleyed mineralor mineral-rich
material was present in some of the soilsat the Thurston Lava Tube and Wailuku
River Road sites (Tables 11 and 17). We decidedto call these soils hydric despite
high redox readingsbecause we consideredsoil color to more reliably indicate long-
term reductionthan redox status on a singleday.

21. In the absence of redox data, landscapepositionand substrate type may be
the most reliable indicatorsof potentialhydric soils in the study areas. We found
that in pahoehoe flows, closeddepressionswhere water accumulates are likely to
satisfy both hydric soil and wetland hydrologycriteria. Sloping sites and areas
underlainby ash, cinders, or more porousaa lava are less likely to retain water for
long periods.

Wetland Determinations

22. Eleven of the 1 x 1-m subplotsexhibitedevidence of all three parameters on
the day of sampling, and therefore clearly were wetlands accordingto the Manual
(Table 19). Seven of these wetland subplotswere at Treeless Bog, three at
Ainaloa, and one at Captain's Drive. Therefore, small wetland areas existed within
largerplots that overall may or may not have met wetland criteria.

23. However, the Manual allows the investigatorto considernot only those
indicatorsthat are presentduringa brief visit, but also those indicators (particularly
of hydrology)that would normally be present if samplingwere done at the
appropriate time of year. Severalsubplots (e.g., subplots 1.1 and 3.2 at Captain's
Drive) that showed evidenceof hydrophyticvegetation and hydric soils lacked an
obvious water table at the time of our visit. Given that our samplingdates were at
the end of the dry season, we are convincedthat these and many other
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depressional sites in the study area also hold water for long periods during the
rainy season. In addition, some subplots had hydric soils and wetland hydrology
and clearly functioned as wetlands, but failed by a single dominant species to
satisfy the hydrophytic vegetation parameter (e.g., subplots 1.2 and 2.2 at
Treeless Bog). Often these subplots would have met the test if the next most
abundant plant species had been included in the decision. In our judgment, these
situations should be considered to be wetlands as well (Table 19).

24. Ainaloa, Captain's Drive, Tree Planting Road, Treeless Bog, and Wailuku River
Road were the sites containing the largest number of small, scattered wetlands
(Table 19). The presence of these wetlands would have to be considered in any
development plans. Sites containing wetlands were all underlain by pahoehoe
flows that were at least 350 years old (Table 1). Field sites on aa lava (Pahoa),
ash and cinders (Thurston Lava Tube), or very recent pahoehoe (1855 Flow)
contained few, if any, wetlands.

Aerial Photography and Helicopter Overflights

25. Our initial examination of color infrared aerial photography of the geothermal
subzones indicated several areas that might either be or contain wetlands. Most i

were in predominantly grass or shrub vegetation with only scattered 'ohi'a trees.
We were not permitted on-the-ground access to these areas, but we did examine
many of them in a low-level helicopter survey. Scattered small areas of standing
water and apparent hydrophytic plant communities indicated that wetlands were
indeed present. We selected the Ainaloa study site, outside the subzones, becaJse
of its apparent similarity in age and vegetation to the areas of interest within the
subzones. Field sampling at Ainaloa confirmed that scattered wetlands were
present in that community type.

26. Most of the higher elevation portions of the geothermal subzones were
blanketed in continuous 'ohi'a and fern cover, making aerial wetland surveys
impossible. Most of the wetlands we studied on the ground were small and
scattered, and were completely hidden from above by tree and fern canopies. In
areas of recent 'ohi'a dieback and establishment of dense uluhe (Dicranopteris
linearis) growth, it was difficult to see the ground even in a walking survey.

Conclusions

27. We conclude that:

a. None of the wet forest habitats we studied meets wetland criteria in its
entirety. Therefore, existing plant community maps cannot be used to
delineate wetlands in the geothermal subzones. Furthermore, the small,
scattered wetlands we found generally were not visible on aerial photos or



from low-level helicopter flights. These wetlands could be mapped in
forested areas only with detailed groundsurveys.

b. Most of the higherelevation wet forest types we studied, which are
widespread in the Kilauea Middle EastRift and KamailiSubzones, contained
inclusionsthat met wetland criteria given in the Manual. Wetlands we
examined ranged in size from < 1 to many square meters, and were fairly
common in the brief walking surveyswe made of each study site. Our
samplingwas not designedto estimate the abundanceor total acreage of
these wetlands. However, in some habitats they appearedto be abundant
enoughthat a largeconstructior_project could impact a significant number
and/or area of wetlands.

c. Wetlands were more common in communitiesunderlainby relatively
dense and continuouspahoehoe lava flows. They occupiedisolated
depressionsformed by cracks, folds, and undulatingflow patterns in the
lava, and were not associated with majordrainageways.

d. Routineapplicationof the 1987 Corps of Engineers Wetlands Delineation
Manual in this environment was hamperedby (1) the relatively low diversity
of plant communities (causing inconsistenthydrophyticvegetation decisions
due to the small number of dominants)and (2) the difficulty in distinguishing
hydric and nonhydricshallow Histosols(necessitatingredox data to identify
hydric soils).

e. The use of a prevalenceindex may improvethe reliabilityof vegetation
decisions,but additional researchon Histosolmorphologyin relation to soil
reduction in this regionis neededto make hydric soildecisionsmore reliable.

f. Wetlands within the rainforest probablyshouldbe consideredas Problem
Areas under the 1987 Manual. They can be identified reliablyonly during
the wet season, and then only if informationabout soil reduction (e.g.,
ferrous irontest) is available. Duringthe dry season, they may be
recognizedmainly by landscapepositionandthe presenceof an appropriate
plant association.



Proposed Wetland Sampling Plan

28. Our preliminary studies clearly indicate that a complete jurisdictional
determination of all wetlands in the geothermal resource subzones is impractical if
not impossible. Wetlands are too small, too numerous, and too well camouflaged
beneath the tree canopy for a complete survey of such an extensive area to be
possible. On 1J;heother hand, geothermal development in this area definitely will
impact wetlands and there is a need to quantify that impact.

29. Given that remote techniques (aer'ial photo interpretation and helicopter
surveys) are impractical in these forested habitats, we see two alternatives to the
problem of determining wetland impacts due to geothermal development in this
area:

A. Use an extensive on-site sampling design to estimate the percentage of
wetland within each plant community type in the subzones. Then the
wetland impacts associated with well drilling, road construction, and siting
of powerplants and transmission lines could be estimated by multiplying that
percentage by the affected acreage of each community type.

B. Survey only those areas within the footprint of a proposed project plan.
The goal would be to determine the acreage of wetland involved, not to _ap
every wet pocket.

30. Alternative B is the more practical and less costly alternative. It is also the
information that will be needed eventually if a Section 404 permit for the proposed
geothermal development is required. However, alternative A may be necessary if
wetland impacts must be estimated for many potential alternative project
alignments, or if rough estimates of impacts must be made in advance of a definite
project plan. The following are suggested sampling designs for each alternative
plan.

Extensive Sampling Throughout the Subzones (Alternative A)

31. Using existing plant community maps (e.g., Jacobi 1989), a number of 200-m
belt transects will be established in each of the community types present in the
subzones. Transects will be randomly located within accessible areas of each
community, perhaps using roads, trails, or helicopter landing zones as starting
points for one or more transects.

32. Transect width may vary between community types due to the density of
vegetation and other factors. Each transect will be walked by one or two
observers, who will record the number and estimated size of all wetlands



encountered within the belt. No intensivesamplingof vegetation, soils, or
hydrology will be done in this rapidsurvey. Instead, wetlands will be recognized
mainly by landscape positionand a hydrophyticplant community. Wetland
decisionswill be verified occasionallyby moredetailedsamplingat selected sites;
if done during the wet season, ferrous irontesting will be used to confirm presence
of hydric soils. Means and standarderrorsof the percentageof wetland in each
community will be estimated by combiningall transects in a community. Field
work will be accomplishedwith the help of localcontractors working unde_the =
directionof WES project scientists. WES personnelwill designthe sampling effort,
work closely with samplingteams to ensurequality and consistency, analyze the
data, and producea final report.

Sampling Within the Project Footprint (Alternative B)

33. Detailed maps of the project alignmentwill be usedto identify sampling areas.
Some impacted sites may be small enoughthat a complete survey of wetlands
within them is possible. In more extensive tracts, belt transects will be used to
estimate the percentage of wetland within them. Samplingwill be carried out by
WES personnelwith the assistanceof local experts. The goal will be to determine
impacted wetland acreage, not to map the boundariesof all wetlands in the tract.

EstimatedCost

34. The work will be accomplishedunder the existing scopeof work entitled
"Wetland Identification and Delineation,Hawaii GeothermalProject." However,
project activities would be modified as describedabove, andthe estimated cost
would be as follows.

Item Alternative A Alternative B1

Salaries 90,000. 60,000.

Travel, perdiem, and vehicle rental 24,000. 18,000.

Equipment and supplies 2,000. 2,000.

TOTAL 116,000. 80,000.

1Thisestimate assumesthat the acreage involvedis smallenoughthat field work
could be accomplishedby 4-6 people in about 2-3 weeks. Additionalcosts would
be incurred if additionalsamplingwere needed.

10



6

Literature Cited

Char, W. P., and C. H. Lamoureux. 1985. Puna geothermal area biotic
assessment, Puna District, County of Hawaii. Final Report to the Hawaii
State Department of Planning and Economic Development.

Childs, C. W. 1981. Field tests for ferrous iron and ferric-organic complexes (on
exchange sites or in water-soluble forms) in soils. Australian Journal of Soil
Research 19:175-180.

Cuddihy, L.W. 1989. Vegetation zones of the Hawaiian Islands. Pages 27-37 in
C. P. Stone and D. B. Stone (eds.). Conservation Biology in Hawai'i.
Cooperative National Park Resources Studies Unit, University of Hawaii,
Manoa, HI.

Environmental Laboratory. 1987. Corps of Engineers wetlands delineation
manual. U.S. Army Engineer Waterways Experiment Station, Technical
Report Y-87-1. Vicksburg, MS

Holcomb, R.T. 1980. Preliminary geologic map of Kilauea Volcano, Hawaii. U.S.
Geological Survey Open File Report 80-796.

Jacobi, J. D. 1989. Vegetation maps of the upland plant communities on the
islands of Hawai'i, Maul, Moloka'i, and Lana'i. U.S. Fish and Wildlife
Service, Cooperative National Park Resources Studies Unit, Technical Report
68.

Lockwood, J. P., P. W. Lipman, L. D. Petersen, and F. R. Warshauer. 1988.
Generalized ages of surface lava flows of Mauna Lea Volcano, Hawaii. U.S.
Geological Survey Misc. Investigations Series, Map I-1908.

Reed, P. B., Jr. 1988. National list of plant species that occur in wetlands:
Hawaii (Region H). U.S. Fish and Wildlife Service, Biological Report
88(26.13), Washington, DC.

Soil Survey Staff. 1975. Soil Taxonomy. Agriculture Handbook AH-436. USDA
Soil Conservation Service, Washington, D.C.

USDA Soil Conservation Service. 1973. Soil survey of the Island of Hawaii, State
of Hawaii. Washington, D.C.

USDA Soil Conservation Service. 1991. Hydric soils of the United States. Misc.
Publication No. 1491. Washington, D.C.

11



Table 1. Characteristics of field sites, Hawaii forest wetland study.
.i i , i i , ,, i

Site Elevation Flow Flow Plant Community Soil Map Unit 3 Location

Type Age 1 Type 2
i i i

1855 Row 3,740 ft Pahoehoe 138 yr Wet ',hi'a/matted fern rLW (Lava Rows, 19°41.48' N
(ol-2Me[W:mf, ng]) Pahoehoe) 155° 16.60' W

Ainaloa 750 ft Pahoehoe 350-500 yr Wet 'ohi'almixed rLW (Lava Flows, 19°30.91 ' N
grasses Pahoehoe) 154059.56 , W
(s1-2Me[W:mg, ns,xs])

i

Captain's 2,320 ft Pahoehoe 350-500 yr Wet ',hi'a/tree fern rKGD (Keel extremely 19°26.71 ' N
Drive (c2Me,nt[W:tf, ns]) rocky muck, 6-20% 15507.39 ' W

s|opes) 4

Pahoa 980 ft Aa 750-1000 We_ "ohi'a/introduced rMAD (Malama 19°26.52 ' N
yr shrubs extremely stony muck, 154056.84 ' W

(c3Me,nt[W:nt,xs]) 3-15% slopes)
a

Thurston 3,880 ft Ash and 203 yr Wet '.hi'a/tree fern rPHB (Puhimausilt loam, 19°24.92 ' N
Lava Tube cinders (c3Me,nt[W:tf, ns]) 2-6% slopes) 155°14.30' W

i

Tree 4,000 ft Pahoehoe 1,500- Wet "ohi'a/tree fern rKAD (Kahaluu 19°40.32 ' N
Planting 4,000 yr (c3Me,nt[W:ff, ns]) extremely rocky muck, 155° 17.03' W
Road 6-20% slopes)

Treeless 3,620 ft Pahoehoe 1,500- Bog rKGD (Keel extremely 19042.53 ' N
Bog 4,000 yr (W:bg,mg) rocky muck, 6-20% 155o16.34' W

slopes)
i

Wailuku 3,600 ft Pahoehoe 1,500- Wet ',hi'a/matted fern rKGD (Keel extremely 19042.59 " N
River Road 4,000 yr (o2Me,nt[W:mf]sng) rocky muck, 6-20% 155o16.18' W

slopes)

ace flow maps by Holc0mb (1980)and Lockwood et al. (1988).
2Classificationfollows that of Jacobi (1989).
3USDA Soil ConservationService (1973).
4All muck soilson the study sitesare classified as Tropofolists (USDA Soil Conservation Service 1973).
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Table 2. Summary of vegetation results, 1855 Flow.

i

SpeciesI Status Plot 1 Plot 2 Plot 3

1.1W I 1.2W I 1.3U I 1.4U I Plot 2.1W I 2.2W i 2.3U I 2.4U I Plot 3.1W I 3.2W I 3.3U I 3.4U I Plot

MAMA FACU H2 H H H H H H H H H H H H H
i

LYCE FAC H H H H H H H • H

DIM FACU H H H H H SH H H H H

MEPOIN UPL S S S S S S S

MEPOGL FAC + S

Hydrophyte Ratio3 112 1/3 OI2 112 0/3 OI2 1/3 OI2 012 0/3 1/4 1/3 1/3 012 2/5

Hydrophytic NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Vegetation

I Species codas as in TaMe 18. Only do_ninantspecies are shown.
2 T,,tree stratmn, S :,shrub stratum, H-herb stratum.
s Number of dominant species rated FAC (not counting FAC-), FACW, or OBL/totalnumber of dominantspecies.
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Table3. Summaryof soilandhydrologyresults,1855 Flow.

Characteristic Plot 1 Plot 2 Plot 3

1.1wl 1.2w I 1.3U I 1.4U I Plot' 2,1W I 2.2W I 2.3U ! 2.4U I Plot 3.1W J 3.2W i 3.3U I 3.4U I Plot
i i in i

Redox Potenti_'_(mV) 113 243 305 348 NA 230 154 271 283 NA 322 164 343 331 NA

O,aDipyridylz Pos Nag Nag Nag NA Nag Nag Nag Nag NA Nag Nag Nag Nag NA

HS Morphology None None None None NA None None None None NA None None None None NA

i. lluill i i ii

._.os. I _sI .oi .o .oi - I .oi .oi .oI .oI - U.oI .oi .oI .oI"
Depth to Free Wn_t_er 1" 1" O_ O NA 1" 5" la _ NA O" 4" O Q NA

I R_n___¢m,epo__ti_'on cd4 cd slope slope NA cd cd slope slope NA cd cd slope slope NA
i

w.,__,,_ J_,sI _,sI .oI.o I.: H_,sI _,_I .oI.o I-U _,sI _,sI .oI.o I-
I Plot-wide information not collected for soils end hydrology; columnsleft in table for congruence with vegetation tables.
z Pos,. positive and Nag--negative test for ferrous iron.
s • -- free water not observedabove 12 inches or to bedrock, whichever was shallower.
4 cd ,, closeddepression(micro-relict].

/
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Table 4. Summary of vegetadon results, Ainaloa.

.......... ,

Species ! Status Plot 1 Plot 2 Plot 3

,.,wi_._wI ,.3uI,.,uI .o, _.,wl_._wl_._u1_.4uI ,o, _;,wl_._wi_._ul_.4ui,o,
SCTE FACU H2 H H H

XYCO FACW H H H H H H - H
i

MEBA FACU S S S S S S S
i

MEPOIN UPL S S S TS

ANVI FACU H H H H H H H H H H
i

PTLO FACU H

SCSP - S
ii irl i

Hydrophyte Ratio= 112 112 OI3 013 1/5 112 1I1 OI2 O!1 OI4 1II 1I1 OI1 O/3 OI4

Hydrophytio NO NO NO NO NO NO YES NO NO NO YES "YES NO NO NO
Vegetation

,,......

I Species codes as in Table 18. Ordydominant species are shown.
"T,,tree stratum, S =shrub stratum, H :herb stratum.
s Number of dominantspecies rated FAC (not counting FAC-), FACW, or OBL/total numberof dominantspecies.
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Table 5. Summary of soil and hydrologyresults, Ainaloa.

Characteristic Plot 1 Plot 2 Plot 3

,.,w,.,wl,._°!,._I_°-',.,wl,.,w!,._oi,.,oi_o,_.,wi_.,wl_._°l_.__o,iii i i i i

Reclox Potential (mV) -52 189 339 331 NA 276 269 269 343 NA -20 -7 320 316 NA

o,o Dipyridyl 2 Nell Nag Nag Nag NA Nag Nag Nag Nag NA Poe Poe Nag Nell NA

HS Morphology Hieta Hiat None None NA Hist Hist None None NA Hist Hiet None None NA
,| ,, ,

Depth to Free Water 2" 2" • 4 O NA 2" 2' Q Q NA O" 3" • O NA

Landm Position bog bog dope dope NA bog bog elope dope NA bog bog dope slope NA

I w'_'_dr'_ I'" l,,s I .oI.o I._.I ,,sl_,sl.... .oi.o I-, _,_I ,E_I.o I .ol"
Plot-wide information not GoUeoted for soill and hydrology; columns left in table for congruence with vegetation tables.

2 Pos-poIttive and Nog,,nege_ive test for ferrous iron.

s Hiat ,, Hietesoi mo_hoiogy, not Foiist (USDA Soil Coneervetion Ser_c_ 19_1, p. 1; Environmental Laboratory 1987, p. 30).
4 _ ,, free water not oimrved above 12 inches or to bedrock, whiornever was shallower.
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Table 6. Summary of vegetation results, Captain's Drive.

Specim;I Status Plot 1 Plot 2 Plot 3

...... 1.1W I 1.2W i 1.3U I 1.4U I Plot 2.1WI 2.2W I ,2"3U 12.4u I not 3.1w I 3.2w I 3.3u I 3.4u i Plot
i

CIGL FAC S2 H S H S S SH
, , ., ,, ,.,

•LUPA OBL H H H

CYHA FACW + H H
,,., , ,, ,

HETE UPL H S S

MEPOGL FAC + T T T T

BRAR FAC S

DIU FACU S

PSCA FACU , H SH S

PSHA UPL H S SH S " H
i

PECL FAC S

FRAR FACU H H H H H H H
,,

CYPA FAC H
,,

CHTR FAC T

CICH FAC H

SEAR NI H

PESP - . H
==, , . , ,, , , , , ,, , ,',,,,

Hydrophyte Ratios 3/3 0/1 3/3 O/1 2/3 0/4 2/4 0/3 1/4 2/3 2/2 2/2 2/5 0/1 3/4

Hydrophytic YES NO YES NO YES NO NO NO NO YES YES YES NO NO YES
Vegetation

1 codesas iP Table 18. Only dominant species are Shown.
2T = tree stratum, S = shrub stratum, H = herb stratum.
s Number of dominant speciesrated FAC (not counting FAC-), FACW, or OBL/total number of dominant species.
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Table 7. Summary of soil and hydrologyresults, Captain's Drive.

Characteristic Plot 1 Plot 2 Plot 3

,.,wl,.,wi ,._°I,.4oi.o,,,.,wl,.,wI ,._°I,.,°.i.o,._.,wl_.,wi _._°I_._i ,o,
R_w___x Potential (mY) 22 14 104 310 NA 298 300 306 332 NA 71 31 297 294 NA

o,a _n_'_yHdyl2 Poe Pos Neg Neg NA Neg Neg Neg Neg NA Poe Poe Neg Neg NA

HS Moq)hoiogy None None None None NA None None None None NA None None None None NA

i

Depth to Free Water B, Q,eat Q • NA B B m B NA 1" 0 m • NA

WeelmldNydrology _ NO l NO ] NO ]NO ! NA I NO NO ] NO' ] NO I NA _ YES i,O J NO I NO ! NA

I Plot-wide information not oolleotad for soils and hydrology; columns left in table for congruence with vegetation tables.

z Pos--poitive end Nag-negative test for ferrous iron.
s B . free water not observed above 12 inches or to bedrock, wt-_chever was shallower; set = soil saturated to surface but free water clid not stand in soil pit.
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Table 8. Summary of vegetation results, Pahoa.

n ,,,, , ,,,., i , ,, i i ,

1
Species_ Status Plot 1 Plot 2 Plot 3

, ,

i[ iii i i ii i i i i ii

ATSA UPL H2
,,,

COAR UPL H S SH SH SH S I H S SH SH
,,,,.i

FRAR FACU H S

PSHA UPL T
i

EUUN UPt. S
,, i ii H

CASP - H
,

DIPE UPL H H H H H
i1|

THDE FACU H

MEPOMA FAC T T " T
i

ALMO UPL T T

NEMU FAC H H H H H
,

OPHI FACU H H H H
,_

PSCA FACU S TSH
.,

CIGL FAC i S S

CICH FAC S
. i i i. ,, , i,'

Hydrophyto Ratioa 0/3 0/3 014 012 114 1/3 111 112 111 4/9 1/3 013 011 0/4 114

HydrophylJc Vegetation NO NO NO NO NO NO YES NO YES NO NO NO NO NO NO
,,,

t Speciescodes as in TJbie 18. Only dominant species are shown.
2 T - use sUatum, S: shrub stratum, H = herb sUatum.
3 Number of dominant species rated FAC (not counting FAC-). FACW, or OBl./total number of dominant species.
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Table 9. Summary of soil and hydrology results, Pahoa.

........... ,, ,, i Ill, I I Ill III II Ill l, IIl II Ill

Ch_actedstic Plot 1 Plot 2 Plot 3
, , ,

i lllU[i iiiiiii ii i iiiiii i i i iii iii ii _ iiii ii ' i iii i

Redox Potentid L,'nV) 286 301 - 292 NA 310 290 292 270 NA 289 267 302 271 NA
, i, i i i i

o,a Dipyrid_ Nag Nag. Neg Neg NA Neg Neg Nag Neg NA Neg Neg Neg Neg NA
1 iii ,

HS Morphology None None None None NA None None None None NA None None None None NA

I " I I....... ! ....I I i I iHydric Soil NO NO NO NO NA NO NO NO. NO NA NO NO NO NO NA
IUIIIII ]1 III l I iiii ii iii l,, ii i i i i l ii i i

Depth to FreeWater lip O • • NA t_ O • I_ NA B li) • O NA,.

Landscape Po_don cd6 ¢d Mope Idope NA cd cd slope slope NA slope slope Mope slope NA
i rl i i|l i I"I i ii i i 'L ,iml

Iw..-_, i.o I.o .o .o I., .........I.o i.o I.o ,o I., I.o !.o I.o I.o I.,
I Plot-wide information not oollect_ for soils and hydrology; _ _ in table for congruence with vegetationtables.
2 Pos-pc4idve and Neg-negadve test for ferrous iron.
= O -, free water not observed above 12 inahes or to bedrock, whichever was shallower.
"(:d ,- dosed depression (micro-relief).
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Table 11. Summary of soil and hydrology results, Thurston Lava Tube.

HI I

Plot 1 Plot 2 Plot 3

i i i I i i i i

R_-,f_a_xPoten__fia!_(mV) 270 195 279 284 NA 305 309 269 283 NA 296 276 312 306 NA

a.a _r_,/e_l z Neg Neg Neg Neg NA Neg Neg Neg Neg NA Neg Neg Neg Neg NAi,i

HIS Iu,"T_ None None None None NA Norm gley _ None None i NA None None None None NAi i i|lllll lll

_s_ .oI- .o .o -,I .° I_-.... I .°i'!..ol-i.° !.o I.o i",l"
Depth to Free W__ _ O e • NA m O 8 _ NA _ _ _1 _ NA

J.._._-- _ slope slope slope idope NA cd s slope slope 81ol)o NA slope slope slope slope NA

w__._ I.o .oI.o !.o !-!.oi .o!.o....i.o I-B.ol .oi.o .o!,,.
Plot-wide information not collectad for soils and hydrology; columns left in table for congruence with vegetation tables.

z Pos-positive and Nog-nogativo test for fe_rous iron.
= gley - matrix with chroma of ! or less and high value (Environmental Laboratory 1987, p. 31).
• ID -, Ires water not observed above 12 i_ or to bedrock, whichever was shallower.

s od ,, dosed depression (micro-relief). I
I

22



o

Table 12. Summary of vegetation results, TreeRantingRoad.

i

Speciu _ Status Ptot 1 Plot 2 Rot 3

ATSA UPL Hz H H H H H

BRAR FAC S

COOC FAC H

CHTR FAC T

MEPOGL FAC + T T T

CK;L FAC S S S S S S

LUPA OBL H H

HYDE FAC H

SACY FACU S

DRSP - H H H

THCY FACU H H H H

CAAL FACW + H H

MIST FAC H

H
RURO FAC- s

i AT?_ FAC H

I Hydrophyto Ratio= - 011 011 2/2 3/4 111 1/1 012 1I1 516 1I1 - 1/3 2/3 2/5F

Hydrophybc - NO NO YES YES YES YES NO YES YES YES - NO YES NO
Vegetation

' Speciescodos N in Tablo 18. Only dominant spociosaro shown.
z T-tree stratum, S-shrub stratum, H :herb stratum.
a Number of dominant species rated FAC (not counting FAC-), FACW, or OBLJtotalnumber of dominant species.
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Table 13. Summary of soil and hydrology results, Tree Ptanting Road.

.... i i i i i,i i

Characteristic Plot 1 Plot 2 Plot3
,,,

i i i

Redox Potandal (mV) 356 363 351 330 NA -46 38 342 346 NA 245 -49 360 358 NA
ii ii

O,g Di_ z Neg Ne9 Neg Neg NA Pes Poe Neg Neg NA Neg Pos Neg Neg NA

HIS_ None None None None NA None mtl4r_ None None NA Norm mtls None None NA
'l ii i. i

ii I, i i i i i| i i

Depth to Free Water I_ B m B NA B, _,sat B,sat t_l NA O 0" _ t_ NA
sat'

I

w.._,_ i.o I.o I.o I.o I-l,o I.o I.o....I .oi- ....I.o I_1 .oi .o!.,
t Plat-wlde information not collected for soilsend hydrology; columns left in table for congruencewith vegetationtables.
"Pes-pesieve endNog,,_ test forferrousiron.
=mtls - mottles in matrix with 2 chromeand highvalue colors (EnvironmentalLabermory 1987, p. 31); appliedto organichorizonbecm_ of very highmineral content.
4 m - free water not ol)tmnmd above 12 inches or to bedrock, whichever was shallower.
s set ,, soil salurated to surfece but free water did not stand in soil pit.
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Tabte 14. Summary of vegetal_on results, Treeless Bog.

species _ status Plot 1 Plot 2 Plot 3

,.,w'-_w]._w,o, ,.,w_w =.,w],,o,_.,wl_._l_._wl_
ANVI FACU H2 H H H

RHCA FACW H H H H H

ELCA OBL H H H H H H H H H H H

JUPL FACW H H H
T|

Hydrophyte Ralio 3 2/2 112 3/3 112 111 112 111 112 2J2 2/2 2/2 2/2

Hydrophyti© YES NO YES NO YES NO YES NO YES YES YES YES
V_on

: Species oodes as in Table 18. Only do_mnt spedes are shown.
2 T-tree stratum, S- shrub stratum, H- herb stratum (see text for definitions).
s Number of dominant species rated FAC (not counting FAC-), FACW, or OBL/totai number of dominant species.
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Table 15. Summary of soil and hydrology results, Treeless Boo.

Cheraotedltio Plot 1 Rot 2 Plot 3
L

,,w ,_w ,_w _o, _,w_w _+wI _o, _,w ,,_wi ,_w _o,
l

I I i

Rodox Potential (mV) 49 65 -12 NA 96 112 113 NA 66 47 40 NA
ii|l

o.o Dtpyfklyl z Poe -- - NA .... NA - - - NA

HS Morphology Hiesa Hies Hies NA Hies Hiss Hies NA Hies Hies Hies NA
III I

[]

Hydric Soil YES YES YES NA YES YES .YES NA ! YES YES YES NA
I

Depth to free watw O" O" O" NA O" O" O" NA O" O" O" NA
i

LmndsompePosition bog bog bog NA bog bog boo NA bog boo bog NA

I Mot-wide information not ooileoted for soils and hydrology; columns left in table for congmenco with vegetation tables.
2 Pol,,poMtive and Neo-negestve test for ferrous iron (- indicates no data).

a Hist ,, Hiesosoi morphology, not Folies (USDA Soil Conservation Service 1991. p. 1; Environmental Laboratory 1987. p. 30).
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Table 17. Summary of soil and hydrologyresults, Wailuku River Road.

i

Characteristic Plot 1 Plot 2 Plot 3

Redox PotenlJal (mV) 382 407 317 393 314 NA 120 361 104 339 NA 378 408 332 351 NA

O. o Dipyddylz - - Neg Neg Neg - NA Neg Neg Poe Neg NA Neg Neg Neg Neg NA

HS Morphology - giey: None None None NA gley giey gtey gioy NA None gioy None gley NA

,o ,..o .oi.oI-N,. ,. ,..oi-l.ol,..oi,. -
I

w.__,_ .°1 .° ,- .°l.°i-i.°l.° ,- .°i,-"l,- .°[.°!.° -
1Plot-wideinformation not oollootedfor soils and hydrology;columns loft in table for congruencewith vegetation tables.
• Poem_ and Negmnegative temtfor ferrous iron.
s oiey ,, gleyed matrix with ohroma of 1 or less and highvalue (Environmental Laboratory 1987, p. 31 ); appliedto organic horizonbecauseof very high mineralcontent.
4 • ,, no free water noted to bedrock.

i
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Table 18. Speciescodes and indicator status for dominant speciesidentified on
sample plots.

Code Scientific Name Status

ALMO Aleurites moluccana UPL
ANVI Andropogonvirginicus FACU
ATMI Athyrium microphyUum FAC
ATSA Athyrium sandwichianum UPL
BRAR Broussaisiaarguta FAC
CAAL Carex alUgata FACW +
CASP CaUistopterissp.
CHTR Cheirodendrontrigynum FAC
CICH Cibotium chamissoi FAC
CIGL Cibotium glaucum FAC
CLPA Clermontia parviflora FACU
COAR Coffea arabica UPL
COOC Coprosmaochracea FAC
COSP Coprosmasp.
CYHA Cyperus haspan FACW +
CYPA Cyrtandra paludosa FAC
DILl Dicranopterislinearis FACU
DIPE Dioscoreapentaphylla UPL
DRSP Dryopterissp.
ELCA Eleochariscalva OBL
EUUN Eugeniauniflora UPL
FRAR Freycinetiaarborea FACU
HETE Hedyotis terminalis UPL
HYDE Hypericumdegeneri FAC
ILAN Ilex anomala FACU
ISDI Isachnedistichophylla FAC
JUPL Juncus planifolius FACW
LUPA Ludwigia palustris OBL
LYCE Lycopodiumcernuum FAC
MAMA Machaerina mariscoides FACU
MEBA Melastoma malabathricum FACU
MEPO Metrosiderospolymorpha FAC-
MEPOGL Metrosiderospolymorphavat. glaberrima FAC+
MEPOIN Metrosiderospolymorphavar. incana UPL
MEPOMA Metrosiderospolymorphavar. macrophylla FAC

(Continued)
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Table 18. Concluded.

Code $c,lentific Name Status

MIST Microlaena stipoides FAC
MYLA Myrsine lanalensis UPL
NEMU Nephrolepus multiflora FAC
OPHI Oplismenushirtellus FACU ..
PAUR Paspalum urvillei FAC
PECL Peleaclusiifolia FAC
PESP Peperomiasp.
PSCA Psidiumcattleianum FACU
PSHA Psychotria hawaiiensis UPL
PTLO Pteris Iongifolia FACU
RHCA Rhynchosporacaduca FACW
RURO Rubus rosifolius FAC-
SACY Sadleria cyatheoides FACU
SCSP Scaevola sp.
SCTE Scleria testacea FACU
SEAR Selaginellaarbuscula NI
STOW Sticherus owhyhensis UPL
THCY Thelypteris cyatheoides FACU
THDE Thelypteris dentata FACU
UNUN Uncinia uncinata FAC
VACA Vaccinium calycinum FAC
XYCO Xyris complanata FACW
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Table 19. Summary of wetland determinationsat Hawaiian wet forest field sitesI.

Plot 1 Mot 2 Ph)t3

,., ,.,
1855 Flow NO NO NO NO - NO NO NO NO NO NO NO NO

(YES)

Ainaloa NO NO NO NO - NO YES NO NO YES YES NO NO
(YES) WESI (YESI

Captain's Orive NO NO NO NO - NO NO NO NO YES NO NO NO
(YES) (YES) (YES)

Paho___ NO NO NO NO - NO NO NO NO NO NO NO NO

Thuraton Lava NO NO NO NO - NO NO NO NO NO NO NO NO I

T;-he_

Tree Planting NO NO NO NO - NO NO NO NO NO" NO NO NO
R_r'__d (YES) (YES) (YES)

Treeless Bog YES NO YES -- - YES NO YES - YES YES YES -
(YES) (YES) "

Wailuku River NO NO NO NO NO NO NO NO NO NO NO NO NO
Rr,=_--d_ (YES) ii

1 _ given first is conservatively based strict_ on presence of indicators at tl'm time of sampling (Tables 2-17). Conclusionsin
parentheses are based on weight of evidence and professionaljudgment, given that (1) our sampling period was at the very end of the
dry season, when water tables may have been lacking in depressionsthat will retain water for long periods later in the rainyseason, and
(2) vegatation decisionswere often based on very small numbersof dominants (see l_xt for details).
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Figure 1. Locationof study sites on the Islandof Hawaii.
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