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ABSTRACT

The distribution of fungl in soils along the Mauna Loa Transect was deter-
mined by an approach employing specific fungal reference genera, selective
{aolation methods, and a combination of analytical techniques. Two sets of
trangsect zones were determined on the basis of fungel digtribution. The
influence of environmental factors, particularly those relating to soil, vascular
plant communities, and climate, are interpreted according to distribution
patterns. The distribution of fungal groups coincided clearly with vascular
plant communities of the transect as defined by other studies. Features of the
structure, stability, and development of fungal communities, and of the ecological
roles of certain fungi are indicated by the results. The composition, spatial
distribution, and environmental relationships of fungal communities along the
Mauna Loa Transect are compared with situvations in other insular and continentsl
ecosystems in order to further characterize and elucidate the ecology af the
Hawaiian soil-borne mycoflora. An overall evaluation of the research indicates
that the selective methods employed to evaluate fungal distribution represent

an effective approach to ecosystem analysis on & broad scale.
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INTRODUCTION

The fungi generally are ubiquitous and important, although often inconspic-
uous, comwponents of functioning ecosystems. As heterotrophilc organisms with
various roles and capacities for degrading sugars, cellulose, lignin, proteins
and other biochemicals, and for participating in sywblotic relationships with
plants and apimals, the fungil contribute importantly to decomposition, nutrient
cycling, soll~bullding, the welfare of other biota, and other essential sspects
of ecosystems. The importance of fungl prompted mycologlcal studies asg integral
projects of the Hawail IBP, Island Ecosystems Integrated Research Program (IRE),

An understanding of the purposes and design of mycological work within the
IRP might be bast understood after a brief review of the scope and cobjectives of
the Hawaiil IBP (Mueller-Dombods 1975), The broader research aims of the IRP are
to elucidate unlque aspects of igland ecosystems to facilitate effective manage-
ment of wildlands and the conservation of natural resources. The general,
long-term objectives which have guided the program point to an ultimate
understanding of the mechanisms of speciation, the stasbility and fragility of
ecosystems, and the rates of evolution in different groups of organisns.
Specific research proiects have been focused on the spatial distribution and
temporal relatiomships of island biota; on community structure and niche
differentistion; and on the genetic variatfon within island species. Study areas
are in the general vicinity of ¥ilauea Volcane on the east flank of Mauna Loa,

a geclogically young, volcanic mountain on the island of Hawaii (Fig., 1).

Several transects and study areas on Hawail were established for the IRP and
allied studies, One major transect is an altitudinal, environmental gradient
known as the Mauna Loa Tranaect, which extends from a rain forest at 3920 ft
{1195 m) through mesic forests, savanna, and scrub to an alpine area at 10,000 ft
(3050 m} (Fig. 2).

Research on the ecology of soll-borne fungi reported herein has dealt
primarily with the spatlial distribution of island species along the Mauna Lea
Transect {Fig. 2), the structure of fungal communities, and certain aspects of
niche differentiation. The research was designed to satisfy the concepts of
spatial integration and hieravrchical sampling defined for the IRP (Mueller-Dombois
1973) in order to contribute to s synthesis of understanding of the biota,
thereby facflitating the delineation, further investigation, and management of
island ecosystems.

Research on the nature and ecology of root- and soil-borme fungi aessoclated



~ « LEEWARD
. ISLANDS

FIG. 1. Generalized topographic profile of the Hawaiian Islands. (From Mueller-Dombois 1975.)
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with noncultivated goils Iin montane, endemic plant communities of Hawaii has
been very limited (Aragaki, Laemmlen and Nishijima 1972; Baker 1964, 1968;
Laemmlen and Bega 1974). Baker (1964) presented an appraisal of knowledge on
Hawaiian fungil before the inception of the IRP and other projects. Most recent
gtudies have been connected with the YBP (Baker, Dunn and Sakai 1974; Stoner
1974a; Stoner, Baker and Stoner 1973) or with research on cohia forest “decline”
(Bega 1974; Kliejunas and Ko 1973; Petteys, Burgan and Nelson 1973).

BASIC RESEARCH PLAR

This research included two major, interrelated phases: (1) a preliminary
study for the selection, evaluation and/or refinement of field sites, methods,
materialg, and groups of fungi to be investigated; and {2) the subsequent,
principal research on fungal distribution along the entire Mauna Loa Trangect.
Phase 1 (Stoner, Baker and Stoner 1973) was especially important in the determi-
nation of which fungl would be egtudied in Phase 2. 1In Phase 2, data regarding
the distribution of fungl was analyzed by objective and subjective techmiques to
determine the location and structure of fungal communities and to reveal other
ecological relationships.

The principal research plan was based on a working hypothesis that the
altitudinal distribution and ecological significance of soil fyngl and fungal
communities on the Mauna Loa Transect could be meaningfully determined and
evaluated by studying the individual or group-occurrence of a limited number of
selected "reference' genera and species. Reference fungl are defined as those
genera or specles that are sufficiently represented and distributed along the
Mawna Loa Transect to support statistical and subjective analyses; that belong
to major taxa generally associated with key ecological roles {e.g. celluloge vs.
simple sugar decomposition) or habitats (e.g. root-inhablting vs. humus-
decomposing) in the soil-plant root environment; that support intersite compar-
isons; that could be detected accurately by methods that would support a
realistic, feasible approach to the extensgive sampling ares; and that could
support intercompariscons of island and continental ecosystems based on avallable
ldterature.

The approach used iun this research, which focuses attention on predetermined
reference fungl and employs methods that ensure their selective 1solation, 1s a

gubstantial departure from previous methodologies in soli-fungus ecology



(Griffin 1972; Parkinson 1960; Parkinson, Gray and Williams 1971; Warcup 1960).
This is essentially opposite to the general, floristie analyses of earlier
studies wherein any selectivity was unintentional or accepted as a limitation of
techniques that frustrated the basic goal of achieving a more complete account
of fungi.

In some e¢arlier studies, such as those made by Tresner, Backus, and Curtis
(1954) and by Christensen (1960), the number of fungi employed in ecological
comparisons of soils was limited according to predetermined limits regarding the
frequency of occurrence in isolation plates. However, the kinds of fungi
igolated in these studies were determined largely by the very limited range of
media emploved rather than by any planned selection of genera or species. Other
studies, such as those performed by Warcup (1950, 1951}, Mueller-Dombois and
Perera (1971) and others, have been aimed at broader and more complete {less
selective), floristic determinations of the soll mycoflora. While some techniques
used in such studies may have promoted the isolation of genera or specles missed
by other methods, the factor of unintentional selectivity was still involved,
and the fungl found were limited primarily by the methods, not by specific plan
of the jnvestigator.

These earlier, standard approaches have produced much useful ecological
information. In most cases, however, they have been influenced to some extent
by floristic concepts and their attendant, relatively cumbersome methods. The
nonselective, floristic appreach, while especially useful in the earlier stages
of soil mycology, is no longer considered as an essential, most advantageous, or
realistic avenue in the ecology of soil-borne fungl {Griffin 1972). In view of
current mycologlcal knowledge, it is clear that even the most intensive floristic
surveys of fungi in soils probably do not detect a large number of the fungi
present. While earlier methods are still valid and important in many applica-
tions, new approaches are needad to facilitate a broader range of advanced
ecological studies. Consldering the foregoing and, specifically, the point that
any method or medium used to study soil fungl is inherently species-selective to
some degree, it would seem appropriate and practical to harness selectivity and
utflize 1t in a planned appreoach to fungal ecology. The reference group-
selective approach reported herein is considered as an effective alternative to
older techniques for mycological ecosystem analysils, particularly for extensive

regearch proiects such as the Hawaili IBP.



PRELIMINARY STUDY

Consldering the paucity of knowledge on the mycoflora of noncultivated soils
of montane, endemile plant communities in Hawail, it was necessgary at the onset to
determine by a general survey which fungi existed in Ay soils along the Mauna Loa
Transect. This preliminary survey was the primcipal basls for the selection of

reference genera for Phase 2.

Methods and Materials

Selection of Bites

Fellowing a review of information on the Mauna Loa Transect and field
inspections of the gradient in 1972, four soil collection sites were chosen for
the preliminary study. These sites, which are described in detaill 1n Appendix 1,
were selected primarily for the determination of the general fungus flora on the
transect. 8ioce a relatively exhaustive serles of isoliations and identifications
was anticipated, the sites for Phase 1 were dellberately limited in numbey, It
was asgumed that a few sites located at intermediate low and high elevations
and climatic areas on the transect and in the vicinity of dominant vascular
plants would provide a reasonable sampling of the mycoflora for the purpose of
selecting reference genera. Sites 1 and 2 were at Kipuka Puaulu (Bird Park) at
1224 m (4000 ft) elevation. Soil at Site 1 was in the root zone of koa trees
(Acacia koa var. hawaiiengis Rock} and some shrubs (Appendix 1); Site 2, in the
root zone of ohia trees (Metrosideros collina (Forst.) Gray var. polymorpha
(Gaud.) Rock}. Sites 3 and 4 were at the 2040 » elevation. Apain, the sites

differed with respect to the root zone influence of koa and ohia.
Additional inspections of the transect in July and August 1972 were
performed to select additiomal sites for Phase 2 of the research.

Collection and Handling of Soil Samples

The Al or uppermost mineral horizon, which 1s darkened by incorporated
organic matter (Griffin 1972, Wilde 1966), was selected for study. Previous
studies have shown that a majority of soil fungl found in the various horizons
of many soils usually can be recovered from the Al horizon (Griffin 1972; Tresner,
Bachus, and Curtis 1954; Warcup 1951). Furthermore, there is strong evidence
that fingal activity generally is highest in this horizon {(Griffin 1972; Warcup
1951},



Collection

The procedures for handling and storage of soil used in this research were
selected to minimize changes in the viability and detectability of the soil
microflora, and are supported by previous research (Chu and Stoner 1971;

Stotzky, Goos and Timonin 1962).

Solls were collected at 5 different points or relevés within a square area
approximately 10 m x 10 m at each site. The litter, humus, and about 6 mm of
surface soll were removed from each collection point to avoid contamination of
the pit area. A small pit with vertical walls was dug at each point to permit
the collection of a sample and the study of the soll structure. Soll was
collected with a clean {(washed and dried), metal tool which was inserted
horizontally into the Al horizon of the pit wall about 50-75 mm below the surface.
Ample soll for bilotic and physical analyses was placed in Whirl-Pak plastic bags
which were sealed and stored in a cool, shaded place; within a few hours of
collection the soil samples were stored at 4-6°C until used (up to one week)
for isolations.

All soil samples were collected in July 1972 during the driest period of
the year with no recent rain (Bridges and Carey 1973). Without recent, major
fluctuations in moisture content and related blological activity, the soils along

the entire transect were in a preferable state for blotic comparisoms.

Preparation of Composite Soil Samples

Each site was represented initially by five separate soil samples. Just
prior to analyses, portions of samples were passed through a 2-mm soil sieve to
remove roots, stones, and concretions. Gravimetrically equal portions of each of
the five samples from any site were thoroughly mixed to form the composite
sample. Biotic and physical analyses were conducted using composite samples.
Each geographic site was then represented by one composite sample which, in turn,
was expected to furnish a general consensus of the blotic and physical

characteristics of the area.

Dry Weight Equivalent

The meisture content of each composite sample was determined by the oven
drying procedure {(Black 1965; Johnson and Curl 1972; Thies and Patton 1970) so
that assays of microbial populations could be performed on oven-dry-weight-

equivalent amounts of fresh, field-moist soll. Use of the dry-weight-equivalent



allowed population comparisons between different sites based on propagules per
gram of oven=-dry soil, thus correcting for differences in the fresh weight of

soils attributed to moisture content at the time of collection.

Mycological Media

A nunber of culture media, which are defined in Appendix 2, were employed
1n Phase 1 to facllitate a general assay of fumgi present in collected soils.
The medla were evaluated also for potential use in Phase 2. All fungal isolation
media contained antibiotics (designated by +) to inhibit bacterial growth. Some
contained Tergitol NPX, a surfactant that retards mycelial growth in some
vigorous funpi such as Trichoderma and Mucor {(Lee 1970; Steiner and Watson 1965).

The general isolation media for fungi included corn meal agar (CMA+), diet-food
agar (DFA+), potato-dextrose agar (PDA+), sodium caseinate agar (S8CA+), and
soll-grass extract agar (SGA+). General actinomycetes and bacteria were isolated
and fdentified on SCA. Two very selective medis, alpha-cellulose agar (ACA+H;
with cellulose as the sole source of carbon for lsolating cellulose~degrading
fungi) and V-8 juice agar with benomyl {(an anti-Ascomycete chemical) (V-8A+, for
Phycomycetes, particularly the Oomycetes and Mucorales) were evaluated, All media
were stored at 6°C until used. Sodium caseinate agar (SCA+) was used to provide
information on the general population levels of actinomycetes and bacteria in
order £o furnish an overview of microbial distribution in studied soils.

Some fuangl were identified directly on 1isolation media; others were sub-
cultured onto media without antibilotlcs or surfactants. CMA, DFA, PDA, and

V-8A were used for general identificatioms. Aspergillus, Gliocladium and
Penicillium speciles were identified on Czapek (CZA} and malt extract agars (MXA)
according to standard procedures (Raper and Fennell 1965; Raper, Thom and
Fennell 1968). Fusarium species were cultured on PDA made from fresh potatces

{Touszoun and Nelson 1968).

Isolation, Tdentification, and Quantitation of Fungi

Iaclation Techamiques

From the standpoint of feasibility, a decision was made at the onset of
Phase 1 to teat standard, proven techniqueg (Griffin 1972; Stoner 1974b, Warcup
1960) that could facilitate the extensive sampling of the Mauna Loa Transect and

the isolation of reference genera anticipated for Phase 2. Three related



techniques were tegsted: a modification of the standard dilution-plating method,
referred to here as the spread-plate technique; the soil-plate method; and the
soll-washing method, The inherent fungal selectivity in these methods was not
considered a significant limitation because of the basic research plan. These
methods were modified slightly to expedite and improve sampling procedures.
Tests of these methods were incorporated in the preliminary survey of soil-borne
fungi.

Soil-Dilvtion Spread-Flate Method

This method is a very useful variation of the standard dilution-plating
technique described by Johmson and Curl (1972). Rather than mixing portions of
diluted soil with melted agar just prior to plating as in standard dilution
plating, 0.5 ml aliquots of measured sample suspensions prepared in 0.1% water
agar instead of pure water (Smyder, Nash and Trujillo 1959) were spread uniformly
over the surface of solidified agar media in petri dishes (Paharia and Kommedahl
1954). The use of 0.1% water agar as a diluent helped to keep the entire soil
sample in suspension. This offered a distinct advantage over the use of pure
water, thus virtually elisinating one significant disadvantage of classic
dilution plating of soil.

Media in petri dishes were allowed to "dry" (age) for about 72 hr prier to
use (Paharia and Xommedahl 1956) to eliminate free surface water on the plates
and thus to promote optimal distribution of propagules and separate, clear colony
development., The water agar suspensions were pipetted onto plates and distributed
uniformly by sterile, bent, 3~mm diameter glass rods. Other modifications of the

baslic method are discussed under Isolation and Quantitation of Fungi.
Soil~Plate Method

In this method, small crumbs of soil (approximately 0.005~0,.01 g) were mixed
by crushing and stirring with melted but cooled {45-50°C) agar media in petri
dishes (Warcup 1950). This method places propagules within the medium as well as
at the surface. It also ensures that the whole soil sample is added to plates,
something that 1s not always easily achieved in clder diluticon-plating techmiques
using pure water ag a diluent.

Soil-Washing Method

This method (Watson 1960) is simllar to the dilution~plate technique.

However, prior to preparation of the dilution series and plating, each measured
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soll sample was subjected to a series of washings until the decanted (discarded}
wash water was clear., What remained of the soil sampie to be plated were the
larger, but still mostly fine, soll particles. The method was aimed at detection
of particle~bound propagules that might be “overshadowed” by more numerocus free
elements in soll. In this research, the washed soll was diluted with 0.1% water
agar and plated by the spread-plate technique onto aged media. In addition,
washed soil was processed by the soil plate technique.

Incubation of Soil Plates

Plates were incubated unstacked, on flat table tops, under l2-hr/day
1llumination from flucrescent lights in a room with an ambient temperature of
23-25°C. Most colonies were ready for counting and isolation in 3-10 days from
the time of plating; a few fungl appeared in 15-20 days. All plates were
observed for at least 30 days. The speed of growth was partly 2 function of the

selective media. Specific comments are included in Appendix 2.

Identification of Fungi

Individoal fungl were numbered and isclated into axenic culture on suitable
media {Appendix 2) for ddentification. Similar fungi were grouped
early to expedite identifilcation.

Many manuals and other references were used for general identifications
{von Arx 1970; Barnett and Hunter 1972; Barron 1968; Dennis 1968; Domsche and
Gams 1972; Ellis 1971; Gams 1971; Gilwan 1957; and Hughes 1951). Groups
identified primarily by standard methods or references included Aspergillus
{Raper and Tennell 1965), Chaetowium (Ames 1963; Seth 1970), Cylindrocarpon
{Booth 1966}, Fusarium (by the Snyder and Hansen system: Messiaen 1959; Synder

and Toussoun 1965; Toussoun and Helson 1968}, Mucorales {Gilman 1957; Zycha,
Siepmann and Linneman 1969), Penicillium (Raper, Thom and Fennell 1968),
Papulagpora (Hotson 1942), Pestalotia (Guba 1961), Pythium (Waterhouse 1967,
1968; Hendrix and Papa 1975). Information on media used in identifications is
provided in Appendix 2.

Actinomycetes and bacterla were not specifically identified.

Detection and Quantitation of Fungl

The golil-dilution spread-plate technique, by nature, was the only method
that supported accurate measurement of microbial populations. It is realized,

of course, that what is considered a measurement of the population Is based on
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countable colonies on isolation plates. These numbers may not accurately
represent actual soil population levels; they are interpreted at least as
relative measurements of population sizes which can be used for intersite
comparisons within a species.

To support accurate quantitatjon, 10 g (dry-weight equivalent) of each
compoaite soil sample was used to make the initial 1:10 (w/v) dilutiomn of a
series. The 1:10 mixture was first shaken by hand and then stirred for 10 min
on a magnatic stirring unit to ensure complete homogenization and suspension of
soll in the 0.1% water agar carrier. Additional dilutions were initiated
immediately after stirring. This procedure ensured that the original, whole sgoil
sample was well represented in all dllutions,

For fungl, serial dilutionsg of 1:10- 1:104 were used; for actinomycetes and
bacteria, dilutions up to 1:166. A range of dilutions was used in all studies
to obtain optimal colony counts per plate (Garrett 1951) and thereby maximize the
determination of populations and the recovery of potential reference species.

The inclusion of high dilutions which yielded few counts per plate was intended
to promote the Isolation of specles that might be otherwise inhibited or masked
by competing species {(Warcup 1960). As could be expected, the more gelective the
fungal media, the lower the optimal dilutiong, 1In a very selective medium such
as V8-A+ for Phycomycetes, dilutions of 1:10 and 1:100 were generally optimal,
The 1:1000~ 1:5000 dilutiong were usually optimal for the nonselective fungal
media and counts of "total fumgi.” Counts of actinomycetes and bacteria were
routinely done on the 1:105 dilution plates.

Results and Conclusions

Fungi and Fungal Communities

Over 500 fungl were isolated. Some fungi were isolated repeatedly, s¢ the
total oumber of different species ildentified was 67. Of these, approximately 3%
were Oomycetes; 3% Ascomycetes; 10% Zygomycetes (Mucorales); 827 Fungl Imperfecti;
and 2% Mycelia Sterilia and Basidiomycetes. The distribution of these fungi
according to the four transect sites is shown in Table 1. Detailed information en
the fungi and the relative population sizes is presented in Appendix 3.

The most common genera were Absidia, Cylindrocarpon, Fusarium, Gliocladium,

Mucor, Mortierella, Penicillium, Pythium, Trichoderma, and Verticillium. Certain

fungl, such as Cephalosporium, Cordana, Pyrenochaeta, and Festalotla were very
limited in distributiocn.




TABLE 1. Distribution of fungi among soil cellection relevés on Mauna Loa Transect, 1972.

Acacia koa relevé only

At both relevég

Metrosidercs relevé only

Kipuka Puaulu (1224-m level)
13 izolates

Chloridium chlamyéaspofis
Cordana pauciseptata
Cylindrocarpon destructans
C. obtusisporum
Doratomyces microsporum
Pepnicillium diversum

2. implicatum

P. lanosum

P. lilacinum

Phialophora sp.

Pythium spinosum
Stilbella bulbicola

Verticillium chlamydosporium

20 isoclates

Absidia splnosa
Cephalosporlum acremonium
Cylindrocarpon lueidum
Fusariun oxysporum

F. solani

Gliocladium deliquescens
3. roseum

Gliomastix murorum var. felina
Humicola fuscoatra
Mortierella rasmanniana
Mucor globosus
Paecilomyces carneus
Penicillium jenthinellum
P, nigricans

P. rugulosum

P, variabile

Pyrenochaeta decipiens
Pythium sp.

Spicaria violacea

Trichoderma viride

9 disclates

Anlxiopsis sp.
Chalaropsis sp.
Coniothyrium sp.
Cylindrocarpon candidum
C. ianthothele
Gliocladium vermoeseni
Mortierella isabellina
Myrothecium verrucaria

Sphasrosporium sp.



TABLE 1 Continued.

Acacia koa relevé only

At both relevés

Metrosideros relevé only

End of Strip Road (2040-m level)

19 isolates

Abgidia glauca

Aspergillus sydowi
Colletotrichum sp.
Cylindrocarpon destructans
C. cobtusisporum

Fusarium oxXysporum

¥. solani

Gliccladium deliquescens
Gliomastix wurorum var. felina
Mucor hiemalis

M. jansseni

Pepicillium avrantio~virens
P, chermesinum

P. citrinum

P. corylophilum

P, freguentans

P, kapuscinski

Pythium sp.

Trichoderma viride

7 isol@tes

Absidia spinosa
Cephalosporium acremonium
Gliccladium roseum
Mortierella ramanniana
Paecilomyces carngus
Panicillium nigricans

Pestalotia planimi

18 isolates

Cephalosporium curtipes
Chaetomium fusigporale
Cladosporium ¢ladosporicides
C. oxysporum

Curvularia verruculosa
Fusarium sp.

Humieola fuscoatra
Myrothecium verrucaria
Papulogpora ilrregularis
Penicillium clavigerum

P. commune

P, funiculosun

P. janthinellum

P. lanosum

P. psittacipum

P. variabile

Verticillium chlamydosporium

?. lecanii
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The major cellulelytic fungi, as determined by isolation on ACA+, were
Chaetomium, Gliocladium, Paecilomyces, Penicllilium, and Trichoderma. Pendeillium
and Gliocladium species were isolated from all soils on ACA+. Gliocladium

deliquescens was very common. Fusarium was noted infrequently.

Additional comments on the differential occurrence of fungi are included

under Selection of Reference Fungi.

General Microbial Populations

Table 2 indicates the comparatlve levels of general microbial populations in
the assayed soils. At both elevations, the koa relevés showed greater populations
of actinomycetes, fungi, and bacteria than the ohia relevés; this was more
pronounced at the higher elevation. No definite explanation is offered for this
difference. Subsequent vresearch did not support the hypothesis of a tree~related
effect.

Evaluation of Methods and Materisls

Isclation Methods

The soil~dilution spread-plate method was judged best for Phase 2 research
for several reagons. First, the soil-plate and soll-washing techniques, as
tested, offered no real improvement over the soil-dilution spread-plate method in
the detection of fungi. The former methods detected only 9 identified species
that were not found on spread plates (Appendix 3). Moreover, an even greater
percentage of the total identified species were not detected by the soil-plate
and soll-waghing techniques. Only 3 genera were found exclusively by the soll-
plate or soil-washing methods, and these fungl were not in the major groups which
gqualified well as reference types for Phase 2. The soil-plate technique has no
definite advantage over soil-dilution wmethods as an indicator of fungal activity
in soils (Warcup 1960). The results of this research, compared with comments in
the literature, suggest that the value of the soil-plate technique as reported by
Warcup (1950) depends a great deal on the particular soil studied.

Resuits show that the scil-dilution spread-plate technique used together
with specially formulated, selective 1sclation media and 0.1Z water agar as the
diluent and carrier for gsoil supported the most uniform, reproducible counts and
isolations. The technique allowed for quantitative estimation of propagules per

wnit of soil. 7The advantages of the technique were further enhanced by the
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TABLE 2. Comparative levels of general mlcrebial populations in soils along
the Mauna Loa Transect, as determined by the use of relatively
non~selective media. Populations zre expressed as propagules per
gram oven-~dry soll.

I8P Focal

Scil 8ite site (No.) Actinomycetes Bacteria Fungi
Kipuka Puaulu (3)
Acacia Esa 8,300,00 18,100,000 448,000
relevé
Metrogideros 1, 800,000 4,800,000 100,000
releve
End of Strip Road  (12)
Acacia koa 8,200,000 16,860,000 500,000
relevé
Metrosideros 7,100,000 14,400,000 260,000

releve
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fineneas of the solls, which contributed to uniform suspension of the samples in
the 0.1% water agar diluent. The use of 10 g of soll (dry-weight-equivalent),
which constitutes a relatively large volume of szample, for each dilution serles
should have compensated for effects of localized propagule distribution. Some
important genera which have been cited as not occurring often on dilution-plates,

such as Mortierella, Pythium, and Trichoderma (Warcup 1960), were detected

regularly by the spread-plate technigue.

Miution-plating techniques have shown qualitative fungal differences
between root-free and rhizosphere soil (Katznelson 1965). This was considered
another potential advantage since the baslc research plan called for the study of
reference fungi differing in part according to habitat or substrate within the
goil. Additional merits of dilution~plating procedures have been discussed by
Montegut (1960).

Selective Media

Diet~food medium {DFA+) was judged to be the best general isolation medium.
It was especially effective in the detection of both Pendicillium and Gliocladium

species. In addition, the medium supported many other fungil, including
Cylindrocarpon, Paecllomyces, Verticillium and, cccasionally, Fusariuwm. This

medium supports excellent differentiation of colonles and rapid, prolific
sporulation in meny species. Colonles are readily distinguished by color {(hyphae
and/or spores} and mycelial habit, a feature lacking to a large extent in other
media tested. A clearing of the medium itself under some fungl also aids in
differentiation.

PDA+ was similar to, but not as effective overall, as DFA+. C(MA+, SCa+,
and SGA+ were useful in the isolation of many fungl but did not support good
differentiation of colonies; this factor made the separation and counting of
colonies much more difficult. It should be noted that (MA+ often vielded the
largest count of colonies per plate at esach dilution; however it is doubitful if
the species number was increased. Also UMA+ proved least useful in colony
differentlation. V-8A+ was very effective in the isolation and quantitation of
the Phycomycetes Absidia, Mortierella, Mucor, and Pythium. ACA+, a medium with

carbon as the sole source of carbon, supported primarily specles of Aspergillus,
Gliocladium, Paecilomyces, and Penlcillium, This medium gave relatively high

counts of celluloge-degrading fungl and, therefore, was chosen for use in Phase 2.

SCA waes considered acceptable for general estimations of actinomycete and
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bacterial populations.

Selection of Reference Genera

Reference genera for Phase 2 of this research were chogsen on the basis of
results obtained in the preliminary survey, and according to established roles
and other characteristics of fungi reported in the literature. These genera,
which conform to the definition of reference fungl stated under Basic Research

Plan, include Absidia, Cylindrocarpon, Fusarium, Gliocladium, Gliomastix,

Mortierella, Mucor, Paecilomyces, Penicillium, Pythium, Trichoderma, and
Verticillium.

Reference genera were selected in part according to probable habitat- and
substrate-specialization. It is difficult to determine the complete capabilities
for substrate utilization, or the habitat limitations for individual fungi. The
ecological roles or behavior of fungl in soil can vary with conditions, and may
not be readily revealed by in vitro studies (Griffin 1972; Wilhelm 1965). The
particular roles or capabllities assoclated with reference genera here are not
intended to represent the entire nature or potential of the organailsms but,
instead, to indicate some features that make these fungi particularly suited to
ecological comparisons based on differential distribution. Members of the
Mucorales and other Phycomycetes, for example, are generally considered to be
so—-called sugar fungi whose carbohydrate nutrition appears to be primarily
limited to the lower molecular weight compounds (Garrett 1951), Absidia,
Mortierella, Mucor and Pythium fit this classification, and therefore differ

significantly from species of Gliocladium, Penicillium, and Trichoderma which are

all capable of utilizing compounds such as cellulose. Certain species of

Fusarium and Cylindrocarpon might be considered as somewhat intermediate in

nutritional specificity (Stoner, unpublished data). While Penicillium has on
occasion been placed with the sugar fungil, thils research suggests that at least
some members of the genus are vigorously cellulolytic. The cellulelytic

activities of Penicillium and Trichoderma species were noted by Jensen (1931).

Some fungl are frequently associated with living roots and the rhizosphere
and, therefore, might be used as indicators of the effects of vascular plant
influences on the distribution of fungal communities. Species within the same
genus may show different levels of dependence omn or association with the
rhizosphere. More frequent association with roots is known as the rhizosphere

effect (Clarke 1949; Katznelson 1965). Fusarium and Cylindrocarpon are recognized
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as common fungl of the rhizosphere (Katznelson 1965; Kubikova 1968; Waild 1960).
Thorton (1960), in a comparison of grassland and forest soils, showed that

Cylindrocarpon and Mortierells were cormonly associated with roots with secondary

thickening, Mucor and Penicillium have been cited also (Katznelson 1965).

Fythivm and Verticillium are well-known also as root-ivhabiting fungi., Seil-

borne fungl, such as certain species of Fusarium and Pythium with a necessary

parasitic phase in their 1life eycles which requires a close relationship with
plant roots,belong to the eceologiecal group known zs soll invaders, as opposed to
the less dependent soil inhabitants (Wald 1960).

It is probable that a majority of soil~borne fungi are influenced in some
way by the factors of the rhizosphere. Some genera, however, by nature of their
geope of nutritional gpecificities, are considered to include specles whose roles
encompass decomposition of organic matter somewhat Independently from Influenceg
of, or direct dependence on, living roots. Such species, which fit the definition
of true soil inhabitants as opposed to soll invaders (Waid 1960), belong to

Abgidia, Paecilomvces, Penicillium, Trichoderma, and many other genera.

Other investigators have related differential distribution to various hroad
or narrow environmental influences. For example, in a study of temperate
hardwood forest soils, Tresner, Backus and Curtis (1954) cited species of Mucor,
Penicillium, and Spicaria as indicators of ploneer vs. climax communities.
Mortierells ramanniana (* Mucor ramannianug) and Penieillium species have been
cited as widely distributed fungl in forest solls (Wright and Bollen 1961;

Jensen 1931; Tresner, Backus and Curtis 1954). Asperpillus has been collected

more frequently from warmer solls, while Peniclllium and Mucor have been

assoclated with cooler areas (Thorton 1960; Warcup 1951}. Socil pH in its broad
sense has been related to the overall distribution of species of Penicillium
{(Warcup 1951), Trichoderma, and the Mucoraceae (Jensen 1931). Wet soils tend to
have or lack certain fungi (Warcup 1951). The genus Fusarium is cosmopolitan and
includes specles with a variety of ecclogical roles from decomposition to
parasitism (Booth 1971).

It was hoped that in this research, the independent, overlapping, and
interrelated ecological roles and other features possessed by designated
reference genera would be reflected in the differential distribution of these

fungl along the Mauna Loa Transect.
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PRINCIPAL RESEARCH

Methods and Materials

Collection Sites

Soil was collected at 17 different sites, 16 of which were on the Mauna Loa
Transect. These sites are described briefly on Table 3 and in detail in Appendix
4. Their locations on the tramsect are indicated on Figure 2, above, Fourteen
gltes were selected to match the IBP focal sites for purpoeses of spatial integra-
tion (Mueller-Domboils 1973). Two additional sites were selected within the
general ranges of IBP focal sites: soll site 5 at Bird Park fer comparison of a
closed kipuka forest with nearby savanna; and soll site 7 at 1485 m (4900 ft)
elevation, near site 8, for comparison of a Styphelia scrub area (at 7) with a
koa colony community (at 8). One additional site was established at Kipuka Nene
(864 m; 2850 fr), an ohia forest area downhill from the lowest point on the Mauna
Loa Transect. This area was included for comparative purposes.

It should be noted that the collection sites at Kipuka Puaulu and at the
2040-m (6700 £t} level were different in 1973 than during the preliminary study
in 1972.

S0il collection sites are referred to here slmply as sites, while the IBP

focal sites, if mentioned, are identified as such.

Collection and Analyses of So0il Samples
Collection

S501ls were collected within approximately 10 x 10 m square areas at the
sites. Slight increases in the collection areas were necessary at the 2440 and
2745 w (8000 and 2000 fr) elevations (sites 15 and 16) because of the discontinu-
ous diatribution of soll. Samples were taken in all cases from the &1 or
equivalent horizom in the ropot zone of dominant vascular plants in the area,
according to techniques described undey Preliminary Study. At sites such as 7,
8, and 9 where the effects of feral pig activity were particularly noticeable,
soils were collected from areas which were apparently free of recent disturbance
and where the soll horizons appeared to be intact,

All samples were collected during one week in July 1973, in the middle of a
very dry peried (Bridges and Carey 1974). Since there had been no recent rain on
any sites, the zoll samples were judged to ba especially good for qualitative and
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TABLE 3. Seoil collection sites on Mauna Loa Transect snd at Kipuka Nene.*
Soil
IB? Focal Location
it . . i
;O € Site (No.) {name abbreviation) Vegetation and &i Soil
1 Hot on transect Kipuka Nene (XN) Open Metrosideros (ohia) kipuka

10

(1)

(2)

(3

On transect,
treated as a
relevé of (4)

(4)

O trausect,
treated as a
releve of (5)

(5)

(6}

(7

2850 ft (864 m); near
Radovsky arthropod-
pitfall site

Thurston Lava Tube (TH)
3920 £+ (1195 m); near
arthropod pitfall and
IBP climatic station

Sulphur Bank (8B)
4000 ft (1220 m)

Tree Molds area (TM)
4000 £t (1220 m); near
arthropod-pitfall

Kipuka Puaulu (XP)
4000 £t (1220 m):
near arthropod-pitfall

Kipuka Ki (RK)

near climgtic gtation,
4200 £t (1280 m): near
arthropod~pitfall

Power Line Trail (8T
4900 £t (1485 m):

Styphelia-fern-grass
Zone

Power Line Trail {PL)
4920 £t (1500 m)
near arthropod-pitfall

IBP Climatic Station (CS)

5250 £t (1600 m); near
arthropod-pitfall

Keamoku Flow (KF)
just above, 5650 ft
(1720 m)

forest with grass-vine
understory; fine, light-brown,
sandy soil

Closed Metrosideros—Cibotium
{chia~tree fern) forest:
dark, stony muck soil

Open Metrosideros~Gleichenia
{ohia-matted fern) forest;
dark, stony muck soil

Open Metrosideros-native
shrub-lichen foregt; light~
brown, sandy soil

Closed kipuka forest; Sapindusg
with Psychotria-Sophora-Coprosma
understory; deep, fine, dark
brown forest soil

Acacia koa-Sapindus savanna;
fine, brown forest soil

Mt. Parkland ecosystem;
Styphelis-fern-grass zone;
light, rusty-brown, granular
soil with scattered, small rocks

Mt. Parkland ecosystem,

Acacia koa coleny; light-brown,
granular soil, with scattered,
small rocks

Mt. Parkland ecosystem,
Acacla koa cclony; fine,
rusty-brown soll

Mt. Parkland ecosystem,
Acacla koa colony; fiune-granular,
browa soll

* Detaliled site information is presented in Appendix 4.
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TABLE 3 Continued.
501l
1BP Focal Location ,
iite Site {No.) (name abbreviation) Vegetation and Al Soil
11 (8 Above Goat Exclosure (GE) Mt. Parkland ecosystem,
6200 fr (1890 m) Acacla koa colony; fine,
rugty-~hrown soil
12 (%) End of Strip Road (ER) Mt, Parkland ecosystem,
6700 fr (2040 m); Acacla koa colony; fine, brown,
near arthropod-pitfall apparently shallow soill
13 {10) 7000-foot level, (2120 m} Open Metrosideros scrub-forest;
ohia~Stypheliz area; fine,
light~brown, shallow soil with
lava outcroppings
14 {11) 7500-foot level, (2290 m) Open Metreosideros scrub-forest;
ohia~Styphelia area; fine,
light-brewn, shallow soil with
lava outcroppings
15 {(12) 8000-foot level, (2440 m) Metrosideros tree line ecosystem
open scrub with scattered trees;
light, rusty-browmn shallow soil
with lava outcroppings
16 an 9000~foot level, (2745 m) Vaceinium-Styphelia low-scrub
desert (very sparse scrub);
fine, light-brown soll in
pockets gseparated by lava
17 {14) 10000~foot level, Vaccinlum-Styphella low-scrub

(3050 m); Puu Ulaula
area

desert (very sparse gscrub),
scattered grasses; reddish
sandy-gravelly ash
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quantitative intercomparisons of fungal content.

Composite samples for each site were prepared as previocusly described.

Analyses

Each composite sample was analyzed for pH, water and organic matter content,
and available mineral nutrient levels.

50il pH was determined by using a 1:2 (w/v) soil: 0.01 M Ca012 suspengion
{Schofield and Taylor 1955; Smiley and Cook 1972). This method is believed to
indicate pH values that are more representative of the rhizosphere.

Organic matter content was determined by the ignition method (Booth and
Barrett 1971; Hesse 1971). Samples were held at 600°C for 3 hr in a muffle
furnace.

Levels of avallable calcium, magnesium, phosphorus and potassium were
determined by the University of Hawaii~U.S5.D.A. Cooperative Soill Testing Service
uging a 0.3 N HCL extyact and the Hellige-Truog method (Hellige, Inc., Garden
City, New York). Other availlable mineral levels were determined by Edward §.
Babcock and Sons, Riverside, Californla, using a 1:5 water extract for chloride,
nitrate, and sulfate; a diethylene triamine pentaacetic acid extract for irom,
copper, molybdenum, manganese, and zinc; and a saturation extract for boron,
sodium, and determination of electrical conductivity. WMineral nutrient levels
were expressed in concentrations of parts per million based on a suggested density
of 35 lbs!ft3 for the soils tested (Oran F. Bailey, Soil Conservation Service,

Honolulu, persenal communication).

Selective Igoliation Media

Media used are discussed under Preliminary Study and described in Appendix
2. The selectivity of the media 1s indlcated in Appendix 7. DFAY was employed as
a general medium for fungi. ACA+ was used to selectlvely isclate cellulolytic
fungl. ACA+ supported some of the same fungi found on DFA+, and wag therefore
useful in checks on the population counts of those fungl., Interestingly, ACA+
was the only medium which supported consistent coremium development by Gliocladium
catenulatum. V8~aA+ selectively isolated Phycomycetes {Qomycetes and Zygomycetes),
PCNB (Nash and Snyder 1962) was employed to selectively isolate Fusarium.
Interestingly, this was the only medium to support isclation of Mortierella
hygrophila var. minuta. The media used to measure "total” populations of soil-

borne microbes were SCA (actinomycetes and bacteria) and DFA+ (fungi).
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Isolation, Quantitation, and Identification

The soil-dilution spread-plate method was used for all isolations, In some
cases the soll-plate technique was used to confirm the absence of fungi such as
Trichoderma from samples.

Identification and quantitation procedures followed the methods already
discussed. Spread-plates were surveyed exhaustively for at least 30 days to
ensure maximal Isolation of reference spoecles as well as other fungi. Most
isolations were completed within 15 days of plating. Population levels were

expressed as propagules (colony counts) per gram of dry soil.

Analysis and Interpretation of Data

The data were analyzed by relatively objective statistical techniques and
by subjective mycological-ecological analysis.

Reference Fungl

Isolations were not restricted teo reference genera. Therefore, a number of
additional fungl were recorded. Importantly, however, the reference fungi were
the focal point of thia study eond were the only species employed in atatigtical
analyseg, Subjective analyses did take into account all of the igolated fungl.

The reference fungil studied included specles of Absidia, Cylindrocarpon,

Fugsarium, Gliocladium, Gliomastix, Mortierella, Mucor, Paecilomyces, Penicillium,

Rhizopus, Trichoderma, and Verticlillium. Rhizopus was added to the list because

of its isolation in 1973 and 1its ecological and taxonomic relationships with

other Mucorales.

Statistical Analyses

Two statistical techniques involving computer programs were employed 1n this
regearch to determine zomes of the Mauna Loa Tramnsect on the basis of differential
distribution of significant groups of fungi. The principles and applications of
these techniques have been summarized by Mueller~Dombols and Bridges (1975). Only
presence/absence information was used with these techniques since recorded popula-
tion levels were deemed useful only for subjective intraspecific comparisons. The
first method, sample ordination by the dendrograph technique of MeCammon (1968),
using 3 wodification of Sdrensen’s index (1948}, was used to determine the pattern
of gimilarity among the soil sites according to fungal distribution. The resulting
dendrograph diagrammatically illustrated the similarity between groups of species.
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411 of the r ference specles, regardless of theilr occurrence pattern, were
employed in this technlque.

The second analysis used was a species ordination by a two-way table
technique based on the Ceska-Roemer program (1971). This method identified
groups of fungal speciles with similar distributional ranges. The designation of
groups was controlled by imposed rules that specified required frequencies of
association of species and sites. This technique, unlike the dendrograph,
excluded reference species with very limited or ubiquitous distribution. This
characteristic of the program is valuable, but limits the ugefulness of the
method in evaluation of so~called species-poor sites, This limitation is an
important justification for subjective evaluation of fungal distribution. &ince
the dendrograph and twe-way table technique ave different, they serve to comple-
ment and support one another in the final snalysls. A two-way table technique
not involving computer analyses was employved by HMueller-Dombois and Perera (1971}

in a study on fungal distribution in montane grasslands of Ceylon.

Subjective Analysis

The qualitative and quantitative data on fungal communities, populations,
and distribution were exXamlned subjectiwvely according to mycological and ecolog~
ical considerations, taking Into account especially information that was not
used or sufficlently evaluated by the statistical technigques. In this sense, the
subjective analyses were mainly useful in confirming and clarifying statistical
evidence. For example, specles which were excluded from the two-way table
analysis because of very broad or narrow distributions were studied in light of
major distributional patterns. The absence of certain fungi from sites was
carefully noted and evaluated. Population levels were interpreted as possible
indicatrions of distributiconal limits and the importance of individual specles in
statistical groups. Additlional amalyses were performed to determine the

existence of correlations between environmental factorg and fungal distributions.

Results and Discussion

Figure 2 illustrates the locations of sites discussed herein.

Properties of Soils

The meagured properties and tentative clagsification of soils on the Mauna
Loa Transect and at Kipuka Nene are presented in Figure 3, Table 4, and Appendix
5. Additional descriptions of solls are given in Appendices 1 and 4.
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Properties and tentative classification’ of soils at collection sites along the

TABLE 4.
Mauna Loa Transect.
Soil 182 pal Setl z b Probable Retated
Site  Pocal ot & Temer.  Organlc  Mala ozder’ Sebgrex i A Relaved 1938 Great
Ro, Site No.  Soil ature Marter}  pure® Soll Serles - Group Neme
1 B Gk 4.5 1L ié Incepiisol Typic Dyecrandepza Euie, isathersic Hanlpoe? Latosolis oW
forest ¥
2 1 5.2 16.0 1 a4 Biatossl Lirhic Tropofalista Bule, wedial Eaet, L nhosols
isotherale
3 2 5.4 17.9 15 47 Histosel Lithic Tropofolists Euic, medlal Keel L1 ehogols
taocherate
4 3 3.2 20.0 k! L4 Tnceptisol Lichic Dymtrandepts Euic, wedial Heake Ragosols
laochermic
1 [} 5.9 17.0 16 24 Inceptisol Typlc Dyacrandepts Eule, medial Handpowe Latasalic brown
Lo e forest
[ 4 a1 19.0 17 22 Inceptisol Typle Dystrandepes Enle, wedial Hanfpos Laceselic brown
lsemesic foreat
H 3 5.2 19,5 14 21 Tnceptisal Typic Dystrandepts Eute, medial Hanipoe Latosolic brown
Lxoweale Eorest
& H 5.4 2.0 18 23 Inceptiscl Typin Pysrrasdeprs Eutc, wedisl Handpoe Latoavlic brown
inouwesic foremst
9 % 5.4 18.0 3 27 Ieceptisal Typle Dystrandepts Bute, medial Handpon Tatosolis brewn
isonesic forest
10 7 3.2 18.5 3 23 Iuceptisol Typle Pyscrandepts Ewle, medial Haslpow Latosplic browt
fsomesic fotest
F9 3 8 5.0 19.3% 15 12 Toceptisel Typie Dystrandepts Bule, smedial Hanipoe {wtoseiis browm
{"Pery Stony Land”) ipomesie Foress
32 ] $.3 17.8 19 21 foceptisol Lirhie Dystrandepts Eule, medial Raaipoe Eatomoiie brewe
{"Yery Stopy Lapd"™ isomesic toresz
i3 18 5.2 28.0 i3 35 Inceptisel Yirrandeprs Euic, wedial ? Hegosoly
{"Rack Land"} isomenic
14 11 5.5 6.0 27 23 Inceptisol Pievmndepen Eulc, sadisl H Regoseis
E {MRoek Rand”y inomeste
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Soil pH values were In the 5.0-6.5 range. The highest pH values were at the
lovest site, Kipuka Nene (6.4), and at the highest site, 17, the Puu Ulaula area
at 3050 m (10,000 ft) elevation {(6.5). All other sites were in the pH 5.0-5.9
range. The adjacent kipuka sites 5 and 6 shared a similar pH, different from
gurrounding areas.

Organic matter content ranged from lowest levels of 3% and 5% at sites 4
{Tree Molds, 1220 m) and 17 (Puu Ulaula, 3050 m), respectively, to the highest
amounts of 23% and 27% on sites 9-10 and 14, respectively. It should be noted,
however, that because of the very stony character of the muck soil at rain forest
sites 2 and 3, the organic matter content determined for these whole soils is
probably less than the actual content which exists in the fine material between
the tiny stones. Most sites were in the 11-19% range. Levels of organic matter
were generally highest in the intermediate ranpge of the transect; aside from this
no pattern is evident,

Since there had been no rain during or prior to the period of soil collection,
recorded molsture levels (Fig. 3) are comnsidered as valid for relative comparisons
of the sites., Soils of rain forest sites 2 and 3, with 46-47% water, contained
at least 76% more moisture than at any other site, Aside from these two rain
forest sites, soils of the other sites contained 10-27% water, with the values
decreasing roughly toward either end of the altitudinal gradient. &ite 17
(3050 m = 10,000 ft elevetion} was driest. 1In general, the water and organic
matter levels of the soils appeared to be positively correlated, a common
gituation in wany spils., While sites 2 and 3 may appear in the data as exceptions
to this rule, it must be remembered that the moisture holding portions of soils
in these areas probably has a much higher organic matter content than is
Indicated by analysis of the complete, stony samples.

The mineral abundance values in Figure 4 and Appendix 5 are based on agri-
cultural standards, with consideration to the nature of Hawaiilan solls. It is
clear that soil (site) 17 has the lowest overall levels. Soil 17 differed from
all others in having only a trace of calcium. This soil had very low levels of
8 of the 14 elements tested, including phosphorus (P) and potassium (K}, 3 other
major elements, and 3 minor elements. Solls (sites) 13-17 were low in sodium,
Soils 11, 13, 17 were low in both P and K. All soils had low to very low
concentrations in some major elements and at least one minor element. Soil 5
{Kipuka Puaulu) had the best overall mineral abundance, including the highest N,
P, K levels, of any site. Nitrogen was most abundant in soils 2, 5, 6, 8-10, and
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12. 'The two raln forest soils, 2 and 3, differed considerably in available
nitrogen but not in any other elements.

The condition of the litter and humus at each site is given in Appendix 4.
Soils of raln forest sites 2 and 3 show a reasonably clear differentiation
between the litter, fermentatlon and humus layers. Sites 4 and 13 had no
definite humus layer; sites 1, 5-12, and 14-16, slight humus lavers; and 17,
very little litrter and no humus layer. These conditions indicate active mixing
of decomposing organic matter with the mineral soil by scil animals such as
earthworme. At higher elevations, wind or the porous nature of the Vitrandepts

could explain the lack of surface accumulation of fine, decayed material,

General Microbial Populations

Table 5 and Flgure 5 indicate the general or overall population levels of
getinomycetes, bacteria, and fungil according to sites, Some trends are evident.
Bacterial counts were highest in the wet soils (sites 2, 3) and at sites 5 and
9, Site 5 was in a closed forest. Site 9 had the highest soil moisture percent-
age of the mesic sites. These factors suggest a general, positive correlation
between moisture content and overall bacterial populations. Organic matter
probably could be included also in this relationship. There is a general indica-
tion that overall fungal and actinomycete populations are highest in the mesle
sites (Fig. 5); these populations are lowest in the very wet goilg (gites 2, 3}
and the drier soils at the highest elevarions and at site 4 (Tree Molds ares).

It appears that in wet soils the populations of fungl and actinomycetes have an
inverse relationship to bacteria. With the exception of wet solls, actinomycete
and fungal populations in general appear to be positively correlated with moisture
and organic matter levels in soils. Soil temperature {Table 4) has to be
considered here ae an intevacting variable, particularly at the extremes of the

transect.

Fungi and Fungal Communities

The fungi isolated from solil samples, together with thedir population values,
are listed alphabetically, according to site in Appendix 6. The species
comprising fungal communities are presented according to site in Table 6.

The fungal taxa and numbers of specles representing them in the 1972 and
1873 isolations are listed in Table 7. The gpecies rxepresenting fungal taxa ave
listed in Appendix 8. Thirty six species have not been reported previocusly in
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TABLE 5. Comparative levels of general microbial populations in soils
along the Mauna Loa Transect, as determined by the use of
relatively non-selective media.® Populations are expressed
as preopagules per gram oven-dry soil.

Siiilﬂo. ;?i&Fﬁgif} Actinomycetes Bacteris Fungi
1 - 4,200,000 11,000,000 108,000
2 (1) 800,000 28,400,000 56,000
3 (2} 2,400,000 18,200,000 104,000
4 (3) 1,400,000 12,600,000 644,000
5 (4) 5,800,000 21,400,000 196,000
6 {4) 9,100,000 11,300,000 272,000
7 (5) 3,000,000 5,100,000 76,000
8 (5 5,400,060 13,400,000 288,000
9 (6) 4,406,000 16,600,000 236,000

10 (D) 7,800,000 9,006,000 296,000
11 (8) 2,700,000 5,900,000 49,500
12 (93 3,550,000 13,350,000 288,000
13 (10) 1,400,000 3,000,000 13,000
14 (11) 5,600,000 11,600,000 248,000
15 (12) 1,800,000 1,400,000 206,000
16 (13 800,000 8,801,000 35,200
17 (14) 240,000 1,100,000 4,820

* Fungi counted on DFA, bacteria and actinomycetes on SCA; see Appendix 2

for contents of media.
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TABLE &. {omplets list of soil-borne fungi found at sites along the Mauna
Loa Tramsect. 8ite numbers in parentheses represent IBP Focal Sites.

Site 1 (Not on transect) Site 4 (3)
Abgidia spinosa Aphanoeladium sp.
Cladosporivm cladosporicides Cylindrocarpon didymum
Fusarium solani Fusarium oxysporum
Gliocladium vermoeseni Gliocladium catenulatum
Gliomastix murorum var., felina G. deliquescens
Mucor strictus G. vermeessni
Penicillium frequentans Gliomastix murorum var. felina
P. ochro—chloron Mortierella ramapniana
Pythium irregulare Mucer lausanneunsis
Trichoderma viride Paecilomyces carneus
T. viride (I. koningi type) Papulospora irregularis
Verticillium cephalosporum Penicilliuvw lilacinum

P. ochro-chloron
P. rubrum

Site 2 (1) Pythium irregulare
sterile isolate #77
Cylindrocarpon didymum Trichoderma viride

C. magnusianum
Gliocladium catenulatum

Mortierella ramanniana Site 5 (&)

Pythium irregulare

Staphylotrichum coccosporium +Absidia spinosa (K,M)

sterile isclate #77 +anixiopsis sp. (M)

Trichoderma viride Aspergillus flavus
Verticillium cephalosporum +Cephalosporium acremonium (K,M)

+Chalaropsis sp. (M)
+Chloridium chlamydosporis (K)

Site 3 (2) +Coniothyrium sp. ()
+Cordana pauciseptata (K)

Asureobasidium pullulans +Cylindrocarpon candidum (M}
Cylindrocarpon didymum +C, destructans (K)
Glivecladium catenulatum +{, ianthothele (M)
Gliomastix murorum wvar. felina +C. lucidum (K.M)
Mammaria echinobotrvoides +C. obtusisporum (K
Mortierella ramanniana +Doratomyces microsporum (K)
sterile isolate #77 +Fusarium oxysporum {(K,M)
sterile isolate #228 F. rigidiusculum
Trichoderma viride (T. koningi type} (+)}F. solani (K M)

(+)6lioccladium deliquescens (K,M)
(+3G. roseum (X,M)
+G. wvermoeseni (M)
+Gliomastix murorum var. felina (K,M)

+ = 1972 isolations; {+) = found In both 1977 and 1973; all others represent
enly 1973 isolations from all 17 sites

K = Acacia koa relevé; M = Metrosideros relevé (refer to 1572 isolates only)
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TABLE ¢ Continued.

Site 5 continued Site 6 continued
+Humicola fuscoatra (¥X,M) Penlcillium atramentosum
+Mortierella isabellina (M) P. frequentans
+M. ramanniana (¥,¥) P. ochro-chloron
ucor globosus (K,M) Trichoderma viride (T. koningi type)
Mucor strictus Verticillium cephalosporum

+Myrothecium verrucaria (M)
+Paecilomyces carneus (K,M)

Penicillium atramentosum Site 7 (5)
P. clavigerum
+P. diversum (K} Absidia glauca
+P,. implicatum (K) Cylindrocarpoen didymum
+P. janthinellum (K,M) Fusarium oxysporum
+P. lanosum (K} Gliocladium catenulatunm
+P. lilacinum (X) Gliomastix murorum var. felina
+P. nigricans (K,M) Mortierella isabellina
b. ochro-chloron M. ramanniana
+P. rugulosum {(K,M) Papulospora irregularis
+P, wariabile (X,M) Penicillium atramentosim
+Phialephora sp. (¥X) P. aurantio-candidum
Pycnidial isolate #1 P. nigricans

+Pyrenochaeta decipiens (K, M)
+Pythium sp. (K,M)

P. dirregulare Site 8 (5}
+P, spinosum (X)
+Sphaerosporium sp. (M) Absidia spinosa
+Spicaria violacea {K,M) Cylindrocarpon didymum
sterile isolate #147 Fusarium oxysporum
4+5tilbellas bulbicola {K} Gliocladium deliquescens
Torula herbarum Gliomastix murcrum var. felina
{+)Trichoderma viride (¥K,M) Mortierella ramanniana
T. viride (T, koningi type) Paecilomyces carneus
Verticillium cephalosporun Penicillium migricans
(+}V. chlamydosporium (K) P. ochro-chloron
V. lateritium P. verruculosum

Rhizopus microsporus
Spicaria viclacea
Site & (4) sterile isolate #19
‘ Trichoderma viride
Absidia spinosa
Cylindrocarpon lucidum .
Fusarium oxysporum Site 9 (&)

F. sclani

Gliocladium deliquescens Absidia glauca

G. roseum A, spinosa

G. vennoesend Aurecbasidium pullulans
Mortlerella ramanniana Fugariuw oxysporum
Mucor strictus Gliocladium deliquescens

Pnecilomyces carneus Peniclllium lancsum
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TABLE 6 Continuad.

Site 9 continued Site 12 continued
Penicillium ochro-chloron +Cylindrocarpon destructans (K)
Pythium irregulare +(. cbtusisporum (K}
Spicaria vioclaeea +Pusarium sp. (M)
Trichoderms viride +¥. oxysporum (X}
T. viride (T, koningi type) +F. solani (K)

{(+)Gliocladium deliquescens (K)
+G. roseum (K,M)

Site 10 (7) +31liomastix murorum var. felina (K)
+Humicola fuscoatra (M)
Absidia glauca +Mortierella ramanniana {(K,M)
A. spinosa +Mucor hiemalis (K)
Fusarium oxysporum +M. jansseni (X)
Glivcladium deliquescens +Myrothecium verrucaria (M)
Mortierella ramanniana {(+YPaecilomyces carneus (K,M)
Penicillium atramentosum +Papulospora irregularis (M)
P. nigricans +Penicilliuvm aurantio—virens (K)
Pythium irregulare +P. chermesinum (K)
sterile isolate #137 4P, cityrinum {K)
Trichoderma viride +P. clavigerum (M)
T, wviride {T. koningi type) 4+P. commune (M)

+P. corylophilum (X}
+P. frequentans (K)

$ite 11 (8) +P. funiculosum (M)
+P, janthinellum (M)

Absldiaz spinosa +P. kapugcinski (K)
Curvularia harveydi +P. lanosum (M)
Fugsarium cxysporum (+)P. nigricans (K,M)
Gliocladium deliquescens +#, psittacinum
G. roseum +P. wvariabile (M)
Mortierella ramapniana ) +Pestalotia planimi (K,¥)
Papulospora irregularis Pyenidial isolate #1
Penicillium nigricans +Pythium sp. (K)
?, ochro-chleoron P, irregulare
Pycnidial isolate #1 {+)Trichodermas wviride (X)

T. viride (T. koningi type)
+Verticillium chlamydogporiuvm (M)

Site 12 (9) - +V, lecanii (M)
(+)Absidia glauca (X)
{(+)A. spinosa (K,M) Site 13 (10)
+Aspergillus sydowi (K)
+Cephalosporium acremonium (K,M) Absidia glauca
+C, curtipes (M) Curvularia harveyl
+Chaetomium fusisporale (M) Fusarium lateritium
+Cladoaporium cladosporioides (M) Gliocladium catenulatum
+C. oxysporum (M) Mortierells hygrophila var. minuta
+Colletotrichum sp. (X) M, ramanniana

+Curvularia verruculosa {M) Mucor hiemaslis
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TABLE 7. Totel numbers of fungi, according to major taxa, isolated
from scils zlong the Mauna Loz Transect.

. Total
*

Fangi 1972 1973 both years
Phyconmvcetes 9 11 15
Ascomycetesg 3 Y] 3
Fungi Imperfecti 54 41 *75

Moniliales 50 39 70
Moniliaceae 30 25 41
Dematiaceae 9 7 14
Stilbaceas 1 0 1
Tubarculariaceae 10 7 14

Melanconiales 1 g

Sphaeropsidales 2 1

Mycelia Sterilia 1 1

Non~gporulating mycelium - g g
Total number of species 66 61 102

* Phase 1 Preliminary Study
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Hawaii (Table 8); 42 gpecies constitute new records from soil in Hawaii (Table
9}, No new species were found among the identified fungi.

The occurrence of Aspergillus in solls along the transect is apparently very
limited. Only two, isolated records exist-—A. flavus at site 5 and A. sydowi at
site 12,

The largest populations (Appendix 6) of identified fungl (propagules/g dry
soll at site) determined belonged to Trichoderma viride (140,000; site 9),
Gliccladium deliquescens (112,000; 10), and Penicillium nigricans (112,000; 10).
The smzlliest populations belonged to Abgidia glauca (20, site 13), Curvularia

harveyi (20, 11), Fusarium oxysporum {40, 3), Mortierella ramanniana (<20, 11),

Papulogpora irregularis (< 20, 4), and Pythium irregulare (<20, 4).

Appendix 6 is ugeful in diacerning the digtributional patterns of {individual

genera or species,

Spatial Distribution of Fungl

and Transect Zones Based on the Mycoflora

The zonation of the Mauna Loa Transect according to the spatlal distribution
of soil-borne fungal communities was based on both objective and subjective
analyses. A complete list of referepce species is given in Table 10. A summary
of the characteristic as well as total species composition of soll-fungus zones
of the Mauna Loa Tramsect, including qualifying information on determinants, is
presented in Appendix 9. Proving that a fungus is truely absent from a soll is
difficult. Therefore, abeence as discussed heres means not detected, which is
interpreted to imply, at most, a very small population.

Two related sets of soil-fungus zonmes (Filg. B) were determined according to
different levels of interpretation based on strong indications in the dendrograph
(Fig. 7} and two-way table (Table 11), and on a conservative, subjective evalua-
tion of all information. Although different rules or limitations were imposed in
the two-way table technique, the 50/10 rule produced what was considered as the
most meaningful information. Population levels of fungi at the intraspecific
level were evaluated subjectively, Complete information on populations is given
in Appendix 6, and a graphic display of characteristic peopulations of reference
gpecies 1s presented In Figure B.

Soll-fungus zone set 1 (Zones A, B, C) includes relatively broad areas of
fungal distribution that reflect more general environmental influences related to

soil, vegetation, and climate. Set 2 (Zones I-VI) includes relatively narrow
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TABLE 8. Fungi not reported previously in Hawaii.

Absidia glauca Hagem

Anixiopsis Hansen

Aphanocladium Gams

Chaetomium fusisporale Rai and Mukerjee

Cordana pauciseptata Preuss

Curvularia harveyi Shipton

Curvularia verruculosa Herb.

Cylindrocarpon destructans (Zins) Scholten
Cylindrocarpon ifanthothele Wollenw, var., majus Wollenw.
Cylindrocarpon magnusianum Wollenw.

Cylindrocarpon obtusisporum (Cooke & Earkness) Wollenw.
Doratomyces microsporum (Sace.) Morton & Smith
Fugarium lateritium emend. Synder et Hansen

Fusarium rigidiusculum emend. Synder et Hansen
Gliocladium vermoesendi (Biourge) Thom

Mammaria echinobotrycides Ces.

Mortierella hygrophila Linnemann var. minuta Linnemann
Mucor janszeni Lendner

Mucor lsusannensis Lendner

Mucor strictus Hagem

Paecilomyces carneus (Duche' et Heim) Brown et G. Smith
Papulospora irregularis Hotson

Penicillium atramentosum Thom

Penicillium aurantio-candidum Dierckx

Penicillium aurautio-virens Biourge

Pepicillium clavigerum Demelius

Penicillium dmplicatum Biourge

Penicillium kapuscinskii Zaleski

Penicillium psittacinum Thom

Pestaliotia planimi Vize

Pythium spinosum Sawada apud Sawada & Chem

Rhizopus microsporum van Telghem

Sphaerosporium Schw.

Trichocladium opacum {Corda) Hughes

Verticillium cephalosporum W. Gams

Verticillium chlamydosporium Goddard
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TABLE 9. Scil~borne fungi of Hawali not previously reported. All records
pertain to scils zlong the Mauna Loa Transect.

Absidia glaucsa

Anixiopsis sp.
Aphanocladium sp.
Chaetomiuwn fusiporale
Chloridium chlamydosporus
Collectotrichum sp.
Cordans pauciseptata
Curvularis harveyl
Curvularia verruculosa
Cylindrocarpon destructans
Cylindrocarpon ianthothele
Cylindrocarpon magnusianua
Cylindrocarpon obtusisporum
Doratomyces microsporum

Fusarium lateritium emend. Synder
et Hansen

Fusarium rigidiusculum emend. Synder
el Hangsen

Glivcladium vermoeseni

Humicola fuscoatra

Mammaria echinobotryoides
Mortierella hygrophila var. minuta

Mucor jansseni

Mucor lausannensis

Mucor strictus

Pascilomyceg carneus
Papulospora irregularis
Penicillium surantio-candidum
Penicillium aurantio-virens
Penicillium atramentosum
Penicillium clavigerum
Penicillium implicatum
Penicillium kapuscinskii
Penicillivm psittacinum
Pestolatia planimi

Pythium irregulare

Pythium spinosum

Rhizopus microsporum
Sphaerosporium sp.

Torula herbarum
Trichocladium opacum
Verticillium cephaleosporum
Verticillium chlamydosporium

Verticilidum lecanii



TABLE 10. Reference species employed in statistical analyses by computer.
The distribution of these species along the transect is tabulated

in Appendix 6.

Absidia glauca

A. spinosa

Cylindrocarpon didymum

C., lucidum

€. magnusianus

Fusarium lateritium

F. oxysporunm

R, rigidiusculum

F. solani

Gliocladium catenulatum

G. deliquescens

G. roseum

&, vermoeseni

Gliomastix murorum var. felina
Mortierella hygrophila var. minuta
M. isabellina

M. ramapniana

Mucor fragilis

M. hiemalis

M. lausannensis

M., strictus

Paecilomyces carneus
Penicillivm atramentosum
P. aurantiop-candidum

P. clavigerum

P. diversum

P. frequentans

P. funiculosunm

P. lanosum

P, lilacinum

P, nigricans

P. ochro-chloron

F. rubrum

P. wverruculosum

Pythium irregulare
Enizopus nicrosporus
Trichoderma viride
Verticillium cephalosporum
V. chlamydosporium

V. lateritium
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A = Dry, Cool High Altitude Scrub, B = Megic Montane,

C = Metrosideros Rain Forest; I = Alpine Scrub, II = Sub-alpine
Scrub, III = Mountain Parkland, IV = Montane EKipuka, V = Open
Metrosideros Dry Forest, VI = Metrosideros Rain Forest;

8 = Styphelia Scrub Component Community
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VI = Metrosideros Rain Forest; § = Styphelia Scrub Component
Community,
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Two—way table based on 50/10 rule.
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zones of distributlion that reflect more localized environmental influences which
tend to align fungal groups with specific soil-plant-climatic complexes.

With one exception, the broad zones in set 1 extend across the more
restricted zones in set 2 (Fig. 6). Zone A of set 1 (dry, cool, high altitude
scrub soil-fungus zone) includes zones I and II of set 2 (alpive and sub-alpine
scrub soll-fungus zones). Zone B of set 1 (mesic montane soil-fungus zoune)
encompasses zones III, IV, and ¥V of set 2 (mountain parkland, montane kipuka and

open Metrosideros dry forest soll~fungus zones, respectively). Zone C of set 1

is identical with zone VI of set 2 (Metrosideros rain forest soil-fungus zone).

The characteristic species composition of soil-fungus zones is discussed
helow, It should be kept in mind that the importance of characteristic species
was, in general, evaluated on the basis of group-occurrence, rather than
peculiarities of individual species, Additional information regarding the
relative imporrance of determinants is presented in Appendix 9. The dendrograph
(Fig. 7) and two-way table {Table 11) should be consulted foxr illustrations of
gite and fungus groups relating to zones. The positions of so0il collection sites

within soll-fungus zones are shown in Figure 6.

S5oil-Funpus Zone Set 1

Zone A-—Dry, Cool High Altitude Scrub Zone (Sites 13-17)

Fusarium lateritium, Mortierella hygrophila v. minuta, and M. ramanniana

identify this zone. Gliocladium catenulatum, Mucor fragilis, Penicillium

frequentans, and P. ochro~chloron are additional evidence for the integrity of

the zone. DMortierella hygrophila v. minuta 1s an especially important indicator

of this zone.

This zone, which covers high altitudes, is characterized by relatively cool,
dry conditions; shallow and topographically discontinuous soils; and alpine to
sub~alpine scrub vegetation. OGround frost can occur at anytime of the year in
this zone (Mueller-Dombeis 1967}.

Zone B--Mesic Montane Soil-Fungus Zone {(Sites 4-12)

Absidia gpinosa, Fusarium oxysporum, Gliocladium deliquescens, and

Paecilomyces carneus are key representatives of this zone. Papulogpora
irregularis, Penicillium atramentosum, and Pycnidial isolate #1 (with its highest
populations in the zone) further define the zone., The zone is indicated strongly

by Group 1 on the two-way table (Table 11), and is supported by clusters on the
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dendrograph (Fig. 7).
This broad zone covers three zones of set 2: mountain parkland, montane

kipuka, and Metrogideros dry forest. While these sub-zones are distinct as

treated under setr %, they show Important fungal Interrelationships that contribute
to the integral nature of the Mesic Montane Soil-Fungus Zone. These common bonds

are partly 1llustrated in Figure 8; Fusarium oxysporum, Gliocladium deliquescens,

and Paecilomyces carneus are three example links.

This broad zone of intermediate elevations on the transect is characterized
by seasonal, mesic conditions; moderately deep to deep soils; and a variety of

plant communities Including scrub, grassland, savanna, and forest.

Zone (~-Metrosideros Rain Forest Soil Fungus Zone (Sites 2-3)

Although this zone does not have a particularly unique group of character-
istic species, 1t lacks several important reference genera that contributed to
the delineation of other zones throughout the Mauna Loa Transect, These genera

are Absldia, Fusarium, Mucor, and Penicillium. While Gliocladium was not

completely absent, the Important species G. deliquescens and (. roseum were mot

detected, The presence of Cylindrocarpon magmugisnum and Sterile isolate #77

strengthens the identity of this zone.
This zone covering the lowest elevations on the transect is characterized

by relatively high rainfall, wmuck soils, and rain forest vegetation,

Soil-Fungus Zone Set 2

Zone I-—Alpine Scrub Sodl-Fungus Zone (Sites 16~17)

This zone 1s distinguished importantly from adjacent Zone II (sub-alpine
scrub) by its combined lack of Absidia glauca, Fusarium lateritium, and

Trichoderma viride. The presence of Penicillium frequentans and P. funiculosum

ig considered important. The individuality of this zone is evident in the
dendrograph (Fip. 7).

Zone T is characterized by elevations of over 2440 m (8000 ft); daily ground
frost {(Mueller-Dombois and Krajina 1968): the discontinuous distribution of soil

in dhallow pockets and sparse scrub vegetation,
Zone II--Sub-alpine Scrub Soil-Fungus Zone (Sites 13-15)

Fusarium lateritivm 1is a key indicator of this zone. Other indicative

species are Absidia glauca, Curvularia harveyl, Gliocladium catenulatum,

Penicillium nigricans, and Trichoderma viride., This zone is indicated strongly
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by the dendrograph (Fig. 7) and by Group 3 on the two-way table (Table 11).
This zone 1s characterized by relatively cool, dry conditlona: shallow solls;
and scrub vegetation ranglng downslope from tree line. The scrub vegetation is

much more dense on the whole than in Zone I.
Zone III--Mountain Parkland Soil-Fungus Zone {Sites 7~12)

Zone IIT possesses a wide array of fungl, including 20 reference specles.

The range of Fusarium oxysporum is primarily in this zone., The nearly complete

abgence of Gllocladium catenulatum is nmoteworthy since this fungus is generally

distributed above and below this zone on the transect. The general occurrence

within the zone of Absidia spinosa and Penicillium nigricans is significant also.

Populations of Absidia glauca and Gliocladium delicuescens are generally strong in

this zone, Overlap with the lower, adjacent site & (savanna) of Zone IV {Montane
Kipuka Zone) 1s evident in the two-way table (Table 11).

Site 7, a Styphelia scrub area within this zone, is of special interest and
will be discussed separately.

Zone III is characterized by the upper montane elevations on the transect;
seasonal, mesic conditicns; moderately deep, well developed soils: and mountaln

parkland vegetation (Mueller-Dombois and Krajina 1968).
Zone IV-~Montane Kipuka Soll-Fungus Zone (Sites 5, &)

Fugsarium solani, Gliocladium roseum, G. vermoesenl, and Mucor strictus are

strongly indicative of this zone. The zone 1s further characterized by the

presence of Penicillium atramentosum, P. frequentans, and the relatively high

population of Gliocladium roseum. The uniqueness of this zone is showm well both

by the dendrograph (Fig. 7) and the two-way table (Table 11; see Group 2}.

Zone IV is in a kipuka area with lower montane elevations on the transect;
very deep, well developed soils; and both savanna and closed forest communities.
The nature and history of soils in this zone are different than those of
surrounding areas (Mueller-Dombois and Lamoureux 1967). Soil samples representing
this zone were taken from a closed forest area (site 5, Kipuka Puaulu) and a
savanna area (site 6, Kipuka Ki).

0f special interest here is the similarity of site 1 (Kipuka Nene), which was
not on the transect, to montane kipuka sites 5 and 6 of Zone IV (Table 11, Group
2; Fig. 7; Appendix 9). The similarity of these three sites, in spite of their
differences in location, specific vegetation, soll, and perhaps age

(Mueller-Dombois and Lamoureux 1967), suggests that a complex of interrelated
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environmental factors that we might refer to here as "kipuka influence" could
serve to modify or nullify the effects of the altitudinally related factors {(and
perhaps other forces) that partly determine fungal distribution. This speculatien
is based in part on the otherwise apparent altitudinsgl distribution of fungal
zones on the transect.

A complex "kipuka influence,” particularly with respect to soil fungi, could
be defined in part as Involving a diversity of organic substrates, including an
array of woody and herbaceous plants. This factor, in turn, would be supported
and augmented by the older, deeper, and generally richer seils that allow more
room for root development. The soil characteristics together with abundant and
varied quality of litter and humus would appear to form an optimal basis for
decomposition and nutrient cycling, and extensive niches relating to these

procesees. The activity of wood rotting fungi such as Ganoderma applanatum,

Polyporus sulphureus, and F. versicolor is particularly evident in the kipukas

{Stoner, unpublished data). The formative isolation of the kipuka could contri-
bute importantly to the overall development of this unique physical and biological
wnit,

While all kipuka sites show a2 strong similarity, the 1973 reference group
data suggest a clear difference in fungl between sites 5 (Kipuka Puaulu) and 6
(Kipuka Ki). Both of these sites are at nearly the same elevation and share
certain geological and vegetational similarities (Mueller-Dombois and Lamoureux
1967). The reason for the evident difference based on this study is attributed
to the collection of solil samples from two different soill-vegetation areas. The
gample from site 5 represented a closed forest; sample 6, a savanna.
Mueller-Donbols and Lamoureux pointed out the physical dissimilarity of the forest
and savanna soils; resulis reported here would appear to signify a biological
difference., It 1is interesting to note, however, that if a broader sampling base
1z taken into account in site comparisons by consldering the fungal species
isolated for site 5 in both 1972 and 1973 (Table 6), a greater degree of similaricy
between Kipuka Puvaulu and Kipuka Ki is evident, Since both the 1972 and 1973
collectiong at site 5 {Kipuka Puaulu} were from closed forest areas, the overall
results tend to diminish--but not by any means eliminate-—the apparent biotic
differences between savanma and forest solls of the kipuka zone. It Is possible
that with additional sawplitg and mycological comparisons, the kipuka zone could
be shown to have component fungal communities separately representing the savanma

and forest areas.
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The additional similarities between sites 5 and 6 revealed by the combined
1972-73 data further demonstrate the integral structure of the Montane Kipuka
Soil~-Fungus Zone as well as the Mesic Montane Zone,

Fusarium yigidiusculum, a fungus usually reported as a pathogen on Thecbroma
cacao, was found on site 5. This is a new record of occurrence in Hawali.

Whether it exists in Hawail as a parasite or pathogen remains to be seen.

Zone V--Open Metrosideros Dry Forest Soil-Fungus Zoune (8ite 4)

The absence of Absidia spinosa distinguishes this zone from others within

the Mesic Montane Zone (B). The very low populations of Fusarium oxysporum and

Gliocladium are considered significant. Additdional indicators include Mucor

lausannensis, Penicillium lilacinum, P. rubrum, and Sterile isolate #77, a species

shared with the lower rain forest sites. Pendeillium 1ilacinum is associlated

with only one other site, 14, which supports an open ohia scrub forest. Zone V
has a relatively low population of fungl,

Zone V is located dn the lower portion of the transect at the same general
elevation (1220 m; 4000 ft) of sites 2 and 3 (rain forest, below Zone V) and 5, 6
(kipuka forest and savanna, above). The area is characterized by mesic conditiong:
a very sandy soil (Inceptisol) with only 3% organic matter, the lowest amount
noted at any site; and an open scrub forest. The sandy, well drained soil,
together with a relatively high atmospheric evaporation rate (Clark, Austring and
Juvik 1975) may explain partly the low fungal populations and scrub nature of

vegetation at this site.

Zone VI--Metroslderos Rain Forest Soil-Pungus Zone {(Sites 2, 1)

This zone is i1dentical with, and has been described under, Zone C of set 1.

It was noted that the major reference genera Absidia, Fusarilum, Mucor, and

Peniclllium were not detected at this site, and that two major Gliocladium species,
G. deliguescens and G. roseum, also were absent.
All of the Penicilliuvm and Gliocladium lsolated elsewhere in this research

have been determined to be cellulolytic (Table 12); and G. deliquescens particu-

larly is a very common decomposer at several sites. Fusarium species were ghown
algo to utilize cellulose, The absence of some of these otherwise common,
potentially cellulolytic fungi from sites 2 and 3 does not necessarily mean that
cellulose degradation 1s restricted at sites 2 and 3 as compared to other sites.
Celluloae degradation could be carried out by other specles of fungi or by
bacteriz and actinomycetes. HNevertheless, it is conceivable that the muck



TABLE 12. Cellulose-degrading1 fungi isclated from soils along the Mauna Loa Transect in 1972 and 1973.2

Absidia glauca (weak growth, S)
A, spinosa (weak growth, §)
Aureobasidium pullulans {slow growth, S)
Aphanocladium sp. (I)

+Chaetomium fusisporale (I)
Cladosporium cladosporioides (I)
C. oxysporum (weak growth, $)
Curvularia verruculosa (I)
Cylindrocarpon didymum (I,S)

+C. lucidum (I)
Fusarium lateritium (moderate growth, S)

+F. oxysporum (weak growth, I)

F. rigidiusculum (slow but with heavy sporulation, S)
(+)F. solani {slow-moderate growth with heavy sporulation, I,S)

Gliccladium catenulatum (coremia formed, I,8)

{(+)G. deliquescens (I,8S)

(+)G. roseum (I)

(+)G. vermoeseni (I,8)
Gliomastix murorum v. felina (I,8)
+Humicola fuscoatra (I)

Mammaria echinobotryoides (I)

Mortierella ramanniana (heavy sporulation, S)

Mucor fragilis (moderate growth, $)

M.

lausannensis {(moderate growth, S)

Papulospora sp. (moderate growth, §)

Paecilomyces carneus (I)

Penicillium atramentosum (S)

P.
(+)P.
(+)P.
(+)P.
(+)P.
(H)p.

+P.

P.
+H)r.

P.

P.

P.

aurantio-candidum (I,S)
citrinum (S)
clavigerum (S)
diversum (I)
frequentans (I,S)
janthinellum (I,S)
lanosum (I)
lilacinum (8S)
nigricans (I)
ochro-chloren (I,S)
rubrum (I)

verruculesum (I)

Staphylotrichum coccosporium (I)

sterile isolate #147 (I)
sterile isclate #247 (I)
sterile isolate #256 (I)

{(+)Trichoderma viride (I)

T.

viride (T. koningi type} (I)

Verticillium cephalosporum (I)

V.

chlamydosporium (I)

1 Determined by original isolation on alpha~cellulose antibiotic medium (I) and/or by growth resulting from
spore-inoculations (8) of previously isolated fungi onto alpha-cellulose medium

2 4= 1972; (+) = 1972 and 1973; all others 1973 only; only part of 1972 isolates was tested

_"[5'_
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character of solls in Zome VI is the result, in part, of organic matter decomposi-
tion carried out by a different regime of microorganisms. This hypothesis would
be an interesting one to explore, since many biologists studying nutrient cycling
phenomena today operate under the questionable belief that the microbial species
composition in a soll has little importance in decomposition; the services that
might be rendered by one specles that is absent will be equally taken care of by
a substitute in that niche (personal communications, IBP Interbiome Decomposition
and Nutrient Cycling Committee meeting, San Francisco, 1973). This may be true
in cases where there are a few substitutions; however, we question the validity
of this concept in cases where the s0il environment excludes a broad spectrum of
decomposers that are generally associated with many soils. If broad species
differences do affect the quality and quantity of decomposition, particularly of
major materials such as cellulose, then there could be far-ranging ecological
impacts affecting soil structure, drainage, root development, the composition and
condition of plant communities, etc. The basic question here deserves additional

attention.
Soil-Fungus Component Communities in Zome III

Within Zone III (Mountain Parkland Soil-Fungus Zone), site 7 in a Styphelia
scrub community possesses a relatively unique mycoflora. This site differs
clearly even from another mountain parkland site, B, that is only about 100 m
away. Although site 7 has strong links to the Mountain Parkland Zome (Absidia
glauca, Fusarium oxysporum, and Penicillium nigricans), it is distinguished by

the lack of Absidia spinesa, Gliocladium deliquescens, Paecilomyces carneus, and

Trichoderma viride. The fungl that characterize site 7 are Fusarjum oxysporum

{in this case because of low population), Gliocladium catenulatum, Mortierella

isabellina, and Penicillium aurantio-candidum. At nearby site 8, in an Acacia

koa colony, the soill-fungal community showed strong similarity to other mountain
parkland sites except 7 (Table 11; Fig. 7). All mountain parkland sites with the
exception of 7 were in the vicinity of koa rhizosphere. On the basis of these
factg, it is concluded that the fungi from site 7 represent a specilal group
within the Mountain Parkland Zone, the Styphelia Secrub Soil-Fungus Component
Community (Appendix 9). Nearby site 8 is considered to be representative of the
contrasting Acacia koa Soil-Fungus Component Community of the Mountain Parkland
Zone. Acacia koa-related fungal communities of the mountain parkland are

indicated by Absidia spinosa, Fusarium oxysporum, Gliocladium deliquescensg,
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Paecilomyces carncus, and Penicillium nigricans {(population); and by the absence

of Gliocladium catenulatum.

Overall Significance of Soill~Fungus Zones in Set 2

Set 2 of soll-funpus zones coincldes very closely with the transect zonation
pattern based on vascular plants, determined independently by Mueller-Dombols and
Bridges (1975). While Zones I to V match exactly, the mycological data were
interpreted to justify only one additional zone (VI) which included both the open
and cloged areas of Metrosideros rain foraest., The distribution of vascular
plants justified two vain forest zones (VI and VII). This differenee in the two

zonatdon patterns Is a small one that could be explained by the scomewhat greater
latitude of envirommental tolerance in the fungi, combined with a microbial-
distributional "buffering' effect of simllar soil conditions throGghout the

studlied rain forest area,.

Factors Determining Fungal Bistribution

The results suggest the involvement of various bilotic and physical factors
as determinants of fungal distribution. Previous studies and this research
indicate that distribution generally is governed by interacting factors. Individ-
ual factors are secondary in overall importance to the combined forces of soils,
vagcular plant associlates, and climate. The former two factors seem especially
influential, Some examples are discussed here to clarify possible environmental

parameters of fungal distribution,

Interrelated Faciors

The basic, heterotrophic nature of fungi naturally relates them directly or
indirectly to other organisms such as vascular plants through parasitism,
commensalism, decomposition of organic substrata, or cother relatioaships. Factors
whilch govern the distribution of vital organic substrates would therefore be
expected to Influence the distribution of fungi. This overall consideration
points to the most basic complex determining fungal distribution.

Many studies have been performed to determine the affects of imdividual
factors on the growth and survival of fungi; and althoupgh some reasonably simple
relationships have been demomstrated, the combined influences of factors have been
cited often {Griffin 1972; Parkinson and Wald 1960; Sewell 1965}.

A good example of the involvement of complex factors was revealed by this

research in regard to the genus Fusarium (Stoner 1974a and unpublished data).
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The species of Fusarium show a very definite altitudinal distribution along the
transect (Fig. 9); however, this distribution is not correlated clearly with any
specifically identified factors such as soil pH or organic matter content.
Instead, results indicate broader correlations with soils, plants, and climatic
conditions. There appear to be three centers of Fugarium distribution: the
kipuka, mountain parkiand, and sub-alpine zones.

Overall fungal populations were determined to be quantitatively and qualita~
tively greatest in the Mesic Montane Soil-Fungus Zone (B, Fig. 6}, indicating
a general sultability of this area.

The gimilarity of fungal communities in the kipuka areas of sites 1, 5, and
& (Appendix 9) is another illustration of the involvement of complex determinants,

& few fungl are relatively ubiquitous along the transect: Mortierella

ramanniana, Penicillium ochro~-chloron, and Trichoderma viride. Other fungi which

seem to bridge the zones include Cylindrocarpon didymum, Glioccladium catenulatum,

and Verticillium cephalosporum. A number of fungl were found at only one site
{Appendix 6},

General Climatic Factors

The general area of the transect has a tropical, insular climate
{(Mueller-Dombois and Bridges 1975). The transect represents an altitudinal
gradient of temperature and rainfall (Pig. 2, 10), ranging from & mild rain forest
at the lowest elevation to a ccol, dry sparse-scrub alpine area at the highest.
The relationship of the established soll-fungus zones to the climatice gradient
can be seen by comparing Figure 2 and 6.

The influence of general climatic factors (vs. solls or plants) on fungal
distribution 1s suggested by the fact that, while certain vascular plant associ-

ates (e.g. Metrosideros, Holcus) have relatively wide ranges or widely spaced

occurrences on the tranmsect, certain fungi (e.g. certain Fusarium and Penlcillium

species) are more limited. The overall results, however, indicate that general
climatic conditions probably are interacting in a secondary sense with the
stronger forces of soil and vegetation.

The restriction of some fungl to certain regions of the transect is

considered an indication of climatic effects. For exawple, Mucor strictus is

found only in the lower, warmer third of the transect (sites 1-6, Zones VI-IV,

Fig. 6); Absidia spinosa, Fusarium oxysporum, and Paecilomyces carneus, in the

intermediate climatic range {(sites 7-12, Zones IV~IIl); and Mortierella hygrophila
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Location and climate of IBP transects 1-6, The Kilauea railn forest
gite is at the north end of T-2., Dashed lines indicate the limits
of Hawali Volcanoes National Park. Mean monthly rainfall (mm),
temperature curves (0°C) and mean annual rainfall at 21 weather
gtationsg are alse indicated. {(From Mueller-Dombois, Berger and
Gressite 1972
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v, minuta, Mucor fragills and Sterile isolate #91 in the drier, cooler upper
third of the tramsect (sites 13-17; Zones II-I). Absidia glauca occurs only in

the upper half of the transect, in the seasonal, mesic~dry areas (sites 9-17:
Zones II1-1); whereas Cylindrocarpon didvmum and Gliomastix murorum are limited
to the lower half of the transect {sites 1-8; Zones VI-1II). Glioecladium

deliguescens, Paecilomyces carneus and Penicillium nisricang appear to be good

representatives of the intermediate, mesic range of the transect.

Vascular Plant Influences

The strong similarity of transect zones determined separately on the basis
of vascular plant (Mueller-Dombois and Bridges 1975) and fungal components
(reported herein) is a stroang indication of the interrelated distribution of the
two groups.

Broad influences of wvascular plant communities have been reported, and thus
provide for interesting comwparisons with this research. Tor example, Aspergillus
has been reported as uncommon in foresi soils (Tresner, Backus and Curtis 1954;
Wright and Bollen 1961). Aspergillus ls uncommon along the Mauna Loa Tramsect.

Thorton (1960) associated Fugarium more with grassland than forest soils.

On the Mauna Loa Transect, Fusarium species on the whole are more plentiful in

more open areas where grasses occur, although F. rigidiusculum and F. solani

(smallest population) were found in a closed forest with apparently no grasses
in the sampling area. It should be noted that none of the Fusarium isolates from
the Mauna Loa Transect produced Ascomycete stages in vitro. According to Drs.
W, C. Snyder and R. J. Cook (Univ. California, Berkeley; U.S.D.A., A.R.S.,
Pullman, Wash., perzonal communication), many, 1if not most, of the parasitic
fusaria are heterothallic and therefore unable to produce the sexual stage when
isolated from single spores. Homothallic fusaria are usually saprophytes.
While it is unlikely that all of our isolates were parasitic, the lack of perfect
stages in vitro indicates indirectly that parasites could have been well
represented among the fusaria recorded. This possibllity, considered together
with distribution, suggests that grasges could be serving as major, but not
sole, hosts for fusaria along the transect.

Mortlerella ramanniana is considered a common component of foresat soils
(Jensen 1931; Wright and Bollen 1961). This fungus was ubiquitous on the
transect and was not limited to forested sites.

Jensen observed that there were fewer species of Penlcillium in wet, heavy
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soils In tempevate forests. The absence of Penicillium from the muck soils of
the rain forest zone extends the range of this observation.

So0il Factors

Properties of soils within the soil-fungus zones are summarized in Table
13; more specific data are glven in Table 4,

B01l Temperature

The temperature of soll relates in general to the climatic region.
Localized temperature effects, however, can be attributed to different trends in
soll temperature fluctuation because of water content. Sites such as 4 (Tree
Molds), with open vegetation, well drained soil, and relatively high atmospheric
evaporation rates (Clark, Austring and Juvik 1975), could be more susceptible to
daily soll temperature fluctuations. Lack of plant cover, therefore, could mean
generally higher soll temperatures ar the daily occurrence of relatiwvely high
temperatures. Either factor could affect the growth and reproduction of fungi.
Gliomastix murorum v, felina was most abundant, and occurred almost exclusively,
in soils of sites 1, 4, 7, and B. All of these sites have relatively open

vegetation and higher soil temperatures. It is possible that soil pH could
affect the temperature optima of fungi (Sewell 1965).
The higher population of Fusarium solani at Kipuka Nene than at Kipuka

Puaulu and Kipuka Ki may be explainad by the warmer soll as well as the abundant
grasses at the former site (Fig. 9).

Aspergillua, a genus frequently assoclated with warmer troplcal soils
(Dowsch and Gams 1972; Warcup 1951), apparently is uncommon along the Mauna Loa
Transect; whereas Penilcillium, a characteristic genus of relatively cooler
latitudes, is well represented along the transect,

Digtributional patterns indicate that temperature may be a major determining
factor also in the ranges of Absidia glauca, Fusarium lateritium, and Mortierella

hygrophila v. minuta.

Soil Moisture

The overall populations of fungl were greatest in the meslc, central portion
of the transect, indicating a positive, general correlation with woderate levels
of moisture as well as with organic matter content (compare Fig. 3 and 35). Im
view of this general trend, populations were noticeably low on the wet rain forest

soilas. The impact of wet solls on fungal distribution along the tramsect is



TABLE 13.

distyibution of soil-borme fungi.

Ranges of edaphic characteristics among specific sites within transect zonesl

based on the

Transect Zone Elevation q % Organic % Wat Tam§erature2
{Soil Site Numbers) Range (m) L4 Matter ater (°cy
Soil-Fungus Zone Set 1
A Dry, Cool, High Altitude Scrub _
Zone (13-17) 3080-2040 5.2-6.5 12-20 10-23 12-20
B Mesic Montane Zone (4-12) 2040-1120 5.0-5.9 3-23 14-27 17-22
£ Metrosideros Rain Forest
Zone (2, 3) 1220-1195 5.3~-5.4 11-15 4647 16-17
Soil-Fungus Zone Set 2
I Alpine Scrub (16, 17) 3080-2590 5.2-6.5 12-14 10-13 12-14
1I Sub-alpine Scrub (13-15) 2590-2040 5.2-5.5 13-20 19-23 13-20
111 Mountain Parkland (7-12) 2040-1370 5.0-5.4 14-23 18-27 17-22
1V Montane Kipuka (5-6) 1370~1220 53.7-5.9 16-17 22-24 17-19
V Open Metrogideros dry
forest (&) 1220 5.2 3 14 20
VI Metrosideros rain forest 1220-1195 5.3-5.4 11-15 46-47 16-17

(2, 3

1 See Figure 6 for a graphic display of transect zones.

i

are useful for relative comparisons of sites and zones.

Although these temperature ranges represent the soils only at the time of collectiom, the values

megﬂu
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indicated by the lack of Absidla, Mucor, Fusarium and Penicillium from the rain

foreat soils at sites 2 and 3. Jensen {1931) also observed the absence of
penicillia from very wet solls.

Water competes with air for space in soll (Sewell 1965)}. Fungi are mostly
aercbic and are generally discouraged by low oxygen tensions (Griffin 1972) and
heavy, wet soil (Jensen 1931). Plant or litter cover delays moisture fluctuation
in soil (Wright and Bollen 1961). Sites 2 and 3, with their plant and litter

cover, relatively high rainfall, and muck solls, are poorly suited for many fungi.
Organiec Matter

The overall populations of funpi show a general, positive correlation with
the organic matter content of soil (compare Flg. 3 and 5). Exceptions to this
rule at sites 2, 3, 7, and 13 might be explained by either high water content
(sites 2, 3} or by soll heating. HNo explanation is apparent for the exception
at site 11.

The absence of cellulolytie fungl such as the penlcillia from muck soils of

the Metroslderos rain forest could result in qualitative as well as guantitative

differences in organic matter breakdown.
Hydropgen Ion Comcentration

All sampled solls of the Mauna Loa Transect are acidic; wost are in the
range pH 5.0-5.9, No clear correlation of pH and fungal distribution was
determined. The diverse fungal communities in most of these solls support the
often mentioned rule that acid solls gonerazlly have a richer mycoflora (Griffin
1972). Thig research also coafirms earlier reports {Jensen 1931: Warcup 1951}

on the abundance of Penicillium and Trichoderma species in acid soils.
S0il Mineral Abundance

S0ils of the lfauwna Loa Trassect have only low to moderate levels of many
available minerals (Fig. 4, Appendix 5). However, considering the well estab-
lished vegztation on many of the sites, mineral abundance probably dees not act
directly as a strong determinant of species distribution; however, it probably is
partly responslble for the stature and vigor of the vegetation. Endemie plants
and many of the adventive species probably are adapted to lower mineral concen-
trations than are commonly congidered optimal for agricultural soils. The data
on mineral abundance (Appendix 3), while very limited for speculative purposes
do suggest possibilities for research. For example, those sites (3, 4, 7, 13-17)
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that have the lowest available soll nitrogen levels are characterized by short
or scrub vegetation. Climate 1s understandably limiting on sites 13-17; but the
strong actlon of so0ll factors seem particularly plausible on 3, 4, and 7.
Interestingly, sites 7 and 8, which are within about 100 m of each other, but
which have unlike plant communities, differ primarily in available nitrogen.
These examples are not Intended to suggest simple or direct relatiounships but to
point to the possibility that the influences of soil mineral availability may be

more pronounced than might be suggested by & cursory view of the data.

Animal Factors

Undoubtedly, propagules of soil-borne fungi have been and are disseminated
over transect areas by animals. The grazing of cattle in the areas above 1220 m
(4000 ftr) elevation continued until 1948 {(Mueller-Dombols and Bridges 1975).
Foraging and other activities of feral pigs, goats and other wild animals,
including arthropods, continues at present. The overlap of some fungal species
between sites such as the savanna of site 6 and adjoining mountain parkland
could be attributed iIn part to feral pig or other animsl activity. The impact
of animal-assisted dissemination on fungal communities is not clear. This factor

is consldered further in the followiang discussion.

Stability of Fungal Communities

Surely the movement of fungl across zonal borders of the Mauna Loa Transect
has occurred by various agents such as feral animals, cattle, man, and wind-blown
soil. Baker (1966) demonstrated man's capacity for inadvertent distribution of
fungl through travel. The foraging huabits of feral pigs should support widespread
movement of fungi. Im spite of all these possibilities for fungal movement, the
regults of this study dewmonstrate that distinct fungal zones exist along the
trangsect. The existence of these zones dexonstrates that the nature of fungal
communities at this time in evolution of the island is determmed more strongly by
complex environmental parameters than simply by the distributional range of
propagules, and that the established soll-fungus systems are not, 1n general,
susceptible to major alteration by isolated invasions or disturbances by extra-
zonal elements, The exception to this, of course, might involve wvery widespread,
major disturbances. Even 1ln the more extrema cases, 1t is suspected that changes
in the overall structure of fungal communities would necessitate and follow major

alteration of the soll-plant-climate complexes poverning distribution and
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survival. Although the individueal roles of fungl in these solls are not well
understood, the zonal patterns indicate also that the mycoflora has undergome
congiderable niche differentiation. The entire situation implies a reasonably
high level of stability in fungal communities along the transect.

Comparisons with Other Ecosystems

The ecological significance of the goil-borme fungl which exist along the
Mauna Loa Transect is not in their individual identities but in the structure
and spatial distribution of the communities they form and im their associatlons
with other elements of the ecosystens.

None of the morphological genera and specles of fungi identified from solls
of the Mauna Loa Transect in this research are unique to Hawaii. All of the
species have been reported from varlous habitats in other island and/or continen-
tal ecosystems, and many are considered to be cosmopolitan (Barron 1968; Domsch
and Gams 1972; Gilman 1957). This does not exclude the possibility that physi-
ologic (non-moxphological) endemism could exist in the otherwise morphologically
nondistinct species of fungl in soils along the transect. Physiological
apecialization to habitat and substrate has been shown to be common in certain
groups of fungi. Although the question of endemism 1s not resolved, this
research has demonstrated that the fungi present in solls along the tramsect do
occur in communities which characterize ecologically significant zones, It
should be kept in mind that even cosmopelitan specles can have clearly limited
distributions within a given geographic area and, therefore, can sexve as
important indicators of ecoleogiecal zones or factors when studied carefully within
the context of a certain region.

In view of the cosmopolitan nature of many fungl reported herein, it would
not be particularly productive to make detailed, species-by-species mycologilcal
comparisons between Hawaiian solls and those of other ecosystems. However, the
peculiar distribution of certain fung! and the presence or absence of specific
genera and species In the Hawallan solla do support some meaningful, broad
comparisons with other insular and continental ecosystems. With the poasible

exception of groups in the muck solls of the Metrosiderca-tree ferm rain forests,

the fungal commmities identified along the Mauna Loa Transect are not particu~
larly unusual or unique when compared to the mycoflora of zolls in other islands
or in continental ecosystems. However, the spatial distribution and attendant

ecologlical relationships of fungal groups along the transect follow some
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ecological patterns observed previously in other ecosystems.

Many fungal species that are known to occur in wildlands and agricultural
areas of both temperate and tropical insular and continental arezs around the
world were found in soils along the Mauna Loz Transect. Examples include
Abgidia glauca (Christensen 1969; Domsch and Gams 1972; Farrow 1954), Fusarium

oxysporum (Kubikova 1968; Mueller-Domboeis and Perera 1971), Gliocladium roseum
(Farrow 1954; Jorgensen and Hodges 1962), Penicillium lilacinum (Mueller-Dombois

and Perera 1971; Warcup 1951), Spicaria violacea (Farrow 1954; Tresner, Backus
and Curtis 1854), and Trichoderma viride (Jorgensen and Hodges 1970; Stotsky,
Goos and Timonin 1962; Thorton 1960). Soils of the Mauna Loa Transect possess

fungal species in common with various wildlands dncluding montane grasslands of
Ceylon (Mueller-Dombois and Perera 1971); grasslands in England (Warcup 1951);
hardwood forests In Honduras (Stotsky, Coos and Timonin 1962); forest nurseriss
in Czechoslovakia (Kubikova 1968); conifer forests in Oregon, U. S, A, (Wright
and Bollen 1961); grasslands and forests of New Zealand (Thorton 1960}; and
numerous other locations. While some of the fungi are cosmopolitan, certain

gspecies, e.g. Penicillium lilacinum and Spicaria viclacea, had limited distribu~-

tion along the transect, thus reflecting regional influences.

When fungl with more limited geographic ranges are considered, the soll-
borne mycoflora of the Mauna Loa Transect possesses more simllaritles to temperate
and subtropical forests and grasslands than te ecosystems in warmer, tropical

regiong. For exampie, Mortierella ramanniana, a zygomycete frequently assoclated

with temperate forests {Christensen 1969; Hendrix, Campbell and Chien 1971;
Jensen 1931; Tresner, Backus and Curtils 1934; Wright and Bollen 1961), was

collected at most levels on the transect. Penicillium nigricans, another fumgus

reported from temperate forests {(Christensen 1969; Jorgensen and Hodges 1970)
and grasslands (Warcup 1951), is common in the montane zones of the Mauna Loa

Transect. Species such as Cylindrocarpon didymum (Domsch and Gams 1972), HMucor

hiemalis and Paecilomyces carneus (Christengen 1969) alsc indicate the mycological

similarity between these particular Hawaiian soils and those of temperate and
gubtropical regions. BSpecies of Penicillium generally are more common in, and
frequently representative of, varlous wildland and agricultural soils of cocler
{temperate and subtropical) latitudes (Domsch and Gams 1972; Stoner, unpublished
data; Warcup 1951). This genus was well represented in most soils along the
Mauna Loa Transect (Appendix 6).

The similarity of soils along the transect to those of subtropical and
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temperate latitudes 1s indicated strongly also by the apparent paucity of
Aspergillus specles. In both phases of this research, only two Aspergillus
species, A. flavus (Kipuka Puaulu, 1220 m elevation, 1973) and A. sydowi (End of
Strip Road, 2040 m, 1972) were detected, and these had very restricted distribu-
tions (Appendices 3, 6). Aspergillus generally is well represented in warm,
tropical soils where it is believed to have a niche similar to Penicillium which
predominates in temperate regions {(Domsch and Gams 1972; Farrow 1954).

Although Absidia glauca has been found in both temperate and trobical areas,

it is particularly assoclated with the former. Interestingly, this funpus was
common along the transect, but only above 1280 m (4200 £t) elevation.
Fusarium solani, which was detected in kipuka solls below 1485 m (4900 ft)

elevation indicates the tropical influences of the Mauna Loa Transect region.
While this fungus is net limited to the tropiecs, it is assoclated most frequently
with warmer soils and plant hosts of subtropical and tropical latitudes (Domsch
and Gams 1972; Mueller-Dombois and Perera 1971; Stotsky, Goes and Timonin 1962).

Interestingly, the largest populations of Fugsarium solani encountered in this

research were at Kipuka Neme, the lowest-elevation and warmest site.

The fungsal communities along the Mauna Loa Transect, based on specles content
per ge, do mot represent unique insular groups. However, the apparently strong
subtropical-temperate nature of the fungal communitles along the transect, in
splte of the latitude of Hawail, could indicate a pecullar, selective influence
of this particular imsular environment. Considered foremost amoung the determi—
nants of this selective environment are the east-flank orientation and the 1195 m
(3920 ft) to 3050 m (10,000 fr) elevations that contribute to the relatively mild
climate along the transect, and the edaphic factors,

Some reported correlations between certain fungl and specific environmental
factors in other insular and continental ecosystems apparently apply also to the
Mauna Loa Transect areas. Examples include the cowmmon association of certain
Fusarium species (e.g. F. oxysporum) with grasslands or grass-containing ecosystems
(Domsch and Gams 1972; Mueller-Dombols and Perera 1971; Thorton 1960); Papulospora
spp. with tree communities {(Thorton 1960):; Mortierella ramanniana (= Mucor

ramannianus) with hardwood forests and scrub wildlands (Christensen 1969; Hendrix,
Campbell and Chien 1971; Thorton 1960); Trichoderma viride with acid soils,

particularly in forests (Jensen 1931; Warcup 1951); and Absidia spp. with cooler
soils (Christensen 1969; Domsch and Gams 1972; Thorton 1960).

More research is needed to determine if the muck solls of the Metrosgideros-
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tree fern rain forests (sites 2, 3; Tasble 3, Fig. 6) possess unique funpgal
communities not found commonly in similar ecosystemsg elsewhere. Still, the
relative paucity of fungal species and, especially, the apparent absence or
extremely limited populations of otherwise common and important soil-borne genera

such as Absidia, Fusarium, Mucor, and Penicillium in these soils is decidedly

unugual, The stony wmuck soils of the rain forest sites together with the
subtending wvolcanic strata and other contributing envirommental factors of the
region could indeed comprise ome of the most unlique edaphic systems in the
Hawaiian Islands. It is possible that these soils, based on their structure,
unusual microflora and developmental nature, may contribute a degree of fragility

to the Metroslderos-tree fern ecosystens.
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APPERDIX 1. locations and descriptions of 1972 Soil Collection Sites (IBP Focal Bite numbers) along the Mauma
Loa Transect, at the time of sampling. All soil information pertains to the A1 horizon.
location and . .
- s * >
Site Description Plant Community So0il%* and Litter Roots in &1 Soil
1 (4) "Giant Koa" area in Kipuka Closed kipuka forest, deep, fine, dark brown dense in A. and

Ripuka
Puauly
Acaclia

koa
4
releve

2 (4
Kipuka
Puaulu

Metro-
sideros
relevé

3 (9
End of
Strip Rd.

Acacla
koa

T #
releve

4 {9)
End of
Strip Rd.
Metro—
gideros
relevé

Puaylu (Bird Park); 1-2%
grade; 4025 £t (1224 m)
elev.; forest floor heavily
shaded. Kipuka Puaulu is
fenced and, therefore,
usually protected from
feral goats and pigs

Area of large Metrosideros
trees 39 m southeast
{downhill) on trail from
glant koa path junciion, 5
m east of path; forest
floor heavily shaded; 4015
fr (1216 m) elev.

Colony of mature koa trees
near the intersection of
the Strip Road and the
Mauma loa summit trail
head; 6700 £t (2040 m)
elev.

Metrosideros scrub area
about 180 m up the summit
trail from end of Strip
Read; collection area 10
m uphill from frail

koa coleny; "giant”
koa surrounded by
smaller trees:
scattered Pipturus

Closed kipuka forest;
area of large
Metrosideros trees

Acacia koa colony with
closed canopy but
sparse understory of
scattered Styphelia and
mixed ground cover of
Holcus and Bragsica

Open Metrosideros
scrub forest with scat—
tered clumps of

Styphelia

forest soil; litter

50-60 um deep, over 12-
m thick fermentation

(F) layer and thin

{6-mm) humus layer;
lirter almost pure koaj
soil collected under

koa litter in undisturbed
areas; 6 July 1972

deep, fine, dark brown
forest soil; litter 25~
50 mm deep, primarily of
chia leaves; soil
collected under ohia
Litter in undisturbed
areas; 6 July 1972

dark brown soil inter-
rupted in some areas by
shallow or surface rocks
litter 12 m deep; thin
{3~mm) hums laver:; soil
collected under koa;

6 July 1972

fine light brown soil in
rock land; litter 6-12
mm deep, mostly of ohia
leaves; soil collected
under chia litter;

6 July 1972

extending well into
lower horizons

moderately dense in
Al and extending
into lower horizons

very dense, primarily
koa; roots extend
wall into lower
horizons

moderately dense

* A1 or {irst mineral horizon of soll with incorporated humus.

.-'[i_
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APPEMDIX 2. Composition, preparation, and applicatioms of culture media and

additives ewployed in the identification of soil-borne fungi,
bacteria, or actinomycetes. The formulae are for 1-liter volumes
of media. Items designated by % are added after media have been
autoclaved.

ACA +

Alpha~celluiose agar. Used for the isclation of cellulgse~degrading fungi;
aleso useful (without antibiotics or NPX) as & culture medium for stimulating
gporulation in pure cultures of cellulolytic gpecies;regulariy supports

coremium formation in Gliocladium catenulatum; some Trichoderma sporulates the

7th day after plating; wmany other fungi sporulate after 8-9 days; this medium

glves relatively high counts.

Alphaceil 20 g
Agar (DIFCO)? 20 g
Bacto yeast nitrogen base 6.7 g
Water, demineralized 970 wl
#*Targitol N?X3 10% stock i0 mi
*Penicillin-Streptomyein stock 20 ml
CMA
Corn meal agar {DIFCOQ}, prepared according to the label.
CMA +
Corn meal agar with antibiotics and surfactant; prepared same as FDA+ except
DIFCO CMA used instead of PDA, and no yeast extract added; for general Iscla-
tlon of fungl; medium does not support good differentiation of colounies,
thereby hindering initial counting and isclation purposes.
CZA

2
Czapek solution agar (DIFCO ), prepared according to the label; a standard

medium for the identification of Aspergillus, Penicillium, Gliotladjum, and

allied genera.

lAlp%acel——an alpha cellulose produced by Nutritional Biochemicals Corp., Cleveland,

2

Ohio.

DIFCO Laboratories, Detrolt, Michigan.

Tergitol-—sold by J. T. Baker Chemical Co., Phillipsburg, New Jersey,
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5GA +
Svil-grass extract agar with antibiotics and surfactant; for the general

isolation of soil~borne fungi;

Soill extract (see below) 100 ml
Grass extract (see helow) 100 ml
Dextrogse lg
Yeast extract {DIFGOZ) lg
Agar (ﬁIFCﬂz Bacto) 20 g
Water, demineralized 770 el
#Tergitol NPXB 10% stock final

cone. in medium = 0.1% (1000 ppm) 186 ml
*Penicillin-Streptomycin stock 20 ml

Soil extract: Mix 500 g woist soil with 900 ml demin. water; autoclave
30 min. at 121 C; cool to 50 €, then add 0.5 Ca603 and swirl; filter

solution through double filter papers twice or as needed to clarify

reasonably; reconstitute to 1000 ml with demin. water, dispense in

100 ml amounts to coutainers: autoclave for 20 min. at 121 C: store at
4 C.

Grass extract: Mix 100 g turfgrass clippings with 1000 ml; autoclave

30 min, at 121 C; filter; reconstitute to 1000 ml with demin. water;
dispense in 100-ml portions to containers; autoclave 20 wmin. at 121 C;
store at 4 C.
*#Tergitol ﬁPXB Stock Solutions
Stock selutions are prepared by mixing NPX and demineralized water (v/v).
NPX selution can be added before or after autoclaving: in this study NPX wae
always added after autoclaving. Media should be swirled gentrly durlng and
after the addition of WPX te facilitate uniform distribution. NPX retards the
mycelial growth of many fungl, including Trichoderma, thereby facilitating
colony counts and isolation (Lee 1970; Steiner and Watson 1965).
V-8A
V-8 wvegetable juiceg agar; prepared same as V-8A+ but without antibiotics,
surfactant, and veast extract; used for general culture of various fungi (Diener
1852; Miller 1955}
v-8A +
V-8 vegetable juice agar with gelective antibiotics and surfactant; employed
primarily in the selectiveisclatlon of Zygomycetes; many colonies develop
well in 2-5 days,

8$~8 juice cocktall-~Campbell Soup Co., Camden, New Jersey.
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V-8 vegetable juice cocktail8
CaCO

3 2
Yeast extract (DIFCO™)

Agar (DI?CO2 Bacto)
Water, demineralized

*Penicillin-Streptomycin Stock
Solution

*Benlateg 60%Z wettable powdery

final conc. in medium = 150 ppm

*Tergitol &?XB 1%

final conc. in medium =
(100 ppm)

stock solutien;
£.01%

200 ml

g

2 g

20 g
720 mi

20 ml

0.16 g in 10 ml stevile HZO; rinse
in with 40 ml Hzﬁ

10 =l

9Beniate (beniomyl)~-a product of E. I. DuPont de Nemours and Co.



APPENDIX 3. Alphabetical list of fungi isclated from soil collected at the Kipuka Puaulu and End of Strip

Road sites on the Mauna Loa Transect, July 1972,
gram dry soil estimated for selected relevés.

Numerical values indicate propagules per

-

Kipuka Puaulu (Site 5%; 1220 m) BEnd of Strip Road (Site 12%; 2040 m)

Fungi K M K M
Absidia glauca Hagem >600 (WA)
Absidia spinosa Lenduner 1800 6000 800 very low
Anixiopsis Bansen very low
Aspergillus sydowi (Bain & Sart.} 4000

Thom & Church
Cephalosporiuve acrempnium Corda >4000 (SW) recorded recorded recorded
{no count} {no count) {no count)

Cephalosporium curtipes Saccardo very low {S5W)
Chaetomium fusisporale Rai & Mukerjee 2000
Chalaropsis Peyronel very low
Chég;iiium c¢hlamydosporum (van Beyma) very low
Cldonparism i pdomporioles o
Cladosporiun oxysporum Berk. & Curt, 4000
Colletotrichum Corda 2060
Copiothyrium Corda >4Q (SHW)
Cordana pauciseptata Preuss very low

* Number indicates Stoner's spil collection gites which are described in Table 3 and Appendix 1.

K = Acacia koa relevé

M = Metrosideros relevé

SW = Soil wash technigque only

WA = Yarcup soil-plate technique only

%

-.iim



APPENDRIX 3  Continued.
Kipuka Puaulu (Site 5; 1220 w) End of Strip Road (Site 123 2040 m)
F
ungl K M K ?s
Curvalaria verruculoss Tandon & 200
Bilgrami ex M. B, Ellis
Cylindrocarpon candidum (Link) Wollenw. very low
Cylindrocarpon destructans {Zins,)
Schalten 2000 very low
Cylindrocarpon ianthothele Wollenw. 4000
var. majus Wollenw.
Cylindrocarpon lucidum C. Booth 18,000 4000
Cylindrocarpon obtusisporum (Cooke &
Harkness) Wollemw. very low (SW) 8000
Doratomyces microsporum {Sacc.) verv low
Morton & Smith oy
Fusarium Link ex Fr. very low (WA)
Fusarium oxysporum emend. Synder et 200 very low
Hansen
Fusarium solani emend. Snyder et 600 800
Hansen
Gliocladivm deliquesceng Sopp 22,000 20,000 130,000
Gliocladiur roseum {(Link) Thom 42,000 2000 4000 >4000 {(WA)
Gliocladium vermoeseni (Bicurge) Thom very low (WA)
Gliomastix murorum (Corda) Hughes
var. felina {Marchal) H. 14,000 2000 60,000
Humicola fuscoatra Traaen 14,0060 10,000 200
Mortierella isabellina (Qudemans)
very low

Zycha

—.8{1.—



APPENDIX 3  Continued.
Kipuka Puaulu (Site 5; 1220 m) End of S8trip Road (Site 12; 2040 m)
Fungl K M K M

MoxFiexella ramanniana (Moeller) 600 600 6000 40

Linnemann
Mucor globosus Fischery 200 >80 (5W)
Mucor hiemalis Wehmer 200
Mucor jansseni Lendner >140 (SW}
My;z;Z?aizmgfﬁrrucaria (Alb. & Bchw.) very low very low (WA)
Paecilomyces carneus {Duché et Heim) 4000 2000 46,000 200

Brown et $. Smith .
Papuluspora irregularis Hotson 200
Penicillium aurantio-virens Biourge very low
Penicillium chermesinum Biourge >40 {Wa)
Penicillium cityinum Thom 4000
Fenicillium clavigerum Demelius »4000 (SW)
FPenicillium commune Thom 2000
Penicillium corylophilum Dierckx, very low 20,000
Penicillium diversum Raper & Fennell 18,000
Penicillium frequentans Westling 2000 >4500 (8W)
Penicillium funiculosum Thom 58,000
Penicillium implicatum Biourge 12,000
Penicillium janthinellum Biourge recorded 4000 2000

{no count}

Penicillium kapuscinski Zaleski 4000

_65‘.-.



APPENDIX 3  Continued.

Ripuka Puaulu (Site 5; 1200 m)

End of Strip Road (Sire 12; 2040 m)

Fungl K M K M
Penicillium lanosum Westling 1200 2000
Penicillium lilacinum Thom very low
Penicilliuw nigricans (Bainier) Thom 6000 2000 126,000 2000
Penicillium psittacinum Thom 2000
Penicillium rugulosum Thom 4000 4000
Penicillium variabile Sopp 20,000 6000 4G00
Pestalotia planimi Vize very low »8000 (WA}
Phialophora Medlar very low
Pyrencchaeta decipiens Marchal very low very low
?y;i;::aizregulare Buis emend. >4320?sw} 600 4000
Sphaerosporium Schw. >1200 (5W)
sricarts vislaces ibott [tsectiomces 34,009
Stilbella bulbicolz P. Hennings very low (WA)

Trichoderma viride Pers. 12,000 6000 »400
Verticiliium chlamydosporium Goddard =1200 {5W) very low
Verticillium lecanii {Zimm.) Viegas. >40 {(5W)

—99_



APPENDIX 4.

Locations and descriptions of 1973 Soil Collection Sites (IBP Focal Site numbers) along

Mauma Loz Transect and at Kipuka Nene at the time of sampling.
taken at 7-10 cm deep.

All soil information pertains to the Al horizon¥.

Soil temperatures were

Site

Location and Description

Flant Commmity

SoilMand Litter

Roots in Ay Soil

Eipuka
Nene

2 {1

Thourston
{.ava Tube

3

Sulphur
Bank

4 {3}

Tree Molds
area

4.7 miles o on Bllins Pali
Rd. from Chailn of Craters
Rd.; 100 £t {3 m) a. of H.P.
Rd.; level tg gently rolling
terrain; kipuka with savanna-
like features; 285& £r (864
m) elevarion

10 m north of service road
gate located to east of main
entrance area to Thurston
lava tube walk; near IBP
weathey station and Radovshy
arghropod pir fall site;
3920 fr {1195 m} elevarion

0.8 mties sourh of BYNP park
entrance on maln highway; 23
o goutheast of hlghway; 12
grade: 4000 fr {1220 )
elevation

About 50 w from Scrip Road
on paved Tree Molds road, 41
m west on gravel road from
Tree Molds road, 23 m suuth
of graval road near Radovsky
arthropod pit fall site;
flat area surrounded by low
mounds; 4000 £t (1220 m)
elevation

Open Metrosideros (chia}
forest; ohia ave, 0.3 m
d.b.b.; mamzoe ave. 13 cm
d.b.h.; scattered mamane,
guava; dense, mixed under—
story of Freridium,

Androppgon, Cynodon, and
Rubus

Closed Metrosideros—-Cibotium
{tree fern) rain fovest;
limited understory of mosses
anear tree ferns, and scat-
tered ferns

Dpen Metrosidereos-Gleichenia
{matted fern) forest; ohia
Z-4 o apart; understory of
Lycopodium, Sadleris, atc,

Open Mettogideros-nacive
shrub forest; small ohlas 1~
1.5 m aparg, 12-15 m high

* Al ar firsr mineral horizen of aoil with incorporated huwmus,

fipe, brown, sandy soil, well
developed and penerally distribuced
in area; 24,5 C soll temperature at
T-310 cm; 20 mm-deep, mixed litter of
onla, grass, fewxn, etc., light io
coloy; humus layer not well devel-
oped; soil collected under obia
canopy;: & July 1973

gravelly, dark suck soll, well
developed and wniformly diszributed,
wat; earthworms noted; 16 € goil
temp,; 25-mme-deep leter, primarily
of ohis and fern, grading te dark
hurmus laver with many fusgal rhizo—
worphs in lower layer; all layers
slearly wnolst; soll collected under
ohia~tree fern canopyy 7 July 1973

gsandy (upperi-gravelly, dark brown
ok soily upper 6-8 cm more clay~
like; 17 € soil tewp.; 16—mm-thick
idtter, grading ro thim huwmus; soll
eoliected fn vicinity of chia and
ferns; 7 July 18973

light browo, sandy seill with thin
(5-8 cm) 4; horizom, discontinuous
distxiburion; breaking of soil
surface yvielded mushroom odor; 20

& gsoll cemp.; litter scattered amd
thin te 12 mm, very dry, mestly of
oltfa and shrub leaves; little or uno
humus layer; some lichen ground cover
in open areas; soil collected in
vicinity of ohdla roots; 7 July 1973

roats poderately denme;
ohia, momane, grasses,
gtc.; Toots ave, Z~5 mm
dlameter

roots dense, highly
branched; ohia roots 2~
13 mm diameter

roots soderately denge

moderately denge; rogts
primarily io &



APPENDIX 4

{Continued) .

Sice

facation and Description

Plant Community

Soil and Litter

Foots in Ay Soil

5 (4}

Ripuka
Puaulu

(Bird Park)

& (&)
Kipuka K3

7 {3}

Power Line
Trail

{Styphelia)

25 m northwest of Pritchardia
near male gate to Bird Park
trall; on slope between two
wvery large Sapindus trees;
about 3% grade; near Radovaky
arthropod pit fall sire;
kipuka ares; 4000 fr (E220 m)
elevatian

1.3 miles on Strip Rosd,
abova Bird Park; 13 a north-
wagt of IBP climacic station;
3% grade; near arthropod pic
£all site; 4220 fr {1279 m)
alevation

Close to site 8; 18 = oorth-
eagt from jumccion of paved
Strip Road and wmpaved Power
Line Bd.; M. Parkland,
Styphella-grass-fern zone;

B (5)

Power Line
Trail

(Koa
colony)

much evidence of widespread
feral plig rooring; 4900 fo
(1485 m) wlevation

About 2.8 miles up-road from
Kipuka Ki site; 120 m east
of junction of Scrip Rosd
and Power Line Rosad; kea
colony on knall; near
srchrepod pit fall sitey 2-3
% grade; vooky; 4920 fe
{1500 m) elevanion

Closed mixed kipuka foresc,
with Sapindusg, Psychotria,
Coprogma; dense, with gome
viary large Sapindus and many
small-trunked trees

Acacla koa-Sapindus savanna;
some ohla trees; uddeystory
wf Holcus, with scattered
Yeronicy and Solamm

¥r. Parkland ecosystem;
Sryphelia-Preridiue {fern)—
Deschampaia (grass) zoue;
relatively open area with
litzle shade

M, Parkland ecosystem,
Acagia koa colomy with
Deschampsia and
Anthoxanthum grasgses, and
scatterad Preridium

fine, brown forest goll, deep,

w formly distribured; 17 C soil
temn.; litter 50-73 mm thick; thio,
poorly developed humus layer;

7 July 18713

deep flpe-granular, brown forest
soll, well develeped aad usiforwly
distribured; seil in places has many
daecomposing roots; 19 € soil femp.;
30 75-mm deep litter of koa and
ohia; 6~mm humus layer; soil col=
lected under koa canopy; 7 July 1973

itghr, rust-brown, graaular soil
{some graoularity may be due o
glowly decomposing root material);
sail generally uniform and well
developed, with numerous small a'a
rocks throughout; sose evideance of
mycelial activity; 19.5 € seil temp.;
Iitrer layer 6-12 mm chilck; soil
callecred under edges of Styphelia
canopiaeg; § July 1973

light brown, granular-fine soil, well
developed and generally distributed
with many small 3'a fragments; 22 €
goil temp.; litter layer 25-mm thick,
of koa leaves and grags; very thin
humes layer; soil collected under koa
canopy; 7 July 1973

moderately demse; roots
extending into lower
hordzons

apderately dease; many
fine {l1-2 am) yoofs; a
few larger (up to 13 mm)
roats of kea, grass

dense, fine roct mass
in upper 37 om

moderately dense;
generally smsll roots
{2-4 mm diameter) of
keoa and grasses



APPENDIX 4

{Continued}.

Site

Lecation and Description

Plant Community

Soil and Litter

Reots fa Ay Seil

9 (6)

IBp
Climatic
Statdon,

10 ()

Reanwski
Flow

11 (&

Above Gaat
Exclosure

iz (3

fnd of
Szrip Road

13 (15

7000-f2
level

o viclnivy of IBP Climatic
Station; 12X grade; 5250
ftr (1600 m) elevabtion

1.1 mile up on Strip Boad
from Site 9; 1B m southeast
of road; 20408 grade; well
shaded, rocky; 5650 i:¢
{1720 w) elevatiom

About 1.5 mile up on Strip
Read from Site 10, 1.3
wiles from end of Strip
Boad; 20 = gsouth of road in
koa colony; 2-3% grade;
6200 fr (1880 m) elev.

3l m sputhwest of beginning
of trail to summilb; sear
arthropod pit £all site;
H700 £c {2040 @) elevation

15 = southwest of sumeit
trail; slighetly rellinga’a
vockland; 7000 ftr {2130 m}
alegwation

Mtr, Parkland ecosysiem,
Acacia koa colony with
Beschampsia and scattered

Carex

¥t. Parkland acosystenm,
Acacia koa colony with
some Dodonea viscosa; few,
scactered Sgyphelia and
mamane

Hr. Parkland acosystenm,
Acacia koa colony; somevhat
open area wirh Styphelias,

Deschampsia, and a few
Vaccinium

Mt. Parkland ecogsystem, koa
colony; partially open kos~
Styphelia area; koa tress

about & m apart; Styphelia
in clusters about 3 m apart

Open Merrosidergg-scrub
farest with scattered tyees;
Seyphelia, Dodonas,
Vacciniem, and Gzhoia

1ight brown to rusty brown fine soil,
unlformiy distribuced; soil in some
areas slightly granular or with
small pebbles; 18 © soil temp.;
ilirtter layer 23~50 mm thick, of koa
and grass waterials; wvery thin humus
layer (1 ma); soil collected under
koa; 8 July 1973

fine, gramular brown sofl, well
developed; 18,5 C soill temp.; litter
layer ¥3~100 gm thick; thin {1-2 mm)
humas layer; soll collecred under
koa~Dodonea canopy; 8 July L3731

fine, rusty brown soil, well devel-
oped, with rock cutcroppings; 19.5 C
soil temp.; litter layer 25«50 mm
deap: alight or oo huses laver; sofl
collectad under koa canopy; 8 July
1873

fine, brown, shallow soil over
pahoshoe; 17 © soil temp.; litver
laver 25-73 mm deep; scattered rock
euteyoppings; soll collected in koa-
Styphelia area; B July 1973

fine, light brown, well developed,
ghallow soill wich numerous rock out-
eroppings; 20 T soil temp.; litter 12
mz desp, primarily of ohiz, Styphelia;
no detectable bumus layer; soil

coilected sear ohia Urees: 11 July 1973

very densg root mat;
large and small koa
voots in A, and deeper

moderately dense; koa
and Dodpnea roots

woderately dense

moderately dense

moderately dease, very
close te surface as
well as deeper

- £8
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APPENDIX 4 (Continued}.
Site Location and Description Plant Community Soil and Litter Ronts in Y Sail
14 {11} 1% m norchwest of sumelt Open Merrosideros scrube fine, light Srown, well developed dense, well developed
1500- £t trail; slightly rolllug a‘a forest; ohia very widely but ghallow soil generally distrib-
level rockland; 750 fr (2290 @) spaced, ohla tend toward uted among rock gutcroppings; 16 C
elevation tree~line habit; Styphelis s0il temp.; litrer 25-38 mm deep;
Dodoues, VYaccinium; scatterad  1-3~mm, thin, dry hupus layer; seill
Deschampsia collecrad 1o the wiefnity of obia;
11 July 1973
15 {13} 20 m southwest of summit Merrosideros tree lioe eco- Eine, light rusity brown soil, widely denge, well developad
8000-£1 trail; 8000 ft {2440 w) system; open scrub with diseributed in large area and mixed
Lavel elavation scatteresd tress; Styphelia, with a'a and pabhoshoe outcroppings;
Vaceinium, Dedotea 13 € soil temp.; litter 612 mm
deap, somewhat compacted £ form a
dry cover on ground; in some areas
the humus layer 4 mn thick and
compact; soil collected under ohia
canepy with scattered Styphelia;
11 July 18973
6 (13} 10~=20 m south of summit Vaseinium-Seyphelia low— fine, light brows seil io pockets moderately dense
9000~ trail; polliag a‘a vook- scrub deserc; very sparse geparated by areas of z'as apd
level land; 000 fr {#745 m} scrub; shrubs .36 mw apart; pahoehoe; 12 € %o0il temp.; litrer
elavation stems of many plants extend 5=13 mm deep, immediately around
from betwsen lava lavers; accesgsible plant basgs; soil col-
root zones of many plants oot lected from avcessible basmes of
accessible; Sryphelia groweh different shrub cluscers; Ll July
appears limited 1673
17 {14} On slope of Red Hill norrth- Vaccinium-Styphelia Low- rusty rved to brown sandy to gravelly sparse
10G00-F ¢ east of junction of summit serueb desert; shrubs very ash seil covered by 25-100 mm layer
level crail and path to cabin area; sparse; scattered grass of 50100 mm-rocks; 14 C sodl temp.;
Puu Ulauia 10000 ft {3050 w} elev. po litter; soil collacred afrer

ares

removal of rock cower; 10 July 1973
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APPENDIX 5. and electrical conductivity of A soils at soil collection
gites (IBP Focal Sites} along the Mauna Loz Transect. Numerical values indicate
concentrations in parts per million.

So1l Collection Sites
Plement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
— {1} (2} (3 L] {4} {5) {5) (6} {7} {8) 9 (103 (11) {13 (i3 (143
N . B L L B ] L H B H . H L & i L L
17 44 3 3 80 3% 3 48 58 60 & 68 3 5 5 & 4
" 1 T  ¥i~L u L YL VL T T T T T T L ¥L N T
<15.6 <15.6 2i.% 46.8 3L.3 15,6 15.6 <15.6 <156 <15.6 <15.6 <15.6 <15.6 i5.6 15.6  46.9 -
K M L L-# T~M HWE Mg I~¥ P L M ¥ Vi »*-H VL~1. .4 {-¥ . L
150 56 75 75 W00 M0 75 75 % 100 25 125  37.5 150 75 100 23
s ¥ M ] % u ¥ 4 M M ¥ E ¥ M ¥ el K z
120 30 &0 30 9 30 50 36 » 60 10 50 38 1 30 50 g
F .4 M ™ ¥ . M ¥ M o ¥ M - | M M ¥ . ] TM
2 19.6 L& 14.8 80 W4 20.4  15.6 17 16.4  18.4 il 17 14 9.2 1%.4 19 5.2
L L L-¥ 1 L L V-l VL T vL-L T ¥L T 7i-L  VI-L T T
Hg 412.5 1312.5 #68,5 <1%.3 312.5 312.5 218.8 1%6.3 <156.3 218.8 «<IS6.3 156.3 <I56.3 218.8 218.8 <156.31 <156.3
s H-H LM K-8 L MH M-l n M-H L B L Wil 1M u M-E  M-H T
3125 937.% 2500 625 3125 312$ 1% 3125 625 3025 &35 3125 937.5  4YSe 1B7S 3125 «312.5
e M M X S M M M ¥ ol o ¥ H H M " ¥ H
¥ 2.2 2.8 14 1.6 .6 1.6 2 1.8 1.8 1.8 1.2 1.6 2.6 2.2 3.8 2,2 1
2 Z z FA z FA z z FA 4 Z Z A 4 Z Z z 2
Mo 0 o 0 9 0 o B 9 0 g s o 0 o o 0 o
L ™ M L W L L ) 3 L .| L o T M ¥
He 0.% 14 1.6 6.4 1.6 1.2 0.6 0.8 1.2 1.8 0.6 P 1 4 0.4 3 0.2
2 M 3 o L 23 g H M # " L * L M L -4 A1
o 1.2 L2 l.4 0.4 1.8 7.4 4.4 1.6 4.8 5.2 6.4 L 0.6 1.8 0.8 1 0.2
g L. M L H L L L L L L L L vL ¥1. VL vL L
A 20 28 18 24 24 20 15 18 24 20 18 20 8 7 7 7 5
M M M ¥ .1 M b | M 2 o M ko 3 M u o]
B ¢.2 0.2 ¢3 o.. 0.. 0.z 0.1 ©,2 &1 o0l 0l ©i oL 0.2 0.1 0.2 0.1
1 < 8 M |+ -] “ o 4 * M ad M M iy M M +3
44 44 44 44 27 27 27 1% 53 113 44 71 3% 62 53 38 27
Electrical
conductanee 0.9 L4 0.3 6.3 1 9.5 0.2 0.6 0.5 8.7 0.2 0.8 8.1 0.05 0.04 0.0 0.2

(EC x 103}

1 Z = zare, T = trace, VYL = vary low, L = Low, M = medium, H = high {relagive agricultural levels for optimal plant growth}

z

It is difficult %o measure Molybdenum; therefore, Z ig interprefed as ¢ least a trace amount.

_58—;



APPENDIX 6.
Transect, July 1973.
the sites.
designated by an asterisk,

Alphabetical list of fungi isolated from Aj; soil collected at 17 sites along the Mauna Loa
Numerical wvalues indicate propagules per gram dry soil estimated for
Fungi selected as reference species for statistical analysis programs are

Soil Collecticn Sitesl (IBP Focal Sites)

Pungi 1 2 3 & 5 6
Ly {2y (v (4} (4)

7 8 9 10 1l 12
(5) (5) (6) (7} (3 (9

13 L4

(0 Qan

15 16 17
(12) (13)  (14)

*zAbsidia glauca Hagem

kAbsidia spinosa Lenduer 7600 6000
Aphanocladium Gams 2400
Aspergillus flavus Link 40,000

Aureobasidivm pullulans

(de Bary) Arm. 40,000

Cladosporium cladosporlioides 600
(Presen.) de Vries
Curvularia harveyi Shipton

*Cylindrocarpon didymese (Hartig)
ollene BOOO 12,000 2000
*Cylindrocarpon lucidum C. Booth 500

*Cylindrocarpon magnusianum 4000
Wollenw.

%Fusarium lateritium emend.
Sanyder et Hansen

*Fusarium oxysporum emend. 9
Snyder et Hansen 40 <2000

*Fusarium rigidiusculum emend. 200
Snyder et Hansen

AFugsarium solanl emend.

Saoyder et Hansen 4000 800 2000

*Gliocladim catenulatum
Gilman & Abborc

*Gliocladium deliquescens Sopp

500 2000 200

1000 18,000 12,000

1 See Appendix 4 or Table 3 for site names and descriptions

2 peference specles used in statistical analysis programs

<200 160 140 40
1200 60 500 360 240

32,000

20

800 8000

300 1200 760 1000 100

2000

24,000 50,000 112,000 9000 46,000

20 a0

60

400 100

200 200

60

160

220

200 <20

_98_.



APPENDIX 6 {Continued).

S0il Collection Sites {1BP Focal 5ites)
Fungi 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
(68 (2) (3) (4) (&) (3 (5) (6) &) (8) 9) (L0 (1) (12) (13) (14)

#Gliocladium roseum {Link)

Balnier BOOO 10,000 <2000

#Gliocladium vermoeseni (Biourge)

Them 12,000 100 12,000

*Glicmastix murorum (Corda)

Hughes var. felina (Marchal) H. 10,000 2000 6000 33,000 56,000
Mammaria echinobotryoides Ces. 30,000

*Mortierella hygrophila Linnemann

var. minuta Linnemann 1000 1000 4000 660

mMortierella isabellina

(Oudemans) Zycha 600

#Mortlerella ramanniana
(Moeller) Linnemann

200 400 600 1000 600 1000 100 <20 120 600 500
*Mucor fragilis Bainier 100 80
*Mucor hiemalis Wehmer 120

*Mucor lausannensis Lendner <20

*Mucor strictus Hagem 3000 200 600

*Paacileomyces carneus (Duché et
Heim) Brown et G. Smith 800 20,000 20,000 42,000
Papulospora irregularls Hotson <20 40 100
*Penicillium atramentosum Thom 6000 4000 600 10,000

*Penicillium aurantio-candidum
Dierckx

*Penicillium clavigerum Demelius 14,000

16,000

*Penicillium diversum Raper &
Fennell

*Penicilliuvm frequentans Westling 8000 8000 6000 300

800

#Penicillium funiculosum Thom 1200

.—[_8_



APPENDIX 6

{Continued}.

{1}

1y {3

3
(&)

&
(4}

7 8 E
£33 5 )

0
(7

11
{8}

12
{9)

13
(10}

H
(11}

15
(12}

16
(13)

1?7
{14)

*Panictlliium
*Penicliiliun
*Papnlcillium
*Peniciilivm

Biourge

*endcdllium
*Penfeillimm

Peyrozel
Pyenidial igelate #1

*Pythiwe irregulare Buis.

lanosum Weatling
lilacimez Thom
nigricans Bainier

sehro~chloron

zubrun Stoll

verruculosun

pmend. Vaartaia

*ghizopus microsporus van Tieghes

Spicaria vivlacea Abbott
[=Pascilomyces marquandld

{Magsa} Hughes}
Szaphylotrichum

Meyer
Srevile
Sterile
Sterile
Sterile
Sterile
Sterile
Srerila
Sterile
Srerile

& Nicer
igolate
igulace
isolate
isolate
1zolace
iselate
iselate
fsolate

isolate

coceosporium

#19
#317
§91
98
#L3?
#1147
#2284
gdad
#256

12,560

500 260

400

800

1000

1004

200

<20

“Q00  4CG0

204}

4000

600

4090

20,000

12,000
16at 30,000

8000 10,000

4809

18,000

1808

30,000 60,000

60,000 8000 20,000 4000

itii]

&G, 000

000

1000

4080

[

<200

14,000

14,000 58,000 14,000

300

20,000

<200

140
26,000

1204

.-.88-

188,000



APPENDIX 6 {Continued).
So0il Collection Sites (IBP ¥ocal Sires)
Fungi 1 2 3 [ 5 [ H B g i 12 13 14 15 16 17
: 1y {2} (3 & {4} {3} [6:): {6} (N &4y Any (kLy 0 {12y (1% (L&)
Torula herbarum {Pery.} Link 200
ex S, F. Cray
Trichociadium opacum (Corda) 409
Hughes
2600 1000 20,000 15O 43¢ 10,0600 2600 144,000 UMO 5000 4000 200
00 scC0

*rrichederna wiride Pers.

Aartieiliive cephalosporuc
W. Gams

#Verticiliium chlasydosporium
Goddard

*erticiiiium Lgteritdum
Berkeley

10,000 1000

4300 20,000

2000

1 only




APPENDIX 7.

Selectivity of isolation media.

Numerical values indicate population levels detected
(propagules/g dry soil). Media are described in Appendix 2.

Fungl DFA+ ACA+ PCNB V-8A+
»labsidia glauca <200, 160, 140, 40,
240, 20, BG, 60
*ahgidlia spinosa 7600, 6000, 1200,
60, 300, 360

Aphanocladium 2400 6000

Aspergillus flavus 40,000

aureobasidiuwm pullulans 40,000, 30,000

Cladosporium cladosporioides 160 - 6Q0

Curvularia harveyi 20, 60
*Cylindrocarpon didymum 8000, 4000, 1480, 12,000, 2000, 4000

2006 8035, 800U

*Cylindrocarpon lucidum 500

*Cylindrocarpon magnusianum 4400

*Fyusariue lateritium 460 100, 100, 220

#Fugsarium oxysporum 6000 40, <2000, 300, 1200,

760, 4000, LOQ

*Fugariwe rigidiuvsculum 200

#fugariun solani 5800 4000, 800, 2000

*Gliccladium catenulatum 500, 2000 200, 200, 1000,

*#31ionladium deliguescens

*Gliccladium roseum

*Gliocladium vermoeseni

#C1ionastix murosrum var. felina

1

200, 200, 200, <20

10,000, 10,000,
40,004, B8OGD, 24,000

18,0006, 12,000,
14,000, 28,000,

112,000, 9000, 40,000

10,000, 1000 &G, <2000
12,000 10,000, 12,000
BO0G, 200D, 6000, 10,000

38,000, 38,000

Refersnce species used in statistical analysis

G000, 5CG,000, 14,000,
2000, 46,000

8000
5000, 100, 4000
000, 24,000

...06_



APPENDIX 7 (Continued).
Fungi DFA+ ACA+ PCNB V-8A+

Mammaria echinobotryocides 30,000

*Mortierella hygrophila var. minuta 1000, 1000, 4000, 600

*Mortierella isabellina 600
*Mortierella ramanniana 200, 400, 600,

1000, 600, 1000, 100,
<20, 120, 600, 500

*Mucor fragilis 100, 80
*Mucor hiemalis 120
*Mucor lausannensis <20
*Mucor strictus 3000, 200, 600
*Paecilomyces carneus 20,000, 20,000, 42,000 800

Papulospora irregularis <20, 40, 100
*Penicillium atramentosum 6000, 4000, 600,

10,000

*Penicillium aurantio-candidum 16,9000 8000

*Penicillium clavigerum 14,000
*Penicillivm diversum 80O
*Penicillium frequentans 8000, 38000, 6000, 300 6000
*Pepicillium Euniculosum 1200
*Penicilliuvm lanosum 12,000
*Penicillium lilacinum 1000, 14,000
*Penicillium nigricans 1000, 40,000, 3000, 1000, 90,000, 60,000,

10,000, 5000 8000, 20,000, 6000,
20,000
*Penicillium ochro-chleron 12,000, 1000, 4000, 8000, 400, 4000,

*Ponicillium

rubrum

20,000, 6000, 10,000,
2400, 24,000, 58,000,
4400, 1000

10,000, 6000, 10,000,
12,000, 14,000, 1200

200



APPENDIX 7 {Continued).

Fungl

DFA+ ACa+ PCNS

¥-Bat

*Penicillium verruculosum
PFyenidial isclate #1

*pyehiog irregulare

*Khizopus microsporus
Spicaria violacea
Sraphylotrichum coccosporium
Sterile isolate #19
stevile isclate #77
Srerile isolate #91
Sterpile isolare #98
Sterile isolate #137
Starile isolate #147
Sterile isolate H#2I8§
Srerile {golate #247
Sterile isolate #2536
Torula herbarun
Trichocladium opacum

*Trichodeyma viride

#Yerticillium cephalosporum

*Yerticiliium chlamydosporium

*Verticillium Iateritium

400
4000, 1000, 4000, <200
6000, 1200

30,000, 60,000
400

200
400

2006, 1000, 4000, 2600, 400, 20,000, 100, 2860
10,000, 2000, 140,000, 400, 10,300, 2000,
400, <200, 2000 56,000, 1000, 6000,

4000, 200

3000 6000, 1000, 20,000

<2060
1 only

600, 280, 28, 1600
18,000, 2000, 40

1BGO

10,000, 4000,
16,000, 800
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APPENDIX 8. Fungal taxa isolated from soils along the Mauma Loa
Transect in 19721 and 1973.

PHYCOMYCETES (Oomycetes, Zypomycetes)

(+)%absidia glavea (X)°
(+)Abgidia spinosa (K,M)
Mortierella hygrophila v. minuta
{(+)Mortierella isabellina (M)
{(+3Mortierella ramanniana (K,M)
Mucor fragilis
+Mucor globosus (K,M)
{++YMucor hiemalis (K)
+Mucor jansseni (XK)
Mucor lausannensis
Mucor strictus
+Pythium (K,M)
Pythium irregulare
+Pythium spinosum {(K)
Rhizopus microsporus

ASCOMYCETES

+Anixiopsis (M)
+Chaetomium fusisporale (M)
+Colletotrichum

FUNGT TMPERFECTIY
Moniliales
Moniliaceas

aphanocladium
Aspergillus flavus
+Aspergiilus sydowi (K)
+Cephalosporium acremonium (K, M)
+Cephalosporium curtipes (M)
+Doratomyces wmicrosporum (K)
Gliocladium catenulatum
{(+)Gliocladium deliquescens (K,M)
{(+)Gliocladium roseum {(K,M)
{+)Gliccladium vermoeseni (M)
(+)Paecilomyces carneus (K,M)
Penicillium atramentosum
Penicillium aurantio-candidum
+Penicilliuvm aurantio~virens {(K)
+Peniecillium chermesinum {K)
+Penicillium citrinum (K)
(H)yPenicillium clavigerum (M)
+Penicillivm commune (M)
+Peviiciiliom corylophilum (¥,M)

1 Preliminary Study
2. 1972 isvlates; (+)

3 K = Acacia koa area; M = Metrosideros area: pertains to seoil sites 5,
12 only: see Table 6 for specific locations.

S

1972 and 19773; all other disolated in 1973 only




(+YPenicillium
{+}Penicillium
{(+)Penicillivm
+Penicillium
+Penicillium
+Penicilliiom
(+)Penicillium
(+)Penicillium
{(+}Penicillium
Penicillium
+Penicillium
Peniciliium
+Peniciliium
+Penicillium
Penicillium

- Q4 -

diversum (K)

frequentans {E,M)

funiculosum (M)
implicatum (K)

janthinellum (K,M)

kapuscinski (¥}
lanosum (K,M}
Tilacinum {¥X)
nigricans (K,M)
achro—chloron
psittacinum (M)
rubrum
rugulosum (K,M)
variabile (K,M)
verruculosum

(+)Spicaria violacea (K,M)
Staphylotrichum coccosporium
{+)Trichoderma viride (X,M)
Verticillium cepahlosporum
(H)Verticillium chlamydosporium {(K,M)
Vertiecillium lateritium
+Verticillium lecanii

Dematiaceae

Aureobasidium pullulans
+Chalaropsis (M)
+Chloridium chlamydosporis (K)
{(+)}Cladosporium cladosporicides (M)
+Cladosporium oxysporum (M)
+Cordana pauciseptata (K}
Curvularia harveyi
+Curvularia verruculosa (M)
(+)Gliomastix murorum var. Ffelinz (K,M)
+Humicola fusceatra (K,M)
Mammaria echinobotryocides
+Phialophora (K}
Terulsa herbarum
Trichocladium opacum

Stilbaceae
+&tilbella bulbicola (¥)
Tuberculariaceae

candidum (M)
destructans (K)
didymum
ianthothele (M)
lucidum (K,M)
magnusianum
obtusisporum (K}

+Cylindrocarpon
+Cylindrocarpon
Cylindrocarpon
+Cylindrocarpon
(+}Cylindrocarpon
Cylindrocarpon
+Cylindrocarpon
+Fusariuws (M)
Fusarium lateritium
{(+)Fusarium oxysporum {K,M)
Fusarium rigidiusculom
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{+}Fusarium sclani (X,M)
+Myrothecium verrucaria (M)
+Sphaerosporium (M)

Melanconiales
+Pegtalotia planimi (K,M)
Sphaeropsidales

+Coniothyrium (M)
Pycnidial isclate #1
+Pyrenochaeta decipiens (K,M)

Myvcelia Sterilia

(+)Papulospora irregularis (M)

Non~sporulating mycelium

Sterile isclate #19
Sterile isolate #77
Sterile isolate #91
Sterile isoclate #9%
Sterile isolate #137
Sterile isolate #147
Sterile isclate #228
Sterile isolate #247
Sterile isolate #256
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APPENDIX 9. Characteristic and total species composition of soil-fungus
zones, based on 1273 soil collsction sites.

Soil-Fungus Zome Set 1

Zone A. Dry, Cocl, High~Altitude Scrub Zone
{(sites 13-17; IBP Focal 10-14)

+ Absidia glauca
Cladosporium cladosporioides
Curvularia harveyi

*+ Fusarium lateritium
{8)+ Gliocladium catenulatum
g*+ Mortierella hygrophila var. minuta
{s)+ M. ramanniana
s¥+Mucor fragilis
+ M. hiemalis
+ Penicillium diversum
{s)+P. frequentans

+ P, funiculosum

+P. lilacinum

+P. nigricans

{8)+P. ochro~chloron
Pycnidial isolate #1
Sterile isolate #91
Sterile isclate #96
Sterile isolate #247
Sterile isolate #2356
Trichocladium opacum

+ Trichoderma viride

+Verticillium cephalosporum

Note: Absence of Fusarium oxysporum
Gliocladium deliquescens

+ = all reference species used in computer analyses.

* = reference specles forming groups that are especially representative
of a particular soil-fungus zone, as determined by the two-way table
technique (50/10 rule), a relatively objective wethod,

s = gpecies that were determined by subjective evaluation to be especially

gignificant in the delimitation of a particular zone. (8) = noteworthy

but considered of secondary significance; or iwportant especially when
congidered together with other features.

p = population level (propagules/gram dry soil} was particularly noteworthy

for site differentiation {see Appendix 8).

All other species listed are of lesser individual importance in =zone
differentiacion.
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Zone B. Mesic Montane Soil-Fungus Zome
{sites 4-12; IBP 3-9)

+ abgidia glauca
s*+ A, spinosa
dphanocladium sp.
Aspergillus flavus
Aureobasidium pullulans
Curvularia harveyi
+ Cylindrocarpon didymun
+C. lucidum
s¥*+ Fusarium oxXysporum
+F. rigidiusculum
+F. solani
+Gliccladium catenulatum
s%t G, deliguescens
+G. roseum
+G. vermoeseni
+Gliomastix murorum var. felina
+Mortierella isabellinse
+M. ramanniana
+ Mucor lausannensis
+ M., strictus
s*+ Paecilomyces carneus
{5} Papulosporsa irregularis
(s)+ Panicillium atramentosum
+P. aurantio-candidum
+P. clavigerum
+P. frequentans
+P. lanosum
+P. lilacinum
+F. nigricans
+ P. ochro~chloron
4P, rubrum
+P. verruculosum
p Pycnidial isclate #1
+Pyithium irregulare
+ Rhizopus microsporus
Spicaria violacea
Sterile isolate #19
Sterile isolate #77
Sterile isolate #137
Srerile isolace {147
Torula herbarum
+ Trichoderna viride
+ Verticillium cephalosporum
+ V. chlamydosporium
+V, lateritium
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Zone C, Metrosideros Rain Forest Soil-Fuugus Zone
(sites 2, 3; IB? 1, 2}

Aureobasidium pullulans
+ Cylindrocarpon didymum
{s)+ C. magnusianum
+ Gliocladium catenulatum
+ Gliocmastix murorum var. felina
Mammaria echinobotyroides
+Mortierella ramanniana
+Pythium irregulare
Staphylotrichum coccosporium
() Sterile isclate #77
Sterile igolate #228
+ Trichoderma viride
+ Verticillium cephalosporum

Note: Although this zone does not have a particularly upnique group of
characteristic species, it lacks several very important reference
genera that contribute to the delimitation of zones throughout
the Mauna Loa Transect.

ABSENT GENERA: Absidia
Fusarium
Gliocladium deligquescens, G. roseum
Mucor
Penicillium

Soil~Fungus Zone Set 2

Zone I. Alpine Scrub Soil-Fungus Zone
{gites 16-17: IBP 13, 14)

Cladosporium cladosporiocides
+Gliocladium catenulatum
+ Mortierella hygrophila wvar. minuta
+M. ramannisna
+ HMucor fragilis
{s)+ Penicillium diversum
(s)3+P. frequentans
+P. funiculosum
+P. ochroe-chloron
Sterile isolate #2568
(s}+Verticillium cephalosporum

Note: This zone is distinguished importantly from Zone II by its lack of:
Abgsidia glauca
Fusarium lateritium
Trichoderma viride
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Zone II. Subalpine Scrub Soil-Fungus Zone
{sites 13-15; IBP 10-12)

(s)+ Abgidia glauca
{s)}p Curvularia harveyi
8%+ Fusarium lateritium
(g)p+ Gliocladium eatenulatum
+Mortierells hygrophila var. minuta
+ M. ramanniana
+Hucor frapilis
+ M. hiemalis
+Penicillium lilacinum
g+ P. nigricans
+P. ochro-chleoron
Pyenidial isolate {1
Sterile isolate #91
Sterile isolate #94
Sterile dsclate #247
Trichocladium opacum
g+ Trichoderma viride

Zone I1I. Mountain Parkland Soil~Fungus Zone
{(sites 7-1l2; IBP 5-4}

pt Absidia glauca
{sy+ A. spinosa
Aurecobasidium pullulans
Curvularia harveyi
+ Cylindrocarpon didymum
g+ Fusarium oxysporum
+ Gliocladium catenulatum
pt G. deliquescens
+ G, reseum
+ Gliomastix murorum var. felina
+ Mortierella isabellina
+ M. ramanniana
+Paecllomyces carneus
Papulospora irregulzaris
+ Penicillium atramentosum
+P. aurantio~candidum
+ P, lanogum
{s)+P. nigricans
+P. ochro-chiloron
+P. verruculosum
Pycnidial isolate #1
+Pythiuvm irregulare
+ Rhizopus microsporus
(s) Spicaria violacea
Sterile isolate #19
Sterile isolate #137
+ Trichoderma viride

Note: Almost complete absence of Gliocladium catenulatum.
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Zone IV. Hontane Kipuka Soll-Fungus Zone
{sites 5, 6; IBP focal site 4)

+ Abgidia spinosa
Aspergillous flavus
+ Cylindrocarpon lucidum
+Fusarium oxysporum
+F. rigidiusculum
s*¥+ F. solani
+ Gliocladium deliquescens
p*+ G. roseum
s%+ G. vermoeseni
+Mortierells ramanniana
s¥*+ Mucor strictus
+ Paecilomyces carneus
{2)*+ Penicillism atramentosum
+P,. clavigerum
(g)*+P. frequentans
+P. ochro~chloron
Pyenidial isolate #1
+ Pythium irregulare
Sterile isolate #147
Torula herbarum
+ Trichoderms viride
+Verticillium cephalosporum
+ V. chlamydogsporium
+V. lateritium

Kipuka Hene
(site 1; not on IBP tramnsect)

+ Abgidia spinosa
Cladosporium cladosporicides

s*+ Fusarium solani
s*+ Gliocladium vermoeseni

4+ Gliomastix murorum vay. felina
s*+Mucor strictus

{s)*+Penicillium frequentans

+ . ochro-chloron

+ Pythium irregulare

+ Trichoderma viride

+ Verticillivm cephalosporum
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Zone V., Open Metrosideros Dry Forest Soil-Fungus Zone
(site 4; IBP 3)

Aphanocladium gp.
+ Cylindrocarpon didymum
pt+ Fusarium oxysporum '
+ Glioeladium catenulatum
pt G, deliquescens
+G. vermoesend
+ Gliomastix murorum var. felina
+Mortierella ramanniana
{s)+ Mucor lausannensis
+ Paecilomyces carneus
Papulospora irregularis
(s)+Penicillium lilacinum
+ P, achro-chloron
(s)+P. rdbrum
+Pythium irregulare
{g) Sterile isolate {77
4+ Trichoderma viride

Note: The absence of Absidia spinosa distinguishes this zone (site)
from others in the Mesic Montane Zone (B).

Zone VI, Metrosideros Rain Forest Soil-~Fungus Zone
(sites 2, 3; IBP 1, 2}

Aureobasidiuw pullulans
+ Cylindrocarpon didymum
{s)+ C. magnusianum
+ Gliocladium catenulatum
+ Gliomastix murorum var. felina
Mammaria echinobotyroldes
+Mortierella ramanniana
+Pythium irregulare
Staphylotrichum coccosporium
{s) Sterile igolate #77
Sterile isclate #228
+ Trichoderma viride
+Verticillium cephalosporum

Note: Although this zone does not have a particulariy unique group of
characteristic species, it lacks several very important reference
genera that contribute to the delimitation of zones throughout
the Mauna Loa Tramnsect.

ABSENT GENERA: 4bsidia
Fusarium
Gliocladium deligquescens, G. roscum
Mucor
Penicillium
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Soil-Fungus Zone Component Communities
(Zone III only)

Component §. Styphelia Scrub Component Community of Zone III
{site 7; IBP 5}

+ Abgidia glauca

+ Cylindrocarpon didymum

pt+ Fusarium oxysporum

s+ Gliocladium catenulatum

+ Giliomastix murorum var. felina

s+ Mortierella isabellina

4+ M, ramanniana
Papulospora irregularis

+ Penicillivm atramentosumn

s+ P. aurantio-candidum

+ P. nigricans

Note: Although this community has strong lioks to the Mountain
Parkland Zone, it is distinguished by the lack of significant
species present in other sites of Zone III.

s* Absidia spinosa
s*+ Gliocladium deliquescens
s*+ Paecilomyces carneus

g+ Trichoderma viride

Component K. Acacia koa Component Communities of Zome IIL
{(gsites B~12; IBP 5-9)

+ Absidia glauca
s*+ A, spinosa
Aurecbasidium pullulans
Curvularia harveyi
+ Cylindrocarpon didymum
*+ Fugarium oxysporum
s*+ Gliocladium deliquescens
+ 6. roseum
+ Gliomastix murorum var. felina
+Mortierella ramanniana
p*+ Paecilomyces carneus
Papulospora irregularis
+Penicilliue atramentosum
+P. lanosum
ptP. nigricans
+P. ochro-chloron
+P. verruculosun
Pycnidial isolate #1
+ Pythium irregulare
4+ Rhizopug microsporus
{s) Spicaria violacea
Sterile isalate #19
Sterile isclate #137
+ Trichoderma viride

Note: Absence of Gliocladium catenulatum
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