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ABSTRACT

This two-year research study of vegetation dynamics

followed the clearcutting of a lowland rainforest tract

upslope of Kalapana, on the Island of Hawaii. A 900 acre

clearcutting activity brought up questions concerning the

capability of this fragmented lowland rainforest ecosystem

to regenerate following anthropogenic disturbance. The

impacts of clearcutting to the habitat and microclimate

were evaluated in relation to the establishment of the na

tive and exotic species and associations. This study was

supported by The Estate of James Campbell, the East-West

Center and the University of Hawaii Botany Department.

The thirty (30) most important species across the

clearcut area were computed using frequency and cover

values and applied to elucidate the patterns of vegetation

establishment. Standard sampling and multivariate

analysis procedures were used to evaluate the effect of

site disturbance factors and distance from the seed

sources on early revegetation dynamics. The random dis

tribution of disturbance habitats across the clearcut area

enabled an independant analysis of the vegetation invasion

patterns.

The substrate underlying this area consists of lava

flows that range in age from 350 to 3000 years. The

physical and chemical properties associated with different

lava flows have influenced the early patterns of species
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establishment in the intact forest, as well as the early

successional vegetation associations becoming established

across the clearcut area. It was, however, the compaction

of the clearcut area that was most highly correlated with

the increased density and numbers of alien species and the

poorer regeneration success of the native species.

One third of the species establishing across the

clearcut area were shown to be distributed independently

of microhabitat. This group consisted primarily of weedy

alien species that can disperse widely and successfully

over a broad range of newly opened habitats. Another

third of the species were clearly correlated with the dis

tance to the remaining forest. The native rainforest

species, in particular, were better established closer to

the forest edge. If cutting is allowed and successful re

generation is to be a management objective, maximum dis

tances from native seed sources must be taken into con

sideration.

Two years after clearcutting there were nearly twice

as many species found in the clearcut area than were found

in the intact forest (101 as compared to 56). However,

sixty-three percent (63%) of the species in the forest

were native to the Hawaiian rainforest, whereas only

twenty-four percent (24%) of the clearcut species were na

tive. The density and richness of early successional

alien species now established in the disturbed habitat
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raises the concerns of the ability for native species to

re-establish dominance at this site.

The intact forest is characterized with a dominant

life form of trees (phanerophytes), followed by the

grasses and sedges (chamae-hemicryptophytes) and the

epiphytes. Metrosideros polymorpha, the 'ohi'a tree, is

the most important tree species (based on composite

density and dominance values) in this lowland Hawaiian

rainforest. The second most important tree is another na

tive species, Psychotria hawaiiensis. A naturalized alien

species, Psidium cattleianum, was well established with

large numbers of small individuals growing in patches.

The native tree fern, cibotium glaucum, was the fourth

most important species in this forest. The relative

simplicity of these forests is shown by the fact that

nearly 80% of the total importance value of all woody

species was represented by these four species.

In the clearcut area, large and small shrubs (micro

and nano-phanerophytes) were the dominant life forms. The

most important species re-vegetating this area was the na

tive shrub, Pipturus albidus, which is commonly found in

the understory of the rainforest. Four introduced'shrubs,

Pluchea syrnphytifolia, Clidemia hirta, Buddleja asiatica

and Rubus rosifolius were also well established across

this disturbed landscape. Over one third of the total im-
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portance values of the vegetation invading the clearcut

area were made up these five shrub species.

The dominant rainforest tree species, Metrosideros

polymorpha, was well represented in the middle to large

size class range throughout the native forest. Although

viable seeds were collected from the forest soils, no sap

lings or seedlings were encountered in the forest.

Metrosideros was found to be actively regenerating from

seed throughout the clearcut area, either wind dispersed

or directly from the soil. A density of approximately 800

individuals per hectare across the clearcut area is almost

identical to the density of Metrosideros trees found in

the intact forest. From a qualitative evaluation five

years after the clearcutting, the colonizing Metrosideros

polymorpha individuals appeared to be growing quickly with

a high rate of survival.

The naturalized alien tree, Psidium cattleianum, was

the other tree species that was well established across

the clearcut area. This species represents a long-term

threat for the successful establishment of a pristine na

tive lowland Hawaiian rainforest at this site. Scattered

individuals of other pan-tropical weedy tree species were

also evident colonizing the clearcut area, but at lesser

densities.

The microclimate of the forest and clearcut area was

closely monitored over a ten month period. This stUdy
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showed the forest interior to be a highly buffered en

vironment when compared to the adjacent clearcut area.

The removal of the vegetation and associated surface dis

turbances had a significant impact on soil temperature,

air temperature, soil moisture, relative humidity, solar

radiation and saturation deficit. While the environmental

conditions in the clearcut area would not be considered

extreme, the regeneration environment would sUbject the

native rainforest species to significantly different

germination and seedling growth conditions. In addition

to surface compaction and competitive interaction with

alien species, the documented shift in microclimate is un

doubtedly an important factor that explains why the native

species numbers are so low at this early stage of

secondary succession.

This study provides a valuable baseline database

that can support the long-term monitoring of secondary

succession following disturbance in the Hawaiian lowland

rainforest ecosystem. To fUlly utilize this initial in

ventory and analytical study, the area must be periodical

ly resampled to elucidate the long-term successional pat

terns and dynamics. These dynamics are neither well docu

mented nor understood at this time, and are critical to

manage the development and conservation of these

threatened ecosystems.
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CHAPTER 1. NATURAL REGENERATION AND SUCCESSION

FOLLOWING CLEARCUTTING OF TROPICAL LOWLAND RAIN FORESTS

INTRODUCTION

Tropical rain forests have been the subject of in

creasing scientific interest over the past few decades.

The reasons for this recent activity arise from the

broadening base of knowledge concerning this previously

poorly understood and poorly documented ecosystem and the

rapid disappearance or alteration of this biome. We are

increasing our knowledge of the biological diversity as

sociated with these forests and are gaining an understand

ing of the complexity of the ecological processes which

sustain them. Simultaneously we have become more cog

nizant of the complex pressures to convert these lands to

economic uses and the reality of the rapid erosion of this

irreplaceable resource.

Scientists and environmentalists have responded by

collecting, describing and preserving as much of the

tropical rain forest resource as possible. These efforts

have been woefully inadequate as yet. However, rain

forest conservation and biological research does not al

ways address the human needs for economic development

Which are driven by the burgeoning populations in the

tropics. Applied scientists and planners are striving to

develop more efficient and less destructive ways to util-
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ize and manage the tropical rain forest and to the

economic and cultural policies required for implementa

tion.

One area of inquiry concerns the response of a na

tive rain forest ecosystem to large-scale anthropogenic

disturbance. What is the effect of clear cutting an in

tact forest? What dynamics are associated with the natu

ral regeneration of a native ecosystem? The discussion

that follows reviews background literature which pertains

to reestablishment dynamics of the lowland rain forests.

An inquiry is made into the response of tropical lowland

rain forest in general and then pertinent studies from

Hawaii are reviewed. Within this review, I have focussed

on the dynamics of tropical rain forest succession and re

generation processes, particularly in response to dis

turbance factors.

ECOLOGY, EVOLUTION AND ECOSYSTEM MANAGEMENT

An understanding of the regeneration systems that

have evolved during the last few million years is vital

for developing rational land-use systems for tropical eco

systems. Richards (1955) made the early prediction that

the solution to the problem of establishing a rational

system of land use in the tropics lies in understanding

the processes of secondary succession. Gomez-Pompa et al

(1972) ~ocumented the inability of the rain forest to per-

3



petuate itself under present land-use practices throughout

much of its range. They conceptualized that man-created

disturbances exceeded the spatial and temporal scale of

natural disturbances resulting in the failure of evolved

adaptive recovery processes and the eventual destruction

of the resource.

A sustainable and ecologically sound system of

resource exploitation would need to emulate the natural

patterns of disturbance. Crow (1980) pointed out that the

evolved mechanisms for recovery would then remain intact

and the resource could be renewed. The question which

arises concerns both the critical size and intensity of a

disturbance event that will not destroy the basic fabric

of the original ecosystem.

Up to the past few decades, the disturbed habitats

which were available to weedy colonizers in the humid,

lowland tropics consisted of relatively small islands

within a sea of older vegetation. Today, in many parts of

the world that situation is reversed. Now it is common

for the mature ecosystem to be an island in a sea of pas

tures or second-growth vegetation. Ewel (1980a) predicted

that successional ecosystems are going to be the dominant

tropical ecosystems of the future. He argues, therefore,

that it is essential to improve our understanding of how

these ecosystems are put together, function and change.
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A valuable aspect of understanding tropical rain

forest succession lies in the ability to direct vegetation

management to avoid over exploitation through economic

development. This practice of modifying succession to

favor the regeneration of useful trees is well documented,

and not just a modern practice. Budowski (1966) and Lamb

(1966) attributed Mayan cultural practices of creating

clearings and modifying succession to the present-day

abundance of mahogany (Swietonia macrophylla), chicle

(Achras zapota) and ramon (Brosimum alicastrum) in the

Yucatan of Mexico and the Peten of Guatemala.

TROPICAL RAIN FORESTS - DISTURBANCE AND REGENERATION

Secondary Succession

Recovery following disturbance occurs through a

process referred to as secondary succession. Pickett

(1976) characterized this as dynamic changes of community

species composition, structure, and microclimate at a

specific site. Ewel (1980b) believed that there was less

change associated with vegetation in harsh environments

where the successional vegetation seems to undergo fewer

seral stages. He found that the original system was like

ly to return floristically, if not structurally, more

rapidly than would be the case in benevolent environments.

He felt that management actions concerned with species

composition, therefore, were less complicated in these
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relatively simple communities of harsh environments than

in the floristically complex systems of environments more

favorable for plant growth. within this framework, the

tropical rain forest has not been given a very good prog

nosis for full recovery following disturbance (see also

Gomez-Pompa et al, 1972).

Gaps and Natural Regeneration

The scale of disturbance is one of the key

determinants to the ensuing regeneration dynamics. Small

scale disturbances, or gaps, constitute an important me

chanism for reestablishment of rain forest trees. When

assessing the success of rain forest regeneration follow

ing disturbance, a critical aspect relates to the physical

attributes of the disturbance itself. Hartshorn (1978)

and Poore (1968) showed that variation in gap-forming

processes can lead to important differences in the

temporal and spatial structure of rain forests due to the

differential success of regeneration modes. This is par

tially due to the microclimatic conditions (especially

light, temperature. and moisture) at the center of a gap

which are a function of gap shape, orientation, and size

in relation to the height of the surrounding forest (Lee,

1978).

One as~essment of the role of gaps in forest

dynamics is the proportion of species dependent upon gaps

for successful regeneration. Many studies document the
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importance of rain forest trees being dependent upon gaps

for regeneration (Jones, 1955-56; Hartshorn, 1978; Whit

more, 1974; Schulz, 1960). The data showed that gap de

pendence occurs among canopy and emergent trees as well as

pioneer. species (Denslow, 1980a).

Species requiring gaps for successful regeneration

are often called pioneer, secondary, successional, or

shade-intolerant trees because they are unable to survive

as suppressed juveniles under the canopy shade (G6mez

Pompa and Vasquez-Yanez, 1974). Tree species not depend

ent on gaps for successful regeneration are usually termed

shade-tolerant, primary, or climax species. Hartshorn

(1980) Lemarked that it is surprising how many species can

be clearly categorized into one of these two groups. In a

study at La Selva; he found that more than two-thirds of

the canopy and SUb-canopy species were shade-intolerant

species.

Denslow (1980a) summarized data documenting large

gap and understory microclimatic differences in several

different rain forests. She categorized the reproductive

strategies of rain forest trees into (1) large-gap spe

cialists whose seeds germinate only in the high tempera

ture and light conditions of large gaps and whose seed

lings are highly shade intolerant; (2) small-gap spe

cialists whose seeds are capable of germinating in the

shade but which require the presence of a gap for growth
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into the canopy; and (3) understory specialists that ap

parently do not require gaps for either germination or

growth to reproductive sizes.

These strategists are apparently sharply limited by

a minimum gap size in which they can germinate. Hartshorn

(1978) found that a gap size greater than 1000m2 is neces

sary for the large-gap specialists. The large-gap spe

cialists compensate for the relative rarity of the large

gaps by the production of large seed crops and, frequent

ly, by extended fruiting seasons (Denslow, 1980a).

Resource allocation to sexual reproduction begins at rela

tively small tree sizes in some of these species. Regen

eration of pioneer species and other large-gap specialists

appeared to occur at much larger scales than that of

small-gap specialists (Denslow, 1980a).

Schulz (1960) found that soil temperature is a

sensitive indicator of gap size. He also showed that the

microclimatic differences between gaps and the forest un

derstory are particularly pronounced close to the ground.

Liew and Wong (1973) stated that the success of species

establishment in gaps of different sizes depends on the

adaptations that affect seedling survival and growth when

exposed to these modified microclimatological extremes in

a new gap.

A fragmented landscape results when the gaps or

other disturbance units are extremely large or numerous.
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The key characteristics and integrity of the interior

forest environments in the remaining patches of the

landscape is eventually lost. Forest edges generate

microclimatic gradients which result in a physical en

vironment that differs from both open field and interior.

Along newly created edges, increased light intensity af

fects shade tolerant and intolerant species differently

(Smith, 1962), a feature that is modified as edges mature

(Wales, 1972).

Wales (1972) and Levenson (1980) demonstrated the

important role of forest edges in the development of

forest islands. Ranney (1977) and Ranney et al (1981)

documented the difference in species composition and

structure between the forest edge and the forest interior.

If the recolonization of a clearcut area is the product of

an invading forest edge, the species composition in

creasingly reflects a dominance of edge-adapted species.

Regeneration Following Disturbance

Disturbance is Common. It is easy to fall into the

simplistic vision that disturbance is a negative process

which upsets the natural scheme of nature. On the con

trary, disturbances reduce the dominance of established

individuals by creating openings for colonization and

growth of new individuals. Hypotheses on the coexistence

of plant species (Connell, 1978), niche differentiation

(GrUbb, 1977), and resource partitioning in plant com-
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munities (Denslow, 1980b) have relied heavily on the re

quirement for some form of disturbance.

In temperate and boreal forests, perturbations

resulting from fires, windstorms, insects, or disease out

breaks are frequent and considered to be an integral part

of the natural scheme (stearns, 1949; Rowe, 1961; Loucks,

1970; Dix and Swan, 1971; Oliver and Stephens, 1977). Ef

fective mechanisms for recovery have evolved, such as the

availability of seeds from serotinous cones of jack pine

(Cayford, 1963), the abundant root suckering of aspen

after fire (Graham et aI, 1963), and the long-term storage

of viable pin cherry seeds in the soil (Marks, 1971; Mar

quis, 1975). Through these mechanisms, dense stands of

sera1 species develop to close the canopy and return to

prior steady-state conditions.

Whitmore (1974) and Webb (1958) have documented

similar periodic disturbance cycles as an integral part of

stand development in tropical rain forests. MacArthur and

Wilson (1967), Lebron, (1977), and Crow, (1980) have

demonstrated in their studies that tropical succession is

initiated by native primary and secondary species.

Mueller-Dombois (1981a) has reviewed tropical successions

after fire and other larger-scale disturbances and finds

that these are often responded to by fnst-growing

secondary forest tree species in different continental
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tropical rain forest biomes, although repeated fires en

courage conversion to grassland.

Factors Affecting Regeneration. One of the principal

effects of natural or anthropogenic disturbance is to

alter the availability of resources for plant growth.

There are at least two mechanisms by which disturbances

can temporarily increase the availability of light, water

and soil nutrients. The first is simply the reduction in

canopy which increases the availability of water and

nutrients due to the loss of biomass. This effect is most

apparent in the enhancement of light levels in canopy

openings (March and Skeen, 1976; Chazdon and Fetcher,

1984) .

A second important change associated with di.s

turbance is the alteration of the rate of organic matter

decomposition and mineralization associated with increases

in soil surface temperatures and the release of nutrients.

Of course, this depends on the amount of organic matter

left after the disturbance. Bormann and Likens (1979)

reported that increased insolation at the soil surface and

reduced transpiration (because of reduced foliar mass)

following disturbance may increase nutrient availability

by increasing the rate of decomposition of soil organic

matter. However, Canham and Marks (1985) pointed out that

an important feature of any increase in resource

availability produced by a disturbance is its transient
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nature. Severe disturbances are often reported to reduce

the rate of supply of water and certain nutrients through

physical degradation of the site (Nye and Greenland,1964i

Debano and Conrad, 1978).

Light intensity has historically been identified as

the most important single factor in seedling growth, so

much so that most silvicultural operations revolve around

canopy manipulation (wyatt-Smith, 1963). Ng (1983) as

serted that the role of humidity has been overly

neglected, and that the course of succession may be

drastically changed through failure of humidity-dependent

mechanisms operating at the regeneration level.

Most disturbances result in a pulse of seedling es

tablishment. In these situations, Canham and Marks (1985)

reported that differences in the efficiencies of uptake

and use of resources by different growth forms are an im

portant factor in the ability of a woody plant to reach

reproductive size. However, factors such as patchiness in

the patterns of seedling establishment, differences in the

timing of establishment, and regrowth of surviving plants

can act to reduce the importance of differential growth

rates and efficiencies in the regrowth of vegetation fol

lowing disturbance.

Ewel (1980b) developed a regrowth rate synthesis

method utilizing data from 12 structural measurements

which he uses to compare the regrowth differences for
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various stands. He notes a continuum from tropical wet to

sUbtropical wet to tropical dry to subtropical dry to

montane rain forest in order of decreasing rates of

regrowth after the initial 13 months following dis

turbance. The order of resilience, the ability to return

to original condition, was subtropical dry forest, sub

tropical wet forest, tropical dry forest, tropical wet

forest, and least resilient was the tropical montane

forest.

Ewel evaluated this resilience through analysis of

various structural characteristics (height, LAI, density)

of the secondary growth at one year of age and comparing

these to the mature ecosystem value. Even though the ab

solute rate of height regrowth was fastest at the warmest

and wettest site, the mature vegetation is substantially

taller there than at other sites. Thus the successional

vegetation has further to go than it does in more stress

ful sites, i.e. it is less resilient.

Revegetation Dynamics - Coppicing. Many of the

quantitative studies of succession following disturbance

neglect coppicing even though the literature on tropical

succession indicates that this feature is widespread if

not universal. As early as 1933, Symington observed that

coppice growth in a logged over Malaysian rain forest will

create a stand within a few years nearly resembling that

which was cut.
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Ewel (1977) observed that trees in the seasonally

dry tropics are much more prone to reproduce vegetatively

through coppicing than are trees in the wet tropics. He

partially explained this observation to the higher risks

and lower probability of successful regeneration from

seed, and further postulated that trunk bases are less

sUbject to rapid decay in the dry tropics. Also, adapta

tion to fire plays a role (Mueller-Dombois, 1981a).

stocker (1981) looked at the regeneration modes and

heights of 82 species reappearing 23 months after the

felling and burning of a 100m by 100m tropical rain forest

plot in North Queensland. Herbicides were selectively ap

plied to actively control two exotic shrubs. Germination

of weed species from seed commenced about a month after

the burn. During the second year, grasses dominated most

of the area between the regenerating tree species. Most

of the coppicing stumps were 20 cm or less in diameter

and, although many of the larger stumps had coppiced im

mediately after felling, they did not subsequently recop

pice to replace shoots destroyed by the fire.

The species regenerating from seed were shown to

grow more quickly than species using vegetative modes.

This behavior was attributed as necessary for a species

with limited coppicing ability to successfully compete

with vigorous coppice regeneration of other species. The

total number of regenerating species were within the range
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of tree species numbers which could be expected on an un

disturbed site of the size in this region (Stocker, 1981).

Stocker (1981) concluded that the floristic

stability following disturbance on this site was closely

linked with the ability of species to coppice. He con

cluded that perturbations which limit coppice development

would create a very altered vegetative community.

Revegetation Dynamics - Regeneration from Seed. There

are two main sources of potential vegetation for a cleared

forest area: seeds and surviving plants. The seeds may

have been dispersed and remain viable in the soil prior to

the disturbance (Keay, 1960; Guevara and Gomez-Pompa,

1972: That-Chin, 1973) or they may be dispersed onto the

disturbed area following destruction of the original vege

tation. Regardless of the time that they arrive at the

site, seed-germination requirements and tolerances are

crucial for the establishment of the new vegetation

(Gomez-Pompa et aI, 1974).

In the continuously wet tropics, Ewel (1980b) noted

that one or more pioneer tree species always seem to be in

fruit in every forest. Guevara and Gomez-Pompa (1972)

further observed that the small, readily dispersed seeQS

of the colonizing pioneer species retain viability long

after they reach the soil.

Early arrival time following a disturbance would be

particularly critical for species of woody plants that are
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intolerant of shade. Oliver (1981) found that the estab

lishment of seedlings of many species of woody plants is

often limited to a brief period following disturbance (ca.

1-5 years), particularly when reestablishment of biomass

is rapid. Black (19'57) and Holt (1972) have demonstrated

the competitive advantages of early arrival time and large

propagule size for herbs.

Leaf litter and humus exert a strong influence on

seedling establishment. Marquis (1965) and Putz (1983)

have shown that small-seeded plants are unlikely to become

established in forests even under the favorable conditions

following a disturbance if the litter layer is intact.

However, virtually all disturbances will result in at

least some exposed mineral soil that is conducive to the

establishment of small-seeded plants. Although small

seeded plants have a greatly reduced likelihood of becom

ing established as seedlings in the presence of thick lit

ter and humus layers, the sUbsequent growth of seedlings

is much greater in soil with the humus layer intact (Mar

quis et aI, 1964). Thus, for small-seeded plants in

certain kinds of forests, conditions that promote estab

lishment differ from those that promote sUbsequent rapid

growth of seedlings.

Establishment Sequence Following Disturbance. Ewel

(1980b) described the process of succession in the humid

tropical lowlands as a series of structural and floristic
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changes of the vegetation. Short-lived forbs and vines

quickly invade and cover the ground, which are followed by

heliophytic shrubs and longer-lived herbaceous plants.

The process continues with the increased dominance by

fast-growing pioneer trees, and later takeover by tree

species that may be somewhat more shade tolerant, but less

readily dispersed, than the pioneer trees. By the time a

second-growth forest in the humid lowlands is 30 to 50

years old it is structurally very similar to the

predisturbance forest, but it may differ significantly

with respect to species compositiono Ewel (1980b) went on

to state that site disturbance often leads to encroachment

of secondary vegetation typical of stressful environments.

Harper (1977) pointed out that the number of species

present at a site soon after a disturbance will generally

far exceed the number that can eventually reach repro

ductive size, and the differential growth rates are an im

portant aspect of competition during the early stages of

the recovery of biomass. A seedling with a higher rate of

growth in a given microsite will prevail over a more slow

ly growing, neighboring seedling established at approxi

mately the same time. This is attributed to the ability

of the faster growing seedling to increase its level of

resource use, often at the expense of its neighbors.

Canham and Marks (1985) found that sites which are

characterized by rapid regrowth of vegetation following a
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disturbance exhibit an early peak of resource availability

for colonization. Consequently, the first plants that be

come established enjoy greater availability of resources

than plants that become established later.

Opler et al (1980) looked at the reproductive

characteristics of plants in secondary succession in the

tropics. He found that plants adapted for wind pollina

tion are dominant at first but rapidly decrease in repre

sentation. Plants that are pollinated by animals do not

become established and reproductive until the second or

third year. Following the felling of all trees in La

Selva (tropical wet) and Guanacaste (tropical dry or sea

sonal), Opler et al (1977) found that as successional

stages changed over time, the actual height of the

reproductive activities in the vegetation increased.

BudoWGki (1961) and Ewel (1977) also found that the actual

height level of flowering increases as species replace

each other in secondary succession and the vegetation be

comes taller.

Physiology and Plant Responses to Disturbance. Initial

recruitment is not the only criteria for the success of an

invading species. Though species physiology is known to

be key to the success of invading species, there is very

little experimental data either to support or reject many

of the suggestions dealing with this important aspect of

regeneration. Mooney (1976) encouraged physiological-
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ecological studies on ecologically important species that

can contribute to our knowledge of secondary succession by

providing us with an understanding of species' adaptation

to the environment. Lebron (1980) also suggested that an

underst~nding of the physiological ecology of secondary

plants can further our understanding of the nature of the

process of secondary succession.

Bazzaz (1979) and Bazzaz and Pickett (1980) have

reviewed the comparative physiological basis of plant

response to natural disturbances. They conclude that a

high relative growth rate in a particular disturbance

situation is likely to be the product of a large number of

physiological and morphological traits. Much of the re

search on comparative growth has focused on factors af

fecting the photosynthetic response of a unit area of leaf

tissue under different environmental conditions. This ap

parently is not enough.

Evans (1975) pointed out that a similar pattern of

photosynthetic response in two different species does not

necessarily imply similar levels of plant carbon gain,

since differences in the magnitude of respiration by

shoots and roots will influence plant growth rates. In

woody plants, in which the ratio of non-photosynthetic to

photosynthetic tissue is relative high, respiratory losses

can be substantial (Yoda et al, 1965; Whittaker and Wood

well, 1967; Kira, 1975). Moreover, there are often great
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differences between species in the patterns of allocation

of net photosynthate to different structures within a

woody plant (Logan and Krotkov, 1968; Cannell and Willett,

1976). Thus, even when unit photosynthetic and respira

tion rates of different tissues are known, their net ef

fect on whole plant growth rates will be mediated by dif

ferences among species in carbon allocation patterns.

In general, plant growth rates should be strongly

influenced by such factors as the uptake of water and

nutrients, tha interception of light, and the allocation

of carbon to the roots and shoots (Canham and Marks,

1985).

Evolutionary Selection Patterns. The concept of r- and

K-selection was first introduced in 1967 by MacArthur and

Wilson. They characterized r-selected species as adapted

to colonizing new habitats, as having a high reproductive

capacity (r), and as demonstrating highly cyclic popula

tion changes. K-selected species were characterized as

comparatively poor colonists, good competitors, low

reproducers, but good maximizers of resources with popula

tion levels dictated by resource availability (K). Pianka

(1970) further developed the theory by invoking additional

features to the two groups, including size and longevity.

He stated that for animals, most species could be catego

rized at being either r-strategists or K-strategists.
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Gadgil and Solbrig (1972) applied these concepts to

plants, but stressed that r- and K- strategies were part

of a continuum. Rapid growth rates are often cited as a

basic correlate of r- selection in plants (Grime, 1979).

Pioneer and early successional species have higher poten

tial growth rates than species. capable of responding to

small disturbances (Grime, 1965; Grime and Hunt, 1975;

Marks, 1975). Plants occurring at intermediate seral

stages are usually of intermediate adaptation between the

two extremes.

The concept of r- and K-selection seems to fit

changes in tropical successions quite well. Opler et al

(1980) found that the most extreme r-strategists are those

adapted to pioneer conditions, while plants adapted to the

understory of mature forests are most highly K-selected.

May (1978) pointed out that the relatively predict

able and stable tropical environments and the relatively

vagarious temperate ones can be viewed as tending to

produce a K-selection/r-selection contrast. He postulates

that the overall effect is that tropical animals and

plants will tend to have reduced capacities for the sort

of explosive "pioneer" population growth which charac

terizes their higher latitude cousins. They are not so

well adapted for recovery from bad times. There is a cor

responding tendency to select for long-term competitive

ability, rather than weed-like opportunism and adapt-
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ability, in tropical plants. One consequence is that

seeds will tend to have little or no dormancy period,

being adjusted to rapid germination in the forest environ

ment.

complexity/Fragility and Disturbance. Earlier ecologi

cal theory held that complexity, in the sense of many

species and a rich web of interconnecting relationships,

tended to confer stability on an ecosystem. It is ironic

that the climax equilibrium forests of the humid tropics

are now being shown to be far more fragile than all other

vegetation types on earth (Ng, 1983). More recent studies

both of theoretical models and of empirical evidence, sug

gest that complex communities are dynamically fragile.

Tropical rain forests are apparently lacking in

adaptations to respond to anthropogenic disturbance. They

demonstrate a lack of colonizing ability, poor syn

chronization of reproduction, clumsy seeds, and a narrow

tolerance of environmental change. Although well adapted

to persist in the relatively predictable environments in

which they have typically evolved, these complex eco

systems are likely to be much less resistant to the large

scale disturbances wrought by technological man than are

relatively simple and dynamically robust systems (May,

1978) .
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Microclimate Change Resulting from Forest Clearing

The climate in a forest on a sunny day is very dif

ferent from outside the forest. Air motion is weak, and

it is cooler and more humid. The interior of a forest is

below the level of the active surface where the primary

site of drag on airflow, radiation absorption, and

evapotranspiration is located.

The removal of vegetation markedly alters the sur

face properties of an area, and hence will modify the

energy and mass balances. If the area involved is exten

sive the altered heat and water balances may give rise to

local, mesoscale or even larger scale changes in climate

and hydrology COke 1978). The removal of vegetation often

leads to adjustments in the local water balance because

the interception role of the canopy is lost,

evapotranspiration may be reduced and runoff may be in

creased. Removal can also be expected to change the

radiation bUdget by presenting a new surface geometry and

albedo. The energy balance partitioning is likely to be

modified by a new set of thermal, moisture and aerodynamic

characteristics COke 1978).

Effect of Clearing Size

When forest trees are harvested or otherwise

destroyed, sprouts and seedlings at the forest floor are

forced to cope with an environment that has been abruptly

modified. The degree of microclimatological change
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generally increases with the size of the opening (Lee

1978). Some species thrive in the energy-rich environment

of a forest opening, others uo not. Tree seedlings in a

forest clearing are subjected to both higher radiant

energy fluxes and surface temperatures during the day,

greater energy losses and lower temperatures at night.

In an ideal size opening, young seedlings have ade

quate light, wind protection, and a relatively moderate

temperature regime. Direct evaporation from the soil is

greater in an opening than in the forest, and during dry

periods moisture conditions can be less favorable at the

surface in the opening (Lee 1978). At a few centimeters

depth, however, soil moisture levels were found to be

greater in the opening than in the adjacent forest where

mature trees were competing for the available moisture.

The following parameters were selected to get a bet

ter understanding of the microclimatic changes associated

with clearcutting: air temperature, soil temperature, rel

ative humidity, solar radiation, and soil moisture.

Microclimate Variables

Solar Insolation. Solar insolation is the rate of solar

energy at all wavelengths incident upon a horizontal sur

face. Estimates of the solar constant (So) during the

current century have varied between about 1.9 and 2.0 cal

cm- 2 min-1. This is not a true constant but seems to

fluctuate slightly, a few tenths of a percent over periods
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of years. The presently accepted solar constant is

variously measured as 1367 W m-2, or 4921 kJ m-2 hr-1 or

1.96 cal cm-2 min-1 (Iqbal, 1983; Rosenberg et aI, 1983).

The forest canopy alters the distribution of direct

and dif~use radiation. Gay et al (1971) found that the

leaves of a loblolly pine forest reduced the portion of

diffuse radiation from 15% of the total global radiation

above the canopy to 46% at the forest floor.

Very little direct radiation is received on the

forest floor under a closed canopy (Hutchison and Matt

1977; Rosenberg et al 1983). Ghuman and Lal (1986) found

the ground surface in a Nigerian rain forest received 26

and 42 times less solar radiation than a clearcut area,

but the variability outside of the bUffering effects of

the forest canopy was approximately 10 times greater (as

measured through standard deviation). Baumgartner (1956)

reported that the net radiation under' a full canopy is

usually diminished by at least an order of magnitude from

the net radiation above the canopy during clear days.

Harrington (1984) computed the effect of solar

radiation on forest regeneration and concluded that in

cleared strips the intensity of solar radiation has a cru

cial effect on germination, survival and rate of growth of

new seedlings, the proliferation of insects and diseases,

and the drying of forest fuels.
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Air Temperature. The daily pattern of air temperature

describes a sine curve, with the minimum normally occur

ring in the early morning hours before sunrise and the

maximum occurring sometime after the peak of solar and net

radiation has been reached. The air temperature curve is

not necessarily so regular on individual days, but as

averages of hourly air temperature are calculated over in

creasingly long periods, the regularity of the waves be

comes more and more evident (Rosenberg et al 1983). The

amplitude of the temperature wave is greatest near the

ground and decreases with increasing elevation.

Ghuman and Lal (1986) reported that the air tempera

ture before dawn on a clear day was higher under forest

than in a cleared area. After sunrise, air temperature

rose faster in the cleared area, attaining a maximum value

of 36°C at 1500 h in their Nigerian study site. Under the

forest, the maximum air temperature at 31°C occurred at

1330 h. They found that deforestation increased maximum

air temperature by 2-5°C.

Barradas and Fanjul (1986) reported average maximum

and minimum air temperatures in an open coffee plantation

in Mexico of 5.4 ± 1.5°C higher and 1.5 ± 0.2°C lower,

respectively, than in a shaded plantation. Thermal

amplitude almost doubled when the shade trees were

removed. The authors concluded that the removal of the
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shade trees would have an important negative impact on the

physiology of the crop.

Lal and Cummings (1979) investigated the effects of

different methods of forest clearing on the soil and

microclimate in a lowland rain forest in Nigeria. In a

clearcut area at 1500 h., they. found the maximum air

temperature at 10, 50 and 100 cm above ground increased by

5-8°C and the minimum temperature decreased by 1-2°C.

Soil Temperature. The thermal conductivity of soils is

small, considerably less than that of air at rest. For

example, A (thermal diffusivity) in soil ranges from about

20 to 100 m2s-1, while A for still air is about 1600 m2s-1

(Rosenberg et al 1983). Thus soil temperature below the

surface will change slowly during the course of a day.

The amplitude of the temperature curve at the ground sur

face will diminish with depth below the surface (Baker

1965). By 0.5 m depth, the daily temperature curve is so

damped that it shows no appreciable diurnal variation

(Ghuman and Lal 1986).

The soil temperature regime beneath crops is similar

to that for non-vegetated surfaces, but the amplitude of

the temperature curve is dampened due to the radiation

shading afforded by the canopy (Oke 1978). At night a

weak cooling wave travels downwards. The daytime heating

wave is somewhat stronger and dependent upon the amount of

radiation penetration as well as the soil type.
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Ghuman and Lal (1986) found that the soil tempera

ture at 1 cm was slightly lower in the cleared area than

under forest from midnight to 0700 h, after which inver

sion took place. The maximum temperature occurred around

1500 h at both sites but the rise in the temperature was

steeper in the cleared compared to the forested area.

After 1500 h the rate of fall of temperature was faster in

the cleared area than the forest. The maximum temperature

was 10°C higher in the cleared area than under forest.

The lower soil temperature at 1 cm depth before sunrise in

the cleared area was attributed to the absence of a pro

tective canopy, resulting in the unhindered emission of

long wave radiation to the atmosphere. On the other hand,

the transmission of long wave radiation to the atmosphere

was iptercepted by tree canopy and leaf litter in the

forest site thus keeping the surface air above the soil

warmer.

Ghuman and Lal (1986) found that the maximum soil

temperature on a sunny day in the clearcut area was 37°C

as compared to 28°C on a cloudy day. Corresponding

teIlIperatures were 27°C and 24.5°C under the forest. They

concluded that deforestation increased maximum and lowered

minimum soil temperatures at the 1 cm depth by about 3

10°C and 1-2°C respectively.

Lal and cummings (1979) showed that soil temperature

was also affected by forest removal and more specifically
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by different methods of clearing. Maximum soil tempera

ture were higher on mechanical than on manually cleared

plots. The difference was 5"C, i.e. 25"C maximum tempera

ture for the mechanically cleared 20°C maximum temperature

for hand cleared plots. The differences in soil tempera

ture were less at 5 and 10 cm depths.

Opara-Nadi and Lal (1984) reported that the maximum

soil temperature at 5 cm depth was 0.7-2 °C greater in me

chanically cleared plots than in traditionally cleared and

managed areas. Lal and Cummings (1979) reported similar

effects of partial deforestation on soil temperature and

attributed the differences among treatments to the amount

of ground cover and the presence or absence of leaf lit

ter.

soil Moisture. The moisture in soil moves in response

to water potential gradients. Moisture also moves as a

result of temperature gradients. The temperature profile

may influence the patterns of moisture distribution in

soil because the water in soil is in thermal equilibrium

with the soil matrix at t~e same depth (Rosenberg et al

1983). The movement of the evaporation zone into the soil

is evident with the diurnal fluctuation of heat applied to

the surface (Gardner and Hanks 1966). An increase of heat

applied to the soil surface, as in clearcutting, would

therefore be expected to effect the soil moisture content.
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Lal and cummings (1979) investigated soil moisture

profiles under different treatments monitored after forest

clearing. Among the different clearing treatments, they

found that the mechanically cleared plots had the least

soil moisture content. compression of the surface soil,

removal of leaf litter, and high soil temperature was at

tributed to have caused a higher rate of evaporation on

mechanically cleared site as compared with less disturbed

and partially mulched manual treatments.

Relative Humidity and Saturation Deficit. Humidity in

the atmosphere is of great biological importance. The at

mospheric humidity influences the internal water potential

of plants and the rate at which plants transpire water

into the atmosphere. In general the highest daytime

humidity occurs at the level of maximum leaf area where

radiative absorption provides the most latent heat for

transpired vapor (Jarvis et al 1976). However, Oke (1978)

states that the humidity profile is less easily general

ized within the forest because of the possibility of

evaporation from the soil, or plants on the forest floor.

Ghuman and Lal (1986) reported that the relative

humidity remained almost constant at 90% during the day in

a Nigerian forest. There was no appreciable variation in

the corresponding air temperature. In the cleared area,

however, relative humidity decreased with increasing air

temperature during the day and was the lowest (50%) at the
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highest air temperatures (38°C). They concluded that

clearing the forest caused the relative humidity to fall

by 5-40% at the peak air temperature, depending on sky

conditions. During the night they documented no dif

ference.between the relative humidity values of the

cleared and forested areas.

Lal and Cummings (1979) reported that the dif

ferences in the minimum relative humidity in cleared and

uncleared plots were of the order of 15-20% and concluded

that forest removal resulted in an increase in the aridity

of the microclimate.

Rainfall. In a comparative study between forested and

clearcut sites, Ghuman and Lal (1986) found that the

throughfall under the forest canopy was always less than

rainfall received·in the cleared area due to canopy inter

ception and stem flow. Throughfall in this forest was

equal to 0.78 of the rainfall and interception (canopy in

terception and stem flow) was equal to 0.21 of the rain

fall. Throughfall and interception rates were linearly

related to the size of the storm event.

Weeds

The term "weed" describes species that thrive in

places that they are not wanted (Odum, 1971). Weed

species are conventionally typified as efficient

colonizers and thus capable of ready access to most
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regions and sites. Baker (1965, 1967) has shown that

weeds have a tendency toward the selection of "general

purpose genotypes" that confer upon the individuals a wide

range of environmental tolerance. This gives them

preadaptation to many environments as they opportunisti

~ally follow human disturbance of natural communities.

Kellman (1980) found that the composition of dif

ferent weed communities across widely separated parts of

the tropics demonstrated only a partial species dif

ferentiation. A large component of widespread weedy

species existed through all of the flora. Many existing

weed floras show a juxtaposition of indigenous and cos

mopolitan species. Van steenis (1967) stated that the

balance between these weed floras is in flux due to a

change from shifting to permanent agriculture and ongoing

immigration of aggressive pantropical species.

At the inter-regional level, some rather consistent

differentiation of weed communities has been illustrated

(Kellman and Adams, 1970; Kellman, 1973; Kooper, 1927;

Meijer, 1957 and Cabailo, 1925). This differentiation has

b~en attributed to soil and water conditions and differing

types of land use. There is considerable variation in the

patterning of weed communities across individual fields.

Kellman (1980) attributed the patterns of variation to

differences of soil types and moisture regimes. Even in

relatively uniform environments, heterogeneity seems also
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related to the reproductive biology and diffusion of

species present and the disturbance patterns.

Kellman (1980) illustrated that the earliest stage

of succession generally is dominated by weed species.

While these weeds often appear to be ephemeral in the

course of succession, he believes they may exert an im

portant effect on successional processes. Many of these

weedy species be a component of, and otherwise exert con

trol over the species composition of later successional

stages. The aggressiveness of herbaceous weeds spreading

vegetatively can preclude for decades the establishment of

larger growth forms unless these were present in the field

at the time of abandonment. This has been demonstrated

for the fern Pteridium aguilinum and the grass Imperata

cylindrica, and in South Pacific island rain forests by

the spread of vines, particularly Merremia pacifica.

A potential weed species, having gained access to a

field following disturbance is immediately sUbject to in

tense competition. The weed is sUbject to selection by

the micro-sites available for seed germination. Kooper

(1927) found a distinctive composition of early weed com

munities in Java which was most closely related to a dif

ferentiation of germination amplitudes along edaphic

gradients. In moister tropical environments competition

for light appeared to be a major interactive process
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(Kellman, 1980), leading to the dominance of the fastest

growing and largest weeds present.

Kooper (1927), Buzacott (1955) and Richardson (1963)

have documented temporal variations in weed communities.

Since most species present at an early stage were also

present later, these changes appear to be attributable to

different germination phenologies and growth rates.

In many situations, the floristic elements of most

successional stages are present in the neighboring en

vironment (Kellman, 1972). These may be fast growing tree

species, seedlings or sporelings and remnant root stocks.

A major dichotomy is found between successions on sites

where a woody component persists in the weed vegetation

and on sites where disturbance has eliminated this com

ponent.

Weeds can have a number of very different effects on

associated plants. Displacement of other species is

usually indirect. Weeds usually deprive associated plants

of water and nutrients, particularly nitrogen. Mahmoud

and Grime (1976) suggested that the success of weeds is

not necessarily the result of greater efficiency of up

take, but rather the result of high numbers absorbing

their 'fair share' of a generally limited resource. San

chez and Davis (1969) put forth that allelopathy from root

secretions in weeds can provide a direct competitive

force. Weeds also act as primary or alternate hosts for
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pests and diseases. other adverse effects by weeds in

clude the formation of monotypic stands, and changing fire

characteristics, sail-water relations and nutrient status

of the soil.

One source of weeds is the population of buried vi

able seed present in the soil at the site prior to dis

turbance, which appears to be appreciable (Chin, 1973;

Guevara and Gomez-Pompa, 1972; Keay, 1960; Symington,

1933). While these populations tend to be dominated by

herbaceous species, they normally contain a significant

component of fast-growing secondary tree species. Seeds

being transferred to the area after disturbance provide

another source of weed establishment. Schwerzel (1967)

reported that most tropical weed species in Rhodesia

produce large numbers of seeds, many of Which are small

and possess efficient dispersal mechanisms.

Early observations by Symington (1933), Richards

(1966) and Keay (1960) predicted long seed viability for

tropical weeds, which has proven to be correct for the

species studied so far. An early study by Juliano (1940)

showed that some tropical weed seeds in the Philippines

could remain viable for a period of up to six years when

buried in the soil.

Kellman (1980) predicted an increasingly homogenized

herbaceous weed flora with extended seed-dormancy

capabilities for many parts of the tropics. In situations
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where the invasion of secondary tree species is likely to

be a much-delayed and patchy process, the result may be

extensive parts of the tropics covered by floristically

depauperate and quasi-stable communities of grasses,

forbs, and shrubs. These conditions could occur when the

disturbance had severely modified the habitat, where dis

turbances occurred with greater frequency, or where the

flow of tree seeds had been altered.

Disturbance, Soils and Succession

Harcombe (1980) asserted that the loss of soil

fertility following removal of the primary forest may not

constitute a serious threat to the successional dynamics

associated with many tropical ecosystems. He found that

the changes in vegetation that were earlier attributed to

nutrient loss may actually be due to competitive interac

tions. He concluded that in the absence of continued

human disturbance, vegetation dynamics and succession is

essentially independent of soil nutrient status.

Following an extensive literature review of soil

vegetation relationships, Knight (1975) came to a similar

conclusion. He found there was a general consensus that

in the absence of continued disturbance over time, the

plant community will not be permanently deflected. Though

species composition is generally thought to be relatively

insensitive to soil disturbance characteristics in tropi

cal fcrests, Janzen (1974) and Brunig (1969) have docu-
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mented poor vegetation response on extremely poor white

sand soils which did result in a permanent deflection of

succession due to a disturbance event.

Seed Biology and Ecology

In the literature dealing with secondary succession

in tropical forests, there are many lists of seed charac

teristics which secondary species have regarding seed

size, number, and physiology (Richards, 1955; van Steenis,

1958; Smith, 1970; Gomez-Pompa et aI, 1972; Whitmore,

1975). The following discussion reviews some relevant

aspects of this literature.

Seed Production and Dispersal. Patterns of seed pro

duction and dispersal vary widely among woody plants.

Harper et al (1970) and Stebbins (1971) have stated that

the reproductive.biology of any seed-plant population is

believed to reflect evolutionary compromise among various

conflicting aspects of reproduction. Of these, seed size

is fundamental because it apparently influences many other

aspects of reproduction (Jackson, 1981).

Numerous researchers agree that the major advantage

of smallness is enhanced dispersal (Salisbury, 1942;

Carlquist, 1966; Harper et ai, 1970; Stebbins, 1971;

Baker, 1972; MacArthur, 1972; Levin and Kerster, 1974).

Such an advantage appears to be necessary since small seed

size is clearly a disadvantage for seedling establishment

(Black, 1958; Harper and Obeid, 1967; Schreiber, 1967).
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The advantage in small seed dispersal stems from a cor

responding increase in the number of disseminules and the

higher probaLility of arrival at a given site.

Canham and Marks (1985) reported that there is a

substantial annual fluctuation in the size of seed crops

within and between species. The periodicity of good seed

crops in temperate trees appears to be at longer intervals

for large-seeded trees than in small-seeded trees (Godman

and Mattson, 1976), explainable partly on the need for ac

cumUlating energy reserves for such a major output.

Smythe (1970) and Jackson (1981) have reported fruiting of

large seeded species in Panamanian and Brazilian forests

to be synchronous, whereas small-seeded species were less

seasonal in fruiting time. Frankie et al (1974) found

that almost continuous release of seeds throughout the

year was commonly associated with tropical species whose

individuals also flower through much of the year. Rela

tively continuous production of seeds throughout the yenr

and year after year should enhance the likelihood that

seeds are available for colonization at any time of dis

turbance.

Bazzaz and Pickett (1980) pointed out that plants

that rely on animals as pollinators or dispersers may have

greater reproductive success if flowering, fruiting, and

seed dispersal are synchronous. For wind-dispersed

species, it seems likely that extended release of seeds
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from a given plant will result in greater variability in

the distance and direction of seed dispersal because winds

of different dir~ctions and velocities will be involved.

Johnson et al (1981) found seed fall to be inverse

ly related to humidity (precipitation, vapor pressure, or

relative humidity) and dir~ctly related to wind speed.

They also report that the distances seeds are wind-borne

vary by several orders of magnitude, but most seeds fall

within a short distance of their source.

Dansereau and Lems (1957) have classified plants on

the basis of the physical structure of their dispersal

units (diaspores). The physical structure of the dis

persal mechanism has given the name to one of the most im

portant of the South East Asian tropical rain forest

families, the dipterocarps (two-winged). It has been

shown by Opler et al (1977) that the proportion of pla~ts

with small gravity dispersed seeds is high in the earlier

stages of tropical seres, but that they are quickly re

placed by plants with fleshy fruits or arils, which are

the dominant plants of most mature tropical forests.

Baker (1972) and Harper et al (1970) have documented in

creases of mean seed weight amongst tropical plants in

several stages of succession. The trends illustrate the

increasing importance of animal dispersal with succes

sional development and the association of wind-diaspores

with the high vertical position necessary to gain adequate
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dispersal distance (Opler et aI, 1980).

Animal dispersal in disturbed areas of tropical rain

forest exhibits differences in distribution patterns and

quantities of seeds. Where dispersal distances are

greater, plants with animal-dispersed seeds may aChieve

higher densities at further distances away from the seed

sources than plants with wind-dispersed seeds. Following

cutting and burning of mature terra firme forests of the

Amazon basin, Uhl et al (1981) and McDonnell and Stiles

(1983) have documented that bird and bat dispersed seeds

of Cecropia and other woody pioneers were clumped,

presumably reflecting roosting site preferences. Uhl et

al (1981) hypothesized that bird dispersal of seeds may

function more to maintain input to buried seed pools in

closed forests.

The spatial arrangement of a seed source may in

fluence seed dispersal patterns in its surroundings.

Kellman (1974) found that impacts of seed dispersal and

patch seed pools on the dynamics of forest islands are

ecologically significant in rapidly changing landscapes.

Johnson et al (1981) described the seed budget of a forest

island as a function of its spatial relationship with

respect to other forest patches and the quality of the in

tervening matrix. Gomez-Pompa et al (1972) noted a

similar problem where regeneration of certain tall upper

canopy species was thought to be declining because of
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their inability to recolonize large areas once opened to

intensive agriculture. When the seed source, a mature

forest, becomes more and more fragmented, its seed dis

persal capacity will also shrink.

Several models are used for the analysis of dis

persal and vegetation dynamics in landscapes of forest is

lands. The components which are generally considered are

(1) the effect of fragmentation pattern and matrix quality

on the amount and quality of exogenous seed dispersed to

the disturbed landscape, and (2) the overall effect of

altered seed supply, both in numbers and composition, on

ecosystem attributes. The lack of a seed pool or seed

storage component is recognized to be a conceptual in

adequacy of the model.

For the analysis of component (1), SEDFAL is

generally used as the accepted model for seeds dispersed

primarily by wind (Fields and Sharpe, 1980). The SEDFAL

model computes the pattern of seed rain around a seed

source based on specific meteorologic conditions, seed

supply, and seed fall velocity. For the analysis of com

ponent (2), an existing stand level forest simulator,

FOREST (Ek and Monserud, 1974; Monserud, 1975), has been

modified to examine the effect of altered seed densities

on the successional development of vegetation. However,

the high information requirement of spatially explicit

models has tended to limit their development to well
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studied forests of low diversity (Schugart and Seagle,

1985).

Seed Bank. Assuming that seed production is not limit

ing, the ability of species to maintain their place in a

forest community is dependent on the interplay of factors

controlling the fate of seeds and seedlings. Seeds

deposited on the forest floor lie there for varying

lengths of time and germinate or die at varying rates

depending on the nature of the species and other factors.

An inventory of a seed bank may be used to predict the re

generative capacity of the community from its seed

reserve. Direct studies on the soil seed bank in situ can

be complicated by uncertainty over the age and viability

of the.seeds present, and the extrapolation of what other

seeds will become part of the seedbank over the larger

areas and throughout the annual cycles.

Canham and Marks (1985) have recognized three

general patterns of seed storage and germination.

1} No or minimal delay between dispersal and

germination. The salient feature of this pattern is the

lack of a persistent buried seed pool. As a result,

colonization of a disturbance must come from either a pool

of suppressed seedlings (if one exists), the sprouting of

surviving roots or boles, or more or less continuous pro

duction and dispersal of seeds from beyond the disturbance

area.
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Species with little or no delay between dispersal

and germination include many shade tolerant trees of the

eastern United States, more than half of 180 rain forest

species reported by Ng (1978) in Malaysia, many flood

plain trees of the northeastern United states, and some

pioneer trees.

2) Extended delay between dispersal and germination,

with germination being triggered by some aspect of dis

turbance. The salient feature of this pattern is the ex

tended storage of seeds in the soil. A key question, for

Which there is currently inadequate information, concerns

the extent to which repeated input of seeds is required to

maintain the seed pool from one disturbance to the next.

This pattern involves woody species that have a sub

stantial delay between dispersal and germination; the

seeds of such species remain alive in the soil for periods

ranging from years to decades. VasqUez-Yanes (1974) con

cluded that latent seed dormancy is generally a trait of

pioneer plants as many pioneer trees such as Ochroma

lagopus fit this pattern. When combined with a germina

tion response that is keyed to an effect of a disturbance,

extended storage of seeds in soil can virtually ensure

that seedlings will be present soon after the formation of

a canopy opening (Bazzaz, 1979). Several studies (Cheke

et aI, 1979; Hall and Swaine, 1980; Holthuijzen and Boer

boom, 1982) indicated that many pioneer tropical trees
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continuously add seeds to the soil bank, of which many are

lost by consumption, embryo abortion and rot. However, a

high concentration of viable seeds is maintained.

3) Intermediate delay between dispersal andgermina

tion. Innate seed dormancy is long enough to compensate

for poor seed production in one to several years, but

short enough (ca. 5-7 years) so that frequent input of

seeds is required to maintain a soil seed pool from one

disturbance to another. This pattern involves short-term

storage in the soil (ca. 3-7 years) followed by germina

tion that is not necessarily cued to disturbance.

In temperate zones, it is clear that there is an ac

cumulation of dormant seeds in the soil over long periods

of time (Guevara and Gomez-Pompa, 1972), but the question

has remained relatively open in the tropics. symington's

work (1933) suggested that the process is the same in the

Malayan rain forest. In Nigeria (Keay, 1960) and tropical

Mexico (Guevara and Gomez-Pompa, 1972), it was shown that

seeds of seral species are already present in soil under

the primary canopy. Further studies in Mexico (Guevara

and Gomez-Pompa, 1976) have shown a strong seasonality in

the appearance of seral tree seedlings in soil samples

that were germinated in the greenhouse. It has not been

clarified whether this is due to seasonal in-seeding or

seasonal germination.
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Denslow (1980a) stated that the role of seed

dormancy in maintaining substantial seed stocks of large

gap species in rain forest soils is not well understood.

Kellman (1970) inferred from his observations in the

Philippines that both dormancy and rapid immigration were

important in the colonization ·of clearances. Whitmore

(1975) pointed out that critical experiments had yet to be

done in the Far East, but added that from his own observa

tions he favored the hypothesis that rapid seeding-in was

the more important process. Cheke et al (1979) showed

that the seeds of secondary forest species are well

distributed through the soil in a Thailand tropical

evergreen forest, and that seeds are present in much

greater numbers than can be accounted for by the in

stantaneous seed rain. He also demonstrated that the

seeds in the soil were extremely variable in period of

dormancy.

Studies have produced evidence to strengthen the

hypothesis that forest soils primarily act as an effective

seed bank for pioneer species. Aminuddin and Ng (1982),

Symington (1933) and Liew (1973) showed that seeds of

pioneer species of different life forms lie dormant under

forest shade and are stimulated to germinate when the

forest canopy is opened. Seeds of pioneer species have

been germinated from soils taken from the interior of pri

mary rain forest (Guevara and Gomez-Pompa, 1972; Liew,
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1973; Ashton, 1978b), but their occurrence in the soil may

be the result of constant seed rain rather than extended

dormancy. So, some pioneer species may have the capacity

for prolonged dormancy while others have not.

It has been mentioned that a major source of herba

ceous weeds and fast growing woody secondary species is

the population of buried viable seed present in the soil

at a site prior to disturbance. Although the importance

of buried viable seed populations as a source of weeds on

freshly cleared land has yet to be demonstrated experimen

tally, there seems little doubt that seeds close to the

soil surface provide a significant number of colonists

(Kellman, 1980). In contrast, few primary forest tree

seeds exist in this pool.

Germination. wyatt-smith (1963) stated that the highest

mortality in the life cycle occurs between flowering and

seedling establishment and its appreciation is crucial in

the development of suitable methods of natural regenera

tion of logged forest. Seed dormancy and viability are

two major factors in seed pool dynamics of any disturbed

area (Lebron, 1980). The germination and establishment of

mature phase tree species usually require very specific

conditions which are altered following forest clearance.

This is the major factor preventing their return after

forest clearance (Gomez-Pompa et aI, 1972).
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Ng (1980) built a model from accumulated gx situ ex

periments involving 335 species (roughly 10% of the

Malaysian woody flora) to show the rate of loss of species

from the soil seed bank against time of deposition in the

soil. He found there to be two clear modes of selection,

some species exhibited a rapid germination response while

others exhibited significantly delayed germination. Fifty

percent of the species from the seed bank were no longer

viable after 6 weeks, from which he concluded that lithe

soil seed bank is virtually useless as a source of seeds

for the establishment of the original composition of the

forest after loss of the matiuze vegetation".

No comparative information on germination and estab

lishment in different forest types is available. No sig

nificant differences in fruit biology are known between

different forests on average and well watered fertile

sites. On infertile, and particularly xeric sites there

is an increase in mature species with dry, dehiscent,

small-seeded, and wind-dispersed propagules (Ashton,

1978a), relative to more fertile and moist sites.

Seed germination in secondary forest areas is very

complex and involves physical as well as biotic factors

(Lebron, 1980). Edmiston (1970a), Quarterman (1970) and

Vasquez-Yanes (1974) showed that high soil temperatures

and fluctuations, as well as high light intensities, trig

ger seed germination in some tropical secondary forest
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species. Experiments by Vasquez-Yanes (1974) demonstrated

that intense light was the necessary stimulus for seed

germination of many pioneer plants, and that high tempera

tures were responsible as the germination stimulus for

comparatively few tropical plants. Vasquez-Yanes (1976)

has also shown that the temperature requirements for

germination in thermoregulated seeds may change through

time. This may mean that older seeds require higher,

temperatures to germinate.

Closely related to the topics of seed dormancy and

germination triggering is the subject of germination pat

terns as outlined by Ng (1973, 1975). He indicated that

there are three main patterns of seed germination: rapid,

intermediate or staggered, and delayed. In Ng's studies,

Macaranga exhibited an intermediate or staggered pattern

of seed germination, which was also reported for

Palicourea riparia (Lebron, 1977): rapid seed germination

was found in a variety of other secondary forest species

(Vasquez-Yanes, 1976). Both patterns of seed germination

are potentially advantageous to secondary forest species:

the intermediate pattern prevents elimination of all the

seedlings from an area in the event of an unfavorable

climatic period or excessive herbivory, while the rapid

pattern enables the species to occupy newly opened areas

quickly.
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studies by Ng (1978) demonstrated that seeds of many

Malaysian pioneer species are capable of rapid germina~

tion, but how long they remain viable in forest un

dergrowth conditions is unknown. Whitmore (1975) noted

that logging clearings are often filled by single species

stands of pioneer trees. This observation suggests that

nearby trees dispersing seeds at the time a gap is formed

have a competitive advantage over seedlings germinating

from dormant seeds.

It is now fairly well established (Edmiston, 1970b)

that many rain forest families are mycorrhizal (e.g. Dip

terocarpaceae, some Tiliaceae, Sterculiaceae and Myrtaceae

with vesicular arbuscular mycorrhizae). The dependence

upon the mycorrhizal association for successful germina

tion has not been well documented. It also appears that,

as in the temperate zone, mycorrhizae become more wide

spread and physiologically important in infertile tropical

soils.

HAWAIIAN ECOSYSTEMS

General overview

Thus far this review has covered general literature

concerning successional dynamics in relation to dis

turbance, primarily in continental tropical forested eco

systems. While these studies provide valuable background
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insight and guidance for similar research in Hawaii,

tropical islands demonstrate considerable differences in

the forest composition, structure and dynamics. One co~ld

expect to find somewhat different regeneration dynamics in

Hawaii from that on continental ecosystems.

Mueller-Dombois (1981b) has listed three important

differences which characterize island ecosystems from con

tinental equivalents: geographic isolation, small size and

the young age of the land mass.

The geographic isolation results in a smaller number

of organisms which can reach and become established.

Hawai'i is the most isolated island group in the world.

The relatively few successful populations often radiate

and specialize to fill the numerous open habitats and

niches. Wagner et al (1985) are amongst those who have

characterized the Hawaiian flora as disharmonic and at

tribute this directly to the extreme "isolation of the is

lands.

The biological implications associated with small

islands is that the population sizes of perennial

organisms also tend to be small. The recurrence of

similar habitats is limited, which effectively restricts

the size of the gene bank. The rate of gene flow is fur

ther restricted among islands within an archipelago.

Macdonald and Abbott (1970) estimated the oldest

parts of the high Hawaiian chain to be only six million
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years old. This also contributes to lower diversity due

to the relatively short time available for colonization

and evolution within the established populations.

Wagner et ale (1990) estimated the native ter

restrial Hawaiian flora of flowering plants to consist of

956 species, which probably descended from 270 to 280

original colonists. Fosberg (1948) estimated the latter

as 272. The Hawaiian Islands are famous for their diver

sity of ecological environments and high level of

endemism, which is 89% (850/956) among the native flower

ing plants.

The native flora consists entirely of waif elements

derived by long-distance dispersal (Wagner et aI, 1985).

Many of the plants which form the native communities

originally must have had small seeds adapted to wind and

bird dispersal (Carlquist, 1966) and many still retain

these attributes. There is an outstanding question

whether the comparatively "species-poor" Hawaiian forest

flora contains the pioneer species equivalents associated

with tropical continental rain forest systems that respond

to anthropogenic disturbance and direct successional proc

esses back to a native forest ecosystem.

Isolated islands are well known to be vulnerable to

the influences of man, both directly through development

and habitat destruction, and indirectly through animal and

plant introductions (Carlquist, 1974). This vulnerability
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results from t.tle evolution of a native biota in the com

plete absence of man and grazing mammals. Since the ad

vent of humans on the Hawaiian Islands, large numbers of

pest species have become introduced into the native com

munities. As a result, many of the native species popula

tions have been reduced or become extinct.

'6hi'g - Dynamics in the Hawaiian Forests

The 'ohi'a lehua tree, Metrosideros polymorpha

(Gaud.), is the dominant canopy species in the Hawaiian

rain forests. This is a Hawaiian endemic in the family

Myrtaceae. other species in the genus occur in New

Zealand and other islands in the Pacific. In his studies

of Malaysian forest species, Ng (1983) mentioned that the

two largest families; Euphorbiaceae and Myrtaceae also

have the largest number of endemics. He explains that the

large families must be those that have speciated freely

with an evolutionary strategy to evolve different species

that fill different ecological niches.

The range of Metrosideros has been documented as ex

tending from sea level to 2400m in elevation, and from the

seasonally dry forests to the humid rain .forests (Rock,

1913; Doty and Mueller-Dombois, 1966; Knapp, 1975). Be

cause this species is such an important component of the

composition, structure and productivity in the Hawaiian

forests, understanding the ecology and regeneration

dynamics of Metrosideros populations is fundamental to the
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conservation and management of indigenous Hawaiian rain

forest ecosystems.

The taxonomy of Metrosideros has not been clearly

established, with various authors citing up to six species

in the Hawaiian Islands and an arguable number of

varieties (Rock, 1913; Skottsberg, 1944; Dawson, 1970; st.

John, 1973; st. John, 1979; Corll, 1979). The latest

treatment by Dawson and Stemmerman (1990) gives five

species (M. rugosa, M. macrocarpa, M. tremuloides and M.

waialaealae) with the most wide-spread species M. polymor

pha consisting of seven varieties. Sastrapradja and

Lamoureux (1969) and carlquist (1980) maintained that most

of the Metrosideros forms undergo hybridization and are

presently in a state of active evolution. Corn and Hiesey

(1973) have demonstrated the existence of altitudinal

ecotypes, and Mueller-Dombois et al (1977) and Stemmermann

(1986) have suggested evidence for successional ecotypes

that occur in progressive seral stages of community devel

opment. The variable taxonomy of Metrosideros is dis

cussed in detail by Stemmermann (1986), Corn (1979) and

St. John (1979).

The ecological amplitude of Metrosideros is il

lustrated by its persistence along gradients of altitude,

precipitation, successional time and geological time.

Metrosideros is generally the first woody plant to invade

new lava flows, colonizing the pits and cracks of 'a' a and
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pahoehoe lava 10 to 15 years after they have cooled

(Skottsberg, 1941; Atkinson, 1969; Atkinson, 1970; Doty

and Mueller-Dombois, 1966; Smathers and Mueller-Dombois,

1974). It also grows well on newly deposited volcanic ash

and cinder substrates (Smathers and Mueller-Dombois, 1974)

and can withstand some degree of ash burial quite well.

As the forest develops and the lava is weathered,

Met~osideros continues to play a dominant role, as a major

canopy component of what are considered climax forests

(Atkinson, 1970; cooray, 1974). Cooray (1974) has shown

Metrosideros to be well represented in all size classes in

the upper montane rain forest. Burton (1980) stated that

community development may take 500 years on lava sub

strates sUbject to high rainfall, less on ash and cinder

deposits and much longer in areas of low rainfall. Cooray

(1974) found that Metrosideros shows severe reductions in

population numbers when growing from seedling to sapling

stage, which is indicative of a pioneer species.

Metrosideros seedlings can also exhibit the traits

of a shade-tolerant species. Mueller-Dombois et al (1977)

recorded dense Metrosideros seedling stands in healthy

forests and Friend (1980) showed that Metrosideros seed

lings could survive and grow under conditions of very low

irradiance evan below 0.6% of full sunlight. In the

Kilauea forest, Mueller-Dombois et al (1981) found

Metrosideros polymorpha seedlings on decaying logs, but
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only few saplings. outside the forest Metrosideros sap

lings were frequently found in disturbed areas along

right-of-ways. This shows that Metrosideros regenerates

profusely in the rain forest, but its seedlings do not

develop into saplings and taller individuals unless the

canopy is opened up.

Metrosideros is also noted for its resilience to

disturbance, though particularly that of a volcanic na

ture. Smathers and Mueller-Dombois (1974) have reported

Metrosideros recovering from recent volcanic activity by

producing new foliage on existing stems or by resprouting

a year or two after being denuded and half-buried by

flying ash and cinders. Regeneration has been observed in

th~ form of seedlings becoming established on lava flows

and as resprouts from the trunks of old trees (Burton,

1980). This capability for survival and spread prompted

Carlquist (1980) to refer to Metrosideros as one of the

few native 'aggressive' species.

The long-term viability of Metrosideros forests, the

"'ohi'a dieback" controversy, was the SUbject of great

concern which came to a head in the 1970's. Most people

could only speculate on the cause of major synchronous

dieback that was documented for many '5hi'a forests. In a

survey of healthy and dieback forest types on the Big Is

land, Mueller-Dombois et al (1977) and Burton (1980) found

that vigorous growth of seedlings was associated with the
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open-canopied stands, but not with well shaded forests.

They concluded that Metrosideros is a pioneer species,

shade-tolerant in the early seedling stage but shade

intolerant and requiring a good amount of light to grow

success~ully from seedling to maturity. It exhibits the

ability to regenerate in openings of the forest, which is

characteristic of many forests which are maintained by

gap-phase replacement (Watt, 1947; Bray, 1956; Jones,

1956; Webb et al, 1972; Forcier, 1975).

There are other factors than shade which may limit

the regeneration of Metrosideros. Carpenter and MacMillan

(1975) have stated that the nectar-feeding species of the

Drepanididae (Honeycreeper) family are necessary for

proper pollination, outcrossing and high levels of seed

set in Metrosideros on the island of Hawai'i. The declin

ing populations of native Hawaiian birds may have an ad

verse effect on pollination and may lower the seed set in

Metrosideros.

Germination and Growth of 'ohi'a

Burton (1980) found that germination of Metrosideros

seeds exhibited a parabolic relationship with temperature,

being optimal at about 35°C and having less success in

either direction to its tolerance limits at anout 10°C and

37°C. For temperatures of 22°C to 32°C, he found approxi

mately the same final germination success but at slower

rates by seeds kept at low temperatures. Burton also
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found a positive relationship of germination to irradiance

levels with a peak at intensities of about 170IEm-2s-1

which agrees with Corn's (1979) finding of the positive

effect of light on Metrosideros germination.

Burton (1980) also demonstrated that maximum

germination occurs at higher temperatures when light is

lacking. He concluded that light isn't strictly necessary

for germination, and is therefore probably not a severe

limitation to seed germination on the forest floor, but

that the optimal germination of Metrosideros occurs at

temperatures and light levels greater than those usually

found in the subcanopy shade of the forest. He also found

that the growth rate of Metrosideros seedlings was posi

tively related to the relative irradiance. He thus con

cluded that the success of Metrosideros seedling estab

lishment is directly proportional to the amount of light

available. Cooray (1974) showed that the substrate pref

erences in Metrosideros germination in the forest are moss

covered logs and tree fern trunks.

Corn (1979), on the other hand, stated that

Metrosideros seeds require light in order to germinate.

She concluded that deep shade may thus be limiting seed

germination as well as limit seedling growth.

The Effect of Alien Species in the Hawaiian Ecosystem

Wagner et al (1985) stated that the environmental

conditions of the Hawaiian islands have been drastically
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altered. They listed 120 native plants which are known to

be extinct.

Many types of impacts can be found in connection

with the activity of alien species on native ecological

systems in Hawai'i. Smith (1985) believed the most common

impact is displacement when weeds colonize disturbed sites

and occupy them before the slower growing native species

can reestablish. The aggressiveness of herbaceous weeds

spreading vegetatively can preclude the establishment of

larger growth forms unless these were present in the field

at the time of abandonment. This has been demonstrated

for the fern Pteridium aguilinum by Kellman (1980) in the

Philippines.

In the IBP study on island ecosystems, Mueller

Dombois (1981c) noted that exotic species were prevalent,

primarily among herbaceous life forms in a transect on

Mauna Loa. He found that exotic grasses (Holcus lanatus,

Paspalum dilatatum and Cynodon dactylon) displayed their

ecological optima in the savanna zone along with the sedge

Cyperus brevifolius. Rubus rosaefolius was found to be

the most abundant exotic woody species in the otherwise

native Kilauea forest reserve (Mueller-Dombois et aI,

1981). The exotic tree Psidium cattleianurn and the forb

Eupatorium riparium were found in the rain forest, and the
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authors predicted that the tree would become more abundant

in the future.

Over 4600 species of plants have been introduced

into the Hawaiian Islands in the last 200 years of which

over 600 have become' naturalized and 86 have been clas

sified as serious pests (smith, 1985). The species on

this list of pests which have exhibited a strong coloniza

tion role at the Kalapana research site (which will be in

troduced below) are Andropogon glomeratus, Andropogon vir

ginicus, Clidemia hirta, Pluchea odorata, Buddleja

asiatica, sacciolepis indica and Psidium cattleianum. Ad

ditional pest species which are present in lesser numbers

include cecropia peltata, Melastoma malabathricum, Melinus

minutiflora, Melochia umbellata, Passiflora suberosa,

Psidium guajava, and Mimosa invisa.

Van steenis (1967) has documented the spread

eastwards of the African herb Crassocephalum crepidoides

(Benth.) S. Moore throughout the Indo-Australian region

between 1925 and 1956. This species is now quite common

in Hawaii.

Conservation and Restoration

A major objective of this study is to generate in

formation that will enable the enlightened management,

conservation and restoration of the Hawaiian rain forest

ecosystem. There are different philosophies on how these

objectives should be met in Hawaii. Elton (1958) indi-
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cated that one of the chief aims of conservation should be

the retention or replacement in the landscape of the

greatest ecological variety, while Berry (1974) urged

retention of the greatest genetic variety. Most efforts

at ecosystem restoration in Hawai'i have involved the use

of exclosures (Loope and Skowcroft, 1985).

In the mid-thirties, after studying the vegetation

of the southeastern corner of O'ahu, Egler (1939) proposed

that, in the absence of continued disturbance, native

Hawaiian plants would eventually replace the alien plants

which at that time dominated the area. His hypothesis has

never been tested since many of Egler's study sites have

been replaced by houses (Lamoureux, 1985b). Hatheway

(1952) arrived at similar conclusions based on his re

search in Mokule'ia, north-western O'ahu. Wirawan (1972)

restudied Hatheway's plots twenty years later and found

that the proportions of native and alien plants had

remained the same.

RESEARCH PROPOSAL AND HYPOTHESES FOR INVESTIGATION

The utilization and conservation of the tropical

rain forest has been a critical and well-documented issue

for over a decade (e.g. Hamilton 1976 for Venezuelas' rain

forests). scientists, environmentalists and con

servationists have been engaged in a running battle with

short-term political and economic interests in an attempt
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to identify critical areas before they are converted, and

to promote environmentally sound practices to ameliorate

the adverse impacts of forest clearing.

The majority of the conservation and land use

guidelines originate from highly developed countries who

have little or no tropical forest as part of their natural

heritage. The United states is a prime example of this,

with Hawaii having the only complex of truly tropical eco

systems. In the early 1980's, IUCN did produce a series

of three generalized ecological guidelines for development

in the humid tropics, for Africa, Latin America and South

east Asia.

For this reason, among others, local and interna

tional scientific and conservationist communities were

amazed to discover that 3000 acres of rare native lowland

rain forest on the Big Island had been leased to be clear

felled, chipped and burned for electrical production. The

owners, The Estate of James Campbell, and the developers,

BioPower Corporation, pointed out that the land was al

ready zoned by Hawaii state Authority as "Agricultural

District", meaning the area legitimately could be used for

commercial agriculture.

Further assertions were made that an early forestry

report, (Bryan, 1957) and Master Plan for Hawaii Volcanoes

National Park (1974) confirmed this 'ohi'a forest was not

to be considered as unique and worth protecting. As-
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sociated with these claims was the statement that the

forest which would regenerate at this site would not be

significantly altered from the forest which was cut.

These assertions were sharply criticized by the

leading ,experts on Hawaiian ecosystems. Mueller-Dombois

(1985) produced a lengthy report which outlined the value

of this forest. He pointed out that the Kalapana lowland

rain forest is one of the few remaining remnants of a pre

viously extensive natural vegetation zone. Most of the

land in this lowland tropical rain forest zone (Ripperton

and Hosaka, 1942) has been converted to other use. The

island of Hawaii is the last of the Hawaiian islands to

have examples of this vegetation type left at all. Fur

thermore, remnant examples of the lowland tropical rain

forest are more heavily invaded by alien species outside

of the Kalapana area.

Among '6hi'a forests, Mueller-Dombois reported, this

not only represents a unique type, but contains the full

spectrum of successional stages associated with this vege

tation zone. Furthermore, he stressed the importance in

the evolutionary role these forests playas a seed source

for revegetating the new lava flows. Lamoureux (1985a)

pointed out that the forest was unique in being part of a

continuous upland to lowland native ecosystem. Management

opportunities were put forth to ameliorate the environmen-
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tal impact associated with this clearcutting situation,

but none were followed.

Holden reported in science (1985) that "Hawaii has

been cited as potentially an ideal United states model for

the successful marriage of economic development and en

vironmental protection. Yet it is doing things that would

not be condoned if it were a client of the Agency for In

ternational Development". The woodchipping of the

Kalapana lowland rain forest was finally brought to a

halt, but not before one-third of the area had been

cleared.

This controversy brought up many important ecologi

cal and management questions associated with Hawaiian

lowland rain forest. Not enough was known about the re

generative capacity of this rain forest ecosystem follow

ing severe disturbance to enable intelligent management

plans for the resource. This brought up the need for fur

ther research in lowland rain forest regeneration, succes

sional studies, environmental monitoring, impact assess

ment, the ecology of invuding species, and conservation of

biological diversity. This is the information which is

needed to develop environmentally sound forest management

and conservation models which will conserve these valuable

resources.

This research is partiCUlarly relevant to

sustainable economic development of tropical forest

63



resources. Natural regeneration following logging should,

wherever possible, play the dominant role in reforestation

and landscape stabilization. Forestry techniques in

corporating mi~or management in early steps of regenera

tion may offset the capital intensive solutions requiring

the environmental and biological manipUlations which often

spawn a complex of adverse secondary effects.

The research proposed here is designed to fill in

some of these information gaps which could provide manage

ment guidance in evaluating the short and long term im

pacts of clearcutting the lowland rain forest ecosystem.

The clearcutting ac'civity occurred in the midst of con

flict and confusion. HopefUlly the following research and

evaluation can provide useful information from the

monitoring and analysis of the ecological effects and the

documentation of the recovery dynamics at this site.

Research Hypotheses

The following hypotheses directed this research ef-

fort.

1. Most invading species will be alien, with some native

species participating in secondary succession.

2. Clearcutting activities will leave a mosaic of soil

patterns which will influence the patterns of re

establishing vegetation.

64



"'------ --

3. There will be a significant shift in microclimate fol

lowing clearcutting which will inhibit the initial

establishment of native understory species.

~esearch Objectives

A basic purpose of this research is to evaluate the

ability of this lowland rain forest ecosystem to recover

following a major clearcutting operation. The initial in

ventory and characterization of this site will provide im

portant early analyses and some immediate short-term ans

wers. The final answers to these questions will require

longer term research that will be possible based upon this

baseline documentation of early successional conditions

and dynamics.

Objective 1. Analyze regeneration patterns across the

clearcut area in relation to the microhabitat mosaic

and the potential seed sources.

This objective entails the characterization of

microhabitats across the clearcut area, the characteriza

tion of the invading vegetation, and the relationship of

the species and species associations to the microhabitat

types and the seed sources. A strong correlation between

distance and direction of seed source for seed rain versus

resident germination and the microhabitat environment

would provide initial management suggestions and a basis

for further research.
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Objective 2. Evaluate the relationships between the native

and exotic species revegetating the clearcut area.

Analysis of data on native and exotic species across

the clearcut area will elucidate positive and negative

correlations that will provide insights into early estab

lishment and successional dynamics.

Objective 3. Compare the early successional community in

the clearcut area to the structure and composition of

the adjacent native lowland rain forest.

In order to fully appreciate the impact of clearcut

ting on the 'plant community, it is necessary to fully

document the composition of the remnant rain forest so

that it can then be compared to the new association and

evaluated for differences.

Objective 4. Document the encroachment of exotic species

from the clearcut area into the intact forest.

A major concern associated with large anthropogenic

disturbances is the encroachment of alien species into the

remnant patches of native ecosystems. This will document

the seriousness of this problem in this situation.

Objective 5. Document the microclimatic shift that

resulted from the clearcuttinq of the lowland

Hawaiian rain forest.

An obvious impact of forest conversion is the im

mediate alteration of the microclimate. A further objec

tive of this study is the documentation of the micro-
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climatic shift associated with the clearcutting of this

lowland rain forest.

Objective 6. Provide a baseline matrix of vegetation and

habitat values that will allow repeated analyses of the

successional dynamics over time.

A good set of vegetation and habitat data are needed

for the clearcut area and the adjacent forest to form the

basis for informed decisions. A well documented baseline

study will enable time series analyses to be carried so

that the longer term successional patterns and dynamic

processes can be revealed in follow-up studies in the fu

ture.
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CHAPTER 2. VEGETATION REESTABLISHMENT FOLLOWING

CLEARCUTTING OF A HAWAIIAN LOWLAND RAINFOREST

ABSTRACT

This study reports on the regeneration of vegetation

following the clearcutting of 1000 acres of Hawaiian

lowland rainforest. The re-establishihg vegetation was

evaluated in relation to site disturbance variables and

distance classes to seed sources. Correlation and prin

cipal component analyses, in conjunction with clustering

procedures, were applied to evaluate the patterns of re

vegetation.

The disturbance mosaic over the site was spatially

independent from the distance variables which allowed in

dependent analysis of the patterns of vegetation invasion.

Only twenty four (24%) of the 101 colonizing species over

the cutover area were native. The thirty (30) most im

portant species over the site (computed from frequency and

cover) were used to interpret these dynamics.

One third of the species were distributed independ

ently of the microhabitats. These were mostly ali~n

species, which have evolved attributes to broadly disperse

and quickly colonize a wide range of disturbed habitats.

Another third of the species were significantly correlated

to distance from the forest edge. Of these species, those
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associated with the rainforest were preferentially found

closer to the edge of the remaining forest.

Two years after clearcutting, the shrubs, micro- and

nano-phaneropbytes were the dominant life forms. The most

important reestablishing species in the clearcut area was

Pipturus albidus, a native understory shrub or small tree

in the rainforest. Four other shrub species, Pluchea

syrnphytifolia, Clidemia hirta, Buddleia asiatica and Rubus

rosifolius were also well established across this dis

turbed landscape. These four species are not native to

Hawaii.

Metrosideros polyrnorpha, the dominant tree species

in the native forest, was found to be actively regenerat

ing from seed throughout the clearcut area. A naturalized

tree species, Psidium cattleianum was well represented

throughout the site from vegetative sprouts and signifies

a potential threat for the future composition of the na

tive lowland Hawaiian rainforest.

This stUdy provides a baseline for long-term

monitoring of secondary succession following disturbance

of the Hawaiian lowland rainforests. Our knowledge of

these dynamics is limited at this time, and must be built

up to direct policy for the sustainable management and

protectior- of these threatened ecosystems.
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INTRODUCTION

In 1983, over 900 acres of native tall-statured

lowland rainforest was clearcut from the gentle south

eastern slopes of Kilauea volcano on the island of Hawaii.

This kindled a controversy over the conversion of this

forest type in general and this stand of lowland rain

forest in particular. The Hawaiian lowland rainforest has

been lost on all of the other islands due to conversion,

and remains now only in a few areas on the Island of

Hawaii. Of the remaining stands, this Kalapana forest is

recognized to be one of the tallest statured lowland rain

forest stands that have been documented in Hawaii. For

these reasons, people became extremely concerned when

permission was granted to clearcut this forest for wood

chips.

There were two prominent issues at the heart of the

controversy that ensued. There was a question about the

'pristineness' of this stand, with some pointing out that

there had been selective logging in the past, and an as

sociated invasion of non-native species into the forest at

that time. The other issue centered around the question

of how native in character would the replacement forest be

in the presence of numerous naturalized aggressive alien

species. Predictions were made on the one hand that the

native Hawaiian rainforest would not re-establish follow

ing this anthropogenic disturbance, and on the other hand
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that the Hawaiian flora was well adapted to disturbance

and would recover.

There was little to no documentation or experimental

information that would help answer these questions. The

landowners of this property, The Estate of James Campbell,

supported this research project to help generate real

knowledge that can provide a better basis for land manage

ment in the future. This study was carried out to

evaluate the early regeneration dynamics, and to provide

baseline data for a long-term study of successional

dynamics on this site.

The Kalapana clearcut area provided an opportunity

to evaluate the pattern of vegetation establishment on a

clearcut section of the former native rainforest. The re

search site included a part of the extant native forest

adjacent to the clearcut lands. The design incorporated

the different disturbance regimes across the cut-over

landscape, and the distance gradients from the native and

alien species seed sources. The effect of clearcutting on

the microclimate was monitored through paired micrologger

stations in the forest and clearcut area. The data for

these studies were collected over the 1987 calendar year.

The research reported here describes the analysis of

the vegetation becoming established across the clearcut

area. This shows the initial establishment patterns and

provides the baseline data for long-term monitoring of the
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secondary succession following disturbance. This study

attempts to predict. the direction of ecosystem recovery at

this site and to provide information for protection and

management of the lowland tropical rainforest in Hawaii.

STUDY AREA

The study area is located in the Puna District in

the southeast quadrant of the Island of Hawaii (see Figure

2-1). This research was completed over one square kilo

meter on a gentle (5-7%) southeast slope of Kilauea vol

cano over an elevational range of 430 m to 480 m. The up

per third of this study area was covered by indigenous

lowland rainforest while the lower two thirds had been

clearcut in 1983. Data were collected from March 1987 to

October 1987.

Rainfall maps in the report by Giambelluca et al

(1986) indicate a mean annual rainfall of 3055 rom for this

area. The climate diagram (Figure 2-2) shows that the

monthly rainfall is well distributed throughout the year.

The air temperature at the micrologger station in the

clearcut area showed a range from 18.7 ·C in January to

22.3 ·C in August. During the period of this study, the

relative humidity ranged from 64% to 94% with a yearly

mean of 86%. The prevailing winds are northeast trades.

This is a volcanically active area characterized by

young native forests. Some of the forests may represent
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Figure 2-2. Climate Diagram
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the first generation stands of primary succession since

the last lava flow. There is an underlying geologic

matrix of different 'a'a lava flows which are suggested to

be on the order of 350-500 years old (Lockwood 1985).

The forests are supported by thin organic soils

which cover the young volcanic landscape. An early soil

classification (USDA 1955) identified the study area as

Rockland 'A'a lava. This soil type describes a lithosol

with Ola'a or 'ohi'a soil material which is characteristi

cally found in areas with rainfall of about 1905 rom per

year in an elevation range of 244 to 412 m.

METHODS

Sampling Design

Eight parallel transects were laid out perpendicular

to the forest edge. They extended 350 meters into the

clearcut area (Figure 2-3). The transects were 50 meter

apart and tagged at 50 meter intervals. At each 50m tag

(seven per transect), perpendicular lines were extended to

16 meters on each side. Using the 12 to 16 meter sections

on both sides of these lines, 4 by 4 meter quadrats (16m2)

were laid out to the side of the line. Fourteen quadrats

were established along the perpendicular lines of each of

eight transects totalling 112 quadrats (1792 m2) for the

clearcut site. Habitat and vegetation data characterizing
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Clearcut Area

Figure 2-3.
Clearcut Sampling Grid
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each quadrat was collected across the clearcut area using

this stratified sampling design.

Habitat Characterization

In each quadrat, the habitat was characterized using

numerical descriptors for the 'seven environment variables

which are listed in Table 2-1.

The first variable corresponds to the transect num

ber. The transects represent a distance gradient from the

seed source of the alien species which occupied a broad

strip along an earlier established access road about 1 km

east of the clearcut area. Transect 1 was closest to the

1977 'A'a lava flow on the western side of the site.

Transect 8 was closest to where the road enters the site

from the periphery of an existing ranch. This also repre

sents the source of most weed species seeds that con

tributed to the colonization across this disturbed area.

The second variable is the distance of each quadrat

from the forest edge. There were seven distance classes

at 50m intervals. This variable permits the analysis of

the effect of distance from the intact forest that pro

vides a source of native seeds for recolonization.

The third variable classifies the surface texture by

categorizing the mean size of exposed rocks. Each quadrat

was categorized as having crushed, fine, medium or large

rocks on the ground surface. This surface rock size vari
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Table 2-1. Habitat Variables used to Characterize the Site

1. Distance to alien seed source:
1-8 = transect number

2. Distance to native forest:
1-7 = 50m increments from the intact forest

3. Surface textur~ corresponding to the size of rocks
on the ground surface:

1 = rock crushed into powder
2 = coarse sand to gravel texture ( < 1 cm )
3 = medium sized rock fragments ( 1 to 4 em)
4 = large rock fragments ( > 4 cm )

4. Presence or absence of stumps in the quadrat:
o = no stumps in the quadrat
1 = stumps in the quadrat

6. Percent exposed rock:
Cover values (see Table 2-2) were used to

estimate the percent cover of unvegetated
rock on the surface of each quadrat

6. Percent slash:
Cover values (see Table 2-2) were used to

estimate the percent cover of residual
slash left from the clearcut operation on
the surface of each quadrat

7. Degree of compaction:
o = no compaction
1 = light compaction
2 = moderate compaction due to visible

activity on the quadrat site
3 = strong compaction (e.g. roads)

Table 2-2. Modified Braun-Blanquet Cover Values

1 = Single individual
2 = Sparse >1% cover
3 = 1-5% cover
4 = 5-26% cover
5 = 26-50% cover
6 = 50-76% cover
7 = 76-100% cover
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able was, in part, the result of clearcutting activities

and was assumed to affect regeneration dynamics through

alteration of soil moisture and temperature regimes.

The fourth variable records the presence or absence

of standing stumps. Areas with stumps had not been

bulldozed in the clearcutting operation. The remnant

pockets of native vegetation around the root mass of

Metrosideros stumps may be an important factor in the sur

vival of many native speci.es in this otherwise modified

habitat.

The fifth variable quantifies the percent cover of

exposed rock on the surface, and the sixth variable is the

percent cover of residual slash on the surface in each

quadrat. The percent cover of rock inversely indicates

the percent cover of the vegetation. The cover of slash

was considered to be important in affecting the differen

tial success of germination and regeneration of native and

exotic species trying to colonize the site.

The seventh site variable records the degree of com

paction. A scale from 0-3 was used, with zero denoting a

lack of disturbance and three depicting a situation of in

tense compaction. Again, this was predicted to have a

critical effect on the regeneration dynamics at this site.
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Derivation of Species Importance Values

A species list was made for the entire study area.

The list was accumulated during the initial reconnaissance

stages and completed during the detailed quadrat in

ventory. A total of 124 species were found (see Appendix

2-1).

In the field sampling of the 112 quadrats, a

species/quadrat matrix was compiled employing modified

Braun-Blanquet cover classes. The raw species/cover data

matrix is included as Appendix 2-2. The values used to

describe the shoot and crown cover for each species are

described in Table 2-2.

An importance value (I.V.) was generated for each

species by modifying a procedure that was applied by the

Wisconsin School of Ecology (curtis, 1959). The original

method uses the sum of relative density, relative

frequency, and relative dominance percentages to derive

comparable importance values for each species. Mueller

Dombois and Ellenberg (1974) have pointed out that this

might underscore or obscure the importance of biomass or

cover for an individual species. For this study, relative

frequency and cover values were summed and averaged to

give each species in the clearcut area an importance value

(I.V.). The outcome is shown in Table 2-5, p.123.

For example, Metrosideros polymorpha was encountered

in 56 out of the total of 112 quadrats (absolute fre-
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quency). After totalling the absolute frequencies of all

species, there were a total number of 1687 encounters.

The relative frequency of Metrosideros polymorpha was 56

divided by 1687, which provides a relative frequency value

of 0.0332 or 3.32% for this species. Similarly, the ab

solute cover value for Metrosideros polymorpha was the ad

ditive value of its cover values throughout the quadrats

over the study site, which was 100. In relation to the

total Braun-Blanquet values of all species (5386), the

relative cover of Metrosideros polymorpha was 0.0186 or

1. 86%.

The purpose of this averaging procedure is to gener

ate comparable species values on a 100% scale. The im

portance value (I.V.) further integrates the relative

cover and frequency measures through adding these figures

together and by dividing the sum by two, in order to keep

the total on the 100% scale. Therefore, the I.V. for

Metrosideros polymorpha was (3.22 + 1.86) / 2 = 2.59.

This enables the importance of all species to be ranked

through a composite importance measure.

The 30 species with the highest importance values

and the habitat values were separated for further

analysis. By reducing the total from 101 to 30 of the

most important species, the procedures for multivariate

analysis could proceed more efficiently and generate more

meaningful results. The species with lower I.V.'s con-
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tribute less significantly to the current patterns of re

generation at this stage, though some may assume greater

importance in the future.

'5hi'a, Metrosideros polyrnorpha, was thoroughly

evaluated due to its importance in the lowland rainforest

community. In addition to its frequency determination and

Braun-Blanquet cover estimates that were carried out for

all species, Metrosideros seedlings were counted wherever

present in the quadrats and their heights were recorded.

Their density and height characteristics were analyzed

with the matrix of habitat variables to elucidate any pat

tern of correlation.

Classification Qy Life Form

The life form spectrum analysis was performed as a

method of classifying the clearcut vegetation by structure

and function. The life form classification is based on

the earlier work of Raunkiaer (1937) with modifications by

Ellenberg and Mueller-Dombois (1967). The classes are

primarily segregated by the position of buds or other per

renating organs from which new shoots or foliage develops

after an unfavorable season.

Mueller-Dombois et al (1981) made two further varia

tions to better reflect the growing conditions of the

Hawaiian rainforest environment. Under these favorable

growing conditions, the height limit for the phanerophytes
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and chamaephytes was raised from 50 cm to 1 m. Secondly,

the term chamae-bemicryptophyte (CH) was applied to herba

ceous plants that are occasionally found with part of

their shoot system dried up but still attached. Due to

the absence of an unfavorable growing season, the

hemicryptophyte life form was 'not appropriate as only part

of the plants would die back at a time.

Each species found in the clearcut quadrats was

placed into a life form based on their known growth form

potential rather than their actual form and size at the

time of sampling. The importance values which were

derived from the relative cover and frequency of each

species were summed to derive a composite value for each

life form. These summed importance values were then

plotted into a life form spectrum with a further division

relating to the relative contribution of native versus

alien species.

Multivariate Analyses

Several statistical analyses were performed on the

raw data matrix in addition to compiling a ranked order of

species from high to low importance values. A ranked cor

relation analysis was performed that was followed by prin

cipal component analysis. The PCA output was SUbjected to

a clustering procedure and dendrograms were used to

demonstrate the results.
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Ranked Correlation Analysis of Species and Habitats.

The raw data matrix. (Appendix 2-2) was examined through a

ranked correlation analysis to elucidate significant pat

terns of association among and between the species and

habitat variables. Given the non-parametric nature of

cover class data, the correlation was performed on the

ranks of the data using Spearman's rank correlation coef

ficient rather than the paired data values (Proc Corr: SAS

Institute 1987).

This was initially performed with only the habitat

variables in the matrix to determine whether the habitat

variables were significantly related to one another. This

was repeated with the 30 high I.V. species to elucidate

any significant correlations between the important com

ponents of the regenerating vegetation. A ranked correla

tion analysis was run on the composite matrix to bring to

gether the 30 high I.V. species and the habitat variables.

The results of this analysis establish the significance of

any correlations between the species and the habitat vari

ables of the site.

PCA and Cluster Analysis of species and Quadrats. The

data matrix was then analyzed by the multivariate techni

ques of principal component analysis and cluster analysis

using SAS (SAS Institute, 1987). This generated the

grouping of species and quadrats into clusters based upon

the raw species presence/cover matrix. The species and

113



quadrat clusters over the clearcut site were then analyzed

to identify associations between these clusters and the

habitat variables.

Principal component analysis (PCA) was first applied

to ecological data by Goodall (1954) in species-by-species

matrix analyses concerning Australian scrub vegetation.

PCA provides an objective technique in which ordination

scores are derived from the data matrix alone; the in

vestigator does not supply weights, endpoint selections,

or anything else (Gauch 1982). A further review of the

development of PCA and clustering procedures is included

in Appendix 2-4.

In the analysis performed on the clearcut area data,

centered and standardized PCA was used with the secondary

correlation matrix.

Application of PCA and Cluster Analysis. The initial

principal component analysis of the data matrix was per

formed with the quadra~s as variables. The first four

principal component vectors accounted for 69.3% of the

variation. The matrix was then transposed and reanalyzed

with the species as variables. In this instance, 10 prin

cipal component vectors were required to explain 47.2% of

the variation. This analysis was repeated using only the

top 30 highest I.V. species, which resolved 63.7% of the

variation with the first 10 principle component vectors.
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The eigenvalues and eigenvectors tables for the quadrat

and species matrices are included in Appendix 2-5.

The output matrix generated from the PCA was entered

into an agglomerative hierarchical clustering program

(Proc Cluster: SAS Institute 1987). From eleven possible

clustering methods in the SAS clustering procedure, com

plete linkage cluster analysis was run with the four com

ponents of the quadrat matrix and 10 components of the

species matrix.

R-type and Q-type Analyses represented by Dendroqrams. R

type analysis refers to the clustering of the species

cover values and habitat values across all quadrats in the

raw data matrix. The distance matrices generated through

clustering procedures were input into a final procedure

(Proc Tree: SAS Institute 1987) to generate dendrograms.

The dendrograms were generated from the cluster linkage

information with associated levels of similarity. The 50%

distance level was selected for the R-type analysis to

produce ecologically meaningful assemblages.

The average values for each cluster was computed to

generate a secondary matrix. A ranked correlation

analysis was computed with the new 50% cluster matrix and

the habitat variables. This generated correlation coeffi

cients and probability values between the species clusters

and the habitat variables.
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Q-type analysis refers to the clustering of quadrats

and habitat values by the information contained in each

column of the raw data matrix. The principal component

analysis and clustering procedures computed the distance

matrix from which the quadrat dendrogram (Proc Tree: SAS

Institute 1987) was generated. The mean habitat values of

the quadrat clusters were summarized at the 55% cutoff

level to produce ecologically meaningful assemblages, and

then contrasted to the mean habitat value over the entire

disturbed area. A map of the quadrat clusters was gener

ated to show the vegetation pattern exhibited in the quad

rat clusters across the study site.

RESULTS

Habitat Characterization

The substrate throughout this area is a very coarse

clinkery 'a'a volcanic rock with pockets of organic matter

in the cracks and crevices. The surface characteristics

on this site were severely altered due to the clearcutting

process. Table 2-3 summarizes the range of microhabitat

variable with values throughout the study site. There are

five habitat variables considered to be of importance to

plant redistribution after cutting, and each variable is

evaluated by a rating scale (called classes). Figure 2-4

(a-e) provides a three dimensional visual representations

of the values for each habitat variable across the site.
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Table 2-3. Range o~ ~crohabltat Values ac~oss the Clearcut Site
(Frequency and Percent out of 112 16m Quadrats)

HABITAT VARIABLE CLASSm FREQ PERCENT

SIZE OF EXPOSED ROCKS 1 Crushed 1 0.9
2 Fine 17 15.2
3 Medium 48 42.9
4: Large 4:6 4:1.1

PRESENCE OR ABSENCE OF STUMPS 1 Absent 64 57.1
2 Present 48 4:2.9

BARE SURFACE 1 small Patches 3 2.7
2 <6~ 18 16.1
3 5-26~ 32 28.6
4: 26-60~ 27 24:.1
5 50-76~ 22 19.6
6 )75~ 10 8.9

COVER OF SLASH ON SURFACE 1 Very Sparse 4: 3.6
2 <6~ 29 25.9
3 6-25~ 36 32.1
4: 25-6~ 26 23.2
5 50-76~ 11 9.8
6 )75~ 6 5.4

DEGREE OF SURFACE COMPACTION 1 Hot Compacted 11 9.8
2 Slightly 44: 39.3
3 Moderately 36 32.1
4: Heavily 21 18.8
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These figures were produced with the Idrisi and Surfer

Geographical Information Systems (GIS) software programs.

Ninety percent (90%) of the surface was compacted

to some degree, with nearly 20% severely compacted (Figure

2-4a). Slightly less than one-half of the area (41.1%)

had large rocks remaining on the surface (Figure 2-4b).

Two years following this clearcut operation, a substantial

proportion of the surface was still devoid of vegetative

cover. A majority of the quadrats had from 5% to 45% bar

ren rock cover (Figure 2-4c). Residual slash from the

chipping operation generally covered from 5% to 25% of the

surface area of the quadrats (Figure 2-4d). Stumps were

present on less than one-half of the clearcut area (Figure

2-4e).

The correlations between habitat variables were

analyzed with a ranked correlation procedure (see Table 2

4). The habitat variables of percent cover of bare rock

surface, presence of stumps, degree of compaction and per

cent cover of slash were significantly associated to each

other. A low degree of compaction was highly correlated

with a high slash cover, a large rock size on the surface

and with the presence of remnant stumps.

Three of the seven habitat variables were found to

be statistically independent from the other four vari

ables. The transects across the clearcut area and the

distance from the forest edge were not correlated with any
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Table 2-4. Signif!can~ Correlations between the HabI~t Variables

DISTANCE ROCKS SUBSTRATE STUMPS COMPACTION SLASH
(from forest 0.17507 0.15794 0.08119 0.06937 0.03290

edge) 0.0648 0.0963 0.3948 0.4674 0.7305

SUBSTRATE COMPACTION SLASH STOMPS DISTANCE ROCKS
(SIze of -0.48748 0.37061 0.28408 0.15794 -0.05300
exposed rock) 0.0001 0.0001 0.0021: 0.0963 0.5789

STUMPS SLASH SUBSTRATE COMPACTIOH DISTANCE ROCKS
(Present/ 0.38418 0.20408 -0.20597 0.08119 -0.05660

absent) 0.0001' 0.0024 0.0294 0.3948 0.5533

ROCKS DISTANCE COMPACTION SLASH STUMPS SUBSTRATE
(Percent 0.17507 0.13165 0.07886 -0.05660 -0.05300

Cover) 0.0648 0.1665 0.412186 0.6533 0.5789

SLASH STUMPS SUBSTRATE COMPACTIOH ROCKS DISTANCE
(Percent 0.38418 0.37061 -0.30638 0.07886 0.03290

Cover) 0.0"01 0.0001 0.00UI 0.4086 0.7305

COMPACTION SUBSTRATE SLASH STOMPS ROCKS DISTANCE
(Degree) -0.48748 -0.30638 -0~211l697 0.13166 0.06937

0.0001 0.1Il010 0.1Il291: 0.1666 0.4674

Significant Correla~ions (Prob > 95~) are shown in Bold Type
Correlation CoeffIcients / Prob > IRI under Ho: Rho-0 / N - 112
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of the other habitat variables. The percent cover of rock

on the surface, was also not correlated to any other

habitat variable.

It is important that the mosaic of habitat variables

across the study area were independent from both the dis

tance to the intact forest and from the adjacent area of

historic disturbance. The patterus of vegetation invasion

was therefore not influenced by any directional bias in

terms of how the substrate was left. Further analysis

documents that the microhabitats vary significantly by de

gree of disturbance across the clearcut area. The micro

habitat matrix is used as the baseline against which vege

tation establishment patterns can be assessed.

Vegetation Analysis

Species composition and Ranking Order. The species list

for the clearcut area quadrats is included in the Table 2

5 (Frequency, Cover and Importance Values for species in

the Clearcut Quadrats). Of the 101 species colonizing the

cutover area, only twenty four (24%) percent were native.

Of the 30 species with the highest importance values on

the site, only six species (20%) were native.

The most important species reestablishing in the

clearcut area, as determined by cover and frequency, was a

native rainforest species, Pipturus albidus. Pipturus al

bidus is found in the adjacent forest in small numbers as
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Table 2-5. Frequency, Cover, and Importance Values
for Species in the Clearcut Quadrats

REI. TOTAL REI.
RANK SPECIES I.V. B/X FREQ FREQ COVER COVER

1 Pipt albi 7.05 N 101 5.99 436 8.12
2 Neph mult 6.99 X 96 5.69 445 8.29
3 Rubu rosi 6.76 X 100 5.93 408 7.60
4 Pluc symp 6.66 X 90 5.33 429 7.99
5 Clid hirt 6.17 X 87 5.16 386 7.19
6 Budd asia 5.45 X 89 5.28 302 5.63
7 Andr virg 5.35 X 85 5.04 304 5.66
8 Psid catt 3.92 X 62 3.68 224 4.17
9 Chri dent 3.60 X 70 4.15 164 3.06

10 Cras crep 3.10 X 62 3.68 135 2.51
11 Metr poly 2.59 N 56 3.32 100 1.86
12 Cast arve 2.51 X 53 3.14 101 1.88
13 Pasp conj 2.44 X 38 2.25 141 2.63
14 Schi cond 2.25 X 39 2.31 117 2.18
15 Arun gram 2.15 X 41 2.43 100 1.86
16 Spat plic 2.14 X 43 2.55 93 1.73
17 Cibo glau 2.08 N 37 2.19 106 1.97
18 Cype halp 1.89 X 35 2.07 92 1.71
19 Mach angu 1.87 N 29 1.72 109 2.03
20 Sacc indi 1.58 X 24 1.42 93 1.73
21 Youn Japa 1.47 X 31 1.84 59 1.10
22 Pity calo 1.35 X 27 1.60 59 1.10
23 Opel hirt 1.13 X 19 1.13 61 1.14
24 Ager cony 1.09 X 21 1.24 50 .93
25 Cony cana .95 X 19 .1.13 42 .78
26 Cuph cart .94 X 17 1.01 47 .88
27 Sphe chin .92 N 20 1.19 35 .65
28 Cype rotu .82 X 14 .83 44 .82
29 Cony bona .81 X 18 1.07 30 .56
30 Cibo cham .78 N 14 .83 39 .73
31 Elap eras .72 N 15 .89 30 .56
32 Hedy cora .65 X 11 .65 35 .65
33 Kyll brev .61 X 11 .65 30 .56
34 Psid guaj .58 X 11 .65 27 .50
35 Pass foet .55 X 9 .53 30 .56
36 Kyll nemo .43 X 9 .53 17 .32
37 Desm sand .43 X 8 .47 21 .39
38 Ludw oct1 .43 X 9 .53 18 .34
39 Pter aqui .39 N 8 .47 16 .30
40 Stac jama .37 X 5 .30 24 .45
41 Ludw palu .37 X 7 .41 17 .32
42 Psyc hawa .36 N 7 .41 16 .30

122



Table 2-5, continued

43 Melo umbe .33 X 5 .30 20 .37
44 Corom diff .33 X 6 .36 16 .30
45 Erec vale .31 X 7 .41 11 .20
46 Blec occi .31 X 6 .36 14 .26
47 Alyx oliv .29 N 6 .36 12 .22
48 Cyrt palv .26 N 6 .36 9 .17
49 Pepe spp. .25 N 5 .30 11 .20
50 Seta grac .22 X 4 .24 11 .20
51 Bide pilo .21 X 4 .24 10 .19
52 Hype dege .21 X 4 .24 10 .19
53 Aleu molu .20 X 3 .18 12 .22
54 Bego hirt .16 X 4 .24 4 .07
55 Anti plat .16 N 3 .18 8 .15
56 Copr menz .16 N 3 .18 8 .15
57 Isac dist .16 N 3 .18 8 .15
58 Meli minu .16 X 2 .12 11 .20
59 Cord frut .16 X 3 .18 8 .15
60 Mimo pudi .15 X 2 .12 10 .19
61 Hypt pect .15 X 3 .18 7 .13
62 Sper assu .15 X 3 .18 7 .13
63 Psil nudu .14 N 3 .18 5 .09
64 Macr torr .14 N 3 .18 5 .09
65 Pleo thun .14 X 3 .18 5 .09
66 Axon comp .13 X 2 .12 8 .15
67 Dios sand .13 N 2 .12 8 .15
68 Cocc gran .13 X 3 .18 4 .07
69 Sadl cyat .12 N 2 .12 7 .13
70 Torr asia .12 X 2 .12 7 .13
71 Pass suba .12 X 2 .12 6 .11
72 Cent asia .11 X 2 .12 5 .09
73 AscI cura .11 X 2 .12 5 .09
74 Sonc oler .10 X 2 .12 4 .07
75 Mela cand .10 X 2 .12 4 .07
76 Fimb dich .10 X 2 .12 4 .07
77 Aspl lobu .09 N 2 .12 3 .06
'"18 Desm inca .06 X 1 .06 3 .06
79 Poly avic .06 X 1 .06 3 .06
80 Myrs less .06 N 1 .06 3 .06
81 Rync repe .06 X 1 .06 3 .06
82 Frey arbo .06 N 1 .06 3 .06
83 Ager ripa .06 X 1 .06 3 .06
84 Malv coro .06 X 1 .06 3 .06
85 Poly pani .06 X 1 .06 3 .06
86 Dios pent .05 X 1 .06 2 .04
87 Lact serr .05 X 1 .06 2 .04
88 Rhyn chin .05 X 1 .06 2 .04
89 Vern cine .05 X 1 .06 2 .04
90 Cham pros .05 X 1 .06 2 .04
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Table 2-5, continued.

91 Oxal corn .05 X 1 .06 2 .04
92 Pasp scro .05 X 1 .06 2 .04
93 Digi insu .05 X 1 .06 2 .04
94 Aste menz .05 N 1 .06 2 .04
95 Plan majo .04 X 1 .06 1 .02
96 Picr hier .04 X 1 .06 1 .02
97 Ilex anom .04 N 1 .06 1 .02
98 Emil fosb .04 X 1 .06 1 .02
99 Cera font .04 X 1 .06 1 .02
100 Gnap japo .04 X 1 .06 1 .02
101 Drym cord .04 X 1 .06 1 .,02

SUM 100.00 1687 100.00 5368 100.00

LV. = (Relative Frequency + Relative Cover) I 2
NIX = Native vs. Introduced (exotic) Species
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a large shrub or small tree. Pipturus is the only native

woody species which exhibited strong pioneering abilities.

Following this large-scale clearcutting, Pipturus success

fully competed with the vigorous alien shrubs. Figure 2

5b shows the percent cover distribution of Pipturus al

bidus across the clearcut area.

The species in the second place of importance,

Nephrolepis multiflora, is widely naturalized in Hawaii,

having been collected for over 60 years. Nephrolepis has

been characterized as a indigenous species in the past,

and some argue that it should be treated as a native

species. Nephrolepis multiflora is a common groundcover

species found inside the forest, particularly where the

canopy is broken or not yet mature. This fern species

ranks highly in its ability to successfully colonize this

newly opened habitat (Figure 2-5c).

Of the reestablishing natives, the 'ohi'a tree,

Metrosideros polymorpha exhibited a strong ability to

recolonize the clearcut zone (see Figure 2-5a), as the

11th most important species according to the IV analysis.

Reestablishment of Metrosideros was considered to be

critical for the successful regeneration of the native

forest. Most of the other natives were found in a few un

disturbed pockets on the cutover site. They exhibited

very low frequency and cover values.
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a. Metrosideros polymOlpha

b. Pipturos albidus

d. Pluchea symphytirolJa

c. Nephrolepis multiflora

e. Buddlela asiatica

Figure 2-5. Percent Cover Values of Key Species across the Clearcut Area
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f. Clidemia hirta

h. Psidium cattleianum

Figure 1.-5, continued.
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Many alien species played an extremely important

role in the early revegetation process. Pluchea

symphytifolia (Figure 2-5d) and Buddleia asiatica (Figure

2-5e) were rather abundant, ranking at the 4th and 6th

place in terms of IV. They are recognized as indicators

of human disturbance throughout much of the tropics. The

alien shrubs, Clidemia hirta (Figure 2-5f) and Rubus

rosifolius (Figure 2-5g) ranked at 5th and 3rd place on

the basis of their I.V.'s across the cutover area. They

were also present in the forest.

The alien tree species which represents a long-term

competitive threat for canopy space in future forest suc

cession is the strawberry guava, Psidium cattleianum

(Figure 2-5h), which was already well distributed

throughout parts of the area, and firmly established in

some areas of the forest. Andropogon virginicus (Figure

2-5i) was the most important alien graminoid species

present.

Regeneration of Metrosideros polymorpha. This tree is

the most important component in the canopy of the Hawaiian

rainforest. The successful regeneration and establishment

of 'ohi'a was considered to be a critical indicator of the

probability of regeneration success of the native rain

forest community at this site.
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Three variables that were used to characterize the

success of establishment associated with the Metrosideros

seedlings over the clearcut site are represented in Figure

2-6. The average number of plants per quadrat (Figure 2

6a) is the most important measure associated with future

densities of this native forest tree. Many of the seed

lings were observed to have multiple stems which might

play some role in their long term viability. The total

number of stems per quadrat is shown in Figure 2-6b. The

heights of all Metrosideros plants in a quadrat were

totalled to indicate the comparative biomass from one

quadrat and habitat type to another (Figure 2-6c).

'6hi'a regeneration on the site did not reflect any

association with the site disturbance factors of compac

tion, presence of stumps, percent cover of rocks and slash

or surface rock size. The early establishment patterns of

this species show a response to the distance factors as

shown with the transect and distance variables (see Table

2-6). There were higher cover abundance values, a greater

number of sterns and greater number of seedlings sig

nificantly correlated with closer distances to the forest

edge. Number of stems and plants and the total height of

stems had higher values at the eastern side of the study

area (see Figures 2-6b and d).

A total of one hundred and forty four 'ohi'a seed

lings were counted in this sample of the clearcut area.
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Figure 2-6. Characteristics of Metrosideros polymorpha
Recolonization across the Clearcut Area
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Table 2-6. Correlation of 'Ohi'a Variables
to Habitat Variables

'OHI'A HABITAT VARIABLES
VARIABLES THAN DIST SUEST STUMP ROCK SLASH COMPN

COVER ns - ns ns ns ns ns
STEMS + - ns ns ns ns . ns
PLANTS + - ns ns ns ns ns
ST PL + ns ns ns ns ns ns
HT-TOT + ns ns ns ns ns ns-

ST PL - Number of Stems per Plant
HT-TOT - Total Combined Heights of all Plants
COMPN - Compaction

+ Significant Positive Correlation
- Significant Negative Correlation
ns Non-Significant Correlation

P~arson Correlation Coefficients
Prob > 95% under Ho: Rho=0 / N = 112
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This extrapolates to an initial regeneration flush of ap

proximately 804 '6hi'a seedlings per hectare over the area

two years following clearcutting. As indicated above,

these 'ohi'a seedlings are not evenly or randomly distrib

uted across the site, but are responding to distance

gradients. This is probably related to seed dispersal,

which may be reflecting the sequence of disturbance, i.e.

earlier near to the forest edge and at the eastern end of

the study area.

Classification Qy Life Form

The life form classification enables a functional

analysis of the vegetation structure and provides the

baseline for comparative and successional studies. The

species sampled in the clearcut area were classified by

their life form at maturity to represent the life form

potential within the composition of existing vegetation.

The early stages of secondary succession on this

clearcut site reflect the shift in microclimate and micro

habitat as the altered environment for natural regenera

tion and plant invasion. The life form spectruln (Figure

2-7) illustrates the relative importance of different life

forms at this time for this site, and further the com

parison of the contribution of the native and exotic

species in each life form class. Table 2-7 is the list of

clearcut plants grouped by life form.
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Table 2-7. Clearcut Plants Grouped by Life Fo~

LIFEFORM MODIFIERS NIx SPECIES I.V.

PHANEROPHYT:&S
Pl MA S N Metr poly 2.59
Pl MA S N Dios sand .13

P2 MA M X Melo umbe .33
P2 MA M X Aleu molu .20

P3 ME S X Psid catt 3.92
P3 ME S X Psid guaj .58
P3 ME S N Psyc hawa .36
P3 ME S N Anti plat .16
P3 ME S N Copr menz .16
P3 ME S N Ilex anom .04
P3 ME S N Myrs less .06

P4 MI M N Pipt albi 7.05
P4 MI M X Pluc symp 6.66
P4 MI M X Budd asia 5.45
P4 MI M X Mela cand .10

P5 MI ROS N Cibo glau 2.08
P5 MI ROS N Cibo cham .78
P5 MI ROS N Sadl cyat .12

P6 NA M X Rubu rosi 6.76
P6 NA M X Clid" hirt 6.17

CHAMAEPHYT:&S
Cl FRUT CAESP X Stac jama .37
Cl FRUT CAESP X Mimo pudi .15

C2 FRUT REPT X Drym cord .04

C3 HERB REPT X Poly avic .06

C4 HERB SCAP X Hype dege .21
C4 HERB SCAP X Ager ripa .06

C5 SUFF CAESP X Arun gram 2.15
C5 SUFF CAESP X Cuph cart .94
C5 SUFF CAESP X Hedy coro .65
C5 SUFF CAESP X Desm sand .43
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Table 2-7, continued.

C5 SUFF CAESP X Sper assu .15
C5 SUFF CAESP X Malv coro .06

C6 SUFF SCAP X Hypt pect .15
C6 SUFF SCAP X AscI cura. 11
C6 SUFF SCAP X Poly pani .06
C6 SUFF SCAP X Desm inca .06
C6 SUFF SCAP X Pier hier .04

CHAMAE-HEMICRYPTOPHYTES
CH1 CAESP X Andr virg 5.35
CHl CAESP X Schi cond 2.25
CHl CAESP X Pasp conj 2.44
CH1 CAESP X Cype halp 1.89
CH1 CAESP N Mach angu 1.87
CH1 CAESP X Cype rotu .82
CH1 CAESP X Kyll brev .61
CH1 CAESP X Kyll nemo .43
CH1 CAESP X Ludw octi .43
CH1 CAESP X Ludw palu .37
CH1 CAESP N Cyrt palv .26
CH1 CAESP X Bego hirt .16
CH1 CAESP X Cord frut .16
CH1 CAESP X Meli minu .16
CHl CAESP X Fimb dich .10
CH1 CAESP X Rync repe .06
CH1 CAESP X Digi insu .05
CHl CAESP X Oxal corn .05
CH1 CAESP X Pasp scro .05
CH1 CAESP X Rhyn chin .05
CH1 CAESP X Gnap japo .04

CH2 REPT X Sacc indi 1.58
CH2 REPT X Opel hirt 1.13
CH2 REPT X Comm diff .33
CH2 REPT N Pepe spp. .25
CH2 REPT N Isac dist .16
CH2 REPT X Seta grac .22
CH2 REPT X Axon comp .13
CH2 REPT X Cent asia .11

CH3 ROS X Spat plic 2.14
CH3 ROS X Plan majo .04
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Table Z.7, continued.

GEOPlIYTES
G1 RHIZ X Neph mult 6.99
G1 RHIZ X Chri dent :3.60
G1 RHIZ X Pity calo 1.:35
G1 RHIZ N Sphe chin .92
G1 RHIZ N Pter aqul .:39
G1 RHIZ X Blec ocel .:31
G1 RHIZ N Macr tore .14
G1 RHIZ N Aspl lobu .09

THEROPHYTES
T1 REPT X Cham pros .05

T2 SCAP X Cras crep :3.10
T2 SCAP X Cast arve 2.51
T2 SCAP X Youn japa 1.47
T2 SCAP X Ager cony 1.09
T2 SCAP X Cony cana .95
T2 SCAP X Cony bona .81
T2 SCAP X Erec vale .:31
T2 SCAP X Bide pilo .21
T2 SCAP X Torr asia .12
T2 SCAP X Sonc oler .10
T2 SCAP X Vern cine .05
T2 SCAP X Lact serr .05
T2 SCAP X Cera font .04
T2 SCAP X Emil fosb .04

LlANAS
L1 HERB X Pass foet .55
L1 HERB X Pass suba .12

L2 SUFF N Alyx oliv .29
L2 SUFF X Cocc gran .1:3
L2 SUFF N Frey arbo .06
L2 SUFF N Aste menz .05
L2 SUFF X Dios pent .05

EPIPHYTES
E1 HERB N Elap eras .72
E1 HERB X Pleo thun .14
E1 HERB N Psil nudu .14
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Seven life forms were recognized in this classifica

tion. Phanerophytes (P) are woody trees and tall shrubs

which continue to grow over 50 cm tall. Chamaephytes (Ch)

are perennial plants which grow to less than 50 cm or pe

riodically die back to less than that height. Hemicrypto

phytes (H) are herbaceous perennials that die back peri

odically to a remnant shoot system near the ground. Geo

phytes (G) are herbaceous perennials whose shoot system

disappears from the ground periodically and survive

beneath the ground as subterranean storage organs. Thero

phytes (T) are plants which die after seed production and

generally lack a mechanism for vegetative reproduction.

Lianas (L) germinate on the ground and remain rooted in

the soil but grow up by supporting their photosynthetic

apparatus on other plants. Epiphytes (E) grow non

parasitically on other plants.

Two variations were made on the above system to more

adequately reflect the Hawaiian rainforest environment.

To better represent the life forms under these favorable

growing conditions, the height limit for the phanerophytes

and chamaephytes was raised from 50 cm to 1 m. Due to the

absence of an unfavorable growing season, the hemicryp

tophyte life form was not appropriate as only part of the

plants would die back at a time. The life form chamae

hemicryptophyte (CH) has been applied to represent the

herbaceous plants that are occasionally found with part of
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their shoot system dried up but still attached (after

Mueller-Dombois et aI, 1981).

The phanerophytes constituted the most important

life form on the site with 43.7% of the composite im

portance value for all life forms. The phanerophytes are

subdivided into four height groups; macro- (>10m), meso

(5-10m), micro- (3-5m), and nano- (.5-3m). The height

groups are further broken down by leaf characteristics;

malacophyllous (soft), sclerophyllous (hard), and rosette.

Sixty nine percent of the phanerophyte importance is ac

counted for by invading alien species.

The following four macrophanerophytes in the clear

cut sample will provide the potential future forest

canopy. Aleurites moluccana and Melochia umbellata are

the only malacophyllous species (Pl). Metrosideros

polymorpha is clearly the most important tree in the

sclerophyllous (P2) group, distantly followed by Diospyros

sandwicensis. The native species maintain the most im

portance in this potential height class.

The mesophanerophytes are only represented by

sclerophyllous species (P3). Five out of the seven

species in this group are native rainforest lower canopy

species. However, the two exotic species, Psidium

cattleianum and £. guajava, constitute more than 85% of

the importance of this group.
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The microphanerophytes are separated into two

groups, the tree ferns (P4), and the large woody

malacophyllous shrubs (PS). The most important life form

across the clearcut area is this large shrub layer (PS),

accounting for almost 20% of the total importance. The

highest value in this group belongs to the only native

member of this life form, Pipturus albidus. This is

closely followed by the ubiquitous exotic species Buddleia

asiatica and Pluchea symphytifolia.

The importance of the tall shrub life form (PS) in

this area is further shown by comparison with the next

group of smaller shrubs, the nanophanerophytes (P6). The

two exotic shrubs which represent this life form, Rubus

rosifolius and Clidemia hirta, account for 13% of the im

portance values across this site. Together, these five

species of shrubs make up almost one third of the total

importance values for all species at this site.

The chamaephyte life forms are comprised of six rel

atively unimportant groups. They are divided first by

their degree of lignification and then by growth habit.

All seventeen of the chamaephyte species were alien

species. The only life form that was well represented on

this site was the partially woody shrubs (CS). The most

important species in this group was the bamboo orchid,

Arundina graminifolia.
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The chamae-hemicryptophyte life form groups included

the largest number of species (31). They accounted for

almost one quarter (23.7%) of the life form importance

over the cutover site. The three subgroups were based on

growth ~orm; caespitose (branched from base), creeping and

rosette. The most important group in this life form class

and the second most important of all life form groups at

the site was the caespitose chamae-hemicryptophytes (CHI).

The importance of this group is primarily based on the

large numbers and cover of grasses and sedges. Repre

sentative species of this group include Andropogon vir

ginicus, Paspalum conjugatum, schizachyrium condensatum

and Cyperus haspan.

The geophytes were represented by one life form, the

rhizomatous ferns ·(GI). Although this life form only con

sisted of 8 species (2 were native), it was the third most

important life form on the site. The· species of greatest

importance here were Nephrolepis multiflora, Christella

dentata and Pityrogramma calomelanos.

The annuals, or therophytes, were composed of two

life forms. One life form was the creeping annuals (TI)

and the other were scapose (T2). None of the species in

this life form were native, and eleven out of fifteen

species were members of the compositae family. Of

greatest importance in this group were Crassocephalum

crepidioides, Castilleja arvensis and Youngia japonica.
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Lianas and vines were scarce. There were two alien

species of herbaceous vines, both Passiflora species, and

there were five woody liana species. The two alien

species were coccinea grandis and Dioscorea pentaphylla,

and the native species were Alyxia oliviformis,

Freycinetia arborea and Astelia menziesiana. These native

lianas were remnants left from the forest in undisturbed

pockets, rather than representing newly establishing in

dividuals.

The final life form, epiphytes (El), played an in

significant role in this life form spectrum due to the

sparseness of undisturbed rainforest vegetation upon which

they depend. They also were found only in small remnant

pockets of undisturbed forest scrub.

Species Correlation Analysis

The matrix of cover values for the species with high

importance in the 122 quadrats was analyzed with a ranked

correlation procedure to identify patterns of associa

tions. The individual species were first correlated with

one another and then with the habitat variables to develop

a picture of re-establishment patterns and processes

across the disturbed area. The correlation matrix and a

ranked correlation table is included in Appendix 2-6a and

Appendix 2-6b.
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Associations between the 10 highest I.Y. Species. The

two most important species, Pipturus albidus and

Nephrolepis multiflora, which also happen to be major com

ponents of the forest, were found to be positively corre

lated with one another. On the correlation matrix (Ap

pendix 2-6a) the values above the diagonal in the matrix

correspond to the Pearson correlation coefficients between

the two species. For example, Pipturus albidus is shown

to have a correlation with Nephrolepis multiflora with a

positive Pearson coefficient of 0.31227. The value of

0.0008 below the diagonal signifies that there is 99.92%

probability that this correlation did not occur by chance.

Correlations above the 95% confidence level were assumed

to be significant.

Pipturus albidus was also positively correlated with

Rubus rosifolius and Buddleia asiatica. Nephrolepis was

positively correlated with Christella dentata and nega

tively correlated with Pluchea symphytifolia. Rubus

rosifolius was negatively correlated to Psidium

cattleianum and Clidemia hirta and positively correlated

to Buddleia asiatica. Pluchea symphytifolia was positive

ly correlated to Clidemia hirta and Andropogon virginicus.

Clidemia hirta was positively correlated to Crassocephalum

crepidoides, Psidium cattleianum and Christella dentata.

Buddleia asiatica and Andropogon virginicus was negatively

correlated to Psidium cattleianum.
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other Important Associations. Metrosideros polymorpha,

the dominant tree species in the native forest, was the

only native tree actively regenerating in the clearcut

area. It was not found to be associated with any other

species at the 99% level. At the 95% level, it was found

to be positively correlated with the native tree fern

cibotium glaucum and understory fern Pityrogramma

calomelanos, and negatively correlated to the alien in

vader, Clidemia hirta and the native sedge Machaerina

angustifolia.

The native tree fern Cibotium glaucum was positively

correlated with the main alien competitor for the over

story, Psidium cattleianum, and negatively correlated with

the ubiquitous alien shrub, Pluchea syrnphytifolia and the

grass schizachyrium condensatum. The other common native

tree fern species, cibotium chamissoi, was similarly found

to be positively correlated with Psidium cattleianum and

negatively correlated with Pluchea symphytifolia. How

ever, ~. chamissoi was positively associated with Clidemia

hirta.

The only native shrub which successfully invaded the

disturbed area was Pipturus albidus which was positively

correlated with the fern, Nephrolepis multiflora, as well

as the two principal invading alien species, Rubus

rosifolius and Buddleia asiatica. Nephrolepis mUltiflora,
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which forms much of the ground cover in the open forest,

was negatively associated with the alien shrub Pluchea

symphytifolia.

Species to Habitat Correlation

The relationship of the habitat variables to the

species colonizing the clearcut area was determined

through correlation analysis (see Correlation Matrix and

Ranked Correlation Table: Appendix 2-6a and Appendix 2

6b) .

Eleven of the 30 high I.V. species were significant

ly correlated to the transects, as shown in Table 2-8 as

those species with either a '+' or ,-, sign under the TRAN

column. The '+' sign represents a significant positive

correlation between higher cover values for a species with

higher transect numbers to the east of the study area.

The '-' sign represents a significant correlation between

higher cover values for a species with lower transect num

bers to the west of the study area, i.e. away from the

presumed sourc~ vf weeds.

The transect variable was independent of the other

habitat factors (see Table 2-5). The different transects

represent two factors. The first is a distance gradient

from the alien seed sources at the east end of the study

area. The second may reflect the different aged lava

flows that have been reported in this area (Lockwood
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Table 2-8. Correlation of Species to Habitat Variables

HIGH IV HABITAT VARIABLES
SPECIES TRAH DIST SUBST STUMP ROCK SLASH COMPACTN

PIPT ALBI + ns + + ns + -
NEPH MOLT ns - ns + - + -
RUBU ROSI + ns ns ns + ns ns
PLUC SYMP ns ns - - + - +
OLID HIRT - ns ns ns ns - ns
BUDD ASIA + + ns ns ns ns ns
ANDR VIRG ns ns ns ns + - ns
PSID CATT - ns + ns - ns ns
CHRI DENT ns ns ns ns - ns ns
eRAS CREP - ns ns ns ns ns ns
METR POLY ns - ns ns ns ns ns
CAST ARVE ns ns ns ns ns ns ns
PASP CONJ - - - ns ns - +
SCHI CONn ns ns ns ns ns ns +
ARUN GRAM ns - ns ns ns ns ns
SPAT PLIC ns - ns ns + ns +
CIBO GLAU ns ns + ns ns + -
CYPE HALF ns ns - ns + - +
MACH ARGO ns + ns ns ns - ns
SACC nIDI ns - - ns ns ns +
YOUN JAPO ns + ns ns ns ns ns
PITY CALO + ns ns - ns - ns
OPLI BIRT ns - ns ns - - ns
AGER CONY ns ns - ns ns - +
CONY CANA ns ns ns ns + - +
CUPH CART - ns ns - ns - +
SPHE CHIN ns ns ns ns ns ns ns
CYPE ROTU - + ns ns + - +
CONY BONA ns + ns ns ns - ns
CIBO CHAM - ns ns + ns ns -

+ Significant Positive Correlation
- Significant Negative Correlation
ns Non-Significant Correlation

Pearson Correlation Coefficients
Prob ) 95~ under Ho: Rno=0 I N a 112
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1985). Though all are 'a'a flows, substrate age would be

reflected by different successional stages of forest

structure and composition. This in turn could lead to

different patterns of secondary succession due to the dif

ferent initial floristic composition.

Pipturus albidus, Rubus rosifolius, Buddleia

asiatica and Pityrogramma calomelanos were positively cor

related to the higher transects numbers (to the east of

the study site). Buddleia and Pityrogramma could be ex

pected to reflect this gradient to the alien seed source

as they are wind dispersed. Pipturus and Rubus have

fleshy bird-dispersed fruits and thus would not be as

sensitive to this gradient.

Of the seven species that were positively correlated

to the western end of the study area, the presence of two

phanerophytes, Psidium cattleianum and Cibotium chamissoi

may exert the strongest role in the long-term floristic

composition. Clidemia hirta was positively associated

with Psidium cattleianum and Paspalum conjugatum and

Cyperus rotundus. The other species that were correlated

with the western part of the clearcut area, Crassocephalum

crepidioides and Cuphea carthagenensis are wind-dispersed

annuals also correlated with the above species.

Twelve species were significantly correlated with

distance to the forest edge. A negative correlation (DIST

in Table 2-8) corresponds to a greater Braun-Blanquet
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cover abundance value closer to the forest edge. Seven

species were significantly correlated with closer dis

tances to the forest edge and five species had higher

values at greater distances from the forest, i.e. away

from a presumed seed source center of open-area weeds.

Two major components of the forest community were

strongly correlated with this distance factor. The cover

values of Nephrolepis multiflora (Figure 2-5c) and

Metrosideros polyrnorpha (Figure 2-5a) significantly

decreased with distance from the forest edge. This was

also true for five alien species, three of which were

grasses found in the forest, and two ferns that are also

commonly found in the forest (see Chapter 3). These

species are commonly associated with shade.

The five species whose cover values increased with

distance from the forest edge included four exotic species

and one native. The native species was a sedge,

Machaerina angustifolia, that was not encountered in this

forest. The other four species, Buddleia asiatica,

Youngia japonica, Cyperus rotundus, and Conyza

bonariensis, were further characterized by dry heavily

disturbed sites.

Psidium cattleianum, Pipturus albidus and cibotium

glaucum were positively correlated to ground with large

rocks on the surface (SUBST in Table 2-8). Surface sub

strate covered with smaller rocks was positively corre-
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lated to high cover values of Pluchea symphytifolia,

Paspalum conjugatum, Cyperus halpan, sacciolepis indica

and Ag~r~tum conyzoides. These species are preferentially

colonizing the highly disturbed habitats on the site.

Cibotium chamissoi, Pipturus albidus and Nephrolepis

multiflora were positively correlated with the presence of

stumps, while Pluchea symphytifolia, one of the major

alien species, was selectively encountered where stumps

had been bulldozed. Similarly, the degree of compaction

had a positive effect on Pluchea symphytifolia while ex

hibiting a negative effect on the rainforest species Pip

turus albidus, Nephrolepis mUltiflora, cibotium glaucum

and Cibotium chamissoi.

The percent cover of slash was positively correlated

with the rainforest species cibotium glaucum, Pipturus al

bidus and Nephrolepis mUltiflora, while negatively corre

lated to the alien, Pluchea symphytifolia. The percent

cover of rock (ROCK in Table 2-8) was the least influenc

ing factor, with a positive correlation noted only for the

tree fern cibotium chamissoi.

This analysis indicates that most species colonizing

the cutover area are either responding to a distance

gradient, a habitat disturbance gradient, or both. Of the

top 30 species, only the two alien species Sphenomeris

chinensis and castilleja arvensis had no significant cor

relation to these variables.
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Table 2-9 separates the significant habitat correla

tions by native or alien species. The highest number of

species correlations occur with the percent cover of

slash. Thirteen alien species and no native species are

negatively correlated to high slash cover while 3 native

species and no alien species are positively correlated to

high slash cover. Similarly, increased soil compaction

has only positively correlations (10) to alien species and

negative correlations (4) to native species. The same

pattern was true for correlations with areas that had

stumps remaining (not bulldozed); the natives preferen

tially occurred in these areas and the alien species do

not. Most of the aliens species were positively corre

lated with a high percent barren ground, high degree of

compaction and increased distance from the forest edge.

peA and Cluster Analysis

To complement the species level correlations, multi

variate analysis of the data matrix was completed to iden

tify species and quadrat clusters for further analyses.

Principal component analysis was applied in two ways (R

type analysis and Q-type analysis). Cluster analysis of

the secondary matrix generated a distance matrix from

which dendrograms were produced and analyzed for ecologi

cally meaningfUl species and quadrat groups.
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Table 2-9. Habitat Correlations to Native and Exotic Species

SIGNIFICANT HABITAT CORRELATIONS
OF THE 30 HIGBJiST IMPORTANCE VALOE SPECIES

HIGH IV HABITAT VARIABLES
SPECIES THAN DIST SUBST STUMP ROCK SLASH COMPACTH

Total # 11 12 8 6 11 16 14

Total - 7 7 5 3 4 13 4
Natives 1 2 0 0 1 0 4
Exotics 6 6 5 3 3 13 0

Total + 4: 5 3 3 7 3 10
Natives 1 0 2 3 0 3 0
Exotics 3 6 1 0 7 11) 10
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R-type Analysis: Species Clusters and Habitat Correla

tions. An ecologically valuable synthesis of the species

data portrayed in the dendrogram (Figure 2-8) occurred at

the 50% distance level. This produced 7 species clusters,

two of which were composed of one species. The original

data matrix was then simplified using the mean variable

values for each cluster. This new matrix was reanalyzed

with the ranked correlation procedure against the habitat

values. The significant correlations between the species

clusters (represented by the high IV species) and the

habitat variables are illustrated in Figure 2-9a and 2-9b.

Cluster A was a single species cluster with the

naturalized fern Nephrolepis multiflora, which was 2nd in

the I.V. list. It was statistically correlated to five of

the seven habitat variables. The strongest correlation

was the negative relationship to increased distance from

the intact forest and it was also negatively associated

with compaction. It was also positively correlated with

areas where stumps were present, and where there was a

high cover of slash and low percent cover of open ground.

Cluster B was made up of three high I.V. shrub

species, Buddleia asiatica and Rubus rosifolius were

strong alien invaders and Pipturus albidus was the only

woody native species which behaves like an alien invader.

This cluster was most strongly correlated to the

transects, which infers a spatial distribution across the

151



MaxImum DIstance Between Clusters

3 3 3 3 3 3 3 3 3--2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 0 0 e e e 0 0 0 e e. . . . . . . . .--. . . . . . . . . . . . . . . . . . . . .
9 8 7 6 5 4 3 2 1--5 4 3 2 1 g 8 7 6 5 4 3 2 1 0 9 8 7 6 6 4 3 2 1 e SPECIES
++++++++++++++++++1111111++++ 11111111+++11111111111+1111111+++++++++++
r------------,A Neph mul

Plpt alb

Budd asi

Rubu rCE

Mach arg

.crse gJa

Chrl dEn

Cype kyl

Cony ben

Sphe chi

Youn j~

Cype rot

Pass edl

Hedy ecr

Opel hlr

Arun gra

Cras ere

[
Clbo em

Elap era

Figure 2-8. Dendrogram of Species Clusters based upon Complete Linkage
Cluster Analysis from Standardized Data using Principal Components
1-4.
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Figure 2-8, continued.
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Figure 2-8, continued.
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Figure 2-9a. Species Clusters (at the 60% distance level) and
Significant positive Correlations to the Habitat Variables
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SPECIES CLUSTERS - HABITAT VARIABLES
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D Cibo glau
D Chri dent
D Cony bona
D Sphe chin
D Youn japa SUBSTRATE
D Cype rotu
D Opel hirt

.D Arun gram
D Cras crep
D Cibo cham
D Cuph cart STUMPS
D Ager cony
D Cony cana
D Metr poly
D Cast arve
D Pity calc

ROCK

E Clid hirt
E Psid catt

F Pasp conj SLASH
F Sacc indi
F Cype halp
F Spat plic

G Pluc symp COMPACTION
G Andr vlrg
G Schi cond

Figure 2-9b. Species Clusters (at the 60~ distance level) and
Significant Negative Correlations to the Habitat Variables
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study site with the highest concentration closest to the

alien seed source. This cluster was also correlated to

highly compacted surfaces with little slash cover.

Cluster C was a monospecific entity composed of the

native sedge, Machaerina angustifolia. It was positively

correlated to distance away from the forest edge and nega

tively correlated with slash. This native sedge was

generally found in undisturbed moist depressions on the

site.

The largest group, Cluster 0 was made up of 50 alien

and introduced species. The 16 species with high I.V.

values are shown with the clusters in Figures 2-9a and 2

9b. This group was positively correlated to the distance

gradient farthest from the initial source of disturbance

and alien seed influx, and was also correlated to areas of

low percent cover of slash on the ground. This may

reflect most recent disturbance over the study site.

'6hi'a was included in this cluster along with the tree

ferns and a large number of alien invading species.

Cluster E was comprised of Clidemia hirta and

Psidium cattleianum, a woody plant which are known to have

a long-term successional persistence. Both of these

species are well established as persistent problem species

in the intact forest ecosystems. This cluster was found

where the vegetation cover was high towards the west end
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of the site. This may reflect an earlier association from

a different aged lava flow.

Cluster F was made up of four alien species that

were correlated with a high degree of compaction and a

surface .covered by smaller rocks. This cluster was highly

correlated closer to the forest edge at the west end of

the site with low cover of slash. This is a group of four

monocots with fibrous root systems that may indicate finer

soils.

Cluster G was another group of invading species

which were also correlated with compaction and high sur

face cover of rock, along with the absence of stumps and

the low cover of slash. Most of these are pyrophytes.

o-type Analysis:'Ouadrat Clusters and Habitat Values.

The quadrats were statistically clustered to identify spa

tial patterning of vegetation associations across the

study site. The dendrogram of quadrat clusters (Figure 2

10) was generated from the species/cover matrix using PCA

and cluster analysis. The 55% distance level provided an

ecologically useful interpretation in 11 quadrat clusters.

The quadrat clusters were mapped (Figure 2-11) to portray

the variation and pattern of vegetation associations over

the clearcut area.

Ten of the quadrat clusters exhibited some patterns

of significant deviation from the means of a habitat vari
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Figure 2-10, continued.
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Figure %-10, continued.
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Figure 2-10, continued.
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able. Appendix 2-7 summarizes these statistics on the

mean habitat values for the quadrat clusters and identi

fies those clusters where habitat variable means were

greater than one standard deviation from the composite

va~-iable mean.

Cluster A is a single quadrat cluster with no stumps

and a high slash cover. Cluster B is another single quad

rat cluster with no stumps, but a high cover of slash and

large rocks which indicates an undisturbed surface.

Cluster C and Cluster I are found where the stumps have

not been bulldozed away. Cluster D is associated with the

east end of the site, close to the forest, where stumps

are present and the surface is not compacted. Cluster E

is found close to the forest, high percent cover of large

rocks and a high percent cover of slash. Cluster F is

characterized only by being closer to the west end of the

site where small rocks are found on the surface. Cluster

G is found where there are larger rocks on the surface and

low compaction. Cluster H is far from the forest edge and

the stumps have been removed. The largest cluster (J) ,

was the only cluster which did not significantly deviate

from the means for any of the habitat variables. Cluster

K is characterized by being associated with areas of low

compaction.

Most of these quadrats groups sorted independe~tly

of the distance variables. The habitat variation was
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shown to strongly influence the pattern of species

clusters in the re-establishing vegetation.

DISCUSSION

This research was conducted to assess the ability qf

the Hawaiian lowland rainforest to regenerate following a

clearcutting activity. The revegetation pattern was

evaluated in relation to the spatial aspects of the site

and the microhabitat distribution.

The surface characteristics of the study site were

severely altered by the clearcutting activity. The

residual mosaic of microhabitats remaining after clearcut

ting was independent of the spatial relationship to the

forest and the east-west gradient across the site. This

allowed an independent analysis of vegetation response to

specific habitat factors.

This initial colonizing phase of the vegetation was

primarily composed of aggressive alien graminoid, forb and

shrubby species, of which only a minor component were na

tive species.

Twenty four percent (24%) of the 101 species

colonizing the cutover area were native. Of the 30

species with the highest importance values (I.V.) on the

site, the percentage of natives dropped down to twenty.

The two most important species, in terms of cover and fre

quency, that were successfully becoming reestablished in
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the clearcut area are often found in the native rain

forest. Pipturus albidus is a native understory shrub in

the lowland rainforest and was the only native component

of this dominant life form across the site. The natural

ized fern, Nephrolepis multiflora, is a common forest un

derstory species and was also readily able to colonize the

newly clearcut habitat. It was more restricted to the

least disturbed and least compacted microhabitats.

The invading vegetation could be grouped in 3 major

categories. One group was correlated to the distance from

the edge of the extant forest. This reflects both the in

creased seed rain of native propagules as well as the mod

erated microclimate closer to the forest edge. Wales

(1972) demonstrated the microclimatic gradients associated

with forest edges, and Ranney et al (1981) have documented

the difference in species composition and structure of the

forest edge from the interior. Part of the reason for

this is that most seeds fall within a short distance of

their source (Johnson et aI, 1981; Boyer, 1958; Gashwiler,

1969 and Jemison and Korstian, 1944).

The second group of invading species was strongly

correlated to the microhabitat patches across clearcut

area. In his studies, Kellman (1980) also found that the

patterns of disturbance, soil types and moisture regimes

had a strong effect on the heterogeneity of recolonizing

vegetation.
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The third group showed no particular relationship to

the distance gradients from the seed sources or to the

microhabitat mosaic. This group was primarily comprised

of short-lived weedy species that exhibit a strong capa

city for widespread dispersal and a wide range of habitat

tolerance.

Metrosideros polymorpha, the dominant tree species

in the native rainforest, was the only native tree found

regenerating from seed in the clearcut area. This regen

eration appears to be successful with 804 'ohi'a seedlings

coming in per hectare. 'Ohi'a regeneration numbers were

higher closer to the intact forest, and distinction be

tween different microhabitats was not significant. The

mortality rates and future recruitment will need to be

monitored in future studies, along with the long-term

dynamics between Metrosideros polymorpha and other non

native species.

The presence of stumps which were left following

clearcutting distinctly served as a pocket of favorable

microhabitat for native species protection, invasion and

regeneration. The pockets of native vegetation left

around the root mass of Metrosideros stumps may be an im

portant factor in the survival of many native species.

Native tree species other than Metrosideros were found

only where associated with stumps over this site. The

presence of a '5hi'a slash cover on the ground was also
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correlated with higher numbers and cover values of native

species. stocker (1981) also concluded that perturbations

that limit coppice development would create a very altered

vegetative community.

Psidium cattleianum is well established in selected

areas of the adjacent forest and has survived in the

clearcut area primarily through coppicing. This is

similarly true but to a lesser extent for Psidium guajava.

Scattered individuals of other fast growing pan-tropical

weedy tree species can be observed now starting to invade

this site. These include Melochia umbellata, Trema

orientalis, cecropia obtusifolia and Paraserianthes fal

cataria. The possibility of these species playing an ex

panded role in the replacement forest is indicated by

their scattered appearance at this time. Paraserianthes

falcataria and Melochia umbellata have already exhibited

great success in colonizing nearby abandoned sugar cane

fields.

Based upon the findings of this study, a number of

statements concerning ecosystem management are apparent.

Due to the size and intensity of the clearcutting dis

turbance, and the abundance of alien species regenerating

here, it is likely that the replacement rainforest will

differ in composition if not structure from the original

forest. At this study site, the likelihood of natural re

generation and recovery processes reproducing a rainforest
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of identical composition to that which was cut is extreme-

ly low, although it must be followed over many years.

Saulei (1984) has shown in Papua New Guinea lowland rain-

forest that the percentage of primary species gradually

continu~d to increase in dominance over many years.

If the objectives are to manage the Hawaiian lowland

rainforest for timber extraction with maximum regeneration

of the native vegetation, numerous factors could be in-

ferred from the initial vegetation re-establishment pat-

terns on this site. Native species regeneration success

was correlated more with the rlistance to the forest edge

than the remaining habitat; therefore the size and shape

of disturbances in a management scheme should be weighted

accordingly. Highly compacted surfaces were most success-

fUlly invaded by alien graminoid species, which can be

very long lived. If large areas are covered with these

associations, disturbance regimes of periodic fires could

forseeably sustain these altered systems over long

periods.
-This area has good potential for restoration ac-

tivities. Climatic and edaphic factors are proven to be

favorable for an extremely tall-stature lowland rainforest

community. Much of the clearcut area could be assisted

towards reestablishing the native components of the forest

through reseeding. Metrosideros appears to be coming in

quite well at this time, but other species such as
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Psychotria hawaiiensis, Diospyros sandwicensis and Myrsine

lessertiana would probably do quite well on favorable seed

beds. Similarly, it would be useful to take out the in

vading pan-tropical weedy trees to allow the native

species to become well established. The plantings of na

tive species and control of alien trees would be a low

input management with some probability of success in

reestablishing the lowland rainforest on this site.

Kellman (1980) predicts an increasingly homogenized

weed flora with extended seed-dormancy capabilities for

many parts of the tropics. Ewel (1980a) similarly states

that successional ecosystems are going to be the dominant

tropical ecosystems of the future. He uses this statement

to argue that it is essential to improve our understanding

of how successional ecosystems are put together, function

and change.

The cutting of native forest lands along with the

abandonment of agricultural lands will turn these initial

ly endemic Hawaiian ecosystems into gardens of pan

tropical successional species. The first decision must be

to protect the areas of pristine rain forests areas that

remain. Secondly, the dynamics of these systems must be

better understood through monitoring their response to

disturbance and biological invasions. This will support

the development of sustainable management systems for

these rain forests into the future.
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CHAPTER 3. THE LOWLAND RAINFOREST AT KALAPANA,

PUNA DISTRICT, ISLAND-OF HAWAII

ABSTRACT.

This study characterizes a remnant tract of Hawaiian

lowland rainforest that was adjacent to a 900 acre site

that was clearcut. Sixty-three percent of the forest

flora was composed of native Hawaiian species.

Eighty percent of the importance of all tree species

in this forest was accounted for by four species.

Metrosideros polymorpha, the 'ohi'a tree, was the most im

portant tree in the forest, followed by Psychotria

hawaiiensis. Psidium cattleianum, a naturalized alien

species, was the third most important tree in the forest

with frequent patches of high numbers in the smaller size

classes. This was followed by the native tree fern,

Cibotium glaucum.

The phanerophyte life form accounted for over 41% of

the total importance values. The second most important

life form was eight native epiphyte species. This is fol

lowed by the chamae-hemicryptophytes, where the importance

was approximately half exotics and half native species.

The geophytes were the next in importance, primarily made

up of native fern species, followed by the native lianas.

The chamaephytes and the therophytes were of little im

portance in the forest and were entirely alien species.
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A substantial number of Metrosideros seedlings

germinated from the soil bank in both the sun and shade

treatments. Clidemia hirta germinants from the soil bank

were second in importance only to the ferns, and the

density doubled under sun treatment. This illustrates the

effect of canopy opening on Clidemia densities in the

forest. Although a large percent of the alien species

were present in the seedbank, there was no discernable

pattern of invasion resulting from the clearcutting ac

tivity.

The different lava flows that underlying the forest

are strongly associated with the pattern of vegetation as

sociation across this forest.

:INTRODUCT:ION

In 1983; over 900 acres of native tall-statured

lowland rainforest was clearcut from the gentle south

eastern slopes of Kilauea volca~o on the island of Hawaii.

This kindled a controversy over the conversion of this

forest type in general and this stand of lowland rain

forest in particular. The Hawaiian lowland rainforest has

been lost on all of the other islands due to conversion,

and remains now only in a few areas on the Island of

Hawaii. Of the remaining stands, this Kalapana forest is

recognized to be one of the tallest statured lowland rain

forest stands that have been documented in Hawaii. For
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these reasons, people became extremely concerned when

permission was granted to clearcut this forest for wood

chips.

There were two prominent issues at the heart of the

controversy that ensued. There was a question about the

'pristineness' of this stand, with some pointing out that

there had been selective logging in the past, and an as

sociated invasion of non-native species into the forest at

that time. The other issue centered around the question

of how native in character would the replacement forest be

in the presence of numerous naturalized aggressive alien

species. Predictions were made on the one hand that the

native Hawaiian rainforest would not re-establish follow

i~g this anthropogenic disturbance, and on the other hand

that the,Hawaiian flora was well adapted to disturbance

and would recover.

There was little to no documentation or experimental

information that would help answer these questions. The

landowners of this property, The Estate of James Campbell,

supported this research project to help generate real

knowledge that can provide a better basis for land manage

ment in the future. This study was carried out to

evaluate the early regeneration dynamics, and to provide

baseline data for a long-term study of successional

dynamics on this site.
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The Kalapana clearcut area provided an opportunity

to evaluate the pattern of vegetation establishment on a

clearcut section of the former native rainforest. The re

search site included a part of the extant native forest

adjacent to the clearcut lands. The design incorporated

the different disturbance regimes across the cut-over

landscape, and the distance gradients from the native and

alien species seed sources. The effect of clearcutting on

the microclimate was monitored through paired micrologger

stations in the forest and clearcut area. The data for

these studies were collected over the 1987 calendar year.

The research reported here relates only to the vege

tation analysis of the undisturbed forest. This forest

adjacent to the clearcut area was sampled to provide the

baseline data to support the revegetation analysis. The

vegetation of the forest was inventoried and analyzed, the

influx of alien species from the clearcut area was

monitored, and the seed bank from the forest soils was

evaluated.

Research site

Location. This research was conducted in the lowland

tropical rainforest of the Puna District on the Island of

Hawaii (see Figure 3-1). A square kilometer was surveyed

on a gentle (5-7%) southeast slope of Kilauea volcano over
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Figure 3-1. Location of the Research site
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an elevational range of 270 m to 400 m. The upper third

of the research site is intact lowland rainforest and the

lower two thirds had been clearcut. This chapter is con

cerned with the analysis and characterization of the

forested area above the clearcut zone.

Climate. Rainfall maps in the report by Giambelluca et

al (1986) indicate a mean annual rainfall of 3055 mm for

this area. The climate diagram (Figure 3-2) shows that

the monthly rainfall is well distributed throughout the

year. The air temperature at the micrologger station in

the forest ranged from 17°C to 22°C with a peak in the

summer months. The rainfall figures in the climate

diagram are taken from Giambelluca and the temperature

data was from the microclimate stations on the research

site. For the period of this study, the relative humidity

ranged from 64% to 94% with a yearly mean of 85%. The

prevailing winds are northeast trades.

Geology and Soils. In a 1985 survey of this area, Lock

wood determined there to be at least four flows which com

prise the substrate. These flows run north to south

across the elevation gradient through the study site. The

oldest flow is pahoehoe of 2000-3000 years old. Lockwood

found this old flow almost entirely covered by at least

three younger 'a'a flows, the youngest of which is on the
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order of 350-500 years old. This is occupied by a first

generation 'ohi'a forest.

This young volcanic landscape is covered by thin

organic soils. The early classification of these soils

was "Type R C, Rockland 'A'a lava", which describes a

lithosol with Ola'a or '6hi'a soil material. This soil

type is generally restricted to areas with rainfall of

about 2000 rom per year in the elevational range between

256 m to 450 m (USDA 1955).

The soils of the study site are located in the

Kalalua and Pahoa South Quadrangle Layouts for the Island

of Hawaii and were classified as 'typic euic tropofolists'

in the Mawaae (extremely stony muck) and Kaimu (extremely

stony peat) series (Cline 1955). They are underlain by

highly porous lava, which makes them prone to accelerated

microbial breakdown and oxidation when deforested.

These 'tropofolists' are found only on recent vol

canic surfaces on the slopes of Mauna Loa largely from

just below the timberline to elevations around sea level.

This type of soil is present on the island of Hawaii and

parts of the slope of Mount Haleakala on the island of

Maui. On the island of Hawaii, these soils are estimated

to cover about 40% of the total land area (Periaswamy

1973).

Folists comprise the suborder which includes what

has been previously called 'litter' or '0' horizon, how-
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ever the horizons rest on lithic contact. soils in this

suborder are distinguished from others by the condition

that they are never saturated with water for more than a

few days. Furthermore, they are classified as containing

more than 35% organic matter. The depth of organic soil

materials is less than 1 m (Yaibuathes 1971).

The prominent morphological characteristic of

Folists in Hawaii is the layer of organic matter accumu

lated on 'a'a or pahoehoe lavas. Apart from that layer,

there is little or no visible profile development. The

thickness of organic accumulation varies with the age of

flow and generations of the 'ohi'a stands which occupied

the flow (Mueller-Dombois, pers. corom.). The organic

material is also found in crevices of rocks or collected

in pockets under the surface blanket. The material is

composed of mostly debris of woody vegetation, such as

leaf litter, twigs, branches and even trunks in various

stages of decomposition ranging from fresh to nearly com

pletely humified materials. In some locations, the

organic material may be saturated with water during rainy

months (Powers et al 1932) but not during the entire year.

Tropofolists are unconventional soils (Periaswamy

1973). Laboratory data for these soils often give a false

picture of the soil. In most soils, measured values rep

resent the average for the entire soil horizon, since most

soils have a large fraction of fine material «2mm) which
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is usually used in soil analyses. In Tropofolists con-

sisting of boulders and organic materials, analytical

values representing the less than 2 mm fraction describe

only a small part of the profile. Thus when the organic

carbon content is expressed on the basis of total volume,

the values approach those of inorganic soils (Periaswamy

1973). There is also a rapid drop in organic matter con

tent with depth in Tropofolists.

The Management of Tropofolists. Clearing and prepara-

tion of the land for cultivation drastically alters the

distribution pattern of coarse rocks and finer particles

including the organic matter. The data show that the dis-

appearance of organic matter in cultivated fields is only

apparent. on the surface (Periaswamy 1973). The remaining

organic matter is washed into the subsoil by rains leaving

an organ~c Jilatter f:c.'ee rock pavement. Evaporative water

loss from organic matter is reduced in these lIinverted ll

Tropofolists because organic matter has moved downward

away from the evaporative power present on the soil sur-

face. The presence of organic matter below the surface

even after many years of cultivation suggests that organic

carbon content is not reduced by land clearing.

When the organic matter is underlain by 'a'a lava,

free water will drain, but water under tension in the
.

organic layer will not. This occurs because the coarse
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clinker and boulders cannot draw water from the organic

layer. The surface of an 'a'a field is rough and uneven.

Even in level parts of the flow, the difference in eleva

tion between adjacent high and low points range from 1 to

2 meters. This micro-relief is preserved in the

Tropofolists even after the land is generally leveled fol

lowing forest removal. During the land clearing operation

much of the organic material is buried. The organic mat

ter no longer occurs as a continuous surface layer but is

scattered in isolated pockets throughout the profile.

These pockets act as sponges and hold water against

gravity if they are surrounded by course clinkers. Fur

thermore, these pockets are less likely to lose water by

evaporation. In most cleared and cultivated lava soils,

organic matter has filtered below the surface, and the

fields appear totally free of organic matter. But in

terms of water and nutrient retention, the function of

organic matter for crop production is enhanced by its in

corporation into the subsoil.

It was not possible to show that land clearing and

subsequent cultivation lowers the water holding capacity

of Tropfolists (Periaswamy 1973). In fact, there is a

suggestion that redistribution of organic matter to lower

horizons, fracturing of large boulders during land clear

ing, and close packing of the rock fragments during level-
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ing all contribute to improvement in water retention of

Tropofolists.

Soil / Vegetation Relationships. The formation of

Folists is primarily controlled by the rate of plant inva

sion. It was found that lichens established themselves

first on lava surfaces with higher plants appearing later.

Forbes (1912), Robyns and Lamb (1939) and Skottsberg

(1941) studied plant establishment on drier 'a'a and

pahoehoe flows and found that lichens were established

more rapidly on 'a'a surfaces, but that higher plants were

established first on pahoehoe, particularly in crevices.

Atkinson (1969) reported that many investigators observed

Metrosideros polymorpha to be the dominant species in the

early stages of 'a'a lava flow successions in wet regions

and that this tree species tends to increase in density

cover during the first 100 years of succession. He also

noted that there was some evidence of partial replacement

and enhancement by other species during the second hundred

years of succession in the native lowland rainforest.

Pandanus tectorius appears near the coast, while Diospyros

ferrea and Psychotria hawaiiensis were found inland below

303 m elevation. In addition, at higher altitudes,

cibotium increases in number with time. Atkinson also

reported that, from the point of view of plant composi

tion, there appears to be little difference between suc-
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cessions on 'a'a and pahoehoe flows in the windward side

of the island of Hawaii, the wet region of his study. The

number of Metrosideros was often lower on pahoehoe than on

'a'a flows. Skottsberg (1941) noticed that the establish

ment of Metrosideros appears to be at least partly con

trolled by the number of fissures and cracks.

Large species such as Metrosideros and cibotium pro

vide more shade to other species such as mosses ana

grasses, and act as protective cover for organic materials

present on the forest floor. At high elevations, with

over 2000 rom rainfall, low temperature, and high humidity,

the rate of deposition is higher than the rate of

decomposition. Accumulation of organic material occurs to

a deeper level resulting in the formation of muckier

Folists than in the lowland of Hawaii.

Factors which affect the vegetation such as climate,

rainfall, and underlying types of lava rocks also affect

the formation of these soils. The soils are stable only

as long as natural vegetation is present (Yaibuathes

1971). Such vegetation provides sufficient quantities of

organic materials which offsets the high rate of

decomposition in the lowlands. Shading by large trees

also reduces the rate of decomposition by keeping ground

temperatures lower and the level of humidity higher.
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Vegetation studies. This study area is located within

vegetation zone 01 as outlined by Ripperton and Hosaka

(1942), which represents the lowland tropical rainforest

(see Figure 3-3). It is close to the lowland mesophytic

forest (zone C1), which is a zone of transition to the

leeward dry forest and scrub (zone B). Many areas within

the 01 zone on the Big Island have been converted to

sugarcane or have been heavily invaded by alien tree

species.

The dominant vegetation association in the chipping

area and its surroundings were 'Ohi'a (Metrosideros)

forests of various ages and composition interspersed on

different aged lava flows. Perhaps the earliest account

of the vegetation in this area was written by Bryan

(1957), a Territorial Forester on the Big Island, who

found Metrosideros polvmorpha to be "the predominating

tree associated with the tree ferns" (Cibotium chamissoi

and~. glaucum). He also found the amaumau (Sadleria

cyatheoides) to be quite abundant, along with trees such

as Kopico (Psychotria ~.), Kolea (Myrsine ~.), Pilo

(Coprosma ~.) and Kawai (Ilex sandwichensis). Bryant

referred to this area as a "fine forest with over 100 feet

tall 'ohi'a trees and diameters up to 30 inches." Pigs

were reported to be common throughout, but not so plenti

ful that they appeared to be doing great damage.
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Jacobi (USFWS 1985) completed a vegetation map of

this entire area which classified the cutover area into

two forest types. The first is an open tall-statured

Metrosideros forest with a second story of native trees in

a wet habitat with native shrubs and some tree ferns, and

some alien grasses in the understory. The other type is

distinguished similarly as a tall statured Metrosideros

rainforest with a certain admixture of kukui trees,

Aleurites moluccana, along with other alien trees and

shrubs in the understory.

Based on Jacobi's map, Lamoureux (1985) recognized

four sUbtypes of 'ohi'a forest in this area which are

listed below and shown in Figure 3-4a. The description of

the types are included in Figure 3-4b. Lamoureux's types

a(1) - a(3) occur in wetter areas and type a(4) in more

mesic areas. The a(4) type is not found in this study

area.

The differences shown in Lamoureux's forest types

reflect a higher sensitivity to the several stages of

forest succession that are associated with the different

aged lava flows which traverse this area. Type a(1), a

unique, dense, alien-free forest had been located on the

youngest flow and is considered to be the highest quality

type. Type a(4) could be equally high in quality, though

it occurs in a different habitat. Lamoureux designated

most of the chipped area as a(2) forest.
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Figure 3-4a. Vegetation Map of the Study Area (Jacobi, 1885)
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MAP OF PART OF PUNA DISTRICT SHOWING VEGETATION TYPES

KEY TO MAP SYMBOLS

ohia - a(l) = open to closed canopy ohia forest with trees
from 15 to more than 50 feet tall, with
subcanopy layer of native trees, tree ferns,
and native shrubs; sometimes with openings
containing uluhe fern

ohia - a(2) = same as ohia - a(l) but with some to many
non-native shrubs

ohia - a(3) = same as ohia - a(2) but with some kukui trees
in the canopy layer

ag

lava

ITIJ

= agricultural land, including pastures

= lava flows formed 1960 - 1980

= lava flows from Pu'u 0'0 formed 1983 - 1984
(1985 flows not mapped)

Figure 3-4b. vegetation Map of the study Area (Jacobi, 1985)
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The differences in forest types also reflect the

past disturbance history by humans, pigs and cattle. In

forest type a(3), Lamoureux observed the presence of kukui

(Aleurites rnoluccana), ti (Cordyline fruticosa), and 'awa

(Piper methysticum), which suggests past utilization by

Hawaiians. Waiwi (Psidium cattleianum) is also found in

this type, and is known to be spread by pigs. Type a(2)

showed less evidence of disturbance. Disturbance was

typically found to be less in very rough 'a'a lava

landscapes than in areas of easier access to people and

feral mammals.

Warshauer (1984) described this Kalapana forest as

"a relatively pristine forest dominated by numerous,

closely-spaced '5hi'a trees." He found most of the trees

rising to form a very dense canopy at 100 feet, which was

occasionally broken by scattered kukui (Aluerites moluc

canal and ohe mauka (Tetraplasandra hawaiiensis). The

forest contains some tree ferns (Cibotium sPP.), but "most

of the shade comes from the dense 'ohi'a canopy, the

'ie'ie (Freycinetia arboreal curtains, and the understory

trees, including kopiko (Psychotria spp.), kolea (Myrsine

lessertiana), mehame (Antidesma platyphyllum), lama

(Diospyros ferrea), and mamake (Pipturus spp.)". The

shaded ground cover consists mainly of ha'i wale

(Cyrtandra spP.), maile (Alyxia oliviformis), 'ie'ie,

ho'i'o (Athyrium sandwichianum), kanawao (Broussaisia
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arguta), and 'ala'alawainui (Peperomia leptostachya). The

'a'a substrate and trees were liberally covered with bryo

phytes and epiphytic ferns, including a few very rare

Adenophorus periens ferns. Warshauer concluded that this

stand represented a pristine "condition rarely seen in

present-day Hawaiian forests but commonly reported in ear

ly descriptions of many Hawaiian wet and moist forests

from the lowland areas. Ii

Mueller-Dombois (1985) also described this Kalapana

lowland rainforest as a exceptional remnant of a once ex

tensive natural vegetation zone. He pointed out that this

area is extremely unique in lithe display of nearly all

stages of primary rainforest succession in a relatively

small land mosaic, side-by-side". This forest is further

characterized as showing little sign of serious invasions

by alien plants. This forest is also unique in providing

the link with higher and lower elevation forests, thus

providing a continuous strip of native 'ohi'a forest eco

systems from the mountains to the coast. This situation

does not exist elsewhere in the Puna district (Lamoureux

1985) and probably nowhere else in Hawaii.
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METHODS

Composition o~ Forest Vegetation

Sampling Methods. The ~orest vegetation was sampled

using a strati~ied quadrat design along eight parallel

transects (see Figure 3-5). Eight transects were placed

50 meters apart and the vegetation was sampled at 50 and

100 meters into the ~orest along each transect. The quad

rats size was 100 square meters (10m b~ 10m square quad

rats), as was suggested ~or ~orest count plots b~ Mueller

Dombois and Ellenberg (1974). The 16 quadrats ~ielded a

total sampled area o~ 1600 square meters.

Table 3-1. Modified Braun-Blanquet Cover Values

Rating Scale

1 = Single individual
2 = Sparse >1% cover
3 = 1-5% cover
4 = 5-25% cover
5 = 25-50% cover
6 = 50-75% cover
7 = 75-100% cover

Within each quadrat, a species list ~or ~erns and

higher plants was compiled. Cover values were assigned

for each species following a modified Braun-Blanquet cover

abundance scale (see Table 3-1).

The variabilit~ with the canop~ cover throughout the
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Forest Sampling Grid
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forest was recorded to assess the relationhip to ground

vegetation. The canopy cover for each quadrat was

quantified using the following four classes; 1 = 0-25%, 2

= 25-50%, 3 = 50-75% and 4 = 75-100%.

All woody individuals with diameter at breast height

(DBH) greater than 3.18 cm were recorded for

phytosociological and'size class analyses. Smaller woody

individuals were not counted, but they were recorded as

part of the cover matrix for that species.

Basic Vegetation Analysis. The species cover matrix was

analyzed to generate an importance value (IV) rank for all

species in the forest. The initial IV value was developed

for all species using the average of the relative fre

quency and relative dominance values. The relative fre

quency is determined by the number of quadrats of occur

rence of one species out of a total divided by sum of the

frequencies of all species. Similarly, the relative

dominance is determined by the total cover values of one

species divided by the total cover values of all species.

This somewhat arbitrary index of the relative importance

of each species was used to compare the importance of

species in the forest, with the same species regenerating

in the clearcut area.

A ranked correlation analysis was performed on the

30 forest species having the highest IV's. Significant

positive and negative correlations were derived between
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the species, the percent canopy cover, the transects them-

selves (across the contour) and the distance from the

forest edge (along the contour).

Classification Qy Life Form. The life form spectrum

analysis was performed as a method of classifying the

forest vegetation by structure and function. The life

form classification is based on the earlier work of

Raunkiaer (1937) with modifications by Ellenberg and

Mueller-Dombois (1967). The classes are primarily

segregated by the position of buds or other perennating

organs from which new shoots or foliage develops after an

unfavorable season.

Mueller-Dombois et al (1981) made two further varia

tions to. better reflect the growing conditions of the

Hawaiian rainforest environment. Under these favorable

growing conditions, the height limit for the phanerophytes

and chamaephytes was raised from 50 cm to 1 m. Secondly,

the term chamae-hemicryptophyte (CH) was applied to herba-

ceous plants that are occasionally found with part of

their shoot system dried up but still attached. Due to

the absence of an unfavorable growing season, the

hemicryptophyte life form was not appropriate as only part

of the plants would die back at a time.

Each species found in the forest quadrats was placed
.

into a life form based on their known growth form poten-

198



tial rather than their actual form and size at the time of

sampling. The importance values which were derived from

the relative cover and frequency of each species were

summed to derive a composite value for each life form.

These summed importance values were then plotted into a

1ife form spectrum with a further division relating to the

relative contribution of native versus alien species.

Importance Ranking of Forest Tree species. A summary

sheet was compiled using the tree data for those in

dividuals with greater than 3.18 cm diameter at breast

height CDBH). The IV's were computed for this matrix by

averaging the relative frequency, dominance and density

values. As before, the relative frequency value was com

puted as the number of quadrats of occurrence of one

species divided by the total number of quadrats of occur

rence for all species. The relative dominance was com

puted as the total basal area for one species divided by

the total basal area for all species. The relative

density was determined to be the total number of in

dividuals of one species divided by the total number of

individuals of all species. The average of these relative

values generates an IV which allows species to be

quantitatively ranked in importance on a 100% scale.
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structural Analysis of Tree Populations. The woody

forest species were plotted by their stem diameter in size

classes. This provides an approximate clear representa

tion of the present age status of each woody species and

indicates the dynamic role each species may play in the

future composition of the forest.

Forest Invasion study

The vegetation throughout the first 100 meters into

the forest from the edge of the clearcut area was analyzed

to determine whether the logging operation had promoted

invasion into the forest.

sampling Methods. Inventory of all alien species was

completed with 4m by 4m (16m2) cover class quadrats every

10 meters along each of the eight transects. These quad

rats were offset 10 meters to the east of the transect

line to avoid repeated trampling which would be un

avoidable if the quadrats had been placed on the transect

(see Fig.3-5, p.196).

Analysis. The data derived from these quadrats was sub

jected to a ranked correlation analysis. The cover values

of alien species were analyzed with the distance classes

from the forest edge and the east-west transect gradient

along the contour. Correlation coefficients and probabil

ity values were generated to assess whether further inva-

200



sion by alien species had occurred as a result of the ad

jacent clearcutting activity.

Forest Seed Bank Study

This part of the research was to document species

that were represented by viable seeds or spores in the

soil bank. The results will allow comparison of the ex

tant vegetation in the forest, to those species present in

the forest seed bank, and to the vegetation invading the

adjacent clearcut area.

Methods. Soil seed-bank samples were gathered at 50m

and 100m into the forest along each of the eight

transects. The samples were collected just beneath the

litter layer and down to 16 cm in crevices of the clinker

substrate. The samples were brought back to the Botany

Department greenhouse at the University of Hawaii at

Manoa. Each sample was separated for sun and shade treat

ments and transferred into germination trays with 36 sec

tions per tray. The shade treatment was to simulate a

forest gap environment, while the sun treatment was to

simulate a large clearcut. Each section of the germina

tion tray was filled with 20 ml of vermiculite and capped

with 5 grams (approx. 2 cm) of the forest soil samples.

The trays were watered at least twice a week, depending on

the drying conditions.
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The germination process was initiated on Nov. 20,

1986. Data were recorded on Nov. 30, Dec. 7, Dec. 24,

Jan. 11, and Feb. 13. The analysis of the full sunlight

germination trays was stopped on March 11, 1987, when the

greenhouse overheated and most of the plants in the full

sunlight were killed. The shade trays were monitored un

til June 17, 1987.

Analysis. The initial recordings tabulated the numbers

of germinants per plot per treatment. The average number

of plants per sample and the total number of plants per

plot were monitored over a four month (sun treatment) to

seven month (shade treatment) period.

In the final analyses, all of the species were iden

tified for each sample. Each germination plot in the sun

light and shade treatments was analyzed and each species

was given an importance value by the average of its rela

tive frequency and relative density values. The species

were then compared from plot to plot, in relation to the

different light treatments, and in relation to the species

in both the forest and clearcut associations.
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RESULTS

Analysis of the Forest Community

Importance Values of Forest Species. The recorded cover

values for the forest species were analyzed with data on

the site variables of sUbstrate, distance from forest edge

and canopy closure classes. Thirty six of the fifty seven

(63%) species in the forest quadrats were native Hawaiian

rainforest species. Importance values (IV) were generated

by averaging the relative cover and relative frequency for

each forest species (see Table 3-2). Of the 30 species

with the highest importance values, twenty one (70%) were

native species. The raw data matrix for the forest quad

rat inventory is included in Appendix 3-1: Matrix for

Forest Species Cover and site Variables.

This initial computation of relative importance

values was done in the same way as for the vegetation in

the clearcut area for comparative purposes. This did not

include the species dominance values which are generally

included to fully characterize the species importance in a

forest community. The fuller characterization will be

discussed in the section on Importance Ranking of Forest

Tree species.

Using only the measures of frequency and cover,

Psidium cattleianum, the well established alien, was found

to have the highest importance value in the forest. This
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Table 3-2. Frequency, Cover and Importance Values
for Species in the Forest Quadrats

REI. TOTAL REI.
RANK SPECIES LV. NIx ~ FREQ COVER COVER

-
1 Psld oatt 5.21 X 15 4.16 79 6.27
2 Neph mult 5.13 X 15 4.16 77 6.11
3 Clbo glau 5.07 N 16 4.43 72 5.71
4 Frey arbo 4.99 N 16 4.43 70 5.56
5 Metr poly 4.87 N 16 4.43 67 5.32
6 Clbo cham 4.87 N 16 4.43 67 5.32
7 Psyo hawa 4.87 N 16 4.43 67 ·5.32
8 Aden tama 3.78 N 15 4.16 43 3.41
9 Pepe spp. 3.71 N 13 3.60 48 3.81

10 Chri dent 3.67 X 13 3.60 47 3.73
11 Anti plat 3.49 N 12 3.32 46 3.65
12 Alyx ollv 3.47 N 13 3.60 42 3.33
13 Ophl pend 3.35 N 13 3.60 39 3.10
14 Opel hlrt 3.23 X 11 3.05 43 3.41
15 Pleo thun 3.23 N 13 3.60 36 2.86
16 Cyrt pall 3.21 N 10 2.77 46 3.65
17 Rubu rosi 2.95 X 11 3.05 36 2.86
18 Spat plic 2.81 X 12 3.32 29 2.30
19 Clld hlrt 2.58 X 10 2.77 30 2.38
20 Elap spp. 2.42 N 10 2.77 26 2.06
21 Lyco cern 2.22 N 10 2.77 21 1.67
22 Arun gram 2.16 X 9 2.49 23 1.83
23 Psll nudu 2.08 N 9 2.49 21 1.67
24 Aspl nldu 1.51 N 6 1.66 17 1.35
25 Psid guaJ 1.25 X 5 1.39 14 1.11
26 Brou argu 1.07 N 4 1.11 13 1.03
27 W!ks elon .91 N 4 1.11 9 .71
28 Hedy care .89 X 3 .83 12 .95
29 Bleo ooo! .85 X 3 .83 11 .87
30 D!os sand .81 N 3 .83 10 .79
31 Plpt alb! .77 N 3 .83 9 .71
32 Myrs less .75 N 4 1.11 5 .40
33 Cooo f"err .73 N 3 .83 8 .63
34 Elap oras .65 N 3 .83 6 .48
35 Pasp conj .55 X 2 .55 7 .56
36 Copr sand .55 N 2 .55 7 .56
37 Dios pent .48 N 2 .55 5 .40
38 Dicr line .34 N 1 .28 5 .40
39 Desm unci .30 X 1 .28 4 .32
40 1

-
4 .32Gard remy .30 X .28.. .. - .. - - -

r
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15 Pleo thun 3.23 N 13 3.60 36 2.86
16 Cyrt pall 3.21 N 10 2.77 46 3.65
17 Rubu rosl 2.95 X 11 3.05 36 2.86
18 Spat pllc 2.81 X 12 3.32 29 2.30
19 Clld hlrt 2.58 X 10 2.77 30 2.38
20 Elap spp. 2.42 N 10 2.77 26 2.06
21 Lyco cern 2.22 N 10 2.77 21 1.67
22 Arun gram 2.16 X 9 2.49 23 1.83
23 Psil nudu 2.08 N 9 2.49 21 1.67
24 Aspl nldu 1.51 N 6 1.66 17 1.35
25 Psld guaj 1.25 X 5 1.39 14 1.11
26 Brou argu 1.07 N 4 1.11 13 1.03
27 Wlks elon .91 N 4 1.11 9 .71
28 Hedy caro .89 X 3 .83 12 .95
29 Blec occl .85 X 3 .83 11 .87
30 Dlos sand .81 N 3 .83 10 .79
31 Plpt albl .77 N 3 .83 9 .71
32 Myrs less .75 N 4 1.11 5 .40
33 Cocc ferr .73 N 3 .83 8 .63
34 Elap eras .65 N 3 .83 6 .48
35 Pasp conj .55 X 2 .55 7 .56
36 Copr sand .55 N 2 .55 7 .56
37 Dlos pent .48 N 2 .55 5 .40
38 Dlcr llne .34 N 1 .28 5 .40
39 Desm uncI .30 X 1 .28 4 .32
40 Gard remy .30 X 1 .28 4 .32
41 Mel! mlnu .30 X 1 .28 4 .32
42 Pter aqui .30 N 1 .28 4 .32
43 Meco recu .30 N 1 .28 4 .32
44 Aleu molu .26 X 1 .28 3 .24
45 Bego hlrt .26 X 1 .28 3 .24
46 Stac jama .26 X 1 .28 3 .24
47 Ager cony .26 X 1 .28 3 .24
48 Adla hlsp .22 X 1 .28 2 .16
49 Goul term .22 N 1 .28 2 .16
50 Ager rlpa .22 X 1 .28 2 .16
51 Sacc Indl .22 X 1 .28 2 .16
52 Aste menz .22 N 1 .28 2 .16
53 Cras crep .18 X 1 .28 1 .08
54 Ilex anom .18 N 1 .28 1 .08
65 Cord frut .18 X 1 .28 1 .08
56 Aspl lobu .18 N 1 .28 1 .08
57 Cler parv .18 !i 1- .28 1- .08

TOTAL 100.00 361 100.00 1260 100.00

I.V. = (Relative Frequency + Relative Cover) I 2
NIX = Native vs. Introduced (exotic) Species





was due to its high relative cover value. It was closely

followed in importance by native species, including the

canopy species Metrosideros ~lymorpha, Psychotria

hawaiiensis and the tree ferns cibotium glaucum and g.

chamissoi. Also included in this group were the native

ground cover ferns Nephrolepis multiflora, Adenophorus

tamariscinus and Christella dentata, and the native vine,

Freycinetia arborea.

Correlation Analyses. The results of a correlation

analysis with the 30 high IV species and the 3 site vari

ables are shown in Appendix 3-2. These analyses are from

the 16 samples of the 100 m2 quadrats. Based on the large

quadrat size that was used to characterize the forest veg

e~ation, many of the common species would be expected to

be assoc~ated with one another (Mueller-Dombois and Ellen

berg 1974).

The percent probabilities in Appendix 3-2 are shown

beneath the diagonal and the level of significance is in

dicated above the diagonal. No significant correlation is

expressed by 'ns', a significant correlation that is posi

tive is shown by a '+' and negative is symbolized by '-'

The chosen cutoff for significance is less than a 5% prob

ability of this association occurring by accident. Where

the level of significance is less than 1%, this is noted

by '++' or '='.
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The native vine Freycinetia arborea was negatively

associated with Psidium cattleianum and strongly corre

lated with Psychotria hawaiiensis. Another interesting

set relationships shown by this analysis is where Psidium

cattleianum is encountered in the canopy, the ground cover

is strongly favored to be Oplismenus hirtellus and rarely

to never found with Cyrtandra paludosa.

species to Habitat Correlations. In a correlation

analysis of the 30 highest IV species with the site vari

ables, there were five significant correlations with the

underlying substrate (transect nUmber). Higher cover

values of Psidium cattleianum, cibotium chamissoi,

psilotum nudum, and the pantropical grass oplismenus

hirtellus were found at the western end of the study area,

and higher cover values of Cyrtandra paludosa were found

to the east end of the site. These results suggest that

many of the species may represent different successional

stages associated with the different lava flows that have

covered this slope.

Phytosociology of Forest Species. Only four of the 30

high IV species in the forest were shown to be independent

of other species throughout the forest, which is partly

due to the analytical framework of 16 quadrats (see Ap

pendix 3-2). Two of the species were common understory

ferns throughout the forest and the third species was

Clidemia hirta. Clidemia does not appear particular where
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it becomes established, which reflects the broad threat it

poses to invading the native Hawaiian forest.

Even within this limited sample the native and alien

species tended to group separately. Among the native

species, there were twelve positive associations and four

negative ones. There were four positive associations and

no negative associations between the introduced species.

Between natives and aliens, there were thirteen cases of

negative correlation to only four examples of positive as

sociations. The native and alien species found in this

forest probably represent past disturbance history and

successional processes.

Metrosideros polymorpha had a very significant

(>99%) negative correlation with the native tree fern,

Cibotium glaucum. The frequency of both species was 100%

which indicates that when the cover of one species was ex

tremely high, the cover of the other was very low. This

indicates major shifts in dominant species in the dif

ferent quadrats, and may reflect the different succes

sional associations on different underlying lava flows.

A clear association cluster is represented by the

three natives species, Freycinetia arborea, Cyrtandra

paludosa and Psychotria hawaiiensis. Secondarily as

sociated with the members of this triad were Broussaisia

arguta, Asplenium lobulatum, and Antidesma platyphyllum.
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Nephrolepis multiflora was found to be positively

correlated to two other alien species, Spathoglottis

plicata and Arundina graminifolia and negatively corre

lated to two native species, Alyxia oliviformis and Brous

saisia arguta. Nephrolepis therefore appears to be as

sociated with the younger disturbance related patches

throughout the forest. Secondarily associated with this

group is cibotium glaucum.

Oplismenus hirtellus appeared to be an indicator of

past disturbance in the forest. It was significantly cor

relations (positively and negatively) to nine other

species in the forest. It was positively associated with

Psidium cattleianum and E. guajava, and these three

species were negatively correlated with eight native

species.

None of the species or species assemblages in the

forest were correlated with percent canopy closure or dis

tance from the clearcut zone. It is concluded that the

main factors determining the species associations are re

lated to different aged stands of cohorts derived from the

differently aged lava flows and selective logging that oc

curred many years ago.

Classification Qy Life Form. The life form spectrum

(Fig. 3-6) portrays the relative importance of the dif

ferent life forms in the forest. It also shows the im

portance of native and exotic species in each life form.
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The list of the forest species grouped by these life form

classes is given in Table 3-3. These data provide a

baseline for time series studies in this forest and serve

for comparitive studies with other forest stands.

Seven life forms were recognized in this classifica

tion. phanerophytes (P) are woody trees and tall shrubs

which continue to grow over 50 cm tall. Chamaephytes (Ch)

are perennial plants which grow to less than 50 cm or pe

riodically die back to less than that height. Hemicrypto

phytes (H) are herbaceous perennials that die back peri

odically to a remnant shoot system near the ground. Geo

phytes (G) are herbaceous perennials whose shoot system

disappears from the ground periodically and survive

beneath the ground as subterranean storage organs. Thero

phytes (T) are plants which die after seed production and

generally lack a mechanism for vegetative reproduction.

Lianas (L) germinate on the ground and remain rooted in

the soil but grow up by supporting their photosynthetic

apparatus on ether plants. Epiphytes (E) grow non

parasitically on other plants.

Two variations were made on the above system to more

adequately reflect the Hawaiian rainforest environment.

To better represent the life forms under these favorable

growing conditions, the height limit for the phanerophytes

and chamaephytes was raised from 50 cm to 1 m. Due to the

absence of an unfavorable growing season, the hemicrypto-
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PHANEROPHYTES
P1: MACRO- (>10M) I SCLEROPHYLLOUS
P2: MACRO- I MALACOPHYLLOUS
P3: MESO- (5-10M) I SCLEROPHYLLOUS
P4: MICRO- (3-5M) I MAL~COPHYLLOUS

P5: MICRO- I ROSETTE
P6: NANO- (.5-3M) I MALACOPHYLLOUS

CHAMAEPHYTES
C1: FRUTESCANT I CAESPITOSE
C2: FRUTESCANT I REPTANT .
C3: HERBACEOUS I SCAPOSE
C4: SUFFRUTESCENT I CAESPITOSE
C5: SUFFRUTESCENT I SCAPOSE

CHAMAE·HEMICRYPTOPHYTES
CH1: CAESPITOSE
CH2: REPTANT
CH3: ROSETTE

GEOPHYTES
G1: RHIZOMATOUS

THEROPHYTES
T1: REPTANT
T2: SCAPOSE

llANAS
L1: HERBACEOUS
L2: SUFFRUTESCENT

EPIPHYTES
E1: HERBACEOUS

S
20
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M
M
E
D 15
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P
0
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A
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U
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LIFE FORM TYPES

_ NATIVE SPECIES _ EXOTIC SPECIES

IMPORTANCE VALUES DERIVED
FROM FREQUENCY AND COVER

Figure 3-6. Forest Vegetation: Life Form Spectrum
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Table 3-3. Forest Plants Grouped by L!£e Form

J,IFEFORM MODIFIERS NIX SPECIES LV.

PHANEROPHYTES
P1 MA S N Metr poly 4.87
P1 - MA S N Dios sand .81

P2 MA M X Aleu molu .26

P3 ME S X Psid catt 6.21
P3 ME S N Psyc hawa 4.87
P3 ME S N Anti plat 3.49
P3 ME S X Psid guaj 1.26
P3 ME S N Myrs less .76
P3 ME S N Copr sand .55
P3 ME S N Ilex anom .18

P4 MI M N Erou argu 1. 07
P4 MI M N Pipt alb! .77
P4 MI M X Gard remy .30
P40 MI M N Goul term .22

P5 MI ROS N Cibo glau 5.07
P5 MI ROS N Cibo cham 4.87

P6 NA M X Rubu rosi 2.96
P6 NA M X Cl1d hirt 2.58
P6 NA M N Wiks elon .91
P6 NA M N Cler parv .18

CHAMAEPHYTES
C1 FRUT CAESP X Stac jama .26

C4 HERB SCAP X Ager ripa .22

C5 SUFF CAESP X Arun gram 2.16
C5 SUFF CAESP X Hedy caro .89

C6 SUFF SCAP X Desm unci .30

CHAMAE-HEMICRYPTOPHYTES
CH1 CAESP N Cyrt pali 3.21
CH1 CAESP X Pasp conj .55
CH1 CAESP X Mel! minu .30
CH1 CAESP X Bego hirt .26 ICHl CAESP X Cord frut .18
rUT 1""\ T""l.T"""OT"'>.n"I
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C4 HERB SCAP X Ager rlpa .22

C5 SUFF CAESP X Arun gram 2.16
C5 SUFF CAESP X Hedy caro .~9

C6 SUFF SCAP X Desm unci .30

CHAMAE-HEMICRYPTOPHYTES
CH1 CAESP N Cyrt pali 3.21
CH1 CAESP X Pasp conj .55
CHl CAESP X Meli minu .30
CHl CAESP X Bego hirt .26
CHl CAESP X Cord f'rut .18

CH2 REPT N Pepe spp. 3.71
CH2- REPT X Opli hirt 3.23
CH2 REPT N Lyco cern 2.22
CH2 REPT X Sacc indi .22

CH3 ROS X Spat plic 2.81

GEOPHYTES
G1 RHIZ X Neph mult 5.13
G1 RHIZ X Chri dent 3.67
Gl RHIZ X Blec occi .85
G1 RHIZ N Dicr line .34
G1 RHIZ N Pter aqui .30
Gl RHIZ X Adia hisp .22
G1 RHIZ N Aspl lobu .18

THEROPHYTES
T2 SCAP X Ager cony .26
T2 SCAP X Cras crep .18

LlANAS
L2 SUFF N Frey arbo 4.99
L2 SUFF N Alyx ol Lv 3.47
L2 SUFF N Cocc f'err .73
L2 SUFF N Dios pent .48
L2 SUFF N Aste menz .22

EPIPHYTES
E1 HERB N Aden tama 3.78
E1 HERB N Ophi pend 3.35
E1 HERB N Pleo thun 3.23
E1 HERB N Elap spp. 2.42
El HERB N PsU nudu 2.08
E1 HERB N Aspl nidu 1.51
E1 HERB N Elap cras .65
E1 HERB N Meco recu .30





phyte life form was not appropriate as only part of the

plants would die back at a time. The life form chamae-

hemicryptophyte (CH) has been applied to represent the

herbaceous plants that are occasionally found with part of

their shoot system dried up but still attached (after

Mueller-Dombois et aI, 1981).

The phanerophytes constitute the most important life

form in the forest with over 41% of the total importance

values for all life forms. Nearly seventy percent of the

phanerophytes importance is accounted for by native

species. The phanerophytes are subdivided into four

height groups; macro- (>10m), meso- (5-10m), micro- (3

5m), and nano- (.5-3m). The height groups are further

b~oken down by leaf characteristics; malacophyllous

(soft), ~clerophyllous (hard), and rosette.

The most diverse and most important subgroup of the

phanerophytes are the sclerophyllous mesophanerophytes,

the subcanopy of the rainforest (P3). Within this group,

Psidium cattleianum is the most impurtant, followed by

Psychotria hawaiiensis and Antidesma platyphyllum. The

next most important sUbgroup is the tree fern layer, the

rosette microphanerophytes (P5). This is followed by the

shrubs, the nanophanerophytes (P6), where the exotics

Rubus rosifolius and Clidemia hirta dominate. The

sclerophyllous canopy group (P1), dominated by
.

Metrosideros polyrnorpha, is the fourth most important sub-
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group. This is folloued by small, mostly native trees in

the tree fern layer (P5) and finally one malacophyllous

naturalized canopy species (P2), Aleurites moluccana.

The second most important life form was the

epiphytes (El), with eight native species and no exotics.

This was closely followed by the chamae-hemicryptcphytes,

where the importance was approximately half exotics and

half native species. The graminoid species are included

in this life form. The predominant life form subgroup

here were the reptate species (CH2) , of which Peperomia

gpo. and oplismenus hirtellus were most important. The

caespitose subgroup (CH1) followed with Cyrtandra paludosa

being the most important.

The geophytes (Gl) were the next in importance, made

up entirely of fern species. Ninety-two percent of the

importance here were comprised of naturalized species,

Nephrolepis multiflora and Christella dentata were the

dominants for this group. The lianas followed with 95% of

their importance represented by native species.

Freycinetia arborea and Alyxia oliviformis were the two

important forest species in this life form.

The chamaephytes (Cl-C5) and the therophytes (T2)

were the least important life forms encountered in the

forest. Both groups were populated by alien species which

played a minor role in the forest composition at this

time.
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IV matrix for woody individuals. A total of 1043 in

dividuals of twelve woody species with a diameter greater

than 3.18 cm at breast height were recorded in the sixteen

(16) 100 m2 forest quadrats. Table 3-4 provides a break

down of the frequency, density and dominance of these

species for the 1600 m2 sample and an extrapolation to per

hectare figures.

The species in this matrix were arranged by order of

their importance value. This index was computed for each

species by the average of their relative frequency,

density and dominance values. Metrosideros polymorpha

emerges as the most important species in this forest,

primarily due to the large size of some individuals.

Only three of the twelve tree species encountered in

the forest were alien. In order of importance (I.V.) in

the forest, they are Psidium cattleianum (#3), Psidium

quajava (#7) and Aleurites moluccana (#12).

The tree species with the highest frequency were

Metrosideros polymorpha and Psychotria hawaiiensis at

100%, followed by cibotium glaucum (87%), cibotium charnis

soi (81%), Psidium cattleianurn (75%) and Antidesma

platyphyllum (69%).

The highest density values were recorded for

Psychotria hawaiiensis with 2350 trees per hectare, fol

lowed closely by Psidium cattleianum with 2243 trees
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Table 3-4. Summary Statistics of Forest Tree Phytosociology

16 Quadrats -- 10M I 10M (1601mf)

Species Quadrat Percent Relative To"tal II Relative Density To1;&1
2

Ave. B.A. R
Freq. Freq. Freq. Trees Density (per ba.) B.A. (cm ) per tree

Metr poly 16 100.00 16.67 129 12.37 806.25 59058.1 457.81 31
Psyc hawa 16 100.00 16.67 376 36.05 2350.00 19862.2 52.82 1:
Psld catt 12 75.00 12.50 359 34.42 2243.75 7341.0 20.45
Clbo glau 14 87.50 14,.68 66 6.33 412.50 12965.1 196.44 I
Clbo cham 13 81.25 13.54 41 3.93 256.25 8575.5 209.16 !
Anti plat 11 68.75 11.46 29 2.78 181.25 495.9 17.10
Psld guaj 4 25.00 4.17 26 2.49 162.50 1071.5 41.21
Dios sand 4 25.00 4.17 9 .86 56.25 643.1 71.46
Plpt albi 3 18.75 3.13 5 .48 31.25 104.6 20.93
Copr menz 1 6.25 1.04 1 .10 6.25 9.6 9.63
Wlks sand 1 6.25 1.04 1 .10 6.25 9.6 9.63
Aleu molu 1 6.25 1.04 1 .10 6.25 8.0 7.96

TOTAL 96 100.01 1043 100.11J1 6518.75 110144.4 580.52 6l
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Statistics of Forest Tree Phytosociology

16 Quadra1;s -- 10M J: 10M (160em2)

,n1; Rela1;lve To1;al 1/ Rela1;lve Densl1;y Total Ave. B.A. Basal Area Rela1;lve I.V.
,q. Freq. Trees Densl1;y (per ba.) B.A. (cm2) per 1;ree (per ba.) Domin.

00 16.67 129 12.37 806.25 59068.1 457.81 369113.27 53.62 27.55
00 16.67 376 36.05 2350.00 19862.2 52.82 124138.58 18.03 23.58
00 12.50 359 34.42 2243.75 7341.0 20.45 46831.28 6.66 17.86
50 14.58 66 6.33 412.50 12966.1 196.44 81032.06 11.77 10.89
26 13.54 41 3.93 256.25 8575.5 209.16 53596.79 7.79 8.42
75 11.46 29 2.78 181.25 495.9 17.10 3099.54 .46 4.90
"0 4.17 26 2.49 162.50 1071.5 41.21 6696.93 .97 2.54
00 4.17 9 .86 66.25 643.1 71.46 4019.65 .58 1.87
75 3.13 5 .48 31.25 104.6 20.93 654.03 .09 1.23
25 1.04 1 .10 6.25 9.6 9.63 60.18 .01 .38
25 1.04 1 .10 6.25 9.6 9.63 60.18 .01 .38
25 1.04 1 .10 6.25 8.0 7.96 49.74 .01 .38

100.01 1043 100.01 6518.75 110144.4 580.52 688402.23 99.99 100.00
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per hectare. Metrosideros polymorpha had approximately

one third this density at 806 trees per hectare.

The species with the greatest dominance was

Metrosideros polymorpha with a basal area of 369,113 cm2

per hectare. The basal area total for Psychotria

hawaiiensis was 124,138 cm2 per hectare and cibotium

glaucum and ~. chamissoi had 81,032 cm2 and 53,596 cm2 per

hectare.

Tree Population structure Analysis. The tree population

structure for each species is presented by density/size

class histograms in Figures 3-7(a-i). The scale of these

diagrams were all standardized for ease of comparison.

Only the tall shrub, sUbcanopy and canopy layers were in

corporated into this analysis; the seedlings were not

quantified.

Psidium cattleianum (Fig 3-7a) and Psychotria

hawaiiensis (Fig 3-7b) had large numbers of individuals in

the smallest size classes and were generally restricted to

the subcanopy. Psychotria hawaiiensis was also repre

sented in the larger size classes with some individuals

extending into the canopy.

Both tree fern species, Cibotiurn glaucum (Fig 3-7C)

and cibotium chamissoi (Fig 3-7d) are subcanopy species

which are not presently replacing themselves in this

forest. There were no individuals evident in the smaller
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Figure 3-7a.
psidium cattlejanum
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Figure 3-7. Population by Size Class or the Primary Tree Species in the Forest

a. Psidium cattleianum
b. Psychotria hawaiiensis
Co Cibotium glaucum
d. Cibotium chamissoi
e. Metrosideros polymomha
r. Antidesma platyphylla
g. Psidium guava
b. Diospyros sandwicensEs
I, Pipturus albidus

217



Figure 3-7b.
Psychotria hawaiiensis
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Figure 3-7c.
Cibotium glaucum
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Figure 3-7d.
Cibotium chamissoi
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Figure 3-7e.
Metrosideros polymoroha
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Figure 3-7f.
Antidesma platyphyllum
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Figure 3-7g.
Psidium guajava
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Figure 3-7h.
Diospyros sandwicensis
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Figure 3-7i.
Pipturus albidus
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size classes. The individuals appear to have germinated

episodically as a cohort stand and are passing through the

population structure as one age unit.

Metrosideros polymorpha did not have the density of

smaller tree classes like Psidium cattleianum and

Psychotria hawaiiensis, but exhibited a well distributed

size class range (Fig 3-7e). This could be interpreted as

an unusual distribution for the Hawaiian rainfore~t, as

Metrosideros generally grows as separate cohorts from new

lava flows rather than spanning the size spectrum within a

stand. This may represent a sample that was taken across

several flows on which Metrosideros is represented with a

range of sizes from young stands to old stands. It was

noted that there were no seedlings of Metrosideros

polyrnorpha encountered in any of the plots, or in the

forest at large.

The subcanopy species, Antidesma platyphyllum (Fig

3-7f) and Psidium guajava (Fig 3-7g) were represented

mostly by individuals in the smallest size classes, but

there were a proportionate number of larger individuals.

Diospyros sandwicensis (Fig 3-7h) was encountered only

with four individuals in the medium to small size classes.

Pipturus albidus (Fig 3-7i) was represented by a few small

shrubby individuals in the forest. Aleurites moluccana,

Coprosma menziesii and Wikstroemia sandwicensis were all

represented by one small individual in this forest sample.
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· Forest Invasion study

The invasion by seven alien species; Ageratum £Qn

yzoides, Arundina graminifolia, Clidemia hirta, Oplismenus

hirtellus, Psidium cattleianum, Psidium guajava, Rubus

rosifolius, Spathoglottis plicata and Hedychium

caronarium, was evaluated along a distance gradient in the

forest from the clearcut area. Eighty (80) quadrats were

sampled at 10m intervals along 8 transects from the edge

of the forest. Presence and cover values were compiled

for all alien species in each quadrat. The raw data

matrix from this study is included in Appendix 3-3.

Species Association with Distance Gradients. The cover

values for these species at each distance class were

averaged across all transects (see Figure 3-8). Although

considerable variation in cover values was apparent, the

analysis showed no statistical correlation for any of

these species to the distance gradient into the forest.

The evidence that the alien species are not "moving

into the forest" from the clearcut area may be explained

in two ways. One interpretation is that not enough time

has passed since the disturbance to allow the edge effect

to be represented by the release of increased cover of

alien species in the forest. Another interpretation is

that the proximity to the disturbance is not as critical

to the invasion of alien species as actual disturbance in
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Figure 3-8. Alien Species
Invasion Patterns into the Forest
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the forest itself. Areas where the forest had been dis

turbed by selective cutting or pig damage had patches of

alien species colonizing the openings.

There was a strong correlation between four of these

species and the east-west gradient across the slope.

oplismenus hirtellus, Psidium guajava, Psidium cattleianum

and Rubus rosifolius were very strongly correlated (prob

ability> 99%) to the different transects. Rubus was pos

itively associated with the west end of the study area,

whereas oplismenus hirtellus, Psidium guajava, and Psidium

cattleianum were positively associated with the east end.

This suggests that the different aged lava flows underly

ing the forest exhibit a much stronger historical in

fluence in the patterns of alien species presence in the

forest than the recent disturbance of the adjacent cut

over operation.

Associations between Alien Invading Species. Four sets

of positive associations and three sets of negative as

sociations were identified through correlation analysis of

the invading species (see Table 3-5). Spathoglottis

plicata, Clidemia hirta and Arundina graminifolia were

generally found together, as were Rubus rosifolius and

Ageratum conyzoides, and oplismenus hirtellus and Psidium

cattleianum= Rubus roaifolius and Oplismenus hirtellus

were negatively associated with one another, as was
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Table 3-5. Correlation Matrix of Introduced Species Invading the Forest

Pearson Correlation Coefflcients I Prob ) IRI under Ho: Rho,,0 INc 80

rRAHSECT DISTANCE AOER_CON ARUN_GRA CLID IIIR OPEL_JlIR PSIO CAT PSIO CAU RUnU
TRANSECT 0.0 ns ns ns ns +
DISTANCE 1.0000 0.0 ns ns ns ns ns ns ns
AGER CON 0.2780 0.1178 0.0 ns ns ns ns ns +
ARUN-ORA 0.6296 0.7389 0.6616 0.0 + ns ns ns os
CLIO-HIR 0.9728 0.1629 0.4661 0.0064 0.0 ns ns ns ns
OPBL-HIR 0.0001 0.2193 0.3294 0.6908 0.0989 0.0 + ns
PSID-CAT 0.0028 0.8463 0.7887 0.6038 0.6669 0.0004 0.0 ns
PSID-CAU 0.0007 0.6255 0.7361 0.4355 0.0706 0.8425 0.0235 0.0 ns
ROBU-Roo 0.0024 0.7145 0.0113 0.7252 0.3437 0.0503 0.0683 0.3184 0.0
SPAT-PLI 0.6979 0.1246 0.0955 0.0279 0.0002 0.3816 0.7620 0.0273 0.2'
HKDY=CAR 0.0618 0.4427 0.8876 0.4608 0.3436 0.4394 0.3456 0.0017 0.6/

ns no significant correlation
+ significant positive correlation

significant negative correlation
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lation Matrix of IntroduceQ Species invading the Forest

ents / Prob ) IRI under 110: Rho~0 / N ~ 80

.NCB AGBR_COH ARUH_GRA CLID IIIH OPEL_JIIR PSID CAT PSID GAO RUDU ROS SPAT_PLI IIEDY_CAR
ns ns ns + ns ns
ns ns ns ns ns ns ns ns ns

8 0.0 ns ns ns ns ns + ns ns
9 0.6616 0.0 + ns ns ns ns + ns
9 0.4661 0.0064 0.0 ns ns ns ns + ns
3 0.3294 0.6908 0.0989 0.0 + ns ns ns
3 0.7887 0.6038 0.6669 0.0004 0.0 ns ns ns
5 0.7361 0.4365 0.0706 0.8426 0.0235 0.0 ns +
5 0.0113 0.7252 0.3437 0.0503 0.0683 0.3184 0.0 ns ns
6 0.0966 0.0279 0.0002 0.3816 0.7620 0.0273 0.2460 0.0 ns
7 0.8876 0.4608 0.3436 0.4394 0.3456 0.0017 0.6479 0.3602 0.0

ns no significant correlation
+ significant positive correlation

significant ,negative correlation
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Psidium guajava to both Psidium cattleianum and Arundina

graminifolia.

Amongst the alien species in the forest, numerous

associations were present. The Oplismenus hirtellus 

Psidium cattleianum association probably reflect an early

disturbance associated with a canopy opening, possibly a

selective cutting many years ago. The other two associa

tions spathoglottis plicata - Clidemia hirta =Arundina

graminifolia and Rubus rosifolius =Ageratum conyzoides

reflects either a different substrate or age associated

with a more recent disturbance.

Forest Seed Bank Study

The seed bank in the forest soil was analyzed to

provide further information on the potential contribution

that buried seeds might provide to regeneration following

clearcutting. Soil samples were placed in germination

trays under shade and light treatments. The shade treat

ment simulated a forest gap environment while the sun

treatment simulated a forest opening.

Population Dynamics of Germinating Seeds. The raw data

summarizing the germination rates in the two shade and

light treatments are listed in Table 3-6. The patterns

for the average and total numbers of plants germinating

per treatment were similar. The average number of all in

dividuals growing in the different light treatments over
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Table 3-6. Population Dynamics In Seed Bank Plots over Time

SAMPLING DATE 11/30/8fJ 12/07/8fJ 12/21/8fJ 1/04/87 2/13/87 3/0fJ/8

TRANSECT DISTANCE LIGHT DAY: 11 18 38 IfJ 85 109

1 50 SUN 47 52 111 fJfJ 17 80
1 100 SUN 28 3fJ 35 30 18 35
2 50 SUN 28 fJ2 10fJ 70 59 146
2 100 SUN 28 13 61 47 28 88
3 50 SUN 35 73 112 59 30 175
3 Hila SUN 7fJ 124 Ul2 81 49 169
4 50 SUN 39 82 183 fJ5 57 256
4 100 SUN 75 U6 157 179 167 408
5 50 SUN 29 47 93 37 2fJ 176
5 100 SUN 92 1110 107 85 63 182
e 60 SUN 13 3fJ 108 41 34 94
e 100 SUN 28 31 61 42 45 117
7 60 SUN 65 fJl 141 77 fJl 215
7 100 SUN 36 10 71 13 U 192
8 50 SUN fJl 71 171l 88 79 199
8 100 SUN 38 45 77 5fJ 43 156

TOTAL 718 1408 IfJ9' lee5 8U 2688
MEAN 44.88 88 105.88 6fJ.fJ3 62.1l4 168

ST. DEY 21.55 1l3.00 43.02 33.86 33.28 82.89

SAMPLING DATE 11/30/86 12/07/86 12/24/8fJ 1/04/87 2/13/87 6/17/8

TRANSECT DISTANCE LIGHT DAY: 11 18 35 45 85 218

1 50 SHADE 27 " 53 50 41l 110
1 100 SHADE 18 27 29 26 25 93
2 50 SHADE 33 65 75 64 63 115
2 100 SHADE 29 51 fJ5 5fJ 66 119
3 60 SHADE 22 48 fJl 60 68 110
3 100 SHADE 43 114 129 120 118 157
4 50 SHADE 29 615 100 94 83 143
4 100 SHADE 31 3114 127 143 IfJ2 749
5 60 SHADE 19 31 " 45 U 108
5 lea SHADE 73 1150 222 222 148 182
6 60 SHADE 23 42 63 53 53 119
6 100 SHADE 1~ 31 38 32 42 90
7 50 SHADE 54 65 96 70 72 96
7 100 SHADE 30 37 41 45 U 97
8 50 SHADE 36 50 101 118 Ul8 123
8 100 SHADE 28 35 U 43 lfJ 92

TOTAL 614 12U 12'1'1 12&1 11158 2503
MEAN 32.13 77.88 79.81 77.6fJ 72.81 15fJ.13

ST. DEY 13.88 87.43 47.92 49.51 31l.15 154.92

(Greenhouse exper1meD~ se~ up Bov. 19, 1985)
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Figure 3-9. Germination Trials
Sun vs. Shade Treatments
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time is graphically represented in Figure 3-9.

The number of germinants in the full sun treatment

increased for approximately 35 days before the population

started to decline. The population declined to approxi

mately half and then stabilized after about 86 days. Then

the population again started to rise due to a large influx

of new fern individuals.

In the shaded flats, the population increased for a

period of three weeks and then stabilized at a constant

level throughout the 86 day monitoring period. Then this

population also began rapidly increasing due to the

abundance of ferns populating the germination trays.

The germination rates of the seedbank under full sun

conditions was initially much higher in comparison to the

shaded treatment. However, the population densities went

through much greater fluctuations in the 'full sun as com

pared to the smoother population curve associated with the

shaded treatment. The seed bank in the full sun treatment

was also exhausted earlier than the shaded treatment, and

the germinants in the sun treatment expired sooner. The

lack of good temperature control in the greenhouse sub

jected the sun treatment germinants to extremely high

temperatures and wilting conditions. Both sets of soils

treatments eventually yielded similar densities of plants.
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Species Composition, Importance Values and Associations.

The first species to germinate from the soil samples were

Buddleja asiatica, Pipturus albidus, Rubus rosifolius,

Pluchea symphytifolia, Ageratum conyzoides and Andropogon

virginicus. There were a few delicate dicots which

germinated in the first few days, but died before they had

produced true leaves or other distinguishing charac

teristics. The second wave of species were Clidemia

hirta, Metrosideros polymorpha, Christella dentata and

Psidium cattleianum. The ferns continued to increase

through time, whereas the other populations stabilized.

The final analysis of the germination plots

evaluated the sun and shade treatments as separate as

sociations for comparative purposes. Table 3-7 compares

the populations of germinated plants from the same soils

under the different light treatments. The species com

position, significant associations between species, and

the relative importance for each species under the two

treatments were computed. The results of these analyses

were tabulated in Table 3-8.

The final analysis showed the ferns to be the most

important species group in both treatments. The relative

importance of the ferns was greater in the sun flats with

50% more individuals than in the shade flats. They ex

hibited a major amount of population variation between

subplots.
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Table 3-7. Number of Genninants: Comparison or Sun vs, Shade Treatments

TRANSECT DISTANCE LIGHT ··Fern. CllelelDi. BuddJ.eJ. PipturUll Rubus AgeratUID PsidilD 'O'bia .Comp And.v. CyJ

1 50 SUN 29 0 22 12 10 2 0 0 1 0
1 100 SUN 11 Iil 0 12 4 1 4 0 2 0
2 50 SUN 77 12 9 11 5 1 30 0 1 0
2 100 SUN 51il Iil 4 10 6 2 14 1 Iil 1
3 50 SUN 133 6 13 1 7 3 Iil 0 1 Iil
3 100 SUN 104 15 12 27 3 2 0 1 1 Iil
4 50 SUN 179 34 21 8 5 1 0 Iil 0 0
4 100 SUN 52 325 9 9 1 Iil 6 1 Iil 0
5 50 SUN 136 16 6 11 2 0 0 2 Iil 0
5 100 SUN 86 24 16 46 6 1 1 Iil Iil Iil
6 50 SUN 54 0 10 18 5 1 6 0 0 0
6 100 SUN 72 Iil 19 9 6 2 4 4 0 1
7 51il SUN 156 Iil 36 7 8 1 0 1 0 1
7 100 SUN l4.9 2 14 8 9 0 1 6 0 1
8 50 SUN 127 0 36 12 12 1 1 6 0 0
8 100 SUN 112 Iil 16 3 9 0 Iil 5 0 1

FREQUENCY 16 8 15 16 16 12 9 9 5 5
RELATIVE FREQUENCY .12 .06 .12 .12 .12 .09 .07 .1il7 .04 .04

DENSITY 1527 434 242 203 98 18 67 26 6 5
RELATIVE DENSITY .56 .16 .09 .08 .04 .01 .02 .01 .1il0 .01il

IV .344 .111 .103 .101il .080 .050 .047 .1il40 .020 .021il .0
RANK 1 2 3 4 5 7 8 9 11il 11

TRANSECT DISTANCE LICHT ··Ferns Cllelemia Pipturu. Rubus BuddleJa Psldlum 'O'hia ·COIIIP Begonia Ager.tUID An

1 50 SHADE 72 HI 22 3 13 0 0 1 0 0
1 100 SHADE 68 2 14 5 3 4 0 0 0 0
2 51il SHADE 61il 1 5 11 4 32 2 0 0 0
2 101il SHADE 68 5 16 15 5 l4. 0 0 0 0
3 50 SHADE 70 24 4 10 12 0 0 1 0 1
3 100 SHADE 70 51 24 7 5 2 2 Iil 0 0
4 50 SHADE 70 43 IS 7 3 0 1 Iil 3 0
4 100 SHADE 64 654 18 4 4 6 1 1 0 0
5 50 SHADE 68 16 12 4 0 0 3 0 0 0
5 100 SHADE 62 60 46 7 5 6 0 Iil 0 0
6 50 SHADE 70 0 25 8 2 11 2 2 0 0
6 100 SHADE 68 0 3 7 9 4 6 0 0 0
7 50 SHADE 68 0 9 6 31 0 0 1 0 0
7 100 SHADE 70 3 13 5 9 0 2 1 0 0
8 50 SHADE 61il 3 24 19 12 2 9 1 0 0
8 100 , SHADE 64 0 10 8 5 0 3 2 0 0

FREQUENCY 16 12 16 16 15 9 llil 8 1 1
RELATIVE FREQUENCY .13 .10 .13 .13 .12 .07 .08 .97 .Iill .01 .~

DENSITY 1072 87:1: 260 126 122 81 31 llil 3 1
RELATIVE DENSITY .41 .33 .10 .05 .05 .03 .01 .01il .00 .00 . ~

IV .271 .216 .116 .091 .086 .053 .048 .038 .01il5 .004 .0~

RANK 1 2 3 4 5 7 8 9 10 11 1

.. Includes ~erns ot the genera Chrlstolla. AdiantUID and Nephrolepis •
• Includes composites ot the genera Ereohtltes and Crsssooephalum.
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Number of Germinants: Comparison of SUD V5. Shade Treatments

··Perns Cl1c1elDla BuddJ.eJa Pipturus Rubus Ageratum PslcUum 'O'bia .Caap And.v. Cype~ De_ BegonIa

211 0 22 12 10 2 " 0 1 " 0 0 0
11 0 0 12 4 1 4 0 2 " 0 0 oa
77 12 II 11 5 1 30 0 1 " 0 0 0
5" 0 4 10 6 2 14 1 0 1 0 " "133 II 13 1 7 3 " 0 1 " 1 0 0

104 15 12 27 3 2 0 1 1 " 0 0 0
1711 34 21 8 5 1 0 0 0 0 0 0 0
52 325 II II 1 0 II 1 0 " 0 1 0

1311 111 6 11 2 0 0 2 0 0 0 0 0
811 24 16 46 6 1 1 0 0 0 0 0 0
54 0 10 18 5 1 II 0 0 " 0 0 0
72 0 111 II 6 2 4 4 0 1 0 0 0

1511 0 311 7 8 1 0 1 0 1 0 0 0
1411 2 14 8 II 0 1 6 0 1 0 0 0
127 0 36 12 12 1 1 6 0 " 0 0 0
112 0 111 :5 II 0 0 5 0 1 0 0 0

115 8 15 16 16 12 II II 5 6 1 1 0
.12 .015 .12 .12 .12 .011 .07 .07 .04 .04 .01 .01 .00

1527 434 242 203 98 18 157 26 15 5 1 1 0
.515 .16 .011 .08 .0'" .01 .02 .01 .00 .0" .00 .00 .00

.3U .111 .103 .100 .080 .050 .047 .040 .020 .020 .004 .004 .000
1 2 3 4 5 7 8 II 1" 11 12 12 13

··Perns Cl1c1elDla Plpturus Rubus BuddIeja Psldium 'O'hia ·COIIIJl Begonis Ageratum And.v. CypeM1ll Desm

72 1" 22 3 13 0 0 1 0 e 0 0 0
68 2 14 5 3 4 0 0 0 " 0 0 0
150 1 5 11 4 32 2 0 0 0 0 0 0
158 5 115 15 5 14 0 0 0 " 0 0 0
70 24 4 10 12 0 0 1 0 1 0 0 0
70 51 24 7 5 2 2 0 0 0 0 0 0
70 43 15 7 3 0 1 0 3 0 0 0 0
64 1554 18 4 4 6 1 1 0 0 0 0 0
158 16 12 4 0 0 3 0 0 0 0 0 0
62 150 415 7 5 6 0 0 0 0 0 0 0
70 0 25 8 2 11 2 2 0 0 0 0 0
68 0 3 7 II 4 15 0 0 " 0 0 0
68 0 II 6 31 0 0 1 0 0 0 0 0
70 3 13 5 II 0 2 1 0 0 (!I 0 0
60 3 24 111 12 2 II 1 0 0 1 0 0
64 0 10 8 1 5 0 3 2 0 0 0 0 0

115 12 111 115 15 9 10 8 1 1 1 0 0
.13 .10 .13 .13 .12 .07 .08 .07 .01 .01 .01 .00 .00

1072 872 260 126 122 81 31 10 3 1 1 0 0
.41 .33 .10 .05 .05 .03 .01 .00 .00 .00 .00 .00 .00

.271 .216 .1115 .0111 .086 .053 .048 .035 .006 .004 .004 .000 .000
1 2 :5 4 5 7 8 II 10 11 11 12 12

or the genera Christella. AdIantum and Nephrolepls.
tes or the genera Ereohtltes and Crassocephalum.
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Table 3-8. Number of Genninants: Final Plot Analysis

TRANSECT DISTANCE LIGHT **Ferns Clidemia Pipturus Buddleia Rubus P

1 50 SUN 29 0 12 22 10
1 50 SHADE 72 10 22 13 3
1 100 SUN 11 0 12 0 4
1 100 SHADE 68 2 14 3 5
2 50 SUN 77 12 11 9 5
2 5~~ SHADE 60 1 5 4 11
2 100 SUN 50 (3 10 4 6
2 100 SHADE 68 5 16 5 15
3 50 SUN 133 6 1 13 7
3 50 SHADE 70 24 4 12 10
3 100 SUN 104 15 27 12 3
3 100 SHADE 70 51 24 5 7
4 50 SUN 179 34 8 21 5
4 50 SHADE 70 43 15 3 7
4 100 SUN 52 325 9 9 1
4 100 SHADE 64 654 18 4 4
5 50 SUN 136 16 11 6 2
5 50 SHADE 68 16 12 0 4
5 100 SUN 86 24 45 16 6
5 100 SHADE 62 60 46 5 7
6 50. SUN 54 0 18 10 5
6 50 SHADE 70 0 25 2 8
6 100 SUN 72 0 9 19 6
6 100 SHADE 68 0 3 9 7
7 50 SUN 156 0 7 36 8
7 50 SHADE 68 0 9 31 6
7 100 SUN 149 2 8 14 9
7 1~0 SHADE 70 3 13 9 5
8 50 SUN 127 0 12 35 12
8 50 SHADE 60 3 24 12 19
8 100 SUN 112 0 3 16 9
8 100 SHADE 64 0 10 5 8

TOTALS 2599 1306 463 364 224

* * Includes ferns of the genera Christella, Adiantum and Nephrolepis.
* Includes composites of the genera Erechtites and Crassocephalum.
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~Iysis

rr-us Buddleia Rubus Psidium Pluchea 'O'hia Ageratum *Comp And.v. Begonia Desm

12 22 lQl Ql
6 Ql 2 1 Ql Ql Ql

22 13 3 0 2 e 0 1 e Ql 0
12 Ql 4 4 2 Ql 1 2 Ql e Ql
14 3 5 4 0 0 0 0 0 0 0
11 9 5 30 1 Ql 1 1 0 0 05 4 11 32 4 2 0 0 0 0 Ql
10 4 6 14 2 1 2 QJ 1 0 016 5 15 14 1 0 0 0 0 0 Ql

1 13 7 0 13 Ql 3 1 0 0 Ql
4 12 1Ql Ql 1 Ql 1 1 0 Ql 0

27 12 3 Ql 6 1 2 1 0 0 Ql
24 5 7 2 1 2 0 0 0 e e

8 21 5 Ql
9 Ql 1 0 0 e 0

15 3 7 0 7 1 0 0 0 3 Ql
9 9 1 6 4 1 0 0 0 Ql 1

18 4 4 6 1 1 0 1 0 e 0
11 6 2 Ql

3 2 0 e 0 Ql e
12 e 4 e 5 3 e Ql 0 e Ql
45 16 6 1 4 Ql 1 0 0 Ql e
46 5 7 6 1 e e Ql Q) QJ Ql
18 1Ql 5 6 1 Ql 1 QJ 0 e Ql
25 2 8 11 1 2 e 2 0 e Ql

9 19 6 4 2 4 2 0 1 Q) Ql
3 9 7 4 2 6 0 0 0 e Q)
7 36 8 Q)

6 1 1 e 1 0 0
9 31 6 0 12 0 0 1 Q) 0 0
8 14 9 1 3 5 Q) 0 1 0 0

13 9 5 0 3 2 0 1 0 0 0
12 35 12 1 6 6 1 0 0 0 0
24 12 19 2 4 9 0 1 1 0 0

3 16 9 0 10 5 0 0 1 0 0
10 5 8 0 5 3 0 2 0 0 Q)

t63 364 224 148
128 57 19 16 6 3 1

turn and Nephrolepis.
Crassocephalurn.
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luchea 'O'hia Ageratum *Comp And.v. Begonia Desm Cyperus SUM

6 0 2 1 (3 (3 0 Q) 82
2 0 0 1 (3 0 0 Q) 123
2 0 1 2 0 0 (2) Q) 36
(3 0 0 0 (3 (3 0 Q) 96
1 0 1 1 (3 (3 0 Q) 147
4 2 0 0 (3 0 0 0 119
2 1 2 0 1 (3 0 0 90
1 0 0 0 (3 (3 0 0 124

13 0 3 1 0 0 0 1 178
1 0 1 1 0 (3 0 0 123
6 1 2 1 0 (3 0 0 171
1 2 0 0 (3 (3 0 0 162
9 (0 1 0 0 0 0 0 257
7 1 0 0 0 3 0 0 149
4 1 0 0 0 (3 1 0 408
1 1 0 1 0 (3 0 0 753
3 2 0 0 0 0 0 0 176
5 3 0 Q) 0 0 0 0 108
4 0 1 0 0 (3 0 0 183
1 0 0 Q) 0 0 0 0 187
1 0 1 Q) 0 (3 0 0 95
1 2 0 2 0 0 0 0 121
2 4 2 0 1 (3 0 0 119
2 6 0 Q) 0 0 0 0 99
6 1 1 Q) 1 (3 0 Qi 216

12 0 0 1 0 0 0 0 127
3 5 0 Q) 1 0 0 0 192
3 2 0 1 0 0 0 0 106
6 6 1 0 0 0 0 0 200
4 9 0 1 1 0 0 0 135

10 5 0 0 1 0 0 0 156
5 3 0 2 0 0 0 QJ 97

128 57 19 16 6 3 1 1 5335





Clidemia hirta was second in importance in both

treatments. The relative importance value was twice as

high in the shade plots due to much higher density values.

It was absent in many plots, however when present the

density was very high. This indicates a high seed loading

adjacent to mature Clidemia plants, which are stimulated

to germinate under medium light conditions. From this one

could conclude that disturbance in the forest could be

more advantageous to Clidemia population increases than an

open clearcut situation.

Although the order shifts between the sun and the

shade plots (see Table 3-8), Buddleia, Pipturus, and Rubus

are the third, forth and fifth most important species.

Pluchea is sixth in importance for both the sun and the

shade plots. Ageratum is seventh in the sun flats, fol

lowed by Psidium cattleianum. Psidiu~ was seventh in the

shade flats, followed by Metrosideros.

\~hi\a (Metrosideros) was counted in nine out of

sixteen plots in the sun treatment with a density of 26

seedlings. It was found in 10 of the shade treatment

plots with a density of 31 seedlings. A substantial num

ber of viable Metrosideros seeds do exist in the soil bank

to assist in the rainforest regeneration process. The

lack of Metrosideros seedlings in the forest signifies

that a disturbance is required to release these seeds from

dormancy. Metrosideros probably responds to disturbance.
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The native shrub and small tree, Pipturus, exhibited

an even distribution throughout all plots under both

radiation treatments, though it consistently attained

higher densities in the shade plots. Rubus responded

similarly to Pipturus in having an even distribution and

preferring a shaded habitat. The fourth most populous

species, Buddleja asiatica, was also constant throughout

all plots but germinated more vigorously in the sun flats.

Psidium had a very uneven distribution and density pattern

with a slight preference for shade. Pluchea and Ageratum

were fairly well distributed and exhibited a higher

germination rate in the sun treatment.

The results from the germination trials show that

most of the species in the seedbank were many of the most

aggressive early successional alien shrub species that are

successfully invading the adjacent clearcut area. The

seed source for these colonizing species is not the limit

ing factor and many variations can be seen in terms of

their affinity to sunnier or more shaded environments.

The only native species coming up in their midst is

Metrosideros, a tenaceous species that is destined to hold

its own in regeneration dynamics.

DISCUSSION

This research followed a clearcutting activity that

threatened the integrity of what some believe to be one of
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the best remaining tracts of Hawaiian lowland rainforest.

The forest that was studied is a remnant segment of a once

extensive natural vegetation zone. This characterization

of the forest is meant to provide baseline data to support

analysis of regeneration dynamics following disturbance of

this rainforest type.

sixty three percent (63%) of the species in the

forest were found to be native Hawaiian rainforest.

species. Of the 30 species with the highest Importance

Values, twenty one (70%) were native species. Most of the

other species with high importance values were native

species, with the notable exception of Psidium

cattleianum.

Using combined measures of frequency and density,

Psidium cattleianum exhibited the highest importance value

of all species in the forest. The importance of this

species decreases when the dominance values are factored

in. The abundance of this species in the forest either

demonstrates a history of past disturbance or the success

ful ability of Psidium cattleianum to invade the un

disturbed forest. Due to the low frequency values across

the forest and the high relative cover when it was en

countered, prior disturbance is a more likely cause for

its establishment. This would support Ewel's (1980b) des

cription of site disturbance often leading to encroachment
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of secondary vegetation typical of stressful environments

into less stressful environments.

The analysis of the forest life form spectra pointed

out the comparative importance of the different life forms

and the relative contribution of native and exotic species

to each life form. The phanerophytes constituted the

largest group with over 41% of the total importance values

for all life forms. Seventy percent of the phanerophytes

were native species, the exotics were primarily repre

sented by the sclerophyllous mesophanerophyte, Psidium

cattleianum, and two common nanophanerophytes, Rubus

rosifolius and Clidemia hirta.

The second most important life form (17.3%) was the

epiphytes, which includes eight native species and no ex

otics. This was closely followed by the chamae

hemicryptophytes (16.7%), where the importance was approx

imately half exotics and half native species. The

predominant subgroup was represented by the reptate life

form, of which Peperomia spp. and Oplismenus hirtellus

were most important.

The geophytes (10.7%) were the next in importance,

made up entirely of fern species. Ninety-two percent of

the importance here were comprised of naturalized alien

species, of which Nephrolepis multiflora and Christella

dentata were the dominants. The lianas (9.9%) follow, with

95% of the importance being made up by native species.
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Freycinetia arborea and Alyxia oliviformis are the two

most important species in this life form. The

chamaephytes (3.8%) and the therophytes (.4%) were entire

ly represented by alien species, and were the least im

portant life forms encountered in this forest.

Of the twelve tree species encountered in the

forest, only Psidium cattleianum, Psidium quajava and

Aleurites moluccana were alien. The composite importance

values for all forest trees show that Metrosideros

polyrnorpha is the most important, primarily due to the

large size of many individuals.

The tree species with the highest frequency values

were Metrosideros polyrnorpha and Psychotria hawaiiensis

(100%), followed by Cibotium glaucum (87%), cibotium

chamissoi (81%), Psidium cattleianum (75%) and Antidesma

platyphyllum (69%). Psychotria hawaiiensis and Psidium

cattleianum had very high densities, though primarily in

the smaller size classes.

Metrosideros polyrnorpha had the greatest dominance

values in the forest, followed by Psychotria hawaiiensis

and cibotium glaucum. Metrosideros polyrnorpha had a

density at 806 trees per hectare in this forest.

Whereas Metrosideros exhibited a well-distributed

size class range in the trees, no seedlings of

Metrosideros were encountered in the forest. The tree

ferns, cibotium glaucum and g. chamissoi also do not ap-
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pear not to be replacing themselves in this forest. This

would represent what Mueller-Dombois (1987) characterizes

as the first-generation mature Metrosideros-cibotium

forest, which as a rule does not contain saplings of

Metrosideros polymorpha.

Analysis of the important species and the site vari

ables showed significant correlation to the east-west

gradient across the site. These species appear to be

organized through prior disturbance and succession proc

esses because the native species and alien species in this

forest tended to group separately. This indicates a dev

elopment of stands on the different lava flow types and

ages underlying this site.

Only four of the 30 high IV species assorted inde

pendently of other species throughout the forest. Two of

these species are understory ferns which universally dis

persed throughout the forest. One was not encountered

enough to be significant. The fourth species is the

pantropical weed, Clidemia hirta, which represents a high

ly successful opportunistic species that can become estab

lished wherever it can get a foothold.

The presence of at least two native sets of species

associations was apparent in this study, along with

another strong association of alien species. It is as

sumed that the driving function for the native associa

tions is cohort development from different aged lava flows
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and the alien association is representing a more recent

history of disturbance.

Although considerable variation is seen in the cover

values of the alien species throughout the forest;

analysis of the data matrix showed no statistical correla

tion to the gradient of distance from the edge of the

forest. The evidence that the alien species are not

"moving into the forest" from the clearcut area may be ex

plained in two ways. One interpretation is that not

enough time has passed since the disturbance to allow the

edge effect to be represented by the release of increased

cover of alien species in the forest. Another interpreta

tion is that the proximity to the disturbance is not as

critical to the invasion of alien species as actual dis

turbance in the forest itself. Areas where the forest had

been disturbed by selective cutting or pig damage had

patches of alien species colonizing the openings.

The seed bank studies compared germination rates un

der two different light treatments. The overall numbers

of plants that grew from the sun and shade flats were very

similar, but other growth dynamics associated with these

populations were extremely different. The vegetation of

the shaded flats was greatly buffered from the peaks and

troughs associated with germination and survival wheras

the plants in the sun flats were not.
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A total of 57 Metrosideros polyrnorpha seedlings

germinated from the forest soils. The number of

germinants was very similar in both the sun and the shade

flats. This indicates that a substantial number of viable

Metrosideros seeds do exist in the soil bank that could

assist in the rainforest regeneration process. Although

Burton (1980) concluded that light is probably not a

severe limitation to Metrosideros germination on the

forest floor, the lack of seedlings in the forest sig

nifies that some disturbance must be required to release

these seeds from dormancy.

Clidemia·hirta seedlings were abundant·in both

treatments. The relative importance value was twice as

high in the shade plots due to much higher density values.

While absent in many plots, when present the densities are

extremely high. This indicates a high seed loading ad

jacent to mature Clidemia plants, which are stimulated to

germinate under medium light conditions. From this con

clusion, it would follow that openings in the forest would

encourage the increase of Clidemia populations.

The native shrub and small tree, Pipturus, exhibited

an even distribution throughout all plots under the sun

and shade plots, though it consistently attained higher

densities in the shade plots. Rubus responded similarly

to Pipturus in having an even distribution and preferring

a shaded habitat. The fourth most populous species,
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Buddleia asiatica, was also constant throughout all plots

but germinated more vigorously in the sun flats. Psidium

had a very uneven distribution and density pattern with a

slight preference for shade. Pluchea and Ageratum were

fairly well distributed and exhibited a higher germination

rate in the sun treatment.

Most of the cut-over vegetation originated from seed

that was already in place, thus the cutover succession

started from an initial floristic composition as described

by Egler (1954). Although only 28% of the total species

composition of the adjacent clearcut area were represented

in the forest soil bank, this group of species represented

70% of the total importance values for all species. The

other 72% of the species colonizing the cut-over area

(representing 30% of the importance values) were coming in

as "relay floristics". This implies that these native

forests are partiCUlarly vulnerable to disturbance, as the

non-native successional species are waiting in the seed

bank.

As was discussed by Kellman (1980) and Guevara and

Gomez-Pompa (1972), the seed source for these colonizing

species is not the limiting factor and many variations can

be seen in terms of their affinity to sunnier or more

shaded environments. The only native species coming up

strongly in their midst is Metrosideros, a tenaceous

242



species that appears capable of holding its place in the

regeneration dynamics at this site.

This study bUllds the argument of a strong influence

from the underlying mosaic of different aged lava flows on

the present composition and structure of vegetation in

this forest. This is already suggested by Jacobi's (1985)

characterization of the area and Lockwood's (1985)

geological surveillance work. This was also indicated by

the presence of different native and alien species as

sociations throughout the forest, and the appearance of

more than one set of Metrosideros cohorts across this sec

tion of forest.

The forest must be considered to be a mosaic of veg

etation associations at different successional stages of

development. Many sections of this forest are very

pristine but there are patches which reflect a history of

disturbance which have been opened and colonized by

numerous alien species.
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CHAPTER 4. MICROCLIMATE CHANGE ASSOCIATED WITH

THE CLEARCUTTING OF A LOWLAND TROPICAL RAINFOREST

ABSTRACT

The effect of forest removal on microclimate was

studied following the clearcutting of a lowland rainforest

tract on the Island of Hawaii. Soil temperature, air

temperature, soil moisture, relative humidity, solar

radiation, rainfall and saturation deficit were monitored

for one year with micrologger climate stations. This

study was a component of a larger investigation to

evaluate the success of native regeneration over this

clearcut site.

Over this monitoring period, the forest interior

received only 11.5% (529.73 cal cm- 2 min-1 ) of the total

radiation that was received in the clearcut area (4569.15

cal cm- 2 min-1). The monthly sums of incoming solar

radiation under the forest canopy were quite consistant

throughout this period, whereas the radiation fluctuated

considerably in the clearcut area.

The range of air and soil temperatures were con

siderable dampened in the forest interior. The mean

monthly air temperatures were consistently around 1.Doe

higher and soil temperatures around 2.5°e higher in the

clearcut area.
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The clearcut area also had a greater range of rela

tive humidity values than the forest, and consistently

lower daily and monthly mean values. Total annual rain

fall ranged from 2000 rom to 2650 rom, with no significant

difference between the forest and clearcut areas.

The monthly mean moisture potential for the forest

indicated a more constant soil environment of lower water

stress in the forest. The moisture potential in the

clearcut area (1.077 bars to 1.319 bars) was normally 3

times that of the forest (0.397 bars to 0.455 bars) with

an amplitude that was 12.5 times greater.

The intact forest interior provides a highly buf

fered environment compared to the adjacent clearcut area.

Forest tree removal and the associated surface dis

turbances had a significant impact on all environmental

variables monitored with the exception of rainfall. While

the growth conditions in the clearcut area could not be

considered adverse, interior rainforest species were sub

jected to extremely modified germination and growth condi

tions which could select against them.

INTRODUCTION

This study evaluated the effect of a large clearcut

ting operation on the Hawaiian lowland rainforest eco

system. In 1983, over 900 acres of native tall-statured

lowland rainforest was clearcut from the gentle south-
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eastern slopes of Kilauea volcano on the island of Hawaii.

This kindled a controversy over the corrvez-sd.on of this

forest type in general and this stand of lowland rain

forest in particular.

The Hawaiian lowland rainforest has been lost on all

of the other islands due to conversion, and remains now

only in a few areas on the Island of Hawaii. Of the

remaining stands, this Kalapana forest is recogniz~d to be

one of the tallest statured lowland rainforest stands that

have been documented in Hawaii. For these reasons, people

became extremely concerned when permission was granted to

clearcut this forest for wood chips.

There were two prominent issues at the heart of the

controversy that ensued. There was a question about the

'pristineness' of this stand, with some pointing out that

there had been selective logging in the past, and an as

sociated invasion of non-native species into the forest at

that time. The other issue centered around the question

of how native in character would the replacement forest be

in the presence of numerous naturalized aggressive alien

species. Predictions were made on the one hand that the

native Hawaiian rainforest would not re-establish follow

ing this anthropogenic disturbance, and on the other hand

that the Hawaiian flora was well adapted to disturbance

and would recover.
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There was little to no documentation or experimental

information that 'would help answer these questions. The

landowners of this property, The Estate of James Campbell,

supported this research project to help generate real

knOWledge that can provide a better basis for land manage

ment in the future. This study was carried out to

evaluate the early regeneration dynamics, and to provide

baseline data for a long-term study of successional

dynamics on this site.

The Kalapana clearcut area provided an opportunity

to evaluate the pattern of vegetation establishment on a

clearcut section of the former native rainforest. The re

search site included a part of the extant native forest

adjacent to the clearcut lands. The design incorporated

the different disturbance regimes across the cut-over

landscape, and the distance gradients from the native and

alien species seed sources. The effect of clearcutting on

the microclimate was monitored through paired micrologger

stations in the forest and clearcut area. The data for

these studies were collected over the 1987 calendar year.

This research reports the microclimate shift caused

by the clearcutting activity. Paired micrologger stations

in the forest and clearcut area were used to collect this

microclimate data over the 1987 calendar year. Pinker

(1980) referred to the paucity of data of climatic vari

ables under the tropical rainforest, due to the high cost
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of instrumentation and remoteness of most study sites. It

is hoped that this additional dataset will add to the

knowledge on microclimates in tropical rainforest eco

systems.

study Area

Location. This research was conducted in the lowland

tropical rainforest of the Puna District on the Island of

Hawaii. A square kilometer was surveyed on a gentle (5

7%) southeast slope of Kilauea volcano over an elevational

range of 270 m to 400 m. The upper third of the research

site is intact lowland rainforest and the lower two thirds

h~d been clearcut. This chapter is concerned with the

comparis9n of microclimate between the intact rainforest

and the clearcut area.

Geology and Soils. In a 1985 survey of the this area,

Lockwood determined there were at least four flows which

comprise the substrate. These flows run north to south

across the elevation gradient through the study site. The

oldest flow is pahoehoe of 2000-3000 years. Lockwood

found this old flow almost entirely covered by at least

three younger 'a'a flows, the youngest of which is on the

order of 350-500 years old. This is occupied by a first

generation 'ohi'a forest.
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This young volcanic landscape is covered by thin

organic soils. The early classification of these soils

was "Type R C, Rockland 'A'a lava", which described a

lithosol with Ola'a or 'ohi'a soil material. This soil

type is generally restricted to areas with rainfall of

about 2000 rom per year in the elevational range between

256 m to 450 m (USDA 1955).

The soils of the study site are located in the

Kalalua and Pahoa South Quadrangle Layouts for the Island

of Hawaii and were classified as 'typic euic tropofolists'

in the Mawaae (extremely stony muck) and Kaimu (extremely

stony peat) series (Cline 1955). They are underlain by

highly porous lava, which makes them prone to accelerated

microbial breakdown and oxidation when deforested.

Climate. Rainfall maps in the report by Giambelluca et

al (1986) indicate a mean annual rainfall of 3055 rom for

this area. The monthly rainfall is well distributed

throughout the year. The prevailing winds are northeast

trades. More detailed climatic information is presented

in the result section.

The Effect of Forest Clearing on Microclimate

The natural regeneration of a forest is dependent

upon a complex of biotic and abiotic factors. In an ideal

size opening, young seedlings have adequate light, wind
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protection, and a relatively moderate temperature regime.

The removal of vegetation markedly alters the surface

properties of an area, and often leads to adjustments in

the local water balance and upset the radiation bUdget

(Oke 1978).

Sprouts and seedlings at the forest floor are forced

to cope with an environment that has been abruptly

modified. Vegetation in a forest clearing is sUbjected to

higher radiant energy fluxes and surface temperatures

during the day, and greater energy losses and lower

temperatures at night (Lee 1978).

Microclimates associated with forest openings play

an important role in stand regeneration. The following

p~rameters were selected to monitor the changes associated

with the.clearcutting at this site: solar insolation, air

temperature, soil temperature, soil moisture and relative

humidity.

Solar Insolation. The forest canopy alters the distrib-

ution of direct and diffuse radiation.

Numerous researchers (Hutchison and Matt 1977;

Rosenberg et al 1983) have reported that very little

direct radiation is received on the forest floor under a

closed canopy. Ghuman and Lal (1986) found that the

ground surface in a Nigerian rainforest received 26 and 42

times less solar radiation than in a clearcut area, but
.

the variability outside of the bUffering effects of the
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forest canopy was approximately 10 times greater (as

measured through standard deviation). Baumgartner (1956)

reported that the net radiation under a full canopy is

usually diminished by at least an order of magnitude from

the net radiation above the canopy during clear days.

Harrington (1984) computed the effect of solar

radiation on forest regeneration and concluded that in

cleared strips the intensity of solar radiation has a cru

cial effect on germination, survival and rate of growth of

new seedlings, the proliferation of insects and diseases,

and the drying of forest fuels.

Air Temperature. The daily pattern of air temperature

describes a sine curve, with the minimum normally occur

ring in the early morning hours before sunrise and the

maximum occurring sometime after the peak of solar and net

radiation has been reached (Rosenberg et al 1983). The

amplitude of the temperature wave is greatest near the

ground and decreases with increasing elevation.

Ghuman and Lal (1986) reported that the air tempera

ture before dawn on a clear day was higher under forest

than in a cleared area. They found that deforestation in

creased maximum air temperature by 2-5°C. Barradas and

Fanjul (1986) reported that the thermal amplitude almost

doubled when shade trees were removed in an open coffee

plantation in Mexico. Lal and Cummings (1979) found the

maximum air temperature increased by 5-8°C and the minimum
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temperature decreased by 1-2°e in a Nigerian lowland rain

forest after cutting.

soil Temperature. Because the thermal conductivity of

soils is less than air, soil temperature below the surface

will change more slowly than air temperatures during the

course of a day (Rosenberg et al 1983). The amplitude of

the temperature curve at the ground surface will diminish

with depth below the surface (Baker 1965). Ghuman and Lal

(1986) report that by 0.5 m depth, the daily temperature

curve was so damped that it shows no appreciable diurnal

variation at all.

The soil temperature regime beneath crops is similar

to that for non-vegetated surfaces, but the amplitude of

the temperature curve is dampened due t~ the radiation

shading afforded by the canopy. Oke (1978) reported that

there is a weak nightly cooling wave that travels

downwards from the soil surface. The daytime heating wave

is somewhat stronger and dependent upon the amount of

radiation penetration through the vegetation canopy as

well as the soil type.

Ghuman and Lal (1986) found in Nigeria that the max

imum difference in soil temperature was 10 0e in a cleared

area as compared to that in an adjacent rainforest. They

also concluded that deforestation increased maximum and

lowered minimum soil temperatures at the 1 cm depth by

about 3-10·e and 1-2·e respectively.
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Opara-Nadi and Lal (1984) reported that the maximum

soil temperature at 5 cm depth was 0.7-2°C greater in me

chanically cleared plots than in traditionally cleared and

managed areas. Lal and Cummings (1979) also showed that

soil temperature was affected by different methods of

forest clearing, with maximum soil temperatures being 5°C

higher on mechanically cleared plots than on manually

cleared plots. The authors attributed these differences

to the amount of ground cover and the presence or absence

of leaf litter.

soil Moisture. An increase of heat applied to the soil

surface as a result of clearcutting would be expected to

effect the soil moisture content. Compression of the sur

face soil, removal of leaf litter, and high soil tempera

tures have been attributed to cause higher rates of

evaporation on mechanically cleared surfaces as compared

with less disturbed and partially mulched manually treated

surfaces (Lal and Cummings 1979).

Relative Humidity. Humidity in the atmosphere is of

great biological importance. The atmospheric humidity in

fluences the internal water potential of plants and the

rate at which plants transpire water into the atmosphere.

Ghuman and Lal (1986) reported that the relative

humidity remained almost constant at 90% during the day in

a Nigerian rainforest with no appreciable variation in the

corresponding air temperature. In the cleared area, how-
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ever, relative humidity decreased with increasing air

temperature during the day and was the lowest (50%) at the

highest air temperatures (38°C). Lal and cummings (1979)

reported 15-20% differences in the minimum relative

humidity in cleared and uncleared plots resulting from

forest removal.

METHODS

Microclimate Monitoring stations

The microclimate of the forest and clearcut areas

were monitored with CR-21 data microloggers (CSI, 1984;

CSI, 1986a). The climatic stations were battery powered

and could be left running in remote areas. Each station

had six sensors to record air and soil temperature, rela

tive humidity, soil moisture, rainfall and solar radia

tion.

The two microloggers were set up at the project site

in January 1987. Both microloggers were supported by

tripods (CSI, 1986b) extending to 3.5 m above the ground.

One of the climatic stations was situated 150 m inside the

forest under typical canopy cover (approximately 60%

cover). The other climatic station was established in the

adjacent cutover area 400 m from the intact forest under

average site conditions. The distance between the sta-
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tions was approximately 600 m. The clearcut station was

downwind and about 50 m lower in elevation (at 300 m asl).

The microloggers were programmed to record averaged

30 second data in 30 minute intervals from every sensor

over a period of 12 months, and to summarize the twenty

four hour data at the end of each day. The data generated

by the sensors were processed and stored in the microlog

ger. This was automatically downloaded to an attached

tape recorder when the internal buffer of the micrologger

was full. The batteries for the micrologger and recorder

were monitored and both batteries and tapes were replaced

on a monthly basis.

The tapes were brought back to a lab where the data

was downloaded and translated into a numeric format for

documentation and further analysis.

Environmental Monitors and Data Transformations

Solar Insolation. Solar insolation was recorded with a

Li-Cor LI200S silicon Pyranometer (CSI, 1982c).

pyranometers, when normally exposed, measure the total in

coming solar radiation, which is comprised of the direct

solar and the diffuse, scattered sky radiation. The

sensors were mounted on a leveled platforms 4 rn above the

ground surface. The sensor in the clearcut area was above

all surrounding vegetation. The sensor in the forest at 4

m was situated just under the tree canopy and was kept
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away from nearby leaves which could shade it excessively

from incoming insolation.

Each sensor is individually calibrated at the fac

tory and provided with a constant which is programmed into

an offset mUltiplier to standardize the output data. The

solar insolation was measured directly in units of

cal cm-2 min-1. The micrologger was programmed to total

ize one minute scans and average these over 30 minute in

tervals, and to provide the sum total of solar radiation

at the end of every day.

Air Temperature and Relative Humidity. Air temperature

and relative humidity were monitored with a CSI Model 201

dual sensor system. The relative humidity unit was a

Phys-Chemical Research Model PCRC-11 (±1% deviation)

sensor and the temperature unit consisted of a Fenwat UUT

51J1 Thermistor (CSI, 1982a). The thermistor was pro

grammed to compensate the relative humidity probe in rela

tion to the temperature (OC). Due to the high humidity in

this environment, a 40 mm protective stainless steel

screen was used to impede liquid water formation on the

sensor. The air temperature/relative humidity units were

placed 2 m above the soil surface. They were encased in

gilled radiation shields to diminish any effect of direct

radiation on the temperature and humidity readings.

The micrologger was programmed to average 1 minute

scans over 30 minute output periods for air temperature
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and relative humidity. Air temperatures was measured

directly in ·C and the maximum, minimum and average

figures were output at the end of every daily cycle. The

relative humidity was given as a percent value and a daily

average was automatically computed from the 30 minute in-

puts over the day.

Saturation Deficit. This variable was generated from

the air temperature and relative humidity values. The

combination of these variables provided a biologically im-

portant measure of the drying power of the atmosphere on

the vegetation. The following set of equations (Bridges

1975) was applied to make the necessary transformation:

(1) rh = relative humidity / 100
(2) at =air temperature + 273
(3) x = (at-453) / 10
(4) 10 = (5.1959-«3.14732-(2.95944E-3x)+

(4.1914E-4(X2»-(1.82992E-7(x3»+
(8.24252E-8(x4») «643-at)/at»)

(5) eo =1010
(6) e =eo * rh;
(7) saturation Deficit =eo - e

[x, 10, eo, and e are temporary variables for
the interim steps in this transformation]

Soil Temperature. The CSI 101 Thermistor Probe was used

to monitor soil temperature. This probe incorporates the

Fenwal Electronics UUT-51J1 thermistor in a water

resistant shield (CSI, 1982b). The probe was buried 10 cm

deep in the soil. This depth was chosen to provide com-

patible data with the network of cf.Lmat.Lc stations being

monitored through the Department of Agronomy and Soil Sci-
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ence at the University of Hawaii. The micrologger was

programmed to average the minute soil temperature readings

(in °C) over 30 minute output periods; and to calculate

the minimum, maximum and average soil temperature at the

end of every day.

Soil Moisture. The soil moisture was monitored with the

CSI Model 221 Delmhorst Cylindrical Soil Mosture Block

(CSI, 1983). This is composed of gypsum which is cast

around two concentric electrodes to confine the current

flow to the interior of the block. This reduces the ef

fects of soil conductivity and buffers against salts which

may effect the electrical conductivity.

The blocks were wetted prior to installation to im

prove the block uniformity. The blocks were sited at 10

cm depth in pockets of soil that were typical of the

forest and clearcut area. The micrologger was programmed

to record a sample scan over the 30 minute output periods;

and to provide a sample soil moisture scan at the end of

every daily cycle.

Soil moisture was measured in total volts of sensor

resistance over the 30 min input intervals. A greater

sensor resistance corresponds to an increased bar value of

soil moisture potential. CSI (1983) provided the follow

ing equation and linearization coefficients to convert the

sensor resistance output (sm_v) into bars:
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soil moisture (bar) = -296.912 + sm v *
(1214.48 + sh m * (-1775.86 + sh m *
(1224.13 + sh=v * (-405.986 + sh=V * (52.322»»)

This data value is randomly grabbed at a point

during the 30 minute recording interval. These values can

be averaged but not totaled.

Rainfall. The rainfall was monitored with the Sierra

Tipping Bucket Raingage (CSI, 1982d). The raingage has an

20.32 cm orifice (collecting area of 234.23cm2) which fun-

nels moisture into a sheltered tipping mechanism. Each

tip of the bucket is calibrated to yield 1 rom of

precipitation and sends that message as a pUlse to the

micrologger.

The raingage in the clearcut area was leveled in an

area which was clear of overhead vegetation. In the

forest, the precipitation collecting apparatus was

modified to accurately integrate the rainfall under a

forest canopy. Instead of a point collection device,

which is adequate where there is no canopy, a linear

trough was devised to integrate the precipitation falling

through the forest canopy. A 123.3 cm length of 3.8 cm

diameter PVC split pipe was hung 1 m above the forest

floor. This doubled the collection area of the unmodified

raingage (468.54 cm2), so the forest precipitation needed

to be divided by two prior to analysis.
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The micrologger was programmed to total one minute

readings at 30 minute output intervals, and to produce

rainfall totals at the end of every day.

Data Analysis

Due to the remote location of the study site, the

microloggers were programmed to record automatically and

periodically dump the data into an attached tape r.ecorder.

The tapes were retrieved and the batteries were replaced

approximately every month. The microclimate data were

processed and analyzed at the computer facilities at the

University of Hawaii, Manoa Campus. The data were then

subset into monthly files for comparison and analysis.

When the data were downloaded from the tapes into

ASCII format (see Appendix 4-1) and previewed prior to

analysis, many problems in the data set became apparent.

Some of the problems appeared to arise from sensor mis

readings (dust and leaf clogging sensors), others from

output formatting, and others perhaps during the actual

downloading of micrologger memory to the tapes. It was

assumed that the transfer of data from the tapes into AS

CII did not pose further complications through loss of

data. This added an unexpected time-consuming period to

clean up the problems with the data. The data values were

then reformatted to produce output reports (see examples
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in Appendix 4-2) and to input them into statistical

analysis software~

The microclimate data from the forest and clearcut

areas were compared with univariate and t-test statistical

procedures. This provided initial information on the dis

tribution of the data points, presence of outliers, and an

index of significance between the differences in variances

and means. Any major problems with data were addressed at

this time.

The data were then plotted for ease of interpreta

tion and comparison. The first figure in each variable

section illustrates the monthly means for each variable

throughout the year for both the forest and clearcut area.

The mid-summer (August) and the other mid-winter (Novem

ber) daily curves for each variable were then plotted for

the forest and clearcut area using averaged 30 minute

data. These variables were also plotted comparing the

microclimates of the forest and the clearcut area on a

sunny versus a rainy day in September.

RESULTS

Microclimatic information was collected from two

monitoring stations, one under the forest canopy and the

second in the clearcut area. This data for seven micro

climate variables were summarized based on the quantita-
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tive analysis of 32,347 paired observations over a one

year period.

The data were tested for comparative statistics be

tween the paired values in the forest and clearcut area.

The monthly statistics for 1987 wer~ summarized for each

variable. The statistical relationship between the forest

and clearcut area for the 30 minute values of each en

vironmental variable over the entire study period was sum

marized in Table 4-1.

Solar Radiation

The quantity of intercepted radiation and the

variability of the radiation over a day was significantly

different in the forest to that in the clearcut area. The

forest understory received only 8% to 15% of the monthly

solar radiation that was recorded in the clearcut area

(see Table 4-2 and Fig. 4-1). Higher amounts of incoming

radiation occurred in the forest during the summer months.

The higher daytime sun angles enabled greater penetration

through the canopy. The highest monthly sum radiation was

recorded in August for both the forest (64.87 cal cm- 2

min-I) and the clearcut area (543.54 cal cm-2 min-I). The

lowest total monthly sum radiation was recorded in October

for the forest (26.4 cal cm- 2 min-I) and the clearcut area

(353.78 cal cm- 2 min-I) which was the peak month for rain

fall.
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Table 4-1. Statistical Relationship in Microclimate Variables
between the Forest and the Clearcut Area

Signi~icant Di~~erences (Yes or No)

VARIABLES MEANS VARIANCES

Soil Humidity (30 min.) Yes Yes
Radiation (daily totals) Yes Yes
Rain~all (daily totals) No No
Air Temperature (30 min.) Yes Yes
Soil Temperature (30 min.) Yes No
Relative Humidity (30 min.) Yes Yes
Saturation Deficit (30 min.) Yes Yes
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Table 4-2. 1987 Monthly Summary Statistics for Solar Radiation

Solar Radiation (cal cm-2 min-i)

Maximum (30 min) Sum
Clearcut Forest Clearcut Forest

Jan. 1.64 0.34 388.55 40.34
Feb. 1.67 0.91 446.36 54.83
Mar. 1.87 0.63 525.43 65.52
Apr. 1.89 0.84 502.99 69.03
May 1.72 1.08 489.37 72.51
Jun. 1.69 0.39 486.67 49.63
Jul. 1.67 0.69 429.37 54.91
Aug. 1.70 0.83 543.54 64.87
Sep. 2.20 0.52 403.09 31.69
Oct. 1.65 0.31 353.78 26.40
Nov. 0.00 0.17 0.03 23.10
Dec. 0.00 0.11 0.02 9.87
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The comparison of radiation data for a summer month

to a winter month illustrated the seasonal variation in

and between the forest and clearcut areas. The period of

radiation (daytime) in the clearcut area was effectively

1.5 hours longer in August than in February (Figures 4-2

and 4-3). This was further reflected by the average daily

radiation of in August (17.5 cal cm-2 min-1) and for Feb

ruary (15.87 cal cm-2 min-1). The daily period of radia

tion in the forest was up to 3 hours longer in August than

in February.

The peak radiation in the clearcut area was 4.3 and

5.5 times that under the canopy of the forest for the

months of August and February respectively. The average

daily radiation of the clearcut area was 8.4 and 8.1 times

that under forest canopy for the months of August and Feb

ruary.

The solar radiation sensors produced greatly dis

torted readings during the final months of the study (No

vember and December, 1987). These data were removed from

the dataset and the remaining ten months of data were

analyzed. Errors and data distortion could have developed

from blockage of the radiation sensor by organic debris,

volcanic ash and dust, or chemical erosion of the sensors

from the high sulfur and other ambient gas concentrations

emitted from nearby volcanic activity.
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Figure 4-1
Solar Radiation - 1987
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Figure 4-2
Solar Radiation - August, 1987
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Figure 4-3
Solar Radiation - February, 1987
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The difference in the amount of incoming radiation

between the clearcut and the forest area was striking.

The native forest species are better adapted for germina

tion and growth in the lower radiation environment than

are the invading alien heliophytic species. The clearcut

ting may have actually provided a better growth environ

ment for all of these species providing increased levels

of radiation during the day and across the seasons.

Air Temperature

The mean daily and monthly air temperatures were

consistently higher in the clearcut area. The clearcut

area also showed great air temperature fluctuations com

pared to the interior environment of the forest due to the

buffering effect of the canopy.

Figure 4-4 compares the mean monthly air tempera

tures of the clearcut area to those of the forest for 1987

(see Table 4-3). The mean monthly air temperature for the

clearcut area ranged' from 18.7°C in January to 22.3°C in

August. The monthly mean air temperature for the forest

ranged from 17.3°C in January to 21.1°C in September. The

mean monthly temperatures were 10% higher in the clearcut

area than in the forest in the winter and 3% higher in the

summer.

The clearcut area reached higher absolute tempera

tures and had a larger range of air temperature
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Table 4-3: 1987 Monthly Summary Statistics for Air Temperature

Air Temperature ( IC)

Minimum Maximum Mean Std Dev
Clearcut Forest Clearcut . Forest Clearcut Forest Clearcut Fores

Jan. 14.52 12.63 26.24 23.26 18.74 17.33 2.63 2.05
Feb. 12.10 11.18 26.99 24.65 18.95 17.49 3.03 2.55
Mar. 14.52 13.12 26.79 24.52 19.26 17.85 2.86 2.30
Apr. 14.93 14.40 26.46 25.72 19.37 18.07 2.71 . 2.10
May 14.43 13.84 27 .. 64 25.86 19.66 18.64 2.83 2.30
Jun. 16.12 16.12 28.97 26.81 20.84 20.04 2.63 1.75
Jul. 16.97 17.71 28.39 26.27 21.31 20.70 2.93 1.65
Aug. 16.31 17.10 28.89 27.11 22.29 21.12 3.11 1.99
Sep. 16.45 17.40 29.71 26.09 21.97 21.14 2.84 1.60
Oct. 17.02 16.33 28.72 25.86 21.22 20.16 2.91 1.66
Nov. 16.15 16.26 27.83 24.12 20.36 19.57 2.60 1.52
Dec. 14.51 15.31 26.37 21.83 19.28 18.98 2.49 1.57



Figure 4-4
Air Temperature - 1987
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Figure 4-5
Air Temperature - August, 1987
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Figure 4-6
Air Temperature - February, 1987
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values. The minimum air temperature recorded for the

clearcut area was 12.1°C (difference of O.9°C) and for the

forest was 11.2°C (difference of 2.6°C). The maximum air

temperature recorded for the clearcut area was 29.7°C and

for the forest was 27.1°C. The overall temperature range

(annual maximum minus annual minimum) for the clearcut

area was 17.6°C and for the forest was 15.9°C.

The time and duration of average daily air tempera

ture peaks for the clearcut area in the summer (Figure 4

5) and winter (Figure 4-6) were slightly offset, whereas

the curves for the forest show that the main difference

was only in mean temperature. The high temperature peak

came 2 hours earlier in the clearcut area than in the

forest in both February and August. The daily temperature

did not drop as much in the forest as in the clearcut area

due to the canopy buffer. In August the mean night

temperature of the clearcut area actually dipped lower

than that of the forest even though the mean temperature

during the day was 2.2°C warmer.

The increase in absolute air temperature values in

the clearcut area and the daily range of fluctuation

presents a considerably altered air temperature environ

ment for the germination and growth of native forest

species. This variable could select for those species

with different ranges of tolerance, i.e. the pantropical

weedy species.
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Soil Temperature

There was a significant difference between the soil

temperatures of the forest and the clearcut area, but the

variances were not significantly different (see Table 4

1). This statistic was based on the analysis of all 30

minute data over the 12 month study period. This il

lustrates the bUffering effect of the soil, as both the

means and the variances were significantly different for

the air temperatures. There was a greater difference in

the range of temperatures in both the forest and clearcut

soils in August than there was in February.'

The monthly mean soil temperatures in the clearcut

area ranged from a high of 25.6°C in August to a low of

20.5°C in January (see Table 4-4). Similar values in the

adjacent forest ranged from 17.7°C in February to 21.4°C

in September. This represents a yearly soil temperature

range of 6.1 0C in the clearcut area as compared to 3.7°C

in the forest. The mean difference in monthly soil

temperatures between the forest and clearcut area was

3.9°C, with the greatest temperature difference occurring

in the winter months. The soil temperature peak was one

month later in the forest than in the clearcut area (see

Figure 4-7).

The minimum soil temperature recorded for the forest

was 13.1°C and for the clearcut area was 18.8°C, a
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Table 4-4: 1987 Monthly Summary Statistics for Soil Temperature

Soil Temperature (IC)

Minimmn Maximum Mean Std Dev
Clearcut Forest Clearcut Forest Clearcut Forest Clearcut Fares

Jan. 18.25 16.57 23.20 19.69 20.50 17.74 1.12 0.73
Feb. 19.15 16.50 24.78 18.86 21.75 17.73 1.09 0.52
Mar • 18.56 16.89 25.64 19.16 22.63 18.06 1.20 0.47
Apr. 20.08 17.04 26.21 19.97 22.40 18.39 1.16 0.56
May 18.83 17.12 26.53 20.40 22.61 18.66 1.49 0.75
Jun. 21.91 19.05 26.86 21.32 24.01 20.09 0.95 0.45
Jul. 22.03 19.78 27.57 21.66 24.73 20.81 1.19 0.45
Aug. 22.19 20.01 28.24 22.21 25.61 21.11 1.08 0.41
Sep. 22.14 20.56 27.34 22.27 24.55 21.40 0.97 0.36
Oct. 21.66 19.84 26.09 21.70 23.50 20.76 0.98 0.45
Nov. 20.27 13.06 24.52 21.37 22.44 20.00 0.87 1.28
Dec. 20.06 13.85 22.57 16.51 21.32 18.78 0.52 0.70



Figure 4-7
Soil Temperature - 1987
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Figure 4-8
Soil Temperature - August, 1987
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Figure 4-9
Soil Temperature - February, 1987
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difference of 6.S·C. The maximum soil temperature re

corded for the forest was 22.3·C and for the clearcut area

was 2S.2·C, a difference of 5.9·C. The overall tempera

ture range (annual maximum minus annual minimum) for the

forest was 9.2°C and for the clearcut area was 9.4·C.

The average daily soil temperatures of August and

February show very similar curves in the forest and the

clearcut area (Figures 4-S and 4-9). In the forest, the

August soil temperatures were consistently close to 3°C

higher than those for February. In the clearcut area, the

August temperatures were consistently 4·C higher than

those for February. Even though the mean habitat tempera

tures between the months shifted, the mean daily amplitude

remained quite constant.

Solar Radiation, Air Temperature and Soil Temperature

The mean monthly air and soil temperature values in

the forest follow one another very closely over the yearly

cycle (Figure 4-10). They exhibit their peak in the late

summer months of August and September. The monthly sum

solar radiation received under the forest canopy during

the eleven months of monitoring showed a relatively flat

curve due to the filtering effects of the canopy, with an

early peak in April and May and then another in August.

The mean monthly air and soil temperature values in

the clearcut area track one another closely but have a
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Figure 4-10
Forest Environment
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Figure 4-11
Clearcut Environment
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greater temperature differential over the year (Figure 4

11). These temperatures peak in August.

The mean difference of monthly air temperature

values between the forest and clearcut area was 1.aoC, and

3.9°C for soil temperature between the forest and clearcut

area. The greater difference in the soil values reflects

the bUffering capability of the forest environment on the

soil and illustrated the large shift in average soil

temperatures values created through this clearcutting ac

tivity.

The monthly sum radiation received under the forest

canopy during the ten months of monitoring showed an early

peak in March and a relatively flat curve until August

when radiation appeared to be decreasing again. As dis

cussed i~ the earlier section, the difference in the

values between the forest and clearcut was great due to

the canopy.

The explanation for the difference between the

radiation and temperature peaks in the forest was found by

looking at the solar radiation and resulting temperatures

in the clearcut area. The higher radiation values in the

clearcut area indicate the solar energy reaching the

forest canopy and contributing to the total temperature

budget of the site. The air and soil temperature curves

in both the clearcut area and the forest reflect this in-
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flux of radiant energy with peaks in the late summer

months.

Figures 4-12 through 4-15 present the relationship

between these variables in the forest and clearcut en

vironment over a diurnal cycle on a typical sunny and

rainy day in August. The sunny day exhibits a greater

range of extremes compared to the rainy day. In the

forest, the soil temperatures go through a gently undulat

ing daily cycle, which was only slighly accentuated on the

sunny day. The air temperatures were lower than the soil

temperatures except during the middle of the day. The air

temperature trends closely follow the influx of solar

radiation.

The clearcut area exhibits more dramatic changes.

The soil temperatures show markedly greater undulations in

addition to having a higher median values. The air

temperatures of the clearcut area start a bit lower than

the soil temperature values in the forest but peak at con

siderably higher values on both sunny and rainy days. As

would be expected, the solar radiation period was longer

and the radiation peaks were higher in the clearcut area

than in the forest environment. The rainfall figures from

these days are presented in Figure 4-33 (p. 309).
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Figure 4-12
Forest Environment - Typical Sunny Day
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Figure 4-13
Forest Environment - Typical Rainy Day
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Figure 4-14
Clearcut Environment - Typical Sunny Day
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Figure 4-15
Clearcut Environment - Typical Rainy Day
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Relative Humidity

There were significant differences between the means

and the variance for relative humidity values in the

forest and the clearcut area. The mean monthly values for

the clearcut area ranged from a high of 83.48% in April to

a low of 78.78% in December (see Table 4-5). The mean

monthly relative humidity for the forest ranged from a

high of 88.18% in January to a low of 84.15% in November.

The annual range of mean monthly relative humidity values

for the clearcut area (4.7%) and the forest (4.03%) were

very similar. However, the difference between the mean

monthly clearcut and forest relative humidity values were

significant.

Figure 4-16 shows the annual cycle of monthly means

for the forest and clearcut areas. The minimum relative

humidity for the forest (58.26%) and the clearcut area

(49.02%) was recorded in February (see Table 4-1f). The

maximum relative humidity was recorded in January for both

the forest (93.70%) and the clearcut area (94%). The rel

ative humidity range (annual maximum minus annual minimum)

for the forest was 35.44% and for the clearcut area it was

44.98%. The clearcut area had a greater range of relative

humidity values and consistently lower monthly means than

the forest.

The comparison of the averaged daily relative

humidity values for the forest and the clearcut area
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Table 4-5: 1987 Monthly Summary Statistics for Relative Humidity

Relative Humidity (~)

Minimum Maximum Mean Std Dev
Clearcut Forest Clearcut Forest Clearcut Forest Clearcut Fares

Jan. 57.12 63.97 94.00 93.70 83.36 88.18 8.84 6.56
Feb. 49.02 58.26 93.60 93.50 80.97 86.49 9.84 7.05
Mar. 51.26 59.26 92.20 92.30 81.91 86.47 9.01 7.10
Apr. 49.36 61.36 91.00 91.90 83.48 87.86 7.58 4.65
May 61.93 70.40 89.30 90.60 83.13 86.84 5.58 4.20
Jun. 67.16 71.40 87.70 89.00 82.87 86.65 4.33 2.94
Jul. 64.33 67.23 86.30 90.60 81.75 86.10 4.67 3.10
Aug. 64.09 67.70 85.20 87.30 79.31 84.50 5.41 3.46
Sep. 63.75 73.70 84.50 87.50 80.04 85.18 3.90 1.82
Oct. 56.69 65.36 84.60 88.80 78.94 84.82 4.67 2.28
Nov. 61.26 71.60 82.80 86.40 78.77 84.15 3.41 1.72
Dec. 58.68 74.60 87.60 89.10 78.78 84.51 4.80 2.32
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Figur.e 4-17
Relative Humidity - August, 1987
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Figure 4-18
Relative Humidity - February, 1987

70

75

80

85

95

2300

,....-~90

18300930 1400
TIME OF DAY

0500

-h-T"T"1"""T"T,,-h-r.,....,..TT"1-rlTT"1r-T"T"T""T""r-h,..,...,...,...,...,....,..+-n..,.,.TT1n-1-..,--/- 6 5

% 95
R
E 90
L
A
T 85
I
v
E 80

H
U 75
M
I 70D
I
T 65y

0030

- cieercut -+- Forest

30 MINUTE MEANS

290



between the months of August and February shows very

similar curves but a large discrepancy in amplitudes.

In August (Figure 4-17), the lowest relative

humidity values were recorded at 1330 h for the forest

(75.53%), and at 1300 h for the clearcut area (67.58%).

The highest relative humidity values were recorded at 0600

h for the forest (91.4%) ,and 0630 h for the clearcut area

(87.96%). The difference between the mean high and low

relative humidity values for the forest was 15.87% and for

the clearcut was 22.36%.

The lowest relative humidity values for February

(Figure 4-18) occurred at 1330 h for the forest (79.09%),

and at 1300 h in the clearcut area (71.66%). The highest

relative humidity values were recorded at 0800 h for the

forest (86.75%), and 0600 h for the clearcut area

(83.82%). The differential between mean high and low rel

ative humidity values in February was 7.66% for the forest

and 12.16% for the clearcut area.

The range of relative humidity values was less in

the winter for both the forest and clearcut areas. The

relative humidity data from the clearcut area had a

greater range of values during the summer and winter

months. The forest consistently had a higher relative

humidity.
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Saturation Deficit

The saturation deficit values for the forest and the

c1earcut area were statistically significant in terms of

the means and the variance (see Table 4-1, p. 267).

The monthly means of saturation deficit are graphed

out for the forest and c1earcut area over one year in

Figure 4-19. The values in the c1earcut area ranged from

a high of 4.45 rom Hg in August to a low of 2.88 rom Hg in

January. The values for the forest ranged from a high of

3.02 rom Hg in August to a low of 1.84 rom Hg in January

(see Table 4-6). The range of mean monthly saturation

deficit values was greater for the c1earcut area (1.57 rom

Hg) than for the forest (1.18 rom Hg). The forest interior

has a consistently lower mean monthly saturation deficit

than the c1earcut area.

The minimum saturation deficit values were recorded

in February, March and July for the forest and February in

the c1earcut area. The maximum saturation deficit value

was recorded in March for the forest and October for the

c1earcut area. The overall range in saturation deficit

values was 9.19 rom Hg for the forest and 12.03 rom Hg for

the c1earcut area.

The average 30 minute saturation deficit values for

the forest and the c1earcut area for a day in August and

February are shown in Figures 4-20 and 4-21. Similar

peaks of saturation deficit occurred in the afternoon for
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Table 4-6: 1987 Monthly Summary Statistics ~or Saturation De~icit

Saturation Deficit (Bars)

Minimum Maximum Mean Std Dev
Clearcut Forest Clearcut Forest Clearcut Forest Clearcut Fares'

Jan. 0.74 0.76 10.26 7.42 2.88 1.84 1.94 1.21
Feb. 0.69 0.00 12.56 9.14 3.45 2.20 2.44 1.56
Mar. 1.04 0.00 12.45 9.19 3.31 2.23 2.26 1.56
Apr. 1.20 1.08 11.34 8.03 3.02 2.00 1.99 1.11
May 1.41 1.18 9.35 6.79 3.09 2.23 1.64 1.08
Jun • 1.71 1.53 9.01 6.80 3.33 2.42 1.47 0.85
Jul. 2.08 0.00 10.00 8.37 3.68 2.70 1.70 0.96
Aug. 2.07 1.88 10.50 8.30 4.45 3.02 2.05 1.12
Sep. 2.43 1.95 11.34 6.69 4.13 2.84 1.63 0.64
Oct. 2.54 1.69 12.77 8.76 4.20 2.75 1.87 0.74
Nov. 2.37 1.98 10.25 6.26 3.94 2.75 1.35 0.55
Dec. 1.57 1.74 10.66 5.02 3.71 2.57 1.52 0.52

r
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Figure 4-20
Saturation Deficit - August, 1987
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Figure 4-21
Saturation Deficit - February, 1987
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both months, but the soil saturation deficit in August was

always considerably higher than the minimum' values in Feb

ruary. In August, the lowest mean saturation deficit

values were recorded between 0600 hand 0630 h for the

forest (2.19 rom Hg), and for the clearcut area (2.67 rom

Hg). The highest saturation deficit values were recorded

at 1330 h for both the forest (4.96 rom Hg) and the clear

cut area (7.47 rom Hg).

The mean low saturation deficit values for February

occurred at 0730 h for the forest (1.12 rom Hg), and from

0130 to 0630 h in the clearcut area (1.62 rom Hg). The

mean daily high saturation deficit values were recorded

between 1300 and 1330 h for both the forest (4.77 rom Hg)

and the clearcut area (7.06 rom Hg).

Air Temperature, Relative Humidity and Saturation peficit

The environmental relationship of air temperature

and relative humidity produces a measure of saturation

deficit; an index of atmospheric water stress on the en

vironment and the vegetation. It is this interaction

which will be looked at here.

The air temperature and relative humidity curves are

generally mirror images of each other in the absence of

additional moisture, such as rainfall, added to the

system. As air temperature rises, the atmosphere can hold

more moisture and the relative humidity is therefore
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Figure 4-22
Forest Environment
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Figure 4-23
Clearcut Environment
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Figure 4-24
Forest Environrpent - Typical Sunny Day
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Figure 4-25
Forest Environment - Typical Rainy Day
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Figure 4-26
Clearcut Environment - Typical Sunny Day
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Figure 4-27
Clearcut Environment - Typical Rainy Day
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lowered. This can be seen in the monthly mean of the sum

mer and winter averages (see Figures 4-22 and 4-23). The

forest values always had lower air temperatures and higher

relative humidity than the corresponding monthly values

for the clearcut area. Similarly, the values for satura

tion deficit were consistantly greater in the clearcut

area than in the nearby forested environment.

The relationship between these variables were

plotted out for a typical sunny and rainy day in the

forest and clearcut area (see Figs 4-24 through 4-27). On

a sunny day, the air temperature was consistently near 5°C

warmer and the daily fluctuation was considerable greater

in the clearcut area as compared to the forest. Similar

ly, the relative humidity was always lower in the clearcut

area and. had a relatively precipitous drop at midday when

compared to the forest.

On a rainy day, the air temperature and the relative

humidity in the forest exhibited a very flat curve. In

the clearcut area, both variables exhibited more extreme

variation associated with the minor shifts in the weather.

The mean saturation deficit values followed a very similar

curve as that for air temperature.

Rainfall

Rainfall was the only microclimate variable which

exhibited no significant difference in the means or the
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Table 4-7: 1987 Monthly Summary Statistics for Rainfall

Rainfall (DIll)

Maximum (30 min) Sum
Clearcut Forest Cl.earcut Forest

Jan. 6.853 4.949 68.780 87.307
Feb. 4.061 11.548 62.945 70.937
Mar. 7.360 9.391 126.177 116.748
Apr. 3.807 4.568 158.117 142.762
May 29.187 25.253 283.510 272.835
Jun. 10.406 8.122 219.283 189.716
Jul.. 6.853 24.111 171.843 316.489
Aug. 16.497 15.736 133.753 121.316
Sep. 15.989 17.258 340.853 379.939
Oct. 20.050 24.111 301.514 395.420
Nov. 15.228 22.081 221.314 252.785
Dec. 0.254 13.959 5.076 298.850
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Figure 4-28
Rainfall - 1987
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variance between the forest and the clearcut area (Table

4-1, p 267). The monthly mean rainfall for the clearcut

area ranged from a high of 341.12 rom in September to a low

of 62.99 rom in February (Figure 4-28). The monthly mean

rainfall for the forest ranged from a high of 395.73 rom in

October to a low of 70.99 rom in February.

The total annual· rainfall ranged from 2000 rom to

2650 rom, as determined through extrapolation of the read

ings from the clearcut and forest gages (see Table 4-7).

Due to clogging of the raingage in the clearcut site in

December, comparative statistics were not available for

this month. The largest rainfall event was recorded in

March. Over a 30 minute recording period, the forest col

lector registered 25.25 rom and the clearcut area regis

tered 29.19 rom.

Soil Moisture

There was a significant difference between both

means and variance between the forest and clearcut area

for the soil moisture data (Table 4-1, p 267). The mean

monthly values for moisture potential in the clearcut area

ranged from a January high of 1.077 bar to a low of 0.319

bar in March, October and November (see Table 4-8). The

monthly mean moisture potential for the forest was very

stable with a constant moisture potential of 0.397 bar

from January through February, and 0.455 bar from March
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Table 4-8: 1987 Monthly Summary Statistics for Soil Moisture Potential

Soil Moisture Potential (Bars)

MinimtnD Maximum Mean Std Dev
Clearcut Forest Clearcut Forest Clearcut Forest Clearcut Fores

Jan. 0.340 0.397 2.143 0.455 1.077 0.397 0.01 0.00
Feb. 1.025 0.397 1.319 0.455 1.178 0.397 0.01 0.00
Mar. 1.077 0.397 1.900 1.448 1.319 0.455 0.04 0.02
Apr. 1.077 0.397 1.273 0.455 1.178 0.455 0.01 0.00
May 1.077 0.397 1.448 0.572 1.226 0.455 0.02 0.01
Jun. 1.077 0.397 1.226 0.455 1.178 0.455 0.01 0.00
Jul. 1.077 0.397 1.178 0.455 1.128 0.455 0.00 0.00
Aug. 1.128 0.397 1.644 0.572 1.273 0.455 0.02 0.01
Sep. 1.178 0.455 1.406 0.514 1.226 0.455 0.01 0.00
Oct. 1.178 0.397 1.448 0.572 1.319 . 0.455 0.01 0.00
Nov. 1.273 0.397 1.406 0.689 1.319 0.455 0.01 0.01
Dec. 1.226 0.572 1.363 0.689 1.273 0.455 0.01 0.00
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Figure 4-29
Soil Moisture Potential - 1987
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Figure 4-30
Soil Moisture Potential - August, 1987
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Figure 4-31
Soil Moisture Potential - February, 1987
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through December. The values for the clearcut area were

more variable throughout the year and did not present a

clear pattern (see Figure 4-29).

The comparison of average daily moisture potential

for the forest and the clearcut areas between the months

of August and February shows very similar curves (Figures

4-30 and 4-31). In the forest, the August soil moisture

values were consistently around 0.05 bar higher than in

February. In the clearcut area, the August soil moisture

values were consistently around 0.1 bar higher than those

for February.

The soil moisture values did not show the

sensitivity to daily temperature cycles and rainfall

events as would be expected. Though the gypsum blocks

were soaked prior to installation, it was a possibility

that they were not fully functional throughout this study.

Rainfall and Soil Moisture

Some amount of correlation was expected between

rainfall figures and the soil moisture potential values in

the forest and clearcut areas. There was a considerable

amount of variation in monthly rainfall over this annual

monitoring period. This variation was reflected clearly

in related moisture potential changes of the clearcut soil

but not in the forest soil (see Figure 4-32). This indi

cated an extremely constant soil environment of low water
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stress in the forest. The forest soil moisture potential

was consistantly 3-4 times lower than the clearcut soil,

again a testimony for the buffering power of the forest

cover. The clearcutting activity created a soil environ

ment that averaged at least twice the water stress, and

was somewhat more variable throughout the year.

Figure 4-33 shows the effect of a major rainfall

event on the soil moisture regimes of the forest and the

adjacent clearcut area. It showed that the rainfall had

little to no effect on the soil moisture potential.

DISCUSSION

When forest trees are removed, sprouts and seedlings

at the forest floor are forced to cope with an abruptly

modified microclimate and hydrology (Oke 1978). To

elucidate the microclimatic change associated with clear

cutting a section of lowland rainforest at Kalapana, six

variables were monitored with paired micrologger stations

in the forest and clearcut areas.

The degree of microclimatological change generally

increases with the size of the clearing (Lee 1978), as

plants in the clearing are subjected to both higher

radiant energy fluxes and surface temperatures during the

day, and greater energy losses and lower temperatures at

night. The removal of the tree canopy had a significant
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Figure 4-32
Rainfall and Soil Moisture Potential
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Rainfall and Soil Moisture Potential
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impact on all five out of six variables at Kalapana with

the exception of rainfall.

Solar Radiation

The quantity and the variability of intercepted

radiation in the forest was significantly different from

the clearcut area. The monthly sum solar radiation

received under the forest canopy during the eleven months

of monitoring was relatively even due to the filtering ef

fects of the canopy, with a peak in April and May and

another in August. The period of radiation under the

forest canopy was up to three hours less than in the

neighboring clearcut area. The forest interior received a

higher percentage of this radiation during the summer

months, which corresponded to a higher sun position and

more efficient penetration of the canopy.

The forest canopy filtered out from 85% to 92% of

the total monthly radiation over this monitoring period.

Hutchison and Matt (1977) and Rosenberg et al (1983) also

reported that very little direct radiation was received on

the forest floor under a closed canopy. Baumgartner

(1956) found that the net radiation under a full canopy

was usually diminished by at least an order of magnitude

from the net radiation above the canopy during clear days,

and Ghuman and Lal (1986) found that the ground surface in

a Nigerian rainforest received 26 and 42 times less solar
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radiation than in a clearcut area, and documented that the

variability of radiation influx outside of the bUffering

effects of the forest canopy was approximately 10 times

greater.

The increased radiation associated with the removal

of the forest canopy has numerous biological effects.

Harrington (1984) concluded that the increased intensity

of solar radiation in cleared areas had a positive eftect

on vegetation development in forest regeneration. The

question that needs to be further explored in this situa

tion is whether the increased radiation is too severe for

successful germination and growth of the native rainforest

species, and whether the higher radiation intensity and

lpnger duration will preferentially stimulate the growth

of alien.heliophyte species.

Air Temperature

There was a significant difference in both means and

variance for the air temperature values between the forest

and the clearcut area. The air temperatures were con

sistently higher in the clearcut area, with the mean

temperature in the clearcut area 10% higher than that of

the forest in the winter and 3% greater in the summer.

There were greater temperature fluctuations in the clear

cut area due to the lack of the bUffering effects provided
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by an overhead canopy. The overall temperature range was

15.9°C for the forest and 1~.6°C for the clearcut area.

The high temperature peak in the forest came 2 hours

later than the high temperature peak at the clearcut area

in the summer and winter. Due to the buffering effects of

the canopy, the daily temperatures did not drop as much at

night in the forest as they did in the clearcut area. In

August, the mean night temperature of the clearcut area

actually dipped lower than that of the forest even though

the mean day temperature was 2.15°C warmer.

The higher temperatures associated with the clearcut

area would be expected to support increased germination

and growth of the vegetation. However, the altered

temperature and fluctuations could interfere with the

germination and growth of native rainforest species, and

the colonizing alien species would be expected to be bet

ter adapted for rapid germination and growth under these

conditions.

soil Temperature

The mean daily and monthly soil temperatures be

tween the forest and clearcut sites at 10 cm. depth were

significantly different. These mean temperatures for the

clearcut soils were consistently higher than for the

forest soils and exhibited a greater daily and monthly

range of amplitude.
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The capacity of the soil at this depth to buffer the

effects of temperature fluctuations above the ground was

reflected by the lack of significant differences between

the variances for the clearcut and forest soils whereas

there was a significant difference between the air

temperatures (taken at 1.5m) between the forest and clear

cut area.

The average monthly temperatures of the clearcut

soils were 3.9°C warmer than the forest soils, with the

greatest difference occurring in the winter months. The

mean monthly soil temperature range was 6.1°C for the

clearcut area and 3.7°C for the forest. The monthly peak

of high soil temperature was August for the clearcut area

and one month later in the forest.

The 3.9°C increase in mean monthly soil temperatures

at 10 em. may selectively benefit the non-native component

of the seed bank in the clearcut area. similarly, the

shift in periodicity of soil temperature peaks and the

variation associated with these temperatures may exceed

the tolerance of most native rainforest species.

Solar Radiation, Air Temperature and Soil Temperature

Nield et al (1967) showed that temperature lags be

hind radiation in the daily curve, due primarily to the

balance between net incoming and outgoing radiation. The

same conclusions were evident from this study, and it was
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also evident that there is a lag in the soil temperatures

(at 10 em.) behind the air temperatures (at 1.5 m.).

The result of mean daily and monthly analyses show

that the soil temperatures were consistently warmer than

the air temperature in both the forest and the clearcut

area. The differences for the forest were small when com

pared to the larger discrepancy between the air and soil

temperatures in the clearcut area.

On a daily basis, there was a consistent lag time

between the peaks of solar radiation, air temperature and

soil temperature. The highest soil temperature followed

the peak in air temperature by 6 to 8 hours.

The average difference of the monthly means between

~he forest and clearcut area for air temperature was 1.0·C

and soil. temperature was 3.9·C. This difference reflects

the bUffering effect of the soil (at .10 em.) on tempera

ture variation. These environmental shifts resulting from

this clearcutting activity may be reflected in the success

of colonization of the native compared to the exotic

species in the clearcut area.

Relative Humidity

The means and variance for relative humidity values

were significantly different between the forest and the

clearcut area. The clearcut area had a greater range of

values and consistently lower monthly means than the
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forest. The mean monthly values for the clearcut area

ranged from a high of 83.5% in April to a low of 78.8% in

December with an overall range of 45.0%. The monthly mean

relative humidity for the forest ranged a high of 88.2% in

January to a low of 84.2% in November with an overall

range of 35.4%.

Lal and Cummings (1979) found there to be a 15-20%

difference in the minimum relative humidity in cleared and

uncleared plots and concluded that forest removal resulted

in the increased aridity of the microclimate. For those

rainforest species that have evolved with constant high

relative humidity values, these new range of humidity

values could be expected to provide physiological barriers

for germination and growth.

Saturation Deficit

The clearcut area demonstrated consistently higher

saturation deficit values than the forest, and the range

of saturation deficit values was much greater in the

clearcut area. The overall saturation deficit range for

the clearcut area was 12.03 mm, and 9.19 mm for the

forest. The mean monthly saturation deficit range for the

clearcut area was 1.6 mm, and 1.2 mm for the forest.

The higher saturation deficit values in the clearcut

area represents greater water stress to the plants. Many
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rainforest species are very sensitive to water stress and

their growth may be inhibited by the clearcut environment.

Air Temperature, Relative Humidity and Saturation Deficit

The forest environment had consistently lower daily

and monthly air temperatures and a higher relative

humidity than the clearcut area. Similarly, the satura

tion deficit values were greater in the clearcut area than

in the nearby forested environment. The monthly and daily

saturation deficit values followed a similar curve as that

for air temperature.

On a sunny day, the air temperature was consistently

5°C warmer in the clearcut area and the daily fluctuation

was considerable greater than in the forest. Similarly,

the relative humidity was always lower in the clearcut

area and had a precipitous midday drop as compared to the

forest environment.

On a rainy day, the air temperature and the relative

humidity values in the forest exhibited very little

change. In the clearcut environment, both of these vari

ables exhibited much more variation in relation to the

vagaries of the weather.

Rainfall

Rainfall was the only climatic variable studied

which exhibited no significant difference between the
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means or the variance for the forest and the clearcut

area. An extrapolation from the forest and clearcut rain

fall gauges indicates that the total annual rainfall

ranged from 2000 rom to 2650 rom over this year.

soil Moisture

There was a significant difference between the means

and variance for the soil moisture values between the

forest and clearcut area. The mean monthly soil moisture

potential values in the clearcut area was normally 3 times

higher that of the forest, and the range was 12.5 times

greater.

The mean monthly values for soil moisture potential

in the clearcut area ranged from a low in January of 1.1

bar to a high of 0.3 bar in March, October and November.

The monthly mean soil moisture potential for the forest

was very stable with a constant low soil moisture poten

tial of 0.4 bar from January through February, and the

high of 0.5 bar from March through December.

Though there were measurable differences in the soil

moisture values, the plants were not exposed to sig

nificant water stress in either the forest or clearcut

areas. The soil moisture apparently was near field capa

city in the forest throughout the study year, and it fluc

tuated only slightly in the clearcut area.
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Rainfall and Soil Moisture

There was a considerable amount of variation in

monthly rainfall over this annual monitoring period. The

forest soil moisture potential was 3-4 times less negative

than in the clearcut soil and reflected the buffering ef

fect of the forest canopy. This resulted in an constant

soil moisture environment of low water stress in the

forest. Variations in the soil moisture potential were

reflected in the clearcut soil but not in the forest soil.

However, the soil moisture in the clearcut area never

reached a point that would constitute actual water stress

for the plants.
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CHAPTER 5. SUMMARY

ABSTRACT

The recovery of lowland rainforest vegetation on the

Island of Hawaii was evaluated 2 years after clearcutting.

Rainforest quality was assessed with regeneration success

associated with the environmental changes.

Sixty-three percent of the 57 vascular species in

the forest were native to the Hawaiian rainforest.

Phanerophytes were the most important life form: within

this group nearly 80% of the importance was accounted for

by Metrosideros polymorpha, Psychotria hawaiiensis,

Psidium cattleianum and Cibotium glaucum. The presence of

Psidium and other alien species demonstrated some earlier

disturbances had occurred in selected areas prior to the

clearcutting.

Two years after clearcutting (1987), only 24% of the

101 species coming into the clearcut area were native.

the shrubs, were the dominant life forms. The dominant

life form was the micro- and nano- phanerophytes which

were represented by Pipturus albidus, a native rainforest

shrub or tree, and four non-native shrub species, Pluchea

symphytifolia, Clidemia hirta, Buddleia asiatica and Rubus

rosifolius.

Metrosideros polymorpha, the dominant tree in the

native forest, was successfully regenerating from seed
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across the clearcut area. The forest seedbank analysis

also demonstrated that Metrosideros, along 'with the seeds

of important exotic species colonizing the clearcut area

were present in the forest soils.

The forest and clearcut species had a high rate of

correlation with the elevation gradient. The underlying

lava flows strong influenced past and present vegetation

associations across this landscape. In the clearcut area,

the degree of compaction and distance from the forest were

critical factors determining the composition of recovering

vegetation.

The microclimate variables of soil temperature, air

temperature, soil moisture, relative humidity, solar

radiation, and saturation deficit were significantly

altered due to the effects of clearcutting. Poor germina

tion and growth success of native rainforest species may

be attributed to this change, in conjunction with the com

petition from heliophytic weedy species.

This native forest is not pristine, but unique in

stature, in complex of cohort stands, and in position on

the landscape. It is extremely prone to species composi

tion shift following perturbation, due to the presence of

the weed seedbank in the forest seedbank as demonstrated

in the dominance of these species across the clearcut

area.
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INTRODUCTION

From 1983 to 1985, over 900 acres of relatively un

disturbed tall-statured native lowland rainforest was

clearcut from the gentle southeastern slopes of Kilauea

volcano on the island of Hawaii. This kindled a con-

troversy over the use and resilience of the native forest

ecosystems. A debate arose over the ability of the native

Hawaiian rainforest ecosystem to recover from this anthro-

pogenic disturbance, particularly in the presence of many

aggressive naturalized alien species.

Tropical rainforests have been used for shifting

agriculture and the extraction of minor forest products

for 1000's of years. However, they have been noted to

~ack the adaptations to respond to substantial

anthropogenic disturbance (May, 1978). Although well

adapted to persist in the relatively predictable environ

ments in which they have typically evolved, these complex

ecosystems were found to be less resistant to the large

scale disturbances wrought by technological man than were

relatively simple and dynamically robust systems.

The reasons put forth for their fragility include

the lack of colonizing ability by the primary species,

poor synchronization of reproduction, large and fleshy

fruits adapted to animal dispersal, and a narrow tolerance

of environmental change. May (1978) further reported a
.

tendency of selection for long-term competitive ability in
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tropical trees, rather than weed-like opportunism and

adaptability. One consequence is that seeds would tend to

have little or no dormancy period, being adjusted to

germination in the forest environment.

This does not infer that the rainforests are not

adapt-ed to disturbance of other forms. Whitmore (1974)

and Webb et al (1972) have documented periodic disturbance

cycles as an integral part of stand development in tropi

cal rainforests. Lebron, (1977), and Crow, (1980),

amongst others, have demonstrated that tropical succession

following periodic disturbance events is initiated by na

tive primary species.

Kellman (1980) illustrated that the earliest stage

of succession in tropical environments is generally

dominated by weed species. While these weeds often appear

to be ephemeral in the overall course of succession,

Kellman (1972) believes that they may exert an important

effect by containing many of the species which will play

an important role in the composition of later successional

stages.

In many situations, the species of most successional

stages were already present in the environment. These may

be fast growing tree species, seedlings or sporelings and

remnant root stocks and may partially control what may

subsequently participate in that succession. Kellman

(1972) found a major dichotomy between successions on
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sites where a woody component persists in the invading

weed vegetation as compared to those sites where dis

turbance has eliminated the remnant woody component.

stocker (1981) concluded that the floristic

stability following disturbance was closely linked with

the ability of species to coppice. He concluded that the

perturbations that limited coppice development would

create a very altered vegetative community.

Studies by Auclair and Cottam (1971) and Gomez-Pompa

et al (1972) indicated that a major consequence of

anthropogenic dissection of the forest was the alteration

of seed dispersal patterns. It was argued that this af

fects composition, structure, and successional development

of remnant patches and the regional ecosystem. Wales

(1972), Ranney (1977), and Ranney et al (1981) have docu

mented the difference in species composition and structure

between the forest edge and the forest interior and showed

that where the recolonization of a clearcut area is the

product of an invading forest edge, the species composi

tion increasingly reflected a dominance of edge-adapted

species.

Kellman (1980) predicted that an increasingly

homogenized herbaceous weed flora with extended seed

dormancy capabilities will develop throughout many parts

of the tropics. In situations where the invasion of

secondary tree species is likely to be a much-delayed and
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patchy process, he predicts that extensive parts of the

tropics may be covered by floristically depauperate and

quasi-stable communities of grasses, forbs, and shrubs

(such as Imperata spp.).

On the other hand, species composition is generally

thought to be relatively insensitive to soil charac

teristics in tropical forests. In their studies involving

soil-vegetation relationships, Knight (1975) and Harcombe

(1980) concluded that, in the absence of continued dis

turbance over time, the tropical plant community will not

be permanently deflected.

The question at hand for this study was whether the

"species-poor" Hawaiian forest flora possesses the ability

to recreate another primarily native forest ecosystem on

this site. This requires native pioneer species with sig

nificant competitive attributes to direct a native path of

succession barring continued disturbance.

Many types of impacts can be found from the activity

of alien species on native ecological processes in

Hawai'i. Smith (1985) believes the most common impact was

displacement when weeds colonized disturbed sites and oc

cupy them before the slower growing native species can be

come reestablished. He also found that the aggressiveness

of herbaceous weeds spreading vegetatively precluded the

establishment of larger growth forms unless they were

present in the field at the time of abandonment.
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After studying the vegetation of the southeastern

corner of Q'ahu, Egler (1939) proposed that in the absence

of continued disturbance native Hawaiian plants would

eventually replace the alien plants which dominated the

area. His hypothesis could not be fUlly tested since many

of Egler's study sites were converted to residential lots

(Lamoureux, 1985b). Hatheway (1952) arrived at similar

conclusions as did Egler based on his research at

Mokule'ia, in north-western O'ahu. Wirawan (1972)

restudied Hatheway's plots and found that the proportions

of native and alien plants twenty years later had general

ly remained the same and in some cases the proportion of

aliens had actually increased.

Research Hypotheses. In order to evaluate the success of

the lowland tropical rainforest to regenerate following a

clearcutting operation, the following hypotheses were put

forth.

1. Most invading species will be alien following the

clearcutting activity, with some native species

participating in secondary succession.

2. Clearcutting activities will leave a mosaic of soil

patterns which will influence the patterns of re

establishing vegetation.

3. There will be a significant shift in the micro

climate following clearcutting which will inhibit

establishment of the native understory species.
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Research Objectives. The following research objectives

were put forward to test the stated hypotheses.

1. Analyze regeneration patterns across the clearcut

area in relation to the microhabitat mosaic and to

the seed sources.

2. Evaluate the relationships between the native and

alien .species revegetating the clearcut area.

3. Compare the structure and composition of the early

successional community in the clearcut area to the

adjacent native lowland rainforest.

4. Document any encroachment of alien species from the

clearcut area into the intact forest. .

5. Document the potential contribution that the forest

seed bank could make to the early composition of

the invading vegetation.

6. Document the microclimatic shift that resulted from

the clearcutting of the lowland Hawaiian rain

forest.

7. Provide a baseline matrix of vegetation and habitat

values that will support repeated analyses of the

successional dynamics over time.

Research site.

The study area is located in the Puna District in

the southeast quadrant of the Island of Hawaii (see Figure

5-1). This research was completed over one square kilo-
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Figure 5-1. Location of the Research site
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meter on a gentle (5-7%) southeast slope of Kilauea vol

cano over an elevational range of 430 m to 480 m. The up

per third of this study area was covered by indigenous

lowland rainforest while the lower two thirds had been

clearcut in 1983. Data were collected from March 1987 to

October 1987.

Rainfall maps in the report by Giambelluca et al

(1986) indicate a mean annual rainfall of 3055 rom for this

area. The climate diagrams (Figure 5-2) for the forest

and clearcut areas show that the monthly rainfall is well

distributed throughout this year (1987). The air tempera

ture at the micrologger station in the clearcut area

showed a range from 18.7 ·c in January to 22.3 ·c in Au

gust. In the forest, the air temperature ranged from 17.3

·c in January to 21.1 °C in August and September. During

the period of this study, the relative humidity ranged

from 64% to 94% with a yearly mean of 86%. The prevailing

winds are northeast trades.

This is a volcanically active area characterized by

young native forests. Some of the forests may represent

the first generation stands of primary succession since

the last lava flow. There is an underlying geologic

matrix of different 'a'a lava flows which are suggested to

be on the order of 350-500 years old (Lockwood 1985).

The forests are supported by thin organic soils

which cover the young volcanic landscape. An early soil

332



1817 :lila' ...
Kalapana Site - Forest

Temp (oCI Rainfall (mm)
~ ~

ro ~

eo 300

00 100

40 80

30 eo
20 L .....-...----t-..--+-~----+- ..........._J 40

10 20

o 0
J F M A M J J A SON 0 J

Monrhs of the Year
-+- Temcera'ur. _ Raln'all Rainfall. lOOmm _

Rainfall (mml 700

Kalapana Site - Clearcut
1817 :l00_ ...

Temp (oCI
eo
ro ~

eo 300

50 100

40 80

30 eo
20 L .....-~- ........--+-.-..-+-------.-_--t 40

10 20

o 0
J F M A M J J A SON 0 J

Monrns of the Year
-+- Temc,ra'ur. _ Rainfall Rainfall. lQOmm _

Figure 5-2. Climate Diagrams of the Forest and the CIearcut Area

333



classification (USDA 1955) identified the study area as

Rockland 'A'a lava. This soil type describes a lithosol

with Ola'a or 'ohi'a soil material which is characteristi

cally found in areas with rainfall of about 1905 mm per

year in an elevation range of 244 to 412 m.

METHODS

The methods applied for the study of the vegetation

and habitat across the clearcut area were fUlly described

in Chapter 2. The methods used to analyze the vegetation,

seed bank and exotic encroachment into the forest were

discussed in Chapter 3. The methods applied to discern

the alteration in microclimate associated with the clear

cutting activity were detailed in Chapter 4.

The results from the research chapters were brought

together for comparative analysis in this summary chapter.

In particular, the differences in the species importance

values and the shift in life form spectra were used to

compare the regenerating vegetation in the clearcut area

to the composition and structure of vegetation in the

forest.

RESULTS (by objective)

Objective 1.- Analyze regeneration patterns across the

clearcut area in relation to the microhabitat mosaic

and to the seed sources.
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Two years following the 1985 clearcutting operation,

much of the site was still devoid of any vegetative cover.

The majority of the'quadrats had 5% to 45% barren rock

cover. The intensity of disturbance was evidenced through

the bulldozing of stumps, clearing of slash, and compac

tion of the soil. The microhabitat characteristics ex

erted a strong determining factor on the initial composi

tion of the re-establishing vegetation.

The disturbance factors were randomly assorted

across the site. The species and species clusters

colonizing the cutover area were found to be responding

either to a distance gradient, a habitat disturbance

gradient, or both. Only two of the 30 most important

species, Sphenomeris chinensis and Castilleja arvensis,

were randomly distributed in relation to all of these

variables.

However, 11 of the 30 most important species on the

site were found to be significantly correlated to the ac

tual transects across the study area. These species

therefore were separating out by factors other than the

microhabitats created through the recent disturbance, but

apparently responding more to the underlying substrate of

different lava flows, species dispersal properties and

distance to seed sources.

Most of these microhabitat-independant distributions

were apparent with alien species, primarily because most
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of the native species exhibited low frequency and cover

values and were only found in the rare pockets of rela

tively undisturbed microhabitats.

stumps were bulldozed and wind-rowed on more than

half of the study site and were left standing on the

remaining part. In the areas where the stumps remained,

the native species were abundant and alien species were

less common. The native species of cibotium chamissoi,

Pipturus albidus and the naturalized fern Nephrolepis mul

tiflora were positively correlated with the presence of

stumps. Pluchea symphytifolia, one of the primary invad

ing alien species, was selectively encountered where the

stumps had been wind-rowed.

Residual 'ohi'a slash from the chipping operation

covered an average of 5-25% of the study plots. While

many alien species such as Nephrolepis multiflora and

Pluchea syrnphytifolia were not found where there was slash

from the clearcutting, native species like cibotium

glaucum and Pipturus albidus were preferentially found

where there was abundant slash.

Ninety percent (90%) of the surface was compacted to

some degree, with nearly 20% severely compacted. In areas

of high soil compaction, the number of alien species in

creased while both the number and percent cover of native

species decreased. Surface substrate covered with smaller

rocks (highly compacted) was positively correlated to high
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cover values of the shrub Pluchea syrnphytifolia and the

grass Andropogon virginicus. The tree, Psidium

cattleianum, the native shrub Pipturus albidus and tree

fern Cibotium glaucum were positively correlated to areas

where large rocks were still present on the ground.

Increased distance from the forest edge was strongly

correlated to increased cover of alien species. Twelve

species were significantly correlated with distance to the

forest edge. This was a strong influencing factor in the

reestablishment of the forest species, Metrosideros

polyrnorpha and Nephrolepis multiflora, whose presence and

cover values decreased with distance from the forest edge.

Four exotic and one native species demonstrated

cover values which increased with distance from the forest

edge. The native species was a sedge, Machaarina

angustifolia, that was not encountered in the adjacent

forest. The other three species, Buddleia asiatica,

Youngia japonica, Cyperus rotundus, and Conyza bonariensis

were further characterized by their preference for drier

heavily disturbed sites.

Pipturus albidus, Rubus rosifolius, Buddleia

asiatica and Pityrogramma calomelanos were positively cor

related to the transects on the eastern side of the study

site, which is the closest to existing disturbances and

hence a source of alien seeds. Of the seven species which

were positively correlated to the western end of the study
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area, the presence of two phanerophytes, Psidium

cattleianum and cibotium chamissoi may exert the strongest

role in the long-te'rm floristic composition.

Principal component analysis produced seven species

clusters at the 50% distance cutoff. In addition to the

species, most of the species clusters sorted independently

of the distance variables. This provided further indica

tion that the habitat variation exhibited a stronger in

fluence in determining the patterns of vegetation inva

sion. One cluster included a mixture of 50 species, both

exotic and introduced. This group was negatively corre

lated to a transect gradient away from the source of dis

turbance, and was negatively correlated to slash on the

ground.

An important species cluster was made up of three

shrub species, of which Buddleia asiatica and Rubus

rosifolius were strong exotic invaders and Pipturus al

bidus was the only native woody species which behaved like

a invader. This cluster was most strongly correlated to

different transects, which inferred there was a spatial

distribution across the study site with the highest con

centration closest to the source of seed supply.

One species cluster was comprised of Clidemia hirta

and Psidium cattleianum, both woody plant species which

are known to have a long-term successional persistence.

This cluster was negatively correlated to percent cover of
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rock and found where the vegetation is more dense on the

west side of the site.

Principal component analysis produced 11 quadrat

clusters at the 55% similarity cutoff. Seventy percent

(70%) of the quadrats fell into one large cluster, which

did not significantly deviate from the mean for any of the

habitat variables. The rest of the quadrat clusters had

different patterns of deviation from the means of the

habitat variables. This indicated the strong influence

that habitat variation played in determining the pattern

of invading vegetation.

The analysis of the forest soil seed bank showed

evidence of the presence of a diverse and viable seed bank

~hat could supply the source of most of the alien species

represen~ed in the clearcut area. Among the alien

species, Clidemia hirta, Buddleia asiatica, Rubus

rosifolius, Psidium cattleianum, Pluchea symphytifolia,

Ageratum conyzoides and other composites were well repre

sented. Among the native species, only Metrosideros

polymorpha and Pipturus albidus were well represented.

Most of the cut-over vegetation originated from seed

that was already in place, thus the cutover succession

started from an initial floristic composition as described

by Egler (1954). Although only 28% of the total species

composition of the adjacent clearcut area were represented

in the forest soil bank, this group of species represented
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70% of the total importance values for all species. The

other 72% of the species colonizing the cut-over area

(representing 30% of the importance values) were coming in

as "relay floristics".

objective 2.- Evaluate the relationships between the na

tive and alien species revegetating the clearcut area.

The two most important species in the clearcut area,

the shrub Pipturus albidus and fern Nephrolepis multi

flora, are the major components of the forest, and were

generally found together.

Metrosideros polyrnorpha, the dominant tree species

in the native forest, was the only native tree actively

regenerating in the clearcut area. 'Ohi'a seems to be in

dependent, neither associating itself with habitat vari

ables or other native or exotic species. Its distribution

was similar to the native tree fern cibotium glaucum and

understory fern Pityrogramma calomelanos, and tended to be

absent where the alien invader, Clidemia hirta and the na

tive sedge Machaerina angustifolia were found.

Native and alien species don't always avoid each

other. The native tree fern Cibotium glaucum was often

found with the main alien competitor for the overstory,

Psidium cattleianum. However, this tree fern is not found

with another predominant alien shrUb, Pluchea

syrnphytifolia or the grass Schizachyrium condensatum. The
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other common native tree fern species, Cibotium chamissoi,

has a similar set of associations, being positively corre

lated with Psidium cattleianum and Clidemia hirta, and

negatively correlated with Pluchea symphytifolia.

The only native shrub which successfully invaded the

disturbed area was pipturus albidus. It was found with

the fern, Nephrolepis multiflora, as well as two other

principal invading alien shrub species, Rubus rosifolius

and Buddleia asiatica. Nephrolepis multiflora, which

forms much of the ground cover in forest openings, was ab

sent from areas where the alien shrub Pluchea

symphytifolia was found.

Clidemia hirta was generally found with Psidium

cattleianum, Paspalum conjugatum and Cyperus rotundus.

These species appear to reflect an association which may

have preceded the disturbance.

objective 3.- Compare the early successional community in

the clearcut area to the structure and composition of

the a~jacent native lowland rainforest.

A comparison of the structure and composition of the

vegetation in the clearcut area to that in the forest

demonstrated numerous differences. The analysis repre

sents at this point in time, an early stage of the

secondary succession of the clearcut forest. This is the

necessary baseline for elucidating the long-term dynamics
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associated with the re-establishment of vegetation in this

area. The composition and structure of the invading vege

tation will not remain constant over the years. Replicate

studies over time will be necessary to fUlly document the

longer term successional dynamics over this site.

General comparison of Vegetation. There were sig

nificant differences in the number of species and the rel

ative percentage of native versus alien species between

the forest and clearcut area. The forest plots yielded a

total of 57 species from a sampled area of 2880 m2• The

clearcut area included 101 species from a total sampled

area of 1792 m2.

Sixty three percent (63%) of the species in the

f9rest were native Hawaiian rainforest species. Of the 30

species ~ith the highest importance values, 70% were na

tive species. In comparison, only twenty-one percent

(21%) of the 101 species colonizing the cutover area were

native. Of the 30 species with the highest importance

values in the clearcut area, only five species (17%) were

native. Thus while the clearcut area represents a more

diverse assemblage of species, most of these were alien

species whose effect and longevity in the system is not

yet known.

The two most important species, in terms of cover

and frequency, that were successfully becoming

reestablished in the clearcut area were species common to
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the rainforest. This includes Pipturus albidus, a native

forest sUb~canopy species that has adapted to react as a

pioneering shrub that can quickly colonize open ground

following a disturbance. The common forest understory

fern, Nephrolepis multiflora, was also readily able to

colonize the newly clearcut habitat, but it was more

restricted to less disturbed and compacted microhabitats.

Four exotic shrubs Rubus rosifolius, Pluchea

symphytifolia, Clidemia hirta and Buddleia asiatica have

played an important role in revegetating this landscape.

The alien tree species, Psidium cattleianum, was also well

distributed throughout the site and represents a long-term

threat for re-establishment of the native lowland Hawaiian

rainforest. Psidium cattleianum was the third most im

portant tree species in the adjacent forest, after

Metrosideros polymorpha and Psychotria hawaiiensis.

Importance Values of Species in the Forest and Clearcut

Area. The importance values from which the species were

compared (see Table 5-1) were generated differently in the

clearcut area and forest. In the clearcut area, frequency

and cover values were obtained in 112 16 m2 quadrats,

which sampled a total of 1792 m2• The importance values

(I.V.) were the average of the relative frequency and

cover values. In the forest, frequency and cover values

were similarly obtained, but using 16 100 m2 quadrats

which sampled a total area of 1600 m2• The I.V.'s were

343



~._.

Table 5-1. Comparison of the Species Ranks and Importance Values
for the Forest and the Clearcut Area

I.V~
1 9LEARCUT4

SPECllS RANK RANK I.V.3 RANK LV. 5

Psid catt 1 5.21 3 17.68 8 3.92
Neph mult 2 5.13 - - 2 6.99
Cibo glau 3 5.07 4 10.89 17 2.08
Frey arbo 4 4.99 - - 82 .06
Metr poly 5 4.87 1 27.55 11 2.59
Cibo cham 6 4.87 5 8.42 30 .78
Psyc hawa 7 4.87 2 23.58 42 .36
Aden tama 8 3.78 - - - -
Pepe spp. 9 3.71 - - 49 .25
Chri dent 10 3.67 - - 9 3.60
Anti piat 11 3.49 6 4.90 55 .16
Alyx oUv 12 ;'l.47 - - 47 .29
Ophi pend 13 3.35 - - - -
Opel hirt 14 3.23 - - 23 1.13
Pleo thun 15 3.23 - - 65 .14
Cyrt palu 16 3.21 - - 48 .26
Rubu rosi 17 2.95 - - 3 6.76
Spat pUc 18 2.81 - - 16 2.14
CUd hirt 19 . 2.58 - - 5 6.17
Elap spp. 20 2.42 - - - -
Lyco cern 21 2.22 - - - -
Arun gram 22 2.16 - - 15 2.15
Ps!l nudu . 23 2.08 - - 63 .14
Aspl nidu 24 1.51 - - - -
Psid guaj 25 1.25 7 2.54 34 .58
Brou argu 26 1.07 - - - -
Wiks elon 27 .91 12 .38 - -
Hedy coro 28 .89 - - 32 .65
Blec occi 29 .85 - - 46 .31
Dios sand 30 .81 8 1.87 67 .13
Pipt albi 31 .77 9 1.23 1 7.05
Myrs less 32 .75 - - 80 .06
Cocc ferr 33 .73 - - - -
Elap cras 34 .65 - - 31 .72
Pasp conj 35 .55 - - 13 2.44
Copr menz 36 .55 10 .38 56 .16
Dios pent 37 .48 - - 86 .05
Dicr line 38 .34 - - - -
Desm sand 39 .30 - - - -
Gard remy 40 .30 - - - -
Mel! minu 41 .30 - - 58 .16
Pter aqui 42 .30 - - 39 .39
Meco recu 43 .30 - - - -
Aleu molu 44 .26 11 .38 53 .20
Bego hirt 46 .26 - - 54 .16
Stac jama 46 .26 - - 40 .37
Ager cony 47 .• 26 - - 24 1.09
Adia hisp 48 .22 - - - -
Goul term 49 .22 - - - -
Ager ripa 60 .22 - - 83 .06
Sacc indi 51 .22 - - 20 1.58
Aste menz 52 .22 - - 94 .05
Cras crep 53 .18 - - 10 3.10
Ilex anom 54 .18 - - 97 .04
Cord frut 55 .18 - - 69 .16
Aspl lobu 56 .18 - - 77 .09
Cler parv 57 .18 - - - -

l~he forest ranks are based on analysis of 16 100 m2 quadrats.
- The forest I.V. is based on total species summary of presence

and density values
3_'The forest I.V. is based on tree species summary of presence.

density and dominance values
4 She clearcut ranks are based on analysis of 112 16 m2 quadrats.

- The clearcut I.V. is based on total species summary of
presence and density values
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calculated two different ways, the first using frequency

and cover for all of the species in the quadrats and

secondly with frequency, cover and dominance of the forest

trees in the quadrats.

Where trees are present and dominance can be in

cluded with frequency and cover into the computation, the

IV results are much more useful. Because the tree strata

was not yet developed in the cutover area, the dominance

figure was not a plausible measure for importance.

Psidium cattleianum and Nephrolepis multiflora were

the only two species in the top ten most important of both

the forest and the clearcut area. The most important

species in the clearcut area was one of the few successful

native pioneer species, Pipturus albidus. In the forest

Pipturus holds the modest importance rank of number 37.

The most important species in the forest, using just fre

quency and cover values (I.V.), is the naturalized alien,

Psidium cattleianum. When the dominance figures were fac

tored into the analysis of the trees, Metrosideros

polymorpha and Psychotria hawaiiensis show positions of

much greater importance than Psidium cattleianum in this

forest community. The importance position of Metrosideros

polymorpha was eleventh in the clearcut area.

For the top 30 forest species, there were only three

other species in the clearcut area which had similar

levels of importance. Rubus rosifolius and Clidemia hirta
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are shade tolerant alien species which were successful in

vaders of the Hawaiian rainforests. The forest fern,

Christella dentata, exhibited a similarly important role

in the clearcut area.

Comparative Life Form Values for Forest and Clearcut

Species. The life form charts (see Figure 5-3) were dev

eloped using the composite importance values (frequency

and cover only) for all species representing a given life

form in the forest (see Table 5-2) and the clearcut area

(see Table 5-3). The total importance of each major life

form type was actually quite similar between the forest

and the clearcut area. The differences became more evi

dent in the different sub-classes of the life forms be

tween the summed I.V.'s and the relative importance of na

tive to alien species.

The most important life form in the forest was the

phanerophytes. For the forest, the major class were the

sclerophyllous mesophanerophytes (P3), the subcanopy of

the rainforest. Within this group, Psidium cattleianum is

the most important, followed by Psychotria hawaiiensis and

Antidesma platyphyllum. The next most important SUbgroup

is the tree fern layer, with three native rosette micro

phanerophytes (P5). Then came the sclerophyllous macro

phanerophytes (PI), Metrosideros polymorpha and Diospyros

sandwicensis. This is followed by the large shrubs, the
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Forest Vegetation Life Form Spectrum
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Figure 5-3. Life Form Charts comparing the Vegetation
of the Forest and the Clearcut Area
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Table 5-2. Forest Plants Grouped by Life Forms

LIFEFORM MODIFIERS NIX SPECIES LV.

PHANEROPHYTES
P1 MA S N Metr poly 4.87
P1 MA S N Dios sand .81

P2 MA M X Aleu molu .26

P3 ME S X Psid catt 5.21
P3 ME S N Psyc hawa 4.87
P3 ME S N Anti plat 3.49
P3 ME S X Psid guaj 1.25
P3 ME S N Myrs less .75
P3 ME S N Copr sand .55
P3 ME S N Ilex anom .18

P4 MI M N Brou argu 1. Ql7
P4 MI M N Pipt albi .77
P4 MI M X Gard remy .3Ql
P4 MI M N Goul term .22

P5 MI ROS N Cibo glau 5.Ql7
P5 MI ROS N Cibo cham 4.87

P6 NA M X Rubu rosi 2.95
P6 NA M X Clid hirt 2.58
P6 NA M N Wiks elon .91
P6 NA M N Cler parv .18

CHAMAEPHYTES
C1 FRUT CAESP X Stac jama .26

C4 HERB SCAP X Ager ripa .22

C5 SUFF CAESP X Arun gram 2.16
C5 SUFF CAESP X Hedy caro .89

C6 SUFF SCAP X Desm unci .3Ql
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Table 5-2, continued.

CHAMAE-HEMICRYPTOPHYTES
CHl CAESP N C\Jrt pali 3.21
CHl CAESP X Pasp eonj .55
CHl CAESP X Meli minu .30
CHl CAESP X Bego hirt .26
CHl CAESP X Cord f'rut .18

CH2 REPT N Pepe spp. 3.71
CH2 REPT X Opli hirt 3.23
CH2 REPT N L\Jeo cern 2.22
CH2 REPT X Saee indi .22

CH3 ROS X Spat plie 2.81

GEOPHYTES
Gl RHIZ X Neph mult 5.13
Gl RHIZ X Chri dent 3.67
Gl RHIZ X Blee oeei .85
Gl RHIZ N Dier line .34
Gl RHIZ N Pter aqui .30
Gl RHIZ X Adia hisp .22
Gl RHIZ N Aspl lobu .18

THEROPHYTES
T2 SCAP X Ager eon\J .26
T2 SCAP X Cras erep .18

LlANAS
L2 SUFF N Fre\J arbo 4.99
L2 SUFF N AI\Jx oliv 3.47
L2 SUFF N Coee f'err .73
L2 SUFF N Dios pent .48
L2 SUFF N Aste menz .22

EPIPHYTiS
El HERB N Aden tama 3.78
El HERB N Ophi pend 3.35
El HERB N Pleo thun 3.23
El HERB N Elap spp. 2.42
El HERB N Psil nudu 2.08
El HERB N Aspl nidu 1.51
El HERB N Elap eras .65
El HERB N Meeo reeu .30
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Table 5-3. Clearcut Plants Grouped by Life Form

LIFEFORM MODIFIERS NiX SPECIES 1.V.

PHANEROPHYTES
Pl MA S N Metr poly 2.59
Pl MA S N Dios sand .13

P2 MA M X Melo umbe .33
P2 MA M X Aleu rnolu .20

P3 ME S X Psid catt 3.92
P3 ME S X Psid guaj .58
P3 ME S N Psyc hawa .36
P3 ME S N Anti plat .16
P3 ME S N Copr rnenz .16
P3 ME S N Ilex anorn .04
P3 ME S N Myrs less .06

P4 MI M N Pipt albi 7.05
P4 MI M X Pluc syrnp 6.66
P4 MI M X Budd asia 5.45
P4 MI M X Mela cand .10

P6 MI ROS N Cibo glau 2.08
P5 MI ROS N Clbo cham .78
P5 MI ROS N Sadl cyat .12

P6 NA M X Rubu rosi 6.76
P6 NA M X Clid hirt 6.17

CHAMAEPHYTES
Cl FRUT CAESP X Stac jama .37
Cl FRUT CAESP X Mirna pudi .15

C2 FRUT REPT X Drym cord .04

C3 HERB REPT X Poly avic .06

C4 HERB SCAP X Hype dege .21
C4 HERB SCAP X Ager ripa .06

C5 SUFF CAESP X Arun gram 2.15
CS SUFF CAESP X Cuph cart .94
05 SUFF CAESP X Hedy coro .65
C5 SUFF CAESP X Desm sand .43
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Table 5-3, continued.

C5 SUFF CAESP X Sper assu .15
C5 SUFF CAESP X Malv cora .06

C6 SUFF SCAP X Hypt peot .15
C6 SUFF SCAP X AscI cura. 11
C6 SUFF SCAP X Poly pani .06
C6 SUFF SCAP X Desm inca .06
C6 SUFF SCAP X Pier hier .04

CHAMAE-HEMICRYPTOPHYTES
CHl CAESP X Andr virg 5.35
CHl CAESP X Schi cond 2.25
CHl CAESP X Pasp conj 2.44
CHl CAESP X Cype halp 1.89
CHl CAESP N Mach angu 1.87
CHl CAESP X Cype rotu .82
CHl CAESP X Kyll brev .61
CHl CAESP X Kld l l nemo .43
CHl CAESP X Ludw ooti .43
CHl CAESP X Ludw palu .37
CHl CAESP N Cldrt palv .26
CHl CAESP X Bego hirt .16
CHl CAESP X Cord :frut .16
CHl CAESP X Meli minu .16
CHl CAESP X Fimb dich .10
CHl CAESP X Rldnc repe .06
CHl CAESP X Digi insu .05
CHl CAESP X Oxal corn .05
CHl CAESP X Pasp scro .05
CHi CAESP X Rhyn chin .05
CHl CAESP X Gnap japo .04

CH2 REPT X Sacc indi 1.58
CH2 REPT X Opel hirt 1.13
CH2 REPT X Comm di:ff .33
CH2 REPT N Pepe spp. .26
CH2 REPT N Isac dist .16
CH2 REPT X Seta grao .22
CH2 REPT X Axon comp .13
CH2 REPT X Cent asia .11

CH3 ROS X Spat plio 2.14
CH3 ROS X Plan majo .04
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Table 5-3, continned.

GEOPHYTES
Gl RHIZ X Neph mult 6.99
Gl RHIZ X Chri dent 3.60
Gl RHIZ X Pity calo 1.35
Gl RHIZ N Sphe chin .92
Gl RHIZ N Pter aqui .39
ci RHIZ X Blec occi .31
Gl RHIZ N Macr tore .14
Gl RHIZ N Aspl lobu .09

,

THEROPHYTES
Tl REPT X Cham pros .05

T2 SCAP X Cras crep 3.10
T2 SCAP X Cast arve 2.51
T2 SCAP X Youn japa 1.47
T2 SCAP X Ager cony 1.09
T2 SCAP X Cony cana .95
T2 SCAP X Cony bona' .81
T2 SCAP X Erec vale .31
T2 SCAP X Bide pilo .21
T2 SCAP X Torr asia .12
T2 SCAP X Sonc oler .10
T2 SCAP X Vern cine .05
T2 SCAP X Lact serr .05
T2 SCAP X Cera font .04
T2 SCAP X Emil fosb .04

LlANAS
L1 HERB X Pass foet .55
L1 HERB X Pass suba .12

L2 SUFF N Alyx oliv .29
L2 SUFF X Cocc gran .13
L2 SUFF N Frey arbo .06
L2 SUFF N Aste menz .05
L2 SUFF X Dios pent .05

EPIPHYTES
E1 HERB N Elap cras .72
E1 HERB X Pleo thun .14
E1 HERB N Psil nudu .14
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nanophanerophytes (P6), where the exotics Rubus rosifolius

and Clidemia hirta dominate.

The most important life form in the clearcut area

was also the phanerophytes, though here it was the tall

shrubs which were most important among the woody plants.

The major group over the clearcut entire area were the

large woody malacophyllous shrubs (P4), which accounted

for almost 20% of the total importance. The highest value

belonged to the only native member of this life form, Pip

turus albidus. This was closely followed by the two ubiq

uitous alien species, Buddleia asiatica and Pluchea

symphytifolia.

The importance of this tall shrub life form (P4) in

the clearcut area is further pronounced with the inclusion

of the next group of smaller shrubs, the nanophanerophytes

(P6). Here two more exotic shrubs, Rubus rosifolius and

Clidemia hirta account for 13% of the area importance.

Together, these five species of shrubs make up almost one

third of the total importance value for the clearcut area,

making this an extremely important cluster of similar life

forms (P4 and P6).

The chamaephytes were a relatively unimportant life

form group in both the forest and clearcut area. This

group was populated by eleven alien species. The only

life form that attained any prominence in this life form

group was the partially woody shrubs (C5) with about 5% of

353



the total life form values in both the forest and the

clearcut area.

The chamae-hemicryptophytes life form group was im

portant in both the forest and clearcut area. The im

portant class in the forest was the reptant (CH2) life

form, with Peperomia §RO., oplismenus hirtellus and

Lycopodium cernuum the most important in this sUb-group.

In the clearcut area it was the grasses and sedges .in the

caespitose (CH1) life form, a group of 21 species of which

the most important were Andropogon virginicus,

Schizachyrium condensatum, Paspalum conjugatum, Cyperus

halpan and Macharina angustifolia. The fern geophytes

(G1), were of equal importance, with Nephrolepis multi

flora and Christella dentata at the top of the list for

both areas.

The annuals, therophytes (T1 and T2), included fif

teen alien species in the clearcut area as compared to two

species in the forest. Both lianas (L1 and L2) and the

epiphytes (E1) were important only in the forest vegeta

tion, being populated primarily if not wholly by native

species dependent upon the architecture and development of

the mature forest.

'Qhi'£ regeneration. A total of one hundred and forty

four 'Ohi'a seedlings were counted in the sample of the

clearcut area. This extrapolates to an initial regenera

tion flush of 803 'ohi'a seedlings per hectare over the
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clearcut area two years following clearcutting. The

recruitment was from seed, and establishment success was

not correlated to any of the habitat disturbance vari

ables. The density of recruitment was greater with close

ness to the edge of the forest. Whether this reflects in

creased seed rain or an amelioration of the microclimate

is not known.

The density of 'ohi'a trees in the forest was 806

trees per hectare. The coinciding numbers of '5hi'a in

dividuals in the forest and clearcut area is interesting,

but the seedlings in the clear-cut area may not all sur

vive to maturity. It would be of considerable interest to

document the survivorship rates across the clearcut area

and the patterns of future recruitment.

The number of 'ohi'a seedlings that germinated from

the forest seed bank samples were 26 seedlings in the

light treatment as compared to 31 seedlings in the shade

treatment. This is particularly interesting as there were

no documented occurrances of '6hi'a seedlings in the

forest. It is noted that there is a sufficient density of

viable '6hi'a seeds in the soil to support a healthy wave

of '5hi'a regeneration. It is also noted that there must

be some disturbance or increased radiation for these seeds

to germinate and grow.
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Objective 4. Document any encroachment of alien species

from the clearcut area into the intact forest.

Although considerable variation is seen in the cover

values of the alien species in the forest; analysis of the

data matrix showed no statistical correlation to the

gradient of distance from the edge of the forest. The

evidence that the alien species are not "moving into the

forest" from the clearcut area may be explained in two

ways. One interpretation is that not enough time has

passed since the disturbance to allow the edge effect to

be represented by the release of increased cover of alien

species in the forest. Another interpretation is that the

proximity to the disturbance was not as critical to the

invasion of alien species as actual disturbance in the

forest itself. Areas where the forest had been disturbed

by selective cutting or pig damage had patches of alien

species colonizing the openings.

Objective 5. Document microclimatic shifts that resulted

from the clearcutting of the lowland Hawaiian rain

forest.

The removal of the tree canopy and associated dis

turbance to the soil had a significant impact on all of

the variables that were monitored except rainfall. The

means and variances between the forest and clearcut areas

for soil humidity, solar radiation, air temperature, rela-
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tive humidity and saturation deficit had statistically

significant differences. The mean soil temperature values

at 10 cm depth were' significantly different but not their

variance.

The forest canopy filtered out 85% to 92% of the to

tal monthly radiation over the year. The average total

daily radiation of the clearcut area was over 8 times that

under the forest canopy for the months of August and Feb

ruary. For example, the monthly sum radiation in August

for the forest was 64.87 cal cm- 2 min-1 and the clearcut

area was 543.54 cal cm-2 min-I. The monthly sum solar

radiation received under the forest canopy during the

eleven months of monitoring was relatively level as com

pared to the clearcut area.

The air temperature was consistently higher in the

clearcut area, and there were greater fluctuations due to

the lack of the bUffering effects provided by an overhead

canopy. The diurnal as well as the monthly range of air

temperature was less for the forest than for the clearcut

area. The average daily air temperature curves for the

forest area in August and February were very similar, the

main difference being the mean temperature itself. The

mean temperature in the clearcut area was 10% more than

that of the forest in the winter (18.95°C vs. 17.49°C) and

only 3% greater in the summer (22.29°C vs. 21.12°C).
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The soil temperatures at 10 cm d~p·til was buffered

from the more extreme fluctuations of the air temperature

above the ground. This was reflected by the lack of sig

nificant differences between the variances for the clear

cut and forest soils temperatures. The mean monthly

values of the forest soil temperature at 10 cm depth was

consistently around 2.5°C cooler than the clearcut soils.

The clearcut soils had a greater daily and monthly

amplitude of temperatures.

The average difference of monthly means between the

forest and clearcut area for air temperature at 1.5 m was

1.0°C and for the soil temperature was 3.9°C. On a daily

basis, the soil temperature curves remained consistently

~igher and less variable than the air temperature curves.

The soil. temperature peaks were 6 to 8 hours later than

the air temperature peaks.

The clearcut area had a greater range of relative

humidity values than the forest, and consistently lower

daily and monthly mean values. The mean monthly relative

humidity values for the clearcut area ranged from a high

of 83.5% in April to a low of 78.8% in December. The mean

monthly relative humidity for the forest ranged from a

high of 88.2% in January to a low of 84.2% in November.

The clearcut area not only had consistently higher

saturation deficit than the forest, the range of satura

tion deficit values was much greater in the clearcut area.
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The mean saturation deficit values followed a very similar

pattern as that for air temperature for both monthly and

daily values.

Rainfall was the only climatic variable that ex

hibited no significant difference between the means or the

variance for the forest and the clearcut area. The total

annual rainfall ranged from 2000 rom to 2650 rom extrapolat

ing frcm the clearcut and forest gauges.

The mean monthly soil moisture potential values in

the clearcut area ranged from 1.08 to 1.319 bars as com

pared to the forest where the range was from 0.397 to

0.455 bars. The monthly mean moisture potential for the

forest was very stable with a constant high moisture

potential. This indicates an extremely constant soil en

vironment of low water stress in the forest.

The intact forest interior demonstrated a highly

buffered environment compared to the area which was clear

cut. For most of the variables studied, both baseline

values and fluctuations around this mean were considerably

altered by removal of the forest canopy and other impacts

to the substrate.

Objective 6. Provide a baseline matrix of vegetation and

habitat values that will support repeated analyses of

the successional dynamics over time.
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A full set of vegetation and habitat data are now

available from the clearcut area as well as the adjacent

forest. This will enable the time series analyses to be

carried out in order to analyze the longer term succes

sional patterns and dynamics that will occur following the

conversion of the lowland rainforest.

DISCUSSION

This study documents the alteration of the physical

environment through the clearcutting activities, and pro

vides a snapshot of an early successional stage of revege

tation following disturbance. A compositional and struc

tural comparison of the forest and clearcut vegetation was

carried out. This information will serve as the baseline

for future studies on the dynamics of vegetation change at

this site. Periodic monitoring. and analysis will be

critical to fully document the long-term physical and

biological effects of clearcutting at this site.

The results of this study indicate that the likeli

hood of natural regeneration reproducing the lowland

Hawaiian rainforest with representative native species in

the canopy, sUb-canopy and ground cover at this site is

extremely low. Many of the invading species were alien,

with some native species participating in secondary suc

cession. It is important to note that some of the alien
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species, like Psidium cattleianum, were already well es

tablished in the existing forest that had been disturbed.

The clearcutting activities left a mosaic of soil

patterns which were important in the patterns of re

establishing vegetation. The microhabitats were randomly

distributed over the clearcut area. Most of the invading

plant species and species associations were shown to be

significantly correlated to these habitat variables.

One third of the species were significantly corre

lated to distance from the forest edge. Those species

that are found in the rainforest were generally found to

cluster closer to the edge of the remaining forest. The

cover values of Nephrolepis multiflora and Metrosideros

polyrnorpha significantly decreased with distance from the

forest e~ge. This was also true for five alien species,

three of which were grasses found in the forest, and two

ferns that are also commonly found in the forest.

For example, cibotium chamissoi, Pipturus albidus

and Nephrolepis multiflora were positively correlated with

the presence of stumps, While Pluchea syrnphytifolia, one

of the major alien species, was selectively encountered

where stumps had been bulldozed. Similarly, the degree of

compaction had a positive effect on Pluchea symphytifolia

while exhibiting a negative effect on the rainforest

species Pipturus albidus, Nephrolepis mUltiflora, cibotium

glaucum and cibotium chamissoi.
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One important species cluster was made up of the

dominant colonizing life form, Buddleia asiatica and Rubus

rosifolius were strong alien invaders and Pipturus albidus

was the only woody native species which behaves like an

alien invader. This cluster was most strongly correlated

to the transects, which infers a spatial distribution

across the study site with the highest concentration

closest to the alien seed source. This cluster was also

correlated to highly compacted surfaces with little slash

cover.

It was noted in all studies of the forest. as well as

during the analysis of the clearcut vegetation that there

was a strong correlation between many species and the

transect variable. The transects run downslope as do the

underlying lava flows. The assumption is that there is an

important effect of the underlying substrate and as

sociated cohort tree assemblages in the forest. The un

derlying lava flow pattern may also have had a similar ef

fect on species pattern across the clearcut area in addi

tion to the distance and site disturbance factors.

There was a significant shift in microclimate fol

lowing clearcutting. Seven microclimate variables were

monitored for comparison between the forest and the

altered environment of the clearcut area. Both means and

variances were significantly different for the variables

of solar radiation, air temperature, relative humidity,
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and soil moisture. The soil temperature means were sig

nificantly different but not the variance, and the rain

fall valueas were not significantly different for either

statistical parameter.

The alteration of the microhabitat in the clearcut

area will probably inhibit establishment of most native

understory species until a new forest is formed. Many

weedy species find the increased radiation, increased

temperature and decreased humidity a good growth environ

ment and would be expected to decrease in importance in

later stages of succession.

Lessons for Management

Ewel (1980a) predicted that suc

cessional ecosystems will be the dominant tropical eco

systems of the future. Thus we must improve our under

standing of how these ecosystems are put together, func

tion and change. Understanding the response of native

forests to disturbance and alien invasions is critical to

the future management of these systems.

The management guidelines for the Hawaiian lowland

tropical rainforest need to reflect clear planning objec

tives. If the objective is to maintain the present extent

and quality of Hawaiian lowland rainforests, existing

stands should not be cut or further fragmented. The

resilience of these ecosystems is limited, particUlarly in
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the presence of an abundant number of aggressive continen

tal species.

If the objective is to retain many representative

native species in the mixed composition of the regenerat

ing forest, alternative management implications can be im

plied from this study. The regeneration success of many

native species was highly correlated to the distance to

the forest edge rather than to the soil, thus the size and

shape of disturbance will be critical for their regenera

tion and growth. Highly compacted surfaces were almost

thoroughly lost to potentially long-lived alien graminoid

associations. If large areas are covered with ~hese as

sociations, disturbance regimes of periodic fires could

develop and sustain these systems.

stumps remaining standing following clearcutting

served as pockets of protected microhabitat for native

species. Native tree species other than Metrosideros and

many non-woody species were encountered only where stumps

had been left standing on the site. These pockets of na

tive vegetation may play an important role in the regener

ation and survival of many native species in this succes

sional complex of microhabitats.

Areas where residual '5hi'a slash was left on the

ground were correlated with higher numbers and percent

cover of native species. Microhabitats with slash were

positively correlated with the native species cibotium
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glaucum and Pipturus albidus, while such habitats were

negatively correlated with Nephrolepis multiflora and

Pluchea symphytifolia.

The evidence that lianas and epiphytes were found

only in the old forest suggests that the regenerating

forest will lack this sort of diversity for a long time.

Therefore successful regeneration will be dependant upon

having old forests nearby to ensure availability of seed

propagules at late stages of regeneration.

Recommendations for Future Research

Mueller-Domhois

(1985) stated that this cut-over operation had not yet

resulted in irreparable damage on these young volcanic

soils, and that total conversion to alien species at this

site was not inevitable. The baseline information col

lected for this research support this conclusion, and will

enable future monitoring of the advancing succession in

this disturbed Hawaiian lowland rainforest. Follow-on re

search to document the longer-term successional dynamics

will provide important insights into the functioning of

these disturbed systems. This can be used to enhance

guidelines for the long-term sustainable management of

these important and increasingly rare ecosystems.

Given the unusual dynamics of this vegetation, it

would be instructive to do follow-on studies to learn
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about the competitive interaction of Metrosideros polymor

pha and other non-native species. For example, '6hi'a re

generation appears to be successful now with 804 seedlings

established per hectare. The mortality rates and future

recruitment will need to be documented through continued

studies of the area.

Other fast growing pan-tropical weedy tree species

which now have appeared as scattered individuals across

the clearcut site include Melochia umbellata, Trema

orientalis, Cecropia obtusifolia and Paraserianthes fal

cateria. The role that these species will play in future

forest development should also be closely monitored.

Many studies document the dependence of rainforest

trees upon gaps for regeneration (Jones, 1955-56; Schulz,

1960; Whitmore, 1974; Hartshorn, 1978; Denslow, 1980;

Mueller-Dombois, 1987). It would be of ecological and ap

plied management value to document the regeneration re

quirements of Hawaiian tree species to gaps of different

configurations.
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Appendix 2-1

SPECIES LIST

DICOTS

1. APIACEAE
1. Centella asiatica (L.)

2. APOCYNACEAE
2. Alyxia oliviforrnis Gaud.

3. AQUIFOLIACEAE
3. Ilex anomala Hook. & Arnott

4. ASCLEPIADACEAE
4. Asclepias curassavica L.

5. ASTERACEAE
5. Ageratina riparia (Regel)

R.King & H. Robinson
6. Ageratum conyzoides L.
7. Bidens pilosa L.
8. Conyza canadensis (L.) Cronq.
9. Conyza bonariensis (L.) Cronq.

10. Crassocephalum crepidioides
(Benth.) S.Moore

11. Emilia fosbergii Nicholson
12. Erechtites valarianifolia

(Wolf) DC
13. Gnaphalium japonicum Thunb.
14. Lactuca serriola L.
15. Picris hieracioides L.
16. Pluchea symphytifolia

(Mill.) Gillis
17. Sonchus oleraceus L.
18. vernonia cinerea (L.) Less.
19. Youngia japonica (L.) DC

6. BEGONIACEAE
20. Begonia hirtella Link

7. BUDDLEIACEAE
21. BUddleia asiatica Lour.

8. CAMPANULACEAE
22. Clerrnontia parviflora

Gaud. ex A.Gray
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9. CARYOPHYLLACEAE
23. Cerastium fontanum Baumg.
24. Drymeria cordata (L.) Willd.

ex Roem. & Schult.

10. CECROPIACEAE
25. Cecropia obtusifolia Bertol.

11. CLUSIACEAE
26. Hypericum degeneri Fosb.

12. COMMELINACEAE
27. Commelina diffusa N.L.Birm.

13. CONVOLVULACEAE
28. Ipomea batatas (L.) Lam.

14. CUCURBITACEAE
29. Coccinea grandis (L.) voigt

15. EBENACEAE
30. Diospyros sandwicensis

(A. DC) Fosb.

16. EUPHORBIACEAE
31. Aleurites moluccana (L.) Willd.
32. Antidesma platyphyllum H. Mann
33. Chamaesyce prostrata

(Aiton) Small

17. FABACEAE
34. Desmodium cajanifolium

(Kunth.) DC
35. Desmodium incanum DC
36. Desmodium sandwicensis E. Mey
37. Mimosa pUdica L.
38. Paraserianthes falcateria

(L.) I. Nielson

18. GESNERIACEAE
39. Cyrtandra paludosa Gaud.
40. Cyrtandra platyphylla A. Gray

19. HYDRANGEACEAE
41. Broussaisia arguta Gaud.

20. LAMIACEAE
42. Hyptis pectinata (L.) Poit
43. Stachys arvensis L.
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21. LYTHRACEAE
44. Cuphea carthagenensis

(Jacq'.) Macbr.

22. MALVACEAE
45. Malvastrum coromandelianum

(L.) Garcke

23. MELASTOMACEAE
46. Clidemia hirta (L.) D. Don
47. Melastoma candidum D. Dun

24. MENISPERMACEAE
48. Cocculus trilobus (Thunb.) DC

25. MYRTACEAE
49. Metrosideros polyrnorpha Gaud.
50. Psidium cattleianum L.
51. Psidium guajava Sabine

26. MYRSINACEAE
52. Myrsine lessertiana A. DC

27. NYCTAGINACEAE
53. Pisonia sandwicensis Hillebr.

28. ONAGRACEAE
54. Ludwigia octovalvis (Jacq.) Raven
55. Ludwigia palustris (L.) Elliott

29. OXALIDACEAE
56. Oxalis corniculata L.

30. PASSIFLORACEAE
57. Passiflora foetida L.
58. Passiflora suberosa L.

31. PIPERACEAE
59. Peperomia §PR. Ruiz and Pave

32. PLANTAGINACEAE
60. Plantago major L.

33. POLYGALACEAE
61. Polygala paniculata L.

34. POLYGONACEAE
62. Polygonum aviculare L.

35. ROSACEAE
63. Rubus rosifolius Sm.
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36. RUBIACEAE
64. Coprosma menziesii A. Gray
65. Gardenia remyi H. Man
66. Psychotria hawaiiensis

(A. Gray) Fosb.
67. Spermacoce assurgens Ruiz & Pay.

Hawaiian Islands
Hawaiian Islands

Hawaiian Islands
Tropical America

37. SCROPHULARIACEAE
68. Castilleja arvensis

Cham. & Schlechtend. Tropical America
69. Torenia asiatica L. India

38. STERCULIACEAE
70. Melochia umbellata (Houtt.) Stapf Asia

39. THYMELAEACEAE
71. Wikstroemia sandwicensis Meisn. Hawaiian Islands

40. ULMACEAE
72. Trema oriental is (L.) Blume Africa

41. URTICACEAE
73. Pipturus albidus

(Hook. & Arnott) A. Gray Hawaiian Islands

42. VERBENACEAE
74. Stachytarpheta jamaicensis

(L.) Vahl Tropical America

MONOCOTS

43. AGAVACEAE
75. Cordyline fruticosa (L.) A. Chev.

44. CYPERACEAE
76. Cyperus halpan L.
77. Cype~Js rotundus L.
78. Fimbristylis dichotorna (L.) Vahl.
79. Kyllinga brevifolius Rottb.
80. Kyllinga nemoralis (J.R.Forster

& G.Forster) Dandy
ex Hutchinson & Dalziel

81. Machaerina angustifolia
(Gaud.) T.Koyarna

82. Rhynchospora chinensis
Nees & Meyen

45. DIOSCORACEAE
83. Dioscorea pentaphylla L.
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46. LILIACEAE
84. Astelia menziesiana Sm.

47. ORCHIDACEAE
85. Arundina graminifolia

(D. Don) Hochr.
86. Spathoqlottis plicata Blume

48. PANDANACEAE
87. Freycinetia arborea Gaud.

49. POACEAE
88. Andropogon virg1n1cus L.
89. Axonopus compressus (Sw.) Beauv.
90. Dactylis glomerata L.
91. Digitaria insularis

(L.) Mez ex Ekman
92. Isachne distichophylla

Munro ex Hillebr.
93. Melinus minutiflora P. Beauv.
94. Oplismenus hirtellus

(L.) P. Beauv.
95. Panicum maximum Jacq.
96. Paspalum conjugatum Bergios
97. Paspalum scrobiculatum L.
98. Rynchelytrum repens (Willd.) Hubb.
99. sacciolepis indica (L.) Chase
100. Schizachyrium condensatum

(Kunth) Nees
101. Setaria gracilis Xunth

50. ZINGIBERACEAE
102. Hedychium caronarium J. Konig

FERNS AND ALLIES

51. ADIANTACEAE
103. Adiantum hispidulum sw.

520 ASPLENIACEAE
104. Asplenium lobulatum Mett.

53. BLECHNACEAE
105. Blechnum occidentale L.
106. Sadleria cyatheoides Kaulf.

54. DAVALIACEAE
107. Nephrolepis multiflora

(Roxb.) Jarrett ex Morton
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55. DICKSONIACEAE
108. Cibotium glaucum

(J. Sm.) Hook. & Arn.
109. Cibotium chamissoi Kaulf.

56. ELAPHOGLOSSACEAE
110. Elaphoglossum crassifolium

(Gaud.) Anderson & Crosby

57. GLEICHENIACEAE
111. Dicranopteris linearis

(Burro.) Underw •

58. GRAMATIDACEAE
112. Adenophorus tamariscinus

(Kaulfuss)Hook.&Grev.

59. HEMIONITIDACEAE
113. Pityrogramma calomelanos

(L.) Link

60. HYPOLEPIDACEAE
114. pteridium aguilinum (L.) Kuhn

ssp. decompositum (Gaud.)
CHLamoureux

61. HYMENOPHYLLACEAE
115. Mecodium recurvum (Gaud.) Copel
116. Vandenboschia cyrtotheca

(Hbd.) Copel
117. Vandenboschia davallioides

(Gaud.) Copel

62. LINDSAEACEAE
118. Sphenomeris chinensis (L.) Maxon

63. LYCOPODIACEAE
119. Lycopodium cernuum L.

64. OPHIOGLOSSACEAE
120. opioglossum pendulum L.

ssp. falcatum Clausen

65. POLYPODIACEAE
121. Pleopeltis thunbergiana Kaulf.

66. PSILOTACEAE
122. psilotum nudum (L.) Beauv.
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67. THELYPTERIDACEAE
123. Christella dentata (Forsk.)

Brownsey & Jenny
124. Macrothelypteris torresiana

(Gaud.) Ching
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Appendix 2·2: SPECIES QUADRAT COVER MATRIX in the CLEARCUT AREA

CLEARCUT AREA ..• 4M X 4M QUADRATS
=========================================================================================================================
Transect '1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
Dist Class' 1 2 2 3 3 4 4 5 5 6 6 7 7 1 1 2 2 3 3 4 4 5 5 6 6 7.
Distance I 50 50 100 100 150 150 200 200 250 250 300 300 350 350 50 50 100 100 150 150 200 200 250 250 300 300 350 35
Quadrat I 0 180 0 180 0 180 180 0 0 180 0 180 0 180 0 180 0 180 0 180 0 180 0 180 0 180 0 18
HABITAT I · ..•...· - - ·.· ·· -- -.- - --_.
Substrate I 3 4 3 2 4 4 3 4 3 3 4 3 3 4 2 2 3 4 4 3 4 2 2 4 3 3 2
St~ '1 1 0 0 0 0 0 1 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1
Rock '5 5 5 7 4 3 5 5 4 7 6 7 4 5 2 2 6 2 5 3 5 7 7 6 7 4 6
Slash I 4 5 3 3 3 7 5 4 5 4 7 3 7 5 1 5 4 5 5 4 6 3 5 5 4 5 3
Compaction' 0 1 2 3 2 1 1 3 1 2 0 3 3 0 2 1 3 2 1 3 1 3 3 2 2 2 3
SPECIES·-~'·-·····-···················-·······-···--·· ....•.••--.- ••••.:.- .• -- •.•••• -.. - ..••..•.. - ..••.... - .. - ....•. -....
Ager cony , 3 . 3 2 2 3 3
Ager ripa I 3
Aleu molu I 3 5
Alyx oliv I 2 1
Andr vi rs I 3 3 5 4 5 .. 4 3 4 2 3 4 3 3 4 4 3 3 3 4 3
Anti plat I 4 3 1
Arun gram' 3 3 2 2 2 2 4 3 2
Ascl cura ,
Aspl lobu , 2

Aste menz I
Axon c~ ,
Bego hirt I
Bide pilo I 3
Blec occi ,
Budd asia I 3 3 3 3 4 2 3 4 4 3 4 2 2 4 3 4 3 4 3
Cast arve I 2 2 3 2 2 2 2 2 2 2
Cent asia I 3
Cera font ,
Cham pros I
,hri dent I 4 3 3 3 2 2 3 3 2 2
Ci!xJ cham I 4 3 1 3 3

c ibo glau I 4 4 3 1 5 3 3 4

Clid hirt' 4 3 5 6 5 2 5 4 4 4 4 6 4 5 3 4 5 5 5 4 5 6 6 4
Cocc gran I 2 1
Comn diff I 2 3 3 3
Cony bona'3 2
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Page: 1

:LEARCUT AREA

===============================================================================================:2=============================
1

6 6 7 7
300 300 350 350

o 180 0 180

2 2 222 222 2 2 2 222
11223344556677

50 50 100 100 150 150 200 200 250 250 300 300 350 350
o 180 0 180 0 180 0 180 0 180 0 180 0 180

3 3 3 3 3 3 3 333 3 3 3
1 1 2 2 3 344 5 5 667

50 50 100 100 150 150 200 200 250 250 300 300 350
o 180 0 180 0 180 0 180 0 180 0 180 0

_.---_ ... ---------------------------_.------------------------_.------.-----_ .. ----------------._------_._- .. _.._------------
4 3 3 4 2 2 3 4 4 3 4 2 2 4 3 3 2 2 3 3 4 3 4 3 2 2 3 3 3 3 4

1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1 0 1 1 1 1 0 0 0 0 0 0 0 1
6 7 4 5 2 2 6 2 5 3 5 7 7 6 7 4 6 6 3 3 4 7 4 4 7 4 4 6 6 5 3
7 3 7 5 1 5 4 5 5 4 6 3 5 5 4 5 3 3 3 4 5 4 4 4 4 3 3 5 4 4 5
0 3 3 0 2 1 3 2 1 3 1 3 3 2 2 2 3 3 0 2 1 1 0 1 3 3 2 2 2 2 1

------------------------_.._------._--------_ .. -----_.-------------_ ...._-------.--_._-._------ ..._---._-_ ...----------_._---
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Appendix 2-2: SPECIES QUADRAT COVER MATRIX in the CLEARCUT AREA

Cony cans 3 2 2 3

Copr menz 3 4
Cord frut 3 1
Cras crep 2 2 3 3 2 3 3 2 3 2 2 3 2 2 3 2 2 2
Cuph cart 3 3 2 3 2 2 3 3

Cype halp 3 3 3 2 3 2 2 3 4 2
Cype rotu 2 3 2 3 3

Cyrt palu
Desm inca 3

Desm sand 3 2 3

Digi insu 2
Dios pent
Dios sand 4 4

Drym cord
Elap cras 3 4 2 3

Emi I fosb
Emil sane
Erec vale 2 2
Eric hier
Fimb dich 3
Frey arbo
Gnap japo
Hedy coro 4

Hype dege 2 3 2
Hypt pect
Ilex anom
Isac dist 3 3

Kyll brev 3 2 4 2 2 3 3 3

Kyll nemo
Lact serr
Ludw octi 2

Ludw palu 3 3 2 2 3

Mach angu 3 4

Macr tone
Malv coro 3

Mela cand 3

Mel i minu
Melo l.mbe
Metr poly 5 3 3 2 2 2 2 2
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Appendix 2-2: SPECIES QUADRAT COVER MATRIX in the CLEARCUT AREA
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Appendix 2-2: SPECIES QUADRAT COVER MATRIX in the CLEARCUT AREA

Mimo pudi
Myrs less
Neph nul t 7 5 6 4 5 4 5 7 2 4 2 7 4 5 7 7 4 3 5 2
Opel hirt 3 3 3 4 3
axal corn
PIISP conj 3 4 4 3 3 4 4 7 7 4 4 4
Pasp scro
Pass foet 4
Pass subs 3 3
Pepe spp. 2 3 2
Pier hier 1
Pipt albi 4 5 3 4 4 4 3 5 4 4 3 4 4 2 4 3 5 4 4 3 4 4 6 6 4
Pity calo 3 3
Plan majo
Pleo thun 2 2
Pluc sYJlll 7 5 5 6 4 4 5 5 4 7 3 5 5 5 4 7 6 6 6 6 6
Poly avic 3
Poly pani
Psid catt 6 3 3 7 4 3 4 5 3 ~ 7 3 4 5 5 3 3 3
Psid guaj -3 4 3 3 2
Ps i I nudu 2 2
Psyc hawa 3 5 3
Pter aqui 3
Rubu rosi 4 3 5 4 5 3 4 2 4 2 4 4 4 3 5 4 4 2 4 4 4 6 4 5 4

Rync chin
Rync repe 3

Sacc incH 4 5 3 2 7 7 5 5
Sadl cyat 4

Schi cond 4 3 3 4 3 3 3 3 3
Seta grac 3
Sonc oler 2
Spat pl ic 3 3 4 3 3 3 1 2 3 2
Sper assu 2 3

Sphe chin
Stac jama 5

Torr asia 3

Vern cine
Youn japa 2 2 2 2 2 2 2 2
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APPENDIX 2-3 PCA and Clustering Procedures

Principal Component Analysis

Principal component analysis (PCA) was developed by

Pearson (1901) and refined by Hotelling (1933). It was

first applied to ecological data by Goodall (1954) in

species-by-species matrix analyses concerning Australian

scrub vegetation. PCA was welcomed as an especially ob

jective ordination technique. PCAgives ecologists a

technique in which ordination scores are derived from the

data matrix alone; the investigator does not supply

weights, endpoint selections, or anything else (Gauch,

1982) .

A further advantage is the simultaneous production

of species and sample ordination scores in one integrated

analysis. This gives a perspective that begins with the

community itself and, sUbsequently can incorporate en-

vironmental and other information. Unlike earlier methods

that accommodated only one to a few indicator species, PCA

enabled the "whole vegetation to be used for the indica-

tion and indirect measurement of environmental complexes"

(Goodall, 1954).

To solve peA, a secondary correlation matrix is com-

puted from the samples-by-species data matrix. Eigen

analysis is then performed on this matrix. For each PCA
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axis, this calculation produces an eigenvalue, which is

the variance accounted for by that axis. The axes are

ranked by their eigenvalues, the first PCA axis having the

greatest eigenvalue. In a typical community study, the

first three eigenvalues may account for 40-90% of the to-

tal variance. In other cases, particularly in large and

complex data sets, the first PCA axes may account for as

little as 5% of the total variance and yet be quite in-

formative ecologically (Gauch, 1982). The assessment of

PCA results must be in terms of ecological utility; mere

percentage of variance accounted for has not been found to

be a reliable indicator of the quality of the results

(Austin et al 1972).

The other product of eigenanalysis is an eigenvector

for each PCA axis. The number of values in an eigenvector

equals the size of the secondary matrix analyzed, these

values are the ordination scores for the samples. Prin-

cipal component analysis has a useful samples-species

duality as both are ordinated at the same time.

Several adjustments may be applied to the samples

by-species data matrix prior to eigenanalysis of the

secondary matrix. If no adjustment is applied, the PCA is

noncentered and the secondary matrix is a dispersion

matrix. If species are centered (through subtraction of

the species means) and then standardized to unit variance,

the analysis is termed centered and standardized PCA using
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a correlation matr5.x. For ordination purposes, centered

PCA and standardized PCA are commonly employed (Gauch,

1982). In the analysis performed on the clearcut area

data, centered and standardized PCA was used with the

secondary correlation matrix.

Cluster Analysis

Classification procedures group similar entities

into classes. Simon (1962) argues that hierarchical

structure is fundamental to most complex systems, thus our

interpretation of these systems must be structured hierar-

chically. Gauch (1982) asserts the advantages of a

hierarchical classification are that a single analysis may

be viewed at several levels, variously general or

detailed, and that relationships are expressed among the

entities classified.

There are three groups of hierarchical classifica-

tion techniques; monothetic divisive, polythetic divisive

and polythetic agglomerative. Monothetic divisive clas-

sification techniques begin with all the samples in a

single cluster and then divide them hierarchically into

progressively smaller clusters on the basis of presence or

absence of a single species (williams et al 1969). The

problems associated with the focus on individual species

were so widespread that such techniques are no longer

being used (Gauch, 1982). Polythetic divisive classifica
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tion techniques use information on all the species. They

begin with all samples together in a single cluster and

successively divide the samples into a hierarchy of smal

ler and smaller clusters until each cluster contains only

one sample or some specified small number of samples

(Gauch and Whittaker, 1981).

polythetic agglomerative classification techniques

also use information on all the species. They begin with

each sample assigned to a cluster with a single member and

agglomerate these in a hierarchy of larger and larger

clusters until finally a single cluster contains all the

samples. Classification techniques of this kind are

employed several times as frequently as all other kinds

combined (Sneath and Sokal, 1973) and a number of these

techniques exist.

Clustering methods also differ in how the distance

between two clusters is computed. Complete linkage

clustering, originated by Sorenson (1948), is a preferred

technique as it has been shown to produce tight clusters

of similar samples (Lance and Williams, 1967; Sneath and

Sokal, 1973; Hill, 1977). In complete linkage, the dis

tance between two clusters is the maximum distance between

an observation in one cluster and an observation in the

other cluster.
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Appendix 2-4. PCA Eigenvalues and Eigenvectors
a. Full Table Analysis or Quadrat Variables
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ltAUoPAD RBQB!IBBA~IOJr 8'fUJ)'f
ADLYSIS OJ' CIdWlCU't VBCJBD~IQJl

standardized Variable Values

Principal Component Analysi•

.Eigenvectors

PRINI PRIN2 PRIN3 PRn« PRINS
Q1 0.077977 -.113850 0.072798 0.128083 0.071128

Q2 0.077337 -.087128 0.131524 0.013189 0.090868

Q3 0.102415 0.082373 -.020954 0.117565 0.018247

Q4 0.079367 0.054259 -.143461 0.151530 -.066469

Q5 0.102986 0.065224 0.004388 0.017988 0.025681

Q6 0.027041 -.086446 0.154385 0.066538 0.166463

Q7 0.116031 0.047204 0.0308'0 0.064928 0.073713

Q8 0.054023 0.138060 -.133642 0.105063 0.11'782

Q9 0.10823' -.007882 0.058096 0.021973 -.158017

Q10 0.090738 0.110988 -.037610 0.043608 0.052291

Q11 0.080951 -.149942 0.136002 0.037648 0.040772

Q12 0.077756 0.119197 -.145344 -.039581 0.139150

Q13 0.111356 0.024539 -.021237 -.064543 -.002329

Q14 0.072448 0.009801 0.123081 -.070661 0.273564

Q15 0.077198 0.117454 0.006822 0.185816 -.173666

Q16 0.048366 0.12189;'. -.015634 0.1704'16 . 0.100633

Q17 0.104546 0.078864 C.005666 0.047306 -.062195

Q18 0.063852 -.052285 0.234123 0.039919 0.085030

Q19 0.116162 -.017717 0.060178 0.018801 -.064767

Q20 0.104226 0.062985 0.048918 0.179534 -.035704

Q21 0.104910 -.006764 0.093189 -.046726 0.131484

Q22 0.089909 0.155087 -.076246 0.029650 0.108070

Q23 0.080447 0.119624 -.139958 -.001068 0.103286

Q24 0.090601 0.074273 0.011861 -.070681 0.214631

Q25 0.112171 0.045585 0.019371 -.090195 0.043020

Q26 0.122566 0.009273 0.025414 -.023481 0.079653

Q27 0.088633 0.098254 -.022900 -.115632 0.005352

Q28 0.086137 0.144261 -.065033 0.075467 0.041246

Q29 0.090264 -.067688 0.181489 0.119442 -.009386

Q30 0.087329 0.016448 0.113703 0.193867 0.008853

Q31 0.103853 -.028380 0.121175 0.114930 0.034973

Q32 0.111824 0.009141 0.071325 -.004162 -.012468

Q33 0.075454 -.033233 0.217892 0.057270 -.111664

Q34 0.106619 -.060397 0.150440 -.003381 0.107138

Q35 0.090832 0.091819 -.002445 0.146639 0.053533

Q36 0.019800 0.185717 -.106372 -0.179113 -.082556

Q37 0.096057 0.150175 0.054350 0.030574 -.030832

Q38 0.111028 0.058608 0.073245 0.043881 -.012599

Q39 0.107056 0.090662 0.041554 0.023935 0.044947

Q40 0.078211 0.131520 0.010810 0.051434 0.003540

Q41 0.081575 -.032116 0.143445 -.087766 0.017429

Q42 0.062508 0.155330 -.080237 -.123073 0.072651

Q43 0.106128 0.052792 0.095243 -.047198 -.011523

Q44 0.115316 0.011926 0.099073 0.023425 -.003977

Q45 0.109468 0.028225 0.01l19~ 0.055973 -.038889

Q46 0.105514 -.050201 0.072561 0.004878 0.157493

Q47 0.078076 -.029270 0.155459 0.130097 -.008495

Q48 0.071048 -.002480 0.228662 -.004397 0.099006
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PRXUl PRIN2 PRIN3 PBXH4 JlBXB5
Q49 0.103080 0.093790 0.093166 0.100764 -.056462

Q50 0.107564 0.073138 0.098472 0.025995 0.044833

Q51 0.083123 0.095586 0.034163 -.131603 0.131809

Q52 0.103532 0.040250 0.103578 -.111484 0.004404

Q53 0.078233 0.110424 0.086310 -.204607 -.092489

Q54 0.088219 0.094386 -.015346 -.165327 -.042186

Q55 0.095231 0.006672 0.085397 -.161504 -.146921

Q56 0.091502 0.068693 0.004767 -.076243 0.067217

Q57 0.089138 0.080408 -.045796 -.071460 0.070135

Q58 0.069900 -.050800 0.102245 0.108514 -.006141

Q59 0.057442 0.142574 -.070337 0.181190 -.002750

Q60 0.085329 0.127853 -.056281 0.189819 0.066820

Q61 0.063684 0.141128 0.128773 -.020289 -.202390

Q62 0.104540 0.059352 0.057377 0.004988 -.243043

Q63 0.081979 0.168052 0.084551 -.018255 -.119006

Q64 0.099068 0.039284 0.120363 -.093114 -.019362

Q65 0.091199 0.136264 -.007582 -.177799 0.008933

Q66 0.093796 0.097739 0.096577 -.125348 -.100067

Q67 0.077390 0.093033 -.013384 -.216707 -.101546

Q68 0.087167 0.109725 0.041747 -.188314 -.078752

Q69 0.098175 0.050244 0.127544 -.153170 -.007089

Q70 0.096199 0.078663 0.014858 -.172103 -.030556

Q71 0.053279 0.092790 -.067854 0.096788 -.117608

Q72 0.076359 -.066456 -.011433 0.114320 -.187922

Q73 0.099275 -.047131 -.066251 0.148532 -.190690

Q74 0.112708 0.001589 -.097118 0.086204 -.042969

Q75 0.105619 0.026558 -.076779 0.059604 0.032764

Q76 0.116954 -.065904 -.061363 -.000388 -.037942

Q77 0.101497 0.042921 -.114145 -.140912 -.074225

Q78 0.102108 -.087620 -.087936 -.121615 -.11855.

Q79 0.109635 -.113809 -.069628 -.005974 -.032266

Q80 0.115919 -.078691 -.005164 -.046122 -.044997

Q81 0.097783 -.159860 -.058826 -.056970 0.002070

Q82 0.092203 -.020343 -.145450 -.099888 -.084797

Q83 0.085104 0.022398 -.136485 -.005311 0.008683

Q84 0.092112 -.191182 -.015351 0.013868 0.096124

Q85 0.076989 0.0;2827 -.104226 0.107150 0.154720

Q86 0.104328 -.029298 -.016274 -.004525 0.042385

Q87 0.107702 -.111497 -.071694 -.053502 -.130307

Q88- 0.079509 0.017941 -.lJlSOl 0.057749 0.016777

Q89 0.098943 -.197215 -.008805 0.030482 -.100606

Q90 0.111107 -.068546 -.087335 -.037885 0.050565

Q91 0.055517 -.030736 -.153546 --.090388 0.220691

(292 0.113439 -.081279 -.126952 -.003018 0.002579

Q93 0.103042 -.026628 -.169297 -.006246 0.113218

Q94 0.104698 -.123819 -.027357 -.068616 0.0669~2

Q95 0.091597 -.151426 0.124147 -.005752 0.101356

(296 0.084991 -.017111 -.069107 -.054676 0.154908

Q97 0.107159 -.102094 -.061535 0.030497 -.032663

Q98 0.100380 -.108650 -.054758 0.014679 0.032429

(299 0.114443 -.005183 -.032658 0.100798 -.075565

Ql00 0.100586 -.081726 -.114776 0.041091 0.014829

Ql01 0.106484 -.079372 -.064123 0.068991 0.023501

(2102 0.114476 -.089667 -.024689 -.053200 -.047972

Ql03 0.100849 -.165518 -.068480 -.007090 0.016608
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PRIN1 PRIN2 fRIB3 PBID PJmf5

al04 0.093490 -.188500 -.028886 0.077814 -.013155

a105 0.101669 -.130548 -.072576 0.008601 -.073922

0106 0.109244 -.148872 -.093644 0.003406 0.009462

0107 0.102694 -.036083 -.096820 0.007723 0.050528

al08 0.100022 -.174198 -.011129 -.016658 0.0450$7

0109 0.113160 -.104335 -.071282 0.001122 -.101151

0110 0.105375 -.051970 -.143701 -.056910 0.032284

0111 0.097769 -.054711 -.150042 -.079904 -.049521

0112 0.097376 -.095519 -.037354 -.066174 -.218246

PBIN§ PRINZ PRIN8 PBXH9 PBIN10

al -.107162 0.057886 -.022335 0.000736 0.051798

02 -.080497 -.049578 -.075300 -.026324 0.062541

a3 -.100893 -.091279 0.032697 -.058573 0.035092

04 0.192607 -.119089 0.012244 -.102584 0.105566

as 0.053548 0.016805 -.093092 0.128776 0.049668

a6 0.094681 -.123534 0.263039 0.167219 -.099890

a7 -.046148 0.012600 0.067040 -.043023 -.011302

a8 0.191988 0.016941 -.120598 0.151053 0.133826

Q9 -.116158 -.043175 -.193000 0.049703 0.009291

QI0 0.152658 0.109777 -.038428 0.235573 -.041977

011 0.157510 -.019691 0.028321 0.010137 -.000200

Q12 -.022326 0.079613 -.115305 -.047772 -.064026

013 -.055131 0.248703 -.032628 -.055941 -.162096

014 0.175837 0.009931 -.087114 -.138866 0.033237

Q15 -.023255 -.039931 0.056415 -.123667 0.029623

016 -.071649 0.077979 0.228305 -.223113 0.222441

017 0.057793 0.172661 0.037683 0.104242 -.023325

018 -.015562 -.050335 0.172113 0.068272 0.009881

019 0.037552 -.091268 -.099610 0.055263 -.097707

020 -.014749 -.072362 0.008435 -.105528 0.046772

Q21 -.122218 -.024847 -.003393 -.006033 -.104557

022 -.007616 0.121120 -.001497 0.021256 0.115483

Q23 -.023809 0.041899 -.017342 -.168432 -.146393

024 0.065418 0.092330 0.153330 0.019416 -.100117

Q25 0.002924 0.049510 -.095525 0.066362 -.029868

026 0.015884 -.031599 -.005773 0.053305 -.060253

Q27 0.137949 -.107505 0.017668 -.020662 -.066768

Q28 0.080307 0.142925 -.056284 0.116792 0.074273

029 0.062721 0.006345 0.099020 0.043718 -.009613

Q30 0.035996 -.109592 -.022481 -.038299 0.129142

Q31 -.003276 -.134212 0.110833 0.050352 -.079873

032 -.008991 -.099285 0.157269 --.208774 0.025451

033 -.050240 -.103148 -.177812 -.010339 -.099108

034 -.032734 0.043386 -.012393 -.077238 -.019443

035 0.224487 -.051588 -.123860 -.004972 0.068284

035 0.166698 0.066017 0.068741 0.170998 0.126313

037 -.103698 0.042549 -.118443 0.130972 0.089656

Q38 0.064843 0.161685 0.055133 0.0111197 -.035421

039 -.013425 0.072602 -.092160 0.016599 -.090573

Q40 0.057169 0.091845 0.011934 0.317578 -.039658

OU 0.264397 -.058239 -.081982 -.050102 -.057239

042 0.005786 -.014217 -.045088 0.191419 -.073133

Q43 0.018700 -.109574 -.085205 -.094037 -.073022

a44 -.000284 -.115688 -.130357 0.002641 -.094095
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PR!N6 PRm PRIN8 PRIN9 PR!NI0

045 -.041359 0.008836 -.144594 -.007604 0.145078

Q46 -.019561 0.012649 -.159891 -.045882 0.174972

047 -.059209 0.129797 0.111606 0.039440 0.103692

Q48 -.134365 -.130459 -.0153696 0.046877 0.077747

Q49 -.050072 0.022385 -.039700 0.023191 0.140319

Q50 -.078694 0.006693 0.033853 0.084972 0.088151

Q51 -.070207 0.000571 -.0546!10 0.018516 0.005767

Q52 -.040209 0.159893 -.088116 0.010815 -.035295

053 -.083766 -.095917 -.043693 0.033610 0.128g47

054 0.146305 -.262984 0.033988 0.051391 0.020356

055 0.148473 0.003241 -.001585 -.088980 -.055607

056 -.048003 -.015261 0.013574 0.199032 -.085475

057 -.128603 0.110387 -.101413 -.192214 -.190930

Q58 0.237913 0.093952 -.128375 -.060255 0.055187

059 0.068163 -.019732 -.072837 -.147467 -.269776

060 0.071911 -.121314 -.042257 -.184414 -.092728

061 -.165243 0.104264 0.142100 0.021771 0.162521

062 -.082701 0.134061 0.048466 0.006786 0.063229

063 0.020408 -.034355 0.130085 -.074037 -.114279

064 0.034134 -.108498 0.094200 -.073056 0.004062

065 -.046186 0.000206 0.080250 -.095315 0.075590

066 0.037538 0.113863 0.103522 -.083558 0.085976

067 0.113722 0.131929 0.124038 -.117589 0.036643

068 -.057534 -.139507 -.068918 0.004994 0.'004118

069 0.054163 0.077232 0.081068 -.012252 -.032345

070 -.030267 -.130919 0.020578 0.018401 0.081936

071 -.173729 0.069992 0.064744 -.019916 -.008852

072 -.009285 0.087150 0.052984 -.034754 -.112185

073. -.004342 -.051092 O.Ole24~ 03020177 ~.131J~7

074 -.054978 -.077109 -.012405 0.004783 -.007179

075 -.089790 -.208860 -.011092 -.072338 -.128877

076 -.104079 -.082132 -.082518 0.042045 -.008571

077 0.057443 -.055270 0.043915 -.114897 0.125249

07S 0.100198 0.054581 0.065683 -.096122 -.007033

079 -.040837 0.123190 0.081299 0.047457 -.047104

080 -.064156 0.144382 -.067468 -.024368 -.129877

081 0.160898 0.076760 -.063941 -.087753 0.094172

082 0.131789 -.147752 0.074414 0.033101 -.013221

083 -.181229 -.080933 0.139438 0.158381 -.092926

084 0.013855 0.137341 0.046047 0.005089 0.030762

085 -.112590 0.030957 0.170610 -.174157 0.043291

086 -.220813 -.021556 0.002913 0.009337 -.206841

087 0.016633 -.030534 0.066511 --.048456 0.133198

OS8 -.000360 -.009949 -.073543 -.117681 -.000107

089 0.005417 0.017824 -.091018 -.009307 0.044283

090 -.035607 0.078730 -.098230 -.055313 -.051986

091 -.192276 -.040140 -.031317 -.005968 0.250602

092 -.021058 -.060755 0.047108 0.088562 -.012100

093 -.015517 -.025154 0.010180 -.030710 0.016926

094 0.043792 0.165006 -.122781 -.125403 0.071598

095 0.089816 0.068402 0.094571 0.011174 -.034669

096 0.045423 -.026270 0.330097 -.028557 0.003796

097 -.058480 0.018611 -.044691 0.065042 0.036663

098 0.026207 0.152201 0.199891 0.044062 -.123961

099 -.044530 0.030828 -.071867 -.081620 -.068408
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PRIU6 PRINZ PRIU8 PRIN9 PBIN10
Ql00 -.006393 -.lloi955 0.034617 0.077187 -.188632
Q101 0.048584 -.104499 0.089433 -.033379 -.055423
Q102 -.106029 -.071807 0.009517 0.021660 0.116976
Q103 -.063535 -.021234 -.089264 0.000901 0.182529
Ql04 0.059016 -.045839 -.055341 0.012873 0.055063
Ql05 0.017527 0.096299 0.045215 0.025448 -.049284
Ql06 0.051927 0.061867 -.000598 0.007524 0.025422
Ql07 -.069090 -.168256 0.058847 0.189493 0.027214
Ql08 -.058872 0.050383 -.021257 0.033964 0.051836
Ql09 -.077028 0.017936 0.001365 0.105873 -.007341
Q110 0.024695 -.086196 0.000371 0.045095 0.112936
Q111 0.074170 -.119731 0.054692 0.075705 0.100172
Q112 0.103713 0.047705 0.017162 0.021391 -.019518

401



Appendix 24. PeA Eigenwlues and Eigenvectors
b. Full Table Analysis or Species Variables

.,- ..

Principal Component Analysis

Eigenvalues of the Correlation Matrix

Bigenvalue Difference Proportion CImulative

PRIN1 3.99988 1.09756 0.133329 0.133329
PRIN2 2.90232 0.39618 0.096744 0.230073
PRIN3 2.50614 0.54167 0.083538 0.313611
PRIN4 1.96447 0.40151 0.065482 0.379094
PRIN5 1.56296 0.13669 0.052099 0.431193
PRIN6 1.42628 0.09043 0.047543 0.478735
PRIN7 1.33584 0.12094 0.044528 0.523263
PRIN8 1.21490 0.08405 0.040497 0.563760
PRIN9 1.13085 0.07402 0.037695 0.601455
PRIN10 1.05683 0.035228 0.636683
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KALAPAHA REGENERATION STUDY
Analysis ot Clearcut veqetation
Test with 30 hiqh Importance Value Species

Principal Component Analysis

Eiqenveetors

PRIN1 PRIN2 PRIN3 PRIN4 PRIN5

PIPT_ALB -.229189 0.266873 -.007231 0.132034 0.114636
NEPlUroL -.261025 -.025520 -.124390 0.255415 -.052590
ROBU_ROS -.053350 0.314109 -.133559 -.036960 0.002810
PLUC_ODO 0.303068 0.099507 0.177301 0.135829 -.284524
CLID_HIR 0.077868 -.275737 0.366432 0.275234 -.070231
BUDD_ASI -.091247 0.264958 0.120180 0.028512 -.191781
ANDR VIR 0.103398 0.265406 -.041427 0.216513 -.093621
PSID:CAT -.087421 -.325840 0.223884 0.173583 0.124259
CYCL_FER -.081879 0.069105 0.376815 0.306742 -.109522
CRAS_CEP 0.090430 -.050258 0.100054 0.143660 0.398221
METR_POL -.051074 0.131042 -.182599 0.191613 0.007072
CAST_SPP 0.023200 0.225175 0.116234 0.200127 0.160320
PASP_CON 0.237282 -.294330 -.173415 0.161481 -.082429
AHOR_GLO 0.258341 0.196110 -.017833 -.018951 0.014251
ARUN_GRA 0.095720 0.036371 0.028821 0.279811 -.038900
SPAT_PLI 0.189741 -.005673 -.200654 0.320276 0.174821
CIBO GLA -.204679 -.120741 -.058985 0.131853 0.145586
CYPE:HAS 0.341306 -.021423 -.120300 0.075034 0.017261
MACC_APP • -.003015 0.069185 0.383100 -.180712 -.242073
SACC_GRA 0.214063 -.024902 -.248921 0.245151 -.312833
YOUN_JAP 0.048060 0.087103 0.145870 0.168656 0.209863
PITY]ER 0.078900 0.315471 -.058096 0.204974 -.126150
OPEL_MEN -.006181 -.290197 0.034571 0.150390 -.401028
AGER_CON 0.229181 -.027173 -.082964 -.116407 -.029756
CONY CAN 0.369279 -.009829 -.068246 -.067844 0.246884
CUPH:CAR 0.260042 -.122792 0.052975 -.268781 -.022772
SPHE_CHI 0.050927 0.169937 0.256644 -.097686 -.070266
CYPE_ESC 0.217544 0.062942 0.306683 -.080668 0.176923
CONY_BON 0.195531 0.116885 0.190419 0.042876 0.213491
CIBO_OIA -.090724 -.144610 0.035421 0.167348 0.242700
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ltALAPAHA REGENERATION STUDY
Analysis ot Clearcut vegetation
T.st with 30 high Importance Value Species

Principal component Analysis

Eigenvectors

PRIH6 PRIN7 PRIN8 PRIN9 PRIHlO

PIP'!' ALB 0.428171 -.057184 -.066077 0.027987 0.006091

NEPH-MOL 0.234433 0.006584 0.013421 -.074349 -.232758
RUBU-ROS 0.074089 0.036125 0.017606 0.347883 0.194330

PLDC-ODO 0.077549 -.084176 0.101340 0.057838 0.042010

CLIO-SIR 0.131418 0.017349 -.141034 0.053621 0.110683
BUDO-ASI -.085056 -.238609 0.078458 -.023024 0,447894
ANDR-VIR -.123470 -.129931 -.210366 0.045074 -.095479

PSIO-CAT -.099824 0.175168 -.097022 -.044000 -.188205
CYCL-FER 0.017522 -.063260 0.067484 0.065432 -.221459
CRAS-CEP 0.227069 -.181798 0.146776 0.369367 0.062905
METR-POL -.269187 0.423836 0.249197 -.052494 0.083196

CAST-SPP 0.306638 0.186308 0.427995 -.064765 0.025331
PASP-CON 0.170642 -.038999 0.252701 -.119601 0.060421
ANDR-GLO 0.009201 0.113341 -.132026 0.065713 -.473460
ARUN-GRA -.108069 0.165219 -.368550 0.084330 0.445209
SPAT-PLI 0.053760 -.042713 -.140392 -.069731 -.023638
CIBO-GLA -.315227 0.267077 0.232201 0.192084 0.030004
CYPE-HAS -.018613 -.217791 0.014250 0.060630 0.002571
MACC-APP 0.080588 0.047326 0.002465 0.028379 -.180106
SACC-GRA 0.148670 0.155960 -.108685 0.073508 0.011544
YOUN-JAP 0.030315 0.145964 -.009777 -.625572 0.161843

PITY-FER -.362505 -.072084 0.046331 -.089967 -.259067

OPEL-MEN -.116101 -.054568 0.273092 0.095082 0.031735
AGER-CON 0.148252 0.429102 -.000334 0.245668 -.018334
CONY-CAN -.003594 -.018366 -.017470 -.107601 -.057169

CtJP1CCAR 0.066238 0.065938 0.0960S7 -.022417 0.143652
SPHE-CSI 0.085189 0.449930 -.118103 0.129041 0.026802
CYPE-ESC -.188857 0.023734 -.117357 -.108340 0.089226
CONY-BON -.252392 -.133293 0.378564 0.181504 -.027804

CIBO:OIA -.176748 -.064962 -.271349 0.3"07680 -.014982
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Appendix 2-4. PeA Eigenvalues and Eigenvectors
Co Partial Table Analysis or Species Variables

Variabl.. • Speci..
Standardized Variable Va!uu

Biqenvalu.. of the Correlation llatrlz

Eiqenvalue Difference Proportion CUIIulative

PRINl 5.43110 1.10663 0.084955 0.084955
PRDl2 4.33047 0.43174 0.067664 0.152618
PRIH3 3.89873 0.83462 0.060918 0.213536
PRDl4 3.06411 0.46218 0.047877 0.261413
PRIN5 2.60194 0.19566 0.040655 0.302068
PRIN6 2.40628 0.06052 0.037598 0.339666
PRIH7 2.34576 0.19870 0.036653 0.376319
PRIN8 2.14707 0.04358 0.033548 0.409866
PRIN9 2.10349 0.22196 0.032867 0.442733
PRIN10 1.88152 0.029399 0.472132
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DLUARA UCJBJIJDlH'%OJI 8'1'UDT
~TSIS 01' CLDRCU!' VIG~IOJI

Data Analyzed With specie. .a Variabl..

Principal Camponent Analysi.

E1g8Dv8Ct0r8

PRIH1 PRIN2 PRIH3 PRIN4 PRIN5

AGER CON 0.217121 0.087550 0.027816 -.015279 0.103007
ALEtJ-MOL -.051661 0.131073 0.121649 0.245413 -.057777
ALYJCOLJ: -.093055 -.026892 -.081918 -.029983 -.063010
ANDR-vm 0.086348 -.044887 -.096756 0.165320 0.105529
ANDR-GLO 0.209610 -.060825 -.042452 0.151092 0.091774
ARW-GRA 0.059842 0.043282 -.007338 0.143075 -.041899
BEGO-SPP 0.044497 -.025297 0.028478 0.006104 -.133288
BIDE-PIL 0.094047 -.023779 -.027934 0.135800 -.010417
BLEC-SPP 0.001963 -.003561 0.136435 0.073923 0.069309
BUDO-ASI -.053992 -.157710 -.044566 0.061206 0.170733
CAST-SPP 0.016388 -.128230 0.010159 0.154279 0.222004
CIBO-GL.' -.181854 0.089223 0.012661 0.030958 -.046790
CIBO-OIA -.090608 0.047348 0.070067 -.001320 -.107634
CLJ:O-HIR 0.053164 -.044670 0.357880 -.072010 -.059361
eOCC-FER -.008285 0.026604 0.010418 -.016957 -.083047
COMM-OIF -.042293 0.280692 0.080911 -.085347 0.210237
CONY-CAN 0.272837 0.053675 0.016351 0.122015 -.103830
CONY-BON 0.143692 -.080091 0.083466 0.164639 0.047915
COPR-STE -.151470 0.194802 0.066492 0.200820 0.106163
CORD-TER 0.010409 0.032424 0.124714 0.131571 -.033641
CRAS-CEP 0.070615 -.008713 0.069564 0.086226 -.190794
CUPH-CAR 0.205068 0.047656 0.098041 -.081816 -.080581
CYCL-FER -.079942 -.176640 0.217674 0.113331 0.076195
CYPE-BRE 0.166694 0.072273 0.036724 0.049994 0.142447
CYPE-ESC 0.164999 -.124467 0.198031 0.084265 0.014021
CYPE-HAS 0.277393 0.092211 -.039645 0.066301 -.089802
CYRT-PAL -.073878 -.045314 -.139646 -.000360 -.007259
OESM-ONC 0.158075 0.137162 -.081916 -.097064 -.000938
DRYO-FER 0.040934 -.011242 -.106869 0.018134 0.326939
ELAP-LIN -.141035 0.210651 0.148121 0.282071 0.034153
ELAP-RET -.190713 0.143235 0.108324 0.050661 0.07U87
HYPE-PER 0.175728 0.060671 -.031644 0.095266 -.171373
HYPT-PEC 0.056327 0.043224 -.046728 '0.056777 0.026200
LUDW-OCT 0.083327 -.043005 0.196682 - -.051153 0.072801
LUDW-PAL 0.158094 0.019313 0.059040 0.160202 -.117437
MACC-APP -.007107 -.228965 0.165188 -.094577 0.107862
MELO-SPP 0.013437 0.008808 -.060911 -.038340 -.025668
METR-POL -.082659 0.155017 -.059192 0.185762 0.265289
NEPH-MUL -.204651 0.027170 -.099391 -.067063 -.011854
OPEL-MEN -.040203 0.140363 0.156945 -.157786 0.056319
PASP-CON 0.173377 0.225431 0.090387 -.137824 -.041700
PASP-ORB 0.064444 0.015465 -.081488 0.025603 0.355207
PASS-SPP 0.018763 -.128522 0.240779 -.067348 0.060961
PEPE-SPP -.179763 0.218693 0.129714 0.224318 0.014493
PLUC-ODO 0.267910 -.114515 0.088585 0.026656 0.056249
PIPT-ALB -.149577 -.182017 -.181737 0.061096 0.025680
PITY:FER 0.064487 -.080835 -.135076 0.220215 0.174896
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Dr.UAD UGBBDA'lIQJf 8'lUDY
ADLYSIS OJ' CLBDCU'l VlGftJo'lIOJI

Data Analyzed With Speci.. aa Variabl..

Principal Component Analyaia

Eiqenvector:J

PRIHl PRIH2 PRIN3 PRIH4 PRINS

PSID CAT -.116812 0.072788 0.318894 0.001037 -.122132
PSID-GtJA 0.105001 0.140793 0.145583 0.182750 0.026174
PSIL-NUD -.037844 0.164276 0.045817 -.147155 0.100590
PSYC-HAW -.145809 0.210763 0.047503 0.182798 -.009146
PTE1CAQtJ -.017432 -.059060 0.131722 0.060803 -.008280
RUBU-ROS 0.003981 -.108436 -.215216 0.157931 0.012397
SACC-GRA 0.187059 0.l60563 -.070648 -.019433 0.113792
SETA-PEN 0.054542 0.225193 0.005266 -.271535 0.175929
SPAT-PLI 0.116850 0.142905 -.051628 0.186581 0.003498
SPER-LAE 0.123636 0.0727S0 -.024881 -.066963 -.040526
SPHE-cm 0.034363 -.180934 0.075486 0.022708 0.202342
STAC-JAH 0.077997 0.193008 !>.012194 -.255565 . 0.311763
YOOH-JAP 0.028054 -.075360 0.067383 0.145351 0.112423
ZING-SPP 0.004901 -.156348 0.233086 -.057214 0.116383
STIF-GRA -.012135 -.000151 -.006806 0.015834 -.102811
PURP-STE 0.170835 0.115471 -.019696 -.037978 -.112262
EEEE:EEE -.030570 -.187933 0.272862 -.074454 0.117690
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DLU~ RlGBI'BD~IDJI ''fUM
ADLYSIS 01'~ VlGZ'DUDJI

Data Analyzed With speci.. • • Variabl..

Principal COIIlpOnut Analyaia

Eiqanvectora

PRIN6 PRIH7 PRIN8 PRIN9 PRINl0

AGER CON -.072366 -.053097 -.072294 0.107310 0.211314
ALEO-MOL -.371373 0.030404 0.121144 0.055254 -.067929

ALYJCOLI -.011968 -.053086 0.017695 -.020954 0.129955
ANDR-vm 0.103467 0.106948 0.076186 0.002528 0.081122
ANDR-GLO -.088580 -.012858 -.155117 0.103089 -.068544
ARtJN-GRA 0.214128 0.266769 -.040845 0.060547 0.107661
BEGO-SPP 0.077260 -.157665 0.101949 0.156792 0.10242'0
BIOE-PIL 0.022672 0.265181 0.019198 0.023185 0.09,2619
BLEC-SPP -.157265 0.303886 0.289765 0.116546 -.123137
BUDO-ASI -.026227 0.204672 0.093807 -.113652 0.081610
CAST-SPP 0.155050 -.117647 0.137388 -.034077 0.117168
CIBO-GLA 0.037902 -.083446 0.102471 -.115522 0.059803
CIBo-DIA 0.160068 -.108828 -.065328 0.111861 0.001132
CLIO-SIR 0.157773 0.075659 0.141660 0.193166 0.015756
COCC-FER 0.122435 -.033981 0.102546 0.088216 -.068024
comeDIP' 0.199412 0.042923 -.022696 -.017590 0.178499
CONY-CAN 0.018917 -.101516 -.154881 -.033112 -.181036
CONY-BON 0.099014 -.174634 0.054705 -.290829 -.055303
COPR-STE 0.229892 0.081828 -.240361 0.052702 0.084740
CORD-TER -.319734 0.037361 0.253974 0.173401 0.136215
CRAS-CEP 0.213749 -.094420 -.000658 0.034675 0.109331
COPS-CAR -.096662 -.049778 -.131150 -.037306 0.130463
CYCL-FER 0.138524 0.137024 0.136696 0.031663 0.039329
CYPE-BRE 0.042476 -.283675 0.222636 0.032698 0.196666
CYPE-ESC 0.021069 -.012528 -.224143 -.204236 0.036352
CYPE-HAS 0.084608 0.005360 -.006759 0.040640 -.162602
CYRT-PAL -.058890 0.013009 0.053685 -.150729 0.121120
OESM-UNC -.045940 0.175359 -.176407 0.048703 0.106843
ORYO-FER -.097834 -.200058 -.047359 0.200528 -.111970
ELAP-LIN -.180895 0.027343 -.089080 0.037417 0.010888
ELAP-RET 0.125819 0.129087 -.101688 0.022971 -.054620
HYPE-PER 0.002631 0.222139 -.131979 0.110940 0.085057
HYPT-PEC 0.016266 0.139195 0.117116 -.098600 -.213852
LUDW-OCT 0.075494 -.077936 0.007505 -.263800 -.008636

LUDW-PAL 0.022069 -.058629 0.130406 0.040914 0.245176

MACC-APP -.041083 0.055846 -.142465 0.031489 -.028988
MELQ-SPP 0.032663 -.231421 -.031423 0.299538 -.185104

METR-POL 0.034726 0.010290 -.027354 -.084169 0.081417
NEPS-MOL 0.205575 -.040593 0.039795 0.057709 0.007726
OPEL-MEN 0.086379 0.144132 0.197730 -.034383 -.176597
PASP-CON 0.162562 -.055212 0.159472 -.028505 -.156751
PASP-ORB -.048463 -.200633 -.024577 0.279033 -.140080
PASS-SPP -.082559 0.030446 -.130416 -.084296 -.049268
PEPE-SPP 0.083411 -.008011 -.220161 0.048126 0.054985
PLUC-ODO 0.075474 0.108318 0.170783 -.040314 -.000632
PIPT-ALB 0.132029 0.003164 0.075297 0.188883 0.165230

PITY:FER 0.039520 0.126508 0.090892 -.146409 -.130412
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Eigenvectors

PRm6 PRIN7 PRIN8 PRIN9 PRD10

PSID CAT 0.020506 -.113213 0.078791 0.133589 -.017920
PSID-GUA -.086221 -.250900 0.113524 -.254726 0.059194
PSIL-NOD -.040197 -.000930 0.167448 -.116038 0.035560
PSYC-HAW -.174554 -.083077 -.071063 -.134301 -.046803
PTER-AQU -.164579 0.013047 0.053902 0.266404 -.000990
ROSU-ROS -.030322 -.010654 0.088559 -.024793 0.223096
SACC-GRA 0.132132 0.171287 0.142064 0.156903 -.067655
SETA-PEK -.014214 0.050564 0.035460 -.077414 0.212160
SPAT-PLI 0.228893 0.002025 -.023295 0.095267 -.227143
SPER-LAE -.051850 0.119696 -.099790 -.029715 0.160148
SPHE-cm -.022300 -.017025 -.198890 0.131315 0.085861
STAC-JAH -.108124 0.031204 0.014036 0.032013 0.081272
YODN-JAP 0.111.965 -.080386 0.009543 0.033101 -.011754
ZING-SPP 0.075795 -.051846 -.081718 0.011609 0.099457
STJ:F-GRA 0.069140 -.111512 0.126050 0.116428 0.300757
PDRP-STE -.116823 0.062437 -.127955 0.078280 0.191627
EEEECEEE -.010698 0.080041 -.145873 0.069683 0.021447
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Appendix 2-5a. Correlation Matrix: Species Clusters and Habitat Variables

l2IIlWTIrIl .USIS
Penal Ctrrelmcn Coefficients II'rdJ ) :R: ... 110: Rt...o
IN· U2

1RIIIBf DISUIIE SIDIT SIIII'S 11II
1IlM!EI' t.mIJ o.m 0.8 -o.f6512 -o.Otfi1
DJSrlIIE t.lXDJ t.lDDI 0.1!ii!l4 0.lB119 0.t79l7
9II51IlI\T OS om 1.lDDI 0.28GI -O.laD
S1IJfS 0.5638 O.H 0.!m4 uum -O.llJ6lil
lID 0.I6M 0.f1i48 O.57l!l o.g tJmD
9JQI 0.5929 0.i'I6 0.lDl1 0.lDJ1 0••
aJIW:IIt 0.1355 0.537 0.lDJ1 0.l!i81 0.2928
PlPT tl8 0.0113 0.lBi3 O.lW 0.W5 0.2752
1EAI·1I1 0.13::lJ MDt 0.0761 0.0416 o.am
lUll-lUi 0.0032 O.S 0.7$4 0.67 0.0014
FlI£-lID o.m 0.1419 0.0018 O.~ 0.0413
aJD-ma 0.1Ol1 0.5874 as 0.6700 O.llm
11I8.IiI 0.10:6 O.m15 0.!l2S4 0.9411 0.i'lE5
111I.VIR O.UIl4 0.:!ll75 0.1269 0.82!Il 0.0311
PSJ(mr 0.lDJ1 0.7!Hl 0.0033 0.1l43 0.0191
C'1U.}ER 0.6318 0.7316 0.1ll1O 0.6487 0.0126
alASJ~p 0.0003 0.2156 O.i'lm 0.1523 0.l&'4
I£1R_PlI. 0.lBl4 0_ 0.11I41 o.m O.E
QlSI'JifP O.S 0.2llO o,zm 0.1l!l7 0.9111
PIlSPJDI 0.lDJ1 o.om 0.1Ol1 0.36 0.4442
111I_1.0 0.9246 0.2770 0.(8)4 O.l8l7 0.0059
MII.IM 0.5931 0.0033 0.4265 0.7552 0.4314
SPAT fill 0.0782 0.0374 0.1637 0.3948 0.03!6
cm(u ~.7638 O.D 0.1mi 0.li74 0.1157
CYIt Ir6 O.3!il 0.2887 0.1m! o.m 0.0042
Im(.. 0.143l am 0.0041 0.5748 0.7Q
St'O: QlR 0.2S3I 0.lJD1 0.lDJ1 0.7310 O.lIm
YlIII-JII 0.3937 0.0378 am 0.1515 o.zm
PIlY)m O.rm! 0.7l9l 0.7881 0.D12i 0.5116
lftL IfH 0.2989 0.0071 O.~ O.S O.lI1lB
m:mt 0.4256 O.li11 0.2200 o.m 0.1641
aIrt_OII 0.C634 0.0073 om 0.5322 O.lI1lB
aFHJ. 0.0022 0.4721 0.1644 0.0fS 0.1m2
SPI£.aII 0.0070 o.m 0.1m7 0.106 O.5mi
CWE_~ o.m 0.0Cll2 0.12m 0.721ll O.OJI7
alrtJIII 0.6318 O.OBI 0.5061 0.2494 0.261)
CIlDJlIe 0.0411 0.3479 0.1fll2 0.0016 O.m!
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UiII aIfII:II Pl't!B 8.111 _.IIS u_a U.III
0.l!i1li: -0.14193 0.2&1 0.14319 0.21663 -oJD734 -o.Dl1
0.03200 0.. O.S -O.ml 0.131S5 0.2m -o.l!iU12
lJ.Wjl -O.m2 0.. O.umJ O.l2I4 -o.2l!67 -oml
0.ll416 -0.t7959 O.3lm 0.19291 -0.07422 -o.212lll O.d
0.07lBi o.m 0.& -0.21451 0.2!l181 0.19311 -O.M·
tJmD -0.. 0.2tlM3 0.. 0.17629 -o.4m1 -o.2137U
0.0016 l.m -O.2!ml -O.259!Il -O.172'1D O~ 0.01249
0.(39 0.0018 t.lDDI 0.31221 0.291S7 . -0.14814 -O.lI57.!
0.0«17 0.mi7 O.lDIl t.mIJ -O.ams -O.235!I1 -O.res
O.om O.lml 0.0018 0.7763 l.lDIII 0.lP293 -0.3m
0.lDJ1 O.oD01 0.1100 0.0123 0.8103 ··UDDl 0.31018
O.l1l31 0.8!8l 0.3i73 0.4663 o.m 0_ UUDJ
a.4m2 0.711.! 0.0311 0.5522 0.lm1 0.3571 0.f&44
0.l12:!i 0.1012 0.2181 0.fili21 0.. 0.0143 os
0.2«14 0.1lli2 0.1828 0.7870 0.0016 0.2283 0.lDJ1
0.4648 O.lI197 0.12:5 0.0412 0.42'Zl 0.1016 0.f0l1
0.1lSl 0.26 O.tiM 0.1634 o.m O.~ O.lI397
0.3946 0.8270 0.5003 O.ZDl 0.. 0.. 0.llJJ1
O.m! 0.6154 O.lXm O.tw O.te! 0.1101 0.841&
0.0129 0.0015 08 0.8467 0.0120 O.otm 0.tr259
0.0716 0.lJD1 0.. 0.ftZ4l 0.4110 o.lIl19 0!El7
O.Sai 0.1lS 0.sD1 0.7132 o.m O.OW 0.0744
0.67 O.lmi 0.!E1!42 0.7593 O.!6Il o.~ O.tmi
0.0073 0.0124 0.9193 O.lDIl 0.8716 O~ 0.783
O.lml 0.1D5 O.12i4 o.m 0.. 0.lDJ4 O.t&!3
O.lIm 0.2874 0.711I3 0.1274 0.9700 08 0.1134
D.1742 0.1m5 0.1617 0.0022 O.m' 0.0039 0.5466
O.!mi 0.£641 0.5G O.H O:l'O7 0.fB32 0.1277
0.il287 0.1'n! 0.7574 0.7663 0.1644 0.1m! O.OS
0.0469 0.7791 O.mo 0.7974 0.0010 0.5928 o.m.
0.0026 O.aBl 0.0159 0.0194 0.6754 0.lJ154 o.m
0.0149 0.0001 O.oot4 0.lDJ1 0.. o.m 0.9«6
0.001D 0.0Cll2 O.lmi 0.0003 0.17!II os o.m
os 0.2773 O.5&IZ o.m 0.4146 0.15111 0.6412
0.02!!i O.llB4 O.otm o.m 0.3al 0.0041 0.0318
08 0.2'l!i) O.lrlli 0.0015 0.7&27 0.lXlDl om
o.m O.ll457 O.~ O.~. 0.!Di4 O.DS 0.D291
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I I

lIDl)lSI lHIt_VIR fSID.IlT &Yl1.fBl lJRS_1S'
0.31897 0.15&14 -0.52Dl 0.04577 -0.3ml
'0.21700 -0.mJ3 0.02423 O.f!3'll7 0.11792
n.m -O.1m 0.27576 0.15575 0.ll'542

-O.as -O.r.m4 O.m793 O.04li2 O. tll16
0.1lJj10 0.m1 -0.22115 -O.2litB 0.10012
0.07ll75 -0.21542 0.111ffj -0.00978 0.1Ji16

-0.03512 0.15570 -0.15349 -O.lffi31 0.11100
0.3lDl 0.11728 -0.12679 0.14677 O.ll7cM

-0.fl£l7 -0.04174 I).~ 0.19324 -o.t:W5
0.:m24 0.11972 -O.~ -0.07650 0.OO1111
0.007ll3 0.231tc -0.11725 0.l5552 0.£1i359

-0.00187 -0.00734 0.!miB 0.li894 0.19469
l.lDDl 0.15700 -0.25217 0.14032 -0.03754
0.1m! l.omJ -0.19154 0.lli811 0.00707
0.0073 0.0431 t.lIDII 0.16170 O./lilll
0.1400 0.54..?fl 0.lB!i 1.lDDl O.l134il
0.6943 0.9410 O.SOlI O.ms l.lIDIl
0.4766 o.m 0.5217 0.6831 0.1701
0.~12 O.SE 0.4717 0.0497 O.1~

0.0122 0.2489 O.6!lli 0.llill2 0.1945
0.6340 0.0148 0.(}Jji' 0.9754 n.m
0.9773 o.m 0.9434 0.2758 0.9284
0.19J3 0.0l37 0.9700 0.2333 ,:,.1032
0.5167 0.3345 0.0013 o.m iJ.7396
0.0724 0.1746 O.lJjSl O,04lII 0.1454
O.fill) 0.7841 0.4300 0.0185 O.~

0.1723 0.0327 O.~a35 O.lli5O 0.4678
0.W4 O.54W O.fmi 0.3281 Ij.::ffi)

0.0316 0.0006 0.0375 0.l!i15 O.~1

0.W13 O.Jl37 0.1Si 0.1749 IJ.'!Jf17
O.m77 O.~ O.m! 0.1183 0.5478
0.0168 0.4521 0.~4 0.0241 Ii.t"55
0.2074 0.5939 0.fm3 0.0046 0.1827
O.4IS 0.6744 0.5539 0.1640 o.~

o.m 0.2678 0.56!!l 0.2611 0.2333
0.9:35 0.2621 0.3731 0.1271 0.0471
O.1l13 0.6926 0.Q&r2 0.5871 0.2!lIi

IEJR fQ. aI5T SfP MllDl MIIIIlO /lIUIlIIl !fAT R.I CIIl U f:lfE IllS
0.& o.mm-o.37raJ -o.rim4 -0.00103 -0.16715 -0.lTis71 -0.t3li4

-0.::r034 0.11312 -0.34007 O.llmJ -0.27514 -O.ttmi -o.t8i71 -0.10113.
-(1.02370 0.11428 -O.li575 '0.16276 -o.~ -O.t8294 0.10092 -0.34107'
0.01431 0.lml4 -0.1m31 ·0.tffi76 -0.02978 0.0tai4 0.l6227 -0.15765
0.00162 0.01llXl -O.lJ7ll2 0.17441 0.07f93 0.19489 -o.1@iO 0.261l36
0.00122 o.m -0.23422 -0.17lIl9 0.02'B -O.07iJt6 O.~ -0.2m!
O.1Wl8 -O.M 0.29644 0.37~ 0.lr2464 0.24418 -0.2li5O 0.3ZSll
0.06434 0.31874 -o.~ -0.07l!i6 -0.064ll -O.llml -0.(16 -0.21113
,j,l143'2 0.04005 0.01848 -0.21318 -0.03511 -0.02799 0.1m -0.287ll
0.12019 0.14ll2ll -0.2mi 0.07944 -O.llm! -O.lml4 0.01545 -0.l!i031

-0.lJ3!6J 0.135 0.24182 0.2ll!8J 0.157'.5 0.11845 -0.2!BIl O.~

-(I.Jl435 -O.Otall 0.20017 -O.l!i456 0.16926 0.04077 -O.1I3m 0.01ffi7
0.00794 0.00158 -0.23622 -0.04548 -0.00272 -0.12467 -0.00191 -0.17042
0.lll274 0.l!i911 -o.1l9l5 0.228) 0.12001 0.1fBi2 -0.002!Ii 0.12920

-0.00117 -O.IWO 0.mJ7 -0.15774 -0.0lJi79. O.OOD 0.29212 -O.Wi4
-o.om 0.18592 -O.~ 0.lm!5 0.1lm7 -0.11341 -0.01411 -0.U6i5
-0.1m 0.12700 0.12351 0.0)544 0.lmi8 0.15478 0.03175 0.tll48
l.lDDl 0.11133 Mm1 0.06321 0.lmi9 0.t1J754 0.23446 -0.(!W,j)
0.2426 l.lIOIl O.llmi 0.073l7 0.01221 0.1Imi -0.1nl26 n.ml
0.9241 0.9678 IJm11 0.04f£! -0.1l212l 0.28201 -O.l!mi O.lilll
O.~79 0.4[(2 0.6107 umD -O.lJ522ll 0.t5372 -O.~ 0.<ll326
o.~ o.em 0.8244 0.5840 l.lDDl O.174a2 -O.03!B! 0.14469
0.3587 O.~1 0.lm6 0.0046 O.OOffi 1.lQDI -0.12223 0.26775
0.0128 O.~ o.m O.lDi3 0.6768 0.1992 IJmlJ -0.22158
0.3216 0.9432 0.0001 O.lJ!iO 0.12!Il 0.0043 0.0189 1.l0m
Ii.~ O.ml o.om 0.75l!i O.41l!i 0.lI!l6 0.1103 O.4~

0.5579 0.5659 0.0001 0.0311 0.0168 O.DIm 0.1l43 0.0001
0.4743 0.0097 0.8373 0.9139 0.4483 0.19t2 0.6289 0.97l!i
IJ.0287 0.3491 0.lm2 0.0007 0.2932 0.1559 0.nll2 0.1124
~w ~oo i~ i~ L~ ~~ t~ L~

0.5915 O.5m3 0.1245 0.0049 0.5570 0.1668 0.1712 o.~

1).3159 O.75lI 0.0007 0.0001 0.4042 0.lDl4 0.0152 o.!lln
O.:IDl 0.2Tn 0.lJJ12 0.0416 0.83?S 0.8243 0.0310 O.lffi.i
O.s«Bl O.tmi 0.1m3 O.lIm 0.2376 0.3234 0.5671 0.483)
0,3110 0.6124 0.6549 O.lYl37 o.m 0.7100 O.tom 0.1lI17
1J.iW) 0.lD:i7 0.9200 0.2817 0.5110 O.BIS 0.5567 0.0076
0.9432 0.2277 0.8484 0.5043 O.flI73 0.7819 O.£mi 0.9416
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ImIJW SlCJ. WIlt" PI1YJER lHlJO IDJDI IDly'OI! afHJ. IlEJJII
0.1m) -0. ta!53 -0.00237 0.346ll -0.10100 -0.07603 -0.17fD4 -0.:Bi47 0.1li246
0.2Im! -0.41429 0.1ffi51 0.02546 -o.al -O.lIl7to 0.t6233 0.lmi4 0.1m
0.17556 -0.Jm7 0.1m -o.ll2S6ll -0.07473 -0.11916 ,0.34973 -O.1322ll 0.13344

-0.ffili7 -0.033l9 0.tml2 -o.~ 0.l8l47 -0.lmJ7 -0.lm34 -0.188'5 0.a!314
-0.03123 -0.01164 0.11411 O.lIi2ll3 -0.2~ -0.13237 0.24017 0.15941 0.1W4
-0.24748 -0.129JI -o.l!i571 -a.amI -0.18823 -0.28177 -0.22!Ji2 -o.~42 ~.l£!J7

-0.10141 0.21712 0.01757 O.lm -0.00li94 0.21331 0.mJ7 0.34462 ~.~
0.1lIli5 -0.13314 o.~ -o.a1$1 -0.28133 -0.22744 -o.2!Il19 -0.32556 O.OO4li

-0.14492 -O.lr2394 -O.f!l643 -0.02840 0.02453 -0.2Z!53 -0.El75 -0.33558 ~.l9l44

-0.1lml 0.04471 -0.03326 0.18m -0.17753 0.0400) -0.l&i9l -0.12755 0.l&i2ll
0.17913 0.27075 0.03758 0.21001 0.~107 0.1687ll 0.244lrl 0.27Zl1 O.~

0.15042 0.ffi756 0.1441lJ -0.26100 0.28591 0.07100 -0.00714 0.1& 0.04451
0.04007 -0.12!8l O.omJ 0.20328 -0.(Q4ffi -0.2Ill12 -0.22554 -0.12004 0.07.g)

-0.a1618 0.201f6 0.ffi837 0.32109 -0.10051 -0.01619 0.07176 -o.lliOO2 0.04013
0.07425 -0.10221 0.04973 -O.trmi 0.18287 -0.11&6 -o.12~ -0.U1 ~.llffi2

O.ZZ'ai -0.17497 0.llJ326 0.18448 0.12911 -0.14843 -0.213)4 -0.17523 0.13242
-O.lm93 -O.m! 0.01618 -0.1ll2m -0.~178 0.£fi739 0.14564 0.12683 ~.m!li

-1l.2~ 0.ffi5f6 0.008II O.ml O.llIE 0.~126 -0.l!ll62 -0.10297 0.l5lli
0.00166 0.f.5482 0.24lil O.Oll9ll -0.14593 O.~18 O.1m -0.105 0.16116

-0.23404 0.41199 0.019i2 -a.15ffll o.mu u.14tm 0.31449 0.34a18 ~.1t8M

0.lm37 0.2Om 0.lT2249 0.31723 -0.20100 0.26432 O.lilm 0.19287 0.177!Il
-iJ.~ 0.22561 0.07237 0.10019 -0.00745 O.ff.all 0.07958 -O.01f69 0.11251J
-u.2flll6 0.27153 O.tm 0.13183 O.oo:m 0.13153 O.~ -O.~ -0.00416
-0.15171 -O.r.t3127 -0.04616 -O.il332O 0.14448 -0.13022 -0.WJ7 -0.20391 il.lli466
-0.07778 0.38001 -O.~ 0.15ll5 0.00400 0.11134 0.5lll87 0.:5523 -o.re703
1.lDDJ -0.13484 0.00423 -0.04015 O.lrol2 -u.061:6 -0.00773 0.l!i!llJ 0.347ll3
0.1fAi3 1.lIml -o.074lJ.l O.11~ 0.13449 O.Dl 0.20111 -0.1X2!l26 -0.01337
0.5701 0.4376 1.lDDl 0.14294 -0.11369 -0.00232 0.1l9i5 0.03139 O.lIl483
0.6743 0.2400 0.1327 1.lDDl -O.ll!ml -0.lei93 0.01754 -o.I04lll il.01565
0.3420 0~1574 0.2326 o.m UDDl -O.lZ!47 -O.~ 0.0Jl15 -0.11028
0.5164 O.!ffil 0.5139 0.7Ql8 0.8141 1.lIml 0.2!m3 0.3tlr;!4 0.13827
O:HI o.m 0.24fIl 0.8544 0.1637 0.0019 1.lDDl 0.26826 -0.00158
o.~ 0.7594 0.7425 0.2748 0.7523 O.lWi 0.1lI42 1.lIDlO O.OO~

0.1lI02 o.m 0.37ll 1).Em! 0.2470 0.1400 O.!ml 0.3373 t.rmD
O.~ 0.4694 0.ffi14 0.7003 0.1138 0.5m3 0.1lI01 0.0342 O.0CS4
0.1683 0.1876 0.9757 O.lIi2O 0.4210 0.6291 0.0023 0.5607 0.4151
0.4004 0.1767 0.:641 0.5012 0.6131 0.2~ 0.1291 0.2273 0.5327
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Appendix 2-5b. Ranked ~orrelation Table with
Signi~icant Correlations between Species

Pearson Correlation Coefficients / Prob > :R: under Ho: Rho=0 / N 112

PIPT ALB CLID HIR
PASP CON -0.34852 0.0002 PSID CAT 0.50958 0.0001
CUPH-CAR -0.32556 0.0005 CYCL-FER 0.36894 0.0001
CAST-SPP 0.31874 0.0006 RUBU-ROS -0.31022 0.0009
NEPH-MUL 0.31227 0.0008 PLUC-ODO 0.31018 0.0009
CONY-CAN -0.29819 0.0014 OPEL-MEN 0.28591 0.0022
RUBU-ROS 0.29187 0.0018 PITY-FER -0.26160 ~.0053

OPEL-MEN -0.28133 0.0027 PASP-CON 0.20917 0.0269
CYPE-ESC -0.24186 0.0102 CIBO-DIA 0.20630 0.0291
AGER-CON -0.22744 0.0159 METR-POL -0.20435 0.0307
CYPE-Hl\S -0.21113 0.0254 CYPE-ESC 0.20306 0.0318
CONY-BON -0.20697 0.0286 CRAS-CEP 0.19469 0.0397
BUDD-AS I 0.20309 0.0317

BUDD ASI
NEPH MUL PSID~CAT -0.25217 0.0073
CONY CAN -0.35875 0.0001 PASP-CON -0.23622 0.0122
CUPH-CAR -0.33558 0.0003 CONY-CAN -0.22554 0.0168
CYPE-ESC -0.32165 0.0005 RUBU-ROS 0.20924 0.0268
PIPT-ALB 0.31227 0.0008 AGER-CON -0.20812 0.0277
CONY-BON -0.29667 0.0015 PITY-FER 0.20328 0.0316
CYPE-HAS -0.28738 0.0021 PIPT:::ALB 0.20309 0.0317
PLUC-ODO -0.23591 0.0123
AGER-CON -0.22253 0.0184 ANDR VIR
ANDR-GLO -0.21318 0.0240 PITY FER 0.32109 0.0006
CYCL-FER 0.19324 0.0412 PLUC-ODO 0.23102 0.0143

ANDR-GLO 0.22986 0.0148
RUBU ROO SACC-aHA 0.20195 0.0327
CLID HIR -0.31022 0.0009 SPAT-PLI 0.19562 0.0387
PSID-CAT -0.29505 0.0016 PSID:::CAT -0.19154 0.0431
PIPT-ALB 0.29187 0.0018
PASP-CON -0.23655 0.0120 PSID CAT
BUDD-ASI 0.20924 0.0268 CLID-HIR 0.50958 0.0001

RUBU-ROS -0.29505 0.0016
PLUC ODO CIBO-GLA 0.29212 0.0018
CYPE HAS 0.32928 0.0004 BUDD-ASI -0.25217 0.0073
CLID-HIR 0.31018 0.0009 PITY-FER -0.19686 0.0375
CONY-BON 0.30655 0.0010 ANDR:::VIR -0.19154 0.0431
CIBO-aLA -0.29880 0.0014
ANDR-aLO 0.28980 0.0019 CYCL FER
CUPH-CAR 0.27231 0.0037 CLID HIR 0.36894 0.0001
SACC-GRA 0.27075 0.0039 MACH-APP 0.22235 0.0185
CYPE-ESC 0.26942 0.0041 CONY-CAN -0.21304 0.0241
CONY-CAN 0.24402 0.0095 NEPH-MUL 0.19324 0.0412
PASP-CON 0.24182 0.0102 CYPE-HAS -0.18665 0.0488
NEPH-MUL -0.23591 0.0123 CAST:::SPP 0.18592 0.0497
ANDR-VIR 0.23102 0.0143
CIBO-DIA -0.22730 0.0159
PITY-FER 0.21801 0.0209
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CRAS CEP CIBO GLA
CLID-HIR 0.19469 0.0397 PLUC ODO -0.29880 0.0014
CONY-BON 0.18807 0.0471 PSID-CAT 0.29212 0.0018

ANDR-GLO -0.25665 0.0063
METR POL METR-POL 0.23446 0.0128
CIBO-GLA 0.23446 0.0128 CONY-CAN -0.22897 0.0152
MACH-APP -0.21506 0.0228 CYPE-HAS -0.22158 0.0189
PITY-FER 0.20681 0.0287 CUPH-CAR -0.20391 0.0310
CLID-HIR -0.20435 0.0307

CYPE HAS
CAST SPP CONY CAN 0.50887 0.0001
PIPT-ALB 0.31874 0.0006 SACC-GRA 0.38001 0.0001
CONY-BON 0.25481 0.0067 PASP-CON 0.36380 0.0001
YOUN-JAP 0.24351 0.0097 PLUC-ODO 0.32928 0.0004
CYCL-FER 0.18592 0.0497 NEPH-MUL -0.28738 0.0021

SPAT-PLI 0.26775 0:0043
PASP CON ANDR-GLO 0.26326 0.0050
SACC-GRA 0.41199 0.0001 CUPH-CAR 0.25523 0.0066
CYPE-HAS 0.36380 0.0001 CONY-BON 0.25098 0.0076
PIPT-ALB -0.34852 0.0002 CIBO-GLA -0.22158 0.0189
CUPH-CAR 0.34028 0.0002 PIPT-ALB -0.21113 0.0254
CONY-CAN 0.31449 0.0007 CYCL-FER -0.18665 0.0488
OPEL-MEN 0.30641 0.0010
SPAT-PLI 0.28201 0.0026 MACH APP
PLUC-ODO 0.24182 0.0102 SPHE CHI 0.34703 0.0002
RUBU-ROS -0.23655 0.0120 SPAT-PLI -0.26026 . 0.0056
BUDD-ASI -0.23622 0.0122 PASP-CON -0.23404 0.0130
MACH-APP -0.23404 0.0130 CYCL-FER 0.22235 0.0185
CLID-HIR 0.20917 0.0269 METR-POL -0.21506 0.0228
SPHE-CHI -0.19804 0.0363

SAce GRA
ANDR GLO PASP CON 0.41199 0.0001
CONY CAN 0.36609 0.0001 CYPE-HAS 0.38001 0.0001
PITY-FER .

0.31723 0.0007 SPAT-PLI 0.27153 0.0038
PLUC-ODO 0.28980 0.0019 PLUC-ODO 0.27075 0.0039
AGER-CON 0.26432 0.0049 AGER-CON 0.26361 0.0050
CYPE-HAS 0.26326 0.0050 ARUN-GRA 0.22561 0.0168
CIBO-aLA -0.25665 0.0063 ANDR-GLO 0.20383 0.0311
ANDR-VIR 0.22986 0.0148 ANDR-VIR 0.20195 0.0327
CYPE-ESC 0.21371 0.0237 CONY-CAN 0.20111 0.0335
NEPH-MUL -0.21318 0.0240
SACC-GRA 0.20383 0.0311 YOUH JAP
OPEL-MEN -0.20188 0.0328 CAST_SPP 0.24351 0.0097
CUPH-CAR 0.19287 0.0416

PITY FER
ARUNGRA ANDR VIR 0.32109 0.0006
SACC GRA 0.22561 0.0168 ANDR-GLO 0.31723 0.0007

CLID-HIR -0.26160 0.0053
SPAT PLI PLUC-ODO 0.21801 0.0209
CONY CAN 0.33056 0.0004 METR-POL 0.20681 0.0287
PASP-CON 0.28201 0.0026 BUDD-....GI liJ.20328 0.0316
SACC-GRA 0.27153 0.0038 PSID-CAT -0.19686 0.0375
CYPE-HAS 0.26775 0.0043
MACH-APP -0.26026 0.0056
ANDR-VIR 0.19562 0.0387
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OPEL MEN CYPE ESC
PASP CON 0.30641 0.0010 CONY CAN 0.35918 0.0001
CLID-HIR 0.28591 0.0022 NEPH-MUL -0.32165 0.0005
PIPT-ALB -0.28133 0.0027 CONY-BON 0.29076 0.0019
ANDR-GLO -0.20188 0.0328 PLUC-ODO 0.26942 0.0041

SPHE-CHI 0.24434 0.0094
AGER CON PIPT-ALB -0.24186 0.0102
CUPH CAR 0.31824 0.0006 ANDR-GLO 0.21371 0.0237
CONY-CAN 0.29033 0.0019 CLID-HIR 0.20306 0.0318
ANDR-GLO 0.26432 0.0049 CUPH-CAR 0.20030 0.0342
SACC-GRA 0.26361 0.0050
PIPT-ALB -0.22744 0.0159 CONY BON
NEPH-MUL -0.22253 0.0184 PLUC ODO 0.30655 0.0010
BUDD-ASI -0.20812 0.0277 NEPH-MUL -0.29667 0.0015

CYPE-ESC 0.29076 0.0019
CONY CAN CONY-CAN 0.28525 0.0023
CYPE HAS 0.50887 0.0001 CAST-SPP 0.25481 0.0067
ANDR-GLO 0.36609 0.0001 CYPE-HAS 0.25098 0.0076
CYPE-ESC 0.35918 0.0001 PIPT-ALB -0.20697 0.0286
NEPH-MUL -0.35875 0.0001 CRAS-CEP 0.18807 0.0471
SPAT-PLI 0.33056 0.0004
PASP-CON 0.31449 0.0007 CIBO DIA
PIPT-ALB -0.29819 0.0014 PLUC ODO -0.22730 0.0159
AGER-CON 0.29033 0.0019 CLID:=HIR 0.20630 0.0291
CONY-BON 0.28525 0.0023
CUPH-CAR 0.26826 0.0042
PLUC-ODO 0.24402 0.0095
CIBO-GLA -0.22897 0.0152
BUDD-ASI -0.22554 0.0168
CYCL-FER -0.21304 0.0241
SACC-GRA 0.20111 0.0335

CUPH CAR
PASP CON 0.34028 0.0002
NEPH-MUL -0.33558 0.0003
PIFT-ALB -0.32556 0.0005
AGER-CON 0.31824 0.0006
PLUC-ODO 0.27231 0.0037
CONY-CAN 0.26826 0.0042
CYPE-HAS 0.25523 0.0066
CIBO-GLA -0.20391 0.0310
CYrE-ESC 0.20030 0.0342
ANDR-GLO 0.19287 0.0416

SPHE CHI
MACH APP 0.34703 0.0002
CYPE-ESC 0.24434 0.0094
PASP-CON -0.19804 0.0363
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Append.lx 2-6. Quadrat Clusters and Mean Habitat Values

.. - .. '. .•. - - .. - -
QUADRAt CLUST$B§ A'l' 6~ putOFl'

.1.12 Quadrats - Mean Values for Habi1;a1; Variables

CLUS , Trans Dist Subst Stumps Rock Slash Comptn

A 1 7 + 2 3 0 - 4: 3 - 2

B 1 1 - :s 4: + 0 - :s 7 +. 1

C 1 4: 5 3 1 + 4: 4: 1

D 2 1 - 1 - 3.5 1 + 5 4.5 .5 -

E 5 3.8 1 - 2.4- .6 2.8- 1.75- 2

F 2 1.5- 4 4 + ·.5 5 4 2

G 6 2.67 4:.17 2.2- .5 5.67 3.5 2.83+

H 3 4.33 1.33- 3 0 - 4:.67 3.33 1.67

I 6 3 4:.5 3.67 .83+ 4:.67 4.83 1.17

J 78 4.97 4.31 3.29 .58 4:.88 4:.36 1.5

K 7 4.43 4.86 3.43 .57 3.71 3.86 :s +

Range 1-8 1-7 1-4 0-1 2-7 2-7 1-3

Mean 4.5 4:.0 2.5 1.6 4.5 4.5 1.5

Mn Ac'tUal 4.5 4.0 3.2 1.57 4:.7 4.3 1.6

Std 2 2 0.7 0.5 1 1 0.9

High 6.5 6 3.9 0.62 5.7 5.3 2.5

Lo. 2.5 2 2.5 0.07 Z.7 3.3 8.7

1/ Dev's 4 :5 4: 15 1 s :s

+ Greater than 1 Standard Deviation higher than the Mean
- Greater than 1 Standard Deviation lower than the Mean
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Appendix 3-1. SPECIES QUADRAT COVER MATRIX In the FOREST

FOREST SPECIES C04POSITION

(10M X 10M QUADRATS)

Transect 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8
Ol.tance 50 100 50 10D 50 100 50 100 50 100 50 100 50 100 50 100

Cover Class 2 2 4 4 1 1 1 2 2 2 1 3 3 2 2 3

1 Psld catt 5 5 7 7 6 5 5 5 5 4 6 6 4 4 5
2 Neph IlIJlt 7 2 7 4 7 6 7 7 3 4 7 6 3 4 3

3 ClOO glau 4 4 5 3 6 6 4 6 3 5 5 5 4 4 3 5

4 Frey erOO 5 4 4 3 4 4 4 3 4 5 2 6 5 5 6 6

5 Metr poly 4 4 4 6 4 4 4 4 5 3 4 4 4 4 5 4

6 ClOO dIM 4 6 4 5 4 5 4 5 4 5 3 3 4 5 3 3
lCio 7 Payc hawa 5 4 4 3 5 4 4 4 4 5 2 5 5 5 4 4
~
-.J 8 Aden tama 3 3 2 3 3 2 3 3 3 3 3 3 3 3 3

9 Pepe app. 5 3 4 3 3 3 5 5 2 3 5 4 3

10 Chrl d~t 6 3 4 3 4 3 3 3 2 3 4 3 6

11 AntI plat 5 4 4 4 3 4 4 4 3 4 4 3

12 Alyx ollv .3 3 3 3 3 3 3 4 2 4 4 3 4

13 Ophl ~ 3 2 3 3 3 3 3 3 3 3 4 3 3

14 Opel hlrt 3 5 3 5 4 4 4 3 5 3 4

15 Pleo thun 3 3 2 3 3 3 1 3 3 3 3 2 2

16 Cyrt pal I 4 3 3 4 4 4 6 7 6 5

17 Rubu rosl 3 3 2 2 5 3 4 5 5 3 1

18 Spat pi Ie 3 2 2 2 3 3 3 2 3 2 2 2

19 ClId hlrt 3 2 3 5 2 6 4 2 2 1

20 Elep app? 3 2 2 3 3 3 3 3 2 2

21 Lyco cern 3 2 2 2 2 2 3 1 2 2

22 Arun gram 1 2 2 3 4 3 3 2 3

23 Psll nuclJ 2 2 2 2 2 2 3 3 3

24 Aapl nlclJ 2 2 :5 4 2 4

25 Psld guaJ 1 5 2 3 3

26 Brou argu 3 3 4 3
27 \Ilks elon 4 1 1 3

28 Hedy caro 4 6 2

29 alec occl 3 5 3

30 Olos sand 4 4 2

r



Appendix 3-1. SPECIES QUADRAT COVER MATRIX In the FOREST

31 Plpt ,lbl 1 4 4
32 Myn leaa 1 1 3
33 Coee ferr 2 3 3
34 Elap eraa 2 2 2

35 Paap conJ 3 4
36 Cop!" .and 3 4
37 Dlos pent 2 3
38 Oler line 5
39 OeSlll trlCl 4
40 Gard remy 4
41 MelI lllinu 4

42 Pter ~I 4
43 Meeo reeu 4

44 Aleu IIIOlu 3. .,.
45 8ego hlrt 3

~
0) 46 Stae J- 3

47 Ager cony 3
48 Adl, hfap 2
49 Goul tem 2
50 Ager ripe 2
51 Sace Indl 2
52 Aste menz 2
53 Cras crep

54 Hex anont

55 Cord frut

56 Aspl labu

57 Cler perv



Appendix 3-2. Correlation Table of SO High IV Forest Species
and 3 Habitat Variables

Pearson Correlation Coefficients / Prob > IRI under Ho: Rho=0 / N = 16

TRANSECT DISTANCE CANOPY PSID_CAT NEPH_MUL CIBO GLA FREY ARB--....--
TRANSECT 0.0 ns ns ns ns ns
DISTANCE 1.0000 0.0 ns ns ns ns ns
CANOPY 0.9579 0.4637 0.0 ns ns ns ns
PSID CAT 0.0270 0.6575 0.3289 0.0 ns ns
NEPH-MUL 0.0911 0.2289 0.2294 0.1391 0.0 ns ns
CIBO-GLA 0.6875 0.3504 0.2655 0.1968 0.0810 0.0 ns
FREY-ARB 0."685 0.6783 0.3926 0.0358 0.0687 0.5321 0.0
METR-POL 0.8124 0.7166 0.1752 0.9653 0.4515 0.0075 0.4846
CIBO-CHA 0.0205 0.0506 0.8773 0.5925 0.8621 0.8963 0.2164
PSYC-HAW 0.8522 0.7758 0.8957 0.3733 0.8496 0.6686 0.0032
ADEN-TAM 0.3897 0.3622 0.3263 0.6563 0.1077 0.2850 0.2554
PEPE-SPP 1.0000 0.7861 0.7751 0.6630 0.4083 0.2675 0.8071
CHRCDEN 0.9315 0.5079 0.6582 0.1906 0.3152 0.4656 0.9411
ANTCPLA 0.6411 0.4193 0.1625 0.8562 0.8350 0.3440 0.3457
ALYX-OLI 0.2588 0.0742 0.7055 0.0592 0.0106 0.1624 0.0701
OPHCPEN 0.5922 0.8509 0.9507 0.2375 0.6822 0.6373 0.4549
OPLCHIR 0.0344 0.5486 0.7956 0.0078 0.2819 0.1969 0.0487
PLEO-THU 0.0622 0.4168 0.5591 0.4161 0.1869 0.5447 0.1605
CYRT-PAL 0.0037 0.5709 0.7381 0.0057 0.0769 0.4477 0.0022
RUBU-ROS 0.1798 0.3125 0.3716 0.0992 0.2575 0.2017 0.9555
SPAT-PLI 0.8243 0.1385 0.2323 0.2388 0.0494 0.1102 0.3652
CLID-HIR 0.7880 0.4556 0.1530 0.2537 0.7154 0.315£1 0.8462
ELAP-SPP 0.2760 0.0633 0.7300 0.8557 0.3283 0.5989 0.8443
LYCO-CER 0.4342 0.2873 0.6496 0.3197 0.4912 0.7541 0.2385
ARUN-ORA 0.8036 0.8708 0.0933 0.7992 0.0393 0.0263 0.2530
PSIL-NUD 0.0021 0.5667 0.5547 0.3023 0.0778 0.2037 0.1632
ASPL-N ID 0.2514 0.1458 0.6440 0.6939 0.3103 0.5843 0.1202
PSID-OUA 0.0898 0.7582 0.0677 0.5603 0.8515 0.3487 0.1400
BROU-ARG 0.0801 0.2470 0.9239 0.5190 0.0389 0.5700 0.2254
WIKS-ELO 0.3158 0.1540 0.9485 0.7588 0.2937 0.1880 0.8080
HEDY-CAR 0.2296 1.0000 0.3708 0.4473 0.7914 0.2729 0.9519
BLEC-OCC 0.1989 0.8773 0.0577 0.1602 0.6633 0.6988 0.7942
DIOS-SAN 0.3307 0.7356 0.7055 0.3436 0.4354 0.3932 0.1225
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METILPOL CIBO CHA PSYC_HAW ADENJAM PEPE SPP CRRI DEN ANTI_PLA
TRANSECT ns ns ns ns ns ns
DISTANCE ns + ns ns ns ns ns
CANOPY ns ns ns ns ns ns ns
PSID CAT ns ns ns ns ns ns ns
NEPH-MUL ns ns ns ns ns ns ns
CIBO-GLA ns ns ns ns ns ns
FREY-ARB ns ns ++ ns ns ns ns
METR-POL 0.0 ns ns ns ns ns ns
CIBO-eHA 0.8171 0.0 ns ns ns ns ns
PSYC-HAW 0.0925 0.6415 0.0 ns ns ns ++
ADEN-TAM 0.6573 0.3097 0.7279 0.0 ns ns ns
PEPE-SPP 0.8307 0.4372 0.1644 0.2795 0.0 ns +
CHRCDEN 0.2720 0.1555 0.8948 0.1737 0.2672 0.0 ns
ANTCPLA 0.0529 0.1412 0.0032 0.8116 0.0257 0.4362 0.0
ALYX-OLI 0.9735 0.2294 0.1871 0.6799 0.0733 0.9520 0.0747
OPHI-PEN 0.6157 0.5646 0.1710 0.6564 0.4329 0.47tl8 0.3260
OPEL-HIR 0.7151 0.7931 0.0370 0.3813 0.2814 0.4356 0.4169
PLEO-THU 0.6919 0.2196 ~.6628 0.0849 0.9058 0.1826 0.9537
CYRT-PAL 0.6967 0.4763 0.0399 0.6564 0.3684 0.8773 0.2026
RUBU-ROS 0.7319 0.8605 0.6164 0.1681 0.0616 0.5088 0.2883
SPAT-PLI 0.1388 0.1961 0.9123 0.8038 0.5462 0.0045 0.3006
CLID-HIR 0.7521 0.5386 0.6053 0.5866 0.2653 0.5651 0.0873
ELAP-SPP 0.2761 0.0534 0.1709 0.2321 0.2460 0.7359 0.0479
LYCO-CER 0.4942 0.8015 0.1767 0.6956 0.2055 0.7483 0.0824
ARUN-GRA 0.0436 0.9540 0.8899 0.2609 0.6301 0.4204 0.3447
PSIL-NUD 0.3724 0.0163 0.8026 0.5234 1.0000 0.6881 0.4622
ASPL-NID 0.2950 0.4978 0.0417 0.2715 0.0811 0.4148 0.1580
pSID-aUA 0.5216 0.1842 0.2739 0.7829 0.3572 0.2461 0.6716
BROU-ARG 0.5323 0.7746 0.3545 0.2896 0.1107 0.4452 0.2667
WIKS-ELO 0.6839 0.7066 0.9395 0.4682 0.0648 0.7734 0.4827
HEDY-CAR 0.6330 0.5663 0.3316 0.5094 1.0000 0.3196 0.3650
BLEC-OCC 0.6141 0.8696 0.8577 0.7531 0.1565 0.3859 0.3341
DIOS:SAN 0.0860 0.4251 0.2070 0.4892 0.6902 0.4732 0.3869
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Am..QY OPHI PEN OPEL_HIR PLEO_TIro CYRT~ RUBU ROS SPAT.-lli
TRANSECT ns ns ns ++ ns ns
DISTANCE ns ns ns ns ns ns ns
CANOPY ns ns ns ns ns ns ns
PSID CAT ns ns ++ ns • ns ns
NEPH-MUL ns ns ns ns ns +
CIBO-GLA ns ns ns ns ns ns ns
FREY-ARB ns ns ns ++ ns ns
METR-POL ns ns ns ns ns ns ns
CIBO-CHA ns ns ns ns ns ns ns
PSYC-HAW ns ns ns + ns ns
ADEN-TAM ns ns ns ns ns ns ns
PEPE-SPP ns ns ns ns ns ns ns
CHRCDEN ns ns ns ns ns ns
ANTCPLA ns ns ns ns ns ns ns
ALYX-OLI 0.0 ns ns ns ++ ns ns
OPHCPEN 0.0642 0.0 ns ns ns ns ns
OPEL-HIR 0.0812 0.0648 0.0 ns ns
PLEO-TIro 0.1975 0.2572 0.5828 0.0 ns ns ns
CYRT-PAL 0.0054 0.0913 0.0004 0.3377 0.0 ns ns
RUBU-ROS 0.3813 0.6657 0.0125 0.9139 0.0627 0.0 ns
SPAT-PLI 0.3536 0.9090 0.7462 0.8243 0.5944 0.8910 0.0
CLID-HIR 0.0817 0.2628 0.1963 0.7062 0.6222 0.4818 0.1210
ELAP-SPP 0.0608 0.8166 0.9189 0.7027 0.7074 0.4182 0.7719
LYCO-CER 0.5510 0.8395 0.5448 0.3807 0.5126 0.8882 0.5699
ARUN-GRA 0.7767 0.7837 0.8535 0.9152 0.6830 0.9476 0.0141
PSIL-NUD 0.8755 0.5515 0.2024 0.4259 0.0325 0.0783 0.5049
ASPL-NID 0.1801 0.5705 0.0390 0.7083 0.0669 0.1441 0.3406
PSID-GUA 0.2607 0.0269 0.0271 0.1429 0.0690 0.8357 0.6450
BROU-ARG 0.0606 0.1187 0.0379 0.6459 0.0341 0.1051 0.7138
WIKS-ELO 0.5260 0.7403 0.0342 0.6992 0.3221 0.0095 0.2334
HEDY-CAR 0.1104 0.2041 0.2035 0.2821 0.1299 0.8282 0.4915
BLEC-OCC 0.0988 0.0192 0.4448 0.6603 0.2020 0.1750 0.5887
DIOS-SAN 0.6418 0.4333 0.1712 0.5046 0.0997 0.0749 0.9851
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CLIP HIB ~SPP LYCO_CER ARUN GRA PSIL NUD ASPL Nm PSID GUA
TRANSECT ns ns ns ns ns ns
D~STANCE ns ns ns ns ns ns ns
CANOPY ns ns ns ns ns ns ns
PSID CAT ns ns ns ns ns ns ns
NEPH-MUL ns ns ns + ns ns . ns
CIBO-GLA ns ns ns + ns ns ns
FREY-ARB ns ns ns ns ns ns ns
METR-POL ns ns ns ns ns ns
CIBO-CHA ns ns ns ns + ns ns
PSYC-HAW ns ns ns ns ns + ns
ADEN-TAM ns ns ns ns ns ns ns
PEPE-SPP ns ns ns ns ns ns ns
CHRI-DEN ns ns ns ns ns ns ns
ANTCPLA ns + ns ns ns ns ns
ALYJCOLI ns ns ns ns ns ns ns
OPHI-PEN ns ns ns ns ns ns
OPEL-HIR ns ns ns ns ns +
PLEO-THO ns ns ns ns ns ns ns
CYRT-PAL ns ns ns ns ns ns
RUBU-ROS ns ns ns ns ns . ns ns
SPAT-PLI ns ns ns + ns ns ns
CLID-HIR 0.0 ns ns ns ns ns ns
ELAP-SPP 0.3297 0.0 ns ns + ns ns
LYCO-CER 0.6237 0.5368 0.0 ns ns ns ns
ARUN-GRA 0.5466 0.0747 0.1158 0.0 ns ns ns
PSIL-NUD 0.3188 0.0461 0.3296 0.1725 0.0 ns ns
ASPL-NID 0.9917 0.2571 0.2673 0.8'743 0.2187 0.0 ns
PSID-GUA 0.7258 0.9302 0.5157 0.9892 0.6440 0.6104 0.0

BROU-ARG 0.4512 0.6116 0.6661 0.2573 0.2718 0.0433 0.2061

WIKS-ELO 0.0542 0.3968 0.8850 0.7742 0.1368 0.3144 0.5191

HEDY-CAR 0.2877 0.5734 0.1988 0.9056 0.6365 0.7678 0.0370

BLEC-OCC 0.2134 0.7356 0.9372 0.2730 0.8419 0.5062 0.6767

DIOS:::SAN 0.6342 0.1985 0.4281 0.4988 0.0564 0.2126 0.3150
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BROU ARG WIKS ELO HEDYCAR BLEC OCC DIOS~

TRANSECT ns ns ns ns ns
DISTANCE ns ns ns ns ns
CANOPY ns ns ns ns ns
PSID CAT ns ns ns ns ns
NEPH-MUL ns ns ns ns
CIBO-GLA ns ns ns ns ns
FREY-ARB ns ns ns ns ns
METR-POL ns ns ns ns ns
CIBO-CHA ns ns ns ns ns
PSYC-HAW ns ns ns ns ns
ADEN-TAM ns ns ns ns ns
PEPE-SPP ns ns ns ns ns
CHRCDEN ns ns ns ns ns
ANTCPLA ns ns ns ns ns
ALYX-OLI ns ns ns ns ns
OPHI-PEN ns ns ns ns
OPEL-HIR ns ns ns
PLEO-THU ns ns ns ns ns
CYRT-PAL + ns ns ns ns
RUBU-ROS ns ++ ns ns ns
SPAT-PLI ns ns ns ns ns
CLID-HIR ns ns ns ns ns
ELAP-SPP ns ns ns ns ns
LYCO-CER ns ns ns ns ns
ARUN-GRA ns ns ns ns ns
PSIL-NUD ns ns ns ns ns
ASPL-NID + ns ns ns ns
PSID-GUA ns ns + ns ns
BROU-ARG 0.0 ns ns ns ns
WIKS-ELO 0.2791 0.0 ns ns ns
HEDY-CAR 0.3510 0.4345 0.0 ns ns
BLEC-OCC 0.3239 0.4088 0.3729 0.0 ns
nIOS:SAN 0.3278 0.4125 0.4564 0.4311 0.0
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APPENDIX 4-1

Downloading Micrologger Data into Analyzable Format

The environmental data coming out of the micrologger

are produced in a standard order which is a combination of

standard format and operator directed. This first fields

are standard military time and micrologger number, the

following fields represent the order of variables and the

output format which was programmed by the operator. The

micrologger has an internal memory which is filled with

the incoming data.

When the memory storage is full, the micrologger

needs to dump the data before it is able to store any

more. I utilized a tape recorder medium to record the en

vironmental data that was dumped by the micrologger. The

tape recorder was fastened directly to the micrologger and

was turned on to automatically record whenever data was

transferred. I switched tapes at one to two month inter

vals (along with batteries) to ensure that I did not run

out of power or tape.

The data tapes were brought back to the university

of Hawaii labs and prepared for data transfer to a stand

ard ASCII format for further analysis. Campbell Scientif

ic Inc. has produced two mechanisms for the data trans

formation. The first is a C20 Micrologger Box which allow
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the user to set communications switches and transfer data

across to a computer disk. The second is an actual card

which fits into a computer and has associated software to

drive the data transfer. The tape recorders plug directly

into both of these devices and the tapes are played to

retrieve the data. My personal experience was that the

internal card was easier to run, took less time and the

data was transferred with fewer errors.

The datasets themselves tended to be very large, a

few months of data often exceeding one megabyte. This

generally creates handling problems on the PC, so I ar

chived the data immediately after transcribing the data.

I then transferred the archived files electronically to

the mainframes at the computing Center where they were ex

panded (de-archived) for further manipulation. Due to the

size of the files and my desire to analyze them on the PC,

I decided to break all the files down into monthly seg

ments. I worked within the UNIX environment remotely on

the Computing Center computers and created monthly files

for forest data and clearcut data. For the one year of

data capture, this created 24 files. I electronically

transferred these files back across to the hard disk on my

PC.

In the PC environment, I utilized the wordprocessing

software XyWrite to clean up and reformat the environmen

tal data. This was chosen due to its programming
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capability and pwerful command structure. Within this en

vironment, all extraneous data in the fields were stripped

away, and the errors located and cleaned up. Errors are

generally repeated, and once identified one can set the

computer to search for similar patterns and set up re

placement routines. still, this was a very tedious and

time consuming stage.

Once cleaned up and in monthly sets, the data was

processed in two final ways. The first was to produce

daily output sheets with 30 minute intervals for permanent

hard copy of the years monitoring. The second was to

prepare the data for input in statistical Analysis System

(SAS) for further statistical analysis and data manage

ment. Examples of the daily data output sheets are in

cluded in this appendix and the result of the SAS analyses

are included in the chapter text.
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APPENDIX 4-2. Examples of ASCII Microclimate Data Tables

KALAPANA REGENERATION PROJECT
Rew Oete

Fore~t -- October I

--------------------------------- DATE-7274. ---------------------------------

DATE

7274.
7274.
7274.
7274.
7274.
7274.
7274.
72 74.
7274.
7274.
7274.
72 74.
7274.
72 74.
72 74.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
72 74.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.
7274.

TIME

0030.
0100.
0130.
0200.
0230.
0300.
0330.
0400.
0430.
0500.
0530.
0&00.
0&30.
0700.
0730.
0800.
0830.
0900.
0930.
1000.
1030.
1100.
1130.
1200.
1230.
1300.
1330.
1400.
1430.
1500.
1530.
1&00.
1&30.
1700.
1730.
1800.
1830.
1900.
1930.
2000.
2030.
2100.
2130.
2200.
2230.
2300.
2330.
2400.

TMP_SOIL

20.98
21.03
21 .05
21 .02
21 .07
21 .oe.
20.%
20.90
20.84
20.82
20.87
20.9€.
21 .01
21.0&
20.93
20.74
20.67
20.73
21 . 18
22.03
22. 12
22.00
21.98
22. 15
21 .82
21 .70
21 . '34
22.07
22.03
22.35
22.55
22.25
22.04
21.%
21.82
21.72
21.51
21.39
21 .27
21.12
21 .03
21 .02
20.99
21.03
20.97
21. 01
21.05
20.81

TMP_AIR

21 . 61
21.61
21.61
21 . 61
21 .61
21.61
21 . 51
21. 58
21.55
21.56
21.56
21.56
21. 56
21.54
21. 51
21.47
21.27
21.26
21.27
21.27
21.27
21.32
21. 34
21.37
21. 41
21.43
21.46
21.48
21. 51
21. 54
2 i. 56
21. 59
21 . 61
:2 i . b3
21.66
21.66
21.67
21.70
21.70
21.70
21.70
21.70
21.70
21.66
21. 66
21.66
21.66
21.66
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INSOL

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.001
0.009
0.031
0.046
0.052
0.038
0.045
0.033
0.016
0.022
0.050
0.039
0.035
0.068
0.035
0.017
0.019
0.008
0.002
0.000
0.000
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.001

PRECIP

1
3
2

14
27
16
21
33
11

2
2
1
1

68
11

121
155

33
5
1
o
o
1
o
1
6
8

23
2

11
1
o
1
o
o
5
2
1
o
1
o
o
1
1
o
1
2
1

85.30
85.30
85.30
85.30
85.30
85.30
85.40
85.40
85.40
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.70
85.60
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.50
85.40
85.40
85.40
85.50
85.50
85.60
85.60
85.70
85.70
85.80
85.80
85.80
85.90
85.90
86.00
86.00
86.10

1.952
1.952
1.952
1.953
1.954
1.953
1.953
1.953
1.952
1.952
1.952
1.952
1.952
1.953
1.952
1.953
1.953
1.953
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1.952
1. 951
1.951
1.951
1. 951
1.951
1.951
1.95"1
1.951
1.951



KALAPANA REGENERATION PROJECT
Rllw Dlltll

Forest - - December 3 I

--------------------------------- DATEE7365. ---------------------------------

DATE TIME TMP-SOIL TMP- AIR INSOL PRECIP REL - HUM HUM SOIL-
7365. 0030. 16.20 14.31 0.001 0 83.0 1.91 '5
7365. 0100. 15.97 14.30 0.001 0 83.0 I .915
7365. 0130. 15.73 14.26 0.002 0 83.1 1. 914
7365. 0200. 15.60 14.28 0.001 0 83. I 1 .916
7365. 0230. 15.58 14.24 0.001 0 83.2 1. 916
7365. 0300. 15.73 14.19 0.002 0 83.2 1.916
7365. 0330. 16.04 14. 14 0.003 I 83.2 1. 916
7365. 0400. IE-. 24 14.09 0.002 0 83.1 1.916
7365. 0430. 16.06 14.03 0.002 0 83.2 1.91 e,
7365. 0500. 15.91 14.00 0.001 0 83.3 1.916
7365. 0530. 15.59 13.98 0.001 0 83.3 1.916
7365. OE-OO. 15.40 13.92 0.001 0 83.3 1.915
7365. 0630. 15.39 13.79 0.001 0 83.3 1.915
7365. 0700. 15.67 13.71 0.001 0 83.3 1 .915
7365. 0730. 16.05 13.65 0.002 0 83.3 1.915
7365. 0900. 16.E-0 13.60 0.005 0 83.3 1 .915
7365. 0830. 17.06 13.54 0.009 0 83.3 1.915
7365. 0900. 17.50 13.44 0.012 0 83.2 1. 914
7365. 0930. 17.78 13.22 0.016 5 83.2 1.915
7365. 1000. 18.10 13.23 0.032 2 83.2 1.914
7365. 1030. 18.49 13.40 0.050 0 83.2 1.914
7365. 1100. 19.06 13.52 0.032 1 83. I 1 .914
7365. 1130. 19.12 13.54 0.034 0 83.2 1.915
73 E-5. 1200. 19.46 13.59 0.049 0 83. I 1.914
7365. 1230. 19.68 13.51 0.050 0 83.1 1.914
7365. 1300. 19.84 13.45 0.045 0 83.1 1.914
7365. 1330. 20.08 13.40 0.057 0 83.1 1. 914
7365. 1400. 19.72 13.42 0.043 0 83.1 1 .914
7365. 1430. 19.74 13.43 0.039 0 83.0 1.914
7365. 1500. 19.93 13.45 0.051 0 82.9 1.914
7365. 1530. 19.57 13.45 0.014 0 82.8 1. 914
7365. 1600. 19.16 13.51 0.017 0 92.7 I .914
7365. 1630. 19.02 13.55 0.008 a 82.7 1.914
7365. 1700. 18.90 13.55 0.001 0 82.6 1.914
7365. 1730. 18.97 13.59 0.000 0 82.6 1.914
7365. 1800. 19.00 13.59 0.002 0 82.6 1.914
7365. 1830. 18.93 13.59 0.003 2 82.6 1.914
7365. 1900. 18.80 13.46 0.002 36 82.6 1.917
7365. 1930. 18.40 13.74 0.002 56 82.7 1.918
7365. 2000. 18.25 13.90 0.001 4 82.7 I .916
7365. 2030. 18.27 13.81 0.001 46 82.7 1.918
7365. 2100. 18.26 13.81 0.002 3 82.8 1.915
7365. 2130. 18.15 13.86 0.002 1 82.8 1.915
7365. 2200. 17.89 13.92 0.001 I 82.6 1 .915
7365. 2230. 17.77 13.9G 0.001 a 82.9 1.915
7365. 2300. 17.86 13.97 0.001 0 82.9 1.915
7365. 2330. 17.85 14.00 0.001 ·0 82.9 1 .915
7365. 2400. 17.87 14.01 0.002 a 83.0 1.915
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