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ABSTRACT

Eleven transects in ten different types of plant communities found along an
altitudinal gradient on the east flank of Mauna Loa were sampled monthly using
the "count x detectability'" method of censusing birds. Eight of these sites
were on the Mauna Loa Transect, which has been intensively sampled by IBP
participants 1n the Island Ecosystems IRP. Frequency, density and distribution
of the 29 bird species encountered are discussed.

Data on species presence and density at each site were used to construct
community (sampling site) ordinations based on similarity indices and species
ordinations based on two-way tables. The results of these analyses provided the
basis for the objective definition of transect zones for those sites located on
the Mauna Loa Transect. The transect zones objectively defined by avian community
analyses were almost identical to those based on analyses of plant communities
on Mauna Loa.

The habitats selected by each bird species are discussed. Optimum habitats
as a reflection of maximum density are described for each speciles.

At least two types of environmental factors assoclated with the altitudinal
gradient appear to be important influences on patterns of avian spatial distri-
bution: 1) continuocusly varying environmental factors (e.g., rainfall, tempera-

ture, gradual transitions from one plant community to another); 2) habitat

. discontinuities (narrow ecotones, abrupt changes in vegetation structure).

Competition is briefly discussed as a factor that may affect density and
distribution of some bird species.

In some cases (e.g., 'Apapane, 'I'iwi) it is apparent that very specific
factors (e.g., blooming time and amount in certain important food plants such as

Metrosideros and Sophora) strongly influence the distribution and local abundance

of a few bird species. However, vegetation structure appeared to be the single
most important influence on population density and patterns of spatial distribu-
tion of the bird species studied.
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INTRODUCTION

Objective

The objective of this study was to examine bird species frequency, density
and composition on 11 IBP sites on the island of Hawali. The study was also
part of a gradient analysis of ecosystems on Mauna Loa, Hawall and was Integrated
with similar projects dealing with other biotic groups. This paper is primarily
a discussion of the frequencies, estimated dengities, and spatial distribution of
all bird species found between October, 1972, and March, 1975, on the study sites
selected. Species diversity, seasonal trends in abundance, and the relationships
between birds and other ecosystem components, primarily plants, insects, rainfall

and temperature, will be discussed in detall in later reports.

Previous studies

Baldwin (1953) conducted censuses of birds in many of the same habitats
selected for study in this project. He determined species composition and
relative occurrence using data collected on censuses taken intermittently from
1940 to 1949. Relative occurrence was calculated using the formula rc = 5 .
where rc = relative occurrence, s = the number of censuses on which a species
was observed, and C = the total number of censuses taken. It should be noted
that the value that Baldwin (1953) calls "relative occurrence' is equivalent to
"frequency" in this study. Baldwin's (1953) censuses were made during all types
of weather, at any time of day, and throughout the entire year.

Banko (pers. comm.) is presently conducting a study that duplicates
Baldwin's work, using the same plots and methods. When this work is finished,
unlike the present study, it will provide material suitable for direct comparison
with Baldwin's results. The present study differs from those of Baldwin (1953)
and Banko in several ways. 1. 1 have chosen fewer, but much larger cemsus plots;
2, 71 have ugsed a different censusing method almed at the determination of
absolute density rather than relative occurrence; 3. my censuses are conducted
monthly at sunrise, rather than randomly during the day several times per month;
and 4., my study included an Acacia-Metrosideros-Cibotium montane rain forest
not sampled by Baldwin (1953).

Berger (1972b) returned to many of Baldwin's plots to assess bird populations.
Although he discussed species composition, distribution, and abundance in a

general sense, no values for frequency or abundance were presented. Because the



methods used to provide data on which discussions of abundance were based were
not described, it is difficult to compare Berger's (1972b) work with the results
of this study.

Berger (1972c) censused the four 1000 m transects in the 80 ha IBP intensive
study site in the Kilauea Forest Reserve in January, February, March, April, May
and July of 1972. He covered two transects per day, taking from 2.4 to 4.75
hours. Weather conditions and time of day were variable. Although he does not
specifically state that his censuses fully covered the 80 ha study site, Berger's
(1972b) density values are based on this sample plot size. These density values
are the only figures from previous studles given as number of birds per unit
area. Thus the values can be compared with the results of this study, although
it is important to note that considerable differences in methods make comparisons
problematic (see page 69),.

Dunmire (1962) censused birds in seven areas within Hawaii Volcanoes
National Park. Unlike this study and the others mentioned above, several of
Dunmire's study areas contained two types of plant communities. Dunmire did not
use plots of a determined size, although he noted the total time spent censusing
in each area. No attempt was made to standardize the time of day, and data were
not collected in every month of the year.

Dunmire (1962) gave values for "relative abundance,” which he calculated
using the formula ra =-% , where ra = relative abundance, n = the number of
individuals of each species observed, and t = the total number of birds of all
specles observed. I did not calculate similar values with my own data because
the validity of comparison is considerably weakened by the dissimilarity of
methods.

This study differs from previous work in several ways. The method of
censusing, which will be described in detail below, is designed to yield data on
absolute density rather than relative abundance. Only until censuses using a
method of acceptable accuracy (e.g., nesting bird censuses) are conducted in my
study plots, will it be possible to determine precisely the margin of error in
my data. However, only the montane rain forests in this study differ considerably
from those continental ecosystems in which this method has been thoroughly tested
with satisfactory results (Emlen 1971).

Comparison of my results with those of others presents some problems. As I
have mentioned, the methods used in all the studies were different from one

another, as were the conditions under which censuses were conducted. As a result



it is impossible to make detailed comparisons between any of the studies. In
fact, Baldwin (1953) and Dunmire (1962) pointed out that they were reluctant to
compare their own sampling areas with one another. However, species composition
of the ecosystems studied and abundance in a very general sense can be compared

to some extent.

Study applications

If high frequency and density are indicators of ecological optima, then we
can predict from these data which kinds of habitats are best suited to each
species, An ecological optimum may represent a "preferred" habitat or merely a
"tolerated" habitat into which a species is forced because it cannot compete
successfully in its "preferred" habitat. Nevertheless, a comparison of optimal
versus marginal habitat (as indicated by low frequency and density of a species)
for each species should be helpful in defining ecclogical niches as they
presently exist in terms of habitat structure. 1In addition, a knowledge of the
nature of optimum habitat, in combination with information about reproductive
success and foraging behavior, neither of which has been studied in depth, should
lead to a more detailed investigation on niche differentiation and niche overlap
for future research. Finally, some knowledge of population dynamics 1is essential
to reach an understanding of the ecological relationships between birds and other
ecosystem components, as well as the influence of ablotic environmental
parameters on bird populations.

Information about characteristic bird densities and diversities of a broad
spectrum of ecosystems should provide a basis for assessing the quality of
similar habitats for different kinds of land use, such as natural areas, bird
sanctuaries and wilderness preserves. Assessing habitat quality is especially
important for rare and endangered species, because without some idea of the
nature of optimum habitat for these species, it 1s difficult to design programs

for their preservation.

MATERIALS AND METHODS

Establishment of transects

Eleven census transects were marked out on 11 IBP sites, chosen because
information from other ecological studies on the structure and dynamics of these

communities was readily available within the framework of the IBP, and also



because they constituted a fairly complete representation of communities along

a wide elevational gradient. Choice of transect sites was closely integrated
with sampling plot locations for other studies that were part of the IBP gradient
analysis on Mauna Loa.

Each of the transects was a strip 1600 to 2000 m long and approximately
250 m wide. Thus, each sampling plot was 40 to 60 ha in size. This figure
corresponds to the standard unit (40.5 = 100 A) in descriptions of avian popula-
tions. It is also a convenient width and length of tramsect within which to
census birds. Transect lengths were determined with a range finder, and marked
with plastic tape. Elevation contours were followed in marking out transects
except when substantial discontinuities in vegetation type occurred. In these
cases the transects were kept as much as possible within homogeneous stands of
vegetation rather than precisely on elevational contour lines.

Jacobi's (1974) description of the vegetation on rodent traplines is of
importance to this report inasmuch as all the bird census transects except 92
were marked out at the same sites or at sites with the same vegetation formations
as the rodent traplines. 1In several cases the rodent traplines were concurrent
with the first 600 m or more of bird census tramsects. Table 1 is a list and
brief description of the character and location of the study sites, ag well as
the corresponding rodent trapline numbers. Figure 1 is a map showing the
transect locatioms. Figures 2 and 3 are transect profiles for IBP Transects 1
and 2, which include those ecosystems in which census transects for this study
were established. Figures 2 and 3 were taken from Mueller-Dombois (1966:399,
412).

Transects 1, 3, 4, 5, 8, 9, and 12 were given numbers corresponding to the
numbers of the appropriate IBP sites on Transect 1 (Figs. 1 and 2). Transect 16
(Kipuka Puaulu) is included in IBP site 4 on IBP Transect 1 (see Fig. 1).
Transects 88 (Kipuka Keana Bihopa), 91 (Kilauea Forest Reserve), and 92 (upper
Keauhou Ranch} fall on IBP Transect 2 (Figs. 2 and 3), which, with the exception
of the Kilauea Forest PReserve, was not sampled intensively by most IBP partici-
pants. Several types of plant communities occur on the Keauhou Ranch. The
phrase, '"upper Keauhou Ranch," in this report refers only to those communities

traversed by Transect 92 (see Table 1, Fig. 1),
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FIG. 1. Map showing locations of census transects on the east-flank
of Mauna Loa, Hawail. Dashed lines are IBP transects 1 and 2,
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Censusing method

On each transect, censuses were conducted monthly beginning in December,
1972, and ending in July,1973. They were begun again in August, 1974, and
continued until March, 1975, so that a full year's data were avallable. The
overlap provided some replication of the first censuses during which techniques
were being perfected. Tramsects 3, 12, and 99 were censused 7, 8, and 5 times
respectively. These transects were not characterized by high densitles or
diversity of birds.

Because all censuses were conducted lmmediately after sunrise and, with
very few exceptions, in good weather, activity levels of bird specles were
presumed to be consistent. This study is the first of those conducted in Hawaiil
Volcanoes National Park and adjacent areas wherein weather and time were kept
consistent. It can be expected that greater accuracy will be achieved with the
application of these comnstraints to data collection procedures (Emlen 1971).

On each census all detections, visual and acoustic, out to the limits of
detectability (120 m), and on either side of the observer were tallied. As
aforementioned the limit of detectability was established as a convenient width
of transect, and no birds beyond this limit, as determined with a range finder,
were counted.

Figure 4 shows a sample census data sheet. Each time a bird was detected,
it was noted as a visual or auditory (song or nonsong) detection. Song detec-
tions made during the breeding season could be doubled for those species 1in
which only the male sings. However, I did not do this because of the lack of
information on the time limits of breeding seasons and on female singing
behavior in many species of Hawaiian birds. The distance from the observer was
noted for each detection, and recorded on the data sheet in the appropriate
distance class (Fig. 4). At first distances were confirmed with a range finder,
but after I had gained scme estimating experience, the range finder was used only
periodically to confirm estimates.

Duplicate counting and errors in distance estimation for auditory detections,
especially in rain forest {(Transects 1, 91, and 92), were probably the most
important source of error. 1 attempted to reduce the possibility of duplicate
counting by taking two precautions. First, I counted no birds seen or heard
behind me at any point and, second, I did not count any birds ahead of me unitl
they were within about 30 m of me in the strip of coverage perpendicular to my

path. These restrictions limited the area of active detections to a strip about
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30 m wide whose length was the same as the limit of detectability and whose

long axls was perpendicular to the observer's path,

Data analysis

After censuses were completed, data for each species at each site were
examined to determine the lateral abundance distribution, and the point of
maximum detectability was then established. In Figure 5, for example, detections

of 'Amakihi (Loxops virens virens) in a census taken on 5 May 1973 in Acacia-

Metrogsideros-Cibotium rain forest are plotted. This graph shows that the

maximum number of birds was recorded in the strip of coverage 9 to 12 m on both
sides of the observer, and that detections attenuated rapidly thereafter.
Although it seems logical that most birds would be detected in the strip of
coverage nearest the observer, this is not true. Many birds, such as the
TAmakihi, will move away from an observer as he approaches. This causes the
maximum number of detections to be made at some distance from the observer's
path. A few specles tend to approach the observer and these reach maximum
detectability close to the center of the transect. One may assume with Emlen
(1971) that the point of maximum detectability (9 to 12 m for 'Amakihi in Fig.
5) represents the distance from the observer within which all or nearly all
birds present are detected. Of course, this distance varies with the bird
species and with vegetation density. One considers the number of birds detected
within this range (e.g., 29 birds per 12 m strip 1600 m long in Fig. 5) to be
constant in a homogeneous habitat. This number is used to arrive at a
"projected" number of birds for the census transect, Because the strip of
coverage extends 120 m on either side of the observer, the projected number of
birds in the example shown in Figure 5 would be 290 birds (29 birds/12 m =

290 birds/120 m).

In this manner a projected bird density for each specles is determined
based on 1ts characteristic lateral distribution and detectability in the habitat
in question. This projected number represents an approximation of "absolute"
density, and is quite different from "relatilve abundance" as described by
Baldwin (1953) and Dunmire (1962). (See pp. 1 and 2.)

Using the projected density values and the total numbers of birds counted
during censuses, one can calculate a "coefficient of detectability" (CD) using
the formula CD = % » Wwhere t = the total number of birds counted, and p = the

projected number of birds. For example, using the data shown in Figure 5, a
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CD of 36/290 = 0.12 can be calculated for '"Amakihi in Acacia-Metrosideros-

Cibotium rain forest.

The CD values will be characteristic for each species in each distinct
type of habitat. This 15 due to the differences in habitat structure and the
behavior of bird specles relative to the observer, both of which influence the
lateral distribution, hence detectability of the species.

After a number of censuses are taken, a CD for each bird specles in each
different type of habitat 1is established. (In this study, CD's were calculated
for each census on every transect: 13 censuses for Transect 91, 12 censuses for
Transects 1, 16, 4, 5, 7, 9, and 92, 7 censuses for Transects 3 and 8 and 5
censuses for Transect 88.) At this point the investigator can take censuses in
which he merely counts the total number of birds and calculates their densities
by applying the appropriate, previously determined CD for that case. For
example if 39 'Amakihi were counted in 3 km of Acacia-Metrosideros-Cibotium rain

forest, where the CD for this species was determined to be 0.12,thelr projected
39/3
0.12
250 m wvide equals a sampling area of 25 ha.)

density in this case would be = 108 birds per 25 ha. (One km of a transect

I have continued to collect lateral distribution data on all censuses
because of the observed variation in CD values. At present the significance
of this variation remains to be determined. Some seasonal variation in CD
values is to be expected because very young birds or birds in the midst of their
breeding cycle may react quite differently to the observer then than at other
times. The abundance of a species may alsoc affect CD values, especlally if birds
are vather rare. This situation would result in a low number of detections, and
the smaller the sample size, the greater the variation in CD values. These
kinds of problems can be solved if sufficient data are available, but a one-year
study such as this one is not adequate to resolve such difficulties.

Because the causes of variation in CD valueswvere not determined in this
study, data from all censuses on a particular transect were used to calculate a
typical CD value for each species detected on that transect. The advantage of
this procedure is that projected numbers of birds are always directly propor-
tional to the actual number counted. This may mask the effect of real variation
in CD values. However, when these cannot be recognized as such, one can at
least be assured that projected values are directly related to actual count
numbers.

Emlen (1971) has suggested that further refinement of projected densities
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can be obtained by comparing them with census data obtained using some other
standardized method, and, with this information, developing appropriate conversion
factors. Unfortunately no such data are available from studies completed in
recent years as I have pointed out on pp. 1-3. Baldwin's (1953) data

could have been used if there had not been such pronounced changes during the

last 25 years in the composition and abundance of the avifauna in the study

areas (Berger 1972b). 1If Banko's results become available in the near future

they may provide some basis for comparison. However, Banko (pers. comm.) has
pointed ocut that his data on bird density are not very accurate because he was
principally concerned with relative abundance rather than density per se.

Ideally, nesting bird censuses should be conducted. These would provide still
more accurate data against which I could compare my own values for bird

densities. Furthermore, data obtained using the nesting bird census technique
would be sufficiently accurate to use in evaluating the "'count x detectability"
method itself. However, completion of nesting bird censuses 1s extremely time-
consuming, and it was not possible in a short-term study such as this to undertake
this additional project. For these reasons the data given in this report, then,
are based only on the 'count x detectability" method as described herein and by
Emlen (1971).

After calculating population densities as described above, the data were
subjected to one-way analysis of variance and Duncan's new multiple range test
(Duncan's test hereafter) to detect the existence of significant differences in
bird densities among transects. All significant differences reported in this
paper exist at a significance level of 0.01, Similarly all subgroup sets of
megﬁg?ﬁ}iggnguncan's tests contain those transects not significantly different
from one another at the significance level of 0.0l.

Only 9 of the 29 species encountered on censuses occurred frequently enough
and at high enough densities to yield data appropriate for the statistical
analyses mentioned above. The remaining 20 species include birds such as Erkel's
Francolin, which was observed only once on Transect 88, and the two species of
pheasants, which were widespread and frequently observed but at such low numbers
(1 or 2 per census) as to preclude any possibility of statistically analyzing
the data.

The values reported for frequency of each species found on a transect are
percentages. They were calculated using the formula F = %-x 100, where F =

percent frequency, d = the number of censuses upon which a species was detected



on one transect, and w = the total number of censuses taken on that transect.
As I have mentioned Baldwin (1953) called the walues he calculated in the same
manner 'relative abundance" rather than frequency.

Latin and common names for all bird species mentioned 1in this report are
given in the Appendix. Plant names are given in accordance with St. John's

{(1973) list of Hawaiian flowering plants.

Methodological problems

There are some habitats and some bird specles to which the count x
detectability method cannot be applied or is applied only with difficulty.
Emlen (1971) mentioned that his method is applied with difficulty to hawks,
treetop birds in tall dense forests, and flocking birds. He points out that his
method is best sulted to nonflocking temperate passerines., This study is
apparently the first time the method has been applied tc troplcal passerines,
or in tall dense rain forests. Some difficulties were encountered with several
passerine species, and these are discussed below. All nonpasserine densities
reported here are means of the actual numbers counted. Some of these species
were quite rare, and are simply reported as present on those transects where
they occurred. The same is true of several rare passerine birds.

The House Finch (Carpodacus mexicanus frontalis) and the Spotted Munia

(Lonchura punctulata) were often found in flocks ranging in size from six to

over fifty birds, as well as solitarily or in pairs. For this reason, I made
notes about the disposition of the birds observed on each census, and applied
CD values to the data only when they were approprlate, that is, only when birds
were judged to be uniformly distributed throughout the habitat.

Several species (Loxops coccinea coccinea, Hemignathus wilsoni, Himatione

sangulnea, Vestiaria coccinea) of honeycreepers (Drepanididae) and the Japanese

White-eye (Zosterops japonica japonica) spend at least part of their time in

treetops. It has been my experience that these species are easily detected
aurally much of the time because all use call-notes or songs regularly enough to
permit a good rate of detection while they are active. This judgment is based
on over 7,500 detections made in habitats with good visibiiity. I feel that this
characteristic auditory conspicuousness counters some of the difficulties of
visual detection for these species, and that the CD's can be applied to yield

approximate population densities., The margin of error is undoubtedly greatest
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for these species, especially the 'Apapane (H. sanguinea) and the Japanese
White-eye, the two most abundant birds in the study area as a whole. Precise
determination of the margins of error involved in estimating densities of these
specles will only be resolved by continued censusing, preferably with an
intensive, highly accurate method.

Tall, dense montane rain forests (Transects 1, 91, and 92) are the only
habitats wherein I encountered very much difficulty in detecting birds. The
density of vegetation in these areas is greater than that in any forest type in
which the count x detectability method was tested. This method, however, is
well-designed to cope with the vegetation density problem. The reason for this
is that density estimates are based on the characteristic lateral distribution,
hence detectability, of birds in each distinct habitat type. For example,
visual and auditory detections (bird detectability) attenuate rapidly in dense
vegetation. In this situation the CD is based on detections made close to the
observer, that is, within the area of greatest detection accuracy. The CD is
calculated so that it reflects true detectability of the bird species, and is
calculated to fit detection conditions peculiar to each vegetation type. Thus
varlation in numbers of birds counted due to habitat-caused differences in
detectability should not influence estimates of population density.

There is no question that the margin of error is greatest in tall, dense
raln forest, and that accurate denslties can be determined only by using an
accurate but very time-consuming method, which would preclude coverage of large
areas in a varilety of habitats, All things considered, I feel that a certain
degree of inaccuracy in the data is compensated by the large sample sizes and the
coverage of a wide diversity of habitat types. Over 12,000 individual detections
of birds were made in rain forest habitat alone in this study. Inasmuch as
Emlen (1971) based his description of the count x detectability method on about
15,000 individual detections, I feel that I have collected sufficient data (over
23,000 individual detections in total) to keep the possibility of error at a
relatively low level, and to make density estimates quite reliable,

Scope of the study

My comments on bird densities, frequencies and spatial distribution apply
strictly to the study area, i.e., the ecosystems found on the east flank of
Mauna Loa. Conclusions are based strongly upon data gathered during censuses.

Additional fileld notes, made by myself and other workers, were drawn upon
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occasionally in developing the discussion of results. It is important to mention
this because there are quite a number of community types on the east flank of
Mauna Loa. I have surveyed most of those communities chosen for intensive study
by the IBP Project (Mueller-Dombols 1972). 1In the process some community types
with limited distributions (e.g., pioneer communities on new lava flows, various
ecotones) were omitted from the study. Moreover the distribution of some bird
species is patchy. That 1s, a species may be observed in localities whose
habitat is similar to those localities where the same species is absent. For
these reasons, I felt it was important to clarify the limitation of my results

to only the study area.
RESULTS

Species groups

The species studied fall into three broad groupings that I have established
on the basis of tramsect occurrences. Group A includes wide-ranging species
that were observed on all transects. Group B is made up of those species
observed on six to ten transects., Group C contains the rarer speciles that were
observed on fewer than six transects. Table 2 lists the species in each group.
These groups are generally indicative of ecclogical amplitude (in the sense of
Bond 1957), with Group A species occurring in the greatest range of habitat

types, and Group C species occurring in only a2 few, sometimes just one habiltat,

Group A: species with wide distributions

Japanese White-eye (Zosterops japonica japonica)

The White-eye (Berger 1972a:222) occurred with 100 percent frequency on all
transects except the tree line ecosystem {(Transect 12) at 2440 m, where it was

cbserved only once (Table 3).

TABLE 3. Mean densities and frequencies of Japanese White-eye (Zosterops
japonica japonica).

Transect numbers 88 i 3 16 4 5 7 9 12 91 92
Density %%Egg 125 254 123 466 316 210 150 81 Px 130 176
Frequency (%) 100 100 100 100 100 100 100 100 13 100 100

* P = present at a density of less than 1 bird per 40 ha
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Three subgroups of tramnsects were established by Duncan's test. Each
subgroup contains those transects with mean densities that did not differ
significantly (P = 0.01) from each other. To illustrate this, the subgroups in
Figures 6-14, which show the results of the Duncan's tests, were joined togeth-
er by contiguous . lines. This was done instead of the usuval method of under-
lining means that do not differ significantly. This original presentation
method facilitates the dinterpretation of the figures.

The results of Duncan's test with mean densities of White-eyes are shown in
Figure 6. The compositions of the three subgroups are: 1. Tree Molds (Transect
3), Kipuka Keana Bihopa (Transect 88), upper mountain parkland (Transect 7),
Kilauea Forest Reserve (Transect 91), lower mountain parkland (Tramsect 5),
Thurston Lava Tube (Transect 1), Kipuka Ki (Transect 4); 2. Tree Molds (Transect
3), Kipuka Keana Bihopa (Transect 88), upper Keauhou Ranch (Transect 92), upper
mountain parkland (Transect 7), Kilauea Forest Reserve (Transect 91), lower
mountain parkland (Transect 5), Thruston Lava Tube (Transect 1); 3. subalpine
serub (Transect 9), Tree Molds (Transect 3), Kipuka Keana Bihopa (Transect 88),
upper Keauhou Ranch (Transect 92), upper mountain parkland (Transect 7), Kilauea
Forest Reserve (Transect 91), lower mountain parkland (Transect 5).

The closed forests of Kipuka Puaulu (Transect 16) and Kipuka Ki (Tranmsect 4)
had the highest densities of White-eyes, with the mean density at Kipuka Puaulu
significantly higher than all other transects (Table 3, Fig. 6). Next to the
closed mesic forests at Kipuka Puaulu and Kipuka Ki, White-eyes attained their
highest densities in closed rain forests and mountain parkland. Among the four

transects included here, the Metrosideros-Cibotium rain forest at Thurston Lava

Tube (Transect 1)} had the highest mean density, followed by lower (1500 m)
mountain parkland (Transect 5) and upper (1800 m) mountain parkland (Transect 7),
in that order (Table 3, Fig. 6). TUpper Keauhou Ranch (Transect 92), Tree Moldsg
(Transect 3) and Kipuka Keana Bihopa (Transect 88) all supported about the same
density of White-eyes (Table 3, Fig. 6). The Keauhou Ranch value was signifi-
cantly lower than that of Kipuka Ki, while Tree Molds and Kipuka Keana Bilhopa
were not (Fig. 6). The lowest densities of White-eyes occurred at tree line
(Transect 12) and in subalpine scrub {Transect 9) (Table 3). The specles was
very rare at tree line, and its density was sifnificantly lower in subalpine
scrub than in Kipuka Puaulu (Transect 16), Kipuka Ki (Transect 4) and Thurston
Lava Tube (Transect 1) (Table 3, Fig. 6).
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'Apapane (Himatione sanguinea)

Of the Group A species, the 'Apapane (Berger 1972a:169) was the most
abundant bird, with 100 percent frequency on 10 of 1l transects (Table 4). Its
population densities were greatest in mature rain forests where 'ohi'a i1s the

dominant or codominant tree. .

TABLE 4. Mean densities and frequencies of 'Apapane (Himatione sanguinea).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92

Density D58 px 511 65 267 335 88 243 112 19 862 475

Frequency (7%) 60 100 100 100 100 100 100 100 100 100 100

* P = present at a density of less than 1 bird per 40 ha

Duncan's test established four subgroups of transects with mean densities
of 'Apapane not significantly different from each other (Fig. 7). The composi-
tion of these subgroups was: 1. tree line ecosystem (Transect 12), Tree Molds
(Transect 3), lower mountain parkland (Transect 5), subalpine scrub (Transect 9),
upper mountain parkland (Transect 7), Kipuka Puaulu (Transect 16)}; 2. Kipuka
Ki {Transect 4), upper Keauhou Ranch (TIransect 92), Thurston Lava Tube (Transect
1); 3. Kipuka Puaulu {Transect 16), Kipuka Ki (Transect 4), upper Keauhou
Ranch {Tramsect 92); 4. upper mountain parkland (Transect 7), Kipuka Puaulu
(Transect 16), Kipuka Ki (Transect 4).

'Apapane densities were significantly higher in the Kilauea Forest Reserve
(Transect 91) than on any other transect (Table 4; Fig. 7). There were over 850
birds per 40 ha on this transect. The other two rain forest transects,

Thurston Lava Tube (Transect 1) and upper Keauhou Ranch (Transect 92), had the
next highest densities of this species, 511 and 475 birds per 40 ha, respectively,
and were not significantly different from one another. The two mesic kipuka
forest transects, Kipuka Ki {Tramsect 4) and Kipuka Puaulu (Transect 16), and
upper mountain parkland (Transect 7) follow the rain forest transects in order

of density values. These means, which form the fourth Duncan's test subgroup
described above, range from 243 to 335 birds per 40 ha on Transects 7 and 4,
respectively, and are not significantly different from each other. The remaining

transects, all with open forest (lower mountain parkland, Transect 5) or scrub-
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lower mountain parkland (Transect 5) had the next highest demnsities, with 174
and 166 birds per 40 ha, respectively. Kipuka Keana Bihopa (Transect 88), upper
Keauhou Ranch (Transect 92), Kipuka Ki (Transect 4), and Kilauea Forest Reserve
(Transect 91) supported similar densities of 'Amgkihi, with means ranging from
86 to 108 birds per 40 ha. Thurston Lava Tube (Tramnsect 1), Kipuka Puaulu
(Transect 16) and the tree line ecosystem (Transect 12) had the lowest densities
of this species. 'Amakihi were observed on only one census in the Tree Molds
(Transect 3) area (Table 5, Fig. 8).

House Finch (Carpodacus mexicanus frontalis)

The House Finch (Berger 1972a:229) was cobserved on all 11 transects (Table
6). Although it was not recorded on any censuses taken at Thurston Lava Tube
(Transect 1), it was seen there occasionally, passing through the area. Two
House Finches were heard for the first time at tree line (Transect 12) during

a census on 26 September 1975, but have not been seen there since.

TABLE 6. Mean densities and freguencies of House Finch (Carpodacus mexicanus
frontalis).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92

Density 2iE98 183 px 32 138 93 53 32 37 Pk Pk 49
40 ha

Frequency (%) 100 0 71 100 w00 77 77 69 13 21 85

* P = present at a density of less than 1 bird per 40 ha

Three subgroups of similar means resulted from Duncan's test: 1. upper
mountailn parkland (Transect 7), Tree Molds (Transect 3), subalpine scrub
(Transect 9), upper Keauhou Ranch (Transect 92), lower mountain parkland
{Transect 5), Kipuka Ki (Transect 4); 2. Kipuka Puaulu (Transect 16), Kipuka
Keana Bihopa (Transect 88); 3. Kipuka Ki (Transect 4), Kipuka Puaulu (Transect
16) (Fig. 9).

House Finches were most abundant in the open Metrosideros scrub forest at

Kipuka Keana Bihopa (Transect 88), and in the mesic kipuka forests at Kipuka
Puaulu (Transect 16) and Kipuka Ki (Transect 4) (Fig. 9). Kipuka Keana Bihopa

mean density was significantly higher than all transects except Kipuka Puaulu.
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Kipuka Puaulu, while not significantly different from Kipuka Keana Bihopa and
Kipuka Ki, had significantly higher densities of this species than the other
transects (Fig. 9). Five of the transects, including lower mountain parkland
(Iransect 5), upper Keauhou Ranch (Transect 92), subalpine scrub (Transect 9), upper
mountain parkland (Transect 7), and Tree Molds (Tramsect 3), had very similar mean
densities of House Finches, ranging from 32 to 53 (Table 6). This species was
present in very low numbers at Thurston Lava Tube (Transect 1), Kilauea Forest

Reserve (Transect 91), and the tree line ecosystem (Transect 12) (Table 6).

Group B: speciles with scattered distributions

'Io (Hawaiian Hawk, Buteo solitarius)

The "Io (Berger 1972a:83) was recorded on censuses conducted in the Kilauea
Forest Reserve (Transect 91) and in mountain parkland at 1829 m (Transect 7). I
also observed it near Thurston Lava Tube, on the Keauhou Ranch at 1830 and 1220
m, and in several places on the Mauna Loa Strip Road (Table 7). These data
suggest that the birds are probably resident in small numbers throughout Hawaii
Volcanoes National Park and on the Keauhou Ranch. Although this bird is neither
abundant nor ubiquitous it enjoys a fairly wide distribution on the island of
Hawaii (W. E. Banko and P. Banko pers. comm., Tomich 1971, and pers. obs.).

TABLE 7. Mean densities and frequencies of 'Jo (Hawaiian Hawk, Buteo solitarius).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds
2=20U3 * * % % % * % - * %
Density %0 ha P P P P P P P P P
Frequency (%) - 8 0 0 8 8 8 8 - 43 15

* P = pregent at a density of less tham 1 bird per 40 ha

Ledothrix (Leiothrix lutea)

No Leiothrix (Berger 1972z:211) were observed on four of the transects:
Kipuka Keana Bihopa (Transect 88), Thurston Lava Tube (Transect 1), Tree Molds
(Transect 3), and the tree line ecosystem (Transect 12) (Table 8).
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TABLE 8. Mean densities and frequencies of Leiothrix (Leiothrix lutea).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds

Density 255 - - - 69 35 27 €69 9 ~ 152 131

Frequency (%) - - - 85 54 54 100 46 - 100 100

Duncan's test revealed three subgroups of similar means as follows:
1. subalpine scrub (Transect 9), lower mountain parkland (Transect 5), Kipuka
Ki (Transect 4), Kipuka Puaulu (Transect 16), upper mountain parkland (Transect
7); 2. Kipuka Puaulu (Transect 16), upper mountain parkland (Transect 7), upper
Keauhou Ranch (Transect 92); 3. upper Keauhou Ranch (Transect 92), Kilauea
Forest Reserve (Transect 91) (Fig. 10).

The Leiothrix occurred in highest densities on the Acacia~Metrosideros-

Cibotium rain forest transects (Transects 91 and 92). Mean density of this
species was significantly higher in the Kilauea Forest Reserve (Transect 91)

than all transects except upper Keauhou Ranch (Transect 92) {Table 8, Fig. 10),
The means for these two tramsects were 152 and 131 birds per 40 ha, respectively.
Upper mountain parkland (Transect 7) and Kipuka Puaulu (Transect 16) both had a
mean density of 69 Leiothrix per 40 ha (Table 8). Kipuka Ki (Transect 4)
averaged 35 Lelothrix per 40 ha, and lower mountain parkland slightly less, at
27 birds per 40 ha. Subalpine scrub (Transect 9) had the lowest mean density of
Leiothrix at 9 birds per 40 ha.

Hawaii 'Oma'o (Phaeornis obscurus obscurus)

The Hawaii 'Oma‘'o (Berger 1972a:104) has a rather limited distribution in
the study area. It was observed regularly on only four of the eleven transects:
Thurston Lava Tube (Tramsect 1), tree line ecosystem (Transect 12), upper
Keauhou Ranch (Transect 92), and Kilauea Forest Reserve (Transect 91). 1 heard
a single individual singing on two censuses taken in upper mountain parkland
(Transect 7), and the species was observed by others (Berger and Conant 1973:

6.46) in subalpine scrub (Transect 9).



- 29 -

ELEVATION (ft) § g § §§ ] §§§§ g § y §
o ar d M~ N o odow o < < Y
1 | I 1 | 1 11 ¢t | 1 | L A
ELEVATION (m) [3048 2045 1280 1200 790
TRANSECT NO. .92 9 88
IBP SITE NO. | 14 13 2 I8 T 6 3 6 3 2 |
_—
2
§tq 300
GIES
et
E
2 200 —
i
o KILAUEA FOREST
E KEAUHOU RANCH
=t
g o
@ KIPUKA PUAULY
SUBALPINE SCRUB t; L%%w&%i " KIPLka ki
FIG. 10, Leiothrix (Leiothrix lutea) mean densities. Transects belonging

to each of the subgroups established by the Duncan's test are

jolned to horizontal 1lines.
different horizontal line.
IBP Mawna Leoa Transect.

Each subgroup 1s indicated by a
Points indicated by a A are not on the



-~ 30 -

TABLE 9. Mean densities and frequencies of Hawaii 'Oma'o (Phaeornis obscurus
obscurus).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds
DAICS - - - - _ %
Density 20 ha 61 P P* 7 188 88
Frequency (%) - 100 - - - - 23 - 88 100 100

* P = present at a density of less than 1 bird per 40 ha

Duncan's test revealed that mean densities of 'Oma’o on upper Keauhou Ranch
(Transect 92) and at Thurston Lava Tube (Transect 1) were not significantly
different; thus, they formed the only subgroup established by the test (Fig. 11).
The population density of 'Oma'o at tree line was significantly lower than on
upper Keauhou Ranch, at Thurston Lava Tube and in the Kilauea Forest Reserve
(Transect 91} (Fig. 11). Mean density of this species was significantly higher

in the Kilauea Forest Reserve than on any other transect (Fig. 11).

Hawaii 'Elepaio (Chasiempis sandwichensis sandwichensis)

The 'Elepaio (Berger 1972a:111l) was not observed at Kipuka Keana Bihopa
(Transect 88), Tree Molds (Transect 3), and tree line (Transect 12) (Table 10).

1 observed it on only one census in subalpine scrub (Transect 9).

TALBE 10. Mean densities and frequencies of Hawaii 'Elepailo (Chasiempis
sandwichensis sandwichensis).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds
==L05 - - * -
Density %0 ha 17 46 28 41 51 P 193 112
Frequency (%) - 54 - 100 100 100 100 8 - 100 100

%P = present at a density of less than 1 bird per 40 ha

One subgroup containing five transects was established by Duncan's test:
Thurston Lava Tube (Transect 1), Kipuka Ki (Tramsect 4), lower mountain parkland
(Transect 5), Kipuka Puaulu (Transect 16), upper mountain parkland (Transect 7)

(Fig. 12), The mean densities on these transects ranged from 17 to 51 birds per
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40 ha, and were not significantly different from each other. The mean density
of 'Elepaio was significantly higher in Kilauea Forest Reserve (Transect 91),
where it reached 193 birds per 40 ha, than on all other transects. A mean of
112 birds per 40 ha on the upper Keauhou Ranch (Transect 92) was significantly
higher than all transects except Kilauea Forest Reserve (Fig. 12).

'T'iwi (Vestiaria coccinea)

The 'I'iwi (Berger 1972a:182) did not occur at Kipuka Keana Bihopa (Transect
88), Tree Molds (Transect 3), and the tree line (Tramsect 12) (Table 11).
However, it was present, at least in low densities, on the other transects
(Table 11).

TABLE 11. Mean densities and frequencies of 'I'iwi (Vestiaria coccinea).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds

Density 40 ha - 16 - 40 15 28 127 13 - 131 128

Frequency (%) - 31 - 77 69 92 100 54 - 100 100

Two nonoverlapping subgroups of transects with similar means resulted from
Duncan's test analyses: 1., subalpine scrub (Transect 9), Kipuka Ki (Transect
4), Thurstoen Lava Tube (Transect 1), lower mountain parkland (Transect 3),
Kipuka Puaulu (Transect 16); 2. upper mountain parkland {(Transect 7), upper
Keauhou Ranch (Tramsect 92), Kilauea Forest Reserve (Transect 91) (Fig. 13).

The means in the first subgroup ranged from 13 to 40 birds per 40 ha, but
were not significantly different from each other. They were significantly lower
than the means in the second subgroup, which were 127 in upper mountain parkland
(Transect 7), 128 on upper Keauhou Ranch (Transect 92), and 131 in the Kilauea
Forest Reserve (Transect 91) (Table 11, Fig. 13).

Spotted Munia (Ricebird, Lonchura punctulata)

The Spotted Munia (Berger 1972a:232) was limited to grassland communities
or forest communities with a substantial grass cover (Table 12). This small,
flocking seedeater did not penetrate the rain forests at Thurston Lava Tube,

upper Keauhou Ranch or the Kilauea Forest Reserve, although I often saw it on the



- 34 -

o [
ELEVATION (ft) § § §, §8.§ §§§§ 8 § § g §
Q o [« ] ~ M~ O nounw i < < Ll [4\Y]
1 1 1 | 1 1 | I | i 1 1 | 1
ELEVATION (m) (3048 2045 . 1260 1200 790
TRANSECT NO.. g %9 0
IBP SITE NO, | 18 2 g P8 7T 8 % 41 3 21
——
B
§u)_ 300
6|
2 200 |
= KEAUHOU RANCH
UPPER MOUNTAIN_
E PARKLAND KILAUEA FOREST
§ 100 -
q L°‘!EE.<T%H’E')“"" KIFUKA PUAULY
\\c »;
UPPER MOUNTAIN 5 i é
PARKLAND KIPUKA Ki THURSTON

FIG., 13, 'I'iwi (Vestiarila coccinea) mean densities. Transects belonging
to each of the subgroups established by the Duncan's test are
joined to horizontal lines. Each subgroup is indicated by a
different horizontal line. Points indicated by a A are not on
the IBP Mauna Loa Transect.




-~ 35 -

borders of these areas, feeding on grass seeds. It appears to be somewhat limited
by the factors assoclated with high altitudes (e.g., decreasing temperature and
rainfall), because 1t was seen infrequently and in small numbers in the mountain
parkland communities above 1830 m, whereas it was more common in the lower

reaches (below 1525 m) of this same habitat.

TABLE 12. Mean densities and frequencies of Spotted Munia {(Ricebird, Lonchura

punctulata).
Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds _ % & _ _ _ *
Density 40 ha 4 P 3 5 3 P P
Frequency (%) 80 - - 38 54 38 8 - - - 8

* P = present at a density of less than 1 bird per 40 ha

Cardinal (Cardinalis cardinalis)

The dense shrub and lower canopy stratum of Kipuka Puaulu (Transect 16) was
apparently optimum habitat for the Cardinal (Berger 1972a:235), which occurred
there at a significantly higher density than that of any other transect (Table
13, Fig. 14). Lower mountain parkland (Transect 5), Kipuka Ki (Tramsect 4), and
upper Keauhou Ranch (Tramsect 92) supported Cardinal densities significantly
lower than that at Kipuka Puaulu (Table 13, Fig. 14). Mean densities on these
latter transects did not differ from one another significantly, and were included
in the only subgroup set by the Duncan's test. Cardinals were present, but rare,
at Thurston Lava Tube (Transect 1), Tree Molds (Transect 3), upper mountain
parkland (Transect 7), and in Kilauea Forest Reserve (Transect 91). The species
was not observed at Kipuka Keana Bihopa (Transect 88}, subalpine scrub (Transect

9), and tree line (Transect 12).

TABLE 13. Mean densities and frequencies of Cardinal (Cardinalis cardinalis).

Transect numbers 88 1 3 16 4 5 7 9 12 91 92
birds _ % * * _ _ %

Density %0 ha P P 46 7 5 P P 3

Frequency (%) - 8 43 100 85 31 15 - - 29 38

*# P = present at a density of less than 1 bird per 40 ha
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Group C: species with limited distributions

Honeycreepers

The three rare and endangered honeycreepers (Loxops maculata mana, Loxops

coccinea coccinea, Hemignathus wilsoni) found in Kilauea Forest Reserve (Transect

91) and on the upper Keauhou Ranch (Transect 92) may best be discussed separately.
These species were initially difficult to detect because I had had no previous
field experience with them, and because they were observed rather infrequently.
A period of time was necessary before I could make pogitive visual and auditory
identifications with confidence. 1t seems likely that these species exhibit
patchy distributions, and that they do not oeccur at optimum {i.e., at carrying
capacity) densities. For these reasons I was hesitant to apply CD's to arrive
at projected densities.

In Table 14 the frequencies of these species on censuses in Kilauvea Forest
Reserve and upper Keauvhou Ranch are given. 1In addition I have reported means
and standard deviations of both actual numbers counted and predicted demsities,
The predicted densities are presented to give the reader some 1dea of the
potential numbers that these species could reach if they were indeed uniformly
distributed throughout the habitats that were studied (i.e., at carrying capacity).
Significant differences between transects were not detected for either actual
or predicted densities for any of the species. This could be caused by both
small sample size and small actual population densities. I feel that more data
should be collected before concluding that the populations of these rare specles

reach the same densities in both virgin and logged montane rain forest.

Hawaili Creeper (Loxops maculata mana).--Although actual and projected

densities of the Hawaii Creeper (Berger 1972a:136) were simlilar on both Transect
91 (Kilauea Forest Reserve)} and Transect 92 (upper Keauhou Ranch), frequency of
occurrence was slightly higher on Transect 92. Initially, I experienced
considerable difficulties in counting this bird species, because of its extreme
rarenegss and the difficulty of distinguishing it from the juvenile form of the
'Amakihi. For this reagon it is impossible to assess the importance of differ-

ences in frequency between the two transects,

'Akepa (Loxops coccinea coccinea).——The number of ‘Akepa (Berger 1972a:138)

actually counted was about 25 percent higher in the Kilauea Forest Reserve than

on the Keauhou Ranch. In contrast, the projected density, determined by applying
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CD's to the actual counts, was about 15 percent higher on the ranch than in the
forest reserve. Neither of these differences were significant, but this species
is 8o rare, as are the Hawail Creeper and the 'Akiapola'au, that small sample
sizes reduce the effectiveness of statistical analyses. Until a more thorough
survey of rare bird populations on Keauhou Ranch and in the Kilauea Forest
Reserve is completed one cannot be sure if real differences in densities exist

between the two areas.

'Akigpola'’au (Hemignathus wilsoni).--Both actual mean numbers of

'Akiapola’au (Berger 1972a:145) counted and projected mean densities of this
species were slightly higher in the Kilauvea Forest Reserve (Transect 91) than on
the upper Keauhou Ranch (Transect 92, Table 14). In addition, frequency of
occurrence was higher in the Kilauea Forest Reserve (79 percent) than on the
ranch (69 percent). However, these differences were not statistically signifi-

cant, as I have mentioned.

Game birds

The introduced game birds, including the Chukar Partridge (Alectoris
graeca, Berger 1972a:253), Erckel's Francolin (Francolinus erckeliil, Berger
19722:253}, California Quail (Lophortyx californicus, Berger 1972a:253), and the

pheasants (Blue, Phasianus colchicus and Ring-necked, Phasianus versicolor;

Berger 1972a:253), are birds of open forest, savanna, scrub, or grassland
communities.

By definition the pheasants are '"Group B species,"

inasumuch as they occur
on 8 of the 11 census transects. However, they are discussed with the other
game birds because they occur in many of the same habitats. Most of the male
pheasants observed were Blue Pheasants, although one Ring-necked and
two apparent hybrid males were observed on the Keauhou Ranch. I could not
distinguish females of the species from one another. The majority of detections
of pheasants were made aurally, and in these cases it was not possible to
distinguish the species either. For these reasons, all pheasant detections were
listed together.

The Quail and pheasants were abundant in suitable habitats except at Kipuka
Keana Bihopa (Transect 88), where the Quail was absent and the pheasant rare
{Table 15). However, both species have been reported from this area and from

Kipuka Nene nearby by other workers (Baldwin 1953, Dunmire 1962). Neither
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Erckel's Francolin nor the Chukar were abundant on any of the tramsects (Table

15). The Chukar's preference for higher altitudes may account for these low
numbers, for it is common above 2000 m (6580 ft) in Haleakala on Maui (pers. obs.)}.
Some Erckel's Francolins were observed by Gagné (pers. comm.) at 2100 m on the
Mauna Loa Summit Trail and by myself at Kipuka Puaulu {Transect 16), Kipuka

Nene, and Kipuka Keana Bihopa (Transect 88).

Other infrequently observed species

Densities and frequencles of all the specles discussed in this section are
reported in Table 16.

Nene (Hawaiian Goose, Branta sandvicensis).—-All of the Nene (Berger 1972a:

73) recorded on censuses were banded, pen-raised birds that were released in the
National Park or on the Keauhou Ranch (N. Santos pers. comm.) by the Division of
Fish and Game of the State of Hawaii. Nene were observed as birds of passage on
Transects 5 and 7, but were found most frequently between 2000 and 2100 m on the
Mauna Loa summit trail and near Keawewal Camp on the Keauhou Ranch (Table 16).
The latter two areas, especially the Summit Trall, were being used as feeding
grounds. To my knowledge no nesting activity has been reported in these areas.
Carpenter and MacMillen (pers. comm.) observed a flock of about 15 banded Nene
near Keawewai Camp several times weekly during July and August of 1974. These
birds were usually feeding in pastures in the late afternocon. In addition to
this flock, which I saw several times, I occasionally saw single pairs of birds
feeding in pastures or near watering holes for cattle above about 1400 m on
Keauhou Ranch.

Paul Banko (pers. comm.) found two active nests at bout 1500 m on the
Kapapala Ranch near the National Park boundary, and apparently these were the
only nests of released birds found near any of the release sites within my study
area. The Fish and Game Division of Hawaii monitors pen-raised, released birds

throughout the year.

Golden Plover (Kolea, Pluvialis dominica).--The Plover (Berger 1972a:242)

was not a common bird on any of the census transects (Table 16). However,

Plover were numerous on the Keauhou Ranch, which provides many acres of the
grassy fields preferred by this species. Only a few birds were recorded on
Transect 92 (upper Keauhou Ranch) because the vegetation on this transect is

primarily logged rain forest with a few small grassy patches. The birds were
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absent during the summer months because they migrate to Alaska for the breeding
gseason.

Plover were common on lawns in the Park'’s residential area, at Park
Headquarters, Kilauea Military Camp, on the Volcano Golf Course, in grazed
pastures near Tree Molds and on the Ainahou Ranch (now part of Hawaii Volcanoes
National Park). 1In addition they were often seen on roadways throughout the

Park, especially in the early morning at about sunrise and just before sunset.

Barn Owl (Tyto alba).--This introduced owl (Berger 1972a:201) was rare in

the study area (Table 16). I observed a Barn Owl several times in Kipuka Puaulu
(Transect 16) and once on a census in Kipuka Ki (Transect 4). On 27 January 1975
at sunrise I observed an individual with a freshly caught rat. The bird flew up
from the grass beside the road near Kipuka Puaulu as I drove by. Upon returning
to the area that afternoon I saw another owl, possibly the same individual not
more than 20 m from the tree in which the individual observed that morning had
consumed its catch. Although W. E. Banko (pers. comm.) has seen Barn Owls near

Kilauea Crater, he has not seen them in the Mauna Loa Strip area.

Pueo (Short-eared Owl, Asio flammeus sandwichensis).--Although I did not

observe this native Hawaiian owl (Berger 1972a:93) on any censuses, I saw
several birds in flight between 1220 and 1700 m in the Mauna Loa Strip area at
dawn and dusk (Table 16). I am not aware of any sightings of Pueo in dense rain
forests in or near the Park. These birds are probably more common in the drier,
open habitats. Within the scope of this study it has not been possible to
estimate the population density of species as rare as this one because they were

observed too infrequently.

Barred and Spotted {Lace-necked) Doves (Geopelia striata, Streptopelia
chinensis).--These introduced species (Berger 1972a:199) were observed

infrequently, usually in the drier parts of Hawaii Volcanoes National Park and
the Keauhou Ranch., Both were recorded on censuses (Table 16}, the Barred Dove
in February 1973 on Transect 5 (lower mountain parkland), and the Spotted Dove
in October 1974 on Transect 3 (Tree Molds) and November 1974 on Transect 16
(Kipuka Puaulu). 1I also saw the Spotted Dove in the Kilauea Forest Reserve
(Berger and Conant 1973:6.47), on the Keauhou Ranch, at the Ainahou Ranch, on
the road from Park Headquarters to Hilina Pali, and on the Mauna Loa Strip Road
below 1300 m. The birds observed were usually solitary, but flocks were

occasionally seen, especially near the Ainahou Ranch House (see also Berger
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1972c). The Barred Dove was less common in the Park than the Spotted Dove.
However, I often observed them on the Keauhou Ranch roads, especially below
1600 m.

European Skylark (Alauda arvensis).—-The introduced European Skylark

(Berger 1972a:203) was common on the Keauhou Ranch in grazed pastures. 1
encountered a few on the upper Keauhou Ranch transect (Transect 92}, which begins
in a grazed pasture, but these birds do not penetrate rain forests (Table 16).
Their habitat preferencé definitely lies with grasslands to the exclusion of all
other habitat types encountered in this study.

The European Skylark is common in some short and mid-grass type grasslands
on the island of Hawaii, and 1 have observed them in several places on the west
flank of Mauna Kea in grasslands or sparse mamane-nalo savannah, and near Waimea
in the Koala (Acacla koaila) Sanctuary. Baldwin (1953) found them along the
Hilina Pali Road in the Park, but I did not observe Skylarks in Hawaii Volcanoces

National Park. I suspect that the grassland areas in the Park have become too

tall and thick since Baldwin's time to accomodate this species any longer.

Melodious Laughing-thrush (Chinese Thrush, Garrulax canorus).--This

introduced species (Berger 1972a:206) was present but rare on the Keauhou Ranch
near the Kilauea Forest Study site (Table 16). The Melodious Laughing-thrush
was first recorded on the 29 April 1973 census, and was also recorded in May,
June and July of 1973, in October and November of 1974, and in February of 1975.
A maximum of two singing birds were recorded on any one census.

In his report on the birds of the Kilauea Forest, Berger (1972b) mentioned
that he had not observed this species there, but J. M. Scott (pers. comm.)
observed it since July 1975 in the Forest Reserve below 1600 m.

Mynah and House Sparrow (Acridotherxes tristis, Passer domesticus).——These

species (Berger 1972a:219, 234, respectively) are well-known in Hawaii as
introduced, urban birds, and their distribution in Hawaii Volcanoes National
Park and on the Keauhou Ranch reflects this habitat preference. Both species
were common near the centers of human activity within the Park (e.g., Park
Headquarters, Kilauea Military Camp, residentlal area).

The Mynah also occurs on the Keauhou Ranch up to about 1500 m and on the
Alnahou Ranch in association with livestock. It was observed during censuses
only on one census transect (Transect 88) at Kipuka Keana Bihopa (Table 16).

These birds were probably associated with the livestock kept at the Ainahou
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Ranch, and a few birds remain in this area where the National Park Service keeps
horses and conducts a number of programs with citizens groups. Berger (1972b)
reported the Mynah to be common near Kipuka Puaulu (Transect 16). However, I
did not see them there, although they are frequent, but not common, near Tree

Molds, which is less than 2 km from Kipuka Puaulu.

Community and specles distributions on the Mauna Loa Transect

Coumunity ordinations

In order to elucidate patterns of specles distribution and avian community
structure in the ecosystems on the Mauna Loa Transect, data were subjecteZ to
two types of ordination techniques which were used for the integrated analysis
of IBP data and also for other groups of biota, e.g. the plants (Mueller-Dombois
and Bridges 1975). The first of these techniques involved the calculation by
computer of similarity indices based on presence/absence and mean densities of
bird species for each census transect. An ordination of communities {census
transects, in this case) was then generated by the computer in the form of a
dendrograph (Figs. 15 and 16), as described by McCammon {1968, McCammon and
Wenneger 1970), and adapted by Mueller-Domboils and Ellenberg (1974). 1In the
dendrograph the communities are arranged so that their spatial relationships
portray the degree of within- and between-group similarity among communities
{(Figs. 15 and 16). Census transects 88, 91 and 92 did not fall on the Mauna Loa
Transect and were not included Iin ordimation analyses.

Two community ordimations or dendrographs are presented here. The first is
based on Sérensen’s (1948) similarity index, the second on Sdrensen's (1948)
qualitative or presence/absence similarity index. In each dendrograph clusters
of communities at various levels of similarity have been defined. 1In order to
select ecologically meaningful clusters, objectively selected criteria or rules
were applied to establish two cutoff points for the clusters. These criteria
were developed by Mueller-Dombois and Bridges (1975), but they will be briefly
discussed here because I have made scome slight modifications.

The first cutoff line 1s located where the maximum number of major clusters
{two or more census transects) occurs simultaneously with the minimum number of
single clusters (single census transects). The second cutoff line is located
where the number of single clusters (census transects) is two (25%). These

rules for the establishment of cluster cutoff points differ slightly from those
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applied to the data for vascular plant communities (Mueller-Dombols and Bridges
1975), primarily because my sample size is somewhat smaller.

In Figure 15, then, two major clusters (A, B) and four single clusters
(C, D, E, F) are isolated by the first line. The second line isolated one major
cluster (a) of six transects and two single clusters (b,c). In Figure 16 the
definition for cutoff lines was such that both lines were drawn at the same
similarity percentage. The major clusters (A, B and a,b) and single clusters
{C, D and ¢, d) are thus identical.

Once the ecologically meaningful clusters have been identified they must be
placed in the context of the transect itself for interpretation. In order to do
this a zomation diagram was constructed from the results of each type of dendro-
graph analysis (Fig. 17 and 18).

Each zonation dilagram shows the locations and elevations of all IBP gsampling
sites along the Mauna Loa Transect. I should point out again here that I did
not eatablish census transects in the ecosystems represented by sites 2, 13, and
14. However, I did sample at least one site in all the remaining ecosystems:

Metrosideros-Cibotium montane rain forest (site 1), open dry Metrosideros-native

shrub forest (site 3), closed mesic kipuka forest (site 16), Acacia-Metrosideros-

Sapindus savanna (site 4), Acacla mountain parkland (sites 5-8, my sites: 5, 7),

open Metrosideros-Sophora subalpine scrub (sites 9-11, my site: 9), and

Metrosideros tree line ecosystem (site 12).

The distribution of each of the major and single clusters generated by the
dendrographs and isolated by the two cutoff lines (Line 1 and Line 2 in Figs. 15
and 16) is outlined and labeled on the zonation diagrams. In order to establish
the borders of transect zones a line was drawn at each polnt on the transect
where at least two cluster cutoff points occurred.

In Figure 17, the zonation diagram for the dendrograph (Fig. 15) based on
S¢rensen's quantitative similarity index, five major transect zones are indicated.
The zonation diagram (Fig. 18) for the dendrograph (Fig. 16) based on Sérensen's
qualitative or presence/absence gimilarity index shows six major transect zones.

0f the seven ecosystems examined, three were distinct enough in avian
community structure to constitute major transect zones. These were the

Metrosideros tree line ecosystem, open Metrosideros-native shrub dry forest,

and closed Metrosideros-Cibotium montane rain forest (Figs. 17, 18). The

remaining four habitats, which were contiguous, showed a rather high degree of

similarity with respect to thelr bird species composition and avian community
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structure.
Transect zones based on the gqualitative similarity index separated open

Metrosideros—-Sophora subalpine scrub from the two Acacia koa mountain parkland

gites, and included Acaclia-Metrosideros-Sapindus savanna with closed mesic

kipuka forest (Fig. 18)., Transect zones based on the gquantitative similarity
index lumped open Metrosideros-Sophora subalpine scrub with the higher elevation

Acacla mountain parkland site in one zone and the lower elevation mountain

parkland site with Acacia-Metroslderos-Sapindus savanna and closed mesic kipuka

forest (Fig. 17). The separation of the upper and lower parts of the mountain
parkland suggests that climatic factors associated with the differences in
elevation (457 m or 1500 ft) between the two sampling sites within this habitat
exert a strong influence on the distribution of some bird species. (There are
only minor differences in vegetation structure and floristics between the two
sites.) This was not surprising inasmuch as analyses of vegetation structure
showed simllar results (Mueller-Dombois pers. comm.}. This supports the
observations of plant and avian ecologists {(Mueller-Dombois pers. comm. and
pers. obs.) that the ecotone between the mountain parkland and the savanna is
quite broad. Furthermore, it can be inferred that the lower boundary of the
mountain parkland ecosystem should be redefined at 1520 m (5000 ft) rather than
4500 ft, and that the character of the ecotone should be more closely examined.
This is supported by the results of plant community analyses (Mueller-Dombois
pers. comm. and Mueller-Dombois and Bridges 1975). The zonation diagram based
on the dendrogram (Mueller~Dombols pers., comm.) shows a different boundary than
the diagram based on the two-way table (Mueller-Dombois and Bridges 1975:46).
The structural distinctiveness of the ecosystems involved prompts me to
favor the finer zonation (six rather than five zones) expressed by the qualita-
tive dendrograph. This is supported by the fact that the distribution of five
of the bird species studied terminate rather abruptly at the upper limit of the
mountain parkland, and an additional eight apecies show much lower densities in

subalpine scrub as compared to the mountain parkland (see pp. 55 and 56).

Species ordination

The second ordination technique that I used is known as the two-way
synthesis table technique (Mueller-Dombols and Bridges 1975, Greig-Smith 1964).
To perform this analysis we used the Ceska-Roemer (1971) computer program that
is similar to the Braun-Blanquet synthesis table technique (Mueller~Dombois and
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Ellenberg 1974). A detalled description of this data analysis technique was
given by Mueller-Dombois and Bridges (1975), and so will not be restated here.

The objective of two-way table analysis 1s to identify species groups that
are distributionally associated along the transect. The identification of
groups 1s based on several presence-absence criteria (Mueller-Dombols and
Bridges 1975:41).

Because so few bird species, many of them widely distributed along the
Mauna Loa Transect, were encountered on the census transects, only one or two
species groups were identified using any one set of presence/absence criteria,
whereas up to nine distributiomnally associated groups of wvascular plants -pecies
were identified using a single criterion (Mueller-Dombois and Bridges 1975:46).
For this reason I constructed a transect zonation diagram (Fig. 19) using the
groups identified by all five sets of presence/absence criteria included in the
computer program (see right hand column in Fig. 19). After outlining the
distribution of the associated species groups or clusters, I established
transect zone borders by drawing a line wherever there were at least two cluster
cutoff points (Fig. 19). This same procedure was used by Mueller-Dombois and
Bridges (1975) to establish transect zones based on the results of two-way
table analysis of vascular plant data.

Three zones of the two-way table analysis were identical to the three zones
consistently defined by both types of dendrograph analysis (tree line ecosystem,

open dry Metrosideros forest, and closed montane rain forest). The first of

the two remaining zones included the Metrosideros-Sophora subalpine scrub and

Acacia mountain parkland. Thus, just as the two-way table analysis of vascular
plant communities reconfirmed the border between the savanna and mountain
parkland as being at 1370 m (4500 ft) {(Mueller-Dombois and Bridges 1975:45), so
does the two-way table analysis of avian communities, However, this type of

analysis does not indicate a clear separation between Metrosideros-Sophora

subalpine scrub and Acgcia mountain parkland, as did both of the dendrograph
analyses presented above. The last zone resulting from the two-way table

analysis Iincluded the Acacia-Metrosideros-Sapindus savanna, and closed mesic

kipuka forest.
Both types of dendrograph analyses as well as the two-way table analysis

combined Acacila-Metrosideros-Sapindus savanna with closed, mesic, kipuka forest.

Analysis of vascular plant communities in these two areas showed that they are

vegetationally similar (Mueller-Dombols pers. comm.). However, T felt that
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localized differences in the composition and structure of the shrub stratum
might affect habitat selection by some birds. It seemed possible that the two
areas might attract specles groups that differed slightly in composition. To
test this I deliberately sampled in an area of the kipuka forest where the shrub
layer was locally more structured (Transect 16), while plant ecologists
deliberately sampled those areas"with more typical (i.e., less complex) shrub
strata, similar to that of the savanna. 1 also established a census transect
(Transect 4) in this "typical" aspect of the savanna. In spite of my deliberate
sampling bias, both the savanna and kipuka vegetation and their assoclated avian
communities are similar enough to be included in a single zone according .o all

three types of data analysis that have been presented here.

Spatial distribution of common bird species on the Mauna Loa Transect

The distribution of the most abundant bird species were plotted along the
environmental gradient (elevation) to detect patterns of spatial distribution
{Figs. 20 and 21). 1In these figures the species quantities or amplitudes are
exponentially scaled, and rare species (mean density of less than one bird per
40 ha) are indicated as present by dashed lines. In addition, a "life-form"
classification based primarily on feeding niches was developed for use in these
figures (see far left side of each diagram), and is explained in Table 17, The
species are arranged according to theilr altitudinal distribution along the
transect, starting with the high altitude species at the top. S8pecies found on
all census transects are shown at the bottom of each diagram.

S5ix of the eight most commou species of introduced birds reached peak
densities in two contiguous and similar habitats (one transect zone): Acacila-

Metrosideros-Sapindus savanna and closed mesic kipuka forest (Fig. 20).

Interestingly the majority of introduced plant species also showed their peak
cover values in the same two habitats (Mueller-Dombois pers. comm.). In
contrast, no two endemic bird species reached density peaks in the same
habitats, although they occurred together on many of the sampling sites (Fig.
21). It should be noted that I did not have a formal census transect in IBP
sites 13 and 14, However, I made four trips into this sparse alpine habitat and
found that the only bird present was the Hawali 'Oma'o (Fig. 21).

Several of the species whose distributions are diagrammed in Figures 20 and
21 showed abrupt changes in density at two places: 1) the border between

savanna-mesic kipuka forest (zone IV) and open wet Metrosideros-native shrub
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FIG. 20. Spatial distribution of exotic bird specles on the east flank

of Mauna Loa. N.S.=not sampled. Life-form groups: B=brow-
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forest (zone V), and 2) the border between mountain parkland (zone III) and
subalpine scrub (zone II). Although both of these areas are ecotonal in nature,
the transition between zones IV and V is abrupt, while the transition between
zones 11 and III is gradual. Similarly, changes in species dengities were more
dramatic in the narrow ecotone than in the broad one. WNote that in the broadest
ecotone on the transect, which lies between savanna (zone IV) and mountain
parkland (zone III}, only two species (Nene and Piover) had abrupt distribution
limirts.

DISCUSSION

Ecologically optimum habitats

A question that arises in the discussion of habitat selection is this:

Do high species densities in a habitat indicate preference or tolerance?
Presumably true habitat preferences are evolved over long perilods of time im
stable environments, whereas habitat toleramnces represent responses to compe~
tition from other species or short-term adaptations to rapidly changing, usually
marginal, environments.

Because virtually all of the study area is in some way disturbed by human
activities (e.g., logging, cattle grazing) or feral animal activities,it is
impossible to be sure that habitat selection by native birds does not involve
at least some element of tolerance. Competition 1s undoubtedly an important
factor in habitat selection. In some cases coupetition is easily recognized,
but in general information about the nature and importance of competlition among
native and cxotic birds 1s lacking.

Whether habitats are preferred or tolerated by a species, it is obvious
that the habitat where it is found in its greatest densitles represents an
ecological optimum for that species. For the sake of simplicity I will refer to
these habitats as "ecological optima."

Table 18 is a summary table showing population densities, total bird

densities and total number of species on each census transect.

Endemlic passerines

The elght speciles of endemic passerines studied here appear to have well-
defined ecological optima. (Ecological optima are inferred from species density
values.) Although apparent ecological optima are easily observed in the field,
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this is the first study in which data on species densities have been used to
describe ecclogical optima of Hawalian forest birds. Baldwin (1953) assessed
bird populations in distinct habitats, but he reported "relative occurrences"
(= percent frequency in this study) of birds rather than numbers of birds per
unit area of habitat. Clearly, frequency gives an accurate picture of species
constancy in a habitat, but it is not a reliable indicator of density.

In Table 19 the habitats of the eight species of endemic passerines
observed during this study are listed in order of species density in the habitat.
Habitats surveyed on the Mauna Loa Transect are listed by their six transect
zone numbers (see Fig. 18), whereas Kipuka Keanz Bihopa (Transect 88), Kiiauea
Forest Reserve (Transect 91), and upper Keauhou Ranch (Transect 92) are listed

by census transect number.

Elepaio.--The 'Elepaio was absent from transect zones I and V, that is, at

and above tree line and in open dry Metrosideros—native shrub forest. It was

observed only once (on a formal census) in zone II (subalpine scrub). This
bird nests in forests with a well-developed shrub stratum (Copant in prep. and
pers. obs.). It is insectivorous, feeding prinecipally by gleaning, and it feeds
at all levels of the canopy, although 1t appears to prefer the lower strata
(Perkins 1903, Conant in prep. and pers. obs.). Undoubtedly this bird is absent
from structurally simple habitat because of its nesting preferences and probably
because these habitats support lower densities of ingsects suitable for food
(Gagné pers. comm.).

With the information at hand it is impossible to explain the low density of

'Elepaio in Metrosideros-Cibotium montane rain forest (Transect 1), especially in

comparison to the high densities observed in structurally similar Acacia-
Metrosideros-Cibotium montane rain forest (Transects 91 and 92). Baldwin (1953)

reported 'Elepaio to be present (frequency = 67 percent) in Metrosideros-Cibotium

rain forest, but did not report a density value. This study provides ample
support for Berger's (1972b) observation that 'Elepalo were rare in this rain

forest. Further investigation will be necessary to explain this.

Hawaii 'Oma‘'oc.--As Berger (1972b) pointed out, the distribution of the

Hawaii 'Oma'o presents a puzzling situvation in that this bird is found regularly
in habitats ranging from montane rain forest through subalpine scrub to the tree
line and beyond (see Table 9, Fig. 21). Although 'Oma'o were much more abundant
in rain forest, they may also saturate the high altitude habitats in which they
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occur. In both these habitat types frequency of occurrence was high: 100
percent on all rain forest transects (Transects 1, 91, and 92) and 88 percent on
Transect 12 at tree line. The one census on which this species was not found on
Transect 12 was exceptional in that it was taken in heavy rain and wind, and it
18 posgible that the birds, though present, remained undetected.

Other recent (1973-1975) sightings of 'Oma'o have been made at various
locatlons on or near IBP study sites: 1740 m on the Mauna Loa Strip Road, and
2440-2745 m on the Mauna Loa Summit Trail {pers. obs.), and at 2500 m, 2745 m,
2895 m, and 3050 m on the summit trail (Tomich pers. comm.). Berger (1972b) and
Berger and Conant (1973:6.46) mentioned observations of "Oma'o at elevat.ons
between 2135 and 2745 m made by Crosland, Jacobi and Reeser. These records and
my observations during 1972-1975 suggest that there may be a very small resident
population of 'Oma'o between 2440 and 2745 m above the Mauna Loa Strip. Jacobi
(pers. comm.)has observed 'Oma'o in a continuous distribution between the upper
reaches of forest and tree line in the Kahuku Ranch area and on the northern
slope of Mauna Loa. The same could be true of the population in my study area,
but this remains to be determined.

Whether the high altitude populations are resident throughout the year or
only during the nonbreeding season is also unclear. However, it should be noted
that I observed two adult 'Oma'o and one juvenile at 2590 m in October 1972
(Berger and Conant 1973:6.46). This observation suggests that these birds may
have bred there although the juvenile was able to fly well enough to have come
from some distance, Jacobi and Cooray (pers. comm.) observed a recently fledged
'Oma'o in September 1974 on the Saddle Road at 1310 m, and Berger found active
nests in March (Berger 1972c¢) and May (Berger 1969). I have observed 'Oma'o
above 2438 m in all of these months so it seems likely that they may indeed nest
in this sparse, desert-like habitat, as well as in the dense rain forests.

Although a single singing 'Oma'oc was heard on three censuses in high eleva-
tion mountain parkland (Transect 7), the 'Oma'o 1s characteristically absent from
this ecogystem. Vegetation structure and moisture regime may not suit the
ecological requirements of 'Oma'o, but it seems most likely that this fruit eater
does not find sufficient food in the koa savanna habitat type. There is only one
fleshy-fruited plant (Styphelia) that is common enough to supply large quantities
of fruit, which is an important part of the diet of this bird (Perkins 1903,
pers. obs.). However, it should be noted that no information about the amount

of suitable food available to 'Oma'o in mountain parkland has been collected, and
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it is not clear whether variety in the diet is essential.

Population densities of 'Oma'o clearly demonstrate that this is primarily a
rain forest bird (Table 9). Lack of information on dlet and energy requirements
relative to food availability in the tree line ecosystem make it impossible to
eliminate the possibility that 'Oma‘'o may saturate this habitat. It seems
possible that the differences observed in population densities of 'Oma'o in rain
forest and at tree line could be accounted for primarily by the differences in
carrying capacity (i.e., food availability in this case) of these habitats, rather
than by environmental factors such as temperature and rainfall or by a
behaviorally-based preference for structurally complex habitat.

Why the present distribution of the Hawaii "Oma'o is disjunct is not obvious.
It seems strange that this bird is missing from such areas as Kipuka Puaulu, and
that it has relatively low densities near Thurston Lava Tube. An examination of
the relationship between the distributions and densities of the 'Oma'c and the
plants it is known to feed on might clarify this issue. It would also be
interesting to study the feeding behavior of '"Oma'o in marginal habitats, in this
case, the tree line ecosystem, or suboptimum habitats such as 'ohi'a-tree fern
rain forest, and disturbed koa-‘ohi'a-tree fern forest, which support reduced
densities of birds, to determine if its feeding niche differs in optimum and

suboptimum or marginal habitats.

Hawaii 'Amakihi.--Two drepanidids, the 'Apapane and the 'Amakihi occurred on

all census transects and were the two most abundant native birds (see Table 18).
These two species and the 'I'iwi are all, at least to some extent, nectar feeders,
competing for the same regource (Carpenter and MacMillen 1975b). The fact that
the two most abundant competitors reach peak densities in different habitats
suggests that they have reduced competition in part by adapting to different
environments. Furthermore, when these two species occur together, a dominance
hierarchy exists, and the agpressive "Apapane often chases 'Amakihi from flowering
trees {(Carpenter and MacMillen 1975b and pers. obs.). In this situation the
versatile 'Amakihi is forced to change its foraging strategy by shifting emphasis
from nectar feeding to insect feeding, further reducing competition for nectar.
Kamil (1975) has pointed out that the 'Amakihi feeds heavily on Sophora in the
absence of 'Apapane and 'I'iwi in the mamane-naio forests on Mauna Kea.

Duncan's test subgrouping of density values suggests that 'Amakihi prefer

the drier, open habltats over dense mesic habitats (Fig. 8). Two interesting
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comparisons can be made in this respect., Kipuka Puaulu (Transect 16) and Kipuka
Ki (Transect 4) are mature forests at the same elevation and with similar
climates; however, Kipuka Ki lacks the dense, well-developed understory charac-
teristic of Kipuka Puaulu, at least on the cengus transects. The forests on

the upper Keauhou Ranch (Transect 92) and the Kilauea Forest Reserve (Transect
91) sites are similar except that Transect 92 has been logged for koa, and then
opened to grazing by cattle, lea#ing the ranch's rain forest habitat considerably
more open at both upper canopy and understory levels. In both cases the densi-
ties of 'Amakihi were greater in the open habitats than in the dense habitats
(Table 5).

It is interesting to note that the tree line ecosystem (Transect 12) and
Kipuka Puaulu (Transect 16) support similar densities of 'Amakihi (Table 5).
Undoubtedly Kipuka Puaulu is a much richer habitat in ecological resources, and
the fact that 'Amakihi were so scarce here suggests that competition from other
species present in Kipuka Puaulu is important. The White-eye, which reaches its
highest density here is probably an effective competitor along with 'Apapane
and 'I'iwi.

On Transect 3 in the open 'ohi'a-native shrub community, the 'Amakihi was
noticeably scarce (Table 53). This area, where the sparse, widely scattered
'ohi'a are the most abundant food source, probably supports few resident breeding
passerines. The 'Apapane, which 1s more common than the 'Amakihi on Transect 3,
may severely limit the number of "Amakihi through territoriality. 'Apapane take
proportionately more nectar in the diet than "Amakihi (Baldwin 1953), and the
supply of nectar in this habitat may be limiting.

Apapane.~-In the more open habitats such as the mountain parkland {Transects
5 and 7) and the subalpine scrub (Transect 9), 'Apapane densitles appear to be
related to the presence of 'ohi'a. For example, Transects 5 and 7 were both in
mountain parkland habitat; however, Transect 7 crosses and then parallels the
Keamoku Lava Flow, which supports more 'ohi'a and mamane than koa. On Transect
7 the density of '"Apapane is about three times that on Transect 5 (Table 4).
Another illustration of the influence of 'ohi'a on 'Apapane densities is seen in
the comparison of Tramsects 9 and 5. Transect 9, which is characterized by
widely scattered ‘ohi'a of low stature with an undercover of Styphelia and
Vaccinium, supports about 27 percent more 'Apapane than Transect 5, where the

upper strata are much denser, but is almost totally lacking 'ohi'a,
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These data suggest, not surprisingly, that the distribution and density of
‘ohi'a are an important influence on population densities of 'Apapane. Amounts
and times of flowering are undoubtedly also important in relation to seasonal

trends in the abundance of this bird.

'I'iwi.—-~The Kilauea Forest Reserve (Transect 91), upper Keauhou Ranch
(Transect 92), and the high elevation mountain parkland (Transect 7) supported
significantly greater densities of "I'iwi than the other habitats studied (Table
11, Fig. 13). 'I1'iwi were absent from Kipuka Keana Bihopa (Transect 88), Tree
Molds (Transect 3) and at tree line (Transect 12). Altitudinal limits for this
species may be exceeded at Transects 88 and 9, but more work is needed on other
parts of the island to confirm this.

It is interesting that peak densities of 'I'iwi were almost identical (see
Table 18) in two areas where the other nectar feeders occurred in high densities
(Kilauea Forest Reserve--'Apapane; subalpine scrub--"Amakihi). This suggests
that the 'I'iwi manages to compete effectively with both other nectar feeders,
and this has been confirmed by Carpenter and MacMillen's (1975a) discovery that
under some conditions the 'I'iwi defends a feeding territory against both
'Apapane and ‘Amakihi. This territoriality is probably not exhibited when nectar
is superabundant nor when it is extremely scarce {(Carpenter and MacMillen 1975a,
1975b and pers. obs.). Thus the 'I'iwi i1s apparently territorial only when the
behavior is energetically efficient. The fact that 'I'iwl defend feeding
territories may explain the absence of this species from the open dry

Metrosideros-native shrub forest (Transect 3) and its low densities and frequen-

cies on other transects. The density of blooming trees, especially mamane and
Tohi'a is, in this case, directly related to bird density (pers. obs. and
Carpenter and MacMillen pers. comm.), and those habitats in which 'I'iwi are
scarce have widely scattered trees and/or exhibited nonsynchronous blooms. At
Transect 3 this situation apparently exceeds the limits beyond which it is
efficient for 'I'iwi to defend a feeding territory, presumably because the trees
are too few and widely scattered.

Interspecific territoriality among 'I'iwi, 'Apapane, and 'Amakihi may be
particularly iwmportant in marginal habitats, such as Transect 3 in open dry

Metrosideros-native shrub forest, especially when the abundant 'Apapane and the

less aggressive, less common 'Amakihi, are involved. Furthermore, marginal

habitats often have less structural diversity, and the 'Apapane, normally a
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tree-top feeder, must share all resources with the ‘Amakihi, which generally
forages in the undetrstory or shrub layer of the communities in which it is found
with the 'Apapane (Carpenter and MacMillen 1973 and pers. obs.). Undoubtedly,
interspecific competition increases in these situations, and when niche shifts
do not sufficiently reduce competition, interspecific territoriality may provide
an additional mechanism facilitating resource division.

The combination of feeding territoriality, dominance hierarchy, species-
specific ecological optima (as suggested by 'Amakihi and 'Apapane densities in
their "optimum' habitats), and niche shifting by the 'Amakihi (and possibly the
'Apapane) enables three nectar feeding drepanidids to coexist successfully in the
same geographic areas and within many of the same microhabitats (i.e., forest

stands),

Hawaii Creeper.--Three drepanidids (Hawaii Creeper, 'Akepa, 'Akiapola’au)

were restricted to Acacia-Metrosideros-Cibotium montane rain forest in this

study. All three species are occasionally observed elsewhere on the 1sland of
Hawail (W. E. Banko, P, Banko, C. van Riper pers. comm.), but no area other than
the Kilauea Forest Reserve-Keauhou Ranch area is known tc support such high
densities of these species (Berger 1972c¢, W. E. Banko pers. comm. and pers. obs.).

In view of the fact that two of these species are rare and endangered and
the third (Hawaii Creeper) has been nominated for inclusion in this category, it
seems wise to make the strong recommendation that Kilauea Forest Reserve and
Keauhou Ranch he left undisturbed by further logging and continued cattle
grazing, and that intensive studies of these birds be conducted Immediately.

Although actual and projected densities of the Hawail Creeper were similar on
both Transect 91 and Transect 92 (Kilauea Forest Reserve and upper Keauhou Ranch,
respectively), frequency of occurrence was slightly higher on Transect 92 (Table
14). 1 feel that my initial lack of experience with this very rare bird may
account for the frequency difference,

I have observed Creepers feeding on the trunks and branches of several plant

species: koa, 'ohi'a, pilo (Coprosma rhynchocarpa), naio, Ilex anomala, Pelea

app., and kolea (Myrsine lessertiana). I have not made enough observations to

determine whether or not they prefer some plants over others; however, I feel
that they are opportunistic in this respect. Apparently they are able to forage
successfully on a wide variety of plants, This suggests that, when they were

abundant encugh to fully saturate suitable habitat, thelr population density may
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have been related to vegetation density. This is supported by the fact that
densities of this species are greater on Maul and Kauvai (pers. obs.). However,
they are so rare on Hawali that it 1s impossible to speculate on factors

influencing density without considerably more informationm,

Hawaii 'Akepa.--The Hawaii 'Akepa occurred at similar densities and frequen-

cies in both the Kilauea Forest Reserve (Transect 91) and on upper Keauhou Ranch
(Transect 92). The actual number counted is about 25 percent higher in the
Kilauea Forest Reserve, whereas the projected density is about 15 percent higher
on the ranch (Table 14). I have observed that 'Akepa show a definite preference
for 'ohi'a in their choice of foraging areas. This feeding preference may
explain the slightly higher number of birds actually observed in the forest
reserve because the density of 'ohi'a on the ranch is probably reduced in
comparigon to the forest reserve. Although logging operations focus on koa,
many 'ohi'a are destroyed in land clearing operations facilitating koa logging.
The 'Akepa will occasionally glean insects from the phyllodes of koa, but
the majority of foraging 'Akepa I have observed have been in 'ohi'a. On most
occasions I saw 'Akepa feeding exclusively in the terminal buds of 'ohi'a, often
remaining in the same tree for 15 to 45 minutes. Bock (pers. comm.) and
Richards and Bock (1973) have suggested that the slightly crossed mandibles of
this species may be specifically adapted for opening the termimal buds of 'ohi'a.
Whether the birds actually feed on the buds themselves or a small caterxpillar

often found in the buds (Gagné pers. comm.) remains to be determined.

'Akiapola'au.--Both actual mean number of birds counted and projected mean

density of the 'Akiapola®'au were slightly higher in the Kilauea Forest Reserve
(Transect 91) than on the upper Keauhou Ranch (Transect 92) (Table 14). 1In
addition, frequency of occurrence was higher in the Kilauea Forest Reserve (79
percent) than on the ranch (69 percent). This may be due to a simple difference
in tree densities, because the bird apparently feeds on the boring insects (e.g.,
Cerambycidae) found in branches and trunks (pers. obs.). However, differences
in bird densities could be accentuated by the existence of pronounced differences
in koa demsity, as I have observed 'Akiapola'au feeding more often on koa than
on other tree species. Upper Keauhou Ranch has considerably reduced kea densi-
ties in comparison to the Kilauea Forest Reserve due to logging operations.
Jacobi (pers. comm.) observed 'Akiapola'au in the 'ohi'a dieback areas of
the Walakea Forest Reserve on the Saddle Road. He suggests that the presence of

numerous standing dead 'ohi'a make this a hospitable environment for the species,
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presumably because the trees harbor numerous boring insect larvae. Although the
"Akiapola'au 1s also found in Kipukas on the Saddle Road and in the Puu Laau area
of Mauna Kea (Berger 1972a, Jacobi and van Riper pers. comm.), I agree with
Berger (1972c) that the Kilauea Forest Reserve probably supports the largest
extant population of this rare and endangered species.

The disappearance of this bird from areas where Baldwin (1953) and Perkins
(1903) found 1it, and its present limited distribution are difficult to interpret
in view of its obviously wide ecoleogical ampliitude.

The Kilauea Forest Reserve as mative forest bird habitat.--With the excep-

tion of the "Amakihi the Acacia-Metrosideros-Cibotium montane rain forest of

Kilauea Forest Reserve (Tramsect 91) and its logged replicate on upper Keauhou
Ranch (Transect 92) were the ecological optima of endemic passerines of the east
flank of Mauna Loa. ('I'iwi occurred at almost the same dengities in upper
mountain parkland as in both Kialuea Forest Reserve and on Keauhou Ranch.) Three
of these birds (Hawaii 'Oma'o, Hawaii 'Elepaio, and 'Apapane) were found in
significantly higher densities in unlogged forest (see Figs. 7, 11, and 12).

Berger (1972¢) mentioned the uniqueness of the Kilauea Forest Reserve in
providing habitat for nine endemic birds and reported the results of censuses
taken in the Kilavea Forest Reserve IBP intensive study site. He counted all
birds seen or heard on the transects during censuses made six times between
January and July of 1972, (Transects 1l and 2 were censused only 5 times.)
Because Berger's censuses were not taken at a standard time of day, some differ-
ences between hls data and mine are to be expected. Except for 'Apapane and
'I'iwi, all of my species counts (that is, actual numbers counted rather than
predicted densities) were somewhat higher (Table 20), but significantly so only
for 'Elepaic and Hawaii 'Akepa. Bird activity and conspicuousness is always
greater in the morning than later in the day in the Kilauea Forest Reserve
(pers. obs.). This may account for the significantly greater number of 'Elepaio
and 'Akepa that I detected in comparison to Berger, inasmuch as all my censuses
were begun shortly after sunrise. 'Elepalo are definitely easier to detect at
dawn and dusk because these are the times that song is most frequent (Conant in
prep.).

My data show that the Kilauea Forest Reserve supported a mean density of
about 1400 endemlc passerines per 40 ha, compared to about 950 per 40 ha on the

upper Keauhou Ranch. These data clearly demonstrate that disturbance by logging
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TABLE 20. Comparison {paired t-test) of species counts in the Kilauea
Forest Reserve made by Berger (1972c) and Conant (this study).
Significance level of P < 0.0l is indicated by "#**,“

Bird Berger Conant

species Mean sd Mean sd t
Leiothrix 13.00 = 7.46 23.71 £ 13.56 -1.80
'Oma‘o 58.33 £ 14.79 76.57 * 30.40 -1.39
'Elepaio 6.83 £ 1,83 23.43 + 11.25 =3, 54%%
White-eye 14.33 £ 7,09 17.64 * 9,77 -0.74
' Amakihi 8.67 * 3.08 12.64 * 5.99 -1.52
Creeper 0.33 £+ 0.82 3.14 £ 3.35 -2.00
'Akepa 0.67 £ 0.82 3.43 % 2.62 ~2,49%%
'Akiapola'’au 1.33 ¢+ 1.21 3.21 * 3,29 -1.35
fApapane 136.83 * 53,34 144,57 + 47.14 0.32
'I'iwi 10.33 £ B8.96 17.50 + §.27 -1.73
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greatly reduces population densities of endemic passerines as a group. Logging
appears to have little effect on exotlic forest passerines (Melodious Laughing-
thrush, Leiothrix, Japanese White-eye, House Finch, and Cardinal), inasmuch as
the number of exotic species present did not change (see Table 18). Furthermore,
the density of individuals of exotic forest birds is about the same in unlogged
forest (315 birds/40 ha) as in logged (330 birds/40 ha) rain forest (Table 18).

In connection with the concept of logging the Kilauea Forest Reserve,
several of my colleaguesrhave raised the question as to whether the Kilauea
Forest Reserve may partially support birds observed on the upper Keauhou Ranch.
That is, the ranch may serve as a supplementary feeding area for birds resident
in the forest reserve. Thils is certainly a pertinent question, especially as it
applies to the three endangered honeycreepers found in both habitats. 1 feel
that the ranch probably supports a number of resident breeding birds, but my
data clearly indicate that native bird densities in general are much reduced on
the ranch in comparison to the forest reserve with few exceptions. Good studies
of movements and feeding patterns of at least the endangered species should be
conducted before any decision about logging the forest reserve 1s made.

Logging results in a 25 percent increase in the number of bird species.
{20 species were present in logged forest, 15 in unlogged forest.) Two of the
additional species in the logged area are native birds: the endemic Nene and
the indigenous Golden Plover. DBoth these birds were found on the edges of logged
forests where pasture-type areas have been created by a cowbination of logging
and subsequent cattle grazing. The additional species of exotic birds found in
logged areas are the California Quail, the two pheasants (counted as one species
here due to the difficulty of positive field identification), the Skylark, and
the Spotted Munia. All of these birds prefer pasture or scrubby habitats. One
exotic species, the Spotted Dove, was observed once (though not on a formal
census) in the Kilauea Forest Reserve, but not on upper Keauhou Ranch. Of the
three most common exotic birds the White-eye and the Leiothrix preferred unlogged
forest, although their mean densities did not differ significantly between the
two areas (see Figs. 6 and 10, respectively). The House Finch, on the other
hand, occurred in significantly higher densities on upper Keauhou Ranch than in

the Kilauea Forest Reserve (see Fig. 9).

Non-passerine natlve species

Nene.—--Because most Nene observed in the area were pen-raised, released
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birds, the data pgathered in this study cannot properly be regarded as indicative
of true specles ecological optima. The birds were found consistently in sub-
alpine scrub, where they were observed to feed on Styphelia and Vaccinium fruits.
Nene were occaslonally observed in pastures on Keauhou Ranch, sometimes near

watering holes. None of the birds observed on the ranch were seen feeding.

'Io.--The 'Io was not observed above 2040 m on the Mauna Loa Tramsect, nor
at Kipuka Puaulu or Kipuka Keana Bihopa. However, birds were occasionally
observed on Keauhou Ranch immediately behind Kipuka Puaulu. The results of this
study did not indicate that any particular habitat was more optimal than others.
It seems likely that this species is opportunistic in choosing habitat, as it is
widespread, though not abundant, from sea level to at least 2040 m on Hawaii

(pers. obs.).

Golden Plover.--The Golden Plover prefers open grassy areas, as is obvious

to even the casual observer. Of the areas traversed during the course of this
work, pastures on Keauhou Ranch supported the largest population of this species.
Plover could be observed daily during their nonbreeding season in pastures on
the ranch, feeding singly or in flocks of over 20 birds. Because no transect
was established specifically to assess bilrd densities in pasture lands, it is

not possible to estimate the density of Plovers in the study area.

Pueo.--The Pueo was observed rarely in Kipuka Puaulu, Kipuka Ki and mountain
parkland during this study. Apparently none of the habitats observed are partic-
ularly suitable for this species, as it is much more common at the same eleva-
tions on Mauna Kea (van Riper pers. comm.) and is locally more abundant at lower
elevations (pers. obs.). The species is known to nest on the ground in grassy
areag, which are relatively common in the study area, so it seems unusual that

I did not observe it more often.

Nongame exotic species

Eleven of the exotic species studied here were nongame birds, eight of them
passerine species. Table 22 lists the habitats of these specles in order of
species density in each habitat. As in Table 19 habitats on the Mauna Loa
Transect are listed by transect zone number, whereas Kipuka Keana Bihopa
(Transect 88), Kilauea Forest Reserve (Transect 91) and upper Keauhou Ranch

{Transect 92) are listed by census transect number.
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Barn Qwl.--The Barn Owl, like the Pueo, had a very limited distyibution. I
observed it only in tramnsect zone IV at Kipuka ¥Ki and Kipuka Puaulu. Apparently
it is expanding its range somewhat, as W. E. Banko (pers. comm.) has seen it
around Kilauea Crater (zones V and VI), but not in the areas where T have seen
it. Whether or not the two owls compete.for food or breeding territories is an

interesting but unanswered question.

Spotted and Barred Doves.~-The two doves were not common on any census

transect, although they are locally common in some localities within or near the
study area (e.g., Barred Dove--lower Keauhou Ranch; Spotted Dove--Ainahou Ranch).
Both specles are more common at lower elevations on Hawaii, and in urban areas
(pers. obs.). With so few observations I am hesitant to suggest that any one
habltat type 1s better suited to elther of the doves, although they were less

common in closed rain forest than in open forests below about 1800 m.

European Skylark.--Skylarks were observed only on Keauhou Ranch within the

study area. Obviously this specles prefers short grasslands and is locally
common in that type of habitat on Hawaii. The only suitable habitat investigated
in the study area was on Keauhou Ranch, where Skylarks were common. No estimates

of density can be made because relatively little pasture area was censused.

Melodious Laughing-thrush.--The Melodious Laughing-thrush was observed

frequently on that part of the Keauhou Ranch adjacent to the IBP intensive study
gite in the Kilauea Forest Reserve. J. M. Scott (pers. comm.) has observed this
species in the Kilauea Forest Reserve itgelf. This bird 1s present in much of
the Hilo and Waiakea Foreat Reserves (Jacobl pers. comm. and pers. obs.) and may
be extending its range from the Puna district into the Kau district by way of

Olaa and Kilauea Forest Reserves.

Leiothrix.~~The Leiothrix occurred in highest densitiles on the Acacia-

Metrosideros-Cibotium rain forest transects (Transects 91 and 92). Mean densities

of these two transects were not significantly different from each other. However,
they were significantly higher than all other transects except Tramsect 7 (upper
mountain parkland), which was significantly lower tham Transect 92 but not
Transect 91 (Fig. 10).

Upper Keauhou Ranch (Transect 92), Kipuka Puaulu (Transect 16) and upper
mountain parkland (Tramsect 7) did not differ significantly in Lelothrix popula-
tion densities. Although upper Keauhou Ranch has slightly higher rainfall than
Kipuka Puaulu (Figs. 2 and 3), both habitats are characterized by an emergent
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layer of koa and 'ohi'a with a variable, moderately-dense, shrub layer. The high
densities found on Tramsect 7 were the result of highly vardable counts. On some
occasions over 30 birds were actually counted, whereas at other times less than
five birds were observed. This suggests that Lelothrix populations in mountain
parkland are opportunistic in their moveéments, perhaps taking advantage of
seasonally available plant and insect food. However, there is a resident popu-
lation of this species in the habitat, as I have found a number of nests near the
transect.

Frequencies as well as densities of Leiothrix were lowest in Kipuka Puaulu
(Transect 16), Kipuka K1 (Transect 4), lower elevation mountain parkland (Transect
5), and subalpine scrub (Transect 9) (Table 4). What accounts for the signifi-
cant difference in Lejothrix densitieg between the two mountain parkland transects
is not clear. FPlant cover on Transect 7 appears to me to be greater than that on
Transect 5, though both are in the same type of plant community. This apparent
difference in vegetation density and any related differences in relative humidity
and food availlability may account, at least in part, for density differences. In
subalpine scrub, Leiothrix were observed only periodically, perhaps also in
response to variable availability of food sources. On the other hand, van Riper
(pers. comm.) found Leiothrix to be abundant at 2500 m on Mauna Loa, but absent
at 2440 m in similar habitat. This suggests that elevation is not a limiting
factor in the distribution of this species below at least 2500 m.

Mynah and House Sparrow.--The Mynah and the House Sparrow are well~known in

Hawaii as urban birds, and theilr distribution in Volcanoes National Park and on
the Keauhou Ranch reflects this situation. Both species are common near the
centers of human activity within the park (park headquarters, Kilauea Military
Camp, residential area).

The Mynah also occurred on the Keauvhou Ranch up to about 1500 m and on the
Ainahou Ranch in association with livestock. It has only been observed on one
census transect at Kipuka Keana Bihopa (Transect 88). These birds were probably
assoclated with the livestock kept at the Ainahou Ranch, and a few birds remained
in this area where the National Park Service keeps horses and conducts a number
of programs with citizens groups. Berger (1972b) reported the Mynah to be common
near Kipuka Puaulu; however, I have not seen them there, although they were

frequent, but not common, in open wet Metrosideros-native shrub forest (Transect

3), which is adjacent to Kipuka Puaulu.
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Japanese White-eye.-~The Japanese White-eye occurred comsistently (frequency
= 100 percent) at all sites except the tree line ecosystem at 2440 m, where it
was observed only once (Table 3). Kipuka Puaulu (Transect 16) and Kipuka Ki
{Transect 4) had the largest populations of White-eye, with Kipuka Puaulu being
significantly higher than all other transects. The subgroups organized by the
Duncan's test showed that there were few transects with densities of White-eye
that differ significantly from one another (Fig. 6). This sugpgests that the
White-eye is ecolopgically an extremely versatile species. Furthermore its high
densities, second only to those of the 'Apapane in this study, clearly indicate
the great success typical of this exotic species 1in native Hawalian ecosystems.

Density wvalues for this species indicate that closed mesic and rain forests
are preferred by the White-eye. Table 3 shows that the closed forests of Kipuka
Puaulu, Kipuka Ki, Thurston Lava Tube, upper Keauhou Ranch and Kilauea Forest
Reserve all had higher densities of White-eyes than the more open habitats such
as mountailn parkland, Kipuka Keana Bihopa and subalpine scrub.

Although it 1s true that the highest densities of White-eyes were not found
in the best honeycreeper habitat (l.e., Kilauea Forest Reserve and upper Keauhou
Ranch) there is certainly no question that this species effectively penetrates
such habitats, and, indeed, is more abundant there than all but the 'Apapane
and the Hawaii 'Oma’'o.

It seems probable that vegetation density and, concurrently, food density
are important factors influencing population densities of this specles. Guest
(1673) found White-eye density to Increase with vegetation density. Apparently
this adaptable exotic is able to exploit environmental resources with greater
flexibility than any native land bird. 4 careful study of its feeding behavior,
egpecially in habitats where it coexists with native birds, 1s needed to confirm
this.

House Finch.--The House Finch was observed on 11 tramnsects (Table 3). None
were recorded during censuses at Thurston Lava Tube (Transect 1), but birds of
passage were seen in this area occasionally. On 26 September 1974 at least two
House Finches were heard for the first time on the census transect at the tree
line ecosystem (Transect 12), Presumably, these were birds of passage that may
have stopped to forage briefly. Continued censusing would confirm whether or
not the birds reside or at least forage regularly at this altitude.

Although the House Finch was widespread, it occurred at greatest densities
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in the Kipukas (Fig. 9). Duncan's test revealed two subgroups including Kipuka
transects, one containing Transect 88 at Kipuka Keana Bilhopa and Transect 16 at
Kipuka Puaulu, and one containing Transect 16 and Transect 4 at Kipuka Ki.
Kipuka Keana Bihopa and Kipuka Ki were significantly different from one another,
but neither was significantly different from Kipuka Puaulu. The remaining
habitats in which House Finches were observed at a frequency greater than 13
percent fell into one subgroup that included Kipuka Ki with the highest density
in this group (Fig. 9).

Salt (1952) found that House Finches were physiologically less efficient
at high humidities, and this may explain thelr very low numbers in the ‘ohi’a-
tree fern rain forest at Thurston Lava Tube (Transect 1). 1In his study of House
Finch breeding biclogy on Hawailil, van Riper {1974) found that the species did not
penetrate moist rain forest on Kohala Mountain, but nested at its borders. A
similar situation occurred with respect to the Kilauea Forest Reserve, a mature
rain forest, in that House Finches could be observed throughoutrthe adjacent
Keauhou Ranch and up to the border of the reserve. The fact that this species
requires a daily supply of water (Salt 1952) may have something to do with low
densities at higher elevations in the Mauna loa Strip area (Transects 5, 7, 9,
and 12), vhere reliable water supplies are scarce at best.

During the lapse in periods of censusing from August 1973 to August 1974,
House Finch populations increased on the upper Keauhou Ranch (Transect 92), which
had been logged for the second time during this period. This population increase
may be related to the drop in relative humidity concurrent with the removal of
trees and shrubs, as well as the changes in vegetation structure. This suggests
that both these factors may influence habitat selection by the House Finch.

If there were more information about the diet of the House Finch in Hawaii,
perhaps a relationship between the distribution of this blrd and certain food
plants could be demonstrated. Hirai (1974) found that this species ate the
fruits of haole koa (Leucaena latisiliqua), the Chinese banyan (Ficus microcarpa)

and pink tecoma (Tabebuia pentaphylla), among other things, and that it took

nectar from the African tulip tree (Spathodea campanulata). Baldwin (1953)

reported that it took nectar from the 'ohi'a. Van Riper (pers. comm.) found that
House Finches ate nalo fruits, and Berger (1972a) reported that they feed on

Russian thistle (Cirsium vulgare). Both these latter plants are found on many

of the transects, but are probably most abundant on Transect 92 on the Keauhou

Ranch. Grass seeds are an important food in some areas (Beal 1907; Hiral 1974).
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It would be interesting to know to what extent House Finches feed on some of the
fleshy fruits such as Rubus spp. and Coprosma spp., all of which are found to

some extent in the areas of high House Finch density.

Spotted Munia.--The distribution of the Spotted Munia was limited to grass-

land communities or savanna communities (Table 4). This small, flocking seed-
eater did not penetrate the rain forests at Thurston Lava Tube, upper Xeauhou
Ranch or the Kilauea Forest Reserve, although I often saw it on the borders of
these areas, feeding on grass seeds. It appeared to be somewhat limited by
altitude in that it occurred infrequently and in small numbers in the mountain
parkland communities above 1830 m, whereas 1t was more common in the lower
reaches (below 1525 m} of this same habitat type. Perhaps, like the House Finch,
the Spotted Munia's distribution is more dependent on the presence of water than
the factors assoclated with altitude, because it was not uncommon above 1830 m
on upper Keauhou Ranch where water was generally available from watering places
for cattle,

It is difficult to ascertain the precise densities of this species. On some
transects flocks of over 50 were often seen, especially in Kipuka Ki. At other
times, in the same places where large numbers were seen, flocks of less than
eight would be the only birds observed for several weeks. A study of the phenology
of fruiting in grasses might shed some light on the population dynamics and

movements of this species and perhaps also that of the House Finch,

Cardinal.--The dense shrub and lowexr canopy level of Kipuka Puaulu (Transect
16) were the optimum habitat of the Cardinal, which occurred there at a signifi-
cantly much higher density than that of any other transect. Mountain parkland at
1525 m (Transect 5), Kipuka Ki (Transect 4), and upper Keauhou Ranch (Transect
92) supported Cardinal densities and frequencies of occurrence that were quite
low in comparison to Kipuka Puaulu (Table 13; Fig. 14). Mean densities on these
latter transects did not differ from onme another significantly.

W. E. Banko (pers. comm,) recently noticed that the Cardinal was becoming
more common in the National Park resldential area. It would not surprise me to
gsee this species continue to expand its range and increase in density in the
coming vears. It seems unlikely, however, that the Cardinal will be successful
in penetrating rain forests to breed. Those communities characterized by
substantial shrub cover and abundant fleshy fruits and large seeds will probably
provide the best habitat for this exotic bird.
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Game birds

None of the game birds were found in rain forest areas. However, they were

widely distributed as a group throughout the study area (Table 15).

California Quail.--The California Quail was most common in the upper reaches

of mountain parkland (Transect 7) and at the lower border of subalpine scrub
(Transect 9). Although it was present at Kipuka Ki, it was slightly more common
in the adjacent Kipuka Pugulu. Medeiros et al. (1969) reported that mamane
leaves were a preferred food of this species., This is supported by population
density data, which show that Quail reached peak density where mamane was most

common (Transect 7) in the study area.

Chukar Partridge.--The Chukar was observed rarely at tree line and once in

subalpine scrub (Gagné pers. comm.). This bird is common at higher elevations
(i.e., on the upper slopes of Haleakala) on Maui. It is not clear which environ-
mental factors associated with higher altitudes are the most important influence

on the distribution of the Chukar.

Erckel's Francolin.--Erckel's Francolin was observed once at Kipuka Puaulu

and once at Kipuka Keana Bihopa. Medeiros et al. (1969) reported that this bird
has showed no signs of successfully establishing breeding populations on Hawaii

since its introduction in 1957.

Pheasants.--The pheasants were relatively common and widespread in the study
area. The majority of males observed, both on censuses and at other times, were
Blue Pheasants, thus this 1s probably the more common of the two species in the
area. Although pheasants were observed in slightly higher numbers in mesic
kipuka forests (Transects 4 and 16) and mountain parkland (Transects 5 and 7),
these differences were not significant. Apparently pheasants are adaptable
enough to take advantage of most habitats other than rain forest on the east
flank of Mauna Loa. They have been reported to eat fruits, especilally of

Styphelia and Vaccinium, browse, grass and other dry seeds, and insects

(Woodside 1958). These two pheasants have established breeding populations in
most of the sultable habitats on the islands to which they were introduced
{Schwartz and Schwartz 1949). However, Schwartz and Schwartz (1949) reported

that the Ring-necked Pheasant was more abundant in most areas.
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Comparison of results with previous studies

Baldwin

Differences in censusing methodology between this study and those of Baldwin
(1953) and Dunmire (1962) make it impossible to evaluate any changes in bird
density that have occurred since their earlier studies were completed because
neither Baldwin nor Dunmire gave any figures for density. However, Baldwin
reported frequencies (he called them "relative occurrences'), and Dunmire
reported percent composition by specles for his plots. Some comparisons of these
parameters can be made. Baldwin discussed '"'relative abundance" of 'Amakihi,
'Apapane and 'I'iwi, but his methods were so different from mine that the data
are not really comparable.

Baldwin regularly censused five of the same areas that I examined, and
reported the frequency of occurrence for each species. Table 22 lists Baldwin's
(1953:353) and my own frequency data in these five areas. (Note the mountain
parkland plots listed here are Baldwin's plot 12 and my Transect 7, both at about
1800 m elevation,) Baldwin sampled much smaller areas (usually about 5 acres),
but did so more frequently than I (Baldwin 1953:349). His time of day for
censusing was not standardized, whereas all my censuses were conducted shortly

after sunrise.

Kipuka Keana Bihopa.—--Baldwin did not observe Erckel's Francolin at Kipuka
Keana Bihopa, as I did but he reported Skylarks, which I did not see. 'Amakihis,

House Finches, White-eyes, Mynahs, pheasants, Spotted Munias, and 'Apapanes all
occurred at lower frequencies on Baldwin's plot than on my transect. Baldwin
{1953: 349) visited Kipuka Keana Bihopa many more times than I did (50 vs 5,
respectively). This explains, in part, the species' frequency differences for
this site as well as the other sites our studies had in common. It is surprising,
however, that he did not observe 'Amakihi, House Finches, and White-eyes more
often, because these birds were always present and abundant on my censuses., I
observed that all three species nested in this area, but the establishment of
large breeding populations may have occurred since the 1940's, when Baldwin was

censusing.

Thurston Lava Tube.--The most notable differences between Baldwin's data

and mine for this area are the complete absence of the Hawaili Creeper, the

Leiothrix, and the Cardinal. To my knowledge few, if any, observations of the
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Cfeeper have been made in Volcanoes Natlonal Park (excluding Olaa Tract) since
Baldwin published his work. The Leiothrix' absence is difficult to explain, but
not surprising. This bird was widespread on Oahu less than ten years ago, but
is now observed only rarely. Tomich (pers. comm.) has noticed that populatioms
of Leiothrix have declined noticeably in recent yéggéﬁngﬁﬁii Cardinal does not
characteristically invade Hawaiian rain forests, but I have observed it at the

edges of both ‘ohi'a~tree fern rain forest and koa-'ohi'a-tree fern rain forest.

Kipuka Puaulu.--Baldwin did not record Erckel's Francolin, Barn Owl or

California Quail at Kipuka Puaulu, but I recorded each of them only once on
censuses. Cardinals have apparently been very successful in Kipuka Puaulu since
the 1940's because I found this to be their preferred habitat (Table 21), while
Baldwin reported their frequency at only 2 percent. The 'Akiapola'au and Creeper
can no longer be found at Kipuka Puaulu, where Dunmire (1962), Berger (1972b)

and T have censused since Baldwin completed his work.

The other species that I recorded at higher frequencies than Baldwin were
the 'Amakihi, the 'Elepaio, House Finch, White-eye, and pheasants. Populations
of House Finches, White-eyes and pheasants have probably increased, as they
apparently have in other areas (e.g., Kipuka Keana Bihopa), but small plot size

probably accounts for Baldwin's lower frequencies for 'Elepaio and 'Amakihi.

Mountain parkland.--Baldwin observed three species, the Skylark, the

'Akiapola’au, and the Pueo, that I failed to record. Baldwin observed the
Creeper in his mountain parkland plot at 1680 m, but I did not observe it on
either of my mountain parkland plots at 15320 and about 1800 m. The Skylark and
the 'Akiapola'au are probably no longer present in this community, but the Pueo
occurs in the lower reaches of mountain parkland, and I could easilly have missed
it on my censuses. 1 observed five species in this area that were absent from
Baldwin's plot: 'Oma'o, 'Io, Spotted Munia, Cardinal, and Nene. I observed none
of these birds frequently on censuses and recorded few individuals on the counts.
Nene have been released since Baldwin's time, and all the birds I saw were
banded, released individuals.

I observed several species ('Apapane, ‘I'iwi, 'Amakihi, 'Elepaio, Leiothrix,
House Finch, and White-eyes) much more frequently than Baldwin did. 'Apapane,
*I'iwi and House Finch populations are highly variable in their movements within
and through this habitat. Although at least a few individuals of these species

were normally present, densities were very low at times. It is surprising that
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Baldwin did not observe 'Amakihi 100 percent of the time because I found
mountain parkland to be optimum habitat for this species (Tables 18 and 19). I
observed Lelothrix, 'Elepaio, and White-eye more often, but this may be because

I covered a much larger area (150 acres~-60 ha) than Baldwin (3.7 acres--1.5 ha).

Subalpine scrub.--Baldwin recorded Pueo and Plover from this habitat, but

I failed to see them on my censuses. White-eyes appear to have increased in
subalpine scrub as they have in many other areas. I recorded eight species on
my transect that Baldwin did not observe: 'I'iwi, 'Elepaio, House Finch, 'Io,
Quail, pheasants, Nene, and Chukar. House Finches, Quail, and pheasants have
probably increased their ranges and densities since the 194('s, judging from
observations made here and elsewhere on the Mauna Loa Strip. 'Elepaio, 'Io,
and Chukar were all very rare on my censuses and the Nene now present were
released. The 'I'ilwi was present on about half of my censuses, and was common
when present. I noted that thelr appearance in subalpine scrub was always

correlated with blooming of mamane.

Dunmire

In addition to reporting total numbers of birds counted, Dunmire (1962)
also reported the percentage composition by species for each of his sampling
areas. Four of his plots were in plant communities comparable to some of those
in my study. I calculated percentage composition by species using my actual
count values to compare my results in these communities with his (Table 23).
Without some idea of the size of his plots I cannot compare number of birds

Dunmire counted with the values that I recorded.

Thurston Lava Tube.--Species detected by Dunmire that were not found in

'ohi'a-tree fern rain forest in this study were the Plover, the Spotted Dove,
the Leiothrix, and the Spotted Munia (Ricebird). I observed the Cardinal once
on a census in thils community, but Dunmire did not. The Leiothrix, as mentioned
above i1s apparently decreasing in numbers throughout the habitats studied here,
as well as elsewhere on the island of Hawaii (Tomich pers. comm.). Both Berger
{(1972b) and I found it completely absent from the 'ohi'a-tree fern rain forest.
The remaining species seen exclusively by Dunmire or myself were all uncommon
(species composition values less than one percent) in this community, and it is
not surprising that they were missed by eilther investigator.

The 'Oma'oc accounted for a much larger proportion of individuals in my data
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than Dunmire's. I have observed that the bird is locally common in this type of
habitat, and it appears that my census transect happened to cross an area where

it was fairly common.

Kipuka Ki and Kipuka Puaulu.--I observed three species in the Kipuka Puaulu-

Kipuka Ki area that were not observed by Dunmire: Spotted and Barred Doves and
the 'Amakibi. The doves are uncommon, and, if they did occur here in Dunmire's
time, he could easily have missed them. I observed the 'Amakihi on all censuses
in Kipuka Puaulu and Kipuka Ki, but they were not abundant. Baldwin observed
them at Kipuka Puaulu also, so it is unusual that Dunmire did not. Lelothrix
accounted for a much smaller proportion of the avifauna in my study than in
Dunmire's., This is typical of its populations elsewhere, as discussed above.
The '"Apapane accounted for a larger proportion of total birds counted in my
study as compared to Dunmmire's, while the opposite was true of the "I'iwl. As
I have mentioned, both of these species are heavily dependent on mectar in the

diet, and large temporal fluctuations in population density are to be expected.

Mountain parkland.--Dunmire observed the Chukar and the Skylark in the

mountain parkland, but both were absent from the area during my censuses. The
Leiothrix and White-eye have decreased in thils area since Dunmire's time, and

the 'Amakihi has increased, The reasons for these changes are not cobvious, but
the situation raises the gquestion of whether or not competition exists between
the 'Amakihi and the White-eye.

Subalpine scrub.--Dunmire did not observe 'Elepaio or Nene in subalpine

scrub, but I have seen one 'Elepaio on two occasions, and Nene that have been
released in recent years use this area as a feeding ground.

The Skylark, the 'Oma'o, and the Mynah were absent from my censuses,
although Dunmire observed them in this habitat. Others (Berger and Conant 1973:
6.46) have observed 'Oma'o in this area recently, but the Skylark is apparently
absent now, as is the Mynah.

Many of the differences between Dunmire’s and my results on species presence
or absence can probably be explained by the differences in our censusing methods.
Dunmire covered much larger areas of habitat than 1 did at each census. Some of
his transects were continuous trails covering over 600 m elevation. My transects
were established so that each one covered a very narrow altitudinal range (see
Table 1). On the other hand I censused my transects more frequently than he did.

Both of these differences could have an important influence on the number of
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speciles observed, especially those that are unusual in a particular area.

Berger

Berger (1972b) returned to Baldwin's plots to assess bird populations.
Although he reported no population parameters (e.g., frequency, density), he
commented on specles composition, distribution, and abundance. e did not
mention the time spent at each site, number of visits, area covered or census
methods used to gather the data upon which his comments were based. This renders
comparison of results, especially on gpecies abundances, impossible. My study,
which began shortly after Berger's (19272b) was completed, revealed no notable
changes in specles composition of and distribution within the communities that

were examined in both studies.

Interpretation of distribution patterns

Terborgh (1971} proposed three models to account for bird species distri-
bution on an environmental gradient (elevation) in Peru. The results of this
similar study on Mauna Loa indicate that Terborgh's Model 1I, wherein competitive
exclusion determines distributional limits of bird species, 1s not operative in
the habitats examined here., Instead, continuously varying environmental factors
{Model I), as well as habitat discontinuities {(Model III), appear to determine
patterns of spatial distribution of the bird species encountered on the east
flank of Mauna Loa.

The lack of competitive exclusion (as indicated by complementary distribu-
tions of congeneric specles) typical (pers. obs., Berpger 1972a) of native
Hawaiian forest avifauna was apparent in this study. In spite of the fact that
three species in the genus Loxops are found on Mauna Loa, their distributions are
not mutually exclusive. Similar cases occur on Kaual and Maul where 4 and 3
members, respectively, of this genus are found in many of the same habitats
(pers. obs., Berger 1972a). As far as we know only a few, 1f any, of the
drepanidids on the same islands may have had mutually exclusive distributioms.
This may be due to the importance of "diffuse competition,' described by Terborgh
and Diamond (1970) as typical of avifaunas in which all coexisting species,
related or nonrelated, share a common pool of limited resources. Many Hawalian

forest birds are dependent on the same few plant species (e.g., Metrosideros,

Sophora, and Acacia) to provide them with food, especially nectar. However, it

is not yet clear whether the resource pool is always limiting, as no studies of
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energetic requirements in relation to available energy have been made.
Environmental factors (e.g., rainfall and temperature) are clearly reflected
by the wvariation in plant communities that is associated with elevation changes
on Mauna Loa. Sometimes this wvariation is continuous and gradual, resulting in
widely distributed plant communities such as Acacia mountain parkland and broad

ecotones between communities such as that apparent between Acacia~Metrosideros-

Sapindus savanna and the mountain parkland.

On the Mauna Loa Transect rainfall (Table 1) and temperature (Fig. 2) vary
directly and continucusly with altitude between Kipuka Puaulu (Transect 18) at
1250 m and 3000 m (see Table 1). As predicted by Terborgh's Model I (1971:27)
there were few abrupt changes in bird species densities on this part of the
transect. Instead bird densities changed gradually and no large turnover of
species was observed at any one place (Table 18).

There were some abrupt changes in population densities of certain species
between the Kilauea Forest Reserve (Transect 91) and the upper Keauhou Ranch
(Transect 92), although these habitats also lie on a gradient of rainfall,
temperature, and elevation (Table 1, Fig. 3). 1In addition, species turnover was
about 33 percent, The turnover and the sharp changes in population demsities in
this case were undoubtedly a result of the effects of logging and grazing om
vegetation structure and, simultaneously, food availability.

Bird species that show abrupt changes in population densities are probably
responding to habitat discontinuities (Terborgh's Model II1), which are a direct
expresslion of sudden changes in environmental factors. For example, the

transition from both open dry and open wet Metrosideros-native shrub forest to

Metrosideros~Cibotium montane rain forest is produced by a rather sharp increase

in rainfall (see Table 1). This change in rainfall i1s a result of the effect of
topographic changes between these areas that in turn affects the distribution
of clouds and their moisture.

The changes in avian communities assoclated with sharp habitat discontinui-
ties were less dramatic here than those Terborgh (1971) observed in Peru. Nine
species distributions (see Table 18, Figs. 20 and 21) terminated abruptly at the
border between montane rain forest and both dry and wet open Metrosideros forests.

This 1is 60 percent of the 15 species found in both habitats. Although this 1s a

very small number of gpecies, the high percentage may permlt the argument that
this is "massive faunal turnover" as described by Terborgh (1971:28) in

regions of sharp habitat discontinuity. Another area where there was an abrupt
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change in plant communities due chiefly to substrate discontinuities exists

between open dry Metrosideros-native shrub forest (Transect 3) and mesic kipuka

forest (Transect 16) at Kipuka Puaulu. There was a 39 percent avifaunal
turnover between these areas.

All three of the models proposed by Terborgh to explain bird distribution
on environmental gradients may have been operative in undisturbed Hawaiian
ecosystems. Thus, competitive exclusion camnot be ruled out as a mechanism that
has affected the distribution of native Hawaiian birds. However, in the few
remaining rain forest areas where the endemic avifauna remains intact, most of
the endemic forest birds occur in the same habitats. Apparently resource
division is effectively accomplished through fine differences in feeding niches
and interspecific territoriality.

The Hawailan rain forest avifauna, even in its natural state, was not rich
in species compared to tropical continental areas of similar size. Thus, it
seemg likely that competition is reduced through within-habitat resource division,

rather than by the evolution of complementary distributions of competing species.

Vegetation strxucture and its influence

on patterns of avian spatial distribution

Patterns of spatial distribution of birds on the Mauna Loa Transect appear
to be strongly influenced by two types of environmental variables: habitat
discontinuities and continuously wvarylng environmental factors. Each bird
specles reacts differently to these variables and may be more strongly influenced
by one type than the other, as I have pointed ocut in the discussions of species
ecological optima,

Abrupt changes in substrate, such as that observed between mesic kipuka

forest (Kipuka Puaulu) and open dry Metrosideros-native shrub forest (Tree Molds),

are reflected by dramatic changes in plant community structure. Such habitat
discontinuities nearly always have a significant effect on avian species
composition and density in the area of transition (see Figs. 20 and 21). However,
when environmental variables change slowly and continuvously (i.e. from Kipuka
Puaulu, at 1220 m, to low scrub desert at 3050 m), few sharp changes in plant

or avian community structure are observed. Wide ecotones between communities

are characteristic in such areas, and bird densities tend to drop off or increase
gradually (see Figs. 20 and 21). Speciles turnover is also minimal and gradual in
the absence of well-defined habitat discontinuities (see Figs. 20 and 21, Table
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18).

It is well-known that vegetation structure obviously influences the spatial
distribution of birds in theilr habitats (Bond 1957, Beals 1960, MacArthur and
MacArthur 1961, MacArthur et al. 1966, James 1971, Terborgh 1971)., In view of
this we should expect the zonation of avian communities along environmental
gradients to fit In closely with vegetation zonation. This is certainly true on
the Mauna Loa Transect. TFigure 22 (taken from Mueller-Dombois and Bridges 1975:
46) shows that transect zones based on vegetation community analyses are identi-
cal to those based on avian community analyses (see Fig. 18). Note that there
are eight zones in Figure 22 as compared to six in Figure 18, This can be
explained by the fact that I did not sample the sites included in the additional
two zones on the vegetatlon zonation diagram. Bird species distributions clearly
are dependent upon the nature of the plant communities on the Mauna Loa Transect.
Some birds may respond to environmental factors (e.g., temperature) other than
plant community structure and composition, but without highly specific studies
these cases are difficult to identify.

This study clearly shows that the role of plant community structure is of
great importance in determining patterns of avian spatial distribution on Mauna
Loa, which has an isolated insular avifauna with very few species, many of them

totally foreign to the environment.

CONCLUSIONS

1. Patterns of avian gpatial distribution on the east flank of Mauna Loa

appeared to be strongly influenced by vegetation structure:
a. Sharp transitions between structurally diverse plant communitles were
usually assoclated with sharp changes in the population densities of
some specles and with large species turnover from one community to another.
b. Gradual transitions between plant communities were usually associlated
with gradual changes in avian population densities and low speciles
turnover between communities.

2. Six transect zones on the Mauna Loa Transect were objectively defined on the
basis of avian community analyses. These zones corresponded exactly with six
of elght transect zones defined on the basis of plant community analyses.

The remaining two vegetation zones were not sampled for bird populations in
this study.

3. Some of the results suggested that the role of competition in regulating
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population densities and affecting species distribution limits may be

significant, but further study is needed to confirm this.

Some bird species appeared to be influenced by specific plant species:

a. The ‘Apapane's population densities were positively correlated with the
presence of 'ohi'a, especially during heavy blooms.

b. The '"I'iwi's population densities, and, perhaps, movements were posi-
tively correlated with the presence of blooming mamane trees.

c. The California Quaill reached highest densities im areas where mamane,
a preferred food, was common.

Six of the most common exotic bird species reached peak densities in

Acacla-Metrosideros-Sapindus savanna and closed mesic kipuka forest. These

two habitats, which constituted a single ecological zone (based on both
vegetation and avian community structure analyses), were also characterized
by having the highest diversity for most of the exotic plant species on the
transect.
No two specles of native forest birds reached peak densities in the same
habitat type. This suggests that, even though most of the forest birds
exist in many of the same communities, adaptations to specific habitat types
have developed in some species.
Patterns of spatial distribution and abundance suggest that many of the birds
studied (including the most widespread species) select some habitats in
preference to others. A few species appear toc have rather specific
preferences (e.g., Nene, Chukar, Plover, Skylark).
Interspecific territoriality and dominance hierarchies are apparently impor-
tant mechanisms evolved to reduce competition among the three most common
honeycreepers ('Amakihi, 'Apapane, 'I'iwi). However, habitat selection, as
expressed by population densities, probably alsc reduces competition among
these species.
Some notable changes in abundance and distribution have cccurred since
earlier studies were completed in the 1940's and 1950's:
a. The White-eye (exotic) has probably increased in abundance, although its
distributlon was equally as wide in this study as it was 20 years ago.
b. The Lejothrix (exotic) has decreased in numbers and its distribution has
become more limited within Hawaii Volcanoes National Park. This
situation reflects a similar trend characteristic of the specles through-

out Hawalian forest habitats.
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c¢. The 'Elepaio (native) has apparently decreased slightly in numbers and
range, especlally in areas receilving heavy visitor traffic in Hawaidi
Volcanoes Natilonal Park. However, it is still abundant in the Kilauea
Forest Reserve and on the Keauhou Ranch.

d. Both the 'Akiapola'au (native) and the Creeper (mative) have decreased
in abundance and are now absent from Hawali Volcanoes National Park with
the probable exception of the QOlaa Tract.

e. The Cardinal (exotic) appears to be increasing its range in the national
park, and is becoming more abundant, especially in mesic kipuka forest.

f. The Nene (native) is now consistently present in subalpine scrub where
pen-raised birds have been released by the Hawali State Division of
Fish and Game.

10. The Kilauea Forest Reserve and the upper {(above 1500 m) Keauhou Ranch are
optimum habitat for all endemic forest bixds encountered in the study
except the Pueo and the 'Amakihi. The highest densities of five honey-
creepers ('Akepa, Creeper, 'Akiapola'au, 'Apapane, 'I'iwi), the 'Oma'o, and
the 'Elepaio were recorded in Kilauea Forest and on upper Keauhou Ranch,
with the Kilauea Forest densities being higher in all cases. The 'Io was
observed most frequently in the study area on the border between Kilauea

Forest Reserve and Keauhou Ranch at 1640 m.
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APPENDIX

List of Latin and common names of birds.

Branta sandvicensis

Buteo solitarius

Lophortyx californicus

Alectoris chukar

Francolinus erckelii

Phasianus versicolor versicolor

Phasianus colchicus torquatus

Pluvialis dominica

Streptopelia chinensis chinensis

Geopelia striata striata

Iyto alba

Asio flammeus sandwichensis

Alauda arvensis

Garrulax canorus

Leiothrix lutea

Phaeornis obscurus obscurus

Chasiempis sandwichensis sandwichensis

Acridotheres tristis

Zosterops japonica japonica

Loxops virens virens

Loxops maculata mana

Loxops coccinea cocceinea

Hemipnathus wilsoni

Himatione sanguinea

Vestiaria ceoccinea

Carpodacus mexicanus frontalis

Lonchura punctulata

Passer domesticus

Cardinalis cardinalis

Nene (Hawaiian Goose)
'"Io (Hawaiian Hawk)
California Quail
Chukar Partridge
Erckel's Francolin
Ring-necked Pheasant
Blue Pheasant

Golden Plover (Kolea)

Spotted (Lace-necked, Chinese) Dove

Barred Dove

Barn Owl

Pueo (Short-eared Owl)
European Skylark

Melodious Laughing-thrush (Chipese

Thrush)
Red-billed Leilothrix
Hawaii "Oma'o
"Elepaic
Common Mynah
Japanese White—-eye
Hawaii 'Amakihi
Hawaii Creeper
Hawaii '"Akepa
'Akiapola'au
"Apapane
TT7iwi
House Finch (Linnet)
Spotted Munia (Ricebird)
House Sparrow
Cardinal
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