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SCALES OF HABITAT SELECTION BY FORAGING ‘ELEPAIO IN
UNDISTURBED AND HUMAN-ALTERED FORESTS IN HAWAII!

Eric A. VANDER WERF?
Department of Zoology, University of Florida, Gainesville, FL 32611

Abstract. 1 examined habitat selection by foraging ‘Elepaio (Chasiempis sandwichensis)
in relatively undisturbed and human-altered forests in Hawaii at three hierarchically-nested
scales by comparing birds with random sites. The fine scale was based on a sphere with a
radius of 0.75 m, the intermediate scale used a cylinder from ground to canopy with a radius
of 1.5 m, and the broad scale was based on the point-quarter method. At a fine scale, ‘Elepaio
in both forests selected foraging sites with high foliage density, large bark surface area, and
many twigs and branches. ‘Elepaio in disturbed areas compensated for lower available foliage
density by being “hyperselective” toward high density sites. At an intermediate scale, ‘Ele-
paio in both forests favored sites with above average foliage density at all heights. Birds in
undisturbed habitat preferred sites with native ground cover and used sites with feral pig
damage or exotic grasses less than expected, while birds in disturbed forest did not favor
any ground cover type. At a broad scale, tree and shrub densities were much lower in disturbed
areas, but ‘Elepaio did not select sites with high tree or shrub density in either forest. ‘Elepaio
in both forests preferred ‘Ohia, and used Koa less than expected. Disturbed areas may be
lower quality foraging habitat because less space consists of sites with preferred high fine-
scale foliage density. The broad scale is commonly used to measure habitat around nest
sites and song perches, but it did not detect patterns of foraging site selection and may be
too coarse for measuring foraging habitat of forest birds.
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INTRODUCTION

Habitat structure affects foraging opportunities
for birds by determining abundance and distri-
bution of prey and which search and attack meth-
ods birds can employ to capture prey (Robinson
and Holmes 1982, 1984; Holmes and Schultz
1988). For insectivorous forest birds, foraging
opportunities may be the primary determinant
of habitat selection (Holmes 1981, Sherry and
Holmes 1985). It is not surprising, therefore, that
human alteration of habitat structure has an im-
pact on foraging behavior and habitat selection
(e.g., Szaro and Balda 1979, Franzreb 1983).

In studies of avian habitat selection, correla-
tions often are found between distributions of
bird species and habitat characteristics, partic-
ularly vegetation structure (Hildén 1965, reviews
in Cody 1985). Habitat selection presumably has
adaptive significance (Rotenberry 1981), but to
understand why these relationships exist and if
they are biologically meaningful, we must deter-
mine how birds choose habitat (Holmes 1981,
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Sherry and Holmes 1985, Sedgwick and Knopf
1992). In the majority of cases, the mechanisms
and criteria for habitat selection in birds are
poorly known (Cody 1985, Orians and Witten-
berger 1991). Insight into these processes can be
gained by comparing patterns of habitat selection
by a single species in two habitats that differ in
structure (Holmes 1981, Robinson and Holmes
1982).

Habitat alteration in Hawaii has been exten-
sive both historically (Stone and Scott 1985) and
prehistorically (Kirch 1982, 1983), and native
Hawaiian birds may be especially sensitive to
disturbance (Olson and James 1984, Sakai 1988).
Abundance of native Hawaiian birds is often
negatively correlated with habitat disturbance
(Scott et al. 1986). However, to determine if and
how habitat alteration affects these species, one
must understand what aspects of habitat struc-
ture are important to them and the mechanisms
by which they select habitat.

Patterns of habitat use at the population and
geographic levels are ultimately the result of how
individuals respond to variation in habitat struc-
ture (Martin 1986). Individual variation in be-
havioral responses to habitat differences is there-
fore essential to discovering processes by which
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birds select habitat because patterns of individ-
ual selection should most clearly reflect re-
sponses to habitat characteristics (Wiens et al.
1987b).

Variations in habitat structure to which indi-
vidual birds may respond exist in a hierarchy of
spatial scales (Maurer 19835, Kolasa and Pickett
1991), and this hierarchical heterogeneity should
be considered when attempting to determine pat-
terns of habitat selection (Kotliar and Wiens 1990,
Orians and Wittenberger 1991). The scale at
which habitat is measured influences what pat-
terns are detected and what underlying processes
can be inferred from them (Sherry and Holmes
1985, Wiens and Rotenberry 1986, Wiens et al.
1987a). Thus, the appropriate scale depends on
the goals of the study. To determine how indi-
vidual birds select foraging sites and to what as-
pects of habitat structure they respond, a local
scale is required (Brown 1984, Wiens et al. 1987a,
Sedgwick and Knopf 1992). A useful approach
is a design that includes a nested hierarchy of
scales that encompass the range of habitat pa-
rameters to which birds may respond (Maurer
1985, Kolasa and Pickett 1991, Bergin 1992).

I devised a method of measuring habitat pa-
rameters that individual birds might use to select
foraging sites at three hierarchically-nested scales.
Although I termed them broad, intermediate, and
fine scales, most authors would consider all three
to be microhabitat or local scales (e.g., Morris
1987, Wiens et al, 1987a). The fine scale encom-
passed an area a foraging bird might search from
a single perch and measured foliage density, bark
surface area, and numbers of branches and twigs.
The intermediate scale covered an area a bird
might search from two consecutive perches and
measured groundcover type and foliage density
in several height categories. The broad scale was
similar to that often used to describe avian hab-
itats and measured tree and shrub densities
(James and Shugart 1970). To determine pat-
terns of selection, I compared measurements from
points where I saw a bird forage to those from
random points (Moser et al. 1990).

I used this method to examine patterns of for-
aging site selection by an endemic, insectivorous
Hawaiian bird, the ‘Elepaio (Chasiempis sand-
wichensis), in two forest types that differed in
degree of human disturbance. By comparing se-
lection of habitat parameters at several scales in
relatively undisturbed and disturbed areas, I
hoped to learn what aspects of habitat structure
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are important to ‘Elepaio, and whether ‘Elepaio
might be restricted somehow in their use of dis-
turbed habitat.

METHODS
STUDY SITE AND SPECIES

This study was conducted from April through
July, 1991 at Hakalau Forest National Wildlife
Refuge, Hawaii. The site lies on the windward
slope of Mauna Kea at 1,900 m elevation and
experiences heavy rainfall (3 m/yr), frequent
clouds and mist, and daytime temperatures rare-
ly above 20°C. Scott et al. (1986) provide a de-
tailed description of the topography and climate
of the region.

The area was originally covered by montane
rainforest, but in the last 100 years human ac-
tivities such as cattle ranching and timber har-
vesting have transformed it into a mosaic of rel-
atively undisturbed forest and highly modified
open woodland. The “undisturbed” forest has
been altered by the same activities, but to a lesser
degree, and still retains a closed canopy, relatively
dense understory, and ground cover mostly of
native forbs and ferns. The disturbed forest has
a shorter, more open canopy, almost no under-
story, and ground cover of exotic grasses, par-
ticularly Kikuyu Grass (Pennisetum clandes-
tinum), Velvet Grass (Holcus lanatus), Sweet
Vernalgrass (Anthoxanthum odoratum), and
Meadow Ricegrass (Microlaena stipoides).

These two habitats did not have distinct
boundaries, and areas intermediate in structure
often intervened. I chose study plots that did not
include areas of intermediate structure and that
represented extremes of the continuum from un-
disturbed to disturbed. I established three study
plots totalling 11.4 ha in undisturbed habitat and
three plots totalling 10.6 ha in disturbed habitat
that were as close as possible to each other (with-
in 330 m) and were similar in size, shape, and
elevation.

‘Elepaio are common residents in both habi-
tats at the study site, although population density
may be slightly higher in undisturbed habitat
(VanderWerf, unpubl. data). They are monoga-
mous, nonmigratory, and remain paired and
probably territorial throughout the year
(MacCaughey 1919, Conant 1977, Berger 1981).
‘Elepaio are insectivorous (Munro 1960, Conant
1977), and are extremely versatile foragers. They
use a variety of foraging techniques that include
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gleaning, hanging, and aerial hawking, and sub-
strates ranging from leaves and twigs to trunks
and even the ground (VanderWerf, unpubl.
manuscript).

I used four methods to identify 45 individual
‘Elepaio in the study plots: a unique combination
of colored leg bands (n = 16), distinctive plumage
caused by intergradation of two subspecies (n =
5, see Pratt 1980), being paired with a color-
banded or distinctively-plumaged bird (n = 10),
and known territory boundaries (# = 14). I com-
piled data separately for each individual.

DATA COLLECTION

I observed each foraging ‘Elepaio until it at-
tempted to capture prey or until I lost sight of
it. If it attempted to capture prey, I recorded the
plant species, height, and substrate where the
attack occurred, and used the perch where the
attack was initiated as the center from which to
measure additional habitat use parameters at
three scales.

For fine scale habitat use measurements, I
imagined a 0.75 m radius sphere around the point
of attack. I chose 0.75 m because this was the
average length of 427 flights between perches in
preliminary observations. The fine scale thus
represented an area a bird might search from a
given perch, on average. I estimated this distance
using the length of an ‘Elepaio, 15 cm, asa “ruler.”
Within this sphere I counted the maximum num-
bers of trunks (>20 ¢m diameter), large branches
(5-20 cm), small branches (1-5 cm), and twigs
(<1 cm) that passed through any one plane of
the sphere. I estimated foliage density and bark
surface area as the maximum in any one plane
through the sphere in one of six categories (see
Remsen 1985): 0 (0%), 1 (1-10%), 2 (11-30%),
3 (31-70%), 4 (71-90%), or 5 (>90%).

To measure intermediate scale habitat use, I
imagined a 1.5 m radius cylinder centered on the
point of attack and extending from the ground
to the top of the canopy. Within this cylinder I
recorded the dominant ground cover category
(native forbs and ferns, exotic grasses, feral pig
damage, or bare rock and soil). Damage by feral
pigs was recognized by the churned, muddy soil,
uprooted plants, and sometimes by their hoof-
prints and droppings. I estimated foliage density
using the same categories as fine scale in four
height strata: understory (<3 m), lower canopy
(3-6 m), mid-canopy (6-9 m in disturbed habi-

tat, 6~12 m in undisturbed), and upper canopy
(>9 m in disturbed habitat, >12 m in undis-
turbed).

For broad scale habitat use, I measured tree
and shrub densities using the point-centered
quarter method, with the center on the ground
directly below the point of attack (Cottam and
Curtis 1956). Distances to nearest trees and shrubs
were variable, but typically were 5-10 m for trees
and 5-15 m for shrubs in disturbed habitat, and
2-5 meters for trees and 1-3 m for shrubs in
undisturbed habitat.

I measured availability of the same habitat
variables at the same three scales at random
points. I found a random point by starting from
the use point, selecting a compass bearing from
a random numbers table, measuring the maxi-
mum distance a bird could travel in that direc-
tion from that point without leaving its territory
or the foraging patch, and then randomly se-
lecting a distance out of the maximum possible.
Maximum distances ranged from a few meters
to over 50 m and were generally longer in un-
disturbed habitat. I chose a height by measuring
maximum canopy height at the random point
and choosing a height out of the maximum pos-
sible with a random numbers table.

In an attempt to improve the precision of this
method and remove subjectivity, I practiced by
taking repeated measurements during prelimi-
nary observations until I felt proficient. To in-
crease accuracy of bark surface area estimation,
I converted diameters of trunks and branches
into areas, assuming they were cylindrical. I made
all observations myself, so there was no inter-
observer variation.

ANALYSES

I averaged values for each variable over an in-
dividual and I used each individual as an inde-
pendent observation. I required a minimum of
ten observations per bird for inclusion in anal-
yses and I obtained sufficient data on 22 indi-
viduals in undisturbed habitat and 23 in dis-
turbed habitat. To determine which parameters
‘Elepaio might use as selection criteria, I com-
pared use and random points in each habitat with
a paired ¢-test or, if several of the variables were
related, with multiple analyses of variance
(MANOVA). To determine whether ‘Elepaio al-
tered their selection criteria in disturbed areas
and if they might be limited by disturbed habitat,



I compared both use and random points between
habitats, again with either a paired f-test or a
MANOVA.

For some variables I was interested in knowing
patterns of selection for specific categories, such
as tree species, height strata, and groundcover
types. Habitat selection of this type is often an-
alyzed using goodness of fit tests, with frequency
of use of each category treated as observed values
and availability as expected values. Such an anal-
ysis pools observations from all individuals, and
thus assumes that all birds have equal access to
the same resources. This assumption is not valid
for territorial species in heterogeneous habitat
because each bird has access only to the resources
on its territory (Martin 1986). Furthermore, this
type of analysis does not allow examination of
individual variation in selection patterns. Dodge
et al. (1990) suggest that regression is a superior
method of comparing habitat use and availabil-
ity. In this approach, each bird is used as a data
point in a regression where use is the dependent
variable and availability is the independent vari-
able. Use and availability of each category are
converted to proportions of the total number of
observations. For example, proportional use of
a tree species is found by dividing the number
of foraging observations in that species by the
total number of observations. Proportional
availability is found by dividing the number of
trees of that species by the total number of trees
in the sampling points, weighted by basal area
in this case. Because the dependent and inde-
pendent variables are both proportions and have
the same scale, they can be compared directly.
If use is proportional to availability, each should
increase at the same rate and the slope of the
regression line will be one. The null hypothesis
that use equals availability is tested by using a
t-test to determine if the slope of the regression
line is different from one. Use is greater than
expected based on availability if the slope is
greater than one, and less than expected if the
slope is less than one. Regression without the
constant is used to ensure that the line passes
through the origin. Since values among catego-
ries for use and availability were relative pro-
portions and were thus collinear, multivariate
regression was not appropriate and I performed
a series of simple regressions with each pair of
use and availability values (Dodge et al. 1990).
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RESULTS

COMPARISON OF USE AND
RANDOM POINTS

Broad scale tree and shrub densities did not differ
between use and random points in either habitat
(Table 1). Densities at use points translate into
average nearest neighbor distances of 3.4 m for
trees and 2.8 m for shrubs in undisturbed habitat
and 6.9 m for trees and 9.9 m for shrubs in
disturbed habitat. Patterns of tree species selec-
tion were similar in undisturbed and disturbed
habitats (Table 2). Use of Metrosideros poly-
morpha (‘Ohia) and Ilex anomola was higher
than expected from availability, use of Acacia
koa (Koa) was lower than expected, and standing
dead trees were not used at all. Other tree species,
including Myrsine lessertiana, Cheirodendron
trigynum, and Coprosma sp., were used in pro-
portion to their availability in undisturbed hab-
itat; some species were not used in disturbed
habitat, such as Cheirodendron and Coprosma.
Results for these species should be interpreted
with caution because they were very sparsely and
unevenly distributed. Patterns of their use are
based on relatively few observations, and some
territories in disturbed habitat did not contain
all species of trees.

At an intermediate scale, ‘Elepaio foraged in
areas where foliage density was above average.
Foliage density indexes at all heights in both hab-
itats were higher at use points than at random
points (MANOVA, overall F,,, = 16.82, P <
0.0001 in undisturbed, F,,, = 11.33, P < 0.0001
in disturbed. See Table 1 for partitioning of
F-values). ‘Elepaio did not seem to have a for-
aging height preference based on availability. The
only height category used more than expected
was mid-canopy in undisturbed habitat (Table
3). All other heights in both habitats were used
in proportion to their availability.

Patterns of groundcover selection differed be-
tween habitats (Table 4). In undisturbed habitat,
areas with native ground cover were used more
than expected, and pig-damaged areas, exotic
grass, and bare rock and soil were used less than
expected. In disturbed habitat, all categories of
ground cover were used in proportion to their
availability, except bare rock and soil, which was
used less than expected.

Fine scale foliage density indexes in both hab-
itats were higher at use points than at random
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TABLE 1. Tests of differences in habitat variables at use versus random points and between undisturbed and
disturbed habitats. Use and random values are averages + standard errors from all individuals. ¢ = Student’s ¢
from paired tests, F = MANOVA with other variables at the same scale within a habitat. Statistics in the right-
most column represent tests between use and random points in either habitat, and statistics in rows show results
of tests between habitats at either use or random points. » = 22 birds in undisturbed habitat and 23 in disturbed

habitat. * = significance at & = 0.01, ** =

significance at « = 0.001.

Variable Habitat Use Random Statistic
Broad scale
Tree density Undisturbed 864 + 58 868 + 68 t = 0.046
(no./ha) Disturbed 208 + 16 198 + 41 t=0.23
t=10.93** t = 8.49**
Shrub density Undisturbed 1,246 = 106 1,633 + 261 t=1.37
(no./ha) Disturbed 102 = 13 150 + 59 t=0.80
t = 10.06** t = 14.04%*
Intermediate scale
Understory Undisturbed 1.34 + 0.091 0.76 = 0.074 F,, = 24.44%*
fol. den. index Disturbed 0.50 + 0.065 0.21 £ 0.032 F,, = 15.77**
F ;= 57.18%* F = 47.52%*
Low canopy Undisturbed 1.08 + 0.13 0.62 + 0.097 F ,=1797*
fol. den. index Disturbed 1.42 + 0.094 0.92 + 0.085 F ,, = 15.67**
Fi ;=448 F, ;=526
Mid-canopy Undisturbed 2.72 + 0.091 2.10 + 0.091 F = 23.15%*
fol. den. index Disturbed 2.71 = 0.090 2.15 + 0.090 F,,, = 18.97%*
F,, =0.005 F,,,=0.18
Upper canopy Undisturbed 3.44 = 0.065 3.04 = 0.081 F ,, = 15.14%
fol. den. index Disturbed 2.73 + 0.091 2.22 + 0.084 F ,,=17.21**
F,,; = 39.35%* F ;= 48.79%*
Fine scale
Trunks Undisturbed 0.18 + 0.047 0.054 + 0.013 Fip=7.16%
Disturbed 0.088 + 0.018 0.042 + 0.017 F, ., = 3.57
Fi =378 Fi ;=034
Large branches Undisturbed 0.92 + 0.056 0.55 + 0.054 F ,=21.77%
Disturbed 0.96 + 0.071 0.47 + 0.041 F = 36.71**
F,,,=0.25 F =177
Small branches Undisturbed 8.79 + 0.34 6.24 + 0.17 F,, = 46.13%*
Disturbed 9.16 £ 0.26 5.89 = 0.19 F = 107.2%*
F =077 F,,,=1385
Twigs Undisturbed 15.28 + 0.50 11.91 + 0.27 Fi = 35.12%
Disturbed 15.69 + 0.38 11.28 = 0.20 F, ., = 106.2%*
F ., =0.43 Fi =359
Foliage density Undisturbed 3.26 + 0.072 2.58 + 0.054 t = 7.89%
index Disturbed 3.15 + 0.053 2.32 + 0.052 t=14.01**
t=1.25 t = 3.43%
Bark surface Undisturbed 1.56 = 0.076 1.18 = 0.023 t=4.93%
index Disturbed 1.37 + 0.058 1.14 + 0.027 t = 3.84%*
t=1.96 t=126

points (Table 1). In addition, bark surface area
was higher at use points than random points in
both habitats. Numbers of large branches, small
branches, and twigs were higher at use points
than random points in both habitats, but number
of trunks was higher at use points only in un-
disturbed habitat (MANOVA, overall F,,, =
33.66, P < 0.0001 in undisturbed habitat, F,,,
= 47.04, P < 0.0001 in disturbed habitat. See
Table 1 for partitioning of F-values).

COMPARISON OF HABITATS

Broad scale tree and shrub densities were higher
in undisturbed habitat at both use and random
points (Table 1). Overall intermediate scale fo-
liage density was higher in undisturbed habitat
at use points and random points, but in com-
parisons of individual height categories, only un-
derstory and upper canopy foliage densities were
higher in undisturbed habitat MANOVA, over-
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TABLE 2. Proportions of tree species use (U) and availability (A) in undisturbed and disturbed habitat.
Availability (calculated from total basal area) and use are averages of proportions from all individuals. Slope is
the slope of the regression line, SE is the standard error of the slope, and ¢ is student’s ¢, which indicates whether
the slope of the regression line is different from one. Slopes > 1 indicate use is greater than availability, P-values
<0.05 indicate slopes significantly different from 1.

Tree sp. Avail. Use Slope SE t P-value Conclusion

Undisturbed habitat (n = 22)

Metrosideros 0.690 0.883 1.19 0.069 7.21 0.014 U>A

Acacia 0.265 0.071 0.29 0.024 896.34 0.00001 U<A

Dead 0.018 0.00 0.0 - - -

Cheirodendron 0.011 0.019 0.92 0.66 0.016 0.90 U=A

Myrsine 0.009 0.012 1.22 0.76 0.083 0.78 U=A

Coprosma 0.005 0.005 1.22 0.22 1.03 0.32 U=A

Ilex 0.004 0.011 3.23 0.42 27.85 0.00003 U=>A
Disturbed habitat (n = 23)

Metrosideros 0.801 0.934 1.12 0.049 6.13 0.021 U=>A

Acacia 0.179 0.050 0.24 0.051 217.95 0.00001 U<A

Dead 0.012 0.00 0.0 - - -

Mpyrsine 0.006 0.006 0.74 0.35 0.56 0.46 U=A

Cheirodendron 0.001 0.00 0.0 - - -

lex 0.001 0.010 12.28 2.93 14.86 0.0009 U=>A

all F,,, = 30.81, 32.21, P < 0.001 at use and
random points, respectively. See Table 1 for par-
titioning of F-values). At a fine scale, foliage den-
sity was higher in undisturbed habitat at random
points, but did not differ at use points. Bark sur-
face did not differ between habitats at use or
random points (Table 1). Overall numbers of
perches (trunks, large branches, small branches,
and twigs) did not differ between habitats at use

DISCUSSION
CRITERIA FOR HABITAT SELECTION

At a broad scale, ‘Elepaio did not appear to be
selective in their use of their habitat. They did
not choose foraging sites based on tree or shrub
densities, neither of which differed between ran-
dom points and use points. Within the broad
scale, tree species did affect choice of foraging
sites. ‘Elepaio preferred to forage in ‘Ohia, and

or random points, and none of the individual
size-class comparisons was significant (Table 1,
MANOVAs, F,,, = 1.34, 1.38, P = 0.27, 0.25
at use and random points, respectively).

preferred not to forage in Koa. These preferences
may be related to the physical structure of these
tree species and its effect on the foraging tech-
niques required to capture prey in each

TABLE 3. Proportions of height category use (U) and availability (A) in undisturbed and disturbed habitats.
Availability (calculated as proportion of overall foliage height profile) and use are averages of proportions from
all individuals. Slope is the slope of the regression line, SE is the standard error of the slope, and ¢ is student’s
t, which indicates whether the slope is different from one. Slopes >1 indicate use is greater than availability,
P-values <0.05 indicate slopes significantly different from 1.

Height Avail. Use Slope SE t P-value Conclusion
Undisturbed habitat (n = 22)
Understory 0.156 0.122 0.83 0.20 0.73 0.40 U=A
Low canopy 0.116 0.079 0.80 0.11 3.45 0.078 U=A
Mid canopy 0.320 0.468 1.50 0.10 23.24 0.00009 U=>A
Upper canopy 0.409 0.329 0.85 0.10 2.45 0.13 U=A
Disturbed habitat (n = 23)
Understory 0.066 0.092 1.34 0.25 1.80 0.19 U=A
Low canopy 0.190 0.138 0.74 0.13 4.20 0.053 U=A
Mid canopy 0.372 0.397 1.08 0.076 1.04 0.32 U=A
Upper canopy 0.374 0.372 1.02 0.088 0.06 0.81 U=A
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TABLE 4. Proportions of groundcover category use (U) and availability (A) in undisturbed and disturbed
habitats. Availability and use are averages of proportions from all individuals. Slope is the slope of the regression
line, SE is the standard error of the slope, and ¢ is student’s ¢, which indicates whether the slope is different from
one. Slopes >1 indicate use is greater than availability, P-values <0.05 indicate slopes significantly different

from 1.
Category Avail. Use Slope SE t P-value Conclusion
Undisturbed habitat (n = 22)
Native 0.549 0.803 1.34 0.087 15.13 0.0008 U=>A
Exotic grass 0.292 0.142 0.49 0.069 54.14 0.00001 U<A
Pig damage 0.122 0.045 0.35 0.040 269.22 0.00001 U<A
Bare 0.036 0.011 0.25 0.10 51.74 0.00001 U<A
Disturbed habitat (n = 23)
Native 0.076 0.143 1.27 0.20 1.78 0.20 U=A
Exotic grass 0.817 0.777 0.94 0.038 2.56 0.12 U=A
Pig damage 0.079 0.060 0.87 0.095 1.86 0.19 U=A
Bare 0.027 0.020 0.28 0.14 27.29 0.00003 U<A

(VanderWerf, unpubl. manuscript). In ‘Ohia,
‘Elepaio more often attacked prey by perch-
gleaning, which is relatively simple and energet-
ically inexpensive. In Koa, they used hanging and
flight-gleaning more often, which are more dif-
ficult and require more energy.

In other studies, Szaro and Balda (1979) found
that timber removal in a ponderosa pine forest
affected tree species selection in 13 out of 15 bird
species, and Franzreb (1983) found that logging
affected tree species and tree height selection in
five out of five species. Robinson and Holmes
(1984) found that foraging success of some bird
species was higher in certain tree species or at
certain heights. They hypothesized this was due
to differences in foliage structure that made cer-
tain maneuvers or search tactics more efficient,
and that these in turn affected microhabitat se-
lection. Indeed, 1 found that ‘Elepaio in both
undisturbed and disturbed habitats preferred to
forage in tree species that allowed them to use
easier foraging maneuvers.

At an intermediate scale, ‘Elepaio in both hab-
itats foraged at sites with higher than average
(random) foliage density, regardless of height.
Foliage density indexes in all four height cate-
gories of both habitats were higher at use points
than at random points, and only one height cat-
egory in either habitat was used disproportion-
ately. ‘Elepaio selected foraging sites based on
foliage density, and they used sites at any height
as long as they had dense foliage. Others have
reported that ‘Elepaio foraged at all heights (Per-
kins 1903, MacCaughey 1919), but Conant (1977)
observed them foraging most often in the un-

derstory in a forest of exotic trees. Szaro and
Balda (1979) found that use of available foliage
at different heights varied considerably among
bird species, but that foliage-height use of all
species combined closely followed availability.
Groundcover damage by feral pigs is a serious
threat to native habitats in Hawaii and is thought
to be a major cause of declines in native forest
bird populations (Stone and Scott 1985, Scott et
al. 1986, Mountainspring 1987). I found that ar-
eas in undisturbed habitat with feral pig damage
or exotic grasses were not much better than those
with bare ground as foraging sites for ‘Elepaio
since all were underused relative to availability.
Furthermore, the isolated patches of native
ground cover remaining in disturbed habitat were
not significantly favored by ‘Elepaio, suggesting
that after a certain level of disturbance even na-
tive ground cover was not useful for foraging.
Birds in disturbed habitat did not prefer any type
of ground cover relative to availability and did
not seem to use ground cover in selecting for-
aging sites. This is not surprising since ‘Elepaio
foraged on the ground very rarely in disturbed
habitat, but did so commonly in undisturbed
habitat (VanderWerf, unpubl. manuscript). Ar-
eas with bare rock and soil were avoided in both
habitats, possibly because they often had little or
no vegetation of any kind, even above them.
At a fine scale, ‘Elepaio in both habitats se-
lected foraging sites with higher than average fo-
liage density and bark surface area. These sites
may have been preferred because their denser
structure facilitated searching for and capturing
prey (VanderWerf, unpubl. manuscript), because



they harbored more prey, or because they pro-
vided ‘Elepaio with more cover from predators
(Lima 1985). Numbers of large branches, small
branches, and twigs appeared to be criteria for
choosing foraging sites, but number of trunks was
less important. The relative importance of these
size classes as selection criteria reflect the fre-
quency with which ‘Elepaio used them as for-
aging substrates. Twigs and small branches were
used very often, large branches were used less
often, and trunks were used infrequently
(VanderWerf, unpubl. manuscript).

SCALE OF HABITAT SELECTION

‘Elepaio exhibited varying degrees of selectivity
and used different sets of selection criteria at dif-
ferent spatial scales. Information from these hab-
itat parameters that appear to serve as selection
criteria may be relied on to a greater or lesser
extent in making choices about foraging sites. At
a fine scale, ‘Elepaio chose a location from which
to make a single foraging attempt based on in-
formation such as density of foliage to be searched
and numbers and sizes of available perches. At
an intermediate scale, the area chosen provided
foraging opportunities not only for the present
search, but also the next one or several searches.
Height was unimportant, as long as the site had
dense foliage. Finally, areas chosen at a broader
scale presumably provide foraging success over
a large number of foraging movements. ‘Elepaio
chose to forage in tree species that allowed great-
er efficiency, but did not appear to exhibit selec-
tivity based on tree or shrub density and used
all areas equally at this level. In a similar study
of hierarchical nest site selection in Western
Kingbirds, Bergin (1992) also found differential
selectivity and criteria at different spatial scales.
Moreover, the scales at which ‘Elepaio showed
selectivity of foraging sites were smaller than those
at which kingbirds showed selectivity of nest sites,
perhaps indicating that information used to make
choices about foraging sites is perceived, or acted
upon, at a finer level than that used to select
territories or nest trees.

COMPARISON OF SELECTION BETWEEN
HABITATS

To determine if ‘Elepaio were restricted in their
use of disturbed areas, I compared patterns of
selection between habitats. At a fine scale, ‘Ele-
paio preferred sites with higher than average fo-
liage density in both habitats, but they were more
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selective, or “hyperselective,” toward high-den-
sity sites in disturbed habitat. Foliage density at
random points was lower in disturbed habitat,
but foliage density at use points did not differ
between habitats. In effect, the greater selectivity
in disturbed habitat compensated for the lower
average foliage density available, resulting in
equal densities at use points.

Although intermediate scale patterns of foliage
density use differed among height categories,
similar patterns occurred at random points, in-
dicating ‘Elepaio were using foliage at each height
in proportion to its availability. The apparent
differences in use of height categories between
habitats simply reflected corresponding differ-
ences at random points. Variation in distribution
of foliage among height strata at random points
was caused by differences in tree crown shape.
Crowns tended to be dome shaped in disturbed
habitat, while foliage was concentrated in the
upper canopy in undisturbed habitat (Table 3).

At a broad scale, ‘Elepaio did not select for-
aging sites based on tree or shrub densities, and
tree and shrub densities at both random and use
points were lower in disturbed habitat. Thus,
lower broad scale tree and shrub densities meant
birds in disturbed habitat had to move farther
or more often to find sites with high fine scale
density.

CONCLUSIONS

‘Elepaio select foraging sites based on a variety
of habitat variables, including tree species, fo-
liage density, bark surface area, numbers of
perches, and, in undisturbed habitat, ground
cover. They either do not respond to broad scale
tree and shrub densities or cannot afford to select
only certain areas and must use their entire ter-
ritory. The diversity of criteria used by ‘Elepaio
may reflect their ability to use a wide variety of
foraging maneuvers and substrates (VanderWerf,
unpubl. manuscript).

Foraging site preferences within habitats were
apparent at both fine and intermediate scales,
but differences in patterns of selection between
habitats occurred only at a fine scale, between
areas only 0.75 m in radius. Moreover, the broad
scale, which encompassed an area similar to that
recommended as a standard size for measuring
avian habitats (0.04 ha circles with a radius of
11.3 m, James and Shugart 1970, Noon 1981),
did not detect patterns of foraging site selection.
Such a scale is appropriate for describing habitat
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around nest sites and song perches (Bergin 1992,
Sedgwick and Knopf 1992), but a finer scale may
be necessary to determine foraging site prefer-
ences, particularly for forest birds.

‘Elepaio appear to be somewhat limited in their
use of disturbed habitat at Hakalau Forest N.W.R.
in the sense that they must be more selective in
order to forage in preferred high-density sites and
may have to move farther or more often to do
so. However, disturbance like that at the Hakalau
site obviously does not prevent them from using
an area. Instead, limitation might be manifested
in other forms, such as larger territory sizes, low-
er population density, or differences in time and
energy budgets in disturbed habitat. Preliminary
evidence indicates population density is lower in
disturbed habitat (VanderWerf, unpubl. data),
but measurement of territory size would provide
more rigorous support.
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