
 

METHODS 
Digital airborne and satellite imagery and vegetation maps (Jacobi 1989) were examined 
to locate bird habitat within Kahuku and to determine the extent of areas to be surveyed.  
Five separate regions of forest and woodland bird habitat (equivalent to the “montane wet 
forest” and “montane moist forest and parkland” vegetation types defined in detail by 
Cuddihy and Stone [1990]) were distinguished within Kahuku: 1) Ka`ū, 2) South Flank, 
3) Honomalino, 4) Papa, 5) and Northwest (Figure 2).  Parallel transects spaced between 
400 m to 1.5 km apart were established throughout each of the five study areas.  This 
placement was determined by both the size of the study area and sampling effort required 
to detect rare species.  Survey stations were located at 200 m intervals along each 
transect. 
 
Surveys were conducted using variable circular plot (VCP) count methodology (Reynolds 
et al. 1980).  VCP counts are a form of distance sampling used to correct abundance 
estimates for individuals that go undetected as a function of the distance between an 
observer and birds.  VCP surveys were conducted from January through April 2005 in 
four study areas and during September 2005 in a fifth study area (Table 1).  Five different 
observers were trained in bird species detection, and they were calibrated for distance 
estimation prior to conducting surveys.  Observers recorded the identity of species and 
distances to all birds seen or heard during an eight minute count period.  Counts were 
carried out from sunrise to 11:00 AM.  A total of 845 stations on 45 transects were 
surveyed. 
 
VCP is not amenable to the survey of certain species (i.e., raptors, galliform birds, very 
rare birds) where many birds may remain undetected; therefore, it is likely that the 
species actually was more widely distributed and present at higher densities in forest and 
woodland habitat than the results of the survey indicate. 
 
 
 
 

Table 1.  Station information for the 2005 Kahuku Forest Bird Inventory, Hawai`i 
Volcanoes National Park.

Area Transects Stations Dates Surveyed 
Ka`ū 25 470 9 January – 23 March 
South Flank 3 121 19 – 23 February 
Honomalino 8 181 6 – 29 April 
Papa 3 18 30 April 
Northwest 6 55 25 – 28 September 
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Figure 2.  Study areas and survey transects established within and adjacent to Kahuku 
Unit of Hawai`i Volcanoes National Park (black polygon).  Figure background shows 
general landcover types: green – forest; pink/brown – woodland; white – pasture; blue 
and black – lava.  The image is a synthetic natural color image derived from Landsat 
ETM bands 1-5 and 7. 
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Study Areas 
Ka`ū 
At 9,557 ha, Ka`ū was the largest of the five study areas.  It is located on the eastern side 
of the South Rift Zone on Mauna Loa (Figure 2).  The vegetation is comprised primarily 
of dry sub-alpine `ōhi`a woodland and mature mesic and wet `ōhi`a and koa (Acacia koa) 
forest (Figure 3a and 3b).  The study area encompassed about 3,360 ha of the Kahuku 
Unit and an adjacent 6,197 ha in the Ka`ū Forest Reserve (Figure 1).  The inclusion of the 
forest reserve permitted the survey to extend from tree line down to 1,500 m elevation 
and thereby generate population estimates for the greater part of the range of 
`Akiapōlā`au, Hawai`i `Ākepa, and Hawai`i Creeper in this region.  Four-hundred and 
seventy stations were established on 25 transects spaced one kilometer apart.  
 
South Flank 
The 3,250-ha South Flank study area, located in the southern portion of Kahuku, lies just 
east of the South Rift Zone on Mauna Loa (Figure 2).  This area has been primarily used 
for cattle ranching over the past 150 years and was one of the initial introduction sites of 
mouflon sheep (Ovis gmelini musimon) on Hawai`i in the 1960s (Hess et al. 2006).  
Consequently, canopy cover and understory composition has been considerably altered 
from its original condition as mesic and wet koa-`ōhi`a forest (Figure 4a).  Currently, the 
area consists of open pasture with isolated trees and small stands of native forest.  One 
hundred and twenty-one stations were established along three transects spaced one to 1.5 
km apart, and extended from the tree line at 1,500 m to 730 m elevation. 
 
Honomalino 
The 850 ha Honomalino study area is located on the western side of the South Rift Zone 
on Mauna Loa (Figure 2). The study area includes 310 ha within Kahuku and a 
contiguous 540 ha area of forested land managed by The Nature Conservancy.  We were 
unable to obtain access on privately owned land adjacent to the study area.  The 
vegetation extends down from dry sub-alpine `ōhi`a woodland to mesic koa-`ōhi`a 
montane forest; several lava flows fragment the habitat and form kipukas in the area.  
Eight transects spaced at 400 m intervals, and consisting of 181 stations, were situated 
between 1,770 m and 1,560 m. 
 
Papa 
The Papa study area is located about 2.5 km north of Honomalino on the western side of 
the South Rift Zone on Mauna Loa (Figure 2).  At 95 ha, it was the smallest of the five 
areas surveyed.  The vegetation is comprised of sub-alpine `ōhi`a woodland and a small 
amount of `ōhi`a forest, with both habitats being fragmented by several lava flows.  We 
were unable to gain access to the forested land below and adjacent to Kahuku.  A total of 
18 stations were established along three transects spaced 400 m apart, and extended from 
the tree line at 1,700 m down to 730 m. 
 
Northwest 
The 850-ha study area is located in the northwest corner of Kahuku and west of the South 
Rift Zone on Mauna Loa (Figure 2).  The dry sub-alpine woodland vegetation is 
comprised of `ōhi`a, māmane (Sophora chrysophylla) and naio (Myoporum 
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sandwicensis) trees, and the kipuka-structure is more pronounced than that at 
Honomalino and Papa (Figure 4b).  The woodland lies upslope from privately owned 
land and is only five kilometers from the Kona Forest Unit of Hakalau Forest Wildlife 
Refuge, an important habitat for endangered forest birds (Figure 1).  Six transects spaced 
at 400 m intervals, and with a total of 55 stations, were situated between tree line at 2,440 
m and 1,830 m elevation. 
 
a) 

 
 

b) 

 
Figure 3.  a) Open `ōhi`a woodland near tree line, and b) mature montane `ōhi`a forest in 
the Ka`ū study area of the Kahuku Unit, Hawai`i Volcanoes National Park.
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Figure 4.  a) Forested pasture in the South Flank study area, and b) `ōhi`a-māmane-naio 
sub-alpine woodland in the Northwest study area of the Kahuku Unit, Hawai`i Volcanoes 
National Park. 
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Data Analysis 
VCP count data were entered in the database-compatible Avian Monitoring Entry Form 
Version 2.1 developed by the Hawaii Forest Bird Interagency Database Project at the 
USGS Pacific Island Ecosystems Research Center. The program Distance Version 4.1 
(Thomas et al. 2003) was used to prepare count data for analyses, to develop distance-
based models of bird detection probabilities and the area effectively sampled for each 
species, and to calculate bird densities (bird/ha).  Observations from bird surveys 
conducted between January and September in the Ka`ū survey region (1976, 1993, 2002 
and 2005) were pooled for modeling purposes following methods described by Buckland 
et al. (2001).  Bird counts were initially examined to derive truncation distances for 
excluding very distant and unreliable observations and to avoid double-counting birds.  
Data were truncated at the point where the detection probability was approximately 0.10 
(i.e., corresponding to the most distant observations at the “tail” of the data distribution).  
A detection function was fit to the remaining bird observations following the model 
selection methods described by Buckland et al. (2001, 2004), Burnham and Anderson 
(2002) and Thomas et al. (2003).  Model selection was limited to half-normal and hazard-
rate detection functions with an expansion series of two orders.  These models are most 
appropriate for VCP counts and allow for the correction of the relative effects upon 
pooled bird detections of the following covariates: observer, time of day, cloud cover, 
rain, wind, gust, year, and month.  Histograms of the count data and the detection 
function were plotted, and the fit of the function was examined.  If necessary, distant 
observations were further truncated to improve the fit of the detection function.  Models 
with varying combinations of covariates were compared to identify the best fit of 
detection function and count data.  Selection of the final model for each species was 
based on the lowest Akaike’s Information Criterion score.  The final models developed 
for each species, including covariates, truncation distances and area effectively sampled, 
are detailed in Appendix A. 
 
Mean density variance was obtained by a bootstrap method in Distance (Buckland et al. 
2001) that involves taking a random sample with replacement of the detections observed 
at stations in each study area, and by re-running the analysis to estimates densities for 
each of 999 iterations.  The 95% confidence limits for the mean annual density estimate 
was calculated as the 5th and 95th percentiles of the bootstrapped values. 
 
Population sizes for the endangered species (the estimated total number of birds in an 
area of size A) were calculated as mean density multiplied by the area of the species’ 
distribution.  Variance and confidence limits were calculated in the same manner as for 
population size. 
 
We updated the bird species list for HAVO using the 2005 Kahuku bird survey data 
according to guidelines in the NPS Data Dictionary for Users: Field and Value 
Definitions (Wotawa 2004).   Species lists are created from NPSpecies, the National Park 
Service biodiversity database. 
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