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SUMMARY 

This report describes the results of a pilot forest bird survey and a consequent forest bird 
monitoring protocol that was developed for the O‘ahu Forest National Wildlife Refuge, O‘ahu 
Island, Hawai‘i.  The pilot survey was conducted to inform aspects of the monitoring protocol 
and to provide a baseline with which to compare future surveys on the Refuge.  The protocol was 
developed in an adaptive management framework to track bird distribution and abundance and to 
meet the strategic habitat conservation requirements of the Refuge.  Funding for this research 
was provided through a Science Support Partnership grant sponsored jointly by the U.S. 
Geological Survey (USGS) and the U.S. Fish and Wildlife Service (USFWS). 

Between 28 February and 17 May, 2011, we established and carried out pilot point-transect 
surveys at 33 stations within the Refuge.  In general, the sampling conditions were good during 
the surveys.  We detected only two native forest birds, O‘ahu ‘Amakihi (Hemignathus flavus) 
and ‘Apapane (Himatione sanguinea), during surveys, and we did not detect O‘ahu ‘Elepaio 
(Chasiempis ibidus) or ‘I‘iwi (Vestiaria coccinea) at any time on the Refuge.  Abundances of 
both native species were too low to estimate population densities on the Refuge, but a larger-
scale survey would likely yield sufficient numbers of O‘ahu ‘Amakihi to estimate their density.  
We also detected nine alien forest bird species, four of which were observed in sufficient 
numbers to estimate densities. 

Results from the pilot study were used to inform a monitoring protocol designed to track forest 
bird distribution and abundance on the Refuge.  Questions most relevant to management that are 
addressed by the protocol are:  1) are the distributions of forest bird species changing; and 2) are 
population abundances changing?  Of the two parameters being measured, distribution can be 
ascertained from point-transect sampling methods for all native and alien passerine forest birds.  
On the other hand, the very low abundance of native birds evident during our survey presents a 
formidable challenge to monitoring population trends over short (annual) to moderate (5-50 year) 
time scales.  To maximize the detection of native birds, we recommend that surveys be 
conducted during the period of peak bird vocalization, generally from late February to early 
April.  Nevertheless, as a practical matter, it seems unlikely that even greatly increased survey 
effort will be sufficient to overcome the problem of low detection rates for most native species; 
thus, we did not develop alert limits that might otherwise be used to trigger actions to arrest 
population declines.  Instead, identifying major factors limiting bird populations and developing 
methods of reducing threats would seem potentially more useful in guiding management. 

The pilot study data serves as a core set of routes/stations for future surveys; however, the 
sampling effort will need to be expanded geographically to increase detections of uncommon 
species and to cover a larger, more representative area of the Refuge.  The uncertainty in 
densities ranged from low to very large; thus, detecting trends will be difficult.  Increasing the 
numbers of stations sampled is expected to reduce uncertainty and yield greater power to detect 
trends.  A modest sampling effort, about 90 stations, is likely to produce low to moderate levels 
of uncertainty for most species, which should allow for detecting large trends (>50% change) in 
density over long sampling durations (e.g., >50 years).  Sampling at this level should provide 
sufficient detections to quantitatively monitor O‘ahu ‘Amakihi, as well as four non-native 
birds—Red-vented Bulbul (Pycnonotus cafer), Japanese Bush-Warbler (Cittia diphone), Red-
billed Leiothrix (Leiothrix lutea) and Japanese White-eye (Zosterops japonicus).  This level of 
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sampling will also provide coverage across the refuge, instead of concentrating the effort in only 
one portion.  In addition to surveying for many decades, conducting the surveys frequently, 
either annually or biennially, will increase the power necessary to detect trends. 

This monitoring protocol can be implemented incrementally while addressing management and 
conservation needs.  This protocol will be most effective, however, when implemented with 
management actions and research needed to identify the main factors responsible for low 
population abundances of native species.  
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INTRODUCTION 

Managers of Hawaiian forest bird species require reliable information about the status and trends 
of populations under their protection to understand how birds are responding to environmental 
changes, such as invasive species and climate change, and to management actions.  Nevertheless, 
information about bird populations can be exceedingly difficult to obtain and interpret.  For 
example, special training and experience is required by field surveyors, who must identify call 
notes and songs of species that are often impossible to see.  Survey data must also be recorded 
and managed carefully to minimize errors and to ensure that the raw information is available for 
future comparisons and can be analyzed using new methods.  Moreover, all the effort expended 
in the field may result in nothing useful to managers if survey results are not properly analyzed, 
interpreted, and reported.  Therefore, population monitoring protocols must be designed to meet 
a variety of challenging objectives, including:  meeting the needs and goals of managers, 
collecting relevant data safely and economically under difficult environmental conditions, and 
ensuring that data can be analyzed using up-to-date methods that are well-grounded in sampling 
theory and that will yield meaningful and accurate interpretations.  The development of this 
monitoring plan has been guided by these principles, but we also acknowledge that it may be 
desirable to modify protocols as improved techniques and theory become available.  Although 
we cannot anticipate what changes future improvements may bring, these protocols will serve as 
a reliable, useful tool for understanding the abundance and distribution of forest birds on O‘ahu 
Forest National Wildlife Refuge (OFNWR or Refuge). 

The U.S. Fish and Wildlife Service (USFWS) Strategic Habitat Conservation (SHC) framework 
developed by the National Ecological Assessment Team (2006) brings monitoring together with 
conservation actions in an adaptive management framework.  The primary objective of SHC is to 
integrate listed species recovery with conservation actions.  This can be accomplished by 
assessing the current state of target species, identifying limiting factors and priority areas for 
implementing conservation actions, and monitoring the effects of such actions so as to revise 
models describing the population-habitat management relationships.  This adaptive management 
approach was reiterated in the Revised Recovery Plan for Hawaiian Forest Birds (RRPHFB; 
USFWS 2006).  The recovery plan required monitoring bird populations to assess species status 
and trends and to determine the efficacy of management.  We develop and present herein a forest 
bird monitoring protocol for the Refuge within the SHC framework. 

Hawaiian forest birds are the most threatened bird fauna in the U.S., with 19 passerine species 
listed as endangered and other endemic species in steep decline (USFWS 2006, Gorresen et al. 
2009).  All extant Hawaiian forest birds are associated primarily with mature native forests 
(Banko and Banko 2009).  Managed habitat that is suitable for native birds has been declining on 
O‘ahu (Price et al. 2009), presenting a major conservation challenge to resource managers.  The 
OFNWR encompasses high-quality forest habitat that can contribute to stabilizing or increasing 
forest bird populations.  However, population surveys are needed to inform management 
planning (e.g., USFWS Comprehensive Conservation Plan) and to help guide forest and bird 
community restoration in the Ko‘olau Mountains, in which the Refuge is located.  A 
standardized forest bird survey, designed and tested for the Refuge yet compatible with survey 
protocols used in other areas of Hawai‘i, would provide an initial quantitative assessment of bird 
diversity, distribution, and abundance with which population changes could be evaluated over 
time. 
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The objective of this study is to develop a survey protocol for evaluating passerine bird 
community composition, distribution, and abundance and as a basis for monitoring long-term 
changes in populations on the OFNWR.  More specifically, the objectives prescribed in the 
USGS/FWS Science Support Partnership include the following: 

• In a 10-day pilot study, field-test the most promising sampling schemes and survey methods, 
given the need for comparability with surveys in other forest habitats in Hawai‘i (see 
Appendix 1 for description of the pilot study). 
 

• Conduct preliminary surveys of forest bird abundance and distribution to help guide the 
preparation of a survey protocol manual. 
 

• Assess field sampling conditions and logistical constraints given the rugged terrain at the 
Refuge. 
 

• Familiarize and train Refuge staff with the methods used for undertaking formal bird surveys. 
 
 
PART 1.  PILOT SURVEY 

STUDY AREA 

The 1,862 ha OFNWR (4,600 ac; 21o 28’N, 157o 56’W) on the upper slopes of the northern 
Ko‘olau Mountains was established in December 2000 to protect native forest on O‘ahu.  
Elevation in the Refuge ranges from 250 m to 850 m and the mountainous terrain is bisected by 
ridges and streams with steep slopes.  Mean daily air temperature averages 20oC with an annual 
variation of <5oC, and annual orographic rainfall averages about 6,100 mm (Juvik and Juvik 
1998).  The montane forest is dominated by native ‘ōhi‘a (Metrosideros polymorpha) and koa 
(Acacia koa) with a dense understory comprised primarily of uluhe (Dicranopteris linearis).  
However, varying amounts of invasive non-native plant species occur in the Refuge, particularly 
in the riparian habitats. 

METHODS 

Sampling Stations 

Prior to initiating the bird survey, we conducted a reconnaissance by helicopter on 28 February 
and 14 March, 2011to evaluate possible survey routes and habitat conditions on the Refuge 
(Figure 1).  Photographic documentation of the sites flown is presented in Appendix 2.  Based on 
habitat characteristics, we stratified the Refuge into two general strata:  ridge tops and stream 
bottoms (Figure 2).  Twelve sampling stations along the Kīpapa Ridge Trail were established at 
500 m intervals to match the spacing used during the 1991 Hawai‘i Department of Forestry and 
Wildlife survey of the same ridgeline.  Twenty-one stations were established along the streams at 
250 m intervals to more closely match the distribution of stations in most other Hawaiian forest 
bird surveys.  The closer spacing of stations along the streams also resulted in greater survey 
efficiency where travel on foot is difficult and slow.  Geographical Information System 
shapefiles of station locations and routes were provided to the Refuge as Supplemental Materials. 
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Figure 1.  Helicopter flight paths during reconnaissance of O‘ahu Forest National Wildlife Refuge during February and March 2011.  
Numbers indicate photographs presented in Appendix 2. 
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Figure 2.  Routes and stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011. 
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Bird Sampling 

Standard counts of birds were conducted on 1-4 and 15-16 March, 2011.  Information on the 
detection type (aural, visual, or both), time of detection, direction to bird, and horizontal distance 
from the station center to individual birds were recorded during each 8-min point-transect count.  
Laser rangefinders (5 x 24 Bushnell Scout 1000) were used to improve distance measurements.  
At each station, we classified the following environmental variables:  cloud cover, rain, wind, 
wind gust, and background noise as it affects observer’s ability to detect birds.  In addition, we 
recorded the following habitat characteristics:  habitat type, canopy cover, canopy height, 
understory openness, and proportion of sampling area blocked by embankments at each station.  
(See Appendix 3 for descriptions of the detection, sampling and habitat parameters.)  In addition, 
a photo of the habitat surrounding each station was taken on the cardinal directions (Appendix 4 
contains a description of habitat and log of the habitat photographs taken at each station; the 
habitat photographs were provided to the Refuge as Supplemental Materials).  Sampling was 
conducted between dawn and 16:00 hr except during periods when rain, wind, or gust exceeded 
prescribed levels (light rain and wind level 3 on the Beaufort scale).  Birds only observed flying 
over or through the survey area without perching there were noted but excluded from subsequent 
analyses.  Detections of both male and female birds singing and calling were recorded, although 
the sex of individuals was not noted.  Most or all of the birds encountered were adults because 
counts were timed during the breeding season before most juveniles had fledged. 

O‘ahu ‘Elepaio (Chasiempis sandwichensis ibidis) were sampled using playback calls at each 
station along the south fork Kīpapa Stream.  After completing the point-transect count a 
playback loop of ‘elepaio calls from a nearby population were broadcast for 15-20 seconds.  
Volume on the external speaker was set to maximum loudness, and was directed in all directions 
around the station.  Playback was followed by 30 seconds of listening.  A second playback was 
broadcast followed by a listening period, and the total duration of the playback count was 
between 1:30 and 1:45 minutes.  All ‘elepaio-like vocalizations were investigated to confirm the 
species that made the calls.  Complementing our survey, Eric VanderWerf (Pacific Rim 
Conservation) and two technicians conducted ‘elepaio playback calls on 15 March from Koa 
Ridge Ranch to station 17 on Kīpapa Ridge Trail and along south fork Kīpapa Stream from 
stations 30 to 25. 

Data Handling 

Survey data were evaluated for content and completeness in the field and again during data 
transcription into a Refuge-specific version of Avian Monitoring Entry Form (AMEF version 
2.1; Camp et al. 2005).  A quality assurance/quality control protocol verified data accuracy, all 
records were line-item proofed and standardized, and error rate (< 1%) in data entry was 
determined through spot-checking before the data were analyzed.  Metadata was produced 
describing the data set and error-checking (Appendix 5). 

Analyses 

Distribution and Abundance 
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The distribution and relative abundance of species were calculated as indices.  Species’ 
distribution was expressed as the percent occurrence, which was calculated as the number of 
stations occupied divided by the total number of stations sampled.  Relative abundance was 
calculated as an index of birds per station; the number of individuals detected divided by the total 
number of stations sampled for each species. 

Estimating the total number of individuals in a population requires calculating a detection 
probability.  Point-transect methods, a form of distance sampling, are used to correct abundance 
estimates for individuals that go undetected.  This is accomplished by modeling a detection 
function and calculating a probability of detection for each species, which is subsequently used 
to estimate bird density (Buckland et al. 2001).  Robust estimates rely upon the critical 
assumptions that all birds are detected with certainty at the station center point, birds are detected 
before moving in response to the observer, and distances are measured without error.  Buckland 
et al. (2001, 2004) describe distance sampling procedures and analyses in detail. 

Density was estimated only for species with sufficient detections to adequately characterize 
detectability (> 50 individuals; Buckland et al. 2001:241), which in our survey were Red-vented 
Bulbul (Pycnonotus cafer), Japanese Bush-Warbler (Cittia diphone), Red-billed Leiothrix 
(Leiothrix lutea) and Japanese White-eye (Zosterops japonicus).  Species density estimates (birds 
ha-1) were calculated from point-transect data using program DISTANCE, version 6.0, release 2 
(Thomas et al. 2010).  All but one station was counted twice during our survey; therefore, survey 
effort was adjusted by the number of times the station was counted.  We further adjusted survey 
effort at stations where ridges and stream walls reduced the area that was sampled (i.e., station-
specific survey effort = 1 - proportion of sampling area blocked by embankments x number of 
samples; Appendix 6).  This procedure divides the density estimate by the number of visits and 
proportion of area around a station that was sampled. 

Detection probability was modeled by functions describing how observations of birds diminished 
with distance and other covariates (e.g., rain, wind, etc.).  Candidate detection function models 
were limited to half normal and hazard-rate detection functions with expansion series of order 
two (Buckland et al. 2001:361, 365; half normal was paired with cosine and Hermite polynomial 
adjustments, and hazard-rate was paired with cosine and simple polynomial adjustments).  The 
uniform detection function was not considered because covariates cannot be modeled.  To 
improve model precision, we incorporated sampling covariates in the multiple covariate distance 
sampling (MCDS) engine of DISTANCE (Marques and Buckland 2003, Thomas et al. 2010).  
Covariates included cloud cover, rain, wind, wind gust, observer, time of detection, elevation, 
understory openness, ambient noise, canopy cover, canopy height, and detection type.  All 
covariates were treated as categorical factors except elevation and time of detection, which were 
treated as continuous covariates.  We selected the model with the lowest 2nd-order Akaike’s 
Information Criterion as corrected for small sample sizes (AICc; Buckland et al. 2001, Burnham 
and Anderson 2002).  Data were truncated at a distance where the detection probability was 
<10%.  This procedure facilitates modeling by deleting outliers and reducing the number of 
parameters needed to modify the detection function.  Species densities, variances and confidence 
intervals were derived by 999 bootstrap iterations in DISTANCE (Thomas et al. 2010). 

RESULTS 
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Bird Sightings 

We detected two native and nine alien forest birds at the 33 stations sampled (Table 1).  We 
recorded 20 O‘ahu ‘Amakihi (Hemignathus flavus) at stations ranging from the upper to the 
lower parts of the Refuge (Figures 3 and 4), and we recorded one ‘Apapane (Himatione 
sanguinea) at a station (Table 2).  An additional five birds of each species were detected either 
before or after the sampling period at a station (i.e., off-count).  In addition, three ‘amakihi and 
four ‘Apapane were recorded while traversing between stations; yielding a total of 28 O‘ahu 
‘Amakihi and 10 ‘Apapane detected in the Refuge.  Most ‘amakihi detections were auditory, and 
comprised of typical calls or, infrequently, by songs.  A few ‘Apapane, in contrast, were detected 
visually; however, most detections were of flight songs from birds passing over the station.  
There was very little ‘ōhi‘a bloom in the Refuge, which may explain the low numbers of 
‘Apapane detected.  Greater numbers of ‘Apapane may be detected if sampling was conducted 
when ‘ōhi‘a is flowering.  Two other native birds—Black-crowned Night-heron (Nycticorax 
nycticorax) and Pacific Golden-Plover (Pluvialis fulva)—were detected in the Refuge, although 
not on-count.  No ‘I‘iwi (Vestiaria coccinea) were observed during this survey, nor was the 
species detected in previous surveys along the Kīpapa Ridge Trail in 1978 (Shallenberger and 
Vaughn 1978) and 1991 (Conry 1991).  A comparison of our native bird indices of occurrence 
and abundance to those from 1978 and 1991 surveys reveals that all four species have declined 
(Table 3). 

 
 
 

Table 1.  List of forest birds detected during point-transect counts in O‘ahu Forest National 
Wildlife Refuge, 1-16 March 2011.  The common name, origin (N – native; A – alien), unique 
four letter species code (AlphaCode), and scientific name for each species observed during the 
survey are presented. 

 
Common Name Origin AlphaCode Scientific Name 
‘Apapane N APAP Himatione sanguinea 
House Finch A HOFI Carpodacus mexicanus 
Japanese Bush-Warbler A JABW Cettia diphone 
Japanese White-eye A JAWE Zosterops japonicus 
Northern Cardinal A NOCA Cardinalis cardinalis 
O‘ahu ‘Amakihi N OAAM Hemignathus flavus 
Red-billed Leiothrix A RBLE Leiothrix lutea 
Red-vented Bulbul A RVBU Pycnonotus cafer 
Red-whiskered Bulbul A RWBU Pycnonotus jocosus 
Spotted Dove A SPDO Streptopelia chinensis 
White-rumped Shama A WRSH Copsychus malabaricus 
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Table 2.  Indices of distribution and abundance of forest birds detected during point-transect 
counts in O‘ahu Forest National Wildlife Refuge, 1-16 March 2011.  This information is for only 
birds detected during the counts (detection types 1, 2 and 4), and for both counters.  A unique 
four letter species code (AlphaCode), the numbers of routes and stations sampled (# Routes and 
# Stations, respectively), and bird abundance (% Occur and BPS –birds per station) are 
presented.  Percent occurrence was calculated as the number of stations occupied divided by the 
total number of stations sampled for each species.  Similarly, the BPS was calculated as the 
number of individuals detected divided by the total number of counts for each species.  There 
were 65 counts at 33 stations. 

 
AlphaCode # Routes # Stations # Station 

Occupied # Detected % Occur BPS 

APAP 3 33  1   1  3.03 0.02 
HOFI 3 33  1   3  3.03 0.05 
JABW 3 33 29 100 87.88 1.54 
JAWE 3 33 32 172 96.97 2.65 
NOCA 3 33  2   5  6.06 0.08 
OAAM 3 33  7  20 21.21 0.31 
RBLE 3 33 28  88 84.85 1.35 
RVBU 3 33 21  57 63.64 0.88 
RWBU 3 33  3   7  9.09 0.11 
SPDO 3 33  3   5  9.09 0.08 
WRSH 3 33  7  11 21.21 0.17 

 
 

Table 3.  Index of occurrence (percent of stations occupied) and abundance (birds per station) for 
native birds from the three surveys conducted in and near the O‘ahu Forest National Wildlife 
Refuge.  The 1978 data was from Shallenberger and Vaughn (1978) and the 1991 data was from 
Division of Forestry and Wildlife (Conry 1991, Camp et al. 2009a).  The 1978 and 1991 data 
included detections on the Mānana, Kīpapa, and Schofield-Waikāne Trails, whereas the 2011 
data included detections only on Kīpapa Ridge Trail and streams. 

 
Survey OAEL OAAM IIWI APAP 

Occurrence     
1978 14.22 43.33 0.44 85.12 
1991 0 74.36 0 64.10 
2011 0 21.21 0 3.03 

     
Abundance     

1978 0.17 0.68 0.01 2.82 
1991 0 1.72 0 2.31 
2011 0 0.31 0 0.02 
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O‘ahu ‘Elepaio received particular attention during the surveys.  On 3 March, we heard a set of 
four “wolf whistle” calls but without the typically associated call or song.  We did not hear 
additional calls or songs, and were not able to locate the bird.  We provided the location to Eric 
VanderWerf who surveyed the area on 15 March using a playback of various ‘elepaio songs.  
VanderWerf was unable to confirm ‘elepaio occurrence, and based on his assessment that the 
area was not typical of good quality habitat, he concluded that the detection was probably 
mimicry by White-rumped Shama (Copsychus malabaricus).  Shama have loud and clear 
vocalizations with a rich repertoire of melodious calls, notes and songs, and often imitate or 
mimic calls of other birds.  The shama must have heard ‘elepaio calling and singing in order to 
learn and mimic ‘elepaio calls, and may indicate that the shama had immigrated from an area 
with ‘elepaio present, or that O‘ahu ‘Elepaio have recently occurred in or nearby the refuge 
(although O‘ahu ‘Elepaio were last detected in the Kīpapa Stream watershed in 1978 
[Shallenberger and Vaughn 1978], none were detected along the ridge trail in 1991 [Conry 
1991]).  VanderWerf noted that ‘elepaio suitable habitat exists along the lower reaches and some 
side branches of the Kīpapa Stream both inside and outside the Refuge. 

Alien forest birds were detected throughout the Refuge and in some cases at very high 
abundances (Figures 5–13; Table 2).  In fact, the Japanese Bush-Warbler (Cettia diphone), Red-
billed Leiothrix (Leiothrix lutea) and Japanese White-eye (Zosterops japonicus) were detected at 
85% or more of the surveyed stations, and they were common (1.5, 1.4 and 2.7 birds per station, 
respectively).  The Red-vented Bulbul (Pycnonotus cafer) was slightly less common, but it was 
also found throughout the area we surveyed.  The remaining five alien species—Spotted Dove 
(Streptopelia chinensis), White-rumped Shama, Red-whiskered Bulbul (Pycnonotus jocosus), 
House Finch (Carpodacus mexicanus) and Northern Cardinal (Cardinalis cardinalis)—were rare 
or uncommon, and were detected at only a few stations.  Although not detected on-count, we 
recorded two additional alien birds in the Refuge—Barn Owl (Tyto alba) and Red Junglefowl 
(Gallus gallus). 

Densities 

Only four species were observed in numbers sufficient to estimate densities:  Red-vented Bulbul, 
Japanese Bush-warbler, Japanese White-eye and Red-billed Leiothrix (Table 4).  The Japanese 
White-eye was the most abundant species at over 6 birds/ha, closely followed by Red-billed 
Leiothrix at 4 birds/ha (Table 5).  Both of these species can be found at similarly high densities 
elsewhere in their ranges (Camp et al. 2003, Gorresen et al. 2005).  The Japanese Bush-warbler 
and Red-vented Bulbul were found at lower densities but were still abundant in the Refuge 
(about 1 bird/ha; Table 5).  Abundance has not been quantitatively assessed for either of these 
birds elsewhere in their ranges; however, both are known to be locally abundant on some islands 
(Foster 2009). 
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Figure 3.  Mean counts of ‘Apapane at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 4.  Mean counts of O‘ahu ‘Amakihi at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 5.  Mean counts of House Finch at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 6.  Mean counts of Red-billed Leiothrix at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 7.  Mean counts of Northern Cardinal at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 8.  Mean counts of Japanese White-eye at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011. 
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Figure 9.  Mean counts of Spotted Dove at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 10.  Mean counts of Japanese Bush-warbler at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 
2011.  
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Figure 11.  Mean counts of Red-whiskered Bulbul at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 
2011.  
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Figure 12.  Mean counts of Red-vented Bulbul at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 2011.  
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Figure 13.  Mean counts of White-rumped Shama at stations surveyed within O‘ahu Forest National Wildlife Refuge during March 
2011. 
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Table 4.  Best-fit detection function models for each species used to calculate population 
densities.  Best-fit models included H-norm = half normal and H-rate = hazard-rate key detection 
functions with covariates.  The number of parameters estimate (Num Param), 2nd-order Akaike's 
Information Criterion (AICc) and log-likelihood (LogL) are provided.  AICc statistics for the full 
set of detection function models are provided in Appendix 7. 

 
Species Model Covariate Truncation Num Param AICc LogL 
JABW H-rate Key Canopy height 127.0 4 778 -384.84 
RVBU H-norm Key Elevation 67.0 2 442 -218.98 
JAWE H-rate Key Detection type 41.6 4 1053 -522.73 
RBLE H-rate Key None 62.0 2 619 -307.60 

 
 

Table 5.  Population density estimates (Density of birds/ha) with effective detection radius 
(EDR) from the best-fit detection function model.  Variance estimates (SE = standard error, CV 
= coefficient of variation, L CL = lower confidence limit, and U CL = upper confidence limit) 
were calculated using bootstrap methods. 

 
Species EDR Density SE CV L CL U CL 
JABW 57.33 0.998 0.205 0.21 0.613 1.525 
RVBU 39.79 1.353 0.331 0.24 0.783 2.060 
JAWE 30.04 6.660 1.048 0.16 4.901 8.886 
RBLE 23.25 4.134 4.813 1.16 0.832 17.462 

 
 

Sampling Conditions 

In general, the sampling conditions were good while we were conducting the surveys.  The 
weather was typically cloudy (75% ± 28; average ± SD) but with very little rain (it misted during 
sampling at only two stations).  Wind was mostly light (Beaufort scale value of 1 at 20 of 33 
stations; 1.2 ± 0.8) and only reached Beaufort 3 on three stations.  Wind gusts averaged a 
Beaufort scale value of 2.6 (± 1.1), and there was little difference in the strength of gusts 
between the first (2.4 ± 1.1) and second surveys (2.9 ± 1.0).  The background noise was low, 
classified as either 0 or 1, at all but three stations (where we registered a value of 2; i.e., 
equivalent to conditions when the detection radius is substantially reduced).  In all cases where 
noise was recorded as 1 or 2, stream noise was the factor.  When possible, we established 
sampling stations on a stream bench, above and slightly away from the water, to reduce 
interference from stream noise. 

Non-native Animals 

Besides the non-native birds, we detected pig (Sus scrofa) and pig sign, slugs tentatively 
identified as yellow-shelled semi-slugs (Parmarion martensi, a species known to harbor larvae 
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of the parasitic nematode rat lungworm [Angiostrongylus cantonensis]), smallmouth bass 
(Micropterus dolomieui), bristlenose catfish (Ancistrus temmincki), and American bullfrog (Rana 
catesbeiana).  Pig sign was observed below Kīpapa Ridge Trail near stations 8 and 9, and 
throughout the drainage bottoms.  Smallmouth bass were detected in all of the large pools along 
the lower and middle portions of north fork of Kīpapa Stream.  Interestingly, we did not see bass 
in the south fork, although we encountered many large pools.  Bristlenose catfish were observed 
in both the south and north forks of Kīpapa Stream, both above and below the waterfall near 
station 30.  The American bullfrog was seen in both the north and south forks of Kīpapa Stream. 

 
PART 2.  MONITORING PROTOCOL 

OBJECTIVES 

Our purpose in developing a monitoring protocol was to provide managers with a means of 
determining trends in forest bird population abundance and distribution on OFNWR.  Critical to 
the goal of detecting trends was establishing a baseline assessment of the status of bird 
populations, which we approximated with a pilot survey.  Trend detection also involves 
evaluating changes over time, and our protocol provides the technical underpinnings and 
methods for conducting surveys that are reliable and comparable.  Finally, we intended that 
managers should have a quantitative tool for knowing with a specified degree of certainty that 
population change has reached a prescribed level. 

KEY SURVEY ELEMENTS 
1. Conduct annual or biennial surveys of at least 90 point-transect stations established along 

major drainages and ridges during late February to early April 
2. Generate “instantaneous count” of birds by estimating distances to all individuals of each 

species detected during 8-minute period using standard point-transect sampling 
techniques 

3. Following point-transect count, use playback techniques to detect O‘ahu ‘Elepaio 
4. Record environmental conditions during count period and record habitat characteristics 
5. Transcribe data from field books into electronic format and proof 
6. Analyze data and report results 
7. Critique survey and make necessary changes in plans for the next survey 

 
OVERVIEW OF MONITORING AND TECHNICAL BACKGROUND 

General Approach to Bird Surveys 

Because the status of all bird species occurring on the Refuge is of fundamental interest to 
managers, we offer a practical protocol for monitoring the more common species (i.e., species 
with > 50 detections), and we suggest a way to at least account for populations of all other 
species that occur as rare or incidental elements of the bird community.  Therefore, the protocol 
focuses on monitoring native and alien forest bird species to enable managers to detect 
population trends.  The protocol also provides a means for systematically recording incidental 
observations of other species, including shorebirds, water birds, game birds, and raptors, such 
that this information can be readily retrieved.  A special strength of the protocol is that data about 
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rare or common birds can be readily retrieved from a comprehensive data base that contains 
similar data on bird species throughout the Hawaiian Islands.  This feature of the protocol will 
allow comparisons of the status and trends of birds on OFNWR and other areas of interest. 

The parameters being measured in this protocol are the distribution and abundance of species.  
Many different sampling methods have been used to quantify distribution and abundance, but no 
single method will adequately sample for both.  A species’ distribution may be qualitatively 
assessed by simply mapping occurrences; however, because this type of point estimate has no 
associated measure of uncertainty, comparing changes over short time frames (e.g., between two 
consecutive survey periods) is usually uninformative.  Quantitative measures of distribution 
require that detection probabilities of species also be estimated.  This is accomplished by 
repeated within-season visits (MacKenzie et al. 2006).  Unfortunately, given that native birds 
occur in low numbers on the Refuge, adequate sampling to determine O‘ahu ‘Amakihi 
distribution would require seven or more visits to sampling sites, and many more visits would be 
needed to determine the distribution of ‘Apapane (USGS unpublished data; see Sample Size 
section for details).  It is likely that sampling more than once per season will be impractical, 
given the very difficult terrain of OFNWR.  Therefore, we propose that species’ distributions 
initially be assessed qualitatively.  More specifically, the objective for determining changes and 
trends in distribution is to map the presence of species at a network of sampling stations, 
calculate an index of percent occurrence and track trends in this index over time. 

Standard survey methods, in which observers passively record the presence of species, may be 
ineffective in determining the distribution of O‘ahu ‘Elepaio because of their apparent rarity on 
OFNWR.  Nevertheless, recorded ‘elepaio calls (“playback call”) can be broadcast to increase 
the likelihood of detecting individuals (VanderWerf et al. 2001), and this method is appropriate 
to use on OFNWR. 

The estimation of bird abundance as described in this protocol is based on distance-based survey 
techniques.  The inclusion of bird-to-observer distance measurements permits estimated densities 
to be adjusted by species detection probabilities to account for the effects of distance (and other 
variables) on bird detection (Buckland et al. 2001).  For most situations, this technique is the best 
method for determining abundance and monitoring trends for landbirds, and has been used for 
almost 30 years in Hawai‘i (Camp et al. 2009b).  Relative index counts (e.g., area count, point 
count, strip transect, and spot mapping) were not considered as potential sampling methods 
because they do not account for different detection probabilities (Anderson 2001).  Point-transect 
sampling, a form of distance sampling is the preferred approach for multi-species studies, 
particularly where birds occur in patchy habitats, in dense vegetation and in rugged or hazardous 
terrain.  An important benefit of using point-transect sampling is that it accommodates a wide 
range of bird species, irrespective of singing style or the acoustical characteristics of the habitat 
(Camp et al. 2011). 

Sampling Period 

Because native birds are uncommon at OFNWR, it is especially important to survey at the time 
of year when birds are most detectable, and surveys should be conducted consistently among 
years.  If the timing of surveys varies substantially from year to year, the variance in population 
density estimates will likely increase, thus reducing the reliability of results and the ability to 
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detect trends.  Peak vocalization varies among species and may differ seasonally, but Hawaiian 
forest birds are generally more vocal, and therefore more detectable, during their courtship and 
breeding season (generally December-May for most species; Ralph and Fancy 1994, Simon et al. 
2002, Woodworth and Pratt 2009).  Surveys at OFNWR ideally should be scheduled to occur 
during late February to early April. 

Sampling Duration, Frequency, and Consistency 

The duration, frequency, and consistency of sampling all influence the effectiveness of a 
monitoring protocol in tracking population changes.  Distribution and abundance studies should 
be of sufficient duration to capture and follow both population trajectories and cycles and to 
distinguish trends in the population from stochastic noise (Gunderson and Folke 2003, Redman 
and Kinzig 2003).  In general, statistical power is higher for longer monitoring periods than it is 
for shorter periods for a given sample size (Perron 1991).  Based on a power analyses of 
prospective trends, the monitoring protocol duration should span several decades to ensure 
sufficient time to describe population patterns and to identify population changes, especially for 
O‘ahu ‘Amakihi, which may require many surveys before a change in densities can be detected 
with specified certainty. 

Sampling frequency and interval consistency are equally important in determining the 
effectiveness of a monitoring protocol.  Surveys that sample frequently without missing years are 
more likely to reveal trends more quickly than protocols that operate infrequently or sporadically 
(Gerrodette 1987).  That is, statistical power is greater when surveys are conducted annually as 
compared to when surveys are conducted less often.  Given the low power to detect short-term 
trends on the Refuge, surveys should be conducted as frequently as possible (e.g., annually or 
biennially [every two years]). 

Sample Size 

The number of survey points (i.e., sample size) strongly influences the statistical power of a 
monitoring protocol.  The sampling effort and information acquired as part of our pilot study 
provided a guideline for determining the number of sampling units needed to establish reliable 
abundance estimates for each species and to detect changes in species’ distribution and 
abundance.  Based on the assumption of coefficient of variation (CV) remaining constant, we 
calculated optimal sample size for each species we detected.  Using methods described in 
Buckland et al. (2001: 245-246), and given the number of stations sampled ( 0k ) and individuals 

detected ( 0n ), we calculated the number of stations (k) needed to produce annual density 
estimates for a range of CVs with equation 
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For planning purposes, we used the "observed" coefficient of variation equal to three, which 
Burnham et al. (1980:36) determined is realistic.  This value is conservative for point-transect 
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surveys where the shoulder of the detection function is very wide (as was observed in the pilot 
study).  Using the same values, we also calculated the CV from future studies that sample only a 
pre-specified number of stations. 

We sampled 33 stations during the pilot study in the OFNWR.  Species abundance ranged widely 
(Table 2) with only the O‘ahu ‘Amakihi and four alien birds having sufficient numbers of 
detections to reliably calculate coefficient of variation and optimal sampling effort.  A very large 
number of stations will be needed to achieve a desired CV of 0.1 for most species (e.g., 975 
stations for O‘ahu ‘Amakihi; Table 6—Panel A).  However, a more modest sampling effort can 
produce CV levels of 0.2 and 0.3 for most species.  Therefore, it is likely that about 90 stations, 
our recommended minimum sample size, will yield low to moderate CVs for Red-vented Bulbul, 
Japanese Bush-warbler, Red-billed Leiothrix, and Japanese White-eye (Table 6—Panel B).  
Sampling fewer stations will yield an insufficient number of detections to estimate densities with 
adequate precision.  Because of violations of model assumptions (i.e., birds do not move in 
response to the observer), the CV for Red-billed Leiothrix may remain underestimated despite 
increased sampling effort (see Power calculations below). 

Power Analyses 

Analytical or statistical power is the ability to detect a change in a population over time when 
one actually exists (Camp et al. [2009b] provide a detailed account of power and how to improve 
the power of a monitoring protocol).  Power is determined by variance, sample size, monitoring 
duration, magnitude of the population change, and the desired or acceptable level of statistical 
error (i.e., α; Type I error: the probability of erroneously rejecting the null hypothesis) and β (i.e., 
Type II error: the probability of erroneously failing to reject the null hypothesis).  Variance is the 
variability in bird density over time.  Typically, the larger the sample size, or number of stations 
surveyed, the smaller the variability.  Power also increases with sampling frequency and the 
duration of a monitoring protocol.  In addition, the larger the magnitude of population change 
(e.g., 50% versus 25% change), the greater the power of a monitoring protocol.  Alpha and 
power are related such that relaxing alpha increases power.  Although we expect the inter-and 
intra-annual variances to differ, our pilot survey provided us with only the intra-annual 
uncertainty to use in the power calculations.  Therefore, we assumed that the variance in the 
trend (i.e., deviance of the regression line from the annual density estimates) is captured by the 
uncertainty in the estimates. 

We used the sampling coefficient of variation (CV) of the density estimates for each species as 
input into power calculations.  This was accomplished with the noncentrality parameter equation 
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where m is the duration of the monitoring protocol, ti is the annual indicator of time, t  is the 
sum of ti divided by m, and s refers to the species-specific CV.  The parameter for a noncentral 
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F-distribution with 1 and m-2 degrees of freedom was then used to determine the prospective 
power for protocols of m duration (i.e., 10, 25, or 50 years) to detect 25% or 50% change in 
density (i.e., ∆ = 0.25 or 0.50) given a one-tailed test and α = 0.10.  We assume that surveys are 
conducted annually, thus a 25 year protocol consists of 25 annual samples.  If sampling is less 
frequent, then the duration equals the number of surveys multiplied by the sampling interval 
(e.g., it would take 30 years to obtain 10 samples if surveys are conducted every third year). 

Tracking trends in species with moderate to large variability or uncertainty (CV > 0.30) in annual 
density estimates is difficult because of low statistical power (Table 7).  Power to detect large 
trends (>50% change) in density may also be low even over long sampling durations (e.g., >50 
years) for species with moderate to high uncertainty.  If uncertainty is sufficiently low (CV < 
0.20), however, there may be adequate power to detect large changes over short periods (<10 
years). 

 
 
 

Table 6.  Numbers of stations needed to yield desired coefficient of variation levels (panel A).  
The estimation of sample size (number of stations) for point-transect surveys is based on pilot 
study detections.  Coefficients of variation for future surveys are limited by the predetermined 
number of stations to be sampled (panel B).  During the pilot study, 33 stations were sampled 
and 57 potential stations were identified, yielding a total of 90 stations that could be sampled in 
the Refuge (indicated with shading). 

 
A) Desired coefficient of variation 
Species 0.1 0.2 0.3 0.4 
OAAM 975 244 108 61 
JABW 195 49 22 12 
JAWE 113 28 13 7 
RBLE 1 222 55 25 14 
RVBU 331 83 37 21 
     
B) Number of stations to be surveyed 
Species 30 60 90 120 
OAAM 0.58 0.41 0.33 0.29 
JABW 0.26 0.19 0.15 0.13 
JAWE 0.20 0.14 0.12 0.10 
RBLE 1 0.28 0.20 0.16 0.14 
RVBU 0.34 0.24 0.20 0.17 

1 Red-billed Leiothrix violate the model assumption that the birds do not move in response to the 
observer and their CVs may be underestimated. 

 
 



27 
 

Table 7.  Prospective power to detect a one-sided test for both moderate and large declines in 
density given a range of CV levels and sampling duration.  Adequate power (i.e., > 0.80) is 
indicated with shading. 

 
   Duration of Study (yrs) 
Decline CV CVs  10 20 25 50 
 Low 0.16 0.42 0.65 0.74 0.94 

25% Moderate 0.30 0.13 0.16 0.17 0.25 
 High 1.16 0.11 0.11 0.12 0.13 
       
 Low 0.16 0.89 0.99 1.00 1.00 

50% Moderate 0.30 0.22 0.33 0.38 0.59 
 High 1.16 0.13 0.15 0.17 0.23 

 
 
The CV values for densities ranged from low (< 0.20) to very large (> 1.00), with two of the 
most common birds expressing relatively moderate levels of variability (> 0.20 and <0.50).  
Although fairly large numbers of Red-billed Leiothrix were detected, their density estimate was 
highly uncertain (CV > 1.0).  Red-billed Leiothrix are a curious bird that are attracted to and will 
scold observers within their territory.  This behavior violates the model assumption that the birds 
do not move in response to the observer, making modeling the detection function for this species 
difficult.  We observed a spike in the first bin (segment) of the distance histogram (Appendix 7 
Figure 1; Red-billed Leiothrix panel).  A spiked distribution is best approximated with a 
negative-exponential detection-function model.  However, use of this model should be avoided 
because the resulting density estimate is usually strongly biased and very imprecise (Buckland et 
al. 2001). 

Alert Limits 

The results from monitoring can be used to trigger actions to arrest population declines.  Alert 
limits provide criteria to judge when a population requires increased monitoring, management 
actions, or additional research to determine likely causes of the problem (Marchant et al. 1997, 
Dunn 2002).  The Hawaiian Forest Bird Recovery Plan does not provide specific limits or 
thresholds that would trigger bird recovery actions (USFWS 2006).  Therefore, for this 
monitoring protocol, we considered adapting the alert limits developed by the International 
Union for Conservation of Nature (IUCN; BirdLife 2000), the U.S. Breeding Bird Survey 
(USBBS; Peterjohn et al. 1995), and the United Kingdom Breeding Bird Survey (UKBBS; 
British Trust for Ornithology’s Integrated Population Monitoring program; Crick et al. 1997).  
Alert limits can be based on various levels of observed or anticipated declines in abundance and 
distribution, and they can be explicitly linked to recovery actions.  Nevertheless, the results of 
our pilot study indicated that the status of the two native birds (O‘ahu ‘Amakihi and ‘Apapane) 
remaining in the Refuge may already be so precarious that alert limits would be moot (see Table 
3).  That is, although it is not yet possible to make quantitative assessments of trend for the two 
native species, their very low abundances indicate heavy impacts from one or more factors, 
which potentially include disease, predation, habitat degradation, and food depletion.  Small 
populations of O‘ahu ‘Amakihi and ‘Apapane may be further imperiled by a demographic trap, 



28 
 

in which reproductive capacity and vital rates are insufficient to sustain the population in the 
long term.  Suggesting specific management actions is beyond the scope of this report; however, 
a range of research and adaptive management projects could be developed to identify major 
threats and ways of limiting their impacts on native birds. 

Adaptive Monitoring 

Protocols for assessing population status require realistic and measurable objectives to provide 
an effective link between monitoring and management (Camp et al. 2009b).  Monitoring 
objectives are central to informing management decisions by discriminating among competing 
hypotheses about how populations respond to environmental change or management actions.  
Clearly articulated objectives guide and control how data are sampled and interpreted, and they 
provide a measure of accountability in tracking progress toward achieving management goals.  
Regularly reviewing (e.g., after every fifth survey or decadal) the monitoring design and 
sampling methods also allows improved techniques to be incorporated into the overall scheme 
(e.g., reallocation of survey effort, use of new sampling or analytical methods; Johnson et al. 
2006). 

LOGISTICAL CONSIDERATIONS AND SURVEY PROCEDURES 

Accessibility 

The Refuge is accessible by foot primarily via the Kīpapa Ridge Trail (Figure 14).  Other entry 
points may be possible but were not investigated as part of this study.  Alternative approaches 
include the summit trail which enters the northeast corner of the Refuge from the Schofield 
Barracks Military Reservation and access to the Waikakalaua Stream from properties to the west 
of the Refuge.  The stretches of Kīpapa Stream that were accessed in this study include two 
routes that descend from Kīpapa Ridge Trail (coordinates for the locations at the top [ridge trail] 
and bottom [stream-side] of both routes are listed in Appendix 8; location of the sampling 
stations are listed in Appendix 9).  The route to lower Kīpapa Stream extends between survey 
stations 22 and 25 (via station 24).  This route is steep in several places and passes through dense 
thickets of strawberry guava that makes the ascent difficult when carrying full camping gear.  
The route to the middle portion of the south fork of Kīpapa Stream (above the waterfall near 
station 30) extends between survey stations 17 and 31.  This route follows a steep-sided ridge 
made especially hazardous because of dense uluhe cover.  Near the bottom, the route jogs to the 
northeast (if descending) and down a narrow 20 m chute with a loose and slippery substrate.  A 
rope would be useful for lowering or hoisting backpacks at this point. 

The Refuge is also accessible by helicopter at several points (Figure 14; Appendix 8).  These 
include the established helicopter landing zone (LZ) at the shelter on Kīpapa Ridge Trail and two 
potential LZ sites that were investigated by air on 14 March, 2011.  One potential LZ is situated 
near the confluence of the upper branches of the north fork of Kīpapa Stream, and it provides 
access to an area otherwise difficult to reach by hiking along the stream with a full pack.  The 
second LZ is located near the middle of Waikakalaua Stream.  This LZ is situated up a ridge 
about 250 m to the south of the stream.  An open site is also available along the stream to sling-
load gear, but it was judged to be too uneven to land a helicopter and serve as an LZ. 
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Sampling Scenarios 

The Refuge may be sampled in a variety of scenarios depending on the choice of access and the 
time available to travel the route and conduct a survey.  Figure 14 illustrates eleven potential 
survey segments (indicated by letters) that were delineated based on known or expected travel 
time relative to campsite locations or direct entry in to the Refuge.  In general, each segment 
should only take one day to survey (although allowances should be made for inclement weather).  
If sequentially surveyed, 2-3 segments may require that a survey team spend 1-3 nights per 
foray, depending on the time of arrival and departure. 

The Kīpapa Ridge Trail may be sampled in several segments.  If the shelter near station 8 is used 
as a camp, the upper and middle parts of the trail may be sampled in 1 day each (segments A and 
B).  Time permitting, the number of stations sampled on segment B may be increased (e.g., 
include stations 17, 18, etc.) while exiting the Refuge.  This would decrease the number of 
stations to be sampled along segment C, and facilitate timely access to the campsite on the upper 
south fork of Kīpapa Stream, if this segment was also part of the planned foray.  Sampling 
several stations of segment C along Kīpapa Ridge Trail could also be deferred until the day of 
exit if the time available to reach the campsite was short.  Segment C can be paired with D, and 
only 1 night (and 2 days) may be needed to sample these two areas if the survey team returns 
back to camp with at least 4 hours of daylight left to exit the Refuge.  Deferring sampling of 
several stations (i.e., 22 – 24) until the day of exit may also be feasible for segment E, thereby 
ensuring that the stretch between stations 28 and 30 is completed on the day of entry.  Segment E 
may be paired with segment F, with the direction of sampling proceeding upstream to take 
advantage of the morning hours when bird vocalization is highest.  The number of stations 
sampled along segment F will depend on the number sampled on segment G, which would be 
accessed from the camp and LZ near station 55.  The number of stations allocated to segment G 
may need to be reduced, given that access to the upper part of the north fork of Kīpapa Stream is 
by helicopter, the segment is done on the same day as the flight into the camp/LZ, and arrival at 
the camp/LZ is not possible before mid-morning.  In addition to segment G, segments H and I 
will each require 1 day, for a total of 3 days and 3 nights to cover the upper portion of the 
watershed. 

The Waikakalaua Stream route (segments J and K) will each require a full day of travel to 
complete.  In addition, given that the LZ is about 250 m from the stream bottom and that arrival 
at camp may not be possible before mid-morning, surveying may not be possible on the first day.  
Consequently, a total of 3 days and 3 nights may be needed to complete survey coverage of this 
watershed.  Table 8 outlines a schedule for completing the survey. 
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Figure 14.  Established and potential survey segments and stations (listed in Appendices 8 and 9), helicopter landing zones, camp 
sites, and impediments (i.e., waterfall) to travel along survey routes within O‘ahu Forest National Wildlife Refuge. 
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Safety, Logistical, and Equipment Considerations 

Inclement weather during part of the March 2011 survey allowed us to identify weather 
parameters affecting survey quality.  For several days prior to the storm event on 4 March, water 
flow at the Kīpapa Stream gage (about 1.5 km west of the refuge) held fairly constant at around 
1-ft (0.31 m) (Figure 15), which was sufficiently low to allow travel along stream beds and quiet 
enough to enable us to hear bird calls and songs clearly.  During the late evening and night of 2 
March, about 0.32-in (8.13 mm) of rainfall was recorded at the RAWS weather station on the 
Refuge, and rainfall increased to 0.68-in (17.27 mm) on the night of 3 March (Figure 16; Table 
9).  This moderate amount of rainfall yielded an additional 2-ft (0.61 m) increase in the water 
flow recorded at the Kīpapa Stream gage, which precluded further surveying because 
background noise levels interfered with hearing bird calls and stream crossings became 
hazardous.  Rainfall continued through the following week, delaying further survey. 

Our second foray into the Refuge was met with strong winds (gusts up to 45.0 mph [72 
kilometers per hour]; Figure 17), but these conditions were restricted mostly to ridge tops and 
had little impact on the stream bottom surveys.  However, surveys were halted at a few stations 
until gusts subsided.  More importantly, strong gusts can be a hindrance while traversing narrow 
exposed ridges, especially with full backpacks.  Future surveyors will need to pay particular 
attention to rain and wind forecasts and follow safety procedures when crossing streams and 
hiking along ridges. 

Bird survey equipment should include data book, binoculars, and an mp3 player and speaker to 
broadcast ‘elepaio songs and calls (Table 10).  A range finder should be used to estimate 
distances to birds.  Basic personal and camping gear may be used; however, we found that the 
following three pieces of equipment made the surveys considerably easier and highly 
recommend their use.  We used hammocks (e.g., Hennessy Hammocks) for camping because the 
topography and dense understory vegetation made finding a flat, open area for tents difficult, if 
not impossible.  Instead of using a standard pump water filter, we used a gravity-feed water filter 
(e.g., Katadyn Base Camp Water Filter, Platypus GravityWorks Water Filter) capable of yielding 
several liters in a few minutes.  Lastly, we used OTB SAR boots from NRS when traveling and 
surveying in the stream beds.  The rubber soles on these water boots provided traction on the wet 
rocks and the boots were sturdy and supportive.  The vibrum soles on standard hiking boots 
provide little traction on the wet, slimy rocks, and, in fact, could be quite dangerous.  We 
considered using tabbis or tabbis with spikes but felt they would not provide the necessary ankle 
support for carrying backpacks. 
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Table 8.  Suggested tasks and schedule to facilitate forest bird survey planning, execution, and 
reporting at O‘ahu Forest National Wildlife Refuge.  The survey routes, segments and stations 
may be sampled in a variety of scenarios depending on the choice of access, time available and 
number of survey teams (see Sampling Scenarios section for details).  For practical purposes we 
present one possible scenario based on one team that will conduct the survey 1—30 March. 

 
Project Stage Task Description Timing 

Preparation Complete agreements and permits to 
ensure all project compliance needs 

Dec 

 Initiate announcement and recruit 
surveyors 

Dec—Jan 

 Recap past field season, discuss the 
upcoming field season, and document 
any needed changes to field sampling 
protocols 

Jan 

 Plan schedule and logistics, including 
ordering any needed equipment and 
supplies, and scheduling transportation 

by Feb 15 

 Generate field navigation reports, roster 
of sample points and coordinates, 
prepare and print field maps 

by Feb 20 

 Update and load background maps and 
target coordinates into GPS units 

by Feb 20 

 Implement working database, provide 
database/GPS training 

by Feb 28 (week before 
survey) 

 Train surveyors in bird identification, 
distance estimation, sampling protocols, 
and safety 

by Feb 28 (week before 
survey) 

Data Acquisition Review and ensure all field staff are 
aware of safety procedures 

before each tour 

 Collect field observations and position 
data during field tours 

Mar 

 Review data forms after each day daily 

 De-brief surveyors on operations, field 
methods, and gear needs 

after each tour 

Data Entry & Processing Download GPS data after each tour 

 Download and process digital images after each tour 

 Enter data into working copy of the 
database 

after each tour 

 Verification of accurate transcription as 
data are entered 

after each tour 

 Correct GPS data and send screen 
capture to surveyors for review 

 

after each tour 
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Project Stage Task Description Timing 

 Quality review, merge, correct, and 
export GPS data, digital images and 
database 

Apr 

 Update project metadata records Apr 

Product Development & 
Delivery 

Produce summary queries and reports 
from database 

Apr 

 Generate report-quality map output for 
reports 

Apr 

 Prepare draft report and distribute for 
review 

by May 1 

 Complete field season report May 

 Disseminate report and data by 31 May 

Season Close-out Review, clean up and archive and/or 
dispose of project files 

by 15 Jun 

 Inventory equipment and supplies by 15 Jun 

 Evaluate, discuss and document needed 
changes to survey, analysis and 
reporting procedures 

by 30 Jun 
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Figure 15.  Stage measurements of the Kīpapa Stream during the 1-4 March survey within O‘ahu 
Forest National Wildlife Refuge.  Peak stream flow on March 4th followed high rainfall (about 2 
inches) in the preceding 12 hours (see Figure 16).  Generally, transit along streams will be 
difficult and hazardous when the stage is greater than about 2.5 ft.  Data from the USGS Kīpapa 
Stream gage can be accessed at http://waterdata.usgs.gov/nwis/nwisman/?site_no=16212800. 
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Figure 16.  Precipitation and temperature measurements during the 1-4 March survey within 
O‘ahu Forest National Wildlife Refuge.  Data from the Western Regional Climate Center 
(http://www.wrcc.dri.edu/). 
 
  

http://www.wrcc.dri.edu/�
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Figure 17.  Wind speed and gust measurements during the 1-4 March survey within O‘ahu Forest 
National Wildlife Refuge.  Data from the Western Regional Climate Center 
(http://www.wrcc.dri.edu/). 
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Table 9.  Amount of daily rainfall recorded at the O‘ahu Forest National Wildlife Refuge RAWS 
weather station during the 1-16 March 2011 survey. 

 
Date Rainfall (in) 
2/28/2011 0.50 
3/1/2011 0.05 
3/2/2011 0.32 
3/3/2011 0.68 
3/4/2011 1.53 
3/5/2011 3.66 
3/6/2011 1.64 
  
3/14/2011 0.00 
3/15/2011 0.00 
3/16/2011 0.00 
3/17/2011 0.26 
3/18/2011 0.36 
3/19/2011 0.81 
3/20/2011 0.17 
  
Total Rainfall 9.98 
Rainfall while Surveying 3.08 
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Table 10.  Field equipment list for bird sampling (per team). 

 

Number Req. Description 

1 Reference book for bird identification 

2 10 x 48 or better binoculars 

2 Rangefinder (1000 yd. range) 

1 Tape recorder for recording unknown bird calls 

1 Celsius thermometer  

1 GPS unit for navigating to sampling sites 

1 Altimeter (GPS unit may be substituted) 

several Maps of survey area with survey points and pick-up locations marked 

several Field notebooks and data forms 

2 Compass 

2 Cruising vest for carrying equipment (backpack may be substituted) 

several Re-sealable plastic bags or water tight “dry bags” 

1 Cell phone for daily safety communication 

several Flagging (florescent pink works well) 

several Pens, pencils and Sharpies or other permanent markers 

several Insect repellent 

several Sunscreen 

1 First Aid kit 

several Batteries, and charger if using rechargeable batteries 

2 Wrist watch (preferably with countdown timer function) 

 
 
 
Point-transect Sampling 

For compatibility with other forest bird surveys, sampling stations in the Refuge should be 
spaced 250-m apart along routes (i.e., stations should be 250 m linear distance from each other), 
and they should be sampled for an 8-minute count.  Buckland (2006) recommends point-transect 
counts attempt to get an “instantaneous count” of birds present.  When approaching sampling 
stations, it is important to record all birds that flush.  The count is started without delay, as soon 
as the counter arrives at the sampling station center.  Counters are to record:  each species 
detected (using a four character abbreviation code), method of detection (heard or seen), and 
radial (horizontal) distance from the station center-point to the first detection of an individual 
bird.  Distances should be measured to the nearest meter with laser range finders, or they may be 
estimated visually to the nearest meter.  Each bird will be treated as an independent observation 
and recorded as a separate observation.  The exact time of detection (to the nearest minute) and 



39 
 

direction (to the nearest 10o) should also be recorded.  For birds that occur in clusters or flocks 
(e.g., defined here as groups of half a dozen or more individuals), the distance to the center of the 
group and the number of individuals in the group are to be recorded.  These data are analyzed 
separately and unless sufficient numbers of detections are obtained these data are excluded from 
density and abundance estimation. 

At each standard count station, a broadcast of recorded ‘elepaio calls (“playback call”) will be 
incorporated to maximize the likelihood of detecting O‘ahu ‘Elepaio (VanderWerf et al. 2001).  
Equipment consists of an mp3 player, an external battery powered speaker, and recorded ‘elepaio 
calls.  At each station a playback loop of ‘elepaio calls from a nearby O‘ahu population will be 
broadcast for 15-20 seconds.  Volume on the external speaker should be set to maximum 
loudness, and the speaker should be slowly turned to broadcast in all directions around the 
station.  The initial playback will be followed by 30 seconds of listening.  If there is no response, 
a second playback will be broadcast followed by another 30 second listening period; the total 
duration of the playback count will be between 1:30 and 1:45 minutes.  All ‘elepaio-like 
vocalizations will be investigated to confirm the species that made the calls, and the number of 
individuals responding to the playback will be recorded (recorded as absent if no individuals are 
detected). 

Counters also record the sampling location, sampling conditions and habitat for each survey 
station.  Details of the fields and categories are described in detail in Appendix 3.  Here we 
provide a brief summary.  Sampling location information includes whether the route is located 
along a ridge or stream, the route name, station number, elevation and geographic coordinate.  At 
each station, the start and end time of the sample is to be recorded, as well as any delays or 
pauses (e.g., 90 second delay to allow a helicopter to pass, 30 second pause for strong wind 
gusts). 

Five sampling conditions are to be recorded and should describe the entire eight-minute count.  
Cloud cover is estimated to the nearest 10%.  Rain is categorized into five conditions from no 
rain to heavy rain.  Wind and wind gust speed are recorded using the Beaufort scale.  The level 
of background noise as it affects observers’ ability to hear birds is recorded using four categories.  
Surveys will only be conducted during appropriate weather:  rain less than a light rain, wind not 
exceeding 13-19 kph, and wind gust not exceeding 30 kph.  In addition, the proportion of the 
survey area blocked by embankments within 50 m of the station should be assessed and mapped 
on the sampling book bulls-eye. 

The coarse-level habitat characteristics recorded as part of this bird monitoring protocol are 
insufficient to assess changes in the Refuge’s vegetation over time because these data have low 
statistical power to detect trends in vegetation composition and structure.  Instead, these data 
may be useful for accounting for differences in bird detectability, and when incorporated as a 
covariate, habitat characteristics should reduce uncertainty in bird density estimates.  This 
procedure will be most useful for the four alien birds but should increase precision by only a few 
percentages.  Nevertheless, the low numbers of bird detections precluded us from incorporating 
habitat in our current analyses.  With additional detections from future surveys it is likely that the 
habitat data will be useful for this purpose, but that will require taking and recording these data 
during every survey and at every station.  If habitat is included in the survey, the general habitat 
type within 50 m of the station should be described following Jacobi (1989).  This system 



40 
 

describes general plant associations by recording tree canopy cover classes, tree canopy height 
classes, tree species composition, species association type, and understory species composition.  
In addition, understory openness, canopy cover and canopy height are to be recorded at each 
station.  Understory openness describes the visibility of the understory using six categories.  
Canopy cover is to be averaged over a 50 m radius around the station and estimated to the 
nearest 10%.  Canopy height should be assessed based on the predominance of the overstory 
(i.e., not just on the tallest tree) and estimated to the nearest meter. 

While walking between stations on routes, counters record low-density, rare, or unusual avian 
species (where radial distance is estimated to the nearest station center-point).  Marking the 
location of incidental observations with a GPS will ensure accuracy of the distance 
measurements.  These incidental detections are used for model fitting purposes, but they are not 
incorporated into the density or abundance estimates. 

DATA MANAGEMENT AND ANALYSES 

Data Management 

The Hawai‘i Forest Bird Interagency Database Project (HFBIDP) has designed and maintains a 
Microsoft Access database for entering and managing forest bird survey data.  The database 
accommodates only data collected using point-transect sampling methods.  Data from field 
books are entered into the Avian Monitoring Entry Form (AMEF Version 2.1; Camp et al. 2005; 
an electronic version of the AMEF was provided to the Refuge as Supplemental Materials).  The 
AMEF database represents the user interface for the data and consists of forms, queries, and 
Visual Basic for Applications (VBA) code for the application itself.  A version of AMEF has 
been developed for the Refuge and contains fields specific to the OFNWR survey.  After a series 
of quality control checks, these database records are then uploaded into the central Hawai‘i 
Forest Bird Monitoring Database (Camp 2006 [unpublished report]) located at the HFBIDP.  The 
Hawai‘i Forest Bird Monitoring Database serves as a repository for all point-transect sampling 
conducted in Hawai‘i. 

Density Estimation 

Buckland et al. (2001, 2004) and Thomas et al. (2010) provide detailed descriptions of analytical 
methods and procedures to estimate bird densities.  Here we provide a brief description of the 
procedures.  Analysis is conducted using the latest version of the free software DISTANCE 
(Thomas et al. 2010).  In general, a detection function for each species is fitted to truncated 
distance data through a model fitting procedure where the best-fit model has the lowest Akaike’s 
information criterion (AIC) value.  From this model, encounter rates, detection probabilities, 
density estimates and associated variance and 95% confidence intervals are generated for each 
species.  Inclusion of covariates are assessed using AIC methods.  Although it is best to estimate 
detection probabilities independently for each survey, survey data can be pooled to increase the 
sample size (number of detections) for each species.  If data are pooled, post-stratification 
procedures are used for calculating annual density estimates.  Variance and 95% confidence 
intervals are calculated using bootstrap methods. 

Trend Assessment 
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Comparison of baseline to later monitoring results can reveal trends in bird distribution and 
abundance over time.  Even though the species’ distribution is an index, it is possible to evaluate 
trends, assuming that the index is a reliable indicator of distribution across stations and over time 
(Urquhart et al. 1998).  Thus, regressing the survey-specific percent occurrence values over time 
provides a slope that is an indicator of trend.  At least five surveys are needed for this regression, 
the index should be log-transformed, and it should be understood that underlying assumptions 
are likely violated.  That is, model assumptions cannot be evaluated and bird detectability is 
uncertain and not constant across surveys, the trend is assessed in the absence of both 
measurement error and sampling variation, and the trend may not be strictly linear. 

We propose that change in abundance be assessed by two methods—an end-point z-test and a 
log-linear regression model—depending on the number of surveys conducted during the time 
series.  An end-point z-test should be applied to pairs of abundance estimates from time series in 
which fewer than five surveys have been conducted.  An equivalence-testing approach, used in 
conjunction with the end-point z-test, distinguishes between a stable trend and cases in which it 
is not possible to statistically detect a trend because of high variability in density (Camp et al. 
2008).  More specifically, trend is considered to be negligible within some pre-specified bounds 
and tested for evidence to falsify this (i.e. the difference in annual means lies outside the 
equivalence bounds).  For more information on equivalency and examples for detecting trends 
using end-point comparisons see Camp et al. (2009a). 

Bayesian-based log-linear regression is to be applied to time series with more than five surveys.  
The Bayesian posterior probabilities of the trend parameter are assessed with thresholds 
representing a 50% change of a population in 50 years (matching the monitoring objectives).  
That is, the cumulative probability of the posterior distribution can be calculated to determine the 
weight of evidence for decreasing, negligible, increasing or inconclusive trends.  Detailed 
methods are provided in Camp et al. 2008). 

Assessing density estimates is possible for only the most common species, including O‘ahu 
‘Amakihi and four alien birds.  Results from Table 6 reveal that adequate power (≥ 0.80) to 
detect a 25% decline can be obtained for species with CV < 0.20 over a 50-year duration, and 
over much shorter durations if the decline is 50%.  Thus, if about 90 stations are sampled 
consistently it is likely that trends can be detected for Red-vented Bulbul, Japanese Bush-
warbler, and Japanese White-eye.  O‘ahu ‘Amakihi are expected to have moderate levels of CV 
at that sampling intensity yet adequate power to detect a trend was not possible even over long 
durations.  Therefore, the objective for determining changes and trends in species’ abundance is 
to detect a 50% decline in density over a 50-year period, with a Type I error rate of 20% and 
Type II error rate of 80%.  (The costs of the two error rates were set equal; Di Stefano 2003). 
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Appendix 1.  Field report summarizing the 2011 pilot study and bird survey. 

 

 
Biological Resources Discipline 

Pacific Island Ecosystems Resource Center 
Kilauea Field Station 
PO Box 44  Bldg 344 

Hawai‘i National Park, HI  96718 
 
 
 
TO:  David Ellis, Refuge Manager, O‘ahu National Wildlife Refuge Complex  
  Michael D. Silbernagle, Wildlife Biologist, O‘ahu National Wildlife Refuge 

Complex 
 
FROM: Paul Banko, Wildlife Biologist 
 
DATE:  28 April 2011 
 
SUBJECT: Field Report 
 
Between 28 February and 17 March, 2011, Richard Camp and Marcos Gorresen (Hawai‘i 
Cooperative Studies Unit, UH-Hilo) conducted forest bird surveys on O‘ahu Forest National 
Wildlife Refuge (OFNWR) as part of USGS/FWS Science Support Partnership (SSP) grant 10-
R1-06.  The objectives as described in the SSP include a 10-day pilot study to provide data on 
forest bird abundance and guide preparation of a survey protocol for OFNWR.  The survey 
protocol will be addressed in an HCSU Technical Report, of which this Field Report will be 
included as an appendix. 
 
Highlights from the pilot study 
We established and carried out point-transect surveys at 33 stations along Kīpapa Ridge Trail (12 
stations) and riparian stretches (21 stations) of the Kīpapa Stream drainage within the OFNWR.  
Two native forest birds—O‘ahu ‘Amakihi (Hemignathus flavus) and ‘Apapane (Himatione 
sanguinea)—were detected.  Both of these species were observed at very low abundances (28 
and 10 individuals, respectively) at both upper and lower portions of the Refuge.  We did not 
detect O‘ahu ‘Elepaio on the Refuge, although White-rumped Shama (Copsychus malabaricus) 
were heard mimicking “wolf” whistle ‘elepaio calls.  This indicates that O‘ahu ‘Elepaio may 
have recently occurred on or nearby the Refuge.  We detected nine alien forest birds, of which 
four species—Japanese Bush-Warbler (Cettia diphone), Red-vented Bulbul (Pycnonotus cafer), 
Red-billed Leiothrix (Leiothrix lutea), and Japanese White-eye (Zosterops japonicus)—were 
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common (> 0.8 birds detected per station) and detected throughout the surveyed portion of the 
Refuge (detected at > 63% of survey stations). 
 
Pilot study narrative 
The aims of this project were to identify the most appropriate survey techniques to assess and 
monitor forest bird distributions and abundances at OFNWR, O‘ahu, Hawai‘i, USA.  To do this 
we conducted a pilot study to field-test sampling schemes and survey methods on the Refuge.  
The pilot study included both an aerial assessment of the Refuge’s rugged terrain and 
establishment of standard point-transect sampling transects and stations to survey forest birds. 
 
On 28 February we met with Dave Ellis (Refuge Manager) and Mike Silbernagle (Wildlife 
Biologist) to discuss and prioritize the goals described in the USGS/FWS Science Support 
Partnership (SSP) project, and review the safety and logistics necessary for field operations.  A 
10-day pilot study allowed for only a portion of the Refuge to be surveyed; therefore, the more 
accessible areas were identified for sampling.  Less accessible areas were identified for follow-
up reconnaissance by helicopter.  The comprehensive monitoring protocol will allow for 
incremental expansion as resources permit to provide additional survey coverage of the Refuge. 
 
Travel within the Refuge is restricted because of the steep, rugged terrain and dense understory 
vegetation comprised mostly of uluhe (Dicranopteris linearis) on the ridgelines and slopes, and 
waiawi (strawberry guava; Psidium cattleianum), common guava (Psidium guajava), shoebutton 
ardisia (Ardisia elliptica) and other exotic shrubs along the stream bottoms.  Surveys were 
therefore limited to the Kīpapa Ridge and streams within reach of a day’s hike from the Kīpapa 
Ridge Trail.  During our initial helicopter over flight we flew the Kīpapa Ridge, and the middle 
and south forks of the Kīpapa Stream.  This flight was to get an overview of the terrain, 
determine the status of the Kīpapa Ridge Trail, and check for plunge pools, waterfalls or other 
features that would impede stream surveys. 
 
During the helicopter flight we also travelled along Waikakalaua Stream near the north boundary 
of the Refuge.  It was also apparent that the Waikakalaua drainage has a more rounded “u” shape 
than the “v” shape of the streams in the middle and southern portions of the Refuge.  This 
potentially will affect the detection function as more distant birds can be detected in wider 
streams than narrow streams. 
 
In addition to the helicopter over flight on 28 February, we had gear sling-loaded to the container 
on the Kīpapa Trail.  This allowed us to access the top station on the trail early the next 
morning—within 30 min of dawn.  We conducted point-transect counts on 1-3 March both along 
the Kīpapa Ridge Trail and portions of Kīpapa Stream.  Survey stations along the ridge-top trail 
were established at about 500 m intervals during the 1991 Division of Forestry and Wildlife 
survey, and we resampled the transect using the same spacing.  Because the locations of the 1991 
stations were not known exactly, and we used GPS to ensure the intra-station intervals of the 
current survey, the locations of the two surveys may not closely coincide.  This difference is not 
an issue for determining bird distributions or abundances.  We established a campsite near the 
confluence of the North and South forks of Kīpapa Stream, which facilitated surveying the 
middle sections of both forks and the lower portion of Kīpapa Stream (i.e., from the confluence 
to the Refuge boundary). 
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Although we planned to complete the survey in one foray, we left the field on 4 March because 
of a pending storm and flash flood warning.  We exited the Refuge by traveling downstream 
from the camp site along Kīpapa Stream and ascending a ridge in the southwest corner of the 
Refuge up to the Kīpapa Ridge Trail.  This route can be used to access the lower portions of both 
the north and south forks of Kīpapa Stream.  Heavy rains continued through the week of 7 March 
and the weather was not conducive for surveying. 
 
On 14 March we returned to the OFNWR to conduct a second helicopter flight to identify 
possible landing zones (LZ) along Waikakalaua and the north fork of Kīpapa Streams.  We 
identified two potential LZs on Waikakalaua Stream; however, only one provided easy access to 
the stream bed.  This LZ was about mid-way down the Waikakalaua Stream on a side ridge, and 
the stream can be accessed by a short hike down the ridge.  Vegetation at this LZ was 
predominantly uluhe with a few scattered short stature ‘ōhi‘a (Metrosideros polymorpha) trees 
and snags, which will have to be removed to make it safe to land a helicopter.  There was a 
potential sling load site down slope of the LZ, just above the stream; however this site cannot be 
used for passenger boarding/deboarding because of a slope. 
 
We also identified an LZ on the upper portion of the north fork of Kīpapa Stream, thereby 
making this region accessible for future surveys.  The LZ site will require some minor brush 
clearing to make it safe to land a helicopter.  This LZ was relatively flat and vegetation consisted 
of a small grassy open area surrounded by short stature exotic trees and shrubs.  This LZ can also 
serve as a sling load site.  The flight further up Kīpapa Stream did not reveal any features that 
would impede surveys. 
 
On 15 March we accessed the upper portion of the south fork of Kīpapa Stream by hiking up the 
Kīpapa Ridge Trail and dropping down a side ridge to a trail above a waterfall.  Along the way 
we sampled three stations on the ridge and three additional stations along the stream.  We 
established a camp on a wide bench just below the ridge used to access the stream in 1978 
(Shallenberger and Vaughn 1978).  Exploration of the area did not reveal any access via the 
route traversed by Shallenberger and Vaughn.  On 16 March we continued surveying up the 
South fork of the Kīpapa Stream, and established an additional seven stations at 250 m intervals.  
The upper most station was established as far up the stream as possible without resampling the 
area surveyed from the ridge (i.e., Kīpapa Ridge stations 1–5).  After completing the south fork 
of Kīpapa Stream surveys we exited the Refuge via the Kīpapa Ridge Trail. 
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Appendix 2.  Photographs taken during helicopter flights to show geographic features that 
affected the design of the monitoring protocol.  Georeferenced locations of photographs are 
shown in Figure 1. 

 

 
Appendix 2, Figure 1.  View of Kīpapa Stream from west of O‘ahu Forest National Wildlife 
Refuge.  View towards E from position at 2374219 N, 607702 E (UTM Zone 4 N; 
NAD83)(latitude 21.46726 N, longitude -157.960482 E).  Photograph taken on 28 February, 
2011.  
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Appendix 2, Figure 2.  Example of open and closed forest within V-shaped drainage along the 
south fork of Kīpapa Stream, O‘ahu Forest National Wildlife Refuge.  View towards W from 
position at 2375548 N, 613493 E (UTM Zone 4 N; NAD83)(latitude 21.478903 N, longitude -
157.904506 E).  Photograph taken on 28 February, 2011.  
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Appendix 2, Figure 3.  Kīpapa Ridge Trail traversing headwall at uppermost section of the south 
fork of Kīpapa Stream, O‘ahu Forest National Wildlife Refuge.  View towards E from position at 
2375820 N, 614402 E (UTM Zone 4 N; NAD83)(latitude 21.481304 N, longitude -157.895714 
E).  Photograph taken on 28 February, 2011. 
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Appendix 2, Figure 4.  View of “Alligator Pond” along the south fork of Kīpapa Stream, O‘ahu 
Forest National Wildlife Refuge.  View from position at 2375653 N, 613348 E (UTM Zone 4 N; 
NAD83)(latitude 21.47986 N, longitude -157.905895 E).  Photograph taken on 28 February, 
2011. 
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Appendix 2, Figure 5.  Example of open and closed forest along the South Fork of Kīpapa 
Stream, O‘ahu Forest National Wildlife Refuge.  View towards NE from position at 2374735 N, 
611400 E (UTM Zone 4 N; NAD83)(latitude 21.471689 N, longitude -157.924753 E).  
Photograph taken on 28 February, 2011. 
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Appendix 2, Figure 6.  Palm grove near waterfall along the South Fork of Kīpapa Stream, O‘ahu 
Forest National Wildlife Refuge.  View towards NE from position at 2374623 N, 611227 E 
(UTM Zone 4 N; NAD83)(latitude 21.470692 N, longitude -157.926433 E).  Photograph taken 
on 28 February, 2011.  
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Appendix 2, Figure 7.  Palm and bamboo groves along the North Fork of Kīpapa Stream, O‘ahu 
Forest National Wildlife Refuge.  View from position at 2375136 N, 610771 E (UTM Zone 4 N; 
NAD83)(latitude 21.475355 N, longitude -157.930801 E).  Photograph taken on 14 March, 2011.  
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Appendix 2, Figure 8.  Typical stretch of pool and riffles along the North Fork of Kīpapa Stream, 
O‘ahu Forest National Wildlife Refuge.  View towards NE from position at 2375160 N, 610962 
E (UTM Zone 4 N; NAD83)(latitude 21.475557 N, longitude -157.928963 E).  Photograph taken 
on 14 March, 2011.  
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Appendix 2, Figure 9.  Potential landing zone along the upper North Fork of Kīpapa Stream; 
ground elevation at 420 m, O‘ahu Forest National Wildlife Refuge.  View from position at 
2376037 N, 612655 E (UTM Zone 4 N; NAD83)(latitude 21.483381 N, longitude -157.912557 
E).  Photograph taken on 14 March, 2011.  
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Appendix 2, Figure 10.  Upper watershed of Waikakalaua Stream, O‘ahu Forest National 
Wildlife Refuge.  View towards W from near the summit at position at 2377750 N, 614226 E 
(UTM Zone 4 N; NAD83)(latitude 21.498752 N, longitude -157.897276 E).  Photograph taken 
on 28 February, 2011.  
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Appendix 2, Figure 11.  Middle to upper watershed of Waikakalaua Stream, O‘ahu Forest 
National Wildlife Refuge.  View towards E from position at 2377328 N, 611351 E (UTM Zone 4 
N; NAD83)(latitude 21.495124 N, longitude -157.925061 E).  Photograph taken on 14 March, 
2011.
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Appendix 2, Figure 12.  Waterfall impeding further travel along upper Waikakalaua Stream, 
O‘ahu Forest National Wildlife Refuge.  View towards E from position at 2377363 N, 613202 E 
(UTM Zone 4 N; NAD83)(latitude 21.495321 N, longitude -157.907193 E).  Photograph taken 
on 14 March, 2011.  
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Appendix 2, Figure 13.  Small waterfall along middle Waikakalaua Stream, O‘ahu Forest 
National Wildlife Refuge.  Access above this point may be possible by following ox-bow to 
south of waterfall.  View towards E from position at 2377197 N, 611688 E (UTM Zone 4 N; 
NAD83)(latitude 21.493916 N, longitude -157.921817 E).  Photograph taken on 14 March, 2011.  



62 
 

 
Appendix 2, Figure 14.  Potential landing zone on ridge 160 meters to south of Waikakalaua 
Stream, O‘ahu Forest National Wildlife Refuge.  View towards SW from position at 2377123 N, 
610718 E (UTM Zone 4 N; NAD83)(latitude 21.493307 N, longitude -157.931184 E).  
Photograph taken on 14 March, 2011.  
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Appendix 2, Figure 15.  Potential landing zone (same shown in previous figure) along 
Waikakalaua Stream, O‘ahu Forest National Wildlife Refuge.  View towards SE from position at 
2377093 N, 610639 E (UTM Zone 4 N; NAD83)(latitude 21.493039 N, longitude -157.931949 
E).  Photograph taken on 14 March, 2011.  
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Appendix 2, Figure 16.  Potential sling load site  (below landing zone shown in previous 2 
figures) along Waikakalaua Stream, O‘ahu Forest National Wildlife Refuge.  View from position 
at 2377310 N, 610647 E (UTM Zone 4 N; NAD83)(latitude 21.495005 N, longitude -
157.931857 E).  Photograph taken on 14 March, 2011.  
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Appendix 2, Figure 17.  Stands of Syzygium jambos presumably killed by the fungal pathogen 
Puccinia psidii along lower Waikakalaua Stream, O‘ahu Forest National Wildlife Refuge.  View 
from position at 2376968 N, 609038 E (UTM Zone 4 N; NAD83)(latitude 21.492012 N, 
longitude -157.947402 E).  Photograph taken on 14 March, 2011.
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Appendix 2, Figure 18.  View of Kīpapa Stream from west of O‘ahu Forest National Wildlife 
Refuge.  View towards SW from position at 2374696 N, 608283 E (UTM Zone 4 N; 
NAD83)(latitude 21.471535 N, longitude -157.954845 E).  Photograph taken on 14 March, 2011. 
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Appendix 3.  Descriptions of Sampling and Detection Data collected during each point-transect 
count, and an example of the form. 

 
 

  

Time: record the time using a 24-hour clock format 
Cloud cover: estimate to the nearest 10%. 1 = 10% cloud 
 cover, 10 = 100% cloud cover 
Rain: (stop count if rain persists above a 3) 
 0 = no rain 
 1 = mist or fog 
 2 = light drizzle 
 3 = light rain 
 4 = heavy rain 
Wind speed: (stop count if wind persists above a 3) 
 0 = calm; smoke rises vertically; ≤ 1 mph 
 1 = smoke drifts; 1-3 mph 
 2 = wind felt on face; leaves rustle; 4-7 mph 
 3 = leaves, small twigs in motion 
 4 = branches stir 
Gust: the maximum wind speed (as above) during the count. 
 If wind speed is constant through the count Gust=Wind 
Understory openness: estimate openness of understory below 
 the tree canopy 
 0 = < 25 m in < 50% viewshed 
 1 = < 25 m in > 50% viewshed 
 2 = > 50 m in < 10% viewshed 
 3 = > 50 m in 10 – 25% viewshed 
 4 = > 50 m in 25 – 50% viewshed 
 5 = > 50 m in > 50% viewshed 
Noise: record the level of background noise as it affects 
 observer’s ability to hear birds 
 0 = quiet; normal background noises; no interference 
 1 = low noise; missing high-pitched, distant birds 
 2 = medium noise; detection radius substantially reduced 
 3 = high noise; detecting only loudest, closest birds 
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UTM: record the Easting and Northing from GPS; or waypoint 
Habitat: record habitat type following Jacobi (1989) guidelines 
Canopy cover: estimate to the nearest 10%. 1 = 10% cover,  
 10 = 100% cover 
Canopy height: estimate to the nearest meter 
Distance: record horizontal distance from station center-point 
 to bird; to nearest meter 
Detection type: record how bird was detected 
 1 = heard first but not seen during count 
 2 = first detected by sight during count 
 4 = heard first and later seen during count 
 8 = not detected during count; seen along transect 
 9 = not detected during count; heard along transect 
Direction: record direction to bird; to nearest 10 degrees 
 
 
 
Bird Species Abbreviation Codes: 

 NUMA = Nutmeg Mannikin 
ZEBD = Zebra Dove NOCA = Northern Cardinal 
YFGR = Yellow-faced Grassquit MELT = Hwamei 
WRSH = White-rumped Shama JAWE = Japanese White-eye 
SPDO = Spotted Dove JABW = Japanese Bush-Warbler 
RWBU = Red-whiskered Bulbul HOSP = House Sparrow 
RVBU = Red-vented Bulbul HOFI = House Finch 
RPHE = Ring-necked Pheasant GUSW = Guam Swiftlet 
RCCA = Red-crested Cardinal ERFR = Erckel's Francolin 
RBLE = Red-billed Leiothrix COPE = Common Peafowl 
PAGP = Pacific Golden-Plover COMY = Common Myna 
OAEL = Oahu Elepaio COMW = Common Waxbill 
OAAM = Oahu Amakihi APAP = Apapane 
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Appendix 4.  Description of habitat and log of photographs taken at each point-transect station 
sampled for forest birds during the 2011 survey in O‘ahu Forest National Wildlife Refuge, Island 
of O‘ahu, Hawai‘i.  The habitat photographs were provided to the Refuge as Supplemental 
Materials. 

 
Following Jacobi (1989), we described and recorded the habitat characteristics for tree canopy 
cover, height, and composition (dominant and codominant overstory and understory) within 50 
m of each point-transect station sampled for birds during the 2011 survey in O‘ahu Forest 
National Wildlife Refuge.  This system describes the general plant associations of both the 
canopy and understory.  Categories for each factor are described in Point-transect Sampling and 
Appendix 3, above.  Data used in the summaries below were queried from the bird monitoring 
database. 
 
Most stations had an open canopy (>25-60% cover; 29 of 33 stations) with the remaining four 
stations being closed canopy.  Canopy cover was recorded to the nearest 10% and ranged from 0 
to 90%, with an average cover of 34% (± 22%).  The trees were mostly of moderate stature (>5-
10 m tall; 23 of 33 stations; 2.1 ± 0.6) with four stations of low stature (2-5 m tall) and six 
stations of tall stature (>10 m tall).  Canopy height ranged from 0 to 23 m and the average height 
was 11.8 m (± 4.6 m).  The dominant tree composition was relatively homogeneous, with most 
stations comprised of ‘ōhi‘a and other native trees (30 stations).  Exotic trees were most 
prevalent in the stream bottoms (21 stations).  The understory was dominated by matted fern (30 
stations), particularly on the slopes and ridges.  The understory was moderately open but 
visibility was typically restricted to a small portion, able to see more than 50 m in no more than a 
quarter, of the area sampled (2.5 ± 1.3).  Exotic shrubs were present at about half the stations (16 
stations), whereas native shrubs were codominant with exotic shrubs on about a third of the 
stations (12 stations). 
 
We observed three highly invasive plant species in the Refuge:  strawberry guava (Psidium 
cattleianum), Koster’s curse (Clidemia hirta), and shoebutton ardisia (Ardisia elliptica).  
Strawberry guava was common on the ridges and drainage bottoms, and was observed 
throughout much of the Refuge. Monotypic stands of strawberry guava occurred in localized 
patches, apparently displacing even uluhe in some areas.  Koster’s curse was also common 
throughout the Refuge and formed dense thickets in places along the drainage bottoms and 
stream benches.  Shoebutton ardisia was observed in the middle and lower elevation portions of 
the Refuge, and was restricted to riparian habitats.  All ardisia were small (<3-m high) plants, 
indicating that the species is newly established in the Refuge.  We saw ardisia at all three stations 
in the middle portion of the north fork of Kīpapa Stream but did not see any ardisia above station 
35 in the south fork of Kīpapa Stream.  It is notable that we did not see any ginger (Family 
Zingiberaceae) in the areas we surveyed, although ginger occurs locally in the Refuge and is 
widespread on the windward side of the Ko‘olau Mountains. 
 
In addition to these ubiquitous alien plants, we noted several other alien species, some of which 
are of concern because of their invasive potential.  These included albizia (Falcataria 
moluccana), common guava (Psidium guajava), gunpowder tree (Melochia umbellata), New 
Zealand tea (manuka; Leptospermum scoparium), banana poka (Passiflora mollissima), lantana 
(Lantana camara), porterweed (Stachytarpheta spp.), tsugi (Cryptomeria japonica), and several 
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species of palm (Arecaceae) and eucalyptus (Myrtaceae).  We saw several large albizia trees 
scattered along the drainage bottoms and on the slopes but did not see any seedlings or saplings.  
Common guava was locally common but observed only along the streams and stream benches.  
Gunpowder tree was also widespread at low densities along drainage bottoms, attaining sizes of 
up to 10 cm in diameter.  New Zealand tea shrubs were seen along ridge-tops and slopes near the 
uppermost stations (1-5) of Kīpapa Ridge Trail.  Banana poka was detected at a few locations 
along both the north and south forks of Kīpapa Stream.  Likewise, lantana was detected in 
isolated patches on the stream drainages and also intermittently along the lower portion of the 
Kīpapa Ridge Trail.  Porterweed was found sporadically in the drainage bottoms.  Tsugi were 
detected at several stations along the upper- and lower-most portions of Kīpapa Ridge Trail.  A 
particularly large patch of mature tsugi was located across the drainage near station 3 on Kīpapa 
Ridge Trail.  A large palm grove was noted near station 30 on the south fork of Kīpapa Stream, 
and eucalyptus was common along the lower portion of Kīpapa Ridge Trail. 
 
Log of photographs taken at each station along cardinal directions: 
 

Key  
Route Code 
Kīpapa Ridge Trail KRT 
north fork of Kīpapa Stream NKS 
south fork of Kīpapa Stream SKS 
Direction   
North 0 
East 90 
South 180 
West 270 

 

Route Station Direction Photo Name 
KRT 1 0 KRT_1_0 
KRT 1 90 KRT_1_90 
KRT 1 180 KRT_1_180 
KRT 1 270 KRT_1_270 
KRT 3 0 KRT_3_0 
KRT 3 90 KRT_3_90 
KRT 3 180 KRT_3_180 
KRT 3 270 KRT_3_270 
KRT 5 0 KRT_5_0 
KRT 5 90 KRT_5_90 
KRT 5 180 KRT_5_180 
KRT 5 270 KRT_5_270 
KRT 7 0 KRT_7_0 
KRT 7 90 KRT_7_90 
KRT 7 180 KRT_7_180 
KRT 7 270 KRT_7_270 
KRT 9 0 KRT_9_0 
KRT 9 90 KRT_9_90 
KRT 9 180 KRT_9_180 
KRT 9 270 KRT_9_270 
KRT 11 0 KRT_11_0 
KRT 11 90 KRT_11_90 

KRT 11 180 KRT_11_180 
KRT 11 270 KRT_11_270 
KRT 13 0 KRT_13_0 
KRT 13 90 KRT_13_90 
KRT 13 180 KRT_13_180 
KRT 13 270 KRT_13_270 
KRT 15 0 KRT_15_0 
KRT 15 90 KRT_15_90 
KRT 15 180 KRT_15_180 
KRT 15 270 KRT_15_270 
KRT 17 0 KRT_17_0 
KRT 17 90 KRT_17_90 
KRT 17 180 KRT_17_180 
KRT 17 270 KRT_17_270 
KRT 19 0 KRT_19_0 
KRT 19 90 KRT_19_90 
KRT 19 180 KRT_19_180 
KRT 19 270 KRT_19_270 
KRT 21 0 KRT_21_0 
KRT 21 90 KRT_21_90 
KRT 21 180 KRT_21_180 
KRT 21 270 KRT_21_270 
KRT 23 0 KRT_23_0 
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Route Station Direction Photo Name 
KRT 23 90 KRT_23_90 
KRT 23 180 KRT_23_180 
KRT 23 270 KRT_23_270 
KRT 24 0 KRT_24_0 
KRT 24 90 KRT_24_90 
KRT 24 180 KRT_24_180 
KRT 24 270 KRT_24_270 
NKS 27 0 NKS_27_0 
NKS 27 90 NKS_27_90 
NKS 27 180 NKS_27_180 
NKS 27 270 NKS_27_270 
NKS 45 0 NKS_45_0 
NKS 45 90 NKS_45_90 
NKS 45 180 NKS_45_180 
NKS 45 270 NKS_45_270 
NKS 47 0 NKS_47_0 
NKS 47 90 NKS_47_90 
NKS 47 180 NKS_47_180 
NKS 47 270 NKS_47_270 
NKS 49 0 NKS_49_0 
NKS 49 90 NKS_49_90 
NKS 49 180 NKS_49_180 
NKS 49 270 NKS_49_270 
SKS 28 0 SKS_28_0 
SKS 28 90 SKS_28_90 
SKS 28 180 SKS_28_180 
SKS 28 270 SKS_28_270 
SKS 29 0 SKS_29_0 
SKS 29 90 SKS_29_90 
SKS 29 180 SKS_29_180 
SKS 29 270 SKS_29_270 
SKS 30 0 SKS_30_0 
SKS 30 90 SKS_30_90 
SKS 30 180 SKS_30_180 
SKS 30 270 SKS_30_270 
SKS 31 0 SKS_31_0 
SKS 31 90 SKS_31_90 
SKS 31 180 SKS_31_180 
SKS 31 270 SKS_31_270 
SKS 32 0 SKS_32_0 
SKS 32 90 SKS_32_90 
SKS 32 180 SKS_32_180 
SKS 32 270 SKS_32_270 
SKS 33 0 SKS_33_0 
SKS 33 90 SKS_33_90 
SKS 33 180 SKS_33_180 
SKS 33 270 SKS_33_270 
SKS 34 0 SKS_34_0 
SKS 34 90 SKS_34_90 
SKS 34 180 SKS_34_180 
SKS 34 270 SKS_34_270 
SKS 35 0 SKS_35_0 
SKS 35 90 SKS_35_90 
SKS 35 180 SKS_35_180 
SKS 35 270 SKS_35_270 

SKS 36 0 SKS_36_0 
SKS 36 90 SKS_36_90 
SKS 36 180 SKS_36_180 
SKS 36 270 SKS_36_270 
SKS 37 0 SKS_37_0 
SKS 37 90 SKS_37_90 
SKS 37 180 SKS_37_180 
SKS 37 270 SKS_37_270 
SKS 38 0 SKS_38_0 
SKS 38 90 SKS_38_90 
SKS 38 180 SKS_38_180 
SKS 38 270 SKS_38_270 
SKS 39 0 SKS_39_0 
SKS 39 90 SKS_39_90 
SKS 39 180 SKS_39_180 
SKS 39 270 SKS_39_270 
SKS 40 0 SKS_40_0 
SKS 40 90 SKS_40_90 
SKS 40 180 SKS_40_180 
SKS 40 270 SKS_40_270 
SKS 41 0 SKS_41_0 
SKS 41 90 SKS_41_90 
SKS 41 180 SKS_41_180 
SKS 41 270 SKS_41_270 
SKS 42 0 SKS_42_0 
SKS 42 90 SKS_42_90 
SKS 42 180 SKS_42_180 
SKS 42 270 SKS_42_270 
SKS 43 0 SKS_43_0 
SKS 43 90 SKS_43_90 
SKS 43 180 SKS_43_180 
SKS 43 270 SKS_43_270 
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Appendix 5.  Metadata describing the 2011 pilot study survey at O‘ahu Forest National Wildlife 
Refuge, Island of O‘ahu, Hawai‘i. 

 
 

 
Identification_Information 
User_Defined_Information 
Data_Quality_Information 
Distribution_Information 
Metadata_Reference_Information 

 
IDENTIFICATION INFORMATION 
Section Index 

Citation:  
Citation Information:  

Originator: Richard J. Camp, USGS PIERC 
Publication Date: 02 May 2011 
Publication Time: Unknown 
Title: Hawaii Forest Bird Interagency Database Project 
Publication Information:  

Publication Place: Kilauea Field Station 
Publisher: HFBIDP 

Online Linkage: 
http://biology.usgs.gov/pierc/HFBIDPSite/HFBIDPHome.htm 

Description:  
Abstract: Island of Oahu, United States Fish and Wildlife Service, 2011. 
Purpose: Annual survey of Oahu Forest National Wildlife Refuge to determine 
forest bird species composition, distribution, and density. 
Supplemental Information: Variable Circular-Plot method lasting 8 minutes.  
Distance to each bird was estimated to the nearest meter and recorded as exact.  
There were no methodology anomalies.  Each station was sampled 1 time by 2 
counters simultaneously, except Route KRT, Station 24 was sampled by only one 
counter.  All forest birds were surveyed resulting in 487 records. 

  
Time Period of Content:  

Time Period Information:  
Range of Dates/Times:  

Beginning Date: 01 March 2011 
Beginning Time: 07:08:00 
Ending Date: 16 March 2011 
Ending Time: 16:06:00 

Currentness Reference: publication date 
  



74 
 

Status:  
Progress: Complete 
Maintenance and Update Frequency: As needed 

Spatial Domain:  
Bounding Coordinates:  

West Bounding Coordinate: -160.2759 
East Bounding Coordinate: -154.722 
North Bounding Coordinate: 22.2885 
South Bounding Coordinate: 18.8716 

Keywords:  
Theme:  

Theme Keyword Thesaurus: Hawaii Forest Bird Interagency Database 
Project 
Theme Keyword: Variable circular plot 
Theme Keyword: Oahu Forest NWR 
Theme Keyword: United States Fish and Wildlife Service 
Theme Keyword: Monitoring 
Theme Keyword: Forest birds 

Place:  
Place Keyword Thesaurus: Hawaii Forest Bird Interagency Database 
Project 
Place Keyword: Oahu Forest NWR 

Access Constraints:  
Some Hawaii Forest Birds Interagency Database Project data sets may contain 
data with Access constraints. Such areas include sensitive information on the 
locations of endangered species or cultural artifacts and data which contain 
private or confidential information. In addition some data sets are collaborative 
efforts with outside researchers and represent unpublished work for which we 
request respect for intellectual property rights. Some data sets are not complete 
and if access is given the use may be restricted until completion. Please contact 
the Hawaii Forest Birds Interagency Database Project Coordinator at the Pacific 
Islands Ecosystem Research Center for details on any Access constraints.  

Use Constraints:  
Some Hawaii Forest Birds Interagency Database Project data sets may contain 
data with use constraints. Such areas include sensitive information on the 
locations of endangered species or cultural artifacts and data which contain 
private or confidential information. In addition some data sets are collaborative 
efforts with outside researchers and represent unpublished work for which we 
request respect for intellectual property rights. Some data sets are not complete 
and if access is given the use may be restricted until completion. Please contact 
the Hawaii Forest Birds Interagency Database Project Coordinator at the Pacific 
Islands Ecosystem Research Center for details on any use constraints.  

  



75 
 

Point of Contact:  
Contact Information:  

Contact Person Primary:  
Contact Person: Richard J. Camp 
Contact Organization: USGS PIERC 

Contact Position: Project Coordinator 
Contact Address:  

Address Type: mailing address 
Address: USGS PIERC, PO Box 44 
City: Hawaii National Park 
State or Province: Hawaii 
Postal Code: 96718 
Country: USA 

Contact Voice Telephone: 808-985-6405 
Contact Electronic Mail Address: rick_camp@usgs.gov 

Data Set Credit:  
Acknowledgement of the National Park Service, U.S. Fish and Wildlife Service, 
Hawaii GAP, The Nature Conservancy - Hawaii, State of Hawaii Department of 
Forestry and Wildlife, Kamehameha Schools, Hawaii Natural Heritage Program, 
Pacific Cooperative Studies Unit - University of Hawaii, U.S. Forest Service, 
Pacific Basin Information Node - U.S. Geological Survey and Pacific Island 
Ecosystems Research Center of Biological Resources Division - U.S. Geological 
Survey would be appreciated in products derived from these data.  

Native Data Set Environment: VCP format and data books. 
 

USER DEFINED INFORMATION 
Section Index 

User Defined Memo:  
Label: Transects and Stations Sampled 
Value:  

KRT  1-24  Station 24 sampled only once. 
NKS  27-49  No comments; 
SKS   28-43  No comments. 
 

User Defined Memo:  
Label: References 
Value:  

American Ornithologists’ Union (A.O.U.). 1983. Check-list of North 
American birds, 7th ed. American Ornithologists’ Union, Washington, 
D.C. 
Scott, J.M., S. Mountainspring, F.L. Ramsey, and C.B. Kepler.  1986.  
Forest bird communities of the Hawaiian Islands: their dynamics, ecology, 
and conservation.  Studies in Avian Biology No. 9.  Cooper Ornithological 
Society.  Allen Press, Lawrence, KS, U.S.A. 
 

User Defined Memo:  
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Label: Variables Recorded 
Value:  

Time was recorded always 
Cloud Cover was recorded always 
Rain was recorded always 
Wind was recorded always 
Gust was recorded always 
Elevation was recorded always 
Openness was recorded always 
Noise was recorded always 
Habitat was recorded always 
Canopy cover was recorded always 
Canopy height was recorded always 
 

User Defined Text:  
Label: Observers 
Value:  

P. Marcos Gorresen, Richard J. Camp. 
 

User Defined Memo:  
Label: Original metadata written  
Value: May 2011 
 

User Defined Memo:  
Label: Original metadata updated  
Value: Not applicable 
Value: Richard Camp 

 
DATA QUALITY INFORMATION 
Section Index 

Logical Consistency Report: Data were line item proofed and spot-checked by 
HFBIDP. Less than 1% of spot-checked records contained errors, therefore no further 
actions taken. 
Completeness Report: Survey and metadata complete. 
Lineage:  

Source Information:  
Source Citation:  

Citation Information:  
Originator: Richard J. Camp, USGS PIERC 
Publication Date: 02 May 2011 
Publication Time: Unknown 
Title: Hawaii Forest Bird Interagency Database Project 
Publication Information:  

Publication Place: Kilauea Field Station 
Publisher: HFBIDP 
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Online Linkage: 
http://biology.usgs.gov/pierc/HFBIDPSite/HFBIDPHome.h
tm 

Type of Source Media: paper and disc 
Source Time Period of Content:  

Time Period Information:  
Range of Dates/Times:  

Beginning Date: 01 March 2011 
Beginning Time: 07:08:00 
Ending Date: 16 March 2011 
Ending Time: 16:06:00 

Source Currentness Reference: publication date 
Source Citation Abbreviation: HFBIDP 
Source Contribution: Mike Silbernagle provided hard copies of the data 
via interoffice transfer. 

Process Step:  
Process Description: Data books were received from USFWS and data 
was entered and proofed by HFBIDP. 
Process Date: Richard Camp 2011 to enter data into electronic database 
and pass spotcheck.  Metadata was written and data were standardized by 
Richard Camp 2011. 

 
DISTRIBUTION INFORMATION 
Section Index 

Distributor:  
Contact Information:  

Contact Person Primary:  
Contact Person: Richard J. Camp 
Contact Organization: USGS PIERC 

Contact Position: Project Coordinator 
Contact Address:  

Address Type: mailing address 
Address: USGS PIERC, PO Box 44 
City: Hawaii National Park 
State or Province: Hawaii 
Postal Code: 96718 
Country: USA 

Contact Voice Telephone: 808-985-6405 
Contact Electronic Mail Address: rick_camp@usgs.gov 

Resource Description: Survey Identification Information based on Hawaii Forest Bird 
Survey (Scott et al. 1986).  Electronic copy located at PIERC-KFS.  Backup copy on 
external hard drive at PIERC-KFS.  Hard copy located at PIERC-KFS. 
Distribution Liability: Any use of trade, product, or firm names in this publication is for 
descriptive purposes only and does not imply endorsement by the U.S. Government. 
Technical Prerequisites: Access 2000. 
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METADATA REFERENCE INFORMATION 
Section Index 

Metadata Date: 02 May 2011 
Metadata Review Date:  
Metadata Future Review Date:  
Metadata Contact:  

Contact Information:  
Contact Person Primary:  

Contact Person: Richard J. Camp 
Contact Organization: USGS PIERC 

Contact Position: Project Coordinator 
Contact Address:  

Address Type: mailing address 
Address: USGS PIERC, PO Box 44 
City: Hawaii National Park 
State or Province: Hawaii 
Postal Code: 96718 
Country: USA 

Contact Voice Telephone: 808-985-6405 
Contact Electronic Mail Address: rick_camp@usgs.gov 

Metadata Standard Name: FGDC Content Standards for Digital Geospatial Metadata 
Metadata Standard Version: FGDC-STD-001-1998 

 
SMMS Metadata report generated 02 May 20101 
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Appendix 6.  Proportion of survey area around each station blocked by embankments. 
Key  
Route Code 
Kīpapa Ridge Trail KRT 
north fork of Kīpapa Stream NKS 
south fork of Kīpapa Stream SKS 
  

Route Station Blocked (%) 
KRT 1 20 
KRT 3 30 
KRT 5 40 
KRT 7 45 
KRT 9 40 
KRT 11 40 
KRT 13 45 
KRT 15 55 
KRT 17 60 
KRT 19 5 
KRT 21 5 
KRT 23 55 
KRT 24 0 
NKS 27 20 
NKS 45 20 
NKS 47 15 
NKS 49 20 
SKS 28 60 
SKS 29 80 
SKS 30 50 
SKS 31 60 
SKS 32 30 
SKS 33 20 
SKS 34 75 
SKS 35 40 
SKS 36 25 
SKS 37 15 
SKS 38 30 
SKS 39 40 
SKS 40 30 
SKS 41 30 
SKS 42 20 
SKS 43 35 
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Appendix 7.  Detection functions and AICc statistics. 

 

 
Appendix 7, Figure 1.  Best-fit detection function (line) and distance data (histogram) for species 
with sufficient numbers of detections to model densities.  Data is from the 2011 pilot survey on 
O‘ahu Forest National Wildlife Refuge. 
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Appendix 7, Table 11.  Model parameters and model selection results for forest bird populations 
at O‘ahu Forest National Wildlife Refuge.  Within each species analysis, models were sorted by 
differences in 2nd-order Akaike’s Information Criterion after correcting for small sample size 
(∆AICc) between each candidate model and the model with the lowest AICc value.  Models 
included HN = half normal and HR = hazard-rate key detection functions with series expansions 
COS = cosine, Hp = hermite polynomial and Sp = simple polynomial.  Covariates were 
incorporated with the most parsimonious model to improve model precision.  Covariates 
included the continuous variables CanCov = canopy cover category, CanHgt = canopy height 
category, Cloud = cloud cover, DetType = detection type, Elevation = elevation at station, Gust = 
Beaufort gust scale, Noise = background noise, Observer = observer, Openness = openness 
category, Rain = amount of rain, TimeDet = time of detection, Strata = ridge or stream stratum, 
and Wind = Beaufort wind scale.  For each model, the number of estimated parameters (Num 
Param), estimate of the log-likelihood (LogL), and Akaike model weight (wi) are provided.  In 
addition, a description of the model warning is provided. 

 
Model Covariate(s) Num Param LogL AICc Δ AICc wi Description 
  Japanese Bush-warbler    
HR Key CanHgt 4 -384.84 778.16 0.00 0.58959  
HR Key Strata 3 -386.35 778.98 0.82 0.39128  
HR Key Elevation 3 -389.41 785.11 6.95 0.01825  
HR Key CanCov 3 -393.81 793.92 15.76 0.00022  
HR Key Openness 7 -389.25 793.92 15.76 0.00022  
HR Key Gust 7 -389.91 795.24 17.08 0.00012  
HR Key  2 -395.76 795.67 17.51 0.00009  
HR Key Observer 3 -395.01 796.30 18.14 0.00007  
HR Key Cloud 3 -395.70 797.69 19.53 0.00003  
HR Key TimeDet 3 -395.80 797.89 19.73 0.00003  
HR Key Rain 3 -395.96 798.22 20.06 0.00003  
HR Key Noise 4 -394.88 798.24 20.08 0.00003  
HR Key DetType 4 -394.88 798.25 20.09 0.00003  
HN Key  1 -398.98 800.00 21.84 0.00001  
HR Key Wind 5 -396.11 802.95 24.79 0.00000  
HN Cos       key model selected 
HN Hp       failed to converge 
HR Cos       key model selected 
HR Sp       failed to converge 
  Red-vented Bulbul     
HR Key Elevation 2 -218.98 442.20 0.00 0.43226  
HR Key Strata 2 -219.63 443.50 1.30 0.22566  
HR Key Openness 6 -215.47 444.72 2.52 0.12261  
HN Key  1 -222.15 446.39 4.19 0.05320  
HR Key  2 -221.46 447.16 4.96 0.03620  
HR Key Noise 3 -220.66 447.80 5.60 0.02629  
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Model Covariate(s) Num Param LogL AICc Δ AICc wi Description 
HR Key Cloud 2 -221.82 447.88 5.68 0.02526  
HR Key Observer 2 -221.88 447.99 5.79 0.02390  
HR Key CanCov 2 -222.14 448.52 6.32 0.01834  
HR Key TimeDet 2 -222.14 448.52 6.32 0.01834  
HR Key DetType 3 -221.46 449.41 7.21 0.01175  
HR Key Wind 4 -221.26 451.33 9.13 0.00450  
HR Key Gust 5 -221.02 453.29 11.09 0.00169  
HN Cos       key model selected 
HN Hp       failed to converge 
HR Cos       key model selected 
HR Spy       failed to converge 
HR Key CanHgt      failed to converge 
HR Key Rain      only one factor 
  Japanese White-eye     
HR Key Observer 3 -524.30 1054.77 0.00 0.32388  
HR Key  2 -525.43 1054.93 0.16 0.29898  
HR Key Wind 5 -523.62 1057.67 2.90 0.07597  
HR Key Noise 4 -524.84 1057.96 3.19 0.06572  
HR Key Strata 3 -526.29 1058.74 3.97 0.04449  
HR Key Elevation 3 -526.30 1058.76 3.99 0.04405  
HR Key Rain 3 -526.34 1058.84 4.07 0.04232  
HR Key Cloud 3 -526.36 1058.89 4.12 0.04128  
HR Key CanCov 3 -526.37 1058.90 4.13 0.04107  
HR Key CanHgt 4 -526.09 1060.45 5.68 0.01892  
HR Key Gust 7 -525.18 1065.15 10.38 0.00180  
HN Key  1 -532.13 1066.29 11.52 0.00102  
HR Key Openness 7 -526.50 1067.80 13.03 0.00048  
HN Cos       failed to converge 
HN Hp       failed to converge 
HR Cos       key model selected 
HR Sp       key model selected 
HR Key DetType      failed to converge 
HR Key TimeDet      failed to converge 
  Red-billed Leiothrix     
HR Key Cloud 3 -304.99 616.32 0.00 0.67741  
HR Key  2 -307.60 619.37 3.05 0.14742  
HN Key  1 -308.78 619.62 3.30 0.13010  
HR Key Observer 3 -309.73 625.81 9.49 0.00589  
HR Key Strata 3 -309.74 625.81 9.49 0.00589  
HR Key CanCov 3 -309.74 625.82 9.50 0.00586  
HR Key Elevation 3 -309.74 625.82 9.50 0.00586  
HR Key Rain 3 -309.74 625.82 9.50 0.00586  
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Model Covariate(s) Num Param LogL AICc Δ AICc wi Description 
HR Key DetType 3 -309.74 625.82 9.50 0.00586  
HR Key TimeDet 3 -309.74 625.82 9.50 0.00586  
HR Key Noise 4 -309.74 628.06 11.74 0.00191  
HR Key Gust 7 -306.78 629.23 12.91 0.00107  
HR Key Wind 5 -309.49 629.85 13.53 0.00078  
HR Key Openness 7 -308.30 632.28 15.96 0.00023  
HN Cos       key model selected 
HN Hp       key model selected 
HR Cos       failed to converge 
HR Sp       failed to converge 
HR Key CanHgt      failed to converge 
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Appendix 8.  Coordinates for camp sites, helicopter landing zones (LZ) and trail access points to 
stream stretches in the O‘ahu Forest National Wildlife Refuge (Figure 14).  Easting and northing 
coordinates are in a UTM – Zone 4 North projection from a NAD 83 datum. 

Location Easting Northing Latitude Longitude Comment 
camp 613293 2374957 21.473580 -157.906460 Kīpapa Ridge Trail shelter 

camp 612013 2374998 21.474032 -157.918810 upper south fork of Kīpapa Stream 

camp 610287 2374844 21.472748 -157.935482 confluence of South & north forks of 
Kīpapa Stream 

camp 612670 2376047 21.483463 -157.912399 upper north fork of Kīpapa Stream 

camp 610643 2377314 21.495032 -157.931878 Waikakalaua Stream 

LZ 613290 2374982 21.473807 -157.906504 Kīpapa Ridge Trail shelter 

LZ 612669 2376068 21.483659 -157.912424 upper north fork of Kīpapa Stream 

LZ 610662 2377074 21.492873 -157.931726 Waikakalaua Stream 

trail 609713 2374588 21.470467 -157.941047 access to lower Kīpapa Stream; 
stream-side location below stn 24 

trail 609810 2374198 21.466944 -157.940136 access to lower Kīpapa Stream; ridge 
trail turn-off near stn 22 

trail 611197 2374447 21.469100 -157.926734 access to middle south fork of Kīpapa 
Stream; 

ridge trail turn-off near stn 17 

trail 611115 2374804 21.472333 -157.927501 access to middle south fork of Kīpapa 
Stream; 

trail turn-off above stn 31 
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Appendix 9.  Coordinates for bird survey stations in the O‘ahu Forest National Wildlife Refuge 
(Figure 14).  Those established during the 2011 survey are noted as “E” in the column Comment.  
Stations identified as potential locations for future surveys are indicated with “P”.  Easting and 
northing coordinates are in a UTM – Zone 4 North projection from a NAD 83 datum. 

 
Station Easting Northing Latitude Longitude Comment 

1 614659 2375917 21.482162 -157.893228 E 
2 614487 2375792 21.481045 -157.894885 P 
3 614300 2375570 21.479055 -157.896718 E 
4 614095 2375476 21.478213 -157.898684 P 
5 613817 2375442 21.477927 -157.901382 E 
6 613717 2375239 21.476094 -157.902351 P 
7 613472 2375093 21.474802 -157.904738 E 
8 613286 2374982 21.473799 -157.906527 P 
9 613014 2374900 21.473085 -157.909168 E 
10 612822 2374800 21.472190 -157.911017 P 
11 612564 2374669 21.471026 -157.913530 E 
12 612342 2374635 21.470731 -157.915663 P 
13 612061 2374664 21.471009 -157.918381 E 
14 611861 2374582 21.470283 -157.920301 P 
15 611633 2374417 21.468803 -157.922533 E 
16 611437 2374424 21.468880 -157.924407 P 
17 611139 2374369 21.468401 -157.927302 E 
18 610888 2374345 21.468198 -157.929715 P 
19 610622 2374292 21.467743 -157.932301 E 
20 610358 2374312 21.467930 -157.934829 P 
21 610084 2374248 21.467375 -157.937491 E 
22 609858 2374173 21.466710 -157.939664 P 
23 609588 2374173 21.466728 -157.942284 E 
24 609652 2374541 21.470048 -157.941645 E 
25 609868 2374619 21.470738 -157.939539 P 
26 610032 2374780 21.472185 -157.937941 P 
27 610292 2374792 21.472278 -157.935450 E 
28 610426 2374621 21.470722 -157.934164 E 
29 610647 2374719 21.471597 -157.932026 E 
30 610871 2374812 21.472423 -157.929862 E 
31 611122 2374812 21.472407 -157.927440 E 
32 611318 2374671 21.471122 -157.925552 E 
33 611517 2374745 21.471780 -157.923630 E 
34 611634 2374961 21.473724 -157.922482 E 
35 611885 2374900 21.473154 -157.920069 E 
36 612132 2375013 21.474161 -157.917674 E 
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Station Easting Northing Latitude Longitude Comment 
37 612350 2375122 21.475132 -157.915562 E 
38 612576 2375230 21.476088 -157.913375 E 
39 612731 2375035 21.474324 -157.911893 E 
40 612940 2375172 21.475547 -157.909863 E 
41 613100 2375388 21.477487 -157.908312 E 
42 613189 2375605 21.479443 -157.907431 E 
43 613373 2375438 21.477917 -157.905672 E 
44 610384 2375075 21.474825 -157.934528 P 
45 610660 2375138 21.475377 -157.931873 E 
46 610930 2375147 21.475443 -157.929254 P 
47 611165 2375118 21.475168 -157.927003 E 
48 611360 2374925 21.473406 -157.925115 P 
49 611501 2375140 21.475340 -157.923738 P 
50 611589 2375373 21.477443 -157.922889 E 
51 611731 2375597 21.479460 -157.921494 P 
52 611984 2375642 21.479850 -157.919045 P 
53 612217 2375756 21.480867 -157.916795 P 
54 612431 2375919 21.482320 -157.914716 P 
55 612660 2376055 21.483539 -157.912494 P 
56 612892 2375951 21.482582 -157.910261 P 
57 613133 2375984 21.482861 -157.907932 P 
58 613372 2375957 21.482602 -157.905635 P 
59 613639 2375933 21.482369 -157.903051 P 
60 613779 2376155 21.484373 -157.901684 P 
61 614012 2376310 21.485753 -157.899433 P 
62 614271 2376232 21.485036 -157.896939 P 
63 612790 2376262 21.485399 -157.911231 P 
64 613016 2376384 21.486485 -157.909039 P 
65 613248 2376330 21.485985 -157.906802 P 
66 613412 2376508 21.487585 -157.905210 P 
67 613584 2376719 21.489479 -157.903529 P 
68 613846 2376808 21.490266 -157.900995 P 
69 613974 2377088 21.492782 -157.899740 P 
70 608648 2376715 21.489750 -157.951175 P 
71 608653 2376956 21.491923 -157.951109 P 
72 608897 2376914 21.491528 -157.948761 P 
73 609179 2376877 21.491181 -157.946038 P 
74 609413 2376941 21.491737 -157.943773 P 
75 609544 2377115 21.493302 -157.942498 P 
76 609777 2377137 21.493491 -157.940253 P 
77 609985 2377276 21.494734 -157.938232 P 
78 610186 2377347 21.495359 -157.936287 P 
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Station Easting Northing Latitude Longitude Comment 
79 610506 2377334 21.495225 -157.933205 P 
80 610766 2377364 21.495480 -157.930692 P 
81 610991 2377274 21.494652 -157.928525 P 
82 611238 2377321 21.495058 -157.926135 P 
83 611485 2377277 21.494645 -157.923752 P 
84 611775 2377222 21.494130 -157.920958 P 
85 612039 2377189 21.493816 -157.918413 P 
86 612305 2377152 21.493469 -157.915851 P 
87 612574 2377190 21.493790 -157.913248 P 
88 612712 2377384 21.495537 -157.911900 P 
89 612956 2377454 21.496159 -157.909545 P 
90 613196 2377353 21.495229 -157.907236 P 
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