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EXECUTIVE SUMMARY 
This report was commissioned by the U.S. Fish and Wildlife Service (USFWS).  The 
purpose was to develop a monitoring program for Kaua`i forest birds in the USFWS 
Strategic Habitat Conservation and adaptive management frameworks.  Monitoring 
within those frameworks is a tool to assess resource responses to management and 
conservation actions, and through an iterative learning process improve our 
understanding of species recovery, effective management, and knowledge gaps.  This 
report provides only the monitoring component of both frameworks, and we apply the 
monitoring program to the East Alaka`i Protective Fence Project. 
 
The East Alaka`i Protective Fence Project is a joint project by the USFWS, State of 
Hawai`i Division of Forest and Wildlife, Kaua`i Watershed Alliance, and The Nature 
Conservancy to restore and preserve an 809 ha area of native forest bird habitat through 
fencing, and ungulate and weed control.  The primary purpose of the project is to restore 
and preserve the habitat that will in turn support abundant and resilient bird populations. 
 
This report contains: 

• A monitoring program specifically developed to track bird distribution, density 
and demography, and habitat for the East Alaka`i Protective Fence Project; 

• A review of the Kaua`i forest bird surveys; 
• A description of the current status and trends of Kaua`i forest birds; 
• An assessment and evaluation of the current surveys; 
• A monitoring program developed to sample bird distribution, density and 

demography, and habitat at three general levels of spatial scale. 
 
Without the management components described in the East Alaka`i Protective Fence 
Project and the Revised Recovery Plan for Hawaiian Forest Birds (USFWS 2006) the 
bird monitoring recommended in this report is little better than surveillance (i.e., 
monitoring without a link to management).  If, however, the proposed management 
actions are implemented in conjunction with the recommended bird monitoring, then this 
monitoring program will identify population changes in a timely manner and facilitate 
identification of the proximate causes of population changes. 
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OVERVIEW 

This report is a response from the U.S. Fish and Wildlife Service to develop a 
monitoring program to track changes in Kaua`i forest bird distributions, densities and 
demographic traits.  This program incorporates the general structure of the U.S. Fish and 
Wildlife Service’s Strategic Habitat Conservation (SHC) framework and guiding 
principles (NEAS 2006), and this document describes the first step of an adaptive 
management protocol.  We apply this program to the East Alaka`i Protective Fence 
Project.  The East Alaka`i Protective Fence Project is a joint project by the U.S. Fish and 
Wildlife Service, State of Hawai`i Division of Forest and Wildlife, Kaua`i Watershed 
Alliance, and The Nature Conservancy to restore and preserve an 809 ha area of native 
forest bird habitat through fencing, and ungulate and weed control.  The primary purpose 
is to restore and preserve the habitat that will in turn support abundant and resilient bird 
populations. 

In Section 2 of this report we review the Kaua`i forest bird surveys, and describe 
the current status and trends of Kaua`i forest birds.  Information from this section is 
necessary to place the existing surveys and population patterns within an adaptive 
management framework, specifically tailored to the SHC framework.  Section 3 is a 
detailed assessment and evaluation of the current surveys.  From this critique, we propose 
in Section 4 a monitoring program designed to assess changes in species’ distributions 
and trends in densities, and we identify species that would benefit from demographic 
(i.e., survival and reproduction rates) research.  Here we provide a brief description of 
each section, and an outline of the proposed monitoring program with sampling 
frequency. 

Quantitative surveys of Kaua`i’s forest birds began with U.S. Fish and Wildlife 
Service’s 1968-1973 island-wide survey of forest habitat.  This extensive survey was 
followed by seven subsequent surveys between 1981 and 2008 that were limited to the 
Alaka`i Plateau or regions within the plateau.  Surveys allowing for the delineation of the 
distribution of widespread species have not been conducted on Kaua`i since the U.S. Fish 
and Wildlife Service’s 1968-1973 island-wide survey.  Although densities for most native 
forest birds have increased or remained stable, declines have been observed for `Akikiki 
(Oreomystis bairdi), `Akeke`e (Loxops caeruleirostris), and `I`iwi (Vestiaria coccinea), 
at least since 1989.  Distributions for those three species have also contracted and now 
are confined to the interior of the plateau.  Except for Puaiohi (Myadestes palmeri), 
demographic studies of life-history traits have not been conducted for Kaua`i forest birds. 

As with most abundance monitoring programs there is low power to detect small 
or moderate trends in population densities even over long durations (50 years).  There is, 
however, adequate power to detect large changes (50% declines) in population densities 
over both intermediate and long durations (25 and 50 years, respectively).  Within the 
interior of the Alaka`i Plateau the current 140-station sampling effort is adequate for all 
native species except `Akikiki, which requires a 30% increase (200 stations) to produce 
reliable estimates.  Across the Alaka`i Plateau the survey average of 361 stations is 
adequate to produce reliable estimates for all native birds except `Akikiki and `Akeke`e.  
A doubling of the sampling effort (~800 stations) is needed to reliably assess trends for 
those species but is likely to be logistically impractical. 
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We propose monitoring population distribution, density and demographic metrics 
at three spatial scales: landscape, region and local.  We develop a set of quantifiable 
monitoring objectives and identify target species for each population metric at each 
spatial scale.  We also describe a set of alert limits for each population metric to identify 
departures from normal population fluctuations.  For each metric and criteria we suggest 
general monitoring and management actions.  Recommending specific management 
actions is beyond the scope of this report but appropriate actions are detailed in the 
Revised Recovery Plan for Hawaiian Forest Birds (USFWS 2006). 

We identify the sampling method most likely to meet each monitoring objectives.  
For assessing species’ distribution and estimating site occurrence, the most appropriate 
sampling method is occupancy analysis.  Point-transect distance sampling is the most 
appropriate sampling method for determining bird abundance.  The demography 
metrics—fecundity and survival—are derived from two approaches.  The Breeding 
Biology Research and Monitoring Database (BBIRD) monitoring program is designed 
specifically to assess breeding productivity (i.e., fecundity).  Annual survivorship and 
recruitment is best achieved through a Monitoring Avian Productivity and Survivorship 
(MAPS) program that tracks individually marked birds over time.  We also develop 
protocols for: habitat sampling to be collected at each sampling station, plot and site; data 
management procedures to ensure data quality and facilitate analyses; and reporting 
procedures to disseminate protocol deliverables.  Finally, for each population metric we 
provide recommendations on the allocation and distribution of sampling units, identify 
the optimal sampling periods and frequency, and outline a monitoring program 
assessment and evaluation schedule to ensure that the program objectives, goals and 
study questions are achieved. 
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1. STRATEGIC HABITAT CONSERVATION 

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 objective of the SHC is to integrate listed species recovery with conservation actions 
by assessing the current state of target species and identifying limiting factors, identifying 
priority areas for implementing conservation actions, monitoring the effects, and 
evaluating accomplishments that can be used to revise models describing the population-
habitat management relationships.  We apply the monitoring program, within the SHC 
framework, to the East Alaka`i Protective Fence Project (EAPFP). 

Hawaiian forest birds are faced with many threats and limiting factors (Scott and 
Kepler 1985, Scott et al. 2001, USFWS 2006, Pratt et al. 2009).  These factors include 
non-native avian diseases transmitted via non-native mosquitoes, degradation of native 
forests by invasive non-native plants and browsing and rooting by ungulates, nest 
predation by non-native rodents and cats, and food web disruption by alien plants and 
animals.  It appears that the abundance and distribution of several of Kaua`i’s forest birds 
are adversely affected by those factors (VanderWerf and Roberts 2009; VanderWerf et 
al., in prep.; this report).  The USFWS developed the initial Kaua`i Forest Bird Recovery 
Plan in 1983 (KFBRP; USFWS 1983) for six endangered species: Kāma`o (Myadestes 
myadestinus), Kaua`i `Ō`ō (Moho braccatus), `O`ū (Psittirostra psittacea), Kaua`i 
Nukupu`u (Henignathus lacidus hanapepe), Kaua`i `Akialoa (Hemignathus stejnegeri), 
and Puaiohi (Myadestes palmeri), all whose abundances and distributions had declined 
considerably since the turn of the 20th century (Gorresen et al. 2009).  All but the Puaiohi 
are now believed extinct.  The recovery plan required monitoring bird populations to 
assess species status and trends and to determine the efficacy of management.  This 
adaptive management approach was reiterated in the Revised Recovery Plan for 
Hawaiian Forest Birds (RRPHFB; USFWS 2006).  Our report outlines steps needed to 
meet the monitoring requirements of recovery action 5 – Monitor Changes in the 
Distribution and Abundance of Forest Birds, specifically recovery actions 5.1 
(Systematically survey forest bird habitat) and 5.2 (Conduct systematic annual surveys of 
selected areas).  In addition, results from implementing this monitoring program can be 
used to assess the efficacy of recovery action 2 – Manage Forest Ecosystems for the 
Benefit and Recovery of Endangered Forest Birds, specifically recovery actions 2.1 
through 2.4 (Reforest recovery areas, Reduce or eliminate detrimental ungulate effects, 
Reduce or eliminate effects of alien plants, and Reduce or eliminate the detrimental 
effects of mammalian predators).  Thus, monitoring data is necessary to ascertain if those 
conservation and management actions have mitigated population declines. 

The USFWS, State of Hawai`i, Hawai`i State Division of Forestry and Wildlife 
(DOFAW), Kaua`i Watershed Alliance, and The Nature Conservancy are supporting a 
conservation project to restore and preserve a portion of the Alaka`i Plateau, Kauai’s 
largest intact native montane forest and bog, through fencing, and ungulate and weed 
control.  The primary purpose is to restore and preserve the habitat, which will in turn 
support abundant and resilient bird populations.  This protected area is coincident with 
bird transect #3 and extending upward to Mount Wai`ale`ale (Figure 1).  See EAPFP 
Scope of Work for detailed information.  Briefly, a 7.9 km fence will protect 809 ha of 
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native forest bird habitat, including portions of the `Akikiki, `Akeke`e, and `I`iwi ranges.  
Here, we apply the Kaua`i Monitoring Program and SHC to develop local-scale sampling 
to monitor bird distribution, density and demography. 

Adaptive management places monitoring and conservation within the same 
framework, and facilitates assessing the efficacy of different management actions and 
levels.  This is a central component of the SHC, which develops a relationship between 
research and management.  In addition to providing a feedback loop to assess 
management efficacy, this relationship identifies gaps in information, allows for tests of 
assumptions, and identification of unfounded assumptions.  The primary assumptions of 
this study are that the control of ungulates and weeds will restore forest bird habitat, 
which in turn will support greater densities of forest birds and these populations will be 
more resilient to environmental and climatic changes.  No research has attempted yet to 
link such treatments to Kaua`i forest bird population responses.  However, stable and 
increasing native bird populations at Hakalau Forest National Wildlife Refuge indicate 
that forest regeneration and restoration through reforestation and ungulate control benefit 
birds, although this was a correlative study (Camp, Pratt, et al. 2009; Camp et al. 2010).  
This study will provide information needed to directly assess the ungulate and weed 
control-forest restoration-bird population assumption. 
 

 
Figure 1.  Location of the East Alaka`i Protective Fence Project.  Figure provided by 
USFWS. 
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In addition to the EAPFP objectives two monitoring objectives are to: 1) measure 
and monitor the habitat response to ungulate management; and 2) measure and monitor 
the bird response to improvement in habitat conditions.  The basic sampling design is a 
standard control-treatment design for tracking habitat and demographic responses. 

From the density and trends analyses, and monitoring program evaluation we 
recommend that the original HFBS transects and stations be surveyed for monitoring 
species distribution and density.  A total of about 50 additional point-transect stations 
should be established within fecundity and survivorship study plots.  With these 
additional stations the total number of stations should be near the 198 needed to produce 
CVs of around 20% for all species, including the `Akikiki.  Demographic sampling both 
within and outside the enclosure requires essentially doubling the number of sites and 
sets.  Thus, four sets of three fecundity plots and four sets of six 20-ha survivorship plots 
need to be established and sampled within the EAPFP enclosure (i.e., treatment group in 
the control-treatment design) and approximately equal survey effort needs to be sampled 
outside the enclosure (i.e., the associated control group in the control-treatment design).  
An added advantage is that this sampling design significantly increases the likelihood of 
finding sufficient numbers of nests and capturing enough individuals to produce reliable 
demographic metric parameters. 

Habitat sampling should follow the protocol developed by the National Park 
Service Inventory and Monitoring program for Focal Terrestrial Plant Communities 
(Ainsworth et al. in review).  This protocol requires intensive sampling.  However, this is 
necessary to detect the subtle and slow responses of habitat restoration to ungulate and 
weed control.  We recommend that habitat sampling coincide with fecundity and 
survivorship plots and sites with a minimum of three replicate plots within and outside 
the EAPFP enclosure.  The sampling methods, analyses, period and frequency should 
follow the sampling outlined in this report and summarized in Table 1, and specific 
recommendations from the Breeding Biology Research and Monitoring Database (Martin 
et al. 1997), Monitoring Avian Productivity and Survivorship (Rosenberg 1996), and 
Focal Terrestrial Plant Communities protocols. 

As stated in the SHC (NEAS 2006:24), monitoring is carried out to evaluate 
“assumptions made in population-habitat models and decision support tools; habitat 
responses to conservation actions; population responses to conservation actions; and 
progress toward habitat and population objectives.”  An evaluation after the first year is 
needed to assess whether the study design, sampling effort, and monitoring data will 
provide the necessary information to address the objectives.  Regular evaluation 
afterwards ensures that the monitoring program and data are useful for future 
conservation decisions and actions.  “These benefits are most pronounced when the 
elements of SHC are iterative and ongoing rather than static or episodic” (NEAS 
2006:21).  In addition to testing the population-habitat model assumptions, assessing bird 
response to ungulate control and habitat improvements will allow for identifying 
threshold levels in bird responses to those factors.  These feedback data facilitate 
developing models of the relationships to guide management elsewhere, predicting 
population impacts given certain levels of conservation actions, and refining the 
conservation and monitoring objectives in a timely manner. 
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2.  STATUS AND TRENDS 

A key component of adaptive management is to assess our current understanding 
of ecological system patterns.  Towards this end, we review the Kaua`i forest bird status 
and trends from surveys that used standardized sampling techniques that allow for 
calculating quantitative estimates based on detection probabilities.  Forest birds of Kaua`i 
Island have received limited quantitative based studies (USFWS 1983, Scott et al. 1986, 
Foster et al. 2004; detailed in Appendix 1).  Below we summarize those surveys and 
results. 

The USFWS conducted the first quantitative forest bird surveys on Kaua`i 
between 1968 and 1973.  The USFWS followed up this survey with the statewide 
Hawai`i Forest Bird Survey (HFBS; Scott et al. 1986).  The Kaua`i portion of the HFBS 
occurred in 1981; however, only the interior portion of the Alaka`i Wilderness Preserve 
was surveyed (Figure 2) because the area encompassed the core of range-restricted 
species, and critically endangered species.  In 1989 and 1994 the DOFAW conducted 
surveys on five of the six HFBS survey transects, and further expanded the area surveyed 
to include a greater portion of the distribution of the range restricted species.  In 2000, the 
U.S. Geological Survey assisted the DOFAW by expanding the survey area to include 
sampling across the Alaka`i Wilderness Preserve, Na Pali-Kona Forest Reserve, and 
Kōke`e State Park, an area coincident with that occupied by the range-restricted species.  
Subsequent surveys were conducted in 2005, 2007, and 2008 by the DOFAW.  The last 
three surveys sampled portions of the Alaka`i Wilderness Preserve and Na Pali-Kona 
Forest Reserve but with varying survey effort and area sampled.  Those surveys allow for 
estimating and tracking population densities; however, they do not provide adequate 
information needed to quantitatively assess range contractions. 

In 2008, the common and wide-spread species—Kaua`i `Elepaio (Chasiempis 
sandwichensis), Kaua`i `Amakihi (Hemignathus kauaiensis), `Anianiau (Hemignathus 
parvus), and `Apapane (Himatione sanguinea)—numbered > 50,000 birds (Appendix 1).  
`Akeke`e (Loxops caeruleirostris) number between 5,000 and 10,000 birds, and both 
`Akikiki (Oreomystis bairdi) and `I`iwi  (Vestiaria coccinea) numbered < 5,000 birds.  
Densities of five native birds—Kaua`i `Elepaio, Kaua`i `Amakihi, `Anianiau, `Akeke`e, 
and `Apapane—have increased in the interior of the Alaka`i Plateau, and trends for two 
native birds—`Akikiki and `I`iwi—were stable.  However, `Akikiki, `Akeke`e, and `I`iwi 
distributions have contracted, and their trends have declined since 1989.  Range-wide 
distributions may have also contracted for Kaua`i `Elepaio and `Anianiau.  Estimates of 
the Alaka`i Plateau populations have fluctuated widely, and end-point comparisons 
indicate that Kaua`i `Elepaio have increased, `Apapane is stable, Kaua`i `Amakihi, 
`Akeke`e, and `I`iwi declined, and `Anianiau and `Akikiki was not estimated well enough 
to draw conclusions.  We also present abundances and trends for five alien birds in 
Appendix 1. 
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Figure 2.  Map of the Kaua`i study site with insert showing survey stations (black dots) 
across the entire (dotted line) and within the interior of the Alaka`i Plateau (heavy black 
line).  The 1981 HFBS survey occurred entirely within the interior of the Alaka`i Plateau.  
Contour elevation of 1,000 m highlighted. 

 
 
3.  SURVEY ASSESSMENT AND EVALUATION 

The existing forest bird count surveys provide the necessary information to evaluate the 
current status, trends and variability, and make improvements to the surveys.  Here we 
evaluate the survey results to estimate the power necessary to detect future changes in 
species’ distributions and densities.  Moreover, survey design is assessed for a range of 
sample sizes necessary to produce reliable distribution and density estimates.  Results 
from this evaluation are then used to develop a unified approach to monitor status at three 
nested scales, Section 4 Monitoring Program Design, below. 
 
3.1 Power analyses — Analytical or statistical power is the ability of a monitoring 
program to detect a change in a population over time when one exists.  There are several 
ways to improve power (see Appendix 2 and Camp, Reynolds, et al. 2009) but reducing 
estimator variability by increasing the sample size or surveying over a longer time period 
are two approaches to accomplish this.  The coefficient of variation (CV) is a 
standardized measure of variability (calculated as the variance divided by density).  
Smaller CVs yield greater power to detect changes.  Frequent and consistent surveys tend 
to minimize variance.  Increasing the sample size (number of stations surveyed) also 
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reduces variance (see 3.2 Sample size, below).  We were unable to determine power for 
assessing species’ distribution and range contractions. 

The CVs about densities were moderately large (> 0.20) for all native birds both 
in the interior and across the Alaka`i Plateau, and CVs were > 0.50 for `Akikiki in both 
study areas (Appendix 2).  Thus, power is low to detect small or moderate trends (<50% 
decline in density), even over long durations (50 years).  For all species, including 
`Akikiki, there is adequate power to detect large changes (>50% declines) over both 
intermediate and long durations (25 and 50 years, respectively). 
 
3.2 Sample size — The numbers of plots or stations sampled (sample size) strongly 
influences the power of a monitoring program.  Optimal sample size (i.e., number of 
stations) was calculated for each species by site following methods by Geng and Hills 
(1989) and Buckland et al. (2001); methods are detailed in Appendix 2.  The existing 
sampling effort and information presented in Appendix 2 should be used to provide a 
guideline for determining the number of sampling units needed to detect changes in 
species’ distribution and abundance.  Because information on species distribution is 
lacking we assumed that the sample size necessary to estimate reliable population 
abundances will be sufficient for assessing species’ distribution.  Allocation of any 
additional stations should be distributed across the entire sampling area using a 
probabilistic approach (e.g., random station placement within geographic or habitat 
strata).  We expect the CVs to change through time because of changing species’ 
distributions and densities (e.g., as density declines the CV may increase) and duration of 
sampling (i.e., variability usually increases and then levels off or declines slightly 
through time series surveys).  However, sample size analyses are based on the 
assumption of CVs remaining constant.  Therefore, we increased the sample size by 10%, 
a conservative increase that balances costs of sampling additional stations with the 
benefit of more precise estimates.  In section 4.3 Spatial scale and distribution, below, we 
detail the sample size needed to meet monitoring objectives at three spatial scales (see 
also Appendix 2). 
 
4.  MONITORING PROGRAM DESIGN 

4.1 Monitoring design — Both the original KFBRP (USFWS 1983) and the 
RRPHFB (USFWS 2006) recommended that populations of all birds must be monitored 
to assess annual variations and trends and determine efficacy of management.  The 
KFBRP goes on to state that: “ten-year surveys of status and distribution of birds 
throughout all Kaua`i forests will permit an overview of change” (USFWS 1983, p. 36).  
How are we to achieve this? 

Briker and Ruggiero (1998) have proposed the concept of sampling at three 
general levels of spatial scale.  Level 1 surveys involve sampling across a species’ entire 
distribution (landscape-scale), which measures patterns across the entire range or island.  
Level 1 sampling is comparable to the 10-year surveys recommended in the KFBRP.  
This level is essential for understanding species’ range contractions and expansions, and 
for determining trends in species populations overall.  Landscape-scale surveys were 
conducted by John Sincock during 1968-1973 (i.e., island-wide forest habitat; USFWS 
1983).  Level 2 sampling includes one or more focal regions of a species’ range.  Species 
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abundance at certain locations or habitats within a range may influence the population 
overall.  For example, trends in a species' core population on the Alaka`i Plateau likely 
influences population patterns across the island.  Measurements at this level are essential 
for understanding processes that occur at region-scales and for widely distributed species 
in the core of their range.  Region-scale surveys should sample the area covered during 
the 2000 survey because it coincides with the `Akikiki, `Akeke`e, and `I`iwi ranges and 
presumably included the core populations of the widespread species.  Level 3 sampling 
explores population attributes at a local-scale (e.g., demography studies or monitoring 
response to focused management actions such as predator control).  Although not 
currently being conducted, the USFWS (2006) recommended that demographic studies 
should be conducted for the candidate species—`Akikiki and `Akeke`e—to document 
key aspects of their life history.  `I`iwi distribution and density are declining rapidly, and 
this species could also benefit from Level 3 monitoring.  Measurements at this level are 
more likely to reveal the causes of changes detected at Levels 1 and 2. 
 
4.1.1 Monitoring objectives across sampling scales — Monitoring without realistic, 
specific, and measurable objectives is simply surveillance and is not advisable (Camp, 
Reynolds, et al. 2009).  Objectives guide and control how data are sampled and 
interpreted, and they provide a measure of accountability and track progress toward 
attaining performance goals.  The three metrics being measured are species’ distribution, 
density, and the demographic life history traits—fecundity and survival.  We describe 
below a set of quantifiable monitoring objectives for the appropriate metric for each of 
the three spatial scale monitoring levels. 
 
4.1.1.1  Level 1 — (Island- or forest-scale) Both the distribution and density metrics 
should be monitored at the island-wide scale for both native and alien forest birds.  
Currently no contemporary data exists at Level 1 to set realistic quantitative limits for 
detecting changes in species’ distributions.  Nevertheless, the 50 sites sampled during the 
1968-1973 survey provide a baseline from which to evaluate changes in species’ 
distributions, assuming that new surveys resample similar areas using methods that allow 
for occupancy analyses (also known as proportion of area occupied [PAO] analyses).  
Until a resurvey of the 1968-1973 sites is conducted, a realistic standard for determining 
long-term trends in species’ distributions is a ≥ 80% probability of detecting a ≥ 25% 
change in occupancy over a 25-year period, with a maximum Type I error rate of 20%. 

Similar to the problem of detecting changes in the ranges of species, data for 
assessing long-term trends in densities does not exist at the landscape-scale because 
methods used during 1968-1973 were different than those used later.  However, existing 
data from the regional level (i.e., Alaka`i Plateau) can be used to inform minimum limits 
because the power calculated at that scale includes both spatial variability and changes in 
sampling effort.  Until a resurvey of the 1968-1973 sites is conducted, a realistic standard 
to determine long-term trends in densities is a ≥ 80% probability of detecting a ≥ 50% 
change in density over a 50-year period, with a maximum Type I error rate of 20%.  This 
standard incorporates the expected high variability and results in a modest sampling 
effort at the Level 1 scale. 
 



 

10 
 

4.1.1.2  Level 2 — (Region-scale) Both distribution and density metrics should be 
monitored at the region-scale (Level 2) for native and alien birds.  There have been four 
surveys since 2000 conducted at the region-scale, and these included sampling in the 
Alaka`i Wilderness Preserve, Na Pali-Kona Forest Reserve, and Kōke`e State Park.  This 
area encompasses all or nearly all of the distribution of `Akikiki, `Akeke`e, and most of 
the `I`iwi range.  Therefore, assessing changes in the distribution of those species should 
be conducted at Level 2.  For the more widespread species, identifying distributional 
changes at Level 2 will inform managers about changes at the cores of species’ ranges.  
Similar to the limitations at Level 1, quantitative assessments of species’ distributions has 
not been conducted at Level 2; however, when an occupancy survey of the stations 
sampled in 2000 is conducted, a realistic standard to determine long-term trends in 
species’ distribution is an 80% probability of detecting a 25% change over a 25-year 
period, with a Type I error rate of 20%. 

Based on density estimates from the four surveys there is low power to detect 
moderate trends (25% declines) in all bird species for short to long duration monitoring 
programs (Appendix 2).  Large changes (50%) in population densities, however, can be 
detected for both intermediate and long duration programs (25 and 50 years, 
respectively).  Therefore, a realistic standard to determine long-term trends in densities is 
an 80% probability of detecting a 50% change over a 25-year period, with a Type I error 
rate of 20%.  If the sampling effort is reestablished at the level it was in 2000 and if 
surveys are conducted every one or two years, it is likely that power will increase 
sufficiently to detect moderate (25%) declines over 50 years, and possibly large (50%) 
declines over 10 years. 
 
4.1.1.3  Level  3 — (Local-scale) Sampling at the local-scale has until now been limited 
to abundance monitoring, allowing only for density trend estimation and partial 
assessments of range contraction.  Like the monitoring at Levels 1 and 2, there is 
sufficient power to detect only large declines (50%) in density over moderately long 
periods (25 or more years).  The numbers of stations sampled in the interior of the 
Alaka`i have been relatively consistent, with a mean number of 129 stations sampled out 
of a total of 140 stations.  However, the sampling frequency has been variable.  
Standardizing the schedule of surveys should increase power sufficiently to detect 
moderate declines (25% over 50 years) and large declines (50% over 10 years) in density.  
Until data from surveys conducted at consistent intervals becomes available, a realistic 
standard to determine long-term trends in densities is an 80% probability of detecting a 
50% change over a 25-year period, with a Type I error rate of 20%. 

Level 3 sampling is most appropriate for understanding how life history traits may 
be related to changes in species’ distributions and densities, especially when these studies 
are conducted in conjunction with management actions to arrest range contractions or 
declining trends.  Detecting changes in life history traits is relatively quick and provides 
assessment of causal relationships.  The response time in life history traits is much less 
than that of the long lag times required between changes in the environment and the 
corresponding response in bird densities and trends.  Furthermore, demographic studies 
assess the functional factors causing population changes, not the proximal changes of 
changes in densities.  Demographic studies have been recommended for `Akeke`e and 
`Akikiki (USFWS 2006), and from our density and distribution analyses it appears that 
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demographic studies are warranted for `I`iwi.  Because demographic studies have not 
been conducted for these Kaua`i species, the power of monitoring demographic 
parameters and the sampling effort needed to produce reliable parameter estimates are 
unknown.  If adequate numbers of capture and recaptures or resightings of marked 
individuals can be obtained, standard mark-recapture methods to estimate life history 
traits are more robust than population size estimators (Lebreton et al. 1992).  Thus, small 
changes in life history traits over short periods of time should be plausible to detect.  
Until a demographic study is conducted, a realistic standard to determine period-to-period 
changes and long-term trends in life history traits of survival and fecundity is an 80% 
probability of detecting a 10% change over a 10-year period, with a Type I error rate of 
20%. 

In addition to understanding life history traits, integrating the SHC program and a 
bird population monitoring program is most appropriate at the Level 3 scale.  Monitoring 
and research at this level is useful for detecting population responses to management 
actions and assessing their conservation consequences.  We present a monitoring program 
specifically designed to assess population responses to a fencing and ungulate control 
project on the interior portion of the Alaka`i Plateau (i.e., the EAPFP).  Although this 
design is tailored to a specific management action, it can serve as a template for similar 
projects elsewhere (e.g., Hakalau Forest National Wildlife Refuge on Hawai`i Island). 
 
4.1.2 Target populations — Target populations differ according to sampling level 
(scale) and analytical technique.  Sampling species' distribution can include all Kaua`i 
birds, however, occupancy analysis will focus on the native forest birds including the 
seven passerines (Appendix 3) and the Pueo (Asio flammeus; although we expect low 
numbers of Pueo to be detected, and subsequently its summary may be qualitative).  The 
native passerines and select aliens will also be sampled for density estimation, and four 
native birds will be examined with demography sampling.  Although the distribution 
sampling is not targeted at shorebirds, water birds, game birds, and raptors, data collected 
using this sampling design may provide new information on the presence and distribution 
of these species.  Birds with too few detections to reliably model for distribution, density 
or demographic metrics will be removed before analyses, however, they will be included 
in survey summaries. 

The Kāma`o, Kaua`i `Ō`ō, `O`ū, Kaua`i Nukupu`u, and Kaua`i Akialoa have not 
been detected since at least the 1981 forest bird survey.  Even though there has been a 
concerted effort to sample within the presumed core range of those species, there was 
insufficient evidence to confirm any of the species are extinct (Appendix 1).  The point-
transect based surveys are ineffective at assessing bird extinctions.  More intensive 
approaches, such as rare bird searches (Reynolds and Snetsinger 2001), are required to 
confirm extinction.  If any critically endangered birds are detected, the protocols 
established in the Forest Bird Recovery Plan (USFWS 2006) should be implemented. 
 
4.1.3 Alert limits — In addition to assessing responses to management actions, results 
from monitoring can be used to trigger alternative actions to arrest population changes.  
Alert limits provide criteria to judge when a species or population requires increased 
monitoring, management actions, or additional research to determine likely causes of the 
problem (Marchant et al. 1997, Dunn 2002).  Hawaiian monitoring programs currently 
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lack criteria that alert managers to departures from normal population fluctuations.  
Furthermore, the Forest Bird Recovery Plan does not provide guidance or set specific 
limits concerning bird recovery, except that monitoring should occur at least once every 
five years (USFWS 2006, p. xii).  Until alert limits for specific distribution, density and 
demographic parameters of Kaua`i forest birds can be established, we recommend 
adoption of those developed by the International Union for Conservation of Nature 
(IUCN; BirdLife 2000), U.S. Breeding Bird Survey (Peterjohn et al. 1995), and United 
Kingdom Breeding Bird Survey (British Trust for Ornithology’s Integrated Population 
Monitoring program; see Crick et al. 1997).  We modified the IUCN, USBBS and 
UKBBS alert limits specific to monitoring Kaua`i forest birds, and developed alert limits 
for a range of declines in distribution or abundance (Appendix 3).  We also identified 
alert limits for declines in fecundity and survival.  For each metric and criteria we suggest 
alternative monitoring and management actions.  Recommending specific management 
actions is beyond the scope of this report, however, management actions could include 
forest protection, habitat restoration, predator control, control of avian disease, control of 
nonnative plant species, and fencing and removal of ungulates (see USFWS 2006 for 
specific actions). 
 
4.2 Sampling protocol — Many different sampling methods have been used to 
quantify parameters relating to bird distribution, density, and demography.  Most survey 
methods allow simultaneous collection of information about species that share a common 
life history or habitat, but no single method will adequately sample for the three 
parameters of interest.  Index counts (e.g., area count, point count, strip transect, and spot 
mapping) do not provide measures of precision and were therefore not included as 
potential sampling methods (Anderson 2001). 
 
4.2.1 Sampling methods and analyses — The overarching objective of the Kaua`i 
forest bird monitoring program is to detect changes in species’ distribution, density and 
demography, with specific standards described below for each parameter.  Information 
from this monitoring provides the necessary information to both trigger and assess the 
responses to management actions. 
 
4.2.1.1  Distribution — One recurring problem in long-term monitoring of Hawaiian 
forest birds in general, and Kaua`i birds specifically, is that limited resources often 
constrain monitoring to only small areas of interest (e.g., interior of the Alaka`i Plateau) 
thereby limiting our ability to assess changes in species’ distribution and monitor 
populations at meaningful scales.  In effect, we are unable to adequately assess patterns 
that may be occurring in other habitats (e.g., low elevation forests) or at the edges of 
species’ ranges.  Species often initially decline at the edges of their range, particularly 
where they are ecologically stressed (Wilcove and Terborgh 1984), and these are 
precisely the areas least frequently surveyed. 

A sampling regime appropriate for large-scale population monitoring involves 
occupancy analysis (MacKenzie et al. 2002, 2003).  The method as applied to occurrence 
data (either point count or simple “presence”) incorporates detection probabilities to 
estimate the proportion of sites or area occupied by a species and to identify habitat 
associations.  Occurrence will be derived from repeated counts of Level 1 sites originally 
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sampled during the 1968-1973 survey.  However, a limitation of repeating the 1968-1973 
survey is that the sampling frame emphasized upland forest habitat on the Alaka`i 
Plateau, restricting inferences about lowland forest habitats.  Moreover, the 1968-1973 
survey sampled the Alaka`i Plateau to a degree greater than that required for occupancy 
analysis.  To provide broader area coverage we recommend resampling all of the 1968-
1973 sites outside the Alaka`i Plateau (18 sites), and sampling about one-half of those 
located on the plateau (15 sites of the 1968-1973 survey's 32 sites that can be co-located 
with the existing point-transect survey stations; see section 4.3 Spatial scale and 
distribution, below).  In addition, sampling should occur at about 17 new sites in lower 
elevation forest habitats to provide more complete island-wide coverage. 

Occupancy monitoring requires estimating the probability of committing a false 
negative error (i.e., designating that the species was absent when it was present).  This is 
accomplished by repeated sampling at each site within a short-term survey period (e.g., 
sampling within a breeding season when births, deaths, immigration and emigration are 
restricted—the closure assumption; MacKenzie et al. 2002, 2003).  The number of 
samples at a site is dependent on the detectability of the species, and MacKenzie (pers. 
comm.) recommends “a 70% chance of detecting [the species] at least once.”  To attain 
this, a minimum of 15-20 sites should be sampled per strata (MacKenzie et al. 2006).  
Species occurrence on Kauai is regulated, in part, by avian malaria (Benning et al. 2002, 
Gorresen et al. 2009).  As such, its functional correlate – elevation – can serve as the 
basis of delineating sampling strata.  Habitats can be broadly divided into low (<500 m), 
middle (500 – 1,000 m), and high elevation (>1,000 m) categories.  The proposed number 
of sample sites by elevation category (high: 15; middle: 18; and low: 17) meets the 
number of required samples per strata. 

MacKenzie et al. (2006) proposed several methods of repeated sampling, of 
which two are applicable here: (1) sites are assessed multiple times over a short time 
period, or (2) separate locations within sites are sampled, thus substituting spatial 
assessments for temporal assessments.  The first method ensures independent 
assessments by either sampling on separate days or on the same day but with sufficient 
time between samples so disturbance by observers does not affect the probability that the 
site is occupied.  Kendall and White (2009) cautioned that the estimator may be biased if 
the time between samples is not long enough.  The second method partitions each site 
into separate spatial subunits; therefore, the independence of sampling is achieved for 
highly mobile species, such as birds.  Furthermore, sampling multiple locations at a site 
provides larger spatial coverage.  As long as all locations at a site are sampled 
sequentially the probability that subsequent locations are occupied is unaffected, and the 
assumptions of independence and closure are met (Kendall and White 2009).  The second 
method is appealing because of the logistical costs associated with getting to/from the 
sampling sites; thus we recommend that several locations be sampled at each of the 50 
sites.  We recommend that surveyors try to sample 5 locations at each site, but the total 
number of sampling locations at each site will depend on the ease or difficulty in getting 
to the site, the time available to surveyors, and other scheduling considerations.  At a 
minimum, 3 locations should be sampled per site (see Appendix 2), which would triple 
the sample size available for estimating detection probability and occupancy per stratum.  
Locations within a site should be situated at least 150 m from one another, similar to the 
establishment of stations along transects used for routine point-transect sampling. 
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Species’ detections are to be recorded much as they are during routine Hawaiian 
forest bird surveys (i.e., species, horizontal distance, and detection type); however, five 8-
min counts instead of the usual single count period will be conducted at each sampling 
point.  For all five counts the sampling location, habitat type, and sampling conditions are 
recorded.  Surveys will only be conducted during appropriate weather: rain less than a 
light rain, wind not exceeding 13-19 kph, and gust not exceeding 30 kph (following 
standard distance sampling procedures).  Thus, a point-transect bird count is conducted 
during each sample and the data rendered into presence information for occupancy 
sampling.  The protocol for sampling bird counts is addressed in section 4.2.1.2 (below). 

Data analysis will be conducted with the program Presence (Hines and 
MacKenzie 2009) to produce species-specific estimates of occupancy and detection 
probabilities.  Detection probability may be influenced by many factors including habitat 
type, observer, and sampling conditions.  Covariates that are constant for a site (e.g., 
habitat types, or generalized weather patterns such as drought or El Niño years) are site-
specific covariates.  Observers and sampling conditions (e.g., cloud cover, rain, wind, 
gust, time of day and detection type) are examples of sampling-occasion covariates.  
MacKenzie et al. (2006) provide further details of analytical procedures. 
 
4.2.1.2  Density — Typically the most common objective of bird monitoring is to detect 
changes in abundance.  Meeting this objective requires estimating density with low bias 
and high precision, and assessing short- and long-term density trends.  The Kaua`i 
sampling frame covers the entire Alaka`i Plateau, and includes a large portion of the 
native forest on the island (i.e., >50 km2).  Sampling techniques appropriate for such 
spatially large scaled programs are generally limited to count-based techniques.  These 
techniques provide relatively unbiased, Level 2 region information on bird abundance 
that allow for tracking population trends through time. 

The estimation of species’ densities as described in this program is based on 
distance sampling techniques.  For most situations, distance sampling is the best method 
available for determining abundance and monitoring trends for Kaua`i forest birds.  
Including a distance measurement to birds detected during counts permits calculating 
species-specific density estimates, adjusted by a species’ detection probability (Buckland 
et al. 2001).  Point-transect sampling, a form of distance sampling, is the preferred 
approach for multi-species studies (Buckland 2006), in patchy habitats where bird data 
will be associated with vegetation or other habitat information (Buckland et al. 2001), 
and in dense vegetation and rugged or hazardous terrain (Scott et al. 1981).  Thus, point-
transect sampling is the recommended sampling technique, instead of line-transect 
sampling or unadjusted point counts (as used in the BBS).  As noted above, point-transect 
sampling has been used extensively throughout Hawai`i, and has been used for almost 30 
years on Kaua`i.  Thus, legacy data can be directly compared with subsequent surveys.  
Camp, Reynolds, et al. (2009) and Camp et al. (2011) provide detailed comparisons of 
the sampling techniques and justifications for selecting point-transect sampling. 

Mark-recapture sampling methods are an alternative approach to estimating bird 
abundances with distance sampling.  The mark-recapture method can provide more 
precise estimates given sufficient sample sizes (Lebreton et al. 1992).  However, this 
requires intensive sampling making mark-recapture methods most useful for estimating 
local densities but not at larger scales.  In addition, mark-recapture methods are much 
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more expensive than distance sampling.  For those two reasons we do not recommend 
using mark-recapture methods at either Level 1 or 2 scales. 

The 2000 survey sampled across the `Akikiki, `Akeke`e and `I`iwi ranges.  
Subsequent surveys should resample at that scale and intensity.  Sampling stations are 
typically spaced 150-m apart along transects and sampled for an 8-minute count (Scott et 
al. 1986, Camp, Gorresen, et al. 2009).  Buckland (2006) recommends point-transect 
counts to attempt to get an “instantaneous count” of birds present.  This is difficult to 
accomplish in rain forests, although the effect of 8-minute counts has not been quantified.  
When approaching sampling stations all birds flushed will be identified and recorded.  
The count is started without delay, as soon as the counter is at the sampling station center.  
Counters record the species, method of detection (heard or seen), and radial (horizontal) 
distance from the station center-point to the first detection of an individual bird, 
regardless of the distance.  Distances will be measured to the nearest 1 meter.  Each 
individual bird will be treated as an independent observation and will be recorded as a 
separate observation.  The exact time of `Akikiki, `Akeke`e and `I`iwi detections should 
be recorded.  For detections that occur in clusters or flocks the distance to the center of 
the group, and the number of individuals in the group are recorded.  These data are 
analyzed separately and unless sufficient numbers of detections are obtained these data 
are excluded from density and abundance estimation. 

Counters also record the sampling location, habitat type, and sampling conditions 
for each survey station.  Surveys will only be conducted during appropriate weather: rain 
less than a light rain, wind not exceeding 13-19 kph, and gust not exceeding 30 kph.  
While walking between stations on transects, counters record low-density, rare, or 
unusual 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. 

Buckland et al. (2001, 2004) and Thomas et al. (2005, 2009) provide detailed 
descriptions of analytical methods and procedures to estimate bird densities.  Here we 
provide a brief description of the procedures.  Analysis will be conducted using the latest 
version of the free software DISTANCE (Thomas et al. 2009).  In general, a species-
specific detection function 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, species-specific encounter rates, detection probabilities and 
density estimates are generated, along with variance and 95% confidence intervals.  
Inclusion of covariates will be assessed using AIC methods.  Although it is best to 
estimate detection probabilities independently for each survey, survey data can be pooled 
to increase species-specific sample size (number of detections).  If data are pooled, post-
stratification procedures will be used for calculating annual density estimates.  Variance 
and 95% confidence intervals will be calculated using bootstrap methods. 

Comparison of baseline to later monitoring data can reveal trends in data over 
time.  We propose that change in densities be assessed by two methods—an end-point z-
test and a log-linear regression model within a Bayesian framework—depending on the 
number of surveys conducted during the time series.  End-point z-tests will be applied to 
time series until more than five surveys have been conducted (applicable to Level 1 
surveys).  It is reasonable, however, to assume that a population will fluctuate over time, 
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even in the absence of positive or negative trends.  An equivalence-testing approach, used 
in conjunction with the end-point z-test, distinguishes between cases in which there was a 
stable trend from those in which one was unable 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 lie outside the equivalence bounds).  For more 
information on equivalency and examples for detecting trends using end-point 
comparisons see Camp, Gorresen, et al. (2009). 

Bayesian-based log-linear regression will be applied to time series with more than 
five surveys (applicable to Levels 2 and 3 surveys).  The Bayesian posterior probabilities 
of the trend parameter are assessed with thresholds reapresenting a 25% change of a 
population in 25 years (matching the monitoring objectives).  Detailed methods are 
provided in Camp et al. (2008), Camp, Pratt, et al. (2009), and Appendix 1. 
 
4.2.1.3  Demography — Identifying and understanding the factors that drive population 
dynamics require monitoring fecundity, survival, or both (Lebreton et al. 1992).  Not only 
does monitoring these demographic parameters allow for detecting changes in life history 
traits, the results can be used to assess differences in fitness (Manly 1985).  In some 
cases, changes in demographic parameters can be observed over shorter periods than can 
changes in distribution or density (Temple and Wiens 1989). 

Species’ presence and abundance may not reflect the current health of a 
population.  Thus, monitoring fecundity, the reproductive success or breeding 
productivity, may be necessary for understanding population change and identifying 
proximate demographic causes of population change.  Fecundity is determined at 
randomly-located, replicate plots within sites by searching for nests and monitoring them 
through the fledging period.  The nation-wide monitoring program Breeding Biology 
Research and Monitoring Database (BBIRD; Martin et al. 1997; 
http://www.umt.edu/bbird/) provides a standard monitoring protocol to assess fecundity.  
Estimates of annual survivorship and recruitment into the adult population are calculated 
from mark-recapture data collected with a Monitoring Avian Productivity and 
Survivorship program (MAPS; Rosenberg 1996).  Monitoring programs that use BBIRD 
in conjunction with MAPS allow for tracking demographic parameters can illuminate 
changes and proximal causes in populations before changes become evident from 
monitoring distribution and density.  By definition, BBIRD and MAPS monitoring 
programs are conducted at Level 3 (local-scale). 
 
4.2.1.3.1  Fecundity — The BBIRD program monitors demographic parameters on target 
bird species to assess fecundity (also referred to as breeding productivity).  Breeding 
productivity assesses the health of the breeding population, and this information can be 
used to assess habitat suitability and demographic responses to management actions.  
Furthermore, fecundity results can be compared with larger region patterns derived from 
other monitoring programs (e.g., distance sampling and PAO). 

The BBIRD is a local-scale monitoring program that is most useful when 
designed to address specific questions or test specific hypotheses that identify the 
proximate causes of population health and response to habitat change.  BBIRD also 
allows for identification of species’ breeding habitat requirements, and fecundity 
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monitoring can be used to identify proximate causes of nest failure — e.g., depredation, 
nonviable zygotes, or inclement weather.  The spatial scale at which questions and 
hypotheses can be addressed must correspond to the geographic scale over which data 
from replicate plots are pooled—Level 3 (the local-scale).  Thus, data can be combined 
with other surveys to provide region (or even island) processes and patterns. 

The BBIRD monitoring includes randomly-located replicate plots nested within 
sites.  Nests for all target species within each plot are monitored to provide data on 
breeding productivity.  Habitat at each plot and nest is recorded using the methods 
provided here (see Habitat Sampling below), those described by Martin and Roper 
(1988), Martin (1993), and further modifications by Martin et al. (1997).  Instead of using 
point counts in standard BBIRD protocol, which does not account for detectability, we 
suggest using point-transect sampling methods to determine densities.  This connects 
demographic metrics at Level 3 with distribution and density metrics at Levels 1 and 2. 

To our knowledge there are no current bird fecundity studies on Kaua`i, except 
for Puaiohi.  Several such studies have been conducted in wet forest habitat on Hawai`i 
Island (Hart 2001, Woodworth et al. 2001, Klein et al. 2006) using modified BBIRD 
monitoring.  Those studies did not allocate more than four sites within a stratum (e.g., 
four sites established in closed canopy, tall stature, and high elevation forest).  It is not 
apparent that this level of sampling effort sufficiently minimized uncertainty in 
demographic estimates.  We recommend that more than the minimum of three sites per 
stratum be used to produce reliable estimates of fecundity for Hawaiian forest birds, 
especially endangered birds.  It is reasonable to assume that monitoring Kaua`i forest 
birds will require similar sampling effort, and that substantially more effort may be 
needed for the rarer species.  Therefore, at a minimum the Kaua`i sampling effort should 
follow the basic design outlined by the BBIRD (Martin et al. 1997) and at least four sites 
should be sampled per stratum.  The size of each site is dependent on the size and number 
of nest searching plots.  Hensler and Nichols (1981) recommend at least 20 nests per 
species per site be located and monitored.  The relatively small recommended plot size of 
200 x 200 m (four ha) may need to be increased substantially to meet the minimum 
number of nests.  The Woodworth et al. (2001) and USGS-PIERC Biocomplexity project 
studies used sites of 1-km2 with a grid of plots based on 100 x 100 m (one ha) 
designations.  Until monitoring data from Kaua`i can be evaluated, which should be 
completed after the first sampling season, following the approach of the Hawai`i Island 
studies seems reasonable. 

Martin and Geupel (1993) and Martin et al. (1997) outline the protocols for 
establishing sites and plots, and proper methods for nest searching and monitoring.  In 
general, plots are searched every 2-5 days to locate and revisit nests.  The clutch size, 
onset of incubation, date of hatching, and fate of the nest are recorded.  Martin and 
Geupel (1993) describe several precautions that should be followed to minimize 
observer-induced effects on nest success.  Point-transect sampling should be conducted to 
estimate population size concurrent with nest monitoring.  Sampling the habitat should be 
conducted following methods described by Martin et al. (1997) and in the Habitat 
Sampling section, below, after the nesting period is completed.  Data collection forms are 
provided in the BBIRD Field Protocol (Martin et al. 1997).  We recommend one change 
in the procedures—that point-transect sampling be carried out instead of fixed-radius 
point count sampling. 
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Nests that fledge at least one young are considered successful.  The Mayfield 
(1961, 1975) method and subsequent improvements are used to calculate daily survival 
rates using program MICROMORT (Heisey and Fuller 1985) or similar algorithms 
developed in program MARK (White and Burnham 1999).  Daily survival rates are often 
different between nesting stages, therefore, nest success should be calculated separately 
for the incubation and nestling periods.  A Chi-square analysis is used to compare 
Mayfield nest success between plots, years and strata using program CONTRAST (Sauer 
and Williams 1989) or model selection methods to assess different versus similar daily 
survival probabilities by plots, years and strata within program MARK. 
 
4.2.1.3.2  Survival — Monitoring survival requires following individually marked birds 
through time, thus creating a capture (encounter) history that can be analyzed to estimate 
capture rates, survival, and the effects of time, age, sex and other variables including 
interactions.  Estimates of annual survivorship and recruitment into the adult population 
are calculated from mark-recapture data collected with a MAPS program.  In addition, 
annual estimates of age specific densities can be calculated from the mark-recapture data.  
Taken together the density and survival data can be used to identify the stage(s) in the 
lifecycles at which changes in the population are taking place, and identify proximate 
causes of population changes. 

Similar to the BBIRD, MAPS is a local-scale (Level 3) monitoring program 
designed to address proximate causes of survivorship and response to habitat change.  
Survivorship estimates and hypotheses comparisons correspond to the geographic scale 
over which data from replicate sets are pooled.  Data can be combined with other surveys 
to provide region (or even island) processes and patterns. 

A MAPS study design requires a minimum of two sets of six 20-ha stations.  Each 
MAPS station is operated once in each of six to ten consecutive 10-day periods during 
the breeding season.  Survival estimates from clusters of six stations facilitates analysis of 
inter-station differences (Rosenberg 1996, DeSante et al. 1997, Pyle et al. 1997).  Pooled 
data from clusters of six stations is generally needed to provide the minimum sample 
sizes of marked adults to obtain survivorship estimates with an acceptable degree of 
precision (e.g., about CV=20%; Rosenberg 1996, Pyle et al. 1997).  Mark-recapture 
models used for estimating demographic parameters require large sample sizes for 
adequate precision (Pollock et al. 1990, Lebreton et al. 1992).  Uncommon or rare 
species, including the endangered `Akikiki and `Akeke`e, and `I`iwi, generally are not 
good candidates for mark-recapture studies unless substantial effort is allocated to ensure 
sufficient captures.  `I`iwi may pose additional difficulties unless nets are suspended in 
the canopy.  Therefore, it is likely that substantially more sampling effort than the 
recommended level will be required to produce reliable survival estimates for some 
Kaua`i birds.  Until such data is available, the operation of four sets of stations, double 
the number of recommended sets, appears realistic. 

The operation of each station will follow MAPS protocol which is described in 
the MAPS Manual (DeSante et al. 2009).  In general, all birds captured during the course 
of the study will be identified to species, age, and sex, and, upon initial capture banded 
with a USGS Bird Banding Laboratory numbered aluminum band.  Morphometric 
measurements for all birds captured, including recaptures, will be taken according to 
MAPS guidelines using standardized codes and forms.  The number and timing of 
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net-hours on each day of operation are recorded by standardized protocol (to the nearest 
10 min).  For each station, habitat information will be collected following Habitat 
Sampling procedures, below. 

Standard summaries of the banding data should include the numbers of newly 
banded birds, recaptured birds, and birds released unbanded; the numbers and rate (per 
unit net-hour) of first captures of adult and young birds; and the proportion of young in 
the catch.  Generation of additional indices is possible but unwarranted.  The capture 
probability and survival parameter estimates can be calculated with program MARK 
(White and Burnham 1999), among others. 

Analyses will be conducted only for those species with at least eight adult 
captures per set of six stations per year, and for species with adequate recapture rates (see 
White and Burnham 1999 for model details and requirements).  Non-transient Cormack-
Jolly-Seber [CJS] models, the basic model for estimating adult survival rates require 
three consecutive years of data, and transient CJS models that rely on between-year 
recaptures to assess residency require four consecutive years of data to provide estimates.  
Incorporating time dependence in the models requires a minimum of five years of data.  
Only models that produced valid estimates for both survival and recapture probability 
will be considered. 
 
4.2.2 Habitat sampling — Habitat data are collected for each sampling site, plot and 
station following the methods and categories described by Jacobi (1989).  Habitat data 
are collected in a 50-m radius at each sampling station; and describe the dominant canopy 
species composition, canopy height and closure, and dominant understory species 
composition and percent cover.  In addition to vegetation data, substrate exposure, slope, 
aspect, and topographic position station attributes are collected.  Habitat data are 
collected after completing the bird counts. 

In addition to use as a covariate in estimating detection probabilities, habitat data 
are collected to meet several objectives.  Large-scale attributes such as vegetation type 
and slope are relevant to avian community composition and place the survey samples in a 
landscape context.  Integrating habitat data and bird metrics can provide correlates for 
assessing proximate causes of population change and management actions. 
 
4.2.3 Data management — The Hawaii 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 methodology.  Data from field books are entered into the Avian 
Monitoring Entry Form (AMEF Version 2.1; Camp et al. 2005 [unpublished report]).  
The AMEF database consists of forms, queries, and Visual Basic for Applications (VBA) 
code for the application itself and represents the user interface for the data, and contains 
the data tables in a front-end/back-end configuration.  After a series of quality control 
checks, these database records are then uploaded into the central Hawaii Forest Bird 
Monitoring Database (Camp 2006 [unpublished report]) located at the HFBIDP.  The 
Hawaii Forest Bird Monitoring Database consists of forms, queries, and VBA code for 
the application itself and represents the user interface for the data, and contains the data 
tables.  The Pacific Island Network developed a database for habitat monitoring data 
(Camp et al. 2011) located at the HFBIDP.  The Habitat Monitoring Database also 
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consists of forms, queries, and VBA code for the application itself and represents the user 
interface for the data, and contains the data tables.  A database for demographic survey 
data has not been developed. 

After data have been entered, a two step verification process will be implemented 
to ensure data quality.  This entails line-item checking each record between the field 
books and database (which is done in the electronic data entry form), and a random spot-
checking process to document transcription error rate.  The AMEF allows for direct 
editing of data in the form.  Data entry of habitat survey will be input into the Habitat 
Monitoring Database, and verification and editing follows the same procedures described 
above.  Bird, habitat, and spatial datasets created while conducting Kaua`i forest bird 
surveys that are used for data analysis or distribution will have associated Federal 
Geographic Data Committee (FGDC) compliant metadata records completed using 
ArcCatalog.  The FGDC-compliant metadata will be available via an NPS Geographic 
Information Systems Clearinghouse on the web. 
 
4.2.4  Reporting — A field report summarizing the surveys conducted as part of this 
program will be produced by the USFWS or as assigned.  The field report outlines the 
hours worked, field-crew members and their responsibilities on the project, and any 
unique situations encountered.  This information is critical for identifying causes for 
discrepancies and inconsistencies in the data.  An annual report should be written 
following each monitoring season.  The purpose of the report is to summarize the data for 
the current year, as well as to provide a limited comparison with data from previous 
years, and should include: (a) list of observers who conducted the surveys, (b) detail of 
survey effort (number of stations sampled for birds and habitat), (c) list of species 
detected, (d) number of stations occupied by each species (frequency of bird occupancy; 
number of stations with ≥ 1 detection / number of stations sampled), (e) naïve species 
abundance estimates (birds per station; number of birds detected / number of stations 
sampled), and (f) maps of stations sampled and bird occurrence by species.  An additional 
component of the report should be to summarize the results of any review conducted as 
part of the SHC and adaptive management requirements.  The current-year parameter 
values should be added to a table that lists similar measures for all monitored years.  
Reports should be accompanied by copies of maps or sketches available. Also, a CD 
should be included that contains all of the survey data in electronic form, including the 
database, photographs, and UTM locations of sampling stations.  Most program 
deliverables will be generated and delivered within 30 to 45 days after completion of 
surveying.  The reports and GIS layers are provided to the USFWS and USGS-PIERC. 
 
4.3 Spatial scale and distribution — The allocation and distribution of sampling 
units (stations, sites and plots) should be sufficient to provide inference for each of the 
monitoring scales, Levels 1, 2 and 3, and provide maximum coverage of the species’ 
ranges (Table 1).  The distribution of sampling units and sampling effort should also 
minimize estimator variability. 
 
4.3.1  Distribution — The 1968-1973 surveys had a primary objective of assessing the 
distribution and density of Kaua`i forest birds throughout all Kaua`i forest habitat.  Two 
recurring problems in determining Kaua`i forest bird distribution since the 1968-1973 
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survey have been that the surveys were constrained to sampling only small areas of 
interest and the surveyed areas were variable in extent (Appendix 2).  Repeating the 
1968-1973 surveys will provide Level 1 inference within forest habitat. 

Resample all of the 1968-1973 survey sites outside the Alaka`i Plateau, and select 
a subset of point-transect count stations for the Alaka`i Plateau region.  To provide more 
complete coverage of forest habitat outside the Alaka`i Plateau nine sites should be 
added, mostly in the mid-elevation areas southwest of Kōke`e (2-3 sites), south of 
Alaka`i (2 sites), south of Hanalei (1 site), and west of Hanalei (1 site). 
 
4.3.2  Density — The adoption of a monitoring program established at three levels of 
spatial scale—landscape-scale, region-scale, and population scale—will standardize the 
scale of surveys and facilitate identifying regions that are oversampled and regions that 
need additional sampling.  Reestablishing and conducing point-transect sampling at all of 
the 1968-1973 survey sites will provide Level 1 inference for forest habitats.  Sampling 
all of the 2000 survey stations will maximize Levels 2 inference.  Adding point-transect 
sampling stations in association with demographic studies will connect demographic 
metrics at Level 3 with distribution and density metrics at Levels 1 and 2. 
 
4.3.3  Demography — Previous multi-species demographic studies have not been 
conducted on Kaua`i, and, therefore, there are no restrictions resulting from the 
incorporation of legacy sites.  Placement of the demographic sites and stations should be 
situated within the current `I`iwi, `Akikiki, and `Akeke`e distributions.  Many of the 
mainland concerns (e.g., edge-interior sites, fall migration) are not applicable to Kaua`i 
forest birds.  Therefore, the general guidelines for establishing BBIRD and MAPS studies 
are: 1) placement should incorporate elements of probabilistic sampling, 2) sites should 
remain accessible for the duration of the studies, 3) sites should be situated within areas 
of high density, 4) habitat should be representative of the surrounding landscape, and 5) 
sites should not be placed in areas experiencing successional changes.  The sites can be 
distributed along an elevational gradient, habitat types or management actions (in a 
treatment-control framework), for example.  However, this requires increasing sampling 
effort to accommodate for replication.  Specific details of establishing and operating sites 
and stations are provided in Martin et al. (1997) and DeSante et al. (2009).  Devineau et 
al. (2006) provide measures to assess precision, bias and power to evaluate sampling 
effort of capture-recapture studies.  
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Table 1.  Outline of the sampling scheme to monitor occupancy/distribution (O), density (D), demography (fecundity-F and survival-
S) and habitat (H) at three spatial scales: landscape, region, and local, Levels 1, 2 and 3, respectively.  The current range of `I`iwi was 
used to define the Level 3 sampling frame because it has the largest distribution of the endangered and species-of-concern. 

 Level and Metric 
 1  2  3 
Variable O D H  O D H  D F S H 
Sampling 
Frame 

Forest 
habitat 

Forest 
habitat 

Forest 
habitat 

 Alaka`i 
Plateau 

Alaka`i 
Plateau 

Alaka`i 
Plateau 

 Current 
range of 
`I`iwi 

Current 
range of 
`I`iwi 

Current 
range of 
`I`iwi 

Current 
range of 
`I`iwi 

Sampling 
Period 

Pre- and 
breeding 
season 

Pre- and 
breeding 
season 

Pre- and 
breeding 
season 

 Pre- and 
breeding 
season 

Pre- and 
breeding 
season 

Pre- and 
breeding 
season 

 Breeding 
season 

Breeding 
season 

Breeding 
season 

Breeding 
season 

Sampling 
Frequency 

10-20 
years 

10-20 
years 

10-20 
years 

 Annual 
or every 
2 years 

Annual 
or every 
2 years 

Annual 
or every 
2 years 

 Annual Annually 
for 5 yrs 

Annually 
for 5 yrs 

Annual 

No. 
Sampling 
Units 

~ 50 
sites 

~550 
stations 

~ 600 
stations 

 ~ 25 
sites 

~550 
stations 

~ 575 
stations 

 4x no. 
fecundity 
plots (48 
stations) 
 
140 
point 
count 
stations 

4 sites of 
3 plots 

4 sets of 
six 20-ha 
stations 

~200 
stations 
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4.4 Sampling period and frequency — Duration, sampling frequency, and 
consistency all influence the effectiveness of a monitoring program to adequately track 
population changes.  Demographic studies need to be conducted a minimum number of 
years to estimate different parameters using specific models (e.g., three years for 
applying non-transient CJS models, and four years for a transient CJS model).  
Distribution and density studies need to be of sufficient duration to capture and follow 
both population trajectories and cycles, distinguish between trends in the population and 
noise (Gunderson and Folke 2003, Redman and Kinzig 2003).  Sampling frequency and 
consistency are equally important in determining the effectiveness of a monitoring 
program.  Surveys that sample annually without missing years are more likely to reveal 
trends more quickly than programs that operate infrequently or sporadically (Gerrodette 
1987). 

It is important that monitoring programs select the best time of year to meet their 
objectives and to survey consistently during specific times of year.  Peak vocalization 
varies among species and may differ seasonally.  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).  If 
the timing of surveys varies among years the variance in metrics will increase, and make 
it more difficult to detect trends, and, perhaps more importantly, may lead to erroneous 
results.  Density estimates derived from the HFBS, which was conducted during the 
summer months (Kaua`i was surveyed during 12-25 May), are sometimes significantly 
lower than subsequent surveys conducted during the spring (February-April), and it is 
difficult to discern whether populations have increased or are responding to a seasonal 
effect (Camp, Pratt, et al. 2009).  Future surveys should be scheduled to occur during the 
first part of March (Appendix 2). 

In general, power is always higher for longer spanning monitoring programs than 
shorter programs for a given sample size (Perron 1991).  Similarly, power increases with 
decreasing sampling intervals, and this relationship is accentuated with positive temporal 
autocorrelation.  More simply stated power is greater for time series surveyed annually 
than it is for data surveyed less frequently.  In addition, the sampling frequency should 
represent the actual timing of the process being monitored (i.e., changes in species’ 
distribution or density).  On Kaua`i, the changes in part appear to be occurring over 
shorter intervals than the sampling, at least for `Akikiki, `Akeke`e, and `I`iwi.  Thus, 
surveys should be conducted more frequently than the current 4.5 year interval (i.e., 
either annually or every two years). 
 
4.5 Monitoring program assessment and evaluation — For a monitoring program 
to be successful the objectives, sampling design and sampling techniques need to be 
reviewed on a regular basis (Camp, Reynolds, et al. 2009).  This ensures that the program 
objectives, goals and study questions might be achieved, and that the program 
incorporates any techniques that will improve the overall scheme (e.g., reallocation of 
stations, use of new sampling or analytical techniques; Johnson et al. 2006).  In addition, 
evaluating the monitoring program will aid in assessing the effectiveness of the 
management and conservation actions implemented.  Complete evaluation of the program 
should be conducted after the first year of implementation and – depending upon the 
results of the first review – less and less frequently until review occurs every five-10 
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years, whenever a management action is triggered, or whenever the consistency of the 
scheme is interrupted.  Furthermore, all products (e.g., reports or publications) should be 
peer-reviewed for quality assurances. 
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APPENDICES 
Appendix 1.  SUMMARY OF SURVEYS AND RESULTS 

Between 1968 and 1973, John Sincock (unpublished data; but see USFWS 1983, 
Scott et al. 1986) conducted bird surveys in forests on Kaua`i, including much of the 
Alaka`i Plateau, Kōke`e State Park, and the island’s lowland forests (Figure 2).  
Population estimates at the species and region levels were produced with variance 
estimates, allowing quantitative comparisons of subsequent estimates.  Sincock’s 
information was used to justify most of the conservation actions outlined in the initial 
Kaua`i Forest Bird Recovery Plan.  Sincock recorded small populations (< 500 birds) of 
Kāma`o, Puaiohi, `Ō`ō, and `O`ū, and he did not detect Nukupu`u or `Akialoa.  
Subsequent reports of Nukupu`u on Kaua`i have been very infrequent, with all recent 
sightings in doubt (USFWS 1983, Pratt and Pyle 2000).  The `Akialoa, last seen in 1971 
by P.L. Bruner (Pratt et al. 1987), is designated as endangered (USFWS 2006), but most 
authorities consider it to be extinct (Gorresen et al. 2009), with little hope of 
rediscovering this species.  The absence of Kaua`i’s rare birds from lowland forests had 
previously been recognized by Munro (1944); however, it became apparent from the 
1968-1973 survey that common native birds were contracting upslope and that these 
species were absent or at low numbers in lowland forests.  Notably missing from lowland 
forests was the Kaua`i `Amakihi, which historically occurred from sea level to tree line.  
In addition, Sincock estimated low numbers (< 1,500 individuals) of `Anianiau, `Akikiki, 
`Akeke`e, and `I`iwi and found these birds only at higher elevations (> 600 m). 

Conant et al. (1998) conducted a qualitative survey in 1975 and believed that the 
Alaka`i Plateau would be a safe haven for Kaua`i’s forest birds and a natural refuge for 
its endangered birds.  Although their foray was not a quantitative survey, they found all 
but one native bird, the Kaua`i Akialoa, in just a week spent on the plateau.  Conant et al. 
noted the Kāma`o, Kaua`i `Ō`ō, `O`ū, and Kaua`i Nukupu`u were rare in the mid-1970s, 
with few individuals observed.  Thirty years later these species appear to be extinct 
(USFWS 2006).  They also observed few Puaiohi, but this may be because the species is 
extremely difficult to detect; its call is quiet and infrequent, and it occurs primarily in 
deep stream valleys (Woodworth et al. 2009).  Except for `Akikiki (classified as 
uncommon), the remaining native forest birds were observed in relatively large numbers 
(classified as common). 

Based on species’ distributions from the 1968-1973 survey, Scott et al. (1986) 
limited their 1981 survey area to a 25-km2 area where all 10 extant endemic birds were 
known to occur.  We hereafter refer to this study area as the interior portion of the 
Alaka`i Plateau.  This limited sampling area precluded determining changes in species 
distributions; however, it allowed for tracking abundance trends in the core area of 
Kaua`i’s forest birds (Camp, Reynolds, et al. 2009; Gorresen et al. 2009).  Although 
previous surveys produced quantitative population estimates, the systematic Hawaii 
Forest Bird Survey (HFBS) by Scott et al. has become the baseline from which to 
compare population trends.  Scott et al. did not detect the Kaua`i Nukupu`u and Kaua`i 
`Akialoa during the 1981 survey.  However, they did detect small numbers (<25 birds) of 
Kāma`o, Kaua`i `Ō`ō, and `O`ū, and concluded that populations of these species had 
continued to decline and their distributions contracted since the 1968-1973 survey.  They 
also concluded that the Puaiohi persisted in low numbers.  `Akikiki, `Akeke`e, and `I`iwi 
abundances were larger (between 1,000 and 5,000 birds), but their densities and 



 

33 
 

distributions were reduced since the 1970s.  In contrast, Kaua`i `Elepaio, Kaua`i 
`Amakihi, `Anianiau, and `Apapane populations had remained stable or increased, and 
there was no indication of changes in their distributions. 

The Division of Forestry and Wildlife (DOFAW), the state agency mandated to 
manage Hawai`i’s natural resources, replicated and conducted bird surveys in 1989 and 
1994 following the Scott’s et al. protocol.  During this period, two hurricanes struck 
Kaua`i and severely damaged the upland forests (Pratt 1994).  Numbers of nectivorous 
birds declined sharply (Foster et al. 2004), and the storms may have been detrimental to 
the critically endangered birds (e.g., `O`ū and Kaua`i Nukupu`u; Engilis and Pratt 1989, 
Telfer 1993).  Changes in insectivorous birds were not as pronounced, however, and 
several species increased afterwards, including the `Anianiau, `Amakihi, and Japanese 
White-eye (Zosterops japonicus).  These increases were most apparent during the 1994 
survey, and may be attributed, in part, to forest recovery and consequential increases in 
prey.  Those population changes occurred in the interior portion of the Alaka`i Plateau, 
presumably the core area of Kaua`i’s native birds, and only anecdotal information was 
known of changes in bird populations outside this area.  Reynolds et al. (1997) and 
Reynolds and Snetsinger (2001) conducted a rare bird search in 1996 for Kaua`i’s 
critically endangered birds.  Only the Puaiohi was detected and the other five species 
were presumed extinct. 

In 2000 the DOFAW and USGS expanded the sampling frame to include 
sampling across the entire Alaka`i Plateau (Figure 2).  `Akeke`e and `Akikiki were 
identified as species whose distributions have contracted and densities declined since the 
1968-1973 survey (see also Walther 1995).  A primary objective of the 2000 survey was 
to sample across the entire range of those species.  Therefore, 26 new transects were 
established to survey the entire Alaka`i Plateau and Kōke`e State Park above 600 m 
elevation.  Foster et al. (2004) documented that `Akikiki and `I`iwi distributions had 
contracted and their densities had declined.  The five critically endangered and 
presumably extinct species were not detected, extending the time since they were last 
observed to more than 25 years.  A good number of Puaiohi (37 birds) were detected.  
Foster et al. (2004) concluded that the remaining native species populations were stable 
or increasing.  Populations of introduced forest birds continued to increase, except for the 
Red-billed Leiothrix (Leiothrix lutea), which seems to be extirpated from Kaua`i (Male 
and Snetsinger 1998).  The Japanese Bush-Warbler (Cettia dephone) had recently 
colonized Kaua`i (< 10 years ago; Foster et al. 2004), and for the first time it was 
detected during bird surveys on the Alaka`i Plateau. 

DOFAW conducted another survey in 2005 as part of their 5-year rotation 
schedule.  Observers noted fewer detections of `Akikiki and `Akeke`e compared with 
previous surveys.  In 2006 bird-tour guides and amateur birders expressed concern that 
they were observing fewer birds and that they were absent from traditional hot spots.  
This prompted DOFAW to conduct further surveys in 2007 and 2008.  The primary 
objective was to assess population densities and trends, and determine if `Akikiki and 
`Akeke`e distributions’ had further contracted.  Results from those surveys are being 
analyzed by VanderWerf et al. (in prep.); however, preliminary results are presented in 
this report and are incorporated in the monitoring program design.  In general, the 
common native birds continued to increase or remained stable, whereas `Akikiki, 
`Akeke`e, and `I`iwi declined. 
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Details of the sampling methods and analyses are provided in Camp, Gorresen, et 
al. (2009), and VanderWerf et al. (in prep.).  In general, bird surveys were conducted in 
1981, 1989, 1994, 2000, 2005, 2007, and 2008 (Appendix 1—Table 2) using standard 
Hawaiian point-transect methods established by Scott et al. (1986).  Surveys sampled the 
interior portion of the Alaka`i Plateau HFBS transects (Scott et al. 1986) and most 
transects established by Foster et al. (2004).  Distributions for each species were 
determined by creating a polygon that included all detections of the species during 2008, 
and, for species known to occur outside the area surveyed, by adding areas that contained 
similar habitat.  Distributions of `Akikiki and Akeke`e were generated from their 2007 
and 2008 surveys detections.  For species showing recent declines in population density 
(`Akikiki, `Akeke`e, and `I`iwi) we created maps showing the distribution of detections 
during each year.  Density estimates were calculated using standard point-transect 
methods (Buckland et al. 2001, Camp, Gorresen, et al. 2009), and trends were assessed 
using either end-point comparisons or log-linear regression methods (Camp et al. 2008, 
Camp, Gorresen, et al. 2009). 

Kāma`o, Kaua`i `Ō`ō, `O`ū, Kaua`i Nukupu`u, and Kaua`i Akialoa were not 
detected during the 2005, 2007, or 2008 surveys, extending their absence since they were 
last detected during a forest bird survey by at least eight more years.  Low numbers of 
Nene (the Hawaiian Goose; Branta sandvicensis; 3 birds), Koloa (the Hawaiian Duck; 
Anas wyvilliana; 3 birds), Pueo (Asio flammeus; 7 birds), Pacific Golden-Plover 
(Pluvialis fulva; 3 birds) and Puaiohi (2005: 8 birds; 2007: 19 birds; 2008: 28 birds) were 
detected during the recent surveys, precluding estimating their densities.  Low numbers 
(< 100 birds) of the alien birds Erckel’s Francolin (Francolinus erckelii), Spotted Dove 
(Streptopelia chinensis), Zebra Dove (Geopelia striata), Common Myna (Acridotheres 
tristis), Red-crested Cardinal (Paroaria coronata), House Finch (Carpodacus 
mexicanus), and Nutmeg Mannikin (Lonchura punctulata) were also detected during 
recent surveys.  The Red-billed Leiothrix has not been detected since the 1994 survey, 
lending further evidence that it may be locally extirpated from the Alaka`i Plateau (Male 
and Snetsinger 1998). 

`Akeke`e was one of three native birds (Kaua`i `Amakihi and `I`iwi) showing 
conclusive evidence of declines on the Alaka`i Plateau between 2000 and 2008 
(Appendix 1—Figure 3a, Appendix 1—Tables 3 and 4).  There was however very strong 
evidence that the trend in `Akeke`e density has increased over the 26 years the interior 
portion of the Alaka`i Plateau was surveyed.  This trend was not consistent and `Akeke`e 
densities increased > 4 fold between 1981 and 1989, and then subsequently declined 
almost 3 fold by 2008 (Appendix 1—Figure 3b).  `Akeke`e distribution has recently 
contracted from the western portion of the Alaka`i Plateau.  `Akeke`e were not detected 
in Kōke`e State Park or the Na Pali-Kona Forest Reserve during the 2005, 2007, or 2008 
surveys, regions they had inhabited thru the 2000 survey (Foster et al. 2004; Appendix 
1—Figure 4).  The 2008 `Akeke`e abundance was estimated at 7,887 birds (95% CI = 
5,220—10,833; mean density x 127 km2). 

Greater densities of `Akikiki were observed during the 2008 survey than during 
the 2000 survey on the Alaka`i Plateau.  `Akikiki densities more than tripled from 29 to 
99 birds/km2, and, although, density estimates were relatively imprecise (CV range 19—
43%) they had significantly increased (Appendix 1—Tables 3 and 4).  Within the interior 
portion of the Alaka`i Plateau, there was strong evidence that `Akikiki densities remained 
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stable across the 26-year period, yet densities have declined since 1989 (Appendix 1—
Figure 3b, Appendix 1—Table 4).  By 2000, `Akikiki had contracted out of the Kōke`e 
State Park and Na Pali-Kona Forest Reserve regions, and the species was restricted to the 
Alaka`i Wilderness Preserve.  It was not apparent if `Akikiki have contracted further 
since 2000; however, they were detected at fewer stations on the subsequent surveys 
(Appendix 1—Figure 4).  The 2008 `Akikiki abundance was estimated at 3,865 birds 
(95% CI = 2,566—5,429; mean density x 39 km2). 

Kaua`i `Amakihi and `I`iwi were the other two native birds on the Alaka`i Plateau 
that had declined between 2000 and 2008 (Appendix 1—Figure 3a, Appendix 1—Tables 
3 and 4).  Over the 26-year period Kaua`i `Amakihi increased whereas `I`iwi showed 
stable trends in the interior portion of the Alaka`i Plateau.  Since 1989, however, `I`iwi 
densities have declined.  Kaua`i `Amakihi remains widely distributed throughout all three 
regions of the Alaka`i Plateau, possibly widespread above 600 m, and there was no 
obvious change in its distribution.  In contrast, and similar to `Akikiki, `I`iwi were absent 
in Kōke`e State Park and possibly have contracted out of the Na Pali-Kona Forest 
Reserve since 2000 (Appendix 1—Figure 4).  `I`iwi were also detected at fewer stations 
in 2005, 2007, and 2008 than during the 2000 surveys within the interior portion of the 
Alaka`i Plateau.  The 2008 `I`iwi abundance was estimated at 4,181 (95% CI = 3,030—
5,494; mean density x 101 km2). 

Densities of Kaua`i `Elepaio, `Anianiau, and `Apapane on the Alaka`i Plateau 
were significantly increasing, inconclusive, and stable, respectively, between 2000 and 
2008 (Appendix 1—Figure 3a, Appendix 1—Tables 3 and 4).  These species were widely 
distributed across the plateau and no obvious changes in their distribution were apparent 
(Appendix 1—Figure 4).  Within the interior portion of the Alaka`i Plateau very strong 
evidence of increasing, and relatively consistent, trends were found for all three birds. 

Densities of three alien birds—Japanese Bush-Warbler, Hwamei, and White-
rumped Shama (Copsychus malabaricus)—significantly increased between 2000 and 
2008 on the Alaka`i Plateau (Appendix 1—Tables 3 and 4), whereas Japanese White-eye 
and Northern Cardinal differences were inconclusive on the Alaka`i Plateau.  Both 
Japanese White-eye and Northern Cardinal densities were slightly lower in 2008 than in 
2000; however, variance about the densities was wide enough to preclude trends 
detection.  There was strong evidence supporting stable trends of Northern Cardinal in 
the interior portion of the Alaka`i Plateau.  In contrast, Hwamei, White-Rumped Shama, 
and Japanese White-eye densities showed very strong evidence of increasing trends over 
the 26-year period in the interior portion of the Alaka`i Plateau.  Hwamei, White-Rumped 
Shama, Japanese White-eye, and Northern Cardinal remained widely distributed across 
the Alaka`i Plateau.  Japanese Bush-Warbler densities were low in 2000 (< 5 birds/km2), 
and the species had recently invaded lower portions of the Alaka`i Plateau.  By the 2008 
survey, Japanese Bush-Warbler density had increased 3 fold to 17 birds/km2, and its 
distribution had expanded upslope and into the more remote regions of the Alaka`i 
Wilderness Preserve and the interior portion of the Alaka`i Plateau. 

Kāma`o, Kaua`i `Ō`ō, `O`ū, Kaua`i Nukupu`u, and Kaua`i Akialoa have not been 
detected in the interior of the Alaka`i since at least the 1981 forest bird survey, nor were 
they detected during subsequent surveys spanning the Alaka`i Plateau (Alaka`i 
Wilderness Preserve, Na Pali-Kona Forest Reserve, and Kōke`e State Park) or during the 
Reynolds and Snetsinger (2001) 1996 rare bird search.  Except for the Kaua`i `Akialoa 
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however incidental sightings of these birds occurred throughout the 1980s.  The Kaua`i 
Akialoa was last detected in 1969, although this was an unconfirmed sighting.  We 
calculated the risk of extinction for those species based on the Scott et al. (2008) 
approach and the Kaua`i survey effort to date with equation: 

1
( 0 | 0)

Em
AP N X e

 − − 
 = = = , 

where N is the population size, X is the number of birds detected, m is the mean of the 
Poisson distribution, E is the effective area surveyed, and A is the species’ range. 

We presumed they are extant although persisting at very low numbers, and set a 
conservative prior probability of their extinction at 50%.  We assessed the probability of 
extinction given a population of zero individuals and the species’ ranges and effective 
detection distances presented in Scott et al. (1986).  Even though there has been a 
concerted effort to sample within the presumed core range of those species, there was 
insufficient evidence to confirm any of the species are extinct (i.e., the prior and posterior 
probabilities do not differ; Appendix 1—Table 5).  Furthermore, it would require more 
than doubling the survey effort to actually confirm the probability of extinction given 
99% confidence.  In summary, the point-transect based surveys are ineffective at 
assessing bird extinctions.  More intensive approaches, such as rare bird searches 
(Reynolds and Snetsinger 2001), are required to confirm extinction. 
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(a) 

 
Appendix 1—Figure 3.  Density (birds/km2 ± 95% CI) of native forest birds on the (a) 
Alaka`i Plateau and (b) within the interior of the Alaka`i Plateau, Kaua`i.  Density 
estimates were fitted with trend lines for 1981 to 2008 (solid line) and 1989 to 2008 
(dashed line) for species of concern. 
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(b) 

 
Appendix 1—Figure 3.  Continued.
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(a) 

 
Appendix 1—Figure 4.  Distribution of native forest birds by survey or group of surveys, 
Kaua`i; (a) 'Elepaio.
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(b) 

 
Appendix 1—Figure 4 Cont.  Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (b) 'Amakihi.
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(c) 

 
Appendix 1—Figure 4 Cont. Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (c) 'Anianiau. 
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(d)  

 
Appendix 1—Figure 4 Cont. Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (d) 'Akikiki.
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(e) 

 
Appendix 1—Figure 4. Cont.  Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (e) 'Akeke'e.
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(f) 

 
Appendix 1—Figure 4. Cont.  Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (f) 'I'iwi.
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(g) 

 
Appendix 1—Figure 4.  Cont. Distribution of native forest birds by survey or group of 
surveys, Kaua`i; (g) 'Apapane. 
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Appendix 1—Table 2.  Survey date, numbers of transects and stations, and area surveyed 
(km2) during the seven forest birds point-transect surveys on Kaua`i.  Study area for each 
survey was delineated with a minimum convex polygon about the stations that were 
buffered by 500 m, and clipped to the 1000 m elevation. 

Year Start Date End Date 
No. 
Transects No. Stations 

Area 
Surveyed 

1981 5/12/1981 5/25/1981 6 140 28 
1989 2/15/1989 3/20/1989 8 164 59 
1994 2/24/1994 3/4/1994 9 168 53 
2000 3/2/2000 4/19/2000 34 553 96 
2005 4/5/2005 4/8/2005 17 328 78 
2007 4/17/2007 5/28/2007 13 214 69 
2008 2/29/2008 4/29/2008 20 347 80 
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Appendix 1—Table 3.  Mean density (birds/km2 ± SE, with 95% CI) estimates for forest birds within the (A) interior portion of the 
Alaka`i Plateau from seven point-transect surveys, and (B) four plateau wide point-transect surveys on the Alaka`i Plateau, Kaua`i. 

(A) 
Species 1981 1989 1994 2000 2005 2007 2008 

KAEL 166.0 ± 128.3 
(128.5―209.4) 

218.8 ± 30.9 
(161.4―283.6) 

177.1 ± 29.4 
(127.5―241.3) 

227.6 ± 16.9 
(195.3―261.2) 

427.7 ± 49.6 
(337.5―528.2) 

455.0 ± 60.1 
(340.4―581.8) 

435.4 ± 163.0 
(271.8―692.7) 

KAAM 17.3 ± 2.6 
(12.7―23.1) 

109.8 ± 16.6 
(79.7―145.6) 

238.0 ± 51.0 
(152.4―347.0) 

146.6 ± 14.4 
(120.2―176.4) 

159.1 ± 24.8 
(117.1―215.7) 

137.5 ± 24.1 
(93.7―192.5) 

132.0 ± 19.9 
(95.6―175.7) 

ANIA 129.8 ± 8.8 
(113.4―148.2) 

260.7 ± 28.0 
(209.6―322.7) 

376.1 ± 51.0 
(294.8―496.0) 

435.9 ± 31.0 
(378.5―496.9) 

409.2 ± 40.8 
(332.8―492.0) 

316.9 ± 42.0 
(239.9―404.5) 

473.2 ± 49.4 
(381.1―567.4) 

AKIK 
84.6 ± 12.6 
(62.0―112.4) 

152.9 ± 27.0 
(104.4―209.8) 

179.4 ± 36.1 
(114.4―257.6) 

31.4 ± 8.1 
(17.5―48.2) 

63.1 ± 21.9 
(24.1―110.6) 

70.8 ± 31.0 
(20.6―140.7) 

155.2 ± 32.2 
(96.7―221.5) 

AKEK 44.7 ± 6.7 
(32.9―58.9) 

204.0 ± 33.8 
(148.2―282.9) 

187.5 ± 42.9 
(118.3―267.2) 

152.0 ± 24.0 
(110.6―205.5) 

117.1 ± 27.1 
(69.8―174.7) 

75.0 ± 27.4 
(28.7―137.4) 

96.3 ± 21.3 
(57.3―142.8) 

IIWI 68.8 ± 5.4 
(58.7―79.6) 

172.0 ± 31.7 
(122.9―248.0) 

98.0 ± 19.9 
(63.4―143.0) 

101.2 ± 12.5 
(75.3―125.1) 

88.0 ± 18.0 
(58.7―129.1) 

60.1 ± 12.7 
(38.0―86.6) 

58.3 ± 10.7 
(39.7―81.2) 

APAP 498.5 ± 35.1 
(431.6―567.9) 

610.8 ± 40.8 
(538.6―700.2) 

520.0 ± 75.6 
(384.0―671.7) 

910.5 ± 32.0 
(848.6―970.2) 

1291.6 ± 83.8 
(1132.7―1455.3) 

964.1 ± 55.0 
(863.0―1073.6) 

1015.3 ± 58.9 
(907.6―1136.2) 

MELT 3.7 ± 0.7 
(2.5―5.3) 

8.5 ± 2.0 
(5.5―13.9) 

17.6 ± 4.1 
(11.6―27.8) 

21.1 ± 1.8 
(17.7―24.8) 

24.4 ± 5.4 
(15.3―35.6) 

22.3 ± 2.6 
(17.4―27.4) 

37.1 ± 11.8 
(21.4―61.8) 

WRSH 0.9 ± 0.4 
(0.1―1.8) 

1.8 ± 1.0 
(0.4―4.2) 

15.7 ± 4.0 
(9.2―23.9) 

1.9 ± 0.8 
(0.5―3.5) 

7.7 ± 3.4 
(2.3―15.5) 

19.7 ± 6.8 
(8.0―34.8) 

2.3 ± 1.4 
(0―5.2) 

JAWE 162.9 ± 16.3 
(131.3―195.9) 

389.4 ± 42.9 
(310.7―474.8) 

641.3 ± 78.4 
(516.0―814.0) 

483.5 ± 28.3 
(429.1―542.1) 

627.6 ± 79.7 
(485.3―786.6) 

602.0 ± 89.8 
(443.1―799.9) 

568.6 ± 62.0 
(452.6―694.6) 

NOCA 2.0 ± 0.5 
(1.0―3.2) 

7.3 ± 1.9 
(4.2―11.5) 

4.6 ± 1.8 
(1.6―8.2) 

3.2 ± 0.8 
(1.8―5.0) 

2.0 ± 1.2 
(0―4.8) 

2.1 ± 1.5 
(0―5.4) 

1.8 ± 1.1 
(0―4.3) 
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(B) 
Species 2000 2005 2007 2008 

KAEL 229.4 ± 12.8 
(204.0―255.5) 

481.0 ± 50.2 
(386.9―586.0) 

362.5 ± 40.8 
(284.6―437.5) 

400.7 ± 73.9 
(200.4―515.4) 

KAAM 304.0 ± 15.3 
(273.7―335.4) 

219.8 ± 29.9 
(172.8―290.0) 

192.2 ± 22.9 
(148.4―236.9) 

134.3 ± 16.0 
(105.1―165.4) 

ANIA 302.0 ± 18.3 
(264.9―335.7) 

353.7 ± 35.3 
(295.3―427.3) 

221.1 ± 27.5 
(171.2―277.9) 

295.5 ± 29.4 
(238.9―351.3) 

AKIK 29.0 ± 5.8 
(19.1―41.5) 

44.5 ± 14.4 
(20.1―74.9) 

50.9 ± 21.8 
(15.0―97.5) 

99.1 ± 19.1 
(65.8―139.2) 

AKEK 128.2 ± 16.8 
(99.2―168.3) 

71.6 ± 14.7 
(45.9―102.1) 

40.8 ± 13.9 
(17.6―71.2) 

62.1 ± 11.8 
(41.1―85.3) 

IIWI 79.4 ± 8.4 
(63.6―95.2) 

73.8 ± 17.2 
(50.7―107.3) 

41.2 ± 10.0 
(23.6―63.4) 

41.4 ± 6.4 
(30.0―54.4) 

APAP 919.3 ± 27.5 
(866.5―974.1) 

1368.8 ± 74.9 
(1235―1527.3) 

805.7 ± 49.0 
(711.5―906.4) 

858.7 ± 41.7 
(783.1―940.3) 

JABW 4.8 ± 0.6 
(3.6―6.2) 

15.8 ± 2.6 
(11.2―21.2) 

29.4 ± 3.7 
(22.9―37.4) 

16.9 ± 2.6 
(12.2―22.6) 

MELT 25.5 ± 1.6 
(22.5―28.8) 

36.5 ± 6.6 
(22.7―48.5) 

27.7 ± 2.5 
(23.2―32.8) 

39.7 ± 11.9 
(23.6―67.0) 

WRSH 11.7 ± 1.5 
(9.1―14.9) 

11.2 ± 2.5 
(6.8―16.3) 

44.6 ± 6.5 
(32.6―58.0) 

21.9 ± 4.1 
(14.8―30.7) 

JAWE 702.6 ± 28.9 
(647.1―760.8) 

946.6 ± 95.4 
(775.9―1150.7) 

853.0 ± 92.4 
(689.9―1042.2) 

604.9 ± 60.9 
(498.2―734.8) 

NOCA 18.1 ± 2.9 
(14.0―24.7) 

10.1 ± 2.5 
(6.0―15.5) 

23.4 ± 4.9 
(15.3―33.5) 

13.8 ± 2.6 
(9.6―18.8) 
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Appendix 1—Table 4.  Trends in forest bird density within the interior portion of the 
Alaka`i Plateau, Kaua`i (Panel A).  Results of Bayesian trends ( β̂ ) for each species are 
shown for the survey period from 1981-2008.  The ecological relevance of a trend was 
based on a 25% change in density over 25 years, corresponding to an annual rate of 
change with a threshold lower bound of 0.0199lϕ = −  and upper bound of 0.0093uϕ = .  
P is the posterior probability of a trend.  Strong (0.7<P<0.9) and very strong (P>0.9) 
evidence of a trend are highlighted in bold.  Interpretation of trend (increasing = ▲; 
stable = ▬; decreasing = ▼) and the magnitude change (% change over 25 years) are 
also provided.  Trends since the hurricanes were assessed for species of concern—
`Akikiki, `Akeke`e, and `I`iwi—and are presented in shaded rows.  (Panel B) Differences 
(SE, lower and upper confidence levels) in forest bird density on the Alaka`i Plateau, 
Kaua`i.  Results comparing the 2000 and 2008 density estimates for each species using a 
one-tailed z-test within a 25% difference equivalency region (lower and upper 
equivalency limits and associated P values).  Interpretation of differences (positive 
difference = ▲; no difference = ▬; negative difference = ▼; and inconclusive = Inc) are 
also provided. 
 
(A) 

Species β̂  (95% credible interval) 
Declining 
P ˆ

lβ ϕ<  
Negligible 
P ˆ

l uϕ β ϕ< <  
Increasing 
P ˆ

uβ ϕ>  Trend 
KAEL 0.0378 (0.0330—0.0427) 0 0 1.000 ▲ 144% 
KAAM 0.0465 (0.0401—0.0533) 0 0 1.000 ▲ 198% 
ANIA 0.0411 (0.0374—0.045) 0 0 1.000 ▲ 163% 
AKIK -0.0057 (-0.0170—0.0053) 0.135 0.861 0.004 ▬ 13% 
89-08 -0.0582 (-0.0898—-0.0289) 0.999 0.001 <0.001 ▼ 76% 
AKEK 0.0228 (0.0153—0.0304) 0 <0.001 1.000 ▲ 72% 
89-08 -0.0367 (-0.0521—-0.0218) 0.999 0.001 0 ▼ 59% 
IIWI 0.0023 (-0.0021—0.0067) 0 0.999 0.001 ▬ 6% 
89-08 -0.0505 (-0.0608—-0.0403) 1.000 0 0 ▼ 71% 
APAP 0.0308 (0.0286—0.0330) 0 0 1.000 ▲ 107% 
MELT 0.0729 (0.0649—0.0816) 0 0 1.000 ▲ 441% 
WRSH 0.0642 (0.0341—0.1049) 0 <0.001 1.000 ▲ 345% 
JAWE 0.0406 (0.0364—0.0448) 0 0 1.000 ▲ 160% 
NOCA 0.0026 (-0.0139—0.0187) 0.041 0.754 0.205 ▬ 6% 



 

50 
 

(B) 
Species Difference SE LCL UCL LEL UEL P P Result 
KAEL 171.3 75.0 48.0 294.7 -41.98 28.79 0.998 0.029 ▲ 
KAAM -169.8 22.1 -206.1 -133.4 -55.65 38.17 1.000 <0.001 ▼ 
ANIA -6.6 34.6 -63.5 50.4 -55.28 37.91 0.963 0.817 Inc 
AKIK 70.1 20.0 37.3 102.9 -5.31 3.64 1.000 <0.001 ▲ 
AKEK -66.1 20.5 -99.9 -32.4 -23.46 16.09 1.000 0.007 ▼ 
IIWI -38.0 10.6 -55.4 -20.6 -14.54 9.97 1.000 0.004 ▼ 
APAP -60.6 50.0 -142.8 21.6 -168.27 115.4 1.000 0.864 ▬ 
JABW 12.1 2.7 7.7 16.6 -0.88 0.60 1.000 <0.001 ▲ 
MELT 14.2 1.7 11.5 16.9 -4.67 3.20 1.000 <0.001 ▲ 
WRSH 10.2 4.4 3.0 17.4 -2.13 1.46 0.998 0.022 ▲ 
JAWE -97.7 67.4 -208.6 13.2 -128.60 88.20 1.000 0.444 Inc 
NOCA -4.3 3.9 -10.7 2.1 -3.31 2.27 0.974 0.304 Inc 
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Appendix 1—Table 5.  Probability of extinction and search effort required to confirm the 
probability of absence for the critically endangered Kaua`i forest birds.  We assumed that 
the species are restricted to the 25-km2 interior of the Alaka`i, and there have been 1,296 
point counts within the species’ ranges on 7 surveys between 1981 and 2008. 

   

Total number of stations required 
to confirm absence at three levels 

of confidence 

Species 

Effective 
detection 

distance (m) 
Probability of 

extinction 0.90 0.95 0.99 
Kāma`o 60 75 1,875 2,047 2,179 
Kaua`i `Ō`ō 66 82 1,550 1,692 1,801 
`O`ū 66 82 1,550 1,692 1,801 
Kaua`i Nukupu`u 39 59 4,437 4,845 5,157 
Kaua`i `Akialoa 32 56 6,590 7,197 7,659 
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Appendix 2.  SURVEY ASSESSMENT AND EVALUATION 
For purposes of improving the forest bird surveys we used the existing data to 

evaluate the power to detect a change in density of a given size over a given period, and 
the effort (number of sampling stations, sampling period and sampling frequency) needed 
to produce reliable estimates.  Heading numbers refer to associated sections in the text.  
  
3.1 Power analyses — The analytical power of a monitoring program is its 
probability of detecting a change in the population over time when one truly exists (i.e., 
1-β, Type II error).  Camp, Reynolds, et al. (2009) provide a detailed account of power 
and how to improve the power of a monitoring program.  Here we provide only a general 
framework.  Power is determined by variance, sample size, monitoring duration, 
magnitude of the change, and level of statistical significance (i.e., α).  Variance is the 
variability in bird density over time.  The larger the sample size, or number of stations 
surveyed, the smaller the variability.  Power increases with the duration of a monitoring 
program.  The larger the magnitude of change (e.g., 50% versus 25% change), the greater 
the power of a monitoring program.  The magnitude of change is conditional on the 
sampling frequency and monitoring duration.  Alpha is the probability of incorrectly 
stating that density has changed (i.e., α, the Type I error).  Alpha and power are related 
such that relaxing alpha increases power. 

We used the mean of densities, D̂ , and variance, s2, to calculate the sampling 

coefficient of variation ( 2 ˆ/sCV s D= ; J. Skalski, pers. comm.) for each species by site 
(interior of the Alaka`i and the entire Alaka`i Plateau) from species- and site-specific 
density estimates (Appendix 2—Table 6).  The species- and site-specific CVs were input 
into the noncentrality parameter equation 

( )

1, 2 2

2

1

1 1
2m

s
m

i
i

m
CV

t t

−

=

∆
−Φ = ×

−∑
. 

Where m is the duration of the monitoring program, ti is the annual indicator of time, t  is 
the sum of ti divided by m, and the s on CVs refers to the species- and site-specific CV.  
The noncentrality parameter for a noncentral F-distribution with 1 and m-2 degrees of 
freedom was then used to determine the prospective power for programs of m duration 
(i.e., 10, 25, or 50 years) for each species by site to detect 25% or 50% declines in density 
(i.e., ∆ = -0.25 or -0.50) at α = 0.10, one-tailed, for monitoring durations of 10, 25, or 50 
years (Appendix 2—Table 7).  Tracking trends in species with large variability (CV > 
0.50) in annual density estimates is difficult (i.e., low power to detect trends). 
 
3.2 Sample size — Adequate sampling effort is needed to produce reliable estates of 
species’ distribution, density and demographic metrics.   
 
3.2.1  Distribution — To calculate the sample effort for assessments of species 
distribution we input species-specific values for the parameters occupancy (Ψ) and 
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detection probabilities (p) from the 2000 point-transect survey data.  We converted 
detections into presence data for each station by species.  This approach replaces the 
temporal replicates in standard occupancy sampling with spatial replicates.  The implicit 
assumption is that the detection probabilities from spatial data can be used to make 
inference about the detection probabilities for temporal data (Kendall and White 2009).  
Combining the stations into triads that were treated as sites and converting station-
specific detections into occasions is legitimate for highly mobile species, such as birds, 
although Kendall and White caution against extrapolating the results.  Because no 
occupancy data exists, this analysis serves as a starting point for estimating sample size, 
at least until results from the first occasion of distribution sampling can be evaluated. 

We used groups of three stations as a surrogate for three sampling occasions 
(revisits), yielding a total of 176 sites of three occasions.  We estimated Ψ and p using 
two models where p was either constant among the occasions [p(·)] or varied by occasion 
[p(t)].  No covariates were used in these analyses.  For all species the top-ranked model 
was the one with constant detection rates (Appendix 2—Table 8).  Although this result 
may be a data pooling artifact, it simplifies calculating sampling effort for distribution 
monitoring and provides a baseline for describing occupancy dynamics and patterns. 

We used program GENPRES (Hines 2009) to assess estimator bias.  The “true” 
generating model had constant occupancy and detection probabilities, Ψ(·)p(·), which was 
the best-fit model for all species (Appendix 2—Table 8).  Sample size (s=176) and three 
sampling occasions were used for all species.  There were k=2 number of parameters for 
each species.  Relative bias of Ψ and p, RB= ( )Ψ̂ −Ψ Ψ  and RB= ( )p̂ p p− , and root 

mean square error, ( )2
ˆ truthψ ψ− , were used to evaluate estimator performance.  Relative 

bias was assessed as follows:  unbiased when RB<0.10, moderately biased when 
0.10<RB<0.20, and biased when RB>0.20 (Appendix 2—Tables 9 and 10).  In general, 
occupancy was overestimated for all species but was biased only for `Anianiau, 
`Akeke`e, and `I`iwi.  Except for Kaua`i `Elepaio, detection probabilities were biased or 
strongly biased for all species.  Thus, more sampling stations are needed to reliably 
estimate occupancy for `Anianiau, `Akeke`e, and `I`iwi, and sampling the stations only 
three times is insufficient for all birds, and indicates that the stations should be surveyed 
more times.  We recommend that 5 locations be sampled at each site. 

The intensive sampling at Level 2 cannot be applied for Level 1 occupancy 
monitoring – it is logistically infeasible to sample almost 200 stations throughout the 
forest habitat.  Therefore, we subset the sites data into three sets of approximately 60 
stations each to emulate reduced sampling effort within the Alaka`i Plateau.  This 
analysis was conducted only on the wide-spread species that occur at both Levels 1 and 2.  
Based on the results of modeling the full data set we applied only the constant detection 
probability model to estimate Ψ and p (Appendix 2—Table 11) for input into GENPRES 
to calculate bias, precision and sampling effort (Appendix 2—Tables 12 and 13).  
Because the models are based on different data sets, AIC cannot be used to compare 
among the models.  Therefore, we used the parameters from the least precise subset to 
assess potential bias and precision. 

We found no evidence for bias or loss of precision with the smaller data sets for 
the wide-spread species (Appendix 2—Tables 12 and 13).  Therefore, a relatively small 
number of sites can be sampled for occupancy without inducing additional bias and 
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retaining relatively high levels of precision.  Conducting occupancy sampling on the 
1968-1973 survey sites should be adequate; however, additional surveys (>3) may be 
required unless the detection probability is very high in the middle and lowland forests.  
This is likely the case because densities of the wide-spread species, and therefore 
detection probabilities, are expected to be lower in the middle and low elevation strata 
than that observed across the Alaka`i Plateau, the high elevation strata.  To compensate 
for this expected pattern, we recommend that 5 locations be sampled at each site in the 
middle and low elevation strata.  Thus, each site will be comprised of 5 sampling 
locations that will be surveyed with 8-min counts. 
 
3.2.2  Density — We estimated sample size for estimating density using two approaches.  
The first approach attempts to minimize the between survey variability whereas the 
second approach minimizes the within survey variability.  We estimated sample size 
following methods by Geng and Hills (1989) with equation 
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This method uses observed density and variance values, and a t-distribution of the desired 
α and β levels (Type I and II errors, respectively) for a two-tailed test.  Sample sizes were 
calculated for each species by site from mean density and variance estimates.  Because of 
the limited number of samples, we could not use least squares methods to determine 
mean square estimates.  Instead, sCV  was calculated as Ds ˆ/2  for each species by site.  
The number of sampling units was calculated to detect a 20% change in the mean density 
with α = 0.10 and 80% power (Appendix 2—Table 14). 

We also calculated the number of stations needed to produce annual density 
estimates with a range of CVs using methods described in Buckland et al. (2001;245-
246), and equation 
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We sought a CV of 20%, 30%, 40% and 50% using the number of stations sampled ( 0k ) 
and individuals detected ( 0n ) (Appendix 2—Table 14).  There are no known costs to this 
sample size estimator based on a thorough reading of Buckland et al. (2001). 

There were 140 stations sampled on the HFBS in the interior of the Alaka`i, and 
the six subsequent surveys have usually sampled only a portion of the stations (mean = 
129, SD = 20.59, range 92—150).  Although new transects were established outside the 
interior of the Alaka`i starting in 1989, it was not until 2000 that sampling was expanded 
to cover the entire Alaka`i Plateau including Kōke`e State Park.  Since 2000, the extent of 
sampling has varied by survey (mean = 361 stations, SD = 141.13, range 214—553), 
however, the recent surveys have not sampled in Kōke`e State Park. 
 
3.2 Sampling period and frequency — The consistency and frequency of sampling 
strongly influences the ability of a monitoring program to detect changes in species’ 
distribution and density.  The HFBS on Kaua`i was conducted during May.  Surveys 
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subsequent to HFBS started as early as mid February and continued until the end of May, 
and there has been a considerable amount of variability when surveys were conducted 
(Appendix 1—Table 2).  More stations have been sampled during the first 10 days of 
March than other 10 day periods (Appendix 2—Figure 5).  Thus, surveys should be 
scheduled to occur during the first part of March but may get started in late February and 
wrap up before April. 
 

 
Appendix 2—Figure 5.  Histogram of when stations were sampled based on a 10 day 
period, pooled across all seven surveys. 
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Appendix 2—Table 6.  Sampling coefficient of variation (CVs) for species by site 
(interior of the Alaka`i and the entire Alaka`i Plateau).  The mean of densities, D̂ , and 
variance, s2, among densities are provided.  Trend assessments for species with CVs > 
0.50 are unlikely to detect a decline in density (shaded).  These species will require 
greater sampling effort to produce reliable density estimates and track trends.  The 
Japanese Bush-Warbler was not detected in the interior of the Alaka`i. 

Site and Species D̂  s2 CVs 
Interior of the Alaka`i     
KAEL 3.01 1.73 0.43 
KAAM 1.34 0.43 0.49 
ANIA 3.43 1.40 0.34 
AKIK 1.05 0.32 0.54 
AKEK 1.25 0.35 0.47 
IIWI 0.92 0.15 0.42 
APAP 8.30 8.77 0.36 
MELT 0.19 0.01 0.57 
WRSH 0.07 0.01 1.07 
JAWE 4.96 2.96 0.35 
NOCA 0.03 <0.01 0.62 
    
Alaka`i Plateau    
KAEL 3.68 1.10 0.29 
KAAM 2.13 0.50 0.33 
ANIA 2.93 0.30 0.19 
AKIK 0.56 0.09 0.54 
AKEK 0.76 0.14 0.49 
IIWI 0.59 0.04 0.35 
APAP 9.88 6.66 0.26 
JABW 0.17 0.01 0.60 
MELT 0.32 0.01 0.21 
WRSH 0.22 0.02 0.70 
JAWE 7.77 2.32 0.20 
NOCA 0.16 <0.01 0.35 
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Appendix 2—Table 7.  Prospective power to detect moderate declines (25%) and large 
declines (50%) in density in studies of short to long duration.  Power to detect moderate 
declines is marginal (power ≤ 0.80) for all species, regardless of study duration.  
Detection of large declines (50%) over short study periods (10 years) also suffer from 
low power.  There is adequate power (1-β > 0.80) to detect large declines (50%) for 
monitoring programs spanning two or more decades.  Shaded cells indicate the species 
for which statistical power is > 0.80. 

  Duration of monitoring (yrs) 
Site and Species Decline 10 25 50 
Interior of the Alaka`i     
KAEL 25% 0.00 0.11 0.70 
 50% 0.58 0.88 0.91 
KAAM 25% 0.00 0.10 0.70 
 50% 0.58 0.88 0.91 
ANIA 25% 0.01 0.14 0.71 
 50% 0.59 0.89 0.92 
AKIK 25% 0.00 0.09 0.70 
 50% 0.57 0.88 0.90 
AKEK 25% 0.00 0.10 0.70 
 50% 0.58 0.88 0.91 
IIWI 25% 0.00 0.11 0.70 
 50% 0.58 0.88 0.91 
APAP 25% 0.01 0.13 0.71 
 50% 0.59 0.89 0.91 
MELT 25% 0.00 0.09 0.69 
 50% 0.57 0.88 0.90 
WRSH 25% 0.00 0.04 0.68 
 50% 0.55 0.87 0.89 
JAWE 25% 0.01 0.13 0.71 
 50% 0.59 0.89 0.91 
NOCA 25% 0.00 0.08 0.69 
 50% 0.57 0.87 0.90 
     
Alaka`i Plateau     
KAEL 25% 0.03 0.16 0.72 
 50% 0.60 0.89 0.92 
KAAM 25% 0.02 0.14 0.71 
 50% 0.60 0.89 0.92 
ANIA 25% 0.07 0.21 0.74 
 50% 0.63 0.90 0.93 
AKIK 25% 0.00 0.09 0.70 
 50% 0.57 0.88 0.90 
AKEK 25% 0.00 0.10 0.70 
 50% 0.58 0.88 0.91 
IIWI 25% 0.01 0.13 0.71 
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  Duration of monitoring (yrs) 
Site and Species Decline 10 25 50 
 50% 0.59 0.89 0.91 
APAP 25% 0.04 0.17 0.73 
 50% 0.61 0.89 0.92 
JABW 25% 0.00 0.08 0.69 
 50% 0.57 0.88 0.90 
MELT 25% 0.06 0.20 0.74 
 50% 0.63 0.90 0.93 
WRSH 25% 0.00 0.07 0.69 
 50% 0.56 0.87 0.90 
JAWE 25% 0.06 0.21 0.74 
 50% 0.63 0.90 0.93 
NOCA 25% 0.01 0.13 0.71 
 50% 0.59 0.89 0.91 
 
 
 
 
 

Appendix 2—Table 8.  Summary of models fit to species-specific occupancy based on 
2000 point-transect sampling survey data. 

Species Model ΔAIC w k -2l Ψ SE(Ψ) p1 p2 p3 
KAEL Ψ(·)p(·) 0.00 0.80 2 465.01 0.96 0.02 0.86 0.86 0.86 
 Ψ(·)p(t) 2.80 0.20 4 463.80 0.96 0.02 0.86 0.84 0.88 
KAAM Ψ(·)p(·) 0.00 0.85 2 555.49 0.93 0.03 0.81 0.81 0.81 
 Ψ(·)p(t) 3.49 0.15 4 554.98 0.93 0.03 0.83 0.82 0.80 
ANIA Ψ(·)p(·) 0.00 0.87 2 556.05 0.85 0.04 0.83 0.83 0.83 
 Ψ(·)p(t) 3.72 0.13 4 555.76 0.85 0.03 0.84 0.82 0.82 
AKIK Ψ(·)p(·) 0.00 0.83 2 246.35 0.67 0.34 0.09 0.09 0.09 
 Ψ(·)p(t) 3.19 0.17 4 245.55 0.66 0.33 0.11 0.08 0.09 
AKEK Ψ(·)p(·) 0.00 0.80 2 679.14 0.74 0.04 0.53 0.53 0.53 
 Ψ(·)p(t) 2.71 0.20 4 677.85 0.74 0.04 0.56 0.54 0.49 
IIWI Ψ(·)p(·) 0.00 0.86 2 672.38 0.77 0.03 0.68 0.68 0.68 
 Ψ(·)p(t) 3.57 0.14 4 671.95 0.77 0.03 0.66 0.69 0.68 
ΔAIC is the difference in AIC values compared to the top-ranked model; w is the AIC model weight; k is 
the number of parameters; -2l is twice the negative log-likelihood value; Ψ is the estimates of occupancy 
with standard error SE(Ψ); and p is the detection probabilities for occasion t = 1 to 3.  The Ψ(·)p(·) model 
indicates that no site or sampling covariates were used to estimate occupancy.  `Apapane occupancy and 
variance estimates were not calculated because the species was found on almost all stations. 
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Appendix 2—Table 9.  Summary of occupancy estimates (occupancy and detection 
probabilities) and standard errors from expected values (Ψtruth and ptruth) of species-
specific detection histories.  Biased estimators, where |RB| > 0.10, are highlighted. 

Species -2l ψ̂  ( )ˆSE ψ  RB ψ̂  p̂  ( )ˆSE p  RB p̂  
KAEL 466.17 0.96 0.02 0.00 0.86 0.02 0.00 
KAAM 388.11 1.00 0.00 0.08 0.35 0.02 -0.57 
ANIA 672.01 1.00 0.00 0.18 0.33 0.02 -0.60 
AKIK 602.58 0.70 0.04 0.04 0.76 0.02 7.50 
AKEK 715.88 1.00 0.00 0.35 0.41 0.02 -0.22 
IIWI 696.42 1.00 0.00 0.30 0.37 0.02 -0.45 
 
 
 
 
 

Appendix 2—Table 10.  Summary of bias and precision from simulation results by 
species using the model parameters described in Appendix 2—Table 9.  The average 
occupancy (ψ̂ ), estimated true sampling variance [ ( )ˆSE ψ ], estimated occupancy 

standard error [ ( )ˆSE ψ ], and root mean square error (RMSE) are presented from 1000 
simulations where s = 176 stations (see Bailey et al. 2007 for details).  Biased estimators, 
where RMSE > 0.10, are highlighted. 

Species ψ̂  ( )ˆSE ψ  ( )ˆSE ψ  RMSE 
KAEL 0.960 0.015 0.015 0.00 
KAAM 1.000 0.000 0.000 0.07 
ANIA 1.000 0.000 0.000 0.15 
AKIK 0.697 0.035 0.035 0.03 
AKEK 0.989 0.022 0.017 0.25 
IIWI 1.000 0.000 0.000 0.23 
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Appendix 2—Table 11.  Summary of constant detection probability models fit to species-
specific occupancy based on subset 2000 point-transect sampling survey data for the 
wide-spread species.  Format follows Appendix 2—Table 8.  Parameters from models 
indicated in bold were used for assessing bias and precision (Appendix 2—Table 13). 

Species Subset AIC k -2l Ψ SE(Ψ) p 
KAEL 1 156.23 2 152.23 0.97 0.02 0.86 
 2 161.59 2 157.59 0.95 0.03 0.86 
 3 158.86 2 154.86 0.97 0.02 0.85 
KAAM 1 201.06 2 197.06 0.92 0.04 0.79 
 2 183.97 2 179.97 0.90 0.04 0.83 
 3 180.41 2 176.41 0.95 0.03 0.82 
ANIA 1 183.53 2 179.53 0.82 0.05 0.84 
 2 181.46 2 177.46 0.83 0.05 0.85 
 3 200.05 2 196.05 0.89 0.04 0.79 
 

 

 

 

Appendix 2—Table 12.  Summary of occupancy and detection probabilities estimates and 
standard errors from expected values (Ψtruth and ptruth) for the wide-spread species.  
Format follows Appendix 2—Table 9. 

Species -2l ψ̂  ( )ˆSE ψ  RB ψ̂  p̂  ( )ˆSE p  RB p̂  
KAEL 134.23 0.95 0.03 0.00 0.86 0.03 0.00 
KAAM 153.77 0.90 0.04 0.00 0.83 0.03 0.00 
ANIA 153.62 0.82 0.05 0.00 0.84 0.03 0.00 
 
 
 
 
 

Appendix 2—Table 13.  Summary of bias and precision from simulation results by 
species using the model parameters described in Appendix 2—Table 11.  Format follows 
Appendix 2—Table 10, for 1000 simulations where s = 50. 

Species ψ̂  ( )ˆSE ψ  ( )ˆSE ψ  RMSE 
KAEL 0.952 0.031 0.029 0.002 
KAAM 0.901 0.043 0.042 0.001 
ANIA 0.825 0.053 0.054 0.005 
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Appendix 2—Table 14.  Species-specific sample size estimates to detect a 20% 
difference in densities (n), or to produce a 20%, 30%, 40%, or 50% CV about the density 
estimates (k).  Sample size n increases with increasing variability among annual density 
estimates; whereas k increases with uncertainty in the density estimates (imprecise annual 
density estimates).  Shaded cells indicate the species that may be under-sampled by site 
(n > 129, and k > 361 stations, respectively). 

  k 
Site and Species n 20% 30% 40% 50% 
Interior of the Alaka`i ‡      
KAEL 37 14 6 4 2 
KAAM 47 75 33 19 12 
ANIA 24 35 15 9 6 
AKIK 43 198 88 49 32 
AKEK 43 111 49 28 18 
IIWI 36 53 24 13 8 
APAP 25 10 4 2 2 
MELT 63 90 40 23 14 
WRSH 222 1045 465 261 167 
JAWE 24 33 15 8 5 
NOCA 75 918 408 230 147 
      
Alaka`i Plateau‡      
KAEL 16 56 25 14 9 
KAAM 22 49 22 12 8 
ANIA 7 65 29 16 10 
AKIK 96 778 346 195 124 
AKEK 48 466 207 117 75 
IIWI 24 109 48 27 17 
APAP 14 13 6 3 2 
JABW 71 288 128 72 46 
MELT 9 78 35 20 13 
WRSH 96 313 139 78 50 
JAWE 8 33 15 8 5 
NOCA 24 218 97 55 35 

‡ calculations based on the average number of stations sampled per survey. 
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Appendix 3.  MONITORING PROGRAM DESIGN 
Limits and threshold level criteria used to alert managers to departures from 

normal population fluctuations.  The heading number refers to the associated section in 
the text.  
 
4.1.3 Alert limits — A monitoring program provides the necessary information to both 
trigger and assess the responses to management actions.  Alert limits for specific 
population metrics provide threshold levels that trigger an alternative action.  Alert limits 
for distribution, density and demography should include both short- and long-term 
changes in these metrics and over a variety of threshold levels (Appendix 3—Table 15).  
The IUCN (2001) developed a global standard for species listing and conservation 
assessment—the IUCN Red List categories and criteria.  The Red List combines 
distribution and density alert limits that are useful for defining changes in both factors.  
Combining those metrics captures the interaction between these factors and could be 
crucial for determining the most appropriate remedial actions.  In general, a species must 
be declining at specified rates (ranging over 20 to 90% declines) in either or both 
distribution (ranging from <10 to <20,000 km2) and abundance (ranging between <50 to 
<10,000 mature individuals).  These changes can be observed, estimated, inferred, or 
projected, allowing for latitude in the quantitative analyses over five or 10 years and 
extending up to 100 years. 

The IUCN Red List provides detailed criteria quantifying changes is species 
distributions, including both the extent of occurrence and area of occupancy.  The extent 
of occurrence is generally defined as the minimum convex polygon that encompasses all 
known or inferred sites of occurrence.  The area of occupancy matches that of the extent 
of occurrence except unsuitable or unoccupied habitats within the polygon are excluded.  
Appendix 3—Table 15 details the various IUCN criteria for assessing changes in 
occurrence and occupancy that are applicable to Kaua`i forest bird monitoring. 

The U.S. Breeding Bird Survey has an alert limit threshold for detecting a halving 
or doubling in abundance over 25 years level (USBBS; Peterjohn et al. 1995).  The 
thresholds used by the United Kingdom Breeding Bird Survey (UKBBS; Crick et al. 
1997) is a bit more sensitive as it includes two alert limit levels, a high limit when bird 
abundance declines by at least 50% over 25 years, and a medium alert limit to indicate 
when trends declined between 25 and 49% over 25 years.  In contrast, the IUCN (2001) 
established a range of declines in abundance specific for each extinction risk category.  
These ranged from a moderate 20% decline within five years or two generations to a 
catastrophic decline of 90% over 10 years or three generations.  In addition to trends in 
species’ abundances, the IUCN established alert limits to identify when a minimum 
population size is achieved, and is applicable for mature individuals regardless of 
estimator variability.  Appendix 3—Table 15 details the various USBBS, UKBBS and 
IUCN criteria for assessing changes in abundance. 

Demography measures the response of birds to changes in the habitat and the 
species’ risk of extinction by measures of fecundity and survival.  We were unable to find 
a reference that outlined alert limits for demographic parameters.  Declines in fecundity 
and survival occur when the parameter’s values are < 1.0, and are statistically conclusive 
when their 95% CI do not bracket 1.0.  By incorporating the variance in the estimate one 
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can establish two threshold limits that assist in identifying the cause of the decline 
(Appendix 3—Table 15). 

Where monitoring completely or mostly encompasses a species’ distribution—
`Akikiki, `Akeke`e and `I`iwi—it is possible to identify distribution contraction and set 
alert limits.  For example, the `Akikiki distribution has declined almost 56% from 88 km2 
in 1970 to 39 km2 by 2008.  The current distribution is based on qualitative delineation 
from three surveys between 2005 and 2008, and should be interpreted with caution.  The 
delineation of the distribution from occurrence monitoring will allow for quantitative 
comparisons because they include correcting for missed birds and the metrics include 
measures of variance.  Regardless, this represents about a 60% decline in `Akikiki 
distribution in about 30 years.  Following the alert limits criteria from Appendix 3—
Table 15, the `Akikiki distribution has contracted and the species now occupies an area < 
50 km2.  Assessments of occurrence and occupancy monitoring across the species’ range 
with an emphasis of sampling in areas where the species is believed to have contracted 
and unoccupied habitats may be warranted.  This action would confirm the contraction, 
and management designed to halt the contraction could be employed.  Furthermore, 
`Akikiki has declined 76% between 1989 and 2008, a 19 year period (Appendix 1—Table 
4).  Therefore, status monitoring should continue, and fecundity and survivorship should 
be estimated.  Management actions designed to halt the decline in `Akikiki densities have 
been triggered and could be implemented.  In addition, it appears that the `I`iwi range has 
contracted and the species is in decline; therefore, alternative actions have been triggered 
and further research and management actions could be employed. 
 



 

64 
 

Appendix 3—Table 15.  Metrics, criteria and timeframe for setting the risk of extinction, 
and possible monitoring and management actions suggested.  Threshold limits adopted 
from the IUCN (BirdLife 2000), U.S. Breeding Bird Survey (Peterjohn et al. 1995), and 
United Kingdom Breeding Bird Survey (see Crick et al. 1997).  For each metric and 
criteria we suggest alternative monitoring and management actions.  Recommending 
specific management actions is beyond the scope of this report, management actions 
could include forest protection, habitat restoration, predator control, control of avian 
disease, control of nonnative plant species, and fencing and removal of ungulates (see 
USFWS 2006 for specific actions). 

Metric Criteria 
Timeframe 
(years) Alternative Action(s) 

Distribution Extent of 
occurrence < 400 
km2 * 

— Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 
3) Conduct habitat monitoring.† 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 

 Extent of 
occurrence < 100 
km2 

— Monitoring: 
as above 

Management: 
as above 

 Extent of 
occurrence < 10 
km2 

— Monitoring: 
as above 

Management: 
as above 
2) Establish a captive breeding flock. 

 Decline in 
occupancy > 50% 

— Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 
3) Conduct habitat monitoring. 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 

 Decline in 
occupancy > 75% 

— Monitoring: 
as above 
4) Conduct demographic monitoring. 

Management: 
as above 
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Metric Criteria 
Timeframe 
(years) Alternative Action(s) 

Density >25% decline 25 Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 

 >50% decline 25 Monitoring: 
as above 
3) Conduct demographic monitoring. 
4) Conduct habitat monitoring. 

Management: 
as above 

 >30% decline 10 Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 

 >50% decline 10 Monitoring: 
as above 
3) Conduct demographic monitoring. 
4) Conduct habitat monitoring. 

Management: 
as above 

 >70% decline 10 Monitoring: 
as above 

Management: 
as above 
2) Establish a captive breeding flock. 

 <10,000 birds — Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 
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Metric Criteria 
Timeframe 
(years) Alternative Action(s) 

 <2,500 birds — Monitoring: 
as above 
3) Conduct demographic monitoring. 
4) Conduct habitat monitoring. 

Management: 
as above 
2) Establish a captive breeding flock. 

 <250 birds — Monitoring: 
as above 

Management: 
as above 

Demography Survival < 1.0 
Fecundity < 1.0 
(not statistically 
significant) 

— Monitoring: 
1) Continue occupancy monitoring. 
2) Continue density monitoring. 
3) Repeat demography monitoring. 

Management: 
1) Identify and mitigate the external 
factor(s) causing the decline. 

 Survival < 1.0 
Fecundity < 1.0 
(statistically 
significant) 

— Monitoring: 
as above 
4) If declines continue, assess risk of 
extinction based on distribution and 
density metrics and associated 
alternative actions. 

Management: 
as above 

* Approximate area of forested habitat above 500 m elevation based on land cover classes 
as derived from NOAA C-CAP (1995).  Land cover classes include: evergreen forest, 
scrub/shrub, palustrine forested wetland, palustrine scrub/shrub wetland. 
† Habitat monitoring should be conducted in occupied and recently vacated areas to 
determine composition and structural differences/changes. 
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