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Abstract

In 2021, landbird surveys were conducted at Kalaupapa National Historical Park on the island of
Moloka‘i to assess changes in species composition, distribution, and population densities since 2005.
Point-transect distance sampling surveys were conducted on six transects at 50 landbird monitoring
stations within an 1,834-hectare area. A total of nine landbird species were detected, with the
‘Apapane (Himatione sanguinea) the only endemic Hawaiian species detected. Sufficient detections
of six species allowed for population density and abundance estimates, which were compared to 2005
estimates using a two-sample z-test. The abundance of ‘Apapane declined by 57% to 2,476 + 729
(SE) birds in 2021 compared to 2005. Population densities of the House Finch (Haemorhous
mexicanus), Japanese Bush Warbler (Horornis diphone), Warbling White-eye (Zosterops japonicus),
and White-rumped Shama (Copsychus malabaricus) were also lower in 2021 than in 2005, but
comparisons were inconclusive. Since 2005, the Red-billed Leiothrix (Leiothrix lutea) irrupted
within the survey area to an estimated abundance of 11,088 = 1,208 birds. The Warbling White-eye
was the most abundant species, with an estimated 101,724 & 11,692 birds. Surveyors failed to detect
the Hawai‘i ‘Amakihi (Chlorodrepanis virens), which has become increasingly rare on Moloka“i.
The federally threatened ‘1‘iwi (Drepanis coccinea) was last seen on Moloka‘i in 2010, further
raising concerns about its potential extirpation. The Oloma‘o (Myadestes lanaiensis), an endemic
thrush, has not been detected since 1980 and is likely extinct. These findings show the ongoing shift
toward non-native bird communities and highlight the challenges of conserving native forest birds
amidst widespread avian malaria transmission, introduced predators, and extensive habitat
degradation.
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Introduction

Hawaii is home to a significant proportion of the nation’s imperiled wildlife, with nearly 500 species
of plants and animals listed as threatened or endangered—accounting for over 30% of all federally
protected species in the United States (USFWS 2024). Approximately 75% of the 142 endemic
Hawaiian species of birds have gone extinct since humans first arrived in Hawaii (Olson and James
1982, Banko and Banko 2009, Elphick et al. 2010). Only 21 species of endemic forest birds persist in
the main Hawaiian Islands (VanderWerf et al. 2018, Chesser et al. 2022), and, of those, 12 are
threatened or endangered (USFWS 2024). On the island of Moloka‘i, the only native forest birds
commonly observed are Hawai‘i ‘Amakihi (Chlorodrepanis virens) and Apapane (Himatione
sanguinea). The ‘I‘iwi (Drepanis coccinea) was listed as threatened in 2017 (USFWS 2017) and is
rarely detected on Moloka‘i, with the last detection in 2010 (Smith et al. 2025). The endangered
Oloma‘o (Myadestes lanaiensis) was last seen in 1979 and 1980 (Scott et al. 1986) and the species is
currently undergoing its fourth five-year review to assess its status (USFWS 2021). Another
Moloka‘i endemic, the Kakawahie (Paroreomyza flammea) was recently delisted as an endangered
species due to extinction, having not been detected since 1963 (USFWS 2023).

The U.S. Fish and Wildlife Service (USFWY) initiated the first systematic surveys to estimate
population densities and abundance in many of the main Hawaiian Islands, including Moloka‘i, in
the late 1970s and early 1980s (the Hawaiian Forest Bird Survey (HFBS); Scott et al. 1986). By that
time, numerous extinctions had already occurred across Maui Nui, a former single landmass over one
million years ago composed of the present-day islands of Moloka‘i, Maui, Lana‘i, and Kaho‘olawe
(Price and Elliott-Fish 2004). Western naturalists began documenting the avifauna of each Maui Nui
island in the late 1800s. On Moloka‘i, the first specimens of the Bishop’s ‘O‘6 (Moho bishopi), Black
Mamo (Drepanis funerea), ‘Akohekohe (Palmeria dolei), Kakawahie, and Oloma‘o were collected
in the 1880s and 1890s (Olson and James 1994). By 1907, the Bishop’s ‘O was presumed extinct
(Bryan 1908) and by the 1930s, the Black Mamo, ‘Akohekohe, and ‘O‘Qi (Psittirostra psittacea) were
extirpated (Richardson 1949). Similar patterns of extinction occurred on the smaller island of Lana‘i,
where ‘[‘iwi were extirpated by 1929 (Munro 1944) and Hawai‘i ‘Amakihi by the early 1980s
(Lindsey et al. 2020), with ‘Apapane being the only extant native passerine remaining (MFBRP
2021). Maui, the largest island in the Maui Nui complex, experienced the 2004 extinction of the
Po‘ouli (Melamprosops phaeosoma; Butchart et al. 2018). In 2023, the Maui ‘Akepa (Loxops
ochraceus) and Maui Nukupu‘u (Hemignathus affinis) were removed from the endangered species
list due to extinction (USFWS 2023). Of the six remaining native forest birds on Maui, two are
critically endangered, the ‘Akohekohe and Kiwikiu (Pseudonestor xanthophrys), and occur at very
low numbers (Judge et al. 2021).

Across the main Hawaiian Islands, a general pattern has been consistent: low to mid- elevation
forests (<1,300 m elevation) are mostly devoid of native forest birds, while high elevation forests
(>1,300 m) support the highest biodiversity and abundance of native flora and fauna. This pattern can
be traced back to the first arrival of Polynesians to the islands between 780 and 1130 AD (Kirch
2011, Athens et al. 2014). Lowland forests were degraded due to agriculture and development (Kirch



1982). Birds were harvested for food and feathers, while introduced predators such as domestic dogs
(Canis lupus familiaris) and Polynesian rats (Rattus exulans) contributed to the extinction of an
estimated 71 bird species before Western contact (Olson and James 1982, 1984, Banko et al. 2001).
The first European arrivals in the late 1770s accelerated lowland deforestation and introduced
additional stressors. Domestic cats (Felis catus) were intentionally introduced, and the Norway rat
(R. norvegicus), black rat (R. rattus), and house mouse (Mus musculus) were accidentally introduced
and quickly naturalized within most landbird habitat where they posed persistent threats through
predation and competition of resources (Atkinson 1977, Witmer and Shiels 2017). In 1883, the small
Indian mongoose (Herpestes javanicus) was intentionally introduced (Tomich 1986), and the
predator became nearly ubiquitous on the islands of Hawai‘i, O‘ahu, Moloka‘i, and Maui, ranging
from sea level to as high as 3,000 m elevation (Kaholoaa et al. 2019). Mongooses are effective
predators and cause direct threats to nesting seabirds, water birds, and forest birds (Banko 1992,
Hays and Conant 2007, VanderWerf 2020).

Threats to avifauna extended into predominantly native forest with the introduction of the southern
house mosquito (Culex quinquefasciatus) in 1826, a species that transmits avian malaria
(Plasmodium relictum; Warner 1968). Hawaiian honeycreepers (Fringillidae) are highly vulnerable
to the parasite, which has contributed to many extinctions and significant range reductions (Warner
1968, van Riper et al. 1986, Atkinson et al. 1995). The impact of avian malaria is worsened by
climate change as rising temperatures expand the altitudinal range of both C. quinquefasciatus and P.
relictum (Ahumada et al. 2004, LaPointe et al. 2010, Samuel et al. 2011, Atkinson et al. 2014). The
upper limit of mosquito distribution and malaria transmission was historically around 1,500 m
elevation where mean temperatures were approximately 14°C (Ahumada et al. 2004). Moloka‘i, with
a maximum elevation of 1,526 m, is almost entirely within the “malaria-zone,” putting species such
as the highly susceptible ‘I‘iwi at constant risk of disease exposure (Atkinson et al. 1995, Paxton et
al. 2013).

As extinctions continued throughout the 20 century, there was an influx of introduced, non-native
species. Over 170 bird species have been introduced to Hawaii and 54 species have become
naturalized (Foster 2009, VanderWerf et al. 2018). The Warbling White-eye (Zosterops japonicus),
Japanese Bush Warbler (Horornis diphone), and Red-billed Leiothrix (Leiothrix lutea) are nearly
ubiquitous, even in predominantly native forests where the remaining native forest birds persist
(Richardson 1949, Pyle and Pyle 2017). Aggressive invasive plants such as strawberry guava
(Psidium cattleianum), Himalayan ginger (Hedychium gardnerianum), and Koster’s curse (Miconia
crenata) replaced native forest bird habitat in large areas that were surveyed during HFBS, resulting
in degradation and loss of habitat required by specialized native forest birds. The spread of weeds
was accelerated by introduced ungulates, contributing to the conversion of more than 50% of lowland
native forests to non-native habitat in the state (Leopold and Hess 2017, Gon et al. 2018).

The HFBS on Moloka‘i documented landbird composition, distribution, and abundance in native wet
and mesic forests. A total of 22 transects were established across 131 km? of the island’s eastern
portion, spanning elevations from 250 to 1,510 m. Surveys were conducted in 1979 and 1980 (Scott
et al. 1986); however, these efforts did not include the Kalaupapa Peninsula or areas within the
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current boundaries of Kalaupapa National Historical Park (hereafter Kalaupapa NHP).
Comprehensive bird surveys in the park did not occur until 2004 and 2005 (Marshall and Kozar
2008), nearly 25 years after Congress designated the area as Kalaupapa NHP (U.S. Congress 1980).
Many original HFBS transects outside the park have been surveyed intermittently, most recently in
2010. In 2021, the Hawai‘i Department of Land and Natural Resources-Division of Forestry and
Wildlife (DOFAW), U.S. Geological Survey-Pacific Island Ecosystems Research Center, Maui
Forest Bird Recovery Project, The Nature Conservancy, and the National Park Service-Pacific Island
Inventory and Monitoring Network (PACN) coordinated and conducted point-transect distance
surveys on prioritized transects on state, federal, and private lands managed for conservation. Results
from surveys outside Kalaupapa NHP are provided in Smith et al. (2025), which focused on a core
survey area that was mostly dominated by native forest bird habitat. Transects sampled in 2004 and
2005 within Kalaupapa NHP were resurveyed in 2021 to provide an updated assessment of native
and non-native bird composition, distribution, and occurrence. For species with sufficient detections
to estimate density to characterize detection probability (Buckland et al. 2015), we provide species-
specific density estimates and test for differences in abundances between 2005 and 2021.



Methods

Survey Area

Kalaupapa NHP, located on the northern coast of Moloka‘i, Hawaii, was established in 1980 to
preserve and interpret traditional Hawaiian sites, cultural values, natural features, and the community
of Hansen’s disease patients (U.S. Congress 1980). The park encompasses 4,340 hectares (ha),
including 809 ha of submerged lands and ocean waters extending 400 meters from shore. Despite its
significant management role, the National Park Service (NPS) owns only 9 ha of land. Most of
Kalaupapa NHP is state-owned, falling within Kalawao County, and is governed by the State of
Hawaii Department of Health. Approximately 505 ha of land is leased from the State of Hawaii
Department of Hawaiian Homelands. The park operates under a complex land and administrative
arrangement, with cooperative agreements involving NPS and the State of Hawaii Department of
Land and Natural Resources (DLNR). Portions of the Pu‘u Ali‘i Natural Area Reserve (NAR) and
Moloka‘i Forest Reserve (FR) fall within park boundaries and are managed by DLNR Division of
Forestry and Wildlife (DOFAW) (Figure 1). Two seabird sanctuaries, the islets Huelo and ‘Okala
Island, are co-managed by NPS and DOFAW. Smaller areas of both state- and privately-owned lands
are also managed through cooperative agreements with NPS. The residents of the settlement
contribute local knowledge, historical perspectives, and cultural insights that enhance the
collaborative stewardship of the park’s unique ecological and cultural resources.

The geography of Kalaupapa NHP is dominated by the Kalaupapa Peninsula, Kauhakd Crater, and
the steep cliffs of three major valleys: Waihanau, Wai‘ale‘ia, and Waikolu. This extreme topography,
coupled with the area’s history of land use, has resulted in a mosaic of vegetation strata across the
park. After vegetation surveys in 2013, Green et al. (2014) classified and mapped 46 vegetation
communities. Following the U.S. National Vegetation Classification Standard (Grossman et al.
1998), each classification is capitalized for clarity and consitency. Strata levels are separated by “/”
in order of dominance and co-dominant strata are indicated by a “-”, while strata in parentheses “()”
indicate a species that may or may not be present. Vegetation strata are then followed by elevation
zone and physiognomy of the vegetation (i.e., sparse vegetation, forest and woodlands, shrublands,

and herbaceous).
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Classifications dominated by non-native strata comprised more than 60% of Kalaupapa NHP, such as
Christmas Berry (Schinus terebinthifolia) Semi-natural Scrub Woodland, Java Plum (Syzygium
cumini) Lowland Mesic Semi-natural Forest, Strawberry Guava Lowland Wet Semi-natural Forest,
Common Guava (P. guajava) / Disturbed Understory Semi-natural Forest, Common Ironwood
(Casuarina equisetifolia) Semi-natural / Planted Forest, Kukui (4leurites moluccanus) Lowland Wet
Forest, and Koa Haole (Leucaena leucocephala) Lowland Dry Semi-natural Shrubland. These
communities were particularly abundant on valley floors, cliffsides, and the lowlands of the
peninsula, where the invasive shrubs and grasses such as lantana (Lantana camara), Koster’s curse,
Bermuda grass (Cynodon dactylon), and molasses grass (Schizachyrium condensatum) were also
common, as well as unvegetated areas. These areas were often invaded by non-native feral pigs (Sus
scrofa), goats (Capra hircus), and axis deer (Axis axis), especially throughout non-fenced areas.

The largest native plant communities were predominantly in areas above 700 m elevation in the Pu‘u
Ali‘i1 NAR and Moloka‘i FR. The Lama (Diospyros sandwicensis) Lowland Mesic Woodland and
‘Ohi‘a lehua (Metrosideros polymorpha) Montane Wet Forest comprise approximately 25% of the
land in the park (Green et al. 2014). These communities can include other native trees, such as ‘clapa
(Cheirodendron trigynum) and kopiko (Psychotria mariniana), but can also be encroached by many
non-native trees (e.g., strawberry guava, common guava). Non-native ungulates were also present in
many of these areas, notably goats on steep cliffsides, where their activity contributed to erosion and
increased the risk of rockfall, posing a hazard to human safety.

In 2021, we surveyed six transects which ranged from approximately 100 m to 1,000 m elevation
(Figure 1). We defined boundaries of the inference area using transect location, elevation contours,
management boundaries, and topographic features (e.g., ridges and streams). The survey area
included the Kalaupapa Cliff Trail, Kuka‘iwa‘a Point, Kauhako Crater, and the valleys of Waihanau,
Wai‘ale‘ia, Waikolu, with the upper eastern and southern edges following the park boundary and
sections of the Moloka‘i FR and Pu‘u Ali‘i NAR. We defined the northern edge using the 1,066 m
contour line and the Pelekunu Preserve boundary. The lowland coastal areas, shrublands, and
settlement areas were excluded from the inference area, as they are not suitable forest bird habitat.
Also excluded were transects 3 and 4, located in upper Waikolu and Pu‘u Ali‘i NAR, respectively;
these areas were surveyed in 2005 (Marshall and Kozar 2008) but were included in the 2021 core
survey area described by Smith et al. (2025). The inference area was mapped with a minimum
convex polygon using ArcGIS Pro (Environmental Systems Research Institute, CA, USA) and totals
1,834 ha (Figure 1).

Point-Transect Sampling

Bird surveys were conducted using point-transect distance sampling methods to estimate abundance
for individuals that are undetected as a function of the distance between the observer and birds
(Buckland et al. 2015). Robust estimates are reliant upon the critical assumptions that all birds are
detected with certainty at the station center point, birds further from the observer are harder to detect,
birds are detected prior to any movement, and distances are measured with low error. Details specific
to the sampling design in this survey can be found in Camp et al. (2011). In addition, weather



conditions and habitat parameters were recorded at each sampling unit, and weather data were
evaluated as covariates in the detection function (Camp et al. 2011).

Landbird surveys were conducted from April 13 through April 17, 2021. A total of 50 stations were
surveyed with one station sampled twice for a total of 51 counts. Weeks prior to the start of the
survey, primary and secondary surveyors from NPS, DOFAW, and other partners were trained to
calibrate for distance estimation and learn bird vocalizations, thereby minimizing variability among
observers and standardizing for local conditions (Camp et al. 2011). Detection type (heard, seen, or
both) and horizontal distance from the station center point to individual birds detected was recorded
during 8-minute counts. Birds only flying over or through the survey area were excluded. Detections
of both male and female birds singing and calling were recorded, although the sex of individuals was
not noted. Most of the birds encountered were adults because counts were timed during the breeding
season and most juveniles had not yet fledged (Camp et al. 2011).

Observers also recorded cloud cover, rain intensity, wind strength, gust strength, and time of day at
each station (Camp et al. 2011). Sampling was conducted between dawn and 11:00 a.m. and halted
when rain, wind strength, or gust exceeded prescribed levels (light rain and wind level 3 on the
Beaufort scale). Weather variables and time of day were included as covariates in the analyses to
account for possible differences in the detection probabilities due to the conditions when the count
was conducted.

The detectability of forest birds varies throughout the year, due to changes in vocal activity
associated with breeding (Best 1981), and birds may move in or out of the study area in response to
phenology of food resources (Simon et al. 2002). To minimize biases associated with differences in
sampling periods, density estimates were restricted to the breeding season only.

Habitat Surveying

Habitat data were collected following the methods described in Camp et al. (2011). A 50-m radius
plot was established at each point-count station using the station as the center. At each plot, the
dominant canopy species composition, canopy height and cover and dominant understory species
composition was recorded. Habitat surveys were collected at the point-count stations after
completing bird counts (either after completing the station count, or after completing the daily
counts).

Computer Data Entry and Verification

Microsoft Access was used as the primary software environment for landbird data and the associated
metadata. Two separate Access databases with front-end, back-end configuration were developed for
the landbirds monitoring data: the PACN Landbird Monitoring Database and the PACN Habitat
Monitoring Database, which is available online (DataStore - Pacific Island Network Landbird

Monitoring).

Raw data were verified by comparing data sheets to the electronic version on a line-by-line basis to
correct transcription errors. After line-by-line proofing was completed, individual data sets were


https://irma.nps.gov/DataStore/Reference/Profile/2166396
https://irma.nps.gov/DataStore/Reference/Profile/2166396

certified by checking for errors. Lastly, field books (copies and originals) and digital data were
archived according to PACN standards (Camp et al. 2011).

Data Analysis

Indices

Indices of percent occurrence and birds per count (BPC) were calculated for each species. Percent
occurrence was calculated as the number of stations occupied divided by the total number of stations
sampled within a year. BPC was calculated as the total number of individuals detected divided by the
total number of station counts (#=51).

Density Estimation

Species-specific density estimates were calculated for six species—‘Apapane, House Finch, Japanese
Bush Warbler, Red-billed Leiothrix, Warbling White-eye, and White-rumped Shama (Copsychus
malabaricus)—that had sufficient detections to adequately characterize the detection probability
(Buckland et al. 2015) using the R (R Core Team 2021) package DISTANCE (Miller et al. 2019)
following methods described in Thomas et al. (2010) and Buckland et al. (2015). We limited the
candidate detection function models to half normal and hazard-rate detection functions with
expansion series of order two. We paired the half normal with cosine and Hermite polynomial
adjustments, and the hazard-rate was paired with cosine and simple polynomial adjustments. Model
precision was improved by incorporating sampling covariates in the multiple covariate distance
sampling (MCDS) engine of DISTANCE (Buckland et al. 2015). Covariates included cloud cover,
rain, wind, gust, observer, type of detection, and survey year. Each detectability model in the
candidate set was fit to data pooled across years for each species, and the model selected was that
with the lowest Akaike’s Information Criterion (AIC) (Buckland et al. 2015). Data were truncated at
a distance where the detection probability using a preliminary half-normal detection function model
was about 0.1. This procedure facilitates modeling by deleting outliers and reducing the number of
parameters needed to modify the detection function. Species-specific densities by year were
estimated from the global detection function using the post-stratification procedure, and variances
and confidence intervals were derived by bootstrap methods in DISTANCE from 1,000 iterations
(Appendix A; Thomas et al. 2010). Absolute abundance was calculated as mean density of estimates
weighted by the inference area (1,834 ha). We assessed differences between 2005 and 2021
population densities with a two-sample z-test in an equivalency framework following methods
detailed in Camp et al. (2008).



Results

2021 Landbird Detections

A total of 689 detections of nine species (1 native and 8 non-native; Table 1) were counted during the
2021 landbird survey of Kalaupapa NHP. The Red-billed Leiothrix and Warbling White-eye were the
most widely distributed species, each occurring at more than 94% of stations surveyed (Table 1). The
White-rumped Shama and Northern Cardinal (Cardinalis cardinalis) occurred at 70% and 64% of
stations surveyed, respectively. The remaining species occurred at 38% or fewer of stations surveyed.
Densities, abundance, and trends are described at length in the sections below and we provide a
summary for each species with links to maps of occurrence in Appendix B.

Table 1. List of species detected during the 2021 landbird survey of Kalaupapa National Historical Park.
Taxonomic classification follows the International Ornithological Congress World Bird List (Gill et al.
2023). Total detections (n) were the number of birds recorded during 51 counts at 50 stations on six
transects. Stations occupied were the number of stations where one or more individuals of a species was
detected. Percent occurrence was computed as stations occupied divided by total stations surveyed.
Birds per count (BPC) was computed by dividing total detections of each species by total number of
counts.

Stations %
Common Name Scientific Name n Occupied | Occurrence BPC
‘Apapane A Himatione sanguinea 18 10 20% 0.36
Common Myna Acridotheres tristis 8 6 12% 0.16
House Finch Haemorhous mexicanus 38 19 38% 0.74
Japanese Bush Warbler Horornis diphone 10 5 10% 0.20
Northern Cardinal Cardinalis cardinalis 75 32 64% 1.49
Red-billed Leiothrix Leiothrix lutea 221 48 96% 4.33
Spotted Dove Spilopelia chinensis 30 17 34% 0.58
Warbling White-eye Zosterops japonicus 233 47 94% 4.57
White-rumped Shama Copsychus malabaricus 56 35 70% 1.10

A Species endemic to Hawaii.

Population Density, Abundance, and Change

There were sufficient detections of six species, one native and five non-native, to estimate density
and abundance (Table 2). The density of the single native species, ‘Apapane, was estimated at 1.35 +
0.40 (SE) birds/ha, for an abundance of 2,476 + 729 (95% CI = 1,167-4,007). The density of the
Warbling White-eye was the highest of all species detected, which we estimated at 29.12 + 4.72
birds/ha for an abundance of 53,407 + 8,653 (38,307—72,242). The Red-billed Leiothrix was the
second most abundant species with a density of 6.05 & 0.66 birds/ha and abundance of 11,088 +
1,208 (8,740-13,505). The density of the White-rumped Shama was 1.44 + 0.29 birds/ha for an
abundance of 2,643 + 537 birds. The density of the Japanese Bush Warbler was the least abundant
species with 0.26 = 0.09 birds/ha and an abundance of 484 + 157 birds (202—808). Estimates of
density and abundance were higher in 2005 for every species except Red-billed Leiothrix, which
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wasn’t detected within the survey area in 2005 (difference not evaluated; Table 3). The density of
‘Apapane was significantly lower in 2021, while differences for the non-native species were
inconclusive.

Table 2. Density and abundance estimates of ‘Apapane, House Finch, Japanese Bush Warbler, Red-
billed Leiothrix, Warbling White-eye, and White-rumped Shama in the 2005 and 2021 Kalaupapa National
Historical Park survey area.

Common Name Year Density £ SE (95% CI) Abundance * SE (95% CI)

2005 3.12 £ 0.73 (1.78-4.60) 5,726 + 1,344 (3,262-8,439)
‘Apapane

2021 1.35 + 0.40 (0.64-2.18) 2,476 £ 729 (1,167—4,007)

2005 3.15+£1.42 (1.15-6.68) 5,771 £ 2,606 (2,109-12,247)
House Finch

2021 2.25+0.97 (0.83-4.75) 4,134 £ 1,771 (1,513-8,706)

2005 1.42 +0.21 (1.03-1.86) 2,605 £ 391 (1,897-3,413)
Japanese Bush Warbler

2021 0.26 £ 0.09 (0.11-0.44) 484 + 157 (202-808)

2005 0 0
Red-billed Leiothrix

2021 6.05 + 0.66 (4.77-7.36) 11,088 + 1,208 (8,740-13,505)

2005 55.47 +6.38 (43.95-68.05)| 101,724 + 11,692 (80,600-124,810)
Warbling White-eye

2021 29.12 £4.72 (20.89-39.39) 53,407 + 8,653 (38,307-72,242)

2005 1.62 £ 0.37 (1.08-2.47) 2,973 £ 670 (1,974-4,530)
White-rumped Shama

2021 1.44 + 0.29 (0.99-2.20) 2,643 £ 537 (1,823-4,038)

10




Table 3. Population density differences of ‘Apapane, House Finch, Japanese Bush Warbler, Warbling White-eye, and White-rumped Shama in the
Kalaupapa National Historical Park survey area in 2005 and 2021. Differences in Red-billed Leiothrix were not evaluated as it was not detected in
2005. Values shown include the difference in density between years, the standard error (SE), the lower confidence limit (LCL), upper confidence
limit (UCL), z-score, p-value for the z-score, lower equivalence limit (LEL), upper equivalence limit (UEL), the p-value for the lower equivalence
limit (LELp), and the p-value for the upper equivalence limit (UELp).

Species Difference SE LCL UCL| Z-score| Z p-value LEL UEL| LELp| UELp | Result

‘Apapane -1.77 0.83]| -3.14| -0.40 -2.13 0.03 190 -2.31 0.97 0.01 | Significant difference in density
House Finch -0.90 142 -3.23 1.43 -0.63 0.53 0.50| -0.74 0.69 0.23 | Inconclusive result

Japanese Bush Warbler -1.16 1.04| -2.86 0.54 -1.12 0.26 094 -1.26 0.83 0.10 | Inconclusive result

Warbling White-eye -26.35| 48.66| -106.4| 53.70 0.59 0.59 0.54] -0.54 0.70 0.29 | Inconclusive result
White-rumped Shama -0.18 147 -2.59 2.23 0.90 0.90| -0.01] -0.22 0.50 0.41 | Inconclusive result

11



Species Summaries

‘Apapane

There were 18 detections of ‘Apapane, occurring at 20% of stations surveyed and at 0.36 BPC (Table
1). The detections were on transects 103, 110, and 111 (Figure 2). Estimated density was 1.35+ 0.4
birds/ha for an estimated abundance of 2,476 + 729 birds in the 1,834-ha survey area (Table 2),

which was a significant decrease since 2005 (Table 3; Figure 3).
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Figure 2. ‘Apapane detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 3. Abundance estimates of ‘Apapane in the Kalaupapa National Historical Park survey area in
2005 and 2021. Whisker bars are the abundance 95% confidence interval.

USGS/RICHARD J. CAMP

Common Myna
There were eight detections of the Common Myna (Acridotheres tristis). The species occurred at

12% of the stations surveyed at 0.16 BPC (Table 1). The detections were on transects 103, 110, and
111 (see figures in Appendix B).

House Finch
There were 38 detections of the House Finch. The species occurred at 38% of the stations surveyed at

0.74 BPC (Table 1). The species was detected on every transect surveyed, with the highest
occurrence on transects 105 and 107 (Appendix B). The 2021 density was 2.25 + 0.97 birds/ha for an
estimated abundance of 4,134 + 1,771 birds, which was lower than 2005, but the difference was
inconclusive due to a small difference in detections between the two surveys (Table 2; Figure 4).
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Figure 4. Abundance estimates of House Finch in the Kalaupapa National Historical Park survey area in
2005 and 2021. Whisker bars are the abundance 95% confidence interval.

USGS/RICHARD J. CAMP

Japanese Bush Warbler
There were 10 detections of the Japanese Bush Warbler. The species was detected at 10% of the

stations surveyed at 0.20 BPC (Table 1). The majority of detections were clustered on Transect 110,
with one detection on Transect 103 on the Kuka‘iwa‘a Point (Appendix B). The 2021 density was
0.26 £ 0.09 birds/ha for an estimated abundance of 484 + 157 birds, an 81% decrease since 2005;
however, the difference was inconclusive because of high variance relative to the rate of change

(Table 2; Figure 5).
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Figure 5. Abundance estimates of Japanese Bush Warbler in the Kalaupapa National Historical Park
survey area in 2005 and 2021. Whisker bars are the abundance 95% confidence interval.

USGS/RICHARD J. CAMP

Northern Cardinal
There were 75 detections of the Northern Cardinal. The species was detected at 64% of stations

surveyed at 1.49 BPC (Table 1). The species occurred on every transect (Appendix B).

Red-billed Leiothrix

There were 221 detections of Red-billed Leiothrix. The species was broadly detected at 96% of the
stations surveyed at 4.33 BPC (Table 1; Appendix B). The 2021 density was 6.05 + 0.66 birds/ha for
an estimated abundance of 11,088 + 1,208 birds (Table 2). In 2005, the species was not detected
within the 2021 survey area, thus there is no population density or abundance estimate for that year.

Spotted Dove
There were 30 detections of the Spotted Dove (Spilopelia chinensis). The species occurred at 34% of
stations surveyed at 0.58 BPC (Table 1). Most of the detections were on transects 105, 110, and 111

(Appendix B).

Warbling White-eye

The Warbling White-eye was the most broadly distributed and abundant species detected in the 2021
survey, occurring at 97.5% of stations surveyed at 9.13 BPC (Table 1; Appendix B). The 2021
density was 29.12 + 4.72 birds/ha for an estimated abundance of 53,407 + 8,653 birds, which was a
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47% decrease since 2005 (Table 2). Since 2005, the estimated density was 26.3 birds/ha lower, but
the difference was inconclusive (Table 3, Figure 6).

Warbling White-eye

125,0001 —7—
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75,000 1

50,000 1
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Figure 6. Abundance estimates of Warbling White-eye in the Kalaupapa National Historical Park survey
area in 2005 and 2021. Whisker bars are the abundance 95% confidence interval.

USGS/RICHARD J. CAMP

White-rumped Shama
There were 56 detections of the White-rumped Shama. It occurred at 70% of the stations surveyed at

1.10 BPC (Table 1). The species occurred on every transect surveyed (Appendix B). The 2021
estimated density was 1.44 + 0.29 birds/ha for an estimated abundance of 2,643 + 537 birds, which
was lower, but an inconclusive difference compared to the 2005 estimate (Table 2; Figure 7).
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Figure 7. Abundance estimates of White-rumped Shama in the Kalaupapa National Historical Park
survey area in 2005 and 2021. Whisker bars are the abundance 95% confidence interval.

USGS/RICHARD J. CAMP

Habitat Results

Habitat variables were measured at all 50 of the stations surveyed in 2021. The dominant canopy
height was >10 m at 46% of stations, 610 m at 42% of stations, and 2—5 m at 14% of stations
surveyed (Table 4). A closed canopy dominated the majority of survey plots, with 82% of stations
having a closed canopy, and 16% with an open canopy (Table 5). There were 27 unique canopy
composition classes recorded, with the “Mixed Non-native” class accounting for 28% of stations
surveyed (Table 6). The Mixed Non-native class was a combination of species that included: kukui,
Java plum, Christmas berry, ironwood, common guava, and strawberry guava. The remaining 26
classes were recorded at < 8% of stations, including ‘6hi‘a lehua and hala (Pandanus tectorius),
which were the only native tree canopy species recorded. There were 26 unique understory
composition classes recorded (Table 7). The “Bare Ground” class accounted for 28% of stations
surveyed and a combination of Bare Ground and Mixed Non-native shrubs accounted for 8% in areas
disturbed by ungulates and dense monotypic canopies.
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Table 4. Canopy height classes recorded in Kalaupapa National Historical Park during the 2021 landbird
monitoring survey.

Canopy Height Count %
2-5m 7 14%
6-10m 21 42%
>10m 23 46%
No Trees 1 2%

Table 5. Canopy cover classes recorded in Kalaupapa National Historical Park during the 2021 landbird
monitoring survey.

Canopy Cover Count %
Closed 41 82%
Open 8 16%
Scattered 1 2%
Very Scattered 1 2%
No Trees 1 2%

Table 6. Dominant canopy composition classes recorded within Kalaupapa National Historical Park
during the 2021 landbird survey. Tree species or grouped classes (e.g., Mixed Non-native) are separated
by a comma in order of dominance. Classes that are separated by a dash are co-dominant with the other
species, meaning both occurred equally throughout the habitat plot around the survey station.

Canopy Class Count %
Mixed Non-native 14 28%
Hala 4 8%
Guava spp., ‘Ohi‘a lehua 3 6%
Guava spp. — Kukui — Mixed Non-native 3 6%
‘Ohi‘a lehua 2 4%
‘Ohi‘a lehua, Mixed Non-native 2 4%
Mixed Non-native, ‘Ohi‘a lehua 2 4%
Guava spp. 2 4%
Guava spp., Kukui 2 4%
Kukui — Mixed Non-native 1 2%
Kukui — Guava spp., Java plum 1 2%
Kukui-Java plum 1 2%
Kukui-Java plum — Guava spp. 1 2%
Common Ironwood 1 2%
Mango (Mangifera indica), Guava spp. 1 2%
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Table 6 (continued). Dominant canopy composition classes recorded within Kalaupapa National
Historical Park during the 2021 landbird survey. Tree species or grouped classes (e.g., Mixed Non-native)
are separated by a comma in order of dominance. Classes that are separated by a dash are co-dominant
with the other species, meaning both occurred equally throughout the habitat plot around the survey
station.

Canopy Class Count %
Mixed Non-native, Native Ferns 1 2%
Non-native Shrubs, Guava spp. 1 2%
Hala, Coconut Palm (Cocos nucifera) 1 2%
Hala, Mixed Non-native 1 2%
Guava spp., Kukui, Coffee Tree (Coffea spp.) 1 2%
Guava spp., Kukui, Mixed Non-native 1 2%
Guava spp., Mixed Non-native 1 2%
Guava spp., Hala 1 2%
Guava spp., Java plum 1 2%
Guava spp., Java plum, ‘Ohi‘a lehua 1 2%
Guava spp. — Kukui 1 28%
Christmas berry, Mixed Non-native 1 8%

Table 7. Understory classes recorded within Kalaupapa National Historical Park during the 2021 landbird
survey. Classes are separated by a comma in order of dominance. Classes separated by a dash are co-
dominant within the habitat plot around the survey station.

Understory Class Count %
Bare Ground 14 28%
Bare Ground, Non-native Shrubs 4 8%
Non-native Shrubs, Native Ferns 4 8%
Non-native Shrubs 3 6%
Non-native Shrubs, Bare Ground 3 6%
Bare Ground, Native Ferns 2 4%
Non-native Ferns 2 4%
Non-native Ferns, Non-native Herbaceous 2 4%
Bare Ground, Native Ferns, Non-native Shrubs 1 2%
Bare Ground, Non-native Shrubs, Native Ferns 1 2%
Koster's curse, Himalayan ginger, Native Ferns 1 2%
Koster's curse, Himalayan ginger, Pluchea carolinensis 1 2%
Koster's curse, Native Ferns 1 2%
Koster's curse, Native Ferns, Bare Ground 1 2%
Himalayan ginger, Non-native Shrubs 1 2%
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Table 7 (continued). Understory classes recorded within Kalaupapa National Historical Park during the
2021 landbird survey. Classes are separated by a comma in order of dominance. Classes separated by a
dash are co-dominant within the habitat plot around the survey station.

Understory Class Count %
Non-native Herbaceous 1 2%
Native Ferns, Koster’s curse, Himalayan ginger 1 2%
Non-native Grasses, Non-native Herbaceous — Matted Ferns 1 2%
Non-native Grasses — Non-native Herbaceous, Non-native Trees 1 2%
Non-native Herbaceous — Non-native Grasses, Native Grasses 1 2%
Non-native Herbaceous — Non-native Grasses 1 2%
Non-native Shrubs — Non-native Herbaceous, Non-native Grasses 1 2%
Non-native Shrubs, Non-native Grasses 1 2%
Non-native Trees, Bare Ground 1 2%
Non-native Trees, Native Shrubs — Native Trees 1 2%
Non-native Trees — Bare Ground, Matted Ferns 1 2%
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Discussion

The 2021 landbird survey of Kalaupapa NHP provides an update of the forest bird composition,
population density, and estimates of abundance relative to the 2005 survey effort. There was
evidence of reduced abundances of four non-native species; and of ‘Apapane, which had a
significantly lower density since 2005. There was an apparent sudden increase of the Red-billed
Leiothrix population, jumping to over 11,000 birds in 2021, after not being detected in 2005. The
results reveal shifts in the avifauna within Kalaupapa NHP since the 2005 survey, particularly with
the decline or absence of native species and dominance of non-native species.

The absence of Hawai‘i ‘Amakihi and ‘I‘iwi, plus the decrease in the ‘Apapane population, with an
estimated 57% decline in abundance, may be attributed to a combination of habitat degradation,
competition with non-native birds (VanderWerf et al. 2018), depredation by non-native predators
(Atkinson et al. 1977 and others), and the persistent threat of avian malaria (Warner 1968, van Riper
et al. 1986). With Kalaupapa NHP situated almost entirely below the traditional “malaria-free”
elevation threshold of 1,500 m, the exposure of native birds to mosquito-borne diseases is probable
(LaPointe et al. 2010). ‘I‘iwi, not observed on Moloka‘i since 2010, are particularly vulnerable to
avian malaria (Atkinson 1995) and its potential extirpation is likely linked to disease. It is unknown if
Oloma‘o is vulnerable to disease—its congeners such as ‘Oma‘o (M. obscurus) have demonstrated
tolerance (Atkinson 2001) and thrive in many windward forests on the Island of Hawai‘i (Judge et al.
2012).

Habitat degradation caused by invasive plant species and non-native ungulates is likely a primary
driver of decline and loss of native bird species in Kalaupapa NHP. More than 60% of Kalaupapa
NHP is dominated by non-native vegetation, including highly invasive species such as strawberry
guava, Christmas berry, and Java plum, which displace native plants like ‘Ohi‘a lehua and lama
(Smith 1985, Hawai‘i Invasive Species Council 2023). These invasive plants alter the forest structure
and reduce the availability of food and nesting resources for native birds (Pratt and Jacobi 2009).
Additionally, non-native ungulates, including feral pigs, goats, and axis deer, exacerbate habitat
degradation by trampling vegetation, rooting for food, and by spreading invasive plants (Leopold and
Hess 2017). Pigs facilitate the spread of strawberry guava by consuming and dispersing its seeds
(Strauch et al. 2016). Pigs also create larval mosquito habitat by disturbing the soil and creating
muddy wallows (Baker 1975). These conditions provide the stagnant water necessary for mosquitoes
to breed, increasing the risk of avian malaria transmission (LaPointe et al. 2009). The cumulative
effects of invasive plants and ungulates create a negative feedback loop of habitat degradation,
making it increasingly difficult for resource managers to maintain and protect native habitat
important for Hawaiian birds.

The survey results also show the dominance of non-native bird species, such as Warbling White-eye
and Red-billed Leiothrix. The Warbling White-eye remains the most abundant species in the park,
with an estimated population exceeding 53,000 birds. The irruption of the Red-billed Leiothrix
demonstrates the rapid establishment and expansion potential of non-native species, posing
additional challenges for conservation. While differences were inconclusive, the lower densities of
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House Finch, Japanese Bush Warbler, Warbling White-eye, and White-rumped Shama could be
associated to severe drought conditions in 2020 and 2021. After decreasing rainfall from 2018
through 2020, populations of axis deer experienced widespread mortality events in Hawai‘i (Hess et
al. 2022). Notably, annual precipitation in years preceding the 2004—2005 survey period was nearly
twice the totals recorded from 2017 through 2021 (Western Regional Climate Center 2021). On the
Island of Hawai’i, droughts contributed to reduced seed crops and population declines of non-native
species and of the critically endangered Palila (Loxioides bailleui; Banko et al. 2013). Elsewhere,
droughts have led to reductions of other avian food sources such as insects, plants, and water; leading
to malnutrition, lower productivity, and population declines (George et al. 1992, Meyers et al. 2019,
Goldstein et al. 2024).

Quantifying the influence of non-native species on native bird population trends remains challenging,
yet several mechanisms contribute to declines. Non-native birds, resistant to avian malaria, act as
reservoirs that amplify disease transmission to native species (McClure et al. 2020). On Moloka‘i,
non-native birds exhibited an average disease prevalence of 64%, underscoring their role in
sustaining pathogen cycles (Paxton 2022). They may also facilitate the spread of other infectious
agents, such as avian pox and novel Plasmodium strains, further threatening native forest birds (van
Riper et al. 1986, Atkinson and LaPointe 2009). Beyond disease transmission, non-native generalist
birds degrade habitat by dispersing some of Hawaii’s most invasive plants (Foster and Robinson
2007, Chimera and Drake 2010, Vizentin-Bugoni et al. 2019). Some species, such as the Warbling
White-eye and Common Myna, also exhibit aggressive behaviors that displace native birds from
foraging areas and nesting sites, reducing reproductive success and survival rates (Freed and Cann
2009), with the Common Myna also documented preying on eggs (Byrd and Moriarty 1980).
Additionally, dietary overlap between native and non-native passerines suggests that competition for
limited foraging resources may further exacerbate native species declines (Banko et al. 2015).

Interpreting these population trends is complicated by several methodological and temporal factors.
Although point-transect distance sampling is a robust method when applied consistently (Buckland et
al. 2015), the 16-year interval between surveys limits the capacity to detect population changes. This
long interval fails to capture short- to medium-term fluctuations in bird populations that can result
from changes in food availability, climatic events, or disease outbreaks (Scott et al. 1986). High
variance in density estimates for some species further complicates interpretation, particularly for
species with patchy distributions or low detection rates. Increasing survey frequency to intervals of
two, three, or five years following PACN survey protocols (Camp et al. 2011; Kalaupapa NHP and
Moloka‘i were not currently included in the PACN monitoring protocol) could help track population
trajectories (Brinck et al. 2012). More frequent surveys could also enhance the ability to correlate
population changes with potential stressors, such as climate variability, disease dynamics, and shifts
in vegetation structure and composition, providing a more comprehensive understanding of the
ecological drivers of population change.

Moving forward, conservation efforts in Kalaupapa NHP may prioritize the restoration of native-
dominated habitats, particularly in higher-elevation portions of the Pu‘u Ali‘i NAR and Moloka‘i FR.
Measures such as fencing, ungulate control, and the removal of invasive plants can help promote the
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regeneration of native vegetation and reduce sediment runoff (Jacobi and Stock 2017). Additionally,
proactive mosquito control strategies, such as the Incompatible Insect Technique (Zheng et al. 2019,
Beebe et al. 2021) and mosquito larvicides, such as Bacillus thuringiensis israelenis (Després et al.
2011, Tetreau et al. 2012), could suppress southern house mosquitoes and reduce avian malaria
transmission to vulnerable species. Collaborative management involving state agencies, private
landowners, Native Hawaiian communities, and settlement residents could increase the likelihood of
conservation success.

23



Literature Cited

Ahumada, J. A., D. A. LaPointe, and M. D. Samuel. 2004. Modeling the population dynamics of
Culex quinquefasciatus (Diptera: Culicidae), along an elevational gradient in Hawai‘i. Journal of
Medical Entomology 41(6): 1157—-1170.

Atkinson, C. T., R. B. Utzurrum, D. A. Lapointe, R. J. Camp, L. H. Crampton, J. T. Foster, and T. W.
Giambelluca. 2014. Changing climate and the altitudinal range of avian malaria in the Hawaiian
Islands—an ongoing conservation crisis on the island of Kaua‘i. Global Change Biology 20(8):
2426-2436.

Atkinson, C. T., K. L. Woods, R. J. Dusek, L. S. Sileo, and W. M. Iko. 1995. Wildlife disease and
conservation in Hawai‘i: pathogenecity of avian malaria (Plasmodium relictum) in
experimentally infected ‘I‘iwi (Vestiaria coccinea). Parasitology 111: S59-S69

Atkinson C. T., J. K. Lease, B. M. Drake, N. P. Shema. 2001. Pathogenicity, serological responses,
and diagnosis of experimental and natural malarial infections in native Hawaiian thrushes. The
Condor 103(2): 209-218.

Atkinson C. T., and D. A. LaPointe. 2009. Introduced avian diseases, climate change, and the future
of Hawaiian honeycreepers. Journal of Avian Medicine and Surgery. 23: 53—63.

Atkinson, C. T., R. B. Utzurrum, D. A. Lapointe, R. J. Camp, L. H. Crampton, J. T. Foster, and T. W.
Giambelluca. 2014. Changing climate and the altitudinal range of avian malaria in the Hawaiian
Islands—an ongoing conservation crisis on the island of Kaua‘i. Global Change Biology 20(8):
2426-2436.

Atkinson, I. A. E. 1977. A reassessment of factors, particularly Rattus rattus L., that influenced the
decline of endemic forest birds in the Hawaiian Islands. Pacific Science 31(2): 109—133.

Baker, J. K. 1975. The feral pig in Hawai‘i Volcanoes National Park. Cal-Neva Wildlife Transactions
11: 74-80.

Banko, P. C. 1992. Constraints on productivity of wild Nén€ or Hawaiian Geese Branta sandvicensis.
Wildfowl 43(43): 99-106.

Banko, P. C., R. E. David, J. D. Jacobi, and W. E. Banko. 2001. Conservation status and recovery
strategies for endemic Hawaiian birds. Studies in Avian Biology 22: 359-376.

Banko, P. C., R. J. Camp, C. Farmer, K. W. Brinck, D. L. Leonard, and R. M. Stephens. 2013.
Response of palila and other subalpine Hawaiian forest bird species to prolonged drought and
habitat degradation by feral ungulates. Biological Conservation 157: 70-77.

24



Banko, P. C., R. W. Peck, K. Brinck, and D. Leonard. 2015. Richness, diversity, and similarity of
arthropod prey consumed by a community of Hawaiian forest birds. Technical Report HCSU-
066. Hawai‘i Cooperative Studies Unit.

Banko, W. E., and P. C. Banko. 2009. Historic decline and extinction. Pages 25-58 in Conservation
Biology of Hawaiian Forest Birds: Implications for Island Avifauna (T. K. Pratt, C. T. Atkinson,
P. C. Banko, J. D. Jacobi, and B. L. Woodworth, editors). Yale University Press, New Haven,
Connecticut.

Beebe, N. W., D. Pagendam, B. J. Trewin, A. Boomer, M. Bradford, A. Ford, C. Liddington, A.
Bondarenco, P. J. De Barro, J. Gilchrist, C. Paton, K. M. Staunton, B. Johnson, A. J. Maynard, G.
J. Devine, L. E. Hugo, G. Rasic, H. Cook, P. Massaro, N. Snoad, J. E. Cawford, B. J. White, Z.
Xi, and S. A. Ritchie. 2021. Releasing incompatible males drives strong suppression across
populations of wild and Wolbachia-carrying Aedes aegypti in Australia. Proceedings of the
National Academy of Sciences of the United States of America 118:
https://doi.org/10.1073/pnas.2106828118.

Best, L. B. 1981. Seasonal changes in detection of individual bird species. Pages 252-261 in
Estimating Numbers of Terrestrial Birds (C. J. Ralph and J. M. Scott, editors). Studies in Avian
Biology No. 6.

Brinck, K. W., R. J. Camp, P. M. Gorresen, D. L. Leonard, Jr., H. L. Mounce, K. J. Iknayan, and E.
H. Paxton. 2012. 2010 Kiwikiu (Maui parrotbill) and Aluahio abundance estimates and the effect
of sampling effort on power to detect a trend. Hawai'i Cooperative Studies Unit Technical Report
HCSU-035. University of Hawai‘i at Hilo, Hilo, HI. DOI: https://doi.org/10790/2628.

Bryan, W. A. 1908. Some birds of Moloka‘i. Bernice P. Bishop Museum, Occasional Papers 4(2):
43-86.

Buckland, S. T., E. A. Rexstad, T. A. Marques, and C. S. Oedekoven. 2015. Distance sampling:
methods and applications. Springer International Publishing, Cham, Switzerland.

Butchart, S. H., S. Lowe, R. W. Martin, A. Symes, J. R. Westrip, and H. Wheatley. 2018. Which bird
species have gone extinct? A novel quantitative classification approach. Biological Conservation
227: 9-18.

Byrd, G. V., and D. Moriarty. 1980. Treated chicken eggs reduce predation on shearwater eggs.
Elepaio 41(2): 13—15.

Camp, R. J., T. K. Pratt, C. Bailey, and D. Hu. 2011. Landbirds vital sign monitoring protocol —
Pacific Island Network. Natural Resources Report NPS/PACN/NRR—2011/402. National Park
Service, Fort Collins, Colorado.

25


https://doi.org/10.1073/pnas.2106828118
https://doi.org/10790/2628

Camp, R. J., N. Seavey, M. H. Reynolds, and P. M. Gorresen. 2008. A statistical test to show
negligible trend: comment. Ecology 89(5): 1469—1472.

Chesser, R. T., S. M. Billerman, K. J. Burns, C. Cicero, J. L. Dunn, B. E. Hernandez-Banos, R. A.
Jiménez, A. W. Kratter, N. A. Mason, P. C. Rasmussen, J. V. Remsen, Jr., D. F. Stotz, and K.
Winker. 2022. Check-list of North American Birds (online). American Ornithological Society.
https://checklist.americanornithology.org/taxa/.

Chimera, C. G., and D. R. Drake. 2010. Patterns of seed dispersal and dispersal failure in a Hawaiian
dry forest having only introduced birds. Biotropica 42(4): 493-502.

Després, L., C. Lagneau, and R. Frutos. 2011. Using the bio-insecticide Bacillus thuringiensis
israelensis in mosquito control. Pages 93—126 in Pesticides in the modern world—pests control
and pesticides exposure and toxicity assessment. (Stoytcheva, M. editor). InTech, Rijeka,
Croatia.

Elphick C. S., D. L Roberts, and J. M. Reed. 2010. Estimated dates of recent extinctions for North
American and Hawaiian birds. Biological Conservation 143: 617-624.

Foster, J. T. 2009. The history and impact of introduced birds. Pages 312—330 in Conservation
Biology of Hawaiian Forest Birds: Implications for island avifauna (T. K. Pratt, C. T. Atkinson,
P. C. Banko, J. D. Jacobi, and B. L. Woodworth, editors). Yale University Press, New Haven,
Connecticut.

Foster, J. T., and S. K. Robinson. 2007. Introduced birds and the fate of Hawaiian rainforests.
Conservation Biology 21(5): 1248-1257.

Freed, L. A., and R. L. Cann. 2009. Negative effects of an introduced bird species on growth and
survival in a native bird community. Current Biology 19(20): 1736—-1740.

George, T. L., A. C. Fowler, R. L. Knight, and L. C. McEwen. 1992. Impacts of a severe drought on
grassland birds in western North Dakota. Ecological Applications 2(3): 275-284.

Goldstein, B. R., A. E. Larsen, B. J. Furnas, K. L. Calhoun, and D. S. Karp. 2024. Drought influences
habitat associations and abundances of birds in California’s Central Valley. Diversity and
Distributions 30(1): 123—135.

Gon, S. M. III, S. L. Tom, and U. Woodside. 2018. ‘Aina momona, honua au loli—productive lands,
changing world: using the Hawaiian footprint to inform biocultural restoration and future
sustainability in Hawai‘i. Sustainability 10: 3420.

Green K., K. Schulz, C. Lopez, A. Ainsworth, M. Selvig, K. Akamine, M. Hall, and G. Kudray.
2014. Vegetation mapping inventory project: Kalaupapa National Historical Park. Natural
Resource Report. NPS/PACN/NRR—2014/819. National Park Service. Fort Collins, Colorado.

26


https://checklist.americanornithology.org/taxa/

Grossman, D. H., D. Faber-Langendoen, A. S. Weakley, M. Anderson, P. S. Bourgeron, R.
Crawford, K. Goodin, S. Landaal, K. Metzler, K. Patterson, M. Pyne, M. Reid, and L. Sneddon.
1998. International Classification of Ecological Communities: terrestrial Vegetation of the United
States. Volume I. The national vegetation classification system: development, status, and
applications. The Nature Conservancy, Arlington, Virginia.

Hawai‘i Invasive Species Council. 2023. A cultural impact assessment for the proposed statewide
release of a thrips insect (Pseudophilothrips ichini) as biocontrol for Christmas Berry (Schinus
terebinthifolia). https://dInr.hawaii.gov/hisc/files/2023/04/Cultural-Impact-Assessment-for-the-
Field-Release-of-Pseudophilothrips-ichini-for-the-Biological-Control-of-Christmas-Berry-in-

Hawaii.pdf.

Hays, W. S., and S. Conant. 2007. Biology and impacts of Pacific Island invasive species. 1. A
worldwide review of effects of the small Indian mongoose, Herpestes javanicus (Carnivora:
Herpestidae). Pacific Science 61(1): 3—16.

Hess, S. C., J. Sprague, and J. Muise. 2022. Evidence for irruptive fluctuation in Axis Deer of
Hawai‘i. In Proceedings of the Vertebrate Pest Conference (Vol. 30, No. 30).

Jacobi, J. D., and J. D. Stock. 2017. Vegetation response of a dry shrubland community to feral goat
management on the island of Moloka‘i, Hawai‘i (No. 2017-5136). U.S. Geological Survey.

Judge, S. W., J. M. Gaudioso, P. M. Gorresen, and R. J. Camp. 2012. Reoccurrence of ‘Oma‘o in
leeward woodland habitat and their distribution in alpine habitat on Hawai‘i Island. Wilson
Journal of Ornithology 124: 675-681.

Judge S. W., C. C. Warren, R. J. Camp, L. K. Berthold, H. L. Mounce, P. J. Hart, and R. J. Monello.
2021. Population estimates and trends of three Maui Island-endemic Hawaiian honeycreepers.
Journal of Field Ornithology 92: 115-126. https://doi.org/10.1111/jofo.12364.

Kaholoaa, R. L., C. N. Bailey, E. K. Kekiwi, K. K. Purdy, S. W. Judge, J. A. Tamayose, and C. J.
Schwarz. 2019. Predator control management plan Haleakala National Park. Natural Resource
Report NPS/HALE/NRR—2019/2005. National Park Service, Fort Collins, Colorado.

Kirch, P. V. 1982. The impact of the prehistoric Polynesians on the Hawaiian ecosystem. Pacific
Science 36(1): 1-4.

Kirch, P. V. 2011. When did the Polynesians settle Hawai‘i? A review of 150 years of scholarly
inquiry and a tentative answer. Hawaiian Archaeology 12: 3-26.

LaPointe, D. A., C. T. Atkinson, and S. I. Jarvi. 2009. Managing disease. Pages 405424 in
Conservation Biology of Hawaiian Forest Birds: Implications for Island Avifauna (T. K. Pratt,
C. T. Atkinson, P. C. Banko, J. D. Jacobi, and B. L. Woodworth, editors). Yale University Press,
New Haven, Connecticut.

27


https://dlnr.hawaii.gov/hisc/files/2023/04/Cultural-Impact-Assessment-for-the-Field-Release-of-Pseudophilothrips-ichini-for-the-Biological-Control-of-Christmas-Berry-in-Hawaii.pdf
https://dlnr.hawaii.gov/hisc/files/2023/04/Cultural-Impact-Assessment-for-the-Field-Release-of-Pseudophilothrips-ichini-for-the-Biological-Control-of-Christmas-Berry-in-Hawaii.pdf
https://dlnr.hawaii.gov/hisc/files/2023/04/Cultural-Impact-Assessment-for-the-Field-Release-of-Pseudophilothrips-ichini-for-the-Biological-Control-of-Christmas-Berry-in-Hawaii.pdf
https://doi.org/10.1111/jofo.12364

LaPointe, D. A., M. L. Goff, and C. T. Atkinson. 2010. Thermal constraints to the sporagonic
development and altitudinal distribution of avian malaria Plasmodium relictum in Hawai‘i.
Journal of Parasitology 96: 318-324.

Lindsey, G. D., E. A. VanderWerf, H. Baker, and P. E. Baker. 2020. Hawai‘i ‘Amakihi
(Chlorodrepanis virens), version 1.0. In Birds of the World (A. F. Poole, editor). Cornell Lab of
Ornithology, Ithaca, New York. https://doi.org/10.2173/bow.hawama.01

Leopold, C. R., and S. C Hess. 2017. Conversion of native terrestrial ecosystems in Hawai‘i to novel
grazing systems: a review. Biological Invasions 19: 161-177.

Marshall, S., and K. Kozar. 2008. Forest bird inventory of Kalaupapa National Historical Park.
Technical Report 154. Pacific Cooperative Studies Unit, University of Hawai‘i at Manoa.
Honolulu, Hawai‘i.

Maui Forest Bird Recovery Project. 2021. 2021 Lana‘i Hawai‘i Forest Bird Survey. State of Hawai‘i
Department of Land and Natural Resources, Division of Forestry and Wildlife Report on Survey
Activities.

McClure, K. M., R. C. Fleischer, and A. M. Kilpatrick. 2020. The role of native and introduced birds
in transmission of avian malaria in Hawai‘i. Ecology 101(7), p.e03038.

Miller, D. L., E. Rexstad, L. Thomas, L. Marshall, and J. L. Laake. 2019. Distance sampling in R.
Journal of Statistical Software 89(1): 1-28. https://doi.org/10.18637/jss.v089.101.

Munro G. C. 1944. The Birds of Hawai‘i. Tongg Publishing Company. Honolulu, Hawai‘i. Reprinted
1960 Bridgeway Press, Rutland, Vermont.

Myers, B. M., E. J. Questad, M. D. Hubbell, and D. J. Moriarty. 2019. Trends in bird species richness
in the midst of drought. Western Birds 50(2).

Olson, S. L., and H. F. James. 1982. Fossil birds from the Hawaiian Islands: evidence for wholesale
extinction by man before Western contact. Science 217(4560): 633—635.

Olson, S. L., and H. F. James. 1994. A chronology of ornithological exploration in the Hawaiian
Islands, from Cook to Perkins. Studies in Avian Biology 15: 91-102.

Paxton, E. H. 2022. Hawaiian forest bird avian malaria prevalence 2018-2021. U.S. Geological
Survey data release, https://doi.org/10.5066/P9F519WO.

Paxton, E. H., P. M. Gorresen, and R. J. Camp. 2013. Abundance, distribution, and population trends
of the iconic Hawaiian Honeycreeper, the ‘1‘iwi (Vestiaria coccinea) throughout the Hawaiian
Islands: U.S. Geological Survey Open-File Report 2013—1150, 59 p.

28


https://doi.org/10.2173/bow.hawama.01
https://doi.org/10.18637/jss.v089.i01
https://doi.org/10.5066/P9F519WO

Pratt, L. W. and J. D. Jacobi. 2009. Loss, degradation, and persistence of habitats. Conservation
biology of Hawaiian forest birds, implications for island avifauna. Pages 137-158 in
Conservation Biology of Hawaiian Forest Birds: Implications for Island Avifauna (T. K. Pratt,
C. T. Atkinson, P. C. Banko, J. D. Jacobi, and B. L. Woodworth, editors). Yale University Press,
New Haven, Connecticut.

Price, J. P. and D. Elliott-Fisk. 2004. Topographic history of the Maui Nui complex, Hawai'i, and its
implications for biogeography. Pacific Science 58(1): 27-45.

Pyle, R. L., and P. Pyle. 2017. The Birds of the Hawaiian Islands: Occurrence, history, distribution,
and status. Version 2 (1 January 2017). B. P. Bishop Museum, Honolulu, Hawai‘i.
http://hbs.bishopmuseum.org/birds/rlp-monograph.

R Core Team. 2021. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. https://www.r-project.org/

Ralph, C. J. 1990. Population dynamics of land bird populations on Oahu, Hawai‘i: Fifty years of
introductions and competition. Acta XX Congressus Internationalis Ornithologici, Christchurch,
New Zealand 2-9 December 1990. 3: 1444-1457.

Ralph, C. J., S. G. Fancy, and T. D. Male. 1998. Demography of an introduced Red-billed Leiothrix
population in Hawai‘i. The Condor 100(3): 468—473.

Richardson, F. 1949. The status of native land birds on Moloka‘i, Hawaiian Islands. Pacific Science
3:226-230.

RStudio Team. 2021. RStudio: Integrated Development for R RStudio. PBC, Boston, MA.
https://posit.co/

Samuel, M. D., P. H. F. Hobbelen, F. DeCastro, J. A. Ahumada, D. A. LaPointe, C. T. Atkinson, B.
L. Woodworth, P. J. Hart, and D. C. Duffy. 2011. The dynamics, transmission, and population

impacts of avian malaria in native Hawaiian birds: a modeling approach. Ecological Applications
21(8): 2960-2973.

Scott, J. M., S. Mountainspring, F. L. Ramsey, and C. B. Kepler. 1986. Forest bird communities of
the Hawaiian Islands: their dynamics, ecology, and conservation. Studies in Avian Biology 9: 1—-
431.

Smith, C. W. 1985. Impact of alien plants on Hawai‘i’s native biota. In: C. P. Stone and. J. M. Scott
Hawai‘i’s terrestrial ecosystems: Preservation and management. Cooperative National Park
Resources Studies Unit.

29


http://hbs.bishopmuseum.org/birds/rlp-monograph
https://www.r-project.org/
https://posit.co/

Smith L. K, S. W. Judge, A. S. Genz, L. B., L. K. Berthold, H. L. Mounce, and R. J. Camp. 2025.
Population trends of native and non-native forest birds on the island of Moloka‘i, Hawai‘i.
Wilson Journal of Ornithology 137(1):2444022.
https://doi.org/10.1080/15594491.2024.2444022.

Strauch, A. M., G. L. Bruland, R. A. MacKenzie, and C. P. Giardina. 2016. Soil and hydrological
responses to wild pig (Sus scrofa) exclusion from native and strawberry guava (Psidium
cattleianum)-invaded tropical montane wet forests. Geoderma 269: 53—60.
https://doi.org/10.1016/j.geoderma.2016.05.021.

Tetreau, G., R. Stalinski, D. Kersusan, S. Veyrenc, J. P. David, S. Reynaud, and L. Després. 2012.
Decreased toxicity of bacillus thuringiensis israelensis to mosquito larvae after contact with leaf
litter. Applied and Environmental Microbiology: 78(15): 5189—-5195.

Thomas, L., S. T. Buckland, E. A. Rextad, J. L. Laake, S. Strindberg, S. L. Hedley, J. R. B. Bishop,
T. A. Marques, and K. P. Burnham. 2010. Distance software: design and analysis of distance
sampling surveys for estimating population size. Journal of Applied Ecology 47: 5—14.

Tomich, P. Q. 1986. Mammals in Hawai‘i, 2" edition. Bishop Museum Press, Honolulu, Hawai‘i.
U.S. Congress. 1980. Kalaupapa National Historical Park Act. Public Law 96-565, 94 Statute 3321.

U.S. Fish and Wildlife Service. 2017. Endangered and threatened wildlife and plants; threatened
species status for the ‘1‘iwi (Drepanis coccinea). Federal Register Vol. 82, No. 181:43873—
43885.

U.S. Fish and Wildlife Service. 2021. Endangered and threatened wildlife and plants; initiation of 5-
year status reviews for 77 species in Oregon, Washington, Idaho, and Hawai‘i. Federal Register
Vol. 86, No. 120: 33726-33729.

U.S. Fish and Wildlife Service. 2023. Endangered and threatened wildlife and plants; removal of 21
species from the list of endangered and threatened wildlife. Federal Register Vol. 88, No. 199:
71644-71682.

U.S. Fish and Wildlife Service. 2024. Environmental Conservation Online System.
https://ecos.fws.gov/ecp/ (accessed on 08 May 2024).

U.S. Geological Survey. 2020. The National Map—National geospatial data and services: U.S.
Geological Survey. https://www.nationalmap.gov.Accessed 25 Sep 2023.

van Riper, C. III, S. G. van Riper, M. L. Goff, and M. Laird. 1986. The Epizootiology and ecological
significance of malaria in Hawaiian land birds. Ecological Monographs 56(4): 327-344.

VanderWerf, E. A. 2020. Hawai‘i ‘Elepaio (Chasiempis sandwichensis), version 1.0. In Birds of the
World (P. G. Rodewald, editor). Cornell Lab of Ornithology, Ithaca, New York.

30


https://doi.org/10.1080/15594491.2024.2444022
https://doi.org/10.1016/j.geoderma.2016.05.021
https://www.nationalmap.gov/

VanderWerf, E. A., R. E. David, P. Donaldson, R. May, H. D. Pratt, P. Pyle, and L. Tanino. 2018.
First report of the Hawai‘i Bird Records Committee: records reviewed 2014-2016. Western Birds
49(1): 2-23.

Vizentin-Bugoni, J., C. E. Tarwater, J. T. Foster, D. R. Drake, J. M. Gleditsch, A. M. Hruska, J. P.
Kelley, and J. H. Sperry. 2019. Structure, spatial dynamics, and stability of novel seed dispersal
mutualistic networks in Hawai‘i. Science 364(6435): 78-82.

Warner, R. E. 1968. The role of introduced diseases in the extinction of the endemic Hawaiian
avifauna. The Condor 70(2): 101-120.

Western Regional Climate Center. 2021. Kalaupapa, Hawai‘i. https://raws.dri.edu/cgi-
bin/rawMAIN.pl?hiHMLK. Desert Research Institute, Division of Atmospheric Sciences. Reno,
Nevada.

Witmer, G. W., and A. B. Shiels. 2017. Ecology, impacts, and management of invasive rodents in the
United States. Pages 193-219 in Ecology and Management of Terrestrial Vertebrate Invasive
Species in the United States (W. C Pitt, J. C. Beasley, and G. W. Witmer, editors). CRC Press,
Boca Raton, Florida.

Zheng, X., D. Zhang, Y. Li, C. Yang, Y. Wu, X. Liang, Y. Liang, X. Pan, L. Hu, Q. Sun, X. Wang,
Y. Wei, J. Zhu, W. Qian, Z. Yan, A.G. Parker, et al. 2019. Incompatible and sterile insect
techniques combined eliminate mosquitoes. Nature 572(7767): 56-61.

31


https://raws.dri.edu/cgi-bin/rawMAIN.pl?hiHMLK
https://raws.dri.edu/cgi-bin/rawMAIN.pl?hiHMLK

Appendix A. Model Selection- Akaike’s Information Criterion
(AIC) Statistics

Detection function model parameters and model-selection results for forest birds of the 2021
Kalaupapa National Historical Park landbird survey. For each species, models were sorted by
differences in second-order Akaike’s information criterion corrected for small sample size (AAIC)
between each candidate model and the model with the lowest AIC value. Models examined included
half-normal (HN) and hazard-rate (HR) key detection functions and with cosine (COS), Hermite
polynomial (Hpoly), and simple polynomial (Spoly) series expansions. Covariates were incorporated
with the most parsimonious key detection function model to improve model precision. Covariates
included the categorical variables cloud cover (Cloud), amount of rain (Rain), Beaufort wind scale
(Wind), Beaufort gust scale (Gust), observer (Obs), time of day (Time), survey month (Month),
survey year (Year). Detection type (1=heard, 2=seen, 4=heard and seen) was also evaluated as a
categorical variable, indicated as “Detection”, and based on pooling detection type by combination of
types (e.g., “Detect 2, 4” pools all detections that were seen and both heard and seen, while “Detect
1, 4” pools detections that were heard and both heard and seen). Time of day (Time) was evaluated
as a continuous variable. The number of estimated parameters (Num params), and negative log-
likelihood (-LogL) are presented. The Akaike model weight (w) is the likelihood that each model is
the best of the converged models evaluated for each species. Model selection criteria are provided in
Tables 813 below.

Table 8. Model selection results for ‘Apapane (truncation=69 m).

Adjustment Term/
Key Function | Covariate Df AlC Delta Weight
HR Spoly 4 31115.83 0 0.932261
HN Cos 2 31121.08 5.243893 0.067739
HR None 2 31183.28 67.44964 2.10E-15
HN None 1 31191.59 75.76068 3.30E-17

Table 9. Model selection results for House Finch (truncation=50 m).

Adjustment Term/
Key Function | Covariate Df AlC Delta Weight
HR None 2 1352.169 0 0.818545
HN None 1 1355.182 3.013042 0.181455
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Table 10. Model selection results for Japanese Bush Warbler (truncation=99 m).

Adjustment Term/

Key Function | Covariate Df AlIC Delta Weight
HR None 2 31010.12 0 1
HN None 1 31042.3 32.17975 1.03E-07

Table 11. Model selection results for Red-billed Leiothrix (truncation=96 m).

Adjustment Term/
Key Function | Covariate Df AlC Delta Weight
HN Year 6 11559.14 0 1
HN Tract 2 11635.07 75.9287 3.25E-17
HN Rain 2 11645.04 85.90098 2.22E-19
HN Gust 2 11645.94 86.80101 1.42E-19
HN Wind 2 11647.97 88.83529 5.12E-20
HN Cloud 2 11651.56 92.41873 8.54E-21
HN Cos 3 11652.95 93.81186 4.26E-21
HN Null 1 11653.17 94.02871 3.82E-21
HR Simple 3 11656.61 97.46946 6.84E-22
HR Null 2 11656.69 97.54979 6.57E-22

Table 12. Model selection results for Warbling White-eye (truncation=39 m).

Adjustment
Key Function | Term/Covariate Df AlIC Delta Weight
HR Dtype 2+4 3 25740.51 0 1
HR Year 8 26249.29 508.7751( 3.32E-111
HR Cos 3 26287.3 546.7896  1.85E-119
HN Cos 2 26293.37 552.8543 8.90E-121
HR Wind 3 26296.52 556.0058  1.84E-121
HR Cloud 3 26315.18 574.6647 | 1.63E-125
HR Gust 3 26320.18 579.6685( 1.34E-126
HR Null 2 26322.88 582.3667 | 3.47E-127
HN Null 1 26327.98 587.4622 | 2.72E-128
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Table 13. Model selection results for White-rumped Shama (truncation=65 m).

Adjustment
Key Function | Term/Covariate Df AlIC Delta Weight
HR None 2 1167.642 0 0.659307
HN Hpoly 2 1169.445 1.803014 0.267651
HN None 1 1172.043 4.400297 0.073042
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Appendix B. Non-native Species Occurrence Maps

Occurrence maps for non-native species detected during the 2021 landbird survey of Kalaupapa National Historical Park can be seen in
Figures 8—-15.
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Figure 9. House Finch detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 10. Japanese Bush Warbler detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 11. Northern Cardinal detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 13. Spotted Dove detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 14. Warbling White-eye detections during the 2021 Kalaupapa National Historical Park landbird survey.
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Figure 15. White-rumped Shama detections during the 2021 Kalaupapa National Historical Park landbird survey
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