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ABSTRACT

Nihoa and Laysan Island, part of the Northwestern Hawaiian Islands, are host to three
endangered passerine species—Nihoa finch (Telespiza ultima), Nihoa millerbird (Acrocephalus
familiaris kingi), and Laysan finch (Telespiza cantans). Using point-transect distance sampling
survey records from 2010 to 2022 for Nihoa and 2013 to 2019 for Laysan Island, we estimated
the density and abundance of all three species. We also compared densities between habitats
for both islands, classifying Nihoa habitat as Eragrostis (grass) or mixed shrub and Laysan
Island as open or dense habitat. The population of Nihoa finch remained stable with slight
fluctuations among years, with a population size of 6,592 (4,954—8,655) birds for the most
recent sampling year, 2022. Laysan finch also remained stable with a total population in both
dense and open habitat of 17,657 (11,994-23,320) for the most recent sampling year, 2019.
The Nihoa millerbird significantly increased on both Nihoa and Laysan Island with a global
population of 1,907 (1,291-2,766) in 2019, the most recent year both islands were sampled.
Overall, the populations of these three endangered species were stable or increasing. The
increase of Nihoa millerbird on Laysan Island, after being translocated to the island in 2011 and
2012, represents the successful establishment of a second viable population, leading to a
decrease in the species’ IUCN extinction risk status (from critically endangered to endangered).
Continued population monitoring of these endangered species can help inform future
management actions and ensure their preservation into the future.

INTRODUCTION

The remote, uninhabited Northwestern Hawaiian Islands are host to a range of endemic
species, making the islands a unigue source of biodiversity (Friedlander et al. 2009). Although
they differ markedly in size, topography, and substrate, two islands in particular, Nihoa and
Laysan Island (known in Hawaiian as Kau0), are critical habitats for three endemic, endangered,
passerine bird species—Nihoa finch (palihoa; Telespiza ultima), Nihoa millerbird (ulGlu for the
Nihoa population and ulGlu niau for the Laysan Island population; Acrocephalus familiaris kingi),
and Laysan finch (‘ainohu kaud; Telespiza cantans).

The Nihoa finch occurs only on Nihoa, and the average population from 1979 to 2012 was
estimated to be 2,535 birds using a state-space model (95% confidence interval [Cl]: 1,374~
4,332; Gorresen et al. 2016). Translocation of the species to French Frigate Shoals in 1967 did
not result in a viable population (Morin and Conant 2020a), and the risk of extinction remains
high on Nihoa (Conant and Morin 2001).

From 1979 to 2012 the average population of the Nihoa millerbird on Nihoa was estimated to be
around 360 individuals (95% CI: 142-760; Gorresen et al. 2016). Overall the population on
Nihoa was stable, with a small decline between 1967 and 1980 and a subsequent small
increase between 1989 and 2012 (Gorresen et al. 2016). The Nihoa millerbird existed only on
Nihoa until it was translocated to Laysan Island in 2011 and 2012 as an ecological replacement
for the Laysan millerbird (Acrocephalus familiaris familiaris), which was extirpated between 1916
and 1923 due to habitat destruction by European rabbits (Oryctolagus cuniculus; Dill 1912,
Freifeld et al. 2016). Following their successful introduction, the Laysan Island population of the
Nihoa millerbird was estimated to be at least 164 individuals in 2014 based on a count of
banded and unbanded birds (Freifeld et al. 2016).

The Laysan finch exists predominantly on Laysan Island. One small, translocated population
exists on Pearl and Hermes Atoll, but this population is at high risk of extirpation due to
inundation of the atoll during wash-over events—Ilarge swells and storms that are exacerbated
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by rising sea levels (Reynolds et al. 2012). The population on Laysan Island undergoes large
fluctuations in numbers, potentially due to climatic variability, although the reasons are not fully
understood. Between 1991 and 2012, the population remained stable with an average of about
10,000 individuals (Underwood 2013). Both Laysan and Nihoa finches are highly curious and
attracted to surveyors (Conant et al. 1981; CF, SP, RR, JV personal observation), which could
potentially bias density estimates higher (Buckland et al. 2015).

Nihoa and Laysan Island have historically experienced major environmental perturbations and
loss of biodiversity due to human-caused fire (Nihoa) and invasion by weeds and pests (Nihoa
and Laysan Island; Warner 1963, Berger 1981, Rauzon 2001). Threats to the three bird species
include rising sea levels and wave-driven inundation, increased frequency and intensity of
storms and drought, loss of genetic diversity, and non-native species (Reynolds et al. 2012,
U.S. Fish and Wildlife Service 2019). Therefore, rigorous assessments of population size and
trends are critical for conservation planning (U.S. Fish and Wildlife Service 2019).

Land bird surveys on Nihoa were conducted with fixed-width transects between 1967 and 2012,
and point-transect distance sampling surveys were started in 2010 with two years of overlap
between the two methods (Gorresen et al. 2016). Similarly, surveying on Laysan Island began
with fixed-width transects in 1968 (Morin and Conant 1994), and point-transect distance
sampling started in 2013. Using data from the point-transect distance sampling surveys on both
islands, the purpose of this report is to (1) estimate the population sizes and densities of Nihoa
millerbird and Nihoa finch on Nihoa from 2010 to 2022, and Nihoa millerbird and Laysan finch
on Laysan Island from 2013 to 2019; (2) explore how habitat is associated with density
estimates; and (3) evaluate population trends since 2010 on Nihoa and since 2013 on Laysan
Island.

METHODS

Study Area

Nihoa

Nihoa is the southernmost and highest island of the Northwestern Hawaiian Islands, located
approximately 400 km northwest of Honolulu (Figure 1). Nihoa is the eroded remnant of a shield
volcano that was formed around 7.3 million years ago (Clague 1996). Once rising to at least
870 m asl (above sea level) and extending about 10 km from summit to shore (Clague 1996),
Nihoa is now reduced to 275 m asl in elevation and 68 ha in area, rising steeply to two peaks
joined by a broad southern-sloping swale (Weiss et al. 2009). Temperatures average about
24°C, and annual rainfall ranges from 215 to 845 mm, based on data from a weather station on
Nihoa (RR, U.S. Fish and Wildlife Service, written communication, 2024). The vegetation
consists mainly of low-stature coastal mixed shrub and grassland communities with a few small,
relictual groves of the endemic fan palm loulu (Pritchardia remota; Gorresen et al. 2016). The
most abundant shrubs are popolo (Solanum nelsonii) and ‘ilima (Sida fallax; Morin and Conant
2020b), while ‘aweoweo (Chenopodium oahuense), formerly the most abundant shrub, is now
very rare (Gorresen et al. 2016). The bunchgrass kawelu (Eragrostis variabilis) accounts for
most of the grass cover on the island (Morin and Conant 2020b). The Nihoa finch is found in all
habitats across the island, often congregating near the 5—-7 small freshwater seeps and
ephemeral puddles of fresh water, while the Nihoa millerbird is found throughout the vegetated
areas (Morin and Conant 2020b). Nihoa supports 17 breeding seabird species (Reynolds et al.
2012). Human visitation is limited by the island’s remoteness, ruggedness, and protected status
as a National Wildlife Refuge and Marine Monument.
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Figure 1. Map of the Northwestern Hawaiian Islands showing the relation of Nihoa and Laysan Island (bolded) to the main Hawaiian
Islands extending out to Kure Atoll (Mokupapapa).



Laysan Island

Laysan Island is located approximately 1,500 km northwest of Honolulu and was formed around
20.7 million years ago, when it is estimated to have reached 1,220 m asl in elevation and
extended 14 km from summit to shoreline (Figure 1; Clague 1996). The coralline, nearly flat,
low, sandy remnant of that ancient volcano is the result of coral growth and geological uplift
(Athens et al. 2007). The current island is approximately 412 ha in area and lies mostly below
10.7 m asl (Reynolds et al. 2012). The interior of the island is dominated by a large, shallow,
hypersaline lake with surrounding mudflats, but a few freshwater seeps are along the lake’s
shoreline (Morin and Conant 2020a). Temperatures average about 22°C, and annual rainfall
averages about 860 mm, with large variability among years ranging from a low of 378 mm to a
high of 1,578 mm (Athens et al. 2007).

European rabbits were introduced in 1903, and by 1916 had almost completely denuded the
island’s vegetation (Warner 1963, Athens et al. 2007). This, combined with impacts from guano
mining, caused the loss of most of the island’s vegetation—only four native plant species
remained by 1923 (Athens et al. 2007). Compounding the impacts of habitat loss, a severe
poaching incident, in which large numbers of seabirds were killed for the feather trade, further
decimated the bird populations (Dill 1912). While Laysan finch was not directly targeted, Dill
(1912) states the poachers were “by no means averse to killing anything in the bird line that
came in their way” potentially affecting species like Laysan finch. After decades of habitat
restoration by U.S. Fish and Wildlife Service (USFWS), most of the invasive plants have been
removed, and the native vegetation has rebounded.

The Laysan finch uses all remaining habitat types, but especially the bunchgrass kawelu,
naupaka shrub (Scaevola taccada), and the viny alena-pohuehue-puaockama (Boerhavia
repens-lpomoea pes-caprae-Sicyos maximowiczii) associations (Morin and Conant 2020a). Like
Nihoa, Laysan Island supports 17 breeding seabird species (Reynolds et al. 2012). Although
there were permanent residents and structures in the early 1900s for guano mining and feather
harvesting, the island is now uninhabited except for small rotating teams of researchers and
natural resource specialists.

Habitat Classification

For both islands, habitat classification was completed by team members who conducted
surveys on the island. Field teams spent an afternoon standardizing identifications and
classifications. The species cover was estimated within a 10-m radius of the station, in 10%
increments. The dominant vegetation identified in the field was further confirmed visually with
recent Google Earth satellite imagery. On Nihoa, habitat was initially classified as Eragrostis (all
points with kawelu dominant), mixed shrub (popolo and/or ‘ilima dominant), or palm (Pritchardia
spp. palms dominant), but because there were only two sites classified as palm habitat, these
sites were reclassified to mixed shrub for statistical power. On Laysan Island, habitat was
classified as open (barren sandy areas and lower stature vegetation dominated by naupaka,
kawelu, and pohuehue) with an area of 220 ha, or dense (tall stature, dense naupaka vegetated
areas) with an area of 24 ha.

Bird Sampling

Nihoa

In 2010, sampling points were established on the endpoints of 54 existing USFWS strip-width
line transects and sampled using point-transect distance sampling methods, for a total of 108
points (Figure 2). In 2013, a new set of 60 sample points were distributed across the vegetated
area of the island that could be safely surveyed, separated by 80—-100 m (Figure 2). Gorresen et
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al. (2016) found that the 90% detection probability in 2010-2011 was 40 m for millerbirds and
34 m for Nihoa finches, so this separation was chosen to minimize double-counting birds.

Sampling used standard point-transect distance sampling methods (Buckland et al. 2015)
consisting of an observer recording the horizontal distance from the center point to all birds
heard or seen during a 6-minute count. Distances were estimated to the nearest meter, and
detection types were of birds heard only, seen, or heard first and then seen. Observers also
recorded sampling conditions including weather conditions (cloud cover [0 to 100% by tens],
rain intensity [0 to 4 by integer], wind strength and gust strength on the Beaufort scale, time of
day, and habitat type (described above in Habitat Classification). Counts started at sunrise and
were completed by 11:00 hours and halted when conditions exceeded light rain or wind strength
3 or gust strength 5.



Laysan Island

In 2013, three transects were established in the northern naupaka patch (primarily in the dense
habitat) to monitor the rapidly increasing population of translocated Nihoa millerbirds, as
monitoring efforts transitioned from intensive banding and spot-mapping to a point-transect
framework (Figure 3).
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Figure 3. Points sampled on Laysan Island, Northwestern Hawaiian Islands. Dots and crosses
represent which year the points were sampled, and color indicates the habitat type.
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During the initial years after the 2011 and 2012 translocations, Nihoa millerbirds were restricted
to the northern naupaka patch and did not use any other habitat, but by 2019 they had
dispersed across the island and occurred in open habitat. To increase coverage, 30 additional
surveys points were added in 2019 along three transects in the open habitats along the western
and eastern sides of the island (Figure 3). These points were in lower, more dispersed
vegetation with higher visibility, composed primarily of Eragrostis. Bird sampling on Laysan
Island used the same point-transect distance sampling techniques as used on Nihoa, described
above. There were notable gaps in sampling for both islands, with no data recorded for Laysan
Island in 2018 and from 2020 to present, and for Nihoa in 2015, due to logistical difficulties.

Relative Occurrence and Abundance

Indices of relative occurrence and relative abundance were computed for each species by year
and island. Relative occurrence was computed as the number of points where one or more
individuals of a given species were detected divided by the total number of points sampled for
each survey. Species-specific relative abundance was computed as the number of birds
detected divided by the total number of points sampled for each survey. For both measures we
adjusted for sampling effort when points were sampled multiple times during a survey.

Abundance Estimation

Density and abundance estimates were generated with standard point-transect distance
sampling techniques (Buckland et al. 2015) using the distance package (Miller et al. 2019) in R
(R Core Team 2023). For each island, detections across all years were pooled to fit a detection
function by species. Models fitted were the half-normal (key function and key function with
adjustment terms cosine or Hermite polynomial) and hazard-rate (key function and key function
with adjustment terms cosine or simply polynomial) functions. Data were truncated at the
distance where detection probability equaled 0.1 when fitted with a half-normal key function.

We also fitted models with single, site-specific covariates with the multiple covariate distance
sampling model in package distance. Covariates included observer, cloud cover, rain intensity,
wind strength, and gust strength. Models were also fitted with the observation-specific covariate
type of detection. Observers with <100 species-specific detections were pooled into a single
“miscellaneous observer” level. Covariates with <50 detections per level were pooled into binary
categories for cloud cover (<50%, 250%), rain (0 versus 1-3), wind strength (0 versus 1-3), and
gust strength (0 versus 1-4). Covariates that still had insufficient detections per level after
pooling (<50 detections) were dropped.

We used Akaike information criterion (AIC) to select the model to use for inference out of the
model candidate pool, based on which model had the lowest AIC value (Appendix |, Table 1;
Buckland et al. 2015). We evaluated model fit using visual inspection of diagnostic plots (density
probability and probability density plots; Appendix I, Figure 1). We used the best-fit species-
specific model to estimate habitat-specific population densities and variances by year and island
using post-stratification procedures, and confidence intervals were derived by bootstrap
methods from 1,000 iterations (Buckland et al. 2015).

For Nihoa, abundance estimates are for the entire island and were generated by pooling all
detections, fitting a detection function to the pooled detections, and multiplying the density by
the size of Nihoa (69 ha). For Laysan finch, abundance estimates are only for the dense habitat
for years 2011-2016, as the open habitat was not surveyed. Abundance estimates were
generated by fitting a detection function for detections in the dense habitat, then multiplying the
density by the area of dense habitat (24 ha). For 2019, population estimates are presented for
the dense and open habitat. Open habitat abundance estimates were generated in the same
manner as dense habitat, with an area of 220 ha. For Nihoa millerbird on Laysan Island,
population estimates are also only for the dense habitat from 2011-2016, but these estimates
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are likely representative of the entire population for the first few years, given the translocated
birds were released and reproduced in the dense vegetation in 2012. Over time the birds
expanded beyond the dense habitat.

For Nihoa millerbirds on Laysan Island, bootstrap estimates sometimes produced outlier
population estimates (e.g., 9 million birds); therefore, we inspected estimates by year and
habitat and removed outliers. We used the boxplot function in R to identify outliers that
exceeded the threshold defined as the 3™ quartile + 1.5 times the interquartile range. Numbers
of outliers removed varied by year and habitat type from 97 outliers out of 1970 bootstrap
iterations in 2022 (open habitat) to 175 outliers out of 1997 bootstrap iterations in 2017 (dense
habitat). Because of outliers and iterations that failed to converge, we increased the number of
bootstrap iterations to 2,000 to ensure we obtained 1,000 valid bootstrap estimations.
Additionally, for Nihoa millerbirds on Laysan Island in 2016, the initial abundance estimate,
which used all observers and the global detection function, was unrealistic (Appendix Il, Figure
1). Inspection of the data revealed discrepancies and model assumption violations for one of the
two observers. We dropped data for this observer and fit an independent detection function for
that year, with a left-side truncation of 4 m and a right-side truncation of 49 m, to the remaining
observer (refer to Appendix Il for details).

Trend Detection

We performed linear regression on the abundance estimates for each species by island to
determine overall trends in bird population size. For Nihoa, linear regression was performed on
the total population size by year, with all detections (regardless of habitat) pooled and a
detection function fit to the pooled detections. For Laysan Island, we performed linear
regression only on the dense habitat abundances, given that these were the only consistently
sampled points across all study years.

Data Availability
Survey data analyzed in this study are available upon request from the U.S. Fish and Wildlife
Service.

RESULTS

We assessed point-transect distance sampling data to determine species trends for Nihoa
millerbird and Nihoa finch on Nihoa and Laysan finch and Nihoa millerbird on Laysan Island. All
species were detected at high levels of occurrence, from 0.49 to 1, with relative occurrence
above 0.9 for most years and with varying levels of relative abundance, from 0.67 to 12.48
(Tables 1 and 2).

Detection Function Selection

The models with the lowest AIC values were either the key function model or the key function
model with a covariate (Appendix I, Table 1). For Nihoa finch, a hazard-rate key function model
with a truncation of 30 m was used for inference. Two models had lower AIC values but were
not used due to extremely long run times (hazard rate with covariate year) or failing to converge
during bootstrap procedures (half normal with a cosine adjustment term). For Nihoa millerbird
on Nihoa, we used the lowest AIC model, hazard rate with year covariate with a truncation of
36 m. For Nihoa millerbird on Laysan Island, we observed very large variance estimates using
models with either adjustment terms or covariates during preliminary analyses, and thus the
hazard-rate key function without adjustment terms or covariates with a truncation of 49 m was
used for inference. For Laysan finch we used the lowest AIC model, hazard rate with covariate
observer with a truncation of 39 m.



Table 1. Relative occurrence (Rel occurrence) and relative abundance (Rel abundance) for
Nihoa finch and Nihoa millerbird by survey year, 2010-2022, on Nihoa. Relative occurrence
was calculated as the proportion of sampling points at which a given species was detected, and
relative abundance was calculated as the average number of birds per sampling point, adjusted
by effort.

Nihoa finch Nihoa millerbird
Year Reloccurrence Rel abundance | Rel occurrence Rel abundance
2010 0.99 5.18 0.95 2.72
2011 0.99 4.21 0.92 1.86
2012 0.99 7.63 0.49 0.67
2013 0.96 3.52 0.85 1.96
2014 0.99 5.53 0.98 2.99
2016 0.96 4.93 0.95 2.74
2017 0.99 4.80 0.99 3.78
2018 1.00 7.23 0.94 2.67
2019 0.98 4.34 0.92 2.29
2020 1.00 7.90 0.88 2.55
2021 0.98 5.05 0.93 2.55
2022 1.00 8.42 0.67 1.28

Table 2. Relative occurrence (Rel occurrence) and relative abundance (Rel abundance) for
Laysan finch and Nihoa millerbird by survey year, 2013-2019, in the dense habitat on Laysan
Island. The estimates for 2019 used both dense and open habitats. Relative occurrence was
calculated as the proportion of sampling points at which a given species was detected, and
relative abundance was calculated as the average number of birds per sampling point, adjusted
by effort. Note due to their high numbers, Laysan finch detections were not recorded in 2017
(NA).

Laysan finch Nihoa millerbird
Year Reloccurrence Relabundance | Rel occurrence Rel abundance
2013 1.00 12.48 0.85 2.01
2014 1.00 5.41 0.92 3.07
2015 1.00 6.47 0.92 3.19
2016 1.00 10.53 0.79 1.90
2017 NA NA 1.00 3.99
2019 1.00 6.01 0.88 3.81




Abundance Estimates and Trends

On Nihoa, both passerines’ densities increased through the survey period—the trend for Nihoa
finch was non-significant while the trend for Nihoa millerbirds was significant at the alpha = 0.05
level. Nihoa finch increased from 79 birds/ha in 2010 to 107 birds/ha in 2022 (P = 0.29; Table 3,
Figure 4). Nihoa finch densities were significantly higher in mixed shrub habitat (mean = 95.1 =
18.1) than Eragrostis habitat (mean =59.4 + 22.9; Wilcoxon, w = 16, P = 0.007; Figure 5)
throughout the time series.

Table 3. Nihoa finch island-wide density (birds/ha; top row) and abundance (bottom row)
estimates on Nihoa, 2010 to 2022. Standard errors (SE) and 95% confidence intervals (ClI) are
presented (lower interval = L 95% ClI, and upper interval = U 95% CI). Coefficient of variation
(CV) is calculated as CV = SE / mean.

Year Mean SE L 95% CI U9 Cl CV

2010 Density 79.17 8.80 63.27 97.10 0.11
Abundance 4,901 544 3,916 6,010

2011 Density 66.64 7.25 53.17 82.13 0.11
Abundance 4,125 449 3,291 5,084

2012 Density 121.10 13.47 97.06 149.69 0.11
Abundance 7,496 834 6,008 9,266

2013 Density 62.51 6.92 49.59 76.53 0.11
Abundance 3,870 429 3,070 4,737

2014 Density 88.31 10.54 69.88 109.84 0.12
Abundance 5,466 652 4,326 6,799

2016 Density 80.83 10.26 61.88 101.79 0.13
Abundance 5,003 635 3,830 6,301

2017 Density 89.88 10.12 71.41 110.80 0.11
Abundance 5,563 626 4,421 6,859

2018 Density 123.92 14.89 97.64 153.70 0.12
Abundance 7,671 921 6,044 9,514

2019 Density 66.38 8.65 51.04 83.80 0.13
Abundance 4,109 536 3,159 5,187

2020 Density 111.67 16.03 82.29 144.09 0.14
Abundance 6,913 992 5,094 8,919

2021 Density 88.28 10.49 69.37 109.43 0.12
Abundance 5,464 649 4,294 6,774

2022 Density 106.50 15.17 80.03 139.82 0.14
Abundance 6,592 939 4,954 8,655

10



10,000+

7,500

/——_-“ L ]
5,000+ * —t

Nihoa - Nihoa Finch Abundance

2,500 1

2010 2012 2014 2016 2018 2020 2022
Year

Figure 4. Total Nihoa finch abundance on Nihoa, 2010 to 2022. Dots are abundance estimates,
and whisker bars are 95% confidence intervals. A linear regression was fitted to the data with a
95% confidence interval (gray region).
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Nihoa millerbird on Nihoa significantly increased (P = 0.02) from about 8 birds/ha in 2010 to
about 19 birds/ha in 2022 (Table 4, Figure 6). Nihoa millerbird also had significantly higher
density in mixed habitat (mean = 15.3 + 3.3 birds/ha) than in Eragrostis habitat (mean = 9.8 +
5.0 birds/ha; Wilcoxon, w = 31, P = 0.02; Figure 7) throughout the time series.

Table 4. Nihoa millerbird density (birds/ha; top row) and abundance (bottom row) estimates on
Nihoa, 2010 to 2022. Standard errors (SE) and 95% confidence intervals (Cl) are presented
(lower interval = L 95% CI and upper interval = U 95% CI). Coefficient of variation (CV) is
calculated as CV = SE / mean. The abundance estimates are for the total island area.

Year Mean SE L 95% CI U 95% CI CVv
2010 Density 8.40 1.17 6.25 10.81 0.14
Abundance 520 72 387 669
2011 Density 9.21 1.17 7.25 11.75 0.13
Abundance 570 72 449 727
2012 Density 10.42 2.21 6.87 15.33 0.21
Abundance 645 137 425 949
2013 Density 8.78 0.95 6.94 10.65 0.11
Abundance 544 59 430 659
2014 Density 17.04 2.03 13.49 21.46 0.12
Abundance 1,055 126 835 1,328
2016 Density 11.49 1.58 8.77 14.89 0.14
Abundance 711 98 543 921
2017 Density 18.09 1.58 15.11 21.21 0.09
Abundance 1,119 98 936 1,313
2018 Density 16.83 2.19 12.84 21.19 0.13
Abundance 1,042 136 795 1,312
2019 Density 21.39 6.23 12.18 35.88 0.29
Abundance 1,324 385 754 2,221
2020 Density 21.26 3.90 14.41 29.80 0.18
Abundance 1,316 242 892 1,844
2021 Density 13.77 1.81 10.52 17.74 0.13
Abundance 852 112 651 1,098
2022 Density 19.08 3.70 12.18 26.63 0.19
Abundance 1,181 229 754 1,648
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Figure 6. Total Nihoa millerbird abundance on Nihoa, 2010 to 2022. Dots are abundance
estimates, and whisker bars are 95% confidence intervals. A linear regression was fitted to the
data with a 95% confidence interval (gray region).
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On Laysan Island, Laysan finch decreased non-significantly (P = 0.27) from about 91 birds/ha in
2010 to about 72 birds/ha in 2022 in the dense habitat (Table 5, Figure 8). Open habitat was
only surveyed in 2019 and had approximately an equal density of birds as in dense habitat (~72
birds/ha; Table 5, Figure 8). Nihoa millerbird on Laysan Island significantly increased (P <
0.001) from about 4 birds/ha in 2010 to about 17 birds/ha in 2022 (Table 6, Figure 9). Open
habitat had a substantially smaller number of Nihoa millerbirds than the dense habitat (with a
density of 0.78 versus 17.07 birds/ha, respectively; Table 6, Figure 9).

Table 5. Laysan finch density (birds/ha; top row) and abundance (bottom row) estimates on
Laysan Island, 2013 to 2019. The abundance estimates are for the dense (24 ha) and open
(220 ha) habitat categories. Standard errors (SE) and 95% confidence intervals (Cl) are
presented (lower interval = L 95% CI and upper interval = U 95% CI). Coefficient of variation
(CV) is calculated as CV = SE / mean.

Year Habitat Mean SE L 95% CI Uuos»w Cl CV

2013 Dense Density 90.67 12.62 70.03 118.42 0.14
Abundance 2,180 303 1,683 2,847

2014 Dense Density 159.06 39.92 96.54 251.84 0.25
Abundance 3,824 960 2,321 6,054

2015 Dense Density 119.38  37.05 64.25 201.74 0.31
Abundance 2,870 891 1,545 4,850

2016 Dense Density 174.23 109.19 77.39 451.85 0.63
Abundance 4,188 2,625 1,861 10,862

2019 Dense Density 71.94 17.24 45.98 110.48 0.24
Abundance 1,729 414 1,105 2,656

2019 Open Density 72.46 17.99 44.73 112.96 0.25
Abundance 15,928 3,955 9,832 24,830
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Figure 8. Laysan finch abundance by habitat on Laysan Island, 2013 to 2019. Dots are mean
abundance estimates, and whisker bars are 95% confidence intervals.

Table 6. Nihoa millerbird on Laysan Island density (birds/ha; top row) and abundance (bottom
row) estimates, 2013 to 2019. The abundance estimates are for the dense (24 ha) and open
(220 ha) habitat categories. Standard error (SE) and 95% confidence intervals (Cl) are
presented (lower interval = L 95% CI and upper interval = U 95% CI). Coefficient of variation
(CV) is calculated as CV = SE / mean.

Year Habitat Mean SE L 95% ClI Uos%n Cl CV

2013 Dense Density 4.17 1.05 2.41 6.59 0.25
Abundance 100 25 58 158

2014 Dense Density 7.00 1.66 4.09 10.74 0.24
Abundance 168 40 98 258

2015 Dense Density 9.39 1.83 6.48 13.71 0.20
Abundance 226 44 156 329

2016 Dense Density 10.32 3.12 5.17 17.25 0.30
Abundance 248 75 124 415

2017 Dense Density 13.48 2.42 9.40 18.87 0.18
Abundance 324 58 226 454

2019 Dense Density 17.07 3.32 11.44 24.74 0.19
Abundance 410 80 275 595

2019 Open Density 0.78 0.30 0.26 1.44 0.39
Abundance 171 66 58 316
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DiscussiON

Summary of Findings

We found all three species across both islands have been maintaining or increasing their
populations and found no evidence of consistent declines for any species. We found some
differences in habitat utilization for Nihoa finch and Nihoa millerbird on both islands, but overall,
both species used both habitat types. Laysan finch did not exhibit any habitat preference.

Nihoa finch

For Nihoa finch we found no significant population trend and overall only minor fluctuations in
the population across the time series (Figure 4, Table 3). For the most recent year in our
dataset, 2022, the abundance on Nihoa is estimated to be 6,592 (4,594-8,655; Table 3). For
Nihoa finch we consistently estimated higher abundances than estimates by Gorresen et al.
(2016), which may be due to using a truncation distance (Gorresen et al. [2016] did not use a
truncation distance), the addition of more survey data, using different detection models (we
used hazard-rate key whereas Gorresen et al. [2016] used half-normal cosine adjustment), and
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using a slightly larger area for abundance estimates (we used 69 ha whereas Gorresen et al.
[2016] used 63.1 ha).

Laysan finch

Laysan finch on Laysan Island remained stable overall throughout the time series (Figure 8,
Table 5). The island-wide population estimate for the most recent year we have data, 2019, is
17,657 (11,994-23,320) for both open and dense habitats combined. This island-wide estimate
is in line with Underwood (2013) estimates of total population. Given this accuracy, and for
logistical reasons, point-transect distance sampling may be the most practical approach to use
on Laysan Island as compared to fixed-width transects. Point-transect sampling requires
covering less ground resulting in more efficient sampling and less disturbance of bird habitat. A
limitation of the point-transect method, however, is the need for well-trained observers, which,
along with Nihoa and Laysan Island’s remoteness, limits the pool of people who can survey.
More comparison between fixed-width and point-transect sampling is warranted, following the
methodology of Gorresen et al. (2016) in which fixed-width transects and point counts were
conducted in the same years.

Nihoa millerbird

Nihoa millerbird on Nihoa increased significantly over time (Figure 6, Table 4). For the most
recent year, 2022, the population on Nihoa was estimated to be 1,181 (754-1,648). This
estimate is almost a doubling since 2010, when the initial point transects were sampled, and an
abundance of 520 (387—-669; Table 4) was found. The average increase in birds is around 58
birds per year (Table 4). Nihoa millerbird on Laysan Island significantly increased following
translocations to the island in 2011 and 2012. Originally 50 Nihoa millerbirds were released on
Laysan Island in 2011-2012, and there were at least 164 when the intensive territory mapping
ended in 2014. The population time series in this report showed a similar pattern, undergoing a
guadrupling from 100 (58-158) birds in 2012 to 410 (275-595) birds in 2019 for the dense
habitat stratum.

Nihoa Millerbird Translocation

An important result for conservation is the consistent increase of Nihoa millerbirds on Laysan
Island since their translocation in 2011-2012. The translocation team moved a total of 50 birds,
and the increase in abundance and local distribution indicate this translocation represents a
success in establishing a second viable population outside of the island of Nihoa and thus a
lowering of their extinction risk. This translocation was one of the primary reasons IUCN recently
downlisted the species from critically endangered to endangered (IUCN 2023). Reasons for the
success of this translocation include matching the species to suitable habitat, lack of predators
on Laysan Island, and empty ecological niches with the loss of Laysan millerbirds. Rigorous
monitoring of bird demographics immediately after translocation was important for determining if
the birds established territories, survived, and reproduced (Freifeld et al. 2016). While the 50
birds translocated to Laysan Island may not be a large enough founder population to ensure
genetic diversity, the species’ genetic diversity is very low on Nihoa, limiting the ability to
translocate a genetically diverse population (Fleischer et al. 2007, Freifeld et al. 2016).

Habitat Association

Nihoa finch consistently used mixed shrub habitat at a higher rate than the Eragrostis grassland
on Nihoa (Figures 5 and 7), but was present in both habitat types, in line with Morin and Conant
(2020b) who found the finches preferred vegetated habitat and used all parts of the island.
These results are also supported by our daily observations while on island (CF, SP, RR, JV
personal observation), where finches were more common in the shrubby habitat but were nearly
always visible at every point on the island. As a generalist, Nihoa finch can find food in all the
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habitat types on the island, but there are likely more resources in the mixed shrubs that may
support higher densities (CF personal observation).

Laysan finch on Laysan Island used both habitats at the same rate in 2019, the one year where
sampling occurred in both habitats (Figure 8). Morin and Conant (2020a) found that this species
uses all plant associations, although sand flats are used less often. Our daily experiences on
Laysan Island support their findings, where finches were consistently seen in all habitats (CF,
SP, RR, JV personal observation). Like its sibling species, Laysan finches are generalists and
thus able to survive in all the habitats on the island (Morin and Conant 2020a).

Similarly, Nihoa millerbirds are known to prefer dense shrubs (Morin et al. 2020), and our field
observations indicated a stronger preference for dense shrubs, which is supported by their
consistently higher densities in mixed habitat on Nihoa. The habitat density estimates indicate
plenty of insects and other arthropods are in both habitats to support the insectivorous Nihoa
millerbird.

Nihoa millerbird on Laysan Island used dense habitat at a higher rate. This habitat use is likely
due to the location of the release site, which was in the dense shrub habitat on the northern end
of the island, that was deemed most similar to the shrub-dominated habitat on Nihoa. Since
2011, the vast majority of detections were in this area (CF, SP, RR, JV personal observation). In
addition, there may be a behavioral component as the Nihoa millerbird is strongly territorial, so
the birds may prefer to stay in the vicinity of other millerbirds that are calling and displaying in
the dense habitat. Additionally, the Eragrostis (which makes up part of the open habitat) on
Laysan Island is generally thinner and sparser than the Eragrostis on Nihoa, where it often
occurs as a continuous cover of grass (CF personal observation). The structural complexity of
naupaka also provides a more diverse habitat than the grasslands or viny associations. Note
that for Laysan Island habitat utilization is based on only one year of sampling, and thus
inference is limited. Initial expansion has not been uniform, with birds preferentially using
patches of complex structure within the more open habitat matrix of the majority of the island
(CF, SP, RR, JV personal observation). Determining the long-term pattern of habitat use will
require the translocated population to finish expanding from the release point in the north of the
island into all habitat types.

Statistical Considerations

For Nihoa finch and Nihoa millerbird on Laysan Island, we attempted to use models with the
lowest AIC value for estimating population sizes and variances (Appendix |, Table 1), but the
more parameterized models (which consistently had the lowest AIC values) failed to converge.
These errors may be due to the relatively low counts in our dataset, and that the more complex
models including covariates were too complex for the small size of our dataset. Due to
convergence errors, we chose to use the most parsimonious model, the key detection function
without adjustment terms or covariates. We did rely on AIC scores to determine which key
detection function (hazard-rate or half-normal) to use for inference. We also obtained relatively
high variances (e.g., CVs greater than 0.1 for all species and years, and many CVs in the 0.2 to
0.4 range) for our density and abundance estimates. Again, this may be due to the low counts in
our datasets, a byproduct of sampling on small islands with inherently limited populations.

For Nihoa millerbird on Laysan Island, the bootstrap procedure produced outlier estimates (e.g.,
abundance estimates of ~9 million birds) that are likely due to the very low population sizes and
counts on Laysan Island. These low counts resulted in bootstrap iterations that poorly recreated
the underlying relationship between the population and the sample (Lahiri 2003). We corrected
for this by removing outlier population estimates to generate realistic abundance estimates and
minimize variances around the means.
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Management Implications

Continued population monitoring efforts on Nihoa and Laysan Island could benefit from the
following: (1) Consistent monitoring on an annual basis, which would allow for a more accurate
assessment of trends and detect any potential declines that might require management
intervention. For this study, large gaps in sampling, such as Laysan Island not having data for
2017, 2018, and from 2020 to the present, hampered the interpretation of results and prevented
the analysis of how the populations on Laysan Island have changed since 2020. (2) At least one
year of duplicate point-transect distance sampling and fixed-width sampling might allow for
comparison of the two methods, following Gorresen et al. (2016). (3) Continued use of point-
transect distance sampling might allow for more efficient sampling. (4) Widening the pool of
qualified observers by training additional observers in point-transect distance sampling might
help ensure people are available to conduct the surveys leading to fewer time-series gaps. (5)
Further research and pilot studies on the use of remote sampling techniques on both islands
could lead to time series with fewer temporal interruptions. Given the remoteness of the islands,
monitoring efforts would be greatly enhanced by remote sampling tools such as automated
recording units and camera traps, which can record data on a consistent basis and help address
the issue of gaps in a time series. Automated processing pipelines can be used to help manage
the copious amounts of data remote recording units produce (refer to Camp and Bak [2023] for
more details). Taken together, these actions can help provide more complete time series that
will better enable trend analysis and the early detection of declines.

CONCLUSION

Our findings show that two endangered species, Nihoa finch and Laysan finch, have stable
populations overall with annual fluctuations in population size but no overall trend. The
endangered Nihoa millerbird is increasing significantly in population size, both on Nihoa and in
its new home on Laysan Island. The second population on Laysan Island buffers this species
against a stochastic event on one island causing the species' extinction and thus led to a
lowering of their IUCN extinction risk. Our results substantiate the efficacy of translocation as a
viable management action and that stable to increasing populations of endangered birds can be
achieved in a highly unique and important biodiversity hotspot in the Pacific.
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APPENDIX |. DETECTION FUNCTION MODELS

Appendix I, Table 1. Akaike information criterion (AIC) for candidate detection function models
by species and island. The species are Nihoa finch (NIFI), Nihoa millerbird (NIMI), and Laysan
finch (LAFI). Models are half normal (H-norm) and hazard rate (H-rate) with adjustment terms

(Adj. terms) and covariates. Models used for inference are bolded. Number of parameters (No.
params), negative log likelihood (Lik.), change in AIC (AAIC), and model weights (w;) are

presented.
Species Model Adj. Covariates No. Lik. AlC AAIC Wi
terms params
Nihoa
NIFI H-rate Key Year 13 -19167.04 38360.08 0.00 1.00000

H-norm Cos 2 -19281.76 38567.52 207.44 0.00000
H-rate Key 2 -19284.52 38573.04 212.96 0.00000
H-rate Key Windy 3 -19283.52 38573.04 212.96 0.00000
H-rate Key Cloudy 3 -19284.44 38574.88 214.80 0.00000
H-norm Key 1 -19464.39 38930.78 570.70 0.00000

NIMI H-rate Key Year 13 22037.09 -11005.55 0.00 1.00000
H-rate Key Habitat 3 22130.71 -11062.36  93.62  0.00000

H-norm Cos 3 22144.54 -11069.27 107.45 0.00000

H-rate Key Cloudy 3 22146.92 -11070.46 109.83 0.00000
H-rate Key 2 22147.84 -11071.92 110.74 0.00000
H-rate Key Windy 3 22149.10 -11071.55 112.00 0.00000
H-norm Key 1 22157.63 -11077.81 120.54 0.00000

Laysan Island

LAFI H-rate Key Observer 9 28290.92 -14136.46 0.00 0.99952
H-rate Key Year 6 28306.37 -14147.19 15.45 0.00044

H-rate Cos 4 28311.36 -14151.68 20.44  0.00004

H-rate Key Gusty 4 28339.98 -14165.99 49.06  0.00000

H-norm  Herm 3 28429.33 -14211.66 138.41 0.00000

H-rate Key Cloudy 3 28429.65 -14211.82 138.73 0.00000

H-rate Key 2 28430.63 -14213.31 139.71  0.00000

H-norm Cos 2 28431.55 -14213.77 140.63 0.00000

H-rate Key Habitat 3 28432.00 -14213.00 141.09 0.00000

H-norm Key 1 28649.55 -14323.78 358.63 0.00000

NIMI H-rate Cos 4 6908.69 -3450.35 0.00 0.94695
H-rate Key Dtype 4 6915.63 -3453.82 6.94 0.02945

H-rate Simp 4 6916.09 -3454.04 7.39 0.02349

H-rate Key Observer 9 6926.94 -3454.47 18.24  0.00010

H-rate Key Year 7 6934.90 -3460.45 26.21  0.00000

H-rate Key Habitat 3 6942.29 -3468.15 33.60  0.00000

H-rate Key 2 6942.88 -3469.44 34.18  0.00000

H-norm Cos 2 6973.77 -3484.89 65.08  0.00000

H-norm Key 1 7034.13 -3516.07  125.44  0.00000
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Nihoa Finch on Nihoa
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Appendix I, Figure 1. Model fit of the selected model for Nihoa finch and Nihoa millerbird on
Nihoa and Laysan finch and Nihoa millerbird on Laysan Island. Probability density (left panels)
and detection probability (right panels) indicate how well the detection function model fits the
distance data. The solid line is the detection function fitted to the histogram of distances
(meters).
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Laysan Finch on Laysan Island
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Appendix |, Figure 1, continued.
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APPENDIX Il. NIHOA MILLERBIRD ON LAYSAN ISLAND 2016 CORRECTION

The initial 2016 Nihoa millerbird abundance estimate on Laysan Island was biologically
unrealistic (Appendix Il, Figure 1). While a halving of the population is possible between years, a
three-fold increase is highly unlikely for a species that produces 2 or 3 eggs/pair, requiring all
birds to be paired and breeding, and no deaths in adults or young birds. We rechecked the data
to ensure there were no transcription errors and evaluated if sampling conditions in 2016 were
markedly different from other years. Cloud cover, amount of rain, wind strength, gust strength,
time of day, and survey month were similar among years. Each sampling point was surveyed
three times, and effort was accounted for correctly in the models.
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Appendix II, Figure 1. Nihoa millerbird abundance on Laysan Island, 2013-2019. For 2016 the
original abundance estimate with both observers’ data included is shown in green, and the
revised abundance estimate with only observer B’s data is shown in red. Dots are mean
abundance estimates, and whisker bars are 95% confidence intervals.
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An investigation of the observers’ detection histograms revealed marked differences (Appendix
I, Figure 2). Preliminary analysis of observer A’s (observer names were changed to anonymous
letters for privacy) data showed that most birds were detected distant from the center point. The
preponderance of observer A detections was between 20 and 40 meters, thus indicating that the
assumption that all birds at and near the sampling point be detected with certainty was violated.
This violation may have resulted because of birds moving away from the center point during
counts, a violation of the no movement assumption, or the observer overestimating the distance
to both visually and auditorily detected birds, a violation of the assumption that all distances are
estimated accurately. Further, due to the detections farther out, observer A’s detection
probability differed substantially from the model fit to both observers’ data for 2016 (Appendix I,
Figure 3). Due to model assumption violations, the observer A survey results were dropped and
only observer B data were used to estimate 2016 Nihoa millerbird abundances on Laysan

Island. Refitting the global detection function to the observer B data yielded a density estimate
of 4.01 birds/ha (standard error = 1.19).

Observer A Observer B

Count
N

0 10 20 30 40
Distance

Appendix II, Figure 2. Distance histograms of detections by observer for Nihoa millerbird on
Laysan Island, 2016. Observer A has a greater number of detections in the 20—-40 m range, as
compared to the 0—20 m range, violating model assumptions.
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Appendix I, Figure 3. Detection function by observer for Nihoa millerbird on Laysan Island,
2016. Detection probability was stratified by observer. The top set of open circles represent
observer A’s detections, and the bottom set of open circles represents observer B’s detections.
Note observer A’s detection probability differs greatly from the model fit (solid line) by distances
(meters).

We fitted a half-normal and hazard-rate key function to the 33 detections observer B recorded in
2016. Due to a spike in detections, we left-side truncated the data at 4 m and right-side
truncated at 49 m, following procedures described for the analysis of the other survey years,
resulting in 26 observations being modeled. The Akaike information criterion (AIC) values were
within 2 units (171.1 versus 171.6, respectively; Appendix Il, Table 1), and the more
parsimonious half-normal detection function model was selected. Visual inspection of the
detection probability diagnostic plot revealed the half-normal function adequately fit the
detections (Appendix Il, Figure 4), and the Cramér-von Mises test was not significant (test
statistic = 0.06, P = 0.80).

Appendix Il, Table 1. Nihoa millerbird on Laysan Island, 2016 model selection only including
observer B data. Models presented are half-normal (H-norm) and hazard-rate (H-rate). The half-
normal model was used to generate the 2016 estimate. Negative log likelihood (Lik.), Akaike
information criterion (AIC), change in AIC (AAIC), and model weights (w;) are presented.

Model Lik. AIC AAIC Wi
H-norm -84.56 171.11 0.00 0.56506
H-rate -83.82 171.63 0.52 0.43494
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Appendix II, Figure 4. Half-normal model fit for 2016 Nihoa millerbird detections for observer B

on Laysan Island. The solid line is the detection function fitted to the histogram of distances
(meters).
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APPENDIX lll. MILLERBIRD GLOBAL ABUNDANCE

We combined Nihoa millerbird abundance estimates on Nihoa and Laysan Island (hereafter
Laysan) to generate a global population estimate. Abundance estimates were combined by
summing each bootstrap iteration for each year in which both islands were sampled; for
example, for 2013, bootstrap iteration 1 from Nihoa and bootstrap iteration 1 for Laysan were
summed, then bootstrap iteration 2 from Nihoa and bootstrap iteration 2 from Laysan were
summed, and so on. Outliers were then identified and removed from the summed bootstrap
iterations, using the procedure outlined in the methods. Mean, standard error, and confidence
intervals were then derived from the 1,000 (less outliers) summed bootstrap iterations using
guantiles.

Caution is warranted in interpreting the results, given the sampling scheme used on Laysan.
Sampling was only conducted in the dense habitat on Laysan for years 2013-2017. For 2013,
when the birds were released in the dense habitat, the global population estimate accurately
reflected the populations on Laysan and Nihoa. In subsequent years, as the population
expanded beyond the dense habitat into the open habitat, the global population estimate is
underestimated, as open habitat was not sampled. For 2019, when sampling did occur in the
open habitat, the global population estimate once again accurately reflected the full range of
occurrence.
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1,000
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Appendix IIl, Figure 1. Nihoa millerbird global abundance estimate generated by combining the
populations on Nihoa and Laysan Island. Note that for 2014—2017 estimates are likely an
undercounting of the population. Dots are mean abundance estimates, and whisker bars are
95% confidence intervals.
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