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ABSTRACT

Endemic Hawaiian forest birds have exhibited dramatic population declines since human
colonization of Hawai‘i. The Pu‘u Wa‘awa‘a Forest Bird Sanctuary and adjacent Pu‘u Wa‘awa‘a
Forest Reserve on Hawai'‘i Island were established in 2002 to conserve endemic forest birds
and their habitats. Surveys have been conducted in this area to monitor forest bird populations
and their response to management actions since 1979. We analyzed point-transect distance
sampling survey data collected between 1990 and 2022 in the Pu‘u Wa'awa‘a Forest Bird
Sanctuary and forested portions of the adjacent forest reserve. There were 20 passerine or
psittacine species detected of which 6 were native species and 14 were non-native species. In
all years, Hawai'‘i ‘amakihi (Chlorodrepanis virens virens), ‘apapane (Himatione sanguinea), and
warbling white-eye (Zosterops japonicus) were the most abundant species, and in most years
‘i‘iwi (Drepanis coccinea) was the fourth most abundant species. ‘I‘iwi and Hawai‘i ‘amakihi had
stable long-term (1990-2022) population trends, and trends for ‘apapane were inconclusive,
while warbling white-eye had upward trends. In recent years (2016-2022), ‘apapane had
downward trends, ‘i‘iwi and warbling white-eye had upward trends, and trends for ‘amakihi were
inconclusive. Populations of Hawai'i ‘elepaio (Chasiempis sandwichensis) and the endangered
Hawai‘i ‘akepa (Loxops coccineus) and ‘alawt (Loxops mana) were either locally extirpated or in
numbers too low to reliably estimate population densities and trends. The Pu‘u Wa‘awa‘a Forest
Bird Sanctuary and adjacent Pu‘u Wa‘awa'a Forest Reserve are important for the conservation
of forest birds on Hawai'‘i Island as one of few areas of mesic to dry forests being specifically
managed for forest bird conservation. Conservation efforts at the Pu‘'u Wa‘awa‘a Forest Bird
Sanctuary and Pu‘u Wa‘awa‘a Forest Reserve would benefit from continued annual surveys
and regular monitoring, and timely analysis of survey data to track responses in forest bird
populations to evaluate and adapt management actions.

INTRODUCTION

Native Hawaiian birds have experienced substantial population declines and many extinctions
(BirdLife International 2000, Scott et al. 2001). This has been particularly evident for forest
passerines (Banko and Banko 2009, Gorresen et al. 2009). Conversion of dry forest and
woodland habitat to pasture with intense grazing on Hawai'i Island has resulted in the
degradation of a unique and species-rich forest bird community (Scott et al. 1986, 2001; Banko
and Banko 2009; Gorresen et al. 2009). The Pu‘'u Wa‘awa‘a Forest Bird Sanctuary parcel was
first transferred to Hawai‘i Division of Forestry and Wildlife for forest bird conservation in 1984;
in 2002 it was designated a Forest Bird Sanctuary and the adjacent Pu‘u Wa‘awa‘a Forest
Reserve was also designated in the same year to conserve endemic forest birds and their dry
forest habitat (Giffin 2010, 2021). The Forest Bird Sanctuary was specifically set aside to
preserve habitat for endangered forest birds, especially the ‘alald or Hawaiian crow (Corvus
hawaiiensis), though this species was extirpated from the region in 1991 (Giffin 2021). This area
is one of the more biologically diverse landscapes on Hawai'‘i Island, supporting several rare
plants and animals (Giffin 2010). There are two endangered forest bird species present in the
area, Hawai'‘i ‘akepa (Loxops coccineus) and ‘alaw1 (Loxops mana, also known as Hawai'i
creeper), and one threatened species, ‘i‘iwi (Drepanis coccinea). One additional Hawai'i Island
endemic forest passerine species, the Hawai'i ‘elepaio (Chasiempis sandwichensis), and two
Hawai‘i endemic species, the Hawai‘i ‘amakihi (Chlorodrepanis virens virens) and ‘apapane
(Himatione sanguinea), occur at Pu‘u Wa‘awa‘a (Giffin 2021). Pratt et al. (2010) analyzed forest
bird survey data from 1978 to 2009 and showed that during that period the rare and
endangered species (‘alawl, Hawai‘i ‘akepa, and Hawai'‘i ‘elepaio) were greatly diminished, ‘i‘iwi



numbers had decreased, ‘apapane numbers were steady, and Hawai'i ‘amakihi numbers had
dramatically increased.

Surveys of forest bird populations were first conducted in and around the vicinity of Pu‘u
Wa‘awa‘a Forest Bird Sanctuary and adjacent forest reserve during the 1978 Hawai‘i Forest
Bird Surveys (Scott et al. 1986). The Hawai‘i Department of Land and Natural Resources,
Division of Forestry and Wildlife (DOFAW) has continued to periodically conduct surveys at the
Pu‘u Wa‘awa‘a Forest Bird Sanctuary and forested portions of the adjacent forest reserve (Pratt
et al. 2010; AW, personal observation). The DOFAW surveys were conducted to determine the
status and trends of forest bird populations and to evaluate the effectiveness of ongoing
management actions. In this analysis, we estimated abundances and trends of three native and
six non-native forest bird populations at the Pu‘u Wa'awa‘a Forest Bird Sanctuary and forested
portions in the Pu‘u Wa‘awa‘a Forest Reserve using survey data collected between 1990 and
2022.

METHODS

Study Area

Pu‘u Wa‘awa‘a Forest Bird Sanctuary and Pu‘u Wa‘awa‘a Forest Reserve are located on the
northern slopes of Hualalai Volcano on the west side of Hawai'‘i Island and are managed by the
Hawai‘i Department of Land and Natural Resources, DOFAW. Pu‘u Wa‘'awa‘a Forest Bird
Sanctuary is surrounded by an ungulate-proof fence. Management actions to remove ungulates
have been implemented, but this area is not yet completely ungulate free. The portion of forest
reserve included in the study area is under fence construction as of 2023. We analyzed data
collected within a 2,400-ha study area (Pu‘u Wa‘'awa‘a study area; hereafter PWW), which
comprises all of the forest bird sanctuary plus part of the adjacent forest reserve lands that
feature similar forest and woodland habitat to that in the fenced area (Figure 1). Elevation in
PWW ranges from 1,200 to 2,000 m, encompassing some of the highest quality forest bird
habitat on the leeward side of Hawai‘i Island. The dominant forest community in PWW is koa-
‘bi‘a (Acacia koa-Metrosideros polymorpha) montane mesic forest, but ‘Gi‘a montane dry

forest and koa-mamane (Sophora chrysophylla) forests are also present (Wagner et al. 1990,
Giffin 2010). The PWW area has been heavily impacted by logging, ranching, and invasive
plants as well as impacts from wildfire and feral ungulates.

Bird Sampling

Starting in 1990, a subset of points from Hawai‘i Forest Bird Survey transects 48 and 49 (Scott
et al. 1986) located in PWW were resurveyed (Figure 1). In 1991, two new transects (1 and 5)
were added to PWW surveys, and in 2009 points from Hawai‘i Forest Bird Survey transect 47
were resurveyed. Surveys in 2009, 2016-2018, and 2020-2022 included points on all five
transects. Additional surveys conducted outside PWW were not included in our analyses.
Starting in 2016, surveys were conducted annually, except for 2019. We analyzed data
collected from 1990 to 2022.

All surveys followed the point-transect distance sampling procedures implemented by Scott et
al. (1986). Observers traversed transects to stop at predetermined points to conduct bird counts
for an 8-minute period. Observers received pre-survey training to calibrate for distance
estimation and learn bird vocalizations to minimize variability among observers and standardize
for local conditions (Kepler and Scott 1981, Scott et al. 1986, Verner and Milne 1989).
Observers recorded the detection type (heard, seen, or both) and horizontal distance from the
station center point to individual birds detected. Observers also recorded cloud cover, rain
intensity, wind strength on the Beaufort scale, gust strength on the Beaufort scale, and time of
day at each station. Surveys were typically conducted between dawn and 11:00 hours (h) and
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Figure 1. Location of the Pu‘u Wa‘awa‘a region. The data used for this study site included all
stations (white dots) inside the blue polygon, which includes the fenced forest bird sanctuary
(shaded area) and adjacent forest reserve. Base from Microsoft product screen shot(s) reprinted
with permission from Microsoft Corporation, 2022.

halted when heavy rain or strong winds or gusts (> 20 kph, > 3 on the Beaufort scale) made
observations difficult.

Since 1990, forest bird surveys at PWW have been conducted mainly during April and May to
correspond with peak breeding season and highest vocalization rates (Best 1981; Table 1). The
data analyzed in this study are available on request from DOFAW.

Density Estimation

We used distance sampling to correct abundance estimates for individuals that go undetected
following methods described in Buckland et al. (2001, 2004, 2015). A detection probability was
estimated by fitting a detection function to the distance measurements, which was then used to
compute density of birds (birds/ha). Distance sampling relies on the assumptions that all birds
are detected with certainty at the station center point, birds are detected prior to any movement,
and distances are measured without error. Buckland et al. (2001, 2004, 2015) describe distance
sampling procedures and analyses in detalil.



Table 1. Summary of survey effort during forest bird surveys at Pu‘u Wa‘awa‘a Forest Bird
Sanctuary and Pu‘u Wa‘awa'‘a Forest Reserve, Hawai‘i, 1990-2022.

Year Transect Total # of Start End

1 5 47 48 49 points date date

Points Points Points Points Points  surveyed

1990 9-26 11-25 33 5/22 5/22
1991 1-23 3-16 9-26 11-25 70 5/23 5/24
2009 1-23 3-20 1-31 9-25 11-30 78 4/14 4/15
2016 1-23 3-20 1-31 9-26 11-30 109 4/20 4/21
2017 1-23 3-20 1-31 9-26 11-30 110 5/24 5/25
2018 1-23 3-20* 1-31 9-26 11-30 108 5/15 5/16
2020 1-23 3-20 1-31 9-26 11-30 110 4/14 4/16
2021 1-23 3-20 1-31** 9-26 11-30 109 4/27 4129
2022 1-23 3-20 1-31 9-26 11-30 110 4/19 4/19

* missing points 14, 15
** missing point 27

We estimated the total annual abundances by multiplying the density by the area of PWW
following methods described in Kendall et al. (in press). We estimated species-specific densities
using the R (R Core Team 2021) package Distance (version 1.0.3; Miller et al. 2019) in a
stepwise process. Conventional distance sampling methods were used to select the appropriate
truncation, key detection function model, and fit adjustment terms. Data were truncated at a
distance where 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 adjustment parameters needed to modify the detection function. Candidate key detection
function models were limited to half-normal and hazard-rate functions, and the key model
selected was that with the lowest Akaike’s information criterion (AIC) value (Buckland et al.
2015). Adjustment terms were applied to the selected key model, limited to expansion series of
order two (Buckland et al. 2001: 361, 365), where cosine and Hermite polynomial adjustment
series were paired with the half-normal model, and cosine and simple polynomial adjustment
terms were paired with the hazard-rate model.

To improve estimator precision, we incorporated sampling covariates to the selected key
detection function model in the multiple covariate distance sampling (MCDS) engine of package
Distance. We modeled covariates only for species with >100 detections (Thomas et al. 2010).
Covariates included cloud cover (in two categories: < 50% cloud cover and = 50% cloud cover),
rain intensity (0 to 3 by integers), wind strength on the Beaufort scale (0 to 4 by integers),
observer (see below), time of detection, type of detection (heard only, seen only, or heard first
then seen), and year (described below). We also included combinations of detection type
covariates where birds that were heard first then seen were pooled with birds that were (a) only
seen or (b) only heard. Each detectability model in the candidate set was fit to each species.

A concern when analyzing survey data collected over many years is that bird detectability may
differ among surveys due to turnover among observers and environmental and climatological
differences. We evaluated whether observers influenced the detection probability by modeling
observer as a covariate. Because many observers participated in relatively few surveys, we
combined those observers with less than 100 species-specific detections. For species with
lower overall detections, we combined observers with less than 50 species-specific detections.
We grouped observers with similar coefficients and modeled the observer-pooled covariate in
MCDS. To capture environmental and climatological differences in annual detection
probabilities, we developed a time-specific detectability covariate by combining years with
similar coefficients and modeled the year-pooled covariate in MCDS.
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Species-specific densities were estimated, and abundances were derived from the model with
the lowest AIC value. The selected model was evaluated by visual inspection of diagnostic plots
and checking goodness of fit using an unweighted Cramér-von Mises test (Buckland et al.
2015). Bootstrap methods were used to calculate species-specific 95% confidence intervals
(95% CI), standard error (SE), and coefficient of variation (CV).

Trend Detection

From most species we evaluated trends in densities by regressing through the posterior
distribution of densities estimated using the state-space model described in Kendall et al. (in
press). We applied a time-varying rate of population change state-space model to the time
series from 1990 to 2022 to determine the long-term trend in abundances. We also felt it was
important to look at near-term trends as environmental change and declines in Hawaiian forest
bird populations have accelerated in the past two decades (Paxton et al. 2022). We analyzed
recent surveys (2016—2022) to describe near-term trajectories in the long-term trend in
abundances (Camp et al. 2014).

Densities from one year to the next were modeled as a log-linear rate of change with annual
growth rate, r;, for the time series t = 1, ..., T formulated with state process as

log(Deyq) = log(Dy) + 13,
where D; is the population density in year t. The log growth rate was defined as a normally
distributed random variable with mean r and state process error o, re~normal(r, 0,72). We

assumed that density estimates log(D; ) followed a normal distribution and set the measurement
process error (also called observation error) to the logged density estimate variances O'gzt,

log(D;)~normal(log(Dy), O'@zt), where agzt = var <log (1 + Vﬁrﬁith)))

We defined the prior on annual growth rate as r~normal(0,10) and a g, ~uniform(0,10) prior
for the state process variance. We set the initial density equal to the mean of the Distance-
estimated densities, D, = D, with a normal distribution log(Dy)~normal(log(D,), 03 ), where
error was set to low precision, 050 = 1,000. Our formulation assumes a stable population that
can vary within biologically realistic thresholds.

We fitted a log-linear regression to each of the state-space model posterior annual density
estimate iterations and computed the proportion of slopes in an equivalency framework (Camp
et al. 2008). We used equivalence tests to distinguish between cases of a negligible trend from
the inability to statistically detect a trend. We set equivalence bounds to identify a 25% change
in the population over 25 years, or a -0.0119 and 0.0093 annual rate of change. We interpret the
likelihood of a trend based on the evidence of the posterior odds as weak (P < 0.5), moderate
(0.5=<P <0.7), strong (0.7 < P <0.9), and very strong (P = 0.9). We defined trends as upward
(> 0.0093), downward (< -0.0119), stable, or inconclusive. A stable trend occurred when the
slope was within the equivalence region. An inconclusive result occurred when P < 0.5 in all
three upward, downward, and stable trend categories, which was a result of imprecise densities.

State-space models fitted to the long-term trend time series failed to converge for yellow-fronted
canary (Crithagra mozambica) and saffron finch (Sicalis flaveola) due to low numbers of
detections and large variance estimates. For these species we assessed long-term trends by
fitting a log-linear regression to the bootstrap sample estimates generated to evaluate
uncertainty in abundance following methods described in Camp et al. (2015). We dropped the
1991 population estimates in assessing saffron finch long-term trend, because those estimates
were biologically unrealistic (jumping from 400 to 3,500 birds in one year), and the 1990
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estimate was more in line with other years. The 1991 estimate heavily weighted the start of the
time series resulting in biologically implausible trends and variance.

RESULTS

We analyzed data from nine surveys conducted in 1990, 1991, 2009, 2016, 2017, 2018, 2020,
2021, and 2022 (Table 1). There were 33 to 110 points surveyed each year (93 + 27), primarily
in mid-April to late May (Table 1).

Six native passerine species (Hawai‘i ‘amakihi, ‘apapane, ‘i‘iwi, ‘alawt, Hawai‘i ‘akepa, and
Hawai'i ‘elepaio) and 24 species of non-native birds were detected at PWW (Appendix I). In
2022, Hawai'i ‘amakihi was the most frequently detected species, occurring on 100% of the
points with a relative abundance of 8.06 birds/point (Appendix I). Other species frequently
detected in 2022 included ‘apapane (96% of points, 4.24 birds/point), warbling white-eye
(Zosterops japonicus, 50% of points, 1.21 birds/point), ‘i‘iwi (48% of points, 1.33 birds/point),
northern cardinal (Cardinalis cardinalis; 47% of points, 0.72 birds/point), red-billed leiothrix
(Leiothrix lutea; 32% of points, 0.61 birds/point), and yellow-fronted canary (31% of points, 0.72
birds/point). In 2022, there were three detections on two points for Hawai'‘i ‘elepaio, with one to
six birds detected other years except 1991 when 14 birds were detected. There were four
detections on two points for Hawai‘i ‘akepa in 2022. There were 22 detections of Hawai‘i ‘akepa
in 1991, but in subsequent years zero to five individuals were detected per year. There were no
detections of ‘alawt in 2022, and this species was last detected in 2016. Prior to 2017, one to six
‘alawT were detected per year (Appendix I).

There were sufficient detections (> 100; Buckland et al. 2015) to use point-transect distance
sampling methods to estimate abundances of the native Hawai‘i ‘amakihi, ‘i‘iwi, and ‘apapane,
and the non-native warbling white-eye, red-billed leiothrix, house finch (Haemorhous
mexicanus), northern cardinal, yellow-fronted canary, and saffron finch (Table 2). There were 41
total detections of Hawai'i ‘elepaio, 36 total detections of Hawai‘i ‘akepa, and 16 total detections
of ‘alawt (Table 2). The best-fit detection function models selected were either the key model or
key model with covariates; however, no key models including adjustment terms were selected to
estimate forest bird densities (Appendices II-1V). Five of nine species at PWW had detection
type or detection types grouped as a covariate. Two models had year-grouped as a covariate,
and one had observer-grouped as a covariate. One model included only the key detection
function. Because of low numbers of detections resulting in too few observations with the
covariates we did not use MCDS for yellow-fronted canary or saffron finch.

Population estimates at PWW were generally consistent through time (Appendix V). In all years
the most abundant species were Hawai'i ‘amakihi, ‘apapane, and warbling white-eye, in order of
abundance (Appendix V). In most years, ‘i‘iwi was the fourth most abundant species, but in
1990, 1991, and 2017 house finches were more abundant than ‘i‘iwi. In 2022, Hawai‘i ‘amakihi
had a density of 42.6 birds/ha (95% CI = 36.1-49.9) and 102,291 individuals (95% CI = 86,567—
119,693); ‘apapane density was 9.8 birds/ha (95% CI = 8.5-11.4) and had 23,612 individuals
(95% CI = 20,382-27,291); warbling white-eye density was 7.6 birds/ha (95% CI = 4.5-12.1)
and had 18,110 individuals (95% CI = 10,672-29,119); and ‘i‘iwi density was 3.1 birds/ha (95%
Cl =2.9-4.3) and had 7,330 individuals (95% CI = 5,464—-10,308; Appendices V-VI).



Table 1. Passerine and psittacine species detected at Pu‘u Wa‘awa‘a Forest Bird Sanctuary and
Pu‘u Wa'awa'‘a Forest Reserve, Hawai'i, during forest bird surveys 1990-2022.

Species Number of detections

Hawai‘i ‘amakihi (Chlorodrepanis virens) 7,666
‘Apapane (Himatione sanguinea) 3,671
Warbling white-eye (Zosterops japonicus) 1,142
House finch (Haemorhous mexicanus) 1,019
‘I'iwi (Drepanis coccinea) 1,015
Northern cardinal (Cardinalis cardinalis) 769
Red-billed leiothrix (Leiothrix lutea) 636
Yellow-fronted canary (Crithagra mozambica) 474
Saffron finch (Sicalis flaveola) 101
African silverbill (Euodice cantans) 54
Hawai‘i ‘elepaio (Chasiempis sandwichensis) 41
Hawai‘i ‘akepa (Loxops coccineus) 36
Red-masked parakeet (Psittacara erythrogenys) 35
Japanese bush warbler (Horornis diphone) 31
‘AlawT (Loxops mana) 16
Chinese hwamei (Garrulax canorus) 12
Scaly-breasted munia (Lonchura punctulata) 10

Eurasian skylark (Alauda arvensis)
Common myna (Acridotheres tristis)
Northern mockingbird (Mimus polyglottos)

Of the three common native species found at PWW, ‘i‘iwi and Hawai‘i ‘amakihi had stable long-
term (1990-2022) population trends. Long-term trends for ‘apapane were inconclusive (Figure
2, Table 3). Trends varied for the non-native species. Warbling white-eye and northern cardinal
had upward trends, house finch and saffron finch had downward trends, and trends were
inconclusive for red-billed leiothrix and yellow-fronted canary (Figure 2, Table 3).
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Figure 2. Long-term (1990-2022) population trends for forest birds at Pu‘u Wa‘awa‘a, Hawai'i.
Estimated bird abundance is on the y axis, and the year is on the x axis. Black dots are the
detection-corrected abundances estimated with program Distance, and whisker bars are the
95% confidence intervals estimated using bootstrap procedures. The state-space estimates are
represented by the blue dots, and the gray ribbon represents the 95% credible interval for
trends (blue line). Only program Distance data are presented for yellow-fronted canary (YFCA)
and saffron finch (SAFI). For those species the trend is represented by a blue line and gray
ribbon for uncertainties.
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Figure 2 continued.



4) Warbling white-eye
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Figure 2 continued.
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6) House finch
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Figure 2 continued.
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8) Yellow-fronted canary (linear regression of bootstrap estimates)
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Figure 2 continued.
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Table 3. State-space model trends (3, standard error [SE], and lower and upper 95% credible
intervals [CI]) calculated from detection-corrected counts of forest birds at Pu‘u Wa‘awa‘a Forest
Bird Sanctuary and Pu‘u Wa‘awa‘a Forest Reserve, Hawai‘i (1990-2022). The ecological
relevance of a trend was based on a 25% change in relative abundance over 25 years. Trend
was interpreted as upward = 1, stable = «», downward = |, or inconclusive = Inc. Evidence was
weak (P < 0.5), moderate (0.5 < P <0.7), strong (0.7 < P < 0.9), and very strong (P 2 0.9). The
posterior probability of strong and very strong trends is shown with double symbols. Data
presented for yellow-fronted canary and saffron finch are from linear regression of Distance
bootstrap estimates.

Species Trend SE 95% CI Posterior probability Trend
B) Lower Upper Decreasing Negligible Increasing

‘Apapane -0.012 0.009 -0.031 0.006 0.4980 0.489 0.013 Inc.
Tiwi -0.009 0.013 -0.038 0.015 0.354 0.595 0.0512 VRN
Hawai'i -0.004 0.009 -0.024 0.014 0.173 0.773 0.054 oo
‘amakihi

Warbling 0.012 0.016 -0.022 0.041 0.059 0.352 0.589 0
white-eye

Red- -0.006 0.022 -0.052 0.038 0.366 0.436 0.198 Inc.
billed

leiothrix

House -0.025 0.024 -0.073 0.022 0.738 0.201 0.061 N
finch

Northern  0.018 0.014 -0.010 0.046 0.020 0.197 0.783 ™
cardinal

Yellow- 0.041 0.029 -0.017 0.099 0 0 1.000 ™
fronted

canary

Saffron -0.065 0.091 -0.247 0.117 0.645 0 0.355 )
finch

Population trends were somewhat different for the near-term (2016—2022). ‘Apapane had
downward trends, ‘i‘iwi had upward trends, and trends for ‘amakihi were inconclusive (Figure 3,
Table 4). For the non-native species, warbling white-eye and yellow-fronted canary had upward
trends, and red-billed leiothrix, house finch, northern cardinal, and saffron finch had downward
trends (Figure 3, Table 4).
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Figure 3. Near-term (2016—2022) population trends for forest birds at Pu‘u Wa‘awa‘a, Hawai'i.
Estimated bird abundance is on the y axis, and the year is on the x axis. Black dots are the
detection-corrected abundances estimated with program Distance, and whisker bars are the
95% confidence intervals estimated using bootstrap procedures. The state space estimates are
represented by the blue dots, and the gray ribbon represents the 95% credible interval for
trends (blue line). Only program Distance data are presented for yellow-fronted canary (YFCA)
and saffron finch (SAFI) with log-linear trends represented by the blue line, and the gray ribbon
represents the 95% confidence interval.

14



2) ‘liwi

12000

10000

8000

4000

| | | | | | |
2016 2017 2018 2019 2020 2021 2022

3) Hawai‘i ‘amakihi

140000

120000 —

100000

80000

[ I I I I I I
2016 2017 2018 2019 2020 2021 2022

Figure 3 continued.
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4) Warbling white-eye
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Figure 3 continued.

16



6) House finch
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Figure 3 continued.
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8) Yellow-fronted canary (linear regression of bootstrap estimates)
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Figure 3 continued.
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Table 4. State-space model trends (3, standard error [SE], and lower and upper 95% credible
intervals [CI]) calculated from detection-corrected counts of forest birds at Pu‘u Wa‘awa‘a Forest
Bird Sanctuary and Pu‘u Wa‘awa‘a Forest Reserve, Hawai‘i (2016—2022). The ecological
relevance of a trend was based on a 25% change in relative abundance over 25 years. Trend
was interpreted as upward = 1, stable = «», downward = |, or inconclusive = Inc. Evidence was
weak (P < 0.5), moderate (0.5 < P <0.7), strong (0.7 < P < 0.9), and very strong (P 2 0.9). The
posterior probability of strong and very strong trends is shown with double symbols. Data
presented for yellow-fronted canary and saffron finch are from linear regression of program
Distance bootstrap estimates.

Species Trend SE 95% CI Posterior probability Trend
(B) Lower Upper Decreasing Negligible Increasing

‘Apapane -0.026 0.019 -0.062 0.011 0.768 0.201 0.031 !
Tiwi 0.043 0.036 -0.028 0.114 0.063 0.112 0.825 "
Hawaii 0.008 0.017 -0.026 0.042 0.123 0.408 0.469 Inc.
‘amakihi

Warbling 0.045 0.070 -0.094 0.182 0.208 0.094 0.698 1
white-eye

Red-billed -0.154 0.050 -0.252 -0.058 0.998 0.001 0.001 L
leiothrix

House -0.154 0.040 -0.231 -0.076 1.000 0 0 N
finch

Northern -0.036 0.025 -0.085 0.014 0.827 0.136 0.037 L
cardinal

Yellow- 0.209 0.184 -0.051 0.577 0 0 1.000 "
fronted

canary

Saffron -0.557 0.512 -1.590 0.456 0.984 0.001 0.015 L
finch

DiscussiON

Our results show that management actions implemented to conserve endemic forest birds at
Pu‘u Wa'‘awa‘a Forest Bird Sanctuary and the adjacent forest reserve may have benefited some
species but not all. Management has focused on reducing habitat loss, improving habitats, and
restoring native vegetative cover by out-planting native species; controlling invasive plants;
controlling ungulates through fence construction and removal; controlling predators such as rats
(Rattus sp.), cats (Felis catus), and small Indian mongoose (Herpestes javanicus); reducing
competitors; preventing wildlife disease; and developing buffer zones that protect vegetation
from wildfire (Giffin 2010).
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Cattle grazing occurred at PWW for decades until 1985, resulting in the loss of the endemic
understory of shrubs and trees and the decline of forest cover (Giffin 2010). The forest was
further degraded by clearing for pasture improvement, illegal harvesting of koa, ‘Ghi‘a, and
hapu‘u (Cibotium glaucum), and the introduction of non-native birds and plants. Cattle were
removed in 1985, and forest recovery has been extensive, especially for koa and ‘Ohi‘a (Giffin
2010). Understory species, such as mamaki (Pipturus albidus), pilo (Coprosma spp.), and ‘Olapa
(Cheirodendron trigynum), have also responded well to reduced levels of grazing (Giffin 2010).

Non-native feral sheep (Ovis aries), goats (Capra hircus), and pigs (Sus scrofa) occur at PWW
and are a major impediment to native forest restoration. Cattle, sheep, and goats have been
removed entirely from the bird sanctuary portion except for about a dozen elusive sheep still at
large in the east and largest unit of the sanctuary. This is down from about 80 sheep a few
years ago, and hopefully they will be fully eradicated entirely in the near future (AW, personal
observation). The bird sanctuary was subdivided in 2015 to better conduct ungulate control,
which is ongoing. Currently the west unit is pig free, and while both the middle and east units
have decreasing numbers of ungulates, the focus is on the middle unit at this time and the east
unit will come next. The adjacent forest reserve is in the process of being fenced; the Kileo unit,
and soon the entire bird survey area will be fenced. This unit has feral sheep and pigs in high
numbers, but once the perimeter fence has been completed, ungulate control will begin in
earnest (AW, personal observation). All three species are detrimental to native forest
regeneration (Pratt and Jacobi 2009), but only pigs remain in the bird sanctuary in sufficient
numbers to cause significant damage (AW, personal observation). Pigs constitute a major threat
to native vegetation (Hess et al. 2006). Their feeding, rooting, and wallowing destroys native
ground cover, encourages the spread of non-native weeds, and prevents the effective
regeneration of native plants (Engeman et al. 2006). Pig activities also create conditions
favorable for breeding mosquitoes, which transmit avian diseases (LaPointe et al. 2009). All
three species of feral ungulates are being controlled inside the fenced Pu‘u Wa‘awa‘a Forest
Bird Sanctuary and have been mostly removed. Ungulate removal will be carried out in the
forest reserve section of the study area once the ungulate fence in that unit is completed.

Reduced levels of grazing and the presence of feral pigs have also benefited several non-native
plant species which occur throughout PWW, with the most injurious species being banana poka
(Passiflora mollissima), Cape ivy (Delairea odorata), silk oak (Grevillea robusta), and fountain
grass (Pennisetum setaceum). Management actions continue to control for silk oak in the
sanctuary, though many trees remain in the forest reserve section of the study area, and efforts
are ongoing to control fountain grass. Areas outside of PWW remain heavily degraded, and
forests have been converted primarily to fountain grass dominated pastures with scattered
trees.

CONCLUSION

The Pu‘u Wa‘awa‘a Forest Bird Sanctuary and adjacent Pu‘u Wa'awa‘a Forest Reserve is one
of the few areas of dry and mesic leeward forests being managed for forest bird conservation in
Hawai'i (Pratt and Jacobi 2009, Giffin 2010). Populations of the threatened ‘i‘iwi were stable
over the long-term and upward in the near-term. Hawai‘i ‘amakihi populations were also stable
over the long-term. Management actions implemented thus far have been fundamental to these
stable and upward trends. However, ‘apapane population trends have been downward in the
near term, suggesting that additional stressors could be having a negative impact on this
species. Continuing and expanding management actions to sustain the upward to stable trends
in Hawai‘i ‘amakihi and ‘i‘iwi and arrest downward trends in ‘apapane will be important for
conserving forest bird populations at Pu‘u Wa‘'awa‘a Forest Bird Sanctuary and Pu‘u Wa‘awa‘a
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Forest Reserve. Numbers of Hawai'i ‘elepaio and ‘alawt have been very low at PWW.
Expanding predator control may be particularly beneficial to these species (VanderWerf 2009,
Banko et al. 2019). In addition to annual bird surveys, sampling the Pu‘u Wa‘'awa‘a Forest Bird
Sanctuary for avian malaria by mosquito surveys and screening mist-netted birds via blood
samples quarterly began in 2022 to identify if avian disease could be driving bird populations
(AW, personal observation). Continued annual surveys, regular monitoring, and timely analysis
of survey data are needed to track responses in forest bird populations to evaluate and adapt
management actions.

Our analysis shows that sampling consistently and frequently is needed to control estimator
uncertainty and permit detecting population trends and trajectories. Trends for several species
were inconclusive, especially when looking at long-term time series. Between 1990 and 2016,
there were long periods where no surveys were conducted. These gaps in surveys resulted in
uncertainties around abundance estimates to balloon, making detection of trends difficult. Only
one year was not surveyed between 2016 and 2022, resulting in reduced uncertainty and
permitting the detection of short-term trajectories in the bird populations. Continuing surveying
annually will help facilitate detecting changes in the bird populations, particularly when surveys
are coordinated with evaluating the impacts of management actions on bird densities and
trends.
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APPENDIX |

Appendix I, Table. Number of birds detected, indices of bird occurrence (Occur; %) and relative
abundance (birds/station) at the Pu‘u Wa‘awa'a, Hawai‘i, during forest bird surveys, 1990-2022.
Species origin is E = endemic, | = indigenous, V = visitor or migrant, and A = non-native. Refer
to external spreadsheet http://hdl.handle.net/10790/5390.
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APPENDIX Il

Appendix II, Table. Detection function parameters used in program Distance to derive population densities of forest bird species at
Pu‘u Wa'awa‘a, Hawai'‘i, 1990-2022.

Species Truncation Key model Covariates/adjustment terms Cramér-von Mises test
Test statistic P-value
‘Apapane 61 Half-normal Detection type 0.848625 0.00560126
Tiwi 62 Half-normal Detection type 0.236484 0.206661
Hawai‘i ‘amakihi 50 Hazard-rate Detection type 0.525033 0.0344301
Warbling 43 Hazard-rate Detection type 0.179133 0.311826
white-eye
Red-billed leiothrix 72 Half-normal Year grouped 0.0924165 0.623342
House finch 67 Hazard-rate Heard vs. seen 0.336311 0.107158
Northern cardinal 103 Hazard-rate Observer grouped 0.142309 0.413886
Yellow-fronted canary 58 Hazard-rate Year grouped 0.215504 0.239346
Saffron finch 53 Half-normal None 0.0583592 0.824316
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APPENDIX Il

Appendix Ill, Table. Models, number of parameters (param), Akaike’s information criterion (AIC),
and change in AIC (AAIC) values used in program Distance to estimate forest bird populations

at Pu‘u Wa‘awa'a, Hawai'i, 1990-2022. Models that failed to converge and models with

covariates that had < 50 observations for some variables were not included. Observations with

missing covariates were not included in the analysis. NA = not available.

Species Model Param AIC AAIC
‘Apapane Detection type 3 26109.928 0
Heard versus seen 2 26111.689 1.76145
First detection type 2 26263.292 153.364
Observer 12 26287.078 177.15
Observer grouped 3 26333.097 223.17
Year 9  26449.097 339.169
Year grouped 4 26450.809 340.881
Cloudy 2 26475.884 365.956
Half-normal no adjustment 1 26485.852 375.925
Half-normal cos(2,3) adjustment 2  26487.692 377.765
Half-normal cos(2) adjustment 2 26487.838 377.911
Hazard-rate no adjustment 2 26487.848 377.92
Time 2 Infinite NA
Tiwi Detection type 3 7240.7439 0
Heard versus seen 2 7241.4723 0.72838
First detection type 2  7371.8942 131.15
Observer grouped 4  7373.9734 133.229
Observer 9  7380.6727 139.929
Year grouped 2 7406.1532 165.409
Cloudy 2 7417.062 176.318
Year 9 7415.8081 175.064
Half-normal no adjustment 1 7420.5936 179.85
Hazard-rate no adjustment 2  7421.3403 180.596
Half-normal cos(2,3) adjustment 2 7422.153 181.409
Half-normal(2) adjustment 2 7422.528 181.784
Time 2 Infinite NA
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Hawai‘i
‘amakihi

Warbling
white-eye

Red-billed
leiothrix?-2

Detection type

Heard versus seen

First detection type

Observer

Observer grouped

Year

Year grouped

Hazard-rate cos(2,3) adjustment
Hazard-rate cos(2) adjustment
Cloudy

Time

Rain

Hazard-rate no adjustment

Half-normal no adjustment

Detection type

Heard versus seen

First detection type

Observer grouped

Observer

Time

Hazard-rate no adjustment
Cloudy

Hazard-rate cos(2) adjustment
Hazard-rate cos(2,3) adjustment
Year

Half-normal no adjustment

Year grouped

Observer

Year

Half-normal cos(2) adjustment
Half-normal no adjustment

Hazard-rate no adjustment
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52856.87
52866.053
52909.549
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52947.158
52964.331
52977.322
52980.553
53005.733

7282.74
7283.14
7376.07
7393.22
7400.35
7430.68
7430.88
7431.83
7432.68
7432.88
7436.82
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4852.9582
4857.7383
4858.7791
4866.1631

4867.5
4868.9324

0
50.1478
736.785
1270.59
1384.47
1510.99
1520.18
1563.67
1568.63
1601.28
1618.46
1631.45
1634.68
1659.86

0
0.40444
93.3355
110.484
117.615
147.939
148.145
149.091
149.941
150.145

154.08
158.387

0
4.78018
5.82097

13.205
14.5419
15.9742



House finch

Northern
cardinalt

Yellow-fronted

canary?

Saffron finch®

Cloudy
Half-normal cos(2,3) adjustment
Time

Heard versus seen
Detection type

Observer grouped

First detection type
Observer

Year grouped

Year

Time

Cloudy

Hazard-rate no adjustment
Half-normal no adjustment
Hazard-rate cos(2,3) adjustment

Hazard-rate cos(2) adjustment

Observer grouped

Observer

Time

Hazard-rate no adjustment
Cloudy

Hazard-rate cos(2,3) adjustment
Hazard-rate cos(2) adjustment
Half-normal no adjustment

Year

Hazard-rate no adjustment
Hazard-rate cos(2) adjustment
Hazard-rate cos(2,3) adjustment*

Half-normal no adjustment

Half-normal no adjustment

28

w 0o~ W

10

10

W W FEr N W W

P W W W N W o s

1

P W w N o

=
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7376.069
7377.9175
7489.2396
7492.2992
7494.3915
7521.3069
7528.7924
7541.9992
7544.4322
7545.0507
7545.9818
7546.5779
7546.9319

6306.06
6309.33
6322.61
6327.63
6329.36
6329.63
6329.63
6333.83
6336.83

3333.1938
3335.1809
3335.1938
3335.6204

720.45

16.5289
16.5293
NA

0
1.84851
113.171

116.23
118.322
145.238
152.723

165.93
168.363
168.982
169.913
170.509
170.863

0
3.26831
16.5493
21.5731
23.3076
23.5731
23.5731
27.7702
30.7754

31.9261
33.9132
33.9261
34.3527



Hazard-rate no adjustment 2 721.87 1.41306

1There were too few observations of detection type to model.
2Year grouped + observer failed.

3 There were too few observations in the early years to run multiple covariate distance sampling
models.

4 Detection function was not strictly monotonic.
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APPENDIX IV

Appendix IV, Figure. Detection probability and probability density from program Distance in
models used to estimate forest bird density at Pu‘u Wa‘awa‘a, Hawai‘i, 1990-2022. Distances
are in meters, solid lines are the detection function of the fitted model, and dotted lines
represent the detection function of each covariate factor.
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4) Warbling white-eye
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5) Red-billed leiothrix
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6) House finch
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7) Northern cardinal
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Detection probability

Probability density

Appendix IV, Figure continued.

8) Yellow-fronted canary
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9) Saffron finch
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Appendix V, Table. Abundances, standard error (SE), coefficient of variation (CV), and
95% confidence intervals (lower, upper) calculated with program Distance and state space
models for forest birds at Pu‘'u Wa‘awa'a, 1990-2022. NA = not available.

APPENDIX V

‘Apapane Distance State space
Year Estimate SE Ccv Lower Upper Estimate SE cv Lower Upper
1990 31,138 2,707 0.09 26,060 36,614 32,355 2,529 0.08 27,582 37,520
1991 36,668 3,292 0.09 30,987 44,048 35,001 2,848 0.08 29,878 41,068
1992 NA NA NA NA NA 34,389 6,852 0.20 23,637 49,935
1993 NA NA NA NA NA 33,725 8,978 0.27 20,271 54,518
1994 NA NA NA NA NA 33,036 10,583 0.32 18,055 57,138
1995 NA NA NA NA NA 32,265 11,619 0.36 16,375 58,550
1996 NA NA NA NA NA 31,538 12,619 0.40 15,054 59,771
1997 NA NA NA NA NA 30,728 13,072 0.43 13,985 59,484
1998 NA NA NA NA NA 29,899 13,627 0.46 13,226 58,647
1999 NA NA NA NA NA 28,996 13,497 0.47 12,530 57,163
2000 NA NA NA NA NA 28,132 13,123 0.47 11,990 55,740
2001 NA NA NA NA NA 27,235 12,609 046 11,632 53,856
2002 NA NA NA NA NA 26,329 12,445 0.47 11,440 50,968
2003 NA NA NA NA NA 25,403 11,147 0.44 11,190 48,546
2004 NA NA NA NA NA 24,477 10,808 0.44 11,174 45,543
2005 NA NA NA NA NA 23,513 8,700 0.37 11,362 41,603
2006 NA NA NA NA NA 22,595 7,430 0.33 11,705 37,882
2007 NA NA NA NA NA 21,666 6,369 0.29 12,174 33,842
2008 NA NA NA NA NA 20,701 4,310 0.21 13,179 29,361
2009 18,449 2,109 0.11 14,710 23,069 19,771 2,345 0.12 15,611 24,877
2010 NA NA NA NA NA 20,663 3,927 0.19 13,496 28,685
2011 NA NA NA NA NA 21,546 5,130 0.24 12,921 32,269
2012 NA NA NA NA NA 22,377 5,873 0.26 12,999 34,805
2013 NA NA NA NA NA 23,127 6,016 0.26 13,447 35,921
2014 NA NA NA NA NA 23,746 5450 0.23 14,471 35,760
2015 NA NA NA NA NA 24,359 4,526 0.19 16,367 34,135
2016 23,832 2,875 0.12 18,952 30,141 24,896 2,311 0.09 20,550 29,723
2017 29,527 2,573 0.09 24,864 34,811 27,387 2,193 0.08 23,554 32,084
2018 24,668 2,505 0.10 19,869 29,844 24,946 1,983 0.08 21,294 29,122
2019 NA NA NA NA NA 23,377 3,230 0.14 17,327 30,222
2020 20,029 1,932 0.10 16,495 24,049 21,653 1,795 0.08 18,146 25,128
2021 23,879 2,181 0.09 20,085 28,661 23,362 1,681 0.07 20,247 26,904
2022 23,808 2,031 0.09 19,863 27,858 23,612 1,765 0.07 20,382 27,291
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Distance

State space

‘I'iwi
Year  Estimate SE Cv Lower Upper Estimate SE Ccv Lower Upper
1990 5,994 1,438 0.24 3,458 8,920 7,549 1,378 0.18 5,031 10,483
1991 10,021 1,928 0.19 6,779 14,204 8,516 1,472 0.17 6,110 11,883
1992 NA NA NA NA NA 8,603 3,111 0.36 5,024 15,276
1993 NA NA NA NA NA 8,671 4,722 054 4,204 17,536
1994 NA NA NA NA NA 8,688 5,627 0.65 3,658 18,971
1995 NA NA NA NA NA 8,692 6,210 0.71 3,278 20,249
1996 NA NA NA NA NA 8,674 7,027 081 3,004 21,218
1997 NA NA NA NA NA 8,622 7,808 0.91 2,786 21,440
1998 NA NA NA NA NA 8,544 8,121  0.95 2,654 21,634
1999 NA NA NA NA NA 8,422 7,982 0.95 2,637 21,442
2000 NA NA NA NA NA 8,276 8,947 1.08 2,442 21,434
2001 NA NA NA NA NA 8,130 8,760 1.08 2,439 20,373
2002 NA NA NA NA NA 7,954 8,219 1.03 2,387 19,702
2003 NA NA NA NA NA 7,768 8,692 1.12 2,441 18,775
2004 NA NA NA NA NA 7,542 7,027 093 2,498 17,410
2005 NA NA NA NA NA 7,283 5,754  0.79 2,563 16,141
2006 NA NA NA NA NA 7,005 4,281 0.61 2,740 14,545
2007 NA NA NA NA NA 6,732 3,136 047 2,993 12,689
2008 NA NA NA NA NA 6,469 1,979 031 3,378 10,704
2009 5,819 1,229 0.21 3,769 8,337 6,202 1,069 0.17 4,219 8,399
2010 NA NA NA NA NA 6,258 1,795 0.29 3,302 9,915
2011 NA NA NA NA NA 6,272 2,391 0.38 2,930 10,619
2012 NA NA NA NA NA 6,253 2,455  0.39 2,771 10,922
2013 NA NA NA NA NA 6,175 2,321 0.38 2,728 10,601
2014 NA NA NA NA NA 6,076 2,322 0.38 2,825 9,928
2015 NA NA NA NA NA 5,921 1501 0.25 3,096 8,770
2016 4,499 841 0.19 3,101 6,394 5,755 887 0.15 3,958 7,374
2017 8,617 1,757 0.20 5,413 12,365 6,822 984 0.14 5,300 9,253
2018 6,595 1,052 0.16 4,660 8,783 6,593 763 0.12 5,239 8,289
2019 NA NA NA NA NA 6,526 1,307 0.20 4,248 9,350
2020 5,668 1,143 0.20 3,633 7,973 6,334 828 0.13 4,690 8,030
2021 6,507 1,125 0.17 4,506 8,920 6,681 816 0.12 5,241 8,473
2022 8,421 1,712 0.20 5,609 12,337 7,330 1,248 0.17 5,464 10,308
Hawai‘i ‘amakihi Distance State space
Year Estimate SE Ccv Lower Upper Estimate SE cv Lower Upper
1990 106,057 9,993 0.09 87,496 127,972 109,624 9,171 0.08 92,549 128,455
1991 123,016 12,935 0.11 100,785 152,486 117,534 10,845 0.09 98,221 140,758
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1992 NA NA NA NA NA 117,076 24,220 0.21 79,359 173,119
1993 NA NA NA NA NA 116,625 32,863 0.28 68,872 191,285
1994 NA NA NA NA NA 115,762 38,826 0.34 61,879 204,042
1995 NA NA NA NA NA 114,661 44,268 0.39 57,123 212,494
1996 NA NA NA NA NA 113,599 50,637 0.45 53,086 219,818
1997 NA NA NA NA NA 112,171 52,168 0.47 50,450 223,327
1998 NA NA NA NA NA 110,584 54,306 0.49 48,033 223,761
1999 NA NA NA NA NA 108,872 56,672 0.52 46,603 222,113
2000 NA NA NA NA NA 106,760 53,692 0.50 44,748 218,706
2001 NA NA NA NA NA 104,822 56,790 0.54 44,423 213,597
2002 NA NA NA NA NA 102,585 53,038 0.52 43,432 205,148
2003 NA NA NA NA NA 100,218 48,074 0.48 43,907 196,345
2004 NA NA NA NA NA 97,608 42,472 0.44 44,781 185,084
2005 NA NA NA NA NA 94,845 36,496 0.38 46,296 171,541
2006 NA NA NA NA NA 92,164 31,421 0.34 48,015 158,992
2007 NA NA NA NA NA 89,362 24,085 0.27 51,049 143,322
2008 NA NA NA NA NA 86,478 17,312 0.20 56,287 123,420
2009 80,874 7,159 0.09 68,133 96,358 83,518 7,352 0.09 69,915 98,752
2010 NA NA NA NA NA 87,404 16,605 0.19 58,800 122,651
2011 NA NA NA NA NA 91,133 21,925 0.24 55,833 140,225
2012 NA NA NA NA NA 94,546 25,160 0.27 55,751 149,835
2013 NA NA NA NA NA 97,571 25,910 0.27 58,065 155,795
2014 NA NA NA NA NA 100,434 24,470 0.24 62,962 155,916
2015 NA NA NA NA NA 102,824 19,667 0.19 71,473 147,674
2016 108,934 10,023 0.09 91,435 130,424 104,891 8,606 0.08 89,827 123,406
2017 104,311 8,994 0.09 89,346 124,132 100,140 7,122 0.07 87,369 115,373
2018 77,260 6,264 0.08 66,220 90,485 84,918 6,992 0.08 71,656 98,741
2019 NA NA NA NA NA 93,181 12,917 0.14 68,414 119,594
2020 101,013 8,540 0.08 86,403 119,809 100,957 7,084 0.07 87,843 115,818
2021 116,124 10,134 0.09 99,245 137,686 109,635 8,388 0.08 94,952 127,749
2022 99,263 9,518 0.10 82,465 121,393 102,291 8,384 0.08 86,567 119,693
Warbling white-eye Distance State space
Year  Estimate SE Cv Lower Upper Estimate SE Ccv Lower Upper
1990 9,421 2,921 0.31 5,438 16,212 11,462 2,991 0.26 6,688 18,361
1991 18,894 8,794 0.47 10,146 44,247 12,629 3,864 0.31 7,122 21,905
1992 NA NA NA NA NA 13,064 7,956 0.61 6,433 26,145
1993 NA NA NA NA NA 13,449 10,307 0.77 5,876 29,267
1994 NA NA NA NA NA 13,856 14,256  1.03 5,376 31,964
1995 NA NA NA NA NA 14,327 24,871 1.74 4,910 33,760
1996 NA NA NA NA NA 14,935 60,287 4.04 4,619 35,939
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1997 NA NA NA NA NA 14,879 36,868 2.48 4,398 37,121
1998 NA NA NA NA NA 15,041 33,792 2.25 4,264 37,962
1999 NA NA NA NA NA 15,419 61,107 3.96 4,108 38,937
2000 NA NA NA NA NA 15,266 45,607  2.99 4,107 38,553
2001 NA NA NA NA NA 15,189 32,294 2.13 4,025 38,222
2002 NA NA NA NA NA 15,366 60,668  3.95 4,069 37,775
2003 NA NA NA NA NA 15,153 41,380 2.73 4,119 36,363
2004 NA NA NA NA NA 14,820 37,824 255 4,253 34,351
2005 NA NA NA NA NA 14,558 28,471 1.96 4,405 32,782
2006 NA NA NA NA NA 14,414 22,240 1.54 4,655 30,426
2007 NA NA NA NA NA 14,085 17,794 1.26 5,011 28,165
2008 NA NA NA NA NA 13,780 12,043 0.87 5,479 25,672
2009 10,671 5,702 0.53 5,496 27,480 13,458 4,088 0.30 6,228 22,532
2010 NA NA NA NA NA 13,883 5,167 0.37 5,816 24,660
2011 NA NA NA NA NA 14,336 8,533 0.60 5,668 26,035
2012 NA NA NA NA NA 14,645 9,334 0.64 5,682 26,741
2013 NA NA NA NA NA 14,841 12,945 0.87 5,914 26,649
2014 NA NA NA NA NA 14,924 6,728 0.45 6,444 25,558
2015 NA NA NA NA NA 14,945 4,534 0.30 7,417 23,672
2016 11,932 3,495 0.29 8,016 22,641 14,946 2,888 0.19 9,532 20,964
2017 18,856 7,725 0.41 12,929 40,082 16,355 3,323 0.20 10,966 24,009
2018 20,121 8,931 0.44 13,105 48,246 17,222 3,797 0.22 11,495 26,337
2019 NA NA NA NA NA 17,642 4975 0.28 10,983 28,487
2020 18,473 5,461 0.30 13,122 32,959 17,762 3,487 0.20 12,137 25,747
2021 18,625 7,726 0.41 11,108 45,283 17,993 3,958 0.22 11,688 27,195
2022 16,460 7,899 0.48 10,018 41,307 18,110 4,655 0.26 10,672 29,119
Red-billed leiothrix Distance State space
Year Estimate SE Ccv Lower Upper Estimate SE cVv Lower Upper
1990 1,856 689 0.37 680 3,288 2,672 773  0.30 1,325 4,346
1991 3,796 1,309 0.34 1,832 6,845 3,159 906 0.29 1,781 5,312
1992 NA NA NA NA NA 3,400 2,319 0.68 1,206 8,117
1993 NA NA NA NA NA 3,671 5,189 141 932 10,453
1994 NA NA NA NA NA 3,869 6,198 1.60 780 12,390
1995 NA NA NA NA NA 4,113 10,521 256 657 14,189
1996 NA NA NA NA NA 4,284 11,063 2.58 590 15,540
1997 NA NA NA NA NA 4587 22,048 4.81 535 16,503
1998 NA NA NA NA NA 4,697 24,101 5.13 498 17,221
1999 NA NA NA NA NA 4598 15,761 343 477 17,536
2000 NA NA NA NA NA 4,588 18,123 3.95 475 17,522
2001 NA NA NA NA NA 4531 14,925 3.29 468 17,286
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2002 NA NA NA NA NA 4,364 14,276  3.27 482 16,440
2003 NA NA NA NA NA 4,207 11,814 281 491 15,328
2004 NA NA NA NA NA 4,101 17,342 4.23 525 13,993
2005 NA NA NA NA NA 3,732 9,074 243 576 12,227
2006 NA NA NA NA NA 3,464 7,706 222 665 10,374
2007 NA NA NA NA NA 3,139 3,381 1.08 798 8,426
2008 NA NA NA NA NA 2,875 1,693 0.59 1,032 6,276
2009 2,487 609 0.24 1,413 3,797 2,638 592 0.22 1,654 3,965
2010 NA NA NA NA NA 2,919 1521 0.52 1,118 6,208
2011 NA NA NA NA NA 3,172 2902 0091 968 7,734
2012 NA NA NA NA NA 3,376 3,199 0.95 920 8,881
2013 NA NA NA NA NA 3,510 3,827 1.09 983 9,246
2014 NA NA NA NA NA 3,534 2,741 0.78 1,133 9,017
2015 NA NA NA NA NA 3,480 1,959 0.56 1,460 7,500
2016 3,503 753 0.21 2,258 5,139 3,357 642 0.19 2,323 4,804
2017 3,728 850 0.23 2,302 5,714 3,274 632 0.19 2,298 4,762
2018 2,143 445 0.21 1,394 3,123 2,467 418 0.17 1,706 3,356
2019 NA NA NA NA NA 2,624 1,366  0.52 1,312 4,831
2020 3,146 847 0.27 1,784 5,072 2,597 577 0.22 1,722 3,990
2021 1,793 693 0.39 824 3,628 1,956 464 0.24 1,164 2,972
2022 1,144 329 0.29 590 1,874 1,523 423 0.28 844 2,481
House finch Distance State space
Year  Estimate SE Cv Lower Upper Estimate SE Cv Lower Upper
1990 5,849 2,065 0.35 2,326 10,412 7,777 2,221 0.29 4,163 12,737
1991 11,245 2,697 0.24 6,923 17,157 10,110 2,254 0.22 6,446 15,231
1992 NA NA NA NA NA 10,552 8,287 0.79 3,572 25,746
1993 NA NA NA NA NA 11,034 17,973 1.63 2,466 32,769
1994 NA NA NA NA NA 11,285 22,207 1.97 1,839 37,525
1995 NA NA NA NA NA 11,495 28,824 251 1,442 41,416
1996 NA NA NA NA NA 11,335 29,246  2.58 1,188 43,166
1997 NA NA NA NA NA 11,219 32,942 294 1,045 44,838
1998 NA NA NA NA NA 10,794 36,834 341 916 45,079
1999 NA NA NA NA NA 10,435 39,289 3.76 827 42,454
2000 NA NA NA NA NA 9,840 31,362 3.19 754 40,417
2001 NA NA NA NA NA 9,041 26,453 2.93 721 37,332
2002 NA NA NA NA NA 8,375 26,516 3.17 693 34,282
2003 NA NA NA NA NA 7,733 36,856 4.77 688 29,492
2004 NA NA NA NA NA 6,830 34,490 5.05 696 25,323
2005 NA NA NA NA NA 5,912 19,004 3.21 751 20,761
2006 NA NA NA NA NA 5,082 7,906 1.56 814 16,490
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2007 NA NA NA NA NA 4,408 8,505 1.93 950 12,360
2008 NA NA NA NA NA 3,734 2,570 0.69 1,190 8,573
2009 2,903 672 0.23 1,757 4,312 3,168 718 0.23 1,987 4,784
2010 NA NA NA NA NA 3,720 2,228 0.60 1,261 8,275
2011 NA NA NA NA NA 4,243 4,080 0.96 1,094 11,141
2012 NA NA NA NA NA 4,716 5,630 1.19 1,055 12,855
2013 NA NA NA NA NA 5,074 7,696 1.52 1,149 13,764
2014 NA NA NA NA NA 5,246 5,392 1.03 1,361 13,659
2015 NA NA NA NA NA 5,276 2,901 0.55 1,832 11,703
2016 4,733 1,053 0.22 3,021 7,046 5,200 996 0.19 3,487 7,392
2017 7,538 1,317 0.17 5,300 10,571 6,955 1,114 0.16 5,075 9,428
2018 6,247 1,294 0.21 4,263 9,398 6,230 1,108 0.18 4,368 8,701
2019 NA NA NA NA NA 5,648 2,288 041 2,694 10,731
2020 4,734 749 0.16 3,506 6,341 4,649 672 0.14 3,489 6,125
2021 3,650 909 0.25 2,096 5,578 3,559 681 0.19 2,407 5,077
2022 2,068 442 0.21 1,338 3,024 2,393 486  0.20 1,565 3,465
Northern cardinal Distance State space
Year  Estimate SE Ccv Lower Upper Estimate SE Ccv Lower Upper
1990 682 203 0.30 325 1,123 754 155 0.21 491 1,101
1991 804 134 0.17 551 1,071 791 119 0.15 584 1,048
1992 NA NA NA NA NA 823 265 0.32 444 1,424
1993 NA NA NA NA NA 857 401  0.47 378 1,703
1994 NA NA NA NA NA 884 514 0.58 335 1,937
1995 NA NA NA NA NA 912 609 0.67 306 2,127
1996 NA NA NA NA NA 938 748 0.80 287 2,288
1997 NA NA NA NA NA 958 814 0.85 278 2,420
1998 NA NA NA NA NA 977 873 0.89 268 2,533
1999 NA NA NA NA NA 987 835 0.85 264 2,600
2000 NA NA NA NA NA 997 871 0.87 268 2,623
2001 NA NA NA NA NA 1,001 803 0.80 273 2,631
2002 NA NA NA NA NA 1,004 792  0.79 282 2,578
2003 NA NA NA NA NA 1,005 766 0.76 296 2,499
2004 NA NA NA NA NA 998 690 0.69 309 2,409
2005 NA NA NA NA NA 992 662 0.67 333 2,302
2006 NA NA NA NA NA 979 561 0.57 375 2,102
2007 NA NA NA NA NA 967 611 0.63 424 1,875
2008 NA NA NA NA NA 944 294 0.31 510 1,574
2009 898 125 0.14 675 1,148 923 122 0.13 705 1,182
2010 NA NA NA NA NA 980 278  0.28 540 1,593
2011 NA NA NA NA NA 1,031 367 0.36 490 1,854
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2012 NA NA NA NA NA
2013 NA NA NA NA NA
2014 NA NA NA NA NA
2015 NA NA NA NA NA
2016 1,053 138 0.13 805 1,331
2017 1,561 171 0.11 1,268 1,941
2018 1,716 196 0.11 1,363 2,139
2019 NA NA NA NA NA
2020 1,270 194 0.15 933 1,689
2021 1,349 166 0.12 1,022 1,692
2022 911 137 0.15 674 1,203

Yellow-

fronted Distance

canary

Year Estimate SE cv Lower Upper

1990 1,261 657 0.52 235 2,644
1991 416 240 0.58 52 948
2009 267 124 0.46 55 552
2016 305 141 0.46 82 634
2017 4,350 749 0.17 3,111 6,048
2018 2,620 497 0.19 1,799 3,801
2020 1,312 314 0.24 790 1,994
2021 4,048 758 0.19 2,710 5,643
2022 2,837 656 0.23 1,841 4,325

Saffron finch? Distance

Year Estimate SE CVv Lower Upper

1990 436 424  0.97 0 1,452
1991 3,491 1,418 041 1,312 6,779
2009 1,382 511 0.37 568 2,604
2016 396 201 0.51 64 806
2017 588 238 041 134 1,063
2018 732 378 0.52 136 1,578
2020 842 514 0.61 102 2,072
2021 0 0 NA 0 0
2022 196 225 1.15 0 777

11991 was dropped in trend estimation because it is an outlier due to unrealistic estimates.
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1,077
1,111
1,137
1,154
1,161
1,489
1,615
1,483
1,321
1,283
1,044

455
430
400
308
135
144
173
317
155
131
148

0.42
0.39
0.35
0.27
0.12
0.10
0.11
0.21
0.12
0.10
0.14

479
496
536
634
907
1,234
1,310
981
1,036
1,047
775

2,023
2,060
1,999
1,813
1,435
1,800
1,988
2,214
1,650
1,565
1,354



APPENDIX VI

Appendix VI, Table. Densities, standard error (SE), coefficient of variation (CV), and 95%
confidence intervals (lower, upper) calculated with program Distance and state space

models for forest birds at Pu‘u Wa‘awa‘a, 1990-2022. NA = not available.

‘Apapane Distance State space
Year Estimate SE cVv Lower Upper Estimate SE Ccv Lower Upper
1990 1297 1.13 0.09 10.86 15.26 13.48 1.05 0.08 11.49 15.63
1991 15.28 1.37 0.09 12.91 18.35 14.58 1.19 0.08 12.45 17.11
1992 NA NA NA NA NA 14.33 2.86 0.20 9.85 20.81
1993 NA NA NA NA NA 14.05 3.74 0.27 8.45 22.72
1994 NA NA NA NA NA 13.76 441 032 7.52 23.81
1995 NA NA NA NA NA 13.44 484 0.36 6.82 24.40
1996 NA NA NA NA NA 13.14 5.26  0.40 6.27 24.90
1997 NA NA NA NA NA 12.80 5.45 0.43 5.83 24.79
1998 NA NA NA NA NA 12.46 5.68 0.46 5.51 24.44
1999 NA NA NA NA NA 12.08 5.62  0.47 5.22 23.82
2000 NA NA NA NA NA 11.72 5.47 0.47 5.00 23.23
2001 NA NA NA NA NA 11.35 5.25 0.46 4.85 22.44
2002 NA NA NA NA NA 10.97 5.19 0.47 4,77 21.24
2003 NA NA NA NA NA 10.58 4.64 0.44 4.66 20.23
2004 NA NA NA NA NA 10.20 450 044 4.66 18.98
2005 NA NA NA NA NA 9.80 3.62 0.37 4,73 17.33
2006 NA NA NA NA NA 9.41 3.10 0.33 4.88 15.78
2007 NA NA NA NA NA 9.03 2.65 0.29 5.07 14.10
2008 NA NA NA NA NA 8.63 1.80 0.21 5.49 12.23
2009 7.69 088 0.11 6.13 9.61 8.24 0.98 0.12 6.50 10.37
2010 NA NA NA NA NA 8.61 1.64 0.19 5.62 11.95
2011 NA NA NA NA NA 8.98 214 0.24 5.38 13.45
2012 NA NA NA NA NA 9.32 2.45 0.26 5.42 14.50
2013 NA NA NA NA NA 9.64 251 0.26 5.60 14.97
2014 NA NA NA NA NA 9.89 227 0.23 6.03 14.90
2015 NA NA NA NA NA 10.15 1.89 0.19 6.82 14.22
2016 9.93 120 0.12 7.90 12.56 10.37 0.96 0.09 8.56 12.38
2017 12.30 1.07 0.09 10.36 14.50 11.41 0.91 0.08 9.81 13.37
2018 10.28 1.04 0.10 8.28 12.43 10.39 0.83 0.08 8.87 12.13
2019 NA NA NA NA NA 9.74 1.35 0.14 7.22 12.59
2020 8.35 0.81 0.10 6.87 10.02 9.02 0.75 0.08 7.56 10.47
2021 9.95 0.91 0.09 8.37 11.94 9.73 0.70 0.07 8.44 11.21
2022 9.92 0.85 0.09 8.28 11.61 9.84 0.74 0.07 8.49 11.37
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Tiwi Distance State space
Year Estimate SE cv Lower Upper Estimate SE Ccv Lower Upper

1990 250 060 0.24 1.44 3.72 3.15 0.57 0.18 2.10 4.37
1991 418 080 0.19 2.82 5.92 3.55 0.61 0.17 2.55 4.95
1992 NA NA NA NA NA 3.58 1.30 0.36 2.09 6.36
1993 NA NA NA NA NA 3.61 197 054 1.75 7.31
1994 NA NA NA NA NA 3.62 2.34 0.65 1.52 7.90
1995 NA NA NA NA NA 3.62 2.59 0.71 1.37 8.44
1996 NA NA NA NA NA 3.61 293 081 1.25 8.84
1997 NA NA NA NA NA 3.59 3.25 091 1.16 8.93
1998 NA NA NA NA NA 3.56 3.38 0.95 1.11 9.01
1999 NA NA NA NA NA 3.51 3.33 0.95 1.06 8.93
2000 NA NA NA NA NA 3.45 3.73 1.08 1.02 8.93
2001 NA NA NA NA NA 3.39 3.65 1.08 1.02 8.49
2002 NA NA NA NA NA 3.31 3.42 1.03 0.99 8.21
2003 NA NA NA NA NA 3.24 3.62 112 1.02 7.82
2004 NA NA NA NA NA 3.14 2.93 0.93 1.04 7.25
2005 NA NA NA NA NA 3.03 240 0.79 1.07 6.73
2006 NA NA NA NA NA 2.92 1.78 0.61 1.14 6.06
2007 NA NA NA NA NA 2.81 1.31 047 1.25 5.29
2008 NA NA NA NA NA 2.70 0.82 0.31 141 4.46
2009 242 051 0.21 1.57 3.47 2.58 0.45 0.17 1.76 3.50
2010 NA NA NA NA NA 2.61 0.75 0.29 1.38 4.13
2011 NA NA NA NA NA 2.61 1.00 0.38 1.22 4.42
2012 NA NA NA NA NA 2.61 1.02 0.39 1.15 4.55
2013 NA NA NA NA NA 2.57 0.97 0.38 1.14 4.42
2014 NA NA NA NA NA 2.53 0.97 0.38 1.18 4.14
2015 NA NA NA NA NA 2.47 0.63 0.25 1.29 3.65
2016 187 035 0.19 1.29 2.66 2.40 0.37 0.15 1.65 3.07
2017 3.59 073 0.20 2.26 5.15 2.84 0.41 0.14 2.21 3.86
2018 275 044 0.16 1.94 3.66 2.75 032 0.12 2.18 3.45
2019 NA NA NA NA NA 2.72 0.54 0.20 1.77 3.90
2020 236 048 0.20 151 3.32 2.64 0.34 0.13 1.95 3.35
2021 271 047 0.17 1.88 3.72 2.78 0.34 0.12 2.18 3.53
2022 351 071 0.20 2.34 5.14 3.05 0.52 0.17 2.28 4.30

Hawai‘i Distance State space

‘amakihi

Year Estimate SE cVv Lower Upper Estimate SE Ccv Lower Upper

1990 44,19 4.16 0.09 36.46 53.32 45.68 3.82 0.08 38.56 53.52
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1991 51.26 5.39 0.11 41.99 63.54 48.97 452 0.09 40.93 58.65
1992 NA NA NA NA NA 48.78  10.09 0.21 33.07 72.13
1993 NA NA NA NA NA 4859 13.69 0.28 28.70 79.70
1994 NA NA NA NA NA 48.23 16.18 0.34 25.78 85.02
1995 NA NA NA NA NA 47.78 18.45 0.39 23.80 88.54
1996 NA NA NA NA NA 47.33 21.10 0.45 22.12 91.59
1997 NA NA NA NA NA 46.74 21.74 047 21.02 93.05
1998 NA NA NA NA NA 46.08 22.63 0.49 20.01 93.23
1999 NA NA NA NA NA 4536 23.61 0.52 19.42 92.55
2000 NA NA NA NA NA 4448 2237 0.50 18.65 91.13
2001 NA NA NA NA NA 43.68 23.66 0.54 18.51 89.00
2002 NA NA NA NA NA 42.74 2210 0.52 18.10 85.48
2003 NA NA NA NA NA 41.76  20.03 0.48 18.29 81.81
2004 NA NA NA NA NA 40.67 17.70 0.44 18.66 77.12
2005 NA NA NA NA NA 39.52 1521 0.38 19.29 71.48
2006 NA NA NA NA NA 3840 13.09 0.34 20.01 66.25
2007 NA NA NA NA NA 37.23 10.04 0.27 21.27 59.72
2008 NA NA NA NA NA 36.03 721  0.20 23.45 51.42
2009 33.70 298 0.09 28.39 40.15 34.80 3.06 0.09 29.13 41.15
2010 NA NA NA NA NA 36.42 6.92 0.19 24.50 51.10
2011 NA NA NA NA NA 37.97 9.14 0.24 23.26 58.43
2012 NA NA NA NA NA 39.39 1048 0.27 23.23 62.43
2013 NA NA NA NA NA 40.65 10.80 0.27 24.19 64.91
2014 NA NA NA NA NA 4185 10.20 0.24 26.23 64.97
2015 NA NA NA NA NA 42.84 8.19 0.19 29.78 61.53
2016 4539 4.18 0.09 38.10 54.34 43.70 3.59 0.08 37.43 51.42
2017 43.46 3.75 0.09 37.23 51.72 41.72 297 0.07 36.40 48.07
2018 3219 2.61 0.08 27.59 37.70 35.38 291 0.08 29.86 41.14
2019 NA NA NA NA NA 38.83 5.38 0.14 28.51 49.83
2020 42.09 356 0.08 36.00 49.92 42.07 295 0.07 36.60 48.26
2021 48.39 4.22 0.09 41.35 57.37 45.68 3.49 0.08 39.56 53.23
2022 41.36 3.97 0.10 34.36 50.58 42.62 3.49 0.08 36.07 49.87
Warbling Distance State space
white-eye
Year Estimate SE Ccv Lower Upper Estimate SE Cv Lower Upper
1990 393 122 031 2.27 6.75 4.78 1.25 0.26 2.79 7.65
1991 7.87 366 047 4.23 18.44 5.26 161 031 2.97 9.13
1992 NA NA NA NA NA 5.44 332 061 2.68 10.89
1993 NA NA NA NA NA 5.60 429 077 2.45 12.19
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1994 NA NA NA NA NA 5.77 594 1.03 2.24 13.32
1995 NA NA NA NA NA 5.97 10.36 1.74 2.05 14.07
1996 NA NA NA NA NA 6.22 2512 4.04 1.92 14.97
1997 NA NA NA NA NA 6.20 1536 2.48 1.83 15.47
1998 NA NA NA NA NA 6.27 14.08 2.25 1.78 15.82
1999 NA NA NA NA NA 6.42 2546 3.96 1.71 16.22
2000 NA NA NA NA NA 6.36 19.00 2.99 1.71 16.06
2001 NA NA NA NA NA 6.33 1346 2.13 1.68 15.93
2002 NA NA NA NA NA 6.40 2528 3.95 1.70 15.74
2003 NA NA NA NA NA 6.31 1724 273 1.72 15.15
2004 NA NA NA NA NA 6.17 1576 2.55 1.77 14.31
2005 NA NA NA NA NA 6.07 1186 1.96 1.84 13.66
2006 NA NA NA NA NA 6.01 9.27 1.54 1.94 12.68
2007 NA NA NA NA NA 5.87 7.41 1.26 2.09 11.74
2008 NA NA NA NA NA 5.74 5.02 0.87 2.28 10.70
2009 445 238 0.53 2.29 11.45 5.61 1.70 0.30 2.60 9.39
2010 NA NA NA NA NA 5.78 2.15 0.37 2.42 10.28
2011 NA NA NA NA NA 5.97 3.56 0.60 2.36 10.85
2012 NA NA NA NA NA 6.10 3.89 0.64 2.37 11.14
2013 NA NA NA NA NA 6.18 539 0.87 2.46 11.10
2014 NA NA NA NA NA 6.22 2.80 045 2.69 10.65
2015 NA NA NA NA NA 6.23 1.89 0.30 3.09 9.86
2016 497 146 0.29 3.34 9.43 6.23 1.20 0.19 3.97 8.73
2017 786 322 041 5.39 16.70 6.81 138 0.20 4.57 10.00
2018 8.38 372 0.44 5.46 20.10 7.18 158 0.22 4.79 10.97
2019 NA NA NA NA NA 7.35 2.07 0.28 4.58 11.87
2020 770 228 0.30 5.47 13.73 7.40 145 0.20 5.06 10.73
2021 776 322 041 4.63 18.87 7.50 1.65 0.22 4.87 11.33
2022 6.86 3.29 0.48 4.17 17.21 7.55 194 0.26 4.45 12.13
Red-billed Distance State space
leiothrix
Year Estimate SE cVv Lower Upper Estimate SE Ccv Lower Upper
1990 0.77 0.29 0.00 0.28 1.37 1.07 0.32 0.00 0.55 1.81
1991 158 0.55 0.00 0.76 2.85 1.32 0.38 0.00 0.74 2.21
1992 NA NA NA NA NA 1.42 0.97 0.00 0.50 3.38
1993 NA NA NA NA NA 1.53 2.16 0.00 0.39 4.36
1994 NA NA NA NA NA 1.61 2,58 0.00 0.32 5.16
1995 NA NA NA NA NA 1.71 4.38 0.00 0.27 5.91
1996 NA NA NA NA NA 1.79 461 0.00 0.25 6.48
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1997 NA NA NA NA NA 191 9.19 0.00 0.22 6.88
1998 NA NA NA NA NA 196 10.04 0.00 0.21 7.18
1999 NA NA NA NA NA 1.92 6.57 0.00 0.20 7.31
2000 NA NA NA NA NA 191 7.55 0.00 0.20 7.30
2001 NA NA NA NA NA 1.89 6.22 0.00 0.19 7.20
2002 NA NA NA NA NA 1.82 5.95 0.00 0.20 6.85
2003 NA NA NA NA NA 1.75 492 0.00 0.20 6.39
2004 NA NA NA NA NA 1.71 7.23 0.00 0.22 5.83
2005 NA NA NA NA NA 1.55 3.78 0.00 0.24 5.09
2006 NA NA NA NA NA 1.44 3.21 0.00 0.28 4.32
2007 NA NA NA NA NA 1.31 141 0.00 0.33 3.51
2008 NA NA NA NA NA 1.20 0.71 0.00 0.43 2.62
2009 1.04 0.25 0.00 0.59 1.58 1.10 0.25 0.00 0.69 1.65
2010 NA NA NA NA NA 1.22 0.63 0.00 0.47 2.59
2011 NA NA NA NA NA 1.32 1.21  0.00 0.40 3.22
2012 NA NA NA NA NA 141 1.33 0.00 0.38 3.70
2013 NA NA NA NA NA 1.46 1.59 0.00 0.41 3.85
2014 NA NA NA NA NA 1.47 1.14  0.00 0.47 3.76
2015 NA NA NA NA NA 1.45 0.82 0.00 0.61 3.12
2016 146 0.31 0.00 0.94 2.14 1.40 0.27 0.00 0.97 2.00
2017 155 0.35 0.00 0.96 2.38 1.36 0.26 0.00 0.96 1.98
2018 0.89 0.19 0.00 0.58 1.30 1.03 0.17 0.00 0.71 1.40
2019 NA NA NA NA NA 1.09 0.57 0.00 0.55 2.01
2020 131 035 0.00 0.74 211 1.08 0.24 0.00 0.72 1.66
2021 0.75 0.29 0.00 0.34 1.47 0.82 0.19 0.00 0.49 1.24
2022 0.48 0.14 0.00 0.25 0.78 0.63 0.18 0.00 0.35 1.03
House Distance State space
finch
Year Estimate SE Ccv Lower Upper Estimate SE Ccv Lower Upper
1990 244 0.86 0.00 0.97 4.34 3.24 0.93 0.00 1.73 5.31
1991 469 112 0.00 2.88 7.15 4.21 0.94 0.00 2.69 6.35
1992 NA NA NA NA NA 4.40 3.45 0.00 1.49 10.73
1993 NA NA NA NA NA 4.60 749 0.00 1.03 13.65
1994 NA NA NA NA NA 4.70 9.25 0.00 0.77 15.64
1995 NA NA NA NA NA 479 12.01 0.00 0.60 17.26
1996 NA NA NA NA NA 472 1219 0.00 0.50 17.99
1997 NA NA NA NA NA 467 13.73 0.00 0.44 18.68
1998 NA NA NA NA NA 450 1535 0.00 0.38 18.78
1999 NA NA NA NA NA 435 16.37 0.00 0.34 17.69
2000 NA NA NA NA NA 410 13.07 0.00 0.31 16.84
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2001 NA NA NA NA NA 3.77 11.02 0.00 0.30 15.56
2002 NA NA NA NA NA 349 11.05 0.00 0.29 14.28
2003 NA NA NA NA NA 3.22 1536 0.00 0.29 12.29
2004 NA NA NA NA NA 285 14.37 0.00 0.29 10.55
2005 NA NA NA NA NA 2.46 7.92 0.00 0.31 8.65
2006 NA NA NA NA NA 2.12 3.29 0.00 0.34 6.87
2007 NA NA NA NA NA 1.84 3.54 0.00 0.40 5.15
2008 NA NA NA NA NA 1.56 1.07 0.00 0.50 3.57
2009 1.21 0.28 0.00 0.73 1.80 1.32 0.30 0.00 0.83 1.99
2010 NA NA NA NA NA 1.55 0.93 0.00 0.53 3.45
2011 NA NA NA NA NA 1.77 1.70  0.00 0.46 4.64
2012 NA NA NA NA NA 1.97 235 0.00 0.44 5.36
2013 NA NA NA NA NA 2.11 3.21 0.00 0.48 5.74
2014 NA NA NA NA NA 2.19 2.25 0.00 0.57 5.69
2015 NA NA NA NA NA 2.20 1.21  0.00 0.76 4.88
2016 197 0.44 0.00 1.26 2.94 2.17 0.42 0.00 1.45 3.08
2017 3.14 055 0.00 2.21 4.40 2.90 0.46 0.00 211 3.93
2018 2.60 054 0.00 1.78 3.92 2.60 0.46 0.00 1.82 3.63
2019 NA NA NA NA NA 2.35 0.95 0.00 1.12 4.47
2020 197 031 0.00 1.46 2.64 1.94 0.28 0.00 1.45 2.55
2021 152 0.38 0.00 0.87 2.32 1.48 0.28 0.00 1.00 212
2022 0.86 0.18 0.00 0.56 1.26 1.00 0.20 0.00 0.65 1.44
Northern Distance State space
cardinal
Year Estimate SE Ccv Lower Upper Estimate SE CVv Lower Upper
1990 0.28 0.08 0.00 0.14 0.47 0.31 0.06 0.00 0.20 0.46
1991 0.34 0.06 0.00 0.23 0.45 0.33 0.05 0.00 0.24 0.44
1992 NA NA NA NA NA 0.34 0.11 0.00 0.18 0.59
1993 NA NA NA NA NA 0.36 0.17  0.00 0.16 0.71
1994 NA NA NA NA NA 0.37 0.21 0.00 0.14 0.81
1995 NA NA NA NA NA 0.38 0.25 0.00 0.13 0.89
1996 NA NA NA NA NA 0.39 0.31 0.00 0.12 0.95
1997 NA NA NA NA NA 0.40 0.34 0.00 0.12 1.01
1998 NA NA NA NA NA 0.41 0.36 0.00 0.11 1.06
1999 NA NA NA NA NA 0.41 0.35 0.00 0.11 1.08
2000 NA NA NA NA NA 0.42 0.36 0.00 0.11 1.09
2001 NA NA NA NA NA 0.42 0.33 0.00 0.11 1.10
2002 NA NA NA NA NA 0.42 0.33 0.00 0.12 1.07
2003 NA NA NA NA NA 0.42 0.32 0.00 0.12 1.04
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2004 NA NA NA NA NA 0.42 0.29 0.00 0.13 1.00
2005 NA NA NA NA NA 0.41 0.28 0.00 0.14 0.96
2006 NA NA NA NA NA 0.41 0.23 0.00 0.16 0.88
2007 NA NA NA NA NA 0.40 0.25 0.00 0.18 0.78
2008 NA NA NA NA NA 0.39 0.12 0.00 0.21 0.66
2009 0.37 0.05 0.00 0.28 0.48 0.38 0.05 0.00 0.29 0.49
2010 NA NA NA NA NA 0.41 0.12 0.00 0.23 0.66
2011 NA NA NA NA NA 0.43 0.15 0.00 0.20 0.77
2012 NA NA NA NA NA 0.45 0.19 0.00 0.20 0.84
2013 NA NA NA NA NA 0.46 0.18 0.00 0.21 0.86
2014 NA NA NA NA NA 0.47 0.17 0.00 0.22 0.83
2015 NA NA NA NA NA 0.48 0.13 0.00 0.26 0.76
2016 0.44 0.06 0.00 0.34 0.55 0.48 0.06 0.00 0.38 0.60
2017 0.65 0.07 0.00 0.53 0.81 0.62 0.06 0.00 0.51 0.75
2018 0.72 0.08 0.00 0.57 0.89 0.67 0.07 0.00 0.55 0.83
2019 NA NA NA NA NA 0.62 0.13 0.00 0.41 0.92
2020 0.53 0.08 0.00 0.39 0.70 0.55 0.06 0.00 0.43 0.69
2021 0.56 0.07 0.00 0.43 0.71 0.53 0.05 0.00 0.44 0.65
2022 0.38 0.06 0.00 0.28 0.50 0.44 0.06 0.00 0.32 0.56

Yellow-fronted canary Distance

Year Estimate SE Ccv Lower Upper
1990 0.53 0.27 0.52 0.10 1.10
1991 0.17 0.10 0.58 0.02 0.40
2009 0.11 0.05 0.46 0.02 0.23
2016 0.13 0.06 0.46 0.03 0.26
2017 181 031 0.17 1.30 2.52
2018 1.09 021 0.19 0.75 1.58
2020 0.55 0.13 0.24 0.33 0.83
2021 169 032 0.19 1.13 2.35
2022 1.18 0.27 0.23 0.77 1.80

Saffron Distance

finch!

Year Estimate SE CcVv Lower Upper
1990 0.18 0.18 0.97 0.00 0.61
1991 145 059 041 0.55 2.82
2009 0.58 0.21 0.37 0.24 1.08
2016 0.16 0.08 0.51 0.03 0.34
2017 025 0.10 0.41 0.06 0.44
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2018 031 0.16 0.52 0.06 0.66

2020 035 021 061 0.04 0.86
2021 0.00 0.00 NA 0.00 0.00
2022 0.08 0.09 1.15 0.00 0.32

11991 was dropped in trend estimation because it is an outlier due to unrealistic estimates.
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