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ABSTRACT

The U.S. Navy, through Micronesian Environmental Services, surveyed landbirds in the Military
Lease Area on Tinian Island in May and June 2021 using point-transect distance sampling
methods. There were 2,074 individuals of 14 species detected during 123 point counts. Six
species were detected during >50% of the counts and were observed at relatively high
abundances, while eight species occurred at <50% of the counts and were uncommon to rare.
Densities of native landbirds in the Military Lease Area ranged from the uncommon Mariana
kingfisher ( 7odiramphus albicilla) at 0.46 birds/ha (95% confidence interval [CI] = 0.33-0.63)
to the very abundant bridled white-eye (Zosterops conspicillatus) at 102.63 birds/ha (95%CI =
86.70-122.91). Most distances recorded during the 2021 Military Lease Area survey were
rounded to distance intervals of 0 and 5. Measuring exact distances of detected animals is
preferable to collecting distances grouped into bins or rounding. Direct comparison with
previously published estimates was not possible because of changes in the sampling frame;
however, densities of six species were greater, two were smaller, and one was similar to the
2008 survey estimates for the Hagoi, Diablo, and Masalog regions. Our findings indicate that
the landbird community in the Military Lease Area appears to be dynamic and resilient.

INTRODUCTION

The U.S. Navy (Department of Defense [DoD]) regularly monitors the status of landbirds in the
Military Lease Area (MLA) on Tinian Island, Commonwealth of the Northern Mariana Islands.
The DoD leases 6,227 ha (Commander Naval Forces [COMNAV] Marianas 2010) in the northern
two-thirds of Tinian for training exercises including small and large field exercises; joint large-
scale land, sea, and air assaults; and urban warfare practice (U.S. Navy 2010). Landbirds on
Tinian were surveyed in 1982, 1996, 2008, and 2013. Engbring et al. (1986) provided the initial
status estimates, and the latest published surveys summarized population status and trends
through 2008 (Camp et a/. 2012a) and 2013 (Spaulding et al. in press). Previous point-transect
surveys on Tinian documented 18 bird species, and status and trends were estimated for 11 of
the bird species, nine native and two alien. Based on Camp et a/. (2012a), island-wide densities
of five of the nine native bird species—yellow bittern (Zxobrychus sinensis), white-throated
ground dove (Pampusana xanthonura), Mariana kingfisher ( Todiramphus albicilla), rufous fantail
(Rhipidura rufifrons), and Micronesian starling (Aplonis opaca)—had increased since 1982.
Densities of three native bird species—Mariana fruit dove ( Ptilinopus roseicapilla), Micronesian
myzomela (Myzomela rubratra), and Tinian monarch (Monarcha takatsukasae)—had decreased
in the same period. The bridled white-eye (Zosterops conspicillatus) was considered relatively
stable. Both alien bird species—Philippine collared dove (Streptopelia dusumieri) and Eurasian
tree sparrow (Passer montanus)—had increased since 1982. Species-specific densities varied by
region, where five of nine native bird species differed significantly, and the trends within each
region were mixed (Camp et al. 2012b).

Spaulding et al. (in press) evaluated island-wide trends for nine landbirds—eight native and one
alien. Similar to the trends observed in Camp et al. (2012a), densities of the white-throated
ground dove, Mariana kingfisher, rufous fantail, Micronesian starling, and alien Philippine
collared dove had increased between 1982 and 2013. Mariana fruit dove and Micronesian
myzomela densities had decreased, and bridled white-eye densities were relatively stable in the
same period. Trends in Tinian monarch densities, however, had switched from downward
between 1982 and 2008 (Camp et a/. 2012a) to relatively stable between 1982 and 2013
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(Spaulding et al. in press). The aim of this report is to provide abundance estimates for
landbirds in the MLA based on the 2021 survey.

METHODS

Study Area

Tinian Island (15° 00’ N, 145° 35’ E) is located in the Mariana Archipelago, an arc of 15 islands
approximately 2,300 km east of the Philippines and south of Japan (Figure 1). Tinian Island is
governed in association with the United States as part of the Commonwealth of the Northern
Mariana Islands. Tinian Island is approximately 19 km long, 8 km wide, with a maximum
elevation of 178 m, and a total land area of 102 km?. Tinian Island is volcanic in origin but
comprised of uplifted, terraced limestone derived from ancient coral reefs. Annual average
temperature ranges from 20°C to 32°C, and rainfall averages 2,000 mm annually (Gingerich
and Yeatts 2000). Refer to Camp et a/. (2012a) for a detailed description of Tinian Island.
Vegetation in the MLA was described in the Department of Navy, Joint Region Marianas,
Integrated Natural Resources Management Program (DON JRM INRMP 2019) and based on the
vegetation classification by Amidon (2009). The MLA is predominantly vegetated with
tangantangan (Leucaena leucocephala) forest, mixed introduced forest, and other
shrub/grassland (DON JRM INRMP 2019).

Bird Sampling

Landbird surveys were conducted by Nathan Johnson and Jay Camacho (Micronesian
Environmental Services) at 123 points on five transects within the Tinian MLA between 20 May
and 26 June 2021 (Table 1, Figure 1). Observers were trained in distance estimation and bird
vocalizations, thereby minimizing variability among observers and standardizing for local
conditions. Sampling used standard point-transect distance sampling methods (Buckland et al.
2015) consisting of one observer recording the horizontal distance to all birds heard and/or
seen during an 8-min count at pre-established sampling stations along transects. Laser
rangefinders were used during the surveys to assist with distance estimation. The direction,
based on compass, and period of detection (within the first 5 min and last 3 min of the count)
were recorded. Sampling conditions including cloud cover, rain, wind strength, gust strength,
understory openness, habitat type, canopy height, canopy cover, and background noise were
also recorded (see below for covariate factors). Counts commenced at sunrise and continued
until all stations along a transect were sampled (prior to 11:00 h). All stations were counted
once, and counts were halted when rain intensity, wind strength, or gust strength exceeded
prescribed levels (light rain and wind strength or gust strength level 3 on the Beaufort scale).
Common and scientific names of avian species follow Gill et al. (2022).

Abundance Estimation

We computed indices of relative occurrence and relative abundance for all bird species detected
during the 2021 landbird survey. Species-specific relative occurrence was computed as the
number of stations where one or more individuals were detected divided by the total number of
counts. Relative abundance was computed as the total number of individuals detected divided
by the total number of counts.

Density estimates (birds/ha) were modeled using standard distance sampling methods (Thomas
et al. 2010, Buckland et a/. 2015) with the R (R Core Team 2021) package Distance (Miller et al.
2019). Data from the previous four surveys (1982, 1996, 2008, and 2013) were pooled with the
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Figure 1. Tinian Island, Commonwealth of the Northern Mariana Islands. Transects 1-4 and 6
(black lines) were counted during the 2021 survey within the Military Lease Area (demarcated in
the shaded region). Military Lease Area polygon and transects provided by Nathan Johnson
(Micronesian Environmental Services, personal correspondence, December 2021). Regions (gray
lines) recreated from Engbring et a/. (1986). Coastline was provided by National Geodetic

Survey (2022).



Table 1. Summary of transects and stations sampled during the 2021 survey within the Military
Lease Area, Tinian, Commonwealth of the Northern Mariana Islands. Table provides date
transects were cleared of vegetation, the stations flagged, and date stations were surveyed.

No. of Transect Date
Transect stations Stations length (m) Date cleared surveyed
1 18 1-18 2,550 2 June 10 June
2 36 1-36 5,250 26 May 4 June
3 19 1-19 2,700 18 June 25-26 June
4 36 1-36 5,250 31 May 11 June
6 14 5-18 1,950 11 May 20 May

2021 survey data to fit species-specific detection functions. Half-normal and hazard-rate key
detection functions with and without adjustment terms and point-level covariates were fitted to
the pooled dataset. The half-normal key function was paired with cosine and Hermite
polynomial adjustment series, and the hazard-rate key function was paired with cosine and
simple polynomial series. Covariates were fitted with the best-fit key function without
adjustment terms (see below). We considered only single-covariate models. Distances recorded
in 2021, as well as during previous surveys, were heaped (i.e., rounding of distances to values
ending in 0 and 5). We set the largest interval cut-point at a distance where the estimated
detection probability using a preliminary half-normal detection function model was about 0.1.
We binned the data using unequal cut-point interval widths to impose constraints to maintain
decreasing monotonicity (Buckland et a/. 2015).

Incorporating sampling covariates in the detection function model can improve estimator
precision. We pooled factors in Distance into categories for species with <50 factor-specific
detections (Thomas et a/. 2010). Covariates included cloud cover (in two categories <50%
cloud cover and >50% cloud cover), rain intensity (0 to 3 by integers: none, mist, light drizzle,
and light rain), wind strength and gust strength on the Beaufort scale (0 to 4 by integers:
pooled for analyses as 0—-1 = calm, and 2—4 = windy/gusty), time of detection, and type of
detection (heard only [1], seen [2], or heard first then seen [4]). Because there were few heard
first then seen detections, we pooled birds that were heard first then seen with those that were
only heard (1+4 vs. 2) or birds seen (1 vs. 2+4). Habitat type was identified as five land cover
types following Liu and Fischer (2006) and Amidon (2009) as categories of native limestone
forest, open fields (savanna, shrubs, and grasses), secondary forest (mixed introduced forest,
Asuarina equisetifolia thicket, agroforest, and agroforest-coconut), tangantangan thickets, and
urban (urban, urban vegetation, and built-up areas).

We selected among candidate models of the detection function by comparing Akaike's
information criterion (AIC) values. We evaluated model fit through visual inspection of
diagnostic plots and checked that the number of expected counts was >5 for each bin, and
interval cut-points were adjusted accordingly (Buckland et a/. 2015). The 95% confidence
intervals of density estimates were derived from the 2.5 and 97.5 percentiles using bootstrap
methods in Distance for 1,000 iterations (Buckland et a/. 2015). Population abundance
estimates were the product of the density estimate multiplied by the area of the MLA

(6,227 ha).



RESULTS

In 2021, 2,074 individuals of 14 species were detected from 123 points on five transects within
the Tinian MLA (Table 2). Bridled white-eye was detected at every point and was the most
abundant species with relative abundance of 7.37 birds per count. Mariana fruit dove, Mariana
kingfisher, rufous fantail, Tinian monarch, and Micronesian starling were detected at more than
half the points and were relatively abundant at 0.76 to 1.74 birds per count. Philippine collared
dove, white tern (Gygis alba), and Micronesian myzomela occurred at between one-quarter and
half of the points, yet were relatively abundant at 0.40 to 1.22 birds per count. Less common
were white-throated ground dove, Pacific golden plover (Pluvialis fulva), black noddy (Anous
minutus), yellow bittern, and orange-cheeked waxbill ( Estrilda mejpoda) that were observed at
less than a quarter of the counts and with relative abundances of 0.03 to 0.48 birds per count.

Table 2. Species list with common and scientific names, humber of birds detected (Number
detected), number of points with one or more birds detected (Occur.), index of relative
occurrence (Relative occur.), and index of relative abundance (Relative abund.) of birds
detected during the 2021 survey within the Military Lease Area, Tinian Island, Commonwealth
of the Northern Mariana Islands.

Number Relative Relative
Common name Scientific name detected Occur. occur. abund.
Philippine collared Streptopelia dusumieri 79 53 0.43 0.64
dove*
White-throated ground  Pampusana 29 23 0.19 0.24
dove xanthonura
Mariana fruit dove Ptilinopus roseicapifla 125 80 0.65 1.02
Pacific golden plover Pluvialis fulva 4 1 0.01 0.03
Black noddy Anous minutus 59 23 0.19 0.48
White tern Gygis alba 150 58 0.47 1.22
Yellow bittern Ixobrychus sinensis 14 14 0.11 0.11
Mariana kingfisher Todiramphus albicilla 207 97 0.79 1.68
Micronesian myzomela Myzomela rubratra 49 37 0.30 0.40
Rufous fantail Rhipidura rufifrons 94 61 0.50 0.76
Tinian monarch Monarcha 119 72 0.59 0.97

takatsukasae
Bridled white-eye Zosterops 907 123 1.00 7.37
conspicillatus

Micronesian starling Aplonis opaca 214 103 0.84 1.74
Orange-cheeked Estrilda melpoda 24 9 0.07 0.20

waxbill*

* = alien species

We estimated population size for nine species. Truncation ranged from 48 to 331 m, and the
number of cut-point intervals ranged from five to nine bins (Table 3, Appendix). A hazard-rate
detection function model was selected for six species, and a half-normal detection function was
selected for the remaining three species. No adjustment terms were chosen for any species.



Table 3. Attributes of models used to estimate population densities for select landbirds detected
during the 2021 survey within the Military Lease Area, Tinian Island, Commonwealth of the
Northern Mariana Islands. Species abbreviations are Philippine collared dove (PTDO), white-
throated ground dove (WHGD), Mariana fruit dove (MAFD), Mariana kingfisher (COLK),
Micronesian myzomela (MIHO), rufous fantail (RUFA), Tinian monarch (TIMO), bridled white-
eye (BRWE), and Micronesian starling (MIST). Truncation is given in meters with number of cut-
points (No. bins). Models are half-normal (H-norm) and hazard-rate (H-rate), with covariates
(Obs = observer, Heard vs. Seen+ = heard versus heard then seen, and seen, Year = survey
year), number of parameters (No. pars.), and the negative log-likelihood. AIC is the Akaike
information criterion and w; is the discrete model probability (also called model weights).

Truncation No. Log-

Species (m) No. bins  Model Covariates  pars. likelihood AIC Wi

PTDO 156.0 5 H-norm Year 5 -1232.89 2475.79 1.00000
WHGD 118.0 5 H-norm Year 5 -549.75 1109.51 0.97076
MAFD 198.0 5 H-rate Year 6 -2270.95  4553.91 1.00000
COLK 331.0 5 H-rate Year 6 -1894.45 3800.91 1.00000
MIHO 82.0 6 H-rate Obs 7 -1471.57  2957.14 1.00000
RUFA 74.0 9 H-rate Heard vs. 3 -5143.15 10292.30 1.00000

Seen+

TIMO 60.0 5 H-rate Year 5 -3079.36  6170.73 1.00000
BRWE 48.0 6 H-rate Year 6 -15095.84 30203.69 1.00000
MIST 110.0 6 H-rate Year 6 -3903.66  7819.32 0.99993

The covariate year was selected for seven species, while the covariates observer and grouped
detection type (1 vs. 2+4) were designated for the remaining two species. Inspection of the
detection probability and probability density plots indicated that the detection functions
adequately fit the data for all species (Appendix).

Density and population abundance varied by species in the MLA. In 2021, bridled white-eye was
the most abundant species with a density of nearly 103 birds/ha (95%CI = 86.70-122.91) and
639,082 individuals (95%CI = 539,911-765,357; Table 4). Densities for the other birds were
much lower with Tinian monarch densities at about 10 birds/ha (95%CI = 7.22-14.43), while
rufous fantail densities were almost 7 birds/ha (95%CI = 4.04—-11.78), and Mariana kingdfisher,
Mariana fruit dove, Micronesian myzomela, Micronesian starling, Philippine collared dove, and
white-throated ground dove had densities of fewer than 3 birds/ha. Abundances for those
species ranged from just over 2,800 Mariana kingfisher to about 63,000 Tinian monarch.



Table 4. Densities (birds/ha) and standard errors (SE; first row) and abundances and SE
(second row) for select landbirds detected during the 2021 survey within the Military Lease
Area, Tinian Island, Commonwealth of the Northern Mariana Islands. Species abbreviations are
Philippine collared dove (PTDO), white-throated ground dove (WHGD), Mariana fruit dove
(MAFD), Mariana kingfisher (COLK), Micronesian myzomela (MIHO), rufous fantail (RUFA),
Tinian monarch (TIMO), bridled white-eye (BRWE), and Micronesian starling (MIST). Bootstrap
derived 95% confidence intervals (lower limit = L 95%CL; upper limit = U 95%CL) and
coefficient of variation (CV = SE/mean) are presented.

Species Mean SE L 95%CL U 95%CL v

PTDO 1.53 0.33 1.03 2.28 0.22
9,519 2,050 6,402 14,225

WHGD 0.66 0.22 0.35 1.20 0.33
4,136 1,364 2,200 7,479

MAFD 0.84 0.12 0.64 1.1 0.14
5,201 750 3,961 6,908

COLK 0.46 0.08 0.33 0.64 0.17
2,850 510 2,037 4,004

MIHO 1.18 0.23 0.78 1.68 0.19
7,322 1,425 4,858 10,440

RUFA 6.98 2.01 4.04 11.78 0.29
43,492 12,532 25,176 73,354

TIMO 10.06 1.77 7.22 14.43 0.18
62,636 11,041 44,933 89,847

BRWE 102.63 9.24 86.70 122.91 0.09
639,082 57,509 539,911 765,357

MIST 2.88 0.44 2.18 3.92 0.15
17,910 2,749 13,568 24,386

DISCUSSION

We estimated abundances of landbirds in the MLA on Tinian, and our results indicate that
bridled white-eye were very abundant, Tinian monarch and rufous fantail were abundant, and
the remaining species were uncommon. There were not enough orange-cheeked waxbill
detected to reliably estimate densities; however, since first being observed on Tinian in 2011
(Kohler 2019) this alien species has spread across the island, and its numbers have increased
(Spaulding et al. in press). Four waterbirds were detected during the 2021 survey in the MLA,
including Pacific golden plover, black noddy, white tern, and yellow bittern, whose populations



ranged from uncommon to rare. Micronesian megapode (Megapodius laperouse) was not
detected during the 2021 survey of the MLA.

Large numbers of bridled white-eye were detected at all survey stations in the MLA (relative
abundance >7 birds/count; Table 1). The detection probability was 0.29 (SE = 0.004) or
detecting about one in three birds present, and the analytic density estimate was 65.3 birds/ha
(SE = 3.5; 95%CI = 58.7-72.6). We used bootstrap methods because the analytic approach
underestimates variance; however, the bootstrap method appears to have overestimated
densities likely due to skewness in the numbers of birds detected per station (skew = 0.65; p =
0.003). Spaulding et al.’s (in press) island-wide bridled white-eye densities of 46 birds/ha
(95%CI = 41-51) were about half of the estimates on the MLA. On Saipan, Camp et al. (2009)
estimated similar densities of 47 birds/ha (95%CI = 40-55), while Amidon et a/. (2014)
estimated slightly lower densities of 38 birds/ha (95%CI = 26—-54) on Aguiguan. Generalizing,
bridled white-eye densities range from 40 to 50 birds/ha through time and across multiple
islands and on Aguiguan could be lower due to competition with the conspecific species golden
white-eye (Cleptornis marcher). Regardless of using analytic or bootstrap methods, density
estimates on the MLA exceeded those reported elsewhere. The high densities in the MLA could
be due to bridled white-eye responding to an insect outbreak or another flush of resources such
as tangantangan flowering; however, data were not collected to identify causative factors.

Detections recorded during the 2021 MLA survey, as well as previous surveys, were heaped
where observers rounded the data to distance intervals of 0 and 5, such as 10, 20, 25, 50,
100 m. During analyses we chose cut-points with care to ensure that rounded distances
remained in the correct bin, and intervals had at least five detections and were mid-way
between rounded distances. The locations of these cut-points resulted in monotonically
decreasing detection functions, a recommendation by Buckland et a/. (2015). Measuring exact
distances of detected animals is preferable to collecting distances grouped into bins or
rounding. Laser rangefinders can be used to measure the distance between the observer and
the detected bird and can be used opportunistically so that observers can calibrate their
estimates of distance against known measurements, which is useful for birds detected only
aurally.

The 2021 Tinian survey was restricted to the MLA; thus, it is not possible to directly compare
abundances with previously published surveys that sampled island-wide. Camp et al. (2012b),
estimated abundances by region, which allows for a comparison to the MLA results. The MLA
consists of the Hagoi region and portions of the Diablo and Masalog regions. Our MLA densities
of Philippine collared dove, white-throated ground dove, Mariana fruit dove, Micronesian
myzomela, Tinian monarch, and bridled white-eye were larger than densities that Camp et al.
(2012b) estimated for the 2008 survey within those three regions. Our Mariana kingfisher and
rufous fantail densities were smaller, whereas our Micronesian starling densities were similar to
the Camp et al. (2012b) estimates. The observed differences were likely due to different
sampling frames and natural changes in populations, and a reanalysis of the previous surveys,
matching the MLA sampling frame, would facilitate comparing densities.
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APPENDIX

This appendix contains detection function modeling results used to estimate species-specific
densities for the 2021 Tinian landbird survey in the Military Lease Area, Tinian Island. Candidate
models were selected using AIC (Appendix Table). Diagnostics include visual inspection of the
detection probability and probability density plots (Appendix Figure).

Appendix Table. Akaike’s information criterion (AIC) statistics and attributes of candidate
models used to calculate population estimates of select forest bird species from the 2021 survey
within the Military Lease Area, Tinian Island, Commonwealth of the Northern Mariana Islands.
Species abbreviations are Philippine collared dove (PTDO), white-throated ground dove
(WHGD), Mariana fruit dove (MAFD), Mariana kingfisher (COLK), Micronesian myzomela
(MIHO), rufous fantail (RUFA), Tinian monarch (TIMO), bridled white-eye (BRWE), and
Micronesian starling (MIST). For each species, models were sorted by differences in Akaike’s
information criterion (AAIC) between each candidate model and the model with the lowest AIC
value. Models are half-normal (H-norm) and hazard-rate (H-rate) with adjustment terms (Adj.
terms: Key = without adjustment terms, Cos = cosine, SP = simple polynomial, and HP =
Hermite polynomial). Covariates included observer, survey year (Year), cloud cover (Cloudy),
wind strength (Windy), gust strength (Gusty), type of detection (Detection type: heard vs. seen
vs. heard then seen), pooled detection types (Heard+ vs. Seen = heard and heard then seen
versus seen, and Heard vs. Seen+ = heard versus heard then seen and seen), detection type,
and habitat type (Habitat). Number of parameters (No. params.) and negative log-likelihood
(Lik.) are given. The discrete model probability, also called model weights, is w.

Species Model Adj.terms  Covariates  No. params Lik. AIC AAIC Wi
PTDO H-norm Key  Year 5 -1232.89  2475.79 0 1.00000
H-norm Key  Heard vs. 2 -1256.15 2516.30 40.51 0.00000
Seen+
H-norm Key  Detection Type 3 -1256.08 2518.17 42.38 0.00000
H-norm Key  Heard+ vs. 2 -1258.32  2520.65 44.86 0.00000
Seen
H-norm Key  Gusty 2 -1286.17 2576.34  100.55 0.00000
H-norm Key 1 -1287.64 2577.27 101.49 0.00000
H-norm Key  Windy 2 -1287.40 2578.80 103.01 0.00000
H-norm Key  Cloudy 2 -1287.57 2579.14 103.35 0.00000
H-norm Key  Habitat 2 -1287.61 2579.21  103.42 0.00000
H-rate SP 3 -1287.60 2581.20 105.41 0.00000
H-rate Cos 3 -1287.68 2581.37  105.58 0.00000
H-rate Key 2 -1291.60 2587.20 111.41 0.00000
WHGD H-norm Key  Year 5 -549.75 1109.51 0 0.97076
H-norm Key  Detection Type 3 -556.42 1118.83 9.33 0.00915
H-norm Key  Heard vs. 2 -557.53  1119.06 9.55 0.00819
Seen+
H-norm Key  Heard+ vs. 2 -557.96 1119.93 10.42 0.00530
Seen
H-norm Key  Habitat 2 -558.78 1121.56 12.06 0.00234
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Species Model Adj.terms  Covariates  No. params Lik. AIC AAIC Wi
H-norm Key 1 -560.90 1123.80 14.29 0.00077
H-norm Key  Cloudy 2 -560.76  1125.51 16.01 0.00032
H-norm Key  Gusty 2 -560.88 1125.76 16.25 0.00029
H-norm Key  Windy 2 -560.89 1125.77 16.27 0.00029
H-rate SP 3 -560.45 1126.90 17.39 0.00016
H-rate Cos 4 -560.28 1128.57 19.06 0.00007
H-rate Key 2 -562.40 1128.81 19.30 0.00006

MAFD H-rate Key  Year 6 -2270.95 4553.91 0 1.00000
H-rate Key  Windy 3 -2483.75 4973.50 419.60 0.00000
H-rate Key  Detection Type 4 -2487.33  4982.65 428.75 0.00000
H-rate Key  Heard+ vs. 3 -2489.35 4984.70 430.80 0.00000

Seen
H-rate Key Heard vs. 3 -2500.94 5007.87 453.97 0.00000
Seen+
H-rate Key  Habitat 3 -2503.56 5013.11  459.21 0.00000
H-rate Cos 4 -2505.36  5018.73  464.82 0.00000
H-rate Key  Gusty 3 -2509.99 5025.97 472.07 0.00000
H-rate Key 2 -2511.32 5026.64 472.73 0.00000
H-rate Key  Cloudy 3 -2511.01  5028.01 474.11 0.00000
H-norm Key 1 -2548.51  5099.01 545.11 0.00000

COLK H-rate Key  Year 6 -1894.45 3800.91 0 1.00000
H-rate Key  Windy 3 -1939.07 3884.14 83.23 0.00000
H-rate Key  Detection Type 4 -2014.12  4036.23  235.33 0.00000
H-rate Key  Heard vs. 3 -2016.07 4038.14 237.23 0.00000

Seen+
H-norm Cos 3 -2034.73 4075.46  274.55 0.00000
H-rate Key  Gusty 3 -2035.04 4076.08 275.17 0.00000
H-rate Key  Heard+ vs. 3 -2035.80 4077.61 276.70 0.00000
Seen
H-rate Key  Habitat 3 -2055.51 4117.02  316.11 0.00000
H-rate SP 4 -2055.16  4118.32  317.41 0.00000
H-rate Key 2 -2060.29 4124.59  323.68 0.00000
H-rate Key  Cloudy 3 -2059.38 4124.76  323.86 0.00000
H-norm Key 1 -2124.32 4250.64 449.73 0.00000
MIHO H-rate Key  Observer 7 -1471.57 2957.14 0 1.00000
H-rate Key  Year 6 -1493.64  2999.28 42.14 0.00000
H-rate Key  Detection Type 4 -1553.53 3115.07 157.93 0.00000
H-rate Key  Heard vs. 3 -1556.61 3119.22  162.08 0.00000
Seen+

H-rate Key  Heard+ vs. 3 -1566.59 3139.18 182.04 0.00000
Seen

H-rate Key  Habitat 3 -1583.23 3172.46  215.32 0.00000
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Species Model Adj.terms  Covariates  No. params Lik. AIC AAIC Wi
H-rate Key  Windy 3 -1584.66 3175.33  218.19 0.00000
H-rate Key 2 -1600.03 3204.07 246.93 0.00000
H-rate Key  Cloudy 3 -1599.72  3205.44  248.30 0.00000
H-rate Key  Gusty 3 -1599.97 3205.93  248.79 0.00000
H-norm Cos 3 -1600.85 3207.71  250.57 0.00000
H-norm Key 1 -1609.55 3221.10 263.96 0.00000

RUFA H-rate Key  Heard vs. 3 -5143.15 10292.30 0 1.00000

Seen+
H-rate Key  Heard+ vs. 3 -5335.54 10677.07 384.77 0.00000

Seen
H-rate Key  Year 6 -5493.55 10999.09 706.79 0.00000
H-rate Key  Habitat 3 -5584.55 11175.10 882.79 0.00000
H-rate Key  Windy 3 -5603.69 11213.38 921.08 0.00000
H-rate SP 3 -5619.10 11244.20 951.90 0.00000
H-rate Key  Gusty 3 -5625.11 11256.23  963.93 0.00000
H-rate Key 2 -5626.89 11257.78 965.48 0.00000
H-rate Key  Cloudy 3 -5626.70 11259.41  967.10 0.00000
H-norm Cos 2 -5628.92 11261.83  969.53 0.00000
H-norm HP 2 -5674.93 11353.86 1061.56 0.00000
H-norm Key 1 -5677.44 11356.88 1064.58 0.00000

TIMO H-rate Key  Year 6 -3079.36 6170.73 0 1.00000
H-rate Key  Habitat 3 -3137.03 6280.06 109.33 0.00000
H-rate Key  Gusty 3 -3158.76  6323.52  152.79 0.00000
H-rate Key 2 -3168.64 6341.28 170.55 0.00000
H-rate Key  Windy 3 -3168.32 6342.63 171.91 0.00000
H-rate Key  Cloudy 3 -3168.60 6343.20 172.47 0.00000
H-norm Cos 3 -3169.84 6345.68 174.95 0.00000
H-norm HP 2 -3211.33  6426.66  255.93 0.00000
H-norm Key 1 -3212.68 6427.36  256.63 0.00000

BRWE H-rate Key  Year 6 -15095.84 30203.69 0 1.00000
H-rate Key  Detection Type 4 -15115.94 30239.88 36.20 0.00000
H-rate Key  Heard+ vs. 3 -15134.79 30275.59 71.90 0.00000

Seen
H-rate Key  Heard vs. 3 -15385.36 30776.73  573.04 0.00000
Seen+
H-rate Key  Habitat 3 -15606.44 31218.89 1015.20 0.00000
H-rate Key  Gusty 3 -15698.70 31403.41 1199.72 0.00000
H-rate Key  Windy 3 -15701.31 31408.62 1204.93 0.00000
H-rate Key 2 -15707.72 31419.43 1215.75 0.00000
H-rate Key  Cloudy 3 -15707.51 31421.02 1217.33 0.00000
H-norm Cos 3 -15727.67 31461.34 1257.65 0.00000

13



Species Model Adj.terms  Covariates  No. params Lik. AIC AAIC Wi
H-norm HP 2 -15854.09 31712.18 1508.49 0.00000
H-norm Key 1 -15861.32 31724.63 1520.94 0.00000
MIST H-rate Key  Year 6 -3903.66  7819.32 0 0.99993
H-rate Key  Heard vs. 3 -3916.24 7838.48 19.16 0.00007
Seen+
H-rate Key  Heard+ vs. 3 -4034.71 8075.43  256.11 0.00000
Seen
H-rate Cos 3 -4046.60 8099.20 279.88 0.00000
H-rate Key  Habitat 3 -4048.47 8102.95 283.63 0.00000
H-rate SP 3 -4048.82  8103.65 284.33 0.00000
H-norm Cos 3 -4050.14 8106.28  286.97 0.00000
H-rate Key  Windy 3 -4052.94 8111.88  292.56 0.00000
H-rate Key 2 -4058.14  8120.28 300.96 0.00000
H-rate Key  Cloudy 3 -4057.82 8121.64  302.32 0.00000
H-rate Key  Gusty 3 -4058.06 8122.13  302.81 0.00000
H-norm HP 2 -4087.70 8179.40 360.08 0.00000
H-norm Key 1 -4089.65 8181.30 361.98 0.00000
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Appendix Figure 1. Probability density (left panel) plotted with histogram showing relative
frequencies of estimated distances (m) and detection function (right panel) plotted with scaled
distance frequencies of the best-fit, species-specific detection model used to calculate
population estimates of select forest bird species from the 2021 survey within the Military Lease
Area, Tinian Island, Commonwealth of the Northern Mariana Islands. Species abbreviations are
Philippine collared dove (PTDO), white-throated ground dove (WHGD), Mariana fruit dove
(MAFD), Mariana kingfisher (COLK), Micronesian myzomela (MIHO), rufous fantail (RUFA),
Tinian monarch (TIMO), bridled white-eye (BRWE), and Micronesian starling (MIST).
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Appendix Figure 1, continued.
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