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Abstract: Landbird populations on Tinian Island have been periodically
surveyed since 1982 to evaluate the status of non-native and native landbirds.We
report the results of surveys in 2013 and the observed changes during 31 years in
species population trends based on surveys since 1982. A total of 11 native and 3
non-native species were detected during the 2013 survey. Population sizes were
estimated using point-transect distance sampling methods, and population
trends were assessed using repeated measures analysis of variance for nine forest
bird species. In all years, the Rufous Fantail (Rhipidura rufifrons) and Bridled
White-eye (Zosterops conspicillatus) were the most abundant species, whereas the
White-throated Ground Dove (Pampusana xanthonura) was the least abundant
species in 1982, 1996, and 2008, and the Mariana Kingfisher (Todiramphus
albicilla) was the least abundant in 2013. The less common species numbered in
the low thousands included the Mariana Fruit Dove (Ptilinopus roseicapilla),
White-throated Ground Dove, introduced Philippine Collared Dove
(Streptopelia dusumieri), Mariana Kingfisher (Todiramphus albicilla), and
Micronesian Myzomela (Myzomela rubratra). The Micronesian Starling
(Aplonis opaca) and Tinian Monarch (Monarcha takatsukasae) were estimated to
number in the tens of thousands. The most abundant species were the Rufous
Fantail, numbering more than 100,000, and the Bridled White-eye, numbering
more than 400,000. The overall trends in abundance between 1982 and 2013
showed an increase in the Mariana Kingfisher, Micronesian Starling, Rufous
Fantail, White-throated Ground Dove, and Philippine Collared Dove, while
populations were stable for the Bridled White-eye and Tinian Monarch.
Declines were seen for the Mariana Fruit Dove and Micronesian Myzomela.
These trends matched previous analyses with the exception that TinianMonarch
abundance showed an increase in the 2013 survey.
Keywords: Tinian, forest birds, abundance, population status, Northern
Mariana Islands, density, habitat
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PERIODIC SURVEYSof vertebrate populations of
the Mariana Islands are important to for-
mulating conservation strategies because the
biodiversity of these small, oceanic islands is at
extreme risk to threats from habitat loss and
degradation, climate change, and invasive
species, in particular the introduction of the
brown treesnake (Boiga irregularis) from
Guam (U.S. Fish and Wildlife Service
[USFWS] 2005, Keppel et al. 2014). Tinian
Island (hereafter, Tinian) has a long history of
disturbance and habitat conversion dating
from when the indigenous Chamorro people
first reached the Mariana Islands around
2000 B.C., through Spanish colonization
beginning in the sixteenth century, German
and Japanese occupation in the early twentieth
century, and continuing through World War
II (WWII; Camp et al. 2012). Due to this
history of anthropogenic disturbance,
approximately 549 ha (or about 5% of Tinian)
is currently covered by native limestone
forest. Approximately 92% of other forest
cover on the island is composed of mixed-
secondary vegetation and invasive non-native
tangantangan (Leucaena leucocephala) (Liu and
Fischer 2006, Amidon 2009).

In 1983, the United States government,
with the Department of the Navy (DoN) as
lease manager, entered into a long-term lease
agreement with the Commonwealth of the
Northern Mariana Islands (CNMI) govern-
ment. The DoN now leases 6,232 ha of
terrestrial lands covering the northern two-
thirds of Tinian that is used for military
training exercises and is known as the Military
Lease Area.

The first quantitative bird surveys on
Tinian were conducted by the USFWS in
1982 (Engbring et al. 1986). Additional
surveys were conducted in 1996 and 2008,
and those data were analyzed in Lusk et al.
(2000) and Camp et al. (2012), respectively.
Camp et al. (2012) provides an analysis of
avian population trends based upon the 1982,
1996, and 2008 surveys.

Here we summarize the landbird detec-
tions from the 2013 survey on Tinian and
provide updated abundance estimates for the
native White-throated Ground-Dove (Pam-
pusana xanthonura), Mariana Fruit Dove
d From: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
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(Ptilinopus roseicapilla), Mariana Kingfisher
(Todiramphus albicilla), Micronesian Myzo-
mela (Myzomela rubratra), Tinian Monarch
(Monarcha takatsukasae), Rufous Fantail
(Rhipidura rufifrons), Bridled White-eye
(Zosterops conspicillatus), and Micronesian Star-
ling (Aplonis opaca), and the non-native
Philippine Collared Dove (Streptopelia dusu-
mieri). Common and scientific names of avian
species follow Gill et al. (2021). Trends in bird
populations on the island were compared
across the four surveys completed in 1982,
1996, 2008, and 2013, yielding trends span-
ning 31 years. Particular attention was given
to the status of the Tinian Monarch, which
was formerly listed as endangered under the
U.S. Endangered Species Act (ESA). Here we
calculate abundance and densities of bird
species on Tinian for each survey year, and for
the 2008 and 2013 surveys we estimate
densities by habitat cover type. We provide
information necessary for monitoring the
distribution and abundance of the Tinian
Monarch and other forest birds over time with
respect to land use and development.

MATERIALS AND METHODS

Survey Area

Tinian Island (15° 000 N, 145° 350 E) is
approximately 19 km long, 8 km wide, with a
total land area of 102 km2, and is located in the
Mariana archipelago, an arc of 15 islands
approximately 2,300 km east of the Philip-
pines and south of Japan. Tinian consists of
five limestone plateaus separated by escarp-
ments. Coastal limestone forest fringes the
island while the island’s interior exhibits
limestone cliffs supporting native limestone
forest. This vegetation community harbors
native trees such as gulos (Cynometra rami-
flora), twin apple (Ochrosia oppositifolia), chiute
(Cerbera dilatata), Psychotria spp., Eugenia spp.,
fingersop (Meiogyne cylindrocarpa), Pandanus
spp., coral tree (Erythrina variegata), banyan
(Ficus prolixa), umumu (Pisonia grandis), and
Pacific almond (Terminalia catappa). The
plateaus consist of secondary forest domi-
nated primarily by non-native tangantangan,
crop and grazing lands, and urban and other
developed areas (e.g., military airfields).
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Mixed-secondary vegetation contains a mix-
ture of introduced trees, shrubs, and dense
herbaceous plants. Tree species common in
this vegetation community include ironwood
(Casuarina equisetifolia), siris tree (Albizia
lebbeck), Formosan koa (Acacia confusa), tan-
gantangan, flame tree (Delonix regia), and
Madras thorn (Pithecellobium dulce) (Liu and
Fischer 2006, Amidon 2009).

Bird Surveys

In April/May 1982, a baseline survey was
conducted on Tinian to assess trends in avian
species populations. The survey established a
total of 216 stations on 10 permanent
transects with representative island-wide cov-
erage across geography and habitat cover
types (Engbring et al. 1986, Camp et al. 2012:
Figure 1). These 10 transects were resurveyed
in August/September 1996, June 2008, and
June 2013. In 2013, 206 stations on 14
transects were surveyed. In total, 161 stations
on the original 10 transects were surveyed in
each of the four survey efforts. All surveys
followed standard point-transect distance
sampling methods (Buckland et al. 2015),
consisting of 8-minute counts, where hor-
izontal distances to all detected birds were
estimated and recorded. Counts commenced
at sunrise, continued up to 4 hr, and were
conducted only under prescribed conditions
(i.e., not exceeding light rain and winds no
greater than 3 on the Beaufort scale). Refer to
Camp et al. (2012) for further details on the
point-transect distance sampling methods.
Data used in this study are available upon
request.
Abundance Estimation

Density estimates (birds/ha) were calculated
from point-transect distance sampling data
using program DISTANCE, version 6.0,
release 2 (Thomas et al. 2010) and followed
the procedures described in Camp et al.
(2012). Distance analysis fits a detection
function to estimate the probability of
detecting a bird at a given distance from the
observer. The fit of the detection function can
be improved by including expansion series and
om: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
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covariates. With each additional year of data,
estimates of these effects become more
precise, and the improved detection function
may cause recalculated population estimates
of previous years to change relative to former
estimates (Johnson et al. 2006).

In addition to the detections from the 1982
and 1996 surveys, detections from the addi-
tional four transects surveyed in 2008 and
2013 were used to fit the detection functions.
However, detections from these additional
four transects were not used to estimate
densities. To match the 1996, 2008, and 2013
survey efforts, detections from only one
observer were used to recalculate densities
for the 1982 survey, where the most effective
observers were identified based on their
experience and survey proficiency. This
approach minimizes estimator bias due to
differing sampling protocols and incorporates
advancements in analytical methods. Candi-
date detection function models were limited
to half-normal and hazard-rate detection
functions with expansion series of order two
(Buckland et al. 2015). The uniform detection
function was not considered because covari-
ates cannot be modeled with this function. To
improve model precision, sampling covariates
were incorporated in the multiple covariate
distance sampling (MCDS) engine of DIS-
TANCE (Thomas et al. 2010). The covariates
included in our analyses were weather con-
ditions, time of sampling, type of detection,
observer, habitat cover type, and year of
survey. Models containing covariates were not
considered for the White-throated Ground
Dove because few were detected (385 detec-
tions across the 4 surveys; fewer than the
approximately 100 minimum detections per
survey needed to reliably model the detection
function [Buckland et al. 2015]). We did not
estimate White Tern (Gygis alba) detection
probabilities because of their rapid and erratic
flying behavior that results in violations of the
non-movement model assumption (Buckland
et al. 2015).

Bird detection distances were grouped to
fit a species-specific global detection function.
Interval cut-points were placed to minimize
“heaping” to avoid expected values less than
five and to ensure monotonicity. Right-tail
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truncation was set at the distance where the
detection probability was approximately 10%.
This procedure facilitates modeling by delet-
ing outliers and reducing the number of
adjustment parameters needed to modify the
detection function. The detectability model
selected was the one with the lowest Akaike’s
Information Criterion corrected (AICc) for
small sample size (Burnham and Anderson
2002). Annual population densities for each
survey were calculated using the global
detection function, and the pooled data were
post-stratified by year and by year-habitat for
the original 10 permanent transects (Supple-
mental Materials – Appendix A). The 95%
confidence intervals for the annual density
estimates were derived from the 2.5th and
97.5th percentiles using bootstrap methods in
DISTANCE for 999 iterations (Thomas et al.
2010). Population abundance estimates were
the product of the density estimate multiplied
by the area of the sampling frame (9,781 ha)
and by habitat (area estimates from Liu and
Fischer [2006] and Amidon [2009]).

Bird surveys occurred in habitat that we
classified into four cover types, which in rank
order of area were: tangantangan (3,453 ha;
34% of Tinian), secondary forest (3,020 ha;
30%), herbaceous-scrub (2,011 ha; 20%), and
limestone forest (549 ha; 5%). We estimated
bird densities by habitat from the 2008 and
2013 surveys only, because the area of habitat
cover types was not available for the earlier
surveys, and bird detections could not be
associated with specific cover types for either
the 1982 or the 1996 surveys. Our classifica-
tion of habitat cover types was based on the 14
cover types delineated on the 2006 U.S.
Forest Service (USFS) land cover map of
Tinian (Liu and Fischer 2006) and revised by
Amidon (2009). Habitat cover classified by the
USFS as mixed introduced forest, Casuarina
equisetifolia thicket, agroforest, and agrofor-
est-coconut were categorized for the current
study as secondary forest. Although tangan-
tangan is a type of secondary forest, unlike
other secondary forest types it typically forms
largemonospecific stands, so bird densities for
tangantangan were calculated separately.
Habitat cover classified as savanna complex
and other shrubs and grasses by the USFS
d From: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
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were categorized as herbaceous-scrub. We
retained the USFWS classification of lime-
stone forest but did not stratify our survey data
according to other small habitat cover types
recognized by USFWS including urban
vegetation, urban, and developed (e.g., cur-
rent and historical military infrastructure,
memorials) (616 ha, 6% of Tinian); cropland
(134 ha, 1%); wetland (26 ha, <1%); strand
(223 ha, 2%); and barren (81 ha, <1%).
Population Trends

The change in bird density among the 1982,
1996, 2008, and 2013 estimates on Tinian was
assessed with repeated measures analysis of
variance (ANOVA: PROC MIXED; SAS
Institute Inc., Cary, North Carolina). Com-
parisons were conducted on only the original
10 permanent transects and limited to the
stations that were sampled on all four surveys
(161 stations). As done in Camp et al. (2012),
density-by-station values were ln(density + 1)
transformed to stabilize the error variance.
Stations were treated as the random factor,
and because the number of repeated measures
was too small to fit a covariance model, we
assumed the variance-covariance structure
was a compound symmetry, homogeneous-
variance model (Littell et al. 1996). Degrees of
freedom was adjusted using the Kenward-
Roger adjustment statement, and a Tukey’s
adjustment was used to control experiment-
wise Type I error (a = 0.05) for multiple-
comparison procedures (Littell et al. 1996).
Population densities within habitat cover
types during 2008 and 2013 were compared
using a two-sample z-test, which is an
extension of the method recommended in
Buckland et al. (2001) to evaluate for
differences between densities.

RESULTS

A total of 14 species (11 native and 3 non-
native) was detected during the 2013 surveys
on Tinian (Table 1). Sufficient numbers of
detections were made for eight native and one
non-native forest bird species to calculate
density and abundance estimates. Of the five
species for which detections were too few to
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calculate density and abundance estimates,
three were waterbirds, either seabirds or
wading birds: Brown Noddy (Anous stolidus),
White Tern, and Yellow Bittern (Ixobrychus
sinensis) (Table 1). These species detections
were primarily due to flyovers. The remaining
two species were non-native introduced
species: Eurasian Tree Sparrow (Passer mon-
tanus) and Orange-cheeked Waxbill (Estrilda
melpoda). The Eurasian Tree Sparrow was
detected at stations near developed or urban
areas. At the time of the 2013 surveys, the
Orange-cheeked Waxbill was a relatively
recent arrival on Tinian, having been first
detected on the island in 2011 (Kohler 2019).
NCJ has detected the Orange-cheeked Wax-
bill throughout the northern, central, and south-
ern regions of Tinian during formal surveys and
opportunistically between2018and2021; thus, it
isexpected thatwaxbill detectionswill increaseon
transects in future surveys.

In all years, the Bridled White-eye and
Rufous Fantail were the most abundant
species, whereas the White-throated Ground
Dove was the least abundant species in 1982,
1996, and 2008, and the Mariana Kingfisher
was the least abundant in 2013 (Table 2). The
trend for five of the nine species (Philippine
CollaredDove,White-throatedGroundDove,
Mariana Kingfisher, Rufous Fantail, and
Micronesian Starling) was upward between
1982 and 2013 (Tables 2 and 3, Figure 1). The
trend for two native birds (Mariana Fruit Dove
andMicronesianMyzomela) was downward in
the same period. Although these declines were
not linear (Figure 1), the overall changes
between 1982 and 2013 were significant
(Table 3). The trend for the Bridled White-
eye and Tinian Monarch was considered
relatively stable (Figure 1).

Based on the differences in bird densities
among the four habitat cover types using only
the 2008 and 2013 data from the original 10
transects, all nine species had the lowest
abundance in limestone forest and the highest
in either secondary forest or tangantangan
(Table 4). Seven of the nine species occurred
in relatively high densities across all cover
types, whereas the Tinian Monarch was
detected in low densities within herbaceous-
d From: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
e: https://bioone.org/terms-of-use
scrub habitat, and the White-throated
Ground Dove was detected in low densities
within tangantangan (Table 5, Figure 2).
Philippine Collared Dove

Abundance and density estimates varied
across the surveys from a high of 4,555 birds
and a density of 0.47 birds/ha in 2013, to a low
of 1,246 birds and a density of 0.13 birds/ha in
1982 (Table 2 and Figure 1). In terms of
density by habitat cover type, increases in
density from 2008 to 2013 were significant in
limestone forest and secondary forest (Table 5
and Figure 2). The overall trend for Philip-
pine Collared Dove density between 1982 and
2013 was upward (Table 3).
White-throated Ground Dove

Abundance anddensity estimates variedgreatly
across the surveys and showed an increase from
year to year, with a high of 4,479 birds and a
density of 0.46 birds/ha in 2013, and a low of
535 birds and a density of 0.05 birds/ha in 1982
(Table 2 and Figure 1). In terms of density by
habitat cover type, no changes in density from
2008 to 2013 were significant (Table 5 and
Figure 2). Overall, the trend for White-
throated Ground Dove density between 1982
and 2013 was upward (Table 3).
Mariana Fruit Dove

Abundance and density estimates varied
across the surveys from a high of 6,600 birds
and a density of 0.67 birds/ha in 1982, to a low
of 2,445 birds and a density of 0.25 birds/ha in
1996 (Table 2 and Figure 1). In terms of
density by habitat cover type, decreases in
density from 2008 to 2013 were significant in
herbaceous-scrub and tangantangan (Table 5
and Figure 2). The overall trend for Mariana
Fruit Dove density between 1982 and 2013
was downward (Table 3).

Mariana Kingfisher

Abundance and density estimates varied
greatly across the surveys, with a high of
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FIGURE 1. Density estimates with 95% CI for native and non-native Tinian birds from 1982, 1996, 2008, and 2013
point-transect distance surveys. Data only from the original 10 transects. Years that share the same shade were not
significantly different at the 0.05 level, adjusted for multiple comparisons.
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7,304 birds and a density of 0.74 birds/ha in
2008, and a low of 842 birds and a density of
0.09 birds/ha in 1982 (Table 2 and Figure 1).
While the 2013 estimates showed a strong
decrease in kingfisher abundance and density
compared to 2008, the 2013 estimates were
similar to the 1996 estimates. In terms of
density by habitat cover type, decreases in
density from 2008 to 2013 were significant in
limestone forest, secondary forest, and tan-
gantangan (Table 5 and Figure 2). Although
abundance and density decreased from 2008
to 2013, the overall trend for Mariana King-
fisher density between 1982 and 2013 was
upward (Table 3).
Micronesian Myzomela

Abundance and density estimates varied
across the surveys from a high of 16,862 birds
and a density of 1.72 birds/ha in 1982, to a low
om: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
ttps://bioone.org/terms-of-use
of 5,456 birds and a density of 0.56 birds/ha in
2008 (Table 2 and Figure 1). In terms of
density by habitat cover type, a decrease in
density from 2008 to 2013 was significant only
in tangantangan (Table 5 and Figure 2). The
overall trend for Micronesian Myzomela
density between 1982 and 2013 was down-
ward (Table 3).
Rufous Fantail

Abundance and density estimates varied
greatly across the surveys, with a high of
162,604 birds and a density of 16.62 birds/ha
in 2008, and a low of 102,677 birds and a
density of 10.50 birds/ha in 1982 (Table 2 and
Figure 1). While the 2013 estimates showed a
strong decrease in abundance and density
compared to 2008, the 2013 estimates were
similar to the 1996 estimates. In terms of
density by habitat cover type, decreases in
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density from 2008 to 2013 were significant in
herbaceous-scrub, secondary forest, and tan-
gantangan (Table 5 and Figure 2). Although
abundance and density decreased from 2008
to 2013, the overall trend for Rufous Fantail
density between 1982 and 2013 was upward
(Table 3).
Tinian Monarch

Abundance and density estimates varied
greatly across the surveys, with a high of
105,352 birds and a density of 10.77 birds/ha
in 1996, and a low of 56,305 birds and a
density of 5.76 birds/ha in 2008 (Table 2 and
Figure 1). While the 2013 estimates showed a
strong increase in abundance and density
compared to 2008, the 2013 estimates were
similar to the 1982 and 1996 estimates, albeit
slightly lower. In terms of density by habitat
cover type, density increased significantly
FIGURE 2. Density estimates by habitat cover types with 95%
2013 point-transect distance surveys. Data only from the or
(LI), herbaceous-scrub (HS), secondary forest (SF), and tan

d From: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
e: https://bioone.org/terms-of-use
from 2008 to 2013 in tangantangan (Table 5
and Figure 2). Although abundance and
density increased from 2008 to 2013, the
overall trend for Tinian Monarch density
between 1982 and 2013 has been stable
(Table 3).
Bridled White-eye

Abundance and density estimates were
relatively similar across the surveys, with a
high of 469,621 birds and a density of
48.01 birds/ha in 1982 and a low of 402,121
birds and a density of 41.11 birds/ha in 1996
(Table 2 and Figure 1). In terms of density by
habitat cover type, decreases from 2008 to
2013 were significant in herbaceous-scrub
and tangantangan (Table 5 and Figure 2).
Overall, the trend for Bridled White-eye
density since 1982 has been stable
(Table 3).
CI for native and non-native Tinian birds from 2018 and
iginal 10 transects. Habitat cover types: limestone forest
gantangan (TT).
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Micronesian Starling

Abundance and density estimates varied
across the surveys from a high of 61,957 birds
and a density of 6.33 birds/ha in 2008, to a low
of 17,034 birds and a density of 1.74 birds/ha
in 1996 (Table 2 and Figure 1). In terms of
density by habitat cover type, no changes in
density were significant from 2008 to 2013
(Table 5 and Figure 2). The overall trend for
Micronesian Starling density between 1982
and 2013 was upward (Table 3).

DISCUSSION

Trends in Species Abundance: 1982–2013

Based on the 2013 surveys, the abundances of
four native species (White-throated Ground
Dove, Mariana Kingfisher, Rufous Fantail,
and Micronesian Starling) and the non-native
Philippine Collared Dove have increased on
Tinian since the 1982 survey. The overall
trends in abundance of the Tinian Monarch
and Bridled White-eye have remained stable
from 1982 through 2013, and both species,
along with the Rufous Fantail, were the most
abundant native forest bird species on the
island in 2013.

Only two species have shown significant
declines in abundance since 1982: Mariana
Fruit Dove and Micronesian Myzomela. The
numbers of Mariana Fruit Dove vary among
surveys, which may be due to periodic
environmental fluctuations. However, the
decline in Micronesian Myzomela numbers
is noteworthy, with a significant drop from
approximately 16,900 individuals in 1982 to
approximately 6,700 individuals in 1996, and
then a leveling off at around 5,500 individuals
in 2008 and 2013. Based on the dominant
habitat cover type recorded at each survey
station during the 2008 and 2013 surveys,
there have been no significant habitat changes
on Tinian that would have resulted in the loss
of areas that support fruit-bearing trees,
shrubs, and vines for the fruit dove, and
flowering trees, shrubs, and vines that provide
nectar for the myzomela. The Micronesian
Myzomela also feeds on insects (Engbring
et al. 1986), but there is no indication that
insects were declining or absent given that
om: https://bioone.org/journals/Pacific-Science on 15 Jul 2024
ttps://bioone.org/terms-of-use
other insectivores, such as the Rufous Fantail,
Tinian Monarch, and Bridled White-eye, did
not show similar population declines but were
instead increasing or stable. Nevertheless, the
extent to which the myzomela is a vigorous
defender of territory and resources may incur
energetic costs that put them at risk when
resources decline (Pimm and Pimm 1982,
Jenkins 1983).

Our 1982 myzomela density estimate was
32% greater than what Engbring et al. (1986)
reported (1.72 and 1.14 birds/ha, respec-
tively); however, the 95% CI limits bracketed
the point estimates (Engbring et al. [1986]
CV = 102%).

Changes in Abundance by Habitat Cover Type:
2008 vs 2013

Two species showed a significant increase in
density within habitat cover types (Philippine
Collared Dove in limestone forest and
secondary forest, and Tinian Monarch in
tangantangan), and two species showed no
significant change in densities across any
cover type (Micronesian Starling and White-
throated Ground Dove) between 2008 and
2013 (Table 5). The Philippine Collared Dove
increased in secondary forest, which provides
suitable habitat with nesting and prey/food
resources required to sustain abundant popu-
lations (Engbring et al. 1986).

The post-delisting monitoring plan for the
Tinian Monarch identified limestone and
secondary forest and tangantangan thickets
as important habitat cover types for theTinian
Monarch (USFWS 2005). Although monarch
densities increased in limestone and second-
ary forest and were nearly identical in
herbaceous-scrub from 2008 to 2013, sig-
nificant increases in monarch densities
occurred in tangantangan over that time.
Micronesian Starling and White-throated
Ground Dove densities did not differ sig-
nificantly among any of the habitat cover
types from 2008 to 2013. This is likely due to
small differences in densities and not a lack of
statistical power to detect a difference, as the
density estimates were relatively precise
(mean CV 0.14± SD 0.05 and 0.27± 0.08,
respectively).
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In summary, of the nine species assessed,
densities of only two (Philippine Collared
Dove and Mariana Fruit Dove) differed
consistently within habitat cover types and
population-wide trends from 1982 through
2013. All other species showed varying
differences in density by habitat cover types
and population-wide trends in 1982, 1996,
2008, and 2013 (Tables 3 and 5). Overall, it
appears that 2008 was an anomalous year, with
most species assessed showing significant
differences between previous years and
2013, while the 2013 data aligned better with
the 1982 and 1996 data (Figure 1 and Table 2).
This may be due to population variation in
response to either fluctuating environmental
conditions or an unknown factor(s) unique to
2008 or to changes in the sampling conditions
and species detectability. The Mariana Islands
are frequently affected by typhoons, which
cause mortality and nest destruction. In
addition, damage to forest from typhoons
results in large areas stripped of foliage and
covered with downed trees, leading to loss of
forage and nesting habitat for avian species
(USFWS 2018a). The only storm event that
affected Tinian in the years immediately prior
to the 2008 surveys was a tropical depression
in June 2004. No other major storm events
affected Tinian prior to the 2008 surveys that
might explain the decrease in avian popula-
tions in 2008. In addition, although changes in
military activities, cattle grazing, and other
land development activities may result in
habitat changes, there were no major changes
in those activities on Tinian between 2008 and
2013 that would have resulted in significant
changes in habitat. Likewise, we did not detect
changes in dominant habitat cover types
across survey stations.

MCDS methods allowed us to evaluate
whether sampling conditions affected detect-
ability, but the best approximating models did
not include sampling condition covariates.
This is not unexpected because potential
differences due to sampling conditions were
minimized by sampling only under prescribed
conditions and observers followed standard
point-transect distance sampling procedures
including participating in pre-survey training
and calibration exercises. These efforts
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minimized any annual effects. Given the
importance of understanding changes in
density within habitat cover types and that
the current dataset for this analysis is only for
two survey years (2008 and 2013), conserva-
tion and management efforts would benefit if
future surveys collected habitat data that
could be used to evaluate changes in density
by habitat cover type.

Status of the Tinian Monarch: 2013

The Tinian Monarch is endemic to Tinian,
where it nests in native limestone, secondary,
and tangantangan forest communities and
forages for insects in the middle to lower
canopy (USFWS 1996, 2018a). Native tree
species are preferred by Tinian Monarchs for
nesting, and native limestone forest appears to
provide higher-quality habitat cover for the
species, as evidenced by higher monarch
densities, nesting rates, and reproductive
success in this cover type compared to
secondary and tangantangan forest commu-
nities (USFWS 1996, 2018a).

In June 1970, the Tinian Monarch was
federally listed as endangered under the
Endangered Species Conservation Act of
1969 (superseded by the ESA of 1973) because
its population was thought to be critically low
owing to the destruction of 95% of native
forest cover on Tinian by pre-WWII agri-
cultural practices and by military activities
during and after WWII (USFWS 2004).
Based on forest bird surveys in 1982, which
resulted in a population estimate of 39,338
individuals (Engbring et al. 1986), the Tinian
Monarch was downlisted to threatened status
in April 1987 (USFWS 2005). Further
population studies in 1994 and 1995 resulted
in a population estimate of approximately
52,904 birds (USFWS 1996). In 1996, surveys
conducted along the same transects and using
the same methods used in 1982 yielded a
population estimate of 55,721 birds (Lusk
et al. 2000). The 1996 survey also found a
significant increase in forest vegetation den-
sity relative to 1982, indicating an improve-
ment in monarch habitat. The USFWS
proposed delisting the Tinian Monarch
from the Federal List of Endangered and
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Threatened Wildlife in February 1999, and
the species was federally delisted in 2004
(USFWS 2005). The Tinian Monarch was
subsequently delisted by the CNMI govern-
ment in 2009 (Commonwealth Register
Volume 31, page 29532).

After delisting of the Tinian Monarch in
2004, the species was monitored for 5 years
under the Post-Delisting Monitoring Plan for the
Tinian Monarch to verify that the species
remained secure from the risk of extinction
(USFWS 2005). In 2008, surveys indicated a
population of approximately 33,310 Tinian
Monarchs, a decline of approximately 40%
since 1996. TinianMonarch densities in high-
quality habitat cover types calculated from the
2008 surveys also declined significantly from
densities reported by USFWS (2005).

Based on the 2008 survey results, the
USFWS received a petition in December
2013 to relist the Tinian Monarch as a
threatened or endangered species under the
ESA (Center for Biological Diversity 2013).
The USFWS determined that the petition
presented substantial scientific or commercial
information indicating that the petitioned
action may be warranted and, in 2015,
initiated a status review of the Tinian
Monarch (USFWS 2015).

The USFWS status review did not identify
a cause for the reported drop in population
size between 1996 and 2008. Given that
weather conditions, including cloud cover,
rain, wind strength, and time of year (June)
were similar between surveys, the detectabil-
ity of Tinian Monarchs during both surveys
was considered consistent. However, variation
in estimated population size among years
could be caused by true changes in population
size or by errors associated with imperfect
sampling and modeling of the population
(USFWS 2018a). Separating the sources of
variation in the population estimates between
years is difficult without a more regular and
continuous series of surveys over time, ideally
annually. USFWS (2018a) did investigate
whether some biologically meaningful factors
may have caused the drop in the Tinian
Monarch population, including, but not
limited to, changes in rainfall and other
weather conditions, avian pox (Avipoxvirus
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spp.) incidence, and insect prey availability.
Rainfall was generally higher in the 5 years
preceding the 2008 survey, which could have
caused an increase in pox-transmitting mos-
quito populations. Although some monarchs
were observed with pox lesions during the
period between 1996 and 2008, data were
insufficient to support this theory, including
data regarding mosquito populations on
Tinian (USFWS 2018a).

Although weather phenomena or reduced
insect prey abundance could potentially have
caused a decrease in the Tinian Monarch
population from 1996 to 2008, supporting
data are lacking. Indeed, the higher rainfall
during the 5 years prior to the 2008 decline
would likely have increased insect prey due to
increased plant growth (Saracco et al. 2016).
The strongest evidence against a habitat-
caused explanation for the decline in the
Tinian Monarch in 2008 was the concurrent
increase of the insectivorous, forest-dwelling
species Rufous Fantail (USFWS 2018a). In
addition, the 2013 estimates for both the
Rufous Fantail and Tinian Monarch were
similar to the 1996 estimates (Figure 1 and
Table 2). Camp et al. (2012) hypothesized that
the overall Tinian Monarch population
decline between 1982 and 2008 was associated
with reduced density in quality habitats,
particularly limestone forest. However, the
2008 and 2013 data indicate that Tinian
Monarch densities did not significantly
change in limestone forest (a quality habitat),
herbaceous-scrub, or secondary forest, indi-
cating that the return to abundances observed
in 1982 and 1996 was likely driven by
increasing densities of the species in tangan-
tangan (Tables 4 and 5).

Island-wide surveys in 2013 using the
original 10 transects established by the
USFWS in 1982 resulted in a Tinian
Monarch population estimate of approxi-
mately 90,600 birds. Because analytical meth-
ods have changed slightly over time, the 1982,
1996, and 2008 survey data were re-analyzed
using the same methods used for the 2013
data. Results of these analyses provided
population estimates of approximately
95,900 monarchs in 1982, 105,300 monarchs
in 1996, and 56,300 monarchs in 2008



224 PACIFIC SCIENCE • April 2022

Downloade
Terms of Us
(Table 2). When data are pooled across
surveys to estimate detection probabilities,
the recommended modeling approach (Buck-
land et al. 2015) that we have used here, small
differences in the density estimates are
expected. These changes diminish with
increasing numbers of surveys, and MCDS
methods can be applied to model survey-
specific detection probabilities if detectability
varies markedly among surveys (Buckland
et al. 2015).

CNMI Division of Fish and Wildlife
(DFW) Breeding Bird Survey data from
quarterly roadside counts also indicated a
stable or moderately increasing Tinian Mon-
arch population for the 1999–2017 survey
period, although surveys were not conducted
in all years (USFWS 2018a, Kohler 2019).
Moreover, the roadside count data also
showed a reduction in Tinian Monarch
detections during the 2005, 2009, and 2010
surveys, with a subsequent significant increase
in detections in 2011, 2012, and 2013
(USFWS 2018a). These patterns mirror the
decrease in the TinianMonarch densities seen
in the 2008 forest-based point-transect dis-
tance sampling survey and the increase seen in
the 2013 forest-based survey.

Overall, despite an unexplained and
approximate 50% drop in the estimated
population size between 1996 and 2008, the
general trend in Tinian Monarch abundance
and density from 1982 through 2013 appears
stable, and the species maintains a wide
distribution across the island. Based on the
Species Status Assessment (USFWS 2018a)
and utilizing the 2013 survey data, the
USFWS issued a determination in December
2018 that listing the Tinian Monarch as an
endangered species or threatened species was
not warranted (USFWS 2018b).

Population trends of the Tinian Monarch
can be tracked with frequent surveys (e.g.,
annually or bi-annually), but assessing
changes in environmental conditions, habitat
quality, demography, predation, and prey base
can help to determine causative factors driving
population changes. This is especially impor-
tant because the species faces ongoing and
future threats from the potential invasion of
the brown treesnake, predation by introduced
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mammals such as rats (Rattus spp.) and cats
(Felis catus), infection from avian pox and
other diseases, and habitat degradation and
loss due to typhoons, introduction of non-
native plants, and human activities (USFWS
2005).
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TA

Truncation Distance in Meters (Trunc (m)), Numb
Population Densities of F

Species Trunc (m) # Bins M

Bridled White-eye
(Zosterops conspicillatus)

56.0 6 bins H

Mariana Kingfisher
(Todiramphus chloris)

91.2 6 bins H

Mariana Fruit Dove
(Ptilinopus roseicapilla)

250.0 6 bins H

Micronesian Myzomela
(Myzomela rubratra)

100.0 6 bins H

Micronesian Starling
(Aplonis opaca)

78.3 8 bins H

Philippine Collared Dove
(Streptopelia dusumieri)

133.0 7 bins H

Rufous Fantail
(Rhipidura rufifrons)

58.7 7 bins H

Tinian Monarch
(Monarcha takatsukasae)

68.8 6 bins H

White-throated Ground Dove
(Pampusana xanthonura)

115.0 7 bins H

Detection function models include half-normal (H-norm) an
type), number of parameters (# Par), negative log-likelihood
(AICc), and AICc weights (w). No adjustment terms were s
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lulu, HI. March.
———. 2018b. Endangered and threatened

wildlife and plants; 12-month findings on
petitions to list 13 species as endangered or
threatened species. Federal Register
83:65127–65134.
NDIX A

BLE A1

er of Bins (# Bins), and Final Models Used to Estimate
orest Birds on Tinian Island

odel Covariates # Par �LogLike AICc w

-norm Obs 12 15194.86 30413.75 1.00000

-rate Obs 11 995.61 2013.66 0.95251

-rate Year 5 2813.45 5636.93 1.00000

-rate Year 5 1432.66 2875.38 1.00000

-norm Obs 11 3698.45 7419.05 0.99991

-rate DT 4 1116.06 2240.18 0.99992

-norm DT 3 4440.29 8886.59 0.99845

-rate Obs 13 3435.01 6896.19 0.99984

-rate None 2 618.72 1241.48 0.78751

d hazard-rate (H-rate), covariates (Obs = observer and DT = detection
(�LogLike), Akaike’s Information Criterion corrected for small size
elected for any species.



FIGURE A1. Histogram of detection distances, bin intervals, and fitted detection function for forest birds on Tinian.
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FIGURE A1. (Continued ).
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