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ABSTRACT 

The western Pacific island of Rota is the third largest human inhabited island in the Mariana 
archipelago, and is designated an Endemic Bird Area. Between 1982 and 2012, 12 point-
transect distance sampling surveys were conducted to assess population status. Surveys did not 
consistently sample the entire island; thus, we used a ratio estimator to estimate bird 
abundances in strata not sampled during every survey. Occupancy models of the 2012 survey 
revealed general patterns of habitat use and detectability among 11 species that could be 
reliably modeled. The endangered Mariana crow (Corvus kubaryi) was dispersed around the 
periphery of the island in steep forested habitats. In contrast, the endangered Rota white-eye 
(Zosterops rotensis) was restricted to the high-elevation mesa. Precision of detection 
probabilities and occupancy estimates and effects of habitat types, sampling conditions, and 
specific observers varied considerably among species, indicating that more narrowly defined 
classifications and additional observer training may improve the accuracy of predictive 
modeling. Population estimates of five out of ten native bird species, including collared 
kingfisher (Todiramphus chloris orii), Mariana crow, Mariana fruit-dove (Ptilinopus roseicapilla), 
Micronesian myzomela (Myzomela rubrata), and white-throated ground-dove (Gallicolumba 
xanthonura) declined over the 30-year time series. The crow declined sharply to fewer than 200 
individuals (upper 95% confidence interval). Trends increased for Micronesian starling (Aplonis 
opaca), rufous fantail (Rhipidura rufifrons mariae), and white tern (Gygis alba). Rota white-eye 
numbers declined from 1982 to the late 1990s, but returned to 1980s levels by 2012. The trend 
for the yellow bittern (Ixobrychus sinensis) was inconclusive. The alien Eurasian tree sparrow 
(Passer montanus) apparently increased in number despite an unreliable trend assessment. 
Declines were noted in the other two alien birds, black drongo (Dicrurus macrocercus) and 
island collared-dove (Streptopelia bitorquata). Total bird densities on Rota were similar to those 
on Saipan and Tinian, which were lower than densities on Aguiguan. Overall, bird trends on 
Rota declined, whereas trends observed for the same period on Saipan and Tinian were mixed, 
and trends on Aguiguan were stable to increasing. We identified several sampling design and 
protocol procedures that may improve the precision of occupancy, status, and trend 
assessments. Continued monitoring and demographic sampling are needed to understand why 
most bird species on Rota are declining, to identify the causative agents, and to assess 
effectiveness of conservation actions for rare species, especially the Mariana crow. 

INTRODUCTION 

Island birds, especially those of the Pacific, are among the world’s most endangered species 
(King 1985). Between 13–14% of the world’s avian species are considered threatened, and 
approximately 30% of these occur in Oceania, where 34% of the world’s extinct avian species 
once existed (IUCN 2013). Accurate and timely population estimates and trend assessment are 
essential to the conservation and management of these species. 

The island of Rota, located in the Mariana archipelago in the western Pacific, is designated as 
an Endemic Bird Area by BirdLife International (Stattersfield et al. 1998). Rota harbors a unique 
and imperiled assemblage of native land birds, many of which are endemic to either the 
Mariana archipelago or to Rota itself. Most of these species have international, national, or local 
conservation designations (Table 1) with six species listed under the U.S. Migratory Bird Treaty 
Act (MBTA) and two as Birds of Conservation Concern (BCC; USFWS 2008, 2012). Rota has 
great conservation significance as the last home of the Mariana crow (Corvus kubaryi) and the  
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Table 1. Resident native forest birds of Rota, their distributions, and designated conservation 
status. 

Taxon Distribution Conservation designations 
White-throated ground-dove 

(Gallicolumba xanthonura) 
Mariana endemic MBTA; IUCN (NT)  

Mariana fruit-dove  
(Ptilinopus roseicapilla) 

Mariana endemic MBTA; IUCN (EN) 

Collared kingfisher  
(Todiramphus chloris orii) 

Mariana endemic MBTA 

Mariana crow  
(Corvus kubaryi) 

Rota endemic MBTA; ESA (E); IUCN (CR) 

Rufous fantail  
(Rhipidura rufifrons mariae) 

Mariana endemic MBTA/BCC; CNMI CWCS (Species 
of Concern) 

Micronesian starling  
(Aplonis opaca) 

Widespread in 
Micronesia 

--- 

Micronesian myzomela  
(Myzomela rubrata) 

Widespread in 
Micronesia 

MBTA/BCC 

Rota white-eye  
(Zosterops rotensis) 

Rota endemic ESA (E); IUCN (CR) 

Organizations and Legislation: MBTA = Migratory Bird Treaty Act; IUCN = International 
Union for Conservation of Nature; ESA = Endangered Species Act; BCC = Birds of 
Conservation Concern; CNMI CWCS = Commonwealth of the Northern Mariana 
Islands Comprehensive Wildlife Conservation Strategy 

Designations: NT = near threatened; EN or E = endangered ; CR = critically endangered  

 

only home of the Rota white-eye (Zosterops rotensis). Both species are protected under the 
U.S. Endangered Species Act (USFWS 2005, 2007). The island also harbors two endemic 
subspecies, the Rota populations of the rufous fantail (Rhipidura rufifrons mariae) and collared 
kingfisher (Todiramphus chloris orii); the former is a Species of Concern under the 
Commonwealth of the Northern Mariana Island’s (CNMI) Comprehensive Wildlife Conservation 
Strategy (CWSC; Berger et al. 2005). 

Twelve large-scale surveys of bird populations have been conducted on Rota between 1982 and 
2012 using point-transect techniques. Estimates of population density for all endemic and non-
endemic forest birds were calculated only for the 1982 survey (Engbring et al. 1986), though 
density estimates for the Mariana crow were estimated up through the 1998 survey (Fancy et 
al. 1999, Plentovich et al. 2005). A 2008 analysis of all the forest bird data using an index of 
relative abundance of detections per station indicated large-scale declines in many of the forest 
bird species (Amar et al. 2008). However, their analysis did not account for detectability, and 
estimates of population size were not calculated. While changes in the numbers of birds 
counted across years are often assumed to be a close surrogate for true abundance, detection 
probabilities can change across years making such trend analysis questionable (Thompson et al. 
1998, Anderson 2001). In all 12 surveys the information needed to calculate detection 
probabilities and convert the indices to direct population abundances was collected as part of 
the point-transect distance sampling (Buckland et al. 2001), allowing us to estimate absolute 
population abundances of birds on Rota. 
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In this study we used standard distance analysis of all previously collected land bird data to 
estimate absolute population abundances and subsequently assess status and trends for each 
species. These assessments, which are analogous to recent estimates for bird populations on 
the neighboring islands of Aguiguan (Aguihan), Saipan, and Tinian (Camp et al. 2009, 2012; 
Amidon et al. in review), were used to compare bird population patterns at the landscape level 
throughout the main islands of the archipelago, as required for monitoring the status of each 
species (USFWS 2005, 2007). Evaluating population trends of forest birds on Rota is likewise a 
priority under the CNMI’s Comprehensive Wildlife Conservation Strategy (Berger et al. 2005). 

Below we summarize bird detections from 12 point-transect surveys on Rota. We apply 
standard distance analysis to estimate regional and island-wide abundances and assess trends 
for the 13 land birds having sufficient detections to reliably model detection functions. In 
addition, we utilize occupancy modeling of the 2012 survey to evaluate bird distributions in 
relation to habitat characteristics (MacKenzie et al. 2002, 2006) and compare bird trends on 
Rota against trends on neighboring islands in the archipelago: Aguiguan (Amidon et al. in 
review), Guam (Wiles et al. 2003), Saipan (Camp et al. 2009), and Tinian (Camp et al. 2012). 

METHODS 

Study Area 
Rota (14°10ʹN, 145°12ʹE) is the third largest of the 15 Mariana Islands at 85 km2 (Figure 1). 
The climate is tropical with little seasonal or daily variation in temperature or rainfall (25–30°C, 
2000–2500 mm rainfall). An uplifted mesa (Sabana; 450 m elevation) dominates the western 
half of the island, and a plateau at 150 m elevation dominates the eastern half of the island. 
Most of the more than 2500 humans inhabiting the island live in either the villages of Songsong, 
on the Taipingot Peninsula that juts to the southwest of the island, or Sinapalo on the plateau 
(U.S. Census Bureau 2010). Agriculture and other human activities occur throughout the island 
in a patchwork of open fields and residential land cover types, while the steep slopes about the 
mesa are dominated by native forests and secondary forests in former agricultural areas 
(Figure 2). 

Bird Sampling 
Avian surveys were conducted on Rota in 1982, 1987, 1988, 1989, 1994, 1995, 1998, 2003, 
2004, 2006, and 2012. Except for 1988, surveys were conducted annually but the sampling 
month varied among surveys (Table 2). In 1988, surveys were conducted in both August and 
December. Surveys were conducted in the uplifted mesa of the Sabana region (1987, 1994, and 
2006), in the Plateau region but not the Sabana (2004), or in both areas (1982, 1995, 1998, 
2003, and 2012). The 2004 Plateau survey was limited in scope compared to other Plateau 
surveys. In addition surveys in 1988 and 1989 were conducted along roadside transects, 
whereas the survey in 2012 was conducted on both roadside and off-road transects. All surveys 
followed standard point-transect sampling methods (Engbring et al. 1986) and analyses 
followed general procedures outlined in Buckland et al. (2001) and Thomas et al. (2010), and 
detailed in Camp et al. (2009, 2012). 

Bird surveys were conducted using standard point-transect methods (also called variable 
circular plot sampling; Engbring et al. 1986) from a varying number of transects and stations 
(Table 2, Figure 3, Appendix 1). During 8-minute counts, observers estimated and recorded the 
horizontal distances to birds heard or seen. In addition, observers recorded sampling conditions 
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Figure 1. Off-road and roadside sampling stations on Rota, 1982–2012. 

 

including cloud cover, detection type (heard, seen, or both), visibility (openness of understory), 
land cover type, rain, time of detection, and wind and gust strength. Counts commenced at 
sunrise and continued until 13:30 hours, but most surveys were completed by 11:30 hours. 
Counts were halted when rain, wind, or gusts exceeded prescribed levels (light rain, wind 
strength 3 on the Beaufort scale, or gust strength 5 on the Beaufort scale). 

Occupancy 

Habitat variables 
Site and sampling covariates were both incorporated in occupancy modeling of the 2012 survey 
data (summarized in Appendix 2). Site covariates included physical attributes of the survey 
station that were constant or invariable during the period and included vegetation type, 
visibility, and elevation. Vegetation was derived from land cover maps based on high-resolution 
satellite imagery and provided by Fred Amidon (USFWS, in litt.). Because of the limited number 
of sampling sites (133 stations) that were repeatedly sampled, the original suite of land cover 
types were re-categorized into the following four vegetation classes: mature limestone forest 
(MLI), limestone forest (LI), secondary forest (SF), and open field (OF). Mature limestone forest 
was classified as native-dominated forest with trees averaging >30 cm diameter at breast 



5 
 

 
Figure 2. Habitat and vegetation characteristics at sampling stations on Rota. 

 

height, as per Falanruw et al. (1989). Limestone forest included all other native-dominated 
forests on the island. Secondary forest included all forest dominated by introduced species 
(e.g., Cocos nucifera, Leucaena leucocephala). Open fields included large gaps in the forests, 
agricultural lands, and urban mowed areas. Visibility, a function of vegetation complexity and 
clutter (or its absence), was represented as an ordinal variable that ranged from 1 (very 
obstructed) to 5 (very open). Elevation at count stations ranged from 13 to 411 m. Sampling 
covariates were those that varied temporally during the survey: observer identity, survey day, 
time of day (relative to sunrise), cloud cover, rain, wind strength, and gust strength. Eight 
observers participated in the survey and were denoted as factors A through H. Survey day was 
used as a continuous variable that ranged from 1 through 12. Cloud cover was treated as a 
continuous measure ranging from 0 through 100 (in 10 percent increments). Rain, wind, and 
gust strength were coded as factors, ranging from 0 to 4 for rain and wind and up to 5 for 
gusts. 

Assessing species detection and habitat associations 
Counts of birds at each survey station were converted into a matrix of 1’s and 0’s denoting 
detection or non-detection, respectively, to produce an encounter history for each sampling 
event and site. Detection/non-detection data were used as a binary response variable in models 
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Table 2. Timing of surveys, number of transects and stations counted, and number of counts 
conducted by survey. The range of counts conducted is provided. Data are presented for the 
2012 off-road and roadside transect survey separately. 

Survey 
Survey  

months1 
Transects 
sampled 

Stations 
sampled 

Counts  
conducted 

Range of 
counts 

1982 3–4 14 254 508 2 
1987 4 7 76 182 2–3 
1988 8 8 164 368 2–4 
1988 12 8 164 460 2–6 
1989 8 8 164 369 2–3 
1994 5–6 12 161 299 1–4 
1995 10–11 17 311 326 1–2 
1998 10 17 314 314 1 
2003 10–12 16 291 291 1 
2004 4 3 47 47 1 
2006 11 7 74 74 1 
2012 4 37 568 1108 1–8 
2012 off-road 29 404 937 1–8 
2012 roadside 8 164 171 1–2 
1 Numbers represent calendar months, not the total number of months, surveys were carried 

out (e.g., “3–4” represents “March–April”). 

 

that quantified species occurrence at sampled sites to characterize the variability in detecting 
different species. We applied the single-season occupancy model described by MacKenzie et al. 
(2002, 2006) to determine the relationship of covariates to detection and occupancy processes. 
Models for each species were developed in the program R (R Core Team 2013) with the 
extension package UNMARKED (Fiske and Chandler 2011). The “occu” function in UNMARKED was 
used to fit the single-season occupancy model. 

In cases where widespread species were nearly always recorded at each station, site covariates 
could not readily identify a significant relationship to occupancy. Therefore, we discriminated 
among areas of high and low “use” for each of these species by examining their respective 
counts for all sampled sites. We defined high-use as a case where the count at a site exceeded 
the median value during the entire survey. High-use events were coded as 1, while periods with 
no detection or when the count was below the median were coded as zero. Conversely, 
Eurasian tree sparrows were detected at only 3 of the 133 stations sampled repeatedly for 
occupancy estimation, so no occupancy models were developed for this species. 

The models were comprised of two parameters describing the mechanisms underlying species 
occurrence. “Occupancy” (designated as ψ) is the probability that the species is present at a 
given survey site (or, in the case of high-use analyses, is relatively abundant). The “detection 
probability” (designated as p) is the probability that an observer is able to detect a species that 
is present (or, detect it in abundance when it exists abundantly). These parameters were 
modeled with a logit link to ensure that estimates would be constrained to a 0–1 interval. 
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Figure 3. Distribution of stations surveyed during each of the 12 point-transect forest bird 
surveys on Rota, 1982–2012. 
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Model notation included two forms for each parameter; for example, ψ (•) represented 
occupancy as a constant over all sample sites on Rota, and ψ (cov) denoted occupancy as a 
function of some covariate(s). Likewise, notations of p (•) indicated detection probability 
parameters equal to the overall mean effect across sample sites, and p (cov) denoted the 
association of the parameter to one or more covariates. We used a null model, ψ (•)p (•), that 
included only the intercept for each parameter as the basis for comparisons to models with site 
and sampling covariates. A preliminary set of models was developed separately for each of the 
two parameters wherein one parameter was modeled with covariates and the other was treated 
as a constant: i.e., ψ (cov)p (•) and ψ (•)p (cov). Covariates were combined to produce a total of 
8 site covariate-only models and 51 sampling covariate-only models. Each set also included the 
null model ψ (•)p (•) with both the psi and p parameters treated as constants. Occupancy 
models are denoted in the text by use of an abbreviation of the common name, followed by the 
model number (e.g., BLDR-58 for black drongo model 58). Model selection results for each 
species are presented in Appendix 3. 

Within each set, a comparison of Akaike‘s information criterion (AIC) values was used to select 
the model that provided the best fit to the data. Models were ranked by differences between 
each candidate model and the model with the lowest value (∆AIC); a difference of less than 
four AIC units indicated a similar fit on the grounds of parsimony (Burnham and Anderson 
2002). Candidate models that ranked above the null model and had an AIC weight of at least 
0.10 were included as candidates for the set of final models. Candidate models were not 
included if one or more of the covariates ranked below the null model. These steps limited the 
number of covariate combinations and reduced problems associated with over-fitting models 
and Type I errors (Burnham and Anderson 2002). However, the information-theoretic approach 
to model selection does not rely on model coefficient significance, and given the exploratory 
objective of modeling the occupancy of Rota bird species, the relatively liberal AIC criteria used 
in this study could result in models with covariates that have non-significant coefficient p-
values. 

To conduct goodness of fit tests, UNMARKED provides a generic parametric bootstrapping 
function, “parboot,” that simulates data from the fitted model and applies a user-defined 
function to return statistics such as the Pearson's χ2 (Fiske and Chandler 2011). Goodness-of-fit 
statistics were generated from 999 parametric bootstraps, and models with a χ2 p-value >0.05 
indicated an adequate model fit (MacKenzie and Bailey 2004). Occupancy estimates, detection 
probabilities, and interpretive results were presented for the top-ranked models with adequate 
fit. Parameter estimates for the final models were produced from linear combinations of 
covariate values using the “predict” function in the UNMARKED package. Estimates of model 
coefficients for each species are presented in Appendix 4. 

In the UNMARKED package, a categorical variable such as vegetation is parameterized as an 
intercept and effects, with the latter representing differences among factor levels. This means 
that one of the vegetation types serves as the intercept, or a reference level against which the 
effects for other vegetation types are evaluated. Alternatively, a categorical variable can be 
parameterized against a mean of no effect to produce separate coefficients for each factor 
level, thereby permitting a more direct interpretation of factor level effects. This was 
accomplished by adding -1 (subtracting the intercept) to the parameters ψ or p in the formula 
specifying categorical covariates. Parameter values of 1 indicate occupancy at all sample sites 
and complete detectability at each survey visit. Estimated detection probability and occupancy 
for each species are presented in Appendices 5 and 6. Graphical representation of top-ranked 
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species models were generally limited to significant factor levels and those selected for 
illustration of covariate effects (e.g., two of the eight observers for which effects on detection 
probability were most different). 

Abundance 
Detection functions were modeled using the program DISTANCE, version 6.0, release 2 (Thomas 
et al. 2010). This was done only for species with a sufficient number of detections (>100 
detections over the 12 surveys; excluding brown noddy [Anous stolidus], Pacific golden-plover 
[Pluvialis fulva], and red junglefowl [Gallus gallus]). Sampling effort by station was set to the 
number of counts per survey. Data were right-truncated to facilitate model fitting (Buckland et 
al. 2001). Candidate detection function models were limited to half-normal and hazard-rate with 
expansion series of order two (Buckland et al. 2001). Sampling conditions, along with observer 
and year, were modeled as covariates in the multiple-covariate engine (MCDS) of DISTANCE 
(Marques et al. 2007, Thomas et al. 2010). All covariates were treated as factors, except that 
time of detection was treated as a continuous variable and year was treated as both a 
continuous and discrete factor. We also tested for a difference in detection probabilities above 
and below the 200-m contour, the elevation that roughly separates the Sabana area from the 
low-elevation Plateau. The model with the lowest second-order AIC, corrected for small sample 
size (AICc), was used to select the detection function that best approximated the data 
(Burnham and Anderson 2002). 

We tested for differences in detection probabilities and densities between roadside and off-road 
counts in the 2012 survey, the only year where both count types were conducted. We used 
AICc to determine if the fit of the base model was improved by including a covariate for count 
type and a two-sample z-test for differences in densities by count type (Buckland et al. 2001). 
Preliminary analyses revealed that detection probabilities were different for collared kingfisher, 
Eurasian tree sparrow, Micronesian starling, and white tern, and that densities were different 
for all species except Eurasian tree sparrow. Thus, estimates for the roadside-only surveys 
(August and December 1988, August 1989, and 2012 roadside counts) were not directly 
compared to the off-road surveys. 

The best approximating global detection function model was used to estimate region-specific 
population densities using the post-stratification procedure, and variances and confidence 
intervals were derived by bootstrap methods in DISTANCE from 999 iterations (Table 3, Appendix 
7; Thomas et al. 2010). Abundance was calculated by multiplying density by region area, where 
the area of the Sabana region was 2537.2 ha and the area of the Plateau region was 5973.4 ha. 
Rota white-eye occurred only in the Sabana region but did not inhabit all habitat types within 
that region. Therefore, the area of suitable habitat for Rota white-eye was set at 2143.3 ha. For 
each iteration of the bootstrap, region-specific abundances were added to create the island-
wide abundance, and the regional and island-wide population confidence intervals (95% CI) 
were calculated as the 2.5 and 97.5 percentiles. 

To make our abundance estimates comparable to other studies, we assessed abundance based 
on the qualitative categories defined by Reichel and Glass (1991). We assessed the precision of 
the island-wide abundances over all surveys in terms of their percentage of the coefficient of 
variation (%CV): high precision <10%, moderate precision between 10% and 30%, and low 
precision >30%. 

We estimated population abundances of species on the Plateau for the years it was not 
surveyed (1987, 1994, and 2006) by predicting Plateau abundance based on Sabana abundance 
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Table 3. Models used to estimate densities by species. Models were selected based on the 
lowest second order Akaike's Information Criterion value (AICc) after correcting for small 
sample size. Base models included half-normal (HN) and hazard-rate (HR) key detection 
functions with cosine (Cos), hermite polynomial (H-poly), and simple polynomial (S-poly) 
adjustment terms. Covariates were incorporated with the highest AICc ranked base model and 
included cloud cover, detection type (Det; auditory [A], visual [V], or both [B]), visibility, gust 
strength, observer, time of detection, rain, wind strength, and year. All covariates were treated 
as categorical variables; except time of detection was treated as a continuous variable, and year 
was treated as both a continuous and categorical variable. For each species, the truncation 
distance, number of estimated parameters (# Par), AICc, and estimate of the negative log-
likelihood (-LogL) are provided. Species alphacodes are provided in Table 4. 

Species Model 
Adjustment 

terms Covariates Truncation # Par AICc -LogL 
BLDR HN Cos (2,3) Observer 87.5 31 50,743 25,340 
COLK HN Cos (2,3) Year1 + DetAB2 147.0 16 45,898 22,933 
EUTS HN Key DetAB2 55.0 2 3,346 1,671 
ISCD HN Cos (2,3) DetVB3 141.0 4 15,550 7,771 
MACR HR Key DetAB2 192.0 3 16,741 8,367 
MAFD HN Cos (2,3) Visibility 174.0 8 60,668 30,326 
MIHO HR Cos (2,3) DetAB2 79.0 5 67,034 33,512 
MIST HN Cos (2,3) DetAB2 58.3 4 74,486 37,239 
ROWE HR Key Year1 48.0 13 8,948 4,460 
RUFA HR S-poly (4,6) DetAB2 57.5 5 32,125 16,057 
WHGD HN Cos (2) DetAB2 74.9 3 6,406 3,200 
WHTE HR S-poly (4) Visibility 88.7 8 15,477 7,731 
YEBI HR Key Wind 96.0 6 2,612 1,300 
1 Year treated as a categorical variable. 
2 Detection types A and B pooled. 
3 Detection types V and B pooled. 

 

from a fitted linear regression estimator calculated from the five years where both Plateau and 
Sabana areas were surveyed (1982, 1995, 1998, 2003, and 2012). We did not estimate Sabana 
abundance in 2004 because of logistical constraints (limited survey effort in that year). 

In 1988–1989 only roadside surveys (in both Plateau and Sabana) were conducted. Since bird 
distribution and behavior may be different along habitat edges such as roadsides (Peterjohn et 
al. 1995), we calculated separate abundance estimates for roadside and off-road transects 
using the 2012 survey. We then used the ratio of these two abundances from 2012 to calculate 
adjusted abundance estimates for the roadside surveys in 1988–1989. For the endangered Mariana
crow and Rota white-eye the ratio estimator of abundance from roadside surveys to off-road 
surveys was highly variable, so for those species we did not use survey results in 1988–1989. 

Trend Assessment 
The long-term trend in population abundance was assessed for the 13 species by region strata 
and island-wide. We used a series of 999 bootstrap estimates generated in program DISTANCE 
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by re-sampling within each survey area. For each bootstrap iteration, we estimated regression 
and ratio estimators as described above to produce adjusted, comparable estimates of 
abundance for the Plateau in 1987, 1994, and 2006. The same procedure was used to adjust 
the roadside-only surveys in 1988–1989 (except for the endangered species Mariana crow and 
Rota white-eye). The Plateau survey in 2004 was not used for trends analysis. Abnormally low 
observations of white tern may have resulted from detections not having been recorded in 1995 
and not having been recorded consistently in 2006 (Fred Amidon, personal communication); 
therefore, these two years were not used to estimate the white tern trend. 

Using these adjustments, we created a series of 999 population estimates for both the Sabana 
and Plateau that incorporated the sampling and model fit variation in the abundance estimates 
provided by DISTANCE (Manly 2007). For each iteration, the Sabana and Plateau estimates were 
added together to produce 999 estimates of total abundance. For iterations in which the 
regression model predicted negative population size in the Plateau, estimates were truncated at 
zero before calculating the total. 

A log-linear regression was fitted to each of the 999 estimates of population size. For years 
where abundance was 0, or predicted abundances were less than 0, a value of 0.5 was 
assigned before log-transformation. The August and December surveys in 1988 were used as 
replicate estimates for 1988 (i.e., the regression predictor variable was the year 1988 for both 
surveys). Annual abundances predicted with the regression model were saved along with 
regression intercepts and slopes, and point estimates were calculated as the mean of all 999 
entries, with 95% confidence intervals bounded by 2.5 and 97.5 percentiles. All data 
manipulation, estimation, and summarization were performed in R. 

Meaningful trends were differentiated from ecologically negligible or statistically non-significant 
trends by considering a rate of change of 25% over 25 years to define threshold levels of 
change. This definition yields a declining trend if the log-linear slope is less than -0.0119, an 
increasing trend if greater than +0.0093, and negligible if in between (Camp et al. 2008). We 
described the strength of evidence for a trend based on the distribution of the bootstrap 
regression slopes as very weak, weak, strong, or very strong. Categories were assigned based 
on the percentage of bootstrap slopes in each category: weak if <50%; moderate if between 50 
and 70%, strong if between 70 and 90%, and very strong if ≥90%. We interpreted trends to be 
inconclusive when there was weak evidence among all three trend categories (i.e., decreasing, 
negligible, and increasing trends). We concluded that a population was stable given strong or 
very strong evidence of a negligible trend. 

RESULTS 

Thirty-one species were detected on the 12 forest bird surveys between 1982 and 2012 (Table 
4). Most species were detected at only a few stations and in low numbers during individual 
surveys (Appendix 8). Several notable exceptions were the more widespread and abundant 
Micronesian myzomela and Micronesian starling. Both of these species were observed at about 
a third or more of the stations over the 12 surveys, and in some surveys they were observed at 
all stations. Both species were likewise abundant with one to five birds occurring per station. 
Similar patterns were observed at roadside and off-road stations in the 2012 survey (Table 5) 
and both species were observed in a variety of native and human-dominated land cover types. 
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Table 4. Species list of birds detected during 12 surveys on Rota, 1982–2012. Species are listed 
in taxonomic order following Sibley and Monroe (1990). 

Alphacode Species name Scientific name 
REJU red junglefowl Gallus gallus 
COLK collared kingfisher Todiramphus chloris 
RODO rock dove Columba livia 
ISCD island collared-dove Streptopelia bitorquata 
WHGD white-throated ground-dove Gallicolumba xanthonura 
MAFD Mariana fruit-dove Ptilinopus roseicapilla 
GURA Guam rail Gallirallus owstoni 
WHIM whimbrel Numenius phaeopus 
WATA wandering tattler Tringa incanus 
RUTU ruddy turnstone Arenaria interpres 
PAGP Pacific golden-plover Pluvialis fulva 
BRNO brown noddy Anous stolidus 
BLNO black noddy Anous minutus 
WHTE white tern Gygis alba  
RTTR red-tailed tropicbird Phaethon rubricauda 
WTTR white-tailed tropicbird Phaethon lepturus 
ABBO Abbott's booby Papasula abbotti 
RFBO red-footed booby Sula sula 
BRBO brown booby Sula leucogaster  
PARH Pacific reef-egret Egretta sacra 
YEBI yellow bittern Ixobrychus sinensis 
INEG intermediate egret Ardea intermedia 
GRFR great frigatebird Fregata minor  
MACR Mariana crow Corvus kubaryi 
RUFA rufous fantail Rhipidura rufifrons 
BLDR black drongo Dicrurus macrocercus 
MIHO Micronesian myzomela1 Myzomela rubratra 
MIST Micronesian starling Aplonis opaca 
BARS barn swallow Hirundo rustica 
ROWE Rota white-eye Zosterops rotensis 
EUTS Eurasian tree sparrow Passer montanus 
1 Also called Micronesian honeyeater 

 

There were sufficient numbers of detections to reliably model detection functions and estimate 
abundances for 13 species. Maps of bird density per station plotted across the island from the 
2012 survey revealed three general patterns: 1) range restriction, including Eurasian tree 
sparrow, Rota white-eye, and Mariana crow; 2) low abundance, widespread distribution, 
including yellow bittern, island collared-dove, white-throated ground-dove, Mariana fruit-dove, 
collared kingfisher, Micronesian myzomela, black drongo, and white tern; and 3) high 
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Table 5. Bird species detected and their indices of occurrence and abundance from the 2012 
survey on Rota. Data are presented separately for the off-road and roadside transects. 
Occurrence was calculated as the number of stations or counts with one or more individuals 
divided by the total number of stations or counts x 100%. Relative abundance (birds per station 
[BPS]) was calculated as the total number of on-count detections divided by the number of 
stations or counts. On-count detections are records of birds observed (with distance to station 
recorded) during the 8-minute count. The numbers of stations or counts conducted in each 
survey are presented in Table 2. See Table 4 for a listing of species name abbreviations. 

Survey Alphacode 
Stations/counts 

occupied 
Occurrence 

(%) Detections BPS 
Off-road ABBO 1 0.11 1 0.001 

 BLDR 236 25.19 1340 1.430 
 BLNO 26 2.77 48 0.051 
 BRBO 1 0.11 1 0.001 
 BRNO 38 4.06 60 0.064 
 COLK 209 22.31 631 0.673 
 EUTS 14 1.49 41 0.044 
 GURA 2 0.21 2 0.002 
 ISCD 112 11.95 200 0.213 
 MACR 17 1.81 28 0.030 
 MAFD 270 28.82 940 1.003 
 MIHO 279 29.78 1033 1.102 
 MIST 390 41.62 3574 3.814 
 PAGP 8 0.85 87 0.093 
 PARH 1 0.11 1 0.001 
 REJU 122 13.02 286 0.305 
 RFBO 1 0.11 1 0.001 
 ROWE 45 4.80 429 0.458 
 RUFA 301 32.12 1284 1.370 
 WHGD 118 12.59 226 0.241 
 WHTE 170 18.14 544 0.581 
 WTTR 1 0.11 1 0.001 
 YEBI 52 5.55 88 0.094 

Roadside BLDR 101 59.06 299 1.749 
 BLNO 8 4.68 11 0.064 
 BRNO 6 3.51 13 0.076 
 COLK 66 38.60 116 0.678 
 EUTS 9 5.26 22 0.129 
 ISCD 33 19.30 50 0.292 
 MACR 2 1.17 4 0.023 
 MAFD 90 52.63 144 0.842 
 MIHO 120 70.18 206 1.205 
 MIST 160 93.57 856 5.006 
 PAGP 1 0.58 1 0.006 
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Survey Alphacode 
Stations/counts 

occupied 
Occurrence 

(%) Detections BPS 
 PARH 1 0.58 1 0.006 
 REJU 29 16.96 52 0.304 
 RODO 1 0.58 1 0.006 
 ROWE 5 2.92 27 0.158 
 RUFA 116 67.84 222 1.298 
 WHGD 22 12.87 25 0.146 
 WHTE 77 45.03 196 1.146 
 WTTR 1 0.58 1 0.006 
 YEBI 18 10.53 21 0.123 

 

abundance, widespread distribution, including Micronesian starling and rufous fantail  (Table 6, 
Figure 4). 

 

Table 6. Population density estimates (birds/ha) for the 2012 survey on Rota. Estimates for 
range-restricted species are for the occupied region only. Variance was calculated analytically. 
See Table 4 for a listing of species name abbreviations. 

Species Density 
Standard 

error 
Lower 

95% CI 
Upper 

95% CI 
BLDR 1.657 0.215 1.615 1.699 
COLK 0.467 0.008 0.451 0.484 
EUTS1 0.151 0.006 0.139 0.163 
ISCD 0.172 0.005 0.163 0.182 
MACR1 0.010 0.000 0.010 0.011 
MAFD 0.397 0.005 0.387 0.407 
MIHO 1.738 0.020 1.699 1.778 
MIST 14.043 0.153 13.747 14.346 
ROWE1 4.505 0.138 4.242 4.784 
RUFA 6.514 0.160 6.208 6.836 
WHGD 0.417 0.014 0.390 0.446 
WHTE 1.238 0.031 1.178 1.300 
YEBI 0.123 0.007 0.110 0.138 

1 Range-restricted species 

 

Occupancy 
Species occurrence was assessed by rendering the point-transect data into presence 
information for occupancy sampling to produce species-specific estimates of occupancy and 
detection probabilities for 12 species. Detection probability may be influenced by many factors 
including covariates that are constant for a site (e.g., habitat types) or for a sample (e.g., 
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Figure 4. Relative abundance and distribution of species from the 2012 point-transect forest 
bird survey on Rota. Species Alphacodes are listed in Table 4. 
 



16 
 

observer, cloud cover, rain, wind, gust, time of day, and detection type; MacKenzie et al. 2006). 
For each species, we estimate detection probability and occupancy and evaluate the 
relationship with covariates. 

Black drongo 
Black drongo were detected during 313 of the 666 total visits and at 107 of the 133 stations 
sampled repeatedly for occupancy estimation. The null model (BLDR-0) yielded an expected 
detection probability of between 0.53 and 0.61 (95% CI, mean = 0.57; Appendix 5), and overall 
occupancy ranged between 0.74 and 0.88 (95% CI, mean = 0.82; Appendix 6). The top-ranked 
models for the black drongo included three models that had a cumulative weight of 0.98 
(Appendix 3). The models included the sampling covariates time and cloud and the site 
covariate vegetation. The site covariates elevation and visibility were also included in the 
second- and third-ranked models; however, elevation was not significant as a predictor variable 
(BLDR-59; Appendix 4). Although not significantly different from one another, mean occupancy 
among vegetation types ranged from 0.68 to 0.83 to 0.92 for mature limestone forest, 
limestone forest, and secondary forest, respectively (BLDR-58). The models did not converge to 
produce a meaningful standard error for the factor open field, although black drongo occurred 
at all stations in this class. Vegetation complexity as described by visibility was a significant 
covariate (BLDR-60) and indicated that occupancy was higher in more structurally complex sites 
within the three forest types. The relationship of vegetation and visibility is shown for illustrative 
purposes for select factors for model BLDR-60 in Figure 5. The sampling covariates time and 
cloud showed that detection probability declined as a function of time of day (i.e., minutes since 
sunrise) and was lower in cloudless compared to cloudy conditions (Figure 6).  

 

 
Figure 5. Expected mean occupancy probability and 95% CI for the black drongo as a function 
of select vegetation types (MLI = mature limestone forest; LI = limestone forest; SF = 
secondary forest) and visibility classes (1 = very obstructed; 2 = slightly obstructed) for model 
BLDR-60. 
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Figure 6. Expected mean detection probability and 95% CI for the black drongo as a function of 
time of day and select cloud cover levels in percent (model BLDR-58). 

 

Collared kingfisher 
Collared kingfisher were detected during 445 of the 666 total visits and at 130 of the 133 
stations sampled repeatedly for occupancy estimation. An initial null model yielded an expected 
detection probability of between 0.64 and 0.71 (95% CI, mean = 0.68) and overall occupancy 
between 0.93 and 1.00 (95% CI, mean = 0.99). However, because of the species’ widespread 
occurrence, site covariates were not able to be identified as having a significant relationship to 
occupancy (i.e., almost all sites were occupied). Therefore, the models were re-run using data 
derived for all occurrences greater than the median count of one bird. That is, estimates of 
occupancy and detectability were based on counts of two or more birds, and such events 
occurred at 223 of the 666 total visits and at 66 of the 133 stations. The null model (COLK-0) 
for this modified dataset produced an expected detection probability of between 0.34 and 0.43 
(95% CI, mean = 0.38; Appendix 5) and an expected occupancy range from 0.77 to 0.94 (95% 
CI, mean = 0.88; Appendix 6). The revised detection probability reflects the lower likelihood of 
observing two or more birds during a single count at a station. Model selection for the 
kingfisher identified only a single best model with a total AIC weight of 0.88 (COLK-58; 
Appendix 3). This model included the site covariate elevation, which demonstrated declining 
occupancy with increasing elevation and likely relates to the positive correlation of elevation 
with distance from the coast. The model also included the sampling covariates observer, time, 
and gust strength, and indicated that survey participants’ (observer) abilities were generally 
related to the likelihood of detecting collared kingfishers, and that detection probability declined 
with time of day (i.e., minutes since sunrise; Figure 7). Although included in model COLK-58, 
gust strength was not significantly related to detection probability (Appendix 4). 
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Figure 7. Expected mean detection probability and 95% CI for the collared kingfisher as a 
function of time of day and select observers and gust strength (Beaufort scale; model  
COLK-58). 

 

Island collared-dove 
Island collared-dove were detected during 127 of the 666 total visits and at 76 of the 133 
stations sampled repeatedly for occupancy estimation. The null model (ISCD-0) yielded an 
expected detection probability of between 0.21 and 0.32 (95% CI, mean = 0.26; Appendix 5), 
and the expected occupancy ranged from 0.59 to 0.85 (95% CI, mean = 0.74; Appendix 6). 
The top-ranked models for the species included two models that had a cumulative weight of 
0.81 (Appendix 3). Both models included the sampling covariate time and indicated that the 
likelihood of detecting collared-doves declined markedly as a function of time of day (i.e., 
minutes since sunrise; Figure 8, Appendix 5). The second best model (ISCD-60) also included 
the sampling covariate cloud but this variable was not significant, and only tentatively appears 
to demonstrate increased detectability with increasing cloud cover (Figure 9). Both models 
included the site covariate elevation as a marginally significant predictor variable and indicate 
that occupancy is higher at lower elevations (e.g., see model ISCD-58; Figure 10, Appendix 4). 

Mariana crow 
Mariana crow were detected during 27 of the 666 total visits and at 18 of the 133 stations 
sampled repeatedly for occupancy estimation. The null model (MACR-0) produced an expected 
detection probability of between 0.12 and 0.34 (95% CI, mean = 0.21; Appendix 5), and the 
expected occupancy ranged from 0.11 to 0.32 (95% CI, mean = 0.20; Appendix 6). Model 
selection identified four models with AIC weights between 0.19 and 0.29, indicating only 
modest support for the suite of predictor variables. The weak association of predictor variables 
to detection probability and occupancy was likely due to the species’ low abundance and the 
limited number of crow observations, rather than an actual lack of habitat preferences or  



19 
 

 
Figure 8. Expected mean detection probability and 95% CI for the island collared-dove as a 
function of time of day (model ISCD-58). 

 

 
Figure 9. Expected mean detection probability and 95% CI for the island collared-dove as a 
function of time of day and select cloud cover levels in percent (model ISCD-60). 
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Figure 10. Expected mean occupancy probability and 95% CI for the island collared-dove as a 
function of elevation (model ISCD-58). 

 

sampling effects. The site covariate vegetation was present in all models, but because of high 
uncertainty in the estimates no inference was possible about differences in occupancy among 
vegetation types (e.g., MACR-58; Appendix 4). The site covariate elevation and sampling 
covariate time were also present in the models. The relationship of occupancy and elevation 
was not significant, but was suggestive of higher occupancy at lower elevations in limestone 
forest (Figure 11), and distribution patterns support this conclusion (Figure 4). Likewise, the 
relationship between detection probability and time was not significant, but may indicate a 
weak but negative correlation with time of day (i.e., minutes since sunrise; Figure 12). 

Mariana fruit-dove 
Mariana fruit-dove were detected during 561 of the 666 total visits and at all of the 133 stations 
sampled repeatedly for occupancy estimation. An initial null model yielded an expected 
detection probability of between 0.81 and 0.87 (95% CI, mean = 0.84) and occupancy 1.00 
(SE = 0.0003). However, because of the species’ widespread occurrence the models were re-
run using data derived for all occurrences greater than the median count of one bird. That is, 
estimates of occupancy and detectability were based on counts of two or more birds, and such 
events occurred at 319 of the 666 total visits and at 90 of the 133 stations. The null model 
(MAFD-0) for this modified dataset produced an expected detection probability of between 0.51 
and 0.59 (95% CI, mean = 0.55; Appendix 5), and an expected occupancy ranged from 0.81 
and 0.93 (95% CI, mean = 0.88; Appendix 6). The revised detection probability reflects the 
lower likelihood of observing two or more fruit-doves during a count at a station. Model 
selection for the Mariana fruit-dove identified only a single best model (MAFD-44; Appendix 3). 
This model included no site covariates but did include the sampling covariates observer, cloud 
cover, and wind strength. These models indicated that survey participants’ (observer) abilities  



21 
 

 
Figure 11. Expected mean occupancy probability and 95% CI for the Mariana crow as a function 
of elevation and select vegetation type (LI = limestone forest; model MACR-59). 

 

 
Figure 12. Expected mean detection probability and 95% CI for the Mariana crow as a function 
of time of day (model MACR-58). 
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affected the likelihood of detecting fruit-doves, and that detection probability declined with 
increasing cloud cover and wind strength levels (Figure 13). 

 

 
Figure 13. Expected mean detection probability and 95% CI for the Mariana fruit-dove as a 
function of cloud cover and select wind strength levels (Beaufort scale; model MAFD-44). 

 

Micronesian myzomela 
Micronesian myzomela were detected during 489 of the 666 total visits and at 131 of the 133 
stations sampled repeatedly for occupancy estimation. An initial null model yielded an expected 
detection probability of between 0.70 and 0.77 (95% CI, mean = 0.73) and occupancy equal to 
1.00 (SE = 0.0002). However, because of the species’ widespread occurrence the models were 
re-run using data derived for all occurrences greater than the median count of one bird. That is, 
estimates of occupancy and detectability were based on counts of two or more birds. The null 
model (MIHO-0) for this modified dataset produced an expected detection probability of 
between 0.35 and 0.44 (95% CI, mean = 0.39; Appendix 5), and the expected occupancy 
ranged from 0.78 and 0.95 (95% CI, mean = 0.89; Appendix 6). The revised detection 
probability reflects the lower likelihood of observing two or more myzomelas. The top-ranked 
models for the species included three models that had a cumulative weight of 1.00 
(Appendix 3). All models included the sampling covariates observer and time, indicated that 
survey participants’ (observer) abilities were related to the likelihood of detecting myzomelas, 
and that detection probability declined with time of day (i.e., minutes since sunrise; Figure 14, 
Appendix 5). The two best models included the site covariate elevation, and although it was 
only marginally significant as a predictor variable, it demonstrated that the abundance of 
myzomelas was generally greater at lower elevations (e.g., see model MIHO-59; Figure 15, 
Appendix 4). The site covariate vegetation was included in model MIHO-58, and although the  
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Figure 14. Expected mean detection probability and 95% CI for the Micronesian myzomela as a 
function of time of day and select observers (model MIHO-59). 

 

 
Figure 15. Expected mean occupancy probability and 95% CI for the Micronesian myzomela as 
a function of elevation (model MIHO-59). 
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models did not converge to produce a meaningful standard error for the factors secondary 
forest and open field, the species was ubiquitous in both of these as well as the vegetation 
types mature limestone forest and limestone forest (Figure 16). 

 

 
Figure 16. Expected mean occupancy probability and 95% CI for the Micronesian myzomela as 
a function of elevation and select vegetation types (MLI = mature limestone forest, LI = 
limestone forest; model MIHO-58). 

 

Micronesian starling 
Micronesian starling were detected during 645 of the 666 total visits and at all of the 133 
stations sampled repeatedly for occupancy estimation. However, because of the species’ 
widespread occurrence the models were re-run using data derived for all occurrences greater 
than the median count of four birds. That is, estimates of occupancy and detectability were 
based on counts of five or more birds. The null model (MIST-0) for this modified dataset 
produced an expected detection probability of between 0.45 and 0.54 (95% CI, mean = 0.50; 
Appendix 5), and the expected occupancy ranged from between 0.62 and 0.79 (95% CI, mean 
= 0.71; Appendix 6). The revised detection and occupancy probabilities reflect the lower 
likelihood of observing five or more starlings during a single count at a station. The best models 
included three with a cumulative weight of 0.94 (Appendix 3). All models included the sampling 
covariate observer and indicated that survey participants’ abilities were related to the likelihood 
of detecting starlings (Appendix 5). In addition, the sampling covariate cloud was included in 
two models and, as a marginally significant variable, demonstrated that detection probability 
was weakly but negatively related to cloud cover (Figure 17, Appendix 4). The site covariate 
elevation was included in all the best models and exhibited a positive relationship with the 
occurrence of abundant starlings (Figure 18). The site covariate vegetation was included in the  
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Figure 17. Expected mean detection probability and 95% CI for the Micronesian starling as a 
function of cloud cover and select observers (model MIST-58). 

 

 
Figure 18. Expected mean occupancy probability and 95% CI for the Micronesian starling as a 
function of elevation (model MIST-58). 
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third best model (MIST-59) but occupancy estimates for the vegetation types were not 
significantly different from one another (Figure 19, Appendix 6). 

 

 
Figure 19. Expected mean occupancy probability and 95% CI for the Micronesian starling as a 
function of elevation and vegetation types (MLI = mature limestone forest, LI = limestone 
forest, SF = secondary forest, OF = open field; model MIST-59). 

 

Rota white-eye 
Rota white-eye were detected during 88 of the 666 total visits and at 31 of the 133 stations 
sampled repeatedly for occupancy estimation. The null model (ROWE-0) produced an expected 
detection probability of between 0.48 and 0.65 (95% CI, mean = 0.57; Appendix 5), and the 
expected occupancy ranged from 0.17 to 0.32 (95% CI, mean = 0.24; Appendix 6). An initial 
model run identified four top-ranked models that included the site covariates vegetation and 
elevation. However, these models predicted full site occupancy at elevations above 200 m; an 
unrealistic result that indicated a linear relationship to elevation was not appropriate. Therefore, 
a quadratic term was used to characterize the relationship between occupancy and elevation. 
The resulting four top-ranked models did not demonstrate a sufficiently good fit to the data 
(i.e., χ2 p-values were <0.05), and an acceptable fit was only attained for the quadratic model 
ROWE-62Q that incorporated the site covariate elevation without any sampling covariates 
(Appendix 3). The expected occupancy for this model demonstrated a strong relationship to 
elevation and indicated that Rota white-eyes occur primarily at elevations above 150 m, and 
current distribution patterns support this conclusion (Figure 4). Although the site covariate 
vegetation was included in the top-ranked models, wide confidence intervals precluded any 
conclusions about differences in occupancy among vegetation types (Figure 20, Appendix 6). 
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Figure 20. Expected mean occupancy probability and 95% CI for the Rota white-eye as a 
function of elevation and select vegetation types (SF = secondary forest; OF = open field; 
model ROWE-58). 

 

Rufous fantail 
Rufous fantail were detected during 504 of the 666 total visits and at 132 of the 133 stations 
sampled repeatedly for occupancy estimation. An initial null model yielded an expected 
occupancy probability of 1.0 (SE could not be generated) and a detection probability of between 
0.72 and 0.79 (95% CI, mean = 0.76). However, because of the species’ widespread 
occurrence the models were re-run using data derived for all occurrences greater than the 
median count of one bird. That is, estimates of occupancy and detectability were based on 
counts of two or more birds, and such events occurred at 312 of the 666 total visits and at 81 
of the 133 stations. The null model (RUFA-0) for this modified dataset produced an expected 
detection probability of between 0.46 and 0.55 (95% CI, mean = 0.51; Appendix 5) and the 
expected occupancy ranged from 0.85 to 0.96 (95% CI, mean = 0.93; Appendix 6). The revised 
detection probability reflects the lower likelihood of observing two or more fantails. Only one 
model was selected as the best model (RUFA-42; Appendix 3), and it did not include any site 
covariates significantly associated with occupancy, but did include the sampling covariates 
observer, time, and gust strength. The model indicated that survey participants’ abilities were 
related to the likelihood of detecting fantails, and that detection probability declined with time 
of day (i.e., minutes since sunrise) and was negatively, albeit marginally, associated with gust 
strength (Figure 21, Appendix 4 and 5). 

White tern 
White tern were detected during 204 of the 666 total visits and at 95 of the 133 stations 
sampled repeatedly for occupancy estimation. The null model (WHTE-0) produced an expected 
detection probability of between 0.35 and 0.44 (95% CI, mean = 0.39; Appendix 5), and the  
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Figure 21. Expected mean detection probability and 95% CI for the rufous fantail as a function 
of time of day and select observers and gust strength (Beaufort scale; model RUFA-42). 

 

 
Figure 22. Expected mean detection probability and 95% CI for the white tern as a function of 
observers (model WHTE-61). 
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expected occupancy ranged from 0.68 to 0.86 (95% CI, mean = 0.78; Appendix 6). The top-
ranked models for the species included three models with AIC weights between 0.12 and 0.23 
and a cumulative weight of 0.50, indicating only modest support for the suite of predictor 
variables (Appendix 3). All models included the sampling covariate observer and indicated that 
survey participants’ abilities were related to the likelihood of detecting terns (Figure 22, 
Appendix 5). In addition, model WHTE-62 also included the covariate gust strength, which 
demonstrated a negative but marginal relationship to detection probability (Figure 23). 

 

 
Figure 23. Expected mean detection probability and 95% CI for the white tern as a function of 
gust strength (Beaufort scale) and select observers (model WHTE-62). 

 

Although the site covariate visibility was included in the best models, only visibility classes 1 and 
2 were significant factor levels (classes 3 through 5 were not significant as factors possibly 
because there were fewer than 10 observations in each of these classes; Appendices 2 and 4). 
The site covariate elevation was also included in model WHTE-70, but it demonstrated a weakly 
positive but non-significant relationship to occupancy (Figure 24). 

White-throated ground-dove 
White-throated ground-dove were detected during 140 of the 666 total visits and at 65 of the 
133 stations sampled repeatedly for occupancy estimation. The null model (WHGD-0) yielded an 
expected detection probability of between 0.34 and 0.46 (95% CI, mean = 0.40; Appendix 5), 
and the expected occupancy ranged from 0.44 to 0.63 (95% CI, mean = 0.54; Appendix 6). 
The top-ranked models for the species included two models that had a cumulative weight of 
0.76 (Appendix 3). Both models included the sampling covariates observer and gust strength 
and indicated that the likelihood of detecting ground-doves depended on survey participants’ 
abilities and, to a lesser extent, on gust strength (Figure 25, Appendix 6). The sampling  
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Figure 24. Expected mean occupancy probability and 95% CI for the white tern as a function of 
elevation and select visibility classes (1 = very obstructed; 2 = slightly obstructed; model 
WHTE-70). 

 

 
Figure 25. Expected mean detection probability and 95% CI for the white-throated ground-dove 
as a function of gust strength and select observers (model WHGD-58). 
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covariate survey day was also included in the second best model (WHGD-59), but the variable 
was not significant and only weakly suggested a positive relationship to detection probability 
(Figure 26, Appendix 4). Both models included the site covariates vegetation and elevation and, 
in addition to a significant and positive relationship to elevation, the models tentatively 
demonstrated lower occupancy in open field relative to the forested vegetation types (Figure 
27, Appendix 6). 

 

 
Figure 26. Expected mean detection probability and 95% CI for the white-throated ground-dove 
as a function of survey day and select observers and gust strength (Beaufort scale; model 
WHGD-59). 

 

Yellow bittern 
Yellow bittern were detected during 59 of the 666 total visits and at 35 of the 133 stations 
sampled repeatedly for occupancy estimation. The null model (YEBI-0) produced an expected 
detection probability of between 0.17 and 0.32 (95% CI, mean = 0.24; Appendix 5), and the 
expected occupancy ranged from 0.25 to 0.49 (95% CI, mean = 0.36; Appendix 6). The top- 
ranked models for the species included three models that had a cumulative weight of 0.91, 
although the best model only weighed 0.39 (Appendix 3). All models included the sampling 
covariates time and cloud, which demonstrated that detection probability declined as a function 
of time of day (i.e., minutes since sunrise) and was lower in cloudless compared to cloudy 
conditions (Figure 28). All models also included the site covariate vegetation, although wide 
confidence intervals precluded any conclusions about differences in occupancy among 
vegetation types (Appendix 6). Model YEBI-59 included the covariate elevation, and although 
the variable was not significant, the association suggested that occupancy declines at higher 
elevations (Figure 29). Model YEBI-60 included the covariate visibility; however, none of the 
factor levels were significant. 
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Figure 27. Expected mean occupancy probability and 95% CI for the white-throated ground-
dove as a function of elevation and vegetation types (LI = limestone forest, OF = open field; 
model WHGD-58). 

 

 
Figure 28. Expected mean detection probability and 95% CI for the yellow bittern as a function 
of time of day and select cloud cover levels in percent (model YEBI-59). 
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Figure 29. Expected mean occupancy probability and 95% CI for the yellow bittern as a function 
of elevation and one selected vegetation type (LI = limestone forest; model YEBI-59). 

 

Status and Trend 
Species status was estimated from the point-transect distance sampling data for the Plateau 
and Sabana regions and overall pattern for the island for 12 species. A distance measurement 
to birds detected during counts permits calculating species-specific density estimates, adjusted 
by a species’ detection probability (Buckland et al. 2001), and allows for calculating estimator 
uncertainty. For each species, we estimate the population abundance and estimator uncertainty 
and assess trends in abundances for the two regions and overall island pattern. 

Black drongo 
Black drongo occurred throughout Rota, were abundant in 1982 with between 12,011 and 
17,295 birds (95% CI, point estimate 14,505), and continued to be abundant through 2012 at 
11,636 to 16,838 individuals (95% CI, point estimate 14,106; Appendix 9). The island-wide 
drongo abundances over all surveys were estimated with moderate precision with a mean 
14.3% coefficient of variation (%CV, range 9.0–33.0). In the Plateau region there was strong 
evidence that the drongo population was decreasing, weak evidence of a stable population, and 
no evidence of a population increase. The trend in the Sabana region indicated moderate 
evidence of a stable population with weak evidence of a decrease and no evidence of an 
increase. The overall pattern for the island was driven by the Plateau region with strong 
evidence of a declining trend, weak evidence of a stable trend, and no evidence of an 
increasing trend (Table 7, Figure 30). 

Collared kingfisher 
Collared kingfisher occurred throughout Rota and were common in 1982 with between 6181 
and 8334 birds (95% CI, point estimate 7229) and continued to be common through 2012 at 
3281 to 4607 individuals (95% CI, point estimate 3917; Appendix 9). The island-wide kingfisher  
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Table 7. Trends in abundance of land bird species on Rota, 1982–2012. Results of log-linear 
regression trends were assessed on the Plateau and Sabana regions and for the entire island 
(Total). The ecological relevance of a trend was based on a 25% change in abundance over 25 
years. The distribution of the bootstrap regression slopes was assigned trend categories of 
decreasing, stable, or increasing based on the percentage of bootstrap slopes in each category: 
weak if <50%, moderate if 50–70%, strong if 70–90%, and very strong if ≥90%. In cases 
where weak evidence was observed among all three trend categories, we interpreted the trend 
to be inconclusive. Interpretation of trend (increasing = ▲, stable = ▬, decreasing = ▼, and 
inconclusive = Inc) is also provided. See Table 4 for a listing of species name abbreviations. 
The trend for Eurasian tree sparrow was not assessed. 
Species Stratum Trend Slope 95% CI Decreasing Stable Increasing 
BLDR Plateau ▼ -0.018 -0.032 – -0.008 82 18 0 
 Sabana ▬ -0.012 -0.031 – 0.004 49 51 0 
 Total ▼ -0.017 -0.031 – -0.008 82 18 0 
COLK Plateau ▼ -0.015 -0.021 – -0.010 91 9 0 
 Sabana ▼ -0.032 -0.041 – -0.024 100 0 0 
 Total ▼ -0.020 -0.025 – -0.015 100 0 0 
ISCD Plateau ▼ -0.026 -0.035 – -0.018 100 0 0 
 Sabana Inc -0.006 -0.078 – 0.048 35 38 27 
 Total ▼ -0.024 -0.034 – -0.017 100 0 0 
MACR Plateau ▼ -0.101 -0.122 – -0.084 100 0 0 
 Sabana na na na na na na 
 Total ▼ -0.101 -0.122 – -0.084 100 0 0 
MAFD Plateau ▼ -0.044 -0.052 – -0.037 100 0 0 
 Sabana ▼ -0.075 -0.093 – -0.063 100 0 0 
 Total ▼ -0.050 -0.056 – -0.043 100 0 0 
MIHO Plateau ▼ -0.035 -0.039 – -0.030 100 0 0 
 Sabana ▼ -0.031 -0.038 – -0.024 100 0 0 
 Total ▼ -0.034 -0.038 – -0.030 100 0 0 
MIST Plateau ▲ 0.026 0.016 – 0.033 0 1 99 
 Sabana ▲ 0.028 0.022 – 0.034 0 0 100 
 Total ▲ 0.026 0.019 – 0.033 0 0 100 
ROWE Plateau na na na na na na 
 Sabana ▬ 0.005 -0.014 – 0.026 4 62 33 
 Total ▬ 0.005 -0.014 – 0.026 4 62 33 
RUFA Plateau ▬ 0.005 -0.016 – 0.015 3 60 37 
 Sabana ▲ 0.038 0.028 – 0.050 0 0 100 
 Total ▲ 0.014 0 – 0.021 0 14 86 
WHGD Plateau ▼ -0.105 -0.213 – -0.057 100 0 0 
 Sabana ▼ -0.162 -0.208 – -0.126 100 0 0 
 Total ▼ -0.099 -0.171 – -0.064 100 0 0 
WHTE Plateau ▲ 0.025 0.015 – 0.035 0 0 100 
 Sabana ▲ 0.025 0.004 – 0.043 0 6 94 
 Total ▲ 0.026 0.018 – 0.035 0 0 100 
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Species Stratum Trend Slope 95% CI Decreasing Stable Increasing 
YEBI Plateau ▬ -0.008 -0.029 – 0.015 36 59 6 
 Sabana ▼ -0.094 -0.164 – -0.012 97 2 1 
  Total Inc -0.012 -0.033 – 0.010 49 48 3 
na = not applicable 

 

 
Figure 30. Abundance (95% CI) and trend (95% CI) estimates for black drongo on Rota, 1982–
2012. 

 

abundances over all surveys were estimated with high precision, mean 8.5%CV (range 7.2–
12.4). There was very strong evidence that the kingfisher have declined in both the Plateau and 
Sabana regions, and the overall pattern for the island yielded very strong evidence of a 
declining trend and no evidence of a stable or increasing trend (Table 7, Figure 31). 

Eurasian tree sparrow 
Eurasian tree sparrow occurred only on the Plateau and were generally restricted to the urban 
Sinapalo area. They were locally uncommon in 1982 with between 29 and 1846 birds (95% CI, 
point estimate 719) and, although they increased in the 1990s, they subsequently declined and 
remained locally uncommon in 2012 at between 250 and 1216 individuals (95% CI, point 
estimate 655; Appendix 9). The island-wide tree sparrow abundances over all surveys were 
estimated with low precision, mean 52.1%CV (range 23.5–81.3). The limited range and large 
fluctuations in abundances precluded assessing trends in the Eurasian tree sparrow population. 
A small population of Eurasian tree sparrow is also known to occur in Songsong (Engbring et al. 
1986). They also noted that several localized populations may exist around farm sites. The  
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Figure 31. Abundance (95% CI) and trend (95% CI) estimates for collared kingfisher on Rota, 
1982–2012. 

 

three detections outside the Sinapalo, Songsong, and Palie (southernmost bay of the island) 
populations may represent local agricultural related populations. 

Island collared-dove 
Island collared-dove occurred throughout Rota and were common in 1982 with between 3627 
and 5879 birds (95% CI, point estimate 4691) and continued to be common through 2012 at 
1044 to 1852 individuals (95% CI, point estimate 1434; Appendix 9). The island-wide collared-
dove abundances over all surveys were estimated with moderate precision, mean 18.2%CV 
(range 12.2–27.5). There was very strong evidence that the collared-dove population in the 
Plateau region has decreased with no evidence of either a stable or increasing trend. The trend 
in the Sabana region was inconclusive with less than 38% evidence in all three trend 
categories. The overall pattern for the island was driven by the Plateau region with very strong 
evidence of a declining trend and no evidence of a stable or increasing trend (Table 7, 
Figure 32). 

Mariana crow 
Mariana crow occurred only on the Plateau and were generally restricted to steep escarpments. 
They were uncommon in 1982 with between 815 and 3115 birds (95% CI, point estimate 1491) 
and declined to become rare in 2012 at between 30 and 202 individuals (95% CI, point 
estimate 81; Appendix 9). The island-wide crow abundances over all surveys were estimated 
with low precision, mean 46.0%CV (range 39.3–54.1). The 1988–1989 roadside surveys were 
not used for trend assessment because the ratio estimator of abundance between roadside and 
off-road surveys was highly variable. The overall pattern for the island showed very strong  
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Figure 32. Abundance (95% CI) and trend (95% CI) estimates for island collared-dove on Rota, 
1982–2012. 

 

evidence of a declining trend, with no evidence of a stable or increasing trend (Table 7,  
Figure 33). 

Mariana fruit-dove 
Mariana fruit-dove occurred throughout Rota and were abundant in 1982 with between 9734 
and 12,283 birds (95% CI, point estimate 10,901) but declined to be common by 2012 at 2853 
to 3900 individuals (95% CI, point estimate 3383; Appendix 9). The island-wide fruit-dove 
abundances over all surveys were estimated with high precision, mean 9.2%CV (range 6.0–
16.5). There was very strong evidence that the fruit-dove population declined in the Plateau 
and Sabana regions, and the overall pattern for the island was very strong evidence of a 
declining trend with no evidence of a stable or increasing trend (Table 7, Figure 34). 

Micronesian myzomela 
Micronesian myzomela occurred throughout Rota and were abundant in 1982 with between 
38,276 and 63,191 birds (95% CI, point estimate 49,962) and although they declined, they 
remained abundant through 2012 at 12,399 to 21,270 individuals (95% CI, point estimate 
16,441; Appendix 9). The island-wide myzomela abundances over all surveys were estimated 
with moderate precision, mean 14.5%CV (range 12.7–17.1). There was very strong evidence 
that the myzomela population declined in the Plateau and Sabana regions, and the overall 
pattern for the island showed very strong evidence of a declining trend with no evidence of a 
stable or increasing trend (Table 7, Figure 35). 
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Figure 33. Abundance (95% CI) and trend (95% CI) estimates for Mariana crow on Rota, 1982–
2012. 

 

 
Figure 34. Abundance (95% CI) and trend (95% CI) estimates for Mariana fruit-dove on Rota, 
1982–2012. 
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Figure 35. Abundance (95% CI) and trend (95% CI) estimates for Micronesian myzomela on 
Rota, 1982–2012. 

 

Micronesian starling 
Micronesian starling occurred throughout Rota and were abundant in 1982 with between 30,595 
and 41,682 birds (95% CI, point estimate 36,128) and remained abundant through 2012 at 
101,174 to 127,228 individuals (95% CI, point estimate 113,647; Appendix 9). The island-wide 
starling abundances over all surveys were estimated with high precision, mean 9.4%CV (range 
5.8–23.2). There was very strong evidence that the starling population increased in the Plateau 
and Sabana regions, and the overall pattern for the island showed very strong evidence of an 
increasing trend with no evidence of a stable or decreasing trend (Table 7, Figure 36). 

Rota white-eye 
Rota white-eye were not detected outside of the Sabana area during the 30-year time series, 
and thus our analyses were restricted to the Sabana area. In 1982, white-eye were locally 
common at 8741 to 18,487 birds (95% CI, point estimate 14,963), and, although the population 
appears to have declined through the mid-1990s, it had increased by 2012 to between 5620 
and 20,961 individuals (95% CI, point estimate 14,384). The island-wide white-eye abundances 
over all surveys were estimated with moderate precision, mean 29.6%CV (range 16.6–50.7). 
The 1988–1989 roadside surveys were not used for trend assessment because the ratio 
estimator of abundance was highly variable. The Rota white-eye population has both declined 
and increased over 30 years, yielding moderate evidence of a stable trend and weak evidence 
for either decreasing or increasing trends (Table 7, Figure 37). 

Rufous fantail 
Rufous fantail occurred throughout Rota and were abundant in 1982 with between 19,128 and 
48,415 birds (95% CI, point estimate 29,931) and continued to be abundant through 2012 at 
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Figure 36. Abundance (95% CI) and trend (95% CI) estimates for Micronesian starling on Rota, 
1982–2012. 

 

 
Figure 37. Abundance (95% CI) and trend (95% CI) estimates for Rota white-eye on Rota, 
1982–2012. 
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24,587 to 61,688 individuals (95% CI, point estimate 38,092; Appendix 9). The island-wide 
fantail abundances over all surveys were estimated with moderate precision, mean 26.9%CV 
(range 24.4–41.5). There was moderate evidence that the fantail population in the Plateau 
region was stable with weak evidence for either a declining or increasing trend. The trend in the 
Sabana region indicated very strong evidence of an increasing population with no evidence of 
either a stable or decreasing trend. Driven by the Sabana region, the overall pattern for the 
island showed strong evidence of an increasing trend with weak evidence of a stable trend and 
no evidence of a declining trend (Table 7, Figure 38). 

 

 
Figure 38. Abundance (95% CI) and trend (95% CI) estimates for rufous fantail on Rota, 1982–
2012. 

 

White-throated ground-dove 
White-throated ground-dove occurred throughout Rota and were common in 1982 with 
between 5792 and 9619 birds (95% CI, point estimate 7622), and although their abundances 
declined thereafter, the species was common in 2012 at 2602 to 4758 individuals (95% CI, 
point estimate 3576; Appendix 9). The island-wide ground-dove abundances over all surveys 
were estimated with moderate precision, mean 29.4%CV (range 12.8– 69.8). There was very 
strong evidence that the ground-dove population decreased in the Plateau and Sabana regions, 
and the overall pattern for the island showed very strong evidence of a decreasing trend with 
no evidence of either a stable or increasing trend (Table 7, Figure 39). 

White tern 
White tern occurred throughout Rota, were common in 1982 with between 2805 and 10,115 
birds (95% CI, point estimate 6056), and remained common through 2012 at 4763 to 16,880  
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Figure 39. Abundance (95% CI) and trend (95% CI) estimates for white-throated ground-dove 
on Rota, 1982–2012. 

 

individuals (95% CI, point estimate 9744; Appendix 9). The island-wide tern abundances over 
all surveys were estimated with moderate precision, mean 32.4%CV (range 30.3–34.7). White 
tern were not consistently recorded during the 1995 and 2006 surveys; thus, these surveys 
were dropped from the trend analyses. There was very strong evidence that the tern population 
increased in the Plateau and Sabana regions with weak evidence of a stable trend in the 
Sabana. The overall pattern for the island was very strong evidence of an increasing trend, with 
no evidence of either a stable or decreasing trend (Table 7, Figure 40). 

Yellow bittern 
Yellow bittern occurred throughout Rota and were uncommon in 1982 with between 236 and 
1638 birds (95% CI, point estimate 744), and, although their abundances fluctuated widely, 
they remained uncommon in 2012 at 514 to 2132 individuals (95% CI, point estimate 1100; 
Appendix 9). The island-wide bittern abundances over all surveys were estimated with low 
precision, mean 47.0%CV (range 37.5–59.8). There was moderate evidence that the bittern 
population was stable in the Plateau with weak evidence for both declining and increasing 
trend. The trend in the Sabana region indicated very strong evidence of a decreasing population 
with weak evidence of either a stable or increasing trend. The overall pattern for the island was 
inconclusive (Table 7, Figure 41). 

DISCUSSION 

Our study presents the first quantitative update of bird occupancy and abundance on Rota since 
the original quantitative survey in 1982 (Engbring et al. 1986). Amar et al. (2008) documented  
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Figure 40. Abundance (95% CI) and trend (95% CI) estimates for white tern on Rota, 1982–
2012. 

 

 
Figure 41. Abundance (95% CI) and trend (95% CI) estimates for yellow bittern on Rota, 
1982–2012. 
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declining trends in relative abundance indices for all birds on Rota except the Micronesian 
starling. Over the 30-year period between 1982 and 2012, all but two of ten native species and 
one of three alien species that could be reliably modeled remained widespread and common to 
abundant. Populations of three species increased, and one remained stable. The two 
endangered species—Mariana crow and Rota white-eye—were restricted to lower elevation 
limestone escarpments and the upper elevation Sabana region, respectively. Where they occur, 
they are rare. The Mariana crow has declined to precariously low numbers (upper 95% CI < 
200 individuals; Fancy et al. 1999, Plentovich et al. 2005, USFWS 2005). Rota white-eye 
numbers fluctuated widely, but their long-term trend remained stable with 1982 and 2012 
populations numbering between 5000 and 20,000 individuals (point estimates of 14,000 to 
15,000 birds). Both of these species remain a conservation concern (USFWS 2005, 2007, 2008; 
IUCN 2013). 

Occupancy 
Occupancy analysis was applied to 12 species for which a sufficiently high rate of detections 
was available for modeling. The analysis of bird occupancy patterns permitted the identification 
of habitat attributes associated with bird occurrence and the sampling conditions that affect bird 
detection. The utility of the analytical method for identifying these associations depended in 
large part on the abundance and ubiquity of a species. Models for the range-restricted and 
relatively rare species (Mariana crow and Rota white-eye) generally produced wide confidence 
intervals for estimates of occupancy and detection probability. In contrast, the widespread and 
abundant species (collared kingfisher, Mariana fruit-dove, Micronesian myzomela, Micronesian 
starling, and rufous fantail) were relatively precise but required use of counts of individuals that 
were greater than the median values to enable characterization of habitat associations. For 
these species, the interpretation of occupancy is in terms of the proportion of high versus low 
abundance sites. 

Two distinct distribution patterns were evident for the Mariana crow and Rota white-eye based 
on the 2012 survey. Both species were sparsely distributed with an estimated mean occupancy 
of 0.20 and 0.24, respectively. Mariana crow detections were dispersed around the periphery of 
the island in steep forested habitats. Rota white-eye occurrence was largely restricted to a small 
area of forest on the upper escarpments of the Sabana. However, despite similarly low 
occupancy values, the probability of detecting these rare species differed significantly. Mean 
detectability was 0.21 (95% CI = 0.12 to 0.34) for the Mariana crow and 0.57 (95% CI = 0.48 
to 0.65) for the Rota white-eye. Moreover, variability in detectability was higher for the Mariana 
crow (CV = 0.23) than for the Rota white-eye (CV = 0.07, as measured for the parameter 
estimate from the ψ(cov)p (•) models). These differences may be attributable in part to the 
territory sizes and densities typical of each species. The moderately high detection probability 
for Rota white-eye indicated that they are readily detectable at a small number of sites. Mean 
white-eye abundance at these sites has been previously estimated to range from 2.0 to 
9.8 birds/ha in low and high density areas, respectively (Amidon 2000). White-eye territory 
sizes are likely to be relatively small with considerable overlap among individual home ranges 
(Craig 2002). Consequently, re-visits to survey stations are likely to detect the same or 
neighboring resident birds. In addition, Rota white-eye form foraging flocks (Craig and Taisacan 
1994) and may increase their rate of vocalizations to maintain contact with flock mates (Powell 
1985). Higher rates of vocalization would increase the probability of detection. The low 
detectability estimate for the Mariana crow implied wide-ranging movements within, and 
perhaps between, territories dispersed at low densities (which averaged one breeding pair per 
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22 ha of native forest in the late 1990s and is expected to be lower based on reduced number 
of pairs recorded in 2008; Morton et al. 1999, Zarones et al. in review). 

An indication of the importance of covariates as explanatory variables can be obtained from the 
frequency with which each appeared in top-ranked models. Of the 12 sets of species-specific 
best models, the site covariate vegetation was the variable most commonly associated with 
occupancy (five models), followed by elevation (four models). The site covariate visibility was 
present as a variable in only one top-ranked model, possibly as a result of the paucity of 
observations in several of the classes (3 [moderately obstructed] through 5 [very open]). The 
sampling covariates observer and time of day recurred most frequently in top-ranked models 
(seven models each), followed by cloud cover (four models), and gust strength (two models). 
The covariates wind strength and day (of survey) did not appear in any of the best models. 

In addition to the frequency with which covariates appeared in models, the variability 
associated with parameter predictions was also informative and can be used to plan future 
surveys. For instance, despite its prevalence in species models, the site covariate vegetation 
generally demonstrated high CVs for model coefficients (i.e., CV > 0.5 as averaged for each 
vegetation factor across species models). This result suggests that more narrowly defined 
vegetation classifications may better characterize species-habitat associations and benefit 
predictive modeling (although more classes would require a concomitant increase in the number 
of sites sampled). 

The precision of model coefficients also varied considerably for observers at their respective 
factor level and indicated that a particular observer’s abilities to detect birds differed among 
species. It may also suggest that a non-random assignment of observers to survey transects 
contributed to dissimilar rates of bird detections (simply as a result of where observers 
concentrated their sampling relative to species distributions). Moreover, the average CV for 
parameter estimates ranged from 0.89 to 3.09 among observers, and this disparity indicates 
that training to standardize observer capabilities may improve survey results. In comparison, 
sampling covariates such as cloud cover and time of day had coefficient CVs of less than 0.5 
and indicated that these variables generally performed well for modeling purposes. 

Status and Trends 
Most land birds on Rota were common to abundant, and only the two endangered species 
(Mariana crow and Rota white-eye) and Eurasian tree sparrow were rare or uncommon. Similar 
to Amar et al. (2008), we found that a majority of land birds on Rota have declined since 1982. 
This pattern was usually observed for both the Plateau and Sabana analyses indicating that 
numbers have declined island-wide. Only the Micronesian starling, rufous fantail, and white tern 
increased over the 30 years between 1982 and 2012. These increases occurred in both regions 
with fantail numbers stable on the Plateau, resulting in island-wide increases in numbers. 

The level of precision of the abundance estimates for many species, including the Rota white-
eye, was low (%CV < 10%) or moderate (10–30%). The three other species that occurred in 
low numbers—Eurasian tree sparrow, Mariana crow, and yellow bittern—all had large CVs 
(>40%). In general, estimates of large populations are more precise than estimates of small 
populations, and precision declines with the level of abundance. If the precision of population 
estimates declines, population changes will become more difficult to detect. 

Trends were conclusive for all but 2 of the 32 trend analyses: island collared-dove on the 
Sabana region and the island-wide trend for yellow bittern. The 1982 and 2012 collared-dove 
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population estimates on Sabana were remarkably similar, but the widely fluctuating estimates 
on the Plateau obscured the overall trend. In contrast, yellow bittern regional trends were 
conclusive, but the island-wide trend was inconclusive. Bittern abundances fluctuated 
substantially with 2–5 fold differences on the Plateau and more than a magnitude difference on 
the Sabana. Nevertheless, combining the regional estimates added uncertainty to the island-
wide trend, yielding an inconclusive result. 

Our recalculated estimates of populations in 1982 were usually more than twice those of 
Engbring et al. (1986; their Table 8, pg. 43). It is notable that estimates of Eurasian tree 
sparrow, Mariana crow, Rota white-eye, and yellow bittern numbers were very similar, and our 
confidence intervals bracketed those of Engbring et al. (1986). Their mean estimates for 
widespread, common to abundant species fell below the lower 95% CI of our estimates. This is 
likely due to two factors: different algorithms and additional data. The MCDS engine of DISTANCE 
is different from that used by Engbring et al. (1986) in that it incorporates hazard-rate models 
and covariates, thus producing different estimates of population size (Ramsey and Scott 1979; 
Buckland et al. 2001, 2004). Additional data from subsequent surveys help to fit detection 
functions to distance measures, which typically yields different abundance estimates (Buckland 
et al. 2001, Johnson et al. 2006), although the estimates are unbiased if critical assumptions 
are met (Buckland et al. 2001, Thomas et al. 2010). 

The behavior of the Rota white-eye and white tern challenges model assumptions. The white-
eye was typically detected in small flocks or family groups; thus, applying the individually based 
detection probability to the small groups will yield very large station-specific densities. When 
this procedure is applied to all of the estimates, it may result in slightly biased abundances, but 
the trends assessment is legitimate as the process is consistent (Johnson et al. 2006). White 
tern were routinely observed in flight and during aerial courtship activities. Although tern may 
not have responded to observers, it is very difficult to detect these birds prior to their 
movement. If the birds move closer to stations before being detected, abundances will be 
overestimated. Conversely, if terns move away from stations before being detected, 
abundances will be underestimated. The consistency of tern movements is unknown, thus it is 
not known if tern abundances are biased or not. 

Incomplete Sampling Coverage 
Having reliable estimates of abundance is central to the conservation of plants and animals, 
especially endangered species. For many species, however, data on population status are 
collected imperfectly with respect to statistical design. In many situations this leads to 
knowledge gaps. Most Rota surveys were conducted in both the Plateau and Sabana regions. 
However, surveys in 1987, 1994, and 2006 were restricted to one of the two areas; thus, data 
on population status were collected imperfectly with respect to statistical design. If the data 
were analyzed using conventional methods, the sampling frame would be defined by the spatial 
concurrency of the surveys. Alternatively, samples from the surveyed areas could be used to 
provide inference to the entire sampling frame (Thompson 2002). The former approach does 
not utilize all of the data, whereas the latter approach relies on assumptions that may not be 
realistic. Instead, we predicted abundance on the Plateau in the years when it was not surveyed 
(1987, 1994, and 2006) based on abundance on the Sabana when both areas were surveyed 
(1982, 1995, 1998, 2003, and 2012). This was done by fitting a linear regression estimator 
(Neter et al. 1996). 
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In addition, we used a ratio estimator to calculate off-road bird abundance during the 1988–
1989 roadside-only surveys. Since we did not have off-road transect data from those three 
surveys, we used the ratio of off-road to roadside abundances from 2012. Ratio estimators are 
based on only a single pair of surveys in 2012, and so are not as robust as the regression 
estimator using five years of data (Skalski et al. 2005). The estimated relationship between off-
road and roadside surveys was highly variable under the bootstrap re-sampling. To that end we 
did not use adjusted roadside abundance in 1988–1989 for the endangered Rota white-eye and 
Mariana crow. 

Monitoring Implications 
Surveys on Rota were conducted annually but the sampling month varied among surveys. 
Surveys may have been carried out when birds were more or less detectable due to behavioral 
differences among seasons (Simon et al. 2002, Freifeld et al. 2004). This is a greater concern in 
non-tropical climates where peak bird detectability is closely tied to breeding. To a limited 
extent, birds in CNMI breed asynchronously (Craig 1996, Pyle et al. 2012). However, seasonal 
effects on bird detectability were present in the Rota surveys. The covariate year was included 
in the final model for the collared kingfisher and Rota white-eye, and year was usually in the 
top 10 models for other species. For some species, wide differences in detection and abundance 
were seen between the August and December surveys of 1988. Standardizing the month when 
surveys are conducted will help to reduce the seasonal differences in bird detectability and 
produce annual estimates that are more directly comparable. 

White tern were not consistently recorded during the 1995 and 2006 surveys, so these years 
were dropped from tern status and trend analyses. This removed two surveys from the time 
series, which reduced the ability to detect a trend. In general, additional surveys will increase 
the statistical power to detect a trend. This is particularly important for the rare and uncommon 
birds and those species with large uncertainties in their annual estimates. Thorough surveys 
conducted during the same month every year would maximize the ability to detect trends. 
Annual surveys would also allow for state-space trend assessment, a technique that attempts to 
partition long-term trend from short-term demographic fluctuations. 

The allocation of transects across Rota provided a good spatial balance, and there was no area 
or region that appeared insufficiently sampled. Nevertheless, Rota is predominantly a patchwork 
of native to highly altered habitats, and sampling among vegetation strata could be improved. 
The current allocation emphasizes sampling the limestone stratum (70% or 300 of the 427 off-
road stations). Occupancy analysis reveals that some species restrict themselves to specific 
vegetation types. Therefore, understanding differences in bird occupancy and abundance 
among habitats will require balancing the distribution of stations among the vegetation strata. 
Allocating sampling effort to under-surveyed vegetation types will also improve the precision of 
estimates for birds that inhabit those habitats. 

Sampling effort needed for precise population assessment varies by species; in general, species 
that are less common and more dispersed require additional sampling to produce precise 
estimates. By defining quantitative goals (e.g., estimating abundance of the Rota bridled white-
eye with a maximum coefficient of variation of 20%), it would be possible to calculate the 
necessary sampling effort. 

If changes in the allocation of stations among vegetation strata are made, future occupancy 
analyses will require running two parallel analyses: one for the consistently sampled set of 
stations and another for the supplemental set of stations. The independence of species-specific 
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detection probabilities between the consistent and supplemental set of stations should be 
assessed before pooling stations to estimate population abundances (Johnson et al. 2006). 

The 2012 survey was a first attempt to quantitatively assess bird occupancy on Rota. This 
survey included variable re-visit counts. Future occupancy surveys could be improved by 
reallocating the number of visits as equitably as possible among stations and habitat types to 
allow attributes, such as vegetation type, to be in approximate proportion to the area of 
inference. The occupancy of several species was imprecisely estimated, but estimates could be 
improved by more narrowly defining covariate classifications and conducting additional observer 
training to improve bird detection. Estimates might also be improved by randomly assigning 
observers to transects on a daily basis to minimize observer familiarity and habituation to the 
same survey stations over time. Finally, the number of stations sampled should be based on 
desired coefficient of variation and expected occupancy probability for target species (both of 
which can be assessed with the program GENPRES, available at http://www.mbr-
pwrc.usgs.gov/software/presence.html). 

Identifying and understanding the factors that drive population dynamics require monitoring 
fecundity, survival, or both (Lebreton et al. 1992). Not only does monitoring these demographic 
parameters allow for detecting changes in life history traits, the results can be used to assess 
differences in fitness (Manly 1985). In some cases, changes in demographic parameters can be 
observed over shorter periods than can changes in distribution or density (Temple and Wiens 
1989). Species’ occupancy and abundance indicate that many Rota birds are declining, and the 
current health of the populations appears bleak. Thus, monitoring fecundity, the reproductive 
success or breeding productivity, may be necessary for understanding population change and 
identifying proximate demographic causes of population change (Martin et al. 1997). In 
addition, estimates of annual survivorship and recruitment into the adult population may be 
needed to identify changes and proximal causes in populations (Rosenberg 1996). Demographic 
monitoring can therefore illuminate changes in populations before those changes become 
evident from monitoring distribution and density. 

Island Comparisons 
Densities of the seven species shared among the Mariana Islands of Rota, Aguiguan, Saipan, 
and Tinian varied substantially (Table 8; Camp et al. 2009, 2012; Amidon et al. in review). Rota 
densities typically matched the estimates from Saipan and Tinian, and bird densities for these 
three island populations were generally lower than populations on Aguiguan. These general 
differences seem to correspond with human occupancy. The larger islands of Rota, Saipan, and 
Tinian are occupied by humans, while the smaller island of Aguiguan is unoccupied. Avian 
population trends on these four islands have been mixed since 1982 (Amar et al. 2008; Camp et 
al. 2009, 2012; Amidon et al. in review), but the general pattern is one of stability or increase 
on Aguiguan and decline on Rota. Of particular interest are the species with differing trends. 
For example, the island collared-dove and white-throated ground-dove declined on Rota but 
increased on the other three islands. Aguiguan, Saipan, and Tinian are very close to one 
another (<30 km apart), while Rota is much farther away (>75 km). Camp et al. (2009) 
hypothesized that Saipan birds may have increased in response to an expanding invasive scarlet 
gourd (Coccinia grandis). If scarlet gourd was a factor in bird increases on Saipan, excess birds 
may have dispersed to the neighboring islands but not to Rota due to its greater isolation. On 
Guam, the island collared-dove has declined substantially, and the white-throated ground-dove 
has been extirpated (Wiles et al. 2003) due to predation by the introduced brown tree snake 
(Boiga irregularis; Savidge 1987, Wiles et al. 2003). The Mariana fruit-dove population was  

http://www.mbr-pwrc.usgs.gov/software/presence.html
http://www.mbr-pwrc.usgs.gov/software/presence.html
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Table 8. Population density estimates (± SE) and trends for the period from 1982 to the most 
recent land bird survey on the main Mariana Islands. Interpretation of trend (increasing = ▲, 
stable = ▬, decreasing = ▼, and inconclusive = Inc) is also provided. 

Species Rota Aguiguan1 Saipan2 Tinian3 

Island collared-dove 0.17 ± 0.01 
▼ 

0.71 ± 1.69 
▲ 

0.37 ± 0.08 
▲ 

0.26 ± 0.04 
▲ 

White-throated ground-dove 0.42 ± 0.01 
▼ 

0.86 ± 0.25 
▲ 

1.01 ± 0.13 
▲ 

0.21 ± 0.04 
▲ 

Mariana fruit-dove 0.40 ± 0.01 
▼ 

1.34 ± 0.16 
▬ 

0.66 ± 0.07 
▬ 

0.33 ± 0.04 
▼ 

Collared kingfisher 0.47 ± 0.01 
▼ 

0.86 ± 0.18 
▲ 

0.26 ± 0.06 
▬ 

0.60 ± 0.06 
▲ 

Micronesian myzomela 1.74 ± 0.02 
▼ 

6.55 ± 1.75 
▬ 

4.82 ± 0.77 
▲ 

0.47 ± 0.09 
▼ 

Rufous fantail 6.51 ± 0.16 
▲ 

17.17 ± 2.47 
▲ 

4.69 ± 0.63 
▼ 

10.01 ± 0.59 
▲ 

Micronesian starling 14.04 ± 0.15 
▲ 

10.05 ± 2.26 
▲ 

1.62 ± 0.44 
▲ 

3.5 ± 0.26 
▲ 

1 Results from Amidon et al. (in review) 
2 Results from Camp et al. (2009) 
3 Results from Camp et al. (2012) 

 

stable on Aguiguan and Saipan, declining on Rota and Tinian, and extirpated from Guam 
(Savidge 1987, Wiles et al. 2003) presumably due to different factors operating on each island. 
Trends in the collared kingfisher, Micronesian myzomela, and rufous fantail also were mixed 
(Table 8). The collared kingfisher does not historically occur on Guam, while the myzomela and 
fantail have been extirpated from the island (Wiles et al. 2003). Only the Micronesian starling 
has increased on all four islands, although it has declined substantially on Guam as a result of 
predation by the brown tree snake (Wiles et al. 2003). 

The mixed trends among frugivorous, insectivorous, and carnivorous birds suggest that the 
effects of habitat changes and increased human populations are not consistently affecting bird 
populations across all the islands. Similarly, the impacts of invasive plants, including scarlet 
gourd and lantana (Lantana camara), and predators including monitor lizards (Varanus indicus), 
rats (Rattus spp.), cats (Felis silvestris), and dogs (Canis lupus familiaris), may be variable 
among the islands. The only exception is the black drongo, which occurs only on Rota and 
Guam and has been observed harassing and depredating native birds (Maben 1982, Amidon 
2000). However, results of this study indicate that black drongo numbers on Rota are also 
declining. It is unclear what potential drivers, other than the brown tree snake, may be 
influencing bird trends on each island. Understanding the dynamics of Rota bird species will 
likely require more frequent surveys, ideally with more even sampling effort among vegetation 
types, and demographic sampling. Identifying the causes behind the decline of many Rota 
species will require studies to determine how bird populations are responding to changing biotic 
and abiotic factors such as habitat alteration and climate change. 
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APPENDIX 1: LIST OF TRANSECTS SAMPLED BY SURVEY 

Transects are labeled by number, followed by year established (e.g., transect 1 established in 1982 is 1.82) or designated as a 
roadside survey and transect number (e.g., R1). 

Transect 1982 1987 
1988 
Aug 

1988 
Dec 1989 1994 1995 1998 2003 2004 2006 2012 

1.82 X  X X X  X X X   X 
1.95            X 
2.82 X  X X X  X X X   X 
3.82 X  X X X  X X X X  X 
4.82 X X X X X  X X X   X 
5.82 X X X X X  X X X   X 
6.82 X X X X X X     X X 
7.82 X  X X X X     X X 
8.82 X X X X X X X X    X 
9.82 X X     X X X X  X 
9.95            X 
10.82 X      X X X   X 
11.82 X      X X X   X 
12.82 X     X     X X 
13.82 X     X X  X   X 
13.95        X     
14.82 X      X X X X  X 
14.95       X X  X  X 
15.94      X     X X 
15.95  X     X X X   X 
16.94      X      X 
16.95       X X X   X 
17.94      X     X X 
17.95       X X X   X 
18.94      X     X X 
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Transect 1982 1987 
1988 
Aug 

1988 
Dec 1989 1994 1995 1998 2003 2004 2006 2012 

18.95       X X X   X 
19.94      X     X  
19.95       X X X   X 
20.94      X       
20.95       X X X   X 
22.94      X      X 
9999            X 
R1            X 
R2            X 
R3            X 
R4            X 
R5            X 
R6            X 
R7            X 
R8            X 
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APPENDIX 2: SITE AND SAMPLING COVARIATES 

Summary of the number of observations or range in values for the site and sampling covariates used in occupancy modeling. 
Site covariates  Sampling covariates 

vegetation visibility elevation  observer day time cloud rain wind gust 
LI: 56 1: 83 Min: 13.0  A: 137 Min: 1.0 Min: -19.0 Min: 0.0 0: 650 0: 83 0: 18 
MLI: 40 2: 29 1st Qu: 96.0  B: 10 1st Qu: 4.0 1st Qu: 64.0 1st Qu: 10.0 1: 2 1: 297 1: 48 
OF: 19 3: 7 Median: 151.0  C: 68 Median: 6.0 Median: 132.0 Median: 30.0 2: 9 2: 227 2: 165 
SF: 18 4: 9 Mean: 182.3  D: 107 Mean: 6.4 Mean: 140.7 Mean: 35.1 3: 4 3: 58 3: 278 
 5: 5 3rd Qu: 302.0  E: 129 3rd Qu: 8.0 3rd Qu: 213.8 3rd Qu: 50.0 4: 1 4: 1 4: 141 
  Max: 411.0  F: 64 Max: 12.0 Max: 371.0 Max: 100.0   5: 16 
    G: 80       
    H: 71       
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APPENDIX 3: SUMMARY OF MODEL SELECTION FOR EACH SPECIES 

Column k is the number of model parameters; AIC lists the Akaike Information Criterion values used to rank models based on best fit 
to the data; ΔAIC is the relative difference in AIC values from the model with the smallest value, w is the AIC model weight, and cw 
is the cumulative weight. Column χ2 is the test statistic for model fit and P  is the probability of observing a test statistic ≥ χ2 based 
upon 999 parametric bootstraps. These values are only presented for models for which ∆AIC ≤ 4 and model goodness-of-fit is 
adequate (P ≥ 0.05). These final models (highlighted in bold) are presented in the text and comprise the subset used for predicting 
expected occupancy and detection probabilities (Appendices 5 and 6). The dot symbol in the site and sampling covariate columns 
denotes a constant parameter (i.e., modeled as an intercept only). See Methods section for an explanation of covariates and 
Appendix 2 for covariate descriptions. See Table 4 for a listing of species name abbreviations. The covariates vegetation, visibility, 
elevation, and observer are abbreviated as “veg,” “vis,” “elev,” and “obs,” respectively. 

Species model k AIC ΔAIC w cw χ2 P Site covariates Sampling covariates 

BLDR-58 7 834.9 0.0 0.59 0.59 354.33 0.8910 veg time + cloud 
BLDR-59 8 836.7 1.8 0.24 0.83 355.06 0.9010 veg + elev time + cloud 
BLDR-60 11 837.5 2.7 0.16 0.98 355.43 0.9110 veg + vis time + cloud 
BLDR-26 4 841.9 7.0 0.02 1.00   • time + cloud 
BLDR-1 5 858.5 23.6 0.00 1.00   veg • 
BLDR-5 6 860.4 25.6 0.00 1.00   veg + elev • 
BLDR-4 9 861.0 26.1 0.00 1.00   veg + vis • 
BLDR-0 2 865.8 31.0 0.00 1.00   • • 
COLK-58 16 800.6 0.0 0.88 0.88 428.32 0.5540 elev obs + time + gust 
COLK-42 15 804.6 4.0 0.12 1.00   • obs + time + gust 
COLK-3 3 840.3 39.7 0.00 1.00   elev • 
COLK-0 2 843.0 42.4 0.00 1.00   • • 
ISCD-58 4 617.0 0.0 0.51 0.51 540.03 0.9500 elev time 
ISCD-60 5 618.1 1.0 0.30 0.81 538.70 0.9410 elev time + cloud 
ISCD-59 8 620.8 3.7 0.08 0.89   vis + elev time 
ISCD-10 3 621.9 4.9 0.04 0.94   • time 
ISCD-61 9 622.0 4.9 0.04 0.98   vis + elev time + cloud 
ISCD-26 4 623.4 6.3 0.02 1.00   • time + cloud 
ISCD-3 3 637.6 20.5 0.00 1.00   elev • 

 
 

ISCD-6 7 641.3 24.2 0.00 1.00   vis + elev • 
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Species model k AIC ΔAIC w cw χ2 P Site covariates Sampling covariates 

ISCD-0 2 642.1 25.1 0.00 1.00   • • 
MACR-58 6 198.3 0.0 0.30 0.30 496.16 0.2970 veg time 
MACR-1 5 198.4 0.2 0.28 0.57 484.50 0.1490 veg • 
MACR-59 7 198.8 0.6 0.23 0.80 488.69 0.3960 veg + elev time 
MACR-5 6 199.1 0.8 0.20 1.00 475.64 0.3760 veg + elev • 
MACR-10 3 209.2 11.0 0.00 1.00   • time 
MACR-0 2 209.4 11.2 0.00 1.00   • • 
MAFD-44 14 843.0 0.0 1.00 1.00 350.34 0.5050 • obs + cloud + wind 
MAFD-0 2 888.4 45.3 0.00 1.00   • • 
MIHO-59 11 818.4 0.0 0.53 0.53 424.39 0.4650 elev obs + time 
MIHO-58 14 820.0 1.6 0.24 0.76 433.57 0.6440 veg + elev obs + time 
MIHO-16 10 820.0 1.6 0.24 1.00 433.54 0.5640 • obs + time 
MIHO-5 6 856.7 36.7 0.00 1.00   veg + elev • 
MIHO-3 3 857.0 37.0 0.00 1.00   elev • 
MIHO-0 2 858.9 38.9 0.00 1.00   • • 
MIST-58 11 749.6 0.0 0.56 0.56 434.01 0.8910 elev obs + cloud 
MIST-60 10 751.7 2.1 0.20 0.75 435.88 0.8910 elev obs 
MIST-59 14 751.8 2.2 0.18 0.94 432.45 0.8420 veg + elev obs + cloud 
MIST-61 13 754.0 4.4 0.06 1.00   veg + elev obs 
MIST-17 10 761.6 12.0 0.00 1.00   • obs + cloud 
MIST-8 9 763.5 13.9 0.00 1.00   • obs 
MIST-3 3 793.9 44.3 0.00 1.00   elev • 
MIST-5 6 795.3 45.8 0.00 1.00   veg + elev • 
MIST-0 2 800.3 50.7 0.00 1.00   • • 
ROWE-58Q 1, 2 19 245.0 0.0 0.41 0.41 202.18 0.0198 veg + elev + elev2 obs + gust 
ROWE-60Q 1, 2 20 245.5 0.5 0.32 0.73 201.41 0.0297 veg + elev + elev2 obs + cloud + gust 
ROWE-59Q 1, 2 18 246.6 1.6 0.19 0.92 191.55 0.0099 veg + elev + elev2 obs + wind 
ROWE-61Q 1, 2 14 248.3 3.3 0.08 1.00 195.84 0.0000 veg + elev + elev2 obs 
ROWE-5 3 6 277.1 32.1 0.00 1.00 354.39 0.1490 veg + elev • 
ROWE-62Q 1 7 277.2 32.2 0.00 1.00 265.52 0.0594 veg + elev + elev2 • 
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Species model k AIC ΔAIC w cw χ2 P Site covariates Sampling covariates 

ROWE-20 14 319.3 74.3 0.00 1.00   • obs + gust 
ROWE-19 13 319.5 74.4 0.00 1.00   • obs + wind 
ROWE-45 15 319.8 74.8 0.00 1.00   • obs + cloud + gust 
ROWE-8 9 321.2 76.2 0.00 1.00   • obs 
ROWE-0 2 355.9 110.9 0.00 1.00   • • 
RUFA-42 15 842.3 0.0 1.00 1.00 356.42 0.7230 • obs + time + gust 
RUFA-0 2 914.0 71.8 0.00 1.00   • • 
WHGD-58 18 584.0 0.0 0.47 0.47 521.36 0.5740 veg + elev obs + gust 
WHGD-59 19 584.9 0.9 0.30 0.76 523.89 0.6630 veg + elev obs + day + gust 
WHGD-60 15 587.4 3.4 0.09 0.85   elev obs + gust 
WHGD-61 16 588.1 4.1 0.06 0.91   elev obs + day + gust 
WHGD-62 17 589.1 5.1 0.04 0.95   veg obs + gust 
WHGD-63 18 589.3 5.3 0.03 0.98   veg obs + day + gust 
WHGD-20 14 591.8 7.8 0.01 0.99   • obs + gust 
WHGD-38 15 591.8 7.8 0.01 1.00   • obs + day + gust 
WHGD-5 6 616.7 32.6 0.00 1.00   veg + elev • 
WHGD-3 3 618.5 34.4 0.00 1.00   elev • 
WHGD-1 5 619.1 35.0 0.00 1.00   veg • 
WHGD-0 2 621.2 37.1 0.00 1.00   • • 
WHTE-61 13 686.0 0.0 0.23 0.23 413.02 0.6040 vis obs 
WHTE-70 14 686.7 0.8 0.15 0.38 418.58 0.6240 vis + elev obs 
WHTE-62 18 687.3 1.3 0.12 0.50 427.15 0.3660 vis obs + gust 
WHTE-71 19 688.0 2.0 0.08 0.58     vis + elev obs + gust 
WHTE-58 12 688.5 2.5 0.06 0.65     veg obs 
WHTE-67 13 688.5 2.6 0.06 0.71     veg + elev obs 
WHTE-63 17 689.0 3.0 0.05 0.76     vis obs + wind 
WHTE-64 10 689.5 3.5 0.04 0.80     elev obs 
WHTE-72 18 689.7 3.7 0.04 0.83     vis + elev obs + wind 
WHTE-59 17 689.9 3.9 0.03 0.87     veg obs + gust 
WHTE-68 18 689.9 4.0 0.03 0.90     veg + elev obs + gust 
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Species model k AIC ΔAIC w cw χ2 P Site covariates Sampling covariates 

WHTE-8 9 690.4 4.4 0.03 0.92   • obs 
WHTE-65 15 690.6 4.6 0.02 0.94   elev obs + gust 
WHTE-20 14 691.5 5.5 0.01 0.96   • obs + gust 
WHTE-69 17 691.6 5.7 0.01 0.97   veg + elev obs + wind 
WHTE-60 16 691.7 5.7 0.01 0.98   veg obs + wind 
WHTE-66 14 692.3 6.3 0.01 0.99   elev obs + wind 
WHTE-19 13 693.3 7.3 0.01 1.00   • obs + wind 
WHTE-2 6 795.1 109.2 0.00 1.00   vis • 
WHTE-6 7 795.7 109.7 0.00 1.00   vis + elev • 
WHTE-1 5 796.0 110.0 0.00 1.00   veg • 
WHTE-5 6 796.1 110.1 0.00 1.00   veg + elev • 
WHTE-3 3 797.4 111.4 0.00 1.00   elev • 
WHTE-0 2 798.4 112.4 0.00 1.00   • • 
YEBI-58 7 338.9 0.0 0.39 0.39 606.17 0.8120 veg time + cloud 
YEBI-59 8 339.0 0.1 0.37 0.76 618.45 0.8810 veg+elev time + cloud 
YEBI-60 11 340.8 1.9 0.15 0.91 592.93 0.9210 veg+vis time + cloud 
YEBI-61 12 341.8 2.9 0.09 1.00 585.36 0.8710 veg+vis+elev time + cloud 
YEBI-26 4 357.2 18.3 0.00 1.00   • time + cloud 
YEBI-1 5 357.6 18.7 0.00 1.00   veg • 
YEBI-5 6 358.3 19.4 0.00 1.00   veg+elev • 
YEBI-4 9 358.8 19.9 0.00 1.00   veg+vis • 
YEBI-7 10 360.3 21.4 0.00 1.00   veg+vis+elev • 
YEBI-0 2 374.7 35.8 0.00 1.00   • • 
1 indicates use of a quadratic term for elevation 
2 indicates top-ranked models that were not selected as final models because of poor fit to the data 
3 indicates a top-ranked model that was not selected as a final model because of unrealistic predictions 

 



62 
 

APPENDIX 4: OCCUPANCY MODEL COEFFICIENTS BY SPECIES 

Coefficients are only presented for the top-ranked models listed in Appendix 3. These final 
models are described in the text and comprise the set used for predicting expected occupancy 
and detection probabilities (Appendices 5 and 6). See Methods section for an explanation of 
covariates and Appendix 2 for covariate descriptions. See Table 4 for a listing of species name 
abbreviations. The covariates vegetation, visibility, elevation, and observer are abbreviated as 
“veg,” “vis,” “elev,” and “obs,” respectively. The p-values for significant (0.05 level) covariates 
and factor levels are highlighted in bold. 
Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

BLDR-0 psi intercept 1.520 0.239 6.3800 0.0000 
 p intercept 0.282 0.091 3.1000 0.0019 
BLDR-58 psi veg LI 1.553 0.379 4.0960 0.0000 
  veg MLI 0.773 0.347 2.2240 0.0262 
  veg OF 12.235 104.080 0.1180 0.9064 
  veg SF 2.552 1.060 2.4080 0.0160 
 p intercept 0.268 0.213 1.2500 0.2095 
  time -0.003 0.001 -3.0700 0.0022 
  cloud 0.013 0.004 3.6200 0.0003 
BLDR-59 psi veg LI 1.507 0.394 3.8300 0.0001 
  veg MLI 0.871 0.415 2.0990 0.0358 
  veg OF 8.580 16.860 0.5090 0.6108 
  veg SF 2.483 1.039 2.3890 0.0169 
  elev -0.124 0.273 -0.4560 0.6486 
 p intercept 0.266 0.214 1.2400 0.2142 
  time -0.003 0.001 -3.0700 0.0022 
  cloud 0.013 0.004 3.6300 0.0003 
BLDR-60 psi veg LI 1.720 0.410 4.2077 0.0000 
  veg MLI 1.050 0.414 2.5410 0.0111 
  veg OF 12.310 120.232 0.1024 0.9180 
  veg SF 3.230 1.168 2.7670 0.0057 
  vis 1 1.724 0.410 4.2084 0.0000 
  vis 2 0.608 0.586 1.0390 0.2990 
  vis 3 13.135 398.106 0.0330 0.9740 
  vis 4 9.861 147.771 0.0667 0.9470 
  vis 5 4.151 737.927 0.0056 0.9960 
 p intercept 0.271 0.213 1.2700 0.2042 
  time -0.003 0.001 -3.0800 0.0020 
  cloud 0.013 0.003 3.6000 0.0003 
COLK-0 psi intercept 1.970 0.379 5.2000 0.0000 
 p intercept -0.477 0.101 -4.7200 0.0000 
COLK-58 psi intercept 2.700 0.721 3.7400 0.0002 
  elev -1.090 0.533 -2.0400 0.0412 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

 p obs A 0.682 0.515 1.3260 0.1849 
  obs B -0.104 0.884 -0.1170 0.9067 
  obs C -0.615 0.580 -1.0610 0.2887 
  obs D -0.679 0.575 -1.1820 0.2370 
  obs E 0.527 0.524 1.0060 0.3144 
  obs F 0.520 0.597 0.8710 0.3838 
  obs G 0.578 0.580 0.9960 0.3191 
  obs H 0.114 0.562 0.2020 0.8399 
  time -0.003 0.001 -2.5640 0.0103 
  gust 0 0.683 0.515 1.3276 0.1840 
  gust 1 0.541 0.391 1.3829 0.1670 
  gust 2 0.368 0.290 1.2678 0.2050 
  gust 3 0.599 0.302 1.9882 0.0468 
  gust 4 -0.297 0.368 -0.8088 0.4190 
  gust 5 -11.535 175.796 -0.0656 0.9480 
ISCD-0 psi intercept 1.050 0.347 3.0400 0.0024 
 p intercept -1.050 0.143 -7.3400 0.0000 
ISCD-58 psi intercept 1.188 0.422 2.8200 0.0049 
  elev -0.809 0.357 -2.2600 0.0237 
 p intercept -0.297 0.212 -1.4000 0.1620 
  time -0.006 0.001 -4.5400 0.0000 
ISCD-60 psi intercept 1.240 0.434 2.8500 0.0044 
  elev -0.850 0.366 -2.3200 0.0202 
 p intercept -0.462 0.269 -1.7180 0.0858 
  time -0.006 0.001 -4.3390 0.0000 
  cloud 0.004 0.004 0.9790 0.3280 
MACR-0 psi intercept -1.410 0.334 -4.2100 0.0000 
 p intercept -1.320 0.338 -3.9100 0.0001 
MACR-58 psi veg LI -0.507 0.429 -1.1820 0.2373 
  veg MLI -2.577 0.759 -3.3980 0.0007 
  veg OF -7.225 9.828 -0.7350 0.4622 
  veg SF -2.432 1.066 -2.2810 0.0226 
 p intercept -0.724 0.545 -1.3300 0.1840 
  time -0.004 0.003 -1.4200 0.1560 
MACR-1 psi veg LI -0.426 0.452 -0.9430 0.3457 
  veg MLI -2.543 0.763 -3.3340 0.0009 
  veg OF -10.852 61.982 -0.1750 0.8610 
  veg SF -2.378 1.075 -2.2120 0.0269 
 p intercept -1.340 0.341 -3.9400 0.0001 
MACR-59 psi veg LI -0.708 0.472 -1.5000 0.1336 
  veg MLI -2.293 0.787 -2.9130 0.0036 
  veg OF -7.797 12.559 -0.6210 0.5347 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

  veg SF -2.583 1.081 -2.3910 0.0168 
  elev -0.471 0.403 -1.1680 0.2427 
 p intercept -0.733 0.546 -1.3400 0.1800 
  time -0.004 0.003 -1.4500 0.1460 
MACR-5 psi veg LI -0.633 0.494 -1.2800 0.2000 
  veg MLI -2.271 0.796 -2.8500 0.0043 
  veg OF -12.086 110.279 -0.1100 0.9127 
  veg SF -2.531 1.092 -2.3200 0.0204 
  elev -0.468 0.415 -1.1300 0.2593 
 p intercept -1.360 0.348 -3.9100 0.0001 
MAFD-0 psi intercept 2.010 0.288 6.9600 0.0000 
 p intercept 0.198 0.088 2.2500 0.0243 
MAFD-44  obs A 1.074 0.316 3.3941 0.0007 
  obs B 0.341 0.707 0.4819 0.6299 
  obs C -0.819 0.438 -1.8715 0.0613 
  obs D 0.019 0.363 0.0525 0.9582 
  obs E 0.864 0.334 2.5891 0.0096 
  obs F 0.748 0.422 1.7714 0.0765 
  obs G 0.326 0.365 0.8942 0.3712 
  obs H 0.703 0.396 1.7733 0.0762 
  cloud -0.011 0.003 -3.0373 0.0024 
  wind 0 1.074 0.316 3.3941 0.0007 
  wind 1 1.431 0.263 5.4429 0.0000 
  wind 2 0.846 0.288 2.9317 0.0034 
  wind 3 0.342 0.432 0.7931 0.4280 
  wind 4 10.087 113.000 0.0891 0.9290 
MIHO-0 psi intercept 2.080 0.407 5.1100 0.0000 
 p intercept -0.430 0.099 -4.3500 0.0000 
MIHO-58 psi veg LI 6.170 3.070 2.0100 0.0446 
  veg MLI 7.510 4.030 1.8600 0.0623 
  veg OF 9.080 7.500 1.2100 0.2257 
  veg SF 1.620 1.030 1.5700 0.1160 
  elev -3.640 1.950 -1.8700 0.0621 
 p obs A -0.263 0.252 -1.0430 0.2970 
  obs B 0.793 0.656 1.2100 0.2260 
  obs C -0.538 0.328 -1.6410 0.1010 
  obs D 0.690 0.263 2.6260 0.0087 
  obs E 0.533 0.253 2.1100 0.0348 
  obs F -0.298 0.334 -0.8920 0.3720 
  obs G 0.385 0.274 1.4060 0.1600 
  obs H -0.993 0.315 -3.1550 0.0016 
  time -0.004 0.001 -4.0750 0.0000 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

MIHO-59 psi intercept 2.174 0.473 4.5900 0.0000 
  elev -0.661 0.383 -1.7200 0.0846 
 p obs A -0.141 0.255 -0.5550 0.5790 
  obs B 0.931 0.707 1.3160 0.1880 
  obs C -0.503 0.338 -1.4880 0.1370 
  obs D 0.778 0.276 2.8230 0.0048 
  obs E 0.747 0.265 2.8130 0.0049 
  obs F -0.151 0.346 -0.4360 0.6630 
  obs G 0.444 0.284 1.5670 0.1170 
  obs H -0.932 0.317 -2.9370 0.0033 
  time -0.004 0.001 -4.0980 0.0000 
MIHO-16 psi intercept 2.020 0.375 5.3900 0.0000 
 p obs A -0.158 0.255 -0.6190 0.5360 
  obs B 1.013 0.715 1.4150 0.1570 
  obs C -0.509 0.338 -1.5050 0.1320 
  obs D 0.775 0.276 2.8040 0.0051 
  obs E 0.741 0.267 2.7730 0.0056 
  obs F -0.164 0.347 -0.4720 0.6370 
  obs G 0.435 0.285 1.5270 0.1270 
  obs H -0.937 0.318 -2.9510 0.0032 
  time -0.004 0.001 -4.0520 0.0001 
MIST-0 psi intercept 0.906 0.206 4.3900 0.0000 
 p intercept -0.019 0.100 -0.1890 0.8500 
MIST-58 psi intercept 1.450 0.416 3.4900 0.0005 
  elev 1.270 0.500 2.5500 0.0109 
 p obs A 0.675 0.274 2.4650 0.0137 
  obs B -0.316 0.916 -0.3450 0.7300 
  obs C -1.012 0.372 -2.7180 0.0066 
  obs D -0.375 0.298 -1.2560 0.2089 
  obs E 0.898 0.242 3.7110 0.0002 
  obs F 0.755 0.321 2.3550 0.0185 
  obs G -0.874 0.314 -2.7850 0.0053 
  obs H 0.166 0.310 0.5360 0.5918 
  cloud -0.007 0.004 -2.0100 0.0444 
MIST-60 psi intercept 1.470 0.417 3.5200 0.0004 
  elev 1.290 0.502 2.5600 0.0105 
 p obs A 0.377 0.226 1.6660 0.0957 
  obs B -0.460 0.913 -0.5040 0.6140 
  obs C -1.378 0.327 -4.2130 0.0000 
  obs D -0.643 0.266 -2.4130 0.0158 
  obs E 0.683 0.215 3.1850 0.0015 
  obs F 0.436 0.275 1.5860 0.1130 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

  obs G -1.057 0.300 -3.5230 0.0004 
  obs H -0.077 0.284 -0.2710 0.7860 
MIST-59 psi veg LI 1.670 0.524 3.1800 0.0015 
  veg MLI 0.680 0.587 1.1600 0.2467 
  veg OF 1.310 0.627 2.0800 0.0373 
  veg SF 2.330 0.824 2.8300 0.0046 
  elev 1.410 0.509 2.7800 0.0054 
 p obs A 0.686 0.275 2.4940 0.0126 
  obs B -0.315 0.916 -0.3430 0.7314 
  obs C -0.993 0.372 -2.6660 0.0077 
  obs D -0.357 0.302 -1.1830 0.2370 
  obs E 0.902 0.241 3.7380 0.0002 
  obs F 0.772 0.322 2.3970 0.0165 
  obs G -0.858 0.317 -2.7040 0.0068 
  obs H 0.164 0.309 0.5290 0.5969 
  cloud -0.007 0.004 -2.0350 0.0418 
ROWE-0 psi intercept -1.160 0.207 -5.6400 0.0000 
 p intercept 0.262 0.171 1.5400 0.1250 
ROWE-62Q psi veg LI -4.447 1.276 -3.4850 0.0005 
  veg MLI -2.232 1.083 -2.0610 0.0393 
  veg OF -3.831 1.348 -2.8430 0.0045 
  veg SF -0.676 0.818 -0.8270 0.4082 
  elev 4.241 1.546 2.7430 0.0061 
  elev^2 -1.134 0.857 -1.3220 0.1860 
 p intercept 0.262 0.171 1.5400 0.1250 
RUFA-0 psi intercept 2.510 0.412 6.0800 0.0000 
 p intercept 0.019 0.088 0.2190 0.8270 
RUFA-42 psi intercept 2.510 0.416 6.0300 0.0000 
 p obs A 0.876 0.571 1.5330 0.1254 
  obs B 1.302 0.901 1.4460 0.1482 
  obs C 0.311 0.595 0.5220 0.6014 
  obs D 1.006 0.612 1.6440 0.1002 
  obs E 1.617 0.585 2.7630 0.0057 
  obs F 1.054 0.627 1.6820 0.0927 
  obs G 0.945 0.623 1.5170 0.1292 
  obs H 1.733 0.628 2.7590 0.0058 
  time -0.003 0.001 -2.9850 0.0028 
  gust 0 0.876 0.571 1.5330 0.1253 
  gust 1 1.585 0.459 3.4530 0.0006 
  gust 2 0.787 0.308 2.5590 0.0105 
  gust 3 0.093 0.302 0.3090 0.7576 
  gust 4 -0.513 0.365 -1.4040 0.1603 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

  gust 5 0.137 0.731 0.1880 0.8512 
WHGD-0 psi intercept 0.139 0.196 0.7090 0.4780 
 p intercept -0.414 0.128 -3.2400 0.0012 
WHGD-58 psi veg LI 0.785 0.402 1.9540 0.0507 
  veg MLI 0.274 0.485 0.5650 0.5724 
  veg OF -1.145 0.594 -1.9290 0.0537 
  veg SF 0.873 0.660 1.3230 0.1860 
  elev 0.763 0.327 2.3300 0.0198 
 p obs A -0.279 0.729 -0.3825 0.7021 
  obs B -1.111 1.355 -0.8198 0.4124 
  obs C -1.749 0.888 -1.9691 0.0489 
  obs D 0.372 0.803 0.4639 0.6427 
  obs E -0.032 0.724 -0.0438 0.9651 
  obs F -0.833 0.821 -1.0150 0.3101 
  obs G -2.052 0.867 -2.3653 0.0180 
  obs H -0.489 0.802 -0.6102 0.5418 
  gust 0 -0.280 0.729 -0.3841 0.7009 
  gust 1 0.701 0.423 1.6568 0.0976 
  gust 2 0.013 0.295 0.0428 0.9659 
  gust 3 -0.363 0.315 -1.1520 0.2493 
  gust 4 -1.396 0.369 -3.7835 0.0002 
  gust 5 0.072 0.801 0.0893 0.9289 
WHGD-59 psi veg LI 0.746 0.393 1.9000 0.0577 
  veg MLI 0.237 0.465 0.5100 0.6099 
  veg OF -1.151 0.591 -1.9500 0.0512 
  veg SF 0.813 0.644 1.2600 0.2070 
  elev 0.707 0.313 2.2500 0.0242 
 p obs A -0.642 0.807 -0.7955 0.4264 
  obs B -1.207 1.356 -0.8900 0.3734 
  obs C -2.047 0.928 -2.2054 0.0274 
  obs D 0.055 0.854 0.0648 0.9484 
  obs E -0.400 0.804 -0.4979 0.6186 
  obs F -1.137 0.870 -1.3065 0.1914 
  obs G -2.454 0.949 -2.5866 0.0097 
  obs H -0.830 0.867 -0.9575 0.3383 
  day 0.050 0.048 1.0386 0.2990 
  gust 0 -0.642 0.807 -0.7950 0.4264 
  gust 1 0.331 0.554 0.5980 0.5499 
  gust 2 -0.335 0.447 -0.7500 0.4535 
  gust 3 -0.668 0.432 -1.5490 0.1215 
  gust 4 -1.707 0.478 -3.5730 0.0004 
  gust 5 -0.264 0.865 -0.3050 0.7604 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

WHTE-0 psi intercept 1.270 0.262 4.8500 0.0000 
 p intercept -0.431 0.106 -4.0700 0.0000 
WHTE-61 psi vis 1 0.779 0.270 2.8820 0.0040 
  vis 2 1.720 0.618 2.7820 0.0054 
  vis 3 8.978 56.843 0.1580 0.8745 
  vis 4 10.132 52.857 0.1920 0.8480 
  vis 5 9.582 53.863 0.1780 0.8588 
 p obs A 0.394 0.203 1.9410 0.0523 
  obs B 0.609 0.865 0.7040 0.4810 
  obs C -0.622 0.300 -2.0740 0.0381 
  obs D -0.429 0.241 -1.7820 0.0748 
  obs E -4.597 1.007 -4.5660 0.0000 
  obs F 0.690 0.342 2.0150 0.0439 
  obs G -0.295 0.254 -1.1610 0.2460 
  obs H -0.119 0.286 -0.4160 0.6770 
WHTE-70 psi vis 1 0.835 0.286 2.9240 0.0035 
  vis 2 1.637 0.615 2.6600 0.0078 
  vis 3 8.732 54.547 0.1600 0.8728 
  vis 4 9.908 48.654 0.2040 0.8386 
  vis 5 9.784 58.034 0.1690 0.8661 
  elev 0.279 0.260 1.0700 0.2844 
 p obs A 0.398 0.203 1.9620 0.0498 
  obs B 0.630 0.866 0.7270 0.4670 
  obs C -0.625 0.300 -2.0830 0.0372 
  obs D -0.433 0.242 -1.7920 0.0731 
  obs E -4.590 1.007 -4.5600 0.0000 
  obs F 0.692 0.342 2.0270 0.0427 
  obs G -0.315 0.256 -1.2330 0.2170 
  obs H -0.103 0.286 -0.3600 0.7190 
WHTE-62 psi vis 1 0.796 0.274 2.8998 0.0037 
  vis 2 1.730 0.628 2.7543 0.0059 
  vis 3 12.521 293.841 0.0426 0.9660 
  vis 4 13.620 302.305 0.0451 0.9641 
  vis 5 13.257 337.987 0.0392 0.9687 
 p obs A 1.481 0.769 1.9260 0.0541 
  obs B 1.732 1.163 1.4900 0.1362 
  obs C 0.542 0.788 0.6890 0.4910 
  obs D 0.845 0.816 1.0360 0.3003 
  obs E -3.580 1.221 -2.9330 0.0034 
  obs F 1.819 0.847 2.1460 0.0318 
  obs G 0.941 0.819 1.1490 0.2505 
  obs H 1.056 0.839 1.2590 0.2080 
  gust 0 1.481 0.769 1.9260 0.0541 
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Species 
model Parameter Covariate Coefficient 

Standard 
error z P(>|z|) 

  gust 1 0.313 0.438 0.7140 0.4750 
  gust 2 0.555 0.285 1.9480 0.0515 
  gust 3 0.029 0.251 0.1150 0.9080 
  gust 4 0.525 0.288 1.8240 0.0682 
  gust 5 -0.195 0.708 -0.2760 0.7830 
YEBI-0 psi intercept -0.565 0.267 -2.1200 0.0344 
 p intercept -1.180 0.213 -5.5200 0.0000 
YEBI-58 psi veg LI -0.283 0.423 -0.6700 0.5029 
  veg MLI -1.709 0.570 -2.9960 0.0027 
  veg OF 5.865 8.416 0.6970 0.4859 
  veg SF -1.161 0.699 -1.6600 0.0969 
 p intercept -1.271 0.399 -3.1900 0.0014 
  time -0.005 0.002 -2.9900 0.0028 
  cloud 0.015 0.005 2.8300 0.0046 
YEBI-59 psi veg LI -0.477 0.458 -1.0420 0.2975 
  veg MLI -1.341 0.645 -2.0770 0.0378 
  veg OF 7.232 13.298 0.5440 0.5865 
  veg SF -1.298 0.718 -1.8070 0.0708 
  elev -0.490 0.371 -1.3220 0.1863 
 p intercept -1.309 0.401 -3.2700 0.0011 
  time -0.005 0.002 -3.0000 0.0027 
  cloud 0.016 0.005 2.9300 0.0034 
YEBI-60 psi veg LI -0.395 0.427 -0.9242 0.3554 
  veg MLI -2.011 0.679 -2.9631 0.0031 
  veg OF 17.510 210.978 0.0830 0.9339 
  veg SF -0.900 0.804 -1.1191 0.2631 
  vis 1 -0.394 0.428 -0.9228 0.3561 
  vis 2 -0.365 0.793 -0.4611 0.6447 
  vis 3 12.172 200.728 0.0606 0.9516 
  vis 4 -8.117 51.972 -0.1562 0.8759 
  vis 5 2.107 2966.791 0.0007 0.9994 
 p intercept -1.223 0.397 -3.0800 0.0021 
  time -0.005 0.002 -3.0100 0.0026 
  cloud 0.015 0.005 2.7200 0.0064 
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APPENDIX 5: PREDICTED DETECTION PROBABILITY FOR FINAL MODELS 

Predicted detection probability for final models given a range of input covariate values. For 
covariates treated as continuous variables, predictions are presented for minimum, mean, and 
maximum of observed values. The dot symbol in the covariate columns denotes a constant 
parameter (i.e., modeled as an intercept only). With the exception of the reference null model 
(e.g., BLDR-0), models for each species are ordered as ranked by AIC (see Appendix 3). See 
Methods section for an explanation of covariates and Appendix 2 for covariate descriptions. See 
Table 4 for a listing of species name abbreviations. The covariates vegetation, visibility, 
elevation, and observer are abbreviated as “veg,” “vis,” “elev,” and “obs,” respectively. 
Species 
model 

Detection 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

BLDR-0 0.570 0.022 0.526 0.613 •   
BLDR-58 0.581 0.055 0.470 0.684 time -19 cloud 0  
 0.461 0.037 0.389 0.534 time 141 cloud 0  
 0.300 0.054 0.205 0.415 time 371 cloud 0  
 0.831 0.040 0.739 0.896 time -19 cloud 100  
 0.753 0.047 0.651 0.832 time 141 cloud 100  
 0.604 0.084 0.433 0.752 time 371 cloud 100  
COLK-0 0.383 0.024 0.337 0.431 •   
COLK-58 0.677 0.113 0.432 0.853 obs A time -19 gust 0 
 0.562 0.128 0.316 0.781 obs A time 141 gust 0 
 0.388 0.151 0.154 0.689 obs A time 371 gust 0 
 0.659 0.071 0.509 0.782 obs A time -19 gust 3 
 0.542 0.057 0.430 0.649 obs A time 141 gust 3 
 0.369 0.078 0.233 0.529 obs A time 371 gust 3 
ISCD-0 0.259 0.028 0.209 0.316 •   
ISCD-58 0.453 0.057 0.345 0.566 time -19   
 0.248 0.027 0.199 0.304 time 141   
 0.080 0.025 0.043 0.146 time 371   
ISCD-60 0.412 0.069 0.286 0.551 time -19 cloud 0  
 0.223 0.034 0.163 0.297 time 141 cloud 0  
 0.074 0.024 0.038 0.138 time 371 cloud 0  
 0.457 0.057 0.349 0.569 time -19 cloud 50  
 0.256 0.028 0.205 0.315 time 141 cloud 50  
 0.087 0.028 0.045 0.161 time 371 cloud 50  
 0.502 0.076 0.357 0.647 time -19 cloud 100  
 0.292 0.056 0.195 0.413 time 141 cloud 100  
 0.103 0.041 0.046 0.214 time 371 cloud 100  
MACR-0 0.210 0.056 0.121 0.341 •   
MACR-58 0.343 0.133 0.142 0.624 time -19   
 0.216 0.057 0.125 0.349 time 141   
 0.099 0.063 0.027 0.303 time 371   
MACR-1 0.210 0.056 0.121 0.341 •   
MACR-59 0.342 0.132 0.141 0.622 time -19   
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Species 
model 

Detection 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 0.213 0.058 0.121 0.347 time 141   
 0.096 0.061 0.026 0.297 time 371   
MACR-5 0.210 0.056 0.121 0.341 •   
MAFD-0 0.549 0.022 0.506 0.591 •   
MAFD-44 0.745 0.060 0.612 0.845 obs A cloud 0 wind 0 
 0.507 0.092 0.333 0.679 obs A cloud 100 wind 0 
 0.807 0.041 0.714 0.875 obs A cloud 0 wind 1 
 0.595 0.077 0.440 0.733 obs A cloud 100 wind 1 
 0.700 0.061 0.570 0.804 obs A cloud 0 wind 2 
 0.450 0.083 0.298 0.612 obs A cloud 100 wind 2 
MIHO-0 0.394 0.024 0.349 0.441 •   
MIHO-59 0.703 0.060 0.573 0.806 obs D time -19  
 0.543 0.054 0.437 0.644 obs D time 141  
 0.306 0.065 0.195 0.445 obs D time 371  
 0.299 0.068 0.185 0.446 obs H time -19  
 0.177 0.045 0.105 0.282 obs H time 141  
 0.074 0.029 0.034 0.155 obs H time 371  
MIHO-58 0.683 0.060 0.557 0.787 obs D time -19  
 0.526 0.051 0.425 0.624 obs D time 141  
 0.298 0.062 0.191 0.432 obs D time 371  
 0.286 0.066 0.176 0.429 obs H time -19  
 0.171 0.043 0.101 0.273 obs H time 141  
 0.073 0.028 0.034 0.152 obs H time 371  
MIHO-16 0.702 0.061 0.572 0.806 obs D time -19  
 0.544 0.054 0.438 0.645 obs D time 141  
 0.309 0.065 0.198 0.448 obs D time 371  
 0.298 0.068 0.184 0.445 obs H time -19  
 0.177 0.045 0.105 0.282 obs H time 141  
 0.075 0.029 0.034 0.156 obs H time 371  
MIST-0 0.495 0.025 0.446 0.544 •   
MIST-58 0.267 0.073 0.149 0.430 obs C cloud 0  
 0.150 0.048 0.078 0.270 obs C cloud 100  
 0.711 0.050 0.604 0.798 obs E cloud 0  
 0.544 0.082 0.385 0.695 obs E cloud 100  
MIST-60 0.593 0.055 0.483 0.694 obs A   
 0.387 0.217 0.095 0.791 obs B   
 0.201 0.053 0.117 0.324 obs C   
 0.345 0.060 0.238 0.470 obs D   
 0.664 0.048 0.565 0.751 obs E   
 0.607 0.066 0.474 0.726 obs F   
 0.258 0.057 0.162 0.385 obs G   
 0.481 0.071 0.347 0.618 obs H   
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Species 
model 

Detection 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

MIST-59 0.270 0.073 0.152 0.435 obs C cloud 0  
 0.151 0.048 0.079 0.271 obs C cloud 100  
 0.711 0.050 0.606 0.798 obs E cloud 0  
 0.542 0.082 0.383 0.693 obs E cloud 100  
ROWE-0 0.565 0.042 0.482 0.645 •   
ROWE-62Q 0.565 0.042 0.482 0.645 •   
RUFA-0 0.505 0.022 0.462 0.548 •   
RUFA-42 0.593 0.144 0.312 0.824 obs C time -19 gust 0 
 0.458 0.152 0.203 0.738 obs C time 141 gust 0 
 0.280 0.146 0.086 0.616 obs C time 371 gust 0 
 0.571 0.089 0.395 0.731 obs C time -19 gust 2 
 0.437 0.086 0.281 0.605 obs C time 141 gust 2 
 0.262 0.091 0.124 0.472 obs C time 371 gust 2 
 0.266 0.080 0.139 0.449 obs C time -19 gust 4 
 0.174 0.052 0.095 0.299 obs C time 141 gust 4 
 0.088 0.035 0.040 0.183 obs C time 371 gust 4 
 0.858 0.077 0.638 0.954 obs H time -19 gust 0 
 0.778 0.111 0.498 0.926 obs H time 141 gust 0 
 0.617 0.177 0.270 0.875 obs H time 371 gust 0 
 0.847 0.044 0.741 0.914 obs H time -19 gust 2 
 0.763 0.058 0.632 0.857 obs H time 141 gust 2 
 0.596 0.108 0.380 0.780 obs H time 371 gust 2 
 0.601 0.101 0.398 0.774 obs H time -19 gust 4 
 0.467 0.091 0.299 0.642 obs H time 141 gust 4 
 0.287 0.089 0.146 0.485 obs H time 371 gust 4 
WHGD-0 0.398 0.031 0.340 0.459 •   
WHGD-58 0.148 0.112 0.030 0.498 obs C gust 0  
 0.317 0.142 0.114 0.627 obs C gust 1  
 0.189 0.088 0.070 0.419 obs C gust 2  
 0.138 0.070 0.048 0.337 obs C gust 3  
 0.054 0.031 0.017 0.160 obs C gust 4  
 0.198 0.122 0.052 0.526 obs C gust 5  
 0.592 0.194 0.231 0.875 obs D gust 0  
 0.795 0.084 0.585 0.914 obs D gust 1  
 0.660 0.082 0.486 0.799 obs D gust 2  
 0.572 0.089 0.395 0.732 obs D gust 3  
 0.322 0.097 0.166 0.531 obs D gust 4  
 0.673 0.184 0.286 0.914 obs D gust 5  
WHGD-59 0.119 0.096 0.022 0.449 obs C day 1 gust 0 
 0.148 0.111 0.030 0.494 obs C day 6 gust 0 
 0.190 0.142 0.037 0.590 obs C day 12 gust 0 
 0.156 0.082 0.052 0.384 obs C day 1 gust 2 
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Species 
model 

Detection 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 0.191 0.090 0.071 0.424 obs C day 6 gust 2 
 0.242 0.120 0.082 0.534 obs C day 12 gust 2 
 0.045 0.028 0.013 0.143 obs C day 1 gust 4 
 0.057 0.033 0.018 0.168 obs C day 6 gust 4 
 0.075 0.049 0.020 0.242 obs C day 12 gust 4 
 0.526 0.209 0.177 0.852 obs D day 1 gust 0 
 0.588 0.193 0.230 0.872 obs D day 6 gust 0 
 0.658 0.190 0.270 0.909 obs D day 12 gust 0 
 0.602 0.105 0.390 0.781 obs D day 1 gust 2 
 0.660 0.083 0.485 0.800 obs D day 6 gust 2 
 0.723 0.094 0.511 0.868 obs D day 12 gust 2 
 0.277 0.098 0.128 0.499 obs D day 1 gust 4 
 0.330 0.098 0.171 0.539 obs D day 6 gust 4 
 0.399 0.131 0.186 0.659 obs D day 12 gust 4 
WHTE-0 0.394 0.025 0.346 0.444 •   
WHTE-61 0.597 0.049 0.499 0.688 obs A   
 0.648 0.197 0.252 0.909 obs B   
 0.349 0.068 0.230 0.491 obs C   
 0.394 0.058 0.289 0.511 obs D   
 0.010 0.010 0.001 0.068 obs E   
 0.666 0.076 0.505 0.796 obs F   
 0.427 0.062 0.312 0.551 obs G   
 0.470 0.071 0.337 0.609 obs H   
WHTE-70 0.598 0.049 0.500 0.689 obs A   
 0.652 0.196 0.256 0.911 obs B   
 0.349 0.068 0.229 0.491 obs C   
 0.393 0.058 0.288 0.510 obs D   
 0.010 0.010 0.001 0.068 obs E   
 0.667 0.076 0.506 0.796 obs F   
 0.422 0.062 0.307 0.546 obs G   
 0.474 0.071 0.340 0.613 obs H   
WHTE-62 0.630 0.180 0.270 0.890 obs C gust 0  
 0.350 0.120 0.160 0.600 obs C gust 1  
 0.410 0.090 0.240 0.590 obs C gust 2  
 0.290 0.080 0.160 0.460 obs C gust 3  
 0.400 0.090 0.240 0.580 obs C gust 4  
 0.240 0.120 0.090 0.520 obs C gust 5  
 0.860 0.100 0.540 0.970 obs F gust 0  
 0.660 0.120 0.410 0.840 obs F gust 1  
 0.710 0.080 0.540 0.830 obs F gust 2  
 0.590 0.090 0.410 0.750 obs F gust 3  
 0.700 0.090 0.500 0.850 obs F gust 4  
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Species 
model 

Detection 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 0.540 0.180 0.220 0.830 obs F gust 5  
YEBI-0 0.236 0.038 0.169 0.319 •   
YEBI-58 0.236 0.076 0.120 0.414 time -19 cloud 0  
 0.115 0.033 0.065 0.198 time 141 cloud 0  
 0.036 0.019 0.013 0.099 time 371 cloud 0  
 0.397 0.070 0.270 0.540 time -19 cloud 50  
 0.217 0.034 0.157 0.292 time 141 cloud 50  
 0.074 0.036 0.028 0.181 time 371 cloud 50  
 0.584 0.090 0.404 0.744 time -19 cloud 100  
 0.371 0.080 0.231 0.537 time 141 cloud 100  
 0.145 0.077 0.048 0.365 time 371 cloud 100  
YEBI-59 0.231 0.075 0.116 0.407 time -19 cloud 0  
 0.111 0.032 0.062 0.192 time 141 cloud 0  
 0.034 0.018 0.012 0.095 time 371 cloud 0  
 0.396 0.070 0.269 0.538 time -19 cloud 50  
 0.215 0.034 0.155 0.290 time 141 cloud 50  
 0.072 0.035 0.027 0.179 time 371 cloud 50  
 0.589 0.090 0.409 0.748 time -19 cloud 100  
 0.374 0.081 0.234 0.540 time 141 cloud 100  
 0.146 0.077 0.048 0.366 time 371 cloud 100  
YEBI-60 0.247 0.078 0.126 0.427 time -19 cloud 0  
 0.120 0.034 0.068 0.204 time 141 cloud 0  
 0.037 0.019 0.013 0.101 time 371 cloud 0  
 0.404 0.071 0.276 0.546 time -19 cloud 50  
 0.220 0.034 0.161 0.294 time 141 cloud 50  
 0.074 0.035 0.028 0.181 time 371 cloud 50  
 0.584 0.090 0.404 0.744 time -19 cloud 100  
 0.368 0.080 0.230 0.533 time 141 cloud 100  
 0.142 0.075 0.047 0.357 time 371 cloud 100  
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APPENDIX 6: PREDICTED OCCUPANCY PROBABILITY FOR FINAL MODELS 

Predicted occupancy probability for final models given a range of input covariate values. For 
covariates treated as continuous variables, predictions are presented for minimum, mean, and 
maximum of observed values. Predictions for covariates with large coefficient standard errors 
(see Appendix 4) were not estimable and produced predicted 95% confidence intervals that 
spanned 0.0 and 1.0; these predictions are indicated with a hyphen. The dot symbol in the 
covariate columns denotes a constant parameter (i.e., modeled as an intercept only). With the 
exception of the reference null model (e.g., BLDR-0), models for each species are ordered as 
ranked by AIC (see Appendix 3). See Methods section for an explanation of covariates and 
Table 2 for covariate descriptions. See Table 4 for a listing of species name abbreviations. The 
covariates vegetation, visibility, elevation, and observer are abbreviated as “veg,” “vis,” “elev,” 
and “obs,” respectively. 
Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

BLDR-0 0.821 0.035 0.742 0.880 •   
BLDR-58 0.684 0.075 0.523 0.811 veg MLI   
 0.825 0.055 0.692 0.909 veg LI   
 0.928 0.071 0.617 0.990 veg SF   
 - - 0.000 1.000 veg OF   
BLDR-59 0.741 0.137 0.414 0.921 veg MLI elev 17  
 0.705 0.086 0.514 0.844 veg MLI elev 182  
 0.651 0.107 0.425 0.825 veg MLI elev 411  
 0.844 0.064 0.676 0.933 veg LI elev 17  
 0.819 0.058 0.676 0.907 veg LI elev 182  
 0.779 0.129 0.449 0.938 veg LI elev 411  
 0.935 0.065 0.641 0.991 veg SF elev 17  
 0.923 0.074 0.610 0.989 veg SF elev 182  
 0.903 0.108 0.454 0.991 veg SF elev 411  
 - - 0.000 1.000 veg OF elev 17  
 - - 0.000 1.000 veg OF elev 182  
 - - 0.000 1.000 veg OF elev 411  
BLDR-60 0.741 0.079 0.560 0.866 veg MLI vis 1  
 0.849 0.053 0.715 0.926 veg LI vis 1  
 0.962 0.043 0.720 0.996 veg SF vis 1  
 - - 0.000 1.000 veg OF vis 1  
 0.484 0.129 0.254 0.721 veg MLI vis 2  
 0.647 0.134 0.368 0.853 veg LI vis 2  
 0.892 0.108 0.476 0.987 veg SF vis 2  
 - - 0.000 1.000 veg OF vis 2  
COLK-0 0.878 0.041 0.773 0.938 •   
COLK-58 0.986 0.019 0.815 0.999 elev 17   
 0.937 0.043 0.783 0.984 elev 182   
 0.628 0.148 0.328 0.853 elev 411   
ISCD-0 0.742 0.067 0.592 0.850 •   
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Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

ISCD-58 0.914 0.067 0.670 0.982 elev 17   
 0.766 0.076 0.589 0.882 elev 182   
 0.394 0.136 0.176 0.665 elev 411   
ISCD-60 0.922 0.063 0.682 0.985 elev 17   
 0.775 0.076 0.595 0.890 elev 182   
 0.386 0.135 0.170 0.659 elev 411   
MACR-0 0.197 0.053 0.113 0.320 •   
MACR-58 0.071 0.050 0.017 0.251 veg MLI   
 0.376 0.101 0.206 0.583 veg LI   
 0.081 0.079 0.011 0.415 veg SF   
 - - 0.000 1.000 veg OF   
MACR-1 0.073 0.052 0.017 0.260 veg MLI   
 0.395 0.108 0.212 0.613 veg LI   
 0.085 0.083 0.011 0.433 veg SF   
 - - 0.000 1.000 veg OF   
MACR-59 0.167 0.149 0.024 0.622 veg MLI elev 17  
 0.092 0.066 0.021 0.321 veg MLI elev 182  
 0.038 0.036 0.006 0.218 veg MLI elev 411  
 0.494 0.156 0.223 0.768 veg LI elev 17  
 0.330 0.104 0.163 0.554 veg LI elev 182  
 0.161 0.143 0.024 0.604 veg LI elev 411  
 0.130 0.130 0.015 0.588 veg SF elev 17  
 0.070 0.071 0.009 0.386 veg SF elev 182  
 0.029 0.040 0.002 0.331 veg SF elev 411  
 - - 0.000 1.000 veg OF elev 17  
 - - 0.000 1.000 veg OF elev 182  
 - - 0.000 1.000 veg OF elev 411  
MACR-5 0.169 0.154 0.023 0.637 veg MLI elev 17  
 0.094 0.068 0.021 0.329 veg MLI elev 182  
 0.039 0.038 0.005 0.229 veg MLI elev 411  
 0.512 0.164 0.225 0.791 veg LI elev 17  
 0.347 0.112 0.168 0.583 veg LI elev 182  
 0.172 0.155 0.024 0.636 veg LI elev 411  
 0.136 0.137 0.016 0.608 veg SF elev 17  
 0.074 0.075 0.009 0.403 veg SF elev 182  
 0.030 0.043 0.002 0.354 veg SF elev 411  
 - - 0.000 1.000 veg OF elev 17  
 - - 0.000 1.000 veg OF elev 182  
 - - 0.000 1.000 veg OF elev 411  
MAFD-0 0.882 0.030 0.809 0.929 •   
MAFD-44 0.891 0.030 0.817 0.938 •   
MIHO-0 0.889 0.040 0.783 0.947 •   
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Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

MIHO-59 0.958 0.037 0.789 0.993 elev 17   
 0.898 0.043 0.777 0.957 elev 182   
 0.701 0.127 0.416 0.885 elev 411   
MIHO-58 1.000 0.000 0.525 1.000 veg MLI elev 17  
 0.998 0.006 0.537 1.000 veg MLI elev 182  
 0.250 0.294 0.015 0.878 veg MLI elev 411  
 1.000 0.000 0.369 1.000 veg LI elev 17  
 0.999 0.002 0.405 1.000 veg LI elev 182  
 0.559 0.262 0.137 0.910 veg LI elev 411  
 - - 0.000 1.000 veg SF elev 17  
 - - 0.000 1.000 veg SF elev 182  
 0.860 0.818 0.000 1.000 veg SF elev 411  
 0.999 0.004 0.531 1.000 veg OF elev 17  
 0.834 0.142 0.402 0.974 veg OF elev 182  
 0.003 0.012 0.000 0.771 veg OF elev 411  
MIHO-16 0.883 0.039 0.784 0.940 •   
MIST-0 0.712 0.042 0.623 0.788 •   
MIST-58 0.402 0.109 0.217 0.620 elev 17   
 0.810 0.064 0.654 0.906 elev 182   
 0.982 0.024 0.791 0.999 elev 411   
MIST-60 0.403 0.110 0.216 0.622 elev 17   
 0.813 0.063 0.657 0.908 elev 182   
 0.983 0.023 0.796 0.999 elev 411   
MIST-59 0.203 0.128 0.051 0.547 veg MLI elev 17  
 0.664 0.131 0.384 0.862 veg MLI elev 182  
 0.971 0.037 0.716 0.998 veg MLI elev 411  
 0.405 0.112 0.215 0.628 veg LI elev 17  
 0.841 0.070 0.655 0.937 veg LI elev 182  
 0.989 0.016 0.836 0.999 veg LI elev 411  
 0.570 0.200 0.211 0.868 veg SF elev 17  
 0.912 0.066 0.672 0.981 veg SF elev 182  
 0.994 0.009 0.888 1.000 veg SF elev 411  
 0.322 0.174 0.090 0.694 veg OF elev 17  
 0.787 0.105 0.519 0.926 veg OF elev 182  
 0.984 0.021 0.814 0.999 veg OF elev 411  
ROWE-0 0.238 0.038 0.172 0.319 •   
ROWE-62Q 0.000 0.000 0.000 0.118 veg MLI elev 17  
 0.097 0.095 0.013 0.473 veg MLI elev 182  
 0.847 0.154 0.350 0.983 veg MLI elev 411  
 0.000 0.000 0.000 0.014 veg LI elev 17  
 0.012 0.015 0.001 0.125 veg LI elev 182  
 0.377 0.311 0.043 0.891 veg LI elev 411  
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Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 0.000 0.000 0.000 0.242 veg SF elev 17  
 0.337 0.183 0.093 0.716 veg SF elev 182  
 0.963 0.062 0.450 0.999 veg SF elev 411  
 0.000 0.000 0.000 0.027 veg OF elev 17  
 0.021 0.028 0.002 0.233 veg OF elev 182  
 0.529 0.447 0.032 0.974 veg OF elev 411  
RUFA-0 0.925 0.029 0.846 0.965 •   
RUFA-42 0.925 0.029 0.845 0.965 •   
WHGD-0 0.535 0.049 0.439 0.628 •   
WHGD-58 0.303 0.152 0.096 0.641 veg MLI elev 17  
 0.568 0.119 0.337 0.773 veg MLI elev 182  
 0.858 0.093 0.576 0.964 veg MLI elev 411  
 0.420 0.101 0.243 0.621 veg LI elev 17  
 0.687 0.086 0.499 0.828 veg LI elev 182  
 0.910 0.077 0.615 0.985 veg LI elev 411  
 0.442 0.166 0.175 0.747 veg SF elev 17  
 0.705 0.137 0.396 0.897 veg SF elev 182  
 0.917 0.082 0.573 0.989 veg SF elev 411  
 0.095 0.065 0.024 0.314 veg OF elev 17  
 0.241 0.109 0.090 0.505 veg OF elev 182  
 0.594 0.216 0.202 0.894 veg OF elev 411  
WHGD-59 0.313 0.154 0.100 0.650 veg MLI elev 17  
 0.559 0.115 0.337 0.759 veg MLI elev 182  
 0.839 0.094 0.571 0.953 veg MLI elev 411  
 0.431 0.101 0.252 0.629 veg LI elev 17  
 0.678 0.086 0.494 0.820 veg LI elev 182  
 0.897 0.084 0.597 0.981 veg LI elev 411  
 0.447 0.163 0.182 0.746 veg SF elev 17  
 0.693 0.137 0.389 0.888 veg SF elev 182  
 0.903 0.091 0.550 0.986 veg SF elev 411  
 0.102 0.068 0.026 0.325 veg OF elev 17  
 0.240 0.108 0.090 0.502 veg OF elev 182  
 0.565 0.214 0.191 0.877 veg OF elev 411  
WHTE-0 0.780 0.045 0.680 0.856 •   
WHTE-61 0.685 0.058 0.562 0.787 vis 1   
 0.848 0.080 0.624 0.949 vis 2   
 - - 0.000 1.000 vis 3   
 - - 0.000 1.000 vis 4   
 - - 0.000 1.000 vis 5   
WHTE-70 0.606 0.096 0.412 0.772 vis 1 elev 17  
 0.698 0.060 0.568 0.801 vis 1 elev 182  
 0.801 0.106 0.523 0.937 vis 1 elev 411  
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Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 0.774 0.130 0.445 0.936 vis 2 elev 17  
 0.837 0.084 0.606 0.945 vis 2 elev 182  
 0.900 0.070 0.661 0.976 vis 2 elev 411  
WHTE-62 0.689 0.059 0.564 0.791 vis 1   
 0.849 0.080 0.622 0.951 vis 2   
 - - 0.000 1.000 vis 3   
 - - 0.000 1.000 vis 4   
 - - 0.000 1.000 vis 5   
YEBI-0 0.362 0.062 0.252 0.490 •   
YEBI-58 0.153 0.074 0.056 0.356 veg MLI   
 0.430 0.104 0.248 0.633 veg LI   
 0.239 0.127 0.074 0.552 veg SF   
 - - 0.000 1.000 veg OF   
YEBI-59 0.347 0.225 0.071 0.788 veg MLI elev 17  
 0.207 0.106 0.069 0.481 veg MLI elev 182  
 0.089 0.062 0.021 0.306 veg MLI elev 411  
 0.558 0.148 0.280 0.804 veg LI elev 17  
 0.383 0.108 0.202 0.604 veg LI elev 182  
 0.189 0.149 0.033 0.611 veg LI elev 411  
 0.357 0.189 0.100 0.735 veg SF elev 17  
 0.215 0.121 0.063 0.527 veg SF elev 182  
 0.093 0.094 0.011 0.477 veg SF elev 411  
 - - 0.000 1.000 veg OF elev 17  
 - - 0.000 1.000 veg OF elev 182  
 - - 0.000 1.000 veg OF elev 411  
YEBI-60 0.118 0.071 0.034 0.336 veg MLI vis 1  
 0.121 0.088 0.027 0.409 veg MLI vis 2  
 - - 0.000 1.000 veg MLI vis 3  
 - - 0.000 1.000 veg MLI vis 4  
 - - 0.000 1.000 veg MLI vis 5  
 0.403 0.103 0.226 0.609 veg LI vis 1  
 0.409 0.192 0.128 0.766 veg LI vis 2  
 - - 0.000 1.000 veg LI vis 3  
 - - 0.000 1.000 veg LI vis 4  
 - - 0.000 1.000 veg LI vis 5  
 0.289 0.165 0.078 0.663 veg SF vis 1  
 0.295 0.175 0.074 0.685 veg SF vis 2  
 - - 0.000 1.000 veg SF vis 3  
 - - 0.000 1.000 veg SF vis 4  
 - - 0.000 1.000 veg SF vis 5  
 - - 0.000 1.000 veg OF vis 1  
 - - 0.000 1.000 veg OF vis 2  
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Species 
model 

Occupancy 
probability 

Standard 
error 

Lower 
95% CI 

Upper 
95% CI Covariate values 

 - - 0.000 1.000 veg OF vis 3  
 - - 0.000 1.000 veg OF vis 4  
 - - 0.000 1.000 veg OF vis 5  
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APPENDIX 7: SPECIES DETECTION FUNCTION MODELS 

Detection function models were selected based on the lowest second order Akaike's Information 
Criterion value (AICc) after correcting for small sample size. Base models included half-normal 
(HN) and hazard-rate (HR) key detection functions with cosine (Cos), hermite polynomial (H-
poly), and simple polynomial (S-poly) adjustment terms. Covariates were incorporated with the 
highest AICc ranked base model, and included cloud cover, detection type (Det; auditory [A], 
visual [V], or both [B]), visibility, gust strength, observer, time of detection, rain, wind strength, 
and year. All covariates were treated as categorical variables, except time of detection was 
treated as a continuous variable, and year was treated as both a continuous and categorical 
variable. For each model the number of estimated parameters (# Par), change in AICc (∆AICc), 
AICc, and estimate of the negative log-likelihood (-LogL) are provided. See Table 4 for a listing 
of species name abbreviations. 
Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
Black drongo      
HN Cos (2,3) Obs 31 0 50743 25340 
HN Cos (2,3) Year (fac) 15 78 50821 25396 
HN Cos (2,3) Det 5 186 50929 25460 
HN Cos (2,3) DetVB 4 197 50940 25466 
HN Cos (2,3) Vis 8 242 50985 25484 
HN Cos (2,3) DetAB 5 247 50991 25490 
HN Cos (2,3) Wind 9 252 50995 25489 
HN Cos (2,3) Gust 9 303 51046 25514 
HN Cos (2,3) Time 4 305 51048 25520 
HN Cos (2,3) Cloud 14 306 51049 25511 
HN Cos (2,3) Year (con) 4 307 51050 25521 
HN Cos (2,3) Rain 8 308 51051 25517 
HN Cos (2,3) Region 4 308 51051 25522 
HN Cos None 3 309 51052 25523 
HR S-poly None 3 315 51058 25526 
HR Key None 2 342 51085 25540 
HN Key None 1 358 51102 25550 
HN H-poly1 None     
HR Cos2 None     
Collared kingfisher      

HN Cos (2,3) 
Year (fac) + 
DetVB 16 0 45988 22933 

HN Cos (2,3) Det 5 454 46442 23216 
HN Cos (2,3) Year (fac) 15 505 46493 23231 
HN Cos (2,3) DetVB 4 521 46508 23250 
HN Cos (2,3) DetAB 5 609 46597 23293 
HN Cos (2,3) Wind 8 979 46966 23475 
HN Cos (2,3) Gust 9 1069 47056 23519 
HN Cos (2,3) Rain 7 1088 47076 23531 
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HN Cos (2,3) Cloud 14 1094 47082 23527 
HN Cos (2,3) Year (con) 4 1157 47145 23568 
HN Cos (2,3) Region 4 1175 47162 23577 
HN Cos (2,3) Time 4 1181 47169 23580 
HN Cos None 3 1187 47174 23584 
HN Key None 1 1270 47257 23628 
HR Key None 2 1349 47336 23666 
HN H-poly3 None     
HR Cos2 None     
HR S-poly4 None     
HN Cos (2,3) Vis1     
HN Cos (2,3) Obs1     
Eurasian tree sparrow      
HN Key DetVB 2 0 3345 1671 
HN Key Rain 3 1 3346 1670 
HN Key Wind 6 4 3349 1668 
HN Key Gust 7 4 3349 1667 
HN Key Year (con) 2 8 3353 1674 
HN Key None 1 9 3354 1676 
HN Key Time 2 9 3354 1675 
HR Key None 2 10 3355 1676 
HN Key Region 4 11 3356 1676 
HN Cos3 None     
HN H-poly1 None     
HR Cos3 None     
HR S-poly3 None     
HN Key Cloud5     
HN Key Det1     
HN Key DetAB5     
HN Key Vis5     
HN Key Obs5     
HN Key Year (fac) 5     
Island collared-dove      
HN Cos (2,3) Det 5 0 15544 7767 
HN Cos (2,3) DetAB6 4 6 15550 7771 
HN Cos (2,3) DetVB 4 14 15558 7775 
HN Cos (2,3) Year (fac) 15 134 15678 7824 
HN Cos (2,3) Obs 29 171 15715 7828 
HN Cos (2,3) Vis 8 242 15786 7885 
HN Cos (2,3) Rain 7 263 15807 7896 
HN Cos (2,3) Cloud 14 267 15811 7892 
HN Cos (2,3) Year (con) 4 270 15814 7903 
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HN Cos (2,3) Wind 8 271 15816 7900 
HN Cos (2,3) Gust 9 274 15818 7900 
HN Cos (2,3) Region 4 276 15820 7906 
HN Cos None 3 278 15822 7908 
HN Cos (2,3) Time 4 279 15824 7908 
HN Key None 1 296 15840 7919 
HR Key None 2 311 15855 7925 
HN H-poly1 None     
HR Cos2 None     
HR S-poly4 None     
Mariana crow      
HR Key Det 4 0 16733 8363 
HR Key DetVB6 3 7 16741 8367 
HR Key DetAB 4 41 16775 8383 
HR Key Vis 7 127 16861 8423 
HR Key Time 3 131 16864 8429 
HR Key Cloud 13 134 16868 8421 
HR Key None 2 134 16868 8432 
HR Key Year (con) 3 137 16871 8432 
HN Cos None 3 142 16875 8434 
HR Key Region 3 143 16877 8435 
HR Key Gust 8 149 16882 8433 
HR Key Year (fac) 13 156 16889 8431 
HN Key None 1 163 16896 8447 
HR Key Rain 6 176 16909 8449 
HN H-poly1 None     
HR Cos4 None     
HR S-poly3 None     
HR Key Obs5     
HR Key Wind5     
Mariana fruit-dove      
HN Cos (2,3) Vis 9 0 60668 30326 
HN Cos (2,3) Gust 9 7 60675 30329 
HN Cos (2,3) DetAB 5 79 60748 30369 
HN Cos (2,3) Rain 8 151 60819 30402 
HN Cos (2,3) Cloud 14 164 60832 30402 
HN Cos (2,3) Year (con) 4 384 61052 30522 
HN Cos (2,3) Time 4 387 61055 30524 
HN Cos (2,3) Region 4 398 61067 30529 
HN Cos None 3 404 61072 30533 
HR S-poly None 3 405 61074 30534 
HR Key None 2 424 61093 30544 
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HN Key None 1 463 61132 30565 
HN H-poly1 None     
HR Cos2 None     
HN Cos (2,3) Det5     
HN Cos (2,3) DetVB5     
HN Cos (2,3) Obs5     
HN Cos (2,3) Wind5     
HN Cos (2,3) Year (fac)5     
Micronesian myzomela      
HR Cos (2,3) Det 6 0 67029 33508 
HR Cos (2,3) DetVB6 5 5 67034 33512 
HR Cos (2,3) Obs 32 277 67306 33621 
HR Cos (2,3) DetAB 6 286 67314 33651 
HR Cos (2,3) Year (fac) 16 348 67377 33672 
HR Cos (2,3) Wind 10 806 67835 33907 
HR Cos (2,3) Rain 9 811 67839 33911 
HR Cos (2,3) Cloud 15 826 67855 33912 
HR Cos (2,3) Gust 10 828 67857 33918 
HN Cos None 3 892 67921 33957 
HR Cos None 4 892 67921 33957 
HR Cos (2,3) Year (con) 5 919 67947 33969 
HN Key None 1 924 67952 33975 
HR Cos (2,3) Time 5 938 67966 33978 
HR Key None 2 950 67978 33987 
HR Cos (2,3) Region 5 957 67986 33988 
HN H-poly1 None     
HR S-poly2 None     
HR Cos (2,3) Vis5     
Micronesian starling      
HN Cos (2,3) DetAB 4 23743 74486 37239 
HN Cos (2,3) Year (fac) 15 24044 74787 37378 
HN Cos (2,3) Vis 9 24057 74801 37391 
HN Cos (2,3) Obs 31 24073 74817 37377 
HN Cos (2,3) DetVB 5 24093 74836 37413 
HN Cos (2,3) Cloud 14 24148 74891 37431 
HN Cos (2,3) Wind 9 24169 74913 37447 
HN Cos (2,3) Gust 10 24185 74928 37454 
HN Cos (2,3) Rain 8 24212 74955 37474 
HN Cos (2,3) Year (con) 4 24283 75027 37509 
HN Cos (2,3) Time 4 24295 75038 37415 
HN Cos None 3 24296 75039 37517 
HN Cos (2,3) Region 4 24296 75039 37516 
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HR Cos None 4 24321 75064 37528 
HR Key None 2 24408 75151 37574 
HN Key None 1 24485 75228 37613 
HN H-poly3 None     
HR S-poly1 None     
HN Cos (2,3) Det5     
Rota white-eye      
HR Key Year (fac) 13 0 8948 4461 
HR Key DetVB 3 54 9003 4498 
HR Key Det 4 64 9012 4502 
HR Key Gust 8 81 9029 4506 
HR Key Vis 7 82 9030 4508 
HR Key Rain 5 97 9045 4517 
HR Key DetAB 4 104 9052 4522 
HR Key None 2 132 9080 4538 
HR Key Region 3 147 9095 4545 
HR Key Time 3 153 9101 4548 
HR Key Year (con) 3 154 9102 4548 
HN Key None 1 170 9118 4558 
HR Key Cloud 13 926 9874 4474 
HN Cos2 None     
HN H-poly3 None     
HR Cos3 None     
HR S-poly3 None     
HR Key Obs5     
HR Key Wind5     
Rufous fantail      
HR S-poly (4,6) DetVB 5 0 32125 16057 
HR S-poly (4,6) DetAB 6 230 32355 16171 
HR S-poly (4,6) Obs 32 508 32633 16284 
HR S-poly (4,6) Year (fac) 16 517 32641 16305 
HR S-poly (4,6) Vis 9 526 32650 16316 
HR S-poly (4,6) Cloud 15 575 32700 16335 
HR S-poly (4,6) Gust 10 600 32724 16352 
HR S-poly (4,6) Wind 10 607 32731 16356 
HR S-poly (4,6) Rain 9 623 32748 16365 
HR S-poly (4,6) Time 5 643 32768 16379 
HR S-poly (4,6) Year (con) 5 671 32796 16393 
HR S-poly None 4 673 32797 16395 
HR S-poly (4,6) Region 5 674 32798 16394 
HN Cos None 2 676 32800 16398 
HR Cos None 4 691 32815 16404 
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HR Key None 2 726 32850 16423 
HN Key None 1 728 32852 16425 
HN H-poly1 None     
HR S-poly (4,6) Det5     
White-throated ground-dove      
HN Cos (2) DetVB 3 0 6406 3200 
HN Cos (2) Year (fac) 13 9 6415 3194 
HN Cos (2) DetAB 3 13 6418 3206 
HN Cos (2) Year (con) 3 38 6443 3219 
HN Cos (2) Wind 7 42 6448 3217 
HN Cos None 2 44 6450 3223 
HN Cos (2) Region 3 45 6451 3200 
HN Cos (2) Time 3 45 6451 3223 
HN Key None 1 47 6453 3225 
HN Cos (2) Cloud 13 47 6453 3213 
HR Cos None 4 49 6454 3223 
HR Key None 2 51 6457 3226 
HN Cos (2) Gust 8 53 6459 3221 
HN H-poly3 None     
HR S-poly1 None     
HN Cos (2) Det5     
HN Cos (2) Vis5     
HN Cos (2) Obs5     
HN Cos (2) Rain5     
White tern      
HR S-poly (4) Vis 8 0 15477 7731 
HR S-poly (4) Year (fac) 15 40 15517 7743 
HR S-poly (4) Wind 8 64 15541 7762 
HR S-poly (4) Gust 9 76 15553 7768 
HR S-poly (4) Region 4 76 15554 7773 
HR S-poly (4) Det 5 83 15560 7775 
HR S-poly (4) Time 4 86 15563 7777 
HR S-poly None 3 86 15563 7779 
HR S-poly (4) Cloud 14 86 15564 7768 
HR S-poly (4) DetVB 4 88 15566 7779 
HR S-poly (4) Rain 7 90 15567 7777 
HR S-poly (4) DetAB 5 91 15568 7779 
HR S-poly (4) Year (con) 4 91 15568 7780 
HN Cos None 2 93 15570 7783 
HR Key None 2 113 15590 7793 
HN Key None 1 184 15662 7830 
HN H-poly3 None     
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Model Adjustment terms Covariates # Par ∆AICc AICc -LogL 
HR Cos2 None     
HR S-poly (4) Obs5     
Yellow bittern      
HR Key Wind 6 0 2612 1300 
HR Key Year (con) 3 2 2613 1304 
HN Cos None 2 3 2615 1306 
HR Key None 2 4 2616 1306 
HR Key Region 3 4 2616 1305 
HR Key Det 4 5 2617 1304 
HR Key Time 3 6 2617 1306 
HR Key Rain 6 6 2618 1303 
HR Key Vis 7 7 2619 1302 
HR Key DetAB 4 8 2620 1306 
HR Key Cloud 13 8 2620 1296 
HN Key None 1 12 2624 1311 
HR Key Gust 8 12 2624 1304 
HR Key Year (fac) 13 15 2627 1300 
HR Key DetVB 3 20 2631 1313 
HN H-poly3 None     
HR Cos2 None     
HR S-poly3 None     
HR Key Obs5     
1 Parameters highly correlated 
2 Maximum probability of detection > 1 
3 Key model selected 
4 Parameter at lower bound 
5 Model failed to converge 
6 More parsimonious model chosen because of limited number of detection type 4 in several 

surveys 
  



88 
 

APPENDIX 8: BIRDS DETECTED AND INDICES OF OCCURRENCE AND ABUNDANCE 

Birds detected and indices of occurrence and abundance based on 12 surveys on Rota, 1982–
2012. Occurrence was calculated as the number of stations or counts with one or more 
individuals divided by the total number of stations or counts x 100%. Relative abundance (BPS) 
was calculated as the total number of on-count detections divided by the number of stations or 
counts. On-count detections are records of bird detected during the 8-min count with distance 
estimates. The number of stations or counts conducted each survey are presented in Table 2. 
See Table 4 for a listing of species name abbreviations. 

Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
1982 BLDR 197 38.78 1469 2.892 

 BRNO 57 11.22 142 0.280 
 COLK 243 47.83 1083 2.132 
 EUTS 5 0.98 24 0.047 
 INEG 1 0.20 1 0.002 
 ISCD 125 24.61 452 0.890 
 MACR 131 25.79 454 0.894 
 MAFD 250 49.21 1935 3.809 
 MFBA 9 1.77 10 0.020 
 MIHO 254 50.00 2119 4.171 
 MIST 232 45.67 1483 2.919 
 PAGP 22 4.33 140 0.276 
 PARH 2 0.39 4 0.008 
 REJU 168 33.07 816 1.606 
 RFBO 2 0.39 2 0.004 
 RODO 2 0.39 11 0.022 
 ROWE 45 8.86 277 0.545 
 RTTR 2 0.39 3 0.006 
 RUFA 234 46.06 1049 2.065 
 RUTU 2 0.39 2 0.004 
 WHGD 144 28.35 342 0.673 
 WHIM 1 0.20 1 0.002 
 WHTE 99 19.49 419 0.825 
 WTTR 3 0.59 4 0.008 
 YEBI 20 3.94 53 0.104 

1987 BLDR 63 82.89 376 2.066 
 BRNO 13 17.11 22 0.121 
 COLK 72 94.74 351 1.929 
 ISCD 12 15.79 26 0.143 
 MACR 19 25.00 51 0.280 
 MAFD 76 100.00 519 2.852 
 MIHO 76 100.00 688 3.780 
 MIST 73 96.05 664 3.648 
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Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
 REJU 23 30.26 52 0.286 
 ROWE 25 32.89 152 0.835 
 RUFA 74 97.37 430 2.363 
 WHGD 22 28.95 49 0.269 
 WHTE 35 46.05 103 0.566 
 YEBI 6 7.89 11 0.060 

1988 BLDR 134 31.02 865 2.351 
Aug BRNO 22 5.09 47 0.128 

 COLK 159 36.81 928 2.522 
 EUTS 2 0.46 14 0.038 
 ISCD 81 18.75 335 0.910 
 MACR 90 20.83 357 0.970 
 MAFD 156 36.11 737 2.003 
 MIHO 149 34.49 761 2.068 
 MIST 147 34.03 1195 3.247 
 PAGP 1 0.23 1 0.003 
 REJU 31 7.18 71 0.193 
 ROWE 16 3.70 119 0.323 
 RTTR 1 0.23 1 0.003 
 RUFA 102 23.61 367 0.997 
 RUTU 1 0.23 5 0.014 
 WHGD 44 10.19 97 0.264 
 WHTE 85 19.68 439 1.193 
 WTTR 5 1.16 11 0.030 
 YEBI 10 2.31 16 0.043 

1988 BLDR 137 37.13 882 1.917 
Dec BRBO 1 0.27 1 0.002 

 BRNO 14 3.79 23 0.050 
 COLK 160 43.36 1335 2.902 
 EUTS 2 0.54 11 0.024 
 ISCD 64 17.34 209 0.454 
 MACR 96 26.02 388 0.843 
 MAFD 98 26.56 318 0.691 
 MIHO 151 40.92 1147 2.493 
 MIST 149 40.38 1574 3.422 
 PAGP 14 3.79 24 0.052 
 PARH 3 0.81 6 0.013 
 REJU 1 0.27 1 0.002 
 ROWE 8 2.17 37 0.080 
 RTTR 1 0.27 1 0.002 
 RUFA 104 28.18 366 0.796 
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Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
 WATA 1 0.27 2 0.004 
 WHGD 33 8.94 42 0.091 
 WHTE 109 29.54 558 1.213 
 WTTR 5 1.36 7 0.015 
 YEBI 23 6.23 44 0.096 

1989 BLDR 135 36.59 596 1.615 
 BRBO 1 0.27 1 0.003 
 BRNO 10 2.71 18 0.049 
 COLK 158 42.82 928 2.515 
 EUTS 3 0.81 21 0.057 
 ISCD 54 14.63 171 0.463 
 MACR 113 30.62 475 1.287 
 MAFD 152 41.19 812 2.201 
 MIHO 152 41.19 889 2.409 
 MIST 151 40.92 1227 3.325 
 PAGP 4 1.08 10 0.027 
 PARH 2 0.54 2 0.005 
 REJU 5 1.36 10 0.027 
 ROWE 16 4.34 72 0.195 
 RUFA 92 24.93 301 0.816 
 WATA 1 0.27 1 0.003 
 WHGD 35 9.49 45 0.122 
 WHTE 83 22.49 333 0.902 
 WTTR 5 1.36 7 0.019 
 YEBI 12 3.25 22 0.060 

1994 BLDR 117 39.13 396 1.324 
 BRNO 6 2.01 13 0.043 
 COLK 147 49.16 505 1.689 
 EUTS 1 0.33 2 0.007 
 ISCD 6 2.01 8 0.027 
 MACR 10 3.34 16 0.054 
 MAFD 136 45.48 552 1.846 
 MIHO 123 41.14 438 1.465 
 MIST 160 53.51 906 3.030 
 REJU 4 1.34 5 0.017 
 ROWE 31 10.37 116 0.388 
 RUFA 104 34.78 375 1.254 
 WHGD 27 9.03 56 0.187 
 WHTE 27 9.03 66 0.221 
 YEBI 2 0.67 2 0.007 

1995 BLDR 150 48.23 595 1.825 
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Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
 COLK 228 73.31 459 1.408 
 EUTS 41 13.18 172 0.528 
 INEG 1 0.32 1 0.003 
 ISCD 103 33.12 191 0.586 
 MACR 87 27.97 143 0.439 
 MAFD 159 51.13 259 0.794 
 MIHO 295 94.86 1206 3.699 
 MIST 241 77.49 788 2.417 
 ROWE 4 1.29 13 0.040 
 RUFA 203 65.27 416 1.276 
 WHGD 38 12.22 48 0.147 
 WHTE 3 0.96 4 0.012 
 WTTR 15 4.82 44 0.135 
 YEBI 33 10.61 41 0.126 

1998 BLDR 216 68.79 1008 3.210 
 BRNO 1 0.32 2 0.006 
 COLK 230 73.25 467 1.487 
 EUTS 28 8.92 82 0.261 
 ISCD 67 21.34 112 0.357 
 MACR 55 17.52 70 0.223 
 MAFB 6 1.91 6 0.019 
 MAFD 232 73.89 406 1.293 
 MIHO 183 58.28 375 1.194 
 MIST 252 80.25 822 2.618 
 PAGP 2 0.64 3 0.010 
 REJU 28 8.92 46 0.146 
 RFBO 1 0.32 1 0.003 
 RODO 2 0.64 5 0.016 
 ROWE 7 2.23 18 0.057 
 RUFA 163 51.91 299 0.952 
 WHGD 18 5.73 23 0.073 
 WHIM 2 0.64 3 0.010 
 WHTE 74 23.57 157 0.500 
 WTTR 5 1.59 6 0.019 
 YEBI 8 2.55 9 0.029 

2003 BARS 1 0.34 1 0.003 
 BLDR 128 43.99 319 1.096 
 BRBO 2 0.69 2 0.007 
 BRNO 2 0.69 2 0.007 
 COLK 228 78.35 432 1.485 
 EUTS 25 8.59 90 0.309 
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Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
 ISCD 74 25.43 112 0.385 
 MACR 34 11.68 44 0.151 
 MAFD 120 41.24 165 0.567 
 MIHO 218 74.91 454 1.560 
 MIST 262 90.03 856 2.942 
 NOBI 1 0.34 1 0.003 
 PAGP 9 3.09 46 0.158 
 PARH 1 0.34 1 0.003 
 RFBO 1 0.34 3 0.010 
 ROWE 8 2.75 33 0.113 
 RTTR 2 0.69 3 0.010 
 RUFA 154 52.92 261 0.897 
 UNBI 4 1.37 5 0.017 
 WHGD 2 0.69 2 0.007 
 WHIM 1 0.34 2 0.007 
 WHTE 68 23.37 200 0.687 
 YEBI 15 5.15 20 0.069 

2004 BLDR 34 72.34 146 3.106 
 BRNO 6 12.77 6 0.128 
 COLK 44 93.62 72 1.532 
 EUTS 4 8.51 17 0.362 
 GRFR 1 2.13 2 0.043 
 ISCD 17 36.17 23 0.489 
 MACR 8 17.02 11 0.234 
 MAFD 38 80.85 65 1.383 
 MIHO 27 57.45 58 1.234 
 MIST 47 100.00 222 4.723 
 RUFA 27 57.45 49 1.043 
 WHGD 5 10.64 6 0.128 
 WHTE 12 25.53 18 0.383 
 YEBI 2 4.26 3 0.064 

2006 BLDR 11 14.86 22 0.297 
 COLK 52 70.27 93 1.257 
 ISCD 4 5.41 4 0.054 
 MAFD 7 9.46 7 0.095 
 MIHO 41 55.41 82 1.108 
 MIST 68 91.89 287 3.878 
 ROWE 23 31.08 72 0.973 
 RUFA 30 40.54 61 0.824 
 WHGD 2 2.70 2 0.027 
 WHTE 3 4.05 3 0.041 
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Year Alphacode 
Stations/counts 

occupied Occurrence (%) Detections BPS 
2012 ABBO 1 0.09 1 0.001 

 BLDR 337 30.42 1639 1.479 
 BLNO 34 3.07 59 0.053 
 BRBO 1 0.09 1 0.001 
 BRNO 44 3.97 73 0.066 
 COLK 275 24.82 747 0.674 
 EUTS 23 2.08 63 0.057 
 GURA 2 0.18 2 0.002 
 ISCD 145 13.09 250 0.226 
 MACR 19 1.71 32 0.029 
 MAFD 360 32.49 1084 0.978 
 MIHO 399 36.01 1239 1.118 
 MIST 550 49.64 4430 3.998 
 PAGP 9 0.81 88 0.079 
 PARH 2 0.18 2 0.002 
 REJU 151 13.63 338 0.305 
 RFBO 1 0.09 1 0.001 
 RODO 1 0.09 1 0.001 
 ROWE 50 4.51 456 0.412 
 RUFA 417 37.64 1506 1.359 
 UNBI 15 1.35 17 0.015 
 WHGD 140 12.64 251 0.227 
 WHTE 247 22.29 740 0.668 
 WTTR 2 0.18 2 0.002 
 YEBI 70 6.32 109 0.098 
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APPENDIX 9: ABUNDANCE ESTIMATES FOR ROTA BIRD SPECIES BY STRATUM AND YEAR 

Sampling was not consistent across regions or surveys. In some years, Plateau estimates were 
predicted from Sabana surveys using a regression estimator of the correlation between the two 
areas. Surveys in 1988 and 1989 were based on roadside surveys adjusted using the ratio 
between simultaneous roadside and off-road surveys conducted in 2012. Estimates were based 
on 999 bootstrap estimates produced by program DISTANCE. Point estimate is the mean of the 
bootstrap samples, and the 95% confidence interval is given by the 2.5 and 97.5 percentiles of 
the bootstrap population, rounded down for the lower CI and up for the upper CI. Strata in 
which species do not occur and for which no estimates were made are indicated with a hyphen. 

 Abundance (mean and 95% CI) 
Year Plateau Sabana Total 
Black drongo 

1982 12,132  (9,904–14,524) 2,373  (1,664–3,198) 14,505  (12,011–17,295) 
1987 16,178  (11,126–23,525) 2,568  (1,648–3,739) 18,747  (12,807–27,072) 
1988 (Aug) 16,034  (12,552–20,001) 930  (628–1,347) 16,965  (13,455–21,023) 
1988 (Dec) 12,932  (9,951–16,009) 851  (636–1,096) 13,783  (10,807–16,893) 
1989 13,617  (11,036–16,448) 1,014  (711–1,341) 14,631  (12,035–17,541) 
1994 22,692  (16,826–30,622) 3,890  (3,128–4,743) 26,582  (20,193–34,816) 
1995 12,143  (7,447–17,998) 1,757  (1,111–2,464) 13,900  (9,180–19,898) 
1998 22,395  (18,323–27,059) 3,021  (2,075–4,125) 25,416  (21,136–30,100) 
2003 7,465  (5,873–9,177) 666  (259–1,107) 8,131  (6,503–9,916) 
2006 6,884  (2,240–11,189) 688  (197–1,270) 7,575  (2,574–12,384) 
2012 12,017  (9,820–14,428) 2,089  (1,400–2,888) 14,106  (11,636–16,838) 
Collared kingfisher 

1982 4,768  (3,949–5,599) 2,462  (2,018–2,926) 7,229  (6,181–8,334) 
1987 4,070  (3,453–4,683) 1,420  (1,056–1,814) 5,490  (4,588–6,393) 
1988 (Aug) 5,202  (4,279–6,190) 1,873  (1,412–2,353) 7,075  (5,898–8,276) 
1988 (Dec) 5,263  (4,269–6,281) 1,816  (1,427–2,222) 7,078  (5,904–8,288) 
1989 5,614  (4,684–6,625) 2,316  (1,877–2,812) 7,930  (6,812–9,194) 
1994 5,548  (4,533–6,863) 2,919  (2,520–3,342) 8,466  (7,181–10,023) 
1995 3,866  (3,243–4,615) 1,181  (831–1,597) 5,047  (4,227–5,900) 
1998 4,525  (3,790–5,278) 1,691  (1,261–2,142) 6,216  (5,338–7,212) 
2003 4,952  (4,272–5,763) 1,492  (1,070–1,936) 6,444  (5,601–7,414) 
2006 3,388  (2,542–4,161) 723  (440–1,055) 4,110  (3,128–5,125) 
2012 2,948  (2,447–3,494) 969  (735–1,227) 3,917  (3,281–4,607) 
Eurasian tree sparrow 

1982 719  (29–1,846) - 719  (29–1,846) 
1988 (Aug) 96  (0–288) - 96  (0–288) 
1988 (Dec) 96  (0–305) - 96  (0–305) 
1989 221  (0–609) - 221  (0–609) 
1995 6,844  (4,011–10,306) - 6,844  (4,011–10,306) 
1998 3,739  (1,816–6,505) - 3,739  (1,816–6,505) 
2003 3,253  (1,571–5,610) - 3,253  (1,571–5,610) 
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 Abundance (mean and 95% CI) 
Year Plateau Sabana Total 
2012 655  (250–1,216) - 655  (250–1,216) 
Island collared-dove 

1982 4,508  (3,453–5,644) 183  (75–315) 4,691  (3,627–5,879) 
1987 2,331  (1,296–3,254) 127  (0–315) 2,459  (1,371–3,380) 
1988 (Aug) 3,458  (2,538–4,492) 355  (155–614) 3,813  (2,826–4,897) 
1988 (Dec) 1,716  (1,185–2,310) 117  (34–232) 1,833  (1,284–2,448) 
1989 1,950  (1,340–2,713) 47  (0–122) 1,997  (1,373–2,772) 
1994 2,222  (938–3,366) 36  (6–81) 2,260  (962–3,403) 
1995 2,697  (1,961–3,653) 462  (229–756) 3,159  (2,312–4,274) 
1998 1,895  (1,256–2,670) 103  (0–257) 1,998  (1,343–2,790) 
2003 1,832  (1,295–2,515) 223  (61–446) 2,055  (1,452–2,797) 
2006 2,242  (1,046–3,369) 53  (0–144) 2,298  (1,048–3,414) 
2012 1,257  (910–1,642) 177  (94–273) 1,434  (1,044–1,852) 
Mariana crow 

1982 1,491  (815–3,115) - 1,491  (815–3,115) 
1995 891  (500–1,935) - 891  (500–1,935) 
1998 407  (212–899) - 407  (212–899) 
2003 244  (115–620) - 244  (115–620) 
2012 81  (30–202) - 81  (30–202) 
Mariana fruit-dove 

1982 7,477  (6,530–8,509) 3,424  (2,983–3,910) 10,901  (9,734–12,283) 
1987 4,719  (3,875–5,691) 2,003  (1,632–2,421) 6,723  (5,563–8,015) 
1988 (Aug) 4,094  (3,448–4,776) 1,120  (855–1,404) 5,214  (4,477–5,986) 
1988 (Dec) 1,511  (1,160–1,895) 222  (132–322) 1,732  (1,359–2,136) 
1989 4,883  (4,199–5,661) 1,545  (1,214–1,919) 6,428  (5,605–7,378) 
1994 4,238  (3,509–5,069) 1,753  (1,448–2,100) 5,991  (4,991–7,126) 
1995 1,724  (1,391–2,089) 771  (579–983) 2,495  (2,083–2,949) 
1998 2,845  (2,427–3,264) 961  (752–1,198) 3,805  (3,283–4,348) 
2003 1,303  (1,038–1,571) 184  (73–304) 1,487  (1,187–1,795) 
2006 1,010  (671–1,322) 81  (26–151) 1,091  (732–1,437) 
2012 2,642  (2,190–3,077) 740  (600–879) 3,383  (2,853–3,900) 
Micronesian myzomela 

1982 41,293  (31,670–52,281) 8,668  (6,372–11,473) 49,962  (38,276–63,191) 
1987 39,402  (28,053–54,762) 11,475  (8,118–15,497) 50,877  (36,417–70,026) 
1988 (Aug) 21,731  (16,265–28,533) 3,945  (2,425–5,761) 25,676  (19,173–33,670) 
1988 (Dec) 24,311  (17,932–31,805) 4,098  (2,704–6,018) 28,410  (21,180–37,057) 
1989 26,267  (19,820–33,674) 7,036  (4,971–9,713) 33,303  (25,346–42,613) 
1994 25,693  (18,864–34,370) 6,626  (4,769–8,993) 32,319  (23,755–43,288) 
1995 36,621  (27,884–46,939) 12,430  (8,937–16,722) 49,050  (37,608–62,694) 
1998 13,170  (9,835–17,321) 3,170  (1,878–4,801) 16,340  (12,162–21,359) 
2003 18,185  (13,539–23,754) 2,836  (1,847–4,116) 21,021  (15,673–27,442) 
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 Abundance (mean and 95% CI) 
Year Plateau Sabana Total 
2006 17,573  (12,206–23,790) 3,744  (2,392–5,343) 21,317  (14,860–29,138) 
2012 12,669  (9,454–16,544) 3,772  (2,793–4,997) 16,441  (12,399–21,270) 
Micronesian starling 

1982 21,384  (17,123–25,897) 14,744  (11,863–17,819) 36,128  (30,595–41,682) 
1987 31,536  (23,333–40,280) 19,341  (16,163–22,949) 50,877  (40,158–62,719) 
1988 (Aug) 24,798  (20,016–29,993) 10,557  (7,719–13,815) 35,355  (29,323–41,695) 
1988 (Dec) 25,277  (20,163–30,489) 13,627  (10,407–17,619) 38,904  (32,558–46,155) 
1989 38,438  (31,326–46,280) 14,192  (10,457–18,387) 52,630  (43,934–62,500) 
1994 44,272  (36,652–52,262) 25,250  (22,245–28,252) 69,522  (59,467–80,097) 
1995 33,010  (27,438–39,143) 21,370  (16,111–27,583) 54,381  (45,843–64,121) 
1998 37,458  (31,803–43,491) 25,089  (20,983–29,797) 62,547  (54,681–71,000) 
2003 50,543  (44,254–57,546) 24,393  (20,432–28,853) 74,936  (66,825–84,410) 
2006 22,890  (9,799–35,318) 15,327  (10,665–20,849) 38,217  (21,465–56,164) 
2012 74,805  (65,487–85,087) 38,842  (33,559–44,419) 113,647 (101,174–127,228) 
Rota white-eye 

1982 - 14,963  (8,741–18,487) 14,963  (8,741–18,487) 
1987 - 7,885  (3,766–10,559) 7,885  (3,766–10,559) 
1994 - 4,789  (2,420–6,615) 4,789  (2,420–6,615) 
1995 - 2,015  (0–4,003) 2,015  (0–4,003) 
1998 - 2,898  (747–4,654) 2,898  (747–4,654) 
2003 - 6,591  (2,076–11,554) 6,591  (2,076–11,554) 
2006 - 9,730  (3,917–14,078) 9,730  (3,917–14,078) 
2012 - 14,384  (5,620–20,961) 14,384  (5,620–20,961) 
Rufous fantail 

1982 21,562  (13,798–34,732) 8,369  (5,231–13,649) 29,931  (19,128–48,415) 
1987 19,493  (12,073–32,219) 10,007  (6,248–17,172) 29,500  (18,647–48,862) 
1988 (Aug) 13,462  (8,149–22,646) 2,095  (858–4,032) 15,557  (9,477–25,863) 
1988 (Dec) 10,209  (6,253–17,058) 1,500  (665–2,750) 11,709  (7,305–19,253) 
1989 15,828  (9,665–26,109) 1,540  (639–3,069) 17,368  (10,718–28,301) 
1994 19,986  (12,821–32,469) 10,672  (6,961–16,944) 30,658  (19,687–49,020) 
1995 20,595  (13,438–33,829) 11,107  (6,860–18,433) 31,702  (20,597–52,104) 
1998 16,177  (10,176–27,045) 10,326  (6,501–16,984) 26,503  (16,824–43,450) 
2003 14,992  (9,524–24,022) 10,886  (6,546–18,269) 25,877  (16,551–41,522) 
2006 16,249  (2,497–33,091) 4,559  (2,447–8,011) 20,902  (5,860–39,901) 
2012 25,718  (16,515–42,335) 12,375  (7,989–20,026) 38,092  (24,587–61,688) 
White-throated ground-dove 

1982 3,993  (2,951–5,249) 3,630  (2,476–4,879) 7,622  (5,792–9,619) 
1987 1,521  (822–2,479) 1,132  (530–1,912) 2,653  (1,378–4,351) 
1988 (Aug) 7,531  (4,627–11,041) 1,833  (608–3,472) 9,364  (6,129–13,043) 
1988 (Dec) 1,984  (1,032–3,215) 659  (118–1,294) 2,642  (1,565–4,150) 
1989 2,149  (1,036–3,516) 1,586  (687–2,630) 3,736  (2,275–5,635) 
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 Abundance (mean and 95% CI) 
Year Plateau Sabana Total 
1994 871  (448–1,314) 539  (300–837) 1,410  (813–2,094) 
1995 1,271  (713–1,981) 906  (462–1,466) 2,176  (1,401–3,128) 
1998 516  (217–891) 390  (69–782) 906  (449–1,422) 
2003 48  (0–160) 90  (0–297) 138  (0–379) 
2006 283  (0–697) 0 296  (0–697) 
2012 2,346  (1,559–3,276) 1,230  (809–1,699) 3,576  (2,602–4,758) 
White tern 

1982 4,555  (2,080–7,462) 1,501  (562–2,956) 6,056  (2,805–10,115) 
1987 3,880  (1,786–6,688) 1,157  (451–2,160) 5,038  (2,337–8,516) 
1988 (Aug) 2,424  (1,123–4,368) 1,929  (694–3,908) 4,354  (2,024–7,672) 
1988 (Dec) 3,647  (1,647–6,526) 1,169  (505–2,137) 4,817  (2,218–8,435) 
1989 2,737  (1,201–5,095) 1,063  (421–1,991) 3,800  (1,740–6,829) 
1994 3,697  (1,766–6,256) 978  (389–1,715) 4,676  (2,184–7,731) 
1998 3,876  (1,676–6,997) 2,977  (1,117–5,428) 6,853  (3,030–11,818) 
2003 7,342  (3,305–13,181) 997  (230–2,122) 8,339  (3,792–15,129) 
2012 6,288  (3,086–10,831) 3,456  (1,628–6,157) 9,744  (4,763–16,880) 
Yellow bittern 

1982 701  (197–1,582) 42  (0–162) 744  (236–1,638) 
1987 1,225  (407–3,355) 158  (17–435) 1,383  (432–3,674) 
1988 (Aug) 510  (116–1,283) 124  (0–366) 634  (174–1,500) 
1988 (Dec) 1,067  (400–2,176) 249  (66–581) 1,316  (548–2,568) 
1989 905  (299–1,957) 46  (0–171) 950  (323–2,095) 
1994 559  (246–1,201) 13  (0–43) 572  (249–1,235) 
1995 1,112  (486–2,517) 127  (0–329) 1,239  (554–2,763) 
1998 272  (74–655) 0 272  (74–655) 
2003 576  (208–1,214) 0 576  (208–1,214) 
2006 502  (201–1,066) 0 502  (201–1,066) 
2012 998  (464–1,900) 102  (33–211) 1,100  (514–2,132) 
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