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due to habitat degradation (Cohen et al., 2006; Gibson et al., 2018; Gratto-Trevor et al., 2016;
Haig & Oring, 1988a). Adults often return to the same nesting habitat each year or to other
habitat nearby: 83% of banded plovers seen on Long Island returned to the same site multiple
times between 2002 and 2004 (Cohen et al., 2006). Juveniles disperse more widely, but less than
5% of chicks in New York were found more than 100 km from their natal site the following year
(Haig & Oring, 1988a). This lack of flexibility can contribute to higher mortality and lower
reproductive success. A comparison between non-breeding sites in Georgia, North Carolina, and
South Carolina with different levels of human disturbance discovered that many plovers stayed
in areas of high human disturbance despite the correlation between high human disturbance and
lower body weights and survival rates (Gibson et al., 2018). Plovers that were flexible and
moved away from these areas had a higher survival rate (Gibson et al., 2018).

Habitat management and the formation of protected areas are necessary in order to
alleviate these threats to plover population growth and assist with their long-term recovery.
Many locations used by plovers are officially protected and monitored to varying degrees
(USFWS, 1996). Because governmental organizations (as well as non-governmental
organizations) protect piping plovers and provide funding for studies, much is known of all three
populations throughout their range (USFWS, 2020). Due to the number of studies on plovers,
comparing research from a local protected area to similar studies from protected areas in other
studies is much simpler than for species with less research available (Cohen et al., 2016).

However, conservation actions that work for one site may not work for another.
Contrasting results between studies can be found between populations, recovery units within a
population, and even between local beaches. At a population level, threats to plover survival and

reproductive success vary based on location in the United States. For example, the USFWS
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specifically recommends that managers monitor outbreaks of Avian Type-E Botulism in the
Great Lakes population which experienced at least nine deaths due to Botulism from 2007 to
2017 (Chipault et al., 2015; USFWS, 2020). Since the Great Lakes population is the smallest and
federally endangered, this population is the most intensively monitored: more than 90% of Great
Lakes plovers are banded (USFWS, 2020). Therefore, protected area managers in the Great
Lakes region must be particularly careful that monitoring techniques, such as observation and the
use of bands and radio transmitters, are not interfering with plover reproduction efforts (Roche et
al., 2010; Stantial et al., 2018; Stantial et al., 2019). The Northern Great Plains population nests
on the shores of alkali lakes, rivers, and reservoirs (USFWS, 2020). These plovers have to
contend with nest inundation due to river flooding or due to human-controlled changes in
reservoir levels (Anteau et al., 2012; Sidle et al., 1992). In addition, oil well development and
agricultural pesticide use are potential threats because the geology and climate of the area lends
itself to these industries (Gibbons et al., 2015; USFWS, 2020). The Atlantic Coast population
nests along the sea shores from Canada to North Carolina (USFWS, 1996). Habitat loss from sea
level rise, mortality due to more intense storms over the ocean, and the development of wind
energy are all potential threats that practitioners and scientists will have to investigate and
manage (Convertino et al., 2012; Loring et al., 2019; Saunders et al., 2014; USFWS, 2020).
Threats also vary between recovery units, which are artificial political boundaries placed within
populations to help delegate responsibility (Hecht & Melvin, 2009). For example, within the
Atlantic Coast population, the Eastern Canada recovery unit has the highest rates of reproductive
success, but its population has not been growing accordingly (Hecht & Melvin, 2009). Therefore,
rather than focusing more resources into improving reproductive success in that unit,

governmental organizations may want to determine if and why young birds either are dying
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before they return for their first breeding season or are moving to other units. Even within a
relatively small geographic area, sociopolitical and ecological differences between beaches can
result in varying degrees of threat (Cohen et al., 2016; Mengak et al., 2019).

Urban settings differ considerably from suburban and rural settings socio-politically and
ecologically. Urban wildlife ecology as a field of study has grown rapidly in the past decades
(Magle et al., 2012; Collins et al., 2021). Global urbanization has caused a growing need to
resolve issues of human-wildlife conflict in cities, such as attacks, disease transmission, and
sharing space (Collins et al., 2021; Santiago-Alarcon & MacGregor-Fors, 2020; Hunold, 2020).
More research is needed to understand how to conserve piping plover populations, and migratory
shorebird populations in general, in truly urban environments (Matthews et al., 1988; USFWS,
2020). Urban, suburban, and rural areas have different levels of threat to wildlife. Due to the
number of people, urban areas may experience more intense human disturbance at certain times
of the year than will ever be seen in a less urban setting (Collins et al., 2021). In addition, there is
usually more garbage, which can contribute to wildlife mortality directly by poisoning or
injuring animals, or indirectly by attracting and sustaining large numbers of predators like
raccoons and rats (Bugoni et al., 2001; Hoffman & Gottschang, 1977; Tang et al., 2015). Free-
roaming domestic and feral cats and dogs can also be highly concentrated in urban areas and
disturb or kill urban wildlife (Baker et al., 2005; Baker et al., 2008; Doherty et al., 2017).
Nocturnal mammalian predators, particularly cats, are primary sources of predation in urban
environments, while diurnal avian predators are primary sources in rural environments (Huijbers
et al., 2013; Stracey, 2011). Additional research on shorebird-oriented protected areas located in
urban environments will help inform conservation management as new areas become

increasingly urbanized.
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New York City is an ideal location to study extreme urbanization and the role of wildlife
within a dense city. Although increased urbanization and the higher densities of people are
correlated with lower shorebird abundance, many shorebird species use New York City beaches
and islands at different points in their migration (Elias et al., 2000; Hunt et al., 2018; LeDee et
al., 2008; Lauro & Tanacredi, 2002). Piping plovers nest in the borough of Queens: the closest
nesting sites to the center of the city are at Rockaway Beach and Gateway National Recreation
Area (Lauro & Tanacredi, 2002; Wildlife Unit, 2017).

Rockaway Beach is the largest public beach in New York City and one of the largest
urban public beaches in the United States (DuBois, 2016; NYC Parks, 2017; Wildlife Unit,
2017). The City of New York Parks & Recreation Department (NYC Parks) established the
Rockaway Beach Endangered Species Nesting Area (hereafter called the study area) in 1996
after piping plovers began to nest there (Wildlife Unit, 2017). After years of management and
monitoring by the Urban Park Rangers, the NYC Parks Wildlife Unit assumed control of the
study area in 2017. Rockaway Beach has not consistently met the productivity goal set by
USFWS of 1.5 fledglings per pair, prompting NYC Parks to research what actions they could
take to improve plover reproductive success (Wildlife Unit, 2021).

Most plovers arrive to the study area each year in March and April and leave in August
(Wildlife Unit, 2017). Once they arrive, they form monogamous pairings for the season and
begin to create potential nests, called scrapes, in the sand (Cairns, 1982). Once they begin to lay
eggs they typically lay one egg every other day until they have completed the clutch (usually
four eggs for the first clutch). Approximately 27 days after clutch completion, all the eggs hatch
on one day (Claassen et al., 2014). USFWS considers chicks to be officially fledged and able to

fly once they are 25 days old (Doherty & Heath, 2011; USFWS, 1996). If an initial attempt at



PIPING PLOVER REPRODUCTIVE SUCCESS AT ROCKAWAY BEACH 14

offspring fails, the pair may attempt a second nest of offspring or even a third if both fail
(Claassen et al., 2014). Piping plovers rarely raise two sets of offspring to fledgling status in a
single season (Hunt et al., 2015). Many factors may contribute to why a nest attempt of a
particular pair produces fledglings or does not. I used data gathered by NYC Parks during the
2015 to 2021 breeding seasons (except 2020 during which COVID-19 prevented the City from
funding the hiring of seasonal monitors) to create an explanatory model for the number of
fledglings produced by a pair’s nest attempt. I hypothesized that the timing of nest creation, the
geography of its location, and the environmental weather conditions experienced by the offspring
would contribute to the reproductive success of the nest, as measured by the number of

fledglings.

Methods

Study Area

The study area encompasses three contiguous sites—Far Rockaway, Arverne-Edgemere,
and Rockaway Beach—which consist of 10.5 km of public beach, although plovers usually only
nest on approximately 2 to 3.5 km (Wildlife Unit, 2017; Wildlife Unit, 2021) (Figure 1). In the
last few days of March each year, the NYC Parks seasonal monitoring teams pre-emptively
fenced off approximately 1.6 km of the Arverne-Edgemere site, where birds often nest, to
pedestrians and vehicles. When monitors found plovers performing courtship displays or
scraping to create potential nests in Rockaway Beach, Far Rockaway, and non-fenced areas of
Arverne-Edgemere, they fenced the area around the location with at least a 50 m buffer of space,
as outlined by the Piping Plover (Charadrius melodus) Atlantic Coast Population Revised

Recovery Plan (USFWS, 1996). Fencing was on all four sides: year-round snow fencing
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protected the northern side, by the boardwalk, while the monitoring team erected metal poles
strung with orange masonry twine as symbolic fencing on the other three sides. Before any

chicks hatched, monitors extended symbolic fencing to the shoreline of every area with nests in

order to restrict vehicle access by the shore and wrack. Pedestrians were permitted to walk along

the shoreline throughout the nesting season, with the exception of the fenced area of the Arverne-

Edgemere site. Signage stated the existence of a legally protected nesting area and forbade entry.

Figure 1

Map of Rockaway Beach Endangered Species Nesting Area
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Note. Geography of Rockaway Beach Endangered Species Nesting Area: [A] the study area’s
location on the Atlantic Coast, [B] the study area’s three official sites, and [C] the “meta-sites”

created within Arverne-Edgemere and Far Rockaway for the purpose of discriminating between
areas of differing levels of human activity. Maps made using the Hudson Valley Natural
Resource Mapper (New York State Department of Environmental Conservation, 2019) and the
Natural Earth dataset in QGIS (QGIS.org, 2022).
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Field Data Collection

Prior to each nesting season, supervisors trained the seasonal monitoring team on plover
ecology, detection, and field techniques. Starting in April, monitors patrolled the study area five
to seven days per week, maintaining symbolic fencing and recording the reproductive status and
behavior of the plovers and other species of interest. The team monitored between 8:00 AM and
the early afternoon. The monitoring team alternated which direction they walked each day. If
they did not monitor all areas with nesting plovers in a day, they began with the unmonitored
area the next day. At the beginning of the breeding season, the monitors walked along the length
and width of the beach. After plovers began to lay eggs, the monitoring team walked along the
snow fence and the shoreline to avoid disturbing the birds. When a monitor observed a bird or
group of birds, they recorded the date and time, location, species and number of birds, behaviors
exhibited, whether the bird was potentially seen and reported earlier that day, and any available
banding information.
Assigning location

In order to record the location of a bird, scrape, or nest, NYC Parks used street number as
an approximate description for the location from the western to eastern side of the Rockaway
Peninsula. East-West location was recorded in fourths of a street for finer spatial scale. I decided
to group East-West locations into four categories that I call meta-sites (Figure 1C). These meta-
sites differ by location and general level of human activity. The three official sites of the study
area are Rockaway Beach, Arverne-Edgemere, and Far Rockaway. I classified Far Rockaway as
its own meta-site. Arverne-Edgemere was divided into three meta-sites: the interior of the fenced

portion of Arverne-Edgemere (41 to 54 street), the boundaries of the fenced portion of
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Arverne Edgemere (37" to 415 street and 54™ to 58 street), and the western end of Arverne-
Edgemere (60" to 66 street). No plovers nested in the official site of Rockaway Beach during
the time period examined by this study.

NYC Parks recorded the North-South location as one of five sections of the beach’s
width (Figure 2). The shoreline is the area that is consistently covered by water during high tide.
The “wrack line” is the high tide mark and has the detritus left by the tides. NYC Parks divided
the rest of the beach width, where plovers can potentially nest, into thirds for reporting purposes.
This beach area includes the front, which is closest to the water and together with the wrack line
makes up the back shore; the middle, which in places is characterized by low dunes covered in
grasses; and the back, which includes a sloped back dune up to the permanent snow fence. There
have been rare instances of plovers nesting north of the snow fence and the boardwalk. In these
cases, the location was marked as such. No plovers attempted to lay eggs at the shoreline or
wrack line for the duration of this study. Monitors, on rare occasions, described a nest as being
between two areas (e.g. “Front/Middle”, “Middle/Back’). For the sake of analysis, I grouped the
two “Front/Middle” observations with the “Front” category and the one “Middle/Back”
observation with the “Middle” category. I would have grouped any nests that were north of the
snow fence or the boardwalk in the “Back” category, but none of those nests had complete
records and were therefore removed.

Monitors also collected nest locations more precisely using handheld GPS devices. In
ArcMap (Esri, n.d.), NYC Parks mapped the locations of plover nests for the season and their

distance to nests of other plovers and of American oystercatchers.
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Figure 2

North-south locations along the beach width
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Note. This graphical representation depicts how NYC Parks divides the beach’s width into the
five sections. The numbers at the snow fence represent the metal signs that monitoring team uses
to mark the streets and increments between streets. The fencing dividing the Front from the
wrack line is the symbolic fencing made of metal poles, masonry twine, and flagging tape that
surrounds the locations where plovers nest during the breeding season.

Reproductive Outcomes

The NYC Parks team closely monitored the reproductive outcomes of the plover pairs.
Monitors identified pairs over multiple days using any bands on either plover, the location of
their nest, and the rough range of their territory. Very few of the plovers that nested at this study
area were banded. During the days after a pair laid their first egg, monitors recorded the pair
number, whether they still had a nest, and the number of eggs. The last day that the number of

eggs increased was the clutch completion date. After approximately 27 days, all viable eggs
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would hatch on the same day. Starting on the hatch date, monitors recorded the number of
chicks, the number of fledglings, and the chick or fledgling age. Monitors determined age using
past records of when the eggs were seen to have hatched.
Weather Data

To explore the role extreme weather plays in reproductive outcomes, I extracted data
from the weather station closest to the study area located at John F. Kennedy Airport in Queens,
NY through the National Oceanic and Atmospheric Administration (NOAA) online climate data
portal website (NOAA, n.d.) using the R package “rnoaa” (v. 1.3.8) (Chamberlain, 2021). For
each nest record, I computed the values for the highest and lowest daily temperatures in the time
period from clutch completion to hatch, and in the time period from hatch to fledge for each nest.
I also computed the values for the highest amount of precipitation in a day (in millimeters of
rain) during the time period from clutch completion to hatch, and during the time period from
hatch to fledge for each nest. Not all offspring attempts produced chicks or fledges. To estimate
the expected hatch date, I counted twenty-seven days past the date of clutch completion. In order
to calculate the expected fledge date, I added twenty-five days to the date of hatch. For the few
nests where monitors observed the hatch date, but not the clutch completion date, I subtracted
twenty-seven days from the hatch date to produce an estimated clutch completion date.
Measurement of Reproductive Success

While reproductive success can be measured in multiple ways, I chose to use the number
of fledglings produced per nest. This measurement is similar to productivity, a commonly used
metric of reproductive success (Gratto-Trevor & Abbott, 2011; McIntyre & Heath, 2011;
Mclntyre et al., 2010; Murphy et al., 2003; Patterson et al., 1991; Wildlife Unit, 2017).

Productivity is the number of fledglings produced per pair or the total number of fledglings
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divided by the total number of breeding pairs in a particular nesting area. [ used the number of
fledglings per nest instead of per pair in order to analyze the role of nest location and timing. A
single pair will choose a different nest location for their second attempt if their first attempt fails.
Analysis

Data Preparation

I used monitoring data from the breeding seasons of 2015 to 2021, except for 2020,
during which NYC Parks could not hire monitors due to the COVID-19 pandemic. To prepare
the dataset for analysis, I removed nest records with NAs, as well as the only nest remaining that
was a third nest attempt.

I originally had thirteen potential fixed variables to include in analysis: the year, date of
clutch completion, nest attempt, North-South location, meta-site, distance to the nearest piping
plover (PIPL) nest, distance to the nearest American oystercatcher (AMOY) nest, highest and
lowest temperatures recorded during the period between clutch completion and real or expected
date of hatch, highest and lowest temperatures recorded during the period between hatching and
fledging, and highest amount of daily precipitation between clutch completion and hatching and
between hatching and fledging. For this analysis, I decided to exclude the three weather variables
that rely on data between the hatch date and a real or expected fledge date because no eggs
hatched for 16.2% of the nests in the dataset. In order to determine which of the remaining
variables to use in my full model, I created a correlation matrix using the “stats” package (v.
4.1.3) (R Core Team, 2021). For all pairs of highly-correlated continuous variables (over 0.70),
one was discarded.

Prior to analysis, I log-transformed the two variables related to distance of nearest nest,

ensured that year was treated as a factor, and formulated the date of clutch completion as the
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number of days after April 1% of that year. I performed all data transformation and analysis in R
(v.4.1.3) (R Core Team, 2021).
Modeling

I determined that the dataset was zero-inflated and underdispersed based on the mean,
variance, and histogram of the response variable. The mean and variance of the number of
fledglings produced per nest was 1.42 and 1.46 respectively. When excluding the records of zero,
the mean and variance were 2.05 and 0.81, respectively. The Conway-Maxwell Poisson
distribution, which can cope with under and overdispersion, is a good choice for reproductive
data which is often underdispersed (Brooks et al., 2019). I ultimately used a zero-inflated
generalized linear model with a Conway-Maxwell Poisson error distribution to determine
whether the variables collected at the scale of individual nests explained variation in the number
of fledglings produced per nest. I used the glmmtmb function from the “glmmTMB” package (v.
1.1.3) to model the data (Brooks et al., 2017), as suggested by Touchon (2021).

I verified my choice of model parameters (zero inflation and error distribution) by
comparing the Akaike Information Criterion (AIC) and AICc of models with the same variables,
but different parameters. I generated AIC and AICc scores using the “stats” package (v. 4.1.3) (R
Core Team, 2021) and the “AlCcmodavg” package (v. 2.3.1) (Mazerolle, 2020). I chose the
model with the lowest AIC and AICc, as these measures indicate best fit. Other than the fixed
variables described above, I also considered the inclusion of a random effect and an offset. The
random effect was the unique Pair ID that monitors gave to each pair as they created their first
nest each year. Some pairs had more than one recorded nest attempt and this random effect
would allow variance by parent pair. There were very few banded plovers in the study area so

comparing a singular plover pair’s reproductive success over multiple years was not possible. |
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considered clutch size as an offset. Offsets correct for differences in density. Not every pair laid
four eggs in each nest. The number of eggs limits the number of potential fledglings. To
determine whether to include the random effect and the offset, I compared the AIC scores of
models that only differed in whether they included a random effect and offset.

Once the other aspects of the model were set, [ used AIC and AICc scores to determine
the best fit model. AICc scores are a better measurement of fit for this analysis due to the small
sample size of the dataset. Because of the number of fixed variables, I used three hypotheses to
divide my full model and compare AICs. The first hypothesis was that the time of nest creation
affected the number of fledglings produced. The model related to this hypothesis included
variables related to time: year, date of clutch completion, and nest attempt. The second
hypothesis was that the location of the nest would affect the number of fledglings produced. This
model included North-South location, meta-site, distance to the nearest PIPL nest, distance to the
nearest AMOY nest, and year. The third hypothesis was that the weather experienced by the eggs
during incubation would affect the number of fledglings produced. This model included the
temperature and precipitation variables, as well as year. Year was included in all three
hypothesis-based models because most, if not all, ecological elements are temporally dependent.
Year most obviously belongs in the nest timing model, but beach habitat for nesting changes on a
yearly basis, due to growing vegetation and erosion, and weather changes on a yearly basis, due
to climate change and storm patterns.

After determining which of the three models had the lowest AIC score, I used the dropl
function from the “Ime4” package (v. 1.1.28) to determine the best fit version of that model
(Bates et al., 2015). I also used the drop1 function on the full model to ensure that I had not

removed any variables that might be important to the final model.
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Once I had a best fit model, I compared the final model with models that lacked one of
the represented variables using two methods. I used the aictab function from the “AICcmodavg”
package (v. 2.3.1) (Mazerolle, 2020) to create a model selection table that includes the number of
estimated parameters per model (K), the AICc for datasets with smaller sample sizes, the change
in AICc between the best fit model and the model without a variable, the Akaike weights (model
probabilities), and the log likelihood of each model. I used the anova function from the “stats”
package (v. 4.1.3) (R Core Team, 2021) to perform likelihood ratio tests on the best fit model
and models without one of the variables so I could determine the importance of each of the
variables. Each likelihood ratio test produced the chi square value and p value for the difference
between the two models, as well as the AIC and log likelihood for each model. For categorical
variables, I then performed a post-hoc Tukey test using the pair function from the “emmeans”
package (v. 1.7.3) (Lenth, 2022).

There is no definitive coefficient like R? for generalized linear effects models:
statisticians have created a number of approximations. Most pseudo-R? values do not
accommodate models that use zero inflation and the Conway-Maxwell Poisson error distribution.
I used the r2_nakagawa function from the “performance” package (v. 0.8.0.11) (Liidecke, 2021),
as suggested by Nakagawa & Schielzeth (2013). I also approximated the variance in the data
explained by the model by calculating and squaring the correlation between the number of
fledglings predicted by the model and the observed number of fledglings. I used the predict
function from the “glmmTMB” package (v. 1.1.3) (Brooks et al., 2017) and the cor function

from the “stats” package (v. 4.1.3) (R Core Team, 2021).
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Results
Data Preparation

I analyzed 111 nest records from 103 plover pairs over six years (from 2015 to 2019 and
then 2021). My original dataset included 143 nest records, but I removed records with NAs
during the data preparation process. 14 of the records with NAs were incomplete because the
nest failed before the clutch was completed (possibly due to predation, flooding, abandonment,
or other possible causes) and monitors did not add a date of clutch completion. In the final
dataset, 18 of the nests failed to hatch any chicks. 16 of the nests successfully hatched at least
one chick, but none of the chicks survived to fledgling age. 77 of the nests hatched and fledged at
least one of the chicks. There were 93 nests that were a pair’s first nest attempt of the breeding
season, while the 18 remaining were a pair’s second attempt. I excluded third nest attempts from
the final dataset because of how few they were.

The correlation matrix of continuous variables created during data preparation revealed
that date of clutch completion was highly correlated with the lowest temperature between clutch
completion and hatch. I decided to discard the latter from analysis because another measure of
extreme temperature was included in the model. The two lowest temperature measurements were
also highly correlated.

I used the AIC and AICc scores of models with the same fixed variables but different
parameters to validate my choice of a zero-inflated Conway-Maxwell Poisson (Table 1). The
zero-inflated Conway-Maxwell Poisson and the zero-inflated Gaussian model were both the best
fit of the options (the difference in AIC scores between the two was less than two and therefore
negligible). I chose to use the Conway-Maxwell Poisson out of these two options because this

error distribution is better suited to handle underdispersion in count data (Brooks et al., 2019).
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Table 1
AIC comparison between zero-inflated or non-zero-inflated models with different families of

error distribution

Models K | AIC AlCc A AICc AlCc Cumulative Log
Weight Weight Likelihood
Family: 19 | 327.26 | 335.61 0.00 0.69 0.69 -144.63

Conway-Maxwell Poisson

Zero Inflation:

Yes

Family: 19 | 328.89 | 337.24 1.63 0.31 0.99 -145.44
Gaussian

Zero Inflation:

Yes

Family: 17 | 340.07 | 346.65 11.04 0.00 1.00 -153.03
Poisson

Zero Inflation:

No

Family: 18 | 339.76 | 347.20 11.59 0.00 1.00 -151.88
Conway-Maxwell Poisson

Zero Inflation:

No

Family: 18 | 342.06 | 349.49 13.88 0.00 1.00 -153.03
Poisson

Zero Inflation:

Yes

Family: 19 | 344.06 | 352.41 16.80 0.00 1.00 -153.03
Negative Binomial

Zero Inflation:

Yes

Family: 18 | 355.51 | 362.94 27.33 0.00 1.00 -159.75
Gaussian

Zero Inflation:

No

Note. The error distribution family to use for this dataset was partially determined by comparing
the AIC of a model that varied only by error distribution family (Gaussian, Poisson, Negative
Binomial, and Conway-Maxwell Poisson). Use of zero inflation (with the parameter set to 1 or 0)
also varied between models. All models had all the analyzed fixed variables, an offset of clutch
size, and no random variables. K indicates the number of estimated parameters in the model. Due
to the small sample size, AICc is a better measure of fit than AIC. The Akaike weights indicate
which model is more likely to be the most parsimonious. The models higher in the table are
better fit than models lower in the table based on AICc scores. The two models with the best
AIC, AICc, and log-likelihood were both zero-inflated and used a Conway-Maxwell Poisson
error distribution or a Gaussian error distribution. Using the negative binomial family without
zero inflation caused model convergence issues.
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I decided whether to include Unique Pair ID as a random effect and Clutch Size as an
offset by comparing AIC and AICc scores between models that did or did not include these
components (Table 2). The offset of Clutch Size improved the model’s fit, but the random effect
of Unique Pair ID did not. Most of the nests had a clutch size of 4 (93, 83.8%) or 3 eggs (15,
13.5%), with very few with a clutch size of 2 (2, 1.8%) or 1 (1, 0.9%). Because the random effect
did not improve the model, I ultimately used a generalized linear model rather than a generalized
linear mixed model for this analysis.

Table 2
AIC comparison to determine whether to use unique pair ID as a random effect and clutch size

as an offset

Models K | AIC AlCc A AICc AICc | Cumulative Log
Weight Weight Likelihood

Location Model: 15 | 322.23 | 327.28 0.00 0.75 0.75 -146.11

Year

North-South Location

Meta-Site

Distance to AMOY Nest

Distance to PIPL Nest

Offset of Clutch Size

No random variables

Location Model 16 | 324.23 | 330.01 2.73 0.19 0.94 -146.11

[Same fixed variables]

Offset of Clutch Size

Random Variable:

Unique Pair ID

Location Model 15 | 327.16 | 332.21 4.93 0.06 1.00 -148.58

[Same fixed variables]

No Offset

No random variables
Note. All three models had the same set of fixed effects which involved nest location, but
differed in whether they had an offset (clutch size) or a random effect (unique pair ID). All
models included the same set of fixed variables from the hypothesis that nest location helped
explain the number of fledglings per nest. K indicates the number of estimated parameters in the
model. Due to the small sample size, AICc is a better measure of fit than AIC. The Akaike
weights indicate which model is more likely to be the most parsimonious. The models higher in

the table are better fit than models lower in the table based on AICc scores.




