
Supplementary Materials 1 

Annual search effort 2 

Researchers typically began monitoring the population in mid-April, with systematic nest 3 

searching around May 15 regardless of year; however, research effort varied annually. Therefore, 4 

we investigated if changes in breeding phenology were an artifact of search effort. We examined 5 

whether egg one dates were normally distributed per year, as a left-skew could indicate bias 6 

toward late egg one dates and that our team inadvertently missed the beginning of the breeding 7 

season. We tested for annual normality of egg one dates using Shapiro-Wilk tests in R. Egg one 8 

data were normal in 19 of 32 years (59.4%), and non-normal years were neither left-skewed nor 9 

time-biased (Fig. S1). Additionally, when nests were found at the egg or nestling stage, egg-one 10 

date was back calculated based on hatch date or nestling size. 11 

 12 

Comparison of temperature loggers 13 

         All data for the temperature loggers can be accessed via 14 

https://mlbs.virginia.edu/meteorological-data.  15 

 We used linear models to confirm that temperature data collected by Logger A and 16 

Logger B between March–August in the years 1994–1997 were correlated, despite the left-skew 17 

in all temperature data, given the large sample size (n = 415 observations). We found that all 18 

temperatures were highly correlated between Logger A and Logger B (Fig. S2; minimum 19 

temperature: R2= 0.82, p< 0.0001; median temperature: R2= 0.86, p< 0.0001; maximum 20 

temperature: R2= 0.71, p< 0.0001). 21 

 Thus, for our formal analysis, we combined the datasets: data from Logger A was used 22 

from 1983–1994 and data from Logger B was used from 1995–2015.   23 



 24 

Female age as a predictor of relative fitness 25 

         Female age is a known predictor of female lay date in dark-eyed juncos (Bauer et al.  26 

2018). We analyzed the relationship between female age and egg one date using a linear mixed 27 

model fit with REML. Females were grouped into two age categories of young females in their 28 

first breeding season and old females in a returning (second or later) breeding season. We 29 

included both year and female ID as random effects to control for pseudoreplication. Female age 30 

predicted egg one date, as old females (i.e., returning females in her second or later breeding 31 

season) laid on average 2.7 days earlier than young females (i.e., females in their first known 32 

breeding season and classified as first-year females based on plumage coloration) when 33 

controlling for both year and female ID (Fig. S3; t= -3.97, p< 0.0001). 34 
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 47 

Figure S1. Density distributions of egg one dates for each year. Lines on each density 48 

distribution mark the first, second and third quartile. 49 

 50 

 51 



 52 

 53 

Figure S2.  Correlation between daily temperate data collected from the NOAA weather station 54 

(Logger A) and the weather station (Logger B) in March through May in 1994-1997 for (A) 55 

minimum temperatures, (B) median temperatures calculated from minimum and maximum 56 

temperatures, and (C) maximum temperatures. 57 
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63 

Figure S3. Distribution density of egg one dates for first nests of females by age: females in their 64 

first breeding season (i.e., second years) versus females in a returning breeding season (i.e., after 65 

second years). Dotted lines are the predicted mean egg one dates for each age group from the 66 

GLMM after controlling for year and female ID. Old females lay 2.7 days earlier than young 67 

females when controlling for year and female ID. 68 

  69 

 70 

  71 



Table S1. Summary of GAMs testing relationship between year and average monthly midpoint 72 

(Tmid), minimum (Tmin), and or maximum (Tmax) temperatures.   73 

Month 
Average Monthly Tmin Average Monthly Tmid Average Monthly Tmax 

F1,1* P-value R2 F1,1* P-value R2 F1,1* P-value R2 

March 1.47 0.236 0.02 0.004 0.95 -0.04 0.69 0.413 -0.01 

April 15.86 <0.001 0.33 4.79 0.037 0.11 0.18 0.679 -0.03 

May 11.41 0.002 0.25 1.56 0.159 0.08 1.45 0.294 0.07 

June  20.85 <0.001   0.38  2.07  0.142  0.12  3.46  0.027  0.24 

July  8.93 0.005 0.20  0.04  0.846 -0.03  3.82 0.033 0.20 

August  4.41  0.006 0.35  0.46 0.502  -0.02  4.36 0.045  0.10 

 *May Tmid: F1.41, 1.71; May Tmax: F2.08, 2.60; Jun Tmid: F2.06, 2.56; Jun Tmax: F2.50, 3.12; Jul Tmax: F1.84, 2.29; 74 
   Aug Tmin: F3.13, 3.89 75 
 76 
 77 

Table S2. Comparison of LMs testing relationships between median egg one dates and minimum 78 

temperatures (Tmin) while accounting for year using a sliding window analysis. Models are 79 

ranked by ΔAICc alongside the Akaike weights (wi). 80 

 81 

Table S3. Comparison of LMs testing relationships between median egg one dates and midpoint 82 

temperatures (Tmid) temperatures while accounting for year using a sliding window analysis. 83 

Models are ranked by ΔAICc alongside the Akaike weights (wi). 84 

 85 

Table S4. Comparison of LMs testing relationships between median egg one dates and maximum 86 

temperatures (Tmax) temperatures while accounting for year using a sliding window analysis. 87 

Models are ranked by ΔAICc alongside the Akaike weights (wi). 88 


