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Consistent trait-temperature interactions drive butterfly phenology in both incidental and

survey data

Supplement 1. Species trait data

Metadata and data table for species traits are available in the supplemental excel table.
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Supplement 2. Supplemental analysis and results

Confidence interval analysis

We examined how confidence interval (ClI) size varies with both species traits and
sampling intensity to better understand how these factors relate to phenometric precision. For
incidental data, we tested whether precision varies with the number of species observations
available for metric estimation. For survey data, we tested whether precision varies with the
number of sites surveyed, the total number of surveys, or the number of species observations. For
all metrics, we included wing size (mean or maximum), detectability, and confusability. Because
of strong correlations among mean wing size, maximum wing size, and detectability, we tested
each of these in separate models. All statistical models included a random intercept for species
and were conducted using Imer and ImerTest packages in R version 4.0.2.

Species traits did influence confidence interval size. Confusability was a significant
predictor of CI size for both 10% and 50% phenometrics from survey data, but only 10%
phenometrics from incidental data (S2 Table 1). As expected, in all of these models, higher
confusability was correlated with larger confidence intervals. Wing size (maximum) was
inversely proportional to CI size for 10% metrics, but only in survey data. It’s unclear why larger
butterflies would have less precise emergence metrics, though perhaps it relates to the
geographic scope of survey sites and the home ranges of butterflies of different sizes.

Sampling intensity was consistently a significant predictor of phenometric precision from
survey data; CI size was directly correlated to number of sites and inversely proportional to
number of surveys. For phenometrics from incidental data, sample size was only retained in the
model for CI size in the mid-season phenometrics (S2 Table 1). Interestingly, much more

variance in Cl size is explained for survey data metrics (30% and 20% for emergence and mid-
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season metrics respectively) than for incidental data metrics (4% and 8%). The random intercept

for species also explained a small portion of the variance in CI sizes in most models.

Additional results from phenometric analysis with traits and GDD

The main text describes in detail the analysis of phenological estimates for emergence
(10%) and mid-season (50%) phenology. Here we present additional results from this analysis.
S2 Table 2 provides a summary of the best-fit models for 50% phenological metrics. S2 Fig. 1
shows the lags between “day 0” and emergence metrics by species. S2 Fig. 2 shows the

emergence and mid-season phenometrics grouped by overwinter stage.
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Supplement 2 Tables and Figures.

S2 Table 1. Results of mixed effects models for confidence interval size.

Best 10% CI model Best 50% CI model
Parameter Estimate SE p value Estimate SE p value
Incidental data
Confusability | 6.062 2.50 244 E-02 | NA NA NA
# observations | NA NA NA -0.26 0.05 6.65 E-07
Marginal R? 0.039 0.075
Conditional R? 0.132 0.316
Survey data
Confusability 6.06 192 |6.26 E-04 |7.55 3.46 4.67 E-02
# Sites 0.923 0.180 [5.89E-07 |0.591 0.194 2.57 E-03
# Surveys -0.168 0.016 |[9.07E-21 [-0.147 0.018 2.60 E-14
Marginal R? 0.301 0.203
Conditional R? NA 0.352
(Fixed model)
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S2 Table 2. Results of mixed effects models for 50% phenometrics.

Best model using survey data

Best model using incidental data

Parameter Estimate SE p value Estimate SE p value
Adult diapause
(0/1) 189.3 12 3.14 E-17 157.9 13.9 1.02 E-09
Pupal diapause
(0/1)

226.6 11 1.50 E-20 186.3 12.2 3.89 E-14
Larval diapause
(0/1)

233.4 9.9 1.58 E-23 194.6 10.9 4.84 E-14
Migrant (0/1) 261.2 11.7 6.56 E-22 215.9 16.4 1.47 E-11
Locally common
(0/1) -21.8 9.9 3.42 E-02 NA NA NA
Host breadth index NA NA NA 10.7 5.4 6.22 E-02
Marginal R? 0.4 0.37
Conditional R? 0.57 0.6
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S2 Figure 1: Species-specific boxplots of the difference between 10% DOY estimates from
observation data and “day 0” estimates from regional field guides. The vertical line indicates an
expected start of flight season based on a “Day 0” value estimated a week prior to the beginning
of any flight period identified from sources (dark vertical line shows one week post-day 0).

Incidental metrics in green, survey metrics in blue.

S2 Figure 2: Boxplots of estimated phenometrics by overwinter stage or strategy for each
dataset. Survey phenometrics estimated from GAM s in blue and incidental phenometrics
estimated using quantiles in green. Panel A shows emergence phenology (10% metrics) and

panel B shows mid-season phenology (50% metrics).
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