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Supplement. 
 
Materials and methods 

Light sources—Ultraviolet light emitters were fit with dichroic glass filters, 
effectively eliminating any light visible to humans. There were no objects visibly fluorescing 
in the areas illuminated by the UV emitters. At night, the treated areas looked dark to human 
observers. To confirm that the trees were being lit by UV light, we threw fluorescent 
projectiles though the treated airspace and attempted to image the treated areas with a video 
camera sensitive only in the UV spectrum (300-400 nm wavelengths with peak response at 
370 nm; UVCorder, Oculus Photonics). Fluorescence of projectiles confirmed UV 
illumination, but the illumination reflecting back from surfaces of the pine trees (<1 
microwatt/cm2) was below the sensitivity of the UV camera (approximately 10 
microwatts/cm2 at 365nm). In general, the needles and bark of the pine trees appeared dark in 
the UV spectrum during the day, suggesting that this species, like other green-leafed conifers, 
absorbs a large proportion of UV light (Clark & Lister 1975, Campbell & Borden 2005). 

Acoustic sampling—The microphones of ultrasonic detectors were oriented towards 
the air-space imaged by video cameras, and detectors were programmed to begin recording 
30 minutes before local sunset until 30 minutes after sunrise the next morning. Acoustic 
recording data were converted to digital sound files (wav format) with processing software 
(Kaleidoscope version 1.1.0, Wildlife Acoustics). We then used another program to filter 
background noise and count the number of bat-call pulses using the ‘Quick Summary’ 
function and default preferences (callViewer version 18; Skowronski & Fenton 2008). Bat 
call files were visually inspected as sonograms to ensure that there were no false positives 
and to determine the occurrence of terminal-phase calls (“feeding buzzes”; Griffin 1958). 
Terminal-phase calls were distinguished from search- and approach-phase calls by a rapid 
increase in the call rate. 

Video sampling—Resolution of the thermal surveillance cameras used to monitor bat 
activity was 640 by 480 pixels. The volume of space sampled by the video cameras 
(approximately 36,900 m3) was much smaller than that sampled by the omnidirectional 
microphones of the acoustic detectors (approximately 262,000 m3 at 50-m radius). 
Identification of individual bats was not possible through echolocation or video detections; 
these measures reflect only activity levels and cannot be interpreted as abundance. Given the 
size of the field-of-view and expected flight speed of hoary bats (≤7 m/sec; De La Cuvea 
Salcedo et al. 1995, Bonaccorso & McGuire 2013), few bats were likely to have been missed 
at the sampling rate we used. Video processing also entailed use of a size filter that 
eliminated small targets. This effectively reduced the number of nuisance detections of 
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insects at close range and excluded bats at distances greater than about 50 m. Although size 
filtering may have removed some bats that were responding to UV at distances >50 m, we 
assumed such individuals were less likely to respond to localized UV illumination than those 
within the sample area. 

Insect sampling—Insects were sampled nightly at each site with a Malaise trap 
(Bugdorm Slam Trap with Bottom Collector, MegaView Science) situated in the open area 
beneath the windrow of trees. In addition to sampling insects that climb into a top collector 
when hitting mesh barriers (e.g., moths), each Malaise trap was equipped with a bottom 
collector containing propylene glycol to sample insects that dropped when encountering 
barriers (e.g., beetles). Trapped insects were collected following each night of 
control/treatment sampling and dried in an oven for 48 h at 65 °C.  

Weather data—Although only used for initial model assessment, data on rain 
(cumulative total, mm), temperature (average, Celsius), and wind speed (maximum, m·s-1) 
were 24-hour measures obtained from the National Weather Service of the National Oceanic 
and Atmospheric Administration (nws.noaa.gov/climate/index.php?wfo=hnl) for a weather 
station 9 miles north of the study site. The metric maximum wind speed was used as an index 
of gustiness. 

Statistical analysis—We estimated relationships estimated using a generalized linear 
mixed effects model (GLMM) and by treating sampling site as a random factor. However, 
standard (frequentist) mixed models may not always be effective when analyzing multivariate 
or non-Gaussian-dependent variables (Bolker et al. 2009). Bayesian methods provide an 
alternate and flexible framework for the analysis of hierarchical data (Browne & Draper 
2006, Zhao et al. 2006, Bolker et al. 2009). We implemented models within a Bayesian 
Monte Carlo Markov Chain (MCMC) framework using the package MCMCglmm (version 
2.21; Hadfield 2010) in program R (version 3.1.0; R Development Core Team 2011). The 
main advantages of MCMCglmm are that it uses Bayesian numerical integration methods, 
which produce reliable confidence intervals on variance components from small data sets and 
allows the modeling of count data with over-dispersed distributions (Bolker et al. 2011), an 
issue identified in our data during preliminary model assessments. Distributions were 
determined with diagnostic plots using R packages vcd and distplot. Over-dispersion was 
accounted for by specifying an individual-level random effect in the generalized mixed-effect 
model (Harrison 2014). All predictor variables except moon illumination (which ranged from 
0 to 1) were standardized to a mean of 0 and a standard deviation of 1 to facilitate model 
convergence. 

We ran each GLMM analysis for 1,000,000 iterations following a burn-in of 3,000 
iterations and a thinning interval of 100. This generated 10,000 samples from which model 
statistics (variance, posterior mean, 95% credible intervals [CIs] and MCMC p-values) were 
calculated. In order to minimize influence on the estimated posterior distribution, we used a 
“uniform” non-informative prior. Residual and random effect variance was specified by a 
normal distribution parameterized with nu = 0.002 and V = 1 (deVillemereuil 2012), and 
output was robust to changes in these priors. The prior distribution of fixed effects used a 
wide normal distribution (MCMCglmm package default). MCMC chain convergence was 
assessed by visual inspection of the resulting trace and autocorrelation lag plots, calculation 
of autocorrelation at spans equivalent to multiples of the thinning interval, and use of the 
Heidelberger-Welch diagnostic (Plummer et al. 2006). For reporting results, the estimated 
posterior mean and 95% CIs for fixed effects were converted to their original scale (i.e., 
exponentiated for Poisson and Gaussian log-normal models and squared for the Gaussian 
models using square-root transformed variables). The proportion of variability accounted for 
by random effects (i.e., between-site differences) was calculated from the posterior means of 
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its variance matrix (“G-structure”) relative to that of the variance matrix (“R-structure”) of 
the errors terms. 

All experimental protocols were approved by the Institutional Animal Care and Use 
Committee of the University of Hawai‘i at Mānoa and this research received informal 
consultation from the U.S. Fish & Wildlife Service. 
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Table S1. Descriptive statistics of the six response variables obtained from control (C) and treatment 
(T) samples relating bat and insect response to treatment of trees with dim ultraviolet (UV) 
illumination. 

 
Response Variable  n Min. 1st Qu. Median Mean 3rd Qu. Max. 

Echolocation Passes 
(acoustic, counts) 

C 20 1 7 55 127 245 496 
T 20 1 7 23 62 104 182 

Terminal Phase Calls 
(acoustic, counts) 

C 20 0 0 1 4 7 26 
T 20 0 0 1 3 4 20 

Mid-range (video, 
counts) 

C 20 3 11 21 34 31 209 
T 20 2 8 16 24 26 140 

Near-range (video, 
counts) 

C 20 0 3 6 20 21 192 
T 20 0 2 3 13 7 128 

Duration (video, 
seconds) 

C 20 0.71 1.17 1.57 1.56 1.90 3.00 
T 20 0.95 1.56 1.88 2.44 2.75 9.50 

Insect Biomass (dry 
weight x 10-2 g) 

C 20 0.54 0.74 1.30 1.66 1.66 7.84 
T 20 0.42 4.71 6.14 10.96 10.04 41.68 

	  

	  

Figure	  S1.	  Diagram	  of	  the	  experimental	  set-‐up.	  
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Figure	  S2.	  	  Example	  of	  a	  thermal	  video	  detection	  of	  a	  Hawaiian	  hoary	  bat	  at	  near	  range	  (<25	  m).	  


