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Online Resource 1: Site replicate selection process  
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To reduce sources of variability due to differences between sites within each ecological system, 

we chose sites that met the following conditions: i) Independence: sites of the same system were 

never chosen in the same patch, and all sites of the same system were separated from each other 

by at least 200 m. Each site was located in a patch represented by at least 2 pixels (1 pixel = 30 * 

30 m). ii) Accessibility: the sites were all relatively accessible, meaning that they were located 

between 20 and 400 m from a road and that the difference in elevation between the sites and the 

closest point on the road was less than 100 m. iii) Comparability: sites within each ecological 

system were chosen to be as similar as possible in elevation, aspect, slope, and phenology (based 

on data collected before the Horseshoe 2 Burn.) Aspect, elevation, and slope were calculated 

from the topographic data compiled in the Arizona statewide Digital Elevation Model (1-arc 

second DEM; USGS 3D Elevation Program), and phenological similarity between locations was 

calculated from phenology data based on the Normalized Difference Vegetation Index (NDVI) 

of the area before the fire (USDA Forest Services ForWarn tool). 

 

A total of 132 locations with suitable accessibility were selected (one location = 1 pixel of 30*30 

m). From this list of possible locations, we determined independence and comparability of the 

locations by a distance matrix using Pavoine et al.’s generalization of Gower’s distance (Pavoine 

et al. 2009) considering the burn severity, the ecological system, the slope, the elevation, the 

aspect and the phenology. Because four parameters were used to define phenology, each of these 

parameters were weighted by 0.25 (see below for detail concerning these parameters and 

calculations). For each system, a hierarchical cluster analysis based on the calculation of the 

Ward's minimum variance was performed on the distances between the locations. The results 

were represented by a dendrogram using the function ‘hclust’{stats} in R (R Core Team 2014).  
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A final selection of 24 sites was made in the field, using the dendrograms of the sites, the maps 

of land cover (Fry et al. 2011; US Geological Survey 2011) and burn information (U.S. 

Geological Survey and the U.S. Forest Service 2013), and the necessary help of Chiricahua 

National Monument staff members (Figure 1; for the exact coordinates of the sites, see Table 

S1). Software used for this site selection were ArcMap 10.1, Excel 2013, and Rx64 3.0.2. 

Phenological similarity calculation 

ForWarn is an Early Warning System (EWS) tool for detection and tracking of regionally 

evident forest change (Spruce et al. 2012). It provides continuous phenological information over 

the entire United States of America. We received the ForWarn data over the study area from the 

USGS ForWarn group. These data contain phenological information since 2000. In this study, 

we used phenological information over a 10-year time period prior to the wildfire disturbance 

(2000 ~ 2010).  

 

To characterize these 10 years of phenological information, we i) split the entire 10-year 

phenology time-series into 10 curves to obtain one time-series per year, ii) modeled each 

phenology with a Gaussian function, and iii) used the four parameters (a, b, c, and d) to describe 

the Gaussian curve, where a is the estimated maximum value of the amplitudes, b is the 

estimated mean value of the distribution, c is the estimated standard deviation value of the 

distribution and d is the estimated error. In phenological models, a can be interpreted as the 

maximum greenness occurring over the year, b can be interpreted as the period of the year 

associated with that maximum of greenness occurrence, and c will indicate how long the 

greenness lasted in the year. To fit a Gaussian function over the 10 separated phenological 

curves, we used the Levenberg-Marquardt (LM) algorithm (Moré 1978). Since the LM algorithm 
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goes through an iterative process to estimate parameters of the Gaussian function, we needed to 

have initial estimates of these parameters. We used a maximum value location as an initial 

estimate of the mean, a maximum amplitude value as an initial estimate of the amplitude, and a 

fixed value (1 in this case) as an initial estimate of the standard deviation. This was implemented 

using Python and the SciPy library (Jones et al. 2001). 
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Online Resource 3: Table S1. Coordinates and conditions of the 24 acoustically monitored sites. 

In the site name the first two characters refer to the ecological system, the third and fourth refer 

to the burn severity level, and the two last characters indicated the replicate number. “Madrean 

pinyon-juniper woodland” and “Madrean pine-oak forest and woodland” have been reduced to 

respectively read “Madrean pinyon-juniper” and “Madrean pine-oak” in the table. 
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Site Name Ecological system  Burn severity  Latitude Longitude 

H1-NO-R1 Madrean pinyon-juniper  non-burned  32.00317 -109.36307 

H1-NO-R2 Madrean pinyon-juniper  non-burned  32.00148 -109.36005 

H1-NO-R3 Madrean pinyon-juniper  non-burned  32.02108 -109.35809 

H1-HI-R1 Madrean pinyon-juniper  burned (high)  32.02728 -109.32102 

H1-HI-R2 Madrean pinyon-juniper  burned (high)  32.00623 -109.30917 

H1-HI-R3 Madrean pinyon-juniper  burned (high)  32.02929 -109.34772 

H2-NO-R1 Madrean encinal  non-burned  32.01234 -109.31639 

H2-NO-R2 Madrean encinal  non-burned  32.01376 -109.31838 

H2-NO-R3 Madrean encinal  non-burned  32.00825 -109.36015 

H2-HI-R1 Madrean encinal  burned (high)  32.02692 -109.32002 

H2-HI-R2 Madrean encinal  burned (high)  32.02808 -109.34794 

H2-HI-R3 Madrean encinal  burned (high)  32.02565 -109.36239 

H3-NO-R1 Mongollon chaparral  non-burned  32.01153 -109.31603 

H3-NO-R2 Mongollon chaparral  non-burned  32.00829 -109.31944 

H3-NO-R3 Mongollon chaparral  non-burned  32.00778 -109.32167 

H3-ME-R1 Mongollon chaparral  burned (medium) 32.00964 -109.31686 

H3-ME-R2 Mongollon chaparral  burned (medium) 32.00737 -109.31545 

H3-ME-R3 Mongollon chaparral  burned (medium) 32.00687 -109.36070 

H4-NO-R1 Madrean pine-oak  non-burned  32.02190 -109.33536 

H4-NO-R2 Madrean pine-oak  non-burned  32.02401 -109.35757 

H4-NO-R3 Madrean pine-oak  non-burned  32.0218 0 -109.3293 

H4-HI-R1 Madrean pine-oak  burned (high)  32.02117 -109.34047 

H4-HI-R2 Madrean pine-oak  burned (high)  32.02271 -109.34473 

H4-HI-R3 Madrean pine-oak  burned (high)  32.01361 -109.3278 
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Online Resource 2: Sonic Timelapse Builder Description 
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Sonic Timelapse Builder (STLB) is a MAX/MSP program that creates sonic timelapses (STLs) 

from multiple audio files.  

 

STLB reads a set of files specified by the user. These are sorted sequentially by filename and 

then loaded into the program. STLB then determines a playback sequence, playing back one 

section or slice from each file. The length and density of the final sequence is defined by the 

controls “slice length” and “overlap amount” (Figure S2). “Slice length” defines how long the 

section from each file runs for, while “overlap amount” defines how many slices are playing 

concurrently at any one time. 

In effect, the playback section of STLB is a macro-scale granular process; it creates a 

synchronous audio stream comprising many audio slices (Roads 1991). On playback, the 

program distributes the playback sequence data for each slice to one of the four stereo players, 

cycling this distribution sequentially through them. Each player also shapes the slice with an 

amplitude envelope to avoid clicks. The envelope shape used is a pure Gaussian curve to attempt 

to create a smooth fade between slices. The stereo output of the four players is summed together, 

and then this output is rendered as a single stereo file recorded to a disk. 

 

To use this program, please visit https://github.rcac.purdue.edu/PijanowskiGroup/Sonic-Time-

lapse-Builder. 
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Figure S2: Sonic Timelapse Builder overlap visualization. Both (a) and (b) display timelapses 

formed from eight 2000-ms samples of white noise that pass through gaussian-shaped envelopes. 

(a) Overlap 1, where sequential files begin 50% into the preceding file, and (b) Overlap 2 where 

sequential files begins 25% into the preceding file. 
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Online Resource 5: Figure S1. Diel acoustic variation for October in non-burned and burned 

sites. 
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Figure S1: Diel acoustic variation for October in non-burned and burned sites. (a) Variation of 

the Bioacoustic Index for each of the four ecological systems. Each point represents the average 

and each bar represents the standard error associated with the index value. The number of sites 

used for averages varied due to missing data. Sites that were averaged include: 2 non-burned and 

1 burned site for Madrean pinyon-juniper, 2 non-burned and 1 burned sites for Madrean encinal, 

3 non-burned and 3 burned sites for Mogollon chaparral, and 2 non-burned and 3 burned sites for 

Madrean pine-oak. (b) Spectrograms of the corresponding sonic timelapses (STLs) for non-

burned and burned areas of each system. Spectrograms were derived from 13.7 sec STLs with a 

high pass filter set at 2 kHz. 
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Online Resource 4: Tables of the linear mixed model results and associated assumption 

validation summary. 
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Table S2: Linear mixed model results and assumption validation summary for daytime of the 

month of June. The p-values have been corrected following the Bonferroni method. L refers to 

Lambda coefficient, P to P-value and N to the number of values (number of recordings 

analyzed). The dependent variable (Y) has been modify by Y^L. 

Hour of day P  N L Normality Homoscedasticity LinearityCollinearity 

5  1  306 -2 validated  validated  validated validated 

6  0.15  304 -2 validated  validated  validated validated 

7  1  301 -2 Not validated validated  validated validated 

8  0.045  284 -1.7 Not validated validated  validated validated 

9  1.04e-07*** 242 -1.1 validated  validated  validated validated 

10  0.0045  197 -1.9 Not validated validated  validated validated 

11  0.14  111 -2 Not validated validated  validated validated 

12  0.02  86 -2 Not validated validated  validated validated 

13  1  66 -2 Not validated validated  validated validated 

14  0.48  18 -2 Not validated validated  validated validated 

15  1  21 -2 validated  validated  validated validated 

16  0.48  21 -2 Not validated validated  validated validated 

17  1  37 -2 Not validated validated  validated validated 
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Table S3: Linear mixed model results and assumption validation summary for nighttime of the 

month of October. The p-values have been corrected following the Bonferroni method. L refers 

to Lambda coefficient, P to P-value and N to the number of values (number of recordings 

analyzed). The dependent variable (Y) has been modify by Y^L. 

Hour of day P N L Normality Homoscedasticity Linearity Collinearity 

18  1 173 0 not validated not validated not validated not validated 

19  0.18 206 -1 not validated validated  not validated validated 

20  0.12 206 -1.4  not validated validated  not validated validated 

21  0.23 230 -1.3  not validated validated  not validated validated 

22  0.85 230 -0.9  validated  validated  validated  validated 

23  0.85 236 -1.1  validated  validated  not validated validated 

0  0.37 259 0.8  not validated not validated not validated validated 

1  0.85 236 -0.9  validated  validated  validated  validated 

2  0.85 233 -0.6  validated  validated  validated  validated 

3  0.85 223 -0.4  validated  validated  validated  validated 

4  0.85 227 -0.7  validated  validated  validated  validated 
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Online Resource 6: Description of the Timelapses files 
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Table S4: Description of the Timelapses files added as 16 Online Resources. 

 

File name Ecological system  Fire  Month  High pass filter 

ESM_7.mp2 Madrean pinyon-juniper not-burned June  2 kHz 

ESM_8.mp2 Madrean pinyon-juniper burned  June  2 kHz 

ESM_9.mp2 Madrean pinyon-juniper not-burned October 2 kHz 

ESM_10.mp2 Madrean pinyon-juniper burned  October 2 kHz 

ESM_11.mp2 Madrean encinal  not-burned June  2 kHz 

ESM_12.mp2 Madrean encinal  burned  June  2 kHz 

ESM_13.mp2 Madrean encinal  not-burned October 2 kHz 

ESM_14.mp2 Madrean encinal  burned  October 2 kHz 

ESM_15.mp2 Mongollon chapparal  not-burned June  2 kHz 

ESM_16.mp2 Mongollon chapparal  burned  June  2 kHz 

ESM_17.mp2 Mongollon chapparal  not-burned October 2 kHz 

ESM_18.mp2 Mongollon chapparal  burned  October 2 kHz 

ESM_19.mp2 Madrean pine-oak  not-burned June  2 kHz 

ESM_20.mp2 Madrean pine-oak  burned  June  2 kHz 

ESM_21.mp2 Madrean pine-oak  not-burned October 2 kHz 

ESM_22.mp2 Madrean pine-oak  burned  October 2 kHz 


