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118 bits dynamic range according to the AD converter of the microphone. After sound recording, 119 ants were killed by freezing and kept in 95% ethanol for the analysis of the stridulatory file 120 morphology.

121 For each ant we analyzed five chirps which were selected only if they were included in 122 continuous and homogenous series of chirps, and if they presented the disyllabic structure 123 described by [START_REF] Pavan | Stridulatory organ and 423 ultrasonic emission in certain species of Ponerinae ants (Genus: Ectatomma and 424 Pachycondyla, Hymenoptera, Formicidae)[END_REF], that is, two pulse trains with opposite phase, separated by a 124 gap. Using the software Raven Lite (Bioacoustics Research Program, 2016), we measured the 125 following variables: chirp duration, duration of forward phase, inter-chip duration (GAP), 126 duration of backward phase and frequency range (intended as the upper limit of frequency range 127 of the pulses). Then, by using the "seewave" package [START_REF] Sueur | Seewave: a free modular tool for sound analysis and 455 synthesis[END_REF] in RStudio (Version 128 3.5.2), we counted the number of pulses in the forward and backward phase of the disyllabic 129 chirps. We also calculated the total number of pulses (sum of pulses in the forward and 130 backward phase), the chirp rate (number of chirps / second) and the average pulse rate of the 131 forward and backward phase (number of pulses / second).

132 Morphometry of the stridulatory file 133 After the sound recording, 42 out of the 85 workers used for the acoustical analyses were 134 dissected under a stereoscope and we took pictures of their stridulatory file with a Leica S440 135 Scanning Electron Microscope (SEM). For each ant, the fourth abdominal segment of the gaster 136 containing the stridulatory organ was cleaned by submersion in distilled water in an ultrasonic 137 bath for approximately five minutes, and then air-dried and fixed in a drop of silver plate over 138 an aluminum stub. Once fixed, the samples were oven-dried for two to three hours at 50 °C, 139 and coated with an 8-nm mixture of gold-palladium for being photographed with the SEM. 140 Using the software Image J 1.51 [START_REF] Schneider | NIH Image to ImageJ: 25 years of image 453 analysis[END_REF], we measured the following 141 morphometric variables according to [START_REF] Ferreira | Stridulations reveal cryptic 375 speciation in neotropical sympatric ants[END_REF]: thorax length, total length of 142 stridulatory file (TL), maximal width (MW), 1 st , 2 nd and 3 rd quartile widths (Q1, Q2, Q3, 143 respectively), number of ridges and inter-ridge distance (ID) in the median portion of the 144 stridulatory file (for data analyses, inter-ridge distance was the average of five measures).

145 Statistical analyses 146 We reduced the number of acoustic and morphologic variables by performing separate Principal 147 Component Analyses (PCA) for acoustic and morphometric data. Then, we tested for 148 differences in PC values between species by running Generalized Linear Mixed Models 149 (GLMMs) for normally distributed data (identity link). In the GLMM, either the morphometric 150 or acoustic principal components (PCs) were the response variables, and species the fixed 151 factor; colony and population were used as random factors to account for the non-independence 152 of data. For the GLMM on acoustic data, individual identity was also used as a random factor 153 to account for non-independence of the measures from the same individual thus assuming a 154 different "baseline" measure for each subject. While the statistical comparison tests assess the 155 difference within and between individuals (or population or species), by entering a random 156 factor in the model we also controlled for individual differences. Frequency range values were 157 excluded from our statistical analyses due to variations mostly related to changes in the 158 microphone / ant distance and orientation, then, only robust temporal measures were analyzed.

159 By combining the use of the acoustic and morphometric variables we calculated the percentage 160 of rubbed ridges ((number of pulses x 100) / total number of ridges) and the speed of the rubbing 161 movement (length of rubbed surface / chirp duration of forward or backward phase) for both 162 phases. We used these data to test for variation in the sounds produced among species by 163 performing the Kruskal-Wallis test and then we checked for pairwise differences using Mann- 171 each syllable consisted of a pulse train (Figure 1). Among the species, the upper frequency limit 172 of stridulation ranged around 60-70 kHz. The acoustic traits of E. ruidum sp. 5 were distinctly 173 variable with respect to the other species; in general E. ruidum sp. 5 had the highest mean values 174 for all acoustic traits, while E. ruidum sp. 3-4 had the lowest values (Table 2, 3).

175 The acoustical variation was summarized in two principal components that together explained 176 85.3% of total variance. PC1, which explained 66.8% of variance and significantly 177 discriminated among species (GLMM, F 2, 427 = 5.781, P = 0.003), was mainly determined by 178 the number of pulses that composed the chirps (total number of pulses, number of pulses in the 179 forward and backward chirp) (Table 4) (Figure 2). Pairwise comparisons indicated that only E. 183 PC2, which explained 18.5% of variance, summarized the duration of chirps (total chirp 184 duration, duration of the forward phase and of the GAP duration) (Table 4) and did not 185 discriminate among species (GLMM, F 2, 426 = 0.831; P = 0.436) (Figure 2). 186 Variation of the sounds: the link between stridulations and morphology 187 During the stridulation, the percentage of ridges rubbed was highly significantly different 188 among species (Kruskall-Wallis test: forward phase -K = 11.34, df = 2, P = 0.003, N = 37, 189 backward phase -K = 11.83, df = 2, P = 0.003, N = 37). Pairwise comparisons indicated that 190 the differences in the percentage of ridges rubbed by the ants E. ruidum sp. 5 were significant 191 compared to E. ruidum sp. 2 and sp. 3-4 (Forward phase rubbing -sp. 5 vs sp. Speed of the forward rubbing movement (µm /msec ) 1.12 ± 0.12 (0.526 -1.81) 1.12 ± 0.10 (0.513 -1.83) 0.804 ± 0.042 (0.729 -0.968) Speed of the backward rubbing movement (µm / msec ) 1.50 ± 0.17 (0.795 -3.12) 

  real-time display. All recordings were performed at 250k sampling rate with 16
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  Whitney test. 165 All statistical analyses were conducted with the software IBM SPSS version 23. The characteristics of the stridulation and their variation 169 The stridulations produced by the ants of E. ruidum sp. 2, 3-4 and 5 were composed of 170 sequences of chirps, each with a disyllabic structure (two opposite phases separated by a gap);

180

  ruidum sp. 5 differed significantly from E. ruidum sp. 2 and 3-4 in PC1 values (GLMM F 2, 427 181 = 5.781: E. ruidum sp. 5 vs sp. 2 P = 0.016, E. ruidum sp. 3-4 vs sp. 2 P = 0.228; GLMM, F 2, 182 427 = 5.547: E. ruidum sp. 5 vs sp. 3-4 P = 0.001).

Figure 1 .Figure 2 .Figure 3 .

 123 Figure 1. (a) A sequence of disyllabic chirps in the E. ruidum stridulation. (b) Detailed view of a disyllabic chirp: forward phase, backward phase and the GAP (time space in between forward and backward phases). (c) Detailed view of pulses of the forward and backward phase around the gap from minute 1:54.45 to 1:54.7. 241x195mm (150 x 150 DPI)

Figure 4 .

 4 Figure 4. The stridulatory file in E. ruidum. (a) Position of the file in the gaster; arrows indicate the backward and forward movement of the gaster when stridulating. (b) Postpetiolar segment of the gaster where the stridulatory file is located. (c) Stridulatory file and its measures. (d) Ridges in the stridulatory file and focus on the inter-ridge distance measure. 145x115mm (150 x 150 DPI)

  

  

  

  

  

Table 1 . Origin and number of workers of the Ectatomma ruidum species complex used for the acoustic and morphological analyses.

 1 316 This study is part of the PhD project of KIPC supported by a CONACyT-French government 317 scholarship. Thanks to Miguel Quiroz, Franco Robles Guerrero, Rubí Meza-Lázaro, Gabriela 318 Pérez-Lachaud, Alejandro Zaldivar Riverón and Carlos Santamaría for their help during the 319 field trips in Mexico and Colombia. We thank Ovidiu Brinza from the LSPM-CNRS for his 320 assistance while taking SEM photos and Christophe Féron for his valuable help with the scripts 321 employed for seewave analyses.322 Ethical statement 323 Our study followed the institutional and national ethical guidelines for scientific research in 324 Mexico, Colombia and France. The species used in the experiments are not endangered or 325 protected in Mexico and Colombia and the collection of live ants complied with the current 326 laws in their country of origin.

	2: U = 66, P =
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Table 2 .

 2 Mean values ± standard error and min-max range (between parentheses) of the stridulatory sound variables of the E. ruidum species 2, 3-4 and 5. Measures are given in 479 seconds (duration) or per second (number or rate)

	E. ruidum sp. 2	E. ruidum sp. 3-4	E. ruidum sp. 5
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Table 3 .

 3 The percentage of rubbed ridges and the speed of the rubbing movement of the E. ruidum species 2, 3-4 and 5 (Mean ± standard error (min-max range).

	483
	484
	485
	486
	487
	488
	489

Table 4 .

 4 Scores of the PCA factor loadings on the acoustical traits of worker ants (only r > 0.700). The variables are sorted by loading size. High loadings indicated that the trait 491 was highly correlated with the PC.

	1.34 ± 0.07	0.989 ± 0.075
	(0.822 -1.80)	(0.743 -1.13)
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Table 5 .

 5 Mean values ± standard error (and min-max range in parentheses) of the morphometric variables of the stridulatory file of the E. ruidum species 2, 3-4 and 5.

	Page 25 of 33				Bioacoustics
	495				
	496				
		Workers	E. ruidum sp. 2	E. ruidum sp. 3-4	E. ruidum sp. 5
	497	Thorax lenght (µm)	2891 ± 86 (2192 -3352)	3252 ± 50 (2836 -3607)	2912 ± 63 (2640 -3101)
		Stridulatory file	352 ± 9	390 ± 6	376 ± 13
	498	total length (µm)	(279 -404)	(359 -453)	(339 -421)
	499	Maximal width (µm)	270 ± 16 (75.5 -336)	266 ± 8 (191 -317)	293 ± 6 (274 -316)
	500	Q1 width (µm) Q2 width (µm)	233 ± 10 (158 -306) 275 ± 10 (200 -356)	225 ± 8 (165 -291) 260 ± 7 (183 -304)	202 ± 6 (185 -219) 286 ± 6 (270 -310)
	501	Q3 width (µm)	220 ± 10 (145 -295)	231 ± 7 (146 -285)	256 ± 8 (236 -280)
	502	Total number of ridges	192 ± 5 (160 -238)	199 ± 3 (176 -219)	193 ± 4 (177 -202)
	503	Mean of distance between ridges (µm)	0.298 ± 0.018 (0.223 -0.515)	0.349 ± 0.019 (0.218 -0.557)	0.298 ± 0.011 (0.250 -0.326)
		Total	16	20	6
	504				
	505				
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Table 6 .

 6 Scores of the PCA factor loadings on the morphometric traits (only r > 0.700). The variables are sorted by loading size. High loadings indicated that the trait was highly 507 correlated with the PC.

	Rotated Component Matrix	Principal Component
		1	2
	Q2 width	0.891	-
	Q1 width	0.801	-
	Maximal width of stridulatory file	0.761	-
	Total length of stridulatory file	-	0.887
	Total number of ridges	-	0.845
	Thorax lenght	-	0.805
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