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Materials and Methods

Study sample and acquisition of µCT-scan data

In total 68 specimens, representing 56 bat species from 16 families, were obtained for this study (see Table S1). Species were prioritised based on maximising taxonomic and geographic coverage, ecological diversity, behavioural differences and echolocation call type. Preservation state and method of preparation varied between specimens; seven were complete specimens preserved in ethanol, the remaining specimens being prepared skulls. Adult specimens were used, apart from Hypsignathus monstrosus where the only available specimen was a female sub-adult. We were unable to control for specimen gender, and, therefore, as with previous studied we assumed that sexual dimorphism and individual asymmetry in mammalian inner ears were negligible [1, 2]. In order to make functional interpretations based on representative individuals it was assumed that inter-specific variation is greater then intra-specific variation.
Each specimen was scanned in the frontal plane using the Metris X-Tek HMX ST 225 Computer Tomography (CT) System at the Department of Mineralogy, EMMA Division, The Natural History Museum, London. The complete basal part of the skull was scanned so as to include both inner ears, with the exception of specimen NHM.65.3990, where the single remaining bony labyrinth was dislodged from the skull and was thus scanned directly. Following calculation of the centre of rotation and cropping the region to reconstruct to the desired region of interest, volumes were constructed using CT PRO (Metris X-Tek, UK). Reconstructed volumes were then visualized using VG Studio Max 2.0 (Volume Graphics, Heidelberg, Germany). The voxel size of each specimen is listed in Table S1. 

 Old and New World constant-frequency bats 

For the Old World constant frequency (CF) bats (Rhinolophidae and Hipposideridae) and the New World Pteronotus parnellii (Mormoopidae) a relationship between basilar membrane length, body size and call frequency was predicted. This was investigated by examining the published frequency of maximum energy (ie. the CF component of the call) and morphological parameters for 53 species from the Rhinolophidae, six from the Hipposideridae, and P. parnellii (see Tables S2, S8 and S9). Specimens examined from the Rhinolophidae included three documented size morphs of R. philippinensis (Small morph: location = Buton, male, 47.4 mm (forearm length), 6.5 g (mass); Large morph, location = Buton, male, 55.3 mm, 12.0 g; Intermediate morph, location = Kabaena, female, 48.4 mm, 7.0 g). These morphs have been reported to have undergone recent speciation via call frequency shifts along a harmonic series [3] and, therefore, might be expected to deviate from any overall relationship between physical features and call-frequency in this family. All echolocation and morphological variables were logged transformed to equalise variances and normalise data. 

Accounting for phylogenetic relatedness

To control for the shared ancestry of characters, and thus determine whether differences in inner ear morphology were maintained after accounting for phylogenetic relatedness, we used Bayesian phylogenetic mixed models (BPMMs) implemented in ‘MCMCglmm’ [4] in R v.2.11.1. This analysis accounts for phylogenetic relatedness in the context of a linear mixed effects model – at type of linear statistical model that contains both fixed and random effects. Here, the random effect is the covariance between taxa caused by their shared evolutionary histories, as implied by the phylogeny for the taxa. Within these models, the contribution of ‘shared evolutionary history’ is included in the model as an explanatory variable for the trait of interest, so that the effect of other traits can be analysed correctly in the presence of this non-independence. The structure of these models is identical to that of the ‘animal model’ widely used in animal breeding and quantitative genetics, a fact that can be exploited to make use of software and statistical approached developed to fit these complex models efficiently and flexibly, for example with non-Gaussian response variables [5]. 

All analyses were run with the same basic settings: animal as a random effect with pedigree information obtained from the dated phylogeny, and with proper priors with a low degree of belief (n = 1) and phenotypic trait variance divided equally between genetic and residual effects. All models were run with 1,000,000 iterations with 100,000 burn in and thinning interval of 100. Autocorrelation values <0.01 were used to check for good mixing. To compare models utilising phylogenetic information, we examined the Deviance Information Criterion (DIC); with DIC values (2 taken to indicate significantly improved model fit. For tests of fixed effects, we report the PMCMC value, which is twice the posterior probability that a model parameter is greater or less than zero (whichever is lower), as estimated by the Markov chain, and is one possible Bayesian analogue to a two-tailed frequentist p-value.
Constructing the phylogeny and estimating branch lengths

Cytochrome b sequences were obtained for 131 ingroup and 3 outgroup species (see Table S2 for species names, GenBank accession numbers and sources). For seven species, sequences from a congeneric substitute were used if those from the actual species were not available. In the cases of multiple haplotypes, a representative sequence was chosen at random. Nucleotide sequences were aligned using ClustalW2 [6] and checked by eye. The alignment was imported into BEAUti v. 1.5.4 [7], this utility was used to produce the correctly formatted input file (xml-file) for BEAST v.1.5.4. A user-specified starting tree was used, based on the published phylogenies [8-21]. This topology was enforced throughout the analysis by removal of four operators which effect topological rearrangements. Nine fossil calibration points were used (see Table S3), which each following a normal prior distribution with mean and standard deviation set so that the 5th and 95th quantiles correspond to the published lower and upper suggested node ages respectively. Analyses were run in BEAST v.1.5.4 using an uncorrelated log-normal relaxed molecular clock [22], a Yule speciation prior and a GTR+I+Γ model, for 10,000,000 generations, with every 1000 parameters logged. Tracer v.1.5 was used to check for appropriate burn-in length and run convergence. The maximum clade credibility tree was produced using TreeAnnotator v.1.5.4, with a sample burn-in of 500 and node heights set to mean-heights. Currently the phylogenetic relationship of the Megadermatidae remains uncertain; so far two conflicting alternative topologies have been suggested based only on morphological characters [23, 24]. For this group, we attempted to construct a molecular phylogeny using NADH dehydrogenase subunit 2 (ND2) gene sequences from GenBank for all available Megadermatidae [Macroderma gigas (AY504541.1); Cardioderma cor (AY504540.1); Megaderma lyra (AY504542.1) and Megaderma spasma (AY504543.1)] and three out-group taxa [Rhinopoma hardwickei (AY504545.1); Hipposideros cineraceus (AY504529.1); Hipposideros bicolor (AY504527.1)]. The TrN+I+G model of substitution, selected using jModelTest v0.1.1 [25], was implemented in MEGA v5 [26] to construct a maximum likelihood phylogeny with 1000 bootstraps. However, nodes within Megadermatidae were poorly supported (bootstrap support ≤ 50) and therefore, could not be resolved (results not shown). Therefore, this study follows the topology of  Griffiths et al. [24], with diversification times based on our results from Cytochrome b for the division between M. gigas with M. lyra,  and  Jones et al. [27]. 
Supplementary results

A significant negative relationship was found between call frequency and two measures of body size, forearm length and body mass, for values from 52 Rhinolophus spp. obtained from literature sources (log CF = -1.54 log forearm + 4.44; R2 = 0.42, F = 36.57, P = 1.98 x 10-7 and log CF = -0.38 log body mass + 2.24; R2 = 0.25, F = 12.34, P = 0.001). Echolocation call frequencies for R. philippinensis small and medium morphs fell within the 95% PI for forearm length (see Figure S4a). Furthermore a significant relationship was found between basilar membrane length and echolocation call frequency log CF = -0.98 log basilar membrane + 3.09; R2 = 0.634, F = 21.74, P < 0.001). The call frequencies of the medium and large morph fell within the 95% PI for basilar membrane length, though the small morph was on this line (see Figure S4b). Both regressions suggest lower frequencies in the R. philippinensis morphs than expected for either their respective forearm or basilar membrane length. 

Supplementary Figure legends 

Supplementary Figure S1
Measuring basilar membrane length from reconstructed inner ear endocasts. 

(A) Left: Medial view of the right cochlear endocast of Craseonycteris thonglongyai (specimen number HZM.1.34982, ref. Table S1). A representation of the path of the basilar membrane measured by this study is shown by the dotted line. 

Right upper: Apical view of the right cochlear endocast of C. thonglongyai (HZM.1.34982). Black arrows correspond to the end point of the representation of the path of the basilar membrane (dotted line) measured by this study. 

Right lower:  Medial view of the right cochlear endocast of C. thonglongyai (HZM.1.34982).  Black arrows correspond to the start point of the representation of the path of the basilar membrane (dotted line) measured by this study.
 (B) Two-dimensional plots showing the representative paths of the basilar membrane for the right cochlea of Pipistrellus pipistrellus, using either 86 or 43 landmark points, connected with straight connecting lines. The basilar membrane path as depicted by a smoothed curvilinear path is also superimposed over these points. The estimated length calculated from the subset of 43 coordinates was only 8.304 mm, compared to 8.473 mm from 86 coordinates. This corresponds to a negative difference of 0.170 mm or a 2 % underestimate of membrane length. Furthermore, the path traced by the straight lines connecting the 86 points much more faithfully follows that of the curved path. Therefore, 86 landmark points were deemed to be a suitable compromise between efficiency and accuracy and was used to collect all basilar membrane estimates. The 86 landmarks used in this study (circles); curved path between points (black line); straight lines between points used to estimate basilar membrane length (dotted line); 43 points (white circles), and the dashed line the straight line distance between white circles (dashed line). 
Supplementary Figure S2

Multiple regression plots of echolocation call parameters, basilar membrane length, number of cochlear turns and body mass. Stepwise multiple regressions suggest that equations with only inner ear parameters were the best fitting models: log maximum frequency = -0.96 log basilar membrane + 1.58 log turns + 2.22, multiple R2= 0.26, F = 9.01 (2, 51 d.f.), P = 4 x 10-4; log peak energy frequency = -1.01 log basilar membrane + 2.26 log turns + 1.92, multiple R2= 0.36, F = 14.05 (2, 51 d.f.), P = 1.38 x 10-5; log minimum frequency = -1.02 log basilar membrane + 2.76 log turns + 1.60, multiple R2= 0.40, F = 17.09 (2, 51 d.f.), P = 2.09 x 10-6.
Supplementary Figure S3

Maximum likelihood ancestral reconstructions of bat inner ears - (A) relative basilar membrane length and (B) number of cochlear turns. Phylogenies and character values are depicted as ‘Traitgrams’, whereby the position along the y-axis corresponds to node age in millions of years and position along the x-axis corresponds to the reconstructed character value. Coloured bars indicate key subdivisions within bats: Old World fruit bats (orange); echolocating Yinpterochiroptera (blue); Yangochiroptera (green). Keys nodes: bat common ancestor (a); Yangochiroptera common ancestor (b); Yinpterochiroptera common ancestor (c); Old World fruit bat common ancestor (d); echolocating Yinpterochiroptera common ancestor (e). 

Supplementary Figure S4

Morphological parameters versus echolocation call frequency in Rhinolophus species. Published values for species taken from literature (black points), the three Rhinolophus philippinensis size morphs measured by this study: small (red), medium (orange), large (yellow) and values published for one R. philippinensis values taken from [28] (blue).   

 (A) Average forearm length, body mass and echolocation call frequency for Rhinolophus spp. from values obtained from literature sources. A significant negative relationship was found (log CF = -1.54 log forearm + 4.44; R2 = 0.42, F = 36.57, P = 1.98 x 10-7 and log CF = -0.38 log body mass + 2.24; R2 = 0.25, F = 12.34, P = 0.001).

 (B) The relationship between basilar membrane length and constant frequency echolocation call (log CF = -0.98 log basilar membrane + 3.09; R2 = 0.63, F = 21.74, P < 0.001). 

Supplementary tables

Table S1 Specimen and scan details of the bat species used in this study. 

	Family
	Species
	Voxel size 
	Specimen code

	Pteropodidae
	Pteropus rodricensis
	0.017539
	NHM. 76.3.15.141

	
	Pteropus sp.
	0.0167
	N/A

	
	Rousettus lanosus
	0.0118
	HZM.16.360822

	
	Rousettus aegyptiacus
	0.0101
	HZM.107.116262

	
	Hypsignathus monstrosus
	0.0126
	HZM.1.35182

	Rhinolophidae
	Rhinolophus philippinensis (Small)
	0.0064
	MZB229133

	
	Rhinolophus philippinensis (Medium)
	0.0073
	MZB228973

	
	Rhinolophus philippinensis (Large)
	0.0101
	MZB229103

	
	Rhinolophus ferrumequinum
	0.0073
	HZM.58.206972

	
	Rhinolophus megaphyllus
	0.0087
	NHM.1903.8.3.31

	
	Rhinolophus pearsonii
	0.0081
	N/A2

	
	Rhinolophus pearsonii
	0.0083
	HZM.14.35.1102

	
	Rhinolophus marshalli
	0.0106
	N/A2

	
	Rhinolophus affinis
	0.0088
	HZM.29.352232

	Hipposideridae
	Hipposideros ridleyi
	0.0076
	NHM.1983.4231

	
	Hipposideros fulvus
	0.007
	HZM.3.287782

	
	Hipposideros gigas
	0.0108
	HZM.3.11642

	
	Cloeotis percivali
	0.0069
	HZM.13.47652

	
	Cloeotis percivali
	0.0049
	NHM.66.54561

	Rhinopomatidae
	Rhinopoma microphyllum
	0.0082
	NHM.1968.4531

	
	Rhinopoma hardwickii
	0.0073
	HZM.37.91522

	Megadermatidae
	Macroderma gigas
	0.0083
	NHM.1892.5.20.21

	
	Cardioderma cor
	0.0124
	NHM.1975.24531

	
	Megaderma spasma
	0.0069
	NHM.1912.11.28.321

	
	Lavia frons
	0.0085
	HZM.30.250252

	Craseonycteridae
	Craseonycteris thonglongyai
	0.0057
	HZM.1.349822

	Miniopteridae
	Miniopterus  schreibersii
	0.0049
	NHM.62.14431

	
	Miniopterus  schreibersii
	0.0085
	HZM.247.225052

	Vespertilionidae
	Murina tubinaris
	0.0106
	N/A2

	
	Myotis muricola
	0.0097
	N/A2

	
	Murina  suilla
	0.0069
	NHM.18.79.11.15.161

	
	Murina  cyclotis
	0.0118
	NHM.16.3.25.291

	
	Myotis lucifugus
	0.005188
	NHM.7.7.7.33591

	
	Scotophilus kuhlii
	0.0118
	N/A2

	
	Scotomanes ornatus
	0.0097
	N/A2

	
	Lasiurus borealis
	0.0057
	HZM.4.33412

	
	Plecotus auritus
	0.0055
	N/A

	
	Plecotus auritus
	0.0055
	N/A

	
	Plecotus auritus
	0.0058
	N/A

	
	Pipistrellus pipistrellus
	0.005
	N/A

	
	Pipistrellus pipistrellus
	0.005
	N/A

	
	Pipistrellus pipistrellus
	0.0049
	N/A

	
	Pipistrellus pipistrellus
	0.0047
	N/A

	Noctilionidae
	Noctilio leporinus
	0.0118
	NHM.1928.7.21.351

	
	Noctilio leporinus
	0.0107
	HZM.12.159772

	Thyropteridae
	Thyroptera sp.
	0.007
	N/A

	Mormoopidae
	Pteronotus (chilonycteris) macleayi grisea
	0.004548
	NHM.65.39901

	
	Pteronotus parnellii
	0.0112
	HZM.5.212362

	
	Pteronotus davyi
	0.0083
	HZM.8.160312

	
	Mormoops megaphylla
	0.0074
	HZM.2.160302

	Phyllostomidae
	Artibeus jamaicensis
	0.0118
	NHM.1907.1.1.6841

	
	Tonatia silvicola
	0.0101
	NHM.1954.3221

	
	Trachops cirrhosus
	0.0101
	NHM.1924.3.1.331

	
	Desmodus rotundus
	0.0099
	HZM.41.116312

	
	Anoura geoffroyi
	0.0063
	NHM.1914.5.21.41

	
	Carollia perspicillata perspicillata
	0.0079
	HZM.140.291272

	
	Centurio senex
	0.0088
	HZM.1.131982

	Molossidae
	Cheiromeles torquatus
	0.0186
	NHM.1844.10.17.71

	
	Molossus molossus
	0.0096
	HZM.61.288412

	
	Tadarida brasiliensis
	0.006
	NHM.1960.4821

	Nycteridae
	Nycteris thebaica
	0.0085
	HZM.214.359292

	Natalidae
	Natalus stramineus saturates
	0.0065
	HZM.8.70552

	Emballonuridae
	Taphozous peli
	0.0186
	HZM.2.184502

	
	Taphozous melanopogon
	0.0086
	HZM.18.302352

	
	Peropteryx macrotis
	0.0059
	HZM.3.185122

	
	Saccopteryx  bilineata
	0.0087
	HZM.8.160022

	
	Rhynchonycteris naso
	0.0057
	HZM.34.58602


Origin of specimens: 
1 Natural History Museum, London; 
2 The Harrison Institute, Sevenoaks; 
3 Museum Zoology Bogor, Indonesia; 
Abbreviations: N/A – not applicable. 

Table S2 

Morphological parameters and Cytochrome b sequence information for taxa included in this study. 

	Family
	Species
	Basilar membrane (mm)

Mean ± SD, 

Min – Max (n)
	Source:
	Number of turns
	Source:
	Body mass (g)
	Source:
	GenBank

accession number:

	Pteropodidae
	Pteropus rodricensis
	N/A 
	N/A
	1.75
	This study
	350
	[29]
	FJ561392.1

	
	Pteropus sp.
	16.24
	This study
	1.75
	This study
	1180*
	[30]
	JN398212.1 

(Pteropus vampyrus)

	
	Pteropus giganteus
	N/A 
	N/A 
	2
	[31]
	1180
	[30]
	FJ561381.1

	
	Rousettus lanosus
	12.52
	This study
	1.75
	This study
	140
	[30]
	AF044661.1

	
	Rousettus aegyptiacus
	11.01
	This study
	1.75
	This study
	140
	[30]
	AB085740.1

	
	Hypsignathus monstrosus
	13.08
	This study
	2.25
	This study
	427
	[30]
	DQ445706.1

(Epomophorus wahlbergi)

	Rhinolophidae
	Rhinolophus philippinensis (Small)
	12.98
	This study
	3.25
	This study
	6.5
	SJ Rossiter, T Kingston
	SJ. Rossiter unpub.

	
	Rhinolophus philippinensis (Medium)
	24.67
	This study
	3.25
	This study
	7
	SJ Rossiter, T Kingston
	GU724957.1

	
	Rhinolophus philippinensis (Large)
	29.96
	This study
	3.25
	This study
	12
	SJ Rossiter, T Kingston
	SJ. Rossiter unpub.

	
	Rhinolophus ferrumequinum
	17.29 ± 1.69

16.10-18.49 (2)
	This study, [32]
	3.25
	This study
	22.6
	[30]
	DQ351847.1

	
	Rhinolophus megaphyllus
	28.64
	This study
	3.75
	This study
	9.8
	[30]
	FJ185207.1

	
	Rhinolophus pearsonii
	21.42 ± 0.01

21.40 – 21.42 (2)
	This study
	3.25 - 3.5
	This study
	8.8
	HZM
	EF544424.1

	
	Rhinolophus marshalli
	21.53
	This study
	3.25
	This study
	6.4
	[33]
	EU434938.1

	
	Rhinolophus affinis
	21.99
	This study
	3.5
	This study
	12.6
	HZM
	EF544421.1

	
	Rhinolophus rouxi
	15.6
	[34]
	N/A 
	N/A 
	12.57
	[34]
	HM134916.1

(Rhinolophus sinicus)

	Hipposideridae
	Hipposideros ridleyi
	13.86
	This study
	2.75
	This study
	9.3
	[35]
	DQ054812.1

	
	Hipposideros fulvus
	9.61 ± 1.14

8.80 - 10.41 (2)
	This study, [36]
	2.75
	This study
	9.25 ± 1.06

8.50 – 10.00 (2)
	[37],

[36]
	DQ054807.1

(Hipposideros ater)

	
	Hipposideros gigas
	22.58
	This study
	3.25
	This study
	89
	[30]
	EU934470.1

	
	Cloeotis percivali
	9.41
	This study
	2.75
	This study
	4.05
	[38]
	FJ457616.1

	
	Hipposideros speoris
	9.55 ± 0.50

9.20 - 9.90 (2)
	[36, 39]
	N/A 
	N/A 
	11.53 ± 2.17

10.00 - 13.07 (2)
	[36, 39]
	DQ680823.1

	
	Hipposideros  bicolor
	9.13
	[9]
	2.5
	[9]
	13.29
	[39]
	JF320685.1

	
	Hipposideros pomona
	N/A 
	N/A 
	3
	[40]
	N/A 
	
	EU434950.1

	Rhinopomatidae
	Rhinopoma microphyllum
	12.97
	This study
	2.25
	This study
	32
	[30]
	DQ337502.1

	
	Rhinopoma hardwickii
	12.23 ± 0.613

11.8 – 12.67 (2)
	This Study, [39]
	2.5
	This study
	12.93 ± 4.77

9.56 – 16.30 (2)
	[30, 39]
	DQ337494.1

	Megadermatidae
	Macroderma gigas
	6.16
	This study
	2.25
	This study
	123
	[30]
	NA

	
	Cardioderma cor
	14.90
	This study
	2
	This study
	28
	[41]
	NA

	
	Megaderma spasma
	9.66
	This study
	2.25
	This study
	27
	[35]
	AY057942.1

	
	Megaderma lyra
	9.9
	[36, 39]
	N/A 
	N/A 
	41.38 ± 8.94

35.36 – 48.00 (2)
	[36, 39]
	DQ888678.1

	
	Lavia frons
	12.60
	This study
	2.25
	This study
	34.8
	HZM
	NA

	Craseonycteridae
	Craseonycteris thonglongyai
	10.54
	This study
	2.5
	This study
	2.5
	HZM
	EF035012.1

	Miniopteridae
	Miniopterus  schreibersii
	10.42 ± 0.12

10.33 – 10.50 (2)
	This study
	2.25
	This study
	14.20
	[30]
	EF530348.1

	Vespertilionidae
	Murina tubinaris
	11.81
	This study
	2.75
	This study
	4.75
	[35]
	GQ168904.1

	
	Myotis albescens
	N/A 
	N/A 
	2.5
	[31]
	N/A 
	N/A 
	AF376839.1

	
	Myotis muricola
	10.23
	This study
	2.5
	This study
	4.85
	[42]
	AY665144.1

	
	Murina  suilla
	10.56
	This study
	2.75
	This study
	3.90
	[35]
	GQ168905.1

	
	Murina  cyclotis
	9.64
	This study
	2.5
	This study
	11.30
	[35]
	GQ168916.1

	
	Myotis lucifugus
	8.45 ± 0.93

6.90 – 8.21 (2)
	This study, [36]
	2.25
	This study
	7.00
	[36]
	AF376854.1

	
	Scotophilus kuhlii
	13.42
	This study
	2.75
	This study
	23.0
	[43]
	EU750931.1

	
	Scotomanes ornatus
	12.04
	This study
	2.25
	This study
	21.8
	[43]
	DQ435069.1

	
	Lasiurus borealis
	10.83
	This study
	2.5
	This study
	16.7
	[30]
	NC_016873.1

	
	Plecotus auritus
	9.09 ± 0.29

8.76 – 9.30 (3)
	This study
	2
	This study
	9.00
	[30]
	EF570882.1

	
	Pipistrellus pipistrellus
	8.89 ± 0.32

8.47 – 9.23 (4)
	This study
	2.5
	This study
	6.55
	[44]
	AJ504443.1

	
	Nyctalus  noctula
	11.8
	[39]
	N/A 
	N/A 
	5.19
	[39]
	DQ120873.1

	
	Eptesicus serotinus
	8.9
	[39]
	N/A 
	N/A 
	22.30
	[39]
	AF376837.1

	Noctilionidae
	Noctilio leporinus
	16.27 ± 0.35

16.03 – 16.52 (2)
	This study
	2.75
	This study
	59
	[30]
	AF330801.1



	Thyropteridae
	Thyroptera sp.
	13.42
	This study
	2.5
	This study
	3.5
	[30] 
	AY621005.1

	Mormoopidae
	Pteronotus (chilonycteris) macleayi grisea
	11.77
	This study
	3
	This study
	5.35
	[45]
	AY604461.1

	
	Pteronotus parnellii
	15.75 ± 1.27

14.30 – 16.69 (3)
	This study
	2.5
	This study
	14.57 ± 2.51

12.00 – 17.02 (3)
	[39, 46]
	AY604456.1

	
	Pteronotus davyi
	11.42
	This study
	2.75
	This study
	10.90
	[30]
	AF338671.1

	
	Mormoops megaphylla
	13.21
	This study
	2.5
	This study
	17.00
	[30]
	AF330808.1

	
	Chilonycteris rubiginosa (Pteronotus parnellii?)
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	AY604457.1

	Phyllostomidae
	Artibeus jamaicensis
	12.96
	This study
	2.75
	This study
	47.00
	[30]
	U66504.1

	
	Artibeus cinereus
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	U66511.1

	
	Artibeus lituratus
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	HQ702537.1

	
	Tonatia silvicola
	14.15
	This study
	2.75
	This study
	32.85
	[48]
	FJ155493.1

	
	Trachops cirrhosus
	16.00 ± 2.12

14.50 – 17.50 (2)
	This study, [49]
	3.25
	This study
	43.87 ± 0.09

43.80 – 43.93 (2)
	[30, 39]
	FJ155483.1

	
	Desmodus rotundus
	15.25
	This study
	3
	This study
	28.5
	[30]
	FJ155477.1

	
	Diaemus youngi
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	FJ155475.1

	
	Anoura geoffroyi
	7.60
	This study
	2.75
	This study
	14.1
	[30]
	FJ155495.1

	
	Carollia perspicillata perspicillata
	10.13
	This study
	2.25, 2.5
	This study
	19.1
	[30]
	FJ589715.1

	
	Centurio senex
	11.95
	This study
	2.75
	This study, [47]
	22
	[30]
	AY604444.1

	
	Glossophaga longirostris
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	AF382874.1

	
	Glossophaga soricina
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	FJ392515.1

	
	Phyllostomus discolor
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	NA

	
	Phylloderma stenops
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	FJ155480.1

	
	Phyllostomus hastatus
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	FJ155479.1

	
	Micronycteris hirsuta
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	DQ077415.1

	
	Sturnira tildae
	N/A 
	N/A 
	2.5
	[47]
	N/A 
	N/A 
	DQ903816.1

	
	Sturnira lilium
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	DQ903815.1

	
	Chiroderma villosum
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	L28943.1

	
	Vampyrops helleri
	N/A 
	N/A 
	3
	[47]
	N/A 
	N/A 
	GQ184736.1

	Molossidae
	Cheiromeles torquatus
	28.53
	This study
	2.75
	This study
	135.5
	[30]
	SJ. Rossiter unpub.

	
	Molossus molossus
	14.07
	This study
	2.75
	This study
	16.2
	[30]
	L19724.1

	
	Molossus ater
	14.6
	[36]
	3


	[31]

	37.23 ± 0.32

37.00 – 37.45 (2)
	[36, 39]
	HM470179.1

(Molossus rufus)

	
	Molossus major
	N/A 
	N/A 
	3
	[31]
	N/A 
	N/A 
	NA

	
	Molossus coebensis
	N/A 
	N/A 
	3
	[31]
	N/A 
	N/A 
	NA

	
	Tadarida brasiliensis
	11.11 ± 1.55

10.01 – 12.20 (2)
	This study, [50]
	2.25, 2.5
	This study, [50]
	12.5
	[30, 50]
	JF489129.1

	Nycteridae
	Nycteris thebaica
	9.17
	This study
	2
	This study
	11.00
	[30]
	AF044653.1

	Natalidae
	Natalus stramineus saturates
	9.02
	This study
	2.5
	This study
	3.9
	[30]
	AY621016.1

	
	Natalus tumidirostris
	N/A 
	N/A 
	2.5
	[31]
	N/A 
	N/A 
	AY621009.1

	Emballonuridae
	Taphozous peli
	23.42
	This study
	3.25
	This study
	95.00
	[51]
	AB444718.1

(Saccolaimus saccolaimus)

	
	Taphozous melanopogon
	14.60
	This study
	2.25
	This study
	24.00
	HZM
	EF584221.1

	
	Taphozous kachensis
	13.25 ± 1.63

12.10 – 14.40 (2)
	[36, 39]
	N/A 
	N/A 
	49.20 ± 1.13

48.40 – 50.00 (2)
	[36, 39]
	NA

	
	Peropteryx macrotis
	12.02
	This study
	2.5
	This study
	4.4
	[52]
	EF584180.1

	
	Saccopteryx  bilineata
	12.56
	This study
	2.5
	This study, [40]
	7.5
	[30]
	EF584202.1

	
	Rhynchonycteris naso
	10.34
	This study
	2.75
	This study
	3.9
	[30]
	EF584192.1

	
	
	
	
	
	
	
	
	

	Balaenidae
	Eubalaena glacialis
	54.1
	[53]
	2.5
	[53]
	31,837,000
	[53]
	DQ095151.1

	
	Balaena mysticetus
	56.5
	[53]
	2.25
	[53]
	42,201,000
	[53]
	JF489130.1

	Balaenopteridae
	Balaenoptera musculus
	50.6
	[53]
	2.25
	[53]
	190000000
	[43]
	NC_001601.1

	
	Balaenoptera acutorostrata
	50.6
	[53]
	2.25
	[53]
	8,000,000
	[53]
	NC_005271.1

	
	Balaenoptera physalus
	64.7
	[53]
	2.5
	[53]
	70000000
	[43]
	NC_001321.1

	
	Megaptera novaeangliae
	60.1
	[53]
	2.0
	[53]
	30,000,000
	[53]
	GQ353255.1

	Physeteridae
	Physeter catodon
	54.3
	[53]
	1.75
	[53]
	20,000,000
	[53]
	NC_002503.2

	Iniidae
	Inia geoffrensis
	38.2
	[53]
	1.5
	[53]
	130,000
	[53]
	AF334486.1

	Monodontidae
	Delphinapterus leucas
	42
	[54]
	N/A 
	N/A 
	1,360,000
	[43]
	U72037.1

	Delphinidae
	Delphinus delphis
	30.7
	[53]
	2.25
	[53]
	70,000
	[53]
	HM572302.1

	
	Grampus griseus
	41.0
	[53]
	2.5
	[53]
	387,500
	[43]
	EU557095.1

	
	Tursiops truncatus
	38.9
	[53]
	2.25
	[53]
	155,000
	[53]
	JN571479.1

	
	Stenella attenuate
	36.9
	[53]
	2.5
	[53]
	100,000
	[53]
	X56294.1

	
	Lagenorhynchus albirostris
	34.8
	[53]
	2.25
	[53]
	180,000
	[43]
	NC_005278.1

	
	Lagenorhynchus obliquidens
	33.8
	[53]
	2.0
	[53]
	120,000
	[53]
	EF093040.1

	Phocoenidae
	Phocoenoides dalli
	29.1
	[53]
	2.0
	[53]
	102500
	[43]
	U09678.1

	
	Phocoena phocoena
	22.5
	[53]
	1.5
	[53]
	50, 000
	[53]
	U72039.1

	Octodontidae
	Spalacopus cyanus
	11.68
	[55]
	3.5
	[55]
	90
	[55]
	AF007061.1

	Spalacidae
	Spalax ehrenbergi
	12.6
	[55]
	4
	[55]
	143
	[55]
	AJ311138.1

	Muridae
	Pachyuromys duprasi
	10.75
	[56]
	N/A 
	N/A 
	90
	[56]
	AJ851274.1

	
	Meriones unguiculatus
	12.1
	[57]
	3.25
	[57]
	50
	[57]
	AB381901.1

	
	Mus musculus
	6.0
	[55]
	1.95
	[55]
	22
	[55]
	HM222709.1

	
	Rattus norvegicus
	10.7
	[55]
	2.2
	[55]
	325
	[55]
	HM222710.1

	
	Rattus rattus
	12.1
	[55]
	2.125
	[55]
	200
	[55]
	HM217367.1

	Caviidae
	Cavia porcellus
	20.50
	[55]
	4.25
	[55]
	406
	[55]
	GU136732.1

	Chinchillidae
	Chinchilla laniger
	18.5
	[55]
	3.0
	[55]
	490
	[55]
	AF464760.1

	Ctenomyidae
	Ctenomys talarum
	10.58
	[55]
	3.25
	[55]
	140
	[55]
	AF370698.1

	Heteromyidae
	Dipodomys merriami
	9.83
	[56]
	3.25
	[58]
	50
	[56]
	GU175438.1

	Cricetidae
	Arvicola terrestris
	10.5
	[59]
	2.3
	[59]
	130
	[59]
	GU954310.1

	
	Microtus arvalis
	8.5
	[59]
	2.3
	[59]
	27
	[59]
	GU197794.1

	Bathyergidae
	Fukomys anselli
	11.1
	[55]
	4.25
	[55]
	80
	[55]
	EF043452.1

(Fukomys mechowii)

	Leporidae
	Oryctolagus cuniculus
	15.25
	[58]
	2.5
	[58]
	2,000
	[58]
	HQ596486.1

	Cercopithecidae
	Macaca nemestrina
	25.6
	[56]
	N/A 
	N/A 
	8,850
	[56]
	EU204975.1

	Callitrichidae
	Callithrix (Hapale) jacchus
	N/A 
	N/A 
	2.75
	[58]
	N/A 
	N/A 
	AY434079.1

	Hominidae
	Homo sapiens
	34.25
	[58]
	2.75


	[58]
	75,000
	[58]
	JQ839273.1

	Cebidae
	Saimiri sciureus
	15.4
	[57]
	2.25
	[57]
	743.2
	[43]
	HQ005511.1

	Bovidae
	Bos taurus
	38
	[56]
	3.5
	[58]
	500,000
	[56]
	EU807948.1

	
	Ovis aries
	N/A 
	N/A 
	2.25
	[58]
	N/A 
	N/A 
	EU365977.1

	Equidae
	Equus caballus
	N/A 
	N/A 
	2.5
	[58]
	N/A 
	N/A 
	JF489134.1

	Canidae
	Canis familiaris
	N/A 
	N/A 
	3.25
	[58]
	N/A 
	N/A 
	JF489119.1

	Felidae
	Felis catus
	22.5
	[56]
	3
	[58]
	2,500
	[56]
	AB194817.1

	
	Panthera onca
	33.3
	[56]
	N/A 
	N/A 
	90,000
	[56]
	GU175435.1

	
	Panthera tigris
	35.5
	[56]
	N/A 
	N/A 
	106,300
	[56]
	AF053028.1

	Otariidae
	Zalophus californianus
	54.3
	[57]
	1.75
	[57]
	80,000
	[43]
	NC_008416.1

	Phocidae
	Phoca vitulina
	N/A 
	N/A 
	2.25
	[58]
	N/A 
	N/A 
	AB510422.1

	Procyonidae
	Procyon lotor
	N/A 
	N/A 
	2.5
	[58]
	N/A 
	N/A 
	GU175439.1

	Elephantidae
	Elephas maximus
	60
	[58]
	2.25
	[58]
	40,00,000
	[56]
	AY769977.1

	Trichechidae
	Trichechus manatus
	35
	[60]
	1.75
	[60]
	400,000
	[10]
	JF489120.1

	Didelphidae
	Monodelphis domestica
	6.4
	[56]
	1.8
	[61]
	110
	[56]
	HQ651772.1

	
	Didelphis virginiana
	15
	[62]
	2.5
	[62, 63]
	3,000
	[64]
	HM222715.1

	Tachyglossidae
	Tachyglossus aculeatus
	7.61
	[65]
	0.5
	[65]
	3,500
	[65]
	NC_003321.1

	Ornithorhynchidae
	Ornithorhynchus anatinus
	4.43
	[65]
	0.5
	[65]
	1,400
	[65]
	NC_000891.1


* Based on body mass of Pteropus giganteus 
** Out-group taxa: Anolis poncensis (AB377062.1) Xenopus laevis (NC_001573.1), Danio rerio (Ensembl). 
Abbreviations:

NA – data missing.
Table S3 

Fossil calibration points used to calibrate divergence age for species phylogeny. 

	Node
	Min.–Max. age:

(million years)
	5-95% Quantiles 

(Mean ± S.D.)
	Source:

	Euarchontoglires 
	61.5 – 100.5
	61.5 - 100.7 

(81.0 ± 12)  
	[66]

	Carnivores
	42.8 – 63.8
	43.13 – 62.87 (53.0 ± 6.0)
	[66]

	Human-Macaque
	23 – 33.9
	23.57 – 33.43 (28.5 ± 3.0)
	[66]

	Marsupials
	61.7 – 71.2
	61.15 - 71.85 (66.5 ± 3.25)
	[66]

	Ferungulata
	95.3 - 113
	53.28 – 112.7 (104.5 ± 5.0)
	[66]

	Craseonycteris-Megadermatidae 
	33.8 – 48.8
	33.5 - 48.4 

(41.0 ± 4.5)
	[21]

	Molossidae-Vespertilionidae-Miniopteridae 
	37.1 - 56
	37.45 – 55.55 (46.5 ± 5.5)
	[21]

	Rhinolophidae-Hipposideridae
	37.1 - 56
	35.53 – 55.37 (46.5 ± 6.0)
	[21]

	Emballonuridae-Nycteridae
	40.2 – 58.9
	40.45 - 58.55 (49.5 ± 5.5)
	[21]


Table S4 

Hearing limits (kHz) at 30 and 60 dB taken from published audiograms. 
	Species
	LF (30)
	LF (60)
	HF (30)
	HF (60)
	Source of audiogram:

	Rousettus aegyptiacus
	5.5
	2.25
	54
	64
	[67]

	Rhinolophus ferrumequinum
	9
	4.3
	97
	103
	[13]

	Rhinopoma hardwickii
	26.25
	-
	55
	85
	[14]

	Megaderma lyra
	6
	70
	-
	100
	[14]

	Myotis lucifugus
	12
	10.3
	100
	115
	[17]

	Lasiurus borealis
	10
	5
	55
	72
	[68]

	Noctilio leporinus
	18
	7.5
	64
	111
	[18]

	Artibeus jamaicensis
	7.4
	2.8
	80
	130
	[69]

	Desmodus rotundus
	12
	9
	88
	74
	[70]

	Carollia perspicillata
	9.3
	5.2
	126
	150
	[71]

	Phyllostomus hastatus
	4.2
	1.77
	87
	105
	[72]

	Tadarida brasiliensis
	-
	-
	70
	100
	[39]

	Taphozous melanopogon
	8
	1.75
	43.5
	67.5
	[14]

	Taphozous kachensis
	19
	-
	37
	57.5
	[14]

	Spalacopus cyanus
	0.28
	0.25
	16
	20
	[19]

	Spalax ehrenbergi
	~0.800
	0.052
	~0.800
	5.9
	[73]

	Meriones unguiculatus
	0.28
	-
	44
	58
	[74]

	Mus musculus
	2.3
	3.4
	66
	92
	[75]

	Rattus norvegicus
	0.89
	0.53
	64
	68
	[76]

	Cavia porcellus
	0.32
	0.047
	40
	49
	[23]

	Chinchilla laniger
	0.12
	0.052
	18.5
	32.5
	[24]

	Dipodomys merriami
	0.096
	0.042
	27
	52
	[75, 77]

	Oryctolagus cuniculus
	0.445
	0.096
	35
	49
	[75]

	Macaca nemestrina
	0.093
	-
	24.5
	34.5
	[78]

	Callithrix (Hapale) jacchus
	0.21
	-
	18
	30
	[79]

	Homo sapiens
	-
	0.031
	-
	17.6
	[80]

	Saimiri sciureus
	0.4
	0.1
	35
	43
	[81, 82]

	Bos taurus
	0.15
	0.023
	24
	35
	[83]

	Ovis aries
	0.44
	0.125
	35
	45
	[84]

	Equus caballus
	0.235
	0.055
	23.5
	33.5
	[83]

	Canis familiaris
	0.227
	0.067
	37
	44
	[85]

	Felis catus
	0.15
	0.055
	60
	79
	[86]

	Procyon lotor
	0.134
	-
	38
	-
	[87]

	Elephas maximus
	0.017
	0.18
	10.5
	4.2
	[88]

	Zalophus californianus
	1.4
	0.18
	17.5
	33
	[89-91]

	Phoca vitulina
	0.72
	0.16
	16.9
	23
	[91]

	Didelphis viriginiana
	2.15
	1.03
	45
	68
	[92, 93]

	Monodelphis domestica
	6.9
	3.15
	54
	76
	[94]


Abbreviations:

LF – low frequency hearing limit; HF - high frequency hearing limits; dB – decibel; kHZ – kilohertz. 

Table S5 

The relationship between echolocation and relative membrane length taking phylogeny into account.

	Model tested
	
	
	Placentals

	
	Parameter
	All taxa
	 (excl. whales)

	log basilar membrane = log body mass0.33
	log body mass0.33
	0.37   
	0.39   

	
	intercept
	0.75 
	0.86   

	
	PMCMC(log body mass0.33)
	<1x10-4
	<1x10-4

	
	PMCMC (intercept)
	<1x10-4
	<1x10-4

	
	DIC
	-208.90
	-158.16

	log basilar membrane = log body mass0.33 
	log body mass0.33
	0.41 
	0.46

	+ laryngeal echolocation
	laryngeal echolocation 
	-0.16
	-0.16

	
	intercept
	0.84 
	0.92

	
	PMCMC(log body mass0.33)
	<1x10-4
	<1x10-4

	
	PMCMC (laryngeal echolocation)
	0.059
	0.041

	
	PMCMC (intercept)
	<1x10-4
	<1x10-4

	
	DIC
	-208.05
	-157.59

	log basilar membrane = log body mass0.33 
	log body mass0.33
	0.38 
	0.41

	+ CF echolocation
	CF echolocation 
	-0.15
	-0.17

	
	intercept
	0.89
	1.02 

	
	PMCMC(log body mass0.33)
	<1x10-4
	<1x10-4

	
	PMCMC (CF echolocation)
	0.016
	0.006

	
	PMCMC (intercept)
	<1x10-4
	<1x10-4

	
	DIC
	-208.30
	-156.88


Abbreviations: M – non-bat mammals; NA – not applicable; BM0.33 – body mass cubed; CF – constant frequency; DIC - Deviance information criterion; PMCMC - twice the posterior probability that a model parameter is > or < than zero (whichever is lower), as estimated by the Markov chain.
Table S6 

The relationship between echolocation call parameters, basilar membrane length, number of cochlear turns and body mass.
	Model tested
	Parameter
	Min. freq.
	Peak-energy freq.
	Max. freq.

	log echolocation = log basilar membrane
	log basilar membrane
	-0.52  
	-0.52
	-0.52

	
	intercept
	2.14   
	2.28  
	2.38  

	
	PMCMC(log basilar membrane)
	0.011
	0.015
	0.010

	
	PMCMC (intercept)
	<1 x 10-4
	<1 x 10-4
	<1 x 10-4

	
	DIC
	-56.50
	-48.61
	-45.42

	log echolocation = log basilar membrane 
	log basilar membrane
	-0.89
	-0.88
	-0.78

	+ log number of turns
	log number of turns
	2.25  
	2.00
	1.44

	
	intercept
	1.66  
	1.88  
	2.09  

	
	PMCMC (log basilar membrane)
	<1 x 10-4
	<1 x 10-4
	8.90 x 10-4

	
	PMCMC (log number of turns)
	<1 x 10-4
	<5 x 10-4
	0.010

	
	PMCMC (intercept)
	<1 x 10-4
	<1 x 10-4
	<1 x 10-4

	
	DIC
	-65.98
	-53.44
	-50.31

	log echolocation = log basilar membrane
	log basilar membrane
	-0.76
	-0.79
	-0.72 

	+ log number of turns + log body mass
	log number of turns
	2.05  
	1.87   
	1.35   

	
	Log body mass
	-0.31
	-0.19 
	-0.13  

	
	intercept
	1.72 
	1.92  
	2.11  

	
	PMCMC (log basilar membrane)
	8.89 x 10-4
	8.90 x 10-4
	0.005

	
	PMCMC (log number of turns)
	2.22 x 10-4
	1.00 x 10-3
	0.022

	
	PMCMC (log body mass)
	0.122   
	0.342 
	0.561   

	
	PMCMC (intercept)
	<1 x 10-4
	<1 x 10-4
	<1 x 10-4

	
	DIC
	-65.54
	-54.43
	-50.98


Abbreviations: NA – not applicable; DIC - Deviance information criterion; PMCMC - twice the posterior probability that a model parameter is > or < than zero (whichever is lower), as estimated by the Markov chain.
Table S7 

ML estimates of Pagel’s ( for inner ear parameters and body mass across the study species.   

(A) ML estimates of (
	Character:
	Model
	lnL (k)
	AIC
	(

	(i) Log membrane length
	1 Untransformed tree
	53.16 (3)
	-100.33
	0.899

	
	2 Transformed tree (BM)
	-8.05 (2)
	20.10
	0

	
	3 Transformed tree (BM)
	0.73 (2)
	2.55
	1

	(ii) Log body mass0.33
	1 Untransformed tree
	5.53(3)
	-5.06
	0.995

	
	2 Transformed tree (BM)
	-112.13 (2)
	228.27
	0

	
	3 Transformed tree (BM)
	4.99 (2)
	-5.99
	1

	(iii) Log spirals
	1 Untransformed tree
	144.81 (3)
	-283.63
	0.963

	
	2 Transformed tree (BM)
	82.56 (2)
	-161.13
	0

	
	3 Transformed tree (BM)
	136.31 (2)
	-268.61
	1


(B) LRTs of estimated (
	Character:
	Model comparisons:
	LRT
	P (1 d.f.)

	(i) Log membrane length
	2 vs. 1
	122.42
	1.87 x 10-28

	
	3 vs. 1
	104.88
	1.30 x 10-24

	(ii) Log body mass0.33
	2 vs. 1
	235.33
	4.09 x 10-53

	
	3 vs. 1
	1.08
	0.30

	(iii) Log spirals
	2 vs. 1
	124.50
	6.55 x 10-29

	
	3 vs. 1
	17.01
	3.71 x 10-05


ML estimates of Pagel’s ( for log relative and absolute basilar membrane length, log body mass and log number of cochlear turns across the taxa included in the study using the calibrated species tree and transformed trees.  
Abbreviations: AIC - Akaike information criterion; ML – maximum likelihood; BM – Brownian motion; lnL – log likelihood; LRT – likelihood ration test; ( - Pagel’s lamda;.
Table S8
Averaged echolocation call frequencies used by this study, taken from published sources. 

	Species name
	Peak-energy freq.
	Min. freq.
	Max. freq.
	Sources

	Rousettus aegyptiacus
	35.03
	12.00
	70.00
	[95] and sources within.

	Rhinolophus ferrumequinum
	81.17
	66.98
	80.04
	[96]; Sources cited within [97]; [98]; [40]; Sources cited within [99]; [33]; [96]; [100]; [101]; [102]; [103]. 

	Rhinolophus rouxi
	73.36
	60.17
	73.17
	[104]; [101]; [105]; [106]. 

	Rhinolophus philippinensis (Medium)
	41.70
	41.70
	41.70
	Recorded in the field.

	Rhinolophus philippinensis  (Small)
	53.70
	53.70
	53.70
	Recorded in the field.

	Rhinolophus philippinensis (Large)
	27.00
	27.00
	27.00
	Recorded in the field.

	Rhinolophus megaphyllus
	69.17
	67.00
	71.00
	[107]; [108]; [102].

	Rhinolophus pearsonii
	61.88
	56.20
	70.00
	[33]; [101]; [109]. 

	Rhinolophus marshalli
	40.40
	39.20
	50.55
	www.bristol.ac.uk/biology/research/behaviour/batlab/

	Rhinolophus affinis
	78.28
	70.00
	88.50
	[33]; [109]; [28]; [101]; [110]. 

	Hipposideros ridleyi
	63.45
	61.90
	65.00
	[28]; [110]. 

	Cloeotis percivali
	212.00
	183.00
	212.00
	[111]. 

	Hipposideros fulvus
	157.00
	157.49
	157.61
	[112]. 

	Hipposideros gigas
	62.20
	50.00
	66.00
	[113]; Sources cited within [97]; [111]; Sources cited within [99]; [114]. 

	Hipposideros speoris
	136.25
	132.00
	139.00
	[112]; [106]. 

	Hipposideros  bicolor
	134.18
	130.90
	142.00
	[28]; [115]. 

	Rhinopoma microphyllum
	28.00
	27.00
	30.00
	[116]. 

	Rhinopoma hardwickii
	34.88
	32.00
	40.00
	[117]; [118]; [116]; [102]. 

	Macroderma gigas
	45.00
	40.00
	50.00
	[102]. 

	Cardioderma cor
	56.70
	39.60
	90.90
	[119]. 

	Megaderma spasma
	19.50
	17.00
	22.00
	Sources cited within [97]. 

	Megaderma lyra
	8.00
	30.00
	47.52
	[120]; [39]; 

	Lavia frons
	18.50
	16.90
	82.90
	[119]. 

	Craseonycteris thonglongyai
	73.00
	73.00
	73.00
	[121]. 

	Myotis lucifugus
	75.43
	39.14
	44.88
	[122] and sources within; Sources cited within [97]; [111]; [102]. 

	Myotis muricola  
	57.20
	53.70
	79.90
	[123]. 

	Miniopterus schreibersii 
	56.07
	52.10
	85.20
	[102]. 

	Scotophilus kuhlii
	43.30
	36.60
	84.90
	[123]. 

	Murina suilla
	85.00
	55.20
	165.00
	[124]. 

	Murina cyclotis
	77.20
	51.60
	165.20
	[124]. 

	Scotomanes ornatus 
	31
	22.85
	73.89
	[125].

	Lasiurus borealis
	37.50
	30.00
	45.00
	[68]. 

	Plecotus auritus
	43.20
	32.60
	52.00
	[102]; [126]; 

	Pipistrellus pipistrellus
	105.30
	44.60
	120.00
	[127]; [128]; [31]; [129]; [102]. 

	Eptesicus serotinus
	32.30
	26.35
	58.70
	[127]; Sources cited within [97].

	Nyctalus  noctula 
	NA
	22.50
	25.00
	[98]. 

	Noctilio leporinus
	53.57
	30.13
	61.00
	Sources cited within [97]; [31]; [102]; Sources cited within [130].

	Pteronotus macleayi grisea
	75.00
	70.00
	80.00
	[45]. 

	Pteronotus parnellii
	60.36
	48.00
	64.00
	[102]; Sources cited within [97]; [131]; [47]. 

	Pteronotus davyi
	73.05
	60.50
	68.00
	[131]; [132]; Sources cited within [97]. 

	Mormoops megaphylla
	42.50
	37.00
	48.00
	[47]. 

	Artibeus jamaicensis
	67.15
	54.00
	91.20
	[47]; Sources cited within [97]; [133]; [134]. 

	Tonatia saurophila (T. silvicola)
	56.50
	51.50
	71.00
	[135]. 

	Trachops cirrhosus
	79.00
	53.00
	79.00
	[136]. 

	Desmodus rotundus
	72.98
	49.85
	82.10
	[130]; [135]; [47]; [39]; Sources cited within [97].

	Anoura geoffroyi
	102.00
	51.00
	112.00
	[47]. 

	Carollia perspicillata  perspicillata
	82.80
	70.00
	125.00
	[137]; [47]; [102]; [71]; Sources cited within [97].

	Centurio senex
	115.00
	70.00
	115.00
	[47]. 

	Cheiromeles torquatus
	38.60
	18.63
	26.57
	[138]. 

	Molossus molossus
	44.67
	22.70
	50.30
	[102]; [139]. 

	Molossus ater
	42.00
	27.50
	42.50
	[139]. 

	Tadarida brasiliensis
	27.07
	22.48
	33.29
	[102]; 

	Nycteris thebaica
	88.23
	55.97
	75.50
	Sources cited within [97]; [111]; [114]; 

	Natalus stramineus saturates
	42.95
	33.00
	70.00
	[134]. 

	Natalus stramineus saturates
	113.80
	79.80
	152.80
	[134]. 

	Peropteryx macrotis
	40.00
	20.00
	45.00
	[140]. 

	Taphozous melanopogon
	26.95
	25.20
	28.70
	[102]; [123]. 

	Saccopteryx bilineata
	42.56
	41.20
	45.80
	Sources cited within [97]; [141]; [131]; [40]; [140]; [102]; [142]. 

	Rhynchonycteris naso
	98.20
	64.00
	99.83
	[143]; [140]; [135]. 

	Thyroptera tricolor
	45.00
	25.00
	45.00
	[143]. 


Table S9

Published frequency of maximum energy (ie. CF component of call) and morphological parameters for Rhinolophidae species. 
	Species name
	Call Freq.
(kHz)
	Body mass
(g)
	Fore arm 

(mm)
	Ref.

	Rhinolophus acuminatus
	89.0
	-
	48.0
	[28]

	Rhinolophus affinis
	77.6
	13.8
	49.3
	[110]

	Rhinolophus arcuatus
	66.5
	-
	42.0-53.5
	Sources cited within [144], [8]

	Rhinolophus beddomei
	49.3
	16.0
	53.0
	[145]

	Rhinolophus blasii
	86.6
	10.0
	48.0
	[146]

	Rhinolophus borneensis
	81.8
	-
	43.0
	[28]

	Rhinolophus capensis
	81.9-85.5
	9.5–16.0
	47-52
	[147] & sources cited within

	Rhinolophus clivosus
	92.1
	18.0
	54
	[146]

	Rhinolophus coelophyllus
	80.88
	- 
	40-46
	[148], [8]

	Rhinolophus cornutus
	105.1
	4.37
	36.99
	[101]

	Rhinolophus creaghi
	68.0
	-
	50.0
	[28]

	Rhinolophus darlingi
	88.1
	9.1
	47
	[146]

	Rhinolophus deckeni
	72.0
	15.5
	49.9
	[149]

	Rhinolophus denti
	110
	6.0
	42
	[111], [150]

	Rhinolophus euryale
	104.0
	-
	42.5-51.0
	[144], [8]

	Rhinolophus ferrumequinum
	81.0
	22.6
	53.0-62.5
	[144], [30], [8]

	Rhinolophus ferrumequinum nippon
	75.1
	15.32
	58.8
	[101]

	Rhinolophus formosae
	43-45
	- 
	57-61
	[151]

	Rhinolophus fumigatus
	53.8
	12.3
	52
	[146]

	Rhinolophus hildebrandti
	33.0
	29.3
	67
	[146]

	Rhinolophus hipposideros
	110.0
	-
	34-42
	[144], [8]

	Rhinolophus landeri
	107.3
	7.5
	44
	[146]

	Rhinolophus lepidus
	98.0
	-
	41
	[28]

	Rhinolophus luctus
	42.0
	26.3
	63.4
	[110]

	Rhinolophus macrotis
	48.0
	7.5
	45.5
	[110]

	Rhinolophus malayanus
	78
	-
	41
	[28]

	Rhinolophus marshalli
	41.8–44.5
	5.8–7.0
	38.9–47.1
	[33]

	Rhinolophus megaphyllus
	67-71
	7-14
	44.0-51.0
	[152], [153]

	Rhinolophus mehelyi
	109.0
	-
	47.0-53.0
	[144], [8]

	Rhinolophus microglobosus (male)
	96.2
	6.1
	44.0
	[154]

	Rhinolophus monoceros (male)
	111.77
	4.8
	37.02
	[155]

	Rhinolophus osgoodi
	95.2
	6.9
	45.4
	[156]

	Rhinolophus paradoxolophus
	43.0
	10.8
	55.2
	[157]

	Rhinolophus parcus
	107.0
	3.5
	37.0
	[101]

	Rhinolophus pearsoni
	56.2
	17.43
	55.93
	[101]

	Rhinolophus philippinensis
	36.6
	-
	50.0
	[28]

	Rhinolophus philippinensis (small) 
	53.70
	6.5
	47.4
	SJ Rossiter, T Kingston

	Rhinolophus philippinensis (medium)
	41.70
	7.0
	48.4
	SJ Rossiter, T Kingston

	Rhinolophus philippinensis (large)
	27.00
	12.0
	55.3
	SJ Rossiter, T Kingston

	Rhinolophus pumilus (male)
	105.6-119.3
	-
	36.1-42.1
	[158]

	Rhinolophus cf. pusilius
	100.0
	-
	35
	[28]

	Rhinolophus refulgens
	99.7
	6.3
	40.5
	[110]

	Rhinolophus rex
	23.7–26.4
	10.8–14
	51.6–57.3
	[33]

	Rhinolophus robinsoni
	67.0
	-
	44.0
	[28]

	Rhinolophus rouxii
	72.8
	12.8
	50.5
	[101]

	Rhinolophus sedulus
	66.8
	7.7
	40.3
	[110]

	Rhinolophus shameli
	76.0
	-
	44.0
	[28]

	Rhinolophus siamensis
	60.0–69.3
	5.5–6.4
	39.2–45.4
	[33]

	Rhinolophus simulator
	84.1
	7.1
	44
	[159]

	Rhinolophus sinicus
	78.9–88.5
	8.5–14.3
	44.1–54.4
	[33]

	Rhinolophus stheno
	86.1
	8.9
	48.8
	[110]

	Rhinolophus swinnyi
	107
	7.8
	44
	[146]

	Rhinolophus thomasi
	80.0
	10.13
	44.96
	[101]

	Rhinolophus trifoliatus
	53.3
	13.9
	50.9
	[110]

	Rhinolophus yunanensis
	50.95
	-
	51.50-64
	[148], [8]
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