





APPENDIX 6

Optimization of components of sociality. This figure shows social components optimization (a=group size, b=group composition,
c=group stability/association patterns) on the preferred phylogeny. Note that this optimization contains polymorphic species and
thus family based group like Physeter and Monodon and species with long-term associations between non-related group members
are all optimized using the lowest state of sociality.
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APPENDIX 7. Cetacean tonal sound acoustic parameters. This table reviews published data on cetacean tonal sound acoustic
parameters. Numbers in bold correspond to the preferred value used in the optimizations (see Methods).

SPECIES Max MMax MIN MMIN MaxD MD MIND COMPLEXITY [INFLECTION POINTS-IP] REFERENCES
(kHz) (kHz) (xHz) (kHz) (s) (s) (s) MEAN IP-TwO [P-FOUR STATE
STATE
BALEEN WHALES
(MYSTICETI)
BALAENIDAE
Eubalaena glacialis 11.23 3.14 0.02 0.05 2.08 0.99 0.26 1<* 0 0 267
B. mysticetus 2 0.165 0.09 0.02 1.1 1<* 0 0 268
1 0.3 0.02 0.05 269
BALAENOPTERIDAE
Balaenoptera bonaerensis ? ? ? ? 2 ? 2 2 2 5
B. borealis 35 ? 1.5 ? 0.04 1<* 0 270
1 ~0.1 1.1 271
B. edeni/ B. brydei 0.245 0.07 0.42 1<* 0 0 272
0.180 0.09 273
0.079 0.0207 2.3 274
B. musculus 0.0185 0.0157 11 1<* 0 0 275
0.0202 0.0182 10 276
0.122 29 277
0.011 0.80 278
0.052 0.050 10 8 279
0.0277 0.0189 16 3 280
0.0189 0.0172 28.2 22.8 281
0.242 0.0883 0.0143 0.0166 1 282
B. physalus 0.118 0.010 1<* 0 0 283
0.023 0.018 1 284
0.058 0.042 0.017 0.020 0.7 285
Megaptera novaeangliae 4 1.315 0.25 0.925 0.96 1<* 0 0 286
ESCHRICHTIDAE
Eschrichtius robustus 0.2 0.02 1.54 1<* 0 0 287
0.2 0.1 288
0.3 0.25 289
NEOBALAENIDAE
Capera marginata 0.135 ? 0.06 ? 0.18 1<* 0 0 290
TOOTHED WHALES

(ODONTOCETI)

KOGIIDAE
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Kogia breviceps 9 2 9 2 9 9 2 9
K. simus ? ? ? ? ? ? ? ?
PHYSETERIDAE
Physeter macrocephalus n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
ZIPHIIDAE
Berardius bairdii (B. anurxii) 8.0 2 4 2 ~3.5 ~2 ~3 1 2 46
Hyperoodon ampullatus n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
H. planifrons 9 ? ? 2 ? ? ? 2 2 2
Mesoplodon bidens ? ? ] ? ? ? ? 2 2 2
M. densirostris 9 2 9 2 2 9 2 9 2 9
Ziphius cavirostris 9 9 9 9 9 9 9 9 9 9
PLATANISTIDAE
Platanista gangetica 9 2 9 2 2 9 2 9 2 9
INIIDAE
Inia geoffrensis 48.10 24.71 5.03 15.06 0.080 0.009 0.002 1 1 291
5.16 2.97 0.22 2.54 4.42 1.14 0.16 1.05 292-293
13 3 294
PONTOPORIDAE
Pontoporia blainvillei 9 2 9 2 2 9 2
LIPOTIDAE
Lipotes vexillifer 4.5 5.84 3.8 5.0 1.8 1 0.4 0.72 1 0 295
4.6 6.1 3.8 4.9 1.6 1 0.5 296
PHOCOENIDAE
Phocoena dioptrica n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Phocoena phocoena n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
P. sinus n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
P. spinipinnis n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Phocoenoides dalli n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Neophocaena phocaenoides n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
MONODONTIDAE
Monodon monocerus 18 0.3 6 0.05 1<* 0 ? 297
10 5 0.85 0.1 298
8.84 7.18 0.360 0.718 1.26 1.19 0.68 1<* 299
1<*
Delphinapterus leucas 19.6 6.8 0.2 3.8 3.92 1.06 0.01 1>* 1 3 300
15.8 433 04 3.38 32 0.75 0.05 1>* 301
11.65 1.99 1.12 13.5 302
DELPHINIDAE
Cephalorhynchus commersonii n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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C. eutropia n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
C. hectori n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
C. heavisidii n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Lagenorhynchus australis n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
L.cruciger ? ? ? ? ? ? ? ? ? ?
L. obliquidens ~13 ~10 ~1 ? 0.2 0.7 1.2 ~>1 1 0 303
L. obscurus 27.3 16.49 1.04 8.11 3.14 1.03 0.18 1.97 1 1 292
13.22 8.15 1.04 0.535 0.014 304
L. acutus ? 12.14 ? 8.21 0.5 0.92 1 0 305
Lissodelphins borealis ? ? ? ? ? ? ? ?
L. peronii ? ? 9 2 ? 2 2 2
Delphinus delphis 19.8 11.65 4.8 6.42 1>* 1 1 306
13.6 7.4 0.8 1.2 307
Delphinus capensis ? 15.5 ? 7.7 0.70 1.3 1 1 307
Stenella attenuata 21.4 15.72 3.13 8.73 1.95 0.53 0.09 0.70 1 1 292
18.7 8.2 0.9 1.9 307
S. clymene ? 19.2 ? 6.33 0.61 1>* 1 ? 308
13.62 9.25 041 309
S. frontalis 19.8 16.04 5 7.91 2.07 0.82 0.08 343 1 3 292
S. coeruleoalba 22.99 11.53 1.1 6.84 0.54 1.3 1 1 310
14.8 8.1 0.8 1.9 307
S. longirostris 22.5 15.2 391 9.03 1.82 0.75 0.10 1.07 1 1 292
13.7 9.1 0.6 1.9 307
24 16.5 9.99 0.72 0.016 311
25.25 17.56 0.85 9.66 3.35 0.49 0.013 312
23.04 16.8 4 10.19 4.49 0.61 0.040 313
14.32 8.76 1.87 0.43 0.55 305
Tursiops truncatus 41 0.86 1 3 314
17.2 7.4 1.4 3.7 307
21.6 11.35 1.86 5.46 3.20 0.70 0.05 1.86 292
11.95 0.94 3.20 0.75 0.05 2.14 315
16.24 7.33 1.3 2.86 305
Lagenodelphis hosei 24.0 16.9 43 9.36 0.77 1 0 316
18.3 14.9 6.6 11 0.46 0.80 317
13.4 7.64 0.5 0.4 318
Sousa chinensis 22 16.3 0.9 4.5 1.3 1.1 0.01 1>* 1 ? 319
3 0.2 320
20 1.2 0.13 321
Sotalia fluviatilis ** 19.95 1.34 7.21 1.064 0.381 0.038 0.77 1 1 322
23.9 15.41 3.65 10.2 1.04 041 0.06 1.38 292,293
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38.25 21.32 2.714 13.14 Authors
13 0.5 7.6 0.852 0.103 0.01 0.7 unpublished
18 13.312 1.031 10.521 2.2 0.79 0.009 1.3 data
17.49 15.65 9.18 0.63 323
324
325
Steno bredanensis 7.0 4 326
9.1 6.03 0.6 1.3 307
Feresa attenuata 2 9 9 2 2 ? 2 2
Globicephala macrorhynchus 23.6 10.87 0.24 6.25 0.56 0.69 327
6.1 3.6 0.4 0.7 307
G. melas 21.2 8.86 0.32 3.48 0.72 0.98 327
4716 2.82 0.71 1.01 305
Grampus griseus 20 3.9 49 1>* 328
23.8 13.44 1.90 8.83 0.53 1.37 327
Peponocephala electra 12.14 8.381 0.54 1.05 317
24.5 5.5 0.9 0.1 0.04 329
Pseudorca crassidens 18.1 8.29 1.87 543 0.56 0.75 327
6.1 4.7 0.4 0.5 307
Orcaella brevirostris** 6.0 4.2 1.1 3.2 0.3 0.3 0.1 ~1< 330
Orcinus orca 18 1.5 331
6.61 4.27 332
0.05 333
8.9 9.9 2.4 5.4 1.8 1> 334
16.7 12.64 3.36 18.3 1.11 0.06 21.14 335

**In this paper these species are still treated as one single species (with two ecotypes: riverine and marine), however there is recent evidence that each may be a separate

species (see details in references 115 and 116)
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APPENDIX 8

p=0.03 (6Gains, 2Losses) p=0.04 (4Gains, 4Losses)

'.Iﬁlj—éﬁil ql:ll:l_l:"j] lﬂ%l p=0.05(3Gains, 5Losses)

p=0.03 (2Gains, 6Losses) p=0.14(1Gain, 7Losses)

Optimization of tonal sound complexity and the association between sociality and tonal sound complexity. Most parsimonious
optimizations of tonal sound complexity (based on mean number of inflection points, MIP) and results from the concentrated
changes test for sociality and tonal sound complexity (yellow= state 0, tonal sounds with MIP<I, blue=state 1, tonal sounds with
MIP>1).
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APPENDIX 9. Association between components of sociality and tonal sound
complexity. This table summarizes results from SIMMARP analyses of character
associations between social components (selecting the highest social state for
polymorphic species) and components of tonal sound complexity on the preferred
phylogeny.

TONAL SOUND COMPLEXITY GROUP SIZE (P<0.027, P>0.973)
FOUR STATES 0 1 2 3
0 (0-1) Dij 0.079 0.0090 -0.028
p-value 0.91 0.86 0.001*
1 (1.1-2) Djj -0.036 0.0023 0.123
p-value 0.005* 0.79 0.92
2 (2.1-3) Dij -0.0049 0.052 -0.022
p-value 0.015* 0.90 0.007*
3 (>3.1) Dij -0.0051 0.026 -0.0025
p-value 0.021* 0.89 0.013*
TONAL SOUND COMPLEXITY | GROUP ASSOCIATIONS/STABILITY (P<0.027, P>0.973)
FOUR STATES 0 1 2 3
0 (0-1) Dij 0.080 0.0098 -0.031 0.0012
p-value 0.93 0.88 p<0.0001* 0.84
1 (1.1-2) Djj -0.036 0.023 0.061 0.042
p-value 0.005* 0.89 0.91 0.89
2 (2.1-3) Djj -0.062 0.014 0.023 -0.054
p-value 0.009* 0.92 0.92 0.010*
3 (>3.1) Dij -0.0057 0.020 0.0054 -0.00069
p-value 0.009* 0.94 0.87 0.027*
TONAL SOUND COMPLEXITY GROUP COMPOSITION (P<0.027, P>0.973)
FOUR STATES 0 1 2 3
0 (0-1) Dij 0.087 -0.024 -0.0069 0.0049
p-value 0.94 0.004* 0.021* 0.86
1 (1.1-2) Djj -0.017 0.075 0.031 -0.0007
p-value 0.004* 0.93 0.91 0.04
2 (2.1-3) Djj -0.0014 -0.0043 0.029 0.003
p-value 0.033 0.021* 0.91 0.84
3 (>3.1) Dij 0.0089 0.014 -0.0016 0.0055
p-value 0.84 0.90 0.015* 0.56

*Significant negative associations, **significant positive associations

D=0.394, p<0.0001, np.ya1e=510, np=2000 Group Size and Tonal Sound Complexity

D=0.364 p<0.0001, npane=553, np=2000 Group Association/Stability and Tonal Sound Complexity

D=0.306 p<0.0001 , nyvaue=832, np=2000 Group Composition and Tonal Sound Complexity
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APPENDIX 10. Association between sociality and tonal sound complexity. This table
summarizes results from SIMMAP analyses of character associations between social
structure (categorized as 1-4) and tonal sound complexity on the preferred phylogeny
across reference phylogenies (see Methods)

TONAL SOUND SOCIAL STRUCTURE (P<0.027, P>0.973)
COMPLEXITY Arnasson et al. 2004 filtered (n=325)
FOUR STATES 0 1 2 3
D=0.375 p<0.001*
(2states)
D=0.356 p<0.001*
(4states)
0 (£ 1 mean inflection
point) 0.081 0.053 -0.041 -0.0052
D-statistic 0.73 0.75 0.003* 0.006*
p-value
1 (£ 1 mean inflection
point) -0.044 0.002 0.111 0.036
D-statistic p<0.001* 0.95 0.99** 0.98**
p-value
0 (0-1) Djj 0.082 0.016 -0.033 0.0094
p-value 0.94 0.84 p<0.001* 0.90
1 (1.1-2) Djj -0.037 0.026 0.077 0.022
p-value 0.006* 0.91 0.95 0.93
2 (2.1-3) Djj -0.0036 0.010 0.020 -0.0024
p-value 0.009* 0.87 0.92 0.006*
3 (>3.1) Djj -0.0045 0.016 0.005 0.0025
p-value 0.006* 0.88 0.84 0.86
TONAL SOUND Nikaido et al. 2001 filtered (n=341)
COMPLEXITY 0 1 5 3
FOUR STATES
D=0.382 p<0.001*
(2states)
D=0.358 p<0.001*
(4states)
0 (£ 1 mean inflection
point) 0.083 0.053 -0.043 -0.0047
D-statistic 0.75 0.72 p<0.001* 0.003*
p-value
1 (£ 1 mean inflection
point) -0.046 0.0004 0.1156 0.036
D-statistic p<0.001* 0.91 0.99** 0.99**
p-value
0 (0-1) Dij 0.082 0.00006 -0.033 0.0090
p-value 0.91 0.74 0.005* 0.85
1 (1.1-2) Dij -0.037 0.0234 0.0776 0.0235
p-value p<0.001* 0.91 0.92 0.92
2 (2.1-3) Djj -0.0044 0.0133 0.0223 -0.0032
p-value 0.005%* 0.92 0.87 0.020*
3 (>3.1) Djj -0.0050 0.0165 0.0054 0.0026
p-value 0.011* 0.93 0.89 0.90
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TONAL SOUND Messenger and McGuire 1998 (n=4) filtered/
COMPLEXITY Bayesian (n=2001)
FOUR STATES 0 1 2 3
D=0.442/0.269 p<0.001*
(2states)
D=0.360/0.217 p<0.001*
(4states)
0 (< 1 mean inflection
point) 0.085/0.072 0.064/0.016 -0.050/-0.027 -0.015/-0.007
D-statistic p>0.999*%*/0.86 0.5/0.65 p<0.001*/0.004* | p<0.001*/0.025*
p-value
1 (£ 1 mean inflection
point) -0.044/-0.053 -0.015/0.015 0.12/0.048 0.05/0.031
D-statistic p<0.001%/0.004* | p<0.001*/0.96 | p>0.999**/0.98** | p>0.999%*/0.95
p-value
0 (0-1) Djj 0.081/0.052 0.0062/0.013 -0.032/-0.014 -0.026/-0.009
p-value p>0.999%%/0.94 0.75/0.85 p<0.001*/0.04 p<0.001*/0.06
1 (1.1-2) Dij -0.036/-0.033 0.023/0.0007 0.072/0.037 0.038/0.025
p-value p<0.001*/0.021* | p>0.999**/0.81 | p>0.999%%*/0.93 p>0.999%*%/0.92
2 (2.1-3) Dij -0.0041/0.0011 0.0060/0.012 0.026/-0.0032 -0.0032/0.003
p-value p<0.001*/0.78 0.75/0.87 0.75/0.064 p<0.001*/0.81
3 (>3.1) Djj -0.0057/-0.0019 0.018/0.006 0.0028/0.0015 0.0037/0.005
p-value p<0.001*/0.09 0.5/0.85 0.75/0.77 p>0.999%%/0.87
TONAL SOUND May-Collado et al. 2007 filtered (n=1069)
COMPLEXITY
FOUR STATES 0 1 2 3
D=0.378 p<0.001*
(2states)
D=0.355 p<0.001*
(4states)
0 (£ 1 mean inflection
point) 0.082 0.053 -0.041 -0.006
D-statistic 0.74 0.73 0.007* p<0.001*
p-value
1 (£ 1 mean inflection
point) -0.045 0.0012 0.112 0.037
D-statistic p<0.001* 0.92 0.99** 0.97**
p-value
0 (0-1) Dij 0.082 0.0018 -0.033 0.009
p-value 0.92 0.83 p<0.001* 0.89
1 (1.1-2) Djj -0.037 0.025 0.077 0.023
p-value 0.0009* 0.93 0.93 0.90
2 (2.1-3) Dij -0.0037 0.013 0.020 -0.003
p-value 0.021* 0.91 0.90 0.012*
3 (>3.1) Djj -0.0043 0.014 0.007 0.002
p-value 0.013* 0.89 0.89 0.84
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APPENDIX 11. Regression between group size and tonal sound characteristics. This table summarizes results from PDAP
regressionbetween group size and mean minimum frequency (MMinF) and mean number of inflection points (IP) across reference
phylogenies (see Methods)

ACOUSTIC MAY- MAY- MESSENGER | MESSENGER AND MESSENGER AND ARNASSON | NIKAIDO
PARAMETERS | AGNARSSON | COLLADO | AND MCGUIRE (1998) MCGUIRE (1998) ET AL ET AL.
VS 2000 TREES | FILTERED | MCGUIRE PARSIMONY ON THEIR BAYESIAN ON THEIR (2003) (2001)
GROUP SIZE | BURNIN (1998) NUCLEAR/MORPHOLOGY | NUCLEAR/MORPHOLOGY | FILTERED | FILTERED
FILTERED DATA DATA
ALL CETACEANS
MMINF 3.5 3.2 1.9 2.8 2.9 3.7 3.1
R-SQUARE 29 29 29 21 21 29 29
DF 0.31 0.33 0.24 0.44 0.43 0.30 0.17
P-VALUE
1P 7.5 7.4 10.2 <1 <1 5.1 3.7
R-SQUARE 33 33 33 22 22 33 33
DF 0.05%* 0.05%* 0.03* 0.86 0.85 0.09 0.13
P-VALUE
TOOTHED-WHALES
MMINF 13.8 13.2 5.8 11.4 9.7 15.4 13.5
R-SQUARE 23 23 23 16 16 23 23
DF 0.03* 0.03* 0.12 0.08 0.21 0.03* 0.03*
P-VALUE
1P 7.3 7.1 10 <1 <1 4.7 3.5
R-SQUARE 24 24 24 17 17 24 24
DF 0.09 0.09 0.06 0.92 0.93 0.14 0.17
P-VALUE

*Significant results
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APPENDIX 12. Regression between duration and other acoustic variables. This table summarizes results from PDAP regression

analyses between duration (s) and absolute (AbsMinF) and mean minimum (MMin) frequency and mean number of inflection

ACOUSTIC MAY- MAY- MESSENGER MESSENGER AND MESSENGER AND ARNASSON | NIKAIDO
PARAMETERS | AGNARSSON | COLLADO | AND MCGUIRE (1998) MCGUIRE (1998) ET AL ET AL.
VS 2000 TREES | FILTERED | MCGUIRE PARSIMONY ON THEIR BAYESIAN ON THEIR (2003) (2001)
GROUP SIZE BURNIN (1998) NUCLEAR/MORPHOLOGY NUCLEAR/MORPHOLOGY FILTERED FILTERED
FILTERED DATA DATA
ALL CETACEANS
ABS MINF 17 16.5 19.4 29.7 37 16.5 16.6
R-SQUARE 31 31 31 20 20 31 31
DF 0.017 0.018 0.01 0.008 0.002 0.02 0.018
P-VALUE
MMINF 17.5 19 12.5 Not significant Not significant 19 19
R-SQUARE 29 29 29 29 29
DF 0.019 0.014 0.05 0.014 0.014
P-VALUE
IP 11.9 11.7 9.4 35.6 42.3 11.9 12.2
R-SQUARE 32 32 32 21 20 32 32
DF 0.05 0.04 0.07 0.002 0.001 0.04 0.04
P-VALUE
TOOTHED-WHALES
ABS MINF 37.8 39 38.7 43.9 459 39.2 38.1
R-SQUARE 22 22 22 15 15 22 22
DF 0.001 0.001 0.001 0.003 0.002 0.001 0.001
P-VALUE
MMINF 23.8 26.7 24.6 25.8 23.9 26.4 26
R-SQUARE 23 23 23 16 16 23 23
DF 0.013 0.008 0.01 0.03 0.03 0.008 0.009
P-VALUE
1P 44.8 44.1 44.2 38.3 46 45 46.1
R-SQUARE 23 23 23 16 15 23 23
DF p<0.001 P<0.001 p<0.001 0.006 0.002 p<0.001 p<0.001
P-VALUE
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APPENDIX 13
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