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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). 
 

COMPLEXITY [INFLECTION POINTS-IP] SPECIES MAX 
(KHZ) 

MMAX 
(KHZ) 

MIN 
(KHZ) 

MMIN 
(KHZ) 

MAXD 
(S) 

MD 
(S) 

MIND 
(S) MEAN IP-TWO 

STATE 
IP-FOUR STATE 

REFERENCES 

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 

1 
0.165 

0.3 
0.09 
0.02 

0.02 
0.05 

 1.1  1≤* 0 0 268 
269 

BALAENOPTERIDAE            
Balaenoptera bonaerensis ? ? ? ? ? ? ? ? ? ?  
B. borealis 3.5 

1 
? 1.5 

~0.1 
?  0.04 

1.1 
 1≤* 0 0 270 

271 
B. edeni/ B. brydei 0.245 

0.180 
0.079 

 
 

0.07 
0.09 

0.0207 

 
 

 0.42 
 

2.3 

 1≤* 0 0 272 
273 
274 

B. musculus 0.0185 
0.0202 
0.122 

 
0.052 
0.0277 

 
0.242 

 
 
 
 
 
 

0.0189 
0.0883 

0.0157 
0.0182 

 
0.011 
0.050 

0.0189 
 

0.0143 

 
 
 
 
 
 

0.0172 
0.0166 

 
 
 
 

10 
 

28.2 

11 
10 
29 

0.80 
8 

16 
22.8 

 
 
 
 
 

3 
 

1 

1≤* 0 0 275 
276 
277 
278 
279 
280 
281 
282 

B. physalus 0.118 
 

0.058 

 
0.023 
0.042 

0.010 
 

0.017 

 
0.018 
0.020 

  
1 

0.7 

 1≤* 0 0 283 
284 
285 

Megaptera novaeangliae 4 1.315 0.25 0.925  0.96  1≤* 0 0 286 
ESCHRICHTIDAE            
Eschrichtius robustus 0.2 

0.2 
 
 

0.3 

0.02 
0.1 

 
 

0.25 

 1.54 
 

 1≤* 0 0 287 
288 
289 

NEOBALAENIDAE            
Capera marginata 0.135 ? 0.06 ?  0.18  1≤* 0 0 290 

TOOTHED WHALES 
(ODONTOCETI) 

KOGIIDAE            
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Kogia breviceps ? ? ? ? ? ? ? ? ? ?  
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 ? 4 ? ~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 ? ? ? ? ? ? ? ? ? ?  
Mesoplodon bidens ? ? ? ? ? ? ? ? ? ?  
M. densirostris ? ? ? ? ? ? ? ? ? ?  
Ziphius cavirostris ? ? ? ? ? ? ? ? ? ?  
PLATANISTIDAE            
Platanista gangetica  ? ? ? ? ? ? ? ? ? ?  
INIIDAE            
Inia geoffrensis 48.10 

5.16 
13 

24.71 
2.97 

5.03 
0.22 

3 

15.06 
2.54 

0.080 
4.42 

0.009 
1.14 

0.002 
0.16 

 
1.05 

1 1 291 
292-293 
294 
 

PONTOPORIDAE            
Pontoporia blainvillei ? ? ? ? ? ? ? ?    
LIPOTIDAE            
Lipotes vexillifer 4.5 

4.6 
5.84 
6.1 

3.8 
3.8 

5.0 
4.9 

1.8 
1.6 

1 
1 

0.4 
0.5 

0.72 1 0 295 
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 

10 
8.84 

 
 

7.18 

0.3 
5 

0.360 

 
 

0.718 

6 
0.85 
1.26 

 
 

1.19 

0.05 
0.1 
0.68 

1≤* 
 

1≤* 
1≤* 

0 ? 297 
298 
299 

Delphinapterus leucas  19.6 
15.8 

6.8 
4.33 
11.65 

0.2 
0.4 

3.8 
3.38 
1.99 

3.92 
3.2 

 

1.06 
0.75 
1.12 

0.01 
0.05 

1>* 
1>* 
13.5 

1 3 300  
301 
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 

13.22 
1.04 8.11 

8.15 
3.14 
1.04 

1.03 
0.535 

0.18 
0.014 

1.97 1 1 292 
304 

L. acutus ? 12.14 ? 8.21  0.5  0.92 1 0 305 
Lissodelphins borealis ? ? ? ? ? ? ? ? ? ?  
L. peronii ? ? ? ? ? ? ? ? ? ?  
Delphinus delphis 19.8 11.65 

13.6 
4.8 6.42 

7.4 
  

0.8 
 1>* 

1.2 
1 1 306 

307 
Delphinus capensis ? 15.5 ? 7.7  0.70  1.3 1 1 307 
Stenella attenuata 21.4 

 
15.72 
18.7 

3.13 8.73 
8.2 

1.95 0.53 
0.9 

0.09 
 

0.70 
1.9 

1 1 292 
307 

S. clymene ? 19.2 
13.62 

? 6.33 
9.25 

 0.61 
0.41 

 1>* 1 ? 308 
309 

S. frontalis 19.8 16.04 5 7.91 2.07 0.82 0.08 3.43 1 3 292 
S. coeruleoalba 22.99 11.53 

14.8 
1.1 6.84 

8.1 
 0.54 

0.8 
 1.3 

1.9 
1 1 310 

307 
S. longirostris 22.5 

 
24 

25.25 
23.04 

15.2 
13.7 
16.5 
17.56 
16.8 
14.32 

3.91 
 
 

0.85 
4 

9.03 
9.1 

9.99 
9.66 
10.19 
8.76 

1.82 
 
 

3.35 
4.49 
1.87 

0.75 
0.6 
0.72 
0.49 
0.61 
0.43 

0.10 
 

0.016 
0.013 
0.040 

1.07 
1.9 

 
 
 

0.55 

1 1 292 
307 
311 
312 
313 
305 

Tursiops truncatus 41 
 

21.6 

 
17.2 
11.35 
11.95 
16.24 

 
 

1.86 
0.94 

 
7.4 

5.46 
 

7.33 

 
 

3.20 
3.20 

0.86 
1.4 
0.70 
0.75 
1.3 

 
 

0.05 
0.05 

 
3.7 
1.86 
2.14 
2.86 

1 3 314 
307 
292 
315 
305 

Lagenodelphis hosei 24.0 
18.3 
13.4 

16.9 
14.9 

4.3 
6.6 

9.36 
11 

7.64 

 
 

0.5 

0.77 
0.46 

 
 

0.4 

 
0.80 

1 0 316 
317 
318 

Sousa chinensis 22 
 

20 

16.3 0.9 
3 

1.2 

4.5 
 
 

1.3 1.1 
0.2 
0.13 

0.01 1>* 1 ? 319 
320 
321 

Sotalia fluviatilis**  
23.9 

19.95 
15.41 

1.34 
3.65 

7.21 
10.2 

1.064 
1.04 

0.381 
0.41 

0.038 
0.06 

0.77 
1.38 

1 1 322 
292, 293 
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38.25 
 

18 
17.49 

21.32 
13 

13.312 
15.65 

2.714 
0.5 

1.031 

13.14 
7.6 

10.521 
9.18 

 
0.852 
2.2 

 
0.103 
0.79 
0.63 

 
0.01 
0.009 

 
0.7 
1.3 

Authors 
unpublished 
data 
323 
324 
325 

Steno bredanensis 7.0  
9.1 

4  
6.03 

  
0.6 

  
1.3 

1 1 326 
307 

Feresa attenuata ? ? ? ? ? ? ? ? ? ?  
Globicephala macrorhynchus 23.6 10.87 

6.1 
0.24 6.25 

3.6 
 0.56 

0.4 
 0.69 

0.7 
1 0 327  

307 
G. melas 21.2 8.86 

4.716 
0.32 3.48 

2.82 
 0.72 

0.71 
 0.98 

1.01 
1 1 327 

305 
Grampus griseus  

23.8 
20 

13.44 
 

1.90 
3.9 

8.83 
 4.9 

0.53 
 1>* 

1.37 
1 1 328 

327 
Peponocephala electra  

24.5 
12.14  

5.5 
8.381  

0.9 
0.54  

0.1 
1.05 
0.04 

1 1 317 
329 

Pseudorca crassidens 18.1 8.29 
6.1 

1.87 5.43 
4.7 

 
 

0.56 
0.4 

 0.75 
0.5 

1 0 327 
307 

Orcaella brevirostris** 6.0 4.2 1.1 3.2 0.3 0.3 0.1 ~1≤ 1 0 330 
Orcinus orca 18 

 
 

8.9 
16.7 

 
6.61 

 
9.9 

12.64 

 
 

0.05 
2.4 

1.5 
4.27 

 
5.4 

3.36 

 
 
 
 

18.3 

 
 
 
1.8 
1.11 

 
 
 
 

0.06 

 
 
 

1> 
21.14 

1 3 331 
332 
333 
334 
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 
 

 
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≤1, 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 SIMMAP 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. 
 
 

GROUP SIZE (P<0.027, P>0.973) TONAL SOUND COMPLEXITY 
FOUR STATES 0 1 2 3 

0 (0-1) Dij 
p-value 

0.079 
0.91 

0.0090 
0.86 

-0.028 
0.001* 

 

1 (1.1-2) Dij 
p-value 

-0.036 
0.005* 

0.0023 
0.79 

0.123 
0.92 

 

2 (2.1-3) Dij 
p-value 

-0.0049 
0.015* 

0.052 
0.90 

-0.022 
0.007* 

 

3 (>3.1) Dij 
p-value 

-0.0051 
0.021* 

0.026 
0.89 

-0.0025 
0.013* 

 

GROUP ASSOCIATIONS/STABILITY (P<0.027, P>0.973) TONAL SOUND COMPLEXITY 
FOUR STATES 0 1 2 3 

0 (0-1) Dij 
p-value 

0.080 
0.93 

0.0098 
0.88 

-0.031 
p<0.0001* 

0.0012 
0.84 

1 (1.1-2) Dij 
p-value 

-0.036 
0.005* 

0.023 
0.89 

0.061 
0.91 

0.042 
0.89 

2 (2.1-3) Dij 
p-value 

-0.062 
0.009* 

0.014 
0.92 

0.023 
0.92 

-0.054 
0.010* 

3 (>3.1) Dij 
p-value 

-0.0057 
0.009* 

0.020 
0.94 

0.0054 
0.87 

-0.00069 
0.027* 

GROUP COMPOSITION (P<0.027, P>0.973) TONAL SOUND COMPLEXITY 
FOUR STATES 0 1 2 3 

0 (0-1) Dij 
p-value 

0.087 
0.94 

-0.024 
0.004* 

-0.0069 
0.021* 

0.0049 
0.86 

1 (1.1-2) Dij 
p-value 

-0.017 
0.004* 

0.075 
0.93 

0.031 
0.91 

-0.0007 
0.04 

2 (2.1-3) Dij 
p-value 

-0.0014 
0.033 

-0.0043 
0.021* 

0.029 
0.91 

0.003 
0.84 

3 (>3.1) Dij 
p-value 

0.0089 
0.84 

0.014 
0.90 

-0.0016 
0.015* 

0.0055 
0.56 

*Significant negative associations, **significant positive associations 
 

  D=0.394, p<0.0001, np-value=510, nD=2000  Group Size and Tonal Sound Complexity  
  D=0.364  p<0.0001, np-value=553, nD=2000   Group Association/Stability and Tonal Sound Complexity 
  D= 0.306 p<0.0001 , np-value=832, nD=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) 
 
 

SOCIAL STRUCTURE (P<0.027, P>0.973) 
Arnasson et al. 2004 filtered (n=325) 

TONAL SOUND 
COMPLEXITY 
FOUR STATES 

D=0.375 p<0.001* 
(2states) 

D=0.356 p<0.001* 
(4states) 

0 1 2 3 

0 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
0.081 
0.73 

 
0.053 
0.75 

 
-0.041 
0.003* 

 
-0.0052 
0.006* 

1 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
-0.044 

p<0.001* 

 
0.002 
0.95 

 
0.111 

0.99** 

 
0.036 
0.98** 

0 (0-1) Dij 
p-value 

0.082 
0.94 

0.016 
0.84 

-0.033 
p<0.001* 

0.0094 
0.90 

1 (1.1-2) Dij 
p-value 

-0.037 
0.006* 

0.026 
0.91 

0.077 
0.95 

0.022 
0.93 

2 (2.1-3) Dij 
p-value 

-0.0036 
0.009* 

0.010 
0.87 

0.020 
0.92 

-0.0024 
0.006* 

3 (>3.1) Dij 
p-value 

-0.0045 
0.006* 

0.016 
0.88 

0.005 
0.84 

0.0025 
0.86 

Nikaido et al. 2001 filtered  (n=341) TONAL SOUND 
COMPLEXITY 
FOUR STATES 

D=0.382 p<0.001* 
(2states) 

D=0.358 p<0.001* 
(4states) 

0 1 2 3 

0 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
0.083 
0.75 

 
0.053 
0.72 

 
-0.043 

p<0.001* 

 
-0.0047 
0.003* 

1 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
-0.046 

p<0.001* 

 
0.0004 
0.91 

 
0.1156 
0.99** 

 
0.036 
0.99** 

0 (0-1) Dij 
p-value 

0.082 
0.91 

0.00006 
0.74 

-0.033 
0.005* 

0.0090 
0.85 

1 (1.1-2) Dij 
p-value 

-0.037 
p<0.001* 

0.0234 
0.91 

0.0776 
0.92 

0.0235 
0.92 

2 (2.1-3) Dij 
p-value 

-0.0044 
0.005* 

0.0133 
0.92 

0.0223 
0.87 

-0.0032 
0.020* 

3 (>3.1) Dij 
p-value 

-0.0050 
0.011* 

0.0165 
0.93 

0.0054 
0.89 

0.0026 
0.90 
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Messenger and McGuire 1998 (n=4) filtered/ 

Bayesian (n=2001) 

 
TONAL SOUND 
COMPLEXITY 
FOUR STATES 

D=0.442/0.269 p<0.001* 
(2states) 

D=0.360/0.217 p<0.001* 
(4states) 

0 1 2 3 

0 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
0.085/0.072 

p>0.999**/0.86 

 
0.064/0.016 

0.5/0.65 

 
-0.050/-0.027 

p<0.001*/0.004* 

 
-0.015/-0.007 

p<0.001*/0.025* 

1 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
-0.044/-0.053 

p<0.001*/0.004* 

 
-0.015/0.015 

p<0.001*/0.96 

 
0.12/0.048 

p>0.999**/0.98** 

 
0.05/0.031 

p>0.999**/0.95 

0 (0-1) Dij 
p-value 

0.081/0.052 
p>0.999**/0.94 

0.0062/0.013 
0.75/0.85 

-0.032/-0.014 
p<0.001*/0.04 

-0.026/-0.009 
p<0.001*/0.06 

1 (1.1-2) Dij 
p-value 

-0.036/-0.033 
p<0.001*/0.021* 

0.023/0.0007 
p>0.999**/0.81 

0.072/0.037 
p>0.999**/0.93 

0.038/0.025 
p>0.999**/0.92 

2 (2.1-3) Dij 
p-value 

-0.0041/0.0011 
p<0.001*/0.78 

0.0060/0.012 
0.75/0.87 

0.026/-0.0032 
0.75/0.064 

-0.0032/0.003 
p<0.001*/0.81 

3 (>3.1) Dij 
p-value 

-0.0057/-0.0019 
p<0.001*/0.09 

0.018/0.006 
0.5/0.85 

0.0028/0.0015 
0.75/0.77 

0.0037/0.005 
p>0.999**/0.87 

May-Collado et al. 2007 filtered (n=1069) TONAL SOUND 
COMPLEXITY 
FOUR STATES 

D=0.378 p<0.001* 
(2states) 

D=0.355 p<0.001* 
(4states) 

0 1 2 3 

0 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
0.082 
0.74 

 
0.053 
0.73 

 
-0.041 
0.007* 

 
-0.006 

p<0.001* 

1 (≤ 1 mean inflection 
point) 

D-statistic 
p-value 

 
-0.045 

p<0.001* 

 
0.0012 
0.92 

 
0.112 

0.99** 

 
0.037 
0.97** 

0 (0-1) Dij 
p-value 

0.082 
0.92 

0.0018 
0.83 

-0.033 
p<0.001* 

0.009 
0.89 

1 (1.1-2) Dij 
p-value 

-0.037 
0.0009* 

0.025 
0.93 

0.077 
0.93 

0.023 
0.90 

2 (2.1-3) Dij 
p-value 

-0.0037 
0.021* 

0.013 
0.91 

0.020 
0.90 

-0.003 
0.012* 

3 (>3.1) Dij 
p-value 

-0.0043 
0.013* 

0.014 
0.89 

0.007 
0.89 

0.002 
0.84 

*Significant negative associations, **significant positive associations 
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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) 

     

         *Significant results 
 
 
 
 

ACOUSTIC 
PARAMETERS 
VS  
GROUP SIZE 

MAY-
AGNARSSON 
2000 TREES 
BURNIN 

MAY-
COLLADO 
FILTERED 

MESSENGER 
AND 
MCGUIRE 
(1998) 
FILTERED 

MESSENGER AND 
MCGUIRE (1998) 
PARSIMONY ON THEIR 
NUCLEAR/MORPHOLOGY 
DATA 

MESSENGER AND 
MCGUIRE (1998) 
BAYESIAN ON THEIR 
NUCLEAR/MORPHOLOGY 
DATA 

ARNASSON 
ET AL 
(2003) 
FILTERED 

NIKAIDO 
ET AL. 
(2001) 
FILTERED 

ALL CETACEANS 
MMINF 
R-SQUARE 
DF 
P-VALUE 

3.5 
29 
0.31 

3.2 
29 
0.33 

1.9 
29 
0.24 

2.8 
21 
0.44 

2.9 
21 
0.43 

3.7 
29 
0.30 

3.1 
29 
0.17 

IP 
R-SQUARE 
DF 
P-VALUE 

7.5 
33 
0.05* 

7.4 
33 
0.05* 

10.2 
33 
0.03* 

<1 
22 
0.86 

<1 
22 
0.85 

5.1 
33 
0.09 

3.7 
33 
0.13 

TOOTHED-WHALES 
MMINF 
R-SQUARE 
DF 
P-VALUE 

13.8 
23 
0.03* 

13.2 
23 
0.03* 

5.8 
23 
0.12 

11.4 
16 
0.08 

9.7 
16 
0.21 

15.4 
23 
0.03* 

13.5 
23 
0.03* 

IP 
R-SQUARE 
DF 
P-VALUE 

7.3 
24 
0.09 

7.1 
24 
0.09 

10 
24 
0.06 

<1 
17 
0.92 

<1 
17 
0.93 

4.7 
24 
0.14 

3.5 
24 
0.17 
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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 
PARAMETERS 
VS  
GROUP SIZE 

MAY-
AGNARSSON 
2000 TREES 
BURNIN 

MAY-
COLLADO 
FILTERED 

MESSENGER 
AND 
MCGUIRE 
(1998) 
FILTERED 

MESSENGER AND 
MCGUIRE (1998) 
PARSIMONY ON THEIR 
NUCLEAR/MORPHOLOGY 
DATA 

MESSENGER AND 
MCGUIRE (1998) 
BAYESIAN ON THEIR 
NUCLEAR/MORPHOLOGY 
DATA 

ARNASSON 
ET AL 
(2003) 
FILTERED 

NIKAIDO 
ET AL. 
(2001) 
FILTERED 

ALL CETACEANS 
ABS MINF 
R-SQUARE 
DF 
P-VALUE 

17 
31 
0.017 

16.5 
31 
0.018 

19.4 
31 
0.01 

29.7 
20 
0.008 

37 
20 
0.002 

16.5 
31 
0.02 

16.6 
31 
0.018 

MMINF 
R-SQUARE 
DF 
P-VALUE 

17.5 
29 
0.019 

19 
29 
0.014 

12.5 
29 
0.05 

Not significant Not significant 19 
29 
0.014 

19 
29 
0.014 

IP 
R-SQUARE 
DF 
P-VALUE 

11.9 
32 
0.05 

11.7 
32 
0.04 

9.4 
32 
0.07 

35.6 
21 
0.002 

42.3 
20 
0.001 

11.9 
32 
0.04 

12.2 
32 
0.04 

TOOTHED-WHALES 
ABS MINF 
R-SQUARE 
DF 
P-VALUE 

37.8 
22 
0.001 

39 
22 
0.001 

38.7 
22 
0.001 

43.9 
15 
0.003 

45.9 
15 
0.002 

39.2 
22 
0.001 

38.1 
22 
0.001 

MMINF 
R-SQUARE 
DF 
P-VALUE 

23.8 
23 
0.013 

26.7 
23 
0.008 

24.6 
23 
0.01 

25.8 
16 
0.03 

23.9 
16 
0.03 

26.4 
23 
0.008 

26 
23 
0.009 

IP 
R-SQUARE 
DF 
P-VALUE 

44.8 
23 
p<0.001 

44.1 
23 
P<0.001 

44.2 
23 
p<0.001 

38.3 
16 
0.006 

46 
15 
0.002 

45 
23 
p<0.001 

46.1 
23 
p<0.001 
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APPENDIX 13 

 
Phylogeny of Cetacea. This figure reproduces the preferred phylogenetic hypothesis of May-Collado et al. (2007), used here for all 
main analyses. Numbers on nodes represent posterior probabilities



 245 

LIST OF REFERENCES FOR APPENDIX 5 
 
1. Best PB, Schaeff CM, Reeb D, Palsboll PJ: Composition and possible function of 
social groupings of southern right whales in South African waters. Behaviour 2003, 
140:1469-1494. 
 
2. Braham HC, Rice DW: The Right whale Balaena glacialis. Marine Fisheries Review 
1984, 46: 38-47. 
 
3. Bannister LJ:  2002. Baleen Whales (Mysticetes). In: Encyclopedia of Marine 
Mammals Edited by Perrin WF, Wursig B, Thewissen JGM. San Diego: Academic Press; 
2002: 62-73. 
 
4. Richardson WJ, Finley KJ, Miller GW, Davis RA, Koski WR: Feeding social and 
migration behavior of bowhead whales, Balaena mysticetus, in Baffin Bay vs the 
Beaufort Sea regions with different amounts of human activity. Marine Mammal 
Science 1995, 11: 1-45. 
 
5. Landino SW, Treacy SD, Zerwick SA, Dunlap JB: A large aggregation of bowhead 
whales (Balaena mysticetus) feeding near Point Barrow, Alaska in late October 1992. 
Arctic 1994, 47: 232-235. 
 
6. Schilling MR, Seipt I, Weinrich MT, Frohock SE, Kuhlberg AE, Clapham PJ: 
Behavior of individually-identified sei whales Balaenoptera borealis during an 
episodic influx into the southern Gulf of Maine  in 1986. Fishery Bulletin 1992, 90: 
749-755. 
 
7. Lucena A: Estrutura populacional da Balaenoptera bonaerensis (Burmeister) 
(Cetacea, Balaenopteridae) nas áreas de reprodução do Oceano Atlântico Sul. 
Revista Brasileira de Zoology 2006, 23:176-185. 
 
8. O’Callaghan TM, Baker CS: Summer cetacean community, with particular 
reference to Bryde’s whales in the Hauraki Gulf, New Zealand. Doc Science Internal 
Series 55. Wellington, New Zealand: Department of Conservation Press; 2002:18 pp. 
 
9. Tershy BR: Body Size, Diet, Habitat Use, and Social Behavior of Balaenoptera 
Whales in the Gulf of California. Journal of Mammalogy 1992, 73: 477-486. 
 
10. Berube M, Berchok C, Sears R: Observation of a male-biased sex ratio in the Gulf 
of St. Lawrence fin whales (Balaenoptera physalus): temporal, geographical, or 
group structure segragation? Marine Mammal Science 2001, 17:371-381. 
 
11. Canese S, Cardinali A, Fortuna CM, Giusti M, Lauriano G, Salvati E, Greco S: The 
first identified winter feeding ground of fin whales (Balaenoptera physalus) in the 
Mediterranean Sea. Journal of Marine Biological Association of the United Kingdom 
2006, 86: 903-907. 



 246 

12. Gannier A: Summer distribution of fin whales (Balaenoptera physalus) in the 
Northwestern Mediterranean Marine Mammals Sanctuary. Revue D Ecologie La 
Terre et la Vie 2002, 57:135-150. 
 
13. Panigada S, Di Sciara GN, Panigada MZ: Fin whales summering in the Pelagos 
Sanctuary (Mediterranean Sea): Overview of studies on habitat use and diving 
behaviour. Chemistry and Ecology 2006, 22: 255-263. 
 
14. Tyack P, Whitehead H: Male competition in large groups of wintering humpback 
whales. Behaviour 1982, 83: 1–23. 
 
15. Mobley JR, Herman LM: Transience of social affiliation among humpback whales 
(Megaptera novaeangliae) on the Hawaiian wintering grounds. Canadian Journal of 
Zoology 1985. 63:762-772. 
 
16. Weinrich MT: Stable social association among humpback whales (Megaptera 
novaeangliae) in the southern Gulf of Main. Canadian Journal of Zoology 1991, 69: 
3012-3019. 
 
17. Weinrich MT, Rosenbaum H, Baker CS, Blackmer AL, Whitehead H: The influence 
of maternal lineages on social affiliations among humpback whales (Megaptera 
novaeangliae) on their feeding grounds in the Southern Gulf of Main. Journal of 
Heredity 2006, 97: 226-234. 
 
18. Valsecchi E, Hale P, Corkeron P, Amoss W: Social structure in migrating 
humpback whales (Megaptera novaeangliae). Molecular Ecology 2002, 11: 507-518. 
 
19. Clapham PJ, Palsboll PJ, Mattila DK, Vasquez O: Composition and dynamics of 
humpback whales competitive groups in the West-Indies. Behaviour 1992, 122:182-
194. 
 
20. Brown MB, Corkeron PJ, Hale PJ, Schultz KW, Bryden MM: Evidence for a Sex-
Segregated Migration in the Humpback Whale (Megaptera novaeangliae).  
Proceedings Biological Sciences 1995, 259: 229-234.  
 
21. Straley JM, Herman LM, Jacobsen J: Evidence of a feeding aggregation of 
humpback whales (Megaptera novaeangliae) around Kodiak Island, Alaska. Marine 
mammal science 1999, 15: 210-220. 
 
22. Pomilla C, Rosenbaum HC: Estimates of relatedness in groups of humpback 
whales (Megaptera novaeangliae) on two wintering grounds of the Southern 
Hemisphere. Molecular Ecology 2006, 15: 2541-2555. 
 
 
 



 247 

23. Urban-Ramirez J, Rojas-Bracho L, Perez-Cortes H, Gomez-Gallardo A, Swartz SL, 
Ludwig S, Brownell RL: A review of gray whales (Eschrichtius robustus) on their 
wintering grounds in Mexican waters. Journal of Cetacean Research and Management 
2003, 5: 281–295. 
 
24. Calambokidis J, Darling JD, Deecke V, Gearin P, Gosho M, Megill W, Tombach 
CM, Goley D, Toropova C, Gisborn B: Abundance, range, and movements of a 
feeding aggregation of gray whales (Eschrichtius robustus) from California to 
Southern Alaska in 1998. Journal of Cetacean Research and Management 2002, 4:267-
276. 
 
25. Baird RW: Sightings of dwarf (Kogia sima) and Pygmy (K. breviceps) from the 
main Hawaiian islands. Pacific Science 2005, 59:461-466. 
 
26. Cardona-Maldonado MA, Mignucci-Giannoni AA: Pygmy and dwarf sperm whales 
in Puerto Rico and the Virgin Islands with a review of Kogia in the Caribbean. 
Caribbean Journal of Science 1999, 35: 29-37. 
 
27. Acevedo-Guiterrez, A. Group Behavior. In: Encyclopedia of Marine Mammals 
Edited by Perrin WF, Wursig B, Thewissen JGM. San Diego: Academic Press; 2002: 
537-545. 
 
28. May-Collado LJ, Gerrodete T, Calambokidis J, Rassumen K, Sereg I: Distribution of 
Cetaceans sightings in the EEZ of Costa Rica. Revista de Biología Tropical 2005, 
53:249-263. 
 
29. Caldwell DK, Caldwell MC: Pygmy sperm whale Kogia breviceps (de Blainville 
1838) and dwarf sperm whale Kogia simus (Owen 1866). In: Handbook of Marine 
Mammals Edited by Ridgway SH,  Harrison Sir H. New York: Academic Press; 1989: 
235-260 [vol. 4.]. 
 
30. McAlpine DF: Pygm and Dwarf sperm whales (Kogia breviceps and K. sima). In: 
Encyclopedia of Marine Mammals Edited by Perrin WF, Wursig B, Thewissen JGM. San 
Diego: Academic Press; 2002: 1007-1009. 
 
31. Nagorsen DW, Stewart GE: A dwarf sperm whale (Kogia simus) from the Pacific 
coat of Canada. Journal of Mammalogy 1983, 64:505-506. 
 
32. Christal J, Whitehead H, Lettevall E: Sperm whale social units: variation and 
change. Canadian Journal of Zoology 1998, 76: 1431–1440. 
 
33. Mesnick SL: Genetic relatedness in sperm whales: evidence and cultural 
implications. Behavioral and Brain Science 2001, 24: 346–347. 
 



 248 

34. Lettevall E, Richter C, Jaquet N, Slooten E, Dawson S, Whitehead H, Christal J, 
McCall Howard P: Social structure and residency in aggregatins of male sperm 
whales. Canadian Journal of Zoology 2002, 80: 1189-1196. 
 
35. Rendell LE, Whitehead HL: Do sperm whales share coda vocalizations? Insights 
into coda usage from acoustic size measurement. Animal Behaviour 2004, 67: 865-
874. 
 
36. Whitehead H: Baby-sitting, dive synchrony, and indications of alloparental care 
in sperm whales. Behavioral Ecology and Sociobiology 1996, 38: 237–244. 
 
37. Whitehead H: Sperm whales (Physeter macrocephalus). In: Encyclopedia of Marine 
Mammals Edited by Perrin WF, Wursig B, Thewissen JGM. San Diego: Academic Press; 
2002:1165-1171. 
 
38. Whitehead H, Weilgart LS: Patterns of visually observable behaviour and 
vocalizations in groups of female sperm whales. Behaviour 1991, 118: 275-296. 
 
39. Whitehead H, Weilgart LS: The sperm whale: social females and roving males. In 
Cetacean societies: field studies of dolphins and whale Edited by Mann J, Connor RC,  
Tyack PL, Whitehead H. Chicago: University of Chicago Press; 2000: 154–172. 
 
40. Whitehead H, Waters S, Lyrholm T: Social organization in female sperm whales 
and their offspring: constant companions and casual acquaintances. Behavioral 
Ecology and Sociobiology 1991, 29: 385–389. 
 
41. Kasuya T: Distribution and behavior of Baird’s beake whales off the Pacific coast 
of Japan. The Scientific Report of Whales Research Institute 1986, 37: 61-83. 
 
42. Kasuya T, Brownell RLJr, Balcomb III KC: Life history of Baird's beaked whales 
off the Pacific coast of Japan. Reports of the International Whaling Commission 1997, 
47: 969-979. 
 
43. Balcomb KC: Baird’s beaked whale Berardius baiirdi Stejneger,1883: Arnoux’s beaked 
whale Berardius arnuxii Duvernoy, 1851. In: Handbook of Marine Mammals Edited by 
Ridgway SH,  Harrison Sir H. New York: Academic Press; 1989: 261-288. [vol. 4]. 
 
44. Aurioles-Gamboa D: Notes on a mass stranding of Baird beaked-whales in the 
Gulf of California, Meximo. California Fish and Game 1992, 78:116-123. 
 
45. Connor RC, Mann J, Tyack PL, Whitehead H: Social evolution in toothed whales. 
Trends in Ecology and Evolution 1998, 13: 228–232. 
 
46. Dawson S, Barlow J, Ljungblad D: Sounds recorded from Baird’s beaked whale, 
Berardius bairdii. Marine Mammal Science 1998, 14: 335-344. 
 



 249 

47. Ponganis PJ, Kooyman GL: Multiple sightings of Arnoux’s beaked whales along 
the Victoria land coast. Marine Mammal Science 1995, 11: 247-250. 
 
48. Rogers TL, Brown SM: Acoustic observations of Arnoux’s beaked whale 
(Berardius arnuxii) off Kemp Land, Antarctica. Marine Mammal Science 1999, 
15:192-198. 
 
49. Hooker SK, Whitehead H, Gowans S, Baird RW: Fluctuations in distribution and 
patterns of individual range use of northern bottlenose whales. Marine Ecology 
Progress Series 2002, 225:287-297. 
 
50. Gowans S, Rendell L: Head-butting in northern bottlenose whales (Hyperoodon 
ampullatus): a possible function for big heads? Marine Mammal Science 1999, 
15:1342-1350. 
 
51. Gowans S, Whitehead H, Hooker SK: Social organization in northern bottlenose 
whales, Hyperoodon ampullatus: not driven by deep-water foraging? Animal 
Behaviour  2001, 62:369-377. 
 
52. Kasamatsu F, Joyce GD: Current status of odontocetes in the Antarctic. Antarctic 
Science 1995, 7: 365-379. 
 
53. Hooker SK, Baird RW. Observations of Sowerby's Beaked Whales, Mesoplodon 
bidens, in the Gully, Nova Scotia. Canadian Field-Naturalist 1999, 113: 273-277. 
 
54. Pitman RL: 2002. Mesoplodon Whales (Mesoplodon sp). In: Encyclopedia of 
Marine Mammals Edited by Perrin WF, Wursig B, Thewissen JGM. San Diego: 
Academic Press; 2002: 738-742. 
 
55. Mead JG: Beaked whales of the genus Mesoplodon. In: Handbook of Marine 
Mammals Edited by Ridgway SH, Harrison Sir H. New York: Academic Press; 1989: 
349-415. [vol. 4.]. 
 
56. Baird RW, McSweeney DJ, Ligon AD, Webster DL: Tagging feasibility and diving 
of Cuvier’s beaked whales (Ziphius cavirostris) and Blainville’s beaked whales 
(Mesoplodon densirostris) in Hawaii. Report to the Wildlife Fund, Volcano, HI. Order 
No. AB133F-03-SE-0986. SWFSC, NMFS, La Jolla CA 2004. 
 
57. Borsa P: Marine mammal strandings in the New Caledonia region, Southwest 
Pacific. Comptes Rendus Biologies 2006, 329: 277-288. 
 
58. MacLeod CD, Zuur AF: Habitat utilization by Blainville's beaked whales off 
Great Abaco, northern Bahamas, in relation to seabed topography. Marine Biology 
2005, 147: 1-11. 
 



 250 

59. Baird RW, Webster DL, McSweeney DJ, Ligon AD, Schorr GS: Diving behavior 
and ecology of Cuvier’s (Ziphius cavirostris) and Blainville’s beaked whales 
(Mesoplodon densirostris) in Hawaii. Report to Cascadia Research Collective, WA. 
Order No. AB133F-04-RQ-0928. SWFSC, NMFS, La Jolla CA 2005. 
 
60. Gomercic H, Gomercic MD, Gomercic T, Lucic H, Dalebout M, Galov A, Skrtic D, 
Curkovic S, Vukovic S, Huber D: Biological aspects of Cuvier's beaked whale 
(Ziphius cavirostris) recorded in the Croatian part of the Adriatic Sea. European 
Journal of Wildlife Research 2006, 52: 182-187  
 
61. Marini L, Consiglio C, Angradi AM, Catalano B, Sanna A, Valentini T:  
Distribution, abundance and seasonality of cetaceans sighted during scheduled ferry 
crossings in the central Tyrrhenian Sea: 1989-1992. Italian Journal of Zoology 1996, 
63: 381-388.  
 
62. Heyning JE: Cuvier’s Beaked Whale Ziphius cavirostris G. Cuvier, 1823. In: 
Handbook of Marine Mammals Edited by Ridgway SH, Harrison Sir H. New York: 
Academic Press; 1989: 289-308. [vol.4] 
 
63. Akbar M, Mehal QM, Arshed MJ: Population estimation of Indus dolphin from 
Jinnah-Guddu Barrage. Journal of Applied Sciences 2004, 4:21-23. 
 
64. Kasuya T, Haque AKM: Some informations on distributions and seasonal 
movement of the Ganges Dolphin. The Scientific Report of Whales Research Institute 
1972, 24: 109-115. 
 
65. Reeves RR, Brownell RLJr: Susu, Platanista gangetica (Roxburg 1801) and 
Platanista minor (Owen 1853). In: Handbook of Marine Mammals Edited by Ridgway 
SH, Harrison Sir H. New York: Academic Press; 1989: 69-99. [vol.4]. 
 
66. Braulik GT: Status assessment of the Indus river dolphin, Platanista gangetica 
minor, March-April 2001. Biological Conservation 2006, 129:579-590. 
 
67. Smith BD: 1990 Status and conservation of the Ganges river dolphin Platanista 
gangetica in the Karnali River, Nepal. Biological Conservation 1993, 66:159-169.  
 
68. Smith BD: Susu and Bhulan (Platanista gangetica gangetica and P.g.minor). In: 
Encyclopedia of Marine Mammals Edited by Perrin WF, Wursig B, Thewissen JGM. San 
Diego: Academic Press; 2002:1208-1213. 
 
69. Smith BD, Braulik G, Strindberg S, Ahmed B, Mansur R: Abundance of Irrawady 
dolphins (Orcaella brevirostris) and Ganges River dolphins (Platanista gangetica 
gangetica) estimated using concurrent counts made by independent teams in 
waterways of the sundarbans mangrove forest in Bangladesh. Marine Mammal 
Science 2006, 22: 527-547. 



 275 

PUBLICATIONS  
Agnarsson, I., Coddington, J.A., and L.J. May-Collado. In press. Elongated pedicillate 
setae- a putative sensory system and synapomorphy of spiders. Journal of Arachnology. 
May-Collado, L. J., Agnarsson, I., and D. Wartzok. 2007. Phylogenetic review of tonal  
sound production in whales in relation to sociality. Evolutionary Biology. 7(136). 
May-Collado, L. J., Agnarsson, I., and D. Wartzok. 2007. Reexamining the relationship 
between body size and tonal signals frequency in whales: a phylogenetic comparative 
approach. Marine Mammal Science. Marine Mammal Science. 23 (3): 524–552. 
May-Collado, L. J. and D. Wartzok. 2007. Inia geoffrensis high frequency whistles.  
Journal of the Acoustical Society of America. 121 (2): 1203-1212. 
May-Collado, L. J. and I. Agnarsson. 2006. Cytochrome b and Bayesian inference of 
whale phylogeny. Molecular Phylogenetics and Evolution. 38: 344–354. 
Agnarsson, I., Barrantes, G. and L. J. May-Collado. 2006. Notes on the biology of  
Anelosimus pacificus Levi, 1963 (Theridiidae, Araneae)-evidence for an evolutionary 
reversal to a less social state. Journal of Natural History. 40(47–48): 2681–2687. 
Gamboa-Poveda M. and L. J. May-Collado. 2006 Insights on the occurrence, residency, 
and behavior of two coastal dolphins from Gandoca-Manzanillo, Costa Rica: Sotalia 
guianensis and Tursiops truncatus (Family Delphinidae). International Whaling 
Commission. SC/58/SM4. 
May-Collado, L. J.; Gerrodete, T.; Calambokidis, J.; Rassumen K. and I. Sereg. 2005. 
Distribution of Cetaceans sightings in the EEZ of Costa Rica. Revista de Biología 
Tropical. Vol. 53 (1-2): 249-263. 
May-Collado, L. J. and Morales Ramírez, A. 2005. Presencia y Patrones de 
comportamiento del delfín manchado costero, Stenella attenuata graffmani (Cetacea: 
Delphinidae) en el Golfo de Papagayo, Costa Rica. Revista de Biología Tropical. Vol. 53 
(1-2): 265-276. 
Rodríguez-Hernández, B. Chinchilla, F. A. and L. J. May-Collado. 2002.  Lista de 
especies, endemismo, y conservación de los mamíferos de Costa Rica. Revista Mexicana 
de Mastozoología. 6: 19-41. 
 
PRESENTATIONS 
May-Collado, L. J. and M. Gamboa-Poveda (2006). Insights on the biology of Sotalia 
guianensis at Gandoca-Manzanillo, Costa Rica: residency, habitat use, acoustics, and 
reactions to anthropogenic noise. Abstract presented to the Sotalia Workshop, Rio de 
Janeiro, Brazil June 2006.  
May-Collado, L.J. and D. Wartzok. (2005). The evolution of cetacean whistles: a 
phylogenetic comparative approach. Oral presentation at the16th Biennial Conference on 
the Biology of Marine Mammals, Dec 12-16. San Diego.


