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Appendix A. Forebrain size and flocking attributes in 140 European species 

Species Body mass (g)
Forebrain size 

(g) Mean flock size
Maximum flock 

size 
Flocking 

propensity1 References2 

Accipiter gentilis 1100 4.62 1 1 0 1,2 

Accipiter nisus 260 1.59 1 1 0 1,2 

Acrocephalus scirpaceus 14 0.28 1 1 0 3,4 

Aegithalos caudatus 7.5 0.28 13.5 20 1 5,6,7 

Aegypius monachus 9000 17.94 1 12 1 1,2,8 

Agapornis fischeri 42 1.49 4.5 100 1 9,10,11 

Alauda arvensis 39 0.86 4.6 100 1 12,13,14 

Alcedo atthis 35 0.51 1 1 0 9,15,16 

Amazona versicolor 400 5.96 . 20 1 10,11 

Anas crecca 330 1.74 4.5 100 1 17,18,19 

Anas penelope 700 2.65 300 11200 1 17,20,21 

Anas platyrhynchos 1200 4.00 110 1000 1 17,22 

Anser anser 3250 7.91 422 19900 1 17,23,24,25,26 

Anthropoides virgo 2000 6.20 . 1000 1 1,27,28 

Anthus pratensis 16 0.32 . 300 1 12,29,30 

Apus apus 38 0.37  80000 1 9,15,31 
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Apus melba 90 0.62 . 20 1 9,15,31,32 

Aquila chrysaetos 5300 12.36 1 4 1 1,2,33 

Ara ararauna 850 15.38 . 25 1 10,11,34 

Ara chloroptera 1430 19.88 2 . 1 10,11,34 

Ardea cinerea 1500 4.97 1 . 0 17,35,36,37 

Asio otus 250 4.11 1 1 0 38,39,40 

Athene noctua 165 3.02 1 1 0 38 

Balearica pavonina 3250 9.77 3.14 33 1 27,28,41 

Bombycilla garrulus 55.5 0.71 . 100 1 12 

Botaurus stellaris 900 3.29 1 1 0 17,35 

Bubo bubo 2000 12.93 1 1 0 38 

Burhinus oedicnemus 440 2.08 1 40 1 28,42,43 

Buteo buteo 900 5.54 1 1 0 1,2 

Cacatua sulphurea 450 6.89 . . 1 10,11 

Caprimulgus europaeus 70 0.34 1 15 1 9,15,44,45 

Carduelis cannabina 18 0.43 . 1000 1 46,47,48 

Carduelis carduelis 14.5 0.42 9.2 1000 1 46,47,49,50,51 

Carduelis spinus 11.5 0.35 . 1000 1 46,47,52,53 
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Certhis familiaris 8.7 0.28 9 35 1 6,54,55 

Chrysolophus pictus 550 1.79 1 3 1 1,56 

Ciconia ciconia 3500 9.18 8.8 10000 1 17,57,58,59,60,61 

Cinclus cinclus 60 0.90 1 1 0 12,62 

Coccothraustes coccothraustes 52 1.12 . 1200 1 46,47,49 

Columba livia 300 1.27 248 8000 1 15,62,63,64,65,67 

Columba palumbus 450 1.31 57 1000 1 15,64,68,69,70 

Corvus corax 1250 12.70 2 2000 1 46,71,72,73,74,75 

Corvus corone 520 6.43 8.3 30 1 46,71,76,77,78 

Corvus frugilegus 430 6.01 26 75 1 46,71,79,80,81,82,83,84,85 

Corvus monedula 200 3.59 15 40 1 46,71,86,87,88 

Coturnix chinensis 31 0.24 6 40 1 89 

Coturnix coturnix 85 0.40 . 10 1 1,28,89 

Crex crex 110 0.75 1 1 0 1,28,90 

Cuculus canorus 100 0.83 1 100 1 9,15 

Cyanistes caeruleus 11 0.49 15.3 38 1 6,54,91,92 

Cygnus olor 11000 10.84 13 171 1 17,93,94,95,96 

Delichon urbica 15 0.28 . 100 1 12,29,97 
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Dendrocopos major 80 1.96 1 15 1 15,98 

Dendrocopos medius 58 1.49 1 . 1 15,98 

Dromaius novaehollandiae 40500 17.47 1 2 1 99 

Dryocopus martius 300 6.15 1 1 0 15,98 

Egretta alba 1000 3.19 1 15 1 17,35 

Egretta garzetta 500 2.07 1 350 1 17,35,100 

Erithacus rubecola 16.2 0.35 1 1 0 12,101,102 

Falco tinnunculus 230 2.27 1 1 0 1,2 

Fratercula arctica 330 2.54 2 8 1 15,103 

Fringilla coelebs 21.6 0.47 74 250 1 46,47,104,105 

Fulica atra 410 2.09 . 100 1 1,90,99 

Gallinago gallinago 100 0.73 1 1 0 28,42,106,107,108 

Gallinula chloropus 230 1.21 15 40 1 1,28,90 

Gallus gallus 550 1.43 5 . 1 56 

Garrulus glandarius 160 2.91 1 1 0 46,71,109 

Gavia stellata 1200 2.43 7 8 1 17,110 

Geopelia cuneata 30 0.22 15 30 1 64,111,112 

Goura coronata 1500 2.99 4 5 1 64 
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Grus antigone 7500 14.21 2.02 13 1 27,99 

Haematopus ostralegus 500 2.27 11.4 1000 1 42,43,106,113,114 

Hirundo rustica 18.5 0.34 6.9 100 1 12,29,97 

Ixobrychus minutus 136 0.95 1 1 0 17,35 

Jynx torquilla 37 0.49 1 1 0 15,98 

Lanius collario 29.7 0.72 1 1 0 3,115,116 

Larus argentatus 1000 2.58 . 1150 1 42,117,118 

Larus marinus 1670 4.79 . . 1 42,119 

Larus ridibundus 250 1.55 100 2974 1 42,120,121,122,123 

Leptoptilos crumeniferus 6200 22.04 . 200 1 57,58 

Lophura nyctemera 1250 2.74 5 8 1 56 

Loxia curvirostra 38 0.97 4 100 1 46,47,124,125 

Lymnocryptes minimus 60 0.50 1 1 0 28,42,43,106 

Melanocorypha calandra 55 0.94 51.8 2500 1 12 

Melopsittacus undulatus 36.7 0.78 . 100000 1 10,11,111,126 

Mergus serrator 900 2.91  24 1 17,22,127 

Merops apiaster 60 0.42 . 100 1 9,15,16 

Montifrigilla nivalis 45 0.70 25 150 1 46,47 
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Motacilla alba 23 0.37 12 175 1 12,128,129,130 

Muscicapa striata 16 0.30 1 1 0 5,131 

Numenius arquata 650 2.44 9.95 27 1 28,42,43,132,133,134 

Nymphicus hollandiae 85 1.96 27.4 1000 1 10,11,111,135 

Oriolus oriolus 72 0.91 1 10 1 5,136,137 

Otus scops 92 1.44 1 1 0 38 

Pandion haliaetus 1500 7.18 1 25 1 1,2,138,139,140 

Parus major 17.5 0.64 15.3 50 1 6,54,91,92,,141,142,143 

Passer domesticus 28 0.66 25 50 1 46,47,144,145,146,147 

Pastor roseus 55.21 0.96 . 100000 1 46,148 

Pavo cristatus 3500 4.34 5 5 1 27,28 

Pelecanus onocrotalus 9000 22.81 8.5 129 1 17,57,149,150,151 

Perdix perdix 370 0.92 10 25 1 1,89,152 

Phalacrocorax carbo 2200 6.34 . 10000 1 17,57,149,153,154,155,156,157 

Phasianus colchicus 1200 2.26 3.87 50 1 1,56,158,159 

Philomachus pugnax 180 0.96 . 260000 1 28,42,43,106,160,161,162 

Phoenicopterus ruber 3000 7.37 100 1400 1 57,163,164,165 

Pica pica 220 4.27 5 52 1 46,71,166,167 
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Picus canus 122 2.57 1 1 0 15,98,168 

Picus viridis 200 3.22 1 1 0 15,98 

Podiceps cristatus 1050 2.12 . 100 1 17,169,170 

Porphyrio porphyrio 500 3.27 3.9 300 1 1,28,90,99,171 

Porzana porzana 80 0.62 1 4 1 1,28,90 

Prunella modularis 18.9 0.44 1 6 1 12,172,173 

Psittacula eupatria 96 3.09 . . 1 10,11 

Psittacus erythacus 450 7.53 . 200 1 9,10,11 

Pyrrhocorax pyrrhocorax 356 5.07 4.8 200 1 46,71,174 

Rallus aquaticus 120 1.06 1 30 1 1,90 

Regulus regulus 5.4 0.23 2.44 7 1 3,4,175,176 

Scolopax rusticola 290 1.63 1 1 0 28,42,43,106 

Serinus canaria 8 0.29 . 200 1 46,47 

Sitta europaea 23 0.73 15.3 38 1 6,54,91,177,178,179 

Somateria mollissima 2050 6.04 1000 4000 1 17,22,180,181 

Spheniscus demersus 2700 9.40 4.6 190 1 182,183,184 

Sterna albifrons 40 0.44 3 4 1 15,185 

Sterna hirundo 120 0.78 16 200 1 15,186,187,188 
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Streptopelia risoria 143 0.70 . 1000 1 28,64 

Strix aluco 450 6.70 1 1 0 38 

Struthio camelus 90000 27.07 . 100 1 17,57,189,190 

Sturnus vulgaris 80 1.22 49 10000 1 46,148,191,192,193,194,195,196

Sylvia borin 19 0.35 1 1 0 3,4,197 

Tachybaptus ruficollis 160 0.95 1 1 0 17,57,198 

Tetrao tetrix 1250 2.05 7.9 1000 1 1,27,199,200 

Tetrao urogallus 2750 3.10 . 20 1 1,27 

Trichoglossus haematodus 136 1.66 2.9 1000 1 10,11,111,201 

Tringa hypoleucos 47 0.39 1 1 0 28,42,106,108,132 

Troglodytes troglodytes 9.5 0.31 1 1 0 12,202 

Turdus ericetorum 67 0.89 . . .  

Turdus merula 95 1.16 1 60 1 12,203,204,205 

Tyto alba 290 4.55 1 1 0 15,38,206 

Upopa epops 55 0.82 1 9 1 9,15 

Vanellus vanellus 200 1.22 639 15000 1 42,43,106,120,207 
1 Flocking propensity: 0 = absent; 1 = present 

2 References: (1) (Cramp and Simmons, 1980); (2) (Ferguson-Lees and Christie, 2001); (3) (Cramp, 1992); (4) (Baker, 1997); (5) (Cramp and Perrins, 1993); (6) 

(Harrap and Quinn, 1995); (7) (Hatchwell et al., 2001); (8) (Blanco et al., 1997); (9) (Fry et al., 1988); (10) (del Hoyo et al., 1997); (11) (Juniper and Parr, 1998); 
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(12) (Cramp, 1988); (13) (Cresswell, 1994); (14) (Mason and MacDonald, 1999); (15) (Cramp, 1985); (16) (Fry and Fry, 1992); (17) (Cramp and Simmons, 

1977); (18) (Pöysä, 1994); (19) (Gauthier-Clerc et al., 1998); (20) (Larsen, 1996); (21) (van Kanel, 1981); (22) (Palmer, 1976); (23) (Owen, 1980); (24) (Fox et 

al., 1995); (25) (Bell, 1988); (26) (Kristiansen et al., 2000); (27) (Johnsgard, 1983); (28) (Urban et al., 1986); (29) (Keith et al., 1992); (30) (Vanhinsberg and 

Chamberlain, 2001); (31) (Chantler, 2000); (32) (Tella et al., 1995); (33) (Halley and Gjershaug, 1998); (34) (Sick, 1993); (35) (Voisin, 1991); (36) (Birkhead, 

1973); (37) (Richner, 1986); (38) (Konig et al., 1999); (39) (Pirovano et al., 2000); (40) (Galeotti et al., 1997); (41) (Walkinshaw, 1964); (42) (Cramp and 

Simmons, 1983); (43) (Hayman et al., 1986); (44) (Cleere, 1998); (45) (Holyoak, 2001); (46) (Cramp and Perrins, 1994); (47) (Clement, 1992); (48) (Drachmann 

et al., 2002); (49) (Newton, 1972); (50) (Glück, 1986); (51) (Glück, 1987); (52) (Senar et al., 1989); (53) (Laurent, 1986); (54) (Cramp and Perrins, 1993); (55) 

(Arevalo and Gosler, 1994); (56) (Johnsgard, 1999); (57) (Brown et al., 1982); (58) (Hancock et al., 1992); (59) (Redondo et al., 1995); (60) (Alonso et al., 

1994); (61) (Carrascal et al., 1990); (62) (Tyler and Ormerod, 1994); (63) (Sacchi et al., 2002); (64) (Gibbs et al., 2001); (65) (Sol et al., 1998); (66) (Murton et 

al., 1972); (67) (Johnston and Janiga, 1995); (68) (Bogliani et al., 1999); (69) (Murton et al., 1966); (70) (Murton et al., 1971); (71) (Madge and Brun, 1994); 

(72) (Marzluff et al., 1996); (73) (Ratcliffe, 1997); (74) (Lovari, 1976); (75) (Heinrich, 1988); (76) (Saino, 1994); (77) (Loman, 1985); (78) (Richner, 1989); (79) 

(Waite, 1981); (80) (Griffin, 1999); (81) (Marchant and Gregory, 1999); (82) (Griffin and Thomas, 2000); (83) (Henderson and Hart, 1991); (84) (MacDonald 

and Whelan, 1986); (85) (Patterson et al., 1971); (86) (Johnsson, 1994); (87) (Roell, 1978); (88) (Henderson and Hart, 1995); (89) (Johnsgard, 1988); (90) 

(Taylor, 1998); (91) (Morse, 1978); (92) (Ekman, 1989); (93) (Perrins and McCleery, 1997); (94) (Keane and O'Halloran, 1992); (95) (Sears, 1989); (96) (Rees 

et al., 1997); (97) (Turner, 1989); (98) (Winkler et al., 1995); (99) (Marchant and Higgins, 1993); (100) (Kersten et al., 1991); (101) (Harper, 1986); (102) 

(Figuerola et al., 2001); (103) (Gaston and Jones, 1998); (104) (Beveridge and Deag, 1987); (105) (Marler, 1956); (106) (Johnsgard, 1981); (107) (Mueller, 

1999); (108) (Nichols, 1931); (109) (Rolando, 1998); (110) (Barr et al., 2000); (111) (Higgins and Davies, 1999); (112) (Schleuger, 1993); (113) (Ens and 

Cayford, 1996); (114) (Norris and Johnstone, 1998); (115) (Lefranc, 1997); (116) (Harris, 2000); (117) (Pierotti and Good, 1994); (118) (Monaghan, 1980); 

(119) (Good, 1998); (120) (Barnard and Thompson, 1985); (121) (Vernon, 1970); (122) (Curtis and Thompson, 1985); (123) (Prevot-Julliard and Lebreton, 
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1999); (124) (Clouet, 2000); (125) (Adkinsson, 1996); (126) (Wyndham, 1980); (127) (Titman, 1999); (128) (Broom et al., 1976); (129) (Davies, 1976); (130) 

(Davies and Houston, 1981); (131) (Urban et al., 1997); (132) (Ntiamoa-Baidu et al., 1998); (133) (Abramson, 1979); (134) (Rippe and Dierschke, 1997); (135) 

(Seibert and Crowell-Davis, 2001); (136) (Digby and Milwright, 1998); (137) (Fry et al., 2000); (138) (Poole, 1989); (139) (Fleming et al., 1992); (140) (Greene, 

1987); (141) (Carrascal and Moreno, 1992); (142) (Szekely et al., 1989); (143) (Krams, 1998); (144) (Beer, 1961); (145) (Lowther and Cink, 1992); (146) 

(Summers-Smith, 1988); (147) (Barnard, 1980); (148) (Feare and Craig, 1998); (149) (Johnsgard, 1993); (150) (Din and Eltringham, 1974); (151) (Saino et al., 

1995); (152) (Carroll, 1993); (153) (Hatch et al., 2000); (154) (Marchant and Higgins, 1990); (155) (van Eerden and Voslamber, 1995); (156) (Lindell et al., 

1995); (157) (Suter, 1997); (158) (Giudice and Ratti, 2001); (159) (Hill and Robertson, 1988); (160) (Widemo, 1997); (161) (Pearson, 1981); (162) (van Rhijn, 

1992); (163) (Johnson, 1997); (164) (Britton et al., 1986); (165) (Anderson, 2000); (166) (McKinstry and Knight, 1993); (167) (Birkhead, 1991); (168) (Rolstad 

and Rolstad, 1995); (169) (Piersma et al., 1988); (170) (Bukacinska et al., 1993); (171) (Craig, 1979); (172) (Bishton, 2001); (173) (Pons, 2001); (174) (Rolando 

et al., 1997); (175) (Hilden, 1982); (176) (Hogstad, 1984); (177) (Enoksson and Nilsson, 1983); (178) (Matthysen, 1999); (179) (Herrera, 1979); (180) 

(Guillemette et al., 1993); (181) (Goudie et al., 2000); (182) (Ryan et al., 1987); (183) (Whittington et al., 1996); (184) (Williams, 1995); (185) (Cherubini et al., 

1996); (186) (Burger and Gochfeld, 1991); (187) (Erwin, 1978); (188) (Manco et al., 2001); (189) (del Hoyo et al., 1992); (190) (Bertram, 1980); (191) 

(Williamson and Gray, 1975); (192) (Whitehead et al., 1995); (193) (Cabe, 1993); (194) (Keys and Dugatkin, 1990); (195) (Fischl and Caccamise, 1985); (196) 

(Jennings and Evans, 1980); (197) (Shirihai et al., 2001); (198) (Fox, 1994); (199) (Starling-Westerberg, 2001); (200) (Baines, 1994); (201) (Utschick and 

Brandl, 1989); (202) (Pilastro et al., 1994); (203) (Clement, 2000); (204) (Cresswell, 1997); (205) (Smith et al., 2001); (206) (Marti, 1992); (207) (Kirby, 1997). 
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Appendix B. Forebrain size and flocking attributes in 55 species 

Species 
Body mass 

(g) 

Forebrain 
volume 
(mm3) 

Mean flock 
size 

Maximum 
flock size 

Flocking 
propensity1 

References2 

Agelaius phoeniceus 47.70 180.16 53.22 4011 1 1,2,3 

Aphelocoma coerulescens 75.45 8.49 2.96 8 1 4,5,6,7,8 

Aphelocoma ultramarina 114.00 11.66 8.67 25 1 4,8,9,10,11,12,13 

Cardinalis cardinalis 44.00 695.46 9.2 43 1 14,15,16,17 

Carduelis tristis 12.50 181.07 7.2 200 1 17,18,19,20 

Cissa erythrorhyncha 202.70 22.94 . 12 1 4,21 

Corvus corone 416.95 49.88 8.3 30 1 4,21,22,23,24,25 

Corvus frugilegus 335.50 56.80 26 75 1 4,21,22,26,27,28,29 

Corvus monedula 209.95 29.17 15 40 1 4,21,22,30,31 

Cyanistes caeruleus 13.30 324.15 15.3 38 1 32,33,34,35,36,37 

Cyanocitta cristata 113.32 996.91 2 30 1 4,17,38,39 

Dendroica coronata 12.40 158.82 3.5 12 1 17,40,41,42,43 

Dendroica magnolia 8.20 124.41 . 1 0 17,40,43,44,45,46 

Dendroica striata 11.90 175.74 . . 0 17,40,47,48 

Dumetella carolinensis 40.70 506.82 1 1 0 17,49 
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Fulmaris glacialis 525.00 1067.10 1.3 10000 1 50,51,52,53 

Garrulus glandarius 192.40 23.02 1 1 0 4,21,22,54 

Geothlypis trichas 9.40 215.43 1 1 0 17,40,55 

Gymnorhinus cyanocephalus 102.35 11.01 144 270 1 4,8,21,56,57,58 

Junco hyemalis 19.50 312.41 3.39 34 1 17,59,60,61,62 

Melanerpes carolinus 76.50 1353.50 1 1 0 63,64,65 

Melanerpes erythrocephalus 69.20 866.50 1 1 0 63,65,66 

Melospiza georgiana 18.10 311.10 6 10 1 17,59,67,68 

Melospiza melodia 20.75 590.39 . . 1 59,68,69,70 

Molothrus ater 39.70 165.06 6.6 . 1 1,3,71,72 

Molothrus badius 43.71 999.30 21 100 1 1,73,74 

Molothrus bonariensis 49.34 873.10 . 52 1 1,73,74,75 

Molothrus rufoaxilaris 53.93 858.97 . 100 1 1,73,74 

Nucifraga columbiana 130.78 13.22 . 100 1 4,8,76,77 

Oceanodroma leucorhoa 49.90 372.50 1.6 30 1 50,53,78,79,80,81,82 

Parus ater 9.10 300.81 3.52 100 1 22,32,33,37,83,84 

Parus atricapillus 10.82 290.90 7.26 14 1 33,85,86,87,88,89 

Parus major 19.00 423.02 15.3 50 1 32,33,34,35,37,90,91,92 
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Parus montanus 10.20 383.86 4.2 8 1 32,33,35,37,93,94 

Parus palustris 10.60 303.00 1.9 9 1 32,33,35,37,95 

Parus sclateri 11.55 278.46 13.7 100 1 33,89,96 

Parus wollweberi 9.61 257.18 7.9 10 1 33,89,97,98 

Passer domesticus 25.32 384.22 25 50 1 17,22,99,100,101,102,103 

Pheucticus ludovicianus 43.20 374.11 1 1 0 17,104 

Pica pica 182.69 28.93 5 52 1 4,21,22,105,106 

Picoides pubescens 25.30 627.90 14.04 18 1 43,63,65,107,108,109 

Picoides villosus 63.80 1522.00 1 1 0 63,65 

Pyrrhocorax graculus 163.00 16.01 4.8 200 1 4,21,22,110 

Quiscalus quiscula 92.40 216.36 38.52 2548 1 1,3,111,112 

Regulus calendula 7.30 120.55 1.77 20 1 17,98,113 

Seiurus aurocapillus 16.90 279.02 1 1 0 17,40,114 

Seiurus noveborancensis 19.60 144.06 1 1 0 17,40,115 

Setophaga ruticilla 7.20 89.16 . 12 0 17,40,43,116,117,118 

Sitta canadensis 11.50 180.01 1.23 6 1 17,33,119,120,121 

Sturnus vulgaris 96.50 950.83 49 10000 1 17,22,122,123,124,125,126,127 

Sylvia borin 13.90 264.06 1 1 0 128,129,130,131 
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Sylvia melanocephala 11.30 280.81 1 1 0 128,129,130,131,132 

Troglodytes aedon 10.20 263.71 1 1 0 17,133 

Turdus migratorius 79.00 681.61 10.4 50 1 17,134,135,136,137 

Zonotrichia albicollis 24.20 390.11 2.25 12 1 17,43,59,68,138,139 
1 Flocking propensity: 0 = absent; 1 = present 

2 References: (1) (Jaramillo and Burke, 1999); (2) (Yasukawa and Searcy, 1995); (3) (Sherry et al., 1993) (4) (Madge and Brun, 1994); (5) (Woolfenden and 

Fitzpartrick, 1984); (6) (Woolfenden and Fitzpartrick, 1996); (7) (McGowan and Woolfenden, 1989); (8) (Basil et al., 1996); (9) (Hopp et al., 2001); (10) (Brown 

and Horvath, 1989); (11) (Brown and Li, 1995); (12) (Brown and Brown, 1985); (13) (Brown, 1994); (14) (Halkin and Linville, 1999); (15) (Shuman et al., 

1992); (16) (Bent, 1968); (17) (Sherry et al., 1989); (18) (Middleton, 1993); (19) (Desportes et al., 1993); (20) (Popp, 1988); (21) (Healy and Krebs, 1992); (22) 

(Cramp and Perrins, 1994); (23) (Saino, 1994); (24) (Loman, 1985); (25) (Richner, 1989); (26) (Waite, 1981); (27) (Henderson and Hart, 1991); (28) 

(MacDonald and Whelan, 1986); (29) (Patterson et al., 1971); (30) (Roell, 1978); (31) (Henderson and Hart, 1995); (32) (Cramp and Perrins, 1993); (33) (Harrap 

and Quinn, 1995); (34) (Morse, 1978); (35) (Ekman, 1989); (36) (Ulfstrand, 1975); (37) (Healy and Krebs, 1996); (38) (Tarvin and Woolfenden, 1999); (39) 

(Racine and Thompson, 1983); (40) (Curson et al., 1994); (41) (Hunt and Flaspoler, 1998); (42) (Morse, 1989); (43) (Morse, 1970); (44) (Keast and Morton, 

1980); (45) (Stiles and Skutch, 1989); (46) (Hall, 1994); (47) (Sick, 1993); (48) (Hunt and Eliason, 1999); (49) (Cimprich and Moore, 1995); (50) (Warham, 

1990); (51) (Hatch and Nettleship, 1998); (52) (Hoffman et al., 1981); (53) (Abbott et al., 1999); (54) (Rolando, 1998); (55) (Guzy and Linville, 1999); (56) 

(Marzluff and Balda, 1992); (57) (Marzluff and Balda, 1989); (58) (Balda and Balda, 1978); (59) (Byers et al., 1996); (60) (Balph, 1979); (61) (Lima, 1988); (62) 

(Czikeli, 1983); (63) (Winkler et al., 1995); (64) (Shacklelford et al., 2000); (65) (Volman et al., 1997); (66) (Smith et al., 2000); (67) (Mowbray, 1997); (68) 

(Rising, 1996); (69) (Knapton and Krebs, 1976); (70) (Lee et al., 2001); (71) (Lowther, 1993); (72) (Morris and Thompson, 1998); (73) (Reboreda et al., 1996); 

(74) (Reboreda, 2002); (75) (Lowther and Post, 1999); (76) (Tomback, 1998); (77) (Tomback, 1977); (78) (Marchant and Higgins, 1990); (79) (Ribic et al., 
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1997); (80) (Huntington et al., 1996); (81) (Finch et al., 1978a); (82) (Finch et al., 1978b); (83) (Hogstad, 1988); (84) (Brotons, 2000); (85) (Smith, 1993); (86) 

(Smith and Van Buskirk, 1988); (87) (Smith, 1991); (88) (Ficken et al., 1981); (89) (Hampton et al., 1995); (90) (Carrascal and Moreno, 1992); (91) (Szekely et 

al., 1989); (92) (Saitou, 1978); (93) (Haftorn, 1999); (94) (Lahti et al., 1996); (95) (Szekely and Juhasz, 1993); (96) (Ficken and Nocedal, 1992); (97) (Christman, 
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Appendix C. Forebrain size and flocking attributes in 32 species 

Species 
Body mass 

(g) 
Forebrain 
size (mm3) 

Mean flock 
size 

Maximum 
flock size 

Flocking 
propensity1 

References2 

Alectoris chukar 532 1406.39 20 50 1 1 

Anas platyrhynchos 2900 4115.75 110 1000 1 2,3 

Ardea cinerea 1900 5028.04 1 1 0 2,4,5,6 

Calidris minutilla 29 255.5 . 30 1 7,8,9 

Caprimulgus spp. 53 342.75 1 15 0 10,11,12,13 

Chaetura pelagica 21 159.92 . 50 1 14 

Charadrius vociferus 100 523.69 . 50 1 15,16,17 

Chlorostilbon mellisugus 5 56.17 1 1 0 18,19 

Chrysolophus pictus 630 1726.01 1 3 1 20,21 

Colinus virginianus 214 569.85 20.1 22 1 22,23,24 

Columba livia 347 1245.72 248 8000 1 10,25,26,27,28,29 

Corvus corone 458 7019.03 8.3 30 1 30,31,32,33,34 

Coturnix coturnix 159 369.4 . 10 1 20,22,35 

Gallus gallus 2539 1242.46 5 . 1 21 

Garrulus glandarius 139 2596.73 1 1 0 30,31,36 

Limnodromus griseus 90 725.11 17.5 125 1 37,38,39,40 
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Meleagris gallopavo 6460 3764.53 6 200 1 41,42,43 

Melopsittacus undulatus 41 825.12 . 100000 1 44,45,46 

Numida meleagris 1624 2223.28 70.25 200 1 47,48 

Ortalis canicollis 720 1829.65 2.26 30 1 49 

Passer domesticus 27 637.56 25 50 1 30,50,51,52,53,54 

Pavo cristatus 3930 4264.04 5 5 1 21 

Perdix perdix 401 956.57 10 25 1 20,22,55 

Phalacrocorax auritus 1531 4341.73 1 175 1 56,57 

Phasianus colchicus 1050 1579.09 3.87 50 1 20,21,58,59 

Pionus menstruus 325 3851.82 . 100 1 44 

Rhea americana 25000 10281.31 8.82 50 1 60,61 

Spheniscus magellanicus 3365 10890.21 . 100 1 62,63 

Sterna hirundo 96 808.53 16 200 1 10,64,65,66 

Streptopelia roseogrisea 132 630.98 . 1000 1 26,35 

Taenopygia guttata 15 207.83 9 300 1 67,68,69 
1 Flocking propensity: 0 = absent; 1 = present 

2 References: (1) (Christensen, 1996); (2) (Cramp and Simmons, 1977); (3) (Palmer, 1976); (4) (Voisin, 1991); (5) (Birkhead, 1973); (6) (Richner, 1986); (7) 

(Myers, 1984); (8) (Paulson, 1993); (9) (Cooper, 1994); (10) (Cramp, 1985); (11) (Cleere, 1998); (12) (Holyoak, 2001); (13) (Fry et al., 1988); (14) (Chantler, 

2000); (15) (Jackson and Jackson, 2000); (16) (Heck, 1985); (17) (Schardien, 1981); (18) (del Hoyo et al., 1996); (19) (Sick, 1993); (20) (Cramp and Simmons, 
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1980); (21) (Johnsgard, 1999); (22) (Johnsgard, 1988); (23) (Brennan, 1999); (24) (Moore et al., 1988); (25) (Sacchi et al., 2002); (26) (Gibbs et al., 2001); (27) 

(Sol et al., 1998); (28) (Murton et al., 1972); (29) (Johnston and Janiga, 1995); (30) (Cramp and Perrins, 1994); (31) (Madge and Brun, 1994); (32) (Saino, 1994); 

(33) (Loman, 1985); (34) (Richner, 1989); (35) (Urban et al., 1986); (36) (Rolando, 1998); (37) (Jehl et al., 2001); (38) (Mallory and Schneider, 1979); (39) 

(Burger et al., 1979); (40) (Myers and McCaffery, 1984); (41) (Eaton, 1992); (42) (Watts and Stokes, 1971); (43) (Dickson, 1992); (44) (Juniper and Parr, 1998); 

(45) (Higgins and Davies, 1999); (46) (Wyndham, 1980); (47) (Marx and Stoltz, 1988); (48) (van Nierek, 1979); (49) (Brooks, 1997); (50) (Beer, 1961); (51) 

(Lowther and Cink, 1992); (52) (Summers-Smith, 1988); (53) (Clement, 1992); (54) (Barnard, 1980); (55) (Carroll, 1993); (56) (Johnsgard, 1993); (57) (Hatch 

and Weseloh, 1999); (58) (Giudice and Ratti, 2001); (59) (Hill and Robertson, 1988); (60) (Martella et al., 1995); (61) (Bruning, 1974); (62) (Williams, 1995); 

(63) (Boersma, 2002); (64) (Burger and Gochfeld, 1991); (65) (Erwin, 1978); (66) (Manco et al., 2001); (67) (Zann, 1996); (68) (Zann and Straw, 1984); (69) 

(Dunn and Zann, 1996). 
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