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191, 194–195, 198–199, 201, 203, 208,

211, 213–215, 220, 223–224

pectoral girdle, 14, 20, 22, 89–90, 100, 157, 176,

181, 194, 199, 209, 211, 215, 224, 256, 258

Pederpes, 257

Peltopleurus, 210, 214

pelvic fin spines, 105

pelvic fins, 12, 14, 133, 194, 198, 200, 203,

207–208, 211, 213–215, 218–220

pelvic girdle, 11, 102, 104, 133, 190, 198–199,

201, 204, 207, 209, 211–215, 223

Pentlandia, 21, 23, 257, 259

Perca flavescens, 136

perch, 131

pericardium, 45
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perichondral, 3, 6, 8, 104, 113–114, 118–119,

121–122, 126, 149, 189–190,

192–193, 199, 207, 211–212, 214,

219–220

perichondral bone, 3, 104, 149, 189

perichondrally ossified cartilage, 144

perichondrium, 112

Perilymphatic fenestrae, 101

perioral ectoderm, Ectoderm, 36

periosteum, 113

peripheral nervous system, 31, 187

Peru, 90

Petalichthyida, 12, 211

petalichthyids, 7, 12, 75, 81, 152, 219

petalodonts, 17

petrodentine, 21

Petromyzon, 30, 40, 45, 51–57

pharyngeal, Mesoderm, 35

pharyngeal arches, 31, 172, 182–183, 186,

242–243, 250

pharyngeal denticles, 100

pharyngeal ectoderm, Ectoderm, 31

pharyngeal endoderm, Endoderm, 32

Pharyngeal jaws, 129, 131, 155

Pharyngeal pouches, 34, 37, 39, 42, 44–45,

47–48, 242–243, 245–248

pharyngeal segments, 186, 244–247, 249–250

pharyngo-epibranchial plate, 102

Pharyngolepis, 6

pharyngula, 42, 44–47

pharynx, 30, 34, 49, 54, 161, 164, 169, 177, 241,

243–245, 247–248, 253

phenotypic plasticity, 128–129

phlyctaeniid, 13

Pholidophoridae, 19

phosphatase, 121

Phosphate storage, 127

Phox, 38

phylctaenaspids, 13

Phyllolepids, 7, 13, 26, 74

Phyllolepis, 13

pineal opening, 6

Pircanchaspis, 61

Pircanha Formation, 61

Pisacaviña, 99

Pituriaspida, 5

Pituriaspis, 6

Pitx, 133

Piveteauia, 253–254

placoderm claspers, 104

placoderm gnathal plates, 72, 80

Placodermi, 152

placoderms, 2–3, 7–8, 11–15, 26, 28, 48, 63, 65,

69, 71–75, 77, 79–85, 104, 107, 114,

148–149, 152, 156, 158, 172, 176–177, 189,

191–192, 194, 198–199, 201, 206–209,

211–215, 217–220, 223, 225, 260

Placodes, 46, 145

placoid scales, 7, 14, 84, 104, 189

Placolepis, 13, 27

plagiostomes, 99

plaice, 132

plastic traits, 129

Plasticity of skeletal cells, 126

Pleural ribs, 254, 256–257

Pleuronectes platessa, 132

Plourdosteus canadensis, 114

Poeciliidae, 214, 225

Polyacrodus, 102

Polybranchiaspis, 66, 151

Polymerolepis, 14, 102, 107

Polyodon, 154

Polyodon spathula, 162

Polyodontode scales, 64, 100

polyphyletic group, 150

polyphyodont system, 167

polyphyodonty, 160

polypterids, 153

Polypterus, 153, 155, 174–175, 177, 179–181,

185–186, 193, 196, 202, 257, 259–262

polyspondily, 115

Porolepiformes, 20, 82–83, 107, 259

Porolepiforms, 3, 20, 29, 98, 255, 257–258

Porolepis, 20

Porophoraspis, 5

postcranial skeleton, 188

Postemporal, 145

Posterior dorsolateral plate, 145

posterior tuberculum, 34

Posterior ventrolateral plate, 145

posthypophyseal process, 31, 44, 47–48, 50

Postinfraorbitals, 145

postsplenial, 77

Potanichthys, 19

Powichthys, 21, 25

Prdm, 38

prearticular, 21, 77, 149, 155

Precerebral fontanelle, 103

pre-chondrogenic cells, 120

prechordal plate, 35

Predation, 132

premandibular crest cells, 151

Premaxilla, 8, 77–81, 131, 145, 152, 154–155

premaxillary protrusion, 131

premedian plate, 77

Preopercular, 145

Preoral gut diverticulum, 32

preorbital recess, 12

preorbitalis, 173, 175, 178, 181

Prepelvic spines, 89, 105

pretectum, 34, 38

Priscomyzon riniensis, 150

Prismatic calcification, 114

prismatic cartilage, 113, 147

pristiophoroids, 101

Pristiurus, 115

Prohalecites, 19

Promesacanthus, 64, 68

pronephric tubules, 35

protacrodontid, 102

Protochordates, 144–145

Protopterus, 21, 149, 195, 258, 260–261

protopterygium, 18

protostomes, 120

protractor dorsalis pectoralis, 176

protractor pectoralis, 173, 176, 179–180, 182

protrusible mouth, 19

Prrx, 39

Psammodus, 17

Psarolepis, 15, 20, 29, 67

Pseudopetalichthyida, 11

Pseudopetalichthys, 75

PtcA, 39

pteraspidiforms, 5

pteraspidomorphs, 23, 61, 150

Pterichthyodes, 12, 72, 83, 211, 222

pterygoid, 155

Ptf a, 39, 46

Ptomacanthus, 64, 67, 79, 82, 105, 152

Ptyctodontida, 12, 28, 84, 194, 225

ptyctodontids, 7, 11–12, 27, 81

ptyctodonts, 71, 75, 79, 82, 152, 207, 209,

211–212, 215, 219, 223

Pucapampella, 15, 64, 87–88, 90, 92–93,

95–99, 104–105, 152

Pucapampella-like fossil from South Africa, 88

pucapampellids, 104

Qilinyu, 3, 8, 71, 77, 80–82, 152

Qingmenodus, 20, 255

quadratojugal, 77–78, 80

quantitative RT-PCR, 137

quasipetalichthyids, 12

Quebecius, 21

rabbit fishes, 13

radials, 135

Radotina, 74, 85

rainbow trout, 130

Raja, 110–111, 115–117, 119, 124, 149, 165,

169, 177

Raja asterias, 115

Raja clavata, 110, 112

Raja erinacea, 112, 119

Ramirosuarezia, 73, 75

RANK and RANK-ligand, 130

ray-finned fishes, 152

rays, 100

regenerating antlers in deer, 136

regeneration of fish dentitions, 160

regenerative cyclicity, 167
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regulatory sequences, 120

Remigolepis, 12, 72, 84

remodelling, 105, 126

repair of fractures, 130

reporter expression assay, 30, 45

Reproduction, 207

reptiles, 1, 11, 20, 170, 172

resorption, 105, 129

reticulatus, 90

retina, 37

Rhabdoderma, 210

Rhadinacanthus, 14

Rhamphodopsis, 27, 29, 84, 209, 211–212, 224,

226

Rhenanida, 11, 194

rhenanids, 71, 75, 81

Rhinochimaera, 77

Rhinodipterus, 21, 256, 258

Rhinopristiformes, 16

Rhinoptera, 213

Rhinopteraspis, 5

Rhizodontida, 21

Rhizodus, 21

Rhombic lip, 31, 34, 46

rhombic scales, 3, 17

rhombomere, 34, 37, 46, 242

Rhynchodus, 212

Ritchieichthys, 61

RNA sequencing, 122

Robinsondipterus, 11, 21

Robo, 39

Romundina, 6–7, 11, 24, 69, 74, 83, 85, 199

rostral subpallium, 34

rostronasal capsule, 74

Rostrum, 145

Rowena Formation, 61

Runx, 47, 228

Russia, vi–vii, 5–6, 11–12, 17, 23, 26, 69,

255

Sacabambaspis, 5, 61, 63, 67–69, 205

Sagenodus, 258

Salmo salar, 162

Salvelinus alpinus, 130

SAM – sequential addition model, 167

Sandalodus, 17

Sandivia, 61

Sarcopterygians, 3, 11, 15, 17–18, 20–22, 29,

75–79, 82, 84, 97, 153, 155, 178, 182,

190–191, 194–199, 201, 203–204, 206,

210, 245, 247, 250, 252–256, 258–259,

261

Sarcopterygii, 3, 17, 23–26, 29, 83–84, 153,

156, 172, 177, 182, 221, 260

Saudi Arabia, 15

Saurichthys, 210, 225

scanning, 104

Scapulocoracoid, 6–7, 100, 135, 198–199, 209,

211, 215

Scaumenacia, 210, 257–258

Schwann cell, 47

Scleral cartilage, 134

sclerotic bones, 7

sclerotomal cells, 120

sclerotome, 30, 112, 115, 118, 120, 128, 192

Scyliorhinidae, 116

Scyliorhinus, 110–111, 115–124, 161–162,

166–167, 169–170, 175, 177–178,

180–181, 184, 187, 193, 200, 202, 205,

213, 215, 249–250

Scyliorhinus canicula, 112, 116

secondary cartilage, 126, 136

Selacha, 99

Sema, 39

semelparous, 40

Semicircular canals, 6, 11, 92–93, 97, 101

semidentine, 74, 134

Sensory Ganglia, 37

sensory organs, 3–4, 17

Sepulturas Formation, 61

Serenoichthys, 257

Seretolepis, 15

sesamoids, 131

sevengill shark, 16

sexual dimorphism, 12, 27, 210, 212, 214,

223

sharklike fishes, 99

Sharpey’s fibres, 128, 215

Shearsbyaspis, 12

shh, 120, 162, 201, 217, 228, 248

Shiqianolepis, 65

shoulder girdle, 100

Shuyu, 6

Siamodus, 15

Siberia, 5–7, 17, 70

Sibirhynchus, 100

Silurian, 1, 3, 5–8, 10–11, 13–14, 17, 20, 23,

26–29, 55, 58–59, 62–70, 75, 77, 79, 84,

86, 90, 107, 109, 153, 159, 207, 221, 226,

252

sinacanthids, 63

Sinacanthus, 7, 14

Sinosaurichthys, 11, 19

Six, 244, 250

skeletal plasticity, 129

skeletogenesis, 115

Skiichthys, 7, 63

skin denticles, 102

skull bauplan, 153

skull segmentation, 146

Snail, 46

SnailA, 35

Solinalepis, 63–65

somatopleure, 49, 112, 216

Somites, 31, 33–39, 42, 44–45, 49, 112, 115,

122, 124, 132–133, 141, 146, 172,

182–183, 186, 189, 204, 215–217

somitic Mesoderm, 49

somitogenesis, 45, 138–139, 189, 196

somitomeres, 147

Somniosus microcephalus, 167

Sonic hedgehog, 201

Soom Shale, 61, 67–68

Sorbitorhynchus, 21, 29

South Africa, 15, 20, 27, 60–61, 87–88, 90, 92,

98, 106, 108, 150, 157, 203, 209, 221–222

South America, 1, 3, 21, 25, 68, 90, 106–107,

210

South China, 5, 12

Southern hemisphere, 105

Sox, 35, 39, 47, 55, 57, 120, 228

Sp / A, 39

Sparalepis, 20

Sparus auratus, 137

Spathobatis, 16

spawning, 30, 40, 143, 208–209

Speonesydrion, 21, 23

Sphenonectris, 6

spiracle, 17, 155, 174, 248, 254–256

spiracular notch, 255

spiral intestine, 12

Spitzbergen, 5, 159

splanchnic Mesoderm, 37

splanchnocranium, 147

splanchnopleure, 216

splenial, 77, 154

SproutyA, 39

Squalicorax, 16

Squaloraja, 102

Squalus, 89, 121, 173–174, 176, 222

Squalus acanthias, 121

squamates, 217

Squatina, 13

Srianta, 102

ß-catenin expression, 167

Stairway Sandstone, 61, 64

statoliths, 153

stem cartilage, Claspers, 213

stem cells, 164

Stem Chondrichthyan, 87

stem gnathostomes, 3, 8, 11, 28, 47–48, 71–72,

79, 81, 115, 119, 145, 189, 192, 194, 196,

198–200, 206, 215, 219, 225

stem vertebrates, 146

Stensioella, 75

Stensioellida, 11

Stethacanthus, 102

stop-start epithelial regeneration, 167

strict patterning mechanism, 163

Stroinolepis, 61

Stromateidae, 133
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Strunius, 20, 255

sturgeons, 147, 190, 193, 214

Styloichthys, 20

Submandibulars, 77, 80

Subopercular, 145

Suborbital, 145

suborbital plate, 72, 145

subotic dental plate, 77

subperichondrium, 116

successional lamina, 164

Superognathals, 145

supragnathal, 72–75, 78, 81, 152

Supragnathals, 8, 12–13, 74–75, 78, 81, 152

supraorbital, 150

Supraorbital shelf, 103

supraorbitals, 155

Surangular, 145

Swenzia, 254

Symmoriforms, 97, 199

Symmoriida, 153

Symmoriiformes, 100

Symmoriium, 100

synarcual, 112, 114–116, 119, 123, 191, 194,

202, 204

Synauchenia, 7

synchronized tooth succession, 105

synchrotron, 27, 65, 69, 74, 215, 225

synchrotron X-ray tomography, 65

Tail bud, 37, 39, 42, 44–45

Takifugu rubripes, 133

Talimaa’s Gap, 59, 67

Tamiobatis, 97

Tantalepis, 64–65

Tarrasius, 257

taste buds, 163

Taxic atavisms, 133

Tbx, 39, 215–216, 225

Tchunacanthida, 65

Tchunacanthidae, 65

teeth, 1, 3–4, 13, 15–17, 19, 21, 23, 25, 27, 64,

67, 69, 74–75, 77–85, 88–90, 95–96, 98,

101–103, 105–106, 127–128, 130, 134,

142–143, 145, 152, 155–156, 159–171,

190, 205, 207, 225

Tegeolepis, 19, 24

tegmentum, 37

telencephalon, 31–32, 34, 37, 39, 56, 103

telencephalus, 145

Teleost Dentition, 164

teleost vertebrae, 131

teleostean, 3, 191, 193, 196, 199–201, 205

Teleostei, 18–19, 22, 138–142, 174, 177,

202–203, 205, 217, 221, 235, 239–240

Teleosts, 154

Tellerodus, 258

temperature-induced plasticity, 129

terminal cartilages. Claspers, 213

Tesakoviaspis fauna, 7

tessellate, 27, 62

Tessellated calcified cartilage, 104

tesserae, 75, 104, 110, 112–114, 116, 118–119,

121–122, 124, 131, 149, 152–153, 204

Tetanopsyrus, 105

Tetraodontidae, 168

tetrapod tracks, 22

Tetrapodomorpha, 3, 20–21, 25

tetrapodomorphs, 17, 21, 78, 155, 255

tetrapods, 2–3, 17, 20, 22, 28–29, 71, 78, 82,

112–113, 118, 128–129, 131–133, 138,

142, 148, 153, 155, 165, 172–173, 176,

182, 185, 188, 190–191, 195, 197, 201,

241, 245, 247–249, 252–253, 255–262

Tezakia, 64–65

Thalamus, 37, 39

The Bear Gulch Limestone, 16

The great white shark, 165

The holocephalan total group, 103

Thelodonti, 5, 27, 68

thelodontid thelodonts, 62

thelodonts, 6, 24–25, 29, 61–62, 66, 68–69, 85,

150, 160, 194, 196, 198, 208

THs, 228, 230–232, 234–237

Thyestes, 7

Thyroid, 142, 227–228, 239–240, 248

Tiaraspis, 13, 28

Tiktaalik, 11, 22, 28, 155, 247, 255–258

Tioga County. Nursery site, 208

Titanichthys, 13

Tlamaspis, 74

Toarcibatis, 16

Toluidine blue staining, 127

Tolypelepis, 5

tomographic scanning, 104

tooth morphogenesis, 162

tooth placode, 162

tooth plates, 8, 12–13, 17, 21, 24, 31, 75, 77–79,

82, 84, 102–103, 155, 256

tooth replacement, 167

Tooth whorls, 17, 20, 27–28, 69, 77, 79, 85, 88,

160

Torpedo, 173, 191

total data approach, 152

trabecula, 151

trabecular struts, 75

transcriptome sequencing, 169

transcriptomic data, 120

transcriptomic tools, 110

transdifferentiation, 126

transition to freshwater, 129

transverse sensory lines, 145

Trapiche Group, 61

traquairaspids, 5

Traquairaspis, 5

Triassic, 3, 11, 15, 19, 22, 29, 101, 106,

108–109, 153, 194, 202, 205, 210, 214,

221, 225–226, 253–254, 260

Tribodus, 102

trigeminal ganglia, 39

trigeminal nerve, 172, 245

trigeminal neural crest cells, 30

Trigeminofacialis recess, 103

Trikias semifasciata, 165

Triodus, 104

Tristychius arcuatus, 98

trophic niches, 160

trunk ectoderm. Ectoderm, 36

trunk neural tube, 34

trunkshields, 12

Tullimonstrum, 49, 51, 150

Tungsenia, 21

tunicates, 145

Turinia, 6, 68

Tuvalepis, 65

Twist, 35, 48

type I collagen, 121

type II collagen, 112

Tyr, 39

Undina, 210, 226

United States of America, 60

unmineralised matrix, 119

Uranolophus, 21, 23–24

Urobatis halleri, 118

urochordates, 182–183, 243

urogenital papilla, 213

urostyle, 133

vagal crest, 47

vagus nerve, 7, 245

vascularity, 129

velar cartilage, 48

Velum, 32, 34, 36, 44, 47–48, 56

Vengastega, 255

Ventastega, 22, 255, 258

ventral ectoderm, Ectoderm, 37

vent-to-vent reproduction, 207

Vernicomacanthus uncinatus, 91

vertebrae, 4, 16, 48, 112, 114–116, 121, 124,

126, 131–133, 137, 139–140, 146, 184,

188–191, 193–194, 197, 204–206, 215,

227, 229, 233–235, 237, 240

Vertebral centra, 100, 113

vertebral column, 18–19, 50, 123–124, 127,

132, 141, 143, 147, 188, 191–194,

196–197, 203–204, 206–207, 227, 233,

235, 259

vertebral theory of the skull, 146

Vietnam, 5–6

Vinctifer, 19

Viola Limestone, 60
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Visceral arches, 96, 105

viscerocranium, 144

viviparity, 201–202, 207, 209–210, 219–222,

224, 226

viviparous, 207, 210, 214, 224–225

vomer, 77

Waterloo Farm Nursery site, 209

Weberian Apparatus, 227, 229

Weberian ossicles, 227, 231, 235, 240

Whatcheeria, 257

Wijdeaspis, 12

Winnepeg Formation, 60

Winnipeg Formation, 63

Wnt/ß-catenin and Notch pathway, 167

Wnt, 39, 46

Wolff’s law, 129

wuttagoonaspidids, 12

Xenacanthiformes, 210

xenacanths, 88, 99

Xeradipterus, 21, 24

Xiphactinus, 19

X-ray micro-CT, 65

X-ray microtomography, 118

Xyphotrygon, 16

Youngolepis, 20, 23

yunannolepidoids, 12

Yunnan, 3–4, 8, 10, 17, 20, 23–24, 29, 67, 70,

83–85, 226

yunnanolepiformes, 72

yunnanozooans, 144

Yunnanozoon, 146

Zamponiopteron, 90

zebrafish, 52, 112, 115, 123–124, 127, 130–136,

138–144, 156, 169, 177–178, 181–182,

185–187, 190, 201–202, 204–206,

216–217, 227, 229, 231–232, 234–237,

239–240, 243, 248, 250

Zellknorpel, 134

Zic, 39, 45

zona limitans intrathalamica, 31, 46

zone of fin competence, 216, 218–219

Zygote, 44

β cartilages Claspers, 213
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