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APPENDIX

A List of Shark Actacks for the World

By Leonard P. Schultz and Marilyn H. Malin
Smithsonian Institution, Washington, D. C.

This list of shark attacks was prepared from the documented file in the Division
of Fishes, United States National Museum, under the sponsorship of the Biology
Branch of the Office of Naval Research, Contract Number NONR 1354 (07).
Members of the AIBS Shark Research Panel are kept informed of current shark
incidents in all parts of the world by means of five clipping or press-cutting serv-
ices, three of which are subscribed to by Cornell University and two by the
Smithsonian Institution. The assistance of these two institutions. as well as of all
persons who have cooperated in supplying documentation on individual cases of
attack, is gratefully acknowledged. Special thanks go to Mr. Michael Lerner.
who solicited and compiled information relating to shark attacks from chapters
of the International Game Fishermen's Association.
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GENERAL INDEX

Abbreviations, of laboratories and aquariums,
117; of parts of central nervous system, 227-
230

Accessory population, 97-100; bull sharks, 110;
dusky sharks, 112; feeding habits of, 107; great
hammerheads, 111; injury to, 99, 100; lemon
sharks, 111; three characteristics of, 98; tiger
sharks, 104; Vitamin A in, 99

Accommodation, negative and positive, 289

Acoustic mechanism, 185, 225; impulses, 195;
lobe, 225; stimulation, 187; tubercles, 184, 185,
225

Acoustico-lateralis system, 190, 191, 195, 248, 253;
area, 192; associations, 199; derivatives, 194;
lemniscus, 185, 201; lobes, 188, 189; nuclei, 184,
185; stimuli, 188

African catfish, 185

AiBS Shark Research Panel, 501, 505-507, 509

Algae growth, 126

Ampbibians, 214, 224, 322

Ampullae of Lorenzini, 195, 243, 248-250, 252,
274

Anadromous fish, 323

Anesthesia, °*MS-222," 121, 131; pens for ad-
ministration of, 320; sharks under, 160, 161,
299, 317, 318-319

Angel shark, 58, 59, 63, 330, 342; in captivity, 116,
119, 133; gustation of, 274; olfaction of, 256;
Pacific, 77

Angler fish, 174, 176, 183

Anti-shark measures, bubble curtain, 472-474, 493;
electrical devices, 468—469, 476, 493; fence,
469-471; ineffective, 469, 472; kinds of, 468-
473; more effective, 475; reasons for, 465-468;
research into, 368, 370-385; shark meshing,
473475

Aqualung, 334

Aquariums, 115, 117, 152, 206; public, 122, 126,
130, 133, 472. See also Captivity, sharks in, En-
closures, Feeding in captivity, Laboratory fa-
cilities

Area centralis, 314, 386

Attacks, by location, Africa, 332, 363-368, 393,
418, 429, 510-513, 545, 550, 556, 563; Asia,
513-515, 556, 563; Atlantic Ocean, S515-517,
545-546, 550-551, 557-558, 564; Australia, 330-
335, 343, 366, 389-407, 419, 428, 517-528, S46—
547, 551-553, 559, 564-565; Europe, 547, 553;
Indian Ocean, 528-529, 556, 559; Mediterranean,
529, 559; New Zealand, 332, 335; North Amer-
ica, East Coast, 399, 420, 430, 530-534, 547-
548, 554-555, 560, 566; North America, West
Coast, 421, 535-536, 548-549, 555, 560, S66~
567; northern seasona! zone. 409, 414-417; open
ocean, 370-385; Pacific Ocean, 537-544, 549,
555, 561-562, 567; South America, Atlantic
Coast, 544; southern seasonal zone, 408, 409,
417-419; tropical waters, 412-414; Western At-
lantic, 339-360; world, 404412, 428, 431. See
also Smithsonian Institution

Attacks, by species, angel shark, 59; basking
shark, 18; blacktip reef shark, 35; black whaler
shark, 45; blue shark, 29, 76; blue whaler, 29;
bronze whaler, 41; bull shark, 37; dogshark,

49; dusky shark, 47; Eucrossorhinus dasypogon,
54; gray reef shark, 40; gray shark, 32; great
blue shark, 29; hammerheads, 19; lemon shark,
26; leopard shark, 50; mako shark, 17; north-
ern whaler, 45; nurse shark, 56; sand shark, 52;
shovelnose guitarfish, 77; small blacktip shark,
38; spinner shark, 39; thresher shark, 24; tiger
shark, 27; white shark, 13; whitetip shark, 42;
wobbegong, 53

Attacks, on boats, 13-14, 430, 442-443, 550-556:
depth of water during, 392, 437; distance from
shore during, 394, 436-437; fatality rate of, 495,
500; following air and sea disasters, 556-562; on
individuals going to aid, 439-440, 495; kinds of.
430-431; latitudes and longitudes of, 402-405,
420421, 427, 428, 429, 430; months of, 393,
395, 402, 406-407, 420421, 432; physical factors
regarding, 440-441; precautions against, 333-
334, 498, 500, S01-503; on raft, 509, 554, 55§,
8556; sites of, 391; temperature during, 331-332,
333, 359, 392, 432, 434, 435; time of, 330, 334,
359, 374, 396, 432, 433, 434; times bitten in,
442; treatment of, 495-500; victims’ activities be-
fore, 438; victims® locations during, 439

Audiogram, 251

Auditory system, 198~199, 240

Australian gray nurse shark, 124, 128

Axons, 173, 176, 187, 188

Bait, control and repellent, 486488, 491, 492;
kinds of, 68, 70, 72, 73, 80, 87-88, 90, 109, 111,
112, 123, 124, 276, 456, 458, 459, 461, 480, 484;
passes at, 264, 481, 482; protection of, 485-487;
setting out, 107-108, 123, 156-157, 478-479,
483, 486-488, 491; shark as, 336; unsuccessful,
87, 88, 106, 108

Bank loafers, 98, 99, 110

Barbels, 122, 129, 137, 140, 147, 272, 273, 357; of
carp, 225; lack of, 49, 55; on nostrils, 256, 258;
taste buds covered by, 181

Barracuda, 133, 223, 339-341, 360, 415, 441

Bartgrundel, 273

Basking shark, 18, 52, 70, 257, 259, 284, 114, 329,
342

Bass, 78; Channel, 112; White sea, 77

Bay shark. 46, 47, 73-74

Behavior, 84, 106, 255, 280, 419; of forebrainless
species, 220-222: neuroanatomical, 165166,
226; patterns of, 222, 224, 225; schooling, 240.
See also Feeding in captivity, and Sexual be-
havior

Behavioral activities of teleosts, 213

Behavioral differences, 223

Behavioral experiments, 132, 165, 166, 207, 477-
494; or bony fishes, 147; data of on brain, 225:
demonstration of blindness by, 207. See alw
Conditioning, and Experiments

Bell-ringing. instrumental conditioning  through.
124, 134, 135, 136, 142, 143; summary, 137, 138~
139, 140~-145

Bigeye thresher shark, 105, 290

Bignose shark, 44

Bioassay, 482

Birth, giving, 7, 86; by bull shark, 10y-110; in
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captivity, 121, 128, 130, 146; by lake shark, 100;
by large sharks, 103; by lemon shark, 121, 130;
in shark channel, 128; by spinner, 110

Bites, treatment of, 495-500; 502

Blacknose shark, 120, 461, 487

Blacktip ground shark, 456, 484

Blacktip reef shark, 35, 40

Blacktip shark, 38, 39, 75, 76, 86-90, 109; in
captivity, 116, 119, 131; feeding habits of, 110,
111, 458, 461; gustation of, 276; olfactory ap-
paratus of, 261, 262, 264, 265, 266-270; repellent
tests on, 486-487; visual apparatus of, 303, 321

Black whaler, 45

Blasting, 83, 84

Bleak, 183, 185

Blindness, 205, 207; color, 342; temporary, 161,
317, 318

Bluefish, 112

Blue pointer, 17, 330, 337

Blue shark, 63, 76, 298, 329, 336, 349, 351, 443,
468

Blue whaler, 28

Bonito, 17, 108

Bonnethead shark, 116, 119, 133, 347

Bony fishes, area centralis and fovea in, 314;
brain of, 223, 224; cerebellar function in, 198;
experiments on, 252; feeding on, 87, 123; feed-
ing patterns of, 224; forebrain of, 216, 219;
hearing of, 247, 248, 251; medulla in, 176, 180,
189; nucleus lateralis valvulae in, 205; tectum
of, 206, 224; tracts in, 195

Brain, 165-166, 167, 169, 171, 175, 182, 193,
292; behavioral data on, 225; differences be-
tween elasmobranchs and teleosts, 222-226; in-
jury, 197, 220-221, 279; of mako, 293; size of,
223. See also Cerebellum, Diencephalon, Fore-
brain, Medulla oblongata, Mesencephalon, and
Telencephalon

Breeding, 146, 323, 357, 492

Brill, 185

Broad-snouted seven-gilled shark, 58

Bronze whaler, 40, 41

Brook trout, 192

Brown shark, 119, 159

Brown smoothhound, 119

Bubble curtains, 472-473, 493

Bubbiles, divers’ air. 75, 82, 83, 93, 502

Bubbles from regulator, 82

Buds, terminal, 272-274. See also Taste buds

Buffalo fish, 182

Bull shark, 36, 37, 100, 103, 105, 223, 337, 351-
352, 354; audiogram for. 251; birth by, 109-110;
in captivity, 119, 482: feeding habits of. 108,
109-110; of Lake Isabel, 101; olfaction of, 268

Burning out, 105

By-products, 3136-137, 339, See also Livers

Cabezon, 68-69

Cages, divers’, 81. 82, 84, 280; shark, 80, 81, 84,
90-91; wire, 478-479

Calcareous growth, 79

Calcareous shells, 108

Calcification, 123

California dogfish, 119

Captivity, sharks in, 115-116, 117-119, 127-123;
birth in, 121, 128, 130, 146; care of, 121-133;
eggs of, 127, 128, 129; injury to, 115, 120, 127,
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130, 478; instrumental conditioning of, 133-
147; obtaining, 116, 120-121; testing repellents
on, 477-483

Carcharhinids, 99, 261, 274, 294, 297, 298, 306,
356, 443

Carp, 181, 182, 203, 217, 224-225, 239, 280

Carpet shark, 53, 118, 119, 330, 333

Catadromous fish, 323

Catches, bank loafer, 98, 99; best, 98, 104, 105;
marginal, 98; normal, 96; record of, 95; rogue,
99; small, 97

Catching sharks, methods of, 87-89, 90, 107; on
chain, 105; through gateway, 120, 126; graballs,
338; by gun, 89, 416; by hand, 357; haulbacks,
111; hook and line, 72, 89, 97, 107-108, 130,
133, 349, 456, 477, 478; hooking, 73, 76, 80,
88-89, 107-108; hooks and groundline, 98, 120;
lines, hand, 338; lines, long, 95, 99, 105-106,
107-108, 112, 338; lines, lost, 105-106; lines,
set, 112, 120, 475, 483; lines, side, 120; live
car, 120-121, 133, 477; nets, 64, 66, 130, 347,
352, 368, 416, 478; nets, dip, 83, 132; nets, gill,
95, 103, 112, 473-474; nets, hand, 116; nets,
meshing, 338; nets, stop, 116, 120; by spear, 70,
82, 342, 357-358, 359; by speargun, 345, 358;
steel meshes, 416, 475-476; by tail. 116, 120;
traps, 64, 66, 130, 478; trawls, 338; unsuccessful,
120. See also Bait

Catfish, 181, 203, 263. 273; African, 18S; river,
197

Catshark, 118, 129, 244, 256, 257, 259, 266, 329;
spotted, 118

Cerebellum, cerebelli, 170, 172, 190-199; connec-
tion of with other areas, 195, 199; corpus, 193,
190; of dogfish, 190; cflerent tracts of, 191,
194; in clasmobranchs, 190-191, 192, 194-199,
224; experiments on, 196-199; fiber tracts to,
191, 194-195, 205; in fishes, 194, 198-199, 223;
of four sharks, 196; injury to, 197; nuclei of,
174; of nurse shark, 198; Purkinje layer of, 191,
192, 194; size of, 223; in telcosts, 191-199, 224;
valvula, 193, 195-196, 197, 206

Cero mackerel, 341

Channel bass, 112

Choroid, 285-286, 301-304, 311. See also Tapetum,
and Tapetal plates

Chottos. 101

Chumming. 107, 109, 457, 461, 486, 487, 488. See
also Bait

Ciliary body, 306

Circulation. in cement enclosures, 129: over gills,
121: in pond, 156-157

Cadtfish, 189, 195, 212, 213

Color, attraction of, 89, 91, 440, 441. blindness,
342: bodily changes in. 205: depth of, 490;
discrimination, 89, 220, 221, 320; patterns, ¥42:
receptors for, 286; test, 320, 321; unimportance
of in food, 75, R}

Common chemical sense, 106, 28§, 262, 277-279

Conchs, 108-109

Conditioning. instrumental, bell-ringing in. 124,
134-145; experiments, 124, 125, 111, 134-137,
period. 137, 147: responses, 142, 144
used in, 134-137, 221

Control program, 134

Copper acetate, 356, 373, 456, 457-459, dol, H62,
479, 483, 484, 4R8S, 4B6-4R7, 490, 482

target
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Copper salts, 479

Copper sulfute, 456, 457, 484

Copper-treated water, 124, 126, 128, 130, 278

Cornea, 285, 286, 290, 291, 294, 298, 300-301, 306,
308, 316

Cow shark, 57, 105

Crabs, 87, 109, 130, 298

Cub shark, 353

Cunner, 176

Currents, 105, 107, 122, 264; blood carried by, 360;
map showing, 410-411; warm, 364

Cyprinids, 181

Damaelfish, 82

Dark adaptation, 239, 303, 304, 313

Diencephalon, 173, 207-213; connection of with
cerebellum, 195; in elasmobranchs, 207-208,
211, 213; fibers in, 205; hypothalamus of, 211,
inferior lobes of, 211; in mammals, 212, 213; of
ocean sunfish, 210; regions (four) of, 207-208;
of soldier fish, 209; tectum of, 173, 209; in
teleosts, 208-211, 213; visual centers, 240

Divers, advice from, $0t; with Pacific angel
shark, 77; with Pacific electric ray, 78; swim-
fins of, 64, 70, 75, 92; with thresher shark, 64;
with white shark, 69

Divers, SCUBA, in cages, 81, 82, 84; off Cape
Verde Islands, 356; at Clipperton Island, 80,
81, 82, 84; off Farallon Islands, 68; gear for,
280; at Sebastian Viscaino Bay, 79. when wear-
ing SCUBA, 502

Divers, skin, and blue shark, 76; and horn shark,
64; and leopard shark, 73; and nurse shark,
358; in school of porpoises, 76; and white
shark, 68

Doctor fish, 192, 193

Dogfish, 118, 119, 133, 180, 190, 239, 261. 262,
263, 264, 268, 272, 276; California, 119; green,
290; marbled, 118; mesencephalon of. 239:
spotted, 118, 284, 298

Dogfish, smooth, 129-130, 284, 342; in captivity,
119, 316-317; common chemical sense in. 277:
eye of, 290. 291, 296. 303: hearing of. 247, 248,
250-251; lamellac of, 261, 263: mecdulla ob-
longata of, 178; nostrils of, 257. 259: smell.
sense of in, 266, 269: spinal cord of. 172: taste.
sense of in, 275; tests of repelienis on, 277-279,
481, 493

Dogfish, spiny, 96, 284, 468; Ampullac of Loren-
zini of, 249; in captivity, 119; damage by, 466,
467; eye of, 290, 291; forebrain of, 214: hear-
ing of, 252: lamellac of. 261, 263: mesenceph-
alon of, 200: nostrils of, 257, 259: olfactory
sacs of, 260; taste buds of, 271, 272

Dogshark, 49, 119, 266, 130, 455, 456

Dolphin, 108, 129

Dusky shark, 46, 47, 108, 112, 119, 353-354, 482

Dynamometer tests, W

Dyes (in repelients), 459, 461, 462, 469, 488, 489;
Calco WERSR, 489, 461, 4R7-490; 200 coppet
acctate in, 490, marker fiom, 177, VIR, X1, 487,
459-461; Mecthic Teather Blach DG, 4920 Sea
Matker, 495 lype A (blach  magic)  tablets,
A92; Type B (copper acetate) tablets, 492

VhG, IN9, 214, 2
Fob, NS, IRD, IR9, 220 220 NMoiay, 89

General Index

Fggs, binding, 128; in captivity, 127, 129: cases,
7. 64, 71, 72, of fish, 323, unfertihized, 12%

Flectric shock, 78

Flectrical devices, 468-469, 476, 493

Electrocardiogram, 162

Enclosures, 116, 122-124, 126, 127, 129; shark-
proof, 34, 416, 4K2. See also  Aquariums,
Oceanasium, Fens, Ponds, Pools. Shark chan-
nel, Tanks, and Washtub

Endrin, 91, 92

Epithalamus, 169, 207, 20%, 211, 212, 216, 219,
220
Experiments, anatomical, 133; behavioral, 132,

165, 166, 207, 253, 477-494; on bony fishes, 252.
on cerebellum, 196-199; with colors. 320, 321:
conditioning, 124, 125, 131, 134-137; conditions
during, 125, 147; on diencephaion, 212-213.
clectrophysiological, 244, 24%; equipment for,
280; on eye, 244; on forebrain, 213, 220-222:
with living animals, 250-25}; on medulla ob-
longata, 189, 197, 213; on mesencephaion. 205-
207, 212, 213, 239; with odors, 266-26%; physi-
ological, 166; set line used in 483; substitute
for, 166. See also Conditioning. and Tests

Explosions under water. 370, 184

Extracts, that attract. 2#6: that repel. 268, 479,
483, 483

Eye. human, 284-289: cornea and lids of. 294

Eye, shark’s, 6, 21, 290-316, 321, 322-323: cham-
bers of. 316; ciliary muscles of. 169: extrinsic
ocular muscles of. 291, 292, 293, 321:. of great
white shark. 290. 292: of hammerhead. 296:
interior of, 305: of lemon shark. 297, 298, 301,
303. 310. 318-319. 320: of mako. 290. 293, 306.
muscles. 167. 169. 183, 184, 286, 28x: of nurse
shark., 302, 303: occlusors on. 161. 319. 32u:
optic nerves of. 272, 286. 301, 317: optic pedicel
of. 291; removal. 205: wize and shape of. 10S.
131, 226, 290, 307: stimulation of. 230: struc-
ture, 322; of tiger sharh. 108, 131, 290, 299,
0, 303 of whitetip shark. 303, 308

Eve of teleost. 307, 3II-3IR

Feeding in captivits. 1220 113 127135, 137 on
barracuda. 133: behavioral studies on. 121-133,
220, 240, 377483 bell-ringing while, 134-143;
on blue runner. 123 130, 131, 133 on bonito.
480, 482 on bomy fish. 113: on butterfish. 130;
conditioning expeniments while. 128, 133-147,
221, 485, 472 on cut fish, 1270 131 26%; on fish
meal, 123; force-, 1230 127, 129 on herring.
123, 128, 129; on anvertebrates, 1230 127, 129,
130, 276: on jack, 123, 132, on macherel. 128,
130, 473480, 482 on meat, 123 132 on
mullet, 123, 130, 1310 138 270, on plankton
bloom, 126, on porcupine fish. 299: on ray,
123, on shark flesh, 1230 1280 130, 131, 132,
starvation while, 128, 133 267 on tarpon, 1220
134,137

Feeding frenay, 283, Jey 2oy, 494

Feeding habits, 100, 107, 228, 130, 489

Feeding mhubitor, 273 482483

teeding plattorm, TIS 1220130138

beoding on shark by s, S

Femberg Pack, 497 Jus

Babers, 174, 178 U6, 1770 AN IS8 W, 23,

ascembing, 184 IS dewending, 188 gustatony,
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167, 177, 272, 280; lateral-line nerve, 246, 247,
250; in medulla oblongata, I8, in mesenceph-
alon, 172, 177, 183, 201; olfaciory, 216, 217~
219, 280; optic, 208, 208, radial, W¥; retina
nerve, 286; root, 179, 191, 194; somatic, 174,
spinal cord, 181, 1K7; from taste buds, 22§;
tectal, 201, 202; visceral, 177, I8l See abvo
Tracty

Fins, §, 6: caudal, 5, 6, ¥5; dorsal, 181; for ex-
port, 336; hooked, 107; pectoral, 174, 181, 183;
of rays, 174; swim, of divers, 64, 70, 75, 92;
ventral, 181

First aid, 495498, 00, 502; treatment following,
498-500

Fisheries, 465, 467; in Australia, 336-338; com-
mercial, 467-468, 475; in Peru, 467; shrimp, 467

Fishermen, best, 90, 108, 469; tuna, 93, 466

Fishing tests, see Tests

Flake, 337

Flatfish, 185, 322

Food, shark as, 140, 141, 143, 144, 337

Forebrain, 212-222, 239, 280; of Amia, 214;
amphibian, 214, 221; areas, 169. 216, 217, 218,
219; of birds, 221; of bony fishes, 216, 219;
corpus cerebelli extending over, 193; divisions
(regions) of, 215-216, 217; in elasmobranchs.
215-216, 220, 222, 224; electrodes on, 213; to
epithalamus, 169, 216, 219, 220; experiments on,
213, 220-222; of ganoid, 214: to hypothalamus,
169, 216, 217, 219, 220; nuclei, 219, 239;
primitive, 222; in rays, 218; relation of to
thalamus, 219; removal of, 206, 220-221, 239-
240; in Scyllium, 215; size of. 223 telenceph-
alon, medium part of, 216; in teleosts. 215-219.
220, 222, 224, 240; terminology of, 215 tracts
from, 208, 240; valvula over, 191; of Xiph-
ophorus maculatus, 218. See also Olfactory ap-
paratus

Galapagos shark, 46, 74: at Clipperton Island.
74, 80-93; histogram of, 85: length-frequency
diagram of, 86; survival time of after toxins,
91; unaffected by rotenone. 82. 83, 91

Ganoid, 214

Gestation, 76, 131, 146

Gills, 121, 126, 169; openings. 6, INS

Goldfish, 189, 197, 202, 213, 220, 221, 239, 240

Gravid sharks, 110; non-, 99, 100; post-, 106

Gray nurse shark, 50, 118, 128, 329, 330, 337, 356,
397

Gray reef shark, 40

Gray shark, 24, 29, 32, 278-279, 356, 432, 443,
olfaction of, 257. 264, 266-270

Gray smoothhound shark, 68, 73, 118

Great blue shark, 28, 29, 170, 284

Great hammerhead shark, 19, 20, 111, 347-348

Great white shark, 13, 15, 61, 64, 65. 135, 415416,
432; brain of, 292; cves of, 290, 291, 292;
nostrils of, 259

Green dogfish, 290

Greenland shark, 59, 257, 259

Ground shark, 456, 484

Grouper, B2, B8, 108, 159, 384

Guitarfish, shovelnose, 77

Gummy, 329, 117

Guppy. 239

Gurnards, 174
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Gurry shark, 59

Gustation, 106, 255, 270-277; of angel shark, 274;
of blucktip shark, 276; of nurse shark, 275

Gustatory  apparatus, centers, 169, components,
177, 1RO, connections, 195, tibers, 167, 177, 272,
2805 function of, 194, 274; impuises of, 174,
1K), nerves, 18X organs. 279, paths, 1K6; as
peripheral system, 280; response of, 273, sensa-
tions of, 183, 211, 275; stimuli to, 199 tract,
176, 181, 183

Hammerhead sharks, 19, 86, 93, 99, 111, 216, 329,
330, 337, 347-349, 364, 397, 443, 456, 45%; in
captivity, 115, 116, 119, 132-133; eve of. 296,
297; Great, 19, 20, 111, 347 4%, olfaction of,
256, 258, 261, 262, 264, 267; repellent tests on,
484, 486, Scalloped. 20; small and jarge. 76,
486; Smooth, 20, 22, 23, 77, 111

Harmless sharks, 115

Head, 5, 6

Hearing, sense of, 243-253. 1n bony fishes, 247.
24K, 251; central acoustic area and lobe related
to, 183; in elasmobranchs. 243-244: in killifish,
250; in rays, 244, 245; in smooth dogfish, 251

Hearing spectrum, 252, 253

Herrings, 184, 185

Hides, 112

Hoist, 152,159, 160

Hooking. see Catching

Horn shark, 63-64

Horned shark, 118, 119, 127

Horned sharks (unidentified), 80, 116, 127

Hose, perforated. 156-157

Houndshark. 50

Hunting turn. 47¥

Hypothalamus, 169, 18], 185. 194, 195, 207, 0%,
209. 211, 216, 217, 219, 220, 222

Identification guide. 3. 6, 329-330

Impulses. acoustic. 195: cutaneous. 181: extero-
ceptive. 212: hvpothalamic. 195: lateral hne.
195: pain. 17%: tactle. 178, 191, 195 visual, 195,
209

Inhibition, 212, 222,
106, 110, 482, 483

Injury. to accessory population, 99. 10: from
Australian  shaks, 330 brain. 197, I20-221.
239, 279: during captivaty, 1180 1200 127, 130,
478: protection from, Ww

Inkvtails, 491

Intermediate zone, 169-170, 172, 186

Iris. 286, 2RR. 308, 310, 3t 36, 321

226. 239, 277, 178 feeding.

Jack, following sharks, 78, 82, 870 starny, 8

Jewtish, 130

Juices, 76, 108, 107,
digestine, 132

144, 146, 266, 268,

haBRET

Killitish, 280
Kingtish, 192
Knopp's shairk, 44
Knoxtish, 9t

Laboraton  faciliies, e, 1170 181 1583-162:
Cape Haze Manne Laboratony, 1810 1830 184,
155 Corne!ll Uninversaty, 1510 Ewetoh Manime
Wiotogwal Laboratory, 188,
wain, 18T 186, 157

L ancrsiy of Ha-
Lerner Manme Labotaton,
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151, 158; Oceanographic Institute at Durban,
151, 152, 153

Labyrinth, 244, 245, 246, 252

Lake shark, 100

Lamellae, 262, 278; olfactory, 256; Schneiderian
folds, 261; of smooth dogfish, 261, 263; of
spiny dogfish, 261, 263

Large blacktip shark, 38, 39, 352-353, 354

Large sharks, along Florida shoreline, 97; of
accessory populations, 99; by-products of, 337;
in captivity, 127, 134; damage by, 466; feeding
habits of, 107, 123, 128; migration of, 103-104;
muscles of, 194; species of, 101

Lateralis endings, 248

Lateral line system, 185, 188, 244-248, 250, 251,
252, 272, 359; acoustico, 167; impulses, 195;
nerve fibers, 246, 247, 250; nerves, 179, 183,
188, 189, 194, 195; stimuli, 225

Lemon shark, 24, 25, 26, 76, 105, 111, 223, 349-
351; anesthetized, 161, 318-319; bell-ringing by,
155, 136, 138, 140-145; in captivity, 116, 119,
121-122, 130-131, 134, 145, 146; electrocardio-
gram of, 162; eye of, 297, 298, 301, 303, 310,
318-319, 320; feeding habits of, 110, 111, 121-
124, 125, 134-147, 319, 458; olfaction in, 251,
262, 265, 267, 268; teeth of, 350; tests of repel-
lents on, 482, 486

Lens, of clasmobranchs, 308, 314, 316; human,
285, 286, 288, 289, 290; of mammals, 290; mus-
cle, 321; spherical, 290, 321

Leopard shark, 49, 68, 72, 73, 80, 93, 35!; in
captivity, 116, 118, 129-130

Lids, 291-298, skin of, 301. See also Nictitans

Lifting, 120; hoist for, 152, 159, 160

Light, adaptation, 239, 303, 304, 308, 309, 311,
313; conditioning to, 197; dislike of, 109; rays,
285, 286, 290; regulation of, 288; repelient
properties of, 105; responsiveness to after lobe
removal, 20S; sensitivity to, 212, 286, 298, 300,
317; stimuli, 205, 207, 208, 240

Lines, see Catching

Live car, sec Catching

Livers, 95-96, 100, 107, 336, 339; of dusky shark.
112; of hammerheads, 111; of lemon shark, 111;
of school shark, 338; of small sharks, 335

Living prey, response to. 268-270

Lobes, 188-189, 224-225; acoustico-lateral, 188,
I89: caudal. 355: central acoustic (N. VIII),
183, 184, 188, 225: division of, 192: experi-
ments on. 239; facial (N. VI, 181, 182,
183, 188-189, 224-225. of hypothalamus, 181,
194; inferior. 194; of nostril. 256; olfactory,
218, 217, 262; optic, 199-206, 225, 226: posterior
lateral line, 195; sensory cnlargements (twelve),
174; somatic sensory (N. V), 183, 188, 22§
vagal (N. IX and N. X), 181, 182, 183, 1&8,
224-225. Sce also Nerves

Lung fish, 187

Mackerel, Cero, 341; as food, 68, 128, 130, 478~
480, 482; Pacific, 68; shark, 12, 14, 257, 114,
350; sharpnosed shark, 17, 344

Mako shark, 12, 16, 17, 73, 100, 223, 284, 332,
344-345, 150, 197, 443; cerebellum of, 19%;
eye of, 290, 291, 293, 306

Mammals, arousal patterns of, 239; cerebellar
connections in, 198, cerebral cortex in, 207;
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eye of, 290; forebrain in, 216, 221, 222; limbic
system in, 222; nervous systems of, 239; pal-
lium of, 216

Man-eaters, 13, 64, 65, 67, 335, 336, 337, 355,
359, 418, 491, 492. See also Great white shark,
and White shark

Maps, Africa, 366, 418, 429; Australia, 333, 397,
398, 400, 405, 428; currents, 413; North and
Central America, 430; United States of America,
416; world, 408, 410-411, 428

Marbled dogfish, 118

Marine fish, 278

Marking, 89

Mastication, 169, 183

Mauthner’s apparatus, 184, 185, 186, 187, 188, 189

Measurement guide, 4

Medulia oblongata, 168, 169, 172, 173, 174, 177-
189, 190, 191, 192, 205, 212-213; in bony fishes,
176, 180, 189; in elasmobranchs, 177-180, 188
experiments on, 189, 197, 213; fibers in, 183;
of guppy, 23%; inferior olive tract of, 176,
intermediate zone of, 172, 186; lobes of, 188—
189, 224-225; nuclei of, 207; roots of, 177-179;
sensory and motor columns (four) of, 177; of
smooth dogfish, 178; in teleosts, 180-188; tracts
to and from the, 190-191, 194, 201

Megrim, 185

Mesencephalon (midbrain), 169, 171, 183, 199-
207, 212, 213; connection of with cerebellum,
195; corpus cerebelli extending over, 193; of
dogfish, 239; in elasmobranchs, 199-201, 204,
208, 207; electrode tests on, 212-213; experi-
ments on, 205-207, 212, 213, 239, fibers in, 172,
177, 183, 201; injury to, 197, 205-206; of perch,
202:; of spiny dogfish, 200; tectum of, 199-206;
tegmentum of, 199, 201, 204-208; in teleosts,
201-204, 208, 206, 207; tracts to and from, 174,
194, 240; valvula over, 191

Migration, 103-104, 110, 334-33§

Minnow, 203, 220, 275-276, 370. 376

Mormyrids, 185, 195, 198, 203

Mormyromasts, 195

Movement in water, 349, 159-360, 376, 378, 179,
380, 382, 383 hand, response of sharks to. 74,
75, 82, 83; from slapping. 122, 144

Movie recording. 481, 452

Mullet, 206: Indian. 225§

Muscle, 177, 178, 194, 206. extrinsic ocular, 291,
292, 293, 321; eve. 169, IK}X, 284, 286, 2RX:
Lp.n. and related, 297, 300; rectus, 300: tone.
244

Nerves, cervical, 174, 175

Nerves, cranial, 167, 169. 177, I88; abducens
(N. VD), 167, 180, 185, 186, 199, 291: acoustic
(N. VIID, 167, 177, 179, 184, 185, 187, I8X;
facial (N. VI1), 167, 169, 173, 177, 179, IR0,
186, 224, 272, 273, 274, 277:. glossopharyngeal
(N. IX), 167, 169, 177, 179, 1RO, 181, I%6,
272, 274, 277. occulomotor (N. M), 167, 169,
IRS, 199, 291, 311; olfactory (N. D, 169, 217,
262, 272; optic (N, 1D, 167, 2001, 272 2X6,
301, M7 trigeminal (N VO 167, 169, 173,
177-179, 180, 1R8I, 1R}, 186, 199, 201, 202,
262, 277; trochlear (N. 1V), 167, I8S, 199, 29i;
vagus (N, X)), 167, 169, 177, 179, 180, K1,
183, IR6, 272, 274, 277
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Nerves, dorsal, 172

Nerves, lateral line, 183, 184, 188, 189, 194, 277,
anterior, 179, 195; posterior, 179, 195

Nerves, ophthalmic, 180

Nerves, sensory, 172

Nerves, spinal, 186

Nervous system, 167-171; somatic motor division
of, 167, somatic sensory division of, 167;
visceral motor division of, 169-171; visceral
sensory division of, 167-169

Nets, see Catching

Nictitans, 291, 295, 296, 297-299, 3MW0; of Guleo-
rhinus japanicus, 24; sharks without, 49, 50; of
Sphyrna lewini, 21; of Triuenodon, 50

Nictitating membrane. See Nictitans

Night shark, 105, 119

Nomenclature, 101

Northern whaler, 45

Nostrils, 255-260, 261, 279; barbels on, 256, 259;
of catshark, 255, 256; clogging of, 126; of great
white shark, 259; occlusion of, 263, 264; of
sand shark, 263; of smooth dogfish, 257, 259;
of spiny dogfish, 257, 259; of thresher shark,
259

Nuclear complex, 208-209

Nucleus, Deiter’s, 179, 183, 184; of Rolando, 181-
183

Nurse shark, 53, 55, 56, 57, 70, 329, 342, 354,
356-359; bell-ringing by, 139, 140; in captivity,
115-116, 118, 120, 122, 123, 128-129, 134;
cerebellum of, 198; eye of, 302, 303; feeding
habits of, 112, 122, 124, 125, 129, 134, 137,
139, 140-147, 483; Gray, 50, 118, 128, 329,
330, 337, 356, 397; gustation of, 275; in hiding.
71; migration of, 103, 104; olfaction of, 256.
258, 262, 265; in Red Sea, 129: repellent tests
on, 482, 487, 493; shallow-water dwelling, 71,
112, 116, 357, 492; sound experiments with, 251

Nursery area, 106, 110, 111

Observation platform, 160, 482

Ocean sun fish, 174, 210

Oceanarium, 122, 126, 130, 153

Odors, 87, 88, 92, 122, 266-268, 269; of Mus-
telidae family, 69

Oil shark, 27

Olfaction, 255-270, 279, 320; of angel shark. 256;
of bull shark, 268: as diffuse. 222; and feeding
behavior, 220, 225; of gray shark, 257, 264,
266-270; of hammerheads, 256. 258, 261, 262,
267; of lemon shark, 251, 262, 265, 268; of
nurse shark, 256, 258, 262, 265. perception of
humans by, 359; in sharks and rays, 226;
of smooth dogfish, 269: and taste, 222; in
teleosts, 220; of tiger shark, 259, 260, 261, 262,
267, 268, 276

Olfactory apparatus, 169, 214-222, 265, 280: areas,
169, 215, 216, 217. 218, 219, 225; associations
with, 199, 223; of blacktip shark, 261, 262,
264, 265, 266-270; bulbs, 203, 211, 213, 214,
218, 216, 217, 221, 225, 240, 261-262; capsules,
262; centers, 226: connections. 195; corridor,
264, 270; crura, 217, 280; cues, 122, 133, 144;
discriminations, 222: domination of, 219; fibers,
216, 217-219, 280; lobe, 215, 217, 262 nerves,
169, 217, 262, 272; (N. D), 169; nuclei, 218,
219; olfactory routes, 221; organs, 255, 263;
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perception by, 278; response of, 280; sacs,
256, 260, 261, 262, 320; sensations of, 211,
275, 462, 478, 489; stalks, 213, 21§, 216; in
studies, 155; terminology of, 215; tracts, 176,
216, 217, 219, 262, 277, 280; trail, 264; tubercle,
218, 216. See also Forebrain

Olfactory sense, 279, 456, 457, 469

Optic pedicel, 291

Orectolobids, 55

Otter, sea, 68, 69, 466, 467

Oxygen supply, 104, 105

Pacific angel shark, 77

Pacific electric ray, 78

Pelagic species, 28, 68, 126; coastal, 76; fish, 345;
sharks, 224, 279, 280, 321, 349

Pens, 115, 116, 120, 121, 123, 124, 126, 130, 131,
134, 135, 151-162, 472-473, 482, 483; aerial view
of, 153-155, 158; holding, 158; obsetvation,
158; operating, 159-160, 320

Perch, 202

Perlon, 58

Pilings, 134, 145; cement, 126; pressure-treated,
158; wooden, 126

Pilot fish, 70, 87

Pineal organ, 205, 207, 208

Pit organ, 275, 280

Plaice, 195

Plankton, 18, 52, 70, 126

Platform, feeding, 115, 122, 134, 135; observation,
160, 482

Platyfish, 217, 220

Pleuronectids, 203

Pointer, 329

Ponds, 130, 132, 156, 157

Pools. circular, 162; concrete, 161; plastic wad-
ing, 132

Porbeagle, 14, 284, 290, 344, 350

Porpoises. 76, 108, 109, 112, 123, 252

Port Jackson shark, 329

Priest shark, 119

Principal population, 97-100; of dusky sharks,
112; of white sharks, 99

Pseudo-camganule, 305-308, 321

Puffer, 176

Pupil, 286, 288, 290. 308-309, 310, 311, 313

Queensland shark, 331

Rachis. 261, 262

Rainbow runners. 75. 82, 87

Rainbow trout, 203

Rays. 74, 225-226, 274; brain of, 223; in cap-
tivity, 115; catch of. 467, experiments on, 197,
206; eye of, 304, 310, 312, 317, 321: forebrain
of, 215; hearing of, 244, 245: medulla ob-
longata of, 179: olfaction in, 226; Pacific Elec-
tric, 78; tapetum of, 30}: tectum of, 204, 205
206

Receptors, auditory, 255: chemo. 255; gravity,
224; gustatory, 270; irritant, 277; nerve endings
as, 262; visual, 255, 286

Redfish, 112

Red Sea nurse shark, 129

Red Tide, 146

Reef shark, 119; 268; Gray, 40. See alvo Whitetip
reef shark

Remoras, 75, 87, 146, 358
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Repellents, Air Force specifications for, 453-454;
ammonium acetate, 456; copper acetate, 278,
356, 373, 456, 457-459, 461, 462, 479, 483,
484 485, 486~487; copper sulfate, 456, 457,
484; Endrin, 91, 92; extracts, 268, 280; fish,
decomposed, 87; fuel oil, 370; gases, 278; inef-
fective, 75, 378, 383, 455, 456-457, 463, 483,
484, 489; Knoxfish, 91; light as, 105; maleic acid,
456, 457, 479, 484; OCBM 278-279; odors, 266-
268, 280; poisons and irritants, 255, 277-278,
468, 479; and psychological influence, 490;
pumping of into hose, 156-157, 480-482; re-
sponse to, 468, 492, 493; rotenone, 64, 72, 19,
82, 83, 91, 278, 479; shark flesh, 106, 123;
shark flesh, decomposing, 87-88, 123, 268, 278,
368, 456, 457, 479, 483, 493; shark flesh,
extracts of decomposing, 266, 479, 483, 484;
underwater explosions, 370, 384; with value,
483, 493. See also Dyes, Shark Chaser, Tests

Requium sharks, 130-132

Retina, 286, 288, 303, 306, 311-314, 315, 317;
lack of cones in, 342; rod-rich, 312, 321

Ridge-back shark, 112

Roach, 183, 203

Rockling, 181

Rogue sharks, 99, 331, 344, 399, 402, 414, 415

Roots, ascending, 174; descending. 174, 175, 177,
181-183, 202; dorsal, 173, 174, 179, 183-184;
mesencephalic, 177, 181, 183; ventral, 179, 183,
184. See also Fibers

Salmon, 267, 268

Salmon shark, 14

Sandbar shark, 103, 112, 119, 279, 359, 482

Sand devil, 59

Sand dollar, 77

Sand shark, 50, 72, 103, 112, 216, 263, 356, 491

Sand tiger shark, 116, 118, 122, 124, 127-128, 356

Saw-fish, 11

Saw-shark, 11, 330

Scales, 6

Scalloped hammerhead shark, 20

School shark, 27, 329, 335, 337, 338

Sclera, 288, 291, 300, 301

Screaming at sharks, 75, 82, 90. See also Shouting

Sea birds, 109

Sea gulls, 80

Sea lion, 80

Sea otter, 68, 69, 466, 467

Sea robins, 174, 175, 183, 195

Sea shark, 337

Sea water, circulating. in cement cnclosures, 129;
non-circulating, 124; in pond. 156-157: on ship-
board. 133; in tank, 131, 132, 152; temperature
of, 130, 132; tidal exchange of, 124

Sedentary sharks, 123, 126, 127, 147

Septum, 215, 260, 261, 262; net, 129

Sergeant major, 192

Seven-gilled sharks, $7. 58, 119, 123, 127, 329;
Broad-snouted, 58; Sharp-snouted, 58

Sex. 7; 145-146. of bony fishes. 147: differences
in feeding, 106, 140, 142, 147

Sexual behavior, of bony fishes, 224: after brain
damage. 197, 220-221; in captivity, 145; mating,
103, 106, 112, 146: in open ocean, 357

Shark cage. 80, 81, 84, 90-91

Shark channel, 126, 128, 130
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Shark Chaser, 82, 83, 87-88, 90, 92, 93, 373, 463,
479, 491, 494, 502; copper acetate in, 356, 373,
456, 457-459, 461, 462, 479, 483, 484, 48S,
486-487; copper salts in, 479; improvement of,
454, 463; ineflectiveness of, 75, 83, 90, 463;
method of using, 92-93, nigrosine dye in, 321,
459, 461, 462, 479, 483, 493

Sharksuckers, 70, 71, 75, 112

Sharpnose shark, 458, 461, 486-487

Sharpnosed mackerel shark, 17, 344

Sharp-snouted seven-gilled shark, 58

Sheephead, 79

Shiny objects, 107, 440, 441, 500

Shock, 130, 251, 595-498

Shouting at sharks, 243, 349, 384, 385, 502

Shovelnose guitarfish, 77

Shovelnose shark, 486, 487

Shrimp industry, 102, 110, 466, 467, 469

Sight, sense of, 134, 144, 225; lost, 73; v. sense
of smell, 92, 126; of tiger shark, 123, 131.
See also Vision

Silky shark, 99, 106, 112

Six-gilled shark, 57

Skate, 6, 115, 310, 311, 315, 321

Skeleton, shark, 123

Sking, attacks while water-, 509, 550, 552

Skin tasting, 225

Sieep. 213

Sleeper shark, 59

Small blacktip shark, 38, 352, 354, 355

Small sharks, as bait, 336; bites from, 333, 415;
in captivity, 123, 478; visual acuity of, 312

Smell, sense of, 122, 129, 130, 144, 255, 263-
265, 266, 270, 279, 320, 457: in dogfish, 263
in elasmobranchs, 255; in hammerhead. 77;
importance of, 92; limited sensations of, 225;
in relation to taste, 167, 169: in smooth dog-
fish, 266, 269 in springer’s shark, 73. See also
Odors, and Olfaction

Smithsonian Institution, form, 426-427; ftiles, 425-

427, 428-443, 506: tabulation. 430431

Smooth dogfish, see Dogtish, smooth

Smooth hammerhead shark, 20, 22, 23, 77, 111

Smoothhound shark, 49, 68, 73; Gray, 68, 73,
118

Soldier fish, 209, 218

Sole, 183, 185, 225

Sound, 225. 243-253; experiments. 244, 250-252;
protection by, 241: reaction to. 82, 90-91, 92,
243, 455

Soupfin shark, 27, 76

Speckled trout, 112

Spinal cord. 167, 168, 171-177, 181, 183, I87;
cervical nerves of, 174; in clasmobranchs, 171,
172, 173, 176; fibers, 181, 187; of fishes, 169,
176; intermediate zone of, 169; sensory enlarge-
ments of, 175: of smooth dogfish, 172, 277;
somatic afferent nerves of, 173, 179; in teleosts,
173-176; tracts to, 174-176, 194

Spinner, 38, 39, 102, 110, 352-353

Spiny dogfish. see Dogfish, spiny

Spiracle in selachians, 55, 295

Spotted catshark, 118

Spotted doghsh, 118, 284, 298

Springer’s shark, 73, 354-355

Stargazers, 322

Starry jack, 87
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Star-spotted shark, 119
Sticklebacks, 221
Sling-ray, 89, 111
Sturgeon, 214

Subocular fold, 300
Suckers, 181

Sunfish, 221, 239

Swell shark, 72, 118, 129

Tactile sense, 279; associations, 199; endings,
248; impressions, 181; impulses, 178, 191, 195;
reflex, 273; sensations, 183, 250, 275; stimula-
tion, 240, 273. Se¢ also Touch

Tagging, 334-335

Tails, §, 6

Tanks, 116, 120, 124, 126-127, 472; concrete, 132;
life in, 132; with running sea water, 131, 477-
478, 480, 482; for scientific study, 151, 152,
483; shark research, 153, 155, 455; treated
water in, 124, 126, 128, 130, 278%: wooden,
131, 133, 478

Tapetal plates, 303-304; of rays, 304, 310, 312,
317, 321

Tapetum, 301-303; of elasmobranchs, 302; of
rays, 303; of tiger shark, 303

Target, 134-135, 136, 137-147, 221

Taste buds, 177, 181, 270-272, 274, 277, 279;
fibers from, 225; of spiny dogfish, 271, 272

Taste organs (terminal buds), 272-274, 280

Taste, sense of, 255, 275-277, 279; and olfaction.
222; in smooth dogfish, 275; relation of with
smell, 167, 169, 222

Tasting, skin, 22§

Tectum, 173, 176, 178, 186, 191, 194, 197, 199-
206, 209; afferent connections of, 201-203, 204;
efferent connections of, 203, 204-205; injury to,
206, 207; ipsilateral, 205; layers of, 201; optic,
183, 186, 224, 225, 226, 239

Teeth, 7, 11, 128, 350

Tegmentum, 169, 194, 199, 201, 204-205

Telencephalon, 213-215

Temperature, changes, 248-250; distribution gov-
erned by, 104-105; in enclosures, 122, 126, 128,
130, 132, 477-478; during experiments with re-
pellent, 485, 494; feeding affected by, 123, 140,
142-144; and field studies, 80; and man-eater
invasion, 67; migration governed by, 103, 104;
in southern Africa, 363, 264, 166, 368; varia-
tions, 405; yield governed by, 318; by zones,
403409, 410-4:2. See also Currents

Tench, 239

Tests, fishing, in Biloxi, 457-458: in Ecuador,
456, 457; in Florida, 459-460

Tests, of repelients, by AIBS Shark Research
Panel, 506: in Australia, 490-493: in captivity,
477483, 490-49); in open sea, 483488 results
of, 489490, 493-494

Thalamus, 176, 185; dorsal, 207, 208, 212; ventral,
207, 208

Thresher shark, 22, 23, 24, 64, 257, 259, 329;
bigeye, 105, 290

Tide, 107

Tiger shark. 26, 98, 99, 104, 106, 329, 330, 336,
345, 346-347, 350, 351, 364, 3195-397, 432, 443;
anesthetized, 160, 299; and bubble curtain test,
472-473; in captivity, 115, 116, 119, 122, 123,
131-132; eye of, 290, 298, 299, 300, 303; feed-
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ing habits of, 107, 108109, 122, 124, 45%;
migration of, 103; olfaction of, 259, 260, 261,
262, 267, 268, 276; reaction of, to light, 105;
sight of, 123, 131; tests of repellents on, 278-
279, 482, 486, 491, 493

Tope, 27, 284

Touch, sense of, in association with (erminal
buds, 273; in eclasmobranchs, 172; in teleosts,
173, See also Tactile sense

Towing, 120

Toxins, 91

Tracts, 207, 223; afferent, 2!11; ascending, 174,
176, 181; bulbo-mesencephalic, 201, 207; bulbo-
tectal, 201, 204; to cercbellum, 191, 194;
descending, 167, 173, 174, 17¢, 183; efferent,
201, 208; efferent cerebellar, 191, 194, 197;
efferent hypothalamic, 208; fiber, 191, 194, 199-
206, 225-226; from forebrain, 208; gustatory,
176, 181, 183; inferior olive, 172, 174, 175,
176, 195; lobo-cerebellar, 194; medial longi-
tudinal, 174; mesencephalo-cerebellar, 191, 194,
204; olfacto-habenular, 216; olfactory, 176, 216,
217, 219, 262, 277. 280; olivo-cerebellar, 191,
194, 195; optic, 167, 203, 207, 209; reticulo-spi-
nal, 174; sensory projection, 172; spino-cerebel-
lar, 172, 174, 191, 194, 195; spino-mesencephalic,
172, 174, 178, 201, 207, spino-olivary, 172;
spino-tectal, 174, 201; spino-thalamic, 174; tecto-
bulbar, 203; tecto-cerebellar, 194; tecto-spinal,
174, 203; to tectum, 204; thalamo-tectal, 201,
204; vestibulo-spinal, 176

Traps. See Catching

Trout, brook, 192; speckled, 112

Tubercle, acoustic, 184, 185, 225; olfactory, 215,
216

Tubing, glass, 493; Teflon, 480-483, 493; plastic,
264

Tuna industry. 93, 466

Turbot, 185

Turtles, 123, 137; loggerhead, 134; Ridley, 134;
sea, 109, 112

Utriculus, 245

Valvula, 191-193, 195, 198, 205, 206

Vision, 321; binocular. 77; brain deprivation
interfering with, 240: disturbed. 239-240: nor-
mal, 288; obliteration of, 320; poor, 225; role
of in locomotion and predation, 316-321; in
teleosts, 220; tracts to, 176; under water, 290

Visual apparatus. 167, 195. 204, 283-323; acuity
of, 207, 303, 312: associations. 199, 206. 207,
220; of blacktip shark, 303, 321; centers of.
199, 240; discrimination by. 147: function of,
194; impulses of. 195, 209: response of, 489;
stimulation of. 199, 240

Visual conditioning studies. 155

Vitamin A, 95-97, 98, 99, 104, 107, 111, 335, 338,
339

Walking the sharks. 121

Washtub, 116

Well, live, 116

Whale shark. 3, 52, 53, 70, 119, 129, 256; 336,
342

Whaler shark, 24, 29, 329, 330, 335, 395-397,
491; Northern, 45

Whales, 129; kitler, 403
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Whaling station, 364, 368

White pointer, 13

White sca bass, 77

White shark, 13, 15, 63, 64, 65, 329, 330, 332,
336, 343-344, 350, 397-398, 417, 443; food of,
68, 69, 70; large, 99; populations of, 99, 100;
power of, 99. See also Great white shark

Whitetip oceanic shark, 41, 42

Whitetip reef shark, 43, 44, 75, B0, K5, 355;
accompanied by fish, 87; on Clipperton Island
expedition, 80, 82-84, 85-86; domination of, 89;
feeding behavior of, 88
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Whitetip shark, 50, 264, 269, 355-356, 360, 443;
eye of, 303, 304

Wobbegong, 53, 54, 55, 329, 330, 313

Woaunds, 247; bullet, 80, 89, 178, 416, 468; by
shark v. barracuda, 341

Young, of born shark, 64; newly hatched, 127
128, 130

Zc¢bra shark, 118
Zones, protective, 485;
tropical, 404, 408, 408

seasonal, 400-406, 404;
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Abramis, 239

Abudefduf, 192

Acanthias, 263, 305; - ulgaris, 284

Acanthurus, 192; hepatus, 193

Acipenser, 214

Aculeola, 12

Aetobatis, 303

Alburnis, 183, 185

Alopias, 8, 22, 24, 295; pelagicus, 22; profundus,
22, 23; superciliosus, 22, 23, 105, 259, 290;
vulpinus, 22, 23, 64

Alopidae, 8, 22, 23, 257, 259, 295

Amblystoma, 214

Ameiurus, 186; melas, 273

Amia, 214

Amphioxus, 173

Anguilla, 187

Aprionodon, 10, 293; isodon, 9

Apristurus, 295

Atelomycterus marmoratus, 118, 129

Balistes verres, 84
Bothidae, 185
Brachaelurus, 11

Caranax hippos, 108

Caranax stellatus, 75

Carassius, 197, 221, 240

Carcharhinidae, 3, 8, 24, 49, 130, 257, 260, 262,
265, 295

Carcharhinus, 9, 10, 29, 32, 101, 112, 126. 295,
321, 325, 342, 345, 364, 367, 412. acronotus,
33, 313, 355; aethalorus, 38, 456, 484; ahenea,
33, 40; albimarginatus, 34, 42, 43, 44; altimus,
34, 44; amblyrhynchus, 34; amboinensis, 35;
azureus, 456, 484; bleekeri, 44; bogimba, 35;
brachyrhynchos, 35; brachyurus, 33, 41; bud-
keri, 41; calamaria, 38; cauta, 36; dorsalis,
34; eblis, 44; falciformis, 34, 44, 45, 48, 119,
131, 355; fitzroyensis, 33; floridanus, 44, 112,
350; galapagensis, 34, 46. 47, 74, 80. 85, 86;
gangeticus, 36; 37, 337, 164; glyphis, 36; greyi
greyi, 33; greyi mckaili, 35; henlei, 35; im-
provisus, 33, 364, 365; insularum, 41; iranzae,
34; isobel, 44; johnsoni. 32; lamiella, 13, 46,

47, 73; leucas, 32, 35-37, 100, 103, 119, 131,
223, 251, 351, 352, 4R2; limbatus, 33, 38, 75,
86, 109, 110, 119, 352, 353; longimanus, 34,
41, 42, 303, 304, 1351, 355-356; macrurus, 45,
364; maculipinnis, 33, 38, 39, 110, 352, 353;
magnipinnis, 41; malpeloensis, 44; maou, 41;
mclanopterus, 32, 35, 119, 131, 259, 262, 264,
265, 303, 355, menisorrah, 40, 259, 264, mil-
berti, 34, 44, 103, 119, 131, 355, 359, 482;
murrayi, 36; nasuta, 38; natator, 38; nesiotes,
33; nicaraguensis, 30, 35, 100; obscurus, 34, 45,
46, 47, 105, 119, 131, 353-355, 363, 364, 482,
oxyrhynchus, 33; phorcys, 38; platyrhynchus,
42, 75, 80; plumbeus, 34; porosus, 355; radamae,
34; remotus, 33, 47, 355; sorrah, 44; spenceri,
33, springeri, 34, 45, 73, 353, 354-355; stevensi,
34, 45; temminck, 13; tephrodes, 33; tufiensis.
33; ultima, 355; vanrooyeni, 35, 27, 364, 365,
367; velox, 13; zambezensis, 31, 35, 37, 364,
365

Carcharias, 10, 50, 126, 196, 295; arenarius, 51,
118, 337, 397; ferox, 51; glaucus, 284, 300, 3i4;
owstoni, 51; platensis, 51; taurus, 51, 72, 103,
112, 118, 127, 350, 356, 364; tricuspidatus, 51

Carchariidae, 50, 127, 257, 295

Carcharodon, 8, 12, 14, 295, 300, 332, 335, 397;
albimors, 336 carcharias, 13, 15, 64, 65, 259,
290, 292, 343, 363-364, 366

Carpiodes velifer, 182

Cassus, 276

Centrina salviani, 284, 314

Centrophorus, 12, 300, 306;
granulosus, 301

Centroscyllium, 12, 295

Centroscymnus, 12, 295

Cephaloscyllium umbratile, 118, 129;
118, 129

Cetorhinidae, 7, 18, 257, 259, 295

Cetorhinus, 7, 18, 295, 342; maximus, 16, 18, 68,
70, 259, 284, 300, 301, 304, 314

Chiloscyllium, 11, indicom, 118, 128, 129; plagi-
osum, 118, 128

Chimaera, 323; monstrosa. 216

Chlamydoselachidae, 295

Chlamydoselachoidea, 11

calceus, 284, 301

uter, 72,
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Chlamydoselachus, 11, 295
Cirrhigaleus, 12

Cirrhoscyllium, 11

Clupeidac, 184, 185

Conoporoderma pantherinum, 256, 287
Corvina nigra, 192

Coryphaena hippurus, 276

Cyprinus, 323

Dalatias, 12, 295

Dalatidae, 59, 257, 259, 295
Dasyatis, 206

Deania, 12; calcea, 284
Diodon hystrix, 299

Echeneis naucrates, 71, 112

Echinorhinidae, 295

Echinorhinus, 12, 295

Elagatis bipinnulatus, 75, 82

Enhydra lutris, 68

Esox, 323

Etmopterus, 12, 295, 312; lucifer, 119, 133; sal-
viani, 284; schultzi, 300; virens, 290, 300, 311

Eucrossorhinus, 11, 53, 54; dasypogon, 54, 330;

Eulamia, 29

Eupomotis gibbosus, 239

Euprotomicrus, 12, 295

Eusphyrna, 19

Euthynnus alletteratus, 108; yaito, 276

Fulgur, 108

Gadidae, 181

Gadus, 195; callarias, 213; morhua, 189, 212

Galeocerdo, 9, 26, 295; cuvieri, 26, 98, 119, 131,
259, 260, 262, 265, 290, 299, 303, 336, 346-
347, 364, 396-397, 472-473, 482, 491

Galeoidea, 7

Galeolamna, 29, 335; dorsalis, 335, 491. eblis,
335; greyi cauta, 491; macrurus, 336, 396-397

Galeorhinus, 8, 9, 27, 306, 335; australis, 28;
galeus, 28, 119, 284; japanicus, 8, 9, 24, 28;
rhinophanes, 335; zyopterus, 28, 76

Galeus 196, 295; canis, 284, 301, 304, 317

Gasterosteus, 219

Ginglymostoma, 11, $3. 55, 295, 300, 301, 311;
brevicaudatum, $5; cirratum, 55. 56, 70, 103,
118, 123, 128, 251, 265, 275, 301, 302, 303, 314,
342-343, 356-359, 482; ferrugineum, 55, 256,
258

Gobio, 221

Gobius paganellus, 251

Halaelurus burgeri, 118, 129

Haploblepharus edwardsi, 256, 257

Helostoma, 146

Hemigaleops. 9

Hemipristis, 9, 28; elongatus, 28

Hemiscyllium, 11; griseum, 118, 129

Heptanchus maculatus, 262

Heptranchias. 11, 58, 295; perlo, 58

Heptranchidae, 127

Heterodontidae, 127, 29§

Heterodontoidea, 7

Heterodontus, 7. 116, 127, 271, 295: francisci, 63,
118, 127; galeatus, 118, 127, japonicus 118, 127;
portusjacksoni, 118, 127; zebra. 119, 127
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Heteroscyllium, 11

Heteroscymnoides, 12

Heleroscymnus, 295

Hexanchidae, 57, 295

Hexanchus, 11, 57, 108, 295; griseus, 57

Holocentrus, 209, 217, 218, 219

Hypoprion, 10, 119, 132, 295; signatus, 105; sig-
natus Poey, 359

Ictalurus, 197

Isistius, 12, 29§

Isogomphodon, 29

Isuridae, 12, 257, 259, 295

Isuropsis inako, 337, 397

Isurus, 8, 12, 14, 295, 300, 332, 364; africanus,
17, 364; glaucus, 16, 17, 344; guntheri, 17;
oxyrinchus, 16, 17, 223, 284, 290, 293, 344,
350, 364; tigris, 17, 365

Katsuwonus peluamis, 276
Kuhlia, 278

Lamna, 8, 12, 14, 196, 295, 312, 314; cornubica,
284, 303, 304, 314, 315; ditropsis, 14, 15;
nasus, 14, 15, 284, 290, 301, 309, 350; philippi,
14; whitleyi, 14

Lebistes reticulatus, 239

Lepomis, 323

Leptocharius, 8

Leuciscus, 203

Limudus. 109

Loligo opalescens, 76

Longmania calamaria, 491

Lophius, 175, 176, 183, 191

Lorenzini, 196

Loxodon, 6, 9, 10, 49

Lutjanus gibbus, 276

Manta, 303

Megalopidae, 191

Menidia, 168

Menticirrhus, 192

Mobula, 74

Mormyridae, 191, 195

Mormyrus, 191, 195; kanume, 193

Motella, 181

Mugil, 206; corsula, 225

Mustelidae, 69

Mustelus, 122, 130, 196, 206, 295. 298, 300, 304,
306, 312, 317, 322, 335, 478 californicus, 68,
73, 118, 130, 314; canis, 119, 120, 130, 172, 178,
247, 248, 250-252, 261, 263, 268, R4, 290, 296.
303, 304, 314, 316, 317, 342, 455, 477-479, 483;
griseus, 119, 130; laevis, 130, 261. 263, 266, 284,
291, 304, 314, 317, 320: manazo. 119, 130;
mustelus, 302; schmitti, 119; vulgaris, 284, 3i4

Myliobatis, 206, 312, 322

Nebrius, 11, 53, 55, §7; concolor, 57, 118, 129;
doldi, 57; macrurus, 57

Negaprion, 9. 24, 295, 301, 309, 311; acutidens,
24; brevirostris, 24, 25, 76, 111, 119, 130, 223,
251, 265, 297, 298, 301, 303, 310, 318, 319, 320,
349-351, 482; fronto, 24: madagascariensis, 24;
odontaspis, 24; queensland, 24

Negogaleus, 9
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Neothunnus macropterus, 276

Noemacheilus barbatulus, 273

Notidanoidea, 11

Notogaleus, 335

Notorhynchus, 11, 58, 295; cepedianus, 58; mac-
ulatum, 119, 123; maculatus, 58, 127

Orectolobidae, 10, 49, 52, 53, 55, 128, 258, 265,
275, 295

Orectolobus, 11, 53, 54, 55, 129, 330; japonicus,
54, 118; maculatus, 54, 55, 119; ornatus, 54;
wardi, 54

Orthagoriscus, 174; mola, 210

Ostariophysi, 181

Oxynotus, 12

Oxyrhina glauca, 17; spallanzani, 284, 300, 314

Panulirus, 109

Paragaleus, 9, 295; gruveli, 274

Paralichthys californicus, 68

Parascyllium, 11

Perca fluviatilis, 202

Periophthalmus, 322, 323

Phalacrocorax penicellatus, 66

Phoca vitulina, 68

Phoxinus, 197, 203, 221, 240, 323; lacvis, 275

Physodon, 9

Pimelometopon puichrum, 79

Pleuronectes, 195

Pliotrema, 11, 295

Prionace, 10, 28, 295, 309; glauca, 28, 29, 76,
170, 284, 298, 336, 349, 363

Prionotus, 174, 175, 183, 195

Pristiophoridae, 295

Pristiophoroidea, 11

Pristiophorus, 11, 295

Pristiurus, 196

Protopterus, 187

Protozygaena. 9, 10

Pseudotriakidae, Pseudotriakis. 8, 295

Pterolamiops longimanus, 269, 355, 356

Raja batis, 217, 320; clavata, 244, 246, 315, 317

Rhina squatina, 274

Rhincodon, 10, 52, 295, 342; typus, 52, 53, 70,
119

Rhincodontidae, 52, 129, 256, 295

Rhinobatos productus, 77

Rhinotriacis henlei, 130

Rhizoprionodon, 6. 9, 10, 48, 49

Roccus saxatilis, 78

Rutulis, 183

Salmo, 203

Salvelinus fontinalis, 192

Sarda sarda, 108
Scapanorhynchidae. 295
Scapanorhynchus, 10, 295
Scoliodon, 6, 9. 10, 295

Scomber japonicus, 66, 68
Scomberomorus regalis, 341
Scorpaenichthys marmoratus, 68
Scyliorhinidae, 10, 49, 129, 257, 295
Scyliorhinus, 116, 168, 176, 215, 291, 295, 298,
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300, 303, 306, 311, 321; boa, 256, 257; canicula,
244, 251, 252, 266, 303, 309; caniculus, 118, 123,
129, 248, 284, 309; stellure, 266; stellaris, 118,
129, 305; toruzame, 118, 129

Scyllium, 168, 306, 311, 312; canicula, 284, 298,
317, 320; stellare, 215

Scymnodalatias, Scymnodon, 12

Sebastodes, 68

Selache maxima, 284

Seriphus politus, 66

Serranidae, 276

Siluridae, 191, 196

Smaris, 240

Solea, 183

Soleidae, 185

Somniosus, 12, 59, 295; antarcticus, 59, 60;
microcephalus, 59, 60, 259, 436; pacificus, 59,
60, 436; rostratus, 59, 60

Sphaeroides maculatus, 173, 176

Sphyraena barracuda, 108, 223, 340

Sphyrna, 6, 8, 19, 76, 101, 295, 309, 347; bigelowi
(see tudes); coroma corona, 456, 484; lewini,
20, 21, 111, 119, 132, 256, 258, 262, 337, 347-
348, 350, 397, mokarran, 19, 20, 111, 347-348;
tiburo, 119, 133, 347; tudes, 296, 347; zygaena,
20, 22, 23, 77, 111, 347-348, 364

Sphyrnidae, 19, 132, 258, 262, 295

Spinax, 190

Spondylus, 276

Squalidae, 133, 257, 259, 263, 271, 272, 295

Squaliolus, 12, 13

Squaloidea, 11

Squalus, 12, 190. 206, 214, 295; acanthias, 119,
133, 200, 249, 251, 252, 259, 263, 271, 272, 284,
290, 301, 308, 466. carcharias, 12; cornubicus,
14; gunnerianus, 18: lebruni, 180; maximus, 18;
nasus, 14; suckleyi, 119, 133; zygaena, 19

Squatina, 12, 59, 295, 312, 342: australis, §9;
californica. 77, 119, 133: dumerili, 59; japonica,
119, 133; nebulosa, 119, 133; squatina, 59, 119,
133; tergocellata, 59

Squatinidae. 58, 133, 256, 295

Squatinoidea, 12

Stegostoma, 11: tigrinum, 118, 129

Sutorectus, 11, 54

Synodontis. 185

Tautogolabrus. 176

Teredo. 126

Thalassorhinus, 10

Tilapia, 146, 197, 221: macrocephala, 206

Tinca, 323

Torpedo, 306, 323; californica, 78

Triaenodon. 8. 49. 50; obesus. 50, 264, 355, 360

Triakidae, 8. 49, 129, 257, 259, 263, 295

Triakis, 49. 116, 295; barbouri, 259; scyllia, 118,
130: semifasciata, 8, 49, 72, 118, 129

Tridacna, 276

Trigla, 174

Trygon. 206

Xiphophorus, 217, 220, 323; maculatus, 218



