INDEX

Note: In this index, the most detailed entries are under the scientific name (Latin binomial);

vernacular names list page numbers only.

Abundance
CPUE and, 232-233
relative, 72
Active vs. passive (fixed) fishing gear, 267,270, 306
Adelphophagy, 137
Aeterna Laboratories, 330
Age
absolute vs. periodicity of ring formation, 116
defined, 99
at first reproduction, 145
at maturity, 143-145
Age bias plot, 113
Age-dependent mortality estimation methods, 173174
Age determination, 105-115
ageing protocols, 106-107
back-calculation methods, 113—-115
background and principles, 99-100
deviations and, 106—-107
field sampling and storage, 101-102
reader agreement, precision and bias, 111-113
sampling coverage, 122-123
specimen collection and preparation, 100-105
staining protocols, 108—111
verification, 115-119
Web-based resources, 123
Age distribution, 191-192
Age-independent mortality estimation, 168—173
Age-structured matrix model (Leslie matrix), 195-197
Akaike’s Information Criterion, 66
Allozymes, 83-84

Alopias pelagicus (pelagic thresher shark), 136
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Alopias superciliosus (bigeye thresher shark), 136
Alopiidae (thresher sharks), 48
Amplified Fragment Length Polymorphism (AFLP), 88-89
Anacanthobatus (leg skates), 51
Anal fin, family key, 38, 41
Analysis of molecular variation (AMOVA), 81-82
Angel sharks (Squatiniformes), 4647, 289
fecundity, 154
Pacific (Squatina californica), 84, 99, 141-142
Annuli (rings), 105, 107
Aplacental viviparity, 136
Aplacental yolk sac, 138
Aptychotrema rostrata (Eastern Australian shovelnose ray), 152
Arches
haemal (transverse processes), 102
neural, 102, 110-111
Archival tags, 74-75
pop-up, 74-75
Area restrictions, 307-308
ARIMA (auto-regressive integrated moving average) models, 277
Arlequin software, 82
Artisanal fishing, 247
Assumption violation, 179
Atlantic sharpnose shark (Rhizoprionodon terraenovae), 85, 87, 151, 257
Atlantic stingray (Dasyatis sabina), 137
Atlantic yellowfin tuna (Thunus albacares), 12
At-sea vs. shoreside sampling, 258-262
Australian Cooperative Game-Fish Tagging Program, 63
Australian sharpnose shark (Rhizoprionodon taylori), 146-147, 153, 169, 175
Auto-regressive integrated moving average (ARIMA) models, 277
Availability, 292
Average percent error (APE) technique, 111-112

Back-calculation
in age determination, 113-115

Dahl-Lea direct proportions method, 114
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linear-modified Dahl-Lea method, 114
quadratic-modified Dahl-Lea method, 114115
size-at-birth-modified Fraser-Lea equation, 115
Bag limits, 304
Banding, centrum, 99-100
Barbeled houndsharks (Leptochariidae), 49
Basking shark (Cetorhinus maximus), 1, 48
Bathyraja brachyurops (broadnose skate), 101
Batoids, 23, 4647, 289
consumptive uses, 326
reproductive strategy, 135
vs. sawsharks, 50
Bayesian estimation, 230-231
Beverton and Holt recruitment model, 219
Bias, gear, 273-274
Bigeye thresher shark (Alopias superciliosus), 136
Biological objectives, 15-16
Biological productivity, 290-292, 295-296
Biological reference points (BRPs), 13
Biomass dynamics models, 295
Birthmark ring, 107
Blacktip sawtail catshark (Galeus sauteri), 145
Blacktip shark (Carcharhinus limbatus), 85, 90, 142, 153, 180
Blacktip shark (Carcharhinus tilstoni), 179
Blind sharks (Brachaeluridae), 47-48
Bluefin tuna, southern (Thunnus maccoyii), 74
Blue shark (Prionace glauca), 66, 87, 141, 151, 249, 326
Bluntnose stingray (Dasyatis say), 153
Body measurements, 255-257
family key, 42
Bomb carbon dating, 116, 118
Bonnethead shark (Sphyrna tiburo), 169, 175
Brachaeluridae (blind sharks), 4748
Bramble sharks (echinorhinids), 46
Brander’s equilibrium mortality estimation, 170173

Broadnose skate (Bathyraja brachyurops), 101
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Brody equation, 216-217

Bullhead sharks (Heterodontiformes), 47
Butterfly rays (Gymnuridae), 51-52
Buy-back schemes, 302

Bycatch, 244, 307

Bycatch fisheries, 289-290

Bycatch Reduction Devices (BRDs), 247

CAGEAN model, 220, 224-228

Doubleday method, 228

Fournier and Archibald method, 228

Paloheimo method, 225-228
Calcein validation, 118
Calcification, 99-100

of neural arches, 110-111
Callorhinchidae (elephant fishes), 52
Capture-recapture studies, 176, see also Tag-recovery studies
Carcharhias taurus (sand tiger shark), 2
Carcharhinidae (requiem sharks), 49-50
Carcharhiniformes (ground sharks), 49-50, 135, 136
Carcharhinus isodon (fine-tooth shark)

fecundity, 154

reproductive cycle, 151

staining methods, 109, 110
Carcharhinus limbatus (blacktip shark)

male maturity, 142

mortality estimation, 180

reproductive strategy, 153
Carcharhinus obscurus (dusky shark), 1, 2, 249
Carcharhinus plumbeus (sandbar shark), 65, 85, 142

matrix modeling, 198-199

mortality estimation, 174

sexual segregation, 257
Carcharhinus signatus (night shark), 2
Carcharhinus sorrah (spot-tail shark), staining method, 111

Carcharhinus tilstoni (blacktip shark), 85, 90, 179
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Carcharias taurus (grey nurse shark), sanctuaries, 309
Carcharias taurus (sand tiger shark)
oxytetracycline validation, 118
reproductive interval, 152
reproductive strategy, 137
survival time, 249
Carcharodon carcharias (white shark), 87, 90
Carpet sharks (Orectolobiformes), 47—48
Cartilage extracts, 330
Cartilage pills, 329-330
Cataloguing, 31
Catchability, 292, 293
Catch-and-release fishing, 332—-333
Catch-at-age analysis, see CAGEAN model
Catch curves, in mortality estimation, 174—-176
Catch estimates, 243-244, see also CPUE
bycatch, 244
disposition estimates, 244
Catch Per Unit Effort, see CPUE
Catch quotas, 304-305
Catch rate
by artisanal fishing, 247
in depths of 25-50 M, 246-247
sharks vs. other species, 246
Catch time series, 251
Catshark, 4748, 49
blacktip sawtail (Galeus sauteri), 145
chain (Scyliorhinus retifer), 154
false (Pseudotriakis microdon), 49, 137
finback (Proscylliidae), 49
small-spotted (Scyliorhinus canicula), 145, 154
Caudal fin, family key, 34, 36-37, 39, 40, 41, 42
Caudal thorns, in age and growth studies, 101
Centre for Environment, Fisheries and Aquaculture Science (CEFAS), 74
Centrophorids (gulper sharks), 24, 46
Centroscyllium fabricii (deep sea black dogfish), 145
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Centrum banding, 99-100, 105
Centrum edge analysis, 116-117
Cetorhinus maximus (basking shark), 1, 48, 168-173
Chain catshark (Scyliorhinus retifer), 154
Chemical tagging, 116
Chen and Watanabe mortality estimation method, 173-174
Chimaeriformes (chimaeras), 23, 25, 52, 289
Chirrhigaleus, 46
Chondrichthyans, 23-24
Claspers, 138-139, 157
length at maturity, 143-144
maturity and, 141
Closed periods, 302
Codes for species identification, 255
Coffin rays (Hypnidae), 50
Cohort analysis
CAGEAN, 220, 224-228
Virtual Population Analysis, 180, 220-224
Common skate (Dipturus batis), 63
Conceptual models, 13-15
Conservation objectives, 15-16
Contrast, in data, 232-233
Convention for International Trade in Endangered Species (CITES), 3, 298
Cownose rays (Rhinopteridae), 51-52
CPUE, 211
abundance and, 232233
in CAGEAN, 226
data collection, 245-248, see also Fishing gear
definition, 244-245
in delay-difference model, 218
in surplus-production model, 211-212
Crocodile sharks (Pseudocarchariidae), 48
Crystal violet protocol, 109-110
Customary Marine Tenure (CMT), 300-301
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Dahl-Lea direct proportions method, 114
Dalatias, 46
Dart tag, 63
Dasyatidae (stingrays), 51-52
Dasyatis centroura, 152
Dasyatis marmorata, 152
Dasyatis sabina (Atlantic stingray), 137
Dasyatis say (bluntnose stingray), 153
Data, contrast in, 232-233
Data auditing software, 280
Database creation, 278-280
Database software, 279
Data collection, 63—73, see also Tag recovery studies
for species-specific sampling, 253-254
Data quality, 231-233
Data storage (archival) tags, 74-75
Decommissioning schemes, 302
Deep sea black dogfish (Centroscyllium fabricii), 145
Delay-difference (Deriso) model, 215-220
advantages and disadvantages, 219-220
examples, 220
Demographic models, 187-203
background and principles, 189-190
conclusions and advice, 200-201
life tables, 190—-195, see also Life tables
matrix models, 195-200, see also Matrix models
Devil rays (Mobulidae), 51-52
Dipturus batis (common skate), 63
Disc, family key, 33, 36
Disposition estimates, 244
Dissection, 32
Diversity
haplotype, 86
nucleotide sequence, 86
Diving, recreational, 332

DNA
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mitochondrial, 83, 84—86
nuclear, 83
DNA microsatellites, 86—88
Dockside sampling, 260-262
Dogfish (Squaliformes), 46
deepsea black (Centroscyllium fabricii), 145
piked/spiny (Squalus acanthias), 106, 139, 140, 142, 148, 153, 155, 169, 257
smooth (Mustelus canis), 108, 109
Dorsal fin, family key, 33, 38, 39, 44
Dorsal fin spines
in age and growth studies, 101
preparation, 104-105
Doubleday method, 228
Dusky shark (Carcharhinus obscurus), 1, 2, 249
Dusky smooth-hound (Mustelus canis), 138, 139, 145-146, 148, 151
Dynamics, fishery, 11

Eagle rays (Myliobatidae), 51-52

Eastern Australian shovelnose ray (Aptychotrema rostrata), 152
Echinorhinids (bramble sharks), 46

Ecolabeling, 317

Economic objectives, 16

Ecosystem approach, 291-292

Effort (quantitative) use rights, 302-304

Elasmobranchs, 23

Elasticity, 200

Electric rays (Torpidiniformes), 50

Elephant fishes (Callorhinchidae), 52

Enclosure, fishing area, 310-311

Encounterability, 292-293

Endangered species, 315-316

Environmental Analysis System (EASy), 280
Equilibrium constraint, 207

Equilibrium mortality estimation methods, 170-173
Etmopteras granulosus (southern lanternshark), 46, 154

Exclusive Economic Zones, 299
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Exploitation rates of mortality, 178—179
Exponential survival model, 214
Extinction, 2-3
Eyelid

family key, 44

nictating, 2y
Eyes, family key, 4344

Fabens equation, 121
False catshark (Pseudotriakis microdon), 49, 137
Family key, 32-45

anal fin, 38, 41

body, 42

caudal fin, 34, 36-37, 39, 40, 41, 42

disc, 33, 36

dorsal fin, 33, 38, 39, 44

eyelid, 44

eyes, 4344

flap, 37

gill openings, 33,43

gill slits, 33, 36

head, 39

mouth, 38, 40,43

nostril, 41

pelvic fin, 35, 39, 44

precaudal pit, 44

snout, 33, 35, 38, 3940, 40, 45

spiracles, 44-45

tail, 42

thorns or fine denticles, 35-36

trunk, 39
Fecundity, 1, 153-155, 194, see also Reproductive biology
Field data collection, reproductive biology, 158—159
Field identification, 28-30

body measurements, 29

color, 28-29
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fin placement, 29
teeth counts, 30
vertebral counts, 29-30
Finback catsharks (Proscylliidae), 49
Finetooth shark (Carcharhinus isodon), 109, 110, 151, 154
Fins, consumptive uses, 326328
First-growth rings, 107
First-year survival, 194
Fisheries
defined, 9
Individual Transferable Quota, 243-244
stock assessment examples of real, 236
Fisheries management, see Management
Fisheries observer programs, 258, 259
Fisheries science, see also Management; Stock assessment
defined, 9
objective, 9-10
Fishery-dependent sampling, 241-263, see also under CPUE; Sampling
Fishery dynamics, 11
Fishery-independent sampling, 265-274, see also under Sampling
Fishing area closure, 308, 310-311
Fishing gear, 288-289
gear bias, 273-274
gillnet, 245-246, 289
hook, 289
longline, 246247
passive (fixed) vs. active, 267, 270, 306
purse seine, 248
regulation, 305-307
regulation of, 303, 305-307
survey design considerations, 273-276
trawl, 247-248, 289
Fishing gear performance databases, 279
Fishing licenses, 301, 302
Fishing location, 250-251

catch time series, 251
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recording methods, 250-251
Fishing mortality, 13, 192, 225-226, 249-250, 292-294
Flap, family key, 37
Fluorescein validation, 118
Fournier and Archibald method, 228
Fraser-Lea equation, size-at-birth-modified, 115
Freshwater species, 290
Frilled sharks, 45
F, statistic, 81
Furgaleus macki (whiskery shark)
reproductive interval, 152

sperm storage, 156

Galeocerdo cuvier (tiger shark), 66, 249

male maturity, 142
Galeomorphi, 23
Galeorhinus galeus (school shark), 179, 180, 311, 315
Galeorhinus galeus (soupfin shark), 1
Galeorhinus galeus (tope shark), 66

fecundity, 154, 155

reproductive strategy, 153

sperm storage, 156
Galeus sauteri (blacktip sawtail catshark), 145
GAMs (Generalized Additive Models), 278
Gear bias, 273-274
Gear performance databases, 279
Gear selectivity, 69—70
Genepop software, 82
Generalized Additive Models (GAMs), 278
Generalized linear models (GLMs), 277-278
Genetics, 79-96, see also Molecular markers; Stock structure
Giant guitarfish (Rhynchobatus dijidensis), 328
Gillnet fishing gear, 245-246, 273,289
Gill opening, family key, 33
Gill slits, family key, 33, 36

Ginglymostoma cirratum (nurse shark), 249
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Ginglymostomatidae (nurse sharks), 47, 87
Glossaries, see Terminology
Goblin sharks (Mitsukurinidae), 48
Gollum attenuatus (slender smooth-hounds), 137
Gompertz growth function, 119, 121-122
Gonadosomatic index (GSI), 146147
GPS systems, 251
Ground sharks (Carcharhiniformes), 49-50
Growth
in captive animals, 118
vertebral, 99
Growth models, 119-122
background and principles, 99-100
field sampling and storage, 101-102
Gompertz growth function, 119, 121-122
sample size and, 119-120
sampling coverage, 122123
verification, 115-119
von Bertalanffy growth function, 119, 120-121
Web-based resources, 123
Growth rates, 66—69
Guitarfish
common (Rhinobatos rhinobatos), 151, 154
giant (Rhynchobatus dijidensis), 328
sharkfin (Rhyncobatiformes), 51
Gulper sharks (centrophorids), 46
Gummy shark (Mustelus antarcticus), 1, 84, 89-90, 109, 137, 179, 180, 307
Gunderson—Dygert mortality estimation method, 169
Gunderson mortality estimation method, 169

Gymnuridae (butterfly rays), 51-52

Habitat utilization, 65
Haemal arches (transverse processes), in age and growth studies, 102
Hammerhead, 49, 87, 249

scalloped (Sphyrna lewini), 155

smalleye (Sphyrna tudes), 141-142, 153
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Haplotype diversity, 86
Hardy-Weinberg equilibrium, 81-82
Head, family key, 39
Hemicyllidae (longtail carpet sharks), 4748
Hemigaleidae (weasel sharks), 49
Hemiscyllids, 48
Heterodontiformes (bullhead or horn sharks), 47, 135
Heterodontus portusjacksoni (Port Jackson shark), 148
Hexanchiformes, 45
reproductive strategy, 136
Hexanchus griseus (sixgill sharks), 111
Hexatrygonoidea (sixgill stingrays), 51-52
Himantura, 24
Histological examination, of reproductive tract, 147-150
Hoenig mortality estimation method, 169170
Hook fishing gear, 273, 289
Hook size, 307
Houndshark, 49
barbeled (Leptochariidae), 49
Hyperdepletion, 233
Hyperstability, 233
Hypnidae (coffin rays), 50

Identification
field, 28-30
laboratory, 30
IIlumination, of sectioned centra, 105-106
Individual Transferable Quotas (ITQs), 304-305
Instantaneous rates of mortality, 178-179
Institutional frameworks, 298-299
Internal anchor tag, 61-62, 63
body cavity type, 61-62
button type, 62
International developments, management measures and, 298
International Plan of Action for the Conservation and Management of Sharks (IPOA-Sharks), 3, 298

Intrinsic rate of population growth, 209, 295
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Island model of migration, 82—83

Isurus oxyrinchus (shortfin mako shark), 70
bomb carbon dating, 118
reproductive strategy, 136

IUCN Red List, 316

Japan, reporting classes, 252
Jensen mortality estimation method, 170
Jumbo Rototag, 62-63

Jurisdictional frameworks, 298-299

Kimura method, 120

Laboratory identification, 30
Lake Erie perch, Paloheimo method example, 226-228
Lamna ditropis (salmon shark), 87, 104
Lamna nasus (porbeagle shark), 1, 66, 87
bomb carbon dating, 118
mortality, 168—173
mortality estimation, 180
reproductive interval, 152
reproductive strategy, 136
Lamniformes (mackerel sharks), 48—49, 139
Landings, carcasses, 249
Landings sampling, 248-249
Lanternshark, southern (Etmopterus granulosus), 154
Large ray (Rhina ancylostoma), 50
Latin binomial vs. vernacular names, 252
Leather, shark skin, 328-329
Leg skates (Anacanthobatus), 51
Lemon shark (Negaprion brevirostris), 65, 88, 105, 109, 195
Length/weight relationship, 66
Leopard shark (Triakis semifasciata), 111, 180, 194
Leptochariidae (barbeled houndsharks), 49
Leslie Matrix, 195-197

Leucoraja erinacea (little skate), 99
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Licenses, 301
rescinding of, 302
Life tables, 190-195
Australian sharpnnose shark (Rhizoprionodon taylori) example, 192-193
general approaches, 190-193
rebound potential, 194—-195
Light, transmitted vs. reflected, 105-106
Lighting, of sectioned centra, 105-106
Likelihood ratio tests, 120
Limited entry use rights, 301-302
Linear models, generalized (GLMs), 233
Linear-modified Dahl-Lea method, 114
Linear regression, 229-230
Little skate (Leucoraja erinacea), 99
Liver, consumptive utilization, 330-331
Lobed stingaree (Urolophus lobatus), 156
Locally weighted regression scatter plot smoothing (LOWESS), 277
Logbooks, 260, 261
Longline fishing gear, 246247
Longnose chimeras (Rhinochimaeridae), 52
Longtail carpet sharks (Hemiscylliidae), 47
LORAN systems, 251
LOWESS method, 277

Mackerel sharks (Lamnidae), 48—49
Magnuson-Stevens Fishery Conservation and Management Act (1996), 16
Mako, shortfin (Isurus oxyrhinchus), 70, 85, 90-91, 118, 136
Management, 285-321
background and principles, 287-288
as balancing act, 17-18
basic concepts, 9-10
biological aspects, 288-298
fisheries impact, 288-290
fishing mortality, 292-294, see also Fishing mortality
risk evaluation, 294297
species biology, 290-292
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ecosystem approach, 291-292
frameworks for, 298—299
objectives of, 15—18, see also Management objectives
product certification and ecolabeling, 317
technical, 305-315
area and time restrictions, 307-308
fishing area enclosure, 310-311
fishing gear regulation, 305-307
Marine Protected Areas (MPAs), 308-309
product form, 313-314
regional fisheries management, 311-313
size limits, 314-315
use rights, 289-305
limited entry, 301-302
quantitative input (effort), 302-304
quantitative output (catch quotas), 304-305
territorial, 300-301
Management objectives, 15-18
balance among, 17-18
biological and conservation, 15-16
economic, 16
in opposition, 15
recreational, 17
social, 17
Management principles, 1-6
Marginal Increment Ratio (MIR), 117
Marine Protected Areas (MPAs), 308-309
MARK software, 178
Masked stingaree (Trygonoptera personata), 153
Mating, 146, see also Reproductive cycle
Matrix models
age-structured (Leslie matrix), 195-197
elasticities, 200
stage-based, 197-199
Maturity, 140-145
age at, 143-145
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assessing, 140-141
female, 142-143
male, 141-142
Maximum economic rent (MER), 16
Maximum sustainable yield (MSY), 11-13, 194, 195
Mean generation length, 191
Megachasmidae (megamouth sharks), 48
Mercury content, 326
Mesh size, 307
Microsatellites, 86—88
Migration, island model of, 82—83
Mitochondrial DNA, 83, 84—86
Mitsukurinidae (goblin sharks), 48
Mobulidae (devil rays), 51-52
Model complexity, 13—15
Molecular markers, 83-91
allozymes, 83-84
Amplified Fragment Length Polymorphism (AFLP), 88-89
case studies, 89-91
blacktip shark (C. limbatus), 90
gummy shark (Mustelus antarcticus), 89-90
shortfin mako, 90-91
white shark (Carcharodon carcharias), 90
microsatellites, 86—88
mitochondrial DNA, 83, 84-86
Random Amplified Polymorphic DNA (RAPD), 88
tissue collection, 89
Mortality, 13,72
exploitation rates of, 178179
fishing, 192, 225-226, 249-250, 292-294
instantaneous rates of, 178—179
natural, 192, 295-296
post-capture, 292, 293
respiratory mode and, 249
types of, 167

Mortality estimation, 165—185
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background and principles, 167-168
conclusions and advice, 181-182
direct methods, 174-181
indirect methods, 168—174
age-dependent, 173-174
age-independent, 168-173
catch curves, 174-176
cohort analysis (Virtual Population Analysis), 180-181
tag recovery studies, 176180
telemetry, 180
Mortality rates
finite, 167
instantaneous, 167
Mouth, family key, 38, 40, 43
Movement, data collection, 70-72
Multispecies modeling, 312
Mustelus antarcticus (gummy shark), 1, 84, 89-90
age determination, 109
mesh size regulation and, 307
mortality estimation, 180
reproductive strategy, 137
tag-recovery studies, 179
Mustelus canis (dusky smooth-hound)
age at first reproduction, 145
fecundity, 155
reproductive anatomy, 139
reproductive cycle, 145-146, 148, 151
reproductive strategy, 138
sperm storage, 156
Mustelus canis (smooth dogfish), age determination, 108, 109
Mustelus griseus (spotless smooth-hound), 138, 148
Mustelus lenticulatus (spotted estuary smooth-hound), 70, 137, 151
Mustelus manazo, 148
Mustelus spp., 24, 50
reproductive strategy, 137-138
Myliobatidae (eagle rays), 51-52
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Myliobatiformes (stingrays), 51-52
Myloiobatoidei (stingrays), 51-52

Narcinidae (numbfishes), 50

Narkidae (sleeper rays), 50

National Marine Fisheries Service, see NMFS entries

National Plans of Action, 3, 298, 314

National Shark Assessment Reports, 3

Natural mortality, 192, 295-296

Negaprion brevirostris (lemon shark), 65, 88, 195
age determination, 109
banding patterns, 105

Neovastat, 330

Net reproductive rate, 191

Neural arches
in age and growth studies, 102
calcification, 110-111

Nictating eyelid, 27

Night shark (Carcharhinus signatus), 2

NMES
Candidate List for Threatened and Endangered Species, 2
Cooperative Shark Tagging Program, 63
Fishery Management Plan, 2

Nostril, family key, 41

Nucleotide sequence diversity, 86

Numbfishes (Narcinidae), 50

Nursery areas, delineation, 65

Nurse shark (Carcharias taurus), 309

Nurse shark (Ginglymostoma cirratum), 249

Nurse sharks (Ginglymostomatidae), 47, 87

Odontaspidae (sand tiger sharks), 48
Oophagy, 136-137

Orectolobidae (wobbegongs), 47-48
Orectolobiformes (carpet sharks), 47-48

reproductive strategy, 135, 136

355



survival time, 249
ORI tag, 62-63
Osteichthyes, 23
Output control, 304-305
Oviparity, 135-136
Ovulation, 150
Oxynotids (prickly dogfishes), 46

Oxytetracycline validation method, 117-118

Pacific angel shark (Squatina californica), 84, 99, 141-142
Paloheimo method, 225-228
Parascylliidae (collared carpet sharks), 47-48
Parascylliids, 48
Passive (fixed) vs. active fishing gear, 267, 270, 306
Pauly mortality estimation method, 168
Pelagic thresher shark (Alopias pelagicus), 136
Pelvic fin, family key, 39, 44
Percent reader agreement, 112
Petersen disc tag, 63
Peterson and Wroblewski mortality estimation method, 173
Photography, 30-31
Piked/spiny dogfish (Squalus acanthias), 1, 106, 139, 140, 142, 148, 153, 155, 257
Placental viviparity, 137-138
Platyrhinidae (thornback rays), 52
Platyrhinoidei (stingrays), 51-52
Population growth

finite rate of, 209

intrinsic rate of, 295
Pop-up archival tags, 74-75
Porbeagle shark (Lamna nasus), 1, 66, 87, 118, 136, 152, 180
Port Jackson shark (Heterodontus portusjacksoni), 148
Post-capture mortality, 292, 293
Pre-birth rings, 107
Precaudal pit, family key, 44
Predator role, 2-3
Prickly dogfishes, 46
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Prionace glauca (blue shark), 66, 87, 249, 326
reproductive cycle, 151
reproductive maturity, 141
Prior probability, 230
Pristiformes (sawfishes), 46, 50, 136
Pristiophoridae (sawsharks), 46, 50, 136
Probability
conditional, 230
prior, 230
Product certification, 317
Product form, 313-314
Profit maximization, 16
Proscylliidae (finback catsharks), 49
Pseudocarchariidae (crocodile sharks), 48
Pseudotriakidae (false catsharks), 49
Pseudotriakis microdon (false catshark), 137

Purse seine fishing gear, 248

Quadratic-modified Dahl-Lea method, 114-115
Quality assurance/quality control, in surveys, 272
Quantitative input (effort) use rights, 302-304
Quantitative output (catch quotas) use rights, 304-305
Quantitative prediction, 13

Quotas, catch, 304-305

Raja clavata (thornback ray), 74, 136
fecundity, 154
Rajidae, reproductive strategy, 135
Rajiformes (skates), 51
Rajimorphii, 23, see also Batoids
Random Amplified Polymorphic DNA (RAPD), 88
Rays, see also individual species
Eastern Australian shovelnose (Aptychotrema rostrata), 152
electric (Torpidiniformes), 50
taxonomic terminology, 25

thornback (Raja clavata), 136, 154
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Reader agreement, in age determination, 111-112
Rebound potential, 194—-195
Recreational objectives, 17
Recreational utilization, 332-333
Recruitment
Beverton and Holt model, 219
Ricker model, 218-219
Regional Fisheries Management Organizations (RFMOs), 299, 311-313
Relative abundance, 72
Relative marginal increment analysis (RMI), 117
Reproductive anatomy, 138-140
Reproductive biology, 133—164, see also Subtopics
anatomy, 138-140
female, 139-140
male, 138-139
fecundity, 153-155
field data collection, 158—159
maturity, 140-145
female, 142143
male, 140-142
reproductive cycle timing, 145-153
reproductive strategies, 135-138
resources, 156—158
sperm storage, 155-156
Reproductive cycle, 145-153
female, 150-153
examples, 152—-153
gestation cycle and time of birth, 150-151
ovulation, 150
reproductive interval, 152
histological examination, 147-150
male, 146147
mating, 146
Reproductive data collection, 257-258
Reproductive strategies

aplacental viviparity, 136
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adelphophagy, 137
aplacental yolk sac, 138
oophagy, 136-137
placental analogues, 137
oviparity, 135-136
placental viviparity, 137-138
Requiem sharks (Carcharhinidae), 49-50
Rhina ancylostoma (large ray), 50
Rhincodontidae (whale sharks), 47
Rhincodon typus (whale shark), 309
Rhinidae, 50
Rhiniformes (sharkrays), 50
Rhinobatiformes, 136
Rhinobatos rhinobatos (common guitarfish)
fecundity, 154
reproductive cycle, 151
Rhinochimaeridae (longnose chimeras), 52
Rhinopteridae (cownose rays), 51-52
Rhizoprionodon taylori (Australian sharpnose shark)
Leslie matrix example, 196-197
life table example, 192—-193
mortality estimation, 169, 175
reproductive cycle, 146-147
reproductive strategy, 153
Rhizoprionodon terraenovae (Atlantic sharpnose shark), 85, 87
reproductive cycle, 151
sexual segregation, 257
as VPA example, 222-224
Rhynchobatidae, 50
Rhynchobatus, 50
Rhynchobatus dijidensis (giant guitarfish), 328
Rhyncobatiformes (wedgefishes, sharkfin guitarfishes), 51
Ricker recruitment model, 218-219
Rig (Mustelus lenticulatus), 70
Rings (annuli), 105
birthmark, 107
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first-growth, 107
pre-birth, 107
Risk assessment, 294-297
Rototags, 62-63

Salmon shark (Lamna ditropis), 87, 104
Sample size, von Bertalanffy growth function and, 121
Sampling
for age and growth studies, 101-105
at-sea vs. shoreside, 258262
cleaning, cutting, mounting vertebrae, 102—-105
fishery-dependent, 241-263
catch estimates, 243-244
CPUE, 244-248
fishery-independent, 265-274, see also Surveys
basic theory, 269-273
fishing gear, 273-276
implementation, 273-276
statistical methods, 276-280
survey design, 271-273
utility of surveys, 267-269
fishing area, 250-251
fishing mortality, 249-250
landings, 248-249
Latin binomial vs. vernacular names, 252
sex, 257-258
size, 254-257
species identification, 252-254
Sampling coverage, for age/growth studies, 122-123
Sampling design, 64
Sampling frame, 269-270
Sandbar shark (Carcharhinus plumbeus), 65, 85, 142, 174, 198-199, 257
Sand tiger shark (Carcharias taurus), 2, 48, 118, 137, 152, 249
Sawfishes (Pristiformes), 50
Sawsharks (Pristophoriformes), 46, 50
Scalloped hammerhead (Sphyrna lewini), 155
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Schaefer surplus production model, 208-210
School shark (Galeorhinus galeus), 179, 180, 311, 315
Scyliorhinidae (catsharks), 4748, 49
Scyliorhinus canicula (small-spotted catshark), 145, 154
Scyliorhinus retifer (chain catshark), 154
Sectioning, vertebral, 102—103
Selectivity, 293
Sevengill sharks, 45
Sex identification, 257
Sex segregation, 257
Sharkfin guitarfishes (Rhyncobatiformes), 51
Sharkrays (Rhiniformes), 50
Sharks, taxonomic terminology, 24
Shark skin leather, 328-329
Sharpnose shark
Atlantic (Rhizoprionodon terraenovae), 85, 87, 257
Australian (Rhizoprionodon taylori), 169, 175, 192—-193, 196
Shortfin mako shark (Isurus oxyrinchus), 70, 85, 90-91, 136
Shortnose chimaeras (Chimaeridae), 52
Shortspine sourdog (Squalus mitsukurii), 154
Silver nitrate protocol, 110-111
Sixgill shark (Hexanchus griseus), 45, 111
Size, 254-257
fisheries targeting size classes, 255
importance in sampling records, 254
weights and morphological measurements, 255-257
Size-at-birth-modified Fraser-Lea equation, 115
Size limits, 255, 314-315
Skates (Rajiformes), 51
broadnose (Bathyraja brachyurops), 101
consumptive uses, 326
little (Leucoraja erinacea), 99
Skinning, 328-329
Sleeper rays (Narkidae), 50

Sleeper sharks (somniosids), 46
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Slender smooth-hound (Gollum attenuatus), 137
Smalleye hammerhead shark (Sphyrna tudes), 153
Small-spotted catshark (Scyliorhinus canicula), 145, 154
Smooth dogfish (Mustelus canis), 108, 109
Smooth-hound

dusky (Mustelus canis), 138, 139, 145-146, 148, 151, 155, 156

reproductive cycle, 148

slender (Gollum attenuatus), 137

spotless (Mustelus griseus), 138

spotted estuary (Mustelus lenticulatus), 137, 151
Snout, family key, 33, 35, 38, 39-40, 40, 45
Social objectives, 17
Software

data auditing, 280

database, 279

Excel POPTOOLS, 196

molecular biology, 82

for mortality estimation, 178
Somniosids (sleeper sharks), 46
Soupfin shark (Galeorhinus galeus), 1
Southern bluefin tuna (Thunnus maccoyii), 74
Southern lanternshark (Etmopterus granulosus), 154
Spatial and temporal distribution, 72
Species identification

codes for, 255

materials used for, 253

problems in landings data, 248249

problems with, 252-253

in sampling, 252-254
Specimen collection, 31
Specimen preservation, 31
Spermatocyst, 147
Sperm stages, of testis, 149
Sperm storage, 155-156
Sphyrna lewini (scalloped hammerhead), 155
Sphyrna spp. (hammerhead), 45, 87, 249
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Sphyrna tiburo (bonnethead shark), 175
Sphyrna tudes (smalleye hammerhead)
male maturity, 141-142
reproductive strategy, 153
Spiny dogfish, see Piked/spiny dogfish; Squalus acanthias
Spiracles, family key, 44—45
SPlus program, 280
Spotless smooth-hound (Mustelus griseus), 138
Spot-tail shark (Carcharhinus sorrah), 111
Spotted estuary smooth-hound (Mustelus lenticulatus), 151
Squalamine, 331
Squalene, 331
Squaliformes (dogfishes), 46, 289
reproductive strategy, 136
Squalomorphi, 23
Squalus acanthias (piked/spiny dogfish), 1
age determination, 106
fecundity, 155
female maturity, 142
mortality estimation, 169
reproductive anatomy, 139, 140
reproductive cycle, 148, 153
sexual segregation, 257
Squalus mitsukurii (shortspine sourdog), 154
Squalus spp., 24, 46
Squatina californica (Pacific angel shark), 84
growth and age, 99
male maturity, 141-142
Squatina oculata (angel shark), 154
Squatina squatina (angel shark), 154
fecundity, 154
Squatiniformes (angel sharks), 46-47, 289
reproductive strategy, 136
Stable age distribution, 191-192
Stage-based matrix models, 197-199
Staining methods, 108-111
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crystal violet protocol, 109-110
silver nitrate protocol, 110-111
Statistical estimation, 276280
database creation, 278-280
influence of covariates, 278
smoothing procedures, 277-278
Stegostomatidae (zebra sharks), 47, 48
Stingaree
lobed (Urolophus lobatus), 137, 156
masked (Trygonoptera personata), 153
Stingarees (Urolophidae), 51-52
Stingray
Atlantic (Dasyatis sabina), 137
bluntnose (Dasyatis say), 153
Stingrays (Myliobatiformes), 51-52
Stock assessment, 10-15, 205-240
age-structured models, 208
background and principles, 207-208
Bayesian approaches, 15
cohort models, Virtual Population Analysis, 220-224
conclusions and recommendations, 234-236
cross-comparison, 13—15
decision analysis approaches, 15
defined, 9, 10
delay-difference model (Deriso), 215-220
examples, 236
fishery dynamics, 11
maximum sustainable yield (MSY), 11-13
model complexity, 13-15
model fitting, 228-234
Bayesian estimation, 230-231
data quality, 231-233
linear regression, 229-230
time-series, 230
quantitative prediction, 10-11

surplus production (biomass dynamics) models, 208-212, see also Surplus production models

364



uncertainty in, 11
yield per recruit model, 212-215
Stock collapse, 1-2
bycatch and, 2
mixed-species fishery mortality, 2
Stock identification, 65
Stock structure, molecular genetics, 79-96, see also Molecular markers
Stratum boundaries, 272
Stratum index, 271
SUDAAN program, 280
Surplus production models, 208-212
advantages and disadvantages, 212
data requirements, 211-212
dynamic, 207, 208
Fox model, 211
logistic growth/Schaefer model, 208-210
Pella—Tomlinson model, 211
principles of, 209
problems with, 207
SURVAN program, 280
Survey design, 271-273
Survey index, 267-268
Surveys
duration, 275-276
overall cost, 272
stratified random vs. systematic designs, 272
utility of, 267-269
Survival, 72, see also Mortality
first-year, 194
to mean age at maturity, 194
respiratory mode and, 249
species comparisons, 249
stage-specific probabilities, 197-198
SURVIV software, 178
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Tagging, chemical, 116
Tag recovery studies
in age/growth validation, 116
approaches, 65
assumptions, 73
assumption violation in, 179
background and principles, 59-60
data collection and analysis, 63—73
gear selectivity, 69-70
growth rates, 66—69
length/weight relationship, 66
in mortality estimation, 176—180
movement, 70-72
problems of, 178
relative abundance, 72
sampling design, 64
spatial and temporal distribution, 72
species composition, 7273
survival/mortality, 72
tag type and placement, 60—63, see also Tags
Tags
archival, 74-75
pop-up, 74-75
dart, 63
internal anchor tag, 61-62, 63
body cavity type, 61-62
button type, 62
Petersen disc tag, 61, 63
Rototags, 62-63
Jumbo, 62-63
ORI, 62-63
Tail, family key, 42
Taxonomy
classification, 23-24
dissection, 32

family key, 3245
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field identification, 28-30
glossary/terminology, 24—28
laboratory identification, 30
orders and families, 45-53
photography, 30
specimen collection, preservation, and cataloguing, 31
Telemetry, 65, 180
Telephone sampling, 260-262
Terminal F assumption, 224
Terminology, taxonomic, 24-28
Territorial Use Rights in Fishing (TURFs), 300-301
Testis, sperm stages, 149
Tetracycline validation method, 117-118
Thornback ray (Raja clavata), 74, 136, 154
Thornback rays (Platyrhinidae), 52
Thorns, caudal, in age and growth studies, 101
Thorns or fine denticles, family key, 35-36
Threatened species, 315-316
Thresher shark
bigeye (Alopias supercilops), 136
pelagic (Alopius pelagicus), 136
Thresher sharks (Alopiidae), 48
Thunnus maccoyii (southern bluefin tuna), 74
Tiger shark (Galeocerdo cuvier), 66, 142, 249
Time restrictions, 307-308
Time-series model fitting, 230
Tope shark (Galeorhinus galeus), 66, 153, 154, 155, 156
Torpedinidae (torpedo rays), 50
Torpediniformes (electric rays), 50
reproductive strategy, 136
Torpedo rays (Torpedinidae), 50
Total allowable catch (TAC), 304
Transmitted vs. reflected light, 105-106
Transverse vs. sagittal sectioning, 100-101
Trawl fishing gear, 247-248, 273, 289

Triaenodon obesus (whitetip reef shark), 146
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Triakidae (houndsharks), 49, 50
Triakis semifasciata (leopard shark), 180
rebound potential, 194
staining methods, 111
Trip limits, 304
Trophonemata, reproductive strategy, 137
Trunk, family key, 39
Trygonoptera personata (masked stingaree)reproductive strategy, 153

Turtle Excluder Devices (TEDs), 247

Uncertainty, in stock assessment, 11
UN Fish Stocks Agreement, 299
United Nations Food and Agricultural Organization (FAO), 3, 298, 300
United States, reporting classes, 252
Urea content, 326
Urolophidae (stingarees), 51-52
Urolophus lobatus (lobed stingaree), 137, 153, 156
U.S. National Marine Fisheries Service, see NMFS entries
Use rights, 289-305
limited entry, 301-302
quantitative input (effort), 302-304
quantitative output (catch quotas), 304-305
territorial, 300-301
Utilization, 323-336
consumptive, 325-331
cartilage, 329-330
fins, 326328
liver, 330-331
meat, 325-326
peripheral products, 331
skin, 328
non-consumptive, 332-333
catch-and-release fishing, 332-333

recreational diving, 332
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Validation
absolute age vs. periodicity of ring formation, 116
of age/growth findings, 115-119
determinate methods (validation), 117-119
indeterminate methods (verification), 116-117
Vernacular names vs. Latin binomial, 252
Vertebrae, transverse vs. sagittal sectioning, 100-101
Vertebral counts, 29-30
Vertebral growth, 99
Virtual Population Analysis, 180, 220-224
example, 222-224
Vitamin A, liver as source, 330
Viviparity
aplacental, 136
placental, 137-138
Von Bertalanffy growth function, 66-67, 119, 120-121, 168, 213-214

sample size and, 121

Weasel sharks (Hemigaleidae), 49
Web resources

for age/growth studies, 123

reproductive biology, 158
Wedgefishes (Rhyncobatiformes), 51
Weight recording, 255-257
Weir & Cockerhan q estimator, 82
Whale shark (Rhincodon typus), 47, 309
Whiskery shark (Furgaleus macki), 152, 156
White shark (Carcharodon carcharias), 87, 90
Whitetip reef shark (Triaenodon obesus), 146
Wobbegongs (Orectolobidae), 4748
World Conservation Union Shark Specialist Group, 2
Wright’s F statistic, 79

Yield per recruit model, 212-215
advantages and disadvantages, 214-215

data requirements and assumptions, 213
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examples, 214

method, 213214
Yolk sac, aplacental, 138
Young-of-the-year (YOY) tagging, 65

Zanobatoidei (stingrays), 51-52
Zebra sharks (Stegostomatidae), 47, 48

370



