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future research issues, 271–2
harvesting, production and trade
practices, 257–61
human dimensions of, 278–9
research overview, 256–7
social–ecological research collaborations,
280–2
economic overfishing, climate-based fishery
fluctuations and, 265
EcoPath with EcoSim (EwE) family of models
adult pelagic fish, 98–102
fishing collapse analysis applications,
165–76
fishing mortality rates, 101
EcoSpace model, adult pelagic fish, 98
Ecosystem Approach, stock assessment and
management, 192, 238, 241–2
scientific contributions to, 238
ecosystem models. See also fishing collapse
analysis
Benguela upwelling region, 161–2
climate-based fishery fluctuations
economic and management issues,
266–70
non-market values and, 265–6
climate change and, 308
predicted avenues of, 316–28
SPACC research overview, 312–13
stress interactions, 331f
trophic productivity and composition,
316–20
uncertainty and research gaps
concerning, 330
collapse indicators, 184n.2
small pelagics as, 181
decadal-scale population variability, 64–5
fishery management systems, 10
future research issues, less-studied systems,
306
global SPF production and economics,
human response in West Africa, 279
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ecosystem models (cont.)
trophic flows, 174–6
wasp-waist pelagic fish models, 158–60, 301
overview of, 158–60
Effingham Inlet, inter-species relationships
and scale deposition from, 58–9
egg buoyancy schemes, biophysical models,
fish egg/larval behaviour, 91
egg cannibalism estimates
development of, 1–2
trophic dynamics, Northeastern Atlantic/
Mediterranean systems, 133
egg distributions, biophysical models, climate
change, 103–4
egg production surveys. See also Daily Egg
Production Method (DEPM)
biophysical models
abiotic environment, 89
biotic environment, 89
stock assessment and management, 213–15
anchovy stocks, 213–14
sardine stocks, 214–15
technology innovations in, 307
Ekman pumping, wind-driven upwelling and,
18, 34, 37
Ekman transport, 22, 25, 147, 326
El Niño. See also Benguela Niño
California Current spawning patterns,
17, 18
decadal-scale population variability,
64
trophodynamic aspects, 81
fishing collapse and effects of, 183
Humboldt Current ecosystem
biota changes and, 74–5
climate-based decadal-scale population
dynamics, 75–6
habitat characteristics, 18
spawning patterns and, 18–20, 21–2
Peruvian anchovy fishery collapse and, 7
stock assessment and management,
Peruvian anchovy, 199
temperature and salinity changes, 34
trophic dynamics
Humboldt Current dietary studies, 124
regime shifts and, 139–41
El Niño-Southern Oscillation (ENSO)
ecosystem variability and human response,
West African case study, 279
future research applications, 306
Humboldt Current and, 18
ecosystem effects, 162
scale deposition variability and, 45–6, 47f
SEPODYM model, 100
empirical orthogonal function (EOF),
ecosystem models, climate-based fishery
fluctuations, 266–70f
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energy costs of feeding, trophic dynamics,
Benguela current, 117
Engraulis capensis, 7
Engraulis encrasicolus
Benguela Current habitat, 22–6
biophysical models
Benguela Current upwelling system, 91–3
miscellaneous upwelling systems, 93
Canary Current ecosystem biota, 78–9
Catalan and Adriatic fisheries, 163–4
mortality models, 101
Northeast Atlantic habitat, 27–30
stock assessment and management,
199–200
Bay of Biscay, 200–1
Black Sea, 202
egg production survey, 213–14
Mediterranean Sea, 201–2
trophic dynamics
Benguela Current, 113–18
Northeast Atlantic/Mediterranean
systems, 128–33
Engraulis japonicus
biophysical models, upwelling systems, 93
habitat characteristics, 31–3
stock assessment and management, 192–3
modeling and harvest strategies, 217–18
trophic dynamics, Northwestern Pacific
ecosystem, 126–8
Engraulis mordax, 7
California Current habitat, 14
diet, 119
scale deposition rate variability, 45
stock assessment and management, 193–8
egg production surveys, 213–14
modeling and harvest strategies, 218–19
Engraulis ringens, 7, 13
biophysical models, 93
upwelling systems, 94
Humboldt Current habitat, 18–20, 123–6
stock assessment and management, 198–9
egg production survey, 213–14
modeling and harvest strategies, 219
trophic dynamics
Humboldt Current upwelling system,
123–6
entrainment hypothesis, low-frequency
population fluctuations, 293
“environmental loophole hypothesis,” lowfrequency population fluctuations,
295
environmental processes
fishery collapse and, 10
fish recruitment mechanisms and, 1
global SPF production and economics,
future social–ecological research
collaborations, 280–2

Equatorial Undercurrent, Humboldt Current
habitat and, 18
equilibrium theory, California fisheries
management and, 7
equity issues, global SPF production and
economics, 280–2
Eschrichtius robustus, climate-based fishery
fluctuations, ecosystem models, 266–70
estuarine habitat, trophic dynamics and, 145–6
ethical issues, global SPF production and
economics, 280–2
Etrumeus teres, trophic dynamics,
Northwestern Pacific ecosystem, 126–8
Etrumeus whiteheadi
modeling and harvest strategies, Benguela
operational management, 219–20
mortality models, 101
trophic dynamics, Benguela Current, 114
Eulerian approach, biophysical models
fish egg and larval dynamics, 89–90
SEPODYM model, 100
euphausiid eggs, trophic dynamics
California Current, pelagic dietary
patterns, 119–23
Humboldt Current dietary studies, 125–6
EUREKA project, stock assessment and
management, Humboldt anchovy, 199
European anchovy
Benguela Current habitat, 22–6
biophysical models
Benguela Current upwelling system,
91–3
miscellaneous upwelling systems, 93
biophysical models, upwelling
systems, 93
Canary Current ecosystem biota, 78–9
Catalan and Adriatic fisheries, 163–4
mortality models, 101
Northeast Atlantic habitat, 27–30
stock assessment and management,
199–200
Bay of Biscay, 200–1
Black Sea, 202
Mediterranean Sea, 201–2
trophic dynamics
Benguela Current, 113–18
Northeast Atlantic/Mediterranean
systems, 128–33
European sardine
biophysical model, 93
Canary Current ecosystem
biota changes and population dynamics,
78–9
regime shift and geographic distribution,
79–80
Catalan and Adriatic seas, 163–4
modeling and harvest strategies, 224
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Northeast Atlantic habitat, 30–1
stock assessment and management,
207–8
hydroacoustic surveys, 215–17
trophic dynamics, Northeast Atlantic/
Mediterranean systems, 128–33
event-driven climate change, habitats and, 37
expansion–contraction model, population
dynamics, 324f
expansion of population, habitat
characteristics and, 35
exploitation rate/production rate ratio, lowfrequency population fluctuations and,
295–6
export values, global harvesting, production,
and trade practices, small pelagic fish, ,
260–1f, , 265f
Extended Survivor Analysis (XSA)
Baltic Sea herring, 233–4
Baltic Sea sprat, 232–3
ICES stocks, 220–1
North Sea autumn spawning herring stock,
224–32
ex-vessel revenue, climate-based fishery
fluctuations, California ecosystem
model, 267–8, 272n.8
Farfantepenaeus californiensis, biophysical
models, upwelling systems, 93
fatty acid availability in prey, effects on
predators of, 179
feast-or-famine trophic strategy, Benguela
Current anchovy, 118
fecundity rates, low-frequency population
fluctuations
age-dependent fecundity, 291t
indeterminate fecundity and forage access,
291
Federal Exclusive Economic Zones (EEZ),
California fisheries and, 268–9
feedback instability
climate change and, 331f
future research methodology, 301–2
feeding ecology
fishing collapse analysis, benthopelagic
coupling, 179–80
global production and trade, small pelagic
fish, human–ecosystem interaction,
278–9
niche replacement and, 305–6
trophic dynamics
Baltic Sea system, 135–7
Benguela Current, 113–18, 115–16f
California Current upwelling system,
118–23, 119–20f, 119–20t
Humboldt Current upwelling system,
118–23
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Northeast Atlantic/Mediterranean
systems, 128–33
Northwestern Atlantic system, menhaden
species, 134–5
species morphology and, 138
summary of research, 146–7
filtering strategies of pelagics, trophic
dynamics
Baltic Sea system, 136
Benguela current, 116
California Current species, 121–3
Northeast Atlantic/Mediterranean systems,
128–9
Northwestern Atlantic menhaden species,
133–5
resource partitioning and, 138
Fish Ecology III Conference, 1
fishery characteristics
climate change and global production,
263–4, 331f
global harvesting, production, and trade
practices and, 257–61f
low-frequency population fluctuations and,
295–6
demographic and behavioral effects,
296
exploitation rate/productive rate ratio,
295–6
optimal harvesting, 296
stock assessment and management, 192
summary of research, 347–8
fishery-independent stock surveys, 213–17
aerial fish spotting data, 217
bottom trawl surveys, 217
driftnet surveys, 217
egg production surveys, 213–15
anchovy stocks, 213–14
sardine stocks, 214–15
hydroacoustic surveys, 215–17
success of, 236
surface trawl surveys, 217
fishing collapse analysis. See also stock
assessment and management
Atlantic herring, North Sea autumn stock,
210
basic definition, 184n.1, 184n.2
Benguela upwelling region, 161–2
benthopelagic coupling, flow to detritus
models, 179–80
Catalan and Adriatic seas, 163–4
catch and abundance data series, 164
climate change effects, 181–2
individual-based models, 183
modeling techniques, 182–3
“what-if” climate model, 183
Ecopath with Ecosim models, 165–76
ecosystem indicators, small pelagics as, 181

effects on top predators, 160, 172, 179
future research issues, 300–1
gelatinous zooplankton simulations, 169–72
generic effects on small pelagics, 176–8
Humboldt Current upwelling system,
162–3
pelagic food web and, 160
predatory fish, small pelagic collapse
effects on, 160, 172
scale mismatching, 276–8
small pelagic catch reduction and predatory
fish enhancement, 180–1
species proliferation, 178–9
“static” (snapshot) models, 164–5
time series data models, 165–6
trophic flow control models, 174–6
trophic pathways disruption, 182
Fishing-in-Balance (FiB) index
fishing collapse analysis, 164, 166–9
fishmeal/fish oil exports
aquaculture growth and, 274–262
climate change effects, California
ecosystem management, 270
global harvesting, production, and trade
practices, 261, 272f
human dimensions of, 275–6
fish scale deposition. See scale deposition rates
fitness-based approach, biophysical models,
adult pelagic fish
movement and behavior models, 96
predator–prey models, 98
fitted models, fishing collapse analysis, time
series data, 166
flow hypotheses
decadal-scale population variability
climate-based regime shifts, 82
synchronies and teleconnections, 82–3
low-frequency population fluctuations, 286–9
physical variability, 287
flow to detritus model, fishing collapse
analysis, 172–4f, 175t
benthopelagic coupling, 179–80
fold catastrophes, climate-related fisheries
fluctuations and, 9
Food and Agriculture Organization (FAO),
international research co-operation, 1–4
food chain hypothesis, trophic dynamics,
112–13
food supplies, mortality of species and, 35–6
food web model
climate change and, research gaps and
limitations, 329–30
fishing collapse analysis, trophic flow
control, 174–6
global production and trade, small pelagic
fish, human–ecosystem interaction,
278–9
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food web model (cont.)
trophic dynamics and climate change,
318–19, 320f
forage models
low-frequency population fluctuations,
indeterminate fecundity and forage
access, 291
tuna population, 100
fossil imprints, surface sediment recovery,
coring and sampling techniques, 49
fresh, frozen, and chilled small pelagic fish,
global harvesting, production, and trade
practices, 260ff, 261f
fresh water input, climate change
ocean surface layer stratification,
316
riverine input, 327–8
full life cycle models
adult pelagic fish
definition, 95
EcoPath/EcoSim models, 98–102
climate change, 103
Gadus morhua, biophysical models, 102–3
gastric evacuation modeling, Baltic sea
system, herring and sprat diet, 137
gelatinous zooplankton, fishing collapse
analysis and, 169–72f, 169–72t
generalized additive models (GAMs)
Bay of Biscay anchovy spawning, 29
Mediterranean and Black Sea pelagic stock,
234–5
trophic dynamics, Humboldt Current
dietary studies, 125–6
General Ocean Circulation Models (GCMs),
research gaps and limitations, 329
geochemistry, fish scales, scale deposition
rates and, 55–6
geographic shifts
biophysical models, 104
Canary Current ecosystem, pelagic regime
shifts and, 79–80
distributional dynamics, future research
in, 302–3
fishing collapse and predator–prey
variations in, 179
habitat characteristics and, 13–14, 34–5
Ghana case study, ecosystem variability and
human response, 279
gill raker gap measurements, trophic
dynamics
Benguela current, 114
California Current, 118
Kuroshio Current/Northwestern Pacific
pelagic comparisons, 127
Northeast Atlantic/Mediterranean systems,
128–9
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Northwestern Atlantic system, menhaden
species, 133–5
species differences in, 138
Global Ocean Ecosystem Dynamics
(GLOBEC)
Baltic Sea system, herring and sprat
feeding, 136
global SPF production and economics,
human dimensions of, 275–6
retrospective studies, decadal-scale
variability research, 65
global SPF production and economics
aquaculture operations, 274–262
climate change effects, 262–71
in developing coastal countries, 270–1
ecosystem economics and management
issues, 266–70
fisheries collapse and regime shifts,
263–4
optimal time path of resource
exploitation, discount rates and,
264–6
sharing of fish stocks and global
warming, 262
future research issues, 271–2
harvesting, production, and trade practices,
257–61f
human dimensions of
climate impacts on human communities,
281
cross-disciplinary research, 275–6
future social–ecological research issues,
280–2
historical context, 278–9
research overview, 275
scale issues, 276–8
social–natural science research
collaboration, 279–80
research overview, 256–7
global warming
ocean surface layer stratification, 316
small pelagic fish stocks fluctuations, 262
economic issues, 263–4
SPACC research review, 313
SPF production and economics, human
interaction and, 280
trophic productivity and composition
predictions, 316–20
goby
fishing collapse analysis, 169
small pelagic catch reduction and
predatory fish enhancement, 180–1
Northern Benguela ecosystem, 78
governance
climate-based fishery fluctuations and,
263–4
global SPF production and economics

human dimensions of, 275–6
scale mismatching, 276–8
stock assessment and management and, 239
gray whales, climate-based fishery
fluctuations, ecosystem models, 266–70
“Group of Four” experts, formation of, 1
growth algorithms, biophysical models, fish
egg and larval dynamics, 90
guano scraping, global production and trade,
small pelagic fish, 278–9
guillemot, prey quality effects on, 179
“gulping” feeding behavior, trophic dynamics,
Kushio Current/Northwestern Pacific
pelagic comparisons, 127
Gymnodinium splendens, in anchovy diet,
119
habitats
acidification effects, 37–8
anchovy and sardine population shifts, 34
anchovy and sardine taxa, 12–14
Bay of Biscay anchovy, 27–30
Benguela Current, 22–6
California Current, 14–18
climate change and, 12, 36, 264
European Atlantic sardine, 30–1
event-driven climate change, 37
expansion, contraction, and refugia, 35
food and predator characteristics and
species mortality, 35–6
geography and hydrography of,
13–14, 34–5
hydrology, 37
Japanese anchovy, 31–3
Kuroshio–Oyashio current, 31–4
low-frequency population fluctuations
“basin model” of habitat selection,
293–4
nearshore habitat restriction, 289
sardine upstream movement and offshore
habitat utilization, 288–9
mortality rates and changes in, 35–6
Northeast Atlantic, 26–7
ocean stratification and changes in, 37
ocean temperature and changes in, 36
phenology, 37
summary of research, 38
temperature and salinity properties, 35
transport and migration patterns, 35
trophic dynamic implications for, 143
winds and changes in, 37
habitat suitability indices (HSI), physics/
physics-related variables, adult fish
models, 97
hake, fishing pressures on
Benguela upwelling region, 161–2
catch ratios and abundance data, 166–9
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small pelagic catch reduction and predatory
fish enhancement, 180–1
Hamburg Shelf Ocean Model (HAMSOM)
early life models, small pelagic fish, 95
Lagrangian simulations, upwelling systems,
94–5
mackerel biophysical model, 95
harvest control rules, modeling and harvest
strategies, California stock, 218–19
harvesting strategies and modeling
climate-related fisheries fluctuations in
developing coastal countries, 270–1
global production and economics of small
pelagic fish, 257–61f
commodity production, 259f
discounted present values, 265f
export values, 260f, 261f
future trends in, 271–2
low-frequency population fluctuations
and, 296
stock assessment and management, 217–42
Arcto-Norwegian herring spring
spawning, 232
Baltic Sea herring, 233–4
Baltic Sea sprat, 232–3
Bay of Biscay anchovy, 221–4
Benguela operational management
procedure, 219–20
California sardine and anchovy, 218–19
European sardine, 224
Humboldt fisheries, 219
ICES guidelines, 220–1
Japanese anchovy, 217–18
Mediterranean and Black Sea pelagic
fisheries, 234–5
North Sea herring, autumn spawning
stock, 224–32
North Sea sprat, 232
Southwestern Australia sardine, 235
herring. See also specific species
early life hydrodynamic models, 95
feedback instability and population growth
of, 302
global harvesting, production, and trade
practices, 257–61f
historical records of, 46
inter-species relationships, scale deposition
rates and, 58–9
mortality models, 101
NEMURO.FISH model, 101–2
scale deposition rate variability, 51
site-record relationships of scale
depositions for, 57–8
stock assessment and management, 208–11
Baltic Sea, 210–1
modeling and harvest strategies, 210–1,
224–32, 233–4
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North Sea autumn spawning, 208–10
Norwegian spring spawning, 210
trophic dynamics, Baltic Sea system,
135–7
climate change and, 145
historical records
environmental significance of, 56–60
nineteenth- vs. twentieth-century
paradigms and interpretation of, 61
ocean variability indications from, 60–1
pelagic fish population variability, 46–8
site characteristics and, 57–8
Hokkaido herring, 6–7
Holocene period
archaeological record of fish populations
during, 48
climate variability during, 46
dietary role of pelagics during, 48
presence/absence of scales in, 56–7
homing instinct in fish, climate-related
fisheries fluctuations and, economic
uncertainty linked to, 263–4
horse mackerel
Benguela Current population changes, 26,
78
fishing collapse analysis, 166–9
Northern Benguela ecosystem, 77
human interaction
climate change and, 312–13
global SPF production and economics
climate impacts on human communities,
281
cross-disciplinary research, 275–6
ecosystem variability and, West African
case study, 279
future social–ecological research issues,
280–2
historical context, 278–9
research overview, 275
scale issues, 276–8
social–natural science research
collaboration, 279–80
Humboldt anchovy
biophysical models, 93
upwelling systems, 94
Humboldt Current habitat, 18–20,
123–6
stock assessment and management, 198–9
egg production survey, 213–14
modeling and harvest strategies, 219
trophic dynamics
Humboldt Current upwelling system,
123–6
Humboldt Current (HC)
biophysical models, upwelling
systems, 93

decadal-scale population variability,
64
biota changes, 74–5
climate change and, 75–6
Kuroshio Current synchronies and
teleconnections, 82–3f
regime shifts, 75
trophodynamic aspects, 81
fishing collapse analysis
benthopelagic coupling, 179–80
effects on small pelagics, 176–8
flows to detritus model, 172–4f, 175t
mixed trophic impact, 174, 175t
small pelagic catch reduction and
predatory fish enhancement,
180–1
trophic flow control, 174–6
trophic pathways disruption, 182
fishing collapse in, 162–3
catch ratios and abundance models,
166–9
effects on top predators, 160, 172
trophic levels, 168f
geography and hydrography, 34–5
mackerel/jack mackerel habitat, 22
models of pelagic collapse in, 158–9
population expansion, contraction, and
refugia, 35
regime shifts in, 67f
sardine habitat, 21–2
transport and migration patterns, 35
trophic dynamics
climate change and, 139–41
upwelling system, 123–6f, 124–6f,
125–30t, 140–4t
Humboldt sardine
Benguela Current habitat, 22–6
biophysical models, Benguela Current
upwelling system, 91–3
California Current habitat, 14–17
Humboldt Current habitat, 21–2
mortality models, 101
scale deposition rate variability, 45, 53f
stock assessment and management, South
Peru/North Chile, 203–5
trophic dynamics
Benguela Current, 113–18
Humboldt Current upwelling system,
123–6
hydroacoustic surveys
Bay of Biscay anchovy, 221–4
stock assessment and management,
215–17
hydrodynamics
biophysical models
Benguela Current upwelling systems,
sardine/anchovy models, 91–3
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hydrodynamics (cont.)
climate change and, 102–3
early life models, small pelagic fish, 95
fish egg and larval dynamics, 89–90
fish egg/larval abiotic environment, 89
MARS 3-dimensional circulation,
upwelling systems 93
NPZ adult fish model, 97–8
physics/physics-related variables, adult
fish models, 97–8
predator-prey models, 98
water quality models, 99–100
individual-based models, 89
three-dimensional model, Pacific Ocean, 100
hydrography
habitat characteristics and, 13–14, 34–5
ocean stratification and, 37
hydrologic cycle, climate change research,
36, 37
trophic productivity and composition
predictions, 316–20
Iberian Poleward Current (IPC), Northeast
Atlantic habitat, 26–7
ICES stocks, modeling and harvest strategies,
220–1
“ideal free distribution” hypothesis, lowfrequency population fluctuations,
293–4
IGBEM model, adult pelagic fish, 99
immigration trends, California fisheries
and, 268
imprinting, low-frequency population
fluctuations, 292–3
individual-based models (IBMs)
biophysical models
fish egg/larval mortality, 90–1
overview, 89
fish egg and larval dynamics, 89–90
fishing collapse and climate change effects,
183
Individual Transferable Quota (ITQ),
Southwestern Australia sardine modeling
and harvest strategies, 235
Initial Framework hypothesis, low-frequency
population fluctuations, 286–9
“basin model” of habitat selection, 293–4
circumstantial sardine–anchovy
alternations, 289
cyclic dominance model, 295
physical variability, 287
synchronous interdecadal fluctuations,
ocean circulation, 287–8
instantaneous surplus production rate (ISPR),
Kuroshio Current ecosystem biota and, 71
Instituto de Fomento Pesquero (IFOP), sardine
stock egg production survey, 214–15
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Integrated-Catch-at-Age (ICA) models
Baltic Sea sprat, 232–3
Bay of Biscay anchovy, 221–4
European sardine, 224
ICES stocks, 220–1
North Sea autumn spawning herring stock,
224–32
interest groups, climate-based fishery
fluctuations and policy options and, 264–5
Intergovernmental Oceanographic
Commission (IOC)
international research co-operation, 1–4
resolution XI-17, 1
international agreements
climate-based fishery fluctuations and,
263–4
in developing coastal countries, 270–1
future trends in, 271–2
stock assessment and management and,
240–2
International Council for Exploration of the
Sea (ICES) Working Group, entrainment
hypothesis, low-frequency population
fluctuations, 293
International Geosphere Biosphere Program
(IGBP), decadal-scale variability
research, 65
International Recruitment Project (IREP),
development of, 2
intraguild predation (IGP), trophic dynamics
and, 143
Investigaciones Mexicanas de la Corriente
de California (IMECOCAL), stock
assessment and management, sardine
stock egg production, 214–15
isotherm movements, distributional dynamics,
future research in, 303
jack mackerel
Humboldt Current habitat, 22
small pelagic catch reduction and predatory
fish enhancement, 180–1
Japanese anchovy
biophysical models, upwelling systems, 93
decadal-scale population variability and, 64
habitat characteristics, 31–3
Kuroshio Current ecosystem, biota changes,
69, 71f
stock assessment and management, 192–3
modeling and harvest strategies, 217–18
trophic dynamics, Northwestern Pacific
ecosystem, 126–8
Japanese fisheries, global harvesting,
production, and trade practices and,
257–61f
Japanese sardine
decadal-scale population variability, 64

temperature effects, 81
Kuroshio Current ecosystem, biota changes,
69, 71f
Kuroshio–Oyashio habitat characteristics,
33–4
low-frequency population fluctuations, life
history plasticity, 292
regime shifts of, 67f
stock assessment and management,
202–4
modeling and harvest strategies, 217–18
trophic dynamics, Northwestern Pacific
ecosystem, 126–8
upstream movement and offshore habitat
utilization, 288
Japan Sea
biota changes in, 71
jellyfish predation
Benguela Current population changes, 26
feedback instability and, 302
fishing collapse analysis and, 169–72f, 169–72t
benthopelagic coupling, 179–80
species proliferation, 178–9
trophic pathways disruption, 182
jumbo squid, low-frequency population
fluctuations, predator outbreaks, 295
Kasten cores
scale deposition rate variability and, 51, 52f
slumps and limitations of, 51
surface sediment recovery, 49
kinesis
biophysical models, adult pelagic fish,
movement and behavior models, 96
predator–prey models, 98
Kuroshio Current Extension (KC Extension)
biota changes in, 71
climate-based decadal-scale population
variability, 72–4
regime shifts, 71–2
Kuroshio Current (KC)
biophysical models, 94
climate change, ocean surface layer
stratification, 316
decadal-scale population dynamics
biota changes, 71
climate change and, 72–4
Humboldt current synchronies,
82–3f
regime shifts, 71–2
temperature effects, 81
timing of events table, 73t
low-frequency population fluctuations
egg retention and developmental time
threshold, 289–90
future research issues, 296
meandering characteristics, 290
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research overview, 286–9
sardine upstream movement and offshore
habitat utilization, 288
trophic dynamics, 126–8, 127–8f, 128–9f,
140–4t
climate change and, 139–41
Kuroshio–Oyashio (KO) current. See also
Oyashio Current
characteristics of, 31–4
decadal-scale population variability and, 64
geography and hydrography, 34–5
phenology, 37
population expansion, contraction, and
refugia, 35
Lagrangian approach, biophysical models
Benguela current, sardine/anchovy models,
92–3
fish egg and larval dynamics, 89–90
upwelling systems, , 94–5
laminae structure, sedimentary pelagic fish
records, 50f
La Niña, trophic dynamics and, 139–41
larval environment. See early life stages, small
pelagic fish
stock assessment and management
Atlantic herring spawning stock,
208–10
time series data, 217
“Lasker windows” model, development of,
1–2
latitudinal shifts
Benguela Current, 324
Canary Current, climate change and, 322–3
distributional dynamics, future research
in, 320
Europe, 323–4
generalizations concerning, 321, 324–5f
low-frequency population fluctuations, 290–1
life history and reproduction, low-frequency
population fluctuations, temperature
optima, 292
Limacina bulmumoides, anchovy diet, 119
Lima Workshop, activities of, 1–2
Litopenaeus stylirostris, biophysical models,
upwelling systems, 93
Lo Demás archeological site, archeological
records of fish populations, 48
low-frequency population fluctuations
anchovy
initial framework, 287
nearshore habitat restriction, 289
behavioral mechanisms, 292–4
“basin model” of habitat selection,
293–4
entrainment hypothesis, 293
imprinting, 292–3
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mixed-species schooling and “school
trap,” 293
school-mix feedback, 293, 301–2
“environmental loophole hypothesis,” 295
fisheries’ impact on, 295–6
demographic and behavioral effects, 296
exploitation rate/productive rate ratio,
295–6
optimal harvesting, 296
initial framework hypothesis, 286–9
physical variability, 287
synchronous inderdecadal fluctuations,
ocean circulation, 287–8
life history and reproduction, 291–2
age-dependent fecundity and
reproductive age structure, 291
indeterminate fecundity and forage
access, 291
plasticity, 291–2
temperature optima, 292
multispecies mechanisms, 294–5
cyclic dominance of pelagic species, 294–5
predator outbreaks, 295
predator–prey dynamics, 294
species competition, 294
trophic dynamics, 294
over-fishing vs. natural fluctuations, 286
physical processes, 289–91
cyclonic eddies, 290
Kuroshio Current meandering, 290
latitudinal shifts, source water, 290–1
retention and critical development time,
289–90
sardine/anchovy populations
circumstantial basis for alternation of,
289
future research issues, 296
research overview, 285–6
sardines
initial framework, 287
upstream movement and offshore habitat
utilization, 288–9
low-latitude distributions, ecosystem
analysis, 306
Lüderitz cell
Benguela Current ecosystem
biota changes, 76–7
upwelling region, 161–2
biophysical models, spawning patterns,
92–3
climate change effects, 326
habitat characteristics, , 22–6
mackerel
biophysical model, 95
mortality models, 101
Humboldt Current habitat, 22

macro-electronics revolution, SPF research
applications, 307
Macrorhamphosus species, Canary Current
ecosystem populations, 79
management theory, global SPF production
and economics, social–ecological
research collaborations, 280–2
Marbled sale, hydrodynamic model, 97–8
marine mammals, climate-based fishery
fluctuations, California fisheries,
269
Marine Stewardship Council (MSC), stock
assessment and management and, 241
MARS 3-dimensional circulation model,
biophysical models, upwelling
systems 93
match-mismatch hypothesis, trophic
dynamics and climate change, 318
Maximum Likelihood Estimator (MLE), Bay
of Biscay anchovy, 221–4
Mediterranean ecosystems
Catalan and Adriatic seas, fishing collapse
in, 163–4
fishing collapse analysis
benthopelagic coupling, 179–80
small pelagic catch reduction and
predatory fish enhancement, 180–1
stock assessment and managment
egg production survey, 213–14
European anchovy, 201–2
hydroacoustic surveys, 215–17
modeling and harvest strategies, 234–5
trophic dynamics, 128–33, 129–34f, 130–2t,
132–40t, 140–4t
climate change and, 141–3
comparison of indices, 143–6f
menhaden
global harvesting, production, and trade
practices, 257–61f
physics/physics-related variables, adult fish
models, 97–8
trophic dynamics, Northwestern Atlantic
system, 133–5, 140–4f, 145–6t
Merluccius capensis, mortality models, 101
midden dating
archeological records of fish populations, 48
presence/absence of scales in, 56–7
migration patterns
biophysical models
Benguela Current upwelling system,
sardine/anchovy models, 92–3
fish egg and larval dynamics, 90
fish egg/larval behavior, 91
upwelling systems, 93
climate-related fisheries fluctuations,
economic issues, 263–4
habitat characteristics and, 35
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migration patterns (cont.)
Northern Benguela ecosystem biota, 77
Pacific sardine, 15–17
scale deposition rates and regional fish
abundance variations, 55
minimum number of individuals (MIN),
archeological records of fish
populations, 48
mixed layer depth (MLD)
climate change, ocean surface layer
stratification, 316
decadal–scale population variability,
climate-based regime shifts, 82
Kuroshio Current ecosystem
climate-based decadal-scale population
variability, 72–4
regime shifts and, 71–2
mixed-species schooling, low-frequency
population fluctuations, 293
Mixed Trophic Impact (MTI) analysis
defined, 184n.6
fishing collapse, 165
demersal–pelagic compartments, 174,
175t
flows to detritus model, 172–4, 175
Mnemiopsis leidyi
feedback instability and, 302
Mediterranean and Black Sea pelagic stock
modeling and, 234–5
molecular genetics, SPF research using, 307
mortality of species
biophysical models
dissolved oxygen-related mortality, 97–8
fish egg/larval environment, 90–1
habitat change and, 35–6
movement of adult fish
biophysical models, 96
climate change and, 105
low-frequency population fluctuations,
sardine upstream movement and
offshore habitat utilization, 288–9
multi-core techniques, surface sediment
recovery, 49
multidisciplinary research methodology,
global SPF production and economics,
human dimensions of, 275–6
MULTIFAN-CL stock assessment model, 100
multispecies mechanisms, low-frequency
population fluctuations, 294–5
cyclic dominance of pelagic species, 294–5
predator outbreaks, 295
predator–prey dynamics, 294
species competition, 294
trophic dynamics, 294
Namibia
Benguela Current ecosystem
Benguela Niño and regime shifts near, 78
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ecosystem biota, 76–7
upwelling region, 161–2
fishing collapse in
benthopelagic coupling, 179–80
pilchard overfishing case study,
265n.6, 272f
scale issues concerning, 277
trophic flow control, 174–6
trophic pathways disruption, 182
inter-species relationships and scale
deposition off coast of, 58–9
pelagic fish distribution of, 25, 48
purse-seine fisheries, 278–9
sardine upstream movement and offshore
habitat utilization near, 289
natural mortality, stock assessment and
management vs., 237
natural science, global SPF production and
economics
human dimensions of, 275–6
social science and, 279–80
niche replacement, future research issues,
305–6
nitrogen budget
dynamically coupled biophysical models,
99–100
fish scale geochemistry, 54, 55–6t
trophic dynamics
Benguela current pelagics, 117
resource partitioning and, 137–8
Nitzschia, trophic dynamics, Humboldt
Current dietary studies, 118–23
non-consumptive use values, climate-based
fishery fluctuations and, 264,
272n.4
nonlinear feedback mechanisms
feedback instability, 301–2
fishing collapse research, 300–1
low-frequency population fluctuations,
school-mix feedback, 293
non-market values, climate-based fishery
fluctuations, ecosystem models,
265–6
non-Small Pelagic Fish and Climate Change
(non-SPACC) regions, biophysical
models, 88
early life models, small pelagic fish, 95
overview, 89
North Atlantic Central Water (NACW),
Canary Current ecosystem, climate
change-based decadal-scale population
dynamics, 81
North Atlantic Oscillation (NAO)
Baltic Sea sprat recruitment, 232–3
pelagic fish population variability and
historical records of, 46
trophic dynamics, Baltic Sea system,
climate change and, 145

Northeast Atlantic (NEA) current
geography and hydrography, 34–5
habitat characteristics, 26–7
hydrology, 37
inter-species relationships and scale
deposition from, 58–9
transport and migration patterns, 35
trophic dynamics, 128–33, 129–34f, 130–2t,
132–40t, 140–4t
comparison of indices, 143–6f
northern anchovy
California Current habitat, 14
scale deposition rate variability, 45
North Pacific Ecosystem Model for
Understanding Regional Oceanography
(NEMURO), biophysical model, adult fish,
95–6
NPZ models, 101–2
North Pacific ecosystem regime,
climate-based mechanisms, 81–2
North Sea, stock assessment and management
Atlantic herring, autumn spawning,
208–10
hydroacoustic surveys, 215–17
modeling and harvest strategies,
224–32
sprats, 211–12
Northwestern Atlantic system, trophic
dynamics, 133–5f, 140–4t
Northwestern Pacific ecosystem
climate change and ocean surface layer
stratification, 316
trophic dynamics, 126–8, 127–8f,
128–9f, 140–4t
NORWECOM hydrodynamic model
Benguela Current upwelling system,
sardine/anchovy models, 91
early life dynamics, small pelagic fish, 95
Norwegian fisheries
economics of migration changes and,
264
global harvesting, production, and trade
practices and, 257–61f
Norwegian herring, 6–7
stock assessment and management
hydroacoustic surveys, 215–17
spring stock spawning, 210
number of identified specimens (NISP),
archeological records of fish
populations, 48
nutrient–phytoplankton–zooplankton (NPZ)
biophysical models, 88
climate change, 103
individual-based models, 89
NEMURO model family, 101–2
OSMOSE model, 101
SEPODYM model, 100
water quality model, 99–100
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nutrient recycling dynamics, water quality
model, 99–100
oceanographic analysis
climate change, 313–16f
scale deposition rates and, 60–1
sedimentary pelagic fish records, 49
Ocean Science in Relation to Living
Resources Program (OSLR), formation
of, 1–4
ocean stratification
California Current ecosystem,
climate-based decadal-scale
population dynamics, 70–1
habitat change and, 37
ocean temperature, habitat change and,
36
optimal growth temperatures, distributional
change and climate effects, 321–2
optimal harvesting practices, low-frequency
population fluctuations and, 296
optimal stability window hypothesis,
climate change and ocean surface layer
stratification, 316
optimal time path, climate-based fishery
fluctuations and, 264–6
OSMOSE model, adult fish biophysical
models, 100–1
overcoat sardine
biophysical model, 93
Canary Current ecosystem
biota changes and population dynamics,
78–9
regime shift and geographic distribution,
79–80
Catalan and Adriatic seas, 163–4
trophic dynamics, Northeast Atlantic/
Mediterranean systems, 128–33
overfishing hypotheses
biological vs. economic overfishing,
265, 272n.6
classical theories on pelagic collapse and,
6–7
climate-related fisheries fluctuations in
developing coastal countries,
270–1
oxygen rates
fish scale geochemistry, 55–6
sedimentary pelagic fish records,
oceanographic settings, 49
Oyashio Current
biota changes in, 71
regime shifts and, 72
Pacific Decadal Oscillation (PDO)
decadal-scale population variability,
climate-based regime shifts, 82
historical records, 56–60
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Pacific ecosystems
climate-based regime shifts, 81–2
global harvesting, production, and trade
practices, small pelagic fisheries,
257–61f
Pacific hake, scale deposition rate variability,
45
Pacific sardine
California Current habitat, 14–17
decadal-scale population dynamics,
temperature effects, 81
geographic variability, 323f
global production and economics, human
interaction and, 280
low-frequency population fluctuations,
upstream movement and offshore
habitat utilization, 288
scale deposition rate variability, 45, 53f
Pacific saury, Kuroshio Current ecosystem
biota changes, 71
regime shifts, 71–2
paleoecological patterns, scale deposition
variability in, 60
Paleo-oceanography, California sardine
biomass, 203
particulate-based feeding
niche replacement and, 305
trophic dynamics
Baltic Sea system, 136
Benguela current, 116–17
California Current, 119
California Current species, 121–3
resource partitioning and, 138
pelagic:demersal fish ratio. See also demersal
species
Benguela upwelling region, 161–2
collapse detection, 158–9
fishing collapse analysis and, 166–9f,
170f
effects on top predators, 172
flows to detritus model, 172–4f, 175t
mixed trophic impact, 174, 175t
small pelagic catch reduction and
predatory fish enhancement,
180–1
trophic pathways disruption, 182
Pelecanus occidentalis californicus,
climate-based fishery fluctuations,
ecosystem models, 266–70
Penaeus duorarum, predator–prey models,
98
Peruvian Coastal Current (PCC), Humboldt
Current and, 18
Peruvian Current (PC), Humboldt Current
and, 18
Peruvian fisheries
decadal-scale population variability and,
64

density dependence and, 304–5
global harvesting, production, and trade
practices and, 257–61f
historical background, 278–9
historic collapse of, 6
Humboldt Current ecosystem
biota changes and decline in,
74–5
regime shift, 75
trophic dynamics and climate
change, 163
scientific management of, 7
Peruvian–German Cooperative Program for
Fisheries Investigations (PROCOPA)
establishment of, 1
Peruvian anchovy ecosystem research, 3
phenology
habitat change and, 37
phosphorus loading, dynamically coupled
biophysical models, 99–100
physics
biophysical models, adult pelagic fish
case studies, 97–8
definition, 95
movement and behavior models, 96
low-frequency population fluctuations and
role of, 287
oceanographic climate change, future
scenarios, 313–16f
phytoplankton
Canary Current ecosystem, climate
change-based decadal-scale
population dynamics, 80–1
climate change effects
acidification and UV increases, 328
ocean surface layer stratification,
315–16
decadal-scale population dynamics,
trophodynamic aspects, 81
Humboldt Current ecosystem, 162
trophic dynamics, 133–5
climate change and, 316–20
community structure and climate change,
319–20
Humboldt Current dietary studies,
124–6
Kushio Current/Northwestern Pacific
pelagic comparisons, 127
Northeast Atlantic/Mediterranean
systems, 129–31
phenology and match–mismatch
hypothesis, 318
research gaps and limitations,
329–30
research overview, 112–13
summary of research, 147
pink shrimp, predator–prey models, 98
piscivorous fish, fishing pressures on, 160
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piston cores
scale deposition rate variability and, 51
surface sediment recovery, 49
plasticity modeling, low-frequency population
fluctuations, life history plasticity, 291–2t
Pleistocene deposits, presence/absence of
scales in, 56–7
Pleuronected yokohamae, hydrodynamic
model, 97–8
PLUME configuration, biophysical models,
Benguela Current upwelling system,
sardine/anchovy models, 91–3
population variability of pelagics. See also
decadal-scale population dynamics
adult pelagic populations, biophysical
models, 95–102
age-structured Sequential Population
Analysis, 219–20
anchovy (anchoveta), habitat changes and,
34
archeological records of, 48
basin hypothesis, 1–2, 35
in Benguala Current habitat, 26
catch records and, 45
distributional dynamics, future research
in, 302–3
expansion and contraction, habitat change
and, 35
expansion–contraction model, 324f
fishing collapse analysis and species
proliferation, 178–9
fish scale deposition rates, 45
future research issues, 60
historical records of, 46–8
low-frequency population fluctuations
behavioral mechanisms, 292–4
fisheries’ impact on, 295–6
life history and reproduction, 291–2
“loophole hypothesis,” 295
multispecies mechanisms, 294–5
physical processes, 289–91
prehistoric models, 8
salinity and temperature and, 34–5
sardine, habitat changes and, 34
stock assessment and management, 192
Virtual Population Analysis model, 6–7, 25
predator pit loop, wasp-waist ecosystem
models, 301
predator–prey models
anchovy populations, 20
biophysical models
fish egg/larval biotic environment, 89
fish egg/larval mortality, 90–1
physics/physics-related variables, 98
climate-based fishery fluctuations
California fisheries, 269
ecosystem models, 266–70
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feedback instability, 301–2
fishing collapse analysis
catch reduction and predatory fish
enhancement, 180–1
quality of prey factors, 179
small pelagic fish effects, 172, 179
species proliferation, 178–9
trophic flow control models, 174–6
food web models, trophic dynamics and
climate change, 318–19f
full life cycle models, 99
low-frequency population fluctuations, 294
predator outbreaks, 295
mortality of species, 35–6
phenology and match–mismatch
hypothesis, 318
scale deposition rates and scale shedding,
51–3
Southern Benguela pelagic population
dynamics, 77–8
stock assessment and management, Baltic
Sea herring, 211
von Bertalanffy equation, 100
prediction techniques
research gaps in, 330–1
trophic productivity, 316–20
prehistoric sardine/anchovy population
models, 8
pre-season forecasting, stock assessment and
management, 237
prey populations. See also predator–prey
models
biophysical models
fish egg/larval biotic environment, 89
fish egg/larval growth, 90
density dependence, future research in, 303–5
trophic dynamics
California Current, 119–23
Humboldt Current, 118–23
Kuroshio Current/Northwestern Pacific
pelagic feeding, 126–8
Northeast Atlantic/Mediterranean
systems, 129–31
resource partitioning and, 137–8
prey-to-predator feedback loop
tuna population, 306
wasp-waist ecosystem models, 301–2
Princeton Ocean Model (POM), early life
models, small pelagic fish, 95
production/biomass P/B ratios, full life cycle
models, 99
production statistics
global production small pelagic fish
production and trade, 257–61f
commodity production, 259f
discounted present values, 265f
export values, 260f, 261f

low-frequency population fluctuations
and, exploitation rate/production rate
ratio, 295–6
Pseudocalanus acuspes, herring and sprat
diet, Baltic Sea system, 135–7
pteropod, anchovy diet, trophic dynamics,
California current, 119
public held fisheries, climate-based fishery
fluctuations and, 265–6
quantitative fishery dynamics, classical
theories on pelagic collapse and,
6–7
quota systems, global harvesting, production,
and trade practices and, 279
quotient analysis, 25, 28–9
radioisotopes, chronostratigraphy interference
from, 49–51
recruitment experiment (REX) framework, 1
recruitment patterns
Benguela habitat, 25
full life cycle models, 99
Catalan and Adriatic overfishing, 163–4
classical theories on pelagic collapse and, 7
climate change and
circulation effects, 325–7
distributional dynamics, 321–2
environment-based analysis, 237
European Atlantic sardine, 30–1
international co-operation on research in, 1
low-frequency population fluctuations,
retention of eggs and critical
development times, 289–90
MULTIFAN-CL stock assessment
model, 100
NEMURO.FISH model, 101–2
regulating mechanisms, 1
stock assessment and management, 191–2
Baltic Sea herring, 211
European sardine, 207–8
European sprat, 212–13
hydroacoustic surveys, 215–17
Japanese sardine, 202–4
Southwestern Australia sardine, 208
survey-based analysis of, 236–7
trophic dynamics and, 139–41
Baltic Sea herring/sprat recruitment and,
145
Recruitment-per-Spawner (RPS)
measurements, modeling and harvest
strategies, Japanese stocks, 217–18
redeye round herring, trophic dynamics,
Benguela Current, 114
refugia
acidification effects, 37–8
habitat change and, 35
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regime/regime shift
Benguela Current ecosystem, 78
Canary Current ecosystem, 79–80
climate-related fisheries fluctuations and,
8, 10
aquaculture growth and, 262
California ecosystem management, 270
economic issues, 263–4
future trends in, 271–2
decadal-scale population variability, 65, 66f
California Current ecosystem, 68–70
climate-based mechanisms, 81–2
Humboldt Current ecosystem, 75
Kuroshio Current ecosystem (KCE),
71–2
research overview, 64
defined, 65–6
feedback instability and, 301–2
historical records and, 56–60
low-frequency population fluctuations
life history plasticity, 291–2
research overview, 753.5
NEMURO.FISH model, 101–2
stock assessment and management and,
239–40
regime-specific harvest rates (RSHR), stock
assessment and management and,
239–40
Regional Ocean Model System (ROMS)
Benguela Current upwelling system,
sardine/anchovy models, 91–3
biophysical models
climate change and, 102–3
upwelling systems, 93
velocity measurement and modeling, 93
regulatory policies, California fisheries and,
268–9
replicate sampling techniques, scale
deposition rates and scale shedding, 53
reproductive age structures, low-frequency
population fluctuations, 291
research methodology
future research trends, 300–1
climate change and eco-dynamics, 308
density dependence, 303–5
distributional dynamics, 302–3
feedback instability, 301–2
less-studied ecosystems, 306
new technologies and techniques, 306–7
niche replacement, 305–6
wasp-waist ecosystems, 301
international co-operation in, 1
resource exploitation, optimal time path,
climate-based fishery fluctuations and,
264–6
resource partitioning
filter vs. particulate feeding strategies, 138
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Northwestern Atlantic system, menhaden
species, 134–5
prey size and, 137–8
trophic dynamics, summary of research, 147
retention of planktonic eggs, low-frequency
population fluctuations, 289–90
rhomboidal modeling, research gaps and
limitations, 329
riverine input, climate change effects, 327–8
round herring
fishing collapse analysis in Benguela
Current, 169
small pelagic catch reduction and
predatory fish enhancement, 180–1
modeling and harvest strategies, Benguela
operational management, 219–20
trophic dynamics, Northwestern Pacific
ecosystem, 126–8
Russia/USSR fisheries, global harvesting,
production, and trade practices and,
257–61f
salinity. See also sea surface salinity (SSS)
herring and sprat diet, Baltic Sea system,
136, 145–6
pelagic fish population shifts and, 34–5
salmon migrations, climate change and
economics of, 264
salp biomass, California Current ecosystem,
climate-based decadal-scale population
dynamics, 70–1
Santa Barbara Basin (SBB)
archeological records of fish populations,
48
inter-species relationships and scale
deposition in, 58–9
scale deposition variability in, 45, 55, 60–1
sedimentary pelagic fish records, 49
site-record relationships of scale
depositions in, 57–8
Sardina pilchardus
biophysical model, 93
Canary Current ecosystem
biota changes and population dynamics,
78–9
regime shift and geographic distribution,
79–80
Catalan and Adriatic seas, 163–4
distributional dynamics, 321–2f
modeling and harvest strategies, 224
stock assessment and management, 207–8
trophic dynamics, Northeast Atlantic/
Mediterranean systems, 128–33
Sardine–Anchovy Recruitment Program
(SARP), development of, 2
Sardinella spp.
Canary Current ecosystem

biota changes and population dynamics,
78–9
regime shift and geographic distribution,
79–80
habitat characteristics, 30–1
stock assessment and management,
Brazilian sardine (brasilensis), 205
triggering mechanisms for collapse of,
302
sardines. See also specific species, e.g.
Sardinops and Sardina spp.
Benguela Current habitat, 22–6
northern Benguela ecosystem, 77
regime shift, 78
southern Benguela ecosystem, 77–8
biophysical models
Benguela Current upwelling system,
91–3
mortality models, 101
NEMURO.SAN model, 102
in upwelling systems, 93–5
California Current ecosystem
biota changes and population
fluctuations, 66–8
regime shifts in, 70
California fisheries, fluctuations in, 269
Canary Current ecosystem
biota changes and population dynamics,
78–9
climate change-based decadal-scale
population dynamics, 80–1
regime shift and geographic distribution,
79–80
classical period of collapse of, 6–7
climate-based fishery fluctuations
circulation models, 326
distributional dynamics, 321–2f
ecosystem models, 266–70f
decadal-scale population variability
Humboldt Current ecosystem regime
shift, 75
regime shifts, 65, 66f
research overview, 64–5
El Niño conditions and collapse, 7
fishing pressures
Benguela upwelling region, 161–2
global harvesting, production, and trade
practices, 257–61f
human interaction and, 280
habitat characteristics, 12–14
historical observations of, 46–8
Humboldt Current ecosystem, 21–2, 74–5
inter-species relationships, scale deposition
rates and, 58–9
Kuroshio Current ecosystem, climate-based
decadal-scale population variability,
72–4
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sardines. (cont.)
low-frequency population fluctuations
circumstantial basis for sardine–anchovy
alternation, 289
indeterminate fecundity and forage
access, 291
theoretical background, 287
upstream movement and offshore habitat
utilization, 288–9
niche replacement by, 305–6
Northeast Atlantic habitat, 26–7
population changes and habitat
characteristics, 34
regime shifts in, 67f
Kuroshio Current ecosystem, 71–2, 74f
sardine–anchovy alternation theory, 7
scale deposition rates, 52, 53f, 54–9f
site-record relationships of scale
depositions for, 57–8
stock assessment and management,
202–8
Benguela sardine, 205–7
Brazilian sardine, 205
California sardine, 203
Chilean common sardine, 203–5
egg production surveys, 214–15
European sardine, 207–8
Japanese sardine, 202–4
Southwestern Australia sardine, 208
trophic dynamics
Benguela Current, 113–18
climate change and, 139–41, 147
Humboldt Current species, 123–6
Northeast Atlantic/Mediterranean
systems, 128–33
resource partitioning of zooplankton,
137–8
summary of research, 146–7
Sardinia pilchardus, Northeast Atlantic
habitat, 30–1
Sardinops melanostictus, 6–7
biophysical models, 93, 94
Kuroshio–Oyashio habitat characteristics,
33–4
stock assessment and management, 202–4
modeling and harvest strategies, 217–18
trophic dynamics, Northwestern Pacific
ecosystem, 126–8
Sardinops ocellata, scale deposition rate
variability, 53
Sardinops sagax
Benguela Current habitat, 22–6
biophysical models, Benguela Current
upwelling system, 91–3
California Current habitat, 14–17
climate change and recruitment patterns,
326–7
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Humboldt Current habitat, 21–2
low-frequency population fluctuations,
upstream movement and offshore
habitat utilization, 288–9
mortality models, 101
scale deposition rate variability, 45, 53f
stock assessment and management
Benguela sardine, 205–7
modeling and harvest strategies,
218–19
South Peru/North Chile, 203–5
trophic dynamics
Benguela Current, 113–18
Humboldt Current upwelling system,
123–6
Sardinops sagax caerulea, 6–7
stock assessment and management, 203
Sardinops sagax neopilchardus, 208
Sardinops sagax ocellata, 6–7
Sardinops sagax sagax, 7
SARDYN (SARdine DYNamics) project,
European Atlantic sardine studies, 30–1
scale deposition rates (SDR)
distributional dynamics, future research
in, 302–3
scale deposition rates (SDRs)
biomass variability calibrations, 56
chronostratigraphies, 49–51
El Niño conditions and, 45–6, 47f
interpretation guidelines, 51–6
inter-species relationships, 58–9
Kuroshio Current ecosystem, biota
changes, 71
ocean variability implications of, 60–1
pelagic fish population variability and, 45
population variability and, 45
presence/absence as variability indicator,
56–7
regional fish abundance variations, 55
scale degradation and, 53–5
scale geochemistry and, 55–6
scale shedding and, 51–3
sedimentary environment models, 47f
site-record relationships, 57–8
site variability of, 51
timescales of variability, 53, 59–60t
scale issues, global SPF production and
economics, human dimensions
of, 276–8
schooling behavior, low-frequency population
fluctuations, 293
school-mix feedback hypothesis
low-frequency population fluctuations, 293
wasp-waist ecosystem models, 301–2
school size, density dependence and, 304
school “trap,” low-frequency population
fluctuations, 293

Scientific Committee on Oceanic Research
(SCOR), Working Group 67 and 1
scientific research
ecosystem approach to stock management,
238
global SPF production and economics
human dimensions of, 275–6
social science and, 279–80
Small Pelagic Fish and Climate Change
(SPACC) project and, 345–7
stock assessment and management detached
from, 235–6
Scomber japonicus
Canary Current ecosystem populations, 79
mortality models, 101
seabird populations
climate-based fishery fluctuations,
California fisheries, 269
feeding interactions of SPF, guano scraping
and, 278–9
fishing collapse effects on, 172, 179
sea lions, fishing collapse effects on, 172
SEAPOPDYM application, biophysical
models, 100
SeaStar model
Arcto-Norwegian herring stock, 232
ICES stocks, 220–1
sea surface salinity (SSS)
Bay of Biscay anchovy spawning, 27–30
ocean surface layer stratification, 316
sea surface temperature (SST)
Aleutian Low pressure system, trophic
dynamics and, 139–41
Bay of Biscay anchovy spawning, 27–30
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