




Flatfishes





Flatfishes

Biology and Exploitation

Second Edition

Edited by

Robin N. Gibson
Mark Corner, Twynholm, Dumfries & Galloway, Scotland

Richard D.M. Nash
Institute of Marine Research, Norway

Audrey J. Geffen
Department of Biology, University of Bergen, Norway

Henk W. van der Veer
Royal Netherlands Institute for Sea Research, The Netherlands



This edition first published 2015 © [2015] by John Wiley & Sons Ltd
First edition ©2005 Blackwell Science Ltd.

Registered office: John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex,
PO19 8SQ, UK

Editorial offices: 9600 Garsington Road, Oxford, OX4 2DQ, UK
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK
111 River Street, Hoboken, NJ 07030-5774, USA

For details of our global editorial offices, for customer services and for information about how to apply for
permission to reuse the copyright material in this book please see our website at
www.wiley.com/wiley-blackwell.

The right of the author to be identified as the author of this work has been asserted in accordance with the
UK Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior permission of
the publisher.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand
names and product names used in this book are trade names, service marks, trademarks or registered
trademarks of their respective owners. The publisher is not associated with any product or vendor
mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author(s) have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. It is sold on the understanding that the publisher is not
engaged in rendering professional services and neither the publisher nor the author shall be liable for
damages arising herefrom. If professional advice or other expert assistance is required, the services of a
competent professional should be sought.

Library of Congress Cataloging-in-Publication Data

Flatfishes : biology and exploitation. - Second edition / edited by Robin N. Gibson, Richard D.M. Nash,
Audrey J. Geffen and Henk W. Van der Veer.

pages cm
Includes bibliographical references and index.
ISBN 978-1-118-50119-1 (cloth)

1. Flatfishes. 2. Flatfish fisheries. I. Gibson, Robin N., editor.
QL637.9.P5F58 2015
597′.69–dc23

2014026809

A catalogue record for this book is available from the British Library.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic books.

Cover image: 9th International Flatfish Symposium Artwork. Illustrations courtesy of
Fishwatch.gov/National Marine Fisheries Service (NMFS)/NOAA, FOCI/RACE/Alaska Fisheries
Science Center (AFSC)/NMFS/NOAA.

Cover design by Rebecca White AFSC/NMFS/NOAA

Set in 10/13pt TimesNewRoman by Laserwords Private Limited, Chennai, India

1 2015

http://www.wiley.com/wiley-blackwell


Contents

List of contributors xv
Series editor’s foreword xxi
Preface to the second edition xxv
Preface to the first edition xxvii
Acknowledgements xxix

1 Introduction 1
Robin N. Gibson
1.1 The fascination of flatfishes 1
1.2 A brief history of flatfish research and its contribution to fish biology

and fisheries science 3
1.3 Scope and contents of the book 4
1.4 Nomenclature 9
Acknowledgements 10
References 10

2 Systematic diversity of the Pleuronectiformes 13
Thomas A. Munroe
2.1 Introduction 13
2.2 Systematic profile of the Pleuronectiformes 18
2.3 Intrarelationships of the Pleuronectiformes 19
2.4 Brief synopses of the suborders and families 22
2.5 Diversity of the Pleuronectiformes 26

2.5.1 Overview 26
2.5.2 Flatfish species diversity 27
2.5.3 Diversity of species within families 28
2.5.4 Standing diversity estimate for species of Pleuronectiformes 29
2.5.5 Relative diversity of the Pleuronectiformes 31

2.6 Patterns of species discovery among pleuronectiform families 32
2.6.1 History 32
2.6.2 Factors contributing to new species discovery among the

Pleuronectiformes 35
2.6.2.1 Systematic activities 35



vi Contents

2.6.2.2 Geographic region 37
2.6.2.3 Depth 39
2.6.2.4 Size 40

2.7 Conclusions 42
Acknowledgements 44
References 44

3 Distributions and biogeography 52
Thomas A. Munroe
3.1 Introduction 52
3.2 Geographic distribution of pleuronectiform lineages 56
3.3 Global patterns of species richness for the Pleuronectiformes 61

3.3.1 Latitudinal gradients in species richness 61
3.3.2 Tropical and subtropical regions 61
3.3.3 Temperate regions 62
3.3.4 Species richness on continental shelves 63
3.3.5 Insular versus continental regions 64
3.3.6 Continental versus oceanic islands 66

3.4 Species richness in specific environments 66
3.4.1 Freshwater environments 66
3.4.2 Antarctic Ocean 67
3.4.3 Arctic Ocean 68
3.4.4 Shallow-water versus deep-sea habitats 69

3.5 Historical biogeography 71
3.5.1 Pleuronectidae 71
3.5.2 Achiridae 72
3.5.3 Paralichthyidae 72
3.5.4 New World tropical flatfishes 73
3.5.5 Indo-west Pacific region 73

Acknowledgements 76
References 76

4 Life-history traits in flatfishes 83
Catarina Vinagre and Henrique N. Cabral
4.1 Introduction 83
4.2 Diversity in life-history traits of flatfishes 85
4.3 Variation according to geographical area, habitat use patterns and

functional guilds 86
4.4 Intraspecies variability 89

4.4.1 Phenotypic plasticity, local adaptation, cogradient variation
and parental effects 93

4.5 Anthropogenic impacts on life-history traits 94
4.6 Future directions 95
References 96



Contents vii

5 Ecology of reproduction 101
Adriaan D. Rijnsdorp, Cindy J.G. van Damme and Peter R. Witthames
5.1 Introduction 101
5.2 Spawning 102

5.2.1 Spawning behaviour 102
5.2.2 Spawning mode 102
5.2.3 Egg size 102
5.2.4 Spawning season 103
5.2.5 Duration of spawning 106

5.3 Gonad development 106
5.3.1 Testis 106
5.3.2 Ovary 107
5.3.3 Fecundity 110
5.3.4 Geographical pattern in fecundity 112
5.3.5 Batch spawning 113
5.3.6 Egg and sperm quality: maternal and paternal effects 113

5.4 Age and size at first maturation 114
5.5 Energetics 115

5.5.1 Energetics of reproduction and growth 115
5.5.2 Nonannual spawning 117
5.5.3 Spawning fast 118
5.5.4 Sexual dimorphism in reproduction and growth 119

5.6 Fisheries-induced evolution in reproduction and growth 120
5.7 Reproductive potential 121
References 123

6 The planktonic stages of flatfishes: physical and biological interactions in
transport processes 132
Janet T. Duffy-Anderson, Kevin M. Bailey, Henrique N. Cabral, Hideaki
Nakata and Henk W. van der Veer
6.1 Introduction 133
6.2 Variations in time and space in the plankton 134
6.3 Physical mechanisms of transport and retention 136

6.3.1 Wind-forcing & Ekman transport 136
6.3.2 Estuarine circulation 137
6.3.3 Fronts and eddies 138
6.3.4 Influence of climate and oceanographic shifts 138
6.3.5 Behaviour 141
6.3.6 Models 141

6.4 Adaptations to transport conditions: geographical and species
comparisons 146
6.4.1 Comparisons among species within a geographic region 148
6.4.2 Congeneric comparisons in different regions 151



viii Contents

6.4.3 Conspecific comparisons in different geographic areas 151
6.4.4 Local adaptations 153

6.5 Transitioning from the plankton 154
6.5.1 Criticality of timing 154
6.5.2 Fidelity to initial touchdown sites 155
6.5.3 Importance of initial settlement areas 155

6.6 Implications 156
6.6.1 Population genetics 156
6.6.2 Recruitment 157
6.6.3 Connectivity 158
6.6.4 Management 159
6.6.5 Research needs 160

Acknowledgements 161
References 161

7 Development and regulation of external asymmetry during flatfish
metamorphosis 171
Tohru Suzuki and Masaru Tanaka
7.1 Introduction 171
7.2 Development and evolution of flatfish external asymmetry 172
7.3 Regulation of flatfish eye-sidedness 174
7.4 Pigmentation 177
7.5 Hormonal regulation 180
7.6 Summary and future work 181
Acknowledgements 182
References 182

8 Recruitment level and variability 185
Henk W. van der Veer, Vania Freitas and William C. Leggett
8.1 Introduction 185
8.2 Range of distribution 187
8.3 Average recruitment levels 189
8.4 Recruitment variability 192

8.4.1 Processes influencing recruitment variability 194
8.4.2 Recruitment variability in flatfishes relative to other marine

fish species 198
8.5 Future perspectives 199
References 200

9 Age and growth 207
Richard D.M. Nash and Audrey J. Geffen
9.1 Introduction 207
9.2 Age estimation 209

9.2.1 Larvae and juveniles 209
9.2.2 Adults 211



Contents ix

9.3 Growth of larvae 211
9.3.1 Variation in growth 212
9.3.2 Factors affecting larval growth 212

9.4 Growth during metamorphosis 213
9.5 Growth on the nursery grounds 217

9.5.1 Growth models and growth experiments 218
9.5.2 Maximum achievable growth and evidence for deviations

from maximum growth 218
9.5.3 Growth compensation and depensation 220
9.5.4 Nursery ground quality and the use of growth as an indicator

of habitat quality 221
9.6 Growth of adults 222

9.6.1 Factors affecting adult growth rates 223
9.6.2 Tradeoff between growth and reproduction 223

9.7 Longevity 225
References 227

10 Distribution and dynamics of habitat use by juvenile and adult flatfishes 242
Kenneth W. Able and F. Joel Fodrie
10.1 Introduction 242
10.2 Distribution of habitat associations 243

10.2.1 Effects of spatial scale on habitat use and selection 245
10.3 Nursery role of juvenile habitats 247
10.4 Dynamics of habitat associations 252

10.4.1 Settlement 253
10.4.2 Ontogeny 253
10.4.3 Long-term changes 256
10.4.4 Tidal, diel and seasonal cycles 257
10.4.5 Migrations and site fidelity 259
10.4.6 Episodic events 261

10.5 Future emphasis 262
Acknowledgements 264
References 264

11 The trophic ecology of flatfishes 283
Jason S. Link, Brian E. Smith, David B. Packer, Michael J. Fogarty and
Richard W. Langton
11.1 Introduction 283
11.2 Major flatfish feeding groups 284

11.2.1 Polychaete and crustacean eaters 292
11.2.2 Piscivores 293
11.2.3 Specialists 295
11.2.4 Other considerations 296

11.2.4.1 Anthropogenically produced food 296
11.2.4.2 Seasonality 296



x Contents

11.2.4.3 Ontogeny 296
11.2.4.4 Spatial factors 297

11.3 Flatfish predators 297
11.4 Flatfish competitors 298
11.5 Flatfish trophic dynamics: a case study of Georges Bank 300

11.5.1 Shifts in abundance and species composition 300
11.5.2 Potential competitive interactions 301
11.5.3 Predation by flatfishes 302
11.5.4 Have changes in flatfish populations influenced the Georges

Bank ecosystem? 304
11.6 Summary and conclusions 304
Acknowledgements 305
References 305

12 The behaviour of flatfishes 314
Robin N. Gibson, Allan W. Stoner and Clifford H. Ryer
12.1 Introduction 314
12.2 Locomotion and related behaviour 315

12.2.1 Locomotion 315
12.2.2 Burying 316

12.3 Reproduction 317
12.4 Feeding 317

12.4.1 Flatfish feeding types 317
12.4.2 Feeding behaviour 318

12.4.2.1 Search 318
12.4.2.2 Encounter and detection 320
12.4.2.3 Capture 320

12.4.3 External factors modifying feeding behaviour 321
12.5 Predation and reactions to predators 323

12.5.1 Burial and the role of sediment 323
12.5.2 Cryptic colouration and behaviour 324
12.5.3 Escape from predators following attack 325
12.5.4 Predator avoidance through habitat choice 325
12.5.5 Effect of size on vulnerability and avoidance of ingestion 326

12.6 Movements, migrations and rhythms 326
12.7 Behaviour in relation to fishing 329

12.7.1 Reactions to mobile fishing gear 329
12.7.2 Reactions to fixed gear 331

12.8 Behaviour in relation to aquaculture and stock enhancement 331
12.9 Conclusions 332
References 333

13 Atlantic flatfish fisheries 346
Stephen J. Walsh, Juan M. Díaz de Astarloa and Jan-Jaap Poos
13.1 Introduction 346



Contents xi

13.2 Main species and nature of the fisheries 348
13.2.1 North-west Atlantic 348
13.2.2 North-east Atlantic 351
13.2.3 Southern Atlantic 355

13.2.3.1 South-west Atlantic 355
13.2.3.2 South-east Atlantic 358

13.3 History of exploitation 360
13.3.1 North-west Atlantic 360

13.3.1.1 West Greenland 363
13.3.1.2 Canada 363
13.3.1.3 United States 365

13.3.2 North-east Atlantic 366
13.3.3 Southern Atlantic 367

13.3.3.1 Fishing fleets and fishing gears 367
13.3.3.2 The fisheries 368

13.4 Economic importance 371
13.4.1 North-west Atlantic 371

13.4.1.1 West Greenland 371
13.4.1.2 Canada 372
13.4.1.3 United States 372
13.4.1.4 Employment 372

13.4.2 North-east Atlantic 375
13.4.2.1 Employment 376

13.4.3 Southern Atlantic 377
13.5 Management 378

13.5.1 North-west Atlantic 378
13.5.1.1 International Commission for the Northwest

Atlantic Fisheries (ICNAF) 378
13.5.1.2 Northwest Atlantic Fisheries Organization (NAFO) 378
13.5.1.3 Fisheries and Oceans Canada 380
13.5.1.4 United States National Marine Fisheries Service 381

13.5.2 North-east Atlantic 384
13.5.3 Southern Atlantic 386

13.6 Notes 387
Acknowledgements 388
References 388

14 Pacific flatfish fisheries 395
Thomas Wilderbuer, Bruce Leaman and Chang Ik Zhang
14.1 Introduction 395
14.2 Main species and nature of fisheries 396
14.3 History of exploitation 401

14.3.1 General account 401
14.3.2 Republic of Korea 403
14.3.3 Japan 403



xii Contents

14.3.4 Russia (including the former Soviet Union) 404
14.3.5 Canada 404
14.3.6 United States 405
14.3.7 New Zealand 406
14.3.8 Australia 407

14.4 Economic importance 407
14.5 Management 408

14.5.1 Western North Pacific 408
14.5.2 Eastern North Pacific 409
14.5.3 Australia and New Zealand 411
14.5.4 Data collection 412
14.5.5 Ecosystem-based fisheries management 413

References 414

15 Tropical flatfish fisheries 418
Thomas A. Munroe
15.1 Introduction 418
15.2 Main species and nature of the fisheries 420

15.2.1 Habitats 420
15.2.2 Commercially important species and/or taxa 422
15.2.3 Nature of the fisheries 425
15.2.4 Types of gear employed 428
15.2.5 Harvest on spawning concentrations, migrating stocks and

impacts on recruitment 428
15.2.6 Industrial versus artisanal characteristics of the fisheries 429

15.3 History of exploitation 430
15.3.1 Commercial landings 430
15.3.2 Geographic occurrence and historical landings 433

15.4 Importance 441
15.4.1 Economic importance 441
15.4.2 Human importance 443

15.5 Management and conservation 443
15.5.1 Fishery conflicts, regulations and management 443
15.5.2 Conservation 448

Acknowledgements 450
References 450

16 Assessment and management of flatfish stocks 461
Steven X. Cadrin, William G. Clark and Daniel Ricard
16.1 Concepts and terms 461
16.2 Population dynamics, assessment, and management 464

16.2.1 Stock and recruitment 467
16.2.2 Recruitment, environment, assessment and management 475
16.2.3 Assessment, management, and uncertainty 477



Contents xiii

16.3 Assessment and management summary 478
16.3.1 North-east Pacific 478
16.3.2 North-west Atlantic 478
16.3.3 North-east Atlantic 483

16.4 Conclusions 484
Acknowledgements 484
References 485

17 Synergies between aquaculture and fisheries 491
Audrey J. Geffen, Karin Pittman and Albert K. Imsland
17.1 Introduction 491
17.2 Species 492
17.3 Population structure and genomics 494
17.4 Life history stages 497

17.4.1 Egg and larval stages 498
17.4.2 Metamorphosis 499
17.4.3 Growth 502
17.4.4 Reproduction 502

17.5 Future directions for common goals and synergies between fisheries
and aquaculture 505

References 508

Appendix A: List of scientific and common names of living flatfishes used in the
book 519

Appendix B: Common synonyms of Pleuronectidae used in the text 523
Index of scientific and common names 525
Subject index 535





List of contributors

Kenneth W. Able
Rutgers University Marine Field Station, 80/132 Great Bay Boulevard, Tuckerton,
NJ 08087, USA
able@marine.rutgers.edu

Kevin M. Bailey
Man & Sea Institute, LLC, 10335 46th Avenue NE, Seattle, WA 98125, USA
kmacbailey@gmail.com

Henrique N. Cabral
Departamento de Biologia Animal/Centro de Oceanografia, Faculdade de Ciências da
Universidade de Lisboa, Campo Grande, 1749-016 Lisboa, Portugal
hcabral@fc.ul.pt

Steven X. Cadrin
University of Massachusetts Dartmouth, Department of Fisheries Oceanography,
School for Marine Science & Technology, 200 Mill Road, Suite 325, Fairhaven,
MA 02719, USA
scadrin@umassd.edu

William G. Clark
6834 19th Ave. NE, Seattle, WA 98115, USA
old.bill.clark@gmail.com

Juan M. Díaz de Astarloa
Instituto de InvestagacionesMarinas y Costeras(IIMyC)-CONICET, Fac. de Ciencias
Exactas y Naturales, Universidad Nacional deMar del Plata, Funes 3350, B7602AYL,
Mar del Plata Argentina
astarloa@mdp.edu.ar

mailto:able@marine.rutgers.edu
mailto:kmacbailey@gmail.com
mailto:hcabral@fc.ul.pt
mailto:scadrin@umassd.edu
mailto:clark@gmail.com
mailto:astarloa@mdp.edu.ar


xvi List of contributors

Janet T. Duffy-Anderson
National Oceanic and Atmospheric Administration, Alaska Fisheries Science Center,
7600 Sand Point Way NE, Seattle, WA 98115, USA
janet.duffy-anderson@noaa.gov

F. Joel Fodrie
Institute of Marine Sciences, University of North Carolina at Chapel Hill,
3431 Arendell St, Morehead City, NC 28557, USA
jfodrie@unc.edu

Michael J. Fogarty
National Marine Fisheries Service, Northeast Fisheries Science Center, 166 Water
Street, Woods Hole, MA 02543, USA
michael.fogarty@noaa.gov

Vania Freitas
Royal Netherlands Institute for Sea Research, PO Box 59; 1790 AB Den Burg Texel,
The Netherlands
vania.freitas@nioz.nl

Audrey J. Geffen
Department of Biology, University of Bergen, N-5020 Bergen, Norway
audrey.geffen@bio.uib.no

Robin N. Gibson
Mark Corner, Twynholm, Dumfries & Galloway, Scotland, UK DG6 4PR
robin.gibson@sams.ac.uk

Albert K. Imsland
Akvaplan-niva, Iceland Office, Akralind 4, 201 Kópavogi, Iceland
Department of Biology, University of Bergen, N-5020 Bergen, Norway
albert.imsland@akvaplan.niva.no

Richard W. Langton
National Marine Fisheries Service, Northeast Fisheries Science Center, Maine Field
Station 17 Godfrey Drive, Suite 1, Orono, ME 04473, USA
richard.Langton@noaa.gov

Bruce Leaman
International Pacific Halibut Commission, 2320W. Commodore Way, Suite 300,
Seattle, WA 98199-1287, USA
bruce@iphc.int

mailto:anderson@noaa.gov
mailto:jfodrie@unc.edu
mailto:fogarty@noaa.gov
mailto:freitas@nioz.nl
mailto:geffen@bio.uib.no
mailto:gibson@sams.ac.uk
mailto:imsland@akvaplan.niva.no
mailto:Langton@noaa.gov
mailto:bruce@iphc.int


List of contributors xvii

William C. Leggett
Queen’s University at Kingston, 74 University Avenue, Kingston ON, Canada
K7L3N6
wleggett@queensu.ca

Jason S. Link
National Marine Fisheries Service, Northeast Fisheries Science Center, 166 Water
Street, Woods Hole, MA 02543, USA
jason.link@noaa.gov

Thomas A. Munroe
National Systematics Laboratory, NMFS/NOAA, Post Office Box 37012 Smithsonian
Institution, NHB, WC 60 MRC-153, Washington DC 20113-7012, USA
munroet@si.edu

Hideaki Nakata
Faculty of Fisheries, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521,
Japan
nakata@nagasaki-u.ac.jp

Richard D.M. Nash
Institute of Marine Research, PB 1870 Nordnes, N-5817 Bergen, Norway
richard.nash@imr.no

David B. Packer
National Oceanic and Atmospheric Administration, National Marine Fisheries Ser-
vice, Northeast Fisheries Science Center, 74 Magruder Road, Highlands, NJ 07732,
USA
david.packer@noaa.gov

Karin Pittman
Department of Biology, University of Bergen, N-5020 Bergen, Norway
karin.pittman@bio.uib.no

Jan-Jaap Poos
Institute for Marine Resources and Ecosystem Studies, Haringkade 1, 1976 CP
IJmuiden, The Netherlands
janjaap.Poos@wur.nl

Daniel Ricard
Biology Centre AS CR v.v.i., Institute of Hydrobiology, Na Sádkách 7, České
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Series editor’s foreword

… flatfish, thirsting, trawled by grief

‘Falling on Grass’, by Elizabeth Biller Chapman

Fish researchers (a.k.a. fish freaks) like to explain, to the bemused bystander, how fish
have evolved an astonishing array of adaptations; so much so that it can be difficult
for such researchers to comprehend why anyone would study anything else. Yet fish
are among the last wild creatures on our planet that are hunted by humans for sport
or food. As a consequence, today we recognize that the reconciliation of exploitation
with the conservation of biodiversity provides a major challenge to our current scien-
tific knowledge and expertise. Even evaluating the tradeoffs that are needed is a difficult
task.Moreover, solving this pivotal issue calls for amultidisciplinary consilience of fish
physiology, biology and ecology with social sciences such as economics and anthropol-
ogy in order to probe the frontiers of applied science. In addition to food, recreation
(and inspiration for us fish freaks), it has, moreover, recently been realized that fish are
essential components of aquatic ecosystems that provide vital services to human com-
munities. Sadly, virtually all sectors of the stunning biodiversity of fishes are at risk
from human activities. In freshwater, for example, the largest mass extinction event
since the end of the dinosaurs occurred as the introduced Nile perch in Lake Victo-
ria eliminated over 100 species of endemic haplochromine fish. But, at the same time,
precious food and income from the Nile perch fishery was created in a miserably poor
region. In the oceans, we have barely begun to understand the profound changes that
have accompanied a vast expansion of human fishing over the past 100 years. The
Wiley-Blackwell Series on Fish and Aquatic Resources is an initiative aimed at provid-
ing key, peer-reviewed texts in this fast-moving field.
Flatfishes, ubiquitous from the poles to the tropics, are instantly recognizable; yet

some biologists regard them as just another advanced teleost, so why, we may ask,
do they deserve a monograph and conferences all to themselves? In fact, flatfishes,
defined as members of the monophyletic order of Pleuronectiformes, are endowed with
a number of special and unique features (they underlie that instant recognition), and
so your series editor is pleased to host this second edition of Flatfishes: Biology and
Exploitation in the Fish and Aquatic Resources series. The first and second editions
of this book grew out of a series of triennial international symposia on flatfishes held



xxii Series editor’s foreword

since 1990: there is now need for a second edition on account of significant advances
in the science of flatfishes since the first edition was published in 2005. The second
edition is a brainchild of a small team of eminent editors: Robin Gibson, Richard
Nash, Audrey Geffen and Henk Van der Veer. The 17 chapters are authored by 37
experts in the field of flatfish biology from 11 countries.
When the oldest fossils appeared in the Eocene (53 million years BP), flatfishes

already exhibited a diversity that suggests the order evolved in the Paleocene from
perchlike marine ancestors. Today there are about 820 flatfish species in 123 genera,
but relations within the group remain problematic. In this book systematics and
biogeography are covered in two chapters (Munroe). Common and Linnaean names
from the international fish database FishBase are used, except where recently revised.
During development each flatfish metamorphoses from a rounded, symmetrical fish-

like larva to the characteristic flattened adult, with head skewed to remain horizontal
as the fish lies on either its left or right side; one eye recapitulates early flatfish evo-
lution and migrates to the upper side. Left- and right-handed eye position appears to
be no guide to flatfish taxonomic relationships and the functional advantage of eye
handedness remains a mystery. A chapter reviews the evolution and development of
this dramatic asymmetry (Suzuki and Tanaka).
In a chapter on reproduction (Rijnsdorp, van Damme, and Witthames), we learn

that, because flatfishes live in intimate contact with sediments, the effects of human pol-
lutants on flatfish ecology are large. For example, oil spills reduce ovary development
and fecundity, aromatic hydrocarbons and polychlorinated biphenyls in sediments pro-
duce smaller eggs, and some pesticides, polychlorinated biphenyls, phthalates and alkyl
phenols mimic estrogen and disrupt female reproductive cycles or feminize males.
A chapter is devoted to the fascinating behaviour of flatfishes (Gibson, Stoner, and

Ryer). Flatfishes employ a ‘swim-and-glide’ energy-saving locomotion by undulating
the body. The 90∘ rotation in their body position means that flatfishes control ver-
tical direction by changing the angle of the body, tail, and median fins; horizontal
direction is altered, rather clumsily, by using the pectoral fin on the eyed side as a rud-
der. The characteristic flatfish camouflage serves both against detection by their prey
and by their predators. Camouflage is achieved partly by very rapid second-by-second
colour changes, images falling on the upper part of retina causing three types of chro-
matophore to expand and contact, and partly by slower changes over a number of
weeks to the number and pigmentation of chromatophores, thereby altering the pat-
tern of spots and flecks. All flatfishes can bury themselves rapidly in the substrate to aid
camouflage. When this is done a muscular sac forces fluid into the orbit, causing the
eyes to protrude above ground. Indeed this key feature of flatfish functional anatomy is
diagnostic for the order. Flatfish eyes are independently mobile, providing 360∘ vision.
Flatfishes are ambush predators; theymay leave the bottom to capture prey in thewater
column and then become vulnerable to being eaten themselves. Some species avoid this
problem by luring prey with a waggling pectoral fin, whereas a few species, like angler
fish, have evolved specialized food-attracting lures. Prey are engulfed and sucked in by
the back pressure from the highly protrusible advanced perch-pattern jaws.
A chapter covering the trophic ecology of flatfishes (Link, Smith, Packer, Fogarty and

Langton) points out that flatfishes are largely piscivorous or eat benthic invertebrates
like crustaceans and polychaete worms, so they generally have a trophic level of 3 or
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more. Some species specialize in eating the tips of bivalve siphons, especially when
juvenile, whereas a few concentrate on echinoderms such as sand dollars and urchins.
Flatfishes provide a tangible ‘ecosystem service’ for human benefit because they con-
vert benthic production into a form suitable for consumption by higher predators and
humans. Flatfishes are sought out as food by specialized predators such as sharks that
can detect electrical impulses from their nervous systems.
Flatfishes have been eaten by humans for millennia; flatfish bones are found in

ancient middens, flatfishes are portrayed in rock carvings and paintings from Europe
to Australia, and clever, recurved hooks for catching large flatfishes are found among
aboriginal peoples in the Pacific northwest and in northern Australia. Since the 1960s,
almost 25% of all groundfish landings worldwide have consisted of flatfishes, and, in
this book, the major Pacific, Atlantic and tropical flatfish fisheries each have their
own chapters. Overall, the status of most fisheries is very poor and they are generally
exploited way beyond levels of maximum sustainable production.
Atlantic flatfish fisheries (Walsh, Astarloa and Poos) paint a miserable story of over-

exploitation. The huge plaice fisheries of the early twentieth century have been severely
depleted, Atlantic halibut is almost extinct and valuable sole, turbot and brill fisheries
are reduced to shadows of their former glory. Species such the thin and watery-tasting
Greenland ‘halibut’ (also misleading marketed as ‘turbot’) now dominate catches. The
sad litany of stocks experiencing severe decline is accompanied by the realization that,
over 80 years, these fisheries have been assessed and managed by some of the most
advanced fisheries science in the world. As with other fish in the Atlantic, we have seen
in the past an almost total failure of fisheries agencies to fulfil their mandate. However,
in Europe, the jury is currently out on whether the corner has been turned. In the south
Atlantic, flatfish stocks have been greatly overexploited, yet almost no good data exist
with which to assess and manage the resources. An important exception to the gen-
erally dismal state of temperate flatfish resources is the Pacific halibut fishery, which
has been managed conservatively by the International Pacific Halibut Commission for
almost 100 years (see the chapter on Pacific flatfish fisheries by Wilderbuer, Leaman,
and Zhang). Tropical flatfishes caught in fisheries (Munroe) tend to be small, taxonom-
ically diverse and poorly known small individuals and species caught by commercial
trawlers that generate huge and unreported amounts of discards.
Two new chapters for the second edition focus on flatfish life history strategies (Vinai-

gre and Cabral). The final chapter (Geffen, Pittman and Imsland) concentrates on the
synergies between aquaculture and the biology of wild flatfishes.
This second edition continues to present timely and comprehensive ‘state-of-the-art’

reviews of flatfish biology, ecology, fisheries and aquaculture and readers will find
all the components of synoptic synthesis concerning the role of flatfishes in today’s
depleted marine ecosystems. It therefore continues to provide a unique single source
of reference on this group for all practitioners, students and policy makers concerned
with marine biology, fish ecology, fishery science, marine conservation, and fisheries
management.

Professor Tony J. Pitcher
Editor, Fish and Aquatic Resources Series

Fisheries Centre, University of British Columbia, Vancouver, Canada
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Instantly recognizable, flatfishes have long fascinated scientist and layman alike. The
fascination stems principally from their unique asymmetric body form developed as
an adaptation to a bottom-living lifestyle following metamorphosis from a bilater-
ally symmetrical larva. They are a relatively diverse group, over 800 extant species
are currently recognized and are distributed from the Arctic to Australasia. This wide
distribution, and the fact that they make important contributions to commercial and
recreational fisheries in many parts of the world, means they have been the objects of
research for more than a century. Over the past few decades there has been a surge
of interest in all aspects of flatfish biology. This interest has found expression in, and
been greatly stimulated by, the International Flatfish Ecology Symposia held trien-
nially since 1990 and published initially (1991–95) in the Netherlands Journal of Sea
Research and subsequently (1997 onwards) in the Journal of Sea Research. This large
and growing body of information was synthesized into an authoritative account of the
biology of this intriguing and economically important group of fishes in the first edi-
tion. That volume was well received but advances in knowledge and its application in
all topics since then necessitated a second edition.
As before, the book brings together accounts written by internationally recognized

experts in the field of flatfish biology. All the original chapters have been fully revised
and updated and two new chapters on life-history strategies and the evolution and
development of asymmetry have been added. The recent publication of a major work
on flatfish culture and stock enhancement (Daniels & Watanabe 2010) rendered the
original final chapter on aquaculture and stock enhancement largely redundant. That
chapter has been completely rewritten and now concentrates on the synergies between
studies of aquaculture and of the biology of wild flatfishes.
The first part of the book deals with systematics, distribution and life history strate-

gies; the second with biology in the widest sense and covers development, ecology,
growth and behaviour. The final five chapters describe and discuss aspects of exploita-
tion including the major fisheries, management and assessment, and aspects of aqua-
culture. The volume therefore continues to represent a comprehensive review of the
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current ‘state of the art’ in flatfish biology and an invaluable source of reference for
fish biologists, fisheries scientists and managers, and students of marine biology alike.

Reference

Daniels, H.V. &Watanabe, W.O. (eds) (2010) Practical Flatfish Culture and Stock Enhancement,
Wiley-Blackwell, Ames, IA.
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Instantly recognisable, flatfishes have long fascinated scientist and layman alike. The
fascination stems principally from the group’s unique asymmetric body formdeveloped
as an adaptation to a bottom-living lifestyle following metamorphosis from a bilat-
erally symmetrical larva. They are a relatively diverse group, over 700 extant species
are currently recognised, and they are distributed from the Arctic to Australasia and
beyond. This wide distribution, and because they make important contributions to
commercial and recreational fisheries in many parts of the world, means that they are
familiar to most people and have been the objects of research for more than a century.
In recent years there has been a surge of interest in all aspects of the biology of this
group. The interest has found expression in, and been greatly stimulated by, the Inter-
national Symposia on Flatfish Ecology held triennially in the Netherlands (1990, 1993,
1996), the USA (1999) and the UK (2002). A symposium on North Pacific flatfishes
was also held in Alaska in 1994. It now seems timely for this rapidly growing body
of information to be synthesised into an authoritative account of the biology of this
intriguing and economically important group of fishes.
The book brings together accounts written by internationally recognised experts in

the field of flatfish biology. The chapters cover systematics and distribution; repro-
duction and recruitment; ecology and behaviour of the main life history stages; the
major fisheries and their management; and the latest developments in flatfish aquacul-
ture and stock enhancement. The volume therefore represents a comprehensive review
of the current ‘state of the art’ in flatfish biology and will be an invaluable source of
reference for fish biologists, fisheries scientists and managers, and students of marine
biology alike.

1.1 Notes

Proceedings of the International Symposia were published as follows. First Sympo-
sium: Netherlands Journal of Sea Research 1991, 27 (3–4); 1992, 29 (1–3). Second
Symposium: Netherlands Journal of Sea Research 1994, 32 (2–4); 1995, 34 (1–3).
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Third Symposium: Journal of Sea Research 1997, 37 (3–4); 1998, 40 (1–2). Fourth
Symposium: Journal of Sea Research 2000, 44 (1–2); 2001, 45 (3–4). Fifth Symposium:
Journal of Sea Research 2003, 50 (2–3); 2004, 51 (3–4).Proceedings of the International
Symposium on North Pacific Flatfish: Alaska Sea Grant College Program Report No.
95–04, University of Alaska Fairbanks (1995).


