Contents

1 Introduction: A Surfeit of Lampreys................c..cocoiiiiiiiininn
Margaret F. Docker, John B. Hume and Benjamin J. Clemens
L1 INtroduCtion .....cccveiiieiiiiiicicete e
1.1.1  Are Lampreys the Oldest Living Group of Verte-
brates or One of the Oldest Living Groups of Vertebrates?.....
1.1.2 Are Lampreys FiShes? ......ccccocevivenininicneiciciccccenenceeee
1.2 The Cultural, Ecological, and General Scientific
Value of LAMPIEYS ....oovviiieiieieeiieie et
1.2.1 Historical and Cultural Significance of Lampreys..................
1.2.2 Ecological Significance of Lampreys........cccceceveevenencncnnenne.
1.2.3  Scientific Significance of Lampreys ........c.cccceceveevevenencnnenne.
1.2.3.1 Research Trends........ccoceverenierienieieieiiceencnceene
1.2.3.2 Evolutionary Significance of Lampreys ...................
1.2.3.3  Use of Lampreys in Biomedical and
Biomimetic Studies.........ccccoveveieviiiiininincrcece
1.3 Introduction to Lampreys: Biology, Conservation and Control..........
1.3.1 Focus of the BoOK........ccocerineniniininiiicicicccincccecnce
1.3.2 Nomenclatural Conventions .........c..coeceeeveveieenercnenienenennes
RETEIENCES ...ttt
2 The Taxonomy, Phylogeny, and Distribution of Lampreys....................

Ian C. Potter, Howard S. Gill, Claude B. Renaud and Dalal Haoucher
2.1 INtrOAUCHION ....eiietieciiieiie ettt ettt eeve e

2.2 Life Cycles and “Paired Species” ..........cocevueierievirinienicnenenenenennenne
2.3 Taxonomic CRaracCterS.........cueruerierureieriieieneeeee et eee e eee e ee e eeeseeas
2.4 Current Taxonomic SChEMES ........ccoeveriieierieieiee e

2.4.1 Interrelationships Among Parasitic Taxa........cccocceverererennnn

2.4.2 Relationships of Non-Parasitic Species..........cocevererereruennenn
2.5  DISIDULION ..ottt
2.6 Conclusions and Future Directions ...........cccceevveveiereeneesieneeieseeenenn

35

36
43
48
50
53
56
58
63

Xiii



Xiv

Contents

Appendix 2.1 List of Lamprey Families, Genera
and Species and Their AUthOTIties. ........cccoviererienieieieeeee e
RETEIENCES ...ttt e

The Ecology of Larval and Metamorphosing Lampreys .......................
Heather A. Dawson, Bernardo R. Quintella, Pedro R. Almeida,
Andrew J. Treble and Jeffrey C. Jolley

3.1 TNEOAUCTION ...ttt
3.2 HADIIAL c.eeeeeieieiee e e
3.2.1 Microenvironmental Factors as Indicators
of Ammocoete Habitat ..........cccoooeeviiieiiiieiiceee
3.2.1.1 Substrate Size and Depth ........ccecoeeiiiiniininiinne
3.2.1.2  Water VelOCItY ....coueereiieieiiiiieieeieicee e
3.2.1.3 Organic Matter in the Sediment............c.ccccceeeeenne.
3.2.1.4 Patchiness at Small Spatial Scales ...........ccccoeeurnene
3.2.2 Macroenvironmental Factors as Indicators
of Ammocoete Habitat ..........cccoooeeviiieiiiieieeee
3.2.2.1 Gradient and Other Geomorphic Variables..............
3.2.2.2 Water Depth.......ccoceiiiiiiiiieiieeeeeeee
3.2.2.3  Riparian Canopy ....cccecceervereerienienieeienieeeeneeeeeneeens
3.2.2.4 Water ChemiStry.....cccoooeeveiieniinierieeeeee e
3.2.2.5 Thermal Requirements.........c.cccceerueeieneeeenieeeeneenne
3.2.2.6 Oxygen Requirements..........cccceceereeeeneneenieeeenene
3.2.2.7 Proximity to Spawning Habitat.............cccceeeernnrnne.
3.2.3 Habitat Preferences Related to Larval Size
and MetamorphosiS.......cooeriereiieniiieieee e
3.2.4 Macroenvironmental Statolith Signature ............ccecceveeienn.
3.3 FCOAING ettt e
3.4 Lamprey Demographics .......c.ccoooeeviiieiinieiiiieieeecee e
341 DRNSILY cueetienieiiieieetiete ettt
342 ADUNAANCE.....couiiiiiiieiieiiee et
343 SeX RAIOS .eouiiiiieiiiieieee et
3.5 MOVEIMEGIL .ttt ettt ettt ettt e e e e s e e eneas
3.0 MOTEALIEY ..ottt e
3.6.1 Mortality Factors in Different Life Stages..........cceoevveiennne
3.6.2 Mortality Ascribed to Pollution and Water Quality ................
3.7 Duration of Larval Life and Growth Rates ..........ccccoeceevinieniiennnnn.
3.7.1 Duration of Larval Life.......c.cccoceoiiiiiiniiineceeceeeen
3.7.2  Growth Rate of AMMOCOELES......c.cevveeueiriiaiiniieiereeie e
3.7.3 Reliable Aging Methods Required to Estimate
Duration of Larval Life and Growth............ccoccooiiiiinnnnne
3.8 Onset of Metamorphosis .........ceveeieriieiienieieeieieeee e
3.8.1 Size of Metamorphosing Lampreys .........cocceveereieeneneenennnn.

3.8.2 Seasonal Incidence and Duration of Metamorphosis..............



Contents XV

3.9 Downstream Migration .........cceevueeierierierieeienieeeeseeie e 119
3.9.1 Environmental Triggers and Timing
of Downstream Migration............occeeeeeeereeieneeieneeeeneeene. 119
3.9.2  Salinity TOIGrance.........ccceecvevuereereeieneeieseee e 121
3.10 Potential Compensatory Effects of Sea Lamprey Control ................ 122
3,11 CONCIUSIONS ...ttt et 124
RETEIENCES ... vt 125
4 Lamprey Metamorphosis ..............coccoooiiiiiiiiiiiieeee 139
Richard G. Manzon, John H. Youson and John A. Holmes
4.1 INtrOAUCTION .ottt 140
4.2 The Significance of Metamorphosis .........cceceveererienieiieesieieeieens 140
4.2.1 Life Cycle and Life History Types .......ccceveevvenieeieneeiennenne 141
4.2.2 Significance of Metamorphosis in Relation to
Reproduction and EvOlution............ccoeceeveneeieiiencnicees 142
4.3 External Morphology and Staging ..........cccceccevirienieneiieienieeeeens 144
4.4 Regulation of MetamorphoSis .......ceevueeuieriieienieieseee e 148
4.4.1 Environmental Factors in Metamorphosis...........cccccceeuenneee. 148
4.4.1.1  TemPerature.......ccooveevueeriierieenieeieeeeeeiee e 148
4.4.1.2  DENSILY c.eovveiiriiriieiiniereeeresteneeeeteeeeeeee et 156
4.4.1.3  Photoperiod.......cc.coccveevenenenieienieieieieeeeeenenaens 157
4.4.2 Endogenous Factors in Metamorphosis..........ccccecvereeeenene. 158
4.4.2.1 Size, Condition Factor, and Lipid
Accumulation .........cooeeiirieiieiere e 158
4.4.2.2 Endocrine Factors .........ccccoceevevievievieinciniiinincnnns 162
4.5 Internal Changes: Morphology, Physiology, Biochemistry
and Molecular Biology of Metamorphosis ..........cccoceeverienrieencnee. 175
4.5.1 Endocrine SYStEMS ......cceevuieieriieieriieiesiieieeieee e 175
4.5.1.1 Hypothalamic-Pituitary (HP) AXiS.......cceecveernrnne. 175
4.5.1.2  Thyroid AXiS.....ccceeverierereeie e 176
4.5.1.3 Entero-Pancreatic Endocrine System..................... 177
4.5.2 Digestive SYSEM ....ceouieiereieieriieie e 181
4.5.2.1 Alimentary Canal ..........ccocoevirieniniiieeeeee 181
4.5.2.2  LAVET ittt 184
4.53 Renal SYSteM ....ccueeieiiieiiiieieeieee e 186
4.5.4 Respiratory SYStEM......ccueruierieriieierieeieeiieie e 187
4.5.5 Skeletal SYStem ......cccoeverieiiiiee et 189
4.5.5.1 Axial SKeleton ......c.ccoeeeveneniiiiniiniiiiiiiceeenens 189
4.5.5.2 Cranial SKeleton.........ccccoervenveienreieiiieeeeeenenens 190
4.5.6 Other Biochemical or Physiological Changes...................... 193
4.5.6.1 Blood Protein Profiles......c..cccccevevieinvinincenicncnncns 193
4.0 CONCIUSIONS ...ttt ettt ettt st see e snee e eneens 195

RETEIENCES ..ot e e 199



Xvi

5

Contents

Lamprey Spawning Migration...............cocoocoiiviiiniiniececeeee. 215
Mary L. Moser, Pedro R. Almeida, Paul S. Kemp
and Peter W. Sorensen

5.1 INtrOdUCHION ..ottt e 216
5.2 Timing and Extent of Spawning Migration...........ccecceveevervenenenee. 217
5.2.1 Timing and Migration Distance: Anadromous
LamPreys .ooeeeeeeeieiieeeeeieeeee e 218
5.2.2 Timing and Migration Distance: Landlocked Sea
LampPrey ...oooee e 222
5.2.3 Timing and Migration Distance: Potamodromous
LamPreys .ooveeeeeeieeieeeeeeereeeeeee e 222
5.2.3.1 Freshwater Parasitic Species.........cccccervereereennenne. 223
5.2.3.2  Freshwater Non-Parasitic Species.........cc.cecuerurnnee. 224
5.3 Physiology of MIZIants.........ccccceeeeriirienienieiieieieee e 225
5.3.1 Preparation for Freshwater Migration ..........cc.ccoccevereenennnnne 226
5.3.2 Physiology of Freshwater Migrants.............ccoecevviererienennnnne 226
5.3.3 Swimming Performance and Energetics..........c.cccoerienunnnnee 229
5.4 SeNSOIY SYSIEIMS. ...ccuteiiieieieiiieieeiieteeteeieetee ettt neeseeeeeeeeenees 234
5.4.1 Olfaction and its Role in Orientation..........c..ccccceecveveerennnn 235
5.4.1.1  OHaction......ccceviieieiiieiecieeeeee e 235
54.1.2  Orientation ........ccceceeverereneneneneneneeereeeeeeeee 236
5.5 Behavior of Upstream Migrants...........cccceeceerueeieneeeeenieerieneeeneenees 241
5.5.1 Nocturnal Migratory Behavior ...........ccccoccovvieniiieneiieneee 241
5.5.2 Environmental Triggers Initiating Migratory
Behavior .....ccocoieiiiiiiiiiieree e 243
5.5.3 Behavioral Responses to Barriers.........ccocceveererierenieniennnnne 245
5.5.4 Effect of Chemosterilization on Migration Behavior-............ 247
5.6 Management Implications..........ccceevueiieriieieniieieeeeeee e 248
5.6.1  PRETOMONES ....c.eouveuiiiiiiiiiiriieiicentcetcteneecee e 248
5.6.2 Passage Performance...........ccocoeoeiieiienieieniene e 249
5.7 CONCIUSIONS ...couviiiiiieiie et 251
RETEIENCES ..c.euiciiciieiiciie et 252
Reproductive Ecology of Lampreys ............cccocoeoevieiinieiieeneeeeeeeen 265
Nicholas S. Johnson, Tyler J. Buchinger and Weiming Li
6.1 INErOAUCHION ... 266
6.2 Migration and Environmental Control of Spawning Behavior-......... 267
6.2.1 Migration to Spawning Habitat ...........ccoecevierinieniieene. 267
6.2.2 Environmental Control of Adult Lamprey Behavior............. 268
6.3 Spawning Habitat and Nest Construction ...........cccceeeeereeeeneeneennenne. 275
6.3.1 Size-Assorted Spawning Habitat............ccccoevrvinieniiennne. 275
6.3.2 Alternative Spawning HabitatS..........ccoccoeeivienineniieenee, 278
6.3.3 Nest Construction, Size, and Function .....................ccc........ 279
6.3.3.1 Nest Construction..........oceeeveervervenienveneerereeenennen. 279
6.3.3.2 NSt SIZE .ovviiiiiiiieiirenceeccceeeee e 281

6.3.3.3 Utility of Nest Physical Characteristics ................. 281



Contents

6.4

6.5

6.6

xvil

Mating Systems, Sex Ratios, and the Spawning Act ...........ccccece... 282
6.4.1 Mating SYSTEMS ....c.eeruiriieiieieiieeie ettt 282
6.4.2  Operational Sex Ratio..........ccoooerveiieiienieiieieceese e, 283
6.4.3  The SPawning ACt ......ccceerueiieiieiecieee et 284
6.4.3.1 General Spawning Description ............ccccceeveeneeenee. 284

6.4.3.2 Alternative Spawning Behaviors..........cccccceceneenee. 285

6.4.3.3 Heterospecific Mating Associations....................... 287

6.4.3.4 Fertilization of EGES......cccoeviriiiiiiiiiieceeee, 288

6.4.3.5 Potential for Hybridization of Paired Species........ 288
Secondary Sexual CharacteriStics .........cevueervereerereeresiese e 289
6.5.1  Mal@ ..ottt 289
6.5.2 Female ...cc.ooiiiiiiiiee e 290
Sensory Modalities that Facilitate Mating ...........ccccceeceveenenienennnne 290
6.6.1  PhEIrOMONES .....ceeouiruiiiiiiiiiniinienietesteneetceeee et 291
6.6.1.1 Sea Lamprey Mating Pheromones......................... 291

6.6.1.2 Mating Pheromones in Other Lamprey Species .... 292
6.6.2 Additional Sensory Modalities used During

Reproduction..........ccoieeieiieiiiieecee e 293
6.6.2.1  Tactile...coovvueiriiiiieece e 293
6.6.2.2  Electroreception ..........ccoeeerueeeereeeuieneeeieneeeeeneeenes 294
6.60.2.3  VISION .ouviiiiiiiiiiicieiceee e 294
6.6.3  ACOUSLIC ...veevietieiieeieee ettt e 294
6.7 SENESCEINCE ....veenvieieiieeieieeie ettt ettt ettt st ettt ettt sae e e enes 295
6.8 CONCIUSION. ....eiiiiiiiiiiiiiiciieiiec ettt 295
REfEIENCES ... vttt 296
7 The Reproductive Hypothalamic-Pituitary Axis in Lampreys............ 305
Stacia A. Sower
7.1 INErOAUCHION ...t 305
7.2 Neuroanatomy of the Hypothalamus ............cccoceviniiiiniiniiee 308
7.3 Pituitary: Neurohypophysis and Adenohypophysis ..........ccccceeeeneeene. 311
7.4 Gonadotropin-Releasing Hormone (GnRH) Isoforms...................... 313
7.5 Immunolocalization of GnRH in the Brain..........cccccecvvninincncnnns 317
7.5.1 GnRH-I and GnRH-III Distribution and Localization ........... 317
7.5.2 Distribution and Activity of GnRH at Different
Stages of the Life Cycle .....ccooiriiiieiiieeecee e 319
7.5.3  GnRH-II DiStribution ...........cccceeeerueeienieienieeseee e 322
7.6 Developmental and Spatial Relationship Studies
Oof GNRH and GABA ..ot 323
7.6.1 Origin of GNRH NEUIONS ......cceeieiiirieiieierieieeeee e 323
7.6.2 Distribution of GABA NeurotransSmitter..........ccccocceceeerennene 325
7.7 Biological Activity of GNRHS........cccoiiiiiiiiiiieeeee 330
7.7.1 Plasma Sex Steroid Responses to GnRH..............c.ccoceeenne. 332
7.7.2  Effect of Temperature on GnRH Activity........ccooovevereenennen. 334

7.7.3  Structure-Function Activity of GnRH and Analogs .............. 335



xviii Contents
7.7.4 Direct Gonadal Effects of GnRH...........ccccoccoeviiiinininnnnns 339
7.8 GNRH RECEPLOTS ..ottt 339
7.8.1 Early Studies, 1990s .......ccoceririrenineniieeiciceeeieeeeaas 339
7.8.2  Cloning, Identification and Functional Studies
of Lamprey GnRH Receptors..........covevieniiiinieiiciee 341
7.9  Other Brain Neurohormones Potentially Involved in the
Hypothalamic-Pituitary Axis: NPY, GnIH, TRH..........c.ccoocveinene. 345
7.10 Lamprey Gonadotropin-Glycoprotein Hormone Family .................. 350
7.11 Glycoprotein Hormone Receptors..........cccoevveiiiienieienieieneeeeen 354
7.12 Conclusions and Perspectives ..........cccooererieririeneeienieeseeeeeeenes 356
RETEIENCES ...c.cvieiiciieiiciiec et 359
8 Conservation of Native Lampreys............cccccoeoieiiiieiieieniieceeee, 375
Peter S. Maitland, Claude B. Renaud, Bernardo R. Quintella,
David A. Close and Margaret F. Docker
8.1 INtrOdUCHION ...t 376
8.2 Worldwide Threats to Lampreys .........cceceeeereieieniieieneeeeneeeeseeeneen 384
8.2.1  POIULION .eoviiiiiiiiiciiciciie e 385
8.2.2 Habitat Destruction...........cccvevuieieniieieriieie e 388
8.2.3 Dams and Other Engineering Works ...........ccoccovieiiiiennnnnn. 390
8.2.3.1 Barriers to Passage .......ccccoevivieiinienieeeeeee, 390
8.2.3.2 Dewatering and Other Stream Flow Alterations.... 393
8.2.4 Predators, Parasites, and Prey...........ccocoeveniiniiieiciece 395
8.2.5 Exploitation by HUMANS ........ccccceevieiiniiiiniec e 397
8.2.6  Climate Change .........ccceeruiruieriieieiieierie et 403
8.3 Legislation Protecting Lampreys ..........ccceeeevieieniieienieeneeeeeenen 404
8.3.1  NOIth AMEIICaA ...eovieiiiiieiieiiee ettt 405
8.3.2  BUIOPE....eeiiiiiiiieet et 406
8.3.3  EISEWHEIE ...eoviiiiiieieiieee e 407
8.4 Lamprey Conservation EffOrts..........cocooivieiiniinininieeceeee, 408
8.4.1  NOIth AMEIICA ...eevieiiiieiieiiee et 408
8.4.1.1 Miller Lake Lamprey Entosphenus minimus ......... 408
8.4.1.2 Pacific Lamprey Entosphenus tridentatus ............. 409
8.4.2  EUIOPE....ceiiiiiiiiiiee e 412
8.4.2.1 Lamprey Conservation in Scotland........................ 412
8.4.2.2 Conserving the European River Lamprey
Lampetra fluviatilis .............cccccoceeceicinoenonnnennne. 413
8.4.2.3 Iberian Endemic Cryptic Lampetra Species .......... 414
8.4.3  EISEWHEIE ...coviiiiiieieiieeeee e 415
8.5 Conclusions: Knowledge and Legislative Gaps........ccccceoevveeennennen. 416
RETEIENCES ... cviiieiiciiciece et 418
Species INAEX ........ccooiiiiiiii e 429
SUDJECt INA@X ..ot 433



2 Springer
http://www.springer.com/978-94-017-9305-6

Lampreys: Biology, Conservation and Control

Volume 1

Docker, M.F. (Ed.)

2015 Xx, 428 p. 51 illus., 14 illus. in color., Hardcower
ISBM: 978-94-017-9205-6



	Contents



