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Dear Mr. Friedman: 

 

I have been a member of the faculty at the University of Maine since 1968, first in the Department of 

Zoology, then in the Department of Oceanography, and now in the School of Marine Sciences. My 

expertise is in the areas of the biology of migratory fishes and fisheries oceanography. I have had a 

special research interest in various aspects of eel biology since about 1970. I am a member of the 

Working Group on Eels of the International Council for the Exploration of the Sea, and I have 

participated in numerous national and international workshops and symposia on eel biology and 

management. I have published 42 research papers on eels of the Genus Anguilla in North America (A. 

rostrata), Europe (A. anguilla), and New Zealand (A. dieffenbachia and A.australis), plus a few 

additional papers on eels in other families. These papers have included, among others, aspects of the 

spawning of adult eels in relation of oceanographic features, the drift of larvae in the ocean, estuarine 

migration of glass eels (elvers), population attributes and sex ratios in rivers, homing movements and 

seaward migrations in estuaries, and movements in coastal seas. I have written one paper simulating 

the effects of multiple dams on reproductive potential of seaward-migrating adult eels in the 

Kennebec River, Maine. I am reasonably familiar with literature on downstream passage and 

mortality estimates of eels at hydropower projects. For your information, I have enclosed a C.V. 

 

Dams adversely affect the upstream migration of glass eels, pigmented elvers, and juveniles. 

Upstream migrants congregate below dams, and even if some passage facilities are provided, the 

majority probably does not pass. For example, a large-scale commercial fishery for European glass 

eels in the Vilaine Estuary, France, is prosecuted by boats congregating and circling round and round, 

towing nets, just below the lowermost dam. The fate of those upstream-migrant eels not passing dams 

is unknown, but congregations probably lead to increased predation and competition for food. Dams 

have severely restricted access to growth habitat for yellow eels (sub-adults), contributing to an 

overall estimated restriction or complete blockage of >80% of American eel riverine habitat in the 

U.S. Furthermore, restriction of upstream passage may result in fewer females being produced within 

a drainage basin, because the proportion of females is generally greater in upper portions of rivers. 

Furthermore, the contribution of particular types of habitat to the sex determination, size of eels, and 

overall production is poorly understood. 

 

Several general conclusions may be reached: 

• The majority of upstream migrants probably do not pass dams, even when some passage 

structure is provided. 

• Congregations below dams probably leads to increased mortality from predation or starvation. 

• Dams have restricted access to large amounts of habitat, which once was inhabited by eels. 

• Lower population density in restricted habitats alters sex ratios in ways not fully understood. 

 

Dams adversely affect the downstream seaward migration of silver (adult) eels. The first effect is a 

delay of migration, with eels circling in the forebay and making multiple approaches to a dam. Few 

studies of this aspect have been done. 

 



Mortality and injury when eels pass through turbines or over spillways is well documented for several 

species of Anguilla, including the American eel, the European eel, and two New Zealand species. 

Mortality rates from passage through Kaplan turbines ranged from 50-100% in 19 experiments with 

European eels of mean size 73 cm. In three other experiments, severe injury rates were 63-81% for 

eels of mean size 57 cm. Another study gave mortality rates of 15-50% depending on Kaplan blade 

angle. Yet another study, gave 6%, 10%, and 23% mortality in a large Kaplan turbine. In one study of 

a small Francis turbine, injury rate was 9%, 65%, and 100% depending on operating conditions. 

 

For American eels, fewer studies have been conducted. Mortality rate of American eels was estimated 

at 26.5% in a propeller turbine (mean eel size 102 cm), and was estimated at 24% in a propeller 

turbine and 16% in a Francis turbine (mean eel size 88 cm), at two large installations on the St. 

Lawrence River, respectively. Another study reported only 9% mortality through a small Francis 

turbine. 

 

Ten of twelve telemetered New Zealand eels that passed through Francis turbines were killed. 

 

I simulated the impact of dams on the Kennebec River on the reproductive potential of silver female 

American eels in the Kennebec River basin. At the time (2001), the Kennebec has 22 hydro projects 

and about 73 water-control dams. Various upstream passage, downstream passage, sex ratio, eel-

length structure, and mortality scenarios were simulated. Over the length classes combined, about 

63% of the simulated eels produced survived to exit to sea at a mean survival rate of 90% at each 

hydro dam. Only 40% survived at 80% survival per hydro dam, and only 18% survived at 60% 

survival per hydro dam. The simulations did not take into account what basin-wide production might 

have been in the absence of hindrance of upstream migration. 

 

Injury rates of eels initially surviving passage through turbines or over spillways have seldom been 

assessed. However, a number of sublethal effects may reduce ultimate reproductive success. 

Stunning, disorientation, physiological stress, and gas bladder, muscle, and skeletal injuries may lead 

to increased risk of mortality at subsequent dams or mortality to predators, or to reduced ability to 

migrate to the spawning area in the ocean.  

 

Several general conclusions can be reached: 

• Mortality rate through turbines is directly proportional to eel length, especially putting female 

eels at greater risk than males. 

• Mortality rate is inversely proportional to turbine blade spacing (and probably directly 

proportional to blade speed). 

• Mortality rate is heavily dependent on project operating conditions and river flow, suggesting 

that mortality rate is site and time specific. 

• Mortality rates cumulate through multiple projects; even at a 75% survival rate, survival is 

<32% after passage through four turbines. 

• Eels injured at one project are at greater risk of mortality at subsequent projects. 

• Eels injured by turbine passage may be less able to perform an oceanic migration. 

• Ultimate reduction in reproductive potential is underestimated because of the short-term 

nature of studies of turbine passage. 

 

Design of effective downstream-passage facilities depends on the behavior of migrating eels. 

Contrary to conventional “wisdom,” migrating silver eels are not bottom-dwelling fish. Telemetry 

studies in a European river, a New Zealand hydro reservoir, and by my group in the Penobscot 

Estuary and in coastal waters of the North Sea all demonstrated that eels swam or drifted downstream 

in the upper few meters of the water column. Vertical movements were common in some studies, but 

most of the travel occurred near the surface. Trawling in a large hydro reservoir on the St. Lawrence 

River yielded more migrant eels at intermediate depths, but also caught eels near the surface; sample 

size of captured eels was small. 

 



When migrating New Zealand eels approached a dam near the surface, they made repeated dives to 

near bottom and back, apparently searching for downstream routes. In the forebay, already near a dam 

on the Connecticut River, eels spent most of their time close to the bottom, but they made frequent 

excursions to the surface. 

 

Most studies of downstream migration reported that movement occurred primarily at night. Nocturnal 

migration is characteristic in rivers, reservoirs, and forebays. For passage purposes, the assumption of 

nocturnal migration is reasonable on a probability basis, but there are instances of substantial 

movement during daytime as well. Daytime migration has been reported in a river, an estuary, and 

coastal waters. 

 

Seaward migration occurs in the autumn, but the actual timing of the run is quite variable intra- and 

inter-annually, depending upon meterological/hydrological conditions. Migration in rivers is pulsed, 

and tends to occur following rain events. Whether the trigger is atmospheric conditions, rainfall itself, 

or increase in water flow is uncertain. A recent study simulated the effect of inter- and intra-annual 

variability in timing of migration and of different project operating scenarios on mortality of eels at a 

hypothetical small hydro project. A turbine mortality rate of 25% was assumed, with the number of 

eels killed was proportional to the amount of water spilled (0% mortality) or passed through the 

turbines (25% mortality). Flow was apportioned between generation and spill. Mortality was reduced 

by about one-third to one-half, depending on spill, by suspending operations during a window 

typically encompassing dates with 25-75% cumulative passage of eels. Mortality was reduced by 

about two-thirds by combining that suspension with suspension during rain events outside that 

window. 

 

For simplicity, I have not provided documentation of the literature upon which I have drawn in 

writing these comments. However, such documentation could be provided at a later date if necessary. 

 

Sincerely, 

 

 
 

James D. McCleave 

Professor 

 

Encl. C.V. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JAMES D. McCLEAVE 
 

School of Marine Sciences 

University of Maine 

5741 Libby Hall 

Orono, ME  04469-5741 

Tel. 207-581-4392, E-mail mccleave@maine.edu 

 

EDUCATIONAL EXPERIENCE 

 

 A.B.  Carleton College      1961 

 M.S.  Montana State University     1963 

 Ph.D.  Montana State University     1967 

 

PROFESSIONAL EXPERIENCE 

 

 Assistant Director for Research, Maine Sea Grant College   2003-date 

Professor of Marine Sciences, University of Maine    1996-date 

 Visiting Scientist, National Institute of Water and Atmospheric   2001-2002 

  Research, Christchurch, New Zealand 

 Associate Director, School of Marine Sciences, University of Maine 1999-2001 

 Chair, Department of Oceanography, University of Maine   1994-1996 

 Professor of Oceanography, University of Maine    1990-1996 

 Cooperating Professor of Biological Sciences, University of Maine             1990-date 

 Mary Derrickson McCurdy Visiting Scholar,     1992-1993 

  Duke University Marine Laboratory, North Carolina 

 Chair, Department of Oceanography, University of Maine   1990-1992 

 Chair, Department of Zoology, University of Maine    1987-1990 

 Professor of Zoology, University of Maine     1978-1990 

 Visiting Professor of Biology, McGill University, Montreal   1985-1986 

 Visiting Scientist, Fisheries Laboratory, Ministry of Agriculture,              1978 

  Fisheries and Food, Lowestoft, England 

 Associate Professor of Zoology, University of Maine   1972-1978 

 Assistant Professor of Zoology, University of Maine   1968-1972 

 Assistant Professor of Biology, Western Illinois University   1967-1968 

 

RESEARCH CRUISE EXPERIENCE (*Chief Scientist) 

 

 R.V. Columbus Iselin.  Sargasso Sea.  4 weeks   1989* 

  Distribution of eels in fronts 

 O.R.V. Cape Florida.  Sargasso Sea.  3 weeks   1985* 

  Distribution of eel leptocephali 2 cruises, 3 weeks each 1983* 

 R.V. Columbus Iselin. Sargasso Sea.  2 cruises, 3 weeks each 1984* 

  Distribution of eel leptocephali 3 weeks   1981* 

 R.V. Clione.  North Sea.   2 weeks   1980 

  Eel tracking    2 weeks   1979 

       3 cruises, 2 weeks each 1978 

 A.R.A. Islas Orcadas.  Scotia Sea, Antarctica  6 weeks  1976 

  Benthic fish and invertebrate ecology  7 weeks  1975 

 R.V. Friedrich Heinke.  North Sea, Bay of Biscay  4 weeks  1974 

  Eel tracking, larval fish collection 



PROFESSIONAL SOCIETIES 

 

 American Fisheries Society 

 American Society of Ichthyologists and Herpetologists 

 Estuarine Research Federation 

 The Oceanography Society 

  

PROFESSIONAL ACTIVITIES AND AWARDS 

 

Member, Working Group on Atlantic Eels, International Council for 1990-date 

  the Exploration of the Sea 

 Member, Marine Sciences Task Force, University of Maine              1995-1996 

 Project Director, National Science Foundation, Research Facilities             1991-1992 

  Modernization Grant to Zoology/Oceanography 

 Associate Editor, Transactions of the American Fisheries Society  1985-1987 

International Scientific Exchange Award, Natural Sciences and  1985-1986 

  Engineering Research Council of Canada      

 Member, Board of Directors, Huntsman Marine Science Center  1983-1987 

 Leopold Schepp Foundation, Eppley Foundation for Research  1982-1984 

  Postdoctoral Fellowships      1985-1986 

 Chairman of Organizing Committee and Editor, NATO Advanced             1981-1983 

  Research Institute, Mechanisms of Migration in Fishes 

 Member, Anadromous and Catadromous Fish Committee,   1978-1985 

  International Council for the Exploration of the Sea  

 University of Maine, Presidential Research Achievement Award  1979 

 Science Faculty Professional Development Award, 

  National Science Foundation      1978 

 Project Director, Research Initiation and Support Grant to Migratory 1977-1981 

  Fish Research Institute, National Science Foundation 

 

PUBLICATIONS AND MANUSCRIPTS 

 

McCleave, J.D., and D.J. Jellyman. 2004. Male dominance in the longfin eel population of a New 

Zealand river: probable causes and implications for management. N. A. J. Fish. Manage. 

24:490-505. 

McCleave, J.D. 2003.  Spawning areas of the Atlantic eels. Pages 141-155. In K. Aida, K. Tsukamoto 

and K. Yamauchi (editors). Eel biology.  Springer, Tokyo. 

McCleave, J.D., and D.J. Jellyman. 2002. Discrimination of New Zealand stream waters by glass eels 

of the shortfin eel (Anguilla australis) and the longfin eel (Anguilla dieffenbachii).  J. Fish 

Biol. 61:785-800. 

Oliveira, K., and J.D. McCleave. 2002.  Sexually different growth histories of the American eel in 

four rivers in Maine.  Trans. Am. Fish. Soc. 131:203-211. 

McCleave, J.D. 2001.  Fish: Eels. Pages 800-809.  In J. Steele and C. McNeil (editors).  Encyclopedia 

of Ocean Sciences.  Academic Press, London. 

McCleave, J.D.  2001.  Simulation of the impact of dams and fishing weirs on reproductive potential 

of silver-phase American eels in the Kennebec River basin, Maine, USA.  N. A. J. Fish. 

Manage.  21:577-590. 

Oliveira, K., J.D. McCleave, and G.S. Wippelhauser.  2001.  Regional variation and the effect of 

lake:river area on sex distribution of American eels, Anguilla rostrata.  J. Fish Biol. 58:943-

952 

Cieri, M.D., and J.D. McCleave.  2001.  Validation of daily otolith increments in glass-phase 

American eels Anguilla rostrata (Lesueur) during estuarine residency.  J. Exp. Mar. Biol. 

Ecol. 257:219-227. 



Cieri, M.D., and J.D. McCleave.  2000.  Discrepancies between otoliths of larvae and juveniles of the 

American eel: Is something fishy happening at metamorphosis?  J. Fish Biol. 57:1189-1198. 

Oliveira, K., and J.D. McCleave.  2000.  Variation in population and life history traits of the 

American eel, Anguilla rostrata, in four rivers in Maine.  Env. Biol. Fishes 59:141-151. 

McCleave, J.D., and G.P. Arnold.  1999.  Movements of yellow- and silver-phase European eels 

(Anguilla anguilla (L.)) tracked in the western North Sea.  ICES J. Mar. Sci.  56:510-536. 

Barbin, G.P., S.J. Parker and J.D. McCleave.  1998.  Olfactory clues play a critical role in the 

estuarine migration of silver-phase American eels.  Env. Biol. Fish.  53:283-291. 

McCleave, J.D., P.J. Brickley, K.M. O’Brien, D.A. Kistner-Morris, M.W. Wong, M. Gallagher and 

S.M. Watson.  1998.  Do leptocephali of the European eel swim to reach continental waters?  

Status of the question.  J. Mar. Biol. Ass. U.K.  78:285-306. 

Barbin, G.P., and J.D. McCleave. 1997.  Fecundity of the American eel at 45ΕN in Maine, U.S.A.  J. 

Fish Biol. 51:840-847. 

Parker, S.J., and J.D. McCleave.  1997.  Selective tidal stream transport by American eels during 

homing movements and estuarine migration. J. Mar. Biol. Ass. U.K. 77:871-889. 

Wippelhauser, G.S., M.J. Miller and J.D. McCleave.  1996.  Evidence of spawning and the larval 

distribution of snipe eels (Family Nemichthyidae) in the Sargasso Sea.  Bull. Mar. Sci. 59: 

298-309. 

Miller, M.J., and J.D. McCleave.  1994.  Species assemblages of leptocephali in the Subtropical 

Convergence Zone of the Sargasso Sea.  J. Mar. Res. 52: 743-772. 

McCleave, J.D., and M.J. Miller.  1994.  Spawning of Conger oceanicus and Conger triporiceps 

(Congridae) in the Sargasso Sea and subsequent distribution of leptocephali.  Env. Biol. Fish. 

39: 339-355. 

McCleave, J.D.  1993.  Physical and behavioural controls on the oceanic distribution and migration of 

leptocephali.  J. Fish Biol. 43(supplement A): 243-273. 

Kleckner, R.C., and J.D. McCleave.  1988.  The northern limit of spawning by Atlantic eels (Anguilla 

spp.) in the Sargasso Sea in relation to thermal fronts and surface water masses.  J. Mar. Res. 

46: 647-667. 

Wippelhauser, G.S. and J.D. McCleave.  1988.  Rhythmic activity of migrating juvenile American 

eels (Anguilla rostrata LeSueur).  J. Mar. Biol. Assoc. U.K. 68:81-91. 

Wippelhauser, G.S. and J.D. McCleave.  1987.  Precision of behavior of migrating juvenile American 

eels (Anguilla rostrata) utilizing selective tidal stream transport.  J. Cons. int. Explor. Mer. 44: 

80-89. 

McCleave, J.D., J.J.M. Bedaux, P.G. Doucet, J.C. Jager, J.Th.L. Jong, W.J. van der Steen and B. 

Voorzanger.  1987.  Statistical methods for analysis of plankton and nekton distribution, with 

applications to selective tidal stream transport of juvenile American eels (Anguilla rostrata).  

J. Cons. int. Explor. Mer. 44: 90-103. 

Castonguay, L.D. and J.D. McCleave.  1987.  Distribution of leptocephali of the oceanic species 

Derichthys serpentinus and Nessorhamphus ingolfianus (Family Derichthyidae) in the western 

Sargasso Sea in relation to physical oceanography.  Bull. Mar. Sci. 41:807-821. 

McCleave, J.D. and R.C. Kleckner.  1987.  Distribution of leptocephali of the catadromous Anguilla 

species in the western Sargasso Sea in relation to water circulation and migration.  Bull. Mar. 

Sci. 41:789-806. 

McCleave, J.D.  1987.  Migration of Anguilla in the ocean:  Signposts for adults!  Signposts for 

leptocephali?  p. 102-117 In W.F. Hernnkind and A.B. Thistle (editors).  Signposts-in-the-Sea. 

Proceedings of a multidisciplinary workshop on marine animal orientation and migration.  

Florida State Univ., Tallahassee. 

McCleave, J.D., R.C. Kleckner and M. Castonguay.  1987.  Reproductive sympatry of American and 

European eels and implications for migration and taxonomy.  Am. Fish. Soc. Symp. 1: 286-

297. 

McCleave, J.D., and G.S. Wippelhauser.  1987.  Behavioral aspects of selective tidal stream transport 

in juvenile American eels (Anguilla rostrata).  Am. Fish. Soc. Symp. 1: 138-150. 



Castonguay, M. and J.D. McCleave.  1987.  Vertical distribution, diel and ontogenetic vertical 

migration and net avoidance of leptocephali of Anguilla and other common species in the 

Sargasso Sea. J. Plankton Res.  9: 195-214. 

McCleave, J.D., and R.C. Kleckner.  1985.  Oceanic migrations of Atlantic eels (Anguilla spp.):  

Adults and their offspring.  Contr. Mar. Sci. 27: 316-337. 

Sheldon, M.R., and J.D. McCleave.  1985.  Abundance of glass eels of the American eel, Anguilla 

rostrata, in mid-channel and near shore during estuarine migration. Naturaliste can.  (Rev. 

Ecol. Syst.) 112: 425-430. 

McCleave, J.D.  1985.  Migratory mechanisms in larval and adult American and European eels 

(Anguilla rostrata and A. anguilla).  Nat. Geogr. Soc. Res. Rep. 18: 517-528. 

Kleckner, R.C., G.S. Wippelhauser and J.D. McCleave.  1985.  List of Atlantic Anguilla leptocephali: 

American material.  Dana 4: 99-128. 

Wippelhauser, G.S., J.D. McCleave, and R.C. Kleckner.  1985.  Anguilla rostrata leptocephali in the 

Sargasso Sea during February and March 1981.  Dana 4: 93-98. 

Kleckner, R.C., and J.D. McCleave.  1985.  Spatial and temporal distribution of American eel larvae 

in relation to North Atlantic Ocean current systems.  Dana 4: 67-92. 

McCleave, J.D., F.R. Harden Jones, W.C. Leggett, and T.G. Northcote.  1984.  Fish migration 

studies:  Future directions.  p. 545-554 In J.D. McCleave et al. (editors). Migration in Fishes.  

Plenum, N.Y. 

McCleave, J.D., G.P. Arnold, J.J. Dodson and W.H. Neill (editors).  1984.  Mechanisms of Migration 

in Fishes.  Plenum, N.Y.  574 p. 

Power, J.H., and J.D. McCleave.  1983.  Simulation of the North Atlantic Ocean drift of Anguilla 

leptocephali.  Fish. Bull.  81: 483-500. 

Kleckner, R.C., J.D. McCleave and G.S. Wippelhauser.  1983.  Spawning of American eel, Anguilla 

rostrata, relative to thermal fronts in the Sargasso Sea. Env. Biol. Fishes 9: 289-293. 

Kleckner, R.C., and J.D. McCleave.  1982.  Entry of migrating American eel leptocephali into the 

Gulf Stream system.  Helgolander Meeresunters. 35: 329-339. 

McCleave, J.D., and R.C. Kleckner.  1982.  Selective tidal stream transport in the estuarine migration 

of glass eels of the American eel (Anguilla rostrata).  J. Cons. int. Explor. Mer  40: 262-271. 

McCleave, J.D.  1980.  Swimming performance of European eel (Anguilla anguilla (L.)) elvers.  J. 

Fish Biol. 16: 445-452. 

Power, J.H., and J.D. McCleave.  1980.  Riverine movements of hatchery reared Atlantic salmon 

(Salmo salar) upon return as adults.  Env. Biol. Fishes 5: 3-13. 

McCleave, J.D.  1978.  Telemetric techniques for studying fish behaviour in the field.  Fish. Manage. 

9: 114-115. 

Waxman, H.M., and J.D. McCleave.  1978.  Auto-shaping in the archer fish (Toxotes chatareus).  

Behav. Biol. 22: 541-544. 

LaBar, G.W., J.D. McCleave, and S.M. Fried.  1978.  Seaward migration of hatchery-reared Atlantic 

salmon, Salmo salar, smolts in the Penobscot River estuary: open-water movements.  J. Cons. 

int. Explor. Mer 38: 257-269. 

McCleave, J.D., J.H. Power, and S.A. Rommel, Jr.  1978.  Use of radio telemetry for studying upriver 

migration of adult Atlantic salmon (Salmo salar).  J. Fish Biol. 12: 549-558. 

McCleave, J.D., and J.H. Power.  1978.  Influence of weak electric and magnetic fields on turning 

behavior in elvers of the American eel Anguilla rostrata.  Mar. Biol. 46: 29-34. 

McCleave, J.D.  1978.  Rhythmic aspects of estuarine migration of hatchery reared Atlantic salmon 

(Salmo salar) smolts.  J. Fish Biol. 12: 559-570. 

Fried, S.M., J.D. McCleave, and G.W. LaBar.  1978.  Seaward migration of hatchery-reared Atlantic 

salmon, Salmo salar, smolts in the Penobscot River estuary: riverine movements.  J. Fish. Res. 

Board Can. 35: 76-87. 

Dearborn, J.H., H.H. DeWitt, J.D. McCleave, T.E. Targett, and E.F. Lowe.  1978.  Benthic fishes and 

echinoderms in the Scotia Arc region.  Antarctic J. 13:137-139. 

McCleave, J.D., J.H. Dearborn, and H.H. DeWitt.  1977.  Ecology of benthic fishes and echinoderms 

along the Scotia Arc and Antarctic Peninsula.  Antarctic J. 12: 19-20. 



Facey, D.E., J.D. McCleave, and G.E. Doyon.  1977.  Responses of Atlantic salmon parr to output of 

pulsed ultrasonic transmitters.  Trans. Am. Fish. Soc. 106: 489-496. 

McCleave, J.D., G.W. LaBar, and F.W. Kircheis.  1977.  Within-season homing movements of 

displaced mature Sunapee trout (Salvelinus alpinus) in Floods Pond, Maine.  Trans. Am. Fish. 

Soc. 106: 156-162. 

McCleave, J.D., S.M. Fried, and A.K. Towt.  1977.  Daily movements of shortnose sturgeon, 

Acipenser brevirostrum, in a Maine estuary.  Copeia 1977: 149-157. 
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electric and magnetic fields on locomotor activity of Atlantic salmon parr.  Environ. Pollut. 
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