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10:55 USE OF ES'IUAIUl& AND MALONE FISH LARVAE IN TOXICTIY
'lKS'HNG

David A. Ben and David J. Hansen
Department of Zoology, University of Rhode Island, Kingston, RI 02881
Envimimental Research Laboratory, U.S. Environmental Pvcitection
Agency, 27 T>mal Drive, Narragansett, RI 02882

SUBLET W EFFECTS OF RICE PK"iTICIDES ON LARVAL STRIPED
BASS

Alan G. Heath,> Joe Cech, Joe Zinckle,2 Brian Finlayson,3 and Bob
Fugimara3
1Virginia Polytech hstitute and State University
2University of California, Davis
3Caiifornia Deputment of Fish and Game, Pesticide Unit

11 20

11:45 IS WA'IKR QUALIT'll' A FA ."DDR IN STIRIPED BASS STARVATION?
Robert B. Pond
Executive Director, Stripers Unlimited, P.O. Box 3045, South Attleboro, MA

12:10

Contributed Paper Session � Predator-Prey
Concurrent Session

 Room 27S, Chafee Social Science Center !

Scott Holt

8:55 GAMBUNG ON PS%DATION: ANTI-PREDATION STRA'IKGIES IN
'IHE EARLY LIFE HISTORY OF FISHES
Matthew K. Libfakl and William C. Leggett2
1Huntsmaa Marine Science Centre, St. Axhews, NB EOG 2XO, Canada
2Depetment of Biology, McGill University, 1205 Ave. Dr. Pen6eld,
Montreal, PQ EOG 2XO, Canada

9'45 SPATIAL AND TX2 PORAL VARIATIONS IN AVMLMILHY OF
~N PREY ANO FRROINO SOCCRSS OF SIIOPRO BASS
LARVAE

Eileen M. Setaier-Hamiltonl and Janl:s H. Cowan, Jr.2
1Ch tpeake Biological Labxstsxy, University of Maryland System, Center
for Envinmnental and Esture Studies, Solomons, MD
~t of Marine Sciences, Univereity of South Alabama, Mobile, AL

10:10 Break

PREDATION ON JR%NILE WINIER FLOUNDER: IMPACTS OF PREY
SIZE AND PREDATOR DENSE
David A. Witting and Kenneth W. Able
Rutgers University Marine Field Station, Institute for Marine and Coastal
Sciences, P.O. Box 278, Tuckerton, NJ 0&0&7



10 30 'I%K INFLUENCE OF PREY SIZE, SPEED, AND DENSITY ON
SELECTION BY LARVAL '%%!VCFISH  CYNOSCION REGALlS!
V.K. Poor and CE. Epifanio
Ur&~rty of Delaware, CoUege of Marine Studies, Lewes, DE

PREY SELECTION BY JV/EMLE%%88~H, CTNOSClON
REGALIS: EFFECTS OF REXATTVE PREY ABUNDANCE, BEHAVIOR,
AND PROFTTABIUTY ON FORAGING SUCCESS AND GROWTH
TZ. Lankford and TZ. Targett
University of Delaware, Graduate College of Marirm Studies, Lewes, DE

10 55

SUSCErrIBILrrY OF ATL ~C HERRrNG AND PLAICE LARVAE TO
PREDA'HON BY RPr'EMLE COD AND HERRING AT ViVO CONSTANT
TElvtPKRWTUIKfi
Lee A. Fuimanl and Robert S. Batty2
1University of Texas at Austin, MILrine Science Institute, Port Aransas. TX
2Dunstaffnage Marine Laboratory, Oban, Argyll, Scotland

11:20

11:45 Lunch

Wednesday, June 17, Af'ternoon

Theme Session � Problem Identification  continued!
Concurrent Session

 Room 277, Chafee Social Science Center!

1:30 REPRODUCI7& SUCCESS OF %tINIKR FLOUNDER
 PISURONECTES AMERICAlVUS! IN LONG ISAAC! SOUND WHH
SPELL%. RKPERENCE TO 'IHE EFFECI J OF DREDGING
David A. Nehon, James C. Widman, and Jose J. Peteira
NOA!gf&4FJ, Nortteast Rsheries Center, Milfixd Lal.'~taxy
212 Rodgers Avenue, Milforti, CT 95460

1:55 EFFE~ OF CHEMICAL STRESSES ON BEHAVIOR OF LARVAL AND
RP~%ÃILE STAGES OF FISH AND AMPHIBIANS
W.J. Birge,l R.D. Hoyt,2 JA,. Black,> and W.A. Robisonl
1University of Kentucky, Lexinyon, KY
2Western Kentucky University, Bowling Green, KY
3EA Engineering Science and Technology, Inc., SParks, MD



Theme Session � Research Approaches  Slochemiicai!
 Room 277, Chafee Social Science Center!

Jennifer Specker

CYTOt~OME P4501A INDUCTION IN DE'iIELOPMFKI'AL STAGES
OF FISH: CAUSES AND BIOLOGICAL SIGNIFICANCE
John J. Stegman and Roxanna Smolawitz
Biology Departrrant, Woods Hole Oceaiiogaiphic Institution,
Woods Hole, MA 02543

USE OF FLOW C'FDDbIEiRY 'IO DEHHWINE LARVAL FISH
CONDITION

G.H. 'nieilackerl and W. Shen2
1NOAA, Alaska Fisheries Schmo' Center, Seattle, WA 98115
2Departrnent of Pathology, University af Washington, Seattle, WA 98195
Break

BIOCHEMICAL INDICATORS OF CHEMICAL CONT&@NATION:
IIINIIAL OS E M AS SESS MRNI' OF FIR'OLA CON LRFHL

�iANGES
Emily Monotson
North Carolina State University, Raleigh, NC 27604

BIOIIOINSFORMASIONOFHHIACMOROBHEHSM SFEELHEAO
LARVAE

LindaFrankovich,l MA.Q. Kahn, M.O. Ajlum, G. Chap, and
D. Stephens2
iraq n t+Bid~WSc' ~~Univ~y~n~ sara ~,IL
2Western Fish Toxicology Station, USEPA, Corvallis, OR
WHI'K TRUNK MUSCLE CONCEN'IZATION OF RNA WAS FOUND
TO TRACK GROWTH RA%K IN LARVAL AND KPifEMLE CHUB
MACKEREL, SCOMBKR JAPONlCUS, NORTHERN ANCHOVY,
BVGR4ULlS hfORDAX, AND CALIFORNIA HALIBUT,
PARALZCHTHFS CAL/FORNlCUS
Sandor F Kaupp
Scripps Institution of Oceanography, University of California, San Diego,
LaJoQa, CA 92t834202

'DK A~TIY OF MEI'ABOLIC ENZ',&IES OF 'IRK 969M TRUNK
MUSCLE OF LARVAL AND RP~I1LE hLVUNR FISHES
CCSGIXLATES %7IB WHOLE FISH METABOUC RATES
Satidor E Kaupp
Scripps Institution af Geography, University of California, San Diego,
LaJolla, CA 920934202



THE INFLUENCE OF RATION LBS!STATION ON 'IBB GROWDi,
SURVIVAI�AND BIOCHEMICAL CCNDEHON OF RP~IKZ
SUMMER FLOUNDER  PARAL/CHTHFS DHVTATUS! AT E!QU.Y
SPRY> THWEXVETUI%5: EVIDENCE FROM THE LABORATORY
AND '1HE FIELD
K. D. Malloy and T. E Targett
University of Delaware, Graduate College of Marine Studies, Lewes, DE

Contributed Paper Session � Distribution and Abundance
Concurrent Session

 Room 27S, Chafee Social Sdence Center!

Nancy Auer

&dG.Y SPRING ABUNDANCE AND DISTRIBUTION OF
ICRFIIYOPI IliL ioN ANO ~N AEONG iiii MNiLIL
hbVNE COAST
D.K. Stevenson, M.A. Lazzari, and D.A. Libby
Maine Dcparttnent of Marine Rcsoutccs, West Boothbay Hide, ME 04575

EMU.Y LIFE HISTORY OF BLACK SEA BASS, CElVTROPRlSTIS
STNATA, IN THE MID-ATLANTIC BIGHT AND A NEW JERSEY
ESTUARY

K.W. Able l M.P. Fahay 2 and G. Shepherd3
1Rutgers University Marine Field Station, Institute of Marine and Coastal
Scicnccs, P.O. Box 278, Tuckerton, NJ 08087
2NOAA, National hhrine Fisheries Scrvlm, Northeast Fislicries Science
Center, Sandy Hook Labxatory, Highlands, NJ 07732
3NOAA, National Mszitie Fisheries Scrvim, %xtbeast Fisheries Science
Center, Woods Hole Labonttory, Woods Hole, MA 02543

DISTRIBUTION PATTK1QiS OF ICH.'IHYOPLlQGCFON AT SOUTH
GEORGIA, ANTARCTICA
Martin G. White
hhrinc Ufe Sciences Division. British Antarctic Survey, NERC, h4a&gley
Road, High Cross, Cambridge CB3 OET, U.K.

LARVAL FISHES OF THE NORTH PACIFIC � ALASKA 70 HAWAII
Brenda L. Ntlimm
institute of Marine Science, University of Alttska Fairbanks,
Fairbank.t, AK 99775-1080



Contributed Paper Session � Ageing and Marking

Stan Warlen

3:55

4+20

4'45

5:10

7'30

SPECIES IDE?~CATION AND 'KJUIPORAL SPAWNING PATMV4$
OF BUTTE%I,'SH, PEPRlLUS SPP., IN THE SOUTH AND MD-
ATLANTIC BIGHTS
Teresa K. Rotinao and Robert K. Cowca
hjiariae Sciences Reselmch Center
State University of New York at Stony Bmok, Stony Brook, NY 11794

IMMERSION hVdVUNG OF OYOLZI'HS OF STRIPED BASS, hfORONF.
SAX4TILES, EGGS AND LARVAE USING TETRACYCLINE
HYDROQKORIDE AND ALILQtlN COMI'LEXONE
Dorecn M. Moateleonc, 1 Edward D. Houdc,2 Linda G. Morin,> aad
David H. Secor>
ih4rriae Scieaccs Research Center, State University of New York at Stony
Bmok, Stony Brook, NY 11794-5000
2Chc<apmke Biological Labor3tory, Center for Envimamental aad Estuarine
Studies, Thc University of Maryland System, Box 38, Solomoas, MD 20688

A IARVAL tdPMLRRCAFIUaR ~ Kl SIUD Y aau'.Y
LIFE POPULATION DYNAMICS AND RECRUI'MENT IN STRIPED
BASS

D.H. Secor, 1 D.M. Monteleoac,2 and LG. Morin 1
1ChesaI.'cake Biological Laboratory, C'cater fcr Environmental and Estu,arine
Studies, The Univocity of Maryland System, Solomons, MD 206884038
2hbrme Sciences Research Center, State University of New York at Stony
Bmok, Stony Brook, NY 1 1794-5000

PROBLEMS IN AGEING LONGNOSE DACE, RHINICHTHYS
CATARACTAZ  VALENCIENNES!
P.M. Powles and S. Scholtcn
Depsetaeat of Biology, Treat University, Peterbomugh,
Ontario K9J 7B8, dada

DIFFERENCES IN THE SAGITTA, LAPELS, AND ASTKRISCUS IN
EH'54A'HNG AGE AND GROWTH OF ~%MLE RED DRUM
 SCIABVOPS OCELLATUS!
Andrew W. David, J. Jeffery isely, and Churchill B. Grimes
NOAd4MWS, Southeast Fisheries Science Center, &mama City, FL 3?A08

AFS - ELHS Business Meeting



Thursday, June 18, Morning

GENm', PIC VARIATION, SPAWNING TIME, AND RECRUI'IPHEKI'
OF REDFISH  SEBASTES SP,! IN THE GULF OF ST. LAWRENCE
Y. de Lafontaine and J-M. Sevigny
Fisheries 4 Ckmuis Canada, Institut Maurice LiLmontagne, P.O. Box 1000,
Mont-Joli, Quebec GSH 3Z4, Gtnada

MATERNAL CONTRIBVI1ON TO EGG AND LARVAL NUCLEIC
ACIDS, PROTEIN, AND TOTAL WEIGHTS IN CAPELIN, MALLEUS
VILLOSUS
A. Ferron, R.C. Chambers, and W.C. Leggett
Department of Biotogy, McGill University, 1205 Ave. Dr. Penfield,
Montreal, Quebec H3A 1B1, Canada

855

9:20 A MOLECUL4dt METHOD FOR 78E SPECIES IDENTIRCATION OF
FISH LARVAE WITH A RESULTING DESCIUFHON OF XYRICH7TS
NOVACULA  PISCES: LABRIDAE! LARVAE
Jonathan Hare, John Zehr, and Francis Juanes
Marine Sciences Research Center, State University of New York at Stony
Brook, Stony Brook, NY

9:45 'IBE 'IK44;A3UDGICAL AND PATHOLOGICAL EFFECTS OF
CONTAMINANTS ON RSH LARVAE E9PQSED AS EMBRYOS: A
BRIEF REMPiV
Joel E. Bodamrm:r
Fisheries, Aquaculture, and VeterimLry Science Department, University of
Rhode Island, Kingston, RI 02881

10:10 Break

EVALUATION OF CONTAhGNANT EFFECTS ON IHE
OSIVOU3GICAL DEVELOPMENT OF LARVAL RSH
Mark T. Stein ber
U.S. Fish and iidlife Service, National Fisheries Contaminant Research
Center, P.O. Box 936, LaCrosse, WI 54602-0936

10:55 GROSS AND MICROSCOPIC OBSERVATIONS ON N/dtRAGANSEIT
BAY YOUNG-OF-THE- YEGG FREER FLOUNDER
Sharon A. MacLean
NOAA, NMFS, Northeast Fisheries Science Center, Narragansett Labtsrmtcey,
Namtgansett, RI 02882-1199

Theme Session � Research Approaches  Biochemical to Organismal!
Concur'rent Session

 Room 277, Chafee Social Science Center!



11:20

11:45

Contribttted Paper Session � Transport, Settlement, Recruitment
Concurrent Session

 Rootn 27S, Chafee Sodal Sdence Center!

Perce Powles

RECRUITIHEÃT OF LARVAL FISHES TO A NORTH CAROLINA
ESTUARY DURING A RED TIDE, GYMNODlUM BREVE, BLOOM

8:30

Stanley M. Waricn and Patricia A. Tester
NOAA, NMFS, Southeast Fisheries Science Center, Beaufort Laboratory,
Beaufort, NC 28516-9722

8:55 DIFFE1KNCES IN GROWTH AND SURVIVAL OF METAMORPHOSED
AGE-0 WINTER FLOUNDER g LEURONFCTES ANZNCANUS!
BET%tEEN NL4NTIC REER AND NIANTIC BAY, CT
Dorutid J. Kbutila
Northeast Utilitics Environmental Lal.'eratory, P.O. Box 128, Waterford, CI'

9:20 TIDAL SAlVIPLING TO DEHKRhGNE THE SOURCE OF %WATER
FLOUNDER LARVAE IN NLVlTIC BAY, CT
J. Dale Miller
Northeast Utilities Easmemcntal , Milhconc Nuclear Power
Station, P.O. Box 128, Waterford, CI' 063 5

TRACKB& SHAENID EGGS AND LARVAE FROM ISOLAIKD
ESTUMUNE SPARKING SAKS RELA1IVK TO
ato'IRDNIIIRIITAA P IIAMRIMM
Sabine Alshuth and R. Grant Gilmore, Jr.
NM a~~I ' ~moolao' ' Mal I.
Fort Pierce, FL 34946

9:45

10:10 Break

10:30 RECR~~G'OF A~QlTlC CROAKER 70 CHESAPFMZ BAY
Stephen %. Nixon and Cynthia M. Jones
Applied Marine Research Labaratrmy, Old Dominion University,
Norfolk, VA 235294456

10:55 loaMA RID N OP Daaa!RRAR Maa ~ IN Illa
NORTH%VS'INURN GULF OF MEXICO
Mark E. Chittenden, Jr.
CoUcgc of William and Mary, Virginia Institute of Marine Science,
Glouccstcf Point, VA 23062

BEHAVIOK4J MPAHVPKNTS IN CONTAhHNAXKD ElA'IRONhKXP!:
MPLICATIONS FOR THE SURVIVAL OF EPdU.Y UFE STAGE FISH
Edward E. Little and Aeon J. Dcltonay
U.S. Fish and Wiidhfc Service, National Fishcrics Contaminant Research
Center, 4200 Ncw Haven Road, Columbia, MO 65201





NATAL& HIS%MY DISCOVERKS IN EhPiHRONhKNTAL SCIENCE
Jef5ey B. Marliave
Vancouver Aquarium, P.O. Box 3232, Vancouver, B.C. V6B 3X8, Canada

NOAA'S NATIONAL ESTUMtPK RESEARCH RESERVE SYSTEM
AND STUDIES RELATED TU PROTECTING THE LVl J.Y LIFE STAGES
OF FISH

Allan D. Beckl and Michael P. Crosby2
1 Manager Narrajlansett Bay National Eteuarine Research Reserve,
Prudence Island, RI 02872
2t3uef Scientist and National Caxdinator, NOAA Sae~es and Reserves
Division, NOS]CX3tM, 1825 Cont!ecticut Ave., N.W., Washington, DC

Contributed Paper Session � Growth and Development
Concurrent Sesaioa

 Room 275, Chafee Social Science Center!

Ken Able

LA'ITI'UDINAL VARIATION IN GROWTH OF RA'ELLE TAUTOGA
ONJTIS  LABRIDAE!: PRELlhGNARY LABORATORY AND FIELD
OBSERVATIONS
DL. Mltrtin and TW Tar ett
University of Delaware, College of hhriac Studies, Lewes, DE
19958

SOMATIC AND OIOIJIH GROWTH OF R&VtED AND WILD
ATLANTIC HERRING LARVAE  CLUPEA HARHVGUS L.!
D.A. Libby
Maine Department of Marine Resources, West Boothbay Harbar, ME 04575

MAGNTIUDE AND CORRELATES OF MATERIAL INFLUENCE ON
Eddy.Y LIFE HISTORY TiVEI'S IN GV%H IN, hfAUDTUS VIILOSUS
R.C. Chambers, A. Ferron, and W.C. Leggett
Department of Biology, McGill University, 12Q5 Ave. Dr. Penfield,
Montreal, Qmbec H3A 1B1, Cantmla

C XQtELKTIONS BEDhtEEN LARVAL AND JTPAMLE GROWTH
RAISES: AN AKQ.YSIS USING %INITBR FLOUNDER
D.F. Bertram, R.C Chtrnber3, and W.C. Leggett
E~tment of Bi, McGiil University, 12t5 Ave., Dr. Penfield,
Montreal, Quebec, H3A 1B1, Canada

Break

~ WEIGHT-'IO-LENGTH REEKTIONSHIP OF RP tENILE TAUTOG
 ThUTOGA ON1TIS! IN NARRAGANSETT BAY, 1990-1991
Barbtra A. Dorf

Graduate School of Gmeography, University of Rhode Island,
Narragansett, RI 02882

10



LIGHI' INIKNSHY AND SCHOOLING BEHAVIOR OF LARVAL GULF
MENHIR!EN  BREVOORTIA PATRONUS!
Dennis M. Higgs and Lee A. Fuiman
University of Texas at Austin, Marine Science Institute,
Port Aransas, TX 78373

DEVEXA3PMENT OF LIGHT SENSA%~'ITY IN RED DRUM LARVAE
 SCIAEMDAE: SC1AE1VOPS OCEILATUS!
D.E. Stearns 1 G Joan Holt 2 R B. Forward, Jr.,3 and P.L. Pickering2
ll+ertment of Biology, Rutgers University, Gmhea, NJ 08102, and
Institute of Marine and Coasts Scicnccs, Rutgers University,
New Brunswick, NJ 08901
2University of Texas
3Duke University Marine Laboratory, Pivers Island,
Beaufort, NC 28516-9721

EVALUATION OF OMEGA-3 FATTY ACID ENMCHIIAKlA'
TECHMQUES FOR ARTENIA USED AS FOOD SOURCE FOR S'IMPED
BASS  MORON' SAXATlLlS! LARVAE
Sureyya Ozhizilcik and Fu-Lin E. Chu
Virginia Institute of hfarinc Science, School of Marine Science, The College
of WiUiam and Mary, Gloucestcr Point, VA 23062

Thursday, June 19, Evening

Theme Session � Posters
 University Club!

VERTICAL DISTIUBUTION OF LARVAL FISH AT A TIME-SHOES
STATION IN GERLACHE STIVZI', ANTARCTICA, NOVF2riBER 1989
Valerie J. ~1 and Anthony F. Amos2
1Moss Latxhng Lal:oratories, Moss 4uMIing, CA
2Marine Science Institute University of Texas at Austin, Austin, 7X

DEVELOPhKNT OF EMBRYOS AND LARVAE DURING GESTATION
IN VIVIPAROUS YELLOWTAIL RCMCFISH, SEBASTKS FLAVIDUS
Maxwell B. Hdzidic
NOAA, National hhtrine Fisheries Service, Southwest Fisheries Science
Center, Tiburon Lalxmttory, 3150 Parathse Dr., Tiburon, CA 94920

PHYSICAL FACIORS ASSOCIA'IKD %%Bi 'IHE RECRUITlHEÃ1' OF
LARVAL SPRINGER  FLOPS MACHNATA! INTO LAKE ST. LUCIA ON
'IRE SO@Bi EAST COAST OF AFRICA
Digby Cyrus and Stefanie Kriel
Coastlti Research Unit of Zululand, Zoology De@ament, University of
Zululand, Private Bag X1001, KwaDIangezwa, 3886, Natal, South Africa



EFFB"TS OF PQ3D AVJ~REZPf ON SURVIVAL AND GROVER% OF
POND-REVtKB LARVAL $V~RBACK SUCKERS
Diana Palxelias 1 and W. L Mnckjey2
1U.S. Fish and Wudlife Service, National Fisheries Contaminant Research
Center, 4200 New Haven Rd., Columbia. MO 65201
2Department of Zoology. Arizona State University, Tempe, AZ 85287- 1501
DEVELl3PMEKI' RATE AND INS'IRK%M SURVIVALS OF ARLY AND
LATE-RUN PINK SALMON  ONCHORYNCHUS GOBUSCHA!
K.P, Hebert, W.W, Smoker, J.E. Joyce and A3. Gharrett.
Juneau Center for Furies and Ocetn Sciences, School of Fisheries
Sciences, University of Alaska Fairbanks, 11120 Glacier Highway,
Juneau, Ahaska 99801

12



Friday, June 19, Morning

Theme Session � Research Approaches  Mesocosms!
Concurrent Session

 Room 277, Chafee Social Science Center!

Chris Chambers

USE OF MESCICOSM STUDIES IN PESTICIDE REGISTRATION:
DIRECT AND INDIRECI' IMPACT OF INSKCTICIDES ON EtVtLY
LIFE STAGES OF FISH
James F. Fairchiid
National Fisheries Conuunuiant Research Center, U.S. Fish and Wildlife
Service, 4200 Ncw Haven Rd., Columbia, MO 65201

USING MESOCOSMS TO ASSESS 'IRK INFLUENCE OF FOOD
RESOURCES, PREX!ATION, AND TOXIC MATKRRIALS ON LARVAL
FISH SURVIVAL
Barbara K. Sullivan and Grace Kleia-Ma9%ee
Graduate School of Oceanography, University of Rhode Island,
Narragansett, RI 02882-1197

OPEN MESH IN SlTU ENCLOSURES FOR MAIN'K LARVAL
FISH STUDIES
Thomas A. Halavik, Lamence J. Buckley, Geo%ey C. Laurence,
Peter Long, and Bruice R. Burns
NOA4v~lFS Nortiieast Fishctics Science Center
Narragansett Laboaexy, Narragansett, RI 02882

OI COO IIRR ~ ON RIIRFIF AL ANO OR ONTO OF
BLACK DRUM EGGS AND LARVAE IN LOWER CHESAPFAlX BAY
James H. Cowan, Jr.
Department of Marme Sciences, University of South Alabama,
MoMe, AL 36688

Brcak<

Theme Session � Mitigation and Management
 Room 277, Chafee Social Science Center!

John Boimnan

CAN LARVICUL'IURE PLAY A ROLE IN ALLPAA'IONG
POPULATION AND HABri'AT LOSSES?
G. Joan Holt
The University of Texas at Austin Mitrum, Sheave Institute,
Part Aransas, 'IX 78373-1267

13





10:30

DIS'IRIBVHON OF SCIAEMD LARVAE ACROSS AN ESTUPdUNE
TIDAL FRONT
Scott A. Holt
University of Tesas at Austin, Marine Institute, Port Aransas, TX

10:55

11:20

Friday, June 19, Afternoon

Theme Session � Mitigation and Management  continued!
 Room 277, Chafee Social Science Center!

WALLEYE RECRUmVIENT IN am NP80rAS LARGE I.~S: A
II Ylllll SHIH OP OONIRMPORASY ANN HISIORI OAR ASSER S MONY
D.L Pereira, R. Bruesewitz, T. Heinrich, and D. Williams
h6nnesota t of Natural Resources, Section of Fisheries,
1200 Warner St. Paul, MN 55106

USE OF ErQU.Y LIFE-STAGE DATA: U.S. EPA REGION IX
PERSPECYP/K  NO ABSTRACf!
Brian Mclzbn
U.S. Envinmaental Pmteaon Agency, 27 Tarzwell Drive,
NamLIansctt, RI 02882

1:50 THE APPLICATION OF LARVAL FISH IN TOXICITY TESTS AND
REGULATORY PROCESSES  NO ABSTRACT!
Albert Iacobucci, Rose Gatter-Evarts, and Lec Dunbar
Ccsma~ut Dcpemcnt of Envuonmental Pnsection, Water Toxics &@tice,
122 Washington Street, Hartford, CI'06106

340 Buses Depart for Bay Campus Tours

Buses Depart for Evening Banquet

15

FACI'CRS INFLUENCING THE DEFIH OF WALLEYE POLLt:KX
EGGS AND LARVAE IN SHELIKOF ST1VZf, GULF OF ALASKA
A.W. Kendall, Jr.,l LS. Inzce,2 P.B. Ortner,3 S.R. Cummings,3 and
P.K. Brown 1
1NOAA, Pdaska Fisheries Science Ccntcr, 7600 Sandpoint Way N.E.,
Sclutlc, WA 98115
2Bigelow Lal:xxatory for Ocean Sciences, West Boothbay Harbor, ME 04575
INOAA.AP ' ~~~I O
4301 Rickenbacker Cause~ay, Miami, FL 33 149



Able, K.W., M.P. Fahay2, and G. Shephcrd3. iRutgers University, Marine Field Station,
Institute of Marine and Coastal Sciences, P.O. Box 278, Tuckerton, N.J. 08087. >National
Marine Fisheries Service, Sandy Hook Laboratory, Highlands, N.J. 07732. ~National Marine
Fisheries Service, Northeast Fisheries Center, Woods Hole, MA 02543. EARLY LIFE
HISTORY OF BLACK SEA BASS, CENTROPRISTIS STRIATA, IN THE MID-
ATL4d4TIC BIGHT AND A NPVv JERSEY ESTUARY. 'le black sea bass, Centroprisris
tiara, is an important couiponent of cotumercuti and recreatiaeal fishetics throughout its range
yct we know relatively little cceceruing the early life bistary. We have attempted to fill this void
by focusing on composite fiel collections, ie situ observations, etc., in order to elucidate
aspects of the first year. Spawning in the Mid-Atlantic Bight ears over a prolonged period
 April - November! based on extensive 56VthMP collections of larvae during 1977-1987.
Planktonic larvae have been collected between Cape Hattetls and Long Island but probably
occur further north in more inshore areas. Age@ individuals occurred August - October off
Little Egg Inlet, New Jersey, in accumulations of surf clam  Spisula solidissirna! valves.
Individuals frotu this cohort also occurred in an adjacent estuary  Great Bay - Little Egg
Harbor!, in marsh creeks and along peat banks during thc sane time period. By October,
individuals &am thc continental shelf and the estuary were 18-91 mm II.. These moved into
deeper waters on the continental shelf frotn southern Massachusetts to Cape Hatteras. 'Hey
reappeared in the esttutry by March, at the sant, 'approximate sizes as in October. By July they
were approximately 85-165 mm 'IL. Thus, the acctunuhued data suggest that C. stnaca utilize
estuarine and continental shelf habitats as nurseries during the first sutnmr before trugrating
offshore in thc winter. They reach relatively small sizes by the cnd of the first year, in part,
because growth does not occur between October and March.

Alshuth, S. and R.G. Gilmore, Jr. Harbor Branch Oceanographic Institution, 5600 Old Dixie
Highway, Fort Piercc, FL 34946. TRACKING SC5&MD EGGS AND LARVAE FROM
ISOLATED ESTUARINE SPAWNING SITES i%LATIVE TO ENVIRONMENTAL
&~.&& && &&&&& & & i ' Mq &&
crornis, Bairdiella chrysoura and Cynoscios nebulosrrs, distributed in the Indian River lagoon
in Florida were studied during the spawning season of 1991 and the beginning of 1992. To
characterize the estuarine spawning and nursery areas of these multiple spawning sciaenid fish
species, hydtophoncs were used to rewed vocalization of adult sciaenid males. They produce
sounds which are known to bc associated with spawning, which takes phce within two to
three hours after sunset. Furthmmre, quantitative surface ichthyoplankton tows were taken on
a number of statiNm at different sprung sites to determine whether there exist a relationship
between sound pmduction of thc thtec macnid species, spawtung activities and abumhmm of
newly spawned cgp. Distribution and abundance of sciaenid eggs and larvae in the Indian
R& && '& ~ &' &&&. &&i I. ' I &
other environnM:ntal fact0rs. Moreover, the developmental ciuiraiaeristics of sciaetud eggs and
laboratory-reared larvae werc studied under controlled conditions of temperature, salinity and
photoperjiod. The description of sciieaid larvae, collected in the ichthyoplankton, will allow the
identificauon of each develgimcntal stage relative to various cnvimemental parimetcrs such as
water tetnperiuure, salinity and oxygen within thc estuarine system.
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Beck, A.D.t and M.P. Crosby>, iManager, Narragansett Bay National Estuarine Research
Reserve, Prudence Island, RI 02872. zChicf Scientist and National Research Coordinator,
NOAA Sanctuaries and Reserves Division NOS/OCRM, 1825 Connecticut Ave., N.W.
Washington, DC 20235. NOAA'S NATIONAL ESTUARINE RESEARCH RESERVE
SYSTEM AND STUDIES RELY,TED 1Q PROTECTING THE KVU.Y LIFE STAGES OF
FISK The National Estuarine Research Reserve System  NERRS! was established as part of
the Coastal Zone Managcmcnt Act of 1972 to protect and manage representative csteitine
types. The NOAA Sanctuaries and Reserves Division in partnership with the individual states
in which the Reserves are located administer the System. In 1992, twenty years later, 22
Rescrvcs have been designated encompassing nearly 320,000 acres of estuarine ~aters,
marshes, shoreline and adjacent uplands. Additional sites are under consideration for further
expansion of thc system. Thc research and monitoring programs of the Reserves focus on
long-term studies to characterize thc ecosystem, detect change, determine effects of human
activity on the tesoutccs and manage for preservation of these &agile and valuable ecosystcms.
Thc cutrent SRD appmach utilizes a competitive grants Iwogt3m coupled with an emphasis on
cooperative studies with other funding sources including Sca Grant, EPA and other federal,
state and private institutions. The ptescnt thematic «rea for the NERRS reseatch and monitoring
is comparative ecology and cause/effec relationships in changing estuarine habitat and water
quality. The Reserves provide a stable, protected natural field laboratory for the use of
interested investigators. The results of the research and monitoring in the Reserves provide
essential information to support Rcservc management and overall coastal zone protection and
decagon making.

Bengtson, D,A.i and D.J. Hansen>. 'Department of Zoology, University of Rhxle Island,
Kingston, RI. zEnvironmental Research Laboaitory, U.S. Environmental Protection Agency,
27 Tarxwell Drive, Narragansett, RI. USE OF ESTUARIINK AND h6VUNE FISH LARVAE
IN TOXICITY TESTING, Toxicity testing with marnie and cstu«rine fish is conducted on a
relatively small number of species. Species that are cultured year-rmnd in the laboratory for
testing of embryos and larvae are predominantly in the families Athcrinidae and
Cyprinodontidae. Other species are available for testing on a soisonal basis  e,g., cod, striped
bass, several species of flatfish, etc.!. Standards published by the Ammcan Society for
Testing «nd Maaarials recommend 17 saltwater species for use in acute toxicity tests, but only 5
species for thc longer duration carly life-stage  BLS! effluent toxicity ate now performed
routinely with kfcnidia beryll4a and Cyprinodon varicgatus. Full life cycle tests have bccn
pcrfortncd only with C. varicgaacs. Thus, the data base for correlation of results of acute or
ELS tests with those of lifewycle tests is extremely hmitcd and should be expanded. The
development of new spccics for testing is most pronounced on thc West Coast. The
development of new methods, especially biochemical mcasutements correlated with
reproduction and embryo/larval survival and growth, represent an exciting area of current
research.



Bertram, D.F., R.C. Chambers, and W.C. Leggctt. Department of Biology, McGill
University, Montreal, PQ H3A 181, CiLnada. CORRELATIONS BED%%EN LARVAL AND
JUVENILE GRO~ RATES: AN ANALYSIS USING WIRIER FLOUNDER. In marine
fishes, growth rates during early life stages have been correlated with stage duration and
survival. Though their action on life stage duration, variation in growth rates could result in
differential survival among individuals. The assumption that 6sh which grow most rapid1y as
larvae also grow most rap49y as juveniles was evaluated by rearing winter flounder,
Psmdoplcuronccrcs amcricanus, a flatfish that expresses clear morphological and habitat
separation bctwcen larval and juvenile stages  i.e. metamorphosis!. The fastest growing larvae
were not found to bc the fastest growing juveniles, in fact, wth rates of larvae and juveniles
varied inversely. This negatNe covanatsm resulted in aompcnsation for larvae that grew
slowly. The observed ontogeneic pattern of growth variation is consistent with two selective
processes: size-dependent prehLtion and/m sizeWpcndent overwinter mortality. We conclude
that powth dynatmcs in early life stages of marlin fishes are not likely to bc as simple as was
previously thought. Cheater insight into growth dynamics will result if individual variability,
expressed in both the larval and juvenile stages, is examined than if either stage is studied in
isolation. Further, we anticipate that by investigating thc nature of thc relationship between
individual growth dynamics and iml'ertant agents of mortality such as predation risk during
carly life, fresh insight into the relative survival probabilities of phenotypes within a cohort wiR
emerge.



Birge, W.J.', R.D. Hoyt2 J.A. Blacks, aad W.A. Robison'. 'Biology/
Toxicology,University of Kentucky, Lexington. KY 40506. >Biology, Western Kentucky
University, Bowling Green, KY 42101. >E.A. Engineering Science aad Technology, Inc.,
Sparks, MD 21152. EFFECT OF CHEMICAL S'TRESSES ON BEHAVIOR OF LARVAL
AND JUVENILE STAGES OF RSH AND AMPHIBIANS. A series of investigations was
conducted to determine the effect of chemical stresses on avoidance/attraction and feeding
behavior of larval aad juvenile stages of fish and amphibianL Avcidana Jattraction exI;eriaents
were conducted with eight aquatic coatamiaants, including Cd, Cu, Hg, Zn, chloroform,
dioctylphthalate  DOP!, trisodium nitrilotriacctic acid  NTA!, aad phenol. Tests were
performed with a dualwhaanel fluviarium. Syringe aad peristaltic pumps were used to regulate
flow nte aad toxicant contentrations. Juvenile stages of Iargcmouth bass, bluegill sunfish, aad
rainbow trout, aad tadpoles of thc America toad proved to be suitable animals for evaluating
avoidance or attriLction responses. Avoidance was significant  pc 0.01! in tests with GL Zn,
and phenol, and significant attraction resulted hem exposures to chloroform, DQP, aad Hg.
Animals generally avoided lower conceatrations of Cu but were attracted to higher exposure
levels. NTA produced variable responses. The trout was the most sensitive species tested.
With this species, threshold concentrations for avoidance or attraction were estimated to be
0.0002 mg/L Hg, 0.047 mg/L Zn, 0.052 mg/L Cd, 0.074 mg/L Cu. 11.9 mg/L chloroform,
and 56.6 mg/L NTA. The threshold for phenol, determined with the bluegill, was 39.0 mg/L.
Aluiainum exposure and pH were observed to affect fccding behavior in larval fathead
minnows. Organisms ia low pH  < 6.5! and moderately hard water exhibited reduced feeding.
Aluminum-treated animals also exhibited reduoxi feeding, depending upon the pH. Additional
feeding trials were conducted on 18 to 24 day-old fatlicad minnows at pH levels of S,O, 7.0,
10.0; 4.5, 7.0, 11.0; aad 3.5, 7.0, 11,5. Total mortality was observed at pH 3.5 and 11.5.
Appetitive behavior was aot affected by pH, as frequencies of occurrence of feeding ranged
from 93 to 100% among 9 test trials of sixty fish each. Vision was not impaired at any pH, as
99.9% of the brine shrimp, both live and dead, were consumed during light trials. During dark
trials, intensity of feeding was altered as si ' tly fewer live and dead brine slirimp were
consumed than in thc light. Likewise, si ' cantly fewer brine slirimp were consumed than in
the light. pH values of 7.0 and greiiter did not appear to impact feeding in the dark, as 98.9%
of live brine shrimp were consumed. Howcvcr, a pH of 5.0 or lower significantly affected
feeding, with 31% of live brine shrimp remaining after dark feeding trials. Chemoreccption
also was noticeably impaired at a pH of 5.0 or lower, as an average of 19% of dead bine
slirimp remiiiacd following dark feeding trialL 'Ibe, effec af low pH on mcchanoreception was
aot determined. Thc major conchsioas of these findings are: 1! sublethal pH concentrations do
aot affect appetitive behavior, 2! fat}icad minnow larvae arc prcdomiaantly daylight, visual
feedlers, 3! a pH of 5.0 or lower significantly affects the sense of chmemception and reduces
feeding, and 4! chcmcroceptioa and mechaaoreception are strongly correlated with vision in
feeding.
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E4xhmmer, JZ. Fisheries, Aquaculture, and Veterinary Science Department, University of
Rhode Island, Kingston, RI 02881. 'IRE TERATOLOGICAL AND PATHOLOGICAL
EFFECTS OF CONTAIVIINA5ITS ON FISH LARVAE HISSED AS EMBRYOS: A BRIEF
REVIEW. Typically, the effects of laboratory exposure to contaminants upon fish during their
early life history has been measured in terms of hatchability for embryos and/or lethality for
larvae. Too fcw studies have dealt with thc less precise, sublcthal effects of contaminants on
embryos or larvae that express themselves as terata ar lesions. The review presented herein is
restricted to the sublethal effects Of cMarinated hydrocartens, heavy metals, crganophosphate
pesticides, the water soluble fraction of crude oil  aromatic hydrocarbons!, and low pH as
observed in late-stage embryos or larvae of fish exposed as embryos. As will be noted, there
can be an amazing similarity in some of thc resulting abnormalities observed in both einbryos
and larvae tegardlcss of thc type  class! of contliminant to which they were exposed. This is
particularly true for skeletal malformations which will also bc covcrcd elsewhere in this
symposium.

Boreman, J.i, S. Corrcia>, and D.B. Withercll~. 'UMIiss/NOAA ChKR Program, Blaisdell
House, University of Massachusetts, Amherst, MA. >Massachusetts Division of Marine
Fisheries, 18 Route 6A, Sandwich, MA 02S63, POPULATION-LEVEL EFFECTS OF
CH/PAGES IN AGE@ SURVIVAL OF MNTER FLOUNDER IN 'HK GULF OF h6QNE.
The decline in abundance of inshore populations of winter founder has prompted thc Atlantic
States Marine Fisheries Commission to undertake development of a coastwide management
plan for the species. Fishery matuigers can restose populations by adjusting fishing regulations
to reduce fishing-induced inortality, and impmring habitat quality, thus increasing survival of
carly life stages. Even if thc true reason for population decline is incteased mortality of the
early life stages, managers need to deternaine if, and io what dcyee, the decline is exacerbated
by fishing mortality. We adapted the Eggs-Per-Recruit methodology to examine the potential
effectivenes of improving habitat quality versus reducing fishing mortality to increase
abundaem of the inshxe ' of winter fiounder north of Cape The ielative change
in the baseline rate of age survival, both positive  due to habitat restoration! and negative
 due to habitat loss!, is approxiaiately equivalent to the relative change in fishing mortality rate
necessary for the population to maintain a suiti~r level of aburidance. Regulating fisheries to
increase population abundance and yield represents less risk to managers than undertaking
habitat iessoration programs. However, umhmtaking habitat tesoxaio'n programs may result in
longer-term benefit and allow managers to increase fishery yield from the populations
greduaUy.



Buiak, J.S.', N. Hurley2 and J.S. Crane3. iSouth Carolina Wiidlife aad Marine Resources
Department, P.O. Box 170, Columbia, S.C. 29202. >U.S. Geological Survey, 720 Gracern
Road, Columbia, S.C. 29210. 3S,C. Wildlife and Marine Resources Department, 1921 Van
Boklen Road, Easiover, S.C. 29044. TRANSPORT AND MORTALITY OF STRIPED BASS
EGGS IN CONGAREE AND WATEREE RIVERS, SOUTH CAROLINA. The Santee-
Cooper striped bass  Moronc saxatilis! population spawns in the soft, freshwatcrs of the
Coagaree and Wateree Rivers. Natural recruitment indices have declined since 1977. Studies
were initiated in 1983 to characterize factors affectin success of intel reprobation. In 1988
through 1990 striped bass egg collections were made at eight to twelve hour intervals at two
sites on both the Wateree and Congaree Rivers. Annual shying crop estimates of eggs at each
site were calculated by adding interval specific estimates that were calculated by multiplying
discharge by egg density. The agc, ia hours, of a subsample of eggs was determined for one
coUection daily at each site, Thc transport of striped bass eggs ia Congaree, Watcrcc and
Santee Rivers was studied using a one-dimensional unsteady-flow model and a Lagrangiaa-
type transport model. A dye study was used to calibrlte the transport model. Model results
were used to develop equations that predicted thc distance to egg spawning and hatching sites
from each sampling site. Egg mortality estimates between sampling sites on each river were
estimated by using age and transport equations to restrict considcm6on to eggs spawned above
thc uppermost site on each river, Additional inforiaation on specifi gravity and critical settling
velocity of Saatee-Cooper eggs was also obtained.

Chambers, R.C., A. Ferron, and W.C, Leggett. Department af Biology, McGill University,
1205 Ave. Dr. Penficld, Montreal, Quebec H3A 1B1, Canada. MAGNITUDE AND
CORRELATES OF MATERNAL INFLUENCE ON EARLY LIFE HISTORY TkVdTS IN
CAPELIN. The condition of a female fish before aad during spawaiag may be predictive of
her offspring's status and chances for survival in carly hfe. Maternal contributions to early life
history traits were evaluated ia aa experimental design in which eggs Gom 60 female capclia,
MalIotus villosus, were artificially fertilized, incubated in the lak~mvy, aad fol1owed through
the yolk-sac stage. Females were characterized by their sizes  length, body depth, wet weight!
body compoaeats  wc~, lean, aad lipid weights of soma, wet and dry weights of ovaries!,
aad condition indices  Fulton's k, lipid index, and GSI!. Offspring were chiractimzed by size
of egg; age, length, and yolk aad oil reserves of larvae at hatching, size of larvae at first
feeding; and their anc at starvatioa. Correlations were citiculated betwcea female traits, between
family-averaged EKki traits, and between fernale aad offspring sets of traits. All m~rc of
female size  hmgths, masses! were directly correiated. Ovary size and fecundity iacreiLscd with
female size but varied inversely with both absolute and weight-!yecific li~ quantity of soma.
The suite of offspring traits differed significantly amoag females. Correlations between
offspring traits revealed a family expressing large cgg size had, on average, larger hrvac at
hatch that possessed greater energy reserves and hatched later. Larvae from these families
were also larger at first feeding. Female size was diaMy amelatcd with egg size and size of
larva at hatching and first fccdiag. No measured female characteristic covaried with average
ages of larvae at hatching and starvation.
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Chittendcn, MZ., Jr. College of William and Mary, Vir ' Institute of Marine Science,
Gloucester Point, VA 23062, FORMATION QF DEMKRSAL FISH COh98UNH1ES IN
THE NORTHWESTERN GULF OF MEMCO. Two major demersal fish communities are
distributed across thc continental shelf of the northwestern Gulf of Mexico  Gulf!. They
include a largely estuarine-relabel white shrimp community from 5 m, and shallower, to 18 rn
off Freeport, Texas, and a largely estuarine-independent brown shrimp community from 36 m
to at least 100 m. Sandwiched bctwccn these communites is a transitioa fauaa from 18 to at
least 27 m. Thc two communities are distinct at thc family leveL The w bite shrimp cominunity
is dominated by the Family Sciaenidae, especially the Atlantic croaker, Micropogonias
unddancs; the brown shrimp community is dominated by the Family Sparidae, especially the
loagspine porgy, Stenoromus caprinus. Formation of the white and browa shrimp
communities probably reflects emmunity difference in current transport and recruitment
processes. Their members recruit to the bottom ia tbe northwestern Gulf along thc inshore
portions of the respective communities, thea grldually disperse offshore. The fauna of these
two commuaiies is distinct fmm that in the caltern Gulf. That differenc also probably reflects
current tnnsport and recruitmeat processes. A separate gyre exists in tbc northwestern Gulf,
and it encompasses both thc white and brown shrimp communities.

Cowan, J.H., Jr. Department of Marine Sciences, University of South Alabama, Mobile, AL
36688. ENCLOSURE EXPERIMENTS ON SURVIVAL AND GROWER OF BLACK
DRUM EGGS AND LARVAE IN LOWER CHES&% LICK BAY. Experiments in 2.2 m3 in
situ mcsocosm enclosures indicate that black drum Pogonias crerne eggs and larvae poteniaiiy
can survive in the lower Chesapeake Bay at ambieat nicrceoopbuikton prey levch  -200 prey
1 '! in the absence of predatar3. In growth experiment, larva mean growth rates to 10 days
post hatch were siaiilar �.17 and O.l8 mrn d->! when fcd at prey levels of 50 and 200 prey l-i.
Individual growth rates, however, were mme variable at 50 prey 1 >. Mcetality rates also were
comparable ia 50 �7%! and 200 �3%! prey 1-i enclosures. In a second expcriamnt, the
predation poteatials of the hydr@medusa Nensops@ bechci aad thc lobate ctcnophore
hfnemiopisi laity were estirnatcd ia relation to 1! initial black drum egg prey density, 2!
presence of alteraative  I mm zooplankton prey, and 3! csthnated daily abuahmce of thc
jellyfish on the black drum spawning grounds. Marudity rites pcr medusa and ctenophore were
similar �.02 - 0.03 d"!, were not cffccted by presence of alternative prey, aad were directly
related to initial cgg density. Results suggest that thc gehdnous predators, especially the
bydn~usa, could have cleared a high  -38%! but viuiablc fracixm of thc water column daily
of fish eggs and yolk-sac larvae during thc black drum spawning season. It is hypcehcsizcd
that thc poor or episodic recruitment success of black drum in Chesapeake Bay results from a
short spawning season that often coincides with aburxlaew peaks of gelatinous predators and
that predanon on eggs and yolk-sac larvae may conuol recruitmeat.



Cyrus, D. and S. KrieL Gxstal Research Unit of Zululand. Zoology Department University
of Zuluiaad, Private Bag X1001, KwaDiaagczwa, 3886, Natal, South Africa. PHYSICAL
FACTORS ASSOCIA'I%3 WfYH 'HK RECRUFArKNT OF LARVAL SPRINGER  KLDPS
MACHNATA! IN70 L4JK ST. LUCIA ON THE SOU%M EAST COAST OF AFRICA.
Elops naxehnata occurs horn Mossel Bay, on the South Coast of South Africa, up the east coast
of A&ica to the Rcd Sea and India, and possibly the wcstein Pacific. In Africa it occurs
ccenmoaly ia estuaries where it is considered to be a prize angling fish. The occurrence and diet
of adults in estuaries has been investigated but aothing was known about the occumeace of thc
hrval stages of this species. Nighttime high tide sampling was undertaken over a three day
period on alterrutted spring tides for twelve months during 1987/88 at a station situated some
flve kilometers upstream of the estuary mouth. A 500 inicroa nybolt net was deployed at
hourly intervals over the rising tide with top and booxn samples being collected. During each
sampling a set of physical data were also coUected. These included salinity, turbidity, ~ater
temperature aad oxygen coaccntratioa. Rainfall data &em two weather stations on thc lake
werc also used ia the study. Samples were also collected during the daytime high tides with a
Gate mesh small seine net. Results showed that early metamorphic larvae of E. machnata were
present in very low numbers  c5 pcr 100m3! throughout the year except during March 1988
when numbers peaked at 44 per 100m3 A similar pattern was shown by the small seine data
but with a peak teaching 20 per hauL No significant differences were found between top aad
bottom samples. Coinparison of the catch data with the physical factors showed that the
months of maximum immigration coincided with highest va1ues of turbidity, rainfall and
temperature and lowest oxygen concentration. Thcsc values are typical of those recorded
during the peak of the summer period and tend to indicate that E. rnachnata relies on one or a
combinatioa of these facoxs to stimulate inass amvcment and to guide them into the estuary.

Danila, D.J. Northeast Utilitics Environmental Laboratory, P.O. Box 128, Waterford, CT
06385. DIFFEMÃCES IN GROWTH AND SURVIVAL OF METAMORPHOSED AGE@
WQAKR FLOUNDER  PLEURONECTES AhfERlCANUS! BEDhKKN NIANTIC RIVER
AND MANTIC BAY, CT. Some larvae produced by adult winter flouader spawning ia the
Niantic River, Cl' estuary each year are flushe into Niantic Bay. Others are camed into the
area 6om Long Island Sound by tidal currents. By late May most of the larvae have
metamorphosed onto demersai juveniles. A l-mcter beam trawl was used to collect young~-
the-year winter flounde at two stations each in thc Niantic River �983-90!, a serai enclosed
high salinity embayment, aad in Niantic Bay �988-91!, which is contiguous to the
Connecticut waters of Long Island Sotiad. Annual sampling started ia late May and continued
weekly through the end of September. Objectives were to determine thc abundance, growth,
and mxtality of aad pnn~h infortniition oa yearwlass strength and eventual tecruitmcat
to the spawning pop ' aad the flslwries. Gcncaiily, initial settlctaent of young was greater
in the bay than ia the river. However, by mid-sumtncr ao individuals remained at thc bay
stations. Rates of growth were greucr and appucat mcetality rates werc lower ia the rive than
in the bay, although they varied &om year to year at each station. DiHetences between the
length-fzequcncy distributions of these two populations and otter trawl and seine sampling
recceds pa~ed no evideacc of substantial numbers of youag emi1pauag io other ateas of the
bay or into the river. Apparently, the morc open bay is aot as conducive to survival of age@
winter flounder as thc shallower, warmer Niaatic River cmbaymcat. Despite its smaller
ge~hical size, thc river most likely provides morc tecruits to thc adult spawning population
than thc much larger bay.
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David, A.W., J.J. hely, and C.B. Grimes. NMFS, Southeast Fisheries Science Center,
Panama City, FL 32408. DIFFERENCES IN THE SAGITI'A, LAPILLUS, AND
ASTKRISCUS IN ESTBRATING AGE AND GROWTH OF JUVENILE RED DRUM
 SCIAENOPS OCZLLATUS!. Age aad comparative growth rates of sagittae, lapillii, and
astexiscii horn juvenile Red Drum  Sciaenops occllanrs! were compaxed in order to detexniine
accuracy and pxecision of backwaiculated size and age information. Otolith diaxnetcr was
xegxessed on stanchxd length for each otolith from 50 Ssh thxough a range of sized between 10-
50 mm SL. Sagittaic provided the highest corxehuion  rz = .956!. Lapiuii and astcriscii were
similar in their ability to predict sutndard 1cngth but accounted for a lower proportion of the
variability  r2 .880 and.699 xespectively!. Age estimates in days were determined &om
otolith increment counts from kaown age fish. Thc asteriscus provided the most accurate
estimate of a e. Both sagittae and lapillii undexestixnatcd thc true age by 18 and 20 days
respectively. in estimating a e varied by + 3 days oa ave. Undexestimations for
sagittae aad lapillii were due ' ' y to low differentiatio of rings m the nuclear region. We
conclude that the astexiscus should be used for agc estunates in juvexuJe Rcd Drum.

Dorf, BA,. Gxlduate School of Clccanogr3phy, University of Rhode Ishnd, Narragansett, RI
02862. THE WEIGHT-TO-LENGTH RELATIONSHIP OF JUVENILE TAUTOG
 TAUTOGO ONfTIS! IN NARRAGANSETT BAY, 1990-1991. The weight-to-length
relationship of young of thc year tautog  Tautoga ops! |xom 18 stations in Namqpnsctt Bay
is described using estimates of least squares regression pamncters, aad the condition factors
Fulton's K  W/L3! and Ricker's K  W/L~!. The least squares regression pmunetcr 'b' was
found to be signi6cantly different &om 3  pc0.001!. Condition varied over both month and
location in Narragansett Bay with highest values occuxxing in summer and decreasing in the
fall. Tautog fmm locations with highly structured macnmlgal habitat had higher condition
values and greater abundaaces than those from less strucntxed habitats. Hurricane Bob in
August, 1991 resulted in changes in length distribution with location, and concurrent chaagcs
in mean condition values. Condition factors wexe found to bc useful in lookiag at the xelative
well-being of juvenile tautog of similar size, and when used in conjunction with abundance
data may bc useful in to evaluating the relative value of differen habitat types.

de Lafontaine, Y. and J.M. Scvigny. Fishcrics and Oceans, Canada Institute Maurice
Lamontagne, P.O. Box 1000, Mont-Joli, Quebec GSH 3Z4, Canada. GENOTYPIC
VARIATION, SPARKING TIME AND RECRUIThKNT OF REDFISH  SEBASTES SP.!
IN 'GK GULF OF ST. LAWRENCE. Rcdfish in thc Gulf of St. Lawxencc comprised two
species  Sebasxcs sscerella and S. fascicuus! which are sympatric and morphologically similar
but genetically distinct. Assuming the existence of reproductive isolating mechanisxas, we
tested thc hypnosis that spawning tune and/or spawaing site differ between the two species
and act as an ecological barrier contributing to the maintenance of two genetically distinct
groups. Using the genotypic variation at the liver malate dchydxogeaasc  MDH! locus for
separating the two spccics, spccics composition of 750 hrvac and 2,000 juveniles of xedfish
caught in 1991 was determined. Results reveal that 1! both species spawn in thc Gulf of St.
lawrence, 2! genotypes &cquency varies with larval size indicating different spawaing time for
the 2 spccics, and 3! genotypcs frequency varies with sampling stations suggesting possible
different spawning 1ocations of the 2 species within the Gulf. Genotypic hequcncy for
juveniles show that both species are retained within the Gulf during their first year of growth,
but that tllclf distribution is aot s!Mp4HDC. Juveniles genotypic fxequency varies also with age
leading to alemmcc in thc species composition of rcdfish annual recruitment. We put forward
the hypothesis that the difference ia spawning times for the 2 species coupled with different
larval drift pitons could ensure the inaintenancc and ecological  aad genetic! isolation of two
distinct redfish species in the Gulf of St. Lawrence.



Eldridgc, M.B. NOAA, National Marine Fisheries Scrvicc, South~est Fishcrics Science
Center, Tiburon Laboratory, 3150 Paradise Drive, Tibuxon. CA 94920. DEWVKOPMFMI' OF
EMBRYOS AND LARVAE DURING GESTATION IN VIVIPAROUS YEGG%TAIL
ROCltWSH, SZBASTKS FLAVIDUS. Onc of thc problems facing xescaxchcrs who attempt to
estimate spawning biomass of viviparous xockfishes  Scbasrcs spp.! by the larval pn tuctioa
technique is the lack of information on the rate and scqucncc of gestation. That is, the time
course for cmbryoaic and larval development is nccded to estimate the date of partuxition.
During the gestatioa periods  December - March! of the 1990-91 and 1991-92 reproductive
seasons, wc conducted laboratory experiments that iavolved monitoriag thc rate and sequence
of gestation in 20 female ycllowtail rockfish that had been transported from thc Cordell Bank
seamount to research aquaxia at the University of California Bodega Marine Laboratory.
Samples of embryos aad larvae were obtained by cathcterization of anesthetized fish at
approximate weekly intervals until eggs wcxe fertilized, then subsampled at 1-5 day intervals
Smm fcrtilizatioa to parturition. 'Ae sequence of embryooic development followed the 33 stage
pattern previously established for S. schlcgcli fxom the western Pacific, but rates of both
cmb onic an larval development werc faster is S. flavidus than those reported for other

A photomicxographic record was established for thc early life stage development of
ycllowtail rockfish. Mean oared time to hatch was 22.7 days post-fertilization and that &om
hatching to parturition was 6.2 days. Total elapsed time required for development fram
fertilization to larval release ranged 27-33 days with a mean of 29 days.

Faixchild, J.F. National Fisheries Contaxninaat Research Center, U.S. Fish and Wildlife
Service, 4200 New Haven Rd., Columbia, MO 65201. USE OF MESOCC5M STUDIES IN
PESTICIDE REGISTRATION: DIRECI' AND INDIRECI' IMPACT OF INSECTICIDES
ON EARLY LIFE-STAGES OF FISH. Studies in aquatic mcsocosms  i.e., replicate
experimental ponds 0.300 m3 voluae! can offer significant advantages over studies in natuati
systems due to inrzuises in experiamatal control and statistical inference. In 1988 the U.S.
EPA published guidelines for thc usc of mesocosms in pesticide registration to desmniiic the
impacts of chemicals on non-target aquatic organisms including fish. These studies are
conducted to xef'ute a presumptioa of risk derived 60m hazed asscssmcnts which compare
laboratory toxicity data and predicted eavironmental exposure conccntratioas. Extcasivc
moaitoriny' of fish  manity, growth, and xepraduction!, iavcrtebx3xe dyaamics  abundatice
and species composition!, primary productioa  biomass, species composition, aad
productioa!, water quality, and contaminate fate is conducted ia these mesocesai studies.
Rcsul'ts comlnonly indicate that lkblÃRxory data is prethctive of direct impacts of fishes; ladlxect
impacts on fish axe less predictable due to dctertxunistic  c.g. intra-specific competition for
food! and stochastic  e.g. spawniagfchemical application sequence! factors. Indirect effects of
pcsticides on critical life-stages  c.g. survival during shiit to exogenous feeding! could bc
better studied using altcraativc, mechanistic mesocosm studies. Larval fish ecologists have
significant knowledge and expertise which could contribute to this sxea of regulatory science.



Fcrron, A., R.C. Chambers, aad W.C. Leggett. Department of Biology, McGi!L University,
1205 Ave. Dr. Penfic!d, Montreal, Quebec H3h 1B 1, Canada. MATERNAL
COÃHiUBE7HON TO EGG AND LARVAL NUCLEIC AClDS, PROTEIN AND TmAL
WEIGHTS IN CAPELIN, MALO%'US VKLOSUS. Non-genetic inaternal contribution to
offspring charamristics may influenc survival during their carly life. In Ssh, the egg quantity
and quality  composition! is the first potential source of variability the offspring may
experience. In order to determine the maternal contributioa to the expression oE early life
history traits, 60 female capclin, hfalloriar closes, wcte crossed with rm!t drawn hem 10
males. 'The sibling eggs were incubated at constant temperature ia sepante containers, and the
hatchlings fo!lowed until starvation. Protein, DNA, RNA, and total weights were recorded on
individual unferti!ized eggs fmn 16 families and newly hatched larvae from 42 families. aU
measured cgg and larval traits differed significantly between families. The calculation of
variance components revealed the among-female contribution to that variance being greater in
cff than in larval traits. Total weight had the highest variance duc to female, followed by
protein, DNA, and RNA weights. Using fami!y avera, none of these egg and larval traits
was fouad to bc significant!y correlated with any of a suite of morphological charmcters
measured on the mothers. Tota! weight was significantly cotre!iited with pmtein weight in both
unferti!ized eggs and newly hatched larvae. Further, ferns!cs possessing eggs with greater total
and protein weight gave risc to larvae also having hi total and protein weight at hatching.'
Therefore, even if egg and larval characteristics not be predicted &ocn female traits, they
still showed strong maternally based variability detectable at least up to the time the larvae
hatch. If any of these egg and larval traits influence survival of thc carly larvae, then their
maternal origin and the factors responsible for the among-female difference ate important
contributors lo eariy survivaL

Frankovich, L.>, M.A.Q. Khan', M.O. Allum2, G. Chapman2, and D, Stephens .
'K~artment of Biological Sciences, University of ILLinois at Chicago, Chicago, IL. Western
Fish Toxicology Station, USEPA, Corvallis, Oregon. BIOTRANSFORMATION OF
HEIAOHLOROREIRENEINIIOIINAOLARVAILIN II I HI~IOI
feed to !.5-gm fry of the stee!head trout  SaLmo gandeeri j was abscmbed and tetaiaed in the
body teaching a steady state apilibrium in 14 to 16 days. Further ex~esure did not increase the
body burden of HCB. Followmg thc cessation of ! 7~ 2! My exposures, thc &y eliminated
half of the HCB load within one week The next phase of depunition was slower aad may bc
fo!!owed by a third phase in which low Levels of thc remaining HCB in the body take mote
than a month for ehmination at extremely slow rate. Thus, low sublethal conceatrations of
HCB aad other hpophiTic aquatic pollutants and their mixtures to which larva/ fish ate
commonly and continuous!y exposed must bc exerting both acute and chronic effects - the
effect which shcaild bc dctrmnincd and quantified. The analysis of the exporrcd fish showed
the presence of HCB and its metabolites. Immo}lately after the cessation of feeding the fry
showed peatachlorophenol  PCP! and its g!ucutonide and GSH conjugates. During depuaition
PCP appeared to be converted to dich!om- aad trichlom-pheaols which were retained in the
body. While tice PCP aad its glucuronidc are excreted ' y the GSH conjugates are retained
in the body. The hepatic microsomal oxygenases of the fry, as active as that of thc adult 6sh,
can convert HCB to PCP as well as PCP to lower hydrtNtylatcd phenols. Whether the exposrme
of &y to HCB cwiscs induction of specific meoxygenascs and conjuptioa aechanisms which
in turn metribolize HCB, PCP and other products nccds further investigations.
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Fuiman, LA. and R.S. Batty. University of Texas at Austin, Marine Science Institute, Port
Aransas, TX, and Dunstaffnagc Marine Laboratory, Oban, Argyu, Scotland.
SUSCEPTIBILITY OF A%ANTIC HERRING AND PLAICE LARVAE TO PREDATION
BY ~~E COD AND HERRING AT TWO CONSTANT TEMPERATUIKS. Predieim
encounters were stage in the laboratory to 1! compire the responsivcncss of herring and phucc
larvae to attach> of herring and cod; 2! compire the attack success of the two species
of predator, and ! assess impornincc of water tempmture to the interaction of predator and
prey. Prey species represent two different morphologies: the iehtivcly short, fast dcvcloping
plaice, and the morc elongate, slowly developiny herring. The predator species differ in their
style of attack: juvenile herring intercept prey while swixnming toward them, while juvenile cod
approach mote slowly and ingest prey using suction. Water tcmpcaitures of 8 and 13 C were
compared. Temperature effects on responsiveness of herring larvae �4 to 24 iiTL! were not
significant. Hemng larvae responded in 2.6% of attacks by cod and 5.7% of attacks by
haring. The differenc was not significant. Plaice larvae were largely unnmponaivc: in all four
treatments, only a single larva respoadef. Heaing larvae were significantly more responsive to
attacks by herring than were plaice hrvac �.7% vs. 0.0%!; they were equally responsive to
attacks by cod. Tempenture effect on predate capture sexess also were not significant. Cod
caught 91% of herring larvae attacked and juvenile herring caught 87%. When plaice were thc
prey, cod werc successful in 96% of attacks. Juvenile herrin caught significantly fewer  83%!
of the plaice they attacked. capture success for each predator did not vary significantly with
prey species.

Gadomski, D.M. VANTUNA Research Group, Occidental College, Los Angeles, CA 90041.
U.S, Fish and Wildlife Service, National Fishery Research Center, Columbia River Field
Station, Cook, WA 98605. THE USE OF LARVAL FISH CULTURE IN FISHERIES
MANAGEMENT: THE CALIFORNIA HALIBUT PNL4LICHTHYS CALIFORNICUS AS
AN &~IPLE. In 1985, a 5 year study of thc California halibut Pu'alichthys californicus
 Paralichthyidae! was initiated as part of the <%man Resources Enhancement and Hatchery
Program  OREHP!. Research was conducted in Rcdondo Beach. Caufornia, and co-funded by
the California Dcpirtment of Fish and Game and the Southern California Edison Company. A
primary objeclivc was to develop methodology to culture larval halibut, with the ultimate goal
of enhancing ocean populations through juvenBe release. An additional objective was to gather
basic information concerning thc developaent of halibut carly life history stages. Our most
successful halibut lmxxhtock was held in a 20,000-L outdoor tank; fish spawned naturally
every year during 1986-1989. The spawning pe&xi differed between years, occurring during
winter, spring, or summer months. Larvae were mated in a variety of tanks sizes  truiximum:
300-L! and fcd rotifcrs «nd brine shrimp. Various cxycriiments were conducted to dctertninc
how growth and survival of halibut early life history stages are influence by factors such as
starvation, food density, and tcmpcritture. As hahbut developed, highest survival occurxed at
increasingly higher temperature ranges; eggs hatched at 12-204C, larval survival was best at
16-24M and juvenile survival was highest at 20-284C. Overall survival rate in thc laboratory
decraiscd after larval settlement, however. Becaee of low survival during the carly juvenile
stage, a hatchery operation with the goal of large-scale releases of older juveniles is not foible
without further rescatch. Results of our experiments have bccn of use to fishery managers in
the development of a Califcmia halibut life history aiodcL
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Grimes, C.B. and D.A. Devrics. NMFS, Southeast Fishcrics Scicncc Center, Panama City,
FL 32408. SPATIAL VARIATION IN GROWTH AND MORTALITY OF KING
MACKEREL AND SPANISH MACKEREL. LARVAE IN THE VICINITY OF THE
MISSISSIPPI RIVER PLUME. Previous studies ia thc vicinity of thc Mississippi River
discharge plume have demonstrated that fish larvae and their food are concentrated in the
mixing  hontal! zone between plume and Gulf of Mexico shelf waters. We h!~xhe~iized that if
fish larvae in the &oatal zone utilized thc concentrated food tesoutees they would grow faster
aad survive better. To evaluate this hypothesis sagittae from 124 king mackerel.
Scoaeberomonrs cavalla, 2.9 - 23 mm SL and 616 Spaaush mackeiel, S. maculatus, 1.7 - 24
mm SI collected primly about the Mississippi River plume during both low flow  fall! aad
high flow  spring! periods in 1986-1989 were examined whole at 500X using a compound
microscope-video system. Least squares regression of SL on age indicated that absolute
growth was curvilinea. Spanish macketel growth averaged 127 mm/d �.20 ia the spring,
1.29 in the fall!, while king mackerel averaged 0.&6 mm/d. Pieliminary spatial comparisoas
suggest that fall caught Spanish mackerel may grow faster   0. 35 mm d-i ! in the frontal zone,
i.e., intcrmmfhite salinities between low salinity plume waters and high salinity Gulf of Mexico
shelf waters. Instantaneous daily mtxtality rates based upon larval catch curve analysis suggest
that moruiiity is higher in the plume region than outside it for both species, possibly because
mechanisms that concentrate food in plume aiea also aggregate prehitms and inneisc morality
fmm geedatioa. However, mxtality estimates may be biased upward in the plume area by the
interaction of size-selective sampling  gear bias! and iacremA larval growth. If higher
mortality in the plume region results from concentrated predators and predation is size-
selcctive, then higher growth rates observed in thc frontal region could be partially apparent,
i.e., result from higher size-selective mortality on the slowest growing larvae at age. Back-
calculated length at age data for king mackerel larvae indicate that size-selective mertality
enhances growth by 0. 07 mm d-i, i.e., about 20% of the total iacaeasc in growth observed for
Spanish mackerel ia the frontal tegioa. Thus, while fish larvae may experience "rea}" faster
growth in the frontal region they also may experience poorer survival, presumably for
incieased predation.

Halavik, T.A., L.J. Bucklcy, G.C. Laurence, B, Burns, and P. Long. NOAA/NMFS,
Northeast Fisheries Science Center, Narragansett 4iboratory, Narragansett, RI, 02882. AN
OPEN-MESH IN Sl7V ENCLOSURE FOR hLVUNE LARVAL FISH STUDIES. With early
success in open-mesh enclosure system  Laureacc 1979!, wc felt that this technology offere
considerable insight into larval fish growth and survivaL New modular chamber systems were
designed and deployed at contrasting sites in Narragansett Bay, USA. Design criterioa
included ease of deployment aad tetricval, shoal draft  less than 3m!, bility, cost and
construction with off the shelf materials. Chambers with a volume of 5 were constructed in
two mesh sizes �84 and 30/i ! and deployed in both open aad pram~ sites. Experiment
were conducted with larval winter flounde  Plcsroecctcs anscricanas! and tautog  Tautoga
osiris!. Prey density and composition were monitored both in the chambers aad the
surrounding water. Temperature, salinity and dissolved Q were also monitored. Larvae
survived only at the most protected site. Larval growth was very high ia the chambers at onc
point exceeding 25%~d.>. Thc limitations aad advantages on open-mesh enclosures are
discussed relative to other technologies used fa' the study of larval 6sh.



Hall, L.W., Jr.<, M.C. Ziegenfuss>, and S.E. Finger . >The University of Maryland System,
Maryland Institute for Agriculture aad Natural Resources, Agricultural Experiment Station,
Wyc Research and Education Ccntcr, P.O. Box 169, Queenstown, MD 21658. %.S. Fish and
Wildlife Scrvicc, National Fisherics CoatanxuuLnts Rcsouch Center, Columbia, MO &5201. A
REVIEW OF IN-SITU STRIPED BASS CONTAMINANT AND WATER QUALITY
STUDIES IN 'ME CHESAPEAKE BAY WATERSHED. Pollution and Bshing pressure have
bcca postulated as thc major factors responsible for decliniag stocks of striped bass along the
east coast of the United States. Tbc Chesal'eakc Bay watcrsled is the primary spawning area
for this anadromous species. %before. most of the research designed to evaluate the effects of
water quality aad coatamimtnt conditions on the susceptible carly life stages of striped bass has
been conducted in this estuary and it's freshwater rivers. The goal of this review paper is to
compare sufvlva1 data &0m ln-sttu striped bass pfolalval tests conducted 16 maJor Chesapcllke
Bay striped bass habitats from 1984 dough 1990 and discuss possible advcrsc effect of
water quality and contaminant coaditions on survival of young larvae in these habitats.
Survival of striped bass prolarvae was generauy greater in the Upper Chesapeake Bay when
compared with thc other habitats. Acidic conditions  low pH aad Monomeric aluminum! were
reported to reduce survival of prolarvae in the Nanticoke River although thcsc coaditions were
not present every year. Potentially toxic trace metals and naturally occurring reductions
temperature  cold shock! were suspcctcd as coatributing factors in reducing survival of
prolarvae ia the Potomac River ia four different years.

Hare, J., J. Zchr, and F. Jones. Marine Scieaces Research Center, State University of Ncw
York at Stony Brook, Stony Brook, NY. A MOLECULAR METHOD FOR THE SPECKS
IDENTIFICATION OF FISH LARVAE WITH A RESULTING DESCRIPTION OF
XYRICH7TS NOVhCULA  PISCES: LABRIDAE! LARVAE. Three basic techniques are
used for the ident@cation of larval Ssh: rearing, literature cotnlerisoas and the series method.
These techniques are of limited use when trying to make spa~ identifications in genera with a
large number of doeely related spccics typ' of many tropical families. Recently, molecular
techaiques have been developed which allow mcristic and rwcphological similartty exhibited
within some genera to be circumvented by direct caparison of DNA sequences. This paper
describes a method which uses the polymeric cham reaction and comparLsons of DNA
sequences to identify larvae of a tropical wrasse, Xyriclatys eovacula  Pisces: Labridae!. A
description of the larvae is also given, as well as possible morphological traits for thc
separ3tioa of X. aovocrrh larvae fmm the other two western Atlantic Xyrichtys specieL
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Heath, A.G.>, J. Cech2 J Zinckic>, B. Finiayson3, aad B. Fugimara3. >Virginia Polytechnic
Institute and State University, %ruversity of California, Davis. 3Cahfarnia t of Fish
aad Game, Pesticides Unit. SUBLETH M EFFECTS OF RICE PESTIClDE ON LARVAL
STRIPED BASS. In the Sacramento River, California, ne~ly hatched striped bass  hfoeonc
sauuilis! larvae typically gct expeied to rice ximiitely four days as they drift to the San
Francisco Bay. This was sitaulatcd in the la atory using individual pesticides aad a
combination of all three. Concentrations were 1/2 the 96 hr and a lower level similar to
that record in the river. Tests on the larvae were performed immediate1y after the fours
exposures and then again after a 10 day period in non~ataminated ~ater. The pcsticides
caused no mortality. Sublethai tests included forced swimming performance. syonuincous
activity, acctyichoiincsterese activity, RNA/DNA ratio, body weight, and several morphometric
measures. The most interesting cffects were a decreLscd svriroming performance immediately
after exposure to parathion at both concentrations. This was associated with a loss of
acctyicholinesterasc activity. After 10 days in clean water there was still a loss of ma~ing
pcrforraancc sad de~a~ed spontaneous activity in those having been exposed to the high
concentration. Molinate caused k~ased spanning pcrformancc at the high dose both
immediately aher exposure and subsequently. Surprisingly, moiinate also caused an inhibitioa
of acctylcholinesterase but an apparent stimulatioa of growth rate. Decreases ia svmmming
performance, spontaneous Sactivity and acetyicholincsterasc occurred at the high dose of
carbofuran immediately after exposure but did not persist in the clean water. Each of thc thee
pcsticides caused a change in body shape resulting in a greater dorsal-veatrai dimension but
little or no change in length. Combining the pcsticides yielded results suggesting a less than
additive effec. Some of the sublethal effects seen could have implications for zecruitmeat into
the ~y declining populations of striped bass.

Hebert, K.P., W.W. Smoker, J.E. Joyce, and A.J. Gharrett. Juneau Center for Fisheries,
Ocean Sciences School of Fisherics and Oceia Sciences, University of Alaska, Fairbanks,
11120 Glacier Highway, Juneau, Adasle 99801. DEWZLOPMENT RAZZ AND INSTREAM
SURVIVALS OF EARLY AND LATE-RUN PINK SALMON ONCHORYNCHUS
GORBUSCHA!. Within each rum of salmon there exists substructure. The substrucaue may
bc so strong that the assumption of homogeneity of the run, which is often used in-fisheries
raanagement aad in fish culture, is invalid. For example, 8eshwater survival of fry from late
returning pink salmon in Auke Creek  near Juneau, AK!, may be 2 times that of hy from carly
returning while miuinc sitrvh4 of late returning fish may bc only 30 pa cent of early fish.
Disregarding these differences may substantially impact production. By brecdiag a genetic
raark into the Auke Creek late returns, we have developed a model system in which the relative
survivals of the subpo ' ns can be partitioned. 'Ipse two subpopuhitioas maintain some
degree of genetic iso tion and have differen development rates; breeding experiments
demonstrate relatively large phee~pe variability of em ' development rate ia families
spawned in thc overlapping tails of the subpopulatioas. y scpariitely raising a number of
families within controlled artificial environments, difference in developmeat rate of each
subpopulation. Since the develapmcnt rate is a key to raaintaining these subpopulatioas and
d ' ' ~ f j h%I l~'d I ' ' I ~' fd
for these two idcntiYiablc subpopulations will produce basic biological information for a
commercially valuable species that has application to both fishcrics management and fish
culture.





Holt, S.A. University of Texas at Austin, Marine Science Institute, Port Aransas, TX.
DISTRIBUTION OF SCIAKNID LARVAE ACROSS AN ESTUARY TIDAL FRONT.
Oceanic fronts have been shown to be areas of high pce9uctivity with higher densities of larval
fishes than in adjacent water masses Estuarine hunts may also be areas of high productivity
tough these areas have not been as weU studied as acmic fonts. Data from a fixed-site sondy
of larval trans in the Araasas Pass, Texas tidal inlet suggested that there were higher
densitics of drum larvae associated with f'rontal boundaries as they moved past our study
site. We designed a study to test whether larval sciaenids congregated  or were concentrated!
scar a tidal &oat within thc estuary. A 15 km transect was established along the longitudinal
axis of the AaLnsas Bay estuary extending &em the tidal inlet to > 5 km beyond the amcimum
reach of the typical tidal prism. The tran.act was composed of 10 fixed CfD stations, 5 fixed
ichthyoplanktce stations and 1 or 2 mobile  hental! ichthyoplankton stations. The transect was
sampled eight times over an eight week period, usually during a flooding tide. In general,
1arval densities were not substantially elevated in the immediate area of the tidal front. Red
drum, Atlantic croaker, and Afenicirrluo happ. larvae  all maine larvae! were consistently more
abundant on thc oceanic side of the eront than on thc estiuuine side while densities of spotted
seatrout larvae  an estuarine spawner! showed no particular pattern telative to thc tidal front.
The tidal &ont acts as at least a temporary bouiidaty impeding u~stuary movement of marine
larvae.

Hoss, D.E. NOAA, NMFS, Beaufort Laboratory, Beaufort, NC 2S516-9722. THE
IMPORTANCE OF HABITAT TO THE EARLY LIFE HISTORY OF ESTUARINE
DEPENDENT FISH. The statement is often made that "the sixe and vitality of coastal fish
populations are dependent on the quantity and quality of their habitat." Intuitively, this
statenicnt must bc true, but what do we teaily know about the imporLance of specific habitats to
the survival of the eely life stages of fish? What is habitat with respect to larval fish> In this
paper, I review soine of the various definitions of habitat that have bccn put forth and then
ieview meat literiLture that has attempted to exatnine the asscehLtios of carly life history stages
of fish with specific habitatL Most of my examples are taken Oem coastai estuarine dependent
species but my conclusions apply to early life histclry stages in general. Finally, I speculate on
what would happen if certain types of habitat were lost of degrlded and suggest some research
that might furtiier our knowledge in this areL

Howell, P. Connecticut Dcptrtment of Envirotuncntal Protection Marine Fisherics Division,
P.O. BOX 248, Waterford, CT 06385. CERTAIN DECISIONS %VI'H UNCERTAIN DATA.
Habitat issues usually ptesent an intractable problem for fisheries managers. although all
management strltegies suggest that productive habitat is ended to sustain fish populations
healthy enough to allow for substantial ha@est, weighing the importance of losses due to poor
environmental conditions against losses due to fishing is extremely difficult. In order to
manage a fishery, maiuLgers need to know if, under certain levels of fishing morttdity. that a
population will persist, that the quantity of yield produced will be maintained, and most
importantly that the quality of the tetelining stock will bc maintained. In order to superimimsc
habitat mortality - cr lack of production - onto fishing mxtaliq, a inuutger must obtain relative
results to these questions with and without ideal habitat conditions. A relative scale of habitat
quality can be generated by stylizing a pollutant ~ which occurs with a patchy distribution
through space. Each population in question must then bc bounded in space, and the
structure of the populations and thc pollutant becotne ieplicates on a relative scale of e ects.
These steps in simphfication, as weil as the bcending of populations that acumlly intermix, can
make this process very subjective. In order to move this process into the teahn of public law
making, this subjectivity must be minimized. Onc approach, which compates winter flounder
growth in five areas, is discussed.
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Kaupp, S.E. Scripps Institution of Geography, University of California, San Diego, La
Jolla, CA 92093-0202. WHITE TRUNK MUSCLE CONCENTRATION OF RNA WAS
FOUND TO TRACK GROVPIH RAM IN LARVAL AND JUVENILE IMUB MACIQMEL
SCORER XAPONlCUS NORTHERN ANCHOVY ENGRAUL1$ hfORDAX, AND
CALIFORNIA HALIBUT, PARQJCHTHYS CALJFORNICUS. Thc concentration of RNA
in the white trunk muscle of individual fish, from first-feeding larvae to juveniles  to about 1 g
wet weight! was found to be directly proportional to growth rate regardless of species, fish
weight, or life stay. The fast growing mackerel, axxllemtc growth rate anchovy and very slow
growing Califorrua halibut were found to have the same relationship between white inusclc
RNA concentration and growth rate. Thc halibut were reared at 6 ' erent temperseues from
16C to 26C. Thermal compensation was seen in the concentration of muscle RNA of juvenile
halibut, i.e. the concentration was inversely related to rearing temperature. The often usced
ratio of thc concentration of RNA to DNA was not used. concentration of DNA was
inversely proportional to the muscle fibcr volumes, which increased throughout thc carly hfc of
thc fish. The usc of Gorescent dyc ethidium bromide to sequentially determirie RNA and DNA
concentrations of small tissue samples will be discussed. Thc work was completed while the
author was supped, in part, as a Sca Grant trainee  Drs. G.N. Somcro and J.R. Hunter,
advisars!, and the research was supported. in part, by National Sea Grant College Program,
NOAA, and California Sca Gant projects RF-102 RF-116.

Kaupp, S.E. Scripps Institution of Oceano phy, University of California, San Diego, La
Jolla, CA 92093-0202. THE ACTI'VITY 0F METABOLIC ENZYMES OF THE WHITE
TRUNK MUSCLE OF LARVAL AND JUVENILE hVkMNE FISHES CORRELATES
WITH WHOLE FISH METABOLIC RATES. Thc activity of the metabolic cnzpnes citt3te
synthase  CS, mitochondrial! and lactate dehydrogcnase  LDH, glycolytic! of the white trunk
muscle of larval and juvenile fish was correlated with whole fish energetics. Whole fish
energetics were determine in two different ways. 1! The ontogenetic scaling of power for
locommon was determined hem hydrodynamic theory for low speed  sustained! and high
speed  burst! swimming for the larval fish during the transition &om a hydrodyruunic regime
dominated by viscous forces  first-feeding larva, Rec10! to that dominated by inettia1 forces
 circa 10 mm or greater length, Re>1000!. 'Ihe larval fish swimming muscle CS activity was
found to scale with fish mass as would be predicted for sustained swimming at the same
relative speeds  B4's!. 'Ibe activity of LDH in the larval swunming muscles scaled with a mass
exponent similar to that predicted for burst swimming during ontogeny. 2! The whole fish
oxygen consumption of larval and juvenile California halibut, Paralichthys californicus, was
measured for resting and digcstivc! i.c. with full stomach and associated SDA! Nates. The
activity of white muscle CS was found to correlate with thc whole fish resting oxygen
consumption, and white muscle LDH activity was found to correlate with maximum digestive
oxygen tion rate. The use of aw:tiibolic a~am activities of white summing muscle
to track whole sh metabolic rates offers the potential to follow energetics in fieid~llected
fish. Thc wack was completed while the author was supyortecl, in part, as a Sea Grant trauiec
 Drs. G.N. Somero and J.R. Hunter, advisors!, and the research was supported, in part, by
National Sea Grant College Prognun, NOAA, and California Sea Grant projects RF-102 and
RF-116.
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Keadall, A.W., Jr.i, L.S. Inzce~, P.B. Ortner, S.R. Cummings, and P.K. Brawn>.
iNOAA, Alaska Fisheries Science Center, 7500 Sandpoiat Way NX., Seattle, WA 98115,
28igelow Laboratory for Ocean Sciences, West Boothbay Harbor, ME 04575. 3NOAA,
Atlantic hic aad Mctcotological Lahrattry, 4301 Rickcabackcr Causeway, Miami,
FL 33149. FA RS INFLUENCING THE DEFhi OF WALLEYE POLLCICK EGGS
AND LARVAE IN SHELIKOF STRAIT, GULF OF M AKA. The vertical distribution of
walleye poUock eggs and larvae in Shclikof Strait, Gulf of Alaska, was investigated using the
results of 36 MCXVKSS tows taken through their April-May season of occurrence in 1986-88.
1hese results are discuss' ia telatioa to cnvirotimcntal observations made coaairreat with the
tows and laboratory observations oa feeding aad behavior of thc larvae. The eggs were fouad
to reside mainly ha below 150 m to the bottom near 300 m. A distinct pattern of differences
in depth of accedence during development was noted. However, the eggs scend not to vary
their vertical distribution in relation to diffcreaccs in density of the ambient water, within the
raages observed here. Larvae hatch at thc depths of amttreacc of eggs, but risc quickly to the
upper 50 m of the water column whee they remain during larval development. Kkeiuse of the
inverted teiapcratiae structure of the water column ia the atea in spring, the larvae encounter
lower tetaperatures in the upper water column than dM the eggs at depth. The upper ~ater
column slowly warms Aom about 3' to P C during the larvae period. Within the upper 50 m
of the water column the larvae undergo limited vertical migration oa a diel cycle . Their mean
depths of occurrence werc between 21 and 37 m at aU times. They are @~st during the day,
shauowest in the evening, sink slightly at night, and sink more in thc mewing. Ttus pattern
allowed thc larvae to remain at depths where suf5cient light for feeding exists during twilj~gt.
Concentrations of prey  copepod aauplii! wete above feeding tlaeshoM levels in this depth
range. Larvae avoid the upper layers of the water column during midday and wiady conditions.
A pronounced tcmpcratute and density gtadieat was observed in the part of the water column
inhabited by thc larvae hite in the season.

Kiagsford, M. and I. Suthcrs. University of Sydney, NSW 2006, Australia. DYNAMIC
ESTUARY'K FRONTS: IMPORTANCE TO ShGQ.L FISK 'He coast of NSW, Australia, is
characterized by large estuaries and enclosed ba s that are bordered by teef environments,
conspicuous plumes Ne gcacntcd in these ateas. ' are subject to intense tidal flushing
and variable input of heshwater acemling to rainfalL Plumes fmm estuaries extend up to 10km
across the continental shelf; the edge of plumes are deauircatcd by a fmnt. The position of
fronts change according to state of the tide, they were closest to shore oa the Good tide. The
shape of &oats is influence by coastal currents that teverse in direction. Fish and phudcom
were sampled oe staaU �M200m each side of and ia thc &oats! and large scales   > Skm
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mcroplaaktoa in &oats transport was along thc heat Freats affected taxa in different ways,
some fish accumulated in &onts while the hunt acted «s a ader in the distribution of other
species. On large scales, the distribution pNcriis of some fish were unrelated to the ptescacc of
&oats. The imports of &onts to the early life history and subsequent survivorship of fish is
discussed.
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Laedahl, J.T. and LL. Johnson, Eavimnmeatal Conservation Division, Northwest Fisheries
Science Center, NMFS, NOAA, Seattle, WA 98112. hVdGNE POLLUTION AND FISH
POPULATION PARAMEIKRS; ENGLISH SOLE IN PUGET SOUND, WA. Thc potential
impact of contaminant-rehtted mortality and reproductive impsmmeat on the population growth
rate in English sole was examined using techniques of simulation modelling. A preliminary
Leslic matrix population model was constructed for use in investigating contaminant effect.
Population mortality rates for English sole at contatniaated and uncontamiitatcd sites in Pugct
Sound and for animals with and without selected major hepatic diseases  c.g., neoplasms,
preneoplastic lesions, and toxicopathic degeamttive conditions! were estimated from recent
historical data using catch-curve analysis. Age-spccific fecundity was determined f'mm
previously collected English sole ovary les. Existing data on the effects of contamiaants
on reproduction, including impaired gon development, reduced spawning ability, and
decreased egg and larval viability, were iacoqxxated into the fecundity component of the
model. Predictions of this preliminary model imhcate that the decrease in tepmiuctivc output in
fish exposed to high contaminant levels is sufficient to produce a substantial reduction in the
population growth t3te.
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Laiakford, T.E. and T.E. Targctt. University of Delawate, Graduate College of Marine
Studies, Lewcs, DE 19955. PREY SELECTION BY JUVENILE WEAKFISH,
CYNOSCJON REGAL/S: EFFECTS OF RELATIVE PREY ABUNDANCE, BEHAVIOR,
AND PROFITABILITY ON FORAGING SUCCESS AND GROWTH. Mysids  N.
americana! and sand shrimp  Crusoe sepcemspinosa! account for the majority of prey
coasumed by juvenile weakfish �0- SL! in Delaware Bay. Fieu evidence suggests that
qualitative differences ia thc diet of juvenile weakfish influenc patterns of growth and
condition in estuarine nurseries. Juvenile condition factor and gut fullness appear positively
correlated with the proportion of N. americana in thc dict. Using N. americana aad C.
seprenspinosa as prey, we perforaied laboratory ex ' ts to I! assess juvenile weakfish

~ ~y selectivity at 5 relative prey abundance levels, ! investigate pre- and post~umptive
actors which potentially influence selective pnxhtion by juvenile washdish, and 3! compare the

energetic response of juveniles preying exclusively on N. americana versus C. scptampinosa.
Ia prey selection trials, juveniles exhibited positive selectivity for N. americana when allowed
to forage oa both pre . Overall foraging success declined as relative mysid abuiw}ance
declined, despite a y for juvcnilcs to incise their consiimptioa of C, septemspinosa.
While pre~uxnptive factors  e.g. prey activity, evasiveness, capture success! undoubtedly
contribute to selective predatioa by juvenile weak6sh, we suggest that relative prey pefitability
was influence primarily by gastric evacuation rate/feeding ayeity. Dietary inclusion of c'.
septenspinosa oe~ in tespoase to dalai eacounter rates between juvenile weakfish and
their pnfcited lacy N. americana 1' energetic consequences of preying on C. sepreeupbme
appear to bc induced capacity for feeding and go~%.



Libby, DW Maine Department of Marine Resources, West Boothbay Harbor, ME 04S75.
SOMATIC AND CHOLER GROWTH OF RE%AD AND WILD A'MANTIC HONING
LARVAE  CLUPK4 HARENGUS L.!. Somatic and otolith growth were related to age for
populations of reared and wild caught haring  Cl~a harengus L.! larvae. Scottish Clyde and
Baltic Sca herring eggs were fertilized, hatched and mired and subjected to four different
feeding iegimes. Two treatments of Clyde and Baltic larvae were fcd g~ggjg nauplii, and three
treatments of C1yde larvae were fed rotifcrs that were raised on yeast, lsochrysis and
Nanochoropsis algae. Envimnmental variable,  watcr temperature, salinity and photoperiod!
were ambient for all treatments. Clyde larvae were reared for 6S to 72 days; length at hatching
was about 10 mm and final length was 26 mm. Baltic larvae were 7 mm at hatch and attained a
length of 18.S mm at 44 days. Two additional tteatments mere derived fmm herring larvae
coUecte9 in two gulf of Maine txestal estuarie>. Mcasuremcnts were made on total larval length
and the iemoved sagittal otoliths for all larvae. The ages of wild larvae were estimated form
otolith ring counts. Parimetcrs for scenic and otolith growth rates were cotnpaied between the
seven treatments. Growth rates far larvae ranged Aom 0.18 to 0.39 mm. day ', and for
otoliths, 1.5 to 3.8 p . day -i. There were significant difference  ANACOV! between some
treatments for larval and otolith growth rates. 'Ihc growth of otolith to somatic growth rates for
treatments declined with increasing 1arval growth rates. Slower growing herring larvae have
larger otoliths than faster growing larvae at thc same size. Prelitninary analysis shows that age
is possibly a function of the relationship between larval and otolith lengths for the combined
treatments.

Little, K.K. and A.J. DeLonay. U.S. Fish and Wildlife Service, National Fisheries
Contaminant Research Center, 4200 New Haven Rd., Columbia, MO 65201. BEHA VIORAL
IMPAIRMKNTS IN CONTAMINA'IKD ENVIRONMENTS: IMPLICATIONS FOR THE
SURVIVAL OF EARLY LIFE STAGE FISK Early life stage fishes are typically less tolcnnt
of environmenta1 contamination than later juvenile or adult life stages. However, labarabary
observations of contaminant-induced larval morality do not always correlate will with the
response of natural ulations to contamitutnts, and are not necessarily the best predictor of
survival in the fi In addition, incidents of axxtality among early life stages are rarely
observed in the 6cld, and the more pervasive and subtle sublethal exposures that diminish
tong-term survival of thcsc life stages would probably not bc detected at alL Many behavioral
functions essential for survival and growth are hiown to be daunatically impaired by sublcthal
expmze to toxicants, and hqeiamnts of these critical bchaviat31 lunctioas should be reflected
in population-level responses such as reduced size, biomass, and ycarwlass success. Habitat
selection may be altered by contatnitumt-induced avoidance reactions that displace fish horn
preferred habitats to conditions less favorable for survival Contaminants tnay also reduce
sensitivity or responsiveness to itnpartant en~~mental stimuli such as 1ight, tempmeure, ar
salinity. Com]petition for limited resources and a~pessivc responses arising from competition
may increase thc stresses of contaminant exposure. Conbtmination also influences predator-
prey interactions, both by decreeing foraging responses, as weil as inrmeasing vulnerability to
predation by other organisms. Behavioral responses important in habitat selection, foraging,
predator avcMsnce, and competition, such as swimming, feeding and social behaviors, can bc
effectivel measured in a variety of fish species to characterize the consequences of sublethal
exposure to a range of chemical stressors.



Litvak, M.K.i aad W.C. Leggett>. 'Huntsman Marine Science Centre, St. Andrews, NB EOG
2XO, Canal&. Department of Biology, McGill University, 1205 Ave. Dr. PenfieM, Montreal,
PQ EOG 2XO. Canada CaVABLINQ ON PREDATION: ANTI-PREDATION STRATEGIES
IN THE E4iRLY UFE HISTORY OF FISHES. Predation has been tecognized as a major
agent of Larval fish mortality. The potential for phenotypic selcctioa through predation is
therefore strong. Thc domiiuint hypothesis in the literature is that stniilcr larvae are at a survival
disadvantage under prcdatioa pressure  thc "bigger is better" hypothesis!. However, our
experimental research on the influence of larval size, within a single aged cohort, on
vulnerability of capclin larvae  Mallotus viIIosus! to 'oa has shown that smaller size at
age can actually provide a refuge against predation. e found that, contrary to expectation,
when visual predattxs  three-spined stiddebacks; Gasterosrcees acolytus! werc presented with
a choice between large aad small capelin larvae of the same age, they consistently consumed
larger larvae. These results surest that multiple strategies may be available to fish larvae to
enhance their survival aad, ultimately, their recruitment into the adult stock. In this paper we
present a number of possible strategies based on these experimental tesults that could minimize
a larva's vulnerability to paMtion. These ate summarized as conceptual and mathematical
models. Wc also present a framework foe' future analysis and experimentation this area.

Loeb, V.J. i and AS. Amos>. iMoss Landing Marine Labxatories. 2 Marine Science Institute,
University of Texas at Austin. ELH POSTER SESSION ABSTRACT: VERTICAL
DISTRIBUTION OF LARVAL FISH AT A TIME-SERIES STATION IN GERLKCHE
STRAIT, ANTARCTICA, NOVEMBER 1989. Larval fish were obtained from 27 vertically
stratified MCCWESS tows  9 depth strata, 0-290 m! taken at a time series station in Gcrlachc
Strait during RACER  Research on Antarctic Coastal Ecosystem Rates! field operations in
Novetabcr 1989. All tows contained fish and yielded a total of 616 specimens representing 12
species. Three species of Notothcniidac, Nototheaiops hrseni, Tremcuomus lcpidorhinus and
T. seam, dominated. Most of the larval fish were collected in the upper 90 rn. The three
abundant aototheniid species had significantly different vertical distribution patterns aad
sigaificantly differen size distributions within depth intervals. The vertical distribution patties
of pooled larval fish do not show day-night changes. However, a general deepening occurred
on the second day and was associated with a reduction ia larval abundiuice. These changes ate
related to changes in water column structiae over the study period.

MacLean, S.A. National hhrinc Fisheries Service, Northeast Fisheries Science Center,
Narragansett, RI 02882-1199. GROSS AND MICROSCOPIC OBSERVATIONS ON
NASBbkGANSETI' BAY YOUNG-OF-THE- YEAN WINTER FLOUNDER. Young'-the-
ycar  YOY! winter founder were co8cctcd at three sites  Gaspe Point, F'oglaad, aad Prudezicc-
Paticnce Islands! within Narragansett Bay. A total of 61 specimens were collected ham thc
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Junc specimens at any site, but were common ia the August specimens from thc Foglaad and
Prudcncc-Patiencc sites  97% and 100% prevalence, respectively!. Histologic observations
revealed infections by gut trettuitodes, gill cpithehocystis aad various protozoans. Results will
be discussed relative to agc aad possible prey consumed.
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Malloy, KJ!. and TX. Targett. University of Delaware, Gatduate College of Marine Studies,
Lewes, DE. THE INFLUENCE OF RATION LIMITATION ON THE GRO%TH,
SURVIVAL AND BI& HEMICAL CONDITION OF RP/EMLE SUl<dER FLOUNDER
 PARALfCHTHFS DFNTATUS! AT EARLY SPRING TEMPERATURES: EVIDENCE
FROM ~ LPRLORA'H!RY AND THE FIELD. Laboratory studies are being conducted to
determine the effects of restricted ration and temperature on thc growth, condition, and survival
of juvenile summer flounder  Paratichfhys dcatarus! from Delaware and North Carolina
estuaries. 4iboratory data show that growth rates of Delaware juveniles are sensitive to rltion
lirniuuion at early spring tempenitutes �0-16PC!, when growth first bacemes positive. Feeding
ad libitum, juveniles from North Carolina appear to have lower growth rates than those &om
Delaware at thc same teml.'esture. Various biochetnical indices were tested for significant
correlations with growth rates of fish in the hiboratory. RNA:DNA ratio was found to be the
best predictor of measured growth rates. RNA:DNA ratios of fish from nursery areas in
Delaware and North Carolina arc being determined throughout thc winter and spring to assess
the degree of growth limitation experienced in the field. Variability in the annual tuning of the
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interact to affect growth and survival of juvenile summer Qoutidcr. Latitudinal differences in
growth rites of juvenile summa flounder may provide additional evidence for the existence of
multiple stocks. 'Re results will also shed light on the importance of raion limitation to grcnarth
of early juveniles, and on thc important factors controlling recruitment at different latitudes in
Atlantic coast nursery grounds.

Marliavc, J.B. Vancouver Acluarium, PO Box 3232, Vancouver, B.C. V6B 3X8, Guiada.
NATUEVd. HISTORY DISCOVERIES IN ENVIROMAENTAL SCIENCE. Institutions can
play a role in environmental science complementary to academia and government through
emphasis on descriptive natural history. Such basic reseals:h sbceM anticipate the integntica of
discoveries into tbc study design. Too often, especially in the marine redden, environmental
issues cannot be cauamted coaectly, for lack of baseline data. Discoveries are equally likely in
the field and in lateratory situations; the keys ate presence and thc latitude to pursue tbe
t5scovcry. Ealmyles of discoveries from fieM versus lab situations involve ' and cottid
species. An chert to document late larval herring habitat lcd to discovery cod and po0ack
distributions in association with shoreline discontinuity boundaries. In the laboratory,
observations &om rearing of red Irish lord larvae led to a new interpretation of bimoial size
distributions in Scld catches; intcrttldiate larval stages may drop out of the planktan in favm' of
extreme nearshae distribution, then re~ter thc phnkton.
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Martin, D.L. aad TZ. Targett. University of Delawaxe, Graduate Colic e of Marine Studies,
Lewes, DE l9958. LATITUDINAL VARIATION IN GROWTH OF ThUTOGA
ONITIS  LABRIDAE!: PRELBrGNARY LABORA'IQRY AND FIELD OBSERVATIONS. 'Am
capacity to compensate for shorter growing seaxens as a function of latitude  i.e. couatergradieat
growth variation! is being investigated in the tautog, Tautoga onitis. This species has potential
for population segregation given that it typically spawns near or within bays, retuxas each year to
spawn at particular reefs, has only a 3 week larval  plaaktoaic! stage, aad overwintexs ia local
waters. Seasotial growth rates of fieldwaught juvenile T. onitis from 5 bays, spanning 5 degrees
of latitude, were estimated from size-frequency distributions, and show that fish fimm Virginia
are 2x larger than fish from Rhode Island by age 1. However, previous research shows that
annual growth rates of age I+ fish fram these two sites are equal. Growth rates of field~ught
juvcnilcs  fxom VA, DE, and M! are being evaluated over a broad range of temperatures �-
25'C!. Our preliminary data show ao significant growth differences between age 0 VA, agc 0
RI, and age I RI fish when grown at 2PC in the hdxeatcay. 'Ause data indicate that high latitude
populations of' T. onitis do aot show genetic compensation for a shorter growing season,
although the potential for low temperature compeasation xeaiaias. Growth differentia observed
in the field are probably due to environmental factors  e.g. latitudinal temperature
gradients!. These results are further corxoboxiited by observations on otolith weight.

Miller, J.D. Northeast Utilities Environmental Laboratoxy, Millstone Nuclear Power Station,
P.O. Box 128, Waterford, CI' 06385. TIDAL SAMPLING TO DETERhGNE THE SOURCE
OF WINTER FLOUNDER LARVAE IN NIANTIC BAY, CT. Winter flounder apparently
xetura to their natal estuary to spawn and the major some of larvae in Niantic Bay was Mmsnel
to be the adjacent Niantic River, which has a known spawning stock. In 1991 three stations in
Niantic Bay were sampled to determine larval winter flounder abulhmw and spatial distxibutMMi
relative to tidal currents. Saxnples were collected with a bongo system during March thxough
May, two days a week near the time of maximum ebb aad flood tidal currents. Early in the larval
season the primary source of larvae appeared to be the Niaatic River, but as the season

gressed the major source was from Long Island 54mad. Many older larvae entered the bay
the cast duxiag a flooding tide and from the west during an ebbing tide. 'Ibe results of this

study suggested that many of the older larvae in Niantic Bay originated from spawning stacks
other than the adjacent Niaatic River. These results were compaxed to empirical mass-balance
calculatioas aad hydxodynamic model predictions.

Miller, T.J., T. Herra, aad W. C. Leggen. Department of Biology, McGill University, 1205
Avc. Dr. Penficld, Montreal, PQ H3A 1B1, Canada. DISTRIBUTION AND
CHARACTERISTICS OF INDIVIDUAL COD  GADUS ktORHUA! LARVAE ON THE
SCOTIAN SHELF. As a paxt of the Ocean Productivity Enhancexnent Network  OPEN!
progxiunme we conducted monthly sampling for cod eggs aad larvae on the Scotian shelf. We
collected samples oa a 45 station grid covering approximately l10 km2. 'nic project focuses on
ideatifyiag if iadividuals that survive to thc benthic juvenile phase axe a random subset of the
entixe spawned cohort. Cod eggs wete first collected in Clctober, over the centre of a bank within
thc sampled grid. They became more widely disImsel through the season, but remained
restricted to the bank. Egg abundanccs peaked in December, and declined thmaf ter. 'Ihete was
evidence that spawning continues until May. Data fxem e~s incubated on boaxtl display asignificant iacxease in larval hatching size during thc spawaiag season, despite the lacPk of a
similar trend in egg size. Analysis of morphometric data of larvae collected at sca indicate a
prolonged spawning period. Larval distributions were patchy, but wexe most abumhint over the
bank, with larger larvae conccntr3ted at the centre of the bank. This suggests either that there is
little dispersioa fram thc sile at which individuals are spawned, or thc presence of a mechanism
oa the bank concentrating larvae at ceatre of a retention zone.
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Moaossoa, E. North Carolina State University, Raleigh, NC 27604. BIOCHEMICAL
INN ICAIOM OF CARIN CAL CFNTAMNAOOII: 01RNTIAL CAR IN ASSRSSINRM
OF POPULATION LEVEL  ~V4GES. Biological moniioring is an haportant aspect of many
coastal and cstuariac monitoring programs. Thc ultimate goal of many of these geograms is to
assess exposure to chemical contamituints with an emphasis on ccolgpeiily signiflcliat changes
c.g. changes in population size or structure. Biological indicators employed ia monitoring
studies include measurcmeats raagiag from those at thc cellular or biochcmicai level to
measurements relating to population level responses such as reproductive success, growth aad
survival during the cgg and larval stages. The advaa of biochemical markers include the
ability to detect exposure to small conccntmtions oF specific families of chemicals  thus
providing an early warning system! may in some cases by outweighed by the desire to provide
inf xmetke concaaiag population level effect  which at this point may aaly be heebie after
long term exposure or exposiue or exposure to higher concentrations of pollutants!. We have
designed a study to assess the relationship between biochemical measurements in adult female
white perch at the biochemical level to measuremeats of teproductive success  including carhop
life history stages! following exposure to a common coastal contattnmint. We have also
explored the possible inclusioa of select biochctaical indicators in models designed to predict
population level tespcescs to environmental coatlimination.

Monteleone, D.M.' E.D. Houde~ L.G. Moria2, and D.H. Secor>. 'Marine Sciences
Research Center, State University of New York at Stony Bmok, Stony Bmok, NY 11794-
5000. Chcsapcakc Biological Laboratory, Center for Environmental and Esteiriac Studies,
The University of Maryland System, Box 38, Solomons, MD 20688-0038. II498KRSION
MARKING OF OTOLITHS GF STRIPED BASS, hfORONF. SAXATIL/$, EGGS AND
LARVAE USING TETRACYCLINE HYDROCHLORIDE AND ALIZARIN
COMPLEXONE, Techniques to iacoqmrate vital stains iato otaliths of striped bass embryos
and larvae as chemical time checks to be used in larva mark-recapture studies were developed
using tetracycline hydrochloride  TC! aad alizarin complexone  AC!. Experimental variables
included developmental stage of striped bass, empcnitute, chemical comxatntion, duration of
exposure and water type  deioaized vs. hatchery water!. Survival and grearth of hrvae were
monitored aAcr imnersiim. AC did not revue deioaized water and overall was easier to use
and more effective than 7C. Embryos were immcrsioa-marked within 10 h of hatching or at the
time of tailbud septration &0m the yolk. Larvae were marked at 6-7 and 11 days hatch.
Embryos were casts' to handle than larvae and could bc o:Imatrated at relatively high densities
 800 L->! during thc marking procedure. Using cpifluoresceat micro!copy, marks were
detected 24 h after imaicrsion on the otolith cores of cmbryoMmarkcd individuals and on daily
rings of individuals marked as larvae. Both TC aad AC produced high quality marks, but thc
AC mark was mare distinct Muhiplc marks, placed oa otohths by immcmIioa of individuals aa
alternate days, were well-defined, serving as unique identificrs and time checks.
Recommended concentrations for high survival and mark quality far either embryos or latvae
were 6-h immersion at 16-19' in 4t� mg TC L" or 25-50 mg AC L-i.
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Norcross, B.L. Institute of Marine Science, University of Alaska Fairbanks, Fairbanks,
Alaska 99775-1080. LARVAL FISHES OF THE NORTH PACIFIC � ALASKA TO
HAWAII. Ichthyoplanktoa were collected oa a cruise from Seward, Alaska to Hoaolulu,
Hawaii in February 1991. A MOCNESS was deployed at two stations aearshore at
Resurrection Bay  Seward!, six stations aloag the shelf break off Kodiak Island �494W to
158~W!, and approximately every 100 mm along 158 W  Shumagia Isiaiids, SS'N, to Oahu,
22'N!. The upper 500 m were sampled ia 100 m depth increments. A total of 26 stations were
sampled and 169 samples collected. Concunent salinity and tempmture profiles were
recorded. We tow compositions changed from primarily zooplankton and few fish larvae ia
northern areas to greater numbers of fish aad larvae and less volume of zooplankton in
southern waters. Representatives of at least 26 families were coOected. Of the 1,0&0 fish
collected. 60% were Myctophidac, and 30% werc Gonostomatidac. Thc remaining 10%
contained some individuals rarely scen. This represents the first open ocean collectioa of larval
fish in this area of thc North Paci6c in the winter.

Ozkizilcik, Sureyya, and Fu-Lin E. Chu. Virginia Institute of Marine Science, School of
Marine Science, Thc College of William and Mary, Gloucester Point, VA 23062.
EVALUATION OF OMEGA-3 FATTY ACID ENRICHI4fENT TECHNIQUES FOR
ARTEMlh USED AS FOOD SOURCE FOR STRIPED BASS  MORON' SAXATILJS!
LARVAE. Three enrichment techniques were evaluated for their efnciency in impeoving the
dietary value of ArtcIaia nauplii fcd to striped bass larvae. Newly hatched P~mut aauplii &am
the Great Salt Lake  GSI�Utah! were enriched for 24 h by using thc following diets; 1!
gelatin-acacia microc sules containing menhaden oil rich in omega-3 polyunsaturiited fatty
acids  PUFA!, ' y 20:Sw3  eicosapentaenoic acid!, 2! an emulsion of baker's yeast and
menhaden oil aad 3! marine Ciaforclla sp. Unfed San Frliacisco Bay  SFB, California! aad
GSL aauphi were used as controls. Enriched GSL  all three dicta! and unfed SFB aauplii had
significantly higher  PCQ.OS! levels of 20:Sw3 than the unfed nauplii &am GSL Seven days

~ ~ ~
-hatched striped bass larvae were reared for 21 days oa enriched or unfed aauplii. Oa day

1, wet weight and total length of striped bass larvae fed enriched GSL nauplii ad unfed SFB
nauplii were determined to bc significantly greater  Pc$.05! than those fcd unenriched GSL
nauplii. The enrichment of the GSL nauplii appeared to provide cahanccd nutrition for the
striped bass larvae including needs fa omega-3 PUPA.
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Nixon, S.W. and C.M. Jones. Applied Marine Research Laboratory, Old Dotainioa
University, Norfolk, VA 23529-04S6. RECRUITMENT OF ATLANTIC CROAJKR TO
CHESAPEAkK BAY. We present the pattcmis of seasonal growth, and movemcnt of Atlantic
croaker, Micropogonias mididaacs, based oa thc over 600 larvae and juveniles aged through
daily incremcats in otoliths. Size and agc distributions indicate estuarine migr3tioa &om
offshore spawning locations. Young Atlantic crgaker in thc Che Bay also teveal thc
scasoeal pattern of growth showa by Warlen �982! for croaker arvae collected in North
Carolina's coastal waters, south of Cape Hatteras. leaker born early in thc spawning seasce
grow faster than those born later. When comparable age ranges are considered between
Chesapeake Bay and Warlea's Beaufort Sound fish, Chesapeake Bay fish are showa to grow
almost twice as fast. Such differences in grewth tend to support Conover's hypothesis of
countcrgradicat variation in growth ia thc car1y life stages of mariiic 6shcL Wc aLo show that
the patterns of growth are different between seaside aad bayside caught fish.



Papoulias, D.>and W.L Minckley~. 'U.S. Fish and WMife Service, National Fisheries
Contaminant Research Center, 4200 New Haven Rd., Columbia, MO 65201. Department of
Zoology, Arizona State University, Tempc, AZ 85287-1501. EFFECTS OF FOOD
AVAILABILITY ON SURVIVAL AND GROWTH OF POND-REARED LARVAL
RPW3RBACK SUCKERS. The reasons for consistent failure of tszorback sucker Xyrauchee
rennes year classes in Lake Mohavc, Arizona-Nevada, are not entirely understood. To date,
cgg and larval predatioa by nonnative fishes is considered the most likely explanation but food
limitation may influence larval mortality. Our egicsimmts in iearin~ of amrback sucker larvae
in ponds fertilized at three levels,  " high", "medium", and "low'!, with mean invertebrate
densities of 43.3, 23.7, and 12.5 organisms/L respectively, did not result in significant
differences in larval survival �7.0, 89.8, and 67.4%, respectively!. However, total larval
growth was greater at the two higher invertebrate densities. Biovolume of food but not
numbers of food organisms in guts increased linearly with growth of larvae. Numbers and
biovolumes of food items did not differ ielativc to fertilization treatment First foods of larval
razorback suckers were diatoms, detritus, and algae. Soon thereafter, small rotifcrs and
chironomids were taken with larger organisms, primarily cladocerans, sclccted by larger
larvae. Ycarwlass failure of razorback sucker in Lake Mohave may be attributable to nutritional
deficiency at the lowest rccordcd densities of reservoir zooplankton. However, starvation or
food related problems do not seem likely explanations at the higher Lake Mohavc zooplankton
densities since these were greater than or equal to invertebrate densities in our "low" treatment
ponds.

Pcrcira, D.L, R. Bruesewitz, T. Heinrich, and D. WiOiams. Minnesota Department of Natural
Resources, Section of Fisheries, 1200 Warner Road, St. Paul, MN 55106. WALLEYE
RECRUITMENT IN MINNESOTA'S LARGE LAKES: A SYNTHESIS OF
CONTEMPORARY AND HISTORICAL ASSESSMENT. 'Hme are tea lakes in Mirinesota
classified as "large waQeye lakes"  greater than 6,000 ha!. WaOeyc  Stizostedioe vitreous
vitremn! is the top piscivorc and yeOow perch  Pcrca fluvescens! is a dominant forage species
in thcsc lakes. We developed suitable log linear models using CPUE in standard assessment
gillnets to index year dass strength. As anticipated, waOcyc recruitment was highly variable
within any given lake. Significant correlation in recruitmcat existed only between certain pairs
of lakes and was sueager during tecent years  i.e., 1984-1990!. There was ao single year with
consistent recruitment across aO lakes, We analyzed juvenile walleye asscssmcat data for
several lakes fmm 1984 to the present. Traditionally, juvenile walleyes have been indexed
using staeMdized beach seining in mid-siimtrer. It is quite common that seine CPUE does not
index recruitmcnt and wc conjecture that year class sttength is not determined until after the
middle of the first growing season. However, size and growth of juveniles by mid-suttimer are
coriebexl with eventual recruitment In several lakes, either a c size or of juvendes
sampled by seining during July accounted for approximately 65% o the vanation in
recruitment. %lese finding suggest the possibility that conditions for growth during the larval
stage may influence year class sttength by controlling subsequent mortality rates. We discuss
the relevance of these data to management objectives and review the need for sampling earlier
life stages.
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Pond, R.B. Executive Director, Stripers Unlimited, Inc., P.O. Box 3045, So. Attleboro, MA
02703. IS WATER QUALITY A FACTOR IN STRIPED BASS STARVATION? For 22
years Stripers Unlimited has observed and studied striped bass. Initially our observations were
of the eggs and larvae of striped bass from the Choptank and Nanticoke Rivers in Maryland.
There was high mortality at all levels of developaent. Analysis of the eggs revealed extremely
high levels of PCBs and DDT. More recently we have been studying the scientific consensus
that both male and female striped bass are able to spawn ia successive years as stated by David
B. Gmmaii. Matute females spawn all their eggs and amicctivc tissue in a single pulse. On the
spawning grounds, males and females roll oa thc surface, the females expelling eggs and the
males milt. In the hatchery, ripe females cannot be stripped of eggs until the blood supply to
the ovaries is cut off. Shc then releases all her eggs and the connective tissue heely. During the
past year wc autopsicd 100 striped bass taken from 6 distinctly differeat areas; 2 areas in
Maryland, 1 in Massachusetts, 2 in Rhode Island and 1 in Ncw Yodel. From the results of this
work, we bclicve that striped bass females spawn oaly 2 or 3 times in a lifetime, simihr to the
Atlantic salmon. Most of the fish we examined over 28" were showing subtle signs of
starvation. The larger fish were resorbiag their eggs. Only a fcw had any fat in thc abdominal
cavity. Smaller fish from 18" to 28" in Chesapeake Bay in the fall were developing very small
gonads and had little fat stored for winter. 20 years ago all fish autopsied had fat and normal
sized gonads.

Powles, P.M. and S. Scholtcn. Dcpartmcnt of Biology, Trent University, Peterborough,
Ontario K9J 7B8, Canada. PROBLEMS IN AGEING LONGNOSE DACE, RHINICHTHYS
CATARACTAE  VALENCIENNES!. It was difficult lo age Ioagnosc dace accurately and with
confidence primarily bccausc an early false annulus was present in most otoliths. 'He location
of this check was marhA by micromanipulatioa and its poaitioa corresponded to fmm ~
DGIs  daily growth increments! past the hatch ting. Other apparent false annuli and the
closencss together of some true annuli towards thc outer part of otoliths cluised poor agramneat
in ageing between the authors. The best ageing technique was based oa frequency distribution
of DGIs as follows: 110140  Age I!; 151-201  Age II!; 221-270  Age lll!; and, 281-321  Age
IV!. These age classes corresponded well to length modes in females, but aot in males. Males
lived only to 3 years in our stream. It is speculated that the first check cortesponded to an
ecological shift from eddy to riffle, and that other checks may be results of stream
pmturbations,

Pryor, V.K. and CE. Epifanio. University of Delaware, College of Marine Studies, Lewes,
DE 'IRK INFLUENCE OF PREY SIZE, SPEED, AND DENSTIY ON SELECTION BY
LARVAL WEAKFISH  CYNOSCIOItI REGAL1$!. The feeding habits of weakfish
 Cynoscion rcgalis! larvae were exatained in laboratory experiments. Five larval ages were
used: 5, 8, 11, 14, and 17 days post-hatching  DPH!, Size experiments involved the
presentation of different sized ptey of the same species and different sized prey of different
species. AII larval ages were found to prefer large nefers over mall; however, small brine
shrimp nauplii were chosen over thc larger. Across all larval ages, large rotifers were the
predominantly preferred prey item. Swimming speeds of thc prey items were found to have
little effect oa their selection by larval washdish. Scicctioa by weakfish larvae appeared to
depend on the density of pley items. Early-stage larvae � DPH! did not discriminate among
prey at low densities, while late-stage larvae �4 and 17 DPH! fcd selectively at all densities
administcted. These results indicate that young weakfish larvae me opporhiaistic at prey
densities typically found within the Delaware Bay; however, the larvae become sclcctivc
feeders with agc. Preferences within thc hb were found for prey items within a given size
range �00 4{+a and these results have aJso been found for fiel-caught larvae. Results Aom
these, experiinents indicate that the larvae are able to fccd selectively, choosing items within a
specific size range aad that thc density of the prey items and larval age influence selection.



Rose, K.A.i, J.H. Cowen2, C.C. Coutant~, and E.D. Houde . iEnvironrnental Sciences
Division, Oak Ridge Nationa1 Laboratory, P.O. Box 2008, Oak Ridge, TN 37831. zDept. of
Marine Sciences, University of South Alabama, Mobile, AL 36688. 3Envimnmcntal Sciences
Division, Oak Ridge National Laboratory. chesapeake Biological Labor3tory, University of
Maryland, Solomons, MD 20688. iINDIVIDUAL-BASED MODELING OF THE EFFECIS
OF ENVIRONMENTAL QUALITY ON EARLY LIFE STAGES OF FISH. Many factors
affect envln:cmental quality  e.g., Temperature, toxics, habitat!, each of which may impact one
or more life stages. Comparing cff'ects of variables on enviromnental quality either singly or in
combination across multiple life stages is a necessary but difficult task. The utility of using an
individual-based population model to compare effects of altered environmental quality is
illustrated for striped bass. Young'-the-year striped bass population dynamics in the Potomac
River is modeled by Monte Carlo simulation. 'He model begins with the spawning of females
and follows each female's cohort of eggs throu+ yolk-sac larvae to initiation of first feeding.
The growth and mortality of larvae and juveniles are then followed day-by-day in one year
simulations. Model predictions, given episodic or chronic changes in temperature, toxics, and
habitat affecting spawning females, eggs, yolk-sac larva, larva, and juvcnilcs are compared.
Advantages and some shortcomings of individual-based modeling to examine changes in
environmental quality and its effect on estuarine fish are discussed.

'Research sponsored by the Electric Power Rcscarch Institute under Contract No. RP2932-2
 DOE No. ERD 87-672! with the U.S. t of Energy, under Contrsct No. DE-ACOS-
84OR21400 with Martin Marietta Energy ystems, Inc.

Rotunno, T.K. and R.K. Cowen. Marine Sciences Research Center, State University of New
York at Stony Brook, Stony Brook, NY 11794-5000. SPECIES IDENTIFICATION AND
'IXMPORAL SPAWNING PATTERNS OF BUTTERFISH, PEPRILUS SPP., IN ~
SOUTH AND MID-ATLANTIC BIGHTS. Three species of thc stromatcoid genus Pcprilas
can be found in the Atlantic along the eastern coast of the United States; P. uiacanshus  Adantic
butterfish!, P. bwra  Gulf butterfish! and P. paru  harvestfish!. P. rriacanthus and P. paru have
rel'erst summer spawning periods, May through August and Junc through July, respectively.
P. burti reportedly spawns twice yearly; February through May and September through
November. According to most fishery management reports, P. rriacanrhas is thought to be the
most umramly found species in the western Atlantic, Larvae and juvcnilcs of Peprihs spp.
were collected in samples taken hem thc south and mid-Atlantic bights during both the spring
and summer of 1988 and 1989. Marphometric data shows specimens occupied a size range
consistent with those repcetcd for all three species of Pcprilss . Caudal venebrae counts of
specimens sampled are consistent with those known for P. rriacanthas �8 - 19!. Thc number
of ventral rnidhne melanophores agrees with thc reported range for P. niacanrhus of 11 - 15.
Thcrcforc, it was concluded that our-samples contained specimens of P. rriacaathus .
Imrriersion of live butterfish in an oxytetracycline hydrochloride sea water bath was used to
validate daily incnetnt frxaiation on otoliths. Ageing of Gsh by eolith analysis revealed larval
and juvenile growth rates of approximately 0.23mrn/day. Backcalculation of birthdates
suggests either two distinct spawning events for P, triacaethss; late January through mid-
Mareh and carly June through late July, or one exterided spawning period beginning in late
January and ending in 1ate July. Therefore, it appears that P. rriacaetlaus is spawning for a
much longer duration than previously thought. To better rrutnage this econcmicaIIy important
fishery, it is important to have a more complete understanding of it's early life history.
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Setzlcr-Hamilton, E.M.> and JA. Cowan, JR. 'Chesapeake Biological Laboratory,
University of Maryland System, Center for Envircemental and Estuarine Studies, Simous,
MD, ~portment of Marine Sciences, University of South Alakema, Mobile, AL. SPATIAL
AND TEMPORAL VARIATIONS IN AVAILABILITY' OF ZOOPLANKTON PREY AND
FEEDING SUCCESS OF STRIPED BASS LARVAE. Striped bass larvae prey on
zoopLanktim cladocceuis and 'te and adult stages of copepodii typicaHy dominate diets
of larvae. We have reexamined our years of data on the size-specific fccding habits of stripe
bass larvae from thc Potomac River, MD and one year of data on thc size-specific feeding
habits of striped bass larvae hem the Choptank River, MD together with zooplankom samples
and water quality parameters. Spatial, temporaL, and interannual variations in the f ' g
success of striped bass larvae in relation to environmental puiimcters, zooplankton availabiTity
and changes in availability Ne being examined using multivariate clustering and ordination
tcchniqucs. Particular emphasis will be placed on a comparison of feeding demographics
between a year of relatively high �980! vs. low �977! flow in the Potomac River. Peaks in
abundance of both copcpods and cladocerans more closely mim>rcd peaks in abundaiicc of
stripe bass larvae in 1977, whereas in 19&0, peak abundance of Larvae occurred hirther down-
river and several weeks prior to peak abuiidanccs of both copepods and cladocerans. A 2-~
drop in water temperatures occurred during the second week of May in 1977, whereas water
temperatures gradually increased during 1980. Recruitment was poor in both years. We
conclude that both a match of first-feeding larvae and their zooplankton prey and favorable
environttM:ntal parameters arc necessary for suamsful recruitment of stri bass larva,

Shenker, J.i 2, E. Maddox~, R. Mojica>, E. Wishinski>, and N. Smith>. <Dept of Biological
Scicnccs, Florida Institute of Technology. 2Caribbcan Marine Research Center. > Harbor
Branch Oceanographic Institute. ONSHORE TRANSPORT OF SERAI'LEMENT-STAGE
FISHES IN THE BA$6QAKS: A SEASONAL COMPARISON. Transport of settlcmcnt-stage
fishes from the pelagic environment of Exuma Bound to shallow nursery habitats on Great
Bahama Bank was monitored continuously froin hte August through mid-September, 1991.
Large surface and subsurface plankton nets moored in channels between islands on thc edge of
Exuma Sound were sampled at Least twice daily. Comparison of taxa moving onshore in late
summer with catches &om similar sampling the previous winter indicated strong seasonal
different in kinds and abidance of recruits: Summer samples had higher densities of fishes
and were dominated by scarids, labrids, ~onids and balostids, while lcptoccphali serratuds
and bothids wete thc most abundant 6shcs in winter collections. Peaks in the sutnmcr catch
occurred at night during the ncw moon in September. Thc influence of meteorological,
oceanographic, and other cnvieonmmta1 conditions on daily recruitment were examined.

Siyurdson, R.E. University of Minnesota-Duluth, and Minnesota Cooperative Fish and
Wildlife Rescatch Unit. EFFECTS OF NAVIGATION-INDUCED SHEAR AND
TURBULENCE ON THE EARLY LIFE HISTORY OF WALLEYE  STIZOSTEDION
VITREUN!, SAUGER  STJZOSTED10N CANADENSE !, AND FATH&M MINNOW
 PHlhtEPHALES PROMZLAS ! FROM THE UPPER MISSISSIPPI RIVER SYSTEM.
Navigation-induced shear and turbulcncc is known to have deleterious effects on the carly life
stages of fishes. In order to better understand the impacts that these forces are having on
ichthyopiaiikton populations of the UIVIIG, data is being giitliered on immediate mortality aill
on thc short and long term damage that these farces may have on development and gtowth of
young fish. A test chamber which simulates shear and turbulence forces is being used to
observe these effects on e and larvae of walleye, saugcr and fatheid minnows. Expcsiments
«re designed to examine short and long term impacts. Ms type of information is critical
for understzmding the effects that thc predicted increise in barge tra%c may have on Gsh
mollta1ity and year~ tecruitment



Sisseawine, M.P. aad P.M. Mace. National Marine Fisheries Service, Silver Spring, MD
20910. CAN THE EFFECT OF POLLUTION STRESS AND FISHING BE EQUATED? Thc
natural environmental variability, fishing and pollution effect the populatioa dynamics of
fishes. In general, research oa these three types of effects has been conducted iadepeadently.
In the case of pollution, the reseatch has rarely addressed cffccts at the ~ulatioa level. On the
otherhand, relatively simple "dynamic pool", "spawner-recruitment" and production" models,
are routinely used to assess the effects of fishing oa populations. These models can be
modified to take account of pollutioa effect on demographic pariuneters, such as uctive
output, early life stage survival rate, aad growth rate. By doing so. the effects of po ution and
fishing caa be expressed in a "common currency" of population stress units  PSU!. A large
body of fisheries scientific literature can be used to judge the robustness of populatioa to
PSUs.

Stearns, D.E.', G.J. Holt>, R.B. Forward, Jr.3, and P.L. Pickering>. 'Department of
Biology, Rutgers University, Camden, NJ 08102 and Institute of Marine and Coastal
Sciences, Rutgers University, New Brunswick, NJ 08901; University of Texas at Austin,
Marine Science Institute, Port Azansas, M 78373-1267; 3Duke University Marine Latxx3tory,
Pivers Island, Beaufort, NC 28516-9721. DEVELOPMENT OF LIGHT SENSITA VIV IN
RED DRUM LARVAE  SCIAENIDAE: SC AENOPS OCELLATUS!. Thc ontogeny of
photosensitivity in rcd drum larvae ranging in agc Gem 1 to 17 days posthatch  in size from
2.47 to 7.49 mm SL! was assayed phototacta&ly, to determine how that aspect of vision
changed duxnig carly develapaeat. Percent phoeeictic iespoasc was determine fee both dark-
and light-adapted larvae upon exposure to different stimulus intensities of white light aad
compared with dark controls. Except for day 1 larvae, which were aot photorespoasive, all
larval stays showed positive photoaixis at higher stimulus intensities and negative photceucis
at lower hght leveLs, with photnts~c sign switching occumng at intermediate intensities. The
Hght intensity range over which positive phototaxis occu!red increased with larval agc, as did
the degree of positive phototactic response when tested at similar light levels. These results
indicate an oatogcnetic increase in photosensitivity at relatively higher intensities. A auuked
increase in photosensitivity occurra$ at approximately day 10, +%hem of saltatory ontogeny.
Light-adapted larvae as young as day 4 exhibited a lower response than dark-adapted larvae at
similar stimulus intensities, indicating that dark adaptatioa begins carly in development. The
!owest intensity evoking a dark-adapted photoncgativc response that was significantly gaatter
than controls was our estimate of the threshold for light tioa. Interestingly, this threshold
did aot appear to change markedly once day S was reac threshold, whiIe very low �-
6 x 1& pE m-~ s-'! was above that published for many of the natural zooplankton prey of ml
drum larvae, iadicating greater photosensitivity of thc prey relative to this visual predator.



Stegeman, J.J. and R. Smolowitz. Biology Dc artmcnt, Woods Hole Oceanographic
Institution, Woods Hole, MA 02543. OME P 4501A INDUCTION IN
DEVELOPMENTAL STAGES OF FISH: CAUSES AND BIOLOGICAL SIGNIFICANCE.
Cytochromc P450 refers to a superfamily of proteins that catalyze monooxygenase reactions
involved in metabolism of foreign compounds and endogenous molecules. Proteins in the
cytochrome P4501A  CYP1A! subfamily are prt'nnincnt in the metabolism and activation of
aromatic hydrocarbons. CYP1A occurs in all species of elasmobranch and teleost fish
examined to date. CYP1A gene expression is induced in adult fish by exposure to toxic
polynuclear aromatic hydrocarbons  PAH!, planar polychlorinated biphenyls  PCB!. and
polychlcamited dibcnzo-~xins  PCDD!. Thc induction of CYP1A is thought to be a critical
factor in the toxicity and carchmgenicity of these and related compounds. CYP1A expression
and action in carly life stages could detcnuinc their sensitivity to such pollutants. Studies in
Fundrdus Actcroclltus first showed the induction of aryl hydrocarbon hydroxylase  AHH!
activity  an activity of fish CYP1A! in liver and extrahepatic tissues of embryos exposed to
PCBs. The sensitivity to induction differed in embryos prior to and after hatching, with greater
sensitivity evident in post-hatching embryos. Salmonid einbryos treated with PCB also
responded with increased AHH activity in the lever. Subsequent studies were carried out with
rainbow trout embryos treated by injection with B-naphthoflavone  a known CYP 1A inducer!,
and examine by immunohistochemistry with monoclonal antibody 1-12-3 to telcost CYP 1A1.
The studies showed that induction of CYP1A emlriR in diverse ccU types in most organs of
the embryo body. These included epithelial cells in many or . Endothelial cells lining the
vasculature in many parts of thc embryo showed particularly strong induction, like the
iesponse in these ceHs in adult fish. Induction similar to that seen cxp~entally has now bccn
detected in salmonid embryos either directly or parentally exposed to contaminants. The
induction of CYP1A appears to be a valuable marker for exposure of teleost embryos to toxic
inducing agents, and may be instrumental in the toxic effect of such comlxends  support by
NIH ES-04220!.

Steingraebcr, M.T. U.S. Fish and Wildlife Service, National Fisheries Contaminant Research
Center, P.O. Box 936, La Crossc, WI 54602-0936. EVALUATION OF CONTAMINANT
EFFECPi ON 1RE OS'IH3LOGICAL DEVEXA3PMENT OF LARVAL FISK Many skeletal
anomalies observed in telcosts have been attributed to environmental contaminaiits that may be
either physical or chemical in nature. Rqxltcd incidents of carly life skeletal abnormalities
suspected to be the result of exposure to one or mme chemicals have bamtne more comtiion in
the last two deades, corresponding to a period of increaied awareness of global envirlnmental
issues  c.g., waste disposal, oil spiQs, pesticide use, atmcepheric transport and deposition of
contaminants!. Biochemical physical mechanisms that inay promote these maladies,
particularly in vertebral structures, have been elucidated for a few synthetic or oclilorine
coinpounds using early life stages of various freshwater taxa as models. wever, thc
mechanisms of altered bone development remain unknown for inost suspected causative
agents. The moa recent reports of altered bone development during early Hfe have emphasized
the sublethal effect of an increased bioavailability of inorgiuiic containinaats  c.g., hydrogen,
aluminum, cadmium! that are arsQ:htcd with s water acidification. Selective staining of
bone tissue has been used in many of these studies to quantitatively document reduced
ossification of repetitious structures  c.g., vertebral centra! at one point in time. A more
sensitive strategy to evaluate bone staining results, which integrates both qualitative and
quantitative aspects of bone development over a time-series, is presented for skeletal stna~
thought critical to the early life survival of Sah clinus foa&udir. This approach, developed to
assess the effect of reduced pH on a relatively acid-tolerant spccics, could be used to evaluate
the effects of a variety of contaminants on the early ostixdogical devekyment of many spews>.





Theilacker, G.H.' and W. Shen~. iNOAA, Alaska Fishc'ries Scicncc Center, Seattle, WA
9& l15. >Dcpetmmt of Patliology, University of Washington, Seattle, WA 98195. USE OF
FLOW CYIQMETRY TO DETERMBW LARVAL FISH CONDITION. We describe a
method far assessing nucleic acid content of larval fish at the ceUular level. Histological studies
have shown that thc sensitivity of larval fish tissues to starvation differs. Thus analyzing thc
response of a single tissue to stress should yield a better index of condition, with a
response time, than analyzing the whole larva. Hcze we examine the brain for signs stress.
We used a flow cytometer to measiize RNA and DNA in single brain cells of larval waQcye
pollock, Theragra chalcogranvma, zaiscd in the labontary. The fraction of brain cells showing
increased RNA activity, thus increased potential to synthesize protein, was distinct among
larvae that werc always fed, always starved, and starved before feeding. Level of RNA
measured in &000 cells pcr larva difFczed significantly amotig feeding regimes. Starved aniznals
had fewer active cells than continuously fcd ones, and withholding food for 2 days and then
feeding increased the fzsction of active cells to a higher state than cells from continuously-fed
larvae. We developed a method for fzeezing the dissociated brain cells. Thc method ensures
nucleic acid stability during stonge, thus permitting sampling and storage at sea. We envision
that in the field, with a flow cytometer onboazd thc zesearch vessel, a quick and accurate
assessment of individual fish condition couM be obtained on site.

Warlcn, SM and P.A. Tester. NOAA, NMFS, SEFSC, Beaufort Labozatary, Beaufort, NC
28516-9722. RECRUITMENT OF LARVAL FISHES TO A NORTH CAROLINA
ESTUARY DURING A RED TIDE. Gf'hfNODINlUN BREVE, BLXX!M. Densities of larvae
of fall!'winter spawning fishes were estimated fzani nighttime, mId-flood neuston net catdies at
a single site inside Beaufort Inlet as they recruited to the Newport River estuary from 10
November 1987 to 4 May 1988. Spatially and tern y coincident with early season
recruitment of larvae was the first recce&i red tide   ~eecAeuua brcvc! outbreak in North
Carolina nearshore waters. In Beaufort Inlet surface ~ater samples taken by the NC Shellfish
Sanitation Pzolpam cell counts remained high +10s celh/liter! fzom 3 November 1987 until
about the first week in January 1988 afitenvhich levels decline During this period there was
virtually no recruitment of Atlantic menhaden  Brcvoorrla granny! or gulf flounder
 ParaNchthys atbiqstta! although these syo~ were zccruited over the same period in 1985-86,
19&6-87, 1988-$9, 1989-90, 1990-91 and 1991-92. Menhaden zccruitment was 4.5% and gulf
flounder was 3.0% of the mean of the zespective 2 pze-zed tide and 4 post-zed tide recruitment
years. However, other larvae such as spot  Lcioszomus xaazkorss!, Atlantic croaker
 hficropogonias mafulatus!, pinfish  Lagodoa rhoebokfcs!, speckled worm cel  Nyrophis
puIictatizs!, southern flounder  P. lczhosrigma!, bay whifF  Cizharichthys splloptcrus! and
striped mullet  Nugil cephalas!, usually recruited with menhaden and gulf flounder, were
present during the red tide bloom in densitics similar to or greater than in other years.
Prolonged cstuiirine zecruitment of larval fishes may ' a bufFer agamst recruitment failuzc
during short-term unfavorable conditions such as tide blooms.



White, M.G, Mariiie Life Sciences Division, British Antarctic Survey, NERC, hCadingley
Road, High Cross, Cambridge CB3 OET, UK. DISTRIBUTION PATTERNS OF
ICHTHYOPLPdlKTON AT SOUTH GEORGIA, ANTARCTICA. There are some 270
species of fish occurring in thc Southern Ocean. Most of tbesc are demersal speies found over
thc continental shelves of thc Continent and '-Antarctic islands. Commonly relative
fecundity is low and both incubation and development to metamorphosis requires several
months to be completed. 'He larval and early juvenile stages are pelagic. Studies on the
temporal and spatial distribution of larval fish have been undertaken at thc island of South
Georgia and these demonstrate distinct neritic and oceanic assemblages. The mechanisms
maintaining neritic 'es with extended pelagic life histories at isolated island groups in the
Southern Ocean is sed. Comparisces between high- and low-Antarctic ichthyoplanktce
asscniblagcs show the former to be more pelagic and less well described by bathymetry.

Witting, D.A. and K.W. Able. PREDATION ON JUVENILE WINTER FLOUNDER:
EFFE S OF PREY SIZE AND PREDATOR DENSITY. Rutgers University Marine Field
Station, Institute for Marine and Coastal Sciences, P.O. Box 278, Tuckerton, NJ 08087.
Preiimijnary laboratory and flcM observations in Southern New Jersey have suggested that the
sand shrimp  Crangon seprcmspinosa! may be an importiint predator of juvenile winter
flounder  Pk'uroncctes amcricanas!. Two laboratory experiments were conducted to further
investigate this ptedator-prey relationship. The first expcrimcnt tested thc effect of winter
flounder developmental stage and size on rate of pmhstion by similar sized adult <krimp �5-55
mm TL!. Flounder stages ranged hom pelagic larvae  eyes symmetrical, 5-8 mm SL!, to 60
mm  SL! juveniles. The highest predation was observed on winter flounder that were at
imnwdiately post~ migration stages, with lower levels of predation observed during eye
migration and on larger juveniles. These experiaients suggests an interaction between winter
flounde size, stage, settlement behavior, and susceptibility to predation by sand shrimp. nic
seooad expcriueat tested the cSect of shximp density on predation rate. Six predator densitics
� to 36 m ! were tested in pools � m and 16 cm in depth!. Winter flounder size and density
was held constant �3 mm and 5 i', respectively!. When predator densities were lowe than 9
m 2, flounder mortality was low �-20%!. However, in treatments where shrimp densitics
were 9 m-> or greiiter, flounc mortality incze4ised to nearly 100%. Together thcsc laboriitoty
ex~iments substantiate thc significance of prethitca-prey inteaic&ms to survival of young-of-
the-year winter flounder.
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