INTERNATIONAL COMMISSION  FOR THE NORTHWEST ATLANTIC FISHERIES

g . " / ,"l‘
SER No. 1100 DoCUMENT No._ 29
iD. Ce 9]

ANNUAL MEETING 1963

ATLANTIC HERRING
UsSe RESEARCH AND SUGGESTIONS FOR FUTURE PROGRAMS
By THE:
BUReAU OF COMMERCIAL FISHERIES

B10LOGICAL LABORATORY, BOOTHBAY HARBOR, MAINE, USA.

ATLANTIC HERRING-~BACKGROUND INFORMATION
DiSTRIBUTION
HERRING OCCUR ALONG THE EAST COAST OF NORTH AMERICA FROM VIRGINIA TO LABRADORy WITH CENTERS OF
ABUNDANCE IN THE GULF OF MAINE AND THE GULF OF SAINT LAWRENCE., THEY ARE USUALLY CAUGHT WITHIN A FEW MILES
OF SHORE, AND OFTEN VERY CLOSE TO SHOREs SPAWNING HERRING CONSTITUTE THE BASIS FOR THE FISHERY (N THE GULF
OF SAINT LAWRENCE AND ON THE NOVA SCOTIA COAST, WHILE SARDINE-SIZE HERRING (FISH IN THE!R FIRST THREE YEARS
OF LIFE} ARE CAUGHT [N THE GULF OF MAINE. A LLARGE STOCK OF ADULTS ALSO EXISTS ON GEORGES BANK, BUT HAS

BEEN UTILIZED ONLY RECENTLY.

ABUNDANCE

HERRING ARE SUBJECT TO SPORADIC FLUCTUATIONS IN ABUNDANCEs FOR EXAMPLE, LANDINGS IN THE BULF OF
SAINT LAWRENCE FELL FROM A HIGH OF OVER 40,000 METRIC TONS IN 1952 TD A LOW OF 20,000 METRIC TONS IN [958,
DUE LARGELY TO EPIDEMIC DISEASEs LANDINGS OF SARDINE-HERRING IN THE GULF OF MAINE IN THE PAST DECADE HAVE

FLUCTUATED BETWEEN 70 AND (70 MILLION POUNDS.

ELUCTUATIONS IN AVAILABILITY

THE FISHERY FOR ADULT HERRING IN THE GULF OF SAINT LAWRENCE AND ON THE NOVA SCOTIA COAST IS CON=
FINED TO THE SPAWNING SEASONS (SPRING AND AUTUMN), WHILE THE FISHERY FOR IMMATURE HERRING IN THE GULF OF
MAINE IS CARRIED ON PRINCIPALLY FROM MAY TO DECEMBER. 3INCE MOST HERRENG ARE CAUGHT BY RELATIVELY IMMOSILE
GEAR {ANCHORED GILL NETS FOR ADULTS; WEIRS AND STOP SEINES FOR IMMATURESl, AVAILABILITY TO SUCH GEAR IS
IMPORTANTe LITTLE IS KNOWN OF FACTORS THAT INFLUENCE AVAILAB!LITY~=THiS IS PARTICULARLY TRUE FOR MOVEMENTS
OF IMMATURE FISH IN INSHORE WATERSs IN RECENT YEARS PURSE SEINES HAVE BEGUN TO TAKE INCREASING QUANTITIES

OF HERRINGy PARTICULARLY IN THE COLDER MONTHS OF THE YEARs AND PARTICULARLY I[N THE EASTERN GULF OF MAINE.

CaTCH

Ue Se HERRING LANDINGS IN THE GULF OF MAINE HAVE AVERAGED [50 MILLION POUNDS DURING THE PAST
DECADEs OVER 90% OF THIS CATCH IS PROCESSED AS SARDINES; THE REMAINDER 1S USED FOR PET FOOD, PEARL ESSENCE,
REDUCTION, SMOKING, ETCs CANADIAN ANNUAL LANDINGS (GULF OF SAINT LAWRENCE AND NOVA SCOTIA) WOULD APPROX=
IMATE THIS AMOUNTs BECAUSE OF THE RELATIVE INEFFICIENCY OF THE GEAR USED, AND THE SEASONAL NATURE OF THE
FISHERY |N MOST AREAS, THE CATCH CAN NOT BE CONSIDERED AS A RELIABLE INDICATION OF ABUNDANCE OF HERRING

IN ANY SINGLE YEARe
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MAJOR UsSe RESEARCH ACCOMPL)SHMENTS

THE HERRING BIOLOGICAL RESEARCH PROGRAM AT BOOTHBAY HARBOR BEGAN iN 1947, DURING AN EPIDEMIC
OF FUNGUS DISEASE IN GULF OF MAINE HERRING. RESEARCH WAS CARRIED OUT UNDER A COOPERATIVE ASREEMENT
WITH THE Us S« FISH AND WILDLIFE SERYICE, THE MAINE DEPARTMENT OF SEA AND SHORE FISHERIESy AND THE
MAINE SARDINE PACKERS ASSOCIATIONs THE DISEASE SUBSIDED BY 1949, AND FOR THE NEXT FEW YEARS HERRING
RESEARCH WAS CONCERMED WITH SIZE OF FISH AT MATURITY AND WITH DEVELOPMENT OF A STATISTICAL SYSTEM FOR
THE FISHERY, IN ADDITION TO CONTINUING STUDIES OF DISEASEs EXPANSION IN RESEARCH ACTIVITIES AND PER-
SONNEL WAS EFFECTED IN 1956. EFFORTS WERE CONCENTRATED ON UNDERSTANDING THE LIFE HISTORY AND BIOLOGY
OF MERRING,; AND THE ENTIRE GULF OF MAINE WAS CONSIDERED THE STUDY AREAs AN EXTENSIVE VESSEL PROGRAM
PROVIDED KNOWLEDGE ABOUT THE DISTRIBUTION AND DREFT OF HERRING LARVAE, AND DiSCLOSED THE EXISTENCE OF A
MAJOR HERR{NG SPAWNING AREA ON GEORGES BANKs N 1857 A 3=YEAR STUDY OF PASSAMAQUODDY BAY WAS INSTITUTED,
TO DETERMINE WHETHER A PROPOSED TIDAL POWER DAM WOULD AFFECT THE FISHERYs THIS STUDY PRODUCED VALUABLE
FINDINGS ABOUT THE BEHAVIOR AND MOVEMENTS OF HERRINGe AFTER THE COMPLETION OF THE PASSAMAGUODDY STUDY,
MAJOR ATTENTION HAS BEEN FOCUSED ON THE FACTORS THAT INFLUENCE ABUNDANCE OF SARDINE=SIZE HERRING AND
THEIR AVAILABILITY TO THE FISHERYs SPECIFIC AREAS OF RESEARCH INCLUDE STUDY OF DISEASES, SURVIVAL OF

HERRING LARVAE, MOVEMENTS OF IMMATURE FISH, INSHORE ENV|RONMENT OF HERR{NGs AND POPULATIONS OF HERRINGe
S1GNIFICANT ACCOMPLISHMENTS INCLUDE:

(1) ESTABL|SHMENT OF A COMPREHENSIVE STICAL SYSTEM FOR THE FISHERY. THIS IS VITAL TO
ALMOST EVERY OTHER PHASE OF RESEARCHs THE SYSTEM HAS BEEN IN OPERATION SINCE 1947, AND
PROVIDES DETAILED INFORMATION ABOUT EACH INDIVEDUAL HERRING CATCH MADE ON THE NORTHERN
NEW ENGLAND COAST. SEASONAL AND ANNUAL VARIATIONS IN QUANTITIES, SIZES OF FISH, AND
LOCATIONS OF GCATCH CAN BE DETERMINED. INFORMATION HAS BEEN RECORBED ON KEYSORT CARDS,
WITH THE COOPERATION OF SARDINE INSPECTORS OF THE MAINE DEPARTMENT OF AGRICULTURE.

DATA ARE KEPT ON A CURRENT BASIS FROM MONTH TO MONTHo

{2) DETERMINATION OF THE StZE AT MATUR|TY OF HERRINGe THIS |5 {MPORTANT TO AN UNDERSTANDING
OF SPAWNING STOCKS OF HERRING AND THE PERIOD WHEN THEY ARE OF COMMERCIAL IMPORTANCE AS

SARDINES. THE STUDY DISCLOSED THAT THE FISHERY FOR SARDINE-HERRING DEPENDED ENTYRELY
ON IMMATURE FISHy AND THAT THE MINIMUM SPAWNING SIZE IN THE GULF OF MAINE WAS 20 CENT|=

METERS»

{3) DETERMINATION OF LOCATION AND EXTENT OF HERRING SPAWNING AREAS IN THE GULF O INEo
IT 1S IMPORTANT TO HAVE AS MUCH INFORMATION AS POSSIBLE ABOUT THE SOURCES OF SUPPLY OF
IMMATURE HERRINGs THE DISCOVERY OF A MAJOR SPAWNING AREA ON GEORGES BANK WAS THE MOST
SIGNIFICANT OUTCOME OF THIS WORKe OTHER SPAWNING AREAS,; ON OFFSHORE BANKS AND IN INSHORE
AREAS, WERE LOCATED, PRINCIPALLY BY CAPTURE OF 5 TO 7 MMe LARVAEa. THE GEORGES BANK
SPAWNING AREA WAS SURVEYED FOR SEVERAL YEARS, TO DETERMINE THE EXTENT OF SPAWNING AND
SUBSEQUENT DRIFT OF LARVAEs CRUISES DURING LATE AUTUMN AND WINTER INDICATED THAT PRE=

DOMINANT DRIFT WAS SOUTHWARD AND WESTWARDs AWAY FROM THE GULF OF MAINEe
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(4)

(5)

(6)

(7

(8)

UNDERSTANDING OF OCEAN CURRENT PATTE IN THE GULF OF MAINEo A CONTINUING
PROGRAM OF DRIFYT BOTTLE RELEASES ON ALL CRUISES HAS LED TO A BETTER SEASONAL PICTURE
OF CIRCULATION ALONG THE NORTHERN NEW ENGLAND COAST. RESEARCH WAS CARREED OUT THROUGH
A CONTRACT WITH THE WOODS HOLE OCEANOGRAPHIC INSTITUTIONe THE GENERAL COUNTER-CLOCKWISE
EDDY; CMARACTERISTIC OF YHE GULF OF MQrNE IN SUMMER, WAS FOUND TO WEAKEN AND DISAPPEAR
IN WINTERe FURTHERMORE, THE STRENGTH OF THE EDDY WAS FOUND TO FLUGCTUATE ANNUALLY ==

RELATED APPARENTLY 7O VARIATIONS IN RIVER RUNOFF«

KNOWLEDGE ABOUT THE EXTENT OF MOYEMENTS OF IMMATURE HERRING ALONG THE COASTs SARDINE=

SIZE FISH HAVE BEEN TA(?GED FOR SEVERAL YEARS, AND THE RESULTS SUGGEST WERY LIMITED
MOVEMENTS OF SUCH FISH DURING THE FISHING SEASON. Two TYPES OF TAGS HAVE BEEN USED!
A PLASTIC DISC OPERCLE TAGy USED PRINCIPALLY WITH STUD{ES IN PASSAMAQUODDY BAY, AND A
SPAGHETT] TAG INSERTED THROUGH THE DORSAL MUSCULATURE, USED 1N MORE RECENT STUDIESe
SEVERAL OF THE LATTER TYPE HAVE BEEN RECOVERED AFTERK OVERWINTERINGs MAX)MUM MOVEMENT

OF TAGGED FISH D$D NOT EXCEED 50 MILES FROM TAGGING S!TEo

INFORMATION FROM SO=CALLED "PARASITE TAGS" INDJZATES THAT HERRING DO NOT UNDERTAKE
EXTENSIVE M]GRATIONS DURING THE PERIOD WHEN THEY ARE OF COMMERCJAL IMPORTANGE AS SARDINESs
A PROTOZOAN PARASITE HAS BEEN FOUND ONLY IN FiSH FROM THE WESTERN MAINE COAST. SEASON
TO SEASON EXAMINATION OF SEVERAL YEAR CLASSES HAS D!SCLOSED THAT SUCH "TAGGED" FISH DO
NOT MOVE EASTWARD TO ANY GREAT EXTENT DURING THE PER{OD WHEM THEY ARE IMPORTANT AS

SARDINESo

KNOWLEDGE ABOUT THE EXISTENCE OF GEOGRAPHIC GROUPS OF HERRINGo USE OF BLOOD TYPING AND

PARASITE DISTRIBUTION HAS INDICATED THAT THERE ARE AT i.EAST TWO MAJOR GROUPS OF IMMATURE

HERRING ALONG THE MAINE COAST, WITH A ZONE OF INTERMIXING IN THE PENOBSGOT BAY AREA.

A BLOOD GROUP SYSTEM HAS BEEN DESCRIBED FOR HERRING, AND FREQUENCIES OF AN ERYTHROCYTE
ANTIGEN WERE FOUND TO BE MARKEDLY DISSIMiLAR IN EASTERN AND WESTERN SROUPS. ATTEMPTS
TO RELATE IMMATURE STOCKS TO SPAWNING POPULATIONS HAVE INDICATED THAT THE EASTERN GROUP
IS MORE SIMILAR TO NOVA SCOTIA SPAWNERS THAN TO GEORGES BANK SPAWNERSe PARASITE DiSe
TRIBUTION STUDIES HAVE DEMONSTRATED THAT GEORGES BANK ADUATS CAN BE DISTINGUISHED FROM

NOVA SCOTIA ADULTS BY DIFFERENT FREQUENCIES OF SEVERAL ENCYSTED WORMSo

DEVELOPMENT OF METHODS OF AGEING HERRINGo TO ASSESS AND UNDERSTAND FLUCTUATIONS IN

ABUNDANCE, IT IS IMPORTANT TO KNOW THE AGES OF FiSHo THIS HAS BEEN A DIFFICULT PROSLEM
FOR IMMATURE HERRING SINCE THE SCALE-=-RING METHOD HAS NOT PROVED RELIABLE FOR THIS
SPECIES IN THE GULF OF MAINE. STUDY OF OTOLITHS HAS INDICATED THAT THE GROWTH ZONES IN
THESE STRUCTURES CAN BE USED TO AGE IMMATURE FISHo YEAR-ROUND SAMPLING AND AQUARIUM
STUDIES HAVE DEMONSTRATED THAT ONE OPAQUE AND ONE HYALINE ZONE ARE LAID DOWN ANNUALLYe
AGES HAVE BEEN ASSIGNED TO IMMATURE FISH FROM THE COMMERCIAL FISHERY, BEGINNING WITH

THE 1960 SEASON.

BETIER UNDERSTANDING OF THE |MPORTANCE OF DYSEASE IN HERRING POPULATONSs MANY ENVIRON=

MENTAL FACTORS CAN AFFECT THE SURVIVAL OF HERRINGo A CONTINUING STUDY OF A FUNGUS

DISEASEAHAS DEMONSTRATED THAT THIS CAN BE A MAJOR FACTOR iN DETERMINING THE NUMBERS OF
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HERRING AVAILASLE TO THE FISMERY. 3EVERAL EPIZ0OTICS HAVE OCCURRED IN HERRING OF THE
WESTERN NORTH ATLANTIC [N THIS CENTURYs; AND THE TWO MOST RECENT ONES (l947 IN THE GULF
OF MAINE, AND 1954=55 IN THE GULF OF SAINT LAWRENCE) WERE STUDIED IN SOME DETAlLe
INFORMAT{ON ABOUT INFE&TIVITY, TRANSMISSIONy LIFE CYCLE OF THE PATHOGEN, ALTERNATE
HOSTSy AND PATHO@ENElev HAS BEEN GAINEDs [T SHOULD BE POSSIBLE TO PREDICT FUTURE OUT=

BREAKS AT LEAST SEVERAL YEARS IN ADVANCE.

DISEASES OTHER THAN THE FUNGUS HAVE BEEN STUD({ED, PARTICULARLY THOSE DUE TO PROTOZOAN

AND WORM PARASI1TESe

{9)  INFORMATION ABOUT THE BEHAVIOR OF HERRINGe AS PART OF THE PASSAMAQUODDY STUDY, SWIMMING
SPEEDS OF IMMATURE HERRING, TOLERANCE TO LOW SALINITIES, AND RESPONSES OF HERRING TO

WATER CURRENTS WERE DETERMINEDs WHEN COMBINED WiTH ENVIRONMENTAL DATA, SUCH STUDIES HELP

TO EXPLATN THE DISTRIBUTION AND MOVEMENTS OF IMMATURE FISHo

PRESENT RESEARCH PROGRAM

THE ATLANTIC HERRING PROGRAM BASED AT THE BUREAU OF COMMERCIAL FISHERIES B10LOGICAL LABORATORY,

DooTHBAY HARBOR, MAINE CARRIES ON RESEARCH TO PROVIDE INFORMATION PERTINENT TO THREE .FUNDAMENTAL PROBLEMS:

WHAT 1S THE ABUNDANCE OF HERRING?
How AND MY DO HERRING VARY IN ABUNDANCE?

WHAT |S THE ORIGIN OF INSHORE IMMATURE STOCKS OF HERRING?

BIOLOGICAL INFORMATION ABOUT THE SPEGIES HAS ACCUMULATED AT AN ACCELERATED RATE SINCE |955c FURTHER

EXPANSION OF THE PROGRAM IN [963 WILL PERMIT QUANTITATIVE STUDIES ON A MUGCH LARGER SCALE.

THERE ARE FIVE MAJOR PROJECT AREAS AT PRESENT.
(1)  ABUNDANGE AND AVAILABILITY
{2}  BlosTATIsTICS
(3)  OFFSHORE POPULATIONS
(4)  BEHAVIOR AND MIGRATION STUDIES

{5)  RACIAL STUDIES

(1) ABUNDANCE AND AVAILABILITY STUDIES ARE DESIGNED TO DETERMINE ABUNDANCE AND CAUSES OF FLUCT=-
UATEONS 1N ABUNDANCE OF IMMATURE HERRINGe SINCE THE PRESENT FISHERY iS COASTAL, THE FACTORS
THAT INFLUENCE AVAILABILITY OF FISH TO THE FISHERY MUST ALSO BE STUDJED. EACH YEAR CLASS
OF HERRING IS STUDIEDs, FROM LARVAL STAGES UNTIL RECRUITMENT, TO ASSESS RELATIVE ABUNDANCE
AND DISTRIBUTIONe INSHORE EMVIRONMENTAL FACTORS ARE ALSO E.XAMINED, PARTICULARLY THOSE
THAT MAY AFFECT THE DISTRIBUTION OF EARLY LIFE HISTORY STAGESe FACTORS THAT AFFECT HATCHING

AND EARLY SURVIVAL OF HERRING EGGS AND LARVAE ARE STUD{ED EXPERIMENTALLY.

(2) B!OS!ATlﬁTICS 1S CONCERNED PRINCIPALLY WITH CATCH DATA AND SAMPLES FROM THE COMMERCIAL FISHERY.
DETAILE'D STATISTICS ON EACH CATCH ARE AVAILABLE, AND SAMPLES FROM SUCH CATCHES ARE EXAMINED
FOR AGESy; GROWTH, AND RACIAL CHARACTERISTICS. DETERMINATIONS OF GROWTH RATES,; MORTALITY RATES,
RELATAIVE‘ABUNDANCE, AND POPULATION MODELS ARE OBJECTIVES OF THE WORK.
| seseas/5
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(3] (OFFSHORE POPULATIONS STUDIES ARE DES!GNED TO EXAMINE ADULT AND SPAWNING POPULATIONS,
PARTICULARLY THOSE THAT MAY CONTRIBUTE PROGENY TO THE COASTAL FISHERY FOR |MMATURE
HERRING. EMPHASIS IS PLACED ON DETERMINATIONS OF AGE STRUCTURES, RELATIVE ASUNDANCE,
AND RACIAL CHARACTERISTICS OF ADULT GROUPSs DISTRIBUTION AND ABUNDANCE OF LARVAE
RESULTING FROM OFFSHORE SPAWNINGS ARE STUDIEDs; AND COMPARED WITH SIMILAR DATA FROM

PREVIOUS YEARS.

(4) BEHAVIOR AND MIGRATION STUDIES CONCENTRATE ON IMMATURE HERRING OF COMMERCIAL SIZESe
TASEING STUDIES PROVIDE INFORMATION ABOUT MOVEMENTS DURING THE FISHING SEASON AND FROM
ONE SEASON TO THE NEXT. BEHAVIOR STUDIES ARE CLOSELY RELATEDs BEING CONCERNED WITH

REACTIONS OF COMMERCIAL SIZE FISH TO ENVIRONMENTAL FACTORS AND TO CHANGES IN THEMe

{5) RACLAL STUDIES ARE DESIGNED TO DETERMINE THE DISCRETEMESS OF SPAWNING POPULATEONS AND
TO IDENTIFY THE SOURCE OF COASTAL IMMATURE STOCKSs TRADITIONAL METHODS SUCH AS MERISTIC
STUDIESs AS WELL AS THE MORE RECENT APPROACHES OF IMMUNQGENETICS AND BIOCHEMISTRY ARE

BEING USED IN THIS WORK.

FUTURE RESEARCH PROGRAM

RECENT SIGNIFICANT INCREASE IN Us Se HERRING RESEARCH EFFORT MAKES THE FOLLOWING PLANS FEAS|BLE:

(1) ABUNDANCE AND AVAILABILITY
CONTINUE AND EXPAND THE STUDY GF THE INSHORE HABITAT OF HERRINGe ATTEMPT TO RELATE

PRESENCE AND MOVEMENTS OF HERRING TO ENVIROMMENTAL FACTORS BEING EXAMIMED.

CARRY ON COAST=WIDE CRUISES TC DETERMINE SPAWNING AREAS AS WELL AS DISTRIBUTION AND
ABUNDANCE OF LARVAE AND POST=LARVAEs OBTAIN ENVIRONMENTAL DATA SIMULTANEOUSLY ON TEMPERATURE,

CURRENTS, SALINITY, ETCe

DEVELOP AND CARRY OUT METHODS FOR ANNUAL QUANTITATIVE SAMPLING OF EARLY LIFE HISTORY
STAGES (LARVAE, POST-LARVAEs BRIT) ON A COAST=WIDE BAS[S, TO GET PRELIMINARY ESTIMATES

OF THE ABUNDANCE OF EACH YEAR CLASS BEFORE |T ENTERS THE FISHERYe

(2) BjosTAT|STICS

CONTINUE AND EXPAND COLLECTION AND ANALYSIS OF CATCH AND ENV|RONMENTAL DATA TO PROVIDE

A BASIS FOR ABUNDANCE ESTIMATESs CONVERT DATA TO MACHINE HANDLING OF [NFORMAT|ONe

CONTINUE AND EXPAND SAMPLING OF THE COMMERCIAL CATCHy TO PROVIDE INFORMATION ABOUT
CONTRIBUTION OF VARIOUS YEAR CLASSESs GEOGRAPHIC PATTERNS OF THE FISHERY, SEASOMAL TRENDS

IN THE FISHERYs SIZE COMPOSITION,; ETCe

UTILIZING DATA FROM ALL ASPECTS OF THE HERRING PROGRAM, PAST AND PRESENT, CONSTRUCTION
POPULATION MODELS, INCLUDING SUCH FACTORS AS ABSOLUTE AND RELAT]VE ABUNDANCE, MORTALITY

RATESy AND EFFECT OF THE FiSHERY ON ABUNDANCE.
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{3) OFFSHORE POPULATIONS
OBTAIN MANY SAMPLES OF ADULT HERRING FROM KNOWN SPAWNING AREAS, ESPECIALLY GEORGES

BANKe ‘DETERMINE AGE STRUCTURE AND RELATIVE ABUNDANCE OF EACH YEAR CLASS IN THE SAMPLES.
EXAMINE ALL SAMPLES FOR CHARACTERISTICS THAT MAY BE USEFUL IN RELATING ADULT HERRING

TO JUVENILESe REPEAT THIS SAMPLING AS OFTEN AS POSSIBLEs; CONCENTRATING ON SPAWNING
AGGREGATIONSe. COMPARE AGE DATA WITH RESULTS OF STUDIES MADE IN PREVIOUS YEARSy TO SEE

IF THE INTENSIVE 196! FISHERY ON GEORGES BANK HAS PRODUCED ANY DISCERNIBLE EFFECTe

ASSESS SUCCESS OF SPAWNING ANNUALLY ON GEORGES BANK, AND, AS FAR AS POSSIBLE, ELSE=-
WHERE N THE GULF OF MAINE, BY LARVAL SURVEY CRUISES. COMPARE DISTRIBUTION AND ABUNDANCE

OF LARVAE WITH RESULTS OF EARLIER STUDIES.

(4) MIGRATIONS AND BEHAVIOR
BEGINNING IN JuLy OF '63, TAG IMMATURE HERRING ALONG THE ENTIRE NEW ENGLAND COASTe

REPEAT TAGGINGS ANNUALLY TO DETERMINE WHETHER VARIATIONS IN MOVEMENT PATTERNS OCCURe

CONDUCT LABORATORY EXPERIMENTS AND FIELD STUDJES OF RESPONSES OF HERRING SCHOOLS 70O
ENVIRONMENTAL VARIABLES SUCH AS TEMPERATURE, CURRENTSy LIGHT, FOOD SUPPLY, AND PRESENCE
OF PREDATORSs RELATE EXPERIMENTAL FINDINGS TO FIELD OBSERVATIONS, AND TO AVAILABILITY
OF HERRING INSHOREs STUDY VARIATIONS [N RESPONSES OF HERRING TO ENVIRONMENTAL CHANGES

AS THE FISH INCREASE IN AGE.

{5) RACIAL STuDIES
ATTEMPT TO RECOGNIZE BY TRADITIONAL METHODS (AGE AND GROWTH, MERISTICS, TAGGING) AS

WELL AS NEW APPROACHES {BIOCHEMICAL, PHYSIOLOGECAL, SEROLOGICAL) WHATEVER GEOGRAPHIC

SUBGROUPS OF ADULT AND IMMATURE HERRING EX|ST.

DETERMINE BY THESE METHODS WHAT SPAWNING GROUPS CONTRIBUTE TO COASTAL SARDINE STOCKS,
THE EXTENT OF THIS CONTRIBUTION, AND THE EXTENT OF INTERMIXING OF VARIOUS GROUPSe CONTINUE
THE DETERMINATION FOR SEVERAL YEARS TO SEE WHETHER THE EXTENT OF CONTRIBUTION FROM EACH

SPAWNING AREA IS VARIABLE FROM YEAR TO YEAR.

IN ADDITION TO Us So HERRING RESEARCH ALREADY IN PROGRESSy OR PLANNED FOR THE IMMEDIATE FUTURE,
THERE ARE SEVERAL MAJOR RESEARCH AREAS THAT WOULD BE DESIRABLE, BUT WOULD REQUIRE COOPERATIVE OR JOINT
EFFORTS BY SEVERAL COUNTRIES, TO BE CARRIED OUT SUGCESSFULLYe THESE PROPOSALS MIGHT BEST BE CONSIDERED

IN THE FRAMEWCRK OF ICNAF:

(1) Continuous | L_SURVEYS

CLUES TO SPAWNING AREAS AND INTENSITY, AND SUBSEQUENT DRIFT OF LARVAE CAN BEST BE
DBTAINED BY EXTENSIVE SURVEYS USING HIGH SPEED PLANKTON COLLECTION EQUIPMENT. SUCH SURVEYS
SHOULD BE TIMED VO COLLECT AND TO TRACE MOVEMENTS OF LATE SUMMER-AUTUMN SPAWNED LARVAE,
AND ALSO ANY SPRING-EARLY SUMMER SPAWNED LARVAE. STANDARD CRUISE TRACKS AND METHODS COULD
PROVIDE A BASIS FOR COMPARISON OF EACH YEAR'S SPAWNINGSe INSHORE AS WELL AS OFFSHORE
WATERS SHOULD BE SURVEYEDe |T MIGHT BE POSSISLE TO INCLUDE A COOPERATIVE SYNOPTIC SURVEY,
POSSIBAY IN OCTOBER OF EACH YEARy TO COVER THE ENTIRE GULF OF MAINE AND ADJACENT WATERSs
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{2) STOCK INDENT!FICATION

SPAWNING AGGRESATIONS OCCUR ON MANY OFFSHORE BANKS AND NEAR OUTER !SLANDS ALONG THE
NORTHERN NEW ENGLAND COAST. CONCENTRATIONS OF IMMATURE FISH OCCUR PRINCIPALLY IN COASTAL
WATERSs INFORMATION 1S NEEDED ABOUT THE DISCRETENESS OF SPAWNING STOCKSs AND THE SUB-
SEQUENT MOVEMENTS OF ADULT FISHe INFORMATION IS ALSO NEEDED ABOUT THE RELATIONSHIP OF
JUVENILES TO SPAWNING STOCKSs MORPHOLOGICAL, MERISTIC, PARAS I TOLOGICAL, BIOCHEMICAL,

AND OTHER CHARACTERISTICS OF EACH SPAWNING AGGREGAT{ON MUST BE DETERMINED, AND AN ATTEMPT
MADE TO RELATE JUVENILES TO ADULTS BY STUDY OF COMPARABLE CHARACTERISTICSe THIS MIGHT
BEST BE ACCOMPLISHED BY A COOPERATIVE SAMPLING PROGRAM FOR ADULT AND HIGH SEAS STOCKS,

AND MUST INCLUDE STANDARDI{ZATION OF SAMPLING AND MEASURING TECHN IQUESe

(3) ABUNDANCE STUDJES

AGE STRUCTURES AND GROWTH CHARACTERISTICS OF EACH SPAWNING AGGREGATION SHOULD BE
DETERMINED ANNUALLY FOR A NUMBER OF YEARS, TO ASSESS SUCCESS OF YEAR CLASSESy TO DETERMINE
MORTALITY RATES,; AND TO ASSESS THE EFFECT OF FISHING ON POPULATIONS EXPLOITED AT DIFFERENT
LEVELS OF INTENSITY. OTHER CRITERIA FOR DETERMINING RELAT!VE ABUNDANCE, SUCH AS DISTRI=
BUTION AND INTENSITY OF SPAWNINGy SHOULD BE EMPLOYEDs CATCH-EFFORT INFORMATION FROM BOTH
THE HIGH SEAS AND THE INSHORE FISHERIES MUST BE AVA{LABLE. THE CONTRIBUTION OF EACH YEAR

CLASS TO THE FISHERY SHOULD BE DETERMINED ANNUALLYe

{4) MiGRATIONS
FUNDAMENTAL TO TH{S5 STUDY WOULD BE A LARGE SCALE TAGGING OF JUVENILES AND ADULTS OVER
AT LEAST A FIVE-YEAR PERIOD WITH A SUITABLE LONG~TERM TAGo THIS STUDY WOULD PROVIDE
INFORMATION ABOUT MOVEMENTS OF HERRING OF ALL AGES, GROWIH RATES IN VARIOUS AREAS, SOURCES
OF CONTRIBUTIONS TO SPAWNING 5TOCKS, AND MORTALITY RATESe. ASPECTS OF THE TAGGING MIGHT
BY SYNOPTIC; WITH JOINT HIGH SEAS TAGGINGS BY THE VARIOUS COUNTRIES CONCERNEDs TAGGING
OF ADULTS SHOULD BE DOME WITH SPAWNING AGGREGATIONS, AND SHOULD INCLUDE ALL KNOWN SPAWNING

AREAS«

A COOPERATIVE STUDY OF CERTAIN PARASITE TAGS COULD BE MADE, SIMILAR TO THE JOINT {CES
STUDY OF THE COD PARASITE LERNAEOCERAe THIS STUDY SHOULD ALSC BEGIN BY WORKING WITH SAMPLES

FROM SPAWNING AGGREGATIONS.
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