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Atlantic Cod Stock Structure


in the Gulf of Maine


I-- Atlantic cod (Gadusmorhua) in the Gulf of Maine provide an important but depleted


· fis hery thatneeds  tobemades us tainable. However, res toring andmaintaining robus t


I· populationcomponents to achieves us tainability is madedifficultwhen their dis tribu-

· tion and characteris unknown.Thiss tudyclarifies the s tructureof the Gulf of Maine


I·1 cod groupingby derivingthe dis tribution,movements ,and behaviorof population


· components  from1920s  dataands urveys  ofretired fis hermen. Thes e derivations  are


cons is tentwith current cod populations  and with the exis tenceof localizeds pawning


components .Nearlyhalf the coas tals pawninggroundsof 50 to 70 yearsago are aban-

doned today and their s pawningcomponentshavedis appeared,s ugges tingdepletion,


undetectedbys ys tem-wideas s es s ments , mayhavebeenwell advancedbythe 1980s .


Edward R Ames  

Ames  is a commercial


fis herman with the


Stonington Fis heries 


Alliance and Penobs cot 

Eas t Res ourceCenter in 

Stonington, Maine.This 


s tudy is s upported bythe


Gulf of Maine Res earch 

Ins titute. He can be 

reached at 207/367-2473 

orames @hypernet.com. 

TheGulfofMaine(GOM) fis hery forAtlanticcod 

(Gadus morhua),a mains tay for New Englandand 

Canadian fis hermen (Rich1929;O'Leary1981),has  

remained relativelyproductive andres ilient tofis hing 

pres s ure untilrecently, eventhough thes tockbiomas s  

hasbeendeclining for a numberof years . In 1998, 

NationalMarineFis heries  Service (NMFS) reported 

Atlantic cod s tocksin the Gulf of Maine were overex-

ploitedandatextremely lowbiomas s  levels  (Mayoet


al. 1998).His toricals tudies des cribe the declineof 

s omeAtlanticcods tocks  aslong-termproces s es  that 

varygreatly inthes hort termandarerelated tohuman 

interaction (Hutchings  andMeyers 1995).Theyimply 

thatif s uchfis heries weretoberes tored, moreeffective 

management wouldhavetobedeveloped. Implicitto 

improvedmanagement, however, istheneedtoiden- 

tifythepopulation components  ofAtlanticcodfound 

in areas  like the Gulf of 

Maine and to better 

unders tand how thos e 

s tructures relate to diver-

s ityw·thinand among 

s pecies (Smedboland 

Stephens on 2001). 

In thepres ent article, 

I evaluated the dis tribu- 

tion and dynamicsof 

Atlantic cod in the Gulf 

ofMaine(GOM) during 

the 1920s , a period 

when cod were abun- 

dant (Rich 1929; Ames  

1997). Subpopulations  

and s pawningcompo- 

nents  were tentatively 

identified;  theirdis tribu- 

tionands pawning areas  

werecompared torecent 

taggings tudies and 

eggdis tribution s urveys . 

The s tudyareaincluded 

theGOM lyingnorthof 

alinefromnorthernMas s achus etts  Bay(4230'N) to


Wrights Swell(4230'N,68W), thencenortheas t to


Yarmouth,N. S. (43 50'N,66 7'W) (Figure1).


A ReviewofAtlanticCodPopulation Structure and


Dynamics  in theGulfofMarne.Toclarifytheterms 


us edtodes cribe populations tructure, thefollowing


definitions wereus ed:a population is a s elf-repro-

ducinggroupofcons pecific individuals  thatinhabit


the s amerangeat the s ametime, are affectedby

s imilarenvironmental factors ,and are reproduc-

tively is olated from other populations . A


s ubpopulation is  a s emi-independent, s elf-repro-

ducing group of individuals within a larger


populationthat undergoes  s omemeas urable but


limitedexchangeof individuals with otherareas 


within a populationßA s pawningcomponent is a


s egmentof a populationthat doesnot differ in


genetics orgrowth,butoccupies  dis cretes pawning


areas  inter-annually. A s tockis an arbitrarycollec-

tion of fis h large enough to be es s entially


s elf-reproducing, withmembers  oftheunitexhibit-

ings imilarlifehis tory,anda locals tockis a s tock


that remains in a localareathroughout the year


(SmedbolandStephens on 2001).


The GOM Atlantic cod s tock is  des cribed as 


beingoneofthreeorpos s ibly fourgroupings  ofcod


found in northeas t U.S. waters  (Serchuk and


Wigley 1993)ßGroupings were reportedto have


limitedexchangewith others (Wis e1963;Serchuk


et al. 1994), but the is s ueof genetics eparation


remains unclear.The GOM groupingwas identified


by length-frequency differences  (Wis eandMurray


1957,1958, 1959),paras ites tudies  (Shermanand


Wis e 1961), and meris tics tudies  (Schmidt1930),


and was reportedto containmanys ubdivis ions 


(Wis e 1963).


Reproduction,bas edon the maximumaver-

ageabundanceof codeggs  in the Gulf of Maine,


occursin March (Berrien andSibunka 1999)ßIn


the s tudyarea,however,coas tals pawningareas 


exhibitablmodalpatternwith peaks pawning in


s pringandfall. Springs pawningoccurs in s ome
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areasof the Bay of Fundy(Neils en and Perley 

1996) and on the inner his torical s pawning 

groundlocationsalong the New Englandcoas t 

(Berrien and Sibunka 1999). Fall s pawninggen- 

erallyoccurs at theouters pawning locations and 

in coas talareasof the Bayof Fundy(McKenzie 

1934). Recent s tudies indicate cod return to 

natal s pawning areas  (Perkins  et al. 1997;  

Wroblews ki 1998;  Green and Wroblews ki 2000). 

Gulf of Maine Atlantic cod s pawninggrounds  

and juvenile habitats  are on the coas tal s helf 

and within approximately37 km of the s hore


(Bigelow and Schroeder 1953;  Ames  1997; 


Berrien and Sibunka 1999).


With the approachof s pawnings eas oncod


s tart migratingtowardstheir res pectives pawn-

ing grounds , often appearing to move


s equentially clos er (Perkins  et al. 1997).


Spawningmigrationsclos e to the s horeand 

riversof the Gulf of Maine his toricallyinvolved


largefis h, but duringthe 1920s ,the averages ize 

of cod on mos t other s pawninggrounds was  

s maller(Bigelowand Schroeder1953). 

After arriving at their s pawning area, 

At[antic cod often gather into large s chools  

(Earll 1880;  Smedbol 1997). Being broadcas t 

s pawners , olderadultsreleas es mallquantitiesof


eggs  into the watercolumnovera periodof time


until s pent.Dependingons alinity,codeggs us u-

ally float to the s urfaceand are gradually


dis pers edby winds and currents .Eggshatch in


twoor moreweeks ,dependingon watertemper-

ature, and in another month or more, the


res ultinglarvae metamorphos eto juveniles and


s ettle to the bottom. Predationis  very high on


youngjuveniles during this  phas eunles sthey


quickly find s helter within inters ticesof the


propers izeamongs ubs trateparticles (Ootceitas 


and Brown 1993).


Once s pawningis  completed,Atlantic cod


leave their s pawningareas  to purs ueforage


s tocksin variousfeedingareasand initiate the


next annualcycle.


Methods 


Sources of 1880sFis hingandSpawningGround


Information: The 1880sdatabas eof codgrounds 


reliedheavilyon des criptions andmaps foundin


Collins  and Rathbun (1887) and Earll (1880).


Collins  andRathbungatheredtheir information 

from interviews  with fis hing captains of the 

Figure1. A mapof the


s tudyareas howsthe


locationof figuresus edin


the s tudy.
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period, while Earll focus edon cod s pawning 

activity in Ips wichBay.The limited numberof 

appropriaterecordsus edto cons tructthe 1880s  

databas e res tricted its  us e to evaluation of the 

pers is tenceof codon particularfis hinggrounds . 

Sources  of 1920sFis hingandSpawningGround 

Information:The 1920s  databas eformed the 

bas is for the current s tudy.The cod fis hing 

grounds of Rich (1929), s upplementedby 

Bigelow and Schroeder (1953) and Ames  

(1997), providedhis toricalfis hinggroundinfor- 

mation. Rich gatheredhis  data from direct 

interviewswith "a largenumberof fis hingcap- 

tains  of long experienceupon thes egrounds " 

and "in cas esof conflict of their opinion, the 

greates tagreementas  to the facts  has  been 

accepted."His  interviewswereconductedduring 

the 1920s  and included "a large number of 

grounds des cribedearlierby G. BrowneGoode" 

(Collins  and Rathbun 1887). Mos t interviews  

werewith experiencedcaptains us inghook-and- 

line techniques .Additionalgrounds camefrom 

Ames  (1997), who collectedfis hers 'ecological 

knowledge (FEK) from 28 interviews  with 

retiredfis hingcaptains ,manyof whomoperated 

otter trawlers  from 1930-1960, and the clas s ic 

work by Bigelow and Schroeder(1953) that 

s ummarized 1920s  and 1930s  fis heries  res earch 

from U.S. Bureau of Commercial Fis heries . 

Cods pawning areas oftheperiodidentifiedby 

Ames  (1997) weres upplementedby additional 

grounds  fromBigelowandSchroeder(1953) and 

Coon(1998), whohadgatheredFEKin the Bay 

ofFundyareaaboutwhereripeAtlanticcodwere 

caught. God egg dis tribution s tudies  by 

McKenzie (1934) were us edto confirm locations  

identifiedby Coon (1998). Cod s pawningarea 

criteria (Ames  1997) required that s pawning 

areashave two or more independentreportsof 

ripe cod being caughton s ite durings pawning 

s eas on,with depthsof 10 m to 100 m, andthat 

the s ubs tratewas  s and, muddy s and, muddy 

gravel,ora muddybas ingradingto s andalongits  

edges .Muchof this informationcamefromotter 

trawlers oftheperiod.Spawningareas wereoften 

depres s ions  of muddygravelands andbordering 

codfeedinggrounds .BigelowandSchroederdid 

not dis cus s  s pawningareas ubs trates , butNOAA 

chartsindicatedthe areasidentifiedhad appro-

priatedepthsands ubs trates . 

Gulf of Maine s pawnings eas ons  for codwere 

obtained from his torical reports  (Earll 1880;  

McKenzie 1934;  Bigelowand Schroeder1953) 

andrecentcodeggdis tributions urveys  (Niels en 

and Perley 1996;  Berrien and Sibunka 1999). 

Cod s pawningpeakedbetweenSeptemberand 

December in the GOM and continued at moder- 

ate levels from Januarythrough May. Several 

areashad two or mores pawningeventsin the 

s ameyear.God eggscontinueto be reportedat 

many Gulf of Maine locationseach year,but


recents pawningeventseas tof Cas coBayhave


been intermittent and s mall (Berrien and


Sibunka 1999).


LocatingHis toricalGOM Fis hingandSpawning


Grounds . His torical fis hing and s pawning


grounds werecompiledin a GIS s ys temby fol-

lowinghis toricalnavigationins tructions with a


navigationprogramus ingdigitizedNOAA nau-

tical charts  (Ames  2001). Single or multiple


point bearingswereextrapolatedto a point near


theground.Fromthe immediatevicinityof this 


point, a location was  s electedthat had the


appropriates cale,orientation,andbenthicchar-

acteris ticscons is tentwith that des cribedby


fis hermen(Figure2a). In the cas eof s pawning


areas ,thes e characteris tics were in agreement


with the depth and s ubs trates of other known


s pawninghabitatsof Atlantic cod,e.g.,muddy


depres s ions  of s andor gravelor hard mud bot-

tom s urroundedby cobble or gravel. This 


procedure impartsa vis ualprecis ionto the fig-

ures that, abs entthis clarification,wouldappear


to overs tate the information contained in the


his toricalnavigationins tructions .


DeterminingSeas onal Dis tributions of Atlantic


CodUs ingRelativeAvailability (RA). Mapswere


prepared foreachs eas onoftheyears howingdis -

tribution bas ed on fis hermen's  es timates  of


Atlantic cod concentrations on cod grounds 


(Rich 1929). Fis hermennormallyes timated the


availabilityof codbydes cribing fis hingasgood,


fair,poor,etc. It provideda convenientwayto


s hareinformationwith eachother,regardles s  of


the s izeof the ves s el,or typeof gearbeingus ed,


and avoidedthe needto s hareves s ellandings 


which wereproprietaryinformationand often


unavailable.When placedin appropriates patial


andtemporalcontext,their obs ervations of cod


concentrationsallowed their knowledgeto be


appliedto trackinghis toricalcod s hifts in cod


availability.


Relative availability (RA) quantifiedthos e


es timates  for eachs eas onon eachs pecificfis h-

ing ground. It providesno actual meas ureof


tonnagelanded,but refersto which s eas on fis h-

ermen deemed bes t, average, or poores t for


catchingcod on a particularground.High RA


valuesoccurredwhenlarges eas onalconcentra-

tions  were pres ent and des cribed optimal


conditions for codto gatheron a particularfis h-

ing ground.RA valuesrangingfrom0-4 (Table


1) wereus edto es tablis hcolorgradients on GIS


dis plays of fis hinggrounds to vis ualizes eas onal


s patialdis tributions of codavailabilities (Figures 


3a,b,c,d).


DeterminingHis toricalMovements of Atlantic


GodwithRA values .In additionto determining


s eas onaldis tribution, RA values  were us ed to


track 1920s  cod movements and migrations 
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betweens eas ons . Groundsrecordingan increas e 

in RA duringa s eas onal changewereas s umed to 

have received additional cod from the neares t 

borderingfis hinggroundreportinga lower RA 

value. In other words , it was  as s umedthat cod 

minimize the dis tance traveled in migration. 

One could imagine river-like topographies  

wherefis hhad to pas s ones itein orderto reach 

others ,but,with s omeexceptions , this isnot the 

cas e in the GOM. 

The direction of RA movement between bor- 

deringgroundswas des cribedon GIS with an 

arrow drawn between the two bordering 

grounds .This  procedureyielded unambiguous  

res ultswhen tracking local movementpatterns  

of is olated cod concentrations  that linked the 

winter locationsof s ubpopulations with his tori- 

cal s pawningareas  (Figure 4). However, the 

identities  were obs cured when two or more cod 

concentrations  overlapped. God movements  

could only be tracked along the grounds  

mapped,but cod were as s umed to als oinhabit


areas s urrounding thegrounds at timesandover-

lapsof movementwereinterpretedto begeneral


s eas onalmovements (Figures 5a,b).


Regions having a broad-bas ed,continuous 


direction of RA movement involving s everal


grounds ones eas onand accompaniedby a s imi-

lar, oppos itemovementduringa later s eas onal


change,weretentativelyclas s ifiedas migration


corridors  (Figure6). Thes eareas s howedmigra-

tion patterns s imilarto recenttaggings tudies  in


eas tern GOM (Hunt et al. 1998) and wes tern


GOM (Perkinset al. 1997).


IdentifyingHis toricalSpawningComponents .


Spawningcomponents were identifiedby track-

ings eas onal RA values throughan annualcycle.


A givencodconcentrationon a groundexperi-

encing a s eas onaldecreas ein RA value was 


as s umed to have movedto the neares tground


s howing an increas ein RA. Concentrations 


were trackedonly where cod were pres entall


Figure2a. His torical fis hinggrounds ands pawningareasof Atlanbccod·nthe Gulfof Mainewere us edto createan X-Y plotfor tracking


Atlantic cod movements .
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yearandtheir s hiftswereobvious .Cod concen- 

trations  that were pres ent al| year and 

demons tratedcyclic RA movement patterns  

betweentheir winter grounds anda s pecifichis - 

torical s pawningareathat was occupiedduring 

s pawnings eas onwere tentatively identified as  

s pawningcomponents . Many of thes ehis torical 

s pawnings ites are s till active while others  are 

abandoned and their s pawning components  

have dis appeared(Ames  1997;  Berrien and 

Sibunka 1999). 

Thes e mappingprocedures producepatterns  

thatares trong|ycons is tentwith theexis tenceof 

localpopulations andweredis tributedalongthe 

entirelengthof the northernGOM coas tline. 

Experimental Des ign:EdgeEffects .Seas onal 

migrationsand movementsof cod concentra- 

tions  were trackedon an X-Y grid of fis hing 

grounds .This  s trategyworkedwellaslongas the 

movementremainedwithin the grid. However, 

whenfis hmovementoccurredat the edgeof the 

grid (for ins tance,movements duringthe s um- 

mer in Penobs cotBay) they were arbitrarily 

Table 1. Fis hermens ' des criptions  of codfis hingweres tandardized intorelative


availability (RA)values .


Des criptive comments  Atlantic cod concentrations 


Not mentioned or abs ent 0


Poorfis hing 1


Fairor pres entwith no es timate 2


Good or abundant 3


Excellentor veryabundant,etc. 4


as s umed to move in the s ame direction as  other 

cod in the immediate area. 

Res ults 


Characterizing the Gulf of Maine'sHis torica! 

AtlanticCodGrounds .In all, approximately260 

fis hinggrounds (Rich 1929; Ames 1997) and91 

s pawninggrounds  (BigelowandSchroeder1953;  

Ames  1997;  Coon 1998) were dis tributed 

betweenCape Ann in wes ternGOM and the 

Lurcher Shoal in eas ternGOM (Figure 2a). 

Ins horecodfeedinggrounds weregenerallyareas  

of rockybottomalongthe 100-mdepthcontour 

on the coas tals helfandbordereddeepercoas tal 

depres s ions and channels  that were us ed as  

s pawningareasin s omelocations .Depthson the 

grounds rangedfroma few metersto morethan 

200 m. Atlantic cod groundsfurther offs hore 

includedthe banks ,ridges ,and s wellsthat lie 

betweenthe majorbas insof the gulf. Mos t his - 

toricalfis hinggrounds werelocatedon the s helf 

within 45 km of land. 

Coas tal s pawninggroundsof Atlanuc cod 

were either contiguouswith, or when in the 

vicinity of majorbays ,oftenclos erto s horethan


fis hing grounds  of the period. Spawning


occurredin channelsand bas insborderingthe


rocky, s hallow his torical fis hing grounds 


des cribedby Rich andgenerallyhadbottomsof


muddy gravel, s and, or mud with borders of


gravelandvariedin depthfromles s than 10 m


to 100 m.


IdentifyingEs s entialFis hHabitatsof Atlantic


Codin theGulf ofMaine.The s electivityof otter


trawlingandhookfis hing,the twomajorfis hing


technologies of the 1920s ,lend ins ightinto the


s eas onalityof differenthabitatsbyAtlantic cod.


During the 1920s , Atlantic cod in the GOM


weremos tcommonlycaughton baitedhooks ,a


technologys electiveforforagingfis h.Decades of


directed fis hing with hooks  on the Atlantic


cod'shis toricalfis hinggroundshad es tablis hed


thos egrounds as preferredforaginghabitatsfor


Atlantic cod in the GOM at certain times  of


year.Even thoughthe particularforages pecies 


that once attracted cod to feed at thes e locations 


remains  unclear, the location of the cod's feed-

ing areas  and the s eas ons they were pres ent


allows  thous ands  of s quare kilometers  of


Atlantic cod habitat to be identified.


In s imilar fas hion, captains of early otter


trawlersdis covered that codgatheredalongthe


margins of bas ins andchannels borderinghis tor-

ical fis hinggrounds when not feeding,and in


s omelocations ,us edthe channels and bas insas 


s pawning areas .


Determining theLong-termProductivity of Cod


on His toricalAtlantic Cod Fis hingGrounds .Of


the 260 fis hinggrounds from the 1920sus edin


the s tudy(Rich 1929, Ames  1997), 92 were


beingfis hedpriorto 1880(Collins andRathbun


1887). All of the 1880sgrounds continuedto be


productive in the 1920s , though s everal had


reduced landings .Bythe 1980s ,64 of the 1880s 


grounds weres tillproducingcod,while26 inner


grounds of the 1880sreportedno cod.


The s afetyand effectivenes s  of motor-driven


technologies rapidly dis placedcoas talfis hing


ves s els  relyingon s ail.Their developmentmade


inner grounds very acces s ible in winter and by


the 1930s ,theyhadbecomethe favoredfis hing


groundsof two new fis hingtechnologies ,otter


trawlers andcoas talgillnetters (Alexander1914; 


Ames  1997). Their introduction, combinedwith


the cumulativedepletionof anadromous  forage


s tocks caus edby damsandcoas talindus trializa-

tion (Baird 1883), were major factors  in the


demis eof the coas talcodfis hery.


Evaluationof 1920sSeas onal Dis tribution. In


s pite of their wide dis tribution, Atlantic cod


werepres enton mos t1920sfis hinggrounds  for


only a few months of the year. Of the 260


grounds s urveyedduringthe 1920s ,only60 were


year-round fis hinggrounds (Figure2b). All but
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17 were deeper, offs hore grounds  with no 

reporteds pawningactivity.Mos t of the remain- 

ing 200 groundswere cod groundsfor two 

s eas ons  of the yearor les s . 

Of the 88 grounds reportingcod in winter 

and 161 grounds reportingin s pring,54% had 

very goodcod fis hing.It s eems likely that the 

Gulf of Maine'sfall ands prings pawnings eas ons  

may have influencedthes e res ults .Fis hermen


foundfewergrounds with goodfis hing(RA=3)


in s ummerandfall (38% and41% res pectively),


s ugges ting that Atlantic cod were more dis -

pers edafters pawning.The total numberof cod


fis hing groundsand number of groundswith


goodfis hingwere s ummarized for each s eas on


(Table 2}.


Identifyingthe Seas onalMovements of 1920s 


AtlanticCod. Migrations and local movements 


were bas ed on s eas onal s hifts  of 1920s  cod con-

centrations  among fis hing grounds . Thes e 

occurred on both s ides  of the Gulf of Maine


(Figure6a) and agreedwell with recenttagging 

s tudies(Perkins et al. 1997;  Hunt et al. 1998). 

To avoid confus ionin the current article, move- 

ments  refer to cyclic movement patterns  

betweenthe winter grounds of oneof four large 

concentrations of cod and his toricals pawning 

areas  lying nearby while migrations refer to 

large-s caleRA movementpatternsthat extend 

beyondthe winter grounds . 

Winter, the Winter Buffer Zone, and the


Separation ofIns horeandOffs horePopulations  In


winter a continuous band of fis hing grounds ,


s andwiched between the coas t and Cas hes 


Ledge and extendingfrom north of Jeffreys 


Ledgeto GrandManan Bank,wasabandonedby


Atlantic cod.This  appears as a zones eparating


ins horeand offs horepopulations(Figure 3d).


The 1920s  buffer zone included more than 14


cod fis hing groundsthat were productivefor


much of the year,but had no cod landingsin


winter. At the s ametime, goodwinter codfis h-

ing was  reportedon either s ide of the buffer


zone.


The 1920s  winter buffer zone is  s ignificant


becaus eit provides evidence of a s eparation


betweencoas talcodand offs horecodprecis ely


at the time of yearwhenmanyAtlantic codare


foundclos eto their s pawninggrounds and s ug-

ges tsthat fis hing groundsin the winter buffer


zoneweres eas onal feedingareasthat had been


abandonedass pawnings eas onapproached.


His toricalAtlanticCod Migrations  in theGulf


of Maine. When movement patterns  between


bordering fis hing grounds in the GOM are


viewed as  a whole, the direction of his torical


migrationsare evident. Offs horeconcentrations 


of 1920s Atlantic cod in the GOM generally


migratednorth in s pringands outhin fall, while


innercoas tals helfcodgenerallyhadins hore-off-

s hore movement patterns  (Figure 6a).


N


67


Figure 2b. Year-round


Atlanticcodgrounds 


located offs hore had no


s pawningactivity.
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Movementsand migrationsamonghis toricalfis hinggrounds  

werein agreementwith recenttaggings tudies  (Perkinset al. 

1997;  Hunt et al. 1998). 

Dis cus s ion


DeterminingSpatialFeatures of 1920s AtlanticCod Stock


Structure: Gulf-wide overviews  were cons tructed to track s eas onal


s hifts in codavailability(RA) in aneffortto evaluatefine-s cale 

populations tructures  in the Gulf of Maine


grouping.The overviews  revealedhow vari-

ousparts ofthe 1920s grouping functionedas 


a s ys temwhen the s tockwas robus t.This 


allowedthe interactions of variouspartsof


thes ys tem to bes tudied in detail.


Wis e (1963), during his  characteriza-

tion of the Gulf of Maine grouping,


detected s maller population components 


that he des cribed as  s ubdivis ions . The four


large winter concentrationsof Atlantic


coddis tributedalongthe coas tals helfwere


as s umed to be thos e s ubdivis ions  inhabit-

ing the s tudy area. Further examination


s howed that s ome cod concentrations  in


the s ubdivis ionmigrated s eas onallyand


returnedto the s ames pawningareas annu-

ally, while others  s tayed nearby. Local


s hiftsof non-migratingcodin eachs ubdi-

vis ion between the winter groundsand


s pecificlocal s pawninggroundsrevealed


s everal areas  where cod behaved like


s pawning components and local s tocks 


(SmedbolandStephens on2001).


Subpopulations : Eachs ubdivis ion haddis -

crete migration corridors , local cyclic


movements  to andfroms pawninggrounds ,


nurs eryareas ,andwaspartiallyis olatedby


bathymetry.The four s ubdivis ions  identi-

fied in the s tudywerecompos edof clus ters 


of s pawningcomponents or local s tocks .


That is ,theyfunctionedass ubpopulations  

(Table 3).


This  clas s ificationwas furthers upported


bythearea-s pecific natureoftheirdepletion,


the co-extinction of s everal 1920s  coas tal


s pawningcomponents as s ociatedwith the 

los sof anadromous  forages tockss uch as 


alewives ,the demons trationof local, long-

term reproductivecapacityfromcorrelation


of 1920s s pawnings iteswith 1977-1987cod


eggdis tributionpatterns ,and validationof


1920shis toricalmigrations and movements 


fromtworecenttaggings tudies  in eas ternand


wes tern Gulf of Maine.


Several features  were common to Gulf of


Maine s ubpopulations . In winter,codgath-

eredinto majorconcentrations  (Figure3d)


via s eparatemovementpatterns (Figure6b).


Eachs ubdivis ionoccupieda relativelydis -

tinctregiononthecoas tal s helfthatappeared


to bepartiallys eparated fromtheothers bydeeperbas ins . s ub-

populations hads everals pawninggrounds  (Figure2a), nurs ery


areas ,and a s eas onalmigrationcorridorabuttingits  winter


grounds . Migrationcorridors  ledawayfromthe wintergrounds 


following localbathymetryandin s omeins tances , involvedthe


ridges ands wells s eparating themajorbas ins  (Figure6).


Significantnumbers ofAtlanticcodals oremainoffs horedur-

ings pawning s eas on. Theyarefoundin largenumbers  allyearon


theCas hes Ledgecomplexandthe ris es ands wells  rimmingthe


Figure3a. Thedis tribution of Atlanticcodandrelatives ·zeof theirconcentrations  ·ns pnng


isdis played asa colorgradientof fis hinggrounds .


Figure3b. Thedis tributionof Atlanticcodandrelatives izeof theirconcentrations  as relative


availability (RA)values  ins ummer isdis played asa colorgradientof fis hinggrounds .


Summer cod


Mt.Des ert Is landMacbias  Bay


N o · I·nao
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Gulf'smajorbas ins , making themveryproductive fis hinggrounds  

(Figure2b).Rich(1929)des cribed thes eareas asbeingmigration 

conduits andfeedingareas  forAtlanticcod.No his torical reports  

ofripecodwerefoundfortheoffs horeareas andthe l l-yearcod


eggs urveybyBerrienandSibunka (1999)foundbutas ingleks o-

lated s pawningevent near the ridge s outh of Fippinies . 

Movementpatterns s upport their functionas feedingareas for 

reproductively res tingcodfrombordering s ubpopulations . 

Spawning Components  /
LocalPopulations .
Us inga lis tofcri-

teria from available 1920s  data (Table 4), 16 his torical


s pawningcomponents weretentativelyidentifiedamongthe 4


s ubpopulauons . Identification was  limited to areas  where


Atlantic cod concentrations  remainedin the s ubpopulation's 


areaall yearands eas onal s hifts betweenwinterfis hinggrounds 


anda s pawninggroundwereobvious .This  providedevidence


that Atlantic codwereus ings pecifics pawningareasin
 each


s ubdivis ion.All are des cribedas s pawningcomponents , even


thoughmanys pawninggrounds  in theeas t-

ern GOM once active in s pringare now


inactiveandmayhaveinvolvedlocalpopu-

^·
 lations  that are now
extinct.


F,,· The
territory andmovement patterns  of

· -·


·3-4 '· - ·'" two typicalhis toricals pawningcompo-

Bas ins  Mr. Des ert Is land Mathias  Ba..· · ·


··ig3·,·! ·.·.: e·ffnn·as · nentsfromthe Midcoas ts ubpopulationare

ø
 s hown;  an extinct, inner wes tern


Penobs cot Baycomponent that s pawnedin


"P·cuøs ; ; ·J2; ·; s cøtBav l·j
,I··" / · s pringanddis appeared in the1940s ,and a

· recentlyactives pawningcomponentof


·c·:,,·%·.·t·l· ff ß · outereas tern Penobs cotBay that s pawned


') inthefall(Figure 5).


Concentrations  of eas ternPenobs cot Bay


*'· .· I)' ß'.' ". · ß $r Atlanticcodreturned fromtheiroffs hore 

'· _.(·_ · · I ' ·I'. I·)' Jordan Ba·n


·-·'·'·li · · ·- · · s ummer grounds  inthe falltos pawn on


/ Bowdies  andGravelly (s outhof Matinicus

%'·I '· ' ·1· Seal Is land)where theyremained through


t .__2 ·), · ·(·l)a!·lllt s pring.Simultaneous ly,theinnerwes tern


a"·.· * Penobs cotBays pawningcomponentmoved

· Truxton9well ··
 viaGreen Is land Ridge, togrounds 
north of


w·.-· Matinicus  and Seal
Is land
where they


remaineduntils pawning
in latewinter/early

Figure3c.Thedis tribution ofAtlanticcodandrelative s izeoftheirconcentrations  asrelative


availability (RA)values  infallisdis played asa colorgradientoffis hinggrounds .


Figure3d.Thedis tribution ofAtlanticcodconcentrations  inwinterandrelal]ve s izeoftheir


concentrations  isdis played asacolorgradient offis hing grounds . Theunoccupied codgrounds  in


the Winter Buffer Zone are als o identified.


s pring.Bys ummer, bothcomponents  leftthe


Penobs cot Bayareafortheirs ummergrounds 


wheretheyremaineduntil fall.


The GOM demons trates  a remarkable


variationin s pawning timesof Atlantic cod,


withs pawning occurring allyearexceptmid-

s ummer. From1977-1987, thewintergrounds 


of his toricals ubpopulations were us ually


s pawnings ites  in the fall (Berrien and


Sibunka1999).Additionals pawning compo-

nents us ed inners pawning areas  in s pring.


The Interactionsof His torical GOM


Subpopulations  and SpawningComponents .


Recents tudies havegivenins ightinto ways 


his torical s ubpopulations  ands pawning com-

ponents  interacted during s eas onal


migrations . The wes ternGOM s ubpopula-

tion, for example,is  the mos trobus tof the


Atlanticcods ubpopulations  (Figure8) andis 


dominatedbyIps wichBay's his toricalwinter


fis hery fors pawningAtlanticcod(Earll1880; 


Bigelowand Schroeder1953). With large


concentrations  of codappearing in Ips wich


Bayto s pawn, it hasalways s eemed logicalto


as s umethat other coas tals pawningareas 


werenot s ignificant to eitherthefis heries of


wes ternGOM or Ips wichBay(Bigelowand


Schroeder1953).His toricalmigrationcorri-
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dors appeared tobes imple trans port corridors mov- 

ing pre-s pawning ands pentfis hto and fromthe 

twomajors pawningareas .However, that explana- 

uonno longers eems adequate. 

Atlanticcodmigrations  to Ips wichBayappear 

tobemuchmorethans imples pawningmigrations . 

In fall,Atlanticcodtagged in the Sheeps cot Bay 

region(Perkins etal. 1997)weres hown to migrate 

progres s ively clos erto Ips wichBay,where they 

werecaughtduringwinter.Theys ubs equently left 

Ips wich Bay in s pring and returned to the 

Sheeps cotarea.The Perkins s tudys howedthat 

Sheeps cotBay cod contributeds ubs tantially to 

Ips wich Bay's winter cod fis hery,though the 

revers e has  not been es tablis hed. This  would have 

madeIps wichBaylandings  in winterappearmis - 

leadingly large. 

Berrienand Sibunka(1999) reportedthat 

s pawning events in theSheeps cot areawerecom- 

monin MayandNovemberandin Ips wichBay,in 

March-April,confirminghis toricalobs ervations  

(Earll 1880;BigelowandSchroeder1953).Spring 

s pawning occurs  in Sheeps cot Bays pawning areas 


asAtlanticcodarrivefromIps wichBay(Perkins et


al. 1997).Spawningals ooccurs  in latefallonouter


Sheeps cot s pawning areas afterthe s pring-s pawn-

ingcodhavemigrated, andindicates  twos pawning


components  coexis ted in theSheeps cot area.


By s pnng, Ips wich Bay cod had finis hed


s pawningandwereleavingthe Ips wicharea,d·s -

pers ingnorthwardaspartof a feedingmigration


(Bigelowand Schroeder1953).Yet, Sheeps cot


Baycodreturning fromIps wichBaywereontheir


s prings pawningmigration to Sheeps cotBay


(Perkinset al. 1997). The migrationpatternis 


exactly oppos itethat of Ips wichBay cod and


des cribes  the mixingof s pawningcomponents  in


thewes terns ubpopulation.


However,their s eas onalmigrations coincide


with s eas onalmigrations of Atlantic herring


(Clupea harengus )(Rich 1929;  Bigelowand


Schroeder1953),rais ingthe pos s ibility that the


purs uitof m·grating forages tocks are involvedin


the revers emigrationof Sheeps cot Bay.Cod are


Figure4. Sequential movements  ofAtlanticcodconcentrations  intheWells Bayareaares hownastheymove froms ummer fis hinggrounds  to


thos e us ed in fall.


A B


·v -' SacoBay


/·Sum-fall move


Summer cod


0


1-2


] Ifis hing grnds 


Wells  Bay


Wells  Bay


s  - · Wells _ Bay ("
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oneofthethreemajorpredators  ofAtlanticherring 

(ColleteandMacPhee2002)andduringthe 1920s , 

both s pecies overwintered in Ips wichBay (Rich 

1929;BigelowandSchroeder 1953).Boths pawning 

components migratedwith herringin s pringand 

fall,res ulting in ones pawningcomponentbeingon 

as pawningmigrationwhiletheotherwas onafeed- 

ing migration. 

This  would not be unus ual. Coas tal Atlantic 

codals ous ed toco-migrate ins pringwithalewives  

(,Alos a ps eudoharengus ) and blueback herring 

(,Alos a aes tivalis ) astheyreturned tos pawn in natal 

riversand s treams  (Baird 1883). Bairdreported


that the los s of thes eforages tocks hadtriggered


thecollaps eofthecoas talcodfis hery (Baird1883) 

and the abandoningof s pawninggrounds  lying 

clos e to rivers . 

Sucha patterns ugges ts  that Atlantic herring 

ands imilarforages tocks mayprovidethe impetus  

forAtlanticcodmigrations  andopens  thepos s ibil- 

ity that codare "programmed" to arriveat their 

s pawning areas viatheirpurs uitofaparticular for- 

ages tocks haringa commonmigrationcorridor.


The dis appearance of local anadromous  forage


s tocks and the dis appearance of nearbyAtlantic


cods pawningcomponents wasa coincidence that


occurred in s everal areas  (Figure9), s ugges ting that


thetraditionalmovementpatterns andarrivaltimes 


of Atlanticcodmayhavebeendis ruptedat their


inners pawninggrounds whentheforages tockdis -

appeared. If s o, the res toration of coas tal


populations  ofAtlanticherring,alewives , andriver


herringmay als obe importantto res torationof


coas tal Atlantic cod fis heries .


Further Is s ues 


While the s tudyhasdemons trateda relation-

s hip between his torical and recent s tock


components ,s everalis s ues challengethe rela-

tions hip's validityandmus tbeaddres s ed.


Should inferredmovements  ofcods tocks beus ed


to make conclus ions  about s tock s tructure? The


s tudywasbas edon the hypothes is  that if Gulf of


Maine cod concentrations  could be tracked


Figure5. Localmovement patterns of AtlanticcodofthetwoPenobs cot Bays pawning components movedalongdifferentcorridors , occupied


differents pawninggrounds ,ands pawnedat differenttimes of year.Cas hes Ledge lies s lightlys outh(bottom)of thefigure.


Win,r= A /·Wnt-s prmoves  B 

'·l'FI-wr· moves  4


1-2


ß 3-4 { Spr-s um moves 


ß Cod s pawring grads  Cod s pawning grnds 


Eas ins  ,A {


i
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through the year, the location of population 

components  in the groupingcouldbeidentified 

fromtheir behaviorandmovements .Us ingthe 

Atlantic cod's tendencyto home to s pecific 

s pawningareas ,s pawninggrounds of the period


wereus edaspointsof originfor identifyingand


trackingcodconcentrations .


The protocolfor trackingconcentrations of


Atlantic cod infers  that they move cons erva-

tively;that is ,theymovefromonefis hingground


to the neares tborderingfis hinggroundoffering


appropriate conditions  and habitat. Thes e 

s equential movements  along fis hing grounds  

havelongbeenrecognized andexploitedbyNew 

Englandfis hermen,particularlyin wes ternGulf 

of Maine. In fact, the inferred his torical move- 

ments  agreedwith the res ultsof the Perkins  

taggings tudy(1997) andthe Hunt taggings tudy 

(1998) confirming the methodologyus ed to 

identifymovementpatterns . 

Table2. Thenumberof 1920fis hinggrounds withlandings of Atlanticcod.


Winter Spring Summer Fall Year-round


tf Grounds  with cod: 88 161 117 134 58


Goodfis hingorbetter: 54% 54% 38% 41% 22%


Table3. Gulfof MaineSubpopulations  ofAtlanticcod*.


1. TheWes terns ubpopulation occupied thecoas tal s helffromnorthern


Mas s achus etts  BayandIps wichBayto thevicimtyof Sheeps cot Bayand


includeds ixs pawningcomponents .


2. TheMidcoas t s ubpopulation inthe Penobs cot Bayareaoccupied thecoas tal


s helffromMus congus Bayto JerichoBayandincluded fours pawning


components .


3. TheDowneas t s ubpopulation inthe Mt. Des ert Is landareahadthree


s pawningcomponents  dis tributed fromMt. Des ertRockto PetitManan.


4. TheBayof Fundys ub-population hadthrees pawningcomponents and


includedcodfromPas s amaquoddy Bayto theWNW Rips andpos s ibly


German Bank.


* Similar behavior was notedouts ide thes tudy area,particularly inMas s achus etts  Bay. However. s eas onal


movementpatterns  inMas s achus etts  Bays howed thatcodconcentrations  movedeas tands outhof


StellwagenBankandouts ide thes tudyarea.Onlytwos malls pawning areas alongitsnorthernedge


appeared to havecodthatmovednortheas tms pringandreturned fromthe northmfall.


Table4. Criteria foridentifying his torical s pawning components  ofAtlanticcodintheGOM*


1. Wintergrounds wereproximal to coas tals pawningareas .


2. Spawningareasbordereddeeperchannels or bas ins .


3. Atlanticcodconcentrations  werepres ent inthe generalareaallyear.


4. Codconcentrations  couldbetrackedbetweena s pecifichis torical s pawning


groundandlocalw·ntergrounds durings pawnings eas on.


5. RipeAtlanticcodwereconfirmed to havebeenpres ent inthe s pawningarea


durings pawnings eas onbytwo or moreindependentobs ervers .


6. Spawninggrounds hadappropriatedepthsands ubs trates .


* Theabovecriteriawerederived fromparameters  avadable from1920s dataandarenotintended to


replace today's morerigorous criteriadefiningcodpopulations .


Should s ubdivis ions  ofAtlanticcodin theGulfof


Maine groupingbe des cribedas  s ubpopulations ?


The four largeconcentrations of 1920scoddis -

tributed in different s ectionsof the s tudyarea


were identified as  the s ubdivis ions  mentioned in


Wis e's  characterization of the Gulf of Maine


grouping(1963). Depletion patterns indicated


that the number of cod in a s ubdivis ion did not


vary with reductionsin other s ubdivis ions and


bathymetricchartss howthe s ubdivis ions  to be


partially is olatedfrom each other by deeper


bas ins .Each areacontaineds pawninggrounds ,


nurs eryareas ,and s eparatemigration corridors .


Thes efeaturesare not characteris ticof migrat-

ing,pandemicpopulations , but arequitetypical


of dis cretepopulationunits . They are, in fact,


characteris ticof s emi-independent,s elf-repro-

ducinggroupswithin a larger populationthat


undergolimited exchanges within a population


(SmedbolandStephens on2001).


Clos er examination revealed the s ubdivis ions 


were compos edof s everalbodies of cod that


demons trateds eparatecircular movementpat-

terns  linking local winter groundsto s pecific


locals pawningareas ;that is ,theyfunctionedas 


an as s emblageof s pawningcomponentsus ing


s eparates pawninggrounds  in theareaof agiven


s ubdivis ion.Berrien and Sibunka (1999) have


reportedrecent s pawningactivity on many of


thes eareas ,indicatingtheir continuedactivity.


While it maybethat s ubdivis ions  arebuts ingle


s pawningcomponents  amongoneor morelocal


s tocks ,their behavior within the groupingis 


bes t des cribes  as  that of s ubpopulations 


(Smedbol and Stephens on 2001). In the


abs enceof objective s tudiesthat differentiate


betweenborderings pawningcomponents , the


evidences eems pers uas ive that s ubdivis ions are


s ubpopulations  of the Gulf of Maine grouping.


Accuracyof charts andnavigation techniques  of


theperiod.Much of the data us edin the s tudy


predated electronic navigation. Prior to its 


development, fis hermenlocatedfis hinggrounds 


us ings extantor compas s bearings anddis tances 


fromknownlandmarks .They wereableto come


clos e to a given fis hing ground us ing either


method, but to confirm their location fis hermen


had to s amplethe s ubs trateand depth in the


areawith a s oundingleaduntil they foundthe


right s pot.Greas es tuckon the bottomof the


leadprovidedthem with a s ampleof the ocean


bottomaroundthe fis hingground.


Periodfis hermenrepeatedlyreturnedto the


s amefis hinggroundbyfollowingthe s amenav-

igation ins tructions  and correlating bottom


characteris tics with knownbathymetricdes crip-

tionsof the ground.While mos tfis hinggrounds 


identifiedin the s tudycouldbe readilyfound,


theprecis e locationofs omegrounds was limited


by the accuracyof bathymetricinformationon


modern NOAA charts .
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Bias andHis torical Fis hery InXormation. Different 

fis hingmethodologies  generatedifferenttypesof 

information,makingit importantto evaluatedata 

carefully.For example,the prevailingtechnology 

priorto 1930was s tillhookandlineincoas talGulf 

ofMaine,whichcaughtonlyforagingAtlanticcod. 

When fis h refus edto bite baited hooks ,fis hermen 

couldonlyas s ume therewerenocodinthearea,for 

theyhadno otherwayto confirmtheirabs ence. 

However,this  unintentionalbiashas provideda 

convenientwayto locatethemajorforagehabitats  

of Atlantic cod and identifythe times  of year 

Atlanticcodwereforagingoneachs ite. 

By contras t, information about s pawning 

Atlanticcod,whichareles s  inclinedto feed,gen- 

erallycamefromfis hingmethods not relyingon 

feeding behavior. Predictably,mos t s pawning 

groundinformationcame froin interviewswith 

ins horeotter trawlerfis hermenof the 1930s ,1940s , 

and 1950s  that had once targetedcoas talcod 

s pawningaggregations . The adventof the otter


trawlwasthefirs ttimecods pawning aggregations 


hadbeenvulnerable tofis hinggearons ucha large


s cale.Earlyottertrawlers generally towed theirnets 


ons moother bottomthanthatus edbyhookfis her-

menandbecaus e theyweremobile,oftencouldnot


tell exactlywheretheycaughtfis h,eventhough


cleaningthecatchallowedthemto identifywhen


fis hwerefeeding, fas ting,or s pawning. The rapid


collaps eof coas talcod s tocksexpos edto otter


trawlingmayhavedemons trated thegreats us cepti-

bility of ins horeAtlantic cod to that technology


(Ames  et al. 2000).


Migrationpatterns oXthe 1920smayhavebeen


trans tent events . Fis hermen oftenrefertomigrations 


and local movements  of Atlantic cod and while


taggings tudies haveclarifiedcod movements  in


s omeareas(Perkinset al. 1997;  Hunt et al. 1998),


thepers is tence andfine-s caledetails of codmove-

mentsin the Gulf of Maine have beenpoorly


Figure7. Recentcodeggs urveys  confirmthat manys pawningcomponents of his torical Gulfof Marnes ubpopulabons  ares tillacbve
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unders tood. It is pos s ible thathis toricalmovement 

patterns mayonlybevalidforbriefperiods , making 

a comparis onwith recent movement patterns  

unjus tified. To tes tthishypothes is , 1920s s eas onal 

migrattonpatterns ofAtlanticcod(Ftgure6) were 

compared to the res ults of recenttaggings tudres  

(Perkinset al. 1997; Hunt andNells on 1993; Hunt 

et al. 1998). 

The comparis ons howed that his toricalmigra- 

tions  of Atlantic cod occurred in the s ameareas , 

duringthe s ames eas ons , andwith fis hmovingin 

the s amedirectionas in recentmigrations .The 

tes t confirmed that the s ame migration routes  

havebeenfollowedfor morethan a centuryand 

reflect long-term res pons es of Atlantic cod to 

underlyingecologicalfactors .This  refutes the 

argument that Atlantic codmigrations weretran- 

s ienteventsthat varieds ignificantlyin time and 

place.To the point, hts toricalmovementpat- 

ternsmaybeus efulin identifyingthe movements  

of today's Atlantic cod populations when they 

occur in the s ame area. 

Concernexis ts  thatcoas tal s pawning components  

ofAtlanticcodhavedis appeared andmaybeextinct, 

makinghis torical comparis ons  moot.If the his tori- 

calcoas tals tocks of Atlantic codno longerexis t, 

comparis ons  of their behaviorpatternswith the 

behaviorfoundin today's s pawningcomponents  

would be irrelevant. 

To tes tthis ,the followingextinctionhypoth- 

es is  was  developed: becaus e s pawning 

components  ofs ubpopulations  returnto thes ame 

s pawninggroundeachyearto reproduce,no ripe


fis h or early s tagecod eggswould be found


aroundhis toricals pawningareaswheretheywere


extinct.If theys tillexis t,ripeadults andcodeggs 


would be found on the s pawningareasduring


s pawnings eas on.Bycorrelatinghis toricals pawn-

ing groundsand/or pre-s pawmngaggregations 


with recentcodeggs urveys , grounds havinghigh


dens itiesof cod eggswould indicate a continued


pres enceof Atlantic cod populationsand als o


give s upporting evidence that homing by


Atlantic cod occurs  in the Gulf of Maine.


Recent GOM cod egg dis tribution patterns 


(BerrienandSibunka1999) wereplottedonGIS


andtheir locations werecomparedwith the loca-

tions  of his torical Atlantic cod s pawning


grounds  (Figure7). The comparis ons howedthat


1980s  GOM areas with high-dens itiesof cod


eggs  in the fall werethe his toricals ubpopulation


winter grounds . In s pring, s everal his torical


s pawninggroundsals owere active, confirming


the pres enceof continueds pawningactivity by


s omehis toricals pawningcomponents .However,


mos ts pawningeventsweres mallandinfrequent,


indicatingtheir depletedcondition.


Approximately40 of the 90 his toricals pawn-

ing groundshad neither commerciallandings 


nor evidence of s pawningduring the l 1-year


s tudyof BerrienandSibunka(1999) andappear


to beextinct. This  repres ents a s ignificantreduc-

tion in the GOM's  reproductivecapacity and


coincides with a gradual, long-term depletion
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markedby largefluctuationsin landingsof the 

fis hery,particularlyin eas ternGOM. 

Depletion andrecovery patterns  ofs pawning com- 

ponents . Bythe late 1940s ,coas tals ubpopulations  

weredepletedorcollaps ed (Maine Dept.Seaand 

Shore1947).Mos tof thes pawninggrounds aban- 

donedduringthis  periodwere found in coas tal 

waters betweenCas coBayandthe Bayof Fundy. 

Many 1920ss pawningcomponents characterized 

in the pres ents tudywere as s ociatedwith thes e 

inactive s pawninggrounds(Figure 9). Active 

s pawnings itesaredefinedas thos ethat ares pa- 

tially coincidental with the egg dis tribution 

s tudies of Berrienand Sibunka(1999). 

Spatialcomplexityin Atlantic cod,thedis tri- 

bution of s pawning components , has  been 

hypothes ized to be a functionof oceanographic 

proces s es  duringeggand larval s tages (Sinclair 

1988) andres ults  in s everaldifferentpopulations  

with s eparates pawningareasand dis creteegg 

and larval dis tributions . In a review of within- 

s pecies divers ity, Smedbol and Stephens on


(2001) obs erved that codandherringhavecom-

plex population s tructuresin the Northwes t


Atlantic with multiples ubpopulations  and that


managers haveoftenfailedto preventthe los sof


s pawningcomponents  in thes eheavilyexploited


fis heries .They concluded that s patialpopulation


s tructureanddynamics maybe importantto the


maintenance of s uch fis heries  and recommended


that fine-s calepopulations tructurebepres erved


until "the weightof evidences ugges ts  that it is 


not of ecological s ignificance."Frank et al.


(1994) attributed the collaps eof the Sable-

Wes tern Bank s ubpopulationto a dramatic


increas ein exploitation and concludedthe tar-

getingof s pawningaggregations  res ultedin los t


reproductivecapacitythat led to the s ubpopula-

tion'scollaps e.


At leas t three human-induced factors  con-

tributedto thecollaps eof Atlanticcods pawning


components in the GOM--the increas edeffort


Figure9. Theabs ence of codeggs onhis torical s pawning grounds  reveal thelocation ofabandoned s pawning grounds  andlos ts pawning


components Circledareas identify inactives pawningareas .
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fromtheintroductionofottertrawlingandgillnettingin coas tal 

waters , thepollutionofcoas tal nurs erygrounds , andthedes truc- 

tionofanadromous  forages tocks bythecons truction ofdams . 

Foremos t among thes e factors mayhavebeenthetargetingof 

Atlantic cod s pawningaggregations  as  they 

gatheredin coas talbas insand channels  inwin-

terbycoas tal ottertrawlers andgillnetters  after 

theirintroduction duringthe 1930s and1940s . 

Fewfis hermenoftheperiodares tillalive,but 

thebrieffis hingbonanzas  des cribed indifferent 

coas talareas werepredictably s imilar(Ames  

1997).Morerecentcollaps es  ofs ubpopulations  

wereconcurrentwith refinements  in fis hing 

electronics  andtechnology thatallowedgreater 

exploitation ofbottomhabitats . 

A s econd factormayhavebeenthewides pread 

degradationof coas tal nurs erygroundsand es tuar-

ies  by indus trial pollution from rivers and 

s treams  in areas s uchas Penobs cotBay (Ames  

1997). Though res toration efforts  have 

improvedwaterquality,codandothercommer- 

cial s pecies  have not repopulated their 

abandonedareas ,leaving open the pos s ibility 

thatextincts pawning components mayhavebeen 

dis cretepopulations  adapted tothos e localities . 

Forages tockss uch 

as  alewives  and blue- 

backs  were los t when 

dams  were built to


powerNew England's  

factories , and caus ed 

However,unlikethe Sable/Wes ternBanks ubpopulation, deple-

tion of coas talGOM es capeddetectionbecaus es ys tem-wide


as s es s ments , thebas is  forcurrentmanagement s trategies , cannot


detectthegradualeros ionofs pawning components . If, forexam-

ple, one as s umes cod abundanceto be


equivalentamongthe four s ubpopulations ,


eachwouldproduceabout25%of the annual


GOM landings .The collaps eof a s ingles ub-

population would caus e a comparable


reductionin landings .Sincethe confidence


limits  of typicalgroundfis has s es s ments  are


als oin the rangeof 25%, it is probablethat


the collaps eof a s ingles ubpopulationwould


be undetected.However, if two or more s ub-

populations  collaps ed, annuallandings would


bereducedbymorethanhalf (Midcoas t,Eas tern,


and Bayof Fundys ubpopulations  wererecently


depleted).


This  s implecalculationidentifiesthe geo-

graphical character of s ubpopulationsand

s pawningcomponentsas  a pivotal factor in


rebuildingandmaintainingGOM s tocks at high,


s us tainable levels .It als opointsout the cons e-

quences on a fis herywhen management relies 


primarilyon s ys tem-wide as s es s ments . Smedbol


A joint collaborative cod tagging s tudy coordinated by the Gulf of


Maine Res earch Ins titute and involving Canadian and American


fis hermen, Canada's  Department of Fis heries ,and National Marine


Fis heries Service is  currently under way. Tag returns  in the next 

s everal years  are expected to reveal more details  about cod 

and Stephens on(2001)


have s ugges tedthat


managing s ubpopula-

tions  and s pawning


components  onthebas is 


of their geographical


the cod that purs ued 

them to the mouths  of 

riversands treams  to dis appear, triggering thecol- 

laps eofthecoas tal codfis hery (Baird1883). 

The combination of los t forage s tocks , 

degradationof nurs eryhabitats , and directed 

fis hing on coas tal s pawningaggregations of 

Atlantic codappears  to haveoverwhelmeds ub- 

populations  and caus ed s everal coas tal 

s pawning components  to dis appear. 

Maintenanceof remainingAtlantic cods pawn- 

ing components ,s pawningareas ,and nurs ery 

grounds s eems critical to recoveryif a robus t,


s us tainable fis hery is to bere-es tablis hed. 

ManagementPers pectives .In s pite of


peaksin productivity,the gradualdecline 

and collaps eof the coas talcod fis heryin


mid-coas t and eas tern GOM has  been con- 

currentwith the dis appearance of ins hore 

s pawning components  andtheextinctionof 

his toricalcoas tals pawninggrounds . Active 

s pawninggrounds  in thes tudyareafellfrom 

90 in the 1920s  to no more than 46 in the 

1980s ,withmanyof the remaininggrounds  

population s tructure and movement patterns . 

character would addres s 


s uch los s es . A s ound


approachperhaps  lies in the directionpropos ed


byWils on(1997), whos tatedthat decentralized,


hierarchicalmanagement unitsequivalent to the


·, s caleof the Atlantic cod'spopulations tructure


·'·-'- would bemore effective. Heconcluded that (1)


organizinga decentralized fis heries management


s ys temand (2) creatingindividual incentives 


· thatarecons is tent withthegoalofs us tainability


·>isbes t achieved through local authority overeco-

· logicaleventswhos e impacts ares trictlylocal.


The pres ent s tudy s ugges ts  that s ubpopulations 


, are an appropriate management unit to minimize

furtherlos s es  ofs pawnin)·omponents  while


rebuildingthefis hery. 
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exhibitingonly s poradicactivity (Figure 9). Mos t los s es  

occurred in the threeeas terns ubpopulations . 

Similarlos s es  in reproductive capacity fromcollaps ed s pawn- 

ing components were noted in the collaps eof the heavily 

exploitedSable/Wes ternBank s ubpopulation (Frank 1994). 
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