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SUMMARY

Dats publishod on silver huko in tho NAFO Divigions
AVWX ureu, wore umod: ocatoh, offort and ocateh por
unit offort (Spuc); acmponition by ugo/yours, brocd-
ing und fooding. 4n unulyeis wus mudo uloo of the
abundunce of othor speolon und tho ubiotio fuctoro

In the arou. No clour-out linoal relations woro =
found to oxiot botwoon tho opho und offort, wlth oeo-
logioul implicutions. The rocrultmont of tho allver
huke hus undorgone variationo sinco 1953: uround

1967 und 1976. Cunnibuliom in not tho fundumontul re-
gulation fuctor for thoe recrultment of this opacloo.
Tho fundumental fuctors roguluting recruitmont und,
conooquontly, influonoo grocily ubundance, are: tho
abundunoe of madkorol and tho louding of tho Salnt
Luywronce river.

INTRODUCTION

Tho .allver huke 1o o voruciosus predator with a high
fighery valuo 1n tho Now Sootia rogion. Thip rogion
(NAFO Divioions 4VWX), progonto u vory complex hydro-
gruphy, influonced by the Labrudor river curront and
tho Saint Lawronco riwer inchoro, and the Gulf curront

in ity offghore limit, in the oppouito sonso {Pig. 1).

Numorous reseuarch 1n the uroa huve hoon conductod;

msvorthelens, not ail tho apoclos huvo booh eyptomstlo-
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ally studiod throughout tho yours, but a fuirly oom-
pleto survey oun bo mude of the fuotorn roguluting -
tho pilvor huke population in the arous and, thorofore,

tho fishory thoroof.

METHODS

Duta publishod on silver hokoe iIn the NAFC Divipionn
4VWX woro uwod: ocateh, offort und cutoh por unilt offort
{cpuo), (NAFO, 1963-83; Cluy, 1980); compooltion hy
ugo/yours (Cluy snd Boanlundo, 1980; Wuldron and Hurris,
1984); ourly muturetion oizo (Mari and Ramog, 1979);
opuwning und lurvae (Nookov ¢t al., 1982); ounnibuliem
(Bowmun und Michuolo, 1984; Cluy ot ul., 194) and -
fooding (Lungton, 1982; Bowmun und Mliohuolo, 1984; Vi-

nogrudov, 1584a).

Algo, tho abundunoo of othor opecivo in tho arva wae

anulyzod: Hollidoy {(197%, 1976 o and b); Andereson and

Puoiorkowoki (1980); Sineluir (1980); Bychop ot ul.
(1934); Larrufiotu (1984); Rowoll und Young (1984); und
fhu ablotle fuctoro whioh huve boon oxumingd theroin:
scoording to Surnlto and Suugkan (1967); Sutoliffe
ot al., (1976); Waldron (1933); Trites und Drinkwutor
(1934).

According to tho mothodology outlined hy Larrafiota
(1981), tho opuo wap anslyzed by usine tho culoulation
of tho indicoe of abundunecs mudo by Vdzquoez (1981), -
which dorivoo from u multiplicoutive medel und dovolops
u mothod of ubnulyels in the wsuvumption thut the vurianoce
of the outoh 1y proportionsl to o powor of tho avorugo
cutoh, Vizquoz and Larrufictas (1981} doscribe and uoe
thio method und provide a solutidbn to the prodlom of
working with difforont fiohing ratos; u ohuracioriotic

value for ocuch type of vomoel iu auloulutod.

Thin survoy extonds up to tho yeur 1976, und iv in-
tondod to anulyzo the first chuangeo ovccurod in this

fighory.




Chunges in recruitmont _
Nicholoon (1934) huo propogod a mﬁthod of study of tom-
porury varisblop which conoistn in culeulating tho ave-
rug vulus for sll the duta morlos, und thon proocod

to an annuyl culodlution of the oumuluytivo sum of de-

vigtiono with ragurd to tho svorum valuo.

The applieution of thig mothed to tho valuo of Roeruit-
mont in Fig. 2 will reoult in tho appouarunce of two po-
riode: ons oxtonding from 1968 until 1976, tho lino do-
ploting un wpwurd trond; in tho recrultment of thiu spo-

olog two poriode are thuo ochuructorized.

Aooording to Lurrufiota (1981), tho varistion of ono of
the parumoiors of the Stook-Roorultmont rutio boocomos
manifeet ao two linos of regrdesion 1n tho offori-ocpuo

ratlo appour.

Rogresoloncoocorning the milver huko huve boon oulou-
latod by rolutlng usnnually the date from opus and tho

offort mude thut yoar to the two proviouws yours.

Figuro 3a phows the rolutlon botwoon tho opuc and tha
fisching offort oo woightod by uolng dute provided by
Cluy und Bounlundo (1980); 1n Figuro 3b, instoad, tho
cutoh=und-offort datu ia uﬁua._thu luttor boing megsurcd
by Vdzquoz mathod (1981), und Vizquez und Larraflots -
{1981). Both figuroco show no logioul roluticn with ouch
othor, whothor simplo or doublo, ue any ono of the thoo-
rotlonl rogroopiono would have to ho nuauouurily docro-
aeing, and in tho figures the rogroscilons would bo ho-
rizontal and elightly incroweing, Thio muy bo duo to g
simultonoous varlution of both densoly=-indepondent gnd

denpoly-~dopondont fuotora.
Steok-Ragruitmont rolaidonn
Por tho otudy of ths Stook-Roorultmont rolatlon, Rickor' o

model (1958) hus boon uoed, ag per tho follewing oxproo-

pion:



R = A.S-Q‘BS

whoro:

R = pumbor of rvoruits augod 1 yeur in your t

S = numbor of opuwning biomuso in your t-1

4 = purumptor lp relution to the donooly-indepondent
mortality.

B = puramptor in'rolution to tho donvely-~depondont

mortality,

Tho broodors' populution hug boon cluimed to bo com-
pogod of all fioh nged 3 and moro yourso, acoording to

tho oarly maturation aize glven by Marl and Ramoo (1979).

The purumetero huvo boon odlouloutod by moans of the
rogrooaion corrooponding to thoe oxproculon dorivod

from Rickor' o modol:
log R - log S = log & - BS

Tho duta huve'beon doalt with in two anpnuul gorico
gocording to tho anulywls of variubllity of tho re-
crultmont by Nichelpon' p mothed (1984), und have aloo

~boon calouluted for tho totality pf tho sanhugl periocd.

Rogults are givon in Tublo 1 und Pig., 4. Tho abpolute

-vualue of thoso correlation ovofficionts 1w not wvulid,

ag 1t 1o kpown, but 1t 1o weood In this particulur ouso
to eotublich the compurimons botwoun rolutlons, for

which it 1o indood useful.

Canpibgliom

Sovorul uuthors (Cluy ¢t al., 1994; Bowmun und Michuels,
1984), huve chown thaot thio opooics, ue of ugy 6 yours
boooman highly predadory, und tho pooulbility exista -
thut cunnlbulism bocomeo u vory importunt or the moot
importunt fuetor in oompo nputory mortulity (donsoly-

dopondont).

In ordor to otudy the cannibuliem fuctor, Flg. 5 ohown
tho ralution botwoon tho biomuso of thoe gilver hako gt

ugp 6 or mores und tho reeruitment of tho following yoar.
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No wolation ut ull wao found. Other authmra (Lloomart
ot ul., 1985) ulthoﬁgh in anothor opooioo of hake und
shothor zono, found that eumniboliom uoffgats, through-
out tho youru,'thu compbeition by uge, bubt not tho to-
tul numbor of the populution . Concorning cunnibuylipom,
ont may clulm thut, yot bolng sn important factor, 1s

not primury in the nutural regulation of the dovilco.

Rodatdons to othor gpaoclag

In tgoklipg the probleom of rocruitment, 1t im noocpaa-
ry to oxuming tho feoding rate of tho fireot your inm an
indiroct'munnsr, rolating tho upuwﬁing biomung of =
othor spoolos to tho cutoomos of reeruitmont., It is
appuront thut 1f o significant nogative corrolution

in found butwoon tho ppawnlng blomugn of bhor vpocion
and tho reorultmont of oilver huko the following youar,
1t moang thut o nutritionul compotition munt huve tukon
pluco botwoon tho larvae and pootlurvas of both apu-
clon oF 'a doproduatlon with nogative offoets for tho
gurvival of the pilver huko during ito first Your -

of life. If, othorwise, tho oorrolution 1a pouitivo,
It will indicute that tho ova and larvac of tho othor
ospoclioo may have boon ocught, during thoe firet your

of 1ife, by tho milvor huko.

Tahlo 2 chowo tho dominunt ppocilos oomposing tho dist

of tho oilver huko (ineluding tho haks 1teolf), tho
mackorol boing foromont among thom. Tuhlo 3 shown

tho ocorrolutiovn coofficionts botwoon the biomuas or

tho ubundunos index of vurious apocios wund tho reoruit-
mont, the followlng your, of tho silvoer huko in tho
Divioion 4VWX, busod on duto provided by Cluy and -
Bounlunds (1980). Nono of thoso corrolution cuefficionte
la signifieunt, exoopt for the muckorel (P < 0.01)

{Flg. 6.

In otudying tho fooding of udult silvor huke, tho mu-
‘ckorol 1o found to bo tho mopt importunt proy. Thoro-

fore, tho growth ratoo and fooundity of silver hake ars
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houvily depondont upon thy populution donaity of tho
mackerol. Bosldoo, it follown from thio that tho oxlat-
onoo of u positive correlution botwoon the abundarcs of
maokorol und the reorunitmont of eilver huke, suggest
~ that tho ova und larvas of muokorol will beoomo ousy

proy for tho soilvor hako during 1lio firgt year of lifa.

On tho whole, tho ooologloal rooeoo of the oilvor
haoko lp olosely rolatod to tho ocologioul vrocomsp of
the muckorel.

Rolutions with abiotle fuetorp
Data on ablotie fuotors which havo. hoon providod

(Sarpits and Suuskun, 1967; Tritom und Drinkwutor,
1984; Suteliffo ot gl., 1976) do not soon to show,
cuaoh popuaratoly, o rolutiocn with the abundenco of gil-
vor hako, hor thore ocems to bo no ovidenco thut with
thope faotors brudictionu on rocrultmont ean bs mydo.
Wuldron (1983), ulso, fulled to provide olgnificunt
correlutions botwoon vurious ubiotile fuctors und the
abbondunco of gilvor huke. Novartheloen, an illustrua-
tivo compurison of tho louding of the Suint Luwrdnco
rivor and the roorultmont of this upoolep the follow-
ing your, shows g grout ocoineldonee botwoon both va-
riablos (Plg. 7).

Suteliffo (1972, 1973) hos also found positive corro-
lations hotwoen tho loadlng of the Saint Luawrenee ril-
vwor and tho regional ocuteh of olym, Amoriogn lobgtor and
Atlentlo hglibut, an o rosult of tho rine in the gmount
of putrionts bhrought abont by the mixing offocts of -
runoff. In thig purticular ouoe, tho influgnoa of tho
Suint Lawronco river would oxtend over un arcu off Novo

Sootly oount.

Thin would oxpluin the chung in purametor D of tho

Stook-Rooruitmont ourven.

Aocording to Komlow (1984), thu largo-coule occounogru-

phic procopuos may exort influonos upon tho rocruitmont




to fishory, and this would ‘bo confirmed, in thin cupo,

by the muthemutiocnl relution botweon both fuctors.

DISCUSSION

According to the analyole of tho ocologlesl mignificunce
of the purumoturu of Rickor' 8 modal mado by Larrafioty
{1981), paurumoter & 1lp rolutod to the phyolcal vurius-
tiong of tho abiotio onvirommont, the vurlationa of tho
roocaso abd tho gonotle ochangpe of the populutlon; whoro-
ag parumptor B would bo relutod to the chunge in pro-

duotivity In tho ccogyntom,

In thig case, tho voriation of the two puramotorp loudo
ug to think of a vurigtlon of both tho deonsoly-indopon-
dont (puramotor A) and tho donooly-dopondont fuotors -
(purumottl.r B). The affocto of tho loading of tho Saint
Lawronco river would bo relatod to the danuoly-dopond-
uﬁt fuctor, ug primury produotivity inerousog. Tho role
of tho muckorol io more difficult to digasrn. If the in-
croune in tho maockorel spuwning biomupss mouns that tho
initiul ptuton of the muokorol oncrcuach upon thooo of
tho hako, 1t would amount to a chung 1in the roocopu und,
thorofore, in parametor A. If thoro 1o aiways an over-
lupplng of tho arouo of tho initial stutes and the young
of both ppoaios, thon 1t wonld ho o more inerguno in

tho availability of prove (purumoter B).

CONCLUSIORNS

Tho wnulyols of the epuo/offorto will not rosult in
clourly dofinnd‘linuql rolutions with gcologioul im-
plicutiona.

Tho rocruitmont of tho oilvor hake has undorgons subge

tuntiol chango gineo 1958: uround 1967 and 1976,

Cunniballem fo not tho fundumentul roguluting fuotor

in tho reoruitment of thin upooian.

The fundumontal fuctors which roguluto tho rooruitment

abd, .conooquently, influonce gruutiy ubundusnes, uro:
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- abundpnce of mackorol and tho loading of the Seint

Lawronooc rivor.

Tho iuding of tho Sulnt Luwrenoce river would agt us
§0nﬂaly-dopondont factors (puramoter B) so tho produst-
lvity of tho urou ripos; thuo, 1t would bo unclour who-
thor tho hreocdlng producto of tho muckerol would he

o donooly-indepondont fuotor (purumetor A) in modl-
fying tho cooleogiecul rocoss or uo u donooly-dopendont

fuotor so woll,

Roferances

Anderson, E. D. and A. J. Paciorkowski. 1980. A review of
the Northwest Atlantic Mackerel Fishery. Rapp. P.-v.
Réun. Cons. int. Explor. Mer, 177:175-211.

Bishop, ¢. A., S. Gavaris and J. W. Balrd. 1984. An asscss-
mont of the cod stock in Subdivision 3Ps. NAFQ SCR
Doc. 84/VI/53. |

Bowman, R. B. and H. L. Michaels.. 1984, Food of seventoon
specles of Northwest Atlantic fish. NOAA, Techniecal
Memorandum, NMFS-F/NEC-28.

Clay, D. and Beanlands. 1980. Silver hake (Merluccius bili-

nearis} in Division LVWX: A stock assessment and esti-
mate of the total allowable caccﬁ {TAC) for 1981. NAFO
SCR Doc. B0/VI/87. ‘

Clay, D. L. , L. Currié and B. Swan. 1984, Food and feeding

of silver hake (Merluccius bilinearig Mitchill}, on

the Scotian Shelf with special reference to canniba-
lism. NAFO SCR Doc. 84/VI/86.

Halliday, R. G. 1975. Eastern Scotian Shelf Cod (ICNAF Div.
4VsW}- A reconstruction of possible events iﬁ the fi-
shery in 1958 to 1974 and a re-estimation of potential
yiold. ICNAF Res. Doc. 75/IX/136.

Halliday, R. G. 1976a.Scotian Shelf flatfish stocks-impli-
cations of 1975 data. ICNAF Res. Doc. 76/V1/2L.

Halliday, R. G. 1976b. The Scotian Shelf redfish fihery in
1975. ICNAF Res. Doc. 76/VI/25.




Koslow, J. A.'1984. Recruitment pattarns in Northwest
Atlantic Fish Stocks, Can. J. Fish. Aquat. Sei.,
£1(12) :1722-1729. '

Langton, R. W. 1982, Diet ovorlap between atlantic cod,

Gadus morhua, silver hake, Merluccius bilinearis,

and fiftecn other Northwest atlantie finfiqh. Fisgh.

. Bull., Vol. 80{L4):745-759.

Larrafieta, M. G. 1981. A usc of the catch-per-unit effort -
in ecology. An. Inst, Cienc. del Mar y Limnel., Univ,
Nac. Autén. México, 8(1):183-190,

-~-, 1982, Relaciones entre los pardmetros de las curvas de

' goneraciones. Inv, Pesg., h6(2):231-238. 

--. 1984, Dynamics of yecllowtail flounder and American
plaice in NAFQ Divisions 3L, 3N and 30. NAFO 3CR
Doc. 84/VI/30, o

Lloonart, J.,J. Salat and Macpherson. 1985, CVPA, an cxpan-
ded VPA with cannibalism. Application to a hake popu-
lation. Fish. Res., 3:61-79.

Mar{, A, and I, Hamos. 1979. Focundity of silver hake on
the Scotian Shelf. XCNAF, Res. Doc. 79/VI/66.

NAFO. Fishery Statistics, Stat. Bull.

Nicholson, M. D. 198L. Somc applications of GUSUM techni-
ques in fishories research. ICES, CM/1984/D:5.

Noskov, A.S., V. I. Vinogradov and A. I. Shertyukov. 1982,
Results of ecological surveys on the Nova Scotia
Shelf in 1974 and 1977-80 to study the spawning of
silver hake. NAFO SCR-Doc. 82/V1/33.

Ricker, W. E. 1958. Handbook of computations for biological
statistics of fish populations. Bull. Fish. Res. Board
Can., 119.

Rowell, T. W. and J. H. Young. 1984, Update of the distri-
bution, biomass, and 1enéth froquencies of Illex ille- .
cobrosus in Division 4VWX from Canadian Research Vessel
Surveys, 1970-1983. NAFC SCR Doc. 84/VI/69.

darnits, A. A. and V. V. Sauskan. 1967. Hydrological condi-



10 -

tions and distribution of silver hake Merluceius bili-

. noaris Mitchill, on Georges Bank and Nova Scotia in
1962-64. ICNAF, Res. Bull. (4):76-86.

Sinclair, A. 1980. NAFO SCR Doc. 80/IX/139.

Sutcliffe, W. H., Jr. 1972. Some relations of land draimage,
nutrients, particulate material, and fish eatch in two
Eastern Canadian Bays. J. Fish. Res. Board Can., 29:
357-362.

-~. 1973. Correlations between seasonal river discharge and

local landings of american lobster (Homarus americanus)

and atlantic halibut {Hippoglossus hipporlossus) in the
Gulf of St. Lawrence. J.'Fiéh. Ree. Board Can.,30:856-9,

Sutcliffe, W. H. Jr., R. H. Loucks and K. F. Drinkwater.
1976. Coastal circulation and physidal oceanography of
the Scotian Shelf and the Culf of Maine. J. Fish. Res,
Board Can., 33:98-115.

Trites, R. W. 1981, NAFO SCR Doc. 81/IX/111/

Tritos, R. W. and K. F. Drinkwater. 1984. Overview of envi-
rommental conditions in the Northwest Atlantie in 1982,
NAFQ Sci. Coun. Studies, (7):7-25.

Vizques, A. 1981, Nuevo método para el cdlculo de poderes
de pesca e Indices de abundancia en pesquerfas. Inw.
Posqg., 45(2):241-255.

V4zquez, A, and M. G. Larraffeta. 1981, Evaluacién de la
poblacién de bacalao (Gadus morhua) en la Division
'3 NO de la NAFO. Inv. Pesq., 45(1):123-134.

Vinogradov, V. I. 1984 a. Food of silver hake, red hake
and other fishos of Georges Bank and adjacent waters,
1968-74. NAFO Sci, Coun. Studies, (7):87-94,

~~. 1984 b, Tho distribution of food energy for major
commercial fisheries in the trophic chain of the
Georges Bank ecosystem. NAFQ SCR Doc. 84,/VI/L2.

Waldron, D. E. 1983, Factors ihfluencing Scotian Shelf
finfish and squid interactions with special referen-
¢e to sllver hake. NAFO SCR Doc. 83/1X/92.

Waldron, D. E. and C. Harris. 1984L. Asseasmont of tho
Scotian Shelf silver hake population size in 1983.
NAFO SCR Doc. 84/VI/85.




- 1L -

Tablo 1. Stook-ﬁocruitmunt Rolutiong in thq gilvor

hako with the duta given by Cluy
(1981)

ourg z A
1958 - T8 - 0.65 62,78
1958 - &7 - 0.90 112.08
1968 - M - 0.80 147.14

Tyhlo 2. Dominunt spooiup compooing

ailver huako

Spouoiog % in wolight
moackorol » 24
rodhuko 9
muukoxél 7.5/80
@lupoidue 2,7/80

und Beunlando

B
- 0.0172
- 0.0479

- 0,0250

tho digt of

guthpr, ¥your
Vinegradov, 1994 a
Vipogradov, 1934 o
Bowarn und Michuolo, 1984

Bowmak and Mlohgolo, 1984
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Tuble 3. Ralutionu of tho biomuoo or abumduance rutoea
of vurious ppocioo with the recruitmont, the fol-

lowing your, of tho pilvor hako in the NAFO Divi-

alons 4VWX
Speclon Unitg author, your Corrolution
cod t (spuwning biomuso) Hulliday, 1975  0.562°
cod t (opuwning biomago) f%gEOp ot al., =0.4379
plulos kg/h Halliday, 1976 o -0.0178
witbh f1loundor kg/h _ Halliday, 1976 u =0,22™°
yollowtuil kg/h Hulliday, 1976 o ~-0.39™0
yollowtall Larraflots, 1954  -0,.647°
rodfish | t/h Hulliday,1976 b 0.42°0
horring t (ppawning blomusa} Sineluir,1980 0, 4270
mnuckorol t (npawning hiomuso) Andorson and Po- .
olorkowaki, 1980 0.73

oquid t (biomuen) Rowoll und -0, 4079

Young, 1984

. - - - [ - - - [ ] [ ] - . . . - - - » » - L] * * - L] . [ . . L L




3 65°N

J40°N

75°W 45°w

Fig., 1. Ovorall olveulution puttorn of NAFO Divipion
4VWX (uo por Suteliffo ot yl., 1976
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Dutyu from:
IAR . Cluy und Bounlunds, 1980
(210°) =w=— Waldron und Burris, 1934

2 L 1,
1958 65 70 75 80 Ahos

Fig.\z. Changeo in tho pummutions of tho Recruitmont
of pilvor huko in NAFO Divigiop¥VWX,
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b) - L

o 50 100 150000 fp

Fig. 3. apun/offort rutio
a = Datz from Cluy and Bounlanda, 1980
b - Data from Vdizquoezm, pers. oom.
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Fig., 5. Produfors/Rocruitmont ratlo, tho following yoar

of the pilver hake (Dutu fremClay and Boanlunds,
1980).
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Bata rom:
w Cluay und Bounlandg, 1930 (HKS)
----- Wauldron and Hurrio, 1984 (HKS)
+eees Andoroon und Puclorkowski, 1980 (MAC)
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Fig. 6. Gruphio rolution of tho ppawning blomass of
the muckorol (Bf muo) to rocrultmont the follow~
ing yoor of the huke (Rhkn).




Louding of the Saint Lowrenco river (Titros, 1981)
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Pig. 7. Gruphic rolution of tho louding of the Suint
Luywrenco river to Recruitmont, the folleowing your
of tho oilvor hoko (Rhkg).
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