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Introduction 

A new evaluation of effects of the high seas fishery 
on Canadian catches, present and future, is offered in this 
paper. It involves analysis of more detailed data on Canadian 
fisheries and stocks than have been available to the ICES/ICNAF 
Joint WorKing Party on North Atlantic Salmon (ICES/ICNAF. 1967; 
1969; 1971a.b. 1972). 

Effects of the Greenland fishery (Table 2) on home 
salmon catches (Table 1) are assessed by eKamining the changes 
in Canadian catches since the beginning of that fishery. The 
analysis indicates that the most 1~lportant effect of ~he G~een­
land fishery is not the iMmediate loss to home-water fisheries 
(Figs 1 and 2) but the reduction of spawning stocks and the 
future long-term production of salmon in Canada. 

Ta9ging studies 

Data for the 1950's are used to provide a base with 
Which to tompare that for the 1960 l s when salmon were. besides 
the traditional fisheries, also subject to fishing in the 
West Greenland area. A continuing program of marking and/or 
tagging the seabound smolts has been carried out by the Fisheries 
Research Board of Canada in tributaries of the Miramichi River 
system since 1950. Emphasis is placed on the FRB studies because 
they are the only long-term series dvailable and the ta99in95 
in different years are relatively comparable. 

From 1950 to 1961 a 
were marked by finclipping as 
tributaries ,Kerswill. 1971). 
in Table 3. 

total of 174,009 salmon smolts 
they descended Hiramichi 
Some of these data are summarized 

In the 1960's a comparable program was continued by 
placing serially numbered tags on the smolts. Early FRB tag9ing 
in the Miramichi system was reported by Saunders (1969). A 
compendium of all of the ta99in95 carried out was given by 
Elson (1970) and Drought up to date by May (1971). Table 4 
summarizes the FRB tagging data from the Miramichi system and 
Table 5 the results of some Resource Development Branch tagging 
in the same system 

Data for f,nclipped smolts (1,50 to 1960) are given 
in Table 3. Data for later taggings are grouped for 1960 to 
1963.1964 and 1965. and 1966 to 196B in Table 4. 

lpresent address: Ramsay Wright Zoological Laboratories. 
University of Toronto, 
25 Harbord Street. Toronto 5. Ontario 

2present address: Fi~neries Research Board of Canada. 
Biological Station. St. Andrews. N.B. 
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Table 6 summarizes the percentage escapements (passed 

through cOllnting fence and not subsequently cauqht by anglers) 

and the percentage recoveries (counting fence pllJS angling) in 

home river for native and hatchery-reared fish in the Northwest 

Miramichi. The IJCrcentagcs are based on total recaptures for 

salmon or 9ri1so. 

The total percenta9c recovered in the Ilome river 

should be a more sensitive Inde. of effects of the Greenland 

fishery on home water stocks than the percentage escapement. 

In the early years, 1950-60, about 22% of salmon were caught 

or counted in their hOlne river. In the early 1960's when the 

Greenland fishery was just starting, the percentage dropped 

to 18% and then later on to 9-12% in 1964 to 1968 (Table 6). 

Correlating the percentage returns in home river with the 

average catches in Greenland one year earlier gives as coef­

ficient of correlation r • -0.94, significant at 95% level. 

A number of tagging experiments have been carried 

out in Nova Scotia by both the Fisheries Research Hoard and 

the Resource Development Branch. Table 7 summarizes the 

results of those tag~lngs involving substantial numbers of 

fish over several years. The rivers include the Margaree. the 

River Philip and the Medway. The rate of recovery ranges be­

tween 0.5% to 0.91. Thes. figures compare with 0.5% reported 

by T~tre.ult and Carter (1972) for tagging' In two Quebec 

rivers. 

The datd on rl~wfoundland ta~qinq5 of wild smolts up 

to 1963 aro s~mnlarized in Table O. Only about 2 thousand 

fish were tagged in 1963 or before, I)ut some 17 thousand were 

tagged between 19G4 ~nd 1968. Returns from West Greenland are 

conspicuously dllsellt. These results may. however, be peculiar 

to the particular rivers where the experiments were carried 

out. Table 3 shows that only about 51 of the returns were 

salmon and 95% were qrilse. Tllese data contrast with the 

breakdown of r~t:VlfOUlldld'ld l~n(linqs where 5~lmon account for 

about 53 to 6SX of toLal (MdY al'~ le~r, 1972). Ilence these 

tagging C)l.perllll(:lIt!i l'f!fll:Ct poorly the tJCl'lfounl11and fisheries 

as a whole. I.dtt!r td~IJ1liq stlldies on smolts (14,755) of the 

Sandhill Riv~r of 1.~tlr'l(lnr 5110~IUd about 67~ retllrns as grilsc 

in horne w~t(~r$ dnd I~~ ,IS 1+ fish in Greenldfld and 2-sea-winter 

fish in hOlne I-'lal.r!r'i. Allout 51% of the non-llrilse \'lere taken 

in GrcenldnlJ, ~~~ 10 hOllie-water conllncrcial fisheries and 5% 

were re~ist~rc(1 as c~carClnl!nt (Pcct and Pratt. 1~72). 

Ti!trel\lllt (lnd Carter (1t)12) give inform.lt.ion on the 

effect of Grl~elllilTld (;.ltclies on ()ucbcc salmon. A total of 

20,456 hatcIH.!rY-V'(~d'·I!d ~;IJlolts \:H~f'e rp.lcils~d in lClIifL Only 

105 \-lere reCi.l[Jtllrl:d includlnq 4'1 fish in firfl(~nlilnd. 114 in New .. 

foundland .10(1 11 io tllJIJle w~tcrs. The perccnt~!le raptured in 

Greenland (tl?'t) i'. h Iqlil'r ttliln for (lny other t.iHlqinC)s except 

those for j.H'IlI! : •. .1111101) "of tile SlIndhill River (~)lX). A high 

rate of utilil~tion 'If Qllc~ec fish I)y ttlC Greenland fishery 

may explain rlc~dtive correlation Lctwecn inCr"CilScd catches in 

Greenland dnd decreased cdtches in Quellcc (r = -0.74) or be­

tween catcllcs in Greenland and decreased catch per rod hour in 

Quebec rivDrs Ir • -0.35). 

In 1969. 36 recaptures were reported from Greenland, 

only 3 of these from the offshore fishery. Yet, as T4tre.ult 

and Carter point out, the inshore fishery took only 2.15 million 

lb and the off,h.re fishery 2.72 million lb. The discrepancy 

between numl)cr of recoveries r~ported and landings suggests 

that a mIlch hiqher number of tagged fish were actually caught 

Lut not reported. By correctin~ the reported recoveries from 

the offshore fishery for non-rp.porting. T~treault and Cdrter 

astimate that 80 fish were in fact captured as opposed to the 

44 reported. 
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Table 9 ~jves percentages of salmon caught both in 
Greenland an(1 flewfoLlndland for the previously reported taggings 
in New Brun~w1ck ilnrl in Nova Scotia. Percentages do not incor­
porate any correction for non-reporting. 

Of particular interest dre percentage returns for 
salmon and tile trcnrl~ extlihitcd. I)ata for grilse have been 
entered for completeness. Only the ,iata for native salmon, 
Part A (and native grilse, Part A) are assulned to give reliable 
information an trends. Numbers of hatchery-reared fish for the 
early 1960's are rather small to base conclusions on . 

The Important fact that emerges from Table 9 is that 
while the Greenland fishery has been Increasing Its share. the 
other distant fisheries. e.g., the Newfoundland fishery, have 
not. Recent depression of the New Brunswick stocks appears 
not to be relat~d to increased exploitation in Newfoundland. 

Inspection of the actual percentages shows that the 
Greenland fjsllery takes 16-24% of all sallnon originating in 
New Orllnswick and lO-52% of tllose originating in Nova Scotia • 
If we werp to correct for the non-reporting of tags in the 
manner .Jr1ior .pp1iod by Elson (1970) and Tftr •• ult and 
Cdrter (1912). ttlt! acttJal nU:lber of returns would almost double 
and tile estillldtt~d sll~rc of the Greenland fishery would ranue 
from 27-3B~~ for rlel·' 8rI105\'1ick salmon stocks and from 32-6ax. 
for Nova Scotia ~tol;ks. In a I)aper analysing returns frorn 
smalt. ta(]l"]in!IS in 19611-70 in the 11iramir.hi, Turner (19/2) esti .. 
mates that the n~ldtive exploitation hy the high sellS fishery 
of Mirdllli(lli ~alln(ln stocks is around 3~i. For their fOllr 
Qu£:oec rivers T6tn~ault find Carter (~stirnatcd a 30% exploitation 
rate of f)uuIJ(;c (jl'il~~ plus salmon by"the offshore Greenland 
fishery anti 21~ 11Y the insllore fishery based on total recap­
tU((~S of ()uetd~( fish (i ,e •• both grilse and salmon combined). 

Stock dod r(~crnitm(.:l\t 
~-~~-, ~ 

Tile Fisheries Research Board of Canada has maintained 
a countin'1 ff'nC(~ !Hl th~ i'lort.ln·H:st f4iramichi at Curventon since 
1950 (Kj~r~\lill. 1~11). Cnllnts of salmon dnrl qrilse ascending 
the river r}fI~t tile ff:nce have lleen tdhulatf~d in Table 10. 
columns 1 dnd 7. Th(~ <1IJllnd.lnce of Y(lIlnr:/ has ueen followed by 
annual t!'lcctl'ofi<;ldnq Slirveys ill lO-lll saml-llinq 5C"ctiflns of 
the river. r~tl11IJtf:d l)opu1~tions convertprl to 100 y(1 2 indices 
Jre t.ilblJl<1tf:oI in Tahle 10, cnlumns ). 'I anl1~. Column 3 gives 
the 1111!1IL,,:r~. (If un(\(~r'ycilrl in!]'>, col ullin 'I .the numhers of small 
p(lrr IlJld !.flllJ1nfl ~ 1,h,; r!(lrlltJI~rs of ldrf'je, pre-smolt parr. By 
£Inri Ltrl}f! UtI· ... e CfH"I'eSpO{ld to 0+. 1+. and ::'+ year olds. 

rilllld,H'r'> of '111101 t .. , counted descending the rivers are 
q1ven 1n (·olllrnn 6. For mnst ye.lrs th~ counts arc not complete, 
installati0n (If lhe fence beinq delayed ~y lo~ drives and/or 
hi~h water, 1!IJt, except 1952. 1957, 1960, 1961 and possibly 
1':163, they prlJhiltJly provide some indication of levels of smolt 
productlon. 

[stilll.ltes of tIle smo1t run for the whole Miramichi 
system arf' f\iv(~n in Tab1,; 11. It lists th~ numbers of smolts 
tiig~l~d fir fll\-clipped CIt Curventon. number cau9ht in research .. 
QperateJ e~.tll.lrid·1 trdf')S at r·1illbank. number of recaptures at 
Millb~rlk of si/iolts mdrkcd up river and Petersen estimates of 
totill '"ifil01t rlln!> for all years except 1952 \·,hen no esti­
mate was feasible and 1963 when the Petersen estimate appeared 
totally IJnrcasorlable. Estimates for those two years have been 
o~tained 11Y re9re~sing estimated ~molt product1on for the 
remaillinq ye~rs on ttlC numbers descending at Curventon and 
subsequent total salmon landings and obtaining substitute 
estimates from a reqrcssinll f!l~u~tioll RS inrlicated in Tab1e 12. 

.. 

E4 



........ 7 .. __________________ ==-=======~=_= __ ~ __ = .. ~= .... =,~=~-, 

F . .. 
- 4 -

To determine the r~lat1onsh1p between the number of 

potent1al spawners and the resultant progeny. multiple re­

gression analysiS lias bl!cn cdrrierl out by re9rcs~1ng the esti­

mated density of undcryearlinqs dllove Curventon on the numbers 

of grilse and salnton ascendinq the year before. The results 

are presented in Table 13. To counteract sampling errors and 

fluctuations in the cnviron~lcnt a thrt!e-year running average 

of the data has been used 1n the regression. 

The regression of the ntllnhers of underyearlings on 

the numbers of salmon is 5ignificarlt while that on the numbers 

of grl1se is not (Tabl. 13), Graplliedlly, this can be verlfled 

by plotting the numbers of underycilrlings against the numbers 

of salmon (Fig, 4) and a~"inst tile numbers of grllse (Fig. 3). 

The rcsults froln tilC multiple regression suggest 

that the numbers of salilion drc mnrl! important in determining 

the spawning SUCCC5~ thdn tile numbers of grilsc. To ensure 

adequate recruitment in this stream spawning stocks must in­

clude adequate Illlml)crs of salnlon and not grilse alone. 

We have also estimated the number of e99S deposited 

and correlated that with tile nunlbcr of undcrycarltngs. The 

potential egg deposition has been calculated by assuming 800 

eggs per pOllnd of felnale fish. The sex ratios of male:female 

have Deen set at 1:1 for ~dl"lon and 2:1 for c;ri15e and the 

average wei~hts at 9.2 lb dnd at 3.2 lb respectively. The 

resultaflt fi(lllrCs are 9ivcn in Table 10. column 7. Corre­

lation bet\jee~ the yotentidl Cf.lCJ de~osit1on in the previous 

fall and dcnslty of underycarl1ng glves rZ ~ 0.69, Table 13. 
Part U. Wtlile this is siqnificdot~ it is not as high as the 

multiple c1rrelution coefficient, fi2 ~ O.Bl, when the numbers 

of qrilse dnd salilion ~re entcrcd separately. The discrepancy 

is consistent ~Iitll our I~drlicr con<:lu5100 that salmon are more 

important tflan grilsc in determining the sPdwnin~ success. 

F1Jrttler regrcssi!)n analysis carried out in Table 14 

shows a siqnificant rclatlc~~tlip Lctwecn density of small parr 

and that of llnderyearlirlq~ tIle ye~r Ilcfore. wtlile the relation­

stlip bctwecrl density of l'lfljC p~rr arId preceding small parr is 

not si~nificdnt. ' 

Correlation IJctwl:en lar~c parr and the numbers of 

smalts COlin ted 15. hO\,H~v~r. siqnificant despite the incomplete­

ness of counts in marlY YCdrs (TallIe 14, I)art C). Since the re­

lationships bet.,cen j,IJ1Jndanc~s dt su{;cess1ve stages fro~ the 

spawners through to smolt rlln are all significant. ex copt for 

the relationship IH:il-H:en the ~;mall pdrr and liln}c parr. it 

is concluded thdt th~ tr,\Il';itionrll phase ft'om till! smdll to 

l<lrf}e parr is i) mn';t cnt,ll;,Il. or rlt l£!~st CI mo".t v!\riable 

phase 1n til!,' fY"c~,Ii:ldl-,:r lit,-, uf flnrth\-/cst !-1irdIl11chi Sillman. 

Tllis particillar rclaLion'.lllr i:; [lrol)Jbly also w(!dkened by the 

fdct that the '>mdll p"~T (11,:01111 ;flr.ludc~. in addltion to 1+ 

fish, some ~mhll 2-yc~r-IJ1(!". !iut lorge parr. rC~dfdless of 

aqc. are likely to IICtOlllC sluolts the followjng spring 

(Elson, 1%7), 

~~l.!.-P_r~dl~~_t-.i~.~ ~ nd __ 5 1~~~,~_<t!:I~n _~ __ l_~.n.~~ 

Miralnichi 51"01t production as estimated 1n Table 11 

is variable. The annlJal estimates ~re sometimes based on small 

samples of markud fish in the rstllclrial traps. Part of the 

apparent variability is pr()jlably due to sd,upling errOr. That 

a siynificant correlation exists between estimated parr popu­

lations and 5ubsc(lltcnt smolts suggests that some of the observed 

variabi11ty is real. 

Thc commercial fishery in New Brunswick is based on 

salmon. i.e .• on fiSh that have spent hID or more years at sea 

(Allen, 1967). T.ble 15 gives the summary of sea ages of com­

mercially cauqht fish in New Brunsw1ck from 1949 to 1964 and. 

for comparison. al~o those landed in Nova Scotia and Newfound-
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land. Over SOX of the reported landings in New Brunswick were salmon which hod spent 2 yedrs at sea. Although some grilse are taken (see Table 4) ttley are. for the most part, not re­ported in commerc1ill landings because their sale in New Brunswick is illegol. 

Throu~h the 1950's ond earlier the Miramichi system produced abolJt 60~ of the salnlon landed 1n New Brunswick. A ~ignificant relationship betweerl Miramichi smolt production and New Brunswick landin~s two years later might be expected if distdnt fisheries do not have a significant effect on the stock. Our analysis of taq retllrns indicates ttle only distant fishery whose take from rJcw BrtJnswick stocks has appreciably changed is that in the Greenland area. tlenee if the Greenland fishery has had a noticeable effect on New Brunswick stocks, any relation­ship which may exist between smolt production of the Miramichi and subsequent 'lome comnlercial landings should improve noticeably when the Greenland landinqs are taken into account. Such is the case. 

Total landings of salmon that originate in Nr.w Brunswick include those caught in West Greenland. A reasonable estimate miqllt be that 50% of the Greenland caught salmon come from Canadidn waters and that about 22~ of Canadian catches in the past ten yeors are londed in New BrunswiCk. Thus .bout IIX (e .50 x .22) of Greenland catches should be ~.w Brunswick fish. The 11% may be too low 5illee more fish originating in New Brunswick than fish originating in Newfoundland appear to be caught in Greenland. Lacking information on the actual per­centdge. we have In~de Ollr (d1Ctllations using both 11% and 20%. The 20% figure which aqrCt!5 ~Ijttl ttle tag returns tabulated in Table 4 is derived as follows. In 1964-65 there were 82 tag returns reported front Greenland OIJt of a total of 704 returns. Assuming about 50% lo~se~ for non-r~portingl. there should have been 164 Greenland capttJres out of a total of 786 (~ 704 + 82) giving a 201 rate of exploit. Cion in Greenland (164/786 •. 20). The latter fl,)ure, 1n fact, wlll give uS slightly better results although tile conclusions arp essentially unaltered. 
The coefficient (r) for Simple correlation between smolt production and New HrlJn~wick lanelings based on three-year r~nninq aver~q~5 for both 5~t5 of rl~ta i~ represented by r • 0./9 (fob1. 16). 11110n the 11% of the Greenland landings are included with the NI!w l~run5wick landings this is increased to r2 • 0.93. Adding 20~ instead of 111 ~Ives r2 • 0 .• 4, 0 slight improv~lnent hut not ~i~njficilnt. If the calculations are done witholJt smoottlinq the r/dta, the same picture emerges but the correl~tions <Ire not as high. 

TI]e f~ct tlldt correlation botween smolt production and subSe~II!!nt tlDIIII! Idrldirl!Js 15 dlJprecidl,lv im/1rovcd by ill­cludin9 an dllow~llce for Ilew Urunswick fisll taken in Greenland indir.ates !tldt the Greenl<1f1d fi~ht'r"y exploits iI noticeable share of flew Brun~wic~ sl~olt lJrn!Juction. The clo5c relationship be­tween smalt productl()n (HId sllbseejlJent landinqs is s~lown in F 19. 5. 

Landings per million smolts (Table 17) Ilave. on the average, been somewhat hiqtler since 1963 tllan prior to that. The rate of exploit,ltion is Iligher now than at clny time since 1950. at ledst in part be(dU~~ of the Greenland fishery. That tl1i5 has had an adv(~rse effect on escapement. ega deposition dnd hence subs~querlt recruitnlent to stocks already heavily exploited in tlome wdters is llnderstandab1e. 

IThiS degree of non-reporting connot be substontioted for 1964 but is 1ncreasinqly valid dS the high seas component of the fishery increased. 
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Table 18 ltsts the number of salmon and gr11se caught tn the estuary at Mtllbank tn research traps whtle ascendtng the Mframichi system. These are the best available indicators of escapement of salmon and ~rilse from the commercial fishery. Potential egg deposltion repre~ented by these catches is also set out tn Table 18, column 3. The ftgures do not represent the total escapement or egg deposttton tn the Htramtcht system, but egg deposttton thus calculated should be an tndtcation of the total for the system and hence an index of expected level of progeny. 

If recruitment to young stocks is a limiting factor, then egg deposition. or some index of ft, should correlate with consequent smalt production. 

If the survival at sea and the take by the fishery were constant from year to year, egg deposition per smalt product1on should also be constant. But Iloth natural and ftshing mortdltty doubtless vdry. With all other factors constant. inverse correlation between egg deposition per smolt production and landin9s pcr smolt productton would be expected, t .e., hiqh landings from a smolt run would imply fewer SAlmon remaining for spawning. But if landings are dependent on variable natural mortality. ttlen hiqh landings per smolt pro­duction wOlll,1 tend to be an inrlex of good survival of a year­cldss. This WQllld tend to COIJnteract any inverse correlation with egg depOSition. 

Since grilse escapement results from smolt productfon one year before and salmon escapement from smolt production two years befure. cgq de~osltion arises from production both one and two years carlier. Tile two-year component is a very important onc because salmon. due to hi~her feCllndity and female:male sex ratio. frequently make the larger contribution to egg deposition. There arc now. moreover. indications of genetic polymorphism in Atlantic salnlon stocks which involves a tendency for progeny to matllre at the same sea age as their pdrents. i.c .• 1ar9c salmon spawners dl1rear neccs~ary for re­crllitnlent of a ~()od sto(;k of large sa1"lon (Elson. 1973a). In addition, the andlysis presnr1tcrl in Tahle 13 sugqests that sal­mon c~~S. IlslJally ldrqc~' ttlan qr11se cqqs. are also more viable. To dvoid the difficultil!') of !illiolt nroduc:tion contributing to egg dCllosition one arlcl two yedrs later. thr~c-ycar running averages have been used for calculations. 

The problem of two smalt classes contributing to one year's egg ~CI)ositlOJI c~n bo aprroacllcd in another way. It has already I)~(~n ~I~ovn (Ta~lc 16) ttl~t hOlne camlucrcial landings, con5istin~ of over gOt 2-sea-winter salnlon, arc correlated with !:.mol t IlI'oductl0n l years iJefore, FSCI1T'l!mcnt of salmon (an index of egq deposltion) Iniqllt. thrn, also he expected Lo correlate witl) sffiolt runs two years before. i .e. ~ salmon escape­ment (and cq(1 depo~.jtfon) per smolt production should be constant if other factors such as natural and fishing mnrtality, etc .• are constant. 

Multiple regression analyses of both e9g deposttton (Table 19, Port A) and salmon escapement (Part BI on Greenland and home commercial landinqs are summarized fn Table 19. The analyses Show sfqn1f1cant ~nd positive correlat1on wtth New Brunswick landinqs and significant and negative correlation with Greenland ltlndin~s 1n both cases. 

It is concluded on ti,e basis of these results that landings in New BrunswiCk have acted more as an indicator of the year-class strength and subsequent escapement, but that Greenland landings have contributed to the depressed escape­ment reported by Elson (1973b). The escalated Greenland landings supply the best available explanotion for the recent and continuing deficiency tn numbers of salmon returntng to the Htramichl Rtver to spawn. 

.. 
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Summary 

Recaptures of Atlantic salmon tagged .s smolts show that substantial numbers of those produced in the Maritimes are caught in Greenland waters. Percenta~e recoveries in the home river system show a significant i"ve~se correlation with levels of catches in Greenland. Analyses of detailed data collected since 1950 indicate that the onset of the Greenland fishery is one of the major, if not the most significant, recent changes in salmon fisheries affecting Miramichi stocks of 2-sea-winter salmon. 

Total landings have risen higher per million smolts produced in the Miramichi system since the Greenland fishery began. The escapement from fisheries and the potential spawning stock per given numbers of smolts has dropped cor­respondingly. 

lowered escapement has been followed by lowered abundance of progeny as reflected by density of young in nursery stream areas. Significantly, the recruitment as measured in the numbers of underyearlings depends more crucially on the numbers of salmon escaping the fishery than on numbers of grilse. As shown by this statistical analysis, the Greenland fishery has had a direct adverse effect on the numbers of salmon surviving to enter their spawning river. Co~sequentlYI the abundant smolt runs in 1964, 1965, and 1968 produced by good escapement some four years earlier failed to maintain adequate levels of recruitment and have instead been followed by all­time low commercial catches and recru!!ment of young in rivers • 
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Year 

50 

51 

52 

53 

54 

55 

56 

57 

58 

,9 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 
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Commercial sd.lmon Idndings by provinces and angling 
catches for the provinc(~s ot N(~w Brun:;w"ick and Nova 
Scotia from 1950 - 1971. Ddta from t1ay & Lear (1971) 
till 1970, for 1971 from the vlykes & Dunfield (972). 
Landings and catches are in th.ousands of pounds. 

Commercial Landings Angling C"tches 
• Nfld. 

N.B. N.S. P.Q. and N.B. N.S. 
Labr. 

980 294 829 3676 

740 262 799 3351 

717 214 793 3415 315 38 

698 271 672 3087 302 50 

879 228 520 2355 292 30 

349 128 41j 3 1751 226 21 

422 136 1166 1645 290 21 

500 146 4115 1965 230 10 

613 201~ 510 2154 380 38 

786 210 651 2345 191 34 

642 240 632 2089 158 13 

60 11 279 509 2093 Jill 24 

735 312 501 22 39 178 33 

663 302 I! 32 2677 35 11 21 

1063 252 449 2792 269 28 

1233 19[1 572 2561 309 16 

1246 281 51)0 3070 401 21 

11P~ 8 1l1li 501 1,007 31t9 32 

7<)8 232 421j 318U 155 19 . 
586 171 381 :n 76 210 18 

5'/4 1~5 383 38 1,2 1711 28 '." 
273 69 '98 19 

E 10 
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Commercial salmon catches oft the West Coast of 
Greenland from 1960 - 1971 in thousands of pounds. 
Data from ICES/ICNAF Joint Working Party Report 
(972). 

Commercial Landings 
Year West Greertland 

1960 132.3 

1961 280.0 

1962 537.9 

1963 1027.3 

196~ 3392.9 

1965 1898.2 

1966 3020.3 

1967 3529.5 

1968 2~8~.6 

1969 ~872. 2 

1970 ~731.1 

1971 5765.0 

Ell 
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TAble 3. Number. 01 marked Northwest Hlra.lchl smolts returned a$ 
grllse and salmon. Smolts marked by flncllpplng from 
1950 to 1961. Da ta from Kerswll1 (1911). 

Total Wumber Finclipped from 1950 - 1961 = 174,509 

Method of 
Recaptured as 

Capture Grilse Salmon 

Commercial 
Home 278 1753 
Distant 315 607 

Angling 339 126 

Escapement 796 531 

Total 1728 3017 

Percentage escapement from ~otal returns 

Rate of Recovery = 2.71 , 

for gri1se = 46.1 , 

for salmon = 17.6 , 

E 12 
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Table ~. !lumbers of tagged smolts returned as grilse or salmon. 
All smolts marked and liberated in Northwest Miramichi 
by the Fisheries Research Board of Canada between 1960 
to 1968. Data from May (1971). 

Years 1960 - 1963 

Native fish Hatchery fish 

Total No. ; 12313 Total No. ; 11227 

Fishery 
Recaptured as 

Caught in Grilse Salmon Grilse Salmon 

W. Greenland 12 
3 

Commercial 
Home 35 ~6 30 l~ 

Distant 9 15 l~ 17 

Angling SO 13 10 7 

Escapement 159 3 51 2 

Total 253 ij9 105 ~3 

Rate of Recovery 2.78\ 1. 32' 

Years 196~ - 1S65 

Native fish Hatchery fish 

Total No. ; 28327 Total No. ; 26356 

Fishery 
Recaptured as 

Caught in Grilse Salmon Grilse Salmon 

W. Greenland 82 
~8 

Commercia.l 
Home 61 196 66 85 

Distant 23 34 73 54 

Angling 120 20 87 17 
" 

Escapement lSa 10 59 4 

208 
Total 362 3 Ll2 285 

Rate of Recovery 2.49' 
1. 87\ 

E 13 
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Table ~ continued. 

Years 1966 - 1968 

• 
Native fish Hatchery fish 

Total No. = 48500 Total No. = 70147 

Fishery Recaptured as 
Caught in GrUse Salmon Griise Salmon 

W. Greenland 145 86 

Commercial 
Home 301 344 120 269 
Distant 89 104 119 142 

Angling 433 52 170 38 

Escapement 386 29 62 9 

Total 1209 67'1 471 544 

Rate of Recovery 3.88\ 1.45\ 

• 

• 

E 14 
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Table S. Numbere of tagged amolts returned as grilee or salmon. 
All smolts marked and liberated in the Hiramichi syst.em 

mostly by the Resource Development Branch be~ween 1960 

to 1968. Data from May (1971). 

Years 1960 - 1963 

Native fish 

Total No. = 1474 

Hatchery fish 

Total No. = 7SS8 

Fishery 
Caught in 

RecapturBd as 

W. Greenland 

Commercial 
Home 
Distant 

Angling 

Escapement 

Tot<t,! 

Rate of Recovery 

GrUse 

1 
4 

o 
o 

5 

Years 196~ - 1965 

0.34' 

Salmon 

o 

o 
o 
o 
o 

o 

Grilse 

o 
9 

31 

4 

0.74' 

Salmon 

2 

2 
3 

4 

2 

13 

Native fish 

Total No. = 921 

Hatchery fish 

Total No. = 5,,696 

Fishery 
Caught in 

W. Greenland 

Commercial 
Home 
Distant 

Angling 

Escapement 

Total 

Rate of Recovery 

Grilse 

o 
a 
o 
o 

0, 

Recaptured as 
Salmon Grilse 

0.11\ 

Fl 

o 

1 
o 
o 
o 

1 

20 
13 

51 
65 

149 

• 

0.46\ 

Salmon 

22 

n 
19 
18 

21 

105 

",,' 

: ; 

., ,. 
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Table 5 continued. 

Years 1966 - 1968 

Native fish 

Total No. = 132~2 

Fishery 
Recaptured 

Caught in Grilse Salmon 

W. Greenland 12 

Commercial 
Home 19 ~7 

Distant 8 9 

Angling 26 30 

Escapement 2Q 11 

Total 73 109 

Rate of Recovery 1.37\ 

Hatchery fish 

Total No. = 105~23 

as 
Grilse Salmon 

86 

36 109 
111 79 

58 21 

19 3 

22~ 298 

O.~9' 
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Table 6a The percentage escapement and the percentage recovered 
in home rivers for the Northwest Miramichi taggings. 
Data from Tables 3 and ~. 

Tbe percentage escapement 

Native fish Hatchery fish 

Recaptured as 

Years GrUse Salmon Grilse Sall110n 

1950 - 1960 46.1 17.6 

1960 - 1963 62.8 3.4 48.6 ... 6 

1964 - 1965 43.6 2.9 20:7 1.9 

1966 - 1968 31.9 4.3 13.2 1.7 

The percen~age recovery in hom't! river 

Native fish Hatchery fish 

Recaptured as 

'tears Grilse Salmon GrUse. Salmon 

1950 - 1960 65.6 21.7 

1960 - 1963 82.6 19.0 58.1 20.9 

1964 - 1965 76.8 B.B 51.2 10.1 

1966 - 1968 67.7 12.0 49.3 B.6 

The correlation coefficient between the percentage recovery 

and the Greenland catches, r2::; - 0.9'1 

F3 
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Table 7. Numbers of returns of smoltB tagged in Nova Scotia 
rivers of Margdree, Medway and Philip from 1960 to 
1968. Data f~om Hay (1971). 

Years 1960 - 1963 

Fishery 
Caught in 

W. Greenland 

Commercia.l 
Home 
Distant 

Angling 

Escapement 

Total 

Rate of Recovery 

Years 196 .. - 1965 

Fishery 
Caught in 

w. Greenland 

Commercial 
Home 
Distant 

Angling 

Escapement 

Total 

Rate of Recovery 

Hatchery fish 

Total No. = 1658 
Recaptured as 

Grilse Salmon 

2 

0 2 
9 3 

31 OJ 

.. 2 

.... 13 

0.1'" 

Ha tchery fi sh 

Total No. = 25195 
R.ecaptured as 

Grilse 

1 
12 

21 

46 

66 

0.88\ 

F4 

Salmon 

26 

25 
41 

10 

34 

136 

• 
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Table 7 con~inued. 

Years 1966 - 1968 

Fishery 
Caught in 

w. Greenland 

Commercial 
Home 
Distant 

Angling 
Escapement 

Total 

Rate of Recovery 

Years 1960 - 1968 

Fishery 
Caught in 

w. Greenland 

Commercial 
Home 
Distant 

Angling 
Escapement 

Total 

Rate of Recovery 

- 18 -

Hatchery fish 
Total No. = 69195 

Recaptured as 

Grilse Salmon 

3 
~9 

18 

~1 

111 

0.~85' 

117 

29 
. 5~ 

7 

18 

225 

Native fish 

Total No. = 761~ 
Recaptured as 

Grilse Salmon 

7 

1 5 
1 15 

13 1 

16 3 

31 31 

0.8\ 

F5 
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Table 8. Numbers of returns of smelts tagged in Newfoundland 
rivers from 1960 to 1968. Data from Hay (1971). 

Years 1960 - 1968 

Native fish 
Total No. 0 19868 

Fishery Recaptured as 
Caught in Grilse Salmon 

w. Greenland 0 

Conunercial 
HC'me 19 5 
Distant 49 1 

Angling 22 1 
Escopement 30 1 

Total 120 8 

Rate of Recovery 0.64\ 

F6 
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Table 9. The percentage utilization of salmon and grils6 in Greenland and other distant (mostly Newfoundland) wnters. Data from Table 3 and 4 for Northwest Miramichi, Part A, and from Table 7 for Nova Scotia, Part 8. 

Part A, New Brunswick 

Percentages by years 

Place of Capture 1950 - 1960 1960 - 1963 1964 - 1965 1966 - 1968 

Native Salmon 
Distant 20 17 10 15 

Greenland 0 13 24 22 

Hatchery Salmon 
Distant 40* 26 26 

Greenland 0 7* 23 16 

NativB Grilse 
Distant 18 4 6 7 

Hatchery Grilse 
Distant 0 13 25 25 

Part B t Nova Scotia 

Hatchery Salmon 
Distant 23 6 30 24 

Greenland 0 15· 19 52 

Hatcher'Y Gdlse 
Distant 20' 1'1 41 

• based on total returns which number less than 50 fish. 
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Table .!Q.. NumberG of grilse dnd salmon ascending at the Cur-venton Counting Fence 
and the Gubsequcont prodllction of young and eggs. 

Year 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

No. ascending 
the year hcfore 
Sdlmon Grilse 

1 

720 

387 

1302 

1030 

1055 

783 

561 

706 

580 

1002 

377 

879 

223 

311 

146 

120 

111 

I'll 

74 

129 

105 

2 

1931 

2113 

2148 

2165 

2601 

2756 

762 

075 

2420 

7357 

2712 

952 

2205 

6005 

5125 

1689 

29QO 

1809 

971 

2'153 

731 

No. of 
under­

year'l ings 

3 

5.6 
211.9 

19.8 

22.1 

La 
53.3 

11. 2 
111.7 

20.7 

33.9 

12 5 

6.7 

26.3 

13.1 

17.6 

13.9 

5.9 

10.6 

16.7 

1.2 
] 1,.2 

4.4 

N'o. of 
Small 
Pdt'I" 

3.5 

15.7 

19.3 

27. 8 

4.8 

1.0 

37.6 

20.6 

12.6 

18.6 

111.2 

1'1.2 

2.8 

19.3 

11. 3 

11.0 

1 11.8 

4.5 

1~ , 9 

6.8 

'1.9 

5.9 

No. of 
Large 
Parr 

5 

0.5 

8.9 

ll.6 

12.2 

7.0 

2.6 

1.4 

13.0 

6.1 

9.8 

10 4 

8.9 

9.2 

5.9 

13.2 

10.3 

12.4 

11. 3 

6.8 

6.3 

8.6 

Smolt 
Run 

6 

33451 

849' 

25269 

25429 

25728 

13251 

831' 

18327 

19241 

32' 

402 ' 

18559 

6716 

28929 

32504 
227119 

30892 

51161 

12878 

17675 

15322 

Egg 
Deposition 
in millions 

7 

4.31 

3.24 

6.64 

5.65 

6.12 

5.25 

2.72 

3.35 

4.21 

10.00 

3.72 

4.05 

2.78 

6.37 

4.93 

1. 89 

2.97 

2.18 

1.11 

2.58 

1. 0 1 

Columns 1 and 2: Data f.·'om Henderson et 
latex' years from Elson 
Andr'ews) . 

al (1965) for 1950 'to 1963, for 
(unpublished manuscript F.R.B., 

the 
St. ," 

Columns 3 to 5: 

ColUffill 6: 

Column 7: 

Data from Elson 
The fi~uI'e!;i ar,;.­
lower dnd upper 
equally. • 

, 
.' 

( 

(unpublish~d manuscript, F.R.B. St. Andrews>, 
(.lVcrage number's per 100 square yards with 
sections of the Northwest Hirarnic:hi weir,hted 

Data fr'om the same source as for columns land 2. 

Egg deposition ,;- BOO{9.21 x .S(no. of salmon ascending) 

+ 3.22 x .333(no. of grilse ascending)} 

I Not used in regression analysis in Table 12. 

F8 
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Table 11. EstImated smolt pro~uctlon of Hlramlchl from 1951 to 1971. 

Column 

YeaI' 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

196 5 

1966 

196 7 

1968 

1969 

1970 

1971 

0) 

No" 
finclipped 

M 

48373 

1309 

115214 

45914_ 

38792 

21863 

779 

20853 

26·.26 

3429 

597 

16737' 

(2) 

No. 
tagged 

M 

8958 

24499 

3018" 

405G6 

41"120 

550n 

63214 

47665 

18950 

(3 ) 

No. of 
smolts at 
Mi11bank 

n 

1671 

3998 

17615 

35592 

76818 

58215 

25110 

69855 

4937 

40823 

18906 

4·,826 

49"72 3 

16472 

31930 

9085 

20555 

6l..j 1L~ 

4927 

8698 

2431 

Column (1): Data from Ke('swill (1971). 

(4) 

No. 
recap. at 
Mi11bank 

m 

48 

o 
989 

1068 

2265 

679 

17 

776 

209 

47 

20 

237 

49 

79 

194 

366 

-313 

65 

793 

346 

36 

( 5 ) 

Estimated 
smalt prod. 
in millions 

1.7 

2.3' 

0.8 

1.5 

1.3 

1.9 

1.2 

2.6 

0.6 

3.0 

0.6 

3.2 

2.2' 

5.1 

5.0 

1.0 

2.7 

5.4 

0.4 

1.2 

1.3 

• 

Column (']): n,'1ta from Elson (unpublished manuscript, FRB, St. 

Andre't1s) I cf. May (1971). Figures include both native 

and hatchery-reared smolts. 
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Table 11 continued. 

j:.~' . 
Column (3) S (4): Data from Elson (unpublished manuscript, FRB., 

St. Andrews), some of the earlier data given in 

Kerswill (1971). 

Column (5): Petersen estimate = Hn/m 

• 

• 

Hot included in Kerswill's article because of the 1961.cut-off 

date . 

No Petersen estimate available. The value given is calculated 

from the regression of smolt run at Miramichi on landings in 

New Brunswick and Greenland, Table 12, Part A • 

The Petersen estimate comes to 9.9 million smalts. This was 

judged totally unreanonable in the light of SUbsequent landings 

(Table 1) or of numbers of smalts descending at Curventon. 

Instead two estimates, one ba~ed on the regression of smolt run 

on landings, and the other based on the regression of smolt run 

on numbers descending at Curventon were used; the 'tuo regressions 

gave the estimates 3.6 and 0.8, the average 2.2 being the one 

used in the Table. 

F 10 

, ' 

" 



- 24 -

Table 12. The regression of estimated smalt run (Table 11) on the 
New Brunswick commercial landings two years later (Table 
1) and on the nlllhiJers descending at CUr-venLon. The 
regressions are used only to estimate the smalt run 

Part A 

at Mi11bank for 1952 dnd 1963. 

Y = smolt run from Table 11, X = New Brunswick 
corruner'cial landinr.s two years later. The years 1952 and 
1963 have been excluded. 

Regression Analysis 

Variable Regr. Coeff. Std. Dev. t-ratio 

Const. 

x 

Part B 

-0.2696 

0.0035 o. 00104 3.39" 

r' = 0.812 

Y = smalt run from Table 11, X = numbers descending 
at Curventon. The years 1952, 1957, 1960 and 1961 
have been excluded. 

Regression Analysis 

Variable Regr. Coeff. Std. Dev. t-ratio 

const. 0.061 

x 0.000088 0.000031 2'.92·· 

r' = 0.611 

Ail Sienificant at 1\ level. 
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Table Il. Regression analysis of the density of undaryelrllngs on 
the numbers of grilso and salmon the year before (Part A) 
and the density of underyearllngs on the estlmlted egg 
deposition (Part 0). 

Part A Y = the number of underyearlings (Table 10), 
XI = numbers of salmon ascending t X2 = numbers of 
grilse ascending at Curventon .. Data smoothed by 
taking three-year running averages. 

Regression Analysis 
Variable Regt'. CoeIf • Std. Dev. t-ratio 

Const. 8.17 

Xl 

X2 

Part B 

0.014 0.0024 

0.0003 0.0008 

x = the estimated egg deposition, 
Y = numbers of underyearlings. 

Regression Analysis 

5.92 •• 

0.405 

R' = 0.818 

Variable Regr. Coefi. Std. Dev. t-ratio 

Const. 5.0 r, 

X 2.73 0.691, 

r' = 0.691 

(0.619)a 
6. Significant at 1\ level. 
a 

The second corr(~L:ltion cOfJfficient is bilsed on a differently 

calculated thr'ee-yp.i1I' f'lmning average. In "the first instance 

the successive yf'!drs ~re grouped in the second the data is 

arranged in d3ccnding order in X prior to calculating the 

three-year running average. 

F 12 
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Table 14. Regression analysis of the abundance of young salmon 
on their abundance in the previous year. Data from 
Table 10 and Table 11. Figures based on three-year 

Part A 

running averages. 

Y = number of small parr, X = number of underyearlings 

a year before. 
Analysis 

Std. Dev. t-ratio 
Variable 

Canst. 

Regression 

Regr. Coeff. 

-0.128 
0.15 5.37*· 

r' ,0.793 
(0.846)a 

X 0.779 

Part B Y = number of large parr, X = number of small parr 

a year before. 

Regression Analysis 

Variable Regr. Coeff • Std. Dev. t-ratiO 

Const. 7.000 

X 
0.118 0.104 1.13 

(0.693)a 

Part C 
y = smolt production, X = number of large parr a 

year later. 

Regression AnalysiS 

Variable Regr. Coeff. 

Canst. 
0.585 

X 
0.187 

.~ Significant at 1\ level . 

Std. Dev. t-ratio 

0.092 2.05* .. 
r' = 0.445 

(0.397)a 

. • Significant at 5\ level, one-sided test. 

a See footnote a for Table 13. 
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Table 1S. Sea ages of commercially caught aalman in New Brunswick, 
Nova Scotia and Newfoundland. I 

New Brunswick 

No. of salmon at Sea age 
Years grouped 1 yr 2 yrs 3 yr. 4 yrs Ave. age 

1949 - 54 52 1686 228 1 2.09 1955 - 60 245 5287 363 8 2.04 
1961 - 64 631 2127 262 7 2.00 
Total 928 9100 853 16 

Nova Scotia 

1949 - 64 38 40 9 0 2.00 

Newfoundlend 

1949 - 54 102 427 35 0 1. 99 
1955 - 60 309 985 44 0 1. 97 
1961 - 64 102 2?3 11 0 1. 96 
Total 513 1635 90 0 

1 Data source same as used in Allen (1967). 

F 14 
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Table 16. Regression analysiS of total landings from Hew Brunswick 
salmon stock on the estimated total smolt production of 
the Mlramlchl. A three-year running average has been 
used In .11 cases. 

Part A Y ; total New Brunst-lick commercial landings in 1000 
pounds two years later, X = smolt production at 
Miramichi in millions of fish. 

Regression Analysis 

Variable Regr. Coeff. S~d. Dev. t-ratio 

Canst. 

X 

Par~ B 

2~9 .11 

226.96 46.47 4.88" 

r" = 0.784 

'l = total new Brun'oJwick commercial landings two years 
later + O.llCGreeuland catches a year later) in 1000 
pounds, X ~ smolt production. 

Variable 

Regression 

Regr. Coeff. 

Analysis 
Std. Dev. t-ratio 

Canst. 

X 

~5.85 

376.95 38.68 9.75** 

r" = 0.929 

y :; total New Brunswick commercial landings two years 
later + 0.2 (GreenlClnd catches a year later) in 1000 
pounds, X:: smolt production. 

Regression Analysis 

Variable Regr. Coeff. S~d. Dev. t!'ratio 

Const. -120.~5 

X ~99.66 ~~.32 11.27" 

r" = 0.9~6 

*. Significant at 1\ level. 
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Table 17. Landings per smolt production. Data from Table 11 
and Table 1. 

Total Smolt Total Smolt 
CommeI'cial Production Production Landings' 

Conunercial 1 Landings two years two years Per Smo1t 
'tear Landings 1954-1963 earlier earlier Production 

1954 879.0 2.3 

1955 349.0 0.8 

1956 422.0 1.5 

1957 500.0 1.3 

1958 613.0 1.9 

1959 786.0 1.2 

1960 642.0 2.6 

1961 630.5 0.6 

1962 791.0 3.0 

1963 770.6 0.6 

6383.1 15.8 404.0 

1964 1268.5 1963-1971 3.2 

1965 1911. 6 2.2 

1966 1625.6 5.1 

1967 2052.1 5.0 

1968 1503.9 1.0 

1969 1082.9 2.7 

1970 1548.4 5.4 

1971 1219.2 0.4 

12212.2 25.0 488.5 

, 
I N.B. landings + O.2t. Greenland landings one year earlier. 

, 
Calculated by dividing total landings by estimated tota 1 smolt 
production for 1954 to 1963 and for 1964 to 1911. 
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Table 18. Number of salmon and gr115e caught at Mlllbank In 
research operated estuarial traps 'rom 1954 to 1971 
and the estimated egg deposition represented by these 
catches. Data from the Fisheries Research Board of 
Canada. St. Andrews. and the Resource Development 
Branch, Halifax. Sex ratios used - salmon 1:1; grl1se 
2M:IF. Potential 

No. of No. of Egg 1 

Year Salmon Grilse Deposi tion 

195~ 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

2130 

2882 

3361 

11187 

~625 

2872 

5123 

3073 

1992 

1834 

1008 

1818 

1793 

1014 

1~15 

2U 

382 

I Calculated dS In Tal)Ie 10. 

1833 

1818 

3~34 

4159 

8581 

1931 

~708 

6944 

3293 

14~55 

15791 

9818 

7693 

3218 

4325 

2427 

1960 

G3 

12.18 

15.33 

18.99 

2~.40 

12.24 

22.91 

17.28 

10.09 

19.15 

11.38 

20.24 

15.03 

7.97 

6.14 

'~. 87 

3.09 " 
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rlble 19. Regressfon analysfs of potentfal egg deposftfon per 
smolt productfon on New Brunswfck commercfll llndfngs 
per smolt productfon 2 years earl fer and on Greenland 
landfngs one year earl fer per smolt production 2 years 
earlier. 

Part A 

Variable 

, , 

egg deposition/smolt production two years earlier. 
New Brunswick landings/smolt production two years 
earlier. 
Greenland landings one year earlier/smolt production 
two years earlier. 

Regression Analysis 
Regr. Coeff. Std. Dev. t-ra.tio 

0.425 

O.02!i 

-0.002 

0.00578 

0.00065 

4.32 .. 

-3.28** 

R' • 0.859 

Part B ¥ : salmon escapement/smol~ production two years earlier, 

Xl and X2 as in Part A. 

Variable 
Regre~sion 

Regr. Coafi. 

1442.56 

1.63 

-0.59 

*. Significant at l' level. 

Analysis 

Std. Dev. 

1.56 

0.18 

t-rati.o 

1.04 

-3.331" 

R'." 0.730 
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--'-'-- Commercial salmon landin~s on the eanauian East Coast since 1910. 

Fieure from ;1ay & Lear (1971) 'fI 
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Fig. 3. Correlation between numbers of fry and numbers of 

grilse. 

numbers of grilse at Curventon 
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N\lmbcr!; of Balmon at Curvcnton 
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Fig. 4. Correlaticn between numbers of fry and numbers Qf 

tJalmon. 
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three-year running average of estimated smolt production 
at Miramichi in millions 

The relationship between estimated smolt productloe 
and subsequent commercial landings. The londlngs 
plotted are the total New Brunswick landings two 
years later plus 0.2 times the Greenland lendings 
one year later. 
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