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Introduction

A new evaluation of effects of the high seas fishery
on Canadian catches, present and future, is pffered in this
paper. It involves amalysis of more detailed data on Canadian
fisheries and stocks than have been available to the ICES/ICNAF
Joint Warxing Party on North Atlantic Salmon {ICES/ICNAF, 1967;
19659, 1971a,b, 1972},

Effects of the Greenland fishery (Table 2} on home
salmon catches (Table 1) are assessed by examining the changes
in Canadian catches since the beginning of that fishery. The
analysis indicates that the most inportant effect of .he Green-
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.

Tagging studies

Data for the 1950's are used to provide a base with
which to compare that for the 1960's when salmon were, besides
the traditional fisheries, aiso subject to fishing in the
West Greenland area. A continuing program of marking and/or
tagging the seabound $molts 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 serjes available and the taggings
in different years are rejatively comparable.

From 1950 to 196) a total of 174,509 salmon smolts
were marked by finclipping as they descended Miramichi

tributaries \Kerswill, 1971). Some of these data are summarized
in Table 3.

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

Bata for finclipped smolts (1v50 to 1960} are given
in Table 3. Data for later taggings are grouped for 1960 to
1963, 1964 and 1965, and 1966 to 1968 in Table 4.

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

2Present address: Fisneries Research Board of Canada,
Biological Station, St. Andrews, N.B.

E2



-2 -

Table & summarizes the percentage escapements {passed
through counting fance and not subsequently cauqght by anglers)
and the percentage recoveries (counting fence plus angling) fin
home river for native and hatchery-reared fish in the Northwest
Miramichi. The percentages are tbased on total recaptures for
salmon or grilse.

The total percentage recovered in the home river
should be a more sensitive index of effects of the Greenland
fishery on home water stocks than the percentage escapement.
In the early years, 1950-80, about 22% of salmon were caught
or counted in their home river. 1In the early 1960's when the
Greenland fishery was Jjust 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 corrclation r = -0.94, siqnificant at 95% level.

A number of tagging experiments have been carried
out in Nova Scotia by beth the Fisheries Research Hoard and
the Resource Deveclopment Branch, Table 7 summarizes the
results of those taggings involving substantial numbers of
fish over several years. The rivers include the Margaree, the
River Philip and the Medway. The rate of recavery ranges be-
tween 0.5% ta N.9%. These figures compare with 0.5% rcported
by Tétreault and Carter (1972) for tangings in two Quebec
rivers.

The data on Hewfoundland tagqings of wild smolts up
to 1968 are summarized in Table 8, Only about 2 thousand
fish were tagged in 1963 or before, but some 17 thousand were
tagged between 1904 and 1968, Returns from West Greeniand are
conspicuocusiy absent. These results may, howcver, be peculiar
to the particular rivers where the experiments were carried
out. Tablg 8 shows that only about 54 of the returns were
salmon and 95% were grilse. These data contrast with the
breakdown of Hewfoundland landings where salmen account for
about 53 to 604 of total (May and Llear, 1972). MHence these
tagging experiments reflect poorly the Newfoundland fisheries
as a whote. later tagoing studies on smolts (14,755) of the
sandhill River of Lahrador showed about 674 returns as grilse
in home waters and 3% as 1+ Fish in Greenland and 2-sea-winter
fish in howe waiers. About 538 of the non-qrilse were taken
in Greenland, 44% in home-water commercial fisheries and 5%
were registered as escapement (Peet and Pratt, 1972).

Tétreault and Larter (1972) give information on the

effect of Greenland catches an Auebec salmon. A total of W
20,456 hatchery-viared smolts woere releasgd in 1968, Only

105 were recaptured including 44 fish in Greenland, 44 in New-
foundland and 17 in home watlers. The percentane captured in

Greenland (42%) i biqgher than for any other taqgrgings except

these for large szalman sof the Sandhill River (51%). A high

rate of utilization of Quebec fish Ly the Greenland fishery
may explain nenative corrcelation Lbetween incrcascd catches in
Greenland and decrcascd catches in Quebec {¢ = -0.74) or be-
tween catches in Greenland and deercased catch per rod hour in
Quebec rivers (v = ~-0.35).

In 1969, 36 recaptures were reported from Greenland,
anly 3 of these from the offshore fishery., Yet, as Tétreault
and Carter point out, the inshore fishery took only 2.15 million
1t and the offshore fishery 2.72 miltion 1b., The discrepancy
between number of recoveries reported and landings suggests
that a much higher number of taaged fish were actually caught
but not reported. By correcting the reported recoveries from
the offshore fishery for non-vaporting, Tétreault and Carter
cstimate that 80 fish were in fact captured as opposed to the
44 reported.
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Rate of utilization of salmon

Table 9 qives percentages of salmon caught both in
Greenland and Mewfoundland for the previously reported taggings
in New Brunswick and in Hova Scotia. Percentages do not incor-
porate any correction for nop-reporting.

Of particular interest are percentage returns for
salmon and the trends exhibited. Data for grilse have been
entered for completeness. (Only the data for native salmon,
Part A (and native grilse, Part AY are assumned to give reliable v
information on trends, HNumbers of hatchery-reared fish for the
early 1960's are rather small to base canclusions on.

The 1mportant fact that emerges from Table 9 is that
while the Greenland fishery has been ifncreasing 1ts share, the
other distant fisheries, e.g9., the Newfoundland fishery, have
not. Recent depressfon of the New Brunswick stocks appears
not to be related to increased exploitation in Newfoundland.

Inspection of the actual percentages shows that the
Greenland fishery takes 16-24% of all salmon originating in
New Brunswick and 20-52% of those originating in Nava Scotia.
If we were ta correct for the nen-reporting of tags in the
manner earlier applied by Elson (1970} and Tétreault and
Carter {1972}, the actual nuaber of returns would almost double
and the estimated share of the Greenland fishery would range
from 27-38% for Hew Brunswick salmon stocks and from 32-68%
for Mova Scotia stocks. In a paper analysing returns from
smolt tagqings in 1968-70 in the Miramichi, Turner {1972} esti-
mates that tie reletive exploitation by the high seas fishery
of Miramichi salmnn stocks is around 39%i. For their four
Quepec rivers Tdtreault and Carter estimated a 30% exploitation
rate of Ouehce qrilse plus salmon by the offshore Greeniand
fishery and 274 by the inshore fishery based on total recap-
tures of Nueber fish (i.e., both grilse and salmon combined).

The Fisheries Research Board of Canada has maintained
a counting fence on the Hortlivest Miramichi at Curventon since
1950 (Kercuill, 1971). Counts of salmon and qrilse ascending
the river past the fence have been tahulated in Table 10,
columns 1 and 2. The abundance of younrn has been followed by
annual electrofishing surveys in 10-14 sampling séetions of
the river. I[stamated populations convertied to 100 ydi indices
are tabulated in Table 10, cnlumns 3, 4 and b, Column 3 gives -
the nuwbers of ynderyearliings, column 4 the numbers of small
parr and calumn 5% the nunsbers of larqe, pre-smolt parr. By
and large these correspond to 0+, 1+, and 2+ year olds.

Huebers of amolts counted descending the rivers are
qiven 1n cnlumn 6. For most years the counts are not complete,
installation nf Lhe fence being delayed by toq drives and/or
high water. Lut, except 1952, 1957, 1360, 1961 and possibly
1563, thay probably provide some indication of levels of smolt
production,

Cstimates of the smolt run for the whole Miramichi
system are aiven in Table 1. It 1ists the numbers of smolts
tagged nr fin-clipped at Curventon, number caught in research-
operated estuarial traps at Millbank, number of recaptures at
HWillbank of smnlts marked up river and Petersen estimates of
total smolt runs for all vears except 1952 when no esti-
mate was feasible and 1963 when the Petersen estimate appeared
totally unreasonable. Estimates for those two years have been
obtained hy regressing estimated smolt production for the
remaining years on the numbers descending at Curventon and E 4
subsequent total salmon Yandings and obtaining substitute
estimates fram a reqgrossion equation as indicated in Table 12.
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To determine the relationship between the number of
potential spawncrs and the resultant prageny, multiple re-
gression analysis has been carricd out by reqressing the esti-
mated density of underyearlings above Curventon on the numbers
of grilse and salmon ascending the year before. The results
are presented in Table 13. To counteract sampling errors énd
fluctuations in the environment a three-year running average
of the data has been used in the regression.
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The regression of the numbers of underyearlings on
the numbers of salmon is significant while that on the numbers
of grilse is not (Table 13). Graphically, this can be verified
by plotting the aumbers of underycarlings against the numbers
of satlmon (Fig. 4} and anatnst the numbers of grilse (Fig. 3).

The results from the multiple reqression suggest
that the numbers of salman are more important in determining
the spawning success than the numhers of grilse. To ensure
adequate recruitment in this strcam spawning stocks must in-
clude adequate numbers of salmon and not grilse alone,
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We have also estimated the number of e9gs deposited
and correlated that with the naumher of underyeariings. The
potential eqq deposition has been calculated by assuming 800
eqgs per pound of female fish. The sex ratios of male:female
have been sct at 1:1 for salmon and 2:1 for grilse and the
average weinhts at 9.2 1b and at 3.2 1b respectively. The
resultant fiqgures are given in Table 10, column 7. Carre-
lation betueen the potential oqq depositign in the previous
fall and density of underycarling gives rt = 0.69, Table 13,
Part B. MWhile this is siqnificant, it is not as high as the
multiple carrelation cocfficient, pZ = 0.82, when the numbers
of grilse and salmon are entored separately. The discrepancy
is consistent with our earlier conclusion that salmon are more
important than grilse in deteymining the spawning Sucgess.
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Further regression analysis carried out in Table 14
shows a siqnificant relatienship Lotween density of small parr
and that of underyearlings ihe year before, while the relation-
ship between density of large pary and preceding small parr 15
rot siqnificant.

Correlation between larne parr and the numbers of
smalts counted is, however, significant despite the incaomplete-
ness of counts in many years (Table 14, Part ¢). §ince the re-
lationships between abundances st successive stages from the
spawners through to smolt run are all significant, except for
the relationship betuween the small pary and large parr, it i
is concluded that the transitional phase from the small te
large parr is a most crtlical, or at least a most variable
phase in the freshuatoer Vite of Uorthuest Miramichi saimon.
This particular relationship is probably also weakened by the
fact that the small parr qyoup incluegs, in addition to 1+
fish, some small z-year-olds.  Hut large parr, venardless of
ane, are likely to become smolts the following spring
{Elson, 14957}).
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smolt praduction and subsequent 1a ndings

Miramichi smelt production as estimated in Table 11
is variable. The annual estimates are sometimes based on small
samples of marked fish in the estuarial traps. Part of the
apparcent variability is probably due to sampling error. That
a significant correlation exists between estimated parr popu- ; ’
lations and subsequent smolts suggests that some of the observed
variability is real.
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The caommercial fishery in MNew Brunswick 1s based on
salmon, i.¢., on fish that have spent two or more years at sea
{Allen, 1967). Table 15 gives the summary of sea ages of com-
mercially caught fish in Hew frunswick from 1949 to 1964 and, ES5
for comparison, also those landed in Nova Scatia and Newfound~-
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land. Over 80% ot the reported landings 1n New Brunswick were
salmon which had spent 2 years at sea. Although some grilse

are taken (sae Table 4) they are, for the most part, not re-
ported in commercial Tandings because their sale In New Brunswick
is illegal.

Through the 1950°g and earlier the Miramichi system
produced about 60% of the salmon landed in Kew Brunswick, A
significant relationship between Miramichi smolt production and
New Brunswick landings two years later might he expected if
distant fisherjes do not have a significant effect on the stock. v
Our anatysis of tag returns indicates the only distant fishery
whose take from New Brunswick stocks has appreciably changed 1s
that in the Greenland area. Hence 1f the Greenland fishery has
had a noticeable effect on New Brunswick stocks, any relation-
ship which Mmay exist between smolt production of the Miramichi
and subsequent home commercial Yandings should improve noticeably
when the Greenland landings are taken into account. Such is
the case.

Total landings of salmon that originate in New
Brunswick include those caught 1n West Greenland. A reasonabie
estimate might he that 50% of the Greenland caught salmon come
from Canadian Witers and that about 22% of Canadian Catches 1ip
the past ten years are landed in New Brunswick. Thus about 11%
(= .50 x .22} of Greenland catches should be New Brunswick fish.
The 11% may be too lew since more fish originating 4n New
Brunswick than fish originating in Rewfoundland appear to be
caught in Greenland. Lacking tnformation on the actual per-
centage, we have made our caleulations using both 11% and 20%.
The 20% figure which agrees with the tag returns tabulated in
Table 4 js derived as follaws. Ip 1964-65 there were 82 tag
returns reported from Greenland hut of a total of 704 returns,
Assuming about 50% losses for nhon-reportingl, there should have
been 164 Greenland Captures out of a total of 786 (= 704 + 82)
9iving a 209 rate of exploitation in Greenland {164/786 = .20),
The latter fiqure, in fact, will give us slightly better results
although the conclusions arp essentially unaltered,

The coefficient {r) for simple correlation between
smolt aroduction ang Hew Brunswick tandings based on three-year
rgnnfnq averanes for both sets of data is represented hy
= 0079 (Table 16), When the 311% of the Greenland landings
are included with the New Brunswick landings this is increased
to rd = .93, Adding 20% instead of 11% 9ives rl s g.94, 4
sTight improvament hut not significant. If the calculations
are done withont imoothing the tata, the same picture emerges
but the correlations are not as hiqh.

The fact that carrelation botween smoelt praductian
and subsequent home bandings ig dppreciably improved by in-
cluding an allovance fur lpy brunswick fish taken in Greenjand
indicates that the Greenland fishery explaits 4 noticeable share
of New Brunswick smolt production, The close relationship be-
tween smolt productinon 4and subsequent tandings is shown in
Fig. 5,

Landings per milliogn smolts {Table 17) have, on the
average, been somewhat higher since 1943 than prior to that,
The rate of exploitation is higher now than at any time since
1950, at Yeast in pPart because of the Greenland fishery., That
this has had an adverse effect on escapement, 90 depositiaon
and hence subsequent recruitment to stocks already heavity
exploited in home walers jg understandable,

14, . E6
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Table 18 11sts the number of salmon and grilse caught
in the estuary at Millbank 1n research traps while ascending
the Miramichi system. These are the best available indicators
of escapement of salmon and aritse from the commercial fishery.
Potential eqg depositian represented by these catches is also
set out {n Table 18, column 3. The figures do not represent
the total escapement or eqq deposition in the Miramichi system,

but egqqg deposition thus calculated should be an {ndication of
the total for the system and hence an index of expected level
of progeny.

If recruitment to young stocks is a Hmiting factor,
then egqg deposition, or some index of tt, should correlate
with consequent smolt production.

If the survival at sea and the take by the fishery
were constant from year to year, egqqg deposition per smolt
production should also be constant. But hoth natwral and
fishing mortalfty doubtless vary. MWith all other factors
constant, inverse correlation between eqq deposition per smolt
production and landings per smolt production woeuld be expected,
f.e., high landings from a smelt run vould imply fewer salmon
remaining for spawaing, But {f landings are dependent on
variable natural mortality, then hiqgh landings per smolt pro-
duction would tend to be an index of good survival of a year-
class. This would tend to Counteract any inverse correlation
with egg deposition.

Since grilse escapement results from smolt production
one year before and salmon ¢scapement from smolt production
two years before, ¢gq deposition arises from production both
one and two years earlier. The two-year component is a very
important one because saimon, due to higher fecundity and
female:male sex ratio, trequently make the larger contribution
to eqq deposition. There are now, moreover, indications of
genetic polymorphism in Atlantic salmon stocks which involves
a tendency for progeny to mature at Lthe same sea age as their
parents, f.e., large salmon spawners appear necessary for re-
cruitment of a qooad stock of large salmon {E¥son, 1973a). In
addition, the analysis presented in Table 13 suggests that sal-
man caqs, wsually larger than qgrilse cqys, are also more viable,
To avoid the difficultics of suolt production contributing to
eqqg deposition one and two years later, three-year running
averaqes have been used for calculations.

.y
The problem of two smolt classes contributing to one

year's eqq depasition can be approached in another way. It
has already beun chown (Table 16) that howe commercial landings,
consisting of nver 90% 2-sca-winter salmbn, are correlated with
smolt production 2 years hefore. Escapement of salmon (an
index of eqq deposition) might, then, also be cxpected Lo
correlate with smolt runs tuo ycars before, i.e., salmon escape-
ment {and eqq depositfon) per smolt production should be
constant if other factors such as natural and fishing mortality,
etc., are constant.

Multiple regression analyses of both e g depoesition
(Table 19, Part A) and salmon escapement (Part B} on Greenland
and home commercial landings are summarized in Table 19. The
analyses show siqnificant and positive correlation with New
Brunswick landings and siqnificant and negative correlation
with Greenland landings in both cases,

It is concluded on the basis of these results that
landings 1n 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 escape-
ment reported by Eison (1973b). The escalated Greenland
landings supply the best available explanation for the recent
and continuing deficiency fn numbers of salmon returning to
the Miramichi River to spawn.

E7
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Summary

Recaptures of Atlantic salmon tagged as smolts show
that substantial numbers of those produced in the Maritimes
are caught in Greenland waters. Percentare recoveries in the
home river system show a siqnificant inverse 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 millfon 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 cor-
respondingly.

Lowered escapement has been followed by lowered
abundance of progeny as reflected by density of young in
hursery stream areas. Significantly, the recruitment as
measured in the numbers of underyearlings depends mare crucially
on the numbers of salmon escaping the fishery than on numbers
of grilse. As shown by this Statistical analysis, the Greenland
fishgry has had a direct adverse affect on the numbers of salmon
surviving to enter their spawning river. Cornsequently, the
abundant smolt runs in 1964, 1965, and 1968 produced by good
éscapement some four years earlier failed to maintain adequate
levels of recruitment and have instead been followed by all-
time low commercial catches and recruitment of young in rivers.
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Table 1.

Yearpr

50
51
52
53
54
55
56
57
58
59
60
61
652
63
By
65
66
07
68
69
70
71

Commercial salmon landings by provinces and angling
catches for the provinces of New Brunswick and Nova
Scotia from 1950 - 1971. Data from May & Lear (1971)
ti1l 1970, for 1971 from the Wykes & Dunfield (1972).
Landings and catches are in thaousands of pounds.

N.B.

980
740
717
694
873
349
422
500
613
786
642
604
735
6563
1063
1233
1246
1448
798
586
ST4
273

Commercial Landings

N.S.

294
262
214
271
228
128
136
146
204
210
250
279
312
nz
252
294
281
LI
232
171
15

69

P.qQ.

829
749
793
672
520
uWh3
u66
yus
510
651
632
509
501
1432
449
572
590
501
b2y
3gl
g3

Nfld.
and
Labr.

3676
3351
3415
3087
2355
1751
1645
1965
2154
2345
2089
2093
2239
2677
2792
2561
3078
4007
3180
3176
3gn2

E10

Angling Catches

N.B.

31s
o2
292
226
290
230
380
191
158
141l
178
35u
269
308
U0l
349
155
210
17y

98

N.S5.

38
50
30
21
21
10
38
34
13
24
33
21
28
16
21
32
19

28
19
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Table 2. Commercial salmon catches off the West Coast of
Greenland from 1960 - 1971 in thousands of pounds.
Data from LCES/ICNAT Joint Working Party Report

(1972).
Commercial Landings

Year West Greertland
1960 132.3
1961 280.0
1962 537.9
1963 1027.3
1964 3392.9

. 1965 1898.2

A 1966 3020.3

1. | 1967 3529.5

I 1968 : 2484 .6

: \ 1969 4872.2

-? 1970 4731.1

] 1971 §765.0

e
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Table 3. Numbaers of marked Northwest Miramichi smolts returned as
grilse and salmon. Smolts marked by finclipptng from
1950 to 1961. Data from Kerswill {1971).

Total Number Finclipped from 1950 - 1961 = 174,509

Recaptured as

Method of
Capture Grilse Salmon
Commercial
Home 278 1753
Distant als 607
e‘ Angling 339 126
Escapement 796 531
Total 1728 3917

Percentage escapement from total returng
for grilse 45.1 %

17.6 %

for calmon

Rate of Recovery = 2.71 %

-
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Table 4. Humbers of tagged smolts raturned 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
Fighery ' Recaptured as
Caught in Grilse Salmon Grilse Salmon
W. Greenland 12 kK I
Commercial .
Home 35 46 30 14
Distant 9 15 iu 17
Angling 50 13 10 7
Escapement 159 3 51 2
Total 253 89 105 43
Rate of Recovery 2.78% 1.32%
Years 1964 ~- 1565
Native fish ) Hatchery fish
Total No. = 28327 Total No, = 26356
Fishery racaptured as
Caught in Grilse Salmon Grilse Salmon
W. Greenland 82 . L
Commercial
Home 61 196 66 85
Distant 23 an 73 5h
Angling 120 20 87 ) 17
Escapement 158 10 55 ) 4
Total 362 u2 . 285 208
Rate of Recovery 2.u9% 1.87%

E 13
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Table 4 continued,
Years 1966 - 1968
Native fish Hatchery fish
Total No. = %8500 Total No. = 70147

Fishery Recaptured as
Caught in Grilse Salmon Grilse Salmon
W. Greenland 145 86
Commercial

Home anl 344 120 269

Distant 89 104 119 142
Angling u33 52 170 38
Escapement 386 29 62 9
Total 1209 674 471 Suy
Rate of Recovery 3.88% . 1.459%

E 14
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Numbers of tagged 8
All smolts marked an
mostly by the Resource Develo
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to 1968. Data from May (1971)}.

Years 1960 - 1963

Fishery
Caught in
W. Greenland

Commercial
Home
Distant

Angling
Escapement

Total

Rate of Recovery

Native fish

Total No. = 1474 Total No.
Recaptured as
Grilse Salmon Grilse
0
1 0 0
(] ] 9
1] 0 3l
0 g 4
5 0 Yy
0.34%

Years 196h ~ 1965

Fishery
Caught in
W. Greenland

Commercial
Home
Distant

Angling
Escapement

Total

Rate of Recovery

Native fish

Total Na. = 921
Recaptured as
Grilse Salmon Grilse
0
1] 1 20
0 0 13
0 0 . 51
0 0 65
0, 1 149
0.11%

F1

molts returned as grilse or salmon.
d liberated in the Miramichi system
pment Branch between 1960

Hatchery fish

= 7658

Salmon

2

N OEF N

13

0.7ud

Hatchery fish

Total No. = 5u696

Salmon

22

25
19

18
21

105

0.46%

1
]
i

.
:J.qwdféi

o e
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Table § continued.
1
Years 1966 - 1968 ' ¢ oL
. P
Native fish Hatchery fish Lo !
Total No. = 13242 Total No. = 105423
Fishery Racaptured as . Q-
Caught in Grilse Salmon Grilse Salmon : .
: . [ e
W. Greenland 12 a6
Commercial 3 ‘.
Home 19 u7 36 109 Lo
Distant B 9 111 79 f
Angling 26 30 58 21 i
Escapement 20 11 19 3 f
Total 73 109 224 298 I
Vo
Rate of Recovery 1.37% . 0.49% gy
-
N 3
N i
v
oo
F2 L E
i -,.!
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Table 6. The percentage escapement and the percentagé recoverad

in home rivers for the HJorthwest Miramichi taggings .
pData from Tables 3 and b,

The percentage escapement

Native fish Hatchery fish
Recaptured as
Years Grilse Salmon Grilss Salmon
1950 - 1960 46.1 17.6 - -
1960 ~ 1963 62.8 KL 48.6 4.6
1964 - 1965 43.6 2.9 20.7 1.9

1866 - 1968 31.9 4.3 13.2 1.7

The percentage recovery in home river

Hative fish Hatchery fish

Recaptured as
Years Grilse Salmon - Grilse . Salmon
1950 - 1960 65.6 21.7 - -
1960 - 1963 82.6 18.8 58.1 20.9
1964 ~ 1965 76.8 6.8 51.2 ) 10.1
1966 - 1968 67.7 12.0 . 49.3 8.6

The correlation coefficient between the percentage recovery

and the Grennland catches, r* = - 0.94

F3
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Table 7. MNumbers of returns of smolts tagged in Nova Scotia
rivers of Margaree, Medway and Philip from 1960 to
1968. Data from May (1971).

Years 1960 - 1963

Fishery
Caught in

W. Greenland

Commercial
Home
Distant

Angling
Escapement

Total

Rate of Recovery

Years 1964 - 1965

Fishery
Caught in
W. Greenland

Commercial
Home
Distant

Angling
Escapement

Total

Rate of Recovery

Hatchery fish
Total No. = 7658
Recaptured as

Grilse Salmon
2
0 2
9 3
31 M
4 2
4y 13

0.74%

Hatcher& fish
Total No. = 25195
Recaptured as

Grilse Salmon
26
1 25
12 41
27 10
46 3n
46 136

0.08%

F4
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Table 7 continued.

Years 1966 - 1968

Hatchery fish
Total No. = 69195
Recaptured as

Fishery
Caught in Grilse Salmon
W. Greenland 117
Commercial
Home 3 29
Distant 49 .54
_ Angling 18 7
] Escapement 41 18
] . Total 111 225
.
4

Rate of Recovery 0.485%

Years 1960 - 1968

A Native fish
Total No. = 7614
Recaptured as

Fishery
Caught in Grilse Saimon
W. Greenland ' 7
E
4 Commercial
Home 1 5
i Distant 1 15
Angling 13
] Escapement 16 3
Total 31 31
Rate of Recovery 0.8%

F5
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Table 8. Numbers of returns of smolts tagged in Newfoundland
rivers from 1960 to 1968. Data from May (1971),

Years 1960 - 1968

Fighery
Caught in

W. Greenland

Commercial
Home
Distant

Angling

Escapement

Totél

Rate of Recovery

Native fish
Total No. = 19858

Recaptured as

Grilse Salmon
0
19 S
49 1
22 1
30 1
120 B

0.64%
Fé6
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The percentage utilization of salmon and grilse in Greenland and other

distant (mostly Newfoundland) waters. Data from Table 3 and 4 for

Northwest Miramichi, Part A, and from Table 7 for Nova Scotia, Part B.

Part A, New Brunswick

Place of Capture 1950 -~ 1960

Native Salmon
Distant 20

Greenland 0

Hatchery Salmon
Distant

Greenland 0.

Native Grilse
Distant 10

Hatchery Grilse
Distant 0

Part B, Nova Scotia

Hatchery Salmon
Distant

Greenland 0

Hatchery Grilse
DPistant

*# based on total returns which number

Percentages by years

1960 - 1963 1964 ~ 1965

17 10
13 24
Ho& 26

7™ 23

L 6

13 25

23 an

15# 19

00 1t

F7

1966 -~ 1968

15
22

26
16

25

24
52

41

less than 50 fish.

]
1

¢

e

o T T AT TR U L S

e

- —— s

4‘-‘,7-:‘



il

- 21 -

Table 10. Numbers of grilse and salmon ascending at the Curventon Counting Fence
and the subsequent production of young and eggs.

No. ascending
the year hefore

Year Salmon
1
1950
1951 720
1952 387
15953 . 1302
1954 1030
1955 1055
1956 783
1957 561
. 1958 706
1959 580
1960 1002
1961 3717
1962 8749
1963 223
1964 a1
1965 146
1966 120
1967 111
1968 171
1969 T4
1970 129
1971 105
- Columns 1 and 2:
Columns 3 to 5:

Colump 6:

Column 7:

Grilse

2

1931
2113
2148
2165
2601
2756

762

875
2420
1357
2712

952
2285
6085
5125
1689
2990
1809

371
2153

731

No.

of

under-

K]

5.6
24.9
19.8
22.1

1.0
$3.3
11.2
.7
20.7
33.9
12 &

6.7
26.13
13.1
17.6
13.9

5.9
10.6
16.7

1.2
™, 2

b.y

later years from Elson
Andrews) .

yearlings

No. of
Small
Parr

M

1.5
15.7
19.3
27.8

4.8

1.0
7.6
20.6
12.86
18.6
.2
.2

2.8
19.3
11.3
11.0
14.8

4.5

4.9

6.8

4.9

5.9

/o

No. of
Large
Parp

5

0.5
8.9
11.6
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
4.5
8.6

B

»

Smolt
Run

33451
Buo!
25269

25429 -

25728
13251
gal!
18327
19241
32!
yo2!
18558
6716
28929
32504
227w9
30892
51161

12878

1767%
15322

Data from the same source as for columns 1 and 2.

Egg .
Depasition
in millions

1

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
1.01

Data from Henderson et al (1965) for 1950 to 1963, for the
~C(unpublished manuscript F.R.B., St. .
-1

Data from Elson (unpublished manuscript, F.R.B. St. Andrews).
The figures are average numbers per 100 square yards with

lower and upper sectinns of the Northwest Miramichi weighted
equally.

Egg deposition = 800{9.21 x .5(no. of salmon ascending)

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

! Not used in regression analysis in Table 12.

F8
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Table 11. Estimated smolt production of Miramichi from 1951 to 1971,

Column (1) (2) (3) (4) (%)
No . No. No. of No. Estimated
Year finclipped tagged smolts at recap. at smolt prod.
Millbank Millbank in millions
M M n m )
1951 48373 1671 48 1.7
1952 1309 3994 0 2.3?
1953 B5214 17615 989 0.8
1954 45914 35592 1064 1.5
1955 38792 76818 2265 1.3
1956 21663 58215 679 1.9
1957 779 ' 25118 17 1.2
1958 28853 69855 776 2.6
1959 26476 4937 209 0.6
1980 3429 40§23 u7 3.0
1961 597 16906 20 0.6
1962 167371 By 826 237 3.2
1963 8958 49723 49 z.2?
1964 24499 16472 79 5.1
1965 39184 31930 194 5.0
1966 4566 9085 366 1.0
1967 41720 20555 ‘313 2.7
1968 550973 6414 65 5.4
1969 637214 4927 793 0.4
1970 L7665 8698 3u6 1.2
1971 18950 2431 Y. 36 1.3

Column (1): Data from Keeswill (1971).
Column (2): Data from Elson (unpublished manuscript, FRB, St.

Andretis), cf. May (1971). Figures include both native

and hatchery-reared smolts.

F9
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Table 11 continued.

A
Column (3) § (4): Data from Elson (unpublished manuscript, FRB.,

St. Andrews), some of the earlier data given in
Kerswill (1971).

Column (5): Petersen estimate = Mn/m

Not included in Kerswill's article because of the 1961 cut-off

date.

No Petersen estimate available. The value given is caleculated
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 smolts. This was
judged totally unreasonable in the-light of subsequent landings
(Table 1) or of numbers of smolts descending at Curventon.
Instead two estimates, one based on the regression of smolt run
on landings, and the other based on the regression of gmolt ™un
on numbers descending at Curventon were used; the two regressions
gave the estimates 3.6 and 0.8, the average 2.2 being the one

“

used in the Table.
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Table 12. The ragression of estimated smolt run (Table 11) on the
New Brunswick commercial landings two years later (Table
1) and on the numbers descending at Curventon. The ;
regressions are used only to estimate the smolt run .

at Millbank for 1952 and 1963.

Part A Y = smolt run from Table 11, X = New Brunswick
commercial landings two years later. The years 1952 and

1963 have been excluded,

Regression Analysis

Variable Regr. Coeff. 5td., Dev. - t-ratio
Const. -0.2696
X 0.0035 0.00104 3,394
r? = 0,812 a
Part B Y = smolt 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. Dav. t-ratio ¥
Const. 0.061
X 0.000088 0.000031 2,92m% .
r! = 0.611
".
o N

A% Sipnificant at 1% level.

F1ll £,
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Table 13. Regression analysis of the densfty of underyearlings on
the numbers of grilse and salmon the year before (Part A)
and the density of underyearliings on the estimated egg
deposition (Part B).

Part A ¥ = the number of underyearlings (Table 10),
X1= numbers of salmon ascending, X3 = numbers of
grilse ascending at Curventoen. Data smoothed by
taking three-year running averages.

Regression Analysis

Variable Regr. Coeff. Std. Dev. t-ratio
Const. 8.17
X 0.014 0.0024 5.92nn
Xz 0.0003 0.0008 0.4056
R?* = 0.018
Part B X = the estimated egg deposition,
Y = numbers of underyearlings.

Regression Analysis

Variable Regr. Coefl. Std. Dev, t-ratio
Const. 5.06
X 2.72 0.694 3.9uhn
r¥ = 0.691
{0.619)°%
wh Significant at 1% level. .
a

The second correlation cocfficient is based on a differently
calculated three-year running average. In the first instance
the successive years are grouped in the second the data is
arranged in ascending order in X prior to calculating the
three-year running average.

F12
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Table 1. Regression analysis of the abundance of young salmon
on their abundance in the previous year. Data from
Table 10 and Table 11. Fipures based on three-year

running averages.

Part A Y = number of small parr, ¥ = number of underyearlings
a year before.

Regression Analysis

Variable Regr. Coeff. std. Dev. t-ratio .
Const. -0.128
X 0.779 0.15 §5,37%%
r? = 0.793
(0.8u48)
Part B ¥ = number of large parr, ¥ = pumber of sgmall parr
a year before.
Regression Analysis _ m
Yariable Regr. Coeff. Std. Dev. t-ratio
Const. 7.0006
X 0.1186 0.104 1.13
r? = 0.265
(0.6931)2
Part C ¥ = smolt production, X = number of large parr a

year later.

Regression Analysis

A

Variable Regr. Coeff. Std. Dev. t-patio
Const. 0.585
X 0.187 0.092 2.05%
L]
‘ L4
r? = 0,445 &
v (0.39Nn¢

#% Significant at 1% level.
# Significant at 5% level, one-sided test.

a cea footnote a for Table 13.

F 13



de . 2 2.

- 27 -

Table 15. Sea ages of commercially caught salmon in New Brunswick,

Mova Scotia and Newfoundland.?®

New Brunswick

No. of salmon at sea age

Years grouped 1l yr 2 yrs 3 yrs
1949 - gy 52 1686 228
1955 - 60 245 5287 363
1961 - 64 631 2127 262

_ Total 928 9100 853

Nova Scotia

1949 « gy ae 40 9
Newfoundland
1949 - Sy 102 W27 35
1955 - 80 309 385 Wy
1961 - 64 102 223 11
Total 513 1635 30

Data source same as used in Allen (1967), -

F 14

4 yrs

1
8
?

1s

cC oo oo

Ave. age

2.09
2.04
2.60

2.00

1.99
1.97
1.86
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Table 16. Regression analysis of total landings from Hew Brunswick
salmon stock on the estimated total smolt production of
the Miramichi. A three-year running average has bean
used in all cases.

Part A Y = total New Brunswick commercial landings in 1000 e
" pounds two years later, X = smolt production at S
Miramichi in millions of fish.

L] ‘|
Regression Analysis
Variable Regr. Coeff. Std. Dev. t-ratio
_; t
Const. 249.11 ' N
t
X 226.96 G647 4, 88An e
r? = 0.784% . Q
[}
Part B Y = total Mew Brunswick commercial landings two years .
later + 0.1l(Greernland catches a year later) in 1000
pounds, X = smolt production. .
a
L Regression Analysis .
Variable Regr. Coeff. Std. Dev. t-ratio :
Const. 45.85% . &‘
176.95 38.68 g, 7588 :
r* = 0.929 @
‘ f.
Part C ¥ = total MNew Brunswick commercial landings two years "
later + 0.2 (Greenland catches a year later) in 1000 *
pounds, X = smolt production. 1
Regression Analysis f
Variable Regr. Coeff. Std. Dev. tratio e
I_:I'
Const. -120.45 : » t
X 499,66 44,32 11.2744 -
r? = 0.9ub ,ﬁ
” hl‘
#% Significant at 1% level. g
¥
-:‘

G1
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Table 17. Landings per smolt production. Data from Table 11
and Table 1.

Total Smolt Total Smolt
Commercial Production Production Landings?
Commercial’ Landings two years two years Per Smolt

Year Landings 1954-1963 earlierp earlier Production .
195y 879.0 2.3
1955 349.0 0.8
1956 422.0 1.5
1957 §06.0 1.3
1958 613.0
1959 786.0 .2
1960 642.0 2.6
1961 630.5 0.6
1962 791.0 .
1963 770.6 0.8

6383.1 15.8 404.0
1964 1268.5  1963-1971 L
1965 1911.6 2.2 . f;?
1966 1625.6 ¥
1967 2052.1 ;%
1968 1503.9 R
1969 1082.9 e
1870 1548.4 Bt
1971 1219.2 : 5

12212.2 25.0 488.5 o

.

—
e

bl

' N.B. landings + 0.2% Greenland landings one year earlier.

%
s e

* Calculated by dividing total landings by estimated total smolt
production for 1954 to 1963 and for 1964 to 197).

-

T g e
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Table 18. HNHumber of salmon and grilse caught at Mfl1lbank in
research operated estuarfal traps from 1954 to 1971
and the estimated eqgq 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; grilse

2H:1F. Potential

No. of No. of Egg'
Year Salmon Grilse Deposition
1954 2130 1833 9,42
1955 2882 1818 12.18
1956 3361 34 34 . 15,33
1957 %187 4159 18.99
1958 . 4625 8581 24,40
14959 2872 1931 12.24
1860 5123 4708 22.91
1961 073 69ul 17.28
1962 \ 1992 3293 10.09
19613 183y 14455 19.15
1964 1008 gaus 11.38
1965 1818 15791 20.24
1966 1793 9818 15.03
1867 1014 7693 10.33
1968 1415 3218 7.97
1969 659 4325 6.14
1970 2113 2427 *2.87
1971 3Bz . 1860 3.09

! falculated as in Table 10.
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Yable 19. Regression analysis of potentfal €qg deposition per
smolt production on New Brunswick commercial landings
per smolt production 2 years earlier and on Greenland

landings one year earlier per smolt production 2 years
earlier,

Part A Y = egg deposition/smolt prodﬁcfion two years earlier,
Xi=

New Brunswick landings/smolt production two years
earlier,

X3= Greenland landings one year earlier/smolt production
tWwo years earlier,

1

Regression Analyais

Variabla Regr. Coeff. S5td. Dev. t-ratio
Const. 0.y425
Xy 0.025 0.00578 4.32en
Xy . -0.002 0.00065 -3.2844
, . R? = 0.859
4
Part B Y = salmon escapement/smolt production two years earlier,

X1 and X2 as in Part A.

Regression Analysis

Variable Regr. Coeff. Std. Dev. t-ratio
Const. 1442,56
Xl 1.63 1.56 1.04
X2 -0.59 0.18 =3.3A
R* = 0,730

*% Significant at 1% level.

»
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Fig, 1 Commercial salmon landings on the €anadian East Coast since 1910.

. Figure from ifay & Lear (1971) *
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Fig. 5,

; P ’ 3 * *
three-year running average of estimated smolt production
at Miramichi in millions

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