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Introduction

Herring fisheries along eastern Newfoundland have never until recently
contributed significantly to commercial fish landings in Newfoundland, not even
during the late 1910's when total landings of herring from Newfoundland waters
soared to 85,000 m tons in response to requests from UNRA for herring as food
for war-torn Europe. East coast herring landings peaked at 7000 m tons during
this period, a level substantially below potential yields; landings dropped to
between 1000-2000 m tons in the 1950's and '60's with most of the landings
being utilized as lobster bait and dog food.

During the early 1970's, however, .east coast herring stocks began to
attract interest due to three main factors (a) increasing demand for food
herring due mainly to a decline in Northeast Atlantic herring stocks (b)
diminishing stocks of herring along the Atlantic Seaboard and Gulf of
St. Lawrence (c) and quota regulations, both national and international,
leaving only eastern Newfoundland and northwest Newfoundland as relatively
unexploited, unregulated areas. Concurrent with and in part resulting from
this increased interest in east coast herring was the introduction and
development of new fishing techniques by the Industrial Development Branch of
the Fisheries and Marine Service. These now fishing techniques (ring-nets,
pair trawling) were designed to transform a relatively inflexible fleet of
traditional groundfish long-liners into flexible multi-species fishing units
capable of off-setting reductions in abundance of commercial groundfish species,
particularly cod and flounder. In 1975 a further development of cast coast
herring fisheries occurred when 3 commercial purse-seiners fishing under special
(exploratory-research) permits provided catch data suggesting substantial
quantities of herring in nearly all the eastern Newfoundland bays.

As a result of the above developments and to provide for rational
exploitations of the stocks, catch quotas totalling 27,000 m tons were imposed
in 197(, on the basis of preliminary analyses of data accumulated by the
St. John's Biological Station since the late 1960's. This document summarizes
those analyses as well as interprets new data derived from the 1976 fishery.

Recent catch statistics

Catch statistics arc reported by statistical areas (defined in
alphabetical manner in Fig. ]) which essentially correspond with the 5 cast
coast bays. Landings (see table below) increased from less than 700 in tons
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in  1909 to over 9O00 in tons in 1974 and t.o nearly 25,000 in tons in 1976.
Such increases in ]andings have occurred in a]] bays but have been partic-
u]arly evident since 1972 in 'Trinity and Conception Bays due to the intro-
duction of ring-nott in  which has since spread to al1 areas. Traditional
inshore gears (gill-nets, bar-seines, trap) accounted for about 61, 000 in tons
in 1976, an increase from S2, 000 m• tons .in 1975 (Table 1, and
ring-nets increased from 4200 in tons in 1975 to nearly 980O m• tons in 1976.

Catch (m• tons)

Year 	 W. Bay N.U. 	 Bay B. 	 Bay 1'. 	 Bay Con. Bay 	 Total
(A) (1;) (C) (1)) (E + F)

1969 25 341 109 176 30 681
1970 49 475 147 484 151 1306
1971 204 3454 213 892 185 4948
1972 828 996 247 342 582 2995
1973 785 1657 497 739 1308 4986
1974 1442 .2592 642 1651 2716 9043
1975 2412 3143 2009 3903 3539 15,006
1976 2984 9504 6355 3582 2485 24,910

Biological characteristics

(a)Age compositions

Age compositions of commercial catches of herring in the various east coast
bays are shown in Fig. 2. The 1963 year-class was dominant in all areas
up to 1971 but has been replaced by the very strong 1968 year-class since
then. East coast fisheries have typically exploited mature herring and
thus young fish (-' 4 years old) do not show very strongly in catches.
The 1969 year-class has also been dominant in the northern bays but tends
to become progressively weaker in relation to the 1958 year-class in the
southern bays. Also of particular interest is that the 2 northern bays
still have significant numbers of old fish remaining in the population
and thus have a more stable population age-structure than for example in
Trinity and Conception Bay herring which are largely (60%) supported
by one year-class (1968).

(b)Growth rates

Mean weights-at-age (quarters 1-3 combined, 1973-75) and stable population
biomass (1000 recruits at age 2) of cast coast herring are compared with
southeastern Newfoundland herring stocks in the table below.
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Wci ght-at-age (kg) by Area

Age 	 White N. D. Bon. Trinity Con. . St. Mary's Fortune
Bay Bay Bay Bay Bay Bay Bay

2
3
4
5
6
7
8
9

10
11+
Biomass prod.
per 1000
recruits (Kg)

.070 .070 .080 .080 .080 .080 .080

.122 .126 .125 .141 .139 .161 .154

.182 .188 .187 .211 .207 .203 .207

.208 .198 .212 .218 .220 .234 .232

.222 .220 .236 .240 .241 .241 .276

.248 .230 .254 .255 .255 .272 .296

.267 .248 .273 .272 .271 .285 .310

.280 .262 .298 .294 .278 .305 .331

.288 .271 .299 .313 .291 .320 .350

.343 .300 .343 .343 .325 .353 .375

862 837 896 934 921 971 1015

There is a general increase in weight-at-age from White Bay south to Fortune
Bay and this is particularly so in the younger age-groups (5 5 years). This
increase in growth is of course reflected in the biomass production; White
Bay for example being only 850 of the level of Fortune Bay herring for the
same number of recruits. Such changes in growth are also evident in other
fish stocks such as cod, capelin etc., and probably reflect the increasing
effect of the cold inshore component of the Labrador current in the northern
bays of eastern Newfoundland.

(c) pawning-group composition

Since 1966 yearly reports of herring spawning in eastern Newfoundland have
been obtained from Fisheries and Marine field personnel and this information
combined with data from biological sampling reveal that eastern Newfoundland
herring are primarily spring-spawners which spawn in shallow water in May and
June. There is, however, a small component of large Labrador-type herring in
all of the eastern bays and these spawn in fairly deep water (30 -40 fath) in
August-September. The relative proportion of spring versus fall-spawners
in commercial herring catches since 1969 is shown in the table below.

% Spring-spawners by area

Year A B C Q E+ F Average (%)

1969 73 93 62 98 91 83
1970 82 84 69 65 73 75
1971 73 99 90 92 91 89
1972 93 78 99 99 100 94
1973 97 96 96 99 98 97
1974 98 96 (34) 99 99 98
1975 96 99 96 99 97 97
1976 96 99 97 99 99 98



-4-

There has been a decrease in the relative contribution of f;i 1] -spawners to
hcrr]n1; catches aloft), eastern Newfound] and since s:unpling began in 1969;
since 1973 over 9S% of the catches are comprised of spriitg-spawners. This
decrease is probably due mostly to an increase in abundance of spring-
spawners as a result of the recruitment of the strong 1968 year-class but
it may also reflect a decline in abundance of fall-spawner, which arc
predominantly very old (11 years old and older) fish.

(d) Stock migrations and interrelationships

Differences in growth rates, age compositions and the regular .ippcarance of
herring in traditional spawning areas in each bay suggest that to a large
extent each bay along eastern Newfoundland has its ox•i resident population
of herring. Tagging studies however, have shown some degree of movement
between hays, mainly as a northward feeding migration in summer and a
southward wintering migration in the fall (Table2). This pattern of
migration results in substantial intermix between White Bay and Notre Dame
Bay herring and also between herring from Conception Bay and the southern
Avalon. For the purpose of stock assessment therefore these areas are
combined as unit stocks and it is assumed that the other bays (Trinity and
Bonavista)have resident populations which intermingle with adjacent bays
but only to an incidential degree.

Estimation of stock size and yield

Method A

Catch-per-unit-effort (CPUE) and effort data (in units of purse-seiner
operating days) are available for 1975 and 1976 for areas A, B, C and D.
No such data are available for areas E and F. A sumary of the catch/
effort data is given in Table 3. The data indicate very little change
in abundance indices from 1975 to 1976 although biomass must have declined
since the same year-classes (mainly 1968, 1969) were exploited in both
years. This suggests that learning factors are involved as indeed might
be expected since 1975 was the first year that purse-seiners fished
along eastern Newfoundland and little was known of the distribution of
herring in the various bays in late fall. In 1976 however the purse-
seine fleet moved directly to the areas previously fished in 1975
resulting in immediate catching success. A similar situation occurred
in Fortune Bay in 1967 when purse-seiners began exploiting herring in
that area. Regression analyses (CPUE versus biomass) indicated that the
CPUE when adjusted for learning was 1.53 times greater than the observed
CPUs: for 1967 (data on file). It is assumed that a similar learning factor
applied to the purse-seine effort along eastern Newfoundland in 19:': and
the adjusted effort data have been used to compute total instantai. us
mortalities (Z) (5 +) by the Paloheimo method. The results are summarized
below:
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IifforL (days) i • (1975-76) P 1976

Area 1975 1976

A + B 40.7 134.7 0.43 .25
C 11.8 55.4 0.37 .20
D 29.4 38.8 0.48 .30

Since the above data is an estimate of change in abundance indices from
late 	 fall 1975 to late fall 1976 the Z values thus obtained may
therefore be considered as approximate estimates of Z in 1976. Assuming
Al = 0.2 this suggests value of F for 1976 as indicated in the above table.
General observations of the fishery in Conception Bay in 1976 suggest
effort levels equivalent to those in 1975 which, from general observations,
w ere probably equivalent to those in Trinity Bay. A level of F = 0.25
has therefore been selected for Conception Bay in 1976; cohort analyses
for all stocks are shown in Appendix I.

Adult (5 +) biomass levels (as estimated from cohort analyses) of east
coast herring stocks increased from 73,000 m tons in 1969 to 171,000 m
tons in 1974, declining to 112,000 m tons in 1976, mainly due to poor
recruitment resulting from the 1970-73 year-classes. The 1974 year-
class has been showing up in significant numbers in the 1977 fisheries
along southeastern Newfoundland and also appear to be fairly strong in
the Gulf of St. Lawrence spring-spawners. Recruitment strengths of the
1963-73 year-classes are summarized below:

Year-Class 	 Strength at age 2 (millions of fish) 	 Total
A+B 	 C 	 D 	 E+F

1963 230 85 55 44 414
1964 83 7 4 3 97
1965 56 22 21 7 106
1966 90 21 8 10 129
1967 37 ]8 8 3 66
1968 315 274 163 141 893
1969 161 59 22 37 279
1970 11 2 1 1 15
1971 4 2 1 1 8
1972 17 11 5 3 36
1973 3 9 1 2 15
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M'tlhod B

The St. Mary's- Placentia and Fortune Bays herring siocl;s• are fully
exploit.cd and reliable estimates o1 hioma:;s ] eve] s arc available for the
period 1967-75. These stocks peaked in the late 1960's at a level of
biomass around 120,000 in tons. Since herring; are planktonic feeders
their biomass production is likely to be closely related to primary
(planktonic) production which occurs mainly in depths shallower than
100 fath. The surface area inside 100 fath in St. Mary's, Placentia
and Fortune Bays is computed to be 2260 sq. miles; this implies a
maximum biomass of 53 m tons per sq. mile (120,000/2260). Since cast
coast herring have slower growth rates their relative productivity should
be correspondingly less; however no adjustments have been made to account
for these differences since the wouthcast Newfoundland stocks were already
exploited in the late 1960's and hence biomass levels would have been
higher in the unexploited state.

Parameters 	 Defined Stock

A+B 	 C 	 D 	 E+F

1. Surface area (sq. mi.) inside
100 fath contour (A) 2175 690 462 400

2. Max. Biomas (m tons) per unit
area (B) 53 53 53 53

3. Estimated maximum biomass
(A x B) 	 (m tons) 115,000 36,600 24,500 21,200

4. Year of maximum biomass
(from VPA) 1971 1972 1971 1971

5. Corresponding 1976 biomass
(from VPA) 73,600 26,500 13,100 8000

6. Corresponding 1976 F (5 + ) .20 0.27 .35 .45

Estimates of biomass by this method are fairly close to estimates by Method A
with the exception of Conception Bay for which Method A gives substantially
higher values.

Calculation of optimum exploitation level

Yield-per-recruitment curves have been calculated for two options of partial
recruitment relating to that observed recently (option A) and that which might
be expected to occur with a strong year-class entering the fishery (option B).
The results (Fig. 3 ) indicate F = 0.55 under option A and F = 0.42 under

0.1 	 0.1
option B. These arc relatively high levels of fishing mortality and would
substantially reduce average biomass levels thereby maximizing fluctuations in
catch. Accordingly a level of F 0 = 0.30 has been selected as an appropriate

.1
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cxploi i:uti on level which would generate 80 of the maximum Y /It at a level of

Li shi n:; effort: less than 1/3 of that required for 1'mnax.

Catch projections
Mean recruitment strengths and standard deviations have been calculated

for the year-classes 1963-73 for each defined stock and (using a-random
number generator) a 20-year projection of catch at F = 0.30 has been

0.1

compute, assuming that the 1974 year-class is equal to 1/2 the strength of
the 1968 year-class. The results are shown in Fig. 4 and are given in detail
for 1976-77 in Appendix II. A long-tern average yield of 20,000 m tons is
indicated for cast coast herring with the major catches being derived from
the three northern bays (Bonavista, Notre Dame and White Bay).

A summary of the 1977 projected catches at(F
0
 = 0.30) by methods A and
.1

B is given below:

1977 Projected catch by area (m tons)

Method 	 A+B C D E+F Total•

A 	 10,500 6,900 2,500 2,100 22,000
B 	 8,500 5,500 2,100 1,500 17,600

Av. long-term yield 	 8,000 5,500 4,000 2,500 20,000

Fisheries in areas A + B undoubtedly exploit a mixture of resident and
migrating populations of herring and a partitioning of the TAC is recommended
to prevent potential over-exploitation of local stocks of herring. Suggested
areas are Cape Norman - Cape St. John, Cape St. John - North Head, North
Head - Cape Freels.

Acknowledgements
Most of the technical staff of the Pelagic Section, Newfoundland Biological

Station have been involved in the collection and preparation of data used in
this report and their contributions are gratefully acknowledged. Dr.'W.D.
McKone kindly provided the tagging data described in this report.



-8-

Table  1. 	 Bast coast herring catches (metric tons) by area and gear 1973-76.

Year Gears A B C D EF

1973 Inshore 816 1658 504 544 1098
Ring net - - - - -

Purse seine 1 1 5 156 211

1974 Inshore 1423 2588 642 8223 536
Ring net. 8 6 - 428 2107
Purse seine - - - - 48

1975 Inshore 1584 1852 450 743 893
Ring net - 108 - I7p0 2596
Purse seine 828 1183 1559 1!370 13

1976 Inshore 773 3184 491 9114 737
Ring net 487 3412 3052 11054 1748
Purse seine 1724 2908 2812 1I&14 -

0
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Table  2. 	 Summary of recapture data (cxcludinl' returns from month of tagging)
from tagging experiments along, eastern Newfoundland, 1975-76.

Tagging locality 	 No. tagged 	 Tag recoveries by area

A 	 B C D C 	 F 	 C 	 II

1975

White Bay (A) 250 - 	 1 - - - 	 - 	 - 	 -

Notre Dame Bay (B) 6150 5 	 62 - 1 - 	 - 	 - 	 -

Bonavista Bay (C) 3750 - 	 1 19 2 - 	 - 	 - 	 -

Trinity Bay (D) 4025 - 	 - S 82 1 	 - 	 -	 1
Conception Bay (E) 5450 - 	 - 3 3 70 	 4 	 13 	 2
Southern Shore (F) 2000 - 	 - 1 - 17 	 27 	 24 	 -

1976

White Bay 10,650 105 	 172 7 - 	 - 	 - 	 - 	 -

Notre Dame Bay 4911 S 	 50 1 - 	 - 	 - 	 - 	 -

Bonavista Bay 4125 - 	 1 181 1 	 - 	 - 	 -	 1
Trinity Bay 5000 - 	 1 22 89 	 - 	 - 	 - 	 -
Conception Bay 4000 - 	 - 1 3 	 37 	 - 	 -	 -
Southern Shore 4225 - 	 - - 3 	 20 	 10 	 1	 -
St. Mary's Bay 3825 - 	 - 1 1 	 3 	 3 	 333 	 2

9
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Tablc 3. 	 Purse seine catch-per-unit - effort data for various east coast bays
]975-76.

Area
	 CPUI: (tons/day)

	J975	 1976

A $ B 	 89.2 	 92.7
C 	 114.2 	 114.8
D 	 86.9 	 92.3
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STOCK PQOJLCTION AREA A+13 SPRING SPA%NF.PS '0000

LUQAL 	 ORTALI7Y•W _0.2000  YEAR 	 1976

AGE POP. NO. CATCH NO, FISHING MEAN WT. POP. 	 WT, CATCH WT. RESIDUAL
%X10-3< %X10+3< MURT. KC. %METRIC TONS< %METRIC TONS< POP. 	 rouse

2 1576+3. 12. 0.001 0.075 1I&2.6 0.9 12896.8

3 284. 3. 0.012 0.133 37.8 0.4 22Q.7
4 1112. 61. 0.063 0.172 191.3 10.5 854.8
5 194. •. 25.......... 0, 1 53 	 • _.•-._ 0. 197 • 	 38.?.. -_ 4.9 136.3 -
6 405. 82. 0.252 0.?21 84.5 18.1 T-257.7
7 5106. 1028. 0.251 0.240 1225.4 246.7 3252.5
8 8135. 1638. 0.251 0.254 2066.3 416.1 5181.9
9 _643._ .130. .0.22...___. 0.266 _-__171.0  34.6 40392.,

10 1641. 330. 0.250 0.289 474.2 95.4 1046.4

11 4104. 826. 0.250 0.321 1317.4 265.1 2616.8

-TOSAL 37392. 4135. __ _ _. __---. 	 •-___-___6793.7_ 1092.1__(11-1►s)-26862.2_

NATURAL MORTALI.1Yf_0a2.0D0- Y_EAR_-__19.7.7_____.__ __- -__. _. -
AGE POP. NO, CATCH NO. FISHING MEAN WT, POP, WT. CATCH WT. RESIDUAL

%X10-3< %X10-3< MORT, KG. %METRIC TONS< %METRIC TONS< POP. NOS.

2 0.003 0.075 153.7 004 1673.02050. - 	 6.
3 12897. 174. 0.015 0.133 1715.3 23.2 10401.5

174.54 230. 15. 0.075 0.172 30•5 2.6
1 	5 b55. 126. 0.100 0.197_ -168.4 _25.2 564.6_

62.76 136. 32. 0.300 0.221 30.1 7.1

7 258. 61. 0.300 0.240 61.9 14.6 156.3

8 3252. 768. 0.300 0.254 826.1 195.0 1572.7

9 5 182. 1223. 0.300 0.2E+6___ _1378.4__ 325.4 3143.0_

10 4090 97. 0.300 0.289 118.3 27.9 248.2

it 1046. 247. 0.300 0.321 335.9 79.3 534.6

12 2617. 613. 0.300 0.321 840.0 198.3 1587.2

1 .3 0. 0. 0.300 0.321 -0.0 _0.0 _ 0.Q _-

1a 0. 0. 0.300 0.321 0.0 0.0 0.0

15 0. 0. 0.300 0.321 0,0 0.0 0.0

TOT AI 28932.- 3368. 9667.5. 899 , 1 	 29658,6



STUCK PROJECTION AREA C SPRING SPAONERS 40000
	,pp._ .

N -MVR!lL.BQRT?LITY& -.-0.2000 	 ..... -
	

- YEAR 	 1976 	
-- 	 - -..

	
- --- 	 -

AGE 	 POP. NO, 	 CATCH We 	 FISHING 	 MEAN WT, 	 POP. 	 HT, 	 CATCH WT. 	 RESIDUAL'
%X10-3< 	 %X10-3< 	 MURT. 	 K(,. 	 %METRIC TO14S< 	 %METRIC TONS< 	 POP, NGS,

2 	 13687. 	 to 	 0.001 	 ---- 0.080 --- 	 1095.0 	 ------ 0.1 	 11194.8
3 	 7439 	 7. 	 0.011 	 0.119 	 08.4 	 0.8 	 601.7
4 	 678, 	 30. 	 0.051 	 0.150 	 101.7 	 4.5 	 527.5
5 	 100. 	 -1 0• ____0.117 ______0.38_____ 18.5 	 1,8 ________..72.8
6 	 60, 	 10. 	 0.203 	 0.232 	 13.9 	 2.3	 a0.1
7 	 2069. 	 341. 	 0.200 	 0.248 	 513.1 	 84.6 	 1356.9
8 	 7835. 	 1292. 	 0.201 	 0.255 	 1998.2 	 329.5 	 5247.4

_____ g 	 390. 	 64. 	 _0.200 	 -_0.277 	 108.0_ 	 17.7 	 261,4_
10 	 379. 	 b2. 	 0.199 	 0.291 	 110.3 	 1d.0 	 254.3
11 	 1539. 	 254, 	 0.201 	 0.334 	 514.0 	 84.8 	 1030.6

TOTAL 	 27.48 L . 	2071.______	 -•----•-- 	 4561, 1. 	 44,2-(X1.1-7) 2.0617.4

NAT UR/-1 MOLE ALi3.7A'__D.2000 	 - 	 Y.EAR____1.97.7__------

AGE 	 POP, NO, 	 CATCH NO, 	 FISHING 	 MEAN NT, 	 POP. WT. 	 CATCH WT. 	 RESIDUAL
%X10-3< 	 %X10-3< 	 MORT. 	 KG, 	 %METRIC TONS< 	 %METRIC TONS< 	 POP. NOS.

2 	 610. 	 2. 	 0.003 	 0.080 	 48.8 	 0.1 	 498.0
3 	 11195.	 151. 	 0.015 	 0.119 	 1332.2 	 18.0 	 9029.0
4 	 602. 	 39. 	 0.075 	 0.150 	 90.25.9 	 457.0

1 	 5 	 527. 	 79• ____.0.10._____  0.185 _ 	 _97.6 	 14,6 	 360.7-_
6 	 73. 	 17. 	 0.300 	 0.232 	 16.9 	 4.0 	 44.2
7 	 - 	 40, 	 9. 	 • 	 0.300 	 0.248 	 9.9 	 2.3 	 24.3
8 	 1387, 	 327. 	 0.300 	 0.255 	 353.7 	 83.5 	 e41.2

-9 	5 247. 	1 239. 	 0.300. 	 0.277 	1 453.5 	 343.2- 	 3182.7
10 	 261. 	 62. 	 0.300 	 0.291 	 76.1 	 lb•0 	 158.5
11 	 254. 	 60. 	 0.300 	 0.334 	 84.9 	 20.1 	 15492
12 	 1031. 	 243• 	 0.300 	 0.334 	 344.2 	 81.3 	 625.1
13 	 -_0. 	 0. 	 0.300 	 0.334_ 	 -- .0.0 	 -. 0,0 	 .0.0
14 	 00 	 0• 	 0.300 	 0.334 	 0.0 	 0.0 	 0.0
15 	 0, 	 00 	 0.300 	 0.334 	 0.0 	 0,0 	 0.0

I 0-T. AL 	 21 228. 	2229. 	 -..--- 	 -. 	 39.08.1- 	 590,9 	1 5335..1

(fn)



1. 0.001 0.080 651.0 0.1 6555••
to 0.014 0.146 10,8 0.1 59.5

20. 0.078 0.157 46.6 3.1 224.9
_0.203 ___0.201 _ _ 	 2.4 0.4 8.0

7. 0.308 0.234 6.8 1.6 17.4
153. 0.302 0.254 164.1 33.9 351.0

7900 0.301 0.269 899.8 212.5 2026.9
27 •_ 0.302 _0.285 . 32.5 _ 7.7 - 	, 69. 0
24. 0.306 0.307 30.7 7.4 60.3
1790 0.301 0.355 269.1 63.5 459.3

_.- 	 -2113.8 	 335.4_(X_I.Oj) 9971..8

2 8137.
3 74.
4 297.
5 12.
6 29.
7 646.
8 3345•
_9 114.
10 100•
II 758.

TOSAL 	 1.3. 12. 	 1204. 	 --

- APP .. i1 .- ab/c. 3
G R•STOCK PW(JJECTI(7N AREA 0 SPRIN SA,N(:R5 '0000

N 3URA1`_N.ORTALITYx -0.2000 „ 	 _.....YEAR 	 1976 	 _ __.____ _._. _ 	 _-.--••--------

AGE 	 POP, NO, 	 CATCH NO. 	 FISHING 	 MEIN TIT, 	 POP. T. 	 CATCH T. 	 RESIDUAL

%X10-3< 	 %X10-3< 	 HURT. 	 KG. 	 %METRIC TONS< 	 %METRIC TCNS< 	 POP. PUS.

NAIU2AL MDRLALIT_Y #_0_•20.0.0 YEAR ..__1977___ _____._ -___.
AGE POP. 	 :O. CATCH NO. FISHING MEAN *T. POP, WT. CATCH 	 T. RESIDUAL

%X10.3( %X10-3< MORT• KG. %METRIC TONS< %METRIC TONS< POP. NOS.

2 58; 0. 0.003 0.080 4,6 0.0 07.4
3 6655. 90. 0.015 0.146 971.7 13.1 5367.8
4 60. 4. 0.075 0.157 9,4 0.6 45.3

( 	 5 225._. 34a 0.180. 0.201 _ 45.2 6.8 153.?
6 8. 2. 0.300 0.234 1.9 0,4 4.9

7 17. 4• 0.300 0.254 4.4 1.0 10.6

8 391, 92. 0.300 0.269 105.2 24.8 237.2

2Q27. 4Th. 0.300 0.285 577.6 136.4 1229.3
10 69. 16. 0.300 0.307 21.2 5.0 41.9
11 60. 14, 0.300 0.355 21.4 5.1 36.6
12 459. 1090 0.300 0.355 163.0 38.5 278.6
'3 00 _0. .0.300 - 0.355 _.0.0 0.0 _ 090
14 0, 0. 0.300- 0.355 0.0 0.0 0.0
15 00 0. 0.300 0.355 0.0 0.0 0.0

TOIAL 10Q300 843,_____ ---- ----- - 1925.7 231,6 7453.2

----- 	 .2 SOD)



09PA ab^L 	 ••_ __ 
KSTOC 	 PPOJECTION AREA E+F SPRING SPANNERS 	 '0000

_1`l4T-URAL.MORTALITY# . 0.2000  YEAR 	 .1976 _..--• 	 -•_--- ---

` 	 AGE POP, NO, CATCH NO. FISHING MEAN WT• POP, 	 SIT. CATCH WT. RESIDUAL
%X10-3< %X10-3< MORT, KG. %METRIC TONS< %METRIC TONS< POP. NCS,

2 7000• 106• 0.017 0.080 560.0 8.5 5636.5
3 142• 2. 0.016 0.179 25.4 0,4 114,4
4 1550 9. 0.067 0.195 30.2 1.8 118.7
5 - 	 18 • 2. __0, 131 	 .--- 0.20.S --- -•- 	 .... 	 3.7._ • • 0.4 .	 12.9_
6 14. 3. 0.269 0.242 3.4 0.7 8.8
7 1174, 236. 0.250 0.235 275.9 55.5 748.6
8 2372. 478. 0.251 0.278 659.4 132,9 1510.9
9 39. A. 0.256.._____0.285.  . 11.1- - 2.3__

10 112. 23, 0.256 0.291 32.6 6.7 71.0
11 348. 70. 0.250 0.335 116.6 23.4 221.9

TOTAL 11 374. 937.._______.. 	 __ -...._ 	 -._ __1718,3-- 232.5_ 	 (XI.O 7) 8466.4_

NATURAL_MQRsALITY _..2000 YEAR --1977._...__

AGE POP. NO. CATCH NO, FISHING MEAN WT, POP. WT. CATCH 	 T. RESIDUAL
• 	 , %X10-3< XXIO-3< MORT. KG. %METRIC TONS< %METRIC TONS< POP. NOS.

2 436, 1. 0.003 0.080 34.9 0.1 355.9
3 5635. 76. 0.015 0.179 1008.6 13.6 4544,5
4 114. 8• 0.075 0.195 22.3 1,5 E5.9
5 119. 18• 0.180 _______0,203.._________ •24.1 _3.6 61,2__
6 130 3. 0.300 0.242 3.1 0.7 7.8
7 9. 2. 0.300 0.235 2,1 0.5 5.3
8 749, 177. 0.300 0.278 208.1 49.1 454,0
9 1 511, 357. 0.300_ _0,285. 430.6 1 01,7__916,4....

10 25. 69 0.300 0.291 7,2 1.7 15.0
it 71. 17. 0.300 0.335 23.8 5,6 43.1
12 2229 52. 0.300 0.335 74.3 17.5 134.6
1 3 0. 0. 0.300 .0.3.'•5 0.0 ____________0,O
14 on 0• 0.300 0.335 0,0 0.0 0.0
15 0. 0. 0.300 0.335 0.0 0.0 0.0

T.Q A L 8902 . 716. -__ _. 	 _._.._ _ 1 839,1 1 95.7 6644.7

- 	 (2,00)



NEWFOUNDLAND SEA FISHERIES AREAS
RCGIONS DE PLCIIE MARITIME DE TERRE-NEUVE
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Fig. 1. 	 Area map of Newfoundland 	 ,
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Fig. 2. 	 Age composition data (spring-spawners) of eastern
Newfoundland herring stocks.
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Fig. 3. Yield-per-recruit curves of eastern Newfoundland herring
stocks under two assumptions of partial recruitment;
(A)1%, 5%, 25%, 60%, 100% for ages 2 - 6 respectively
(B)1%, 30%, 50%, 100% for ages 2 - S respectively.
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Fig. 4. 	 Catch projections, 1976-95, at F= 0.30 for the various
0. 1

stock complexes of, herring along eastern Newfoundlmnd.
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