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Further information on the qualification of Canad4,an 

herring stocks for abstention under Article 'IV i (b)(i) 

1. Meaning of "substantial increase" 

The major diffe~ence of opinion between Canada and Japan 
concerns quantification of the word sUbstantial. Canada's 
original abstention document computed that 20% increase in 
yield from recruits to the fishery in the Lower East Coast 
stock would be possible if there were a rather large increase 
in fishing effort, sufficient to bring the conditional fishing 
mortality rate from 0.62 up to about 0.9. Most other stocks 
had very similar param~ters and were believed capable of 
similar increases. CaQada regards this 20% as something less 
than a substantial increase. 

Japan, on the dther hand (INPFC Document 295, Revision 1), 
cites a possible yield increase of 4% for the Lower East Coast 
stock 9 and 8% [4% + 4%J for the West Coast stock, from increas
ing conditional fishing mortality rate to about 0.9; these 
increases are part of the documentation for Japan's statement 
that "substanti.al increases in yield can be expected by further 
intensifying fishing of these stocks .... " 

Thus a 1\ su s antra-lll- increase according to Japan 's lnterpre::
tation is less than a IInon-substantial" increase according to 
Canada's . 

'-Appendrx-I or-the pre-sent document shows- ( 1 )- that- the--
-factual basls for t ne level of increase envisaged- 5y Japan for 
these stocks is probably more reasonable than the one used by 
Canada to compute a larger increase (Japan used a smaller 
natural mortality at the younger ages); and (2) that all 
estimates of increased catch made to date have a bias that 
makes them too great, possibly 50% to 100% greater than the true 
expected increase. Thus expected increase$ in yield per recruit 
seem more than ever non-substantial to Canada. 

2. Possibility of greater utilization of the younger age-groups 

In the central and northern British Columbia herring stocks 
appearance of the young fish in the catch usually takes place 1 
over a wider range of ages than in the south. Japan has asked 
why it would be difficult to increase the exploitat~on of 

1Document 301, Revision 1, Sect. 7; Doc. 430, Appendix Z; 
Doc. 487, Sec t. 1 (i v ); Doc. 496, item 8 ( d). ' 
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younger fish, especially in the north, and als02 what are the 
ecological or other causes of differences in age at recruitment. 

, I 

These questions are closely allied, and have the same 
answer. We know that the maximum representation of herring in 
the autumn and winter purse-seine fisheries of southern Vancouver 
Island occurs among fish in their 3rd year of life. In more 
northern regions it is more commonly fish in their 4th or even 
5th year of life. Details are given in Appendix II. 

Most (but not all) the fish in these fisheries are maturing, 
and there is an assoc~ated trend toward later matutity in th~ 
north. However the basic ecological observation i~ that fish 
first appear in the pre-spawning schools in inshore waters ~t ~ 
younger_ avera~,e age in the south than in the north. - The pur~e
seine fishery itself is non-selective: its meshes will retain 
all herring present above age 0+, and skippers do not endeavour to 
avoid schools having fish of smaller than average size other than 
these age 0+ fish which are caught by the gills in the mesh~s 
of the seines. There i~~ however, geographical separation by 
size in some areas (Table IV). 

The summer fisheries are of no assistance in increasing the 
relative exploitation ' of smaller fish. Apart from the present 
-small volume o.f -f-ish tha-t theY' take, they tend- to capture fish 
larger in size and a year or more older in age than the wihter 
fishery (Taylor et ~., 1957, Table V, jp . 70-71) .3 

Thus while computations suggest that proportionately ~~ 
utilization of younger ages in the northern stocks would increa?e 

-total yield, tn-e means- toi-a ccomplishing this are not at hand. 
Until -such means are available, estimated increases of 20% and 
30% from more s-el-ective-rishing (Revised Documents 295 and 298) 
are purely theoretical ~hd cannot be effected. 

3. "Indirect" effects of fishing: Recruitment 

Canada regrets that detailed analyses of the stock
recruitment relationshi p4 are still not published. They will 
soon be published in Rapports et Proces-Verbaux of the Inter
national Council for the Exploration of the Sea (ICES). This 

'I 

2Document 496, Appendix 1, item 5, paragraph 2. 

3In Report of the British Columbia Department of Fisheries 
for 1956, published 1957. 

4Mentioned in Doc. 496, Appendix 1, item 5, paragraph 1. 
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paper, as a preliminary multigraphed document, was distributed 
at the 49th Annual Meeting of ICES (Herring Symposium Paper 
No. 12). 

The figures obtained generally suggest no discernible 
relation between recruitment and parental stock size, and this 
has been made the basis of the regulation policy for the 
Canadian fishery. However, the variability of the recruitments 
is so great that in many instances a trend cannot be excluded 
on present evidence, and in one or two cases this may actually 
be suggested. We notice also that a curved relationship is 
suggested for southeastern Alaska herring (INPFC Bull. No.4, 
p , 27, figure 1) . These considerations suggest caution in 
opening herring stocks to completely unrestricted exploitation, 
though this may be done on a trial basis in the near future. 
However if a spawning stock were to be reduced below optimum 
size even a little bit, the effect on recruitment would likely 
be sudden and severe: this is generally true of stocks for 
which the optimum rate of exploitation is high. 

We may also observe that it is fallacious to argue that 
because recruitment from a given level of spawning stock is very 
variable~ there is no need to worry about providing the optimum 
number of spawners. 
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Appendix I. Notes on computations of eguilibrium 

yield for British Columbia herring stocks 

in various abstention documents 

1. The upper portion of Table I, herewith, gives more 
details concerning the yield computation of Appendix 2 of the 
original report regarding the qualification of Canadian 
herring for abstention (pages 12 and 13 of INPFC Bull. No.4). 
The model used there assumes that fishing mortality is restricted 
to the first month of a biological year that begins with the 
autumn fishing season (because most fishing on any stock is 
usually complete within a month). It is also postulated that 
natural mortality occurs during that month at a rate equal to 
1/12 of the annual instantaneous rate of natural mortality, q. 
Thus the rate of exploitation is calculated as: 

:;: U = p[ 1 exp- (p + g/12) ] 
p + q/12 

For examp~e, for the line for a =~.~~~n the attached Table I: 

..... 
-iT ... ----

0 0967[1 ~ exp(-1.0247)) 
1--;-024-9- --

= 0.605 

In view of the uncertainty of many of the statistics used, 
"this degre~~f refinement wa~ not essentia~: just as usefu~ a 
compu--e-a-t-ion eO\;l-ld be- made- by postulating that the- f-i-shing
mort-ality preceded all of the natura-l mortali--ty in each year. 

Hanamura (INPFC B~ll. No.4, p. 74) does not state exactly 
how rates of exploitation were obtained for his yield calcula
tions, but almost any procedure would be accurate enough when 
applied consistently to all comparisons within a model. 

2. The conditions postulated in the model of Appendix 2 
of the Canadian document (INPFC Bull. No.4, p. 12) very likely 
overestimate the expected gain in yield from increased effort. 
This is because a rather large natural mortality rate was 
applied to the young fish during the years of recruitment (the 
conditional rate n = 0.5 was used at all ages). 

Nagasaki (INPFC Bull. No.4, pp. 38-44) used Tester's 
(1955, p. 667) average estimates (for 1933-34 to 1951-52) of 
natural mortality, which are large for older ages but drop to 
n = 0.4 between his ages III and IV (2+ and 3+); and he 
(Nagasaki) used 3 trial estimates (n = 0.2, 0.3, 0.4) for the 
next younger year (for which no actual data are available). 
Nagasaki's yield graphs (p. 4t) do not go beyond the rate of 
fishing F = P = 1.0 (corresponding to m = 0.632), but he 
concludes for the Lower East Coast that lithe expected increase 
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in yield through further raising the value of F [beyond 0.9] is 
not great in that case". 

Hanamura (Bull. No~. 4, pp. 63-85) used a natural mortality 
rate of n = 0.3 at all ages, and computed considerably smaller 
increases in yield than those in the Canadian document, for 
comparable increases in fishing mortality rate (our Table I). 
For his "first category" of populations (which includes the 
Lower East Coast) Hanamura estimates an increase in yield from 
681 to 763, or by 12.0%, when fishing mortality rate (m) 
changes from 0.571 to 0.857. A comparable range in the Canadian 
model, from m = 0.62 to m = 0.90, involves a 19.6% increase in 
yield. 

Thus the Japanese estimates of benefit from increasing 
fishing effort are less than our own. At least part of the 
reason is that, with a smaller natural mortality rate, the 
age 1+ age-group is estimated to be increasing in bulk instead 
of decreasing in bulk, as a net result of natural causes (growth 
less natural mortality); hence there is some loss from using 
these for the current season's catch, which partly counteracts 
the gain from greater utilization of older ages. 

3 . There is a source of bias in these computations that 
affects all that have been made to date. The problem is that 
the herring caught , from age-groups that are in process' of 
recruitment average larger in individual size than their year
class as a whole1 . The fast-growing fish tend to be the first 
to jor n the s~awning schools, hence are first to become 
availabre -t-o the fis ner Y.- This is a well known phenomenon i"n 
many fi.-sheries (for example, s'a-lm'on, haltbu-t, cod). Wha t it :
means in this- context -is that, if we plan to take- more of th~se 
younger herring, we wi11 ':find that the average size of those 
taken becomes less ', hence present estimated yield increases are 
too great. 

To get some idea of the importance of this effect, scales 
were read from 112 herring approaching age IV (age 3+, but with 
the 4th season's growth completed) in the 1955 autumn fishery 
on the Lower East Coast. Fish of this age are fully recruited. 
The back-calculated length of each fish was converted to weight 
using an "individual"-type length-weight relationship, and the 
weights were then averaged for each age. These average weights 
are shown in Table II, along with several series of observed 
weights. As expected, the back-calculated wei~hts are 

1This problem was mentioned briefly in the 1959 Report of 
the Scientific Subcommittee of the Ad-hoc Committee on Abstention 
(INPFC Document 301, Revision 1, page 6). The present section 
provides the information that was volunteered at that time. 



Table I. Compari~n of statistics used i~ two models of h~~r~ng stocks. Model A: Lower 
East Coast stock model of the Canadian report~ from INPFC Bulletin No.4, page 13 (weights 
are here converted from short tons to met~ic tons). Model B: "First category" stocks of 
Hanamura (Lower East Coast plus West Coast). from INPFC Bulletin No.4, page 77. Figu~es 
in columns 1-7 are those given in the documents quoted if they are marked by an asterisk; 
other figures in these columns have been domputed from these. Symbols for the diff~rent 
mortality rates are given in the Widrig s y.,stem (above) and the international system 
(below). Cond'l. = conditional; inst. = instqntaneous. Column 7 is the rate of exploit
ation; see the text for the pattern used . 1 

I 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

Natural mortality Total mortality 

Cond'l. 
n 

Model A 

0.5* 
0.5* 
0.5* 

Model B 

0.3* 
0.3* 
0.3* 
0.3* 
0.3* 

Inst. 
q 
M 

0.693 
0.693 
0.693 

0.357 
0.357 
0.357 
0.357 
0.357 

Actual Inst. 
a i 

0.81*a 
0.90* 
0.95* 

0.65 
0.70 
0.75 
0.82 
0.90 

z · 

1.660 
2.303 
2.996 

1.050 
1.204 
1.386 
1.715 
2.303 

. . hI. l·t F1S 1ng morta 1 y 
I 

Cond'1. Inst. Actual 
m I p u 

} ... F 

0.620 
0.800 
0.900 

0.500* 
0. 5711 
d.643

1 

0.743~ 

0.~57i 

0.967 
1.610 
2.303 

0.693 
0.847 
1.029 
1.358 
1.946 

0.605 
0.782 
0.884 

Yield 

Metric 
tons 

37.200 
42,100 
44,500 

Arbitrary 
units 

653 
681 
705 
733 
763 

Increase 

73/372 = 19.6% 

82/681 = 12.0% 

aTh · f·· 1 .. , 1 1S 19ure l :S erroneous y gl ven as 
Canadian report (INPFC Bulletin No. 

I 
0.80 in 
4, I page 

Table VI and accompanying text of the 
13) . 

-J 
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considerably less than those in any of the other series? The 
difference is of course much the greatest at the end of the 
first growth year, but this is of little practical importance 
because extremely few fish are caught at this age. 

In trying to assess the quantitative importance of this 
effect, we must remember that the back-calculated weights are 
too small to be representative of the whole stock at ages 0+ to 
2+ with the present pattern of recruitment, while weights in the 
other rows are all too great at these ages. Representative 
figures would be somewhere in between. However, the size of 
the fish caught at a ~iven recruitment age will be different 
for every different rate _of fishing--decreasing as rate of 
fishing increases. 

In addition, as more and more of the (larger) fish are 
removed during the ages of recruitment, those which survive 
these ages are to an ever greater degree the slow-growing part 
of the stock. Hence average individual weight at older ages 
will also be reduced as rate of fishing increases. 

For orientation purposes, a computation of yield has been 
made for m = 0.9 similar to that of line 3 of Table I, but using 
the back .... calculated fish weights of line 1 o-f Table II through
age 3+, and those of line 3 from age 4+ onward. The former 
gr_o_up_ will_ o_L c_ourse-.b e too smalJ~, ,_while the~Qtter will be 
somewhat too great, to represent the situation if fishing 
mortality rate were increased to m = 0.9 ~ The result is on 
li-Ae -3 of- T-a-ble III. - Usi-Ag - these b-ack-ca1culated -w.eights, --the 
anticipated gain from increasing fishing mortality rate from 
0.62.. tQ 0.90 is almost cut in half: from 19.6% to 10. ,2%.-rhis 
of course may be an over-adjustment, but about half as much 
reduction as this would' ~eem to be the least possible estimate. 
At any rate it is clear that this effect could be one of 
considerable importance, though it may defy precise quantitative 
evaluation. It must substantially reduce the already-small 
gains estimated to result from rather large increases in 
fishing effort. 

2In making comparisons between row 1 and rows 3 and 5 of 
the table, this difference is to some extent a result of the 
fact that at age 3+ the fish used for back-calculation, though 
a little larger than the. average for their own year-class, were 
a little smaller than the averages in those rows. 



Table II. Average whole weights in grams, of herring caught at successive a~es in the Lower 
East Coast fishery, and certain computed weights. 

Age: 0+ 

End of growth " year: I 

1. Back-calculated 

2. 1952 year-class 

3. 1944/5-53/4 avo 

4. 1946/7-55/6 avo 
5. Bertalanffy line 

5.6 

12.83 

10.23 

11.03 

9.55 

1+ 2+ 

II 1111 , 

39.2 77.9 

46.4. 94.1 
49.3 """ 90.6: 

47.6 

48.2 

87.7 
86.5' 

3+ 

IV 

107.2 

105.5 
111.1 
107.7 

111. 5 

4+ 

V 

135.3 

133.9 
130.7 
127.0 

5+ 

VI 

150.2 

147.9 
135.2 

6+ 

VII 

168.2 

167.6 

139.-4 

Line 1. Values back-calculated from age 3+ fish of the 1952 year-class. 

7+ 

VIII 

177.5 
177.0 
141.6 

8+ 

IX 

179.7 
179.7 

Line 2. Observed weights of fish caught at successive ages~ of tha 1952 year-class. From 
Taylor et ~., 1957, Table 7~ page 75. 

Line 3. Observed average weights of herring taken in" the fisheries of 1944/5 through 
1954/5. This series was used for Table VI of the original Canadian case for 
abstention, INPFC Bull . No.4, p. 113. 

I 

Line 4. Observed average weights of herring taken in the fisheries of 1946/7-55/6. From 
Taylor et al., 1957, table 7, page 75; used by Hanamura, INPFC Errll. No.4, p. 74. 

Line 5. Average weights computed by Nagasaki, using the Bertalanffy relationship, INPFC 
Bull. No.4, p. 40. 

-.() 
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Table III. Yield of Lower East Coast population model (from 
top half of Table I), using different age-weight distributions. 

Rate of 
fishing Yield 

Age~weight distribution mortality in metric 
used (from Table II) (m) tons Increase 

1. Line 3 of Table II 0.62 37,200 

2. " 3 " " " 0.90 44,500 19.6% 

3. Line 1 through age 3+, 0.90 41,000 10.2% then Line 3 

-~ - ---
.~ 
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Appendix II. Age at recruitment 

in ~ritish Columbia he~ring stocks1 

In southern British Columbia h.er.rin,q popul.ations the 
majority of fish mature for the fir~t time in their 3rd year of 
life (age 2+), some in their 4th year, and a few in the 2nd year; 
whereas, in general, in nO'rthern and central British Columbia 
populations2 the majority mature for the first time in their 
3rd or 4th years, with a larger proportion maturing in their 
4th year than in the south, some maturing in thfir 5th year 
and a few in their 2nd and 6th years. This difference in the 
pattern of maturity with age results in a basic difference in 
age composition between ~atches from stocks fished in northern 
and central British Columbia and in southern British Columbia. 

In recent years, the average age of the fish in catches of 
the northern stock has decreased (Table IV). In~ spme years, 
fish of age 2+ have been as well represented aa in r~outhern 
British Columbia populations, and in two years, .1959/60 and 
1960/1, those of age 1+ have predominated. In central British 
Columbia the main lower central stock has not shown a similar 
trend (Table V). 

The decrease in average age in ~he northern population is 
more apparent i~t:he"narbour" segmenf}:.han i~th~-"stra:l"f"
(Table IV). In 1957/8 9 herring of age 1+ (the 1956 year-class) 
wer~ _gqminan"t _in _both_ se9!l1ents, a~ though J ,he ca_t~~ri. in· -!*~:!!th~!?'
was small (Table VI). In 1958/9 this year-class dominated both 
segments- a s- Z-+-;;-yea-r-'old 5-; -but in-l-,c~p9/60 anct-1960/1-:-tt- wa s 
dominant in only-the " strait" segment (as 3+-year-016s a-nd 
~+-year-olds respectively). In the "harbour" segment in these 
latter two seasons the 1958, year-class was dominant (Tab1e IV), 
making extremely ~arge contiibutions both as age , l+ in 1959/69 
and- as age 2+ in 1960/1 ' (Table VI). ' The presenc'tLof these two 
strong year-classes" th~ 1958 considet'ably strong'er than the 
1956, resulted in i sharp increase i & population abundance from 

1References: (1) INPFC Doc. 496" AJ:ipendix 1, item 5', 
para. 2; (2) Doc. 3_0l-, Rev. 1, sect. 7; Doc. 430, Appendix 2, 
part re herring; (3) Doc. 487, sect. 1, para,. (iv); (4) Doc. 
496, item 8 (d) . 

2The single northern population is divided into two seg
ments, one fished in Prince Rupert Harbour, Tuck Inlet and Morse 
Basin and vi~inity, henceforth referred to as the "harbour" seg
ment, the other fished in Hecate Strait and around Porcher Island, 
henceforth called the "strait" segment. In central Briti.sh 
Columbia there are two major populations, the relatively small 
upper central stock in Area 6 (Fig. 1, the Report on Canadian 
Herring Sto~k~) and the large lower central stock in Area 7. 
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1957/8 to 1960/1. Not only did the number of fish caught 
increase, but the spawning population almost trebled. 

In nei.ther the "harbour" nor the " straits" segments of the 
northern population is there any app~rent relationship between 
numbers of age 1+ fish and the proportion mature, nor is there 
any year-to-year trend in this proportion (Table VII). In both 
segments there is little variation in the small proportion of 
age .2+ fish that are immature. It does not appear likely there
fore that when increased numbers of fish of ages 1+ or 2+ appear 
in the catches, the fishery is exploiting a part of the normally 
unrecruited immature section of the stock. If this were so, the 
proportion of immature fish of these ages would be expected to 
increase. 

There was a complete reversal of the proportion of age 1+ 
matures in catch~s from both segments of the stock in 1958/9. 
In this season, 79% of th~ age 1+ fish in the ~harbour" segment 
and 82% of this age-group in the "strait" segment were mature3 . 
In some years, herring seem to mature earlier and these are 
recrui ted to the ftshAble stock earlier than in oth~rs. This type 
of accelerated maturity, coupled with recrui1'tment o,f strong year
classes, may explain the decrease in average age and the greater 
predominance in some years of ages 1+ and 2+. -

Net selection could -cause the age composition of the catch 
to d-i-rfer ~from-that--of--rne-rishablestock. Near y Ule entire 
herring catch, however, is taken by purse 2eines with a mesh size 
of about t~ to . g .. inc.!l~s .stretched measure. Comparison o.f len9.t\:1 
frequen€-i ,es and of r ength-for-age relationships from purse seine 
c-atches-wi-th-th-o's-e-fTom -expeTi~ental- gil1>n'et~-of ~ ~o 2~ inch 
stretched m"ea sure and- from- a mldwat-er trawl Wl th a flne-meshed 
codend liner indicates that purse seines certainly retain all 
fish of age 2+ and older, almost certainly retain all of age 1+, 
and probably retain a proportion of agB 0+. Net ;selection is 
therefore not an important factor among fish older than age 0+. 
Since the age composition of the purse seine catches represents 
reasonably well that of the stock fished, and . since there is no 
variation in mesh size from population to population, the differ
ences in age composition between northern and southern British 
Columbia herring stocks are therefore the result of biological 
differences, not of net selection or of any type of selection by 
the fishing f~eet. The ~chools of herring found either in summer 
or in winter consist mainly of mature or maturing fish of mixed 
ages. Since purse seines retain virtually all fish of age 1+ and 
older, it is not possible with present methods to fish one age
group harder than another. 

3No explanation of this reversal can be given at present. 
It may be associated with the markedly warmer water conditions 
that prevailed along the coast in 1958. 

4The mesh size of purse seines is set by fishery regulations 
at not less than 1 inch stretched measure between knot centres. 
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Table IV . The average percentage age cgmposition of catches from the harbour and straits 
segment of the northern population by 5-year periods from 1937/38 to 1956/57, and by se~ons 
thereafter. 

3+ 1 
Years 

Age: 0+ 1+ 2 j1- ! I 4+ .. 5+ 6+ 7+ 8+ 9+ in avo I -

r 
1937/8-41/2 Harbour .64 22.97 28.75 23.27 15.13 5.30 2.01 1. 25 .67 (3) 

1942/3-46/7 Strait 17.34 rS7 . 58 (11.54 8.92 3.61 1.00 (1) 
'. ' I 

1947/8-51/2 Strait 0.03 5.24 24.51 36.51 2,4.70 6.27 2.20 0.45 0.09 0.01 (5 ) 
I-' 
w 

1952/3-56/7 Harbour 9.28 40.14 25.07 16.04 7.62 1.48 0.26 0.05 0.05 (3) 
Strait 1.17 21.35 142.77 20.41 12.42 1.54 0.31 .02 (4 ) 

I 

1957/8 Strait 71.72 20.37 t 3.13 3.24 0.32 1.22 

1958/9 Harbour 4.80 ' 58.28 f19.86 3.54 9.59 1.40 2.37 0.15 
Strait 1.83 60.57 21.88 6.93 6.34 1.47 0.98 

'\;.' 

1959/60 Harbour 69.36 7.70 ,16.40 4.23 1.14 0.88 0.12 0-.17 -
Strait 5.35 4.15 54.06 

I 
18.23 10.64 5.58 1. 75 0.23 

1960/1 Harbour 11.97 67.21 I 5.32 11.08 2.94 0.92 0.41 0.12 
Strait 1.43 25.23 14.48 43.48 9.68 4.26 1.35 0.09 

I \ 



Table V. The average percentage age ~omposition of catches from the lower central 
subdistrict by 5-year periods from 1937/38 to 1956/57 and by seasons thereafter. 

L 
L I 

Age: 0+ 1+ 2+ I I 3+ I 4+ 5+ 6+ 7+ 8+ 9+ 
" I 

, 
---re- ~ 

19'37/8-41/ 2 0.08 8.29 40.03 29.11 
I 

13 .'59 5.49 1. 79 1.54 .06 .01 
1 i . 

1942/3-46/7 0.47 5.22 42.07 128.49 14.14 8.02 1.22 0.32 .04 
f-' -

1947/8-51/2 0.42 3.22 25,82 ' 4G.65 22.41 5.80 1.03 0.40 .21 .03 .f;:, 

1952/3-56/7 L ~ .09 4.09 33.89 12~ .'94 I 23.86 7.33 0.66 0.11 0.01 0.01 

1957/8 6.40 72.~2 lI 18.21 I 1.38 1.20 0.59 

1958/9 2.60 48.48

1 

37.85 I 9.12 0.89 0.53 0.53 

. 1959/60 25.56 25.19 39.85 7.89 1.13 0.19 0.19 

33.95 r 1 14 . 27 I 1960/1 - -. 4.54 32.00 13.06 1. 71 0.11 .21 .15 

'\ 

~ 



Table VI. The numbers (in millions) ofl fish 
the catches in the northern subdistrict from 

I 

of age 1+ and 2+ and 
1934/5 to 1960/1. 

of the fish of all ages in 

1934/5 
1935/6 
1936/7 
1937/8 
1938/9 

1939/40 
1940/1 
1941/2 
1942/3 
1943/4 

1944/5 
1945/6 
1946/7 
1947/8 
1948/9 
1949/50 
1950/1 
1951/2 
1952/3 
1953/4 
1954/5 
1955/6 
1956/7 
1957/8 

1958/9 
1959/60 
1960/1 

, 

Catch in l n~mber l of fish (Xl06) of age 

1+ 

Harbour Strait Total Harbour 

1.81 ~ None 
NS None 
No samples 

1.81 None 
1.83 None 

None 
0.89 None 
7 .~2 None 
None None 

NS None 
No samples 

0.04 None 
None 9.38 
None 47.76 
NOf\e 4.63 
None 26.21 
None 20.80 
None 19.44 
None 0.22 
0.49 0.92 
0.06 

10.73 
3.22 
7.76 

1.35 
172.81 

41. 75 

5.03 
None 
0.30 

13.52 

1.25 
1.65 
1. 70 

1.81 

1.81 
1.-8.3 

0.89 
7.52 
None 

' 0.04 
9.38 

47.76 
4.63 

26.21 
20.80 
19.44 
0.22 
1 . '41 

5.09 
10.73 

3.52 
21.28 

2.60 
173.46 
43.45 

50.42 
NS 

50.42 
5,5.17 
25.02 
20;'46 
5,1.82 

None 
NS 

1. 77 
None 
None 
NoHe , 
None 
None 

, I 
Nol1e None 
3.36 

0.11 
68.21 
4.16 
2.54 

17.28 
18.52 

234.45 

,2+ 
! 

None 
None 

None 
·Non~ 

None 
None 
iione 
None 
None 

None 
31.14 
60.61 
42.01 
I 

304.99 
~8.85 
j8.12 

~ 6 .18 
51.77 

. t8 . 87 
None 
32.46

1 
,3.84 

411.4,9 
' 1.28 
~O.OO 

Total Harbour 

50.42 180.13 
(4500 tons) 

(200 tons) 
50.42 180.13 
55.17 196.53 

25.02 
20.46 
57.82 

None 

1.77 
31.14 
60.61 
42,.01 

304.99 
88.a5 
38.12 
6.18 

55.13 
8.98 

68j .27 
36.62 
6.18 

,.' 

58.77 
19,80 

264.45 

194.84 
72.14 

219.11 
None 

(300 tons) 
(1300 tons) 

17.55 
None 
None 
None 
None 
None 
None 
None 

6.87 
2.27 

121. 25 
27.25 
10.42 
29.61 

254.31 
348.85 

All ages 

Strait 

None 
None 

(800 tons) 
None 
None 
None 
None 
None 
None 
None 

None 
54.07 

485.57 
190.57 
497.92 
493.84 
434.46 

16.55 
229.70 
181.15 

None 
157.49 

18.85 
68.50 
30.82 

118.92 I 

Total 

180.13 
(4500 tons) 
(1000 tons) 

180.13 
196.53 
-1:94.84 

, 72.14 
219.11 

None 
(300 tons) 

(1300 tons) 
17,55 
54,07 

485.57 
190.57 
497.92 
493.84 
434.46 

16.55 
236.57 

183.42 
121.25 
184.74 

29.27 
98.11 

285.13 
467.87 

\-J 
(Jl 
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Table VII. The number and percentage of mature and immature 
herring of ages 1+ to 4+ in the "harbour" and "strait" segments 
of the- northern population from 1952/3 to 1960/1. 

v Age 1+ Age 2+ Age 3+ Age 4+ 

Imm. Mat. Imm. Mat. Imm. Mat. Imm. Mat. 
,. 

Harbour 

1953/4 No. 24 7 21 227 1 130 1 73 
% 77 23 8 92 1 99 1 99 

1955/6 No. 140 31 32 906 160 ... 320 
% 82 18 3 97 100 100 

1956/7 No. 119 6 19 121 484 186 
% 95 5 14 86 100 100 

1958/9 No. 7 26 1 385 132 23 
% 21 79 + 100 100 100 

1959/60 No. 1131 566 8 177 1 391 101 
% 67 33 4 96 + 100 100 

1968/1- ~ No-. -252- 116 25 2074 175 -361 . 
% 65 35 1 99 100 100 

Strait-_- - -- --
t;; 

1952/3 No. 11 5 17 524 1 326 _371 ~ 

- ~% - 6-9 - ~ 31- -~ - 3 - 97-- --I: ._ 1..00 _ ~ - 100 , 

1953/4 No. 5 43 1 79 1 --7B -
% 10 90 1 99 1 99 

1 954/5 No. 20 10 
~ 

1 55 2 792 177 
% 67 33 2 98 + 100 100 

1956/7 No. 3 L 8 410 2 868 265 
% 75 25 

(" 2 98 + 100 100 

1957/8 No. 56 12 1 51 28 34 
% 82 18 2 98 100 100 

1958/9 No. 4 18 " 607 1 209 69 
% 18 82 100 + 100 100 

1959/60* No. 29 13 29 281 I - 77 
% 69 31 "P 10C 100 100 r 

1960/1 No . 12 3 1 256 137 412 
% 80 20 + 100 100 100 

*Only thos~ samples taken from November onwards; samples 
taken in September are omitted. 
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PREFACE 

Based on data obtained since the publication of INPFC Bulletin No.4, 
herring research workers have adjusted the boundaries of certain of the 
statistical areas as defined in the British Columbia Fishery Regulations and 
have subdivided other areas. These changes were made so that the revised areas 
conformed more closely to those occupied by the various herring populations. 

The adjusted areas have been arranged into populations or population 
groups - the Queen Charlotte Islands group (consisting of three populations, 
the west coast, the upper east coast, and the lower Queen Charlotte Islands), 
the northern population, the upper central1

, the lower central1
, the upper east 

coast of Vancouver Island, the middle east coast of Vancouver Island, the lower 
east coast of Vancouver Island, the lower west coast of Vancouver Island, and 
the upper west coast of Vancouver Island populations (Taylor, 1964)2. 

The changes made to area and population boundaries have required for 
each of the affected populations the recalculation of annual catch, average 
age composition, and estimates of numbers of fish and of year-class strength. 

The revised data have necessitated the following changes to 
Document 573 as originally submitted: 

(1) Page 2. lines 18 and 19. Delete the sentence "There is, however, _ 
geographical separation by size in some areas (Table IV)." [Modification 
occurs on page 2, line 8, of the revised edition.] 

(2) Page 2, bottom. Delete the first paragraph of Section 3 ("Indirect" 
effects of fishing: Recruitment) and substitute: Canada regrets that 
detaired analyses of the stoc~-recruitment relationship4 were not 
published until 1963. A discussion of this relationship in most 
populations was presented at the 49th Annual Meeting of the International 
Council for the Exploration of the Sea (ICES) and subsequently published6

• 

Add Footnote 5 to read: Taylor, F. H. C. 1963. The stock-recruitment 
relationship in British Columbia herring populations. Cons. Perm. 
Internat. Explor. Mer. Rapports et Proces-Verbaux 154: 279-292. 

[Modification occurs on page 2, line 19 et seq. 1st para. Section 3; and 
footnote 5.] 

lAlthough the arrangement has not been adopted here, it is sometimes 
convenient to subdivide the upper and lower central populations each into a 
seaward major migratory stock and one or more local stocks found towards the 
heads of the mainland inlets. 

2 Taylor, F. H. C. 
Columbia Herring Stocks. 

1964. Life history and present status of British 
Bull. Fish. Res. Bd. Canada 143. 81 p. 
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(3) Page 5, line 10. " •• instantaneous rate of natural mortality, q.l" 
Add footnote 1 to read "The system of notation for rates follows that 
used in the original report regarding the qualification of Canadian 
herring for abstention (INPFC BulL No.4, Paper No.1) and is that of 
Ricker, W. E. 1958. Handbook of Computations for Biological Statistics 
of Fish Populations. Bull. Fish. Res. Bd. Canada 119, 300 p. 
[Modification occurs on page 3, line 8; and footnote 1, of the revised 
edition. ] 

(4) Page 11. lines 21-23. Delete "In 1957/8, herring of age 1+ (the 1956 
year-class) were dominant in both segments, although the catch in numbers 
was small (Table VI)." [Modification occurs on page 9, line 16, of the 
revised edition.] 

(5) Page 11. line 23. Delete "this year~class" and add so the sentence reads 
"In 1958/9 herring of age 1+ (the 1956 year-class) dominated • • • ." 
[Modification occurs on page 9, lines 16-17, of the revised edition.] 

(6) Tables IV, V and VI contain the revised data and are substituted for 
those in the original Document 573. 

The revised Document 573 follows. 
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1. Meaning of "substantial increase" 

The major difference of opinion between Canada and Japan concerns 
quantification of the word substantial. Canada's original abstention document 
computed that 20% increase in yield from recruits to the fishery in the lower 
east coast stock would be possible if there were a rather large increase in 
fishing effort, sufficient to bring the conditional fishing mortality rate from 
0.62 up to about 0.9. Most other stocks had very similar parameters and were 
believed capable of similar increases. Canada regards this 20% as something 
less than a substantial increase. 

Japan, on the other hand (INPFC Document 295, Revision 1), cites a 
possible yield increase of 4% for the lower east coast stock, and 8% [4% + 4%) 
for the west coast stock, from increasing conditional fishing mortality rate to 
about 0.9; these increases are part of the documentation for Japan's statement 
that "substantial increases in yield can be expected by further intensifying 
fishing of these stocks • • • ." 

Thus a "substantial" increase according to Japan's interpretation is 
less than a "non-substantial" increase according to Canada's. 

Appendix I of the present document shows (1) that the factual basis 
for the level of increase envisaged by Japan for these stocks is probably more 
reasonable than the one used by Canada to compute a larger increase (Japan used 
a smaller natural mortality at the younger ages); and (2) that all estimates of 
increased catch made to date have a bias that makes them too great, possibly 
.50% to 100% greater than the true expected increase. Thus expected increases 
in yield per recruit seem more than ever non-substantial to Canada. 

2 ~ Possibility of greater utilization of the younger age-groups 

In the central and northern British Columbia herring stocks 
appearance of the young fish in the catch usually takes place over a wider 
range of ages than in the south. Japan has asked1 why it would be difficult to 
i.ncrease the exploitation of younger fish, especially in the north, and a1s02 
what are the ecological or other causes of differences in age at recruitment. 

These questions are closely allied, and have the same answer. We 
know that the maximum representation of herring in the autumn and winter purse
seine fisheries of southern Vancouver Island occurs among fish in their 3rd 
year of life. In more northern regions it is more commonly fish in their 4th 
or even 5th year of life. Details are given in Appendix II. 

lDocument 301, Revision 1, Sect. 7; Doc. 430, Appendix Z; Doc. 487, 
Sect. l(iv); Doc. 496, item 8(d). 

2Document 496, Appendix 1, item 5, paragraph 2. 
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Most (but not all) the fish in these fisheries are maturing, and there 
is an associated trend toward later maturity in the north. However the basic 
ecological observation is that fish first appear in the pre-spawning schools 
i.n inshore waters at a younger average age in the south than in the north. The 
purse-seine fishery itself is non-selective: its meshes will retain all herring 
present above age 0+, and skippers do not endeavour to avoid schools having 
fish of smaller than average size other than these age 0+ fish which are caught 
by the gills in the meshes of the seines. 

The summer fisheries are of no assistance in increasing the relative 
exploitation of smaller fish. Apart from the present small volume of fish that 
they take, they tend to capture fish larger in size and a year or more older in 
age than the winter fishery (Taylor et al., 1957, Table V, pp. 70-71)3. 

Thus while computations suggest that proportionately greater utiliza
tion of younger ages in the northern stocks would increase total yield J the 
means for accomplishing this are not at hand. Until such means are available, 
estimated increases of 20% and 30% from more selective fishing (Revised 
Documents 295 and 298) are purely theoretical and cannot be effected. 

3. "Indirect" effects of fishing: Recruitment 

Canada regrets that detailed analyses of the stock-recruitment 
relationship4 were not published until 1963. A discussion of this relationship 
in most populations was presented at the 49th Annual Meeting of the 
International Council for the Exploration of the Sea (ICES) and subsequently 

6 -
published • 

The figures obtained generally suggest no discernible relation 
between recruitment and parental stock size, and this has been made the basis 
of the regulation policy for the Canadian fishery. However, the variability of 
the recruitments is so great that in many instances a trend cannot be excluded 
on present evidence, and in one or two cases this may actually be suggested. 
We notice also that a curved relationship is suggested for southeastern Alaska 
herring (INPFC Bull. No.4, p. 27, Fig. 1). These considerations suggest 
caution in opening herring stocks to completely unrestricted exploitation, 
though this may be done on a trial basis in the near future. However if a 
spawning stock were to be reduced below optimum size even a little bit, the 
effect on recruitment would likely be sudden and severe : this is generally true 
of stocks for which the optimum rate of exploitation is high. 

We may also observe that it is fallacious to argue that because 
recruitment from a given level of spawning stock is very variable, there is no 
need to worry about providing the optimum number of spawners. 

3 In Report of the British Columbia Department of Fisheries for 1956, 
published 1957. 

4Mentioned in Doc. 496, Appendix 1, item 5, paragraph 1. 
6 Taylor, F. H. C. 1963. The stock~recruitment relationship in British 

Columbia herring populations. Cons. Perm. Internat. Explor. Mer. Rapports et 
Proc~s-Verbaux 154: 279-292. 
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Appendix I. Notes on computations of equilibrium yield for 

British Columbia herring stocks in various abstention documents 

1. The upper portion of Table I gives more details concerning the yield 
computation of Appendix 2 of the original report regarding the qualification of 
Canadian herring for abstention (pages 12 and 13 of INPFC Bull. No.4). The 
model used there assumes that fishing mortality is restricted to the first 
month of a biological year that begins with the autumn fishing season (because 
most fishing on any stock is usually complete within a month). It is also 
postulated that natural mortality occurs during that month at a rate equal to 
1/12 of the annual instantaneous rate of natural mortality, q.l Thus the rate 
of exploitation is calculated as: 

u = 
P [1 e--(2, + ~/12~ 

2, + ~/12 

For example, for the line for a = 0.81 in Table I: 

u = 0.967[1 - e-l. 0247] 
1.0247 

- 0.605 

In view of the uncertainty of many of the statistics used, this degree 
of refinement was not essential: just as useful a computation could be made by 
postulating-that the fishing -mortality preceded all of the natura-l - mortaUty in 
each year. 

Hanamura (INPFC Bull. No.4, p. 74) does not state exactly how rates 
of exploitat.ion were obtained for his yield calculations, but almost any 
procedure would be accurate enough wh~n applied consistently to all comparisons 
within a model. 

2. The conditions postulated in the model of Appendix 2 of the Canadian 
document (INPFC Bull. No.4, p. 12) very likely overestimate the expected gain 
in yield from increased effort. This is because a rather large natural 
mortality rate was applied to the young fish during the years of recruitment 
(the conditional rate n = 0.5 was used at all ages). 

~The system of notation for rates follows that used in the original 
report regarding the qualification of Canadian herring for abstention (INPFC 
Bull. No.4, Paper No.1) and is that of Ricker, W. E. 1958. Handbook of 
Computations for Biological Statistics of Fish Populations. Bull. Fish. Res. 
Bd. Canada 119, 300 p. 
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Nagasaki (INPFC Bull. No.4, pp. 38-44) used Tester's (1955, p. 667) 
average estimates (for 1933-34 to 1951-52) of natural mortality, which are 
large for older ages but drop to n = 0.4 between his ages III and IV (2+ and 
3+); and he (Nagasaki) used 3 trial estimates (n = 0.2,0.3,0.4) for the next 
younger year (for which no actual data are available). Nagasaki's yield 
graphs (p. 41) do not go beyond the rate of fishing F = P = 1.0 (corresponding 
to m = 0.632), but he concludes for the lower east coast that "the expected 
increase in yield through further raising the value of F [beyond 0.9] is not 
great in that case." 

Hanamura (Bull. No.4, pp. 63-85) used a natural mortality rate of 
n = 0.3 at all ages, and computed considerably smaller increases in yield than 
those in the Canadian document, for comparable increases in fishing mortality 
rate (our Table I). For his "first category" of populations (which includes the 
lower east coast) Hanamura estimates an increase in yield from 681 to 763, or by 
12.0%, when fishing mortality rate (m) changes from 0.571 to 0.857. A 
comparable range in the Canadian model, from m = 0.62 to m = 0.90, involves a 
19.6% increase in yield. 

Thus the Japanese estimates of benefit from increasing fishing effort 
are less than our own. At least part of the reason is that, with a smaller 
natural mortality rate, the age 1+ age-group is estimated to be increasing in 
bulk instead of decreasing in bulk, as a net result of natural causes (growth 
less natural mortality); hence there is some loss from using these for the 
current season's catch, which partly counteracts the gain from greater utiliza
tion of older ages. 

3. There is a source of bias in these computations that affects all that 
have been made to date. The problem is that the herring caught from age-groups 
that are in process of recruitment average larger in individual size than their 
year-crass as a who1ea • The fast-growing fish tend to be the first to join the 
spawning schools, hence are first to become available to the fishery. This is 
a well-known phenomenon in many fisheries (for example, salmon, halibut, cod). 
What it means in this context is that, if we plan to take more of these younger 
herring, we will find that the average size of those taken becomes less, hence 
present estimated yield increases are too great. 

To get some idea of the importance of this effect, scales were read 
from 112 herring approaching age IV (age 3+, but with the 4th season's growth 
completed) in the 1955 autumn fishery on the lower east coast. Fish of this 
age are fully recruited. The back-calculated length of each fish was converted 
to weight using an "individua1"-type length-weight relationship, and the 
weights were then averaged for each age. These average weights are shown in 
Table II, along with several series of observed weights. As expected, the 
back-calculated weights are considerably less than those in any of the other 

2This problem was mentioned briefly in the 1959 Report of the 
Scientific Sub-committee of the Ad hoc Committee on Abstention (INPFC Doc. 301, 
Revision 1, page 6). The present section provides the information that was 
volunteered at that time. 



Table I. Comparison of statistics used in two models of herring stocks. Model A: Lower east coast stock 
model of the Canadian report~ from INPFC Bull. No.4, page 13 (weights are here converted from short tons 
to metric tons). Model B: "First category" stocks of Hanamura (lower east coast plus west coast), from 
INPFC Bull. No.4, page 77. Figures in columns 1-7 are those given in the documents quoted if they are 
marked by an asterisk; other figures in these columns have been computed from these. Symbols for the 
different mortality rates are given in the Widrig system (above) and the international system (below). 
Condll. = conditional; inst. = instantaneous. Column 7 is the rate of exploitation; see the text for the 
pattern used. 

Natural mortality Total mortality Fishing mortality 

Cond I 1. Inst. Actual Inst. Cond I 1. Inst. Actual Yield Increase 
n q a i m p u (metric 

M Z F · .. tons) 

Model A 

1. 0.5* 0.693 0.8l*a 1.660 0.620 0.967 0.605 37,200 
2. 0.5* 0.693 0.90* 2.303 0.800 1.610 0.782 42,100 
3. 0.5* 0.693 0.95* 2.996 0.900 2.303 0.884 44,500 73/372 = 19.6% 

Model B 
Arbitrary 

units 

4. 0.3* 0.357 0.65 1.050 0.500* 0.693 · .. 653 
5. 0.3* 0.357 0.70 1.204 0.571* 0.847 681 
6. 0.3* 0.357 0.75 1.386 0.643* 1.029 · .. 705 
7. 0.3* 0.357 0.82 1.715 0.743* 1.358 · .. 733 
8. 0.3* 0.357 0.90 2.303 0.857* 1.946 · .. 763 82/681 = 12.0% 

aThis figure is erroneously given as 0.80 in Table VI and accompanying text of the Canadian report 

(INPFC Bulletin No.4, page 13). 

I.n 
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series.3 The difference is of course much the greatest at the end of the first 
growth year, but this is of little practical importance because extremely few 
fish are caught at this age. 

In trying to assess the quantitative importance of this effect, we 
must remember that the back-calculated weights are too small to be representa
tive of the whole stock at ages 0+ to 2+ with the present pattern of recruit
ment, while weights in the other rows are all too great at these ages. 
Representative figures would be somewhere in between. However, the size of the 
fish caught at a given recruitment age will be different for every different 
rate of fishing -- decreasing as rate of fishing increases. 

In addition, as more and more of the (larger) fish are removed during 
the ages of recruitment, those which survive these ages are to an ever greater 
degree the slow-growing part of the stock. Hence average individual weight at 
older ages will also be reduced as rate of fishing increases. 

For orientation purposes, a computation of yield has been made for 
m = 0.9 similar to that of line 3 of Table I, but using the back-calculated 
fish weights of line 1 of Table II through age 3+, and those of line 3 from 
age 4+ onward. The former group will of course be too small, while the latter 
will be somewhat too great, to represent the situation if fishing mortality 
rate were increased to m = 0.9. The result is on line 3 of Table III. Using 
these back-calculated weights, the anticipated gain from increasing fishing 
mortality rate from 0.62 to 0.90 is almost cut in half: from 19.6% to 10.2%. 
This of course may be an over-adjustment, but about half as much reduction as 
this would seem to be the least possible estimate. At any rate it is clear that 
this effect could be one of considerable importance, though it may defy precise 
quantitative evaluation. It must substantially reduce the already-small gains 
estimated to result from rather large increases in fishing effort. 

3 In making comparisons between row I and rows 3 and 5 of the table, 
this difference is to some extent a result of the fact that at age 3+ the fish 
used for back-calculation, though a little larger than the average for their 
own year-class, were a little smaller than the averages in those rows. 



Table II. Average whole weights in grams, ofl herring caught at successive ages in the lower east 
coast fishery, and certain computed weights. 

Age: 

End of growth year: 

1. Back-calculated 

2. 1952 year-class 

0+ 

I 

5.6 

12.83 

1+ 

II 

39.2 

2+ 

III 

77 .9 

46.4 94.1 

3+ 

IV 

107.2 

105.5 

4+ 

V 

135.3 

5+ 

VI 

6+ 

VII 

7+ 

VIII 

.. 

8+ 

IX 

3. 1944/5-53/4 avo 10.23 49.3 90.6 111.1 133.9 150.2 168.2 177 .5 179.7 

4. 1946/7-55/6 avo 11.03 47.6 87.7 107.7 130.7 147.9 167.6 177 .0 

5. Bertalanffy line 9.55 48.2 86.5 111.5 127.0 135.2 139.4 141.6 

Line 1. Values back-calculated from age 3+ fish of the 1952 year-class. 

Line 2. Observed weights of fish caught at successive ages, of the 1952 year-class. From 
Taylor et al., 1957, Table 7, page 75. 

179.7 

Line 3. Observed average weights of herring taken in the fisheries of 1944/45 through 1954/55. 
This series was used for Table VI of the original Canadian case for abstention, 
INPFC Bull. No.4, page 13. 

Line 4. Observed average weights of herring taken in the fisheries of 1946/47-1955/56. From 
Taylor et a1., 1957, Table 7, page 75; used by Hanamura, INPFC Bull. No.4, page 74. 

Line 5. Average weights computed by Nagasaki, using the Bertalanffy relationship, INPFC Bull. 
No.4, page 40. 

-...J 
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Table III. Yield of lower east coa~t population model (from top half 

of Table I), using different age-weight distributions. 

Age-weight distribution Rate of fishing Yield in 

(from Table II) morta,lity (m) 
Increase 

used metric tons 

1. Line 3 of Table II 0.62 37,200 

2. Line 3 of Table II 0.90 44,500 19.6% 

3. Line 1 through age 3+, 0.90 41,000 10.2% then Line 3 
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Appendix II. Age at recruitment in British Columbia herring stocks~ 

In southern British Columbia herring populations the majority of fish 
mature for the first time in their 3rd year of life (age 2+), some in their 4th 
year, and a few in the 2nd year; whereas, in general, in northern and central 
British Columbia populations2 the majority mature for the first time in their 
3rd or 4th years, with a larger proportion maturing in their 4th year than in 
the south, some maturing in their 5th year and a few in their 2nd and 6th years. 
This difference in the pattern of maturity with age results in a basic difference 
in age composition between catches from stocks fished in northern and central 
British Columbia and in southern British Columbia. 

In recent years, the average age of the fish in catches of the northern 
stock has decreased (Table IV). In some years, fish of age 2+ have been as well 
represented as in southern British Columbia populations, and in two years, 
1959/60 and 1960/61, those of age 1+ have predominated. In central British 
Columbia the main lower central stock has not shown a similar trend (Table V). 

The decrease in average age in the northern population is more apparent 
in the "harbour" segment than in the "strait" (Table IV). In 1958/9 herring of 
age 1+ (the 1956 year-class) dominated both segments as 2+ year olds, but in 
1959/60 and 1960/1 it was dominant in only the "strait" segment (as 3+ year olds 
and 4+ year olds respectively). In the "harbour" segment in these latter two 
seasons the 1958 year-class was dominant (Table IV), making extremely large 
contributions both as age 1+ in 1959/60 and as age 2+ in 1960/1 (Table VI). The 
presence of these two strong year-classes, the 1958 considerably stronger than 
the 1956, resulted in a sharp increase in population abundance from 1957/58 to 
1960/1. Not only did the number of fish caught increase, but the spawning 
population almost trebled. 

In neither the "harbour" nor the "straits" segments of the northern 
population is there any apparent retationship between numbers of age 1+ fish and 
the proportion mature, nor is there any year-to-year trend in this proportion 
(Table VII). In both segments there is little variation in the small proportion 
of age 2+ fish that are immature. It does not appear likely therefore that when 
increased numbers of fish of age 1+ or 2+ appear in the catches, the fishery is 
exploiting a part of the normally unrecruited immature section of the stock. If 
this were so, the proportion of immature fish of these ages would be expected to 
increase. 

1References: (1) INPFC Doc. 496, Appendix 1, item 5, para. 2; 
(2) Doc. 301, Rev. 1, sect. 7; Doc. 430, Appendix 2, part re herring; 
(3) Doc. 487, sect. 1, para. (iv); (4) Doc. 496, item 8(d). 

2The single northern population is divided into two segments, one 
fished in Prince Rupert Harbour, Tuck Inlet and Morse Basin and vicinity, 
henceforth referred to as the "harbour" segment, the other fished in Hecate 
Strait and around Porcher Island, henceforth called the "strait" segment. In 
central British Columbia there are two major populations, the relatively small 
upper central stock in Area 6 (Fig. 1, the Report on Canadian Herring Stocks) 
and the large lower central stock in Area 7. 



Table IV. The average percentage age composition of catches from the harbour and straits segment of the northern 

population by 5 year periods from 193}-38 10 1956-57, and by seasons thereafter. 

1 
Years 

in 
0+ 1+ 2+ , 3+ 4+ 

I 
5+ 6+ 7+ '8+ 9+ Averag7 

1937-8 to 1941-2 Harbour 0.64 22.97 128.75 23.27 15.13 5.30 2.01 1.25 0.67 (3) 

1942-3 to 1946-7 Strait 17.34 57.58 11.54 8.92 3.61 1.00 (1) 

1947-8 to 1951-2 Strait 0.03 5.25 '24.54 36.50 24.68 6.25 2.20 0.45 0.09 0.01 (5) 

1952-3 to 1956-7 Harbour 9.27 . 40.13 25.10 16.04 7.64 1.47 0.24 0.05 0.05 (3) 

Strait ' 1.18 21.35 42.91 20.43 12.27 1.52 0.31 0.02 (4) 

1957-8 Strait 53.94 ~2 .39 1 8.44 9.91 1.10 4.22 

1958-9 Harbour 5.17 58.74 19.12 3.47 9.46 1.33 2.55 0.16 
~ 
0 

Strait 1.86 59.53 21.67 7.07 7.13 1.63 1.11 

1959-60 Harbour 69.36 7.70 16.40 4.23 1.14 0.88 0.12 0.17 

Strait 6.05 4.22 53.94 18.16 10.25 5.48 1.69 0.24 

1960-1 Harbour 11.34 67.44 5.43 11.28 3.00 0.94 0.45 0.12 

, Strait 1.43 25.23 14.48 43.48 9.68 4.26 1.35 0.09 



Table V. The average percentage age composition of catches from the lower central subdistrict by 5 year 

periods from 1937.-8 to 1956- 7 and by seasons thereafter. 

Age: 0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 

1937-8 to 1941-2 0.17 7.46 32.76 25.4t> 2'0.13 7.39 3.06 2.79 0.30 0.48 
I I . I 

1942-3 to 1946-7 0.33 4.85 40.99 28.8~ 16.90 6.68 1.00 0.33 0.03 

1947-8 to 1951-2 0.77 13.98 27.80 32.519 19.09 4.43 0.77 0.35 0.18 0.03 
I 

I 
1952-3 to 1956-7 0.14 7.35 34.21 27.5'7 23.53 6 . 43 0.63 0.11 0.01 0.01 

1957-8 0.01 7.77 71.24 17.73 1.40 1.27 0.57 
I : 

1958-9 3.14 46.66 39.32 8.82 0.94 0.62 0.48 0.01 ..... ..... 

1959-60 26.76 27.10 33.41 10.94 1.30 0 .36 0.13 

1960-1 6.21 34.87 13 .32 31.00 12.37 1.72 0.12 0.22 0.16 



I . ' 

Table VI. The numbers (in millions) of fish of age 1+ and 2+ and of fish of all ages in the catches in the 
northern subdi1trict from 1934-5 to 1960-1. 

I 
Catch in number of £ish (x10 6 ) of age 

1+ 2+ All ages 

Harbour Strait Total Harbour Strait Total Harbour Strait Total 

1934-5 1. 81 None 1. 81 50.~~ None 50.42 180.13 None 180.13 
1935-6 NS None I (4500 tons) None (4500 tons) None 
1936-7 No sample s (200 tons) (800 tons) (1000 tons) 
1937-8 1. 79 None 1. 79 50.12 None 50.12 179.00 None 179.00 
1938-9 1.77 NS 1. 77 54.03 NS 54.03 192.42 (400 tons) 192.42+ 
1939-40 None 24.88 None 24.88 '193.78 None 193.78 
1940-1 None None 1.95 None 1. 95 
1941-2 None None None None None None None None None 
1942-3 None None None None None None None None None 
1943-4 NS None NS None (300 tons) None (300 tons) 
1944-5 NS I (1300 tons) None (1300 tons) I-' 

N 

1945-6 None None None None None None None None None 
1946-7 None 9.38 9.38 None 31.14 31.14 None 54.07 54.07 
1947-8 None 41.34 41.34 None 52:44 52.44 None 420.16 420.16 
1948-9 None 4.66 4.66 None 42.30 42.30 None 191.84 191.84 
1949-50 None 24.53 24.53 None 284.38 284.38 None 462.79 462.79 
1950-1 None 20.58 20.58 None 88.14 88.14 None 489.'93 489.93 
1951-2 None 19.52 19.52 None 38.30 38.30 None 436.82 436.82 
1952-3 None 0.22 0.22 None 6.14 6.14 None 16.44 16.44 

1953-4 0.50 0.92 1.42 3.42 52.17 55.59 6.99 231. 5 ~ 238.56 

1954-5 NS 4.96 4.96 NS 8.73 8.73 (55 tons) 178.27 178.27+ 
1955-6 10.57 None 10.57 67.27 None 67.27 119.48 None 119.48 
1956-7 2.67 0.30 2.97 3.45 32.22 35.67 22.60 156.33 178.93 

1957-8 NS 2.94 2.94 NS 1.22 1.22 (624 tons) 5.45 5.45+ 

1958-9 1.20 1. 75 2.95 13.66 55.26 68.92 23.25 92 .84 116.69 

1959-60 151. 07 2.22 153.29 16.77 1 .1 55 18.32 217.80 36.69 254.49 

1960-1 38.01 1. 70 39.71 226.0j 30.00 256.08 335.23 118.92 454.15 
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Table VII. The number and percentage of mature and immature herring of 
ages 1+ to 4+ in the "harbour" and "strait" segments of the northern 

population from 1952/53 to 1960/61. 

Age 1+ Age 2+ Age 3+ Age 4+ 

Imm. Mat. - Imm. Mat. Imm. Mat. Imm. Mat. 

Harbour 

1953/54 No. 24 7 21 227 1 130 1 73 
% 77 23 8 92 1 99 1 99 

1955/56 No. 140 31 32 906 160 320 
% 82 18 3 97 100 100 

1956/57 No. 119 6 19 121 484 186 
% 95 5 14 86 100 100 

1958/59 No. 7 26 1 385 132 23 
% 21 79 + 100 100 100 

1959/60 No. 1131 566 8 177 1 391 101 
% 67 33 4 96 + 100 100 

1960/61 No. 252 116 25 2074 175 361 
% 65 35 1 99 100 100 

Strait 

1952/53 No. 11 5 17 524 1 326 371 - -- - - - -
% 69 31 3 97 + 100 100 

1953/54 No. 5 43 1 79 1 78 
% 10 90 1 99 1 99 

1954/55 No. 20 10 1 55 2 792 177 
% 67 33 2 98 + 100 100 

1956/57 No. 3 1 8 410 2 868 265 
% 75 25 2 98 + 100 100 

1957/58 No. 56 12 1 51 28 34 
% 82 18 2 98 100 100 

1958/59 No. 4 18 607 1 209 69 
% 18 82 100 + 100 100 

1959/60* No. 29 13 29 281 77 
% 69 31 100 100 100 

1960/61 No. 12 3 1 256 137 412 
% 80 20 + 100 100 100 

*On1y those samples taken from November onwards; samples taken 
in September are omitted. 
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There was a complete reversal of the proportion of age 1+ matures in 
catches from both segments of the stock in 1958/59. In this season, 79% of the 
age 1+ fish in the "harbour" segment and 82% of this age-group in the "strait" 
segment were matures. In some years, herring seem to mature earlier and these 
are recruited to the fishable stock earlier than in others. This type of 
accelerated maturity, coupled with recruitment of strong year-classes, may 
explain the decrease in average age and the greater predominance in some years 
of age 1+ and 2+. 

Net selection could cause the age composition of the catch to differ 
from that of the fishable stock. Nearly the entire herring catch, however, is 
taken bI purse seines with a mesh size of about 1-1/4 to 1-1/2 inches stretched 
measure. Comparison of length frequencies and of length-for-age relationships 
from purse seine catches with those from experimental gill nets of 3/4 to 2-1/4 
inches stretched measure and from a midwater trawl with a fine-meshed codend 
liner indicates that purse seines certainly retain all fish of age 2+ and older, 
almost certainly retain all of age 1+, and probably retain a proportion of 
age 0+. Net selection is therefore not an important factor among fish older 
than age 0+. Since the age composition of the purse seine catches represents 
reasonably well that of the stock fished, and since there is no variation in 
mesh size from population to population, the differences in age composition 
between northern and southern British Columbia herring stocks are therefore the 
result of biological differences, not of net selection or of any type of 
selection by the fishing fleet. The schools of herring found either in summer 
or in winter consist mainly of mature or maturing fish of mixed ages. Since 
purse seines retain virtually all fish of age 1+ and older, it is not possible 
with present methods to fish one age-group harder than another. 

3 No explanation of this reversal can be given at present. It may be 
associated with the markedly warmer water conditions that prevailed along the 
coast in 1958. 

4The mesh size of purse seines is set by fishery regulations at not 
less than 1 inch stretched measure between knot centres. 




