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ABSTRACT

An assessment is made for the North Sea stock of herring, inc rporating'

explicitly plausible stock-recruitment relationships. The results are cons~stent

with the recent collapse of the fishery. The implications for re-opening the

fishery and future management are diso~ssed.

INTRODUCTION

The North Sea stock of herring has collapsed because depletion of the

spawning biomass since 1968 has been followed by a run of poor recruitments. In

these circumstances it is essential that the management of any future fishery on

this stock should take full account of the likely existence of a stock-recruitment

relationship.

This is easily done by combining standard calculations of yield-per-recruit

an~ biomass-per-recruit with a suitable relationship between recruitment and

spawning stock biomass. There will in practice be substantial variability of

recruitment around such an underlying relationshipo However, such a procedure

... does permit one to select levels of fishing mcrtality and patterns of exploita

tion which, barring accidents (such as environmental changes, errors of inter

pretation etc.), should permit recovery of the stock to a level where substantial'

sustainable yields are again possible, whilst avoiding any further collapse of

the stocko

BASIC DATA

We adopt the stand d growth and maturity data used by previous working

groupso Spawning stoSk biomass-per-recruit is calculated at 1 September, for

consistency with the Worki~g Group (WG) stock-reqruitment data. As a consequerice,

fish are labelIed by their age in years since birth, rather than number of winter

ri~gs. We have used WG weight-at-age data {or stock weights -at 1 September,

and for weight in the catch in.the following.yearo 'Note that full maturity of

funk-haas
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of 2-ringers, as assumed by the Working Group, is exactly equivalent (given the

way the calc~lation is performed) to full maturity at age 3•. Our,assumptions are

given in Table 1.

The resultant ca:oulations for yield-per-recruit and spawning biomass-per

recruit (Note: recruitment taken at age 1) 'are illustrated in Figure 1 and

summarised in Table 2. Curves (calculated by the sums of weights-at-age method)

are given for three exploitation pattE!rns correspondi,ng to knife-:edge.selection
I • • • • ~ • '. .• •

at age 1, 2 and 3 respectively. Note that.full exploitation at .age 1 corresponds

almost exactly to that obtained during the last few years of the fishery, assuming

that the F of about 0.2 on O-ringers was exerted almost entirely during the last

few months of th~ year~

These curves for.yield-per-recruit·and biomass-per-recruit should not differ

significantly·from.those previously calculat~d by the Working Group, although .-

no such calculations have appeared in regent W.rking Group reports~

",

•
THE STOCK RECRUITMENT RELATIONSHIP

Th€ relationship between stock and recruitment between 1952 and 1974 was

considered 'b-y th,e Working Group in .1976 (Anon, 1978). Their data are reproduoed.

in Figur.~. 2, with recruitment reduced by 1CJ76 to allow for natural mortality up

to age 1. For. management purposes the essential feature of such a relationship

is the decline of recruitment at low stock size, which may be expressed as the

slope of a line.through the origin. It would be unwise to assume that this

slope is,any greater ·than that of a .line bounding the available data .on the.l.e.ft.,

since there would be no data to support 'such an assumption•. ~he line with slope

0.023 recruits I .g is shown in Figure 2, :and has been taken to represent the most

optimistic ~ssumption about recruitment at low stock size which can justifiably ~

be mad~•. Clearly recru~tme~t falls systema~ically.belowthis·line at.higher

stock'sizes,and this may be expressed by any of several functional fQrmsfur a

stock-recruitment relationship. :We use here that recently proposed by Shepherd

(in preparation), namely

R = aBI 1 + (B/K);3

which is particularly convenient, since a variety of curves of different shapes

can be generated by.varying the degree of compensation (ß). The curves are

domed when ß. > 1, ~on-asymptotic when ß'< ,and_the_Beverton-Holt form is

obtained when ß = 1 (/?ee Figure 7 ).. The ..other paramet er, K, is referred to as

the threshold biomasso \Yhen the.biomass.falls below this value, ~he curve tends

to the s"l:raight line through the origin, the r.esili.enc.e conferred by the density

dependence qf the relationship is lost, and the population i's liable to collapse

under exploitation. We have calculated curves for three values of ß, namely
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1.0, 1.2 and 1.4, using values a little greater than one because of the suggestion

in the 1976 WG report ~hat the relationship may be slightly domed. The value of

a has been taken as 0.023 recruits/g, as suggested above, and the value of K

then determined so as to ensure that the curves pass through a 'typical' point

(recruitment = 7 E9 at a biomass of 1.2 M tonnes)8 The values of threshold

biomass so oqtained a~e ,:. .,.- '. ::.., -::.· ....0~.,} 3.

Table 3. Stock-recruitment parameters (curves all pass
through R = 7 E9, B = 1.2 M tonnes)

Curve

A

e B

C

a K ß
(rec/g) (M tonnes)

, .
"

0.C:::3 0.41 1.0

0.023 0.49 1.2

0.023 0.56 1.4

•

The curves corresponding to these parameter values are given, in Figure 2,

and pass very satisf~ctorily through the available data. The curve labelIed B,

in particular, is virtually identical to that suggested in the 1976 WG report 8

IMMEDIATE DEDUCTIONS

Two important deductions may be made directly, without further analysis.

, (a)·' From biomass-per-recruit estimates

The steady-state biomass of an exploited population is given by the inter

section of the stock-rec~u~tment curve with a survival line '(a straight line

through the origin on Figure 2) whose slope is determined by the biomass-per

recruit for the level and pattern of exploitation. Thus if the biomass-per

recruit falls below the critical value of 1/a, which is the minimum consistent

with the stock-recruitment cu~ve (determined by its maximum slope, at the origin),

the population must be expected to collapse. This critical value is 44 g/recruit

in the present case, and occurs at a fishing mortality of about 0.9, when 1

year-old fish are subjected to full exploitation, acco:rding to the computation

given in Table 2 and Figure 1. This is exactly in accordance with the collapse

of the stock during the late 1960s, following the increase of fishing mortality

on adults to 0.8 or more, with increasing exploitation of 1-group fish (reaching ,

the full adult value after 1970). Thus we may have considerable confidence "

that the value selected forfue parameter a is reasonable.
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(b) From the stoc~-recruitment relationship

Secondly, the value9 of ~hreshold biomass obtained lie between 0.4 and 0.6 M

tonnes. When biomass is less than this value th~ stock is in serious danger of
i . .

collapse and shouldnot be ~xploited. Prudent management would not permit

significqnt exploitation until the biomass was substantially greater than this,

perhaps by a factor of two. This therefore suggests .that .~o substantial fishery

should be allowed unless and until the spawnin~ biomass is gr~a~er than 0.8 ~

tonnes at least. This is exactly in agreement with previous recommendations of

the Working Group, but would if anythip.g sugges~. eyen great.~T.cau_tion._.... ','.

TOTAL YIELD CURVES AND LONG-TEm1 M~NAGEMENT

The imrradiate consequences discussed above indicate the circumstances and

manner in whieh the stock should not be exploited. They do not however indicate

immediately in what manner it may sensibly be exploited in the long term. To

deduce this it is necessary ,ta comb:!-IJ"E? the. yie.ld-per-recruit~ndbiomass-per~..

recruit c~lculations with the stock.reG~4~tment relationship to produce total

yiel~ CU;l:'ves. .This is most easily done .(Shepherd, in preparation) usin~ the

bioma?s-per-recruit (B/R) estimates given in Table.2. For eaeh.of these the

equilibrium biomass may be calculated by rewriting equation (1) as

B = K (aB/R _ 1)1/ß. (2)

The corresponding recruitment may be caleu18ted as R = B/(B/R) and henee

long term sustainable yield (y) as Y = R(Y/R), using the'appropriate yield-per

recruit (Y/R) value from Table 2.

The results cf such calculatio~s are given in Figures 3, 4 and 5, for each

of the stock-recruitment curves·A, Band C, and for first exploitation at age

1, 2 and 3, as before. In eaeh case the collapse of biomass (and therefore

sustainable yield) when 1<..... O. 9 with full exploitation of 1-year-old fish is

ciearly seen. The large biomasses estimated for low rates of exploitation should

not be taken seriously, as they represent an extrapolation of current data on

weight-~t-age and'maturity well outside their range of validity. The estimates

of virgin biomass in particular are very sensitive to the choice of M (here

taken as 0.1) and are not realistic.

It is clear that sustainable yields in excess af 0.6 M tannes per year

should be attainable, whichever stock-recruitment relationship is the most

realistic, provided that fishing is suitably controlled. If full (~loitation

of 1-year-old fish were to be permitted, MSY would be reached with fishing

mortality between 0.2 and 0.3 Sustainable yields which are greater by 100 000

tonnes or more may however be taken with mueh less risk of collapse if the age

of first exploitation is deferred to 2 years. In this case the fishing mortality

4
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tö take MSY is in'the range 0.2 to 0.5, depending on t~e assumed stock-recruitment

curve. There would cf course be little loss of yield incurred by fishing at the

lower end of this range, but a significant increase in mean age and spawning

biomass. This would clearly be advantageous, especially bearing in mind that the

stock obviously can collapse and may da so again. Further confirmation that

fishing mortality in the range 0.2 to 0.5 (with first exploitation at age 2 or

mor~ i'su suitable regime by which to manage this stock may be drawn from the

fact tbat it did sustain yields in 'excess of 0.6 M tonnes per year 'under these

conditions for many years before 1967.

We therefore adopt a fishing mortality of 0.3 as a suitable target value

for management, at the lower end of the range estimated for MSY. With full

exploitation at age 2 the corresponding sr$wning stock biomass is estiinated to

• be around 2.5 M tonnes or more. This estimate is already a little outside the

range for which our data apply, and may be a little tao high. It appears

•

however that it would be sensible to aim for a spawning biomass of about 2 M

tonnes in the lang term, and this is satisfactorily in excess of the threshold

biomass below which' exploitation is dangerous.

We note thit choosing F = 0.3 may not of course be quite optimal, but the

information available suggests that it would be unlikely to pre~ipitate a

further collapse, which must be the first priority. he loss of yield incurred

by failing to find the true MSY'value is in any case probably less than 15%.

We note finally that with full exploitation at age 2, a value of F of 0.3 corres

ponds very closely to a yield/biomass ratio of 0.3; we shall find this useful

in what follows •

MANAGEMENT DURING RECOVERY

Formally, the optimal strategy to achieve recovery of a d~p~eted stoc~ is.to

refrain from any exploitation whatever until the stock has reached the desire~"

target size (Clark, 1976). Such a strategy however ignores socio-economic •

factors of real importance and is in practice probably too extreme. Converselt,

to permit immediate exploitation at the full target F once recovery seems to be

underway may delay full recovery for many years. Detailed simulation of this

aspect is required, but meanwhile it is sensible to fi~}lore a compromise

strategy which restriets F (and therefore permits more rapid recovery) whilst

biomass is small, but allows it to increase towards its target value as the

biomass approaches its.target value.
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. Specifically, we suggest that one shoulg permit only a fraction of the full

target fishing mortality CF) during recovery, the fraction being the ratio of

estimated spawning stock biomass (B) to the desired tijrget biomass (B); :i.e.

F = tB/f3. .Thus i f biomass is 3CJ/o of the target biomass , only 3Cf% of the target

fishing mortality would be allow~d. To illustrate the operation of this rule,

we may work for simplicity with a target yield/biomass ratio instead of fishing

mortality. We adopt a target biomass of 2 M tonnes and a yield/biomass rat~o

of 0.3 so that, using the rule described above, the implied fishing mortality is

always less than that at which the stock is exposed to the risk of further '

collapse. Thus the allowable yield as a function of biomass is as shown in

Figure 6. Note firstly that the biomass is that of the spawning stock at .,.

1 September, not 1 January, and secondly that the,se allowable yields include

catches from all fisheries, including by-catches in other fisheries. ~

The application,ofthis reduced yield rule whilst the stock is depleted

should enable the stockto reCOVBr reasonably quickly to astate where a sub

stantial and sustainable catch may be tal<en, and permit mqderate catches to be

taken as soon as possible without unduly delaying the recovery. It is incidentally

similar to the 'new management policy' used by t~e International Whaling

Commission, but much less severe in operation.

It is clear from Figure 6 that even if one were to relax the prohibition on

fishi~g at biomass levels less than 800 000 tonnes, all the allowable catch is

taken up by by-eatches in other fisheries until the biomass exceeds 400 000 tonnes.

On the other hand, it would be possible to re-open the fishery at a worthwhile

level - say 75 000 tonnes in the directed fishery - onee the biomass has

recovered to 800 000 tonnes. These results may be summarised as fol]ows:

Spawning stock biomass Allowable catch in
(at 1 September) directed fishery

40' 000 t

60' 000 t

8'0 000 t

1 000 000 t

(zero)*

(25 000)* t

75 000 t

125 000 t

* Note: catches in parentheses are disallowed
because the biomass is in the danger region.

CONCLUSIONS

Our analysis indicates that the North Sea herring is a remarkably potent

and resilient stock, which collapsed only under the most extreme over-exploitation.

Between 1967 and 1975 the yield/biomass ratio hovered in the region of 1.0 to 2.0,

whereas the present analysis indicates that it should not exceed 0.5, and should
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preferably be nearer 0.3. Nevertheless it is likely that the fishery would have

survived had there been less than full exploitation of 1-year-old fish.

There seem to be reasonable grounds to expect tha~ .. a full recovery of this
- _0 __ • _ ••__ •

stock may therefore be possible, provided it is correctly managed. The main

features of the necessary man~gement are:
-_._._----_._-_ ..... _.-.

(a) continuation of the present ban on fishing until the spRwning biomass

exceeds 800 000 tonnes, since below this level the probability of

further collapse is too great;

(b) in the long term, exploitation with a fishing mortality or yield/biomass

raUe,: in the range 0.2 to 0.5, excluding 0 and 1-ringed fish. This

should allow sustainable yields in excess of 600 000 tonnes to be

taken eventually, onee the spawning biomass has reaehed several million

tonnes, Exploitation at F = 0.3, at the lower end of the range

euggested, would allow a larger spawning biomass, with a greater range

of ages in the stock, and 'woüra-therefore be preferable;

(e) during the recovery period (~a while the spawning biomass is less than

the 'target' value of 2 million tonnes) the allowable yield/biomass

ratio should be reduced by the ratio of actual biomass to target

biomass. This will permit fast er ,. surer recovery; wi thout prchibiting

catehes entirely, and will allow a 'progressive build-up to the flll

scale fishery as and when the recovery takes place.

•
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Table 1. Basic data

Age Weight %Mature

1 50 0

2 12 0

3 176 100

4 211 100

5 243 100

6 251 100

7 267 100

~8 271 100 •:r ~

Notes: (1) M\aken as 0.1 throughout.

(2) Recruitment estimated at 1-year-old throughout
(ie, O-group fish at 1 September).

(3) Working Group weight-at-age data used far stock at
1 September i and catch in subsequent year.
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r~ble 2.."~., Yield-p~r-"""'r.:'-ll~,~""a?:d B..iomass-p~!._-:-re,cEu~,~.

,First exploitation at:-

Age=1 Age'=2 Age=3

,

F YPR BPR F YPR BPR F YPR BPR

000 .0 217602 .00 .0 2176.2 .00 .0 2176.2.
.02 35.8 1738.3 .02 35.6 1773.5 .02 34'.1 1809".3

.04 59.3 1428.9 .04 59.8 1487.2 .04 57.8 1547.9

'.06 75.2 1199.5 '.06 7609 1273.7 .06 75.0 1352'.5

.08 86.3 1023.4 .08 89.5 1108.6 .08 87.9 1201'.0• .10 94.0 884.4 .10 9809 977.4 .10 97.9 108d.2

.12 99.5 772.3 .12 10601 870.7 .12 105.8 981'.7

.14 103.2 680.2 .14 111'06 782.4 ".14 112.0 900'.0

'.16 105.8 603.5 '016 11509 708.3 .16 117.1 831'.2

'.18 107.4 53~5. 9 '.18 119.2 645.1 .18 121.3 772'.4

".~O 108.4 483.7 .20 121.8 590.9 .20 124.7 721'.7

.22 108.8 436.3 .22 12308 543.7 .22 127.6 677'.5

'.24 108.8 395.2 .24 125.4 50204 .24 129.9 638.7

".26 108.6 359.3 .26 126.6 466.0 .26 13200 604'.4

.28 108.1 3d7.8 .28 127.6 433.7 .28 133.7 573.8

.30 107.4 299.9 .30 128.3 404.8 .30 135.1 546.4

.32 106.6 275.1 .32 12808 378.9 0;2 136.3 521.7

• .34 105.7 253.0 .34 129.1 355.5 034 137.4 499. 4

.36 104.7 233.2 .36 129.4 334.3 .36 138.3 479.2

.38 103.6 21505 .38 129.5 315.1 .38 139.0 ,460.7

.40 102.6 199.4 .40 12905 297.5 .40 139.7 443.8

.42 101.5 184.9 .42 129.5 281.4 .42 140.3 428.3

.44 100.3 171.7 .44 129.4 266.6 .44 140.7 413.9

.46 99.2 159.7 .46 129.3 253.0 .46 141.1 400.7

.48 98.1 148.7 .48 129.1 240.4 .48 141.5 388.5

.50 97.0 138.7 .50 128.9 228.7 .50 141.8 37701

.52 95.8 129.6 .52 128.6 217.9 .52 142.0 366.5

.54 94.8 121.1 .54 128.4 207.8 .54 142.3 356.7

.56 9307 113.4 .56 128.1 198.5 .56 142.4 347.4

.58 92.6 106.2 .58 127.8 189.7 .58 142.6 338.8

.60 91.6 9906 .60 127.5 181.5 .60 142.7 330.7

.62 90.5 93.5 .62 127.2 173.8 .62 142.8 323.1



Table 2 continued
Age = 1 lI.ge = 2 Age = 3

-------
F YPR BPR F' YPR . 'BPR . F lTR BPR

--- --- ---
.64 89.5 87.8 .64 126.9 166.6 .64 142.9 315.9
.66 88.5 82.6 .66 126.6 159.8 .66 142.9 309.2
;-68 87.6 . 77.7 ~68 .. 126.3 153.4 ~68"""143~O'" _. 302..8

.70 86.6 73.2 .70 126.0 147. L:. <70 143.0 296.8
··..72 85..7 69.0 .72 125;6 141.7 .72 143.;0 291.1

.. 74 84.8 65.0 .74 125.3 136.3 '.74 143.. 1 285.7

.76 84.0" 61.L~ .. 76 125·.0 131 .. 2 .76 ~43.1 280.6

.78 83.1 57.9 .. 78 '124.7 126.4 .78 143.0 275.8
.• 80 82.3 51+.7 Er, 124.4 121.8 .80 143.0 271.2• v

.82 81.5 51.7 ·.82 124.. 1 117.5 .82 . ,lf3.0 266.8

.84 80..7 48.9 .84 123.8 113.L~ 8i•. 11f3öO 262.6 •. ,

.• 86 79.9 ' 46 .. 3 .86 '123.5 109.4 ,,86 11+3oD 258 .. 6
.88 79.2 43.8 .88 123.2 105.7 .88 142.9 254.8
.90 78,,4' 41.5 .';0 123.0 102·.1 .90 142.9 251.2

.• 92 77.7 39.. 3 ·.92 '122 .. 7 98.7 ... 9'2 11+2.9 247.7
.94 77·.0 37.3 ,,94 122.4 95.5 .94 142.8 244.4

',,96 76 .. 4 35.4 ·.96 . 122.. 1 92.• 4 •~X; 142.8 241.2
.98 75.7 33.5 .98 121.9 89.4 .98 142.7 238.2

1.00 75.1 31.8 1.00 121.6 86.6 I.GJ 142.7 235.. 3

'. •
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Figure 6 Allowable yield during management for recovery.

Based on: 1. Target Biomass = 2 M tonne
2. Yield/Biomass Ratio = 0.3
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