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O N  T H E  B I O L O G I C A L  B A S I S  O F  P E L A G I C  F I S H  S T O C K  M A N A G E M E N T

A l a n  S a v il l e

Marine Laboratory, P.O. Box 101, Victoria Road, Aberdeen AB9 8DB, Scotland

As stated in the In troduction  the final session of 
the symposium was devoted to the presentation and 
discussion of a docum ent prepared by the Planning 
G roup, w hich attem pted to sum m arize the salient 
points w hich m ight be draw n from the papers pre
sented and from the critical exam ination of them. 
This paper is largely based on th a t docum ent, m odi
fied to some extent by the very constructive discussion 
which ensued from it.

HISTORICAL REVIEWS OF EVENTS LEADING TO  
DEPLETION OF PELAGIC STOCKS

Perhaps the most striking conclusion to be draw n 
from  the papers w hich review the developm ent of the 
pelagic fisheries is th a t there are few pelagic stocks 
left in the w orld’s oceans w hich have been subjected 
to m odern fishing technology, whose curren t state 
does no t give cause for alarm ; for a large num ber 
it has been necessary to advise a complete prohibition 
of directed fishing. In  all of these heavily depleted 
stocks the events preceding the collapse show similar 
features : a sharp increase in catches over a few years, 
followed by an even more rap id  decline, resulting in 
either a com plete cessation of fishing, or a very low 
level of catches below th a t a t which the initial escala
tion started. In  most cases the ra te  of decline has been 
augm ented, in the final stages, by recruitm ent failure. 
These features are clearly evident in the  papers in 
this volum e by D ragesund, H am re, and U lltang; 
Jakobsson; Anderson and  Paciorkowski; Saville and 
Bailey; and Molloy, am ongst others. T he m ajor ex
ception to this course of events m ay be the A tlantic 
m enhaden (Schaaf, this volum e), w hich would appear 
to have shown ra th e r greater resilience to excessive 
fishing.

A lthough there are instances of demersal stocks 
w hich have reacted similarly to heavy fishing pressure, 
such as haddock on Georges Bank, these have been 
few relative to the frequency of collapse in pelagic

stocks; nor would it appear th a t this difference in  the 
incidence of stock collapse merely reflects differences 
in the fishing pressure on the two categories. N orth  
sea cod and  haddock have for several years been 
subjected to exploitation rates and patterns sim ilar to 
those which caused collapse of the N orth  Sea and 
Celtic Sea herring stocks.

In  some instances environm ental changes m ay have 
played a p a rt in the decline of the pelagic stocks 
considered in  this volume, for example Japanese 
sardine (Kondo, this volum e), bu t generally their 
influence would appear to have been m inor com pared 
w ith the effects of the fisheries. I t has long been known 
th a t year-class strength fluctuates in response to envi
ronm ental changes ; the scientific advisory system must 
therefore be prepared to diagnose a declining trend 
in recruitm ent in good time, and advise accordingly. 
T he m anagem ent bodies must react to this advice 
quickly if  fish stock m anagem ent is to be effective. 
Too often the response from both parties has been to 
adm it th a t the stock is declining due to reduced re
cruitm ent, allied w ith the m aintenance of a  high 
exploitation rate, b u t to postpone advising, or taking, 
appropriate action in  the hope th a t a strong year 
class will appear in  the near future. N ature is not 
noted for its m agnanim ity to the im provident!

FEATURES PECULIAR TO  PELAGIC STOCKS W HICH 
MAY EXPLAIN T H E IR  VULNERABILITY TO  FISHING

In  the light of w hat has been said above regarding 
the higher incidence of collapse in  pelagic fisheries it 
would seem necessary to look for factors in  the repro
ductive biology, the ecology, or the behaviour of 
pelagic species which m ight explain their lesser resi
lience to fishing pressure. From  the papers presented 
in this volum e and from  the discussion during the 
symposium the following features of pelagic fish be
haviour and  ecology would appear to be contributory 
factors of some im portance in  this context.
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(a) There is strong evidence th a t as stock size 
decreases in pelagic fish the catchability coefficient 
increases; th a t w ith decreasing stock size a un it of 
fishing effort catches an  increasing proportion of the 
residual stock. This is a logical outcom e of the tight 
schooling behaviour of most pelagic species and of 
m odern fishing technology. As the stock decreases so 
does the area over which it is distributed, bu t shoal 
size is probably m aintained at m uch the same level 
(U lltang; Pope; Saville and Bailey; this volume). 
W ith m odern intership com m unication and fish- 
finding aids a reduced fleet can very quickly locate 
w hat remains, even of a heavily depleted stock, and 
take virtually  the same catch from it on a time-fishing 
basis as from a m uch higher stock level. Thus a re
duced nom inal fishing effort can m aintain, or even 
increase, the exploitation rate  on a reduced stock. 
This would seem a likely explanation of the failure 
of m ajor closed periods for herring fishing in the 
N orth Sea in  1971 and 1972 to have had  any m easur
able effect in reducing the fishing m ortality  ra te  on 
this stock. Similarly, the events in  the southern N orth 
Sea herring fisheries in  the early 1960s, w hen the 
Downs stock did  no t recover after an  apparen t drastic 
decline in fishing effort, could be explained in the 
same way. T he p a tte rn  m ay also be observed in 
Peruvian anchoveta w here the effect of El Niño 
phenom ena was not only to reduce the exploitable 
stock, by their adverse influence on recruitm ent, bu t 
also to confine this reduced stock to a smaller area, 
w ith a concom itant increase in the catchability co
efficient (Gsirke, this volume).

(b) T he ratio of production to stock biomass is 
probably lower in pelagic fish than  in  most demersal 
ones. This is likely to result in their being m ore sus
ceptible to collapse under excessive fishing pressure 
than  demersal species, and would im ply th a t they 
should be exploited at a  lower rate.

(c) I t  also seems likely th a t the left-hand limb of 
the stock-recruitm ent curve in dem ersal species is 
steeper than  in  pelagic ones, w hich would suggest 
th a t demersal species can be subjected to a higher 
exploitation rate, and /o r an  exploitation pattern  
which catches a higher proportion o f the stock prior 
to the age of first spawning for a longer period before 
a stock-recruitm ent relationship becomes established, 
although the resultant decline would then be m ore 
rapid.

It is also likely th a t stock depletion, because of its 
effects in reducing both the age spread in the spawning 
population and its distributional area, would in tu rn  
reduce both  the geographic spread and range in time 
of larval production. This in tu rn  would adversely 
affect the probability of the resulting larvae’s en
countering favourable environm ental conditions and

increase the chances of recruitm ent failure. T here is 
firm evidence of a m ajor reduction in the range of 
spawning sites used by N orth  Sea herring  since the 
stock declined (Postuma, Saville, and W ood; 1977); 
similar evidence m ay be inferred from Dragesund, 
H am re, and  U lltang ; and  A nthony and W aring (this 
volum e).

(d) I t  is possible th a t analogously to the m echanism  
noted above by w hich a depleted pelagic stock be
comes m ore vulnerable to fishing, a constant stock of 
predators m ay also be capable of inflicting an  in
creased level of predation on a depleted stock, resulting 
in  a higher na tu ra l m ortality  rate. U nfortunately  not 
enough is known about the feeding behaviour of the 
m ajor predators on pelagic fish species to test and 
quantify this; bu t the paper by Laevastu and  Favorite 
(this volume) would stress the potential im portance 
of p redator pressure if  this were so.

REPLACEMENT OF DEPLETED STOCKS

I t has frequently been inferred, for m any parts of 
the oceans, th a t as pelagic stocks have been badly 
depleted their place has been taken by another species. 
W ere this so it would be of considerable im portance 
in the m anagem ent context, both in relation to the 
steps w hich m ight be necessary to rebuild the  de
pleted stock and indeed in  deciding w hether rebuilding 
were either necessary or desirable. I t  was therefore of 
some im portance to review the evidence of the reality 
of the reported cases of “ replacem ent” . T he paper by 
D aan  (this volume) would suggest tha t, on any 
reasonably firm  biological criteria, there are few, if  
any, instances of another fish species’ filling the 
ecological niche vacated by a depleted stock. T he 
question, however, m ust continue to be one of some 
im portance. As pointed out by Dragesund, H am re, 
and U lltang (this volume) A tlanto-Scandian herring 
were formerly the m ain consumers of secondary pro
duction in  the N ortheast A tlantic  and  there must 
have been similar drastic changes in  ecology in  other 
areas w here m ajor pelagic stocks have been reduced 
to very low levels. I t  is therefore of considerable im 
portance to know how the food they formerly con
sumed is now being utilized.

FACTORS W HICH HAVE INFLUENCED THE EFFECT
IVENESS OF PAST ASSESSMENTS AND W HICH MUST 
BE TAKEN IN TO  ACCOUNT IN FU TU RE

I t  would appear th a t for several of the stocks dis
cussed in this volum e the process of depletion has been 
a fairly long-term  one and th a t the symptoms of it 
were diagnosed well before any effective m anagem ent 
action was taken. T he scientific advice provided to 
m anagem ent bodies m ust shoulder some of the re
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sponsibility for this. For too long the m ajor criterion 
governing m anagem ent advice appears to have been 
the m axim um  sustainable yield per recruit on the 
curren t exploitation pattern , w ithout any  serious a t
tem pt to investigate either the repercussions of the 
exploitation pattern  or the exploitation ra te  on the 
likely sustainable to tal yields (Sætersdal ; Dragesund, 
H am re, and U lltang; Saville and Bailey; this volume). 
T he inevitable effect of this delay in  applying more 
stringent criteria in  form ulating m anagem ent advice 
was th a t effective action, when it was advised, de
m anded m ajor sacrifices in  yield, m easured against 
im m ediately preceding years, and not surprisingly it 
was difficult to persuade m anagem ent bodies to accept 
them  as being essential to recovery of the stock.

M ore recently, after it was widely accepted th a t 
m axim um  yield per recruit for most pelagic stocks 
was an  untenable m anagem ent criterion, the de
ficiencies of m anagem ent advice have m ainly arisen 
from  overestim ation of stock size (or associated under
estim ation of the  fishing m ortality  ra te), in  the  last 
year for which catch d a ta  were available. T he papers 
in this volum e by U lltang and by Pope would supply 
some explanation of the ra th e r consistent tendency 
towards overestimation, w here assessments of the ter
m inal F  were estimates of, or subjective judgem ents 
of changes in, nom inal effort over the  preceding few 
years. I t  would now seem apparen t th a t nom inal 
effort cannot be utilized in estim ating term inal Fs 
for the m ajority of pelagic stocks. I t  is essential, 
therefore, for reliable assessment of the curren t state 
o f stocks, and for prediction of future TACs, th a t m uch 
m ore effort be devoted to investigating the practic
ability of obtaining alternative measures of stock size 
and/or term inal F  from sources independent of direct 
d a ta  from  the  fisheries. Possible approaches to this 
problem , such as acoustic surveys (Jakobsson), egg 
or larval surveys (Saville and  Bailey; L ett), research- 
vessel surveys (Anderson and Paciorkowski; A nthony 
and  W aring), and tagging experiments (Dragesund, 
H am re, and  Ulltang) are discussed in  various papers 
in this volume. I t  would seem unlikely th a t a “ best” 
m ethod can be specified for all situations. Each ap 
proach should be critically examined in  relation to 
the conditions applying to the stock under considera
tion. I t  should also be appreciated tha t where a zero 
TA C applies, such fishery da ta  independent estimates 
are the only way to m onitor stock recovery and to 
advise on when fishing can be resumed, and a t w hat 
level of catch. I f  such m ethods are no t applied until 
the fishery is stopped, it is very difficult to evaluate 
the resulting estimates and to ascribe confidence 
limits to them . I t  would seem highly desirable there
fore to start m aking such estimates as early as possible 
so th a t they can be m onitored against reasonably

reliable estimates w hich have been, or can in  due 
course be, obtained from V irtual Population Analyses.

In  heavily exploited long-lived species, and in all 
cases for short-lived species, the  predicted yield is 
very dependent on the estim ated recruitm ent in the 
year in  question (Bailey, this volum e). T he papers 
presented in this volum e would suggest th a t over- 
optimistic assumptions about future recruitm ent to the 
exploited stock have been a m ajor factor in  stock 
depletion in  m any of the cases reviewed here (see 
M olloy; Saville and Bailey; A nthony and W aring; 
Anderson and Paciorkowski).

This situation would be considerably im proved by 
reducing the proportion of the yield contributed by 
young fish, which in m any cases would also appre
ciably increase the yield from  the stock. T he m ajor 
effect in this context, however, would be th a t the year 
classes would be available for a longer period, during 
w hich their strength could be estim ated m ore precisely 
before they m ade a m ajor contribution to the total 
allowable catch. Even under these circumstances, 
however, m ore accurate estimates of the strength of 
recruiting year classes are, and will continue to be, 
badly needed.

In  m any cases research-vessel fishing surveys are 
carried out to supply estimates of year-class strength 
of juvenile fish before they recruit to the exploited 
stock; bu t in m any cases no such estimates are avail
able, and in most cases those tha t are have ra th e r wide 
confidence limits on the predicted recruitm ent strength. 
M uch more work is needed on this aspect, both in 
getting such estimates for those stocks for which they 
are not currently  available and in  refining those 
estimates w hich are. W here no m ethod of estimating 
recruitm ent is currently  available it m ight also be 
appropriate to adop t a m ore cautious assumption 
th an  th a t recruitm ent will be the m ean for some 
previous period — particularly  if  the m ean has very 
wide confidence limits or the spawning stock has 
declined appreciably from the level th a t applied 
during the period when the m ean recruitm ent was 
measured.

In  all cases considered during the symposium there 
is strong positive, or presumptive, evidence th a t the 
stock collapse was, in the final analysis, due to reduced 
recruitm ent, generated by a decline in spawning stock 
(see for example Jakobsson; Dragesund, H am re, and 
U lltang; Saville and Bailey). I t  would therefore seem 
evident tha t the first consideration in advising on 
stock m anagem ent m ust be the m aintenance of the 
spawning stock above a level a t w hich there is a 
serious danger of developm ent of a stock-recruitm ent 
relationship. U nfortunately this danger level can be 
specified w ith any degree of precision for relatively 
few stocks. This m atter m ust be given m uch closer
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consideration, as it is absolutely critical to the whole 
m anagem ent policy; bu t in the interim  a very con
servative policy should be adopted in advocating any 
m anagem ent w hich m ight result in  further reduction 
of the spawning stock size.

A dopting such a conservative policy m ay well 
result in short-term  loss of yield and  disruption of 
fishing activity. But this sacrifice seems w orth making 
when one considers the draconian measures necessary, 
over a long period, to rebuild a stock once a clear-cut 
stock-recruitm ent relationship has been established.

Finally, on this topic, it would appear th a t stocks 
at, or near, the distributional range of the species m ay 
be liable to greater variability in  year-class strength 
and  hence also in stock size (Jakobsson; Dragesund, 
H am re, and U lltang; this volume). This m ust result 
in such stocks’ being m ore vulnerable to excessive 
fishing pressure, and m anagem ent policy in these cases 
should be based on a lower exploitation rate  than  
m ight be considered appropriate under o ther circum 
stances. M anagem ent bodies should then also be pre
pared to react quickly in  further reducing fishing at 
the first signs of any adverse trend  in  environm ental 
conditions. But in m any long-lived pelagic species, 
which are not so obviously living near the limits of 
the distributional range for the species, for example 
N orth Sea m ackerel (H am re, this volum e), the  norm al 
pattern  would appear to be recruitm ent of very large 
year classes at long intervals w ith ra th e r poor recruit
m ent in  intervening years. In  such cases a ra ther low 
exploitation ra te  would also be appropriate -  parti
cularly since the recruitm ent of such strong year 
classes is, in  itself, liable to a ttrac t additional fishing 
effort to the fishery. T he policy should be to m anage 
w ith an exploitation ra te  which will ensure th a t these 
strong year classes will continue to m ake an  appreci
able contribution to the spawning stock over a tim e 
interval equal to th a t w hich norm ally separates strong 
year classes. U nder these conditions, when favourable 
circumstances again occur for reproduction there is a 
high probability  th a t the spawning stock will be large 
enough to take advantage of them .

I t  m ust also be appreciated by m anagem ent bodies 
th a t such recruitm ent patterns, of very strong year 
classes a t long intervals w ith intervening periods of 
poor recruitm ent, m ake it very difficult for the  scien
tists to distinguish between natu ra l recruitm ent varia
tion and  recruitm ent failure induced by a too-small 
paren ta l stock. G reat caution should therefore be 
exercised in exploiting such stocks if the tim e interval 
since the last strong year class is longer th an  norm al.

LESSONS TO BE LEARNT BY MANAGEMENT BODIES
A lthough, as has been com m ented on in  the section 

above, scientific advisory bodies cannot be absolved

of all blam e for the present state of the m ajority of 
pelagic stocks, it is also clear from the papers presented 
in this volume th a t m anagem ent action, even on 
receipt of satisfactory m anagem ent advice, has in most 
cases been too little and too late. This m ay have 
resulted from the form in which the advice was given, 
which frequently im plied some hesitation in  form u
lating it. This hesitation was induced by the rapid  
developm ent of the fisheries and inadequate infor
m ation on catch levels and  their compositions. M ore
over it is likely tha t the somewhat timorous approach 
adopted by the scientific com m unity during m uch of 
the history of m any of these stock collapses was largely 
conditioned by the realization th a t m ore stringent 
advice would result in its rejection and  simply en
gender delay in taking any action whilst fu rther assess
ments were m ade. Such a reaction to past experience 
is understandable, if difficult to justify in  term s of 
scientific responsibility.

In  the light of w hat has been said above concerning 
the problems of pelagic fish stock assessment and 
m anagem ent, however, it is clear th a t better m anage
m ent of these resources will dem and a m ore effective 
dialogue between the scientific advisory and the 
m anagem ent bodies, and a m uch greater readiness 
on the p a rt of the la tte r to react quickly to advice, 
particularly  in  situations of adverse, unpredictable 
environm ental changes. I t  should be clearly under
stood th a t any appreciable delay in reacting can only 
result in  the  necessary corrective action being m ore 
severe and  unpalatable if  it is to achieve the objective.

M anagem ent bodies m ust also accept th a t in  any 
fishery, bu t most particularly  perhaps in the case of 
pelagic fisheries, a stable situation is a completely 
hypothetical concept, and any  prognosis of yield will 
be subject to ra th e r wide confidence limits even when 
the prediction has an  adequate basis of scientific 
research and the  tim e between m aking the prediction 
and the period to w hich it applies is small. U nder 
these circumstances, to ask for scientific advice on 
stock sizes and to tal allowable catches for a period 
m ore than  one year in  advance is unrealistic; the 
answers given can then  be indicative only of likely 
trends and cannot be of the degree of precision re
quired for taking firm  m anagem ent action.

In  several o f the stocks discussed in this volume 
there is now evidence of some recovery from a badly 
depleted state after a period of very severe restrictions 
on the fisheries (Jakobsson; H ourston; this volum e). 
In  these cases, and in o ther stocks where fishing has 
had  to be prohibited owing to severe stock depletion, 
it would seem advisable to exercise great caution in 
perm itting a resum ption of fishing, and  then initially 
only a t a very low exploitation ra te  if  the  recovery 
is not to be halted, or possibly even reversed. D uring
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the initial stages of recovery stocks are likely to be 
very vulnerable to fishing and  to have a lesser degree 
of stability th an  under norm al circumstances.

As experience throughout the world during the last 
two decades has shown, graphically illustrated by the 
papers in this volume, pelagic stocks are m ore sus
ceptible to collapse under excessive fishing pressure 
th an  demersal ones, so m anagem ent bodies must 
accept th a t it is im perative th a t they be exploited at 
a relatively low rate  of fishing m ortality. This m anage

m ent policy would not only be a safeguard against 
future collapse of these stocks, bu t would also reduce 
the likelihood of excessive fluctuations in  catch and 
the need for frequent radical changes in m anagem ent 
action.
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