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[ N T R 0 DU C T [ ON 

Dr C.E. Lucas 

It was Dr Lionel A. Walford who, while Chairman of the Research and Statistics Committee, 
first suggested that ICNAF should hold a Symposium concerning the effects of the environment on 
the fisheries in its area, but it was not unti~ March 1961 that a working party met at the Marine 
Laboratory in Aberdeen, with the specific task of advising the Commission on environmental matters. 

In particular, the Commission requested advice on 

(a) the effects of the environment on the survival of the eggs and larvae, growth, long
term abundance and distribution of cod in particular, but also of redfish and haddock; 

(b) how studies of such matters might be directed so as not only to provide evidence of 
associations and correlations but also to lead to prediction; 

(c) what fundamental studies requisite for such investigations and not already proceeding 
should be initiated; 

(d) how plans could best be laid for holding an Environmental Symposium. 

In order to prepare for their task, summaries of information already available to scientists 
working under the Commission were drawn up, and these at once revealed that, while there was an 
abundance of salinity and temperature data for the area, there was a relative scarcity of biolog
ical data and a greater scarcity of other physical and chemical data. Since that time, as the 
Symposium has shown, there has been some improvement, although this is still largely true, as is 
shown by the fact that, out of seventeen contributions concerning the effects of physical factors. 
fourteen were directed to evidence from temperatures. 

It was in the light of such information that the Working Party recommended, and the Commis
sion subsequently adopted, a general programme of environmental studies (ICNAF Redbook 1961: pp. 
69-86), to include experimental and physiological investigations, and prepared a programme fOl 
a Symposium divided into eight sections, each concerning a specific aspect of fisheries environ
mental problems (p. 5). Of the former, it is possible to say now that several aspects of the 
environmental programme are in progress, in particular the first multi-ship survey of a consid
erable area of ICNAF waters has been completed under the leadership of Mr A.J. Lee, and reports 
on it are being prepared. 

Only one significant change was made in the original programme for the Symposium, arising 
from the recently developed offshore fishery for herring in the southern part of the ICNAF area, 
as a result of which it was decided to provide an additional section, concerning the environ
mental aspects of the life of the herring in the North West Atlantic. A very important point, 
however, was the recognition that, while the Commission is responsible for a strictly prescribed 
area, neither the fish nor their environment are so restricted. Stocks of both cod and redfish, 
for example, extend almost continuously from the southern part of the area to the north, through 
Icelandic waters and across to the Barents Sea and Spitsbergen; other species also have wide 
distributions and the Commission resolved to request the assistance of scientists of the ICES 
area, in subscribing to a Symposium which in fact would be focussed on the principal groundfish 
of the North Atlantic area. Work done in the North Sea and other marginal seas was to be ex
cluded, as also pelagic fish .Ln general, but, although the objectives of the SymposiUJ!l were· to 
be limited in this way, it was also recognised that environmental aspects of research on other 
marine species might be very relevant, so that four special lecturers were invited to provide 
(a) an up to date account of the hydrography of the North Atlantic area and (b) reviews of en
vironmental studies in relation to the Pacific tuna and sardine fisheries and the Atlantic her
ring fisheries. Moreover, although the special lectures were to be delivered in full during the 
Symposium, arrangements were made for all the other contributions to be written and circulated 
in advance, so that only brief accounts of them need be provided at the meeting, and the bulk 
of the time available could be given to discussion. 
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Reference should be made here to the arrangement to hold the Symposium in the FAO Building 
c Rome, for ~·.'hich ICNAF and the organisers "He greatly indebted to the courtesy and hospitality 

of tbe Director General, Dr Sen, and his staff in Fisheries Division. This kind gesture not only 
501 v0d an urgent problem, but provided a sense of occasion for the whole meeting. A sad feature 
'Was the inability at the last minute of the USSR representatives to attend the Symposium. The 
valuable contribution they would have made to the discussions was greatly missed. One consequence 
tvas that the organizers were greatly indebted to Mr B.B. Parrish for taking over Dr Ju Ju Marty's 
r2sponsibilities at very short notice and for reporting on the proceedings of his Section G. 

Most of the special lectures and contributions, in somewhat reduced form, are available for 
all tc see in this volume, together with the reports of the Section Conveners. References are given 
to the few contributions which are being published elsewhere. It remains here to give some general 
impressions of what was undoubtedly a most interesting and valuable symposium, and to express my 
personal appreciation of the efforts not only of the special lecturers and contributors but of the 
Secretariat of ICNAF and all those who helped in various ways to prepare for and to organise the 
Symposium itself. Examples of the interest it attracted are the facts that some ninety contribu
tions were received and that some seventy scientists attended from twelve countries, several from 
outside the North Atlantic area. An idea of the progress made in the last few years may be ob
tained by comparing this with a somewhat similar Symposium organized by ICES in 1951, which at
tracted only one "physiological" paper, whereas in 1964 it was possible to devote a whole session 
to experimental and physiological studies (although there was a general feeling that such work 
needed to be intensified considerably). It may also be fair to suggest that some of the lessons 
of that 1951 Symposium have still to be fully digested~ 

\.Jhat then came out of the Symposium, apart from the special lectures and numerous contribu
tions of which this volume is a permanent record - of facts and suggested correlations, hypotheses 
and ideas, and new growing points? Among other things, it attracted from the archives masses of 
data which might otherwise have taken long to see the light of day! It led to valuable discussions 
of present problems and future needs. If one has to select one most prominent problem, it concerns 
those correlations and associations suggested as illustrating relationships between different aspects 
of life in the sea, both in this Symposium and elsewhere. From one point of view, one of the chief 
objectives of the "environmentalists" has been to provide evidence for associations between two or 
more variables. In environmental studies, one is never concerned simply with any single factor, but 
always with its possible relationships to the fish and the fisheries themselves, and the usual ap
proach is through the use of correlation analysis. But the elementary assumption that such a simple 
relationship ~xists in an inherently complex ecological system is all too often fraught with danger. 
It is a disturbing thought that we must immediately be dissatisfied with a "very good" correlation 
in such circumstances, if only because it is so unlikely that life in the sea is as simple as that, 
parti.cularly when, as so often, the correlates may be separated by several ecological levels, as 
betl"een the groundfish and the plankton, for example. Here and elsewhere there is the great danger 
of fallacious, or over-simplified, associations - and i.n several sections the dangers of this ap
proach were apparent, particularly when trying to provide causal interpretations which might be used 
for prediction. 

This is not to say that correlations should not be looked for and studied, but they require 
tl10 greatest care in sampling and analytical techniques, and they require either the passage of time 
for their testing or the application of specific experiments to investigate the basis of the cor
relations. And even when the raw data are themselves sufficiently reliable, as, for example, series 
of temperature data with associated data concerning the abundance of organisms, say fish, there is 
always the snare that in fact the organism may not be responding in any direct manner to temperature, 
but that the association may in fact be with some other factor. itself associated with temperature. 
Also, simple temperature associations may themselves be modified by. say, food associations, or 
change markedly with season. Oceanographic parameters prescribe the containment of fish populations 
but nearly always we require much more basic knowledge of the ecology and dynamics of both the fish 
populations and the organisms with which they are associated. To just what factors are the organisms 
reacting? So often we know too little and there is the greatest need for more detail and more pre
cise experiment and physiological study. 

For all that, and particularly where reliable data can be obtained, we do need long series of 
records, such as temperature records, for associating with fishery data, either directly or through 
other variables in the ecological pyramid. Although no formal resolutions were passed in this 
Symposium (tbese were left for the Environmental Sub-Committee to consider) 1, it was widely recog
nised that one ultimate aim must still be to draw on past data so as to be able to predict future 
events, and that the effects of long-term climatic trends could be most important. Thus it was 

See "Re·.::lbook" 1964, Part I: pp. 46-49. 
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particularly valuable to have comparisons of bydrographical events in the eastern Atlantic with 
those in the west. sometimes similar and sometimes otherwise. Such changes in environmental 
characteristics are far from simple, however, and they are best studied from long series of sys
tematic data (such as some we have now which should be continued and indeed extended, perhaps 
particularly through the use of instrumented oceanographic buoys). But we urgently need to under
stand more of the motivation of these changes, the processes underlying them and perhaps particu
larly of their links with meteorological events, air-sea interface relationships, which themselves 
are of direct interest to fishermen, as some papers ably showed. 

Turning now to experimental and phYSiological studies, despite the progress made during the 
last ten years, it was some of those who had helped to make this progress who were most conscious 
of the need for much more detailed knowledge than we have at present of fish physiology and behavi
our, and particularly of the sensory channels and the hormone systems that regulate behaviour. How 
do fish and their larvae react to currents, for example, and how to changing light intensity? 
Data collection alone is inadequate for the understanding which is essential. Just as a knowledge 
of the processes determining vital changes in the oceans is essential, so we have to acquire more 
understanding of the organisms' reactions to such physical changes, and their rates of change, and 
of course to each other. -While much of this work can and must be done in the laboratory, or on 
shore in relatively large tanks, much can only be usefully undertaken at sea, sometimes by the study 
of conditions and life within quite small areas: or within small populations where detailed obser
vations can be made of the fish and the several aspects of their environment at the same time, such 
as has been suggested by the Herring Committee of ICES for the elucidation of key herring problems. 

In fishery research one is, of course, concerned sooner or later with all levels of the ecolo
gical pyramid, and in the life of the fish itself there is always the question as to which stages in 
its life history are the most susceptible to environmental changes and on which to concentrate most 
productively. Apart from the obvious relevance of the adult stage, most attention so far has been 
devoted to egg and larval studies but, not for the first time, the question was raised in these 
meetings whether (a) the resources so far given have been adequate to provide significant results, 
and (b) in some instances at least, year-class strength and recruitment ndght not be determined 
more by mortalities at a rather later stage than those usually examined. In making these points, 
those concerned were seldom trying to suggest that the rel~tionships, existing between larval· densities 
and fish stocks were irrelevant, but rather to ensure that henceforth investigations at this level 
should be intensive enough to support the conclusions that might be drawn from them, and also to en
sure that too facile assumptions were not made that adult numbers depend, or do not depend, sub
stantially on success during critical egg and larval phases. Many more, and more intensive, egg 
and larval surveys will undoubtedly be needed, but it is becondng evident that much more attention 
must be paid to the adolescent stages in the life of the fish which follow the first year of its 
life, and that mortalities should be followed through these as well as in the earliest stages. 

Thus, in another context, the meeting was faced again with the need for intensive as well as 
extensive studies, and reference was naturally made to the ICNAF Environmental Survey, on which some 
communications were based, and Mr Lee briefly reported, during the final discussion. In many res
pects, despite unusual natural difficulties. it had been surprisingly successful - and had certainly 
shown how by international co-operation a large area can be covered several times in fair detail. 
Yet 1963 scarcely seemed to have been a "typical ll year! Good egg production was followed by very 
sparse distribution of larvae, both of cod and redfish. Although the three surveys were made, the 
key to the critical point of larval failure may be missing. There was at once keen appreciation of 
the great efforts made and widely expressed views that at least one more set of surveys must be 
made (a) to examine conditions in another and possibly more "typical" year and (b) to do this, 
through international co-operation, in even greater detail. 2 For some purposes, of course, greater 
detail in certain parts only of the work may suffice. 

It is scarcely necessary to add that once again the question was raised as to the information 
needed by the biologist- from the hydrographer to solve his problem, and experience is showing more 
and more that the essential thing is for hydrographers and biologists - and members of other dis
ciplines - to work together on these problems. This was stressed in the ICES Symposium on "Fisheries 
Hydrography" in 1951 by Professor Sverdrup, who said that hydrography IImust take its place as an 
integral and indispensable part of the combined effort"! Paraphrasing Professor Sverdrup, the 
Chairman then said "It is tr-e task of the biologist to demonstrate the reactions of the fish towards 
different types of environment. In the light of this knowledge the hydrographer should study the 

2 See "Redbook" 1964, Part I: p. 49 and pp. 57-58. 
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processes by which the environment is changed, as well as its momentary condition, so as to be in 
a position to forecast hydrographic situations of fisheries significance". In particular he made a 
plea "for the hydrographer and the biologist to meet daily and to learn to write and speak so that 
each understands the other, as well as to disseminate their information speedily. " This seems to 
apply as much today as it did then! 

It also became clear that no longer can the IIhydrographers" be content merely with measuring 
temperatures and salinities. In conjunction with their biological colleagues, they should also 
be measuring water movements, both large and small scale, and the nature and intensity of light 
at different times and places, and investigating their effects, along with more chemical aspects 
of the environment. 

It might seem almost equally unnecessary to add that biologists and hydrographers, and others, 
must plan carefully so as to have a reasonable chance of securing the information that is seen to 
be needed. Yet not only are resources often inadequate enough for this, but often workers are al
most too easily satisfied with what is available without the extra effort which alone can promise 
results. The sea is vast, and the fish roam widely in it. If our work is to be successful, then we 
have to plan for an ingenious and economical mixture of extensive investigations for certain pur
poses and intensive - indeed, intimate - investigations to provide the understanding of the processes, 
biological as well as physical, which govern events over the wider areas: and often the second of 
these must be tackled first! Indeed, as one of my colleagues expressed it, perhaps the greatest 
value of the Symposium was that it provided a valuable "confrontation!! on several aspects of fish
eries research. These and many other matters arising should give food for thought to environmental 
workers and fishery research generally for some time to come. 
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SEC T ION SUM MAR I E S 

SECTION A 
Effect of Physical Environmental Conditions on the Distribution of Adult Fish 

(i.e. Immediate and Seasonal Effects) 

CONVENER: A.J. Lee RAPPORTEUR:. J. Corlett 

Contributions submitted to this Section were as follows (parentheses inuicate original contribution 
number) : 

A-7 (A-I) 

A-16 (A-2) 

A-IO (A-3) 

A-4 (A-4) 

A-5 (A-5) 

A-B (A-6) 

A-2 (A-7) 

A-3 (A-B) 

A-ll (A-9) 

A-6 (A-IO) 

A-15 (A-ll) 

A-14 (A-12) 

A-9 (A-l3) 

A-l3 (A-l4) 

A-IB (A-IS) 

A-I (A-16) 

IIAbout Possible Fishing/Temperature of Water Relationsl.ipll by O. Cendrero 

Itlnterpretati"on of Fish Distribution in Respect to Currents in the Light of Available 
Laboratory and Field Observations" by T. Laevastu 

"Influence of Cold Water on Fish and Prawn Stocks" by Sv. Aa. Horsted and Erik 
Smidt 

"Cod and Low Temperature in St. Mary's Bay, Newfoundland" by W. Templeman and 
A.M. Fleming 

"Mass Mortalities of Marine Fishes in the Newfoundland Area Presumably Due to Low 
Temperature" by W. Templeman 

1!Distribution of Haddock on the Grand Bank in Relation to Season, Depth and 
Temperature" by W. Templeman and V.M. Hodder 

"Seasonal Distribution of Cod (Gadus morhua L.) Along the Canadian Atlanti_c Co as t 
in Relation to Water Temperature" by Yves Jean 

IIDistribution of Haddock off the Eastern Canadian Hainland in Relation to Bottom 
Temperatures" by F.D. McCracken 

IIInfluence of the Temperature Regime Upon the Behaviour of Redfish off the \.Jest 
Greenland in Springs 1959-1961'1 by L.M. Pechenic and 1.1. Svetlov 

IIResearch Vessel Catches of Cod in the Hamilton Inlet Bank Area in Relation to 
Depth and Temperature" by W. Templeman and A.W. May 

"Data on the Distribution of Tuna Fish Concentrations During the Feeding Period in 
Some Areas of the Atlantic Ocean" by V.L. Zharov 

"The Influence of Hydrographic and other Factors on the Distribution of Cod on the 
Spitsbergen Shelf" by R.J.H. Beverton and A.J. Lee 

"Distribution of Haddock on St. Pierre Bank (ICNAF Division 3Ps) by Season, Depth 
and Temperature" by W. Templeman and A. W. May 

"The Water Temperature as a Factor Guiding Fishes During their Migrations" 
by K.G. Konstantinov 

IIEffects of Light upon Behaviour and Distribution of Demersal Fishes of the North 
Atlantic" by P.M.J. I,,':oodhead 

"Relation of Temperature to Fish Abundance and Distribution in the Southern 
New England Area" by R.L. Edwards 
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SECTION B 
Effect of the Environment on Pelagic and Early Demersal Stages of Groundfish 

CONVENER: R.S. Glover RAPPORTEUR: J.M. Colebrook 

Contributions submitted to this Section were as follows: 

B-1 "The Relationship Between the Distribution of Sebastes Larvae, Zooplankton and Temp
erature in the Irminger Seal! by J. Magnusson and 1. Hallgrimsson 

B-2 "The Analysis of Variation in the Plankton, the Environment and the Fisheries" 
by J .M. _Colebrook 

B-3 "A Preliminary Study of Sebastes Larvae in Relation to the Planktonic Environment 
of the Irminger Seal! by V. Bainbridge 

B-4 IIRedfish Larvae in the North Atlantic" by G.T.D. Henderson 

B-5 "The Distribution and Behaviour of Pelagic and Early Demersal Stages of Haddock 
in Relation to Sampling Techniques" by John B. Colton, Jr. 

B-6 "Factors Controlling Dispersal of the Pelagic Stages of Fish and their Influence on 
Survival" by A. Saville 

B-7 JlComparative Characteristic of Some Biological Indices of the Bottom Stages of 0-
Group Cod Belonging to the 1956, 1958, 1959, 1960 and 1961 Year-Classes" 
by I. Ja. ponomarenko 

B-8 "Drift Migrations and their Significance to the Biology of Food Fishes of the North 
Atlantic" by Ju. Ju. Marty 

B-9 "Survival of the Youngest Stages of Fish and its Relation to Year-Class Strength" 
by J .A. Gulland 

B-10 "Winds, Currents, Plankton .and the Year-Class Strength of Cod in the Western Barents 
Sea" by J. Corlett 

B-11 "On the Life-Cycle Pattern of Labrador Codl! by A.!, Postolaky 

B-12 IIChanges in the Recruitment to the Stock With Reference to the "Environment and 
Mathematical Modelling with Notes to Changes" by T.F. Dementjeva 

B-13 "On Primary Food Supply - the Base of Productivity in the Northwest Atlantic" 
by M.V. Fedosov and I.A. Ermachenko 

B-14 liThe Effect of Temperature and Current on the Distribution and SurVival of Cod Larvae 
at West Greenland" by F. Hermann, P.M. Hansen and Sv. Aa. Horsted 

B-lS "Notes on the Condition of Formation of the Arcto-Norwegian Tribe of Cod of the 1959-
1961 Year-Classes During the First Year of Life" by A.S. Baranenkova 

B-16 "The Relation Between the Feeding of Cod Larvae and Pelagic Fry and the Distribution 
and Abundance of their Prin'cipal Food Organisms ll by" T.K. Syssoyeva and A.A. Degtereva 

B-17 "Dependency of Redfish Breeding and Larval Redfish Distribution on Water Temperature" 
by A. Kotthaus 

B-18 "Some Results of Soviet Research Work on Ichthyoplankton in the Northwest Atlantic" 
by V.P. Serebryakov 
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Fluctuations in the fisheries are the result partly of migration, disease, predation and 
changes in the availability of the stock to capture but the greatest source of uncertainty about 
the yield is the variability of year-class strengths. This point was emphasized throughout the 
papers and during the discussion and it was clear that variations in the strength of a year-class 
must have their origins at some time before the fish enter the commercial fishery. 

Such variations could result from changes in the numbers or mortality of eggs, through 
predation, developmental, metabolic or density dependent effects. Most of the authors and par
ticipants, however, thought it more likely that f1uctuations in the strength of a year .... class may 
arise during the planktonic or later phases of the development of the fish as the result of mor
tality or emigration. Gulland. in contribution B-9, draws hypothetical curves showing the sequence 
of phases of mortality: at first massive (and probably unrelated to year-class strength), then den
sity dependent, fallowed by the critical phase when the year-class strength is determined. 

There is adequate evidence of the dependence of larval fish on various aspects of their ex
ternal environment. For example, the distribution and abundance of redfish larvae seem to be re
lated to water temperature and the supply of their planktonic food (contributions B-1, B-3, B-4, 
and B-17). Russian work on the herring and anchovy shows that the abundance of larvae is depen
dent on the abundance of their food (B-12). H.addock larvae are found in the thermocline off the 
New England coast (B-S). The numbers of cod larvae off West Greenland are positively correlated 
with temperature (B-l4). Some of the partiCipants in the symposium discussed the effect of water 
currents on the drift and survival of larvae. For example, fluctuations in the abundance of had
dock larvae at Faroe are related to the strength and direction of wind, presumably through its 
effect on water movements (B-6). In the same contribution, Saville provides a detailed analysis of 
wind, water movement and larval drift in the herring stocks of the Clyde. Predation of O-group cod 
by older fish of the same species may be dependent on the growth rate and nutritional condition 
of the xoung fish (B-7). 

There is less evidence of the dependence of year-class strength on the numbers of larvae 
although Gulland (B-9) quotes work which suggests that the abundance of plaice larvae in their 
later planktonic stages may be related to year-class strength and he gives indirect evidence of 
simdlar relationships in Lofoten cod, North Sea haddock and sock-eye salmon. Saville (B-6) shows 
that the abundance of haddock near the end of their planktonic phase near the Faroes was related 
to the numbers of one year old haddock whi~h are a satisfactory index of subsequent recruitment 
to the fishery. 

The analysis of such relationships must depend on adequate estimates of the distribution and 
abundance of the young stages. This information is difficult to obtain and has seldom been avail
able in the detail .and accuracy required. For this reason, fishery biologists have been compelled 
to study correlations between the parameters for which estimates are available; for example-wind, 
temperature or planktonic food on the one hand~ and the year-class strengths on the other. Saville 
(B-6) concludes that there is no relation between wind during the larval phase and subsequent year
classes of haddock in the North Sea or herring in the Clyde. Gulland (B-9), in a number of refer
ences to his own and other work, finds no relationship (or rather dubious ones) between wind, temp
erature or plankton and subsequent year-classes of Arcto-Norwegian cod. However, Corlett (B-lO) 
using a different estimate of year-class strength, shows correlations between wind, dry weight of 
plankton and year-class strength of cod in the Barents Sea. Hermann, Hansen and Horsted (B-14) 
claim that drift of larvae is a major feature of the early life of West Greenland cod, but are un
able to detect any relation between wind and brood strength. But they do find statistically sig
nificant correlations between temperature during the larval phase and the subsequent catch of 6-
10 yr old fish. 

It is not surprising that the results should be confusing and contradictory. In a hypothetical 
case, let us exclude food supply, predation, competition and metabolism, and assume that the size 
of a year-class is related to the numbers of larvae at some unknown stage of their life history and 
that these, in turn, are dependent on some unknown function of water movement which, in its turn, 
is partly a product of the bottom topography and the earth's rotation and partly under the influence 
of winds. In this very simple model, fishery biologists would often be able to test only the begin
ning and end of the chain (wind and year-class). Even without the added difficulty of detecting 
the relevant wind parameter and of deciding how to estimate the strength of a year-class, it would 
be surprising if a simple linear correlation co-efficient would be Bufficient1y sensitive to test 
the hypothesis. In the contributions and discussions the danger of fortuitous correlations was 
emphasized and, since each year yields only one pair of Observations, research of this kind is 
likely to extend over a long period of years. 
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Some of the contributions drew attention to the importance of treating each populatlon as a 
separate unit since growth, mortality and migration may differ in different patches of larvae. It 
was recognized that the numbers and distribution of larvae are dependent on a complex interaction 
of many factors. None of the physical and biological parameters of nature operates in isolation 
and it is a dangerous over-simplification to try to study them in isolation. The possibility of 
using multivariate methods to analyse the natural system as a whole is illustrated in contribution 
B-2, dealing with sources of variation in the plankton. 

Repeatedly, in the discussion, it was emphasized that we lack the basic ecological and physio
logical knowledge which is essential for an adequate understanding of events in the fish stocks. 
Few 'Of the papers mentiened other organisms in the cemmunity, except as feed fer fish. As Dr 
Ahlstrom's special lecture shows (p. 53-74). competition may be very important in determining the 
abundance of a commercial stock. It is notable that only one of the contributions (B-7) deals with 
O-group fish. Fairly detailed statistics are available for the adults in fished stocks and there 
are modest collections of the planktonic stages but there is a most serious dearth of data about 
all the stages of the fish life cycle between the early larval stage and the entry of adults into 
the fishery. 

One of the most successful developments in recent years has been the method of studying the 
population dynamics of adult fish in which martality and grawth rates are ascribed ta different 
causes and built up into quantitative models of events in a population. A similar method has 
been used in studying plankton production by constructing a model of the major te~ (such as 
photosynthesis, respiration and grazing) and inserting into the model as many as possible of the 
factors impinging on each of these (such as light, temperature, turbulence and nutrients). 

It seems highly desirable that an attempt should be made to bring tagether these two levels of 
model-making, based on'an adequate understanding of the whole system of interacting variables of 
which fish form a part. Steele (C-4) has made a tentative start in this direction with a model of 
the energy chain from photosynthesis to commercial fisheries. 

Objectives of this kind will 'Only be achieved if much greater facilities are available than 
in the past both for collections at sea and experiments in the laboratory. Frequent and detailed 
surveys will be needed to detect the critical events which determine larval mortality and year-class 
strength. But if such surveys are to be successful, it will be necessary to develop improved meth
ods for sampling the larvae and young stages (B-5). 

We are still left in doubt about the precise critical phase; indeed, Baranenkova (B-15) con
cludes that every year-class has its own peri ad of maximum mortality. It would seem that a much 
greater effort must be directed towards an ecological study of the young stages. Knowledge of 
these pre-recruit stocks is essential in attempts to predict and control fisheries. The technical 
and intellectual prablems are very testing and progress will be dependent on the integration of the 
skills of marin~, scientists of many kinds, and on co-operation between laboratories and nations. 
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SECTION C 
Effect of the Biological Environment (including parasites) on the Distribution of Adult Fish 

CONVENER: W. Templeman RAPPORTEUR: A.W. May 

Contributions submitted to this Section were as follows: 

C-l IIRemarks on Effect of Food Animals on Cod Behaviourll by Sv. Aa. Borsted and Erik Smidt 

C-2 "Food as a Factor or Indicator of Vertical "Migrations of Cod in the Western Gulf of St. 
Lawrence" by Pierre Brune! 

C-3 "Some Instances of Cod and Haddock Behaviour and Concentrations in the Newfoundland and 
Labrador Areas in Relation to Food" by W. Templeman 

C-4 "Some Problems in the Study of Marine Resources ll by J .R. Steele 

C-5 "The Impact of the Environmental Factors on Survival of the Far Eastern Young Salmon 
During the Acclimatization of the Latter in the Northeast Part of the USSR" by E.L. 
Bakshtansky 

C-6 liThe Copepod Ectoparasite Sphyrion lumpi (Kroyer) in relation to Redfish (Sebastes 
marin,us L.) in the Gulf of Maine ll by G.F. Kelly and A.M. Barker 

C-7 "Density-dependent Food Relationships with reference to New England Groundfish" 
by R.L. Wigley 

Most of the papers of this section dealt with concentrations and behaviour of cod, haddock, 
and other groundfish due to food. It was apparent from these contributions (C-l, C-2, C-3, C-7) 
and from other contributions (A-6, A-10, A-II, A-12, E-2) that food can be a concentrating factor 
for commercial fish, allowing them to gather in large numbers within some part of a favourable 
temperature and depth range. These concentrations may be in different parts of the preferred temp
erature and depth range depending on the temperature and depth ranges of the food animals. It is 
evident that food can modify the temperature and depth preferences of fish and that such prefer
ences can often be best explained in relation to food. The relationship of food to concentrations 
of commercial fishes should therefore be studi.ed whenever catch and related temperature and depth 
data are being collected by research vessels. 

In discussion Blaxter, with reference to cod becoming glutted with capelin and sinking to the 
bottom (C-3) , wondered whether there was any connection between this behaviour and a report in the 
Underwater Naturalist of "sleeping" cod. Corlett raised the question of how long it takes cod to 
digest food. He noted that BruneI (C-Z) quoted from Karpevitch and Bokoff that the time for di
gestion may vary from 5 to 6 days in the case of a fish meal and from 3 to 3 1/2 days for a 
Gammarus meal. Corlett's impression, from Barents sea cruises, was that digestion in cod was more 
rapid than this. Meyer, from personal observation, said that cod taken at mid-day in one of his 
cruises contained fresh capelin and those taken in the evening contained digested capeline 
Templeman remarked that because of the fullness of cod stomachs in the Newfoundland area during the 
trap season digestion would take longer than this. Kohler said that cod kept in tanks digest~d a 
herring meal in I day but the cod were not glutted. Hempel said that plaice took 12-24 hr and saithe 
up to 3 days to clear the' stomach, the time depending on stomach fullness and water temperature. 
Magnusson remarked that feeding of redfish in several areas occurred at well defined periods, thus 
the stomach would probably be cleared between these periods. Horsted noted that there were 2 
daily periods of cod activity in Greenland in late summer and autumn. Food (plankton and capelin) 
taken in the morning period was all gone by evening. Edwards said that for 8 fish species in
vestigated at Woods Hole there were clear-cut feeding periods, either once or twice a day. In
dications from these, and from some observations at sea, were that the stomachs were cleared 
within 6 hr. 
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One paper (C-4) examined the energy dynamdcs of the related trophic levels from phytoplankton 
to commercial fish and concluded that a great deal of the information necessary to apply primary 
production and related plankton and benthos data to estimation of potential yield of commercial 
fish is lacking. 

There was considerable discussion on the point raised by Beverton as to whether availability 
of food to adult fish is influenced by theiz own abundance. In comparing pre- and post-war plaice 
stocks in the North Sea (Steele) there was an increase in yield, but also an increase in growth 
rate after the war which is opposite to what is to be expected. It is necessary to distinguish 
between food as a controlling factor and food fluctuating independently of the fish (Beverton). 
The plaice food supply had evidently changed but this was not related to density of plaice. Plaice 
larvae and Armnodytes larvae compete for food and it is possible that Armnodytes may be "controllingll 

the plaice. The availability of food in relation to growth is likely to differ in different sizes 
of fish of the same species which use different sizes and kinds of food (Templeman). If large fish 
are greatly reduced in numbers the large food is not utilized. These kinds of food such as capelin, 
herring and laUnce may become more numerous and eat great numbers of the fry of the former predators 
such as the cod. If the smaller commercial fish are more numerous they are now competitors for food 
of a small size range and here density dependent effects may be more likely to occur. Flatfish 
in the Kattegat ate only 2% of the available bottom food and the large changes in stock size of 
Norwegian herring did not affect the growth rate (Hempel). These results indicate that other factors, 
rather than food supply are responsible for limitation of stock abundance. 

Another contribution (C-6) described the distribution and abundance of Sphyrion lumpi in re
lation to redfish in the Gulf of Maine. In discussion it was noted that a well documented example 
of the effect of parasites on the distribution of adult fish is the great destruction and reduction 
in stock size of spri~g-spawning herring in the Gulf of St. Lawrence by at least 2 great epidemics 
caused by the fungus IchthYOBpOridium hoferi. Lucas and Parrish mentioned that Kabata's work on 
haddock parasitized by Lernaeocera showed that condition factors, liver fat and red blood cell 
levels were lower in parasitized than in non-parasitized fish of the same length and age. Sundnes 
noted that the presence of Lernaeocera on Areta-Norwegian cod has so far not been found to have 
any adverse effect on the parasitized individuals. 

Yearly differences in success of survival of maturity of young Pacific pink and chum salmon, 
introduced into the B~rents and White seas, were attributed (C-5) , mainly to differences in pre
dation by herring. These young salmon were also eaten by cod, saithe, sea trout and other fishes. 
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SECTION 0 
Effect of the Environment of the Growth, Survival and Age and Size at First Maturity 

C(:t.lVENER: Paul Hansen RAPPORTEUR: A.C. Kohler 

Contributions Bubmdtted to this Section were as follows: 

D-1 liThe Possible Effects of Temperature on the Fecundity of Grand Bank Haddockll by V.M. Hodder 

D-2 "Relation of Periods of Successful Year-Classes of Haddock on the Grand Bank. to Periods of 
Success of Year-Classes for Cod, Haddock and Herring in Areas to the North and Esst" by 
W. Temp leman 

D-3 11 Changes in Growth, F~eding, and Density of Gulf of St. Lawrence Codl! by A.C. Kohler 

D-4 "Temperature and Growth of Cod in Icelandic Waters" by J. Jonsson 

D-5 "Some Problems of Zooplankton Production and the Problems of Fisheries" by W. Mankowski 

D-6 "Cod Growth and Temperature in the Newfoundland Area" by A.W. Ma1, A.T. Pinhorn, R. Wells 
and A.M. Fleming 

D-7 "P-ossible Influence of Water Temperature on the Growth of West Greenland Cod" by F. Hermann 
and P. M. Hansen 

D-8 lIRelationship Between the Growth Rate and Density of Population of Haddock in the Barents 
Sea" by M.A. Sonina 

D-9 "Changes in the Growth Rate of the Barents Sea Cod as Affected by the Environmental Factors" 
by T.F. Dementjeva and E.M. Mankevich 

Of the eight contributions presented and discussed at the meeting, six dealt with growth (D-3, 
D-4, D-6, D-7, D-8 and D-9), one with the effect of the production of zooplankton on fatness of 
sprat and length of herring in the Baltic (D-S) I and one with the relation of the occurrence of 
year-classes, in the stock of haddock on the Grand Bank, with year-classes of cod, haddock ·and her
ring in all regions in the North Atlantic (D-2). 

The contributions concerning growth covered Newfo~dland and the Gulf of St. Lawrence area, 
West Greenland, Iceland and the Barents Sea. In. the contributions and. in the .discussion it :·was pointed 
out that many interrelated factors have influence on the growth, but that temperature is a primary 
one. 

In one contribution (D-6) it was shown that in the Newfoundland-Labrador area water temper
atures and growth of cod were very closely related. Labo£atory experime:nts with cod from the Gulf 
of St. Lawrence area have shown a relation of growth to food consumption, and food cons~tion again 
was related to temperature (D-3). 

Increases in growth rate could be related to special mortality of food organisms, as shown by 
Kohler, who described a case of epizootic in the herring stock in the area of St. Lawrence (D-3); 
this had the result that moribund herring became an easy prey for the cod. 

It was shown in several contributions that abundance of food and higher temperatures produce 
good growth in different kinds of fish. In the Icelandic area it was shown that growth and water 
temperatures were positively correlated, so that in the warmer parts; the area west of Iceland, 
the growth was greater than in the colder areas north of Iceland, and in the still colder area 
east of Iceland where the growth was very slow (D-4). 
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Among other factors which have an influence on the growth of fish is the density'of population. 
Some contributions suggested that it is the density of the combined stock of haddock in the Barents 
Sea (all age-groups), and not single rich year-classes, that cause changes in the growth (D-B). 
When a stock has been dimdnished, e.g. by strong fishing, the growth of the individuals increases. 

It was shown in contribution D-S that the production of zooplankton in the Baltic is strongly 
correlated with the growth of sprats and herring, and especially' that the fat content increases 
strongly in years with good amounts of zooplankton. 

In the discussion Corlett pointed out that fish having a fish. diet rather than crustacean 
usually grew better: possibly because less energy is expended in gathering food and fish protein 
is more efficient than crustacean. Horsted also noted that, regarding differences in growth be
tween species, slow-growing redfish eat mainly crustaceans while cod, which grow faster and larger, 
are fish eaters. 

Contribution D-9 referred to Nikolskyls view that for each species there is an optimum temper
ature which is the most suitable for metabolism and provides the fastest growth; when the temp
eratures are above and below this optimum the growth decreases. In the discussion Beverton touched 
on this problem and referred to a contribution by Ursin incorporating temperature data in the Von 
Bertalanffy growth equation. Kohler added that recent laboratory experiments with cod growth at 
St. Andrews (N.B.) gave similar results •. 

Edwards noted the effects of water temperature on the growth of haddock in the Gulf of Maine 
which show an inverse relation to those being demonstrated for cod. This could be related either 
to distribution or to fact that haddock in this area may be living near the upper temperature limit 
mentioned by Beverton. 

Temperature is selected for consideration as an environmental factor because it is very easy 
to measure, but it was pointed out that it was difficult to decide which temperature should be 
chosen as the relevant one. The ideal temperature would of course be the temperature of the water 
in which the fish live, but in most cases this will be impossible to measure. In the contributions 
surface temperatures have been used mainly. 

In the discussion Blaxter questioned the use of the Vault Hoff relationship to compare lengths 
of fish at different temperatures (n-4), and also commented on the apparent anomalies regarding 
findings of improved growth of cod and L= of the Bertalanffy equation at higher temperatures. 

Colebrook commented on the possibility that techniques used for correlating temperature and 
growth might be invalid, but noted that, when a relationship appears in three widely separated 
areas, there is fairly strong evidence for its existence. 

In referring to contribution D-6 Lee warned against assuming a simple relation between latitude 
and water temperature at fishing depths in the Northwest Atlantic. Isotherms often tend to run in 
a north-south rather than east-west direction, especially off Labrador. 
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SECTION E 
Herring and the Environment in the ICNAF Area 

CONVENER: B.E. Skud RAPPORTEUR: B.B. Parrish 

Contributions submitted to this Section were as follows: 

E-l "Effect of Light on Movements of Herring in the Bay of Fundy" by S.N. Tibbo 

E-2 "Distribution of Plankton and Summer Feeding of Herring in the Norwegian Sea and on Georges 
Bank" by E .A. Pavshtics 

E-3 "Water Temperatures and the Herring Fishery of Magdalen Islands. Quebec" by L.M. Lauzier 
and S.N. Tibbo 

E-4 "The Influence of Water Masses of the New England and Nova Scotia Shelf on the Formation 
_of Commercial Concentrations of Herring" by V.A. Bryantsev 

E-5 IIEffects of Environment on Several Diseases of Herring from the Western North Atlantic" by 
Carl J. Sindermann 

E-6 "Seasonal and Areal Distribution of Gulf of Maine Coastal Zooplankton, 1963" by Kenneth 
Sherman 

E-7 "Ecology of Herring Larvae in the Coastal Waters of Maine" by Joseph J. Graham and Harold C. 
Boyar 

E-B "Distribution of Wintering Herring in the Southern Part of the Norwegian Sea According to 
Temperature Conditions" by L.R. Shmarina 

The convener opened the section by outlining the planned schedule, which, .followi-ng intro
ductory remarks, was the presentation of contributed papers, a special discussion on Bay of Chaleur 
herring, and the general discussion. 

The introductory remarks were directed toward a geographic orientation of herring distribution 
and fisheries in the Western North Atlantic. The major divisions within the known range from 
Greenland to Cape Hatteras were Newfoundland, Gulf of St. Lawrence, Nova Scotia, Gulf of Maine, 
Georges Bank, and the Middle Atlantic Bight. The major spawning areas and seasons were also dis
cussed: spring spawning in Newfoundland, Gulf of St. Lawrence and Nova Scotia, and fall spawning 
in the Gulf of Maine and Nova Scotla. 

The convener reviewed the types of fisheries practised in the ICNAF area and described the 
various gear utilized and the utilization of the landings. Total catch by country in the last two 
years was compared: 

Canada 
USSR 
USA 

Total 

80,000 
70,000 
30,000 

180,000 

metric 
" 
" 

" 

tons 
" 
" 

" 

100,000 
150,000 

85,000 

335,000 

metric tons 
" " 
" " 

" " 

The convener reviewed the past research efforts in the Western North Atlantic and outlined the 
results of the 1963 ICNAF meetings which concerned herring, and discussed the long-term needs of 
research on this species. The objectives of this section of the Symposium were then listed as 
follows: 

1. To call attention to and discuss studies of the environment of herring in the ICNAF area. 
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2. Appraise recent environmental research on herring with the intent that areas of limited 
knowledge could be emphasized and that suggestions for programs to improve these defic
iencies would be offered. 

3. To stress specific problems of concern in the herring fisheries and to cite the relation
ship of the environment to these problems. 

4. To compare the state of knowledge of herring biology in the ICNAF area with other herring 
fisheries of the world. 

Following the presentation of Contributions E-l to E-B, the convener called attention to those 
contributions in other sections of the Symposium which referred to herring. These were, according 
to subject: 

HERRING AND THE PHYSICAL ENVIRONMENT 
A-2 by T. Laevastu. "Interpretation of flsh distribution in respect to currents in the light of 
avai lable laboratory and field observations. II 
B-6 by A. Saville. IIFactors controlling dispersal of the pelagic stages of fish and' their influ
ence on survival. II 
B-8 by Ju. Ju. Marty. IIDrift migrations and their significance to toe biology of food fishes of 
the North Atlantic. II 
B-9 by J. Gulland. IISurvival of the youngest stages of fish, and its relation to year-class 
strength. II 
D-S by W. Mankowski. "Some problems of zooplankton production and the" problems of fisheries. II 
F-7 by T. lIes. "Factors determining or limiting the phYSiological reaction of herring to envir
onmen tal changes. II 
B-3 by L. Lauzier. "Long-term. temperature variations in the Scotian Shelf area." 
B-8 by D. Bumpus and J. Chase. "Changes in the hydrography observed along the east coast of the 
Uni ted States. II 
H-9 by J. Tait and J. Martin. "Inferential biological effects of long-term. hydrographical trends 
deduced from investigations in the Faroe-Shetland Channe1.1! 
I-I by L. Lauzier. "Foreshadowing of surface temperatures at St. Andrews, N .B." 
1-7 by J. Eggvin. liThe possibility of forecasting oceanographic conditions in North-West European 
waters and their significance for fisheries." " 

PHYSIOLOGY AND BIOLOGY 
F-I by K. Kalle. "Oxygen dependence of vertical migration in shoaling fish." 
F-2 by J. Blaxter. "Effect of change of light intensity on fish." 
F-3 by F. Holliday. liThe significance of environment/endocrine studies to the investigation and 
exploitation of fish stocks. II 
F-5 by G. Hempel. HEgg size and fecundity in relation to the environment. II 
F-8 by G. Sundnes. "Energy metabolism and migration of fish." 
G-3 by H. Mohr. "Changes in the behaviour of fish due to environment and motivation and their 
influence on fishing. II 

INCIDENTAL REFERENCES TO HERRING 
A-12 by R. Beverton and A. Lee. liThe influence of hydrographic and other factors on the distribu
tion of cod on the Spitsbergen Shelf." 
C-5 by E. Bakshtansky. liThe impact of the environmental factors on survival of the far eastern 
young salmon during the acclimatization of the latter in the north-east part of the USSR." 
D-2 by W. Templeman. "Relation of periods of successful year-classes of haddock on the Grand Bank 
to periods of success of year-classes for cod, haddock and herring in areas to the north and east. II 
D-3 by A. Kohler. "Changes in growth, feeding, and ""density of Gulf of St. Lawrence cod." 

The discussion period was then opened with a continuation of a topic first broached in Dr 
Hempel's section (F). The discussion concerned spring and fall spawning stocks in the Bay of 
Chaleur and was initiated by Dr Harden-Jones. Messrs. Skud, Parrish and Blaxter also participated 
and the validity of scale ratio and otolith nucleus as a method of indicating when a fish was 
spawned was discussed. 
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The general discussion of section contributions was then opened. (a) Blaxter drew attention 
to the differences in temperature preferences of herring in the Northwest and Northeast Atlantic 
as shown in contributions E-8 and E-3. In E-8, it is stated that spring spawning in the Norwegian 
Sea does not take place below about 3°e, but in E-3, spring spawning is quoted as taking place in 
the vicinity of Magdalen Islands at lower temperatures; good herring catches are even recorded 
there at -O.7°C. A somewhat parallel situation i~ observed witp the cod, which appears to occur in 
colder water in the Northwest than in the Northeast Atlantic. Blaxter also asked whether there 
are any recorded instances of herring being found dead in cold water in the Northwest Atlantic. 
Templeman reported that some years ago, in May, herring had been observed floating, dead in Fortune 
Bay, but it could not, of course, be claimed that their death was' necessarily due to the cold water. 
Herring are commonly found, 1n winter, in very cold water in bays, such as the Bay of Islands, off 
Newfoundland. These bays are completely covered with ice in winter, and the herring must spend a 
considerable part of this time in temperatures below OoC. 

Lauzier announced that the temperature of 2.loC in the Magdalen Islands area should not be 
taken as a preferred temperature. In the middle of the season, the temperature is higher, at 5-6°C. 

Holliday announced that herring larvae can live at super-cooled temperatures. (b) Parrish 
asked if large herring concentrations are ever found in the open sea to the south of Newfoundland 
(Grand Bank area) or in the area between Labrador and W. Greenland (Labrador Sea and Davis Strait). 

Templeman replied that some trawl catches of up to several hundred herring have been taken on 
the southern Grand Bank. A few herring have also been caught by trawlers on St. Pierre Bank. 
However, no large catches have been reported from these Banks, and herring have not been recorded 
in cod stomachs in this area. Further, there are no records of herring from the Hamilton Inlet 
Banks area, either in catches or fish stomachs. Herring are found in the inshore, Labrador area 
and formerly a good fishery for large, fat herring took place off southern Labrador, . mainly from 
late summer to autumn. 

Hansen announced that herring also occur off W. Greenland, from the Southwest coast northwards 
to the Arctic Circle. The herring are usually very large fish, up to 45 em in length. Some tag
ging experiments have been carried out on these herring, but the recaptures have been taken near 
to the tagging locality. Herring larvae have been caught in Southern Greenland waters, and fisher
men report that there are herring in the open sea waters of the Davis Straits. 

Lucas drew attention to the usefulness of predatory fish as samplers of prey species such as 
herring. Fish stomach analyses should be carried out in these areas. 

Convener. There is no evidence of herring in Hudson Bay, but concentrations of C. paZlasii 
occur around the north of Alaska. 

Glover said that there were no records of herring larvae in the Hardy Plankton Recorder mater
ial from Ireland to Newfoundland. 

(c) Bumpus questioned whether Labrador water was present in the Gulf of Maine to the extent 
indicated by Bryantsev in Contribution E-4. Insufficient Labrador water rounds Avalon Peninsula or 
the Tail of the Grand Bank for this to be possible. The water in the Gulf of Maine is a complex 
mdxture of slope and coastal water, with mdnor contributions from the Scotian Shelf, with consid
erable Laurentian characteristics. The location of the herring concentrations concurs with the 
divergence of the cyclonic Gulf of Maine gyre and the anti-cyclonic Georges Bank eddy, and the 
retreat to the westward as the season progresses coincides with the breakdown and diffusion of 
these c~rculations. 

Lauzier agreed with Bumpus' comments and pointed out that the Gulf of Maine water masses 
should be defined as a mixture of 5 water types and not 3, as Bryantsev has done. He further 
announced that while the relationship between herring catches and wind seems to be good during late 
winter and early spring, he would not expect it to be so in other seasons when thermal stratifica
tion is greater than in the winter. 

(d) Dr Uda conunented on the large long-term fluctuations in the Japanese herring and sard:l.ne 
fisheries in the Pacific. These appear to correspond with fluctuations and trends in ~;arming and 
cooling of the waters in the area. In the cold regions I water transport is lower than iu the 
warmer ones. The records indicate that with warming in the northern Pacific, the herring fishing 
grounds shift further to the north. 
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(e) Convener. Is there any evidence that herring change their spawning grounds? There is no 
evidence that the extensive spawning on Georges Bank was in existence 50 yr ago, whereas there was 
evidence of inshore spawning which is now very limited. 

Templeman announced that in the Newfoundland area, spring herring spawn in late May-early June 
in shallow water (the milt patches can be easily seen) while autumn spawners spawn in considerably 
deeper water. It is possible that there is more continuity between spring and autumn spawning 
than we have observed. For example, Capelln on the east coast of Newfoundland begin spawning in 
very shallow water (on the beach); spawning then continues throughout July and August, extending 
gradually into deeper water as the inshore water warms up, until in August they may spawn down to 
20-25 fathoms or deeper. 

(f) Blaxter asked if, as a result of the southerly drift of larvae from Georges Bank, a sub
stantial part of the larvae population is lost to the area? Edwards thought that they would not be 
lost in the Gulf Stream, but would be held in the Southwest drift, and so perhaps not lost to the 
Georges Bank stock. 

Convener announced that Colton's observations on the drift of haddock spawning products from 
the Bank were very pertinent to this question; he also announced that investigations on the larvae 
of Pacific herring had concluded that larvae are probably lost to the population whenever they move 
outside the coastal zone. 

The section was then closed and was briefly summarized later by the convener. He concluded 
that some of his objectives were optimistiC, but that several areas of limited knowledge were emr 
phasized and existed in European waters as well as in the ICNAF area. Of particular concern in 
the western North Atlantic was the problem of stock identification, including the separation of 
spring and autumn spawners. The importance of temperature, water movement and plankton distribution 
in relation· to herring abundance was emphasized. These are in general agreement with the research 
interest of the ICNAF herring scientists and are areas which are actively being studied. 

The convener also cited the excellent presentation of Mr Parrish as a guest speaker. His talk 
compared the herring fisheries of the western and eastern North Atlantic in terms of production and 
ecological boundaries which govern the distribution of herring stocks. 
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SECTION F 
Physiological Reactions to Changes in the Environment 

CONVENER: G. Hempel RAPPORTEUR: J.R.S. Blaxter 

Contributions submitted to this Section were as follows: 

F-l "Oxygen Dependence of Vertical Migration in Shoaling Fish" by K. Ka11e 

F-2 "Effect of Change of Light Intensity on Fish" by J.R.S. Blaxter 

F-3 "The Significance of Environment/Endocrine Studies to the Investigation and Exploitation 
of Fish Stocks ll by F ,G. T. Holliday 

F-4 "Effect of Abiotic Factors in Young Stages of Marine Fish" by K. Lil1elund 

F-S "Egg Size and Fecundity in Relation to the Environmentll by G. Hempel 

F-6a "Seasonal Changes in the Physiology of the Cod in Relation to its Environment - 1. Seasonal 
Changes in the Physiological Reactions of the Barents Sea Cod, GadUs morhua L., Particularly 
Affecting Migration and Maturation" by A.D. Woodhead and P.M.J. Woodhead 

F-6b "Seasonal Changes in the Physiology of the Cod in relation to its Environment - II. Physiolog
ical Reactions of Cod, Gadus morhua L., to Low Temperatures ll by P.M.J. Woodhead and A.D. 
Woodhead 

F-7 "Factors Determining or Limiting the Physiological Reaction of Herring to Environmental 
Changes" by T.D. lIes 

F-8 "Energy Metabolism and Migration of Fish" by Gunnar Sundnes 

F-9 "Supercooling and Osmoregulation in Teleosts of the Subarctic and Arctic Regionl! by J. 
Leivestad 

The papers were divided into five main topics: 

1. The internal environment (endocrine systems) - Holliday (F-3) ,Woodhead and Woodhead (F-6A). 

2. Reproduction - Hempel (F-5) , Hodder (D-l), lIes (F-7), with additional reference to Steele 
(C-4), Bakshtansky (C-S), Mankowski (D-S) and Martin and Kohler (R-7). 

3. Importance of light - Blaxter (F-2) , Woodhead (A-IS), with additional reference to Colton 
(B-5) , Mohr (G-3) and Tibbo (E-1). A film by Shaw was also shown. 

4. Tolerance to the environment - Lillelund (F-4) , Kalle (F-l) , Leivestad (F-9) , Woodhead 
and Woodhead (F-6B), with additional reference to Cendrero (A-I), Horsted and Smidt (A-3) , 
Templeman and Fleming (A-4) , Jean (A-7) , Templeman and May (A-10), Beverton and Lee (A-12), 
Postolaky (B-ll) , Serebryakov (B-18). 

5. The "artificial" environment - Sundnes. 

The purpose of this last section was to provide some background information on immediate and 
delayed responses of fish to changes in the physical properties of the sea. The classical approach 
to this problem is the experiment in the aquarium where all factors but one are kept constant (or 
are assumed to be constant). The limitations of this method have been stressed. Fian live'in the 
aquarium in an unnatural environment which offers only a selected range of stimuli, and where it is 
almost impossible to control some variables (~.g. atmospheric pressure). The variable supposedly 
under consideration is often changed over a wider range than that found in natural conditions. 
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Other variables (e.g. the effect of weather on fish movement) have not been studied 1n isolation 
at all. In spite of those limdtations the potential value of the aquarium approach cannot be 
gainsaid. Nevertheless, a general improvement in experimental techniques is desirable in order to 
detect the interaction and influence of groups of environmental variables. For example, the re
action to light mdght change with different conditions of temperature or food supply. An increase 
of work done in fish pounds in sheltered areas of the sea is also desirable in an attempt to link 
aquarium results with investigations at sea. 

Observations in the sea can provide valuable information on the importance of environmental 
factors if they are especially designed for an analysis of this kind, but a simultaneous measure
ment of the biological and hydrographical features of the habit-at is essential. An analysis of 
data on commercial catches combined with information from meteorological records rarely reveals 
knowledge of the isolated effect of a single factor. 

In general the physiological capabilities of fish, especially in the young stages, are wider 
than might be assumed from their distribution in the sea. Distribution may be partly imposed on 
young fish by the location of spawning grounds and the inability of the young stages to change 
their position substantially by active movements. However, the optimum for fish, or their pre
ference for a certain range of conditions, are certainly narrower than the range of tolerance. One 
must differentiate between what a fish is capable of withstanding and what it "chooses" to do. Fur
ther, what may seem to be tolerance in a limited experiment may well prove to be deleterious over 
a longer term, or adverse conditions which fish can live in might later cause premature death or in
ability to reproduce. The dependence of a physiological process on an environmental factor i~ 
rarely a straight-line relationship. Curves with a maximum in the region of preference may be more 
common than detected so far. Tolerance, preference and the reaction of fish to an environmental 
factor may change seasonally or with different phases" in the life history. The seasonal change in 
the temperature preference of Arcto-Norwegian cod and their survival near freezing point, and the 
drop in reactiveness of spawning herring, all described in this section, are good examples of this. 

The question of preference is a central problem when considering the spatial distribution of 
fish and the establishment of physical and chemical boundaries in the otherwise continuous sea. 
These boundaries cannot always be defined by a single limiting factor, but rather as an accumulation 
of sever~l conditions, which may be outside the preference of fish but within their range of tol
erance. Under such stress the fish might become more sensitive to a single adverse influence. The 
changes in activity of fish at boundarIes of this sort are of the highest import"ance as, indeed, are 
changes of activity of fish as a result of temperature, food supply, light or internally-controlled 
rhythms unconnected with boundaries. 

The discussion on the. effect of the environment on reproduction showed that we are very poorly 
informed on what controls spawning time, fecundity and egg size. Some knowledge of these aspects 
is essential in the furtherance of population dynamics and studies in -early survival rates and re
cruitment. The need for combined studies in the laboratory and at sea has also been stressed. Be
sides direct influences on the reproduction of fish of a given size and age, indirect influences 
of the environment, such as food supply and temperature affecting growth rate and possibly matur
ation, have to be considered. 

Most of our fisheries are carried out in the photic zone of the sea where light may have an iur 
portant influence on the distribution and migration of fish, as well as being essential for feeding, 
shoaling and spawning in some species and affecting the hormonal cycles. The interrelationship be
tween migratory behaviour and maturation as controlled by the endocrine glands has been discussed 
in this section in connection with new information on maturing herring and Arctic cod. Apart from 
light intensity, the effect of transparency on visibility underwater is of far-reaching importance. 
Comparative measurements of light intensity and visibility made at the same time as biological ob
servations are highly desirable. The help of physical oceanographers would be appreciated in pro
viding overall synoptic charts of light measurements on the sea bed. From these charts biologists 
could assess whether certain behaviour patterns, particularly visually-controlled net avoidance 
would, or would not, take place on the various fishing grounds at stated times. 

Fish are not only influenced by the environmentj they themselves affect their own environment 
and that of other fish. This is especially evident in a shoal. Reports on possible oxygen lack 
within a shoal and the reaction of fish to moving patterns of the background show this. The irnr 
mediate effects of competition and predation on the activity states and growth rates of fish have 
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not been discussed adequat"ely, but the possible loss in terms of fish weight due to a highly ac
tive or over-stimulated existence has been mentioned. The value of further investigations in this 
field 1s evident. 

The convener's thanks are due to his rapporteur, Mr J.R.S. Blaxter, who prepared the notes 
for this summary. 
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SECTION G 
The Effect of the Environment on the Process of Fishing 

CONVENER: B.B. Parrish RAPPORTEUR: J .G. Harvey 

Contributions submitted to this Section were as follows: 

G-l "A First Look at Some Wave and Wind Data from Trawlers" by J.A. Ewing and N. B.ogben 

G-2 "Relationship Between Drift-Ice, Atmospheric Circulation and Fishing Possibilities off 
South-East Greenland During the First Halves of the Years 1959-1963" by A. Meyer 

G-3 "Changes in the Behaviour of Fish Due to Environment and Motivation and Their Influence 
on Fish" by H. Mohr 

G-4 "Bottom Contour and Nature of Grounds and their Significance for Trawl Fishery" by LK. Avilov 

Although only four contributions were presented to this section of the symposium, their subject 
matter provided abundant evidence and examples of the importance of various physical and biological 
factors in their effects on the process of fishing. The factors covered included climate and sea
state relationships, sea-bed topography and structure and biological features of the exploited 
stocks. The discussions on each are summarised below. 

A. Climatic Factors (Contributions G-2 and G-l) 

1. Meyer's data in contribution G-2 prompted a lively discussion on the importance of inves
tigations of the relation between the occurrence and distribution of ice and meteorological con
ditions, especially atmospheric pressure and wind, and of the urgent need for the extension of 
sea-state forecasting in the northern fishing areas. 

I~ reply to a comment from Lee that 1963 had been a bad ice-year in the area covered by the 
Norwestlant survey, Meyer said that reports from German trawler captains showed it to be an aver
age year; this indicated that ice conditions in the Greenland area can change very rapidly. 
Laevastu referred to earlier statements of the importance of meteorological data in relation to 
ice-drift in the Greenland area, and pointed out that this area is the birthplace of sudden atmos
pheric depressions, which could be predicted somewhat in advance, using heat exchange computations. 
Harvey also referred to Bjerknes' comparisons· between the changes in atmospheric circulation and 
Smed's surface temperature anomalies for this area. 

Uda described the icing-up of trawlers in the North Pacific and asked if this was a frequent 
occurrence in the East Greenland area. Meyer said that this was not so, but mentioned the loss of 
two trawlers off Labrador, from icing, in February 1960. Similar losses of trawlers off West 
Greenland were mentioned by Hansen. Kotthaus also referred to the loss of a trawler in the 
Angmagssalik district through "black-frost" icing. Lee described the occurrence of this rare 
phenomenon on the Ernest Holt at Bear Island in 1953. 

Meyer associated the increase in surface temperature anomaly in the East Greenland area since 
the war with the movement of haddock into these waters in recent years, catches of up to 30 baskets 
per hour has been caught. Hansen stated that no similar increase in haddock had been observed in 
the West Greenland area .. 

2. Ewing announced that in addition to the investigation described in his contribution G-l, 
other work was being carried out in conjunction with the British Meteorological Office, involving 
the analysis of data collected over the last 10 yr from observers on British merchant ships, cover
ing the main shipping routes over the world. 

There was considerable discussion of the interpretation and validity of the relationship be
tween wind speed and mean wave height in Fig. 3 of Ewing and Hogben's paper. It was agreed that' 
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a number of factors could affect it, e.g. wind direction and the length of time it had been blowing, 
season, proximdty to land-masses, etc. Ewing said that the wind speed and wave height data were 
skipper's estimates based on the appearance of the sea surface, but he announced that a comparison 
1s being made between estimated wave heights and measured values taken by ship-borne wave-recorders. 

Lee pointed out that, in Fig. 4, the accuracy of the estimates of wave-length appeared to imr 
prove as the wave-length increased above 200 ft. Ewing agreed that this was probab1y because at 
these lengths, the observers CQuid use the lengths of the vessels as a yardstick. Uda suggested 
that currents would have an effect on wave height,but Ewing said that in the areas from which these 
data had been obtained, the currents were almost certainly too small to have any significant effect. 

Laevastu concluded the discussion by drawing attention to the usefulness of comparative studies 
of this type of wind and wave data collected from trawlers in different areas, especially in pro
viding information on sea-state condition for use in hydrographic forecasting and in fishing vessel 
design. 

B. Sea-bed Topography (Contribution G-4) 

Following his presentation of Avilov's contribution, Edwards described work done by Emery on 
bottom sediments, bottom topography and the associated benthic fauna in the sea areas off the 
Atlantic coasts of North America from the Gulf of Maine to Florida. 

In reply to a question from the Chairman regarding the available information in other countries 
on bottom topography and structure of the fishing areas in the North-West Atlantic, Templeman stated 
that the grounds off Labrador were very badly charted. Cameron described the activities of the 
Canadian hydrographic service in this area, but emphasised that at present these are concerned prin
cipally with depth contouring, rather than determining the detailed nature of the sea-bed structure. 
Magnusson drew attention to the need for improved bottom charts for the East Greenland waters and 
of the Reykjanes Ridge. This was supported by Kotthaus who stated that the German charts of East 
Greenland_were in error, most features appearing about 10 miles too far to the east. Meyer drew 
attention to the difficulty of charting in this area, which was out of range of the recognised navi
gation systems. 

In conclusion, the Chairman pointed to the obvious advantages of international collaboration 
in the preparation of detailed fishermen's charts in large sea-areas like the North-West Atlantic, 
and suggested that a much larger scale version of Fig. 3 of Avilov's paper would provide valuable 
information for countries fishing in this region. 

C. Biological Factors (Contribution G-3) 

3. The importance of the effects of behavioural and distributional features on the acces
sibility and vulnerability of exploited fish stocks, as outlined in Mohr's paper was emphasised by 
the Chairman, who instanced the marked effects of diurnal variations in vertical distribution and 
the differences in behaviour of fish to fishing gear under visual and non-visual conditions as not
able examples. Meyer explained that pelagic trawling for cod in Greenland waters was now being in
vestigated in Germany and some good catches had been obtained. However, owing to unpredictable 
irregularities in vertical distribution, there was a need for trawl which could be fished either on 
the bottom or in mid-water, according to the observed distribution of fish. 

D. Conclusions 

In summing up, the Chairman highlighted the following items of major importance, arising 
from the disc~ssions: 

(a) the importance of more extensive information and forecast services, giving sea-state con
ditions, and especially of the ice-limits for the northern fishing areas; 

(b) the need for international collaboration in the preparation of accurate, large-scale 
fishermen's sea-bed charts for the North-West Atlantic and East-Greenland fishing areas; 

(c) the need for further intensive studies of distributional and behavioural factors 
influencing fish capture, and for close collaborations between biologists and gear 
design and improvement projects. 
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SECTICN H 
Effects of Long-Term Trends 

CONVENER: L.M. Lauzler RAPPORTEUR: T. Laevastu 

Contributions submdtted to this Section were as follows: 

H-I "Recent Changes in the Benthos of the West Spitsbergen Fishing Grounds" by R.W. Blacker 

H-2 "Anomalies of Sea Temperature at Station 27 off Cape Spear and of Air Temperature at TorbaY
St. John's" by W. Templeman 

H-3 "Long-Term Temperature Variations in the Scotian Shelf Area" by L.M. Lauzier 

H-4 "Effect of Long-Term Temperature Trends on Occurrence of Cod at West Greenland" by 
P.M. Hansen and F. Hermann 

H-5 "Variation of the Temperature of the Surface Waters in Areas of the Northern North Atlantic" 
by J. Smed 

H-6 liOn Long-Term Variability of Oceanographic Conditions and Stocks of Cod Observed in the Areas 
of West Greenland, Labrador and Newfoundland!! by A.A. Elizarov 

H-7 "Variation in the Recruitment of Cod (Gadus morhua L.) in Southern ICNAF Waters as Related 
to Environmental Changes" by W.R. Martin and A.C. Kohler 

H-a "Changes in the Hydrography Observed Along the East Coast of the United States" by 
D.F. Bumpus and Joseph Chase 

H-9 "Inferential Biological Effects of Long-Term Hydrographical Trends Deduced from Investigations 
in the Faroe-Shetland Channel" by J.B. Tait and J.H.A. Martin 

This is the second time that long-term hydrographic changes and their effects have been dis
cussed by ICNAF scientists. The first time was during the 1953 Annual Meeting. During both 
symposia, the matn factor considered for bringing long-term changes in evidence was water temp
erature. Changes in water temperature have a direct effect on the biological processes, on the 
physiological functions and on the d~stribution of animals. However, changes in temperature may be 
the result of changes in the circulation or of advection. Temperature changes may indicate a change 
in the composition of water masses including its biological and chemical (nutrient) contents - a 
change in productivity. Temperature changes may be, in many cases, "coincidental" with biological 
changes within the same body of water, both being the effects of a common cause. 

The papers and discussions at this session were concerned with the evidence for, and causes 
and effects of long-term trends. Related subjects were discussed but two aspects were emphasized: 
first, the possible causative mechanism of lang-term trends and the variations of these trends 
from western to eastern sectors of the North Atlantic; second, the difficulties in measuring the 
changes in the fisheries that may be attributed to long-term trends. The possible effects of long
term trends on distribution of fishery resources were summarized by Dr A.V. Tlning in a contribu
tion presented to the first symposium in 1953. These effects pertained mostly to the northern 
areas. At the time Dr Tming considered these effects, mos"t scientists had in mind the recent 
warming or amelioration of climate. There are now instances of reversal of trends in some areas. 
Will the possible effects of recent cooling trends be the reverSe of those considered by Dr 
Tining? It is difficult to give an answer at present; we probably will find that the physical 
factors have only a secondary effect. Can we wait for another IO"yr or so for an answer? 

May I make for this section on the effects of long-term trends the following recommendation: 
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considering that changes have t~en place in the distribution of fish and in the yield of fisheries 
in the North Atlantic and that these changes may be attributed to long-term trends or changes in 
the environment, it is recommended that the observat~ons of environmental factors at coastal 
stations and offshore points, including weather ships, be continued and encouraged with a dual 
objective in mind: first, t~ monitor the climatic conditions; second, to find ways and means for 
prediction of long-term trends which might infer readjustment of some of the fisheries. 

I would like to thank all the contributors for their contributions and Dr T. Laevastu for his 
assistance, as rapporteur, and bis help in the preparation of this report. 
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SECTION J 
Forecasting Environmental Conditions 

CONVENER: D.F. Bumpus RAPPORTEUR: R.L. Edwards 

Contributions submitted to this Section were as follows: 

I-I "Foreshadowing of Surface Temperatures at St. Andrews, N.B." by L.M. Lauzier 

1-2 "Factors Affecting Water Temperature in the Seas North of Norway" by J.G, Harvey 

1-3 "Is Oceanographic Forecasting (Hydrosis) Feasible for Fisheries?" by T. Laevastu 

1-4 IIDaily Heat Exchange in the North Pacific; its Effects on the Ocean and its Relations to 
Weather" by T. Laevastu 

1-5 IINotes on the Problem of Predicting Near Surface Temperature Gradients in the Open Ocean" 
by C. OlD. Iselin 

1-6 "Forecasting Environmental Conditions in the Faroe-Shetland Channel Region rr by J .B. Tait 

1-7 liThe Possibility of Oceanographical Forecasts in North-western European Waters and Their 
Significance for Fisheries" by J. Eggvin 

1-8 "Oceanographic Predictions!! by J.J. Schule 

The contributions presented in this section ranged in subject matter from a general discussion 
of the feasibility and problems of forecasting (1-7, 1-6, 1-8, 1-3) to demonstrations of attempts 
to relate changes to various factors such as meteorological conditions (1-5, 1-4, I-I, 1-2). 

Several contributions contained both suggestions and evidence that many changes occur weeks and 
even months in advance of local phenomena, so that some forecasting can already be done even today. 
In this regard, Eggvin (1-7) notes the significant negative air temperature anomalies of 1963, the 
relative lack of clouds and other related changes that lead Norwegian scientists to anticipate that 
the deep water of the Norwegian Channel would stay cold for many months longer than usual with sig
nificant effects on the fisheries. This condition persisted during the late months of 1963 and even 
into January 1964. Tait (1-6) makes comparable observations concerning variations in salinity in 
particular, which cycles over longer periods of time. He states that "the variation is gradual, 
which lends to this particular phenomenon the aspect of climatic change in the sea, and the fact 
that it is gradual anticipates the possibility of forecasting it, provided observations in the 
region are sufficiently regular and systematic". 

Schule (1-8) presented a thorough review of the problem and scope of operations involved in 
oceanographic prediction. He discussed four approaches to the problem, namely: 1) a system that 
concerned itself primarily with factors characterized by continuity or persistence beyond normal 
day to day changes; 2) the point prediction method, based on, for example a bathythermograph record, 
modified for a period of time by other predictable or observable factors such as wind, air temp
erature and cloudiness; 3) the dynamic approach, based on ex~ensive model studies that could ul
timately allow for minimum, although admittedly critical imput, to predict change over a wide area. 
High speed computer capability is mandatory, plus a considerably better general understanding of 
the hydrographic regions than presently exists for most areas; 4) the statistical approach, orpost 
hac approach based on what are today relevant and seemingly causal factors. 

With regard to the fourth approach discussed by Schule, two contributions are of direct in
terest, namely I-I, Lauzier and 1-2, Harvey. Lauzier examined surface temperature records for 
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St. Andrews and other North American localities in detail to determine the degree of predictability 
that might be achieved without recourse to other data. He showed, for example, that one can predict 
annual means with a fair level of significance given previous means and the minimUm temperature for 
the year under consideration. Harvey concerned himself more with factors having an apparent or 
relevant causal connection, such as wind velocity, cloudiness and air temperatures. Highly signifi
cant correlations were obtained even though horizontal advection appeared to be the domdnant influ
ence in change. 

Professor Laevastu pointed out that many· events are predictable on the basis of meteorological 
conditions. 

In the discussion that followed, two aspects of prediction were touched upon - the pragmatic 
aspect of keeping the fishermen informed and that bearing on academic or research problems. In 
both the presentations and discussions it was apparent that considerable promise lies in the under
standing of the relation between atmospheric and oceanographic phenomena. 

In addition to regular systematic temperature and salinity measurements throughout the water 
column in strategic places, an improved field of current measurements and a monitoring of the changes 
in the location of oceanographic fronts would contribute toward predictive capabilities. Support 
in the way of communicative, analysis and forecast procedures need to be considered to make ef
ficient use of the data collection. The Canadian and U.S. Navies already have a data collecting net, 
analysis sections, and radio facsimile broadcasts of certain aspects of the ocean environment. Co
operation between the fisheries oceanographic programs and the naval predictive services would en
hance the interests of both groups. 
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REV lEW PAP E R S 

NEW HYDROGRAPHICAL ASPECTS OF THE NORTHWEST ATLANTIC 

By 

Gunter Dietrich 1 

INTRODUCTION 

The ICNAF Commdttee, preparing the meeting in Rome, January 1964, asked me to give a general 
review of the hydrographic features of the Northwest Atlantic. I was eager to accept this request, 
but I must confess that I am in a poor position. On the one hand, I can refer to two excellent and 
comprehensive recent reviews by research workers who have had much more cOntact with this region 
than I have had. These are the reviews by Dunbar (1951) on eastern Arctic waters and by Hachey 
et ale (1954) on the waters of the ICNAF Convention Area. On the other hand, during 1963, the North
west Atlantic was the subject of a great systematic international co-operation in the so-called 
NORWESTLANT Program, when a fleet of research ships made three surveys of the area. The results 
are still being prepared by our colleagues who participated in these cruises. This means that all 
basic knowledge to 1953 is at hand in the two publications mentioned and that all the new obser
vations of the joint cruises in 1963 are not yet available. Thus my reason for saying I am in a 
poor position. 

Because I do not want to bore you with known facts, I will refer to the ten years between 1953 
and 1962. In 1958, in the middle of this period, the International Geophysical Year (IGY) sponsored 
a special oceanographic program called The Polar Front Survey in the North Atlantic. This program 
is outstanding in various ways: 

1. It covered the whole North Atlantic from the line Newfoundland - Azores - Gibraltar in 
the south to the ice edge off Greenland and the Polar Sea in the north. 

2. It covered the area twice, first in the winter and second in the summer of 1958, thus 
giving an insight into the annual variations in the water. 

3. A total of 25 research ships of 11 nations participated in the work in a quasi-synoptic 
way in order to avoid non-stationary conditions as far as possible. 

The map of oceanographic stations (Fig. 1) shows the area investigated in the summer of 1958. 
The same cruise lines were followed six months earlier in the winter of 1958. In all, about 2,500 
hydrographic stations were made. Some results, based on the physical, chemical and biological ob
servations of the single ships have already been published in about 100 papers. (Partly as special 
volumes in Deutsche Hydrographische Zeitschrift, edited by Bohnecke and Buckmann, 1959 and Rapports 
et.Proces-Verbaux of the ICES, Vol. 149, 1961.) All hydrographical material is being worked up by 
an ICES working group of Mr A. Lee, Dr J. Eggvin, Mr M.V. Fedosov and myself. In the following I 
shall refer mainly to the first results of this investigation. 

BOTTOM TOPOGRAPHY 

The Northwest Atlantic Ocean is like a great bight of the Atlantic Ocean proper, with a rela
tively simple arrangement of the main forms of the ocean bottom. This is best shown in a new phy
siographic map by Ulrich (1963) (Fig. 2) which is an extension of a map published by Heezen et al. 
(1959) for the northern North Atlantic Ocean. The terminology is the same as used by Heezen. 

InstitUt fur Meereskunde, Kiel, Hohenbergstrasse 2. 

ICNAF SPEC. PUBL., VOL. 6. 



Fig. 1. 

30 

Oceanic Polar Front Survey in the IGY 1958. Oceanographic stations in the 
Atlantic (outside adjacent seas); July-December 1958. mainly late summer. 
the cruises made in this program in late winter 1958. 

northern North 
Repeti tion of 
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Fig. 2. Bottom morphology of the northern North Atlantic (After Ulrich, 1963). 

The Mid-Atlantic Ridge partly separates the deep Northwest Atlantic Ocean from the deep North
east Atlantic Ocean. It is distinguished by the deep rift valley which begins in 57°N and turns 
with the ridge to the east in about 52°N and to the south in about 30 oW. These bottom features are 
of great importance for the water circulation, especially for the main branches of the Gulf Stream, 
as will be demonstrated later. The Mid-Oceanic Ridge is flanked by a high fractured plateau, further 
by the upper, middle and lower step of this fractured plateau. It follows the abyssal hills and the 
flat abyssal plains whi~h cover the central part of the Labrador and Irminger Seas. These plains 
are distinguished by a mid-ocean canyon in the Labrador Sea, but not in the Irminger Sea as main
tained by Heezen. The abyssal plains pass over to the continental rises, indicated by the wide 
hatched areas. These are surrounded by the steep continental slope and finally follow the contin
ental shelf, differing greatly in the'ir width. The shelf is narrow around southern Greenland, but 
broadens along the coasts of Labrador and Newfoundland. Without entering into details I wish to 
illustrate the nature of the morphological provinces with some examples. Figure 3 shows the echo 
sounding profiles made from Anton Dohrn during the IGY 1958. The area of sections I to III has no 
rift valley in the Mid-Atlantic Ridge. It follows the different steps of the fractured zone, the 
abyssal hills, the abyssal plains, the continental rise and the continental slope. 
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Fig. 3. Six bottQID profiles normal to the East Greenlandic slope made by Anton DohPn late summer 
1958 (After Ulrich, 1962) ( x 50). 



33 

The main point of discussion at this symposium will be the environment of the commercial fish. 
The main interest, therefore, is directed not to the deep sea, but to the shelf areas. These shelves 
are distinguished by special features which have become of great interest for the fisheries in the 
Northwest Atlantic Ocean during past years. In the well-known profile of the shelf in the world 
ocean, the water becomes deeper and deeper as we move away from the continental coast. Suddenly, 
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Fig. 4. Examples of bottom profiles across the Northwest Atlantic shelf. (Arrow indicates the 
sill of the shelf (magnification of profiles 400 times). 
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on the shelf edge in about 200 m depth, the steep continental slope goes down to the deep sea. 
This is the rule in the oceans, but Dot so.in the Northwest Atlantic. Here one finds a small rise 
close to the shelf edge. This rise is well-marked even in the small scale profiles. It becomes 
more dist-inct when a larger scale is used and also when examples are taken from other parts of the 
Northwest Atlantic shelf. This special feature is illustrated in Fig. 4. It is an exception if one 
of the bottom profiles is without such a shelf rise. A topographic map may show this shelf rise 
more convincingly than the single profiles. Two examples of well-surveyed areas are the East Green
land shelf (Dietrich, 1957a) and the East Labrador shelf (Litvin and Rvachev, 1962). In the first 
example (Fig. 5) the waters over the shelf rise are 50 to 100 m shallower than the neighbouring wa
ters nearer to the coast. The crest of the shelf rise is indicated by the broken line. Even the 
prolongations of the East Greenland fjords, crossing the shelf are closed by a rise against the 
deep sea. 

Fig. 5. Topographic map off East Greenland (depths in hectometer) and the crest of the shelf 
rise (dotted line) (After Dietrich, 1957a). 

The second example (Fig. 6) off East Labrador shows principally the same features, namely a 
sill running along the shelf edge and closing also the deep channels crossing the shelf against 
the deep sea. 

The surprising fact, that the shelf has a distinct rise just near the edge and is shallower 
there than nearer to the coast, must have a special cause. These rises are obviously terminal mor
aines of the pleistocene glaciers of Greenland and Labrador. Having established the shelf sill as 
a fact in many parts of the Northwest Atlantic, it is not difficult to imagine its importance for 
the near bottom water on the shelf coastwards of the sill. Before considering these facts, let 
us review, generally, the hydrographic conditions based on the IGY work in 1958. 

LAYERING AND CURRENTS 

The IGY work was known as the Polar Front Survey. How is this Polar Front defined in North 
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Fig. 6. Topographic map off East Labrador and the crest of the shelf rise (dotted line) (After 
Litvin and Rvachev, 1962). 



36 

Atlantic waters? No long explanation is needed when one looks on the maps 
of the two most important hydrographic factors - temperature and salinity. 
the ICES Atlas which is in preparation and which shows the distribution of 
oxygen and density at several levels during the winter and summer of 1958. 

showing the distribution 
These maps are part of 

temperature, salinity, 

Let us consider, for example, the temperature distribution at 200 m depth (Fig. 7). No per
sonal interpretation of the distribution is necessary because the stations are in a close net (Fig.l). 
Figure 7 shows that the cold and warm water lie side by side. The thermal front from Cape Hatteras 
to the Grand Banks is well known as the Gulf Stream. It extends to the north along the Flemish Cap 
and to the east to a point in 30 0 W and 52°N. This is the point shown on the phySiographic map (Fig.2) 
where the Mid-Oceanic Ridge changes direction. This area is known for its very complicated topo
graphy, with deep depressions and high peaks. One can recognize a second thermal front in the Nor
wegian Sea, along East Greenland, Baffin Island and Labrador. Comparing this map with Fig. 8 which 
shows the summer distribution of salinity at 200 m depth, the thermal front appears as a haline front 
which also weakens remarkably over the Mid-Atlantic Ridge. The definition of the Oceanic Polar Front 
is now obvious. It is the boundary between cold, low haline, subpolar water and warm, high haline, 
subtropical water. As the Polar Front also separates waters with different oxygen and nutrient con
tent, it is one of the most important and singular oceanographic features in the Nor.th Atlantic. 

As mentioned previously, two surveys of the northern North Atlantic were made during the IGY. 
Thus one can compare the situations in the winter and the summer of 1958. Figure 9 shows the temp
erature distribution at 200 m depth in the winter of 1958. The thermic front is apparent wLth the 
10° isotherm as its centre. Comparing the geographic positions of the fronts in ICY surveys in both 
winter and summer of 1958 (Fig. 10), the displacement of the front is evident. One can distinguish 
between the main front in the open Atlantic Ocean and the secondary fronts in the Norwegian and Green
land seas. The fronts in winter and summer show great horizontal meanders, but in different pos
itions. In some places the winter and summer fronts cross each other. It is difficult to decide 
whether these crossings happen accidentally or regularly. However, it seems that there are two 
places which are distinguishable by bottom features; one being east of Flemish Cap and the other in 
52°N, 30 0 W on the Mid-Atlantic Ridge. The front, meaning the main branch of the Gulf Stream, looks 
like a ribbon hanging from these two fixed points and swinging between with great horizontal diS
placement. The strong current splits east of the Mid-Atlantic Ridge where the weak and broad water 
movements in the Portugal Current, in the Northeast Atlantic Current and in the Irminger Current are 
found. 

The horizontal displacement of the front between Flemish Cap and the Mid-Atlantic Ridge must 
have a great influence on the circulation system in the Northwest Atlantic. The water in the bay must 
react when the water in tbe mouth shows great displacements. However nothing is known about these 
relationships. Only the very first step has been taken to show the nature of the strong current sys
tem in the open Northwest Atlantic. It will be a task for the future to improve these statements 
and to investigate this current system which must have great influence on ocean and atmosphere not 
only in this area, but also in the Northeast Atlantic Ocean. I should be very happy if the audience 
picks up these new facts about the Northwest Atlantic Ocean and if the institutes find a way of co
ordinating further international investigations of this part of the ocean. 

Since this symposium concerns the environment for life in the sea, we will have only a short 
look in the deep sea. I have chosen the distribution of salinity at 1,000 m depth as observed in 
the IGY 1958 (Fig. 11). Three facts may be pointed out: 

1. There were no remarkable differences in the salinity winter and summer of 1958 at 1,000 m. 
Therefore, all observations from the IGY cruises were used in preparing Fig. 11. 

2. The distinct salinity and temperature fronts have vanished at a depth of 1,000 m. 

3. The in.fluence of high haline water from the Mediterranean is evident and can be followed 
on four main courses, one leading to the Azores, another to the west-north-west , a third to 
north-west and a fourth along the European continental slope moving around the northern 
North Atlantic, crossing the Mid-Atlantic Ridge and entering the Labrador Sea. A central 
low salinity patch characterizes the Northwest Atlantic Ocean. It has the lowest salinity 
in the whole open northern Atlantic at this level. 

The current velocity at 1,000 m is not known and can only be estimated. It should, however, be 
small compared with chat in the near-surface layers. Therefore, the dynamic topography of the sea 



37 

Fig. 7. Temperature in the northern North Atlantic in 200 m depth in late summer 1958 (Oceanic 
Polar Front Survey in the rGY). 
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Fig. 8. Salinity in the northern North Atlantic at 200 m depth in late summer 1958 (Oceanic 
Polar Front Survey in the IGY). 
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Fig. 9. Temperature in the northern North Atlantic at 200 m depth in late winter 1958 (Oceanic 
Polar Front Survey in the IGY). 
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Fig. 10. The Oceanic Polar Front in the northern North Atlantic at 200 m depth in late winter 
and late summer 1958. 
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Fig. 11. Salinity distribution (in 0/00) in the northern North Atlantic at 1,000 m depth 
based on all ICY observations 1958. 
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surface over the 1,000 decibar surface gives an approximate review of the system of the geostrophic 
currents on the surface, in this case, fo"r the summer of 1958. In Fig. 12 the Oceanic Polar Front 
appears again, this time as a jetstream, a very narrow ribbon, but with high velocities. It parts 
into a broad and a weak current system at about 52°N, 30 oW, the distinguished point on the Mid
Atlantic Ridge that we know from the bottom topography and the Polar Front. Summarizing the dif
ferent facts, one sees that the Gulf Stream system crosses the Northwest Atlantic Ocean as a mean
dering jetstream and separates the sub tropic anticyclonic movement from the subpolar cyclonic move
ment. These two big cells determine the oceanic conditions of the northern North Atlantic Ocean. 

Fig. 12. Dynamical topography of the sea su"rface (0 over 1,000 decibar) in the northern North 
Atlantic in late summer 1958. 

The general consequences of the vertical component of the water movement are known. Cyclonic 
movements in the ocean and atmosphere on the rotating earth are combined with upwelling in the 
centre of the cyclone, while anticyclonic movements are combined with downwelling in the centre 
of the anticyclone. This means that, in a cyclonic movement, cold, deep water, rich in nutrients 
is brought up near the surface. This can be seen in Fig. 13 which shows a section from Greenland 
to the Azores and represents the temperature and the oxygen distribution in the early spring of 
1958. Note that the vertical scale is reduced four times at depths below 1,000 m. When in the 
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centre of the cyclone, i.e. in the central Labrador Sea, the surface water cools in winter and a 
deep-reaching vertical convection starts. The water is nearly homothermal and the oxygen-rich 
surface water reaches the deep layers. The vertical renewal goes down to 3,000 m making the Lab
rador Sea one of the best aerated areas in the world oceans and the most effective source for the 
deep water circulation of the whole Atlantic Ocean. These cold water masses with high oxygen con
tent can be traced through the whole Atlantic southward to the Antarctic waters. The Atlantic deep 
water breathes like a pair of lungs, but the frequency of breathing is small. It happens only once 
each year in winter, when the thermocline has vanished. In the North Atlantic Ocean proper this 
happens only in the Labrador Sea. It is mouth and air tube for oxygen for the deep Atlantic Ocean. 
Thus, the Northwest Atlantic, this rough, unpopular, part of the Ocean, holds a key position in the 
deep water circulation. 

The convection processes in the Labrador Sea which are of great importance for the renewal of 
the surface layer and, therefore, for the environment of the eggs. larvae and fish, have already 
been mentioned. When this vertical convection was first studied 30 years ago by Hermann Wattenberg 
and myself on the old Meteor in the winter of 1935 between Farewell and Newfoundland, I thought the 
water column was homogeneous. The same conclusions were made in the ?inter of 1958 during the IGY 
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cruises. Looking critically at the single observations they often seem to ~e an oversimplification 
of the processes. I was happy, therefore, to send some of my co-workers on the Anton Dohrn in 1963 
to the NORWESTLANT Program in the same area. This was in April and it was expected that isothermal 
and isohaline water would be found. A new "in situ salinometer", developed in Kiel, recorded the 
temperature and electrical conductivity and. with its help, the salinity from the surface down to 
1,400 m was computed. This new recording instrument. the bathysonde. was used at all stations. 
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Fig. 14. Recording of temperature and salinity (based on recordings of electrical conductivity) 
with the bathysonde on two Anton Dohrn stations in the Labrador Sea 1963 (After 
Holzkamm, Krause and Siedler, 1964). 
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Anton Dohrn station 550 during 
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sonde (After Holzkamm, Krause and 
Siedler 1964). 

Figure 14 shows the typical results 'from two 
stations. The temperature, accurate to a.Oloc, 
shows a fine structure of layering. The dif
ferences are not great, some 0.1 to a.3°e, but 
the vertical gradients are remarkable. The new 
recording instruments demonstrate in the cases 
of temperature, salinity, oxygen or transpar
ency, that the ocean water is much more inhomo
geneous than is suggested from the water sam
pling and the temperature measurements with re
versing thermometers. From our observations, it 
seems that there is no vertical convection, but 
rather an inclined convection along density sur
faces. Attempts to find characteristic layers 
in the recordings from neighbouring stations 
(the distance between our stations in the Lab
rador Sea was 20 nautical miles) were made with
out any definitive relations. A relatively 
small inclination of the layers is enough to 
prevent finding it again in a station 20 miles 
away~ The situation appears even more difficult 
when examined in some detail. The temperature 
curves recorded at Anton Dohrn station No. 550, 
during the lowering and raising of the instru
ment, (Fig. 15) shows that in the isothermal 
surface layer the curves are identical, although 
the time between lowering and raising is about 
30 min. But below the surface layer, the curves 
show that temperature differences are great. 
Most of the differences can be explained by 
internal waves. The water layers rose between 
the time of lowering and raising about 20 m, 
but there are also differences which cannot be 
explained by vertical changes, i.e. by internal 
waves, but which might be explained by hori
zontal differences in the layers. This is the 
local inhomogeneity with which the oceanographer 
is confronted, even in the open ocean. The con
sequences are far-reaching. On the one hand, it 
is stimulating for the scientist; on the other 
hand, it is discouraging to see how complicated 
the sea is. Reference stations for comparing 
the methods are useless in such a situation. 

To this point, we have considered the bot
tom topography of the Northwest Atlantic, begin
ning in the open ocean and finishing on the 
shelf, as well as some new aspects of the ocean 
water starting in the open ocean. The last step 
is to consider the shelf waters. These waters 
are most important for the commercial fish. Our 
general knowledge of them is relatively good and 

is based on many expeditions. The current system includes the East Greenland Current, the West Green
land Current, the Baffin Current and the Labrador Current, all distinguished by their cold, low haline 
water. Some points of our knowledge can be summarized from a series of selected sections extending 
over the shelf from Denmark Strait to the Grand Banks. The general features of the shelf are found 
in many publications (Sndth, et ale 1937; Dietrich, 1957b, 1960; Krauss, 1958; Hermann, 1961; Adrov, 
1962). Two facts concerning the temperature features (Fig. 16, 17) should be mentioned. 

1. The four currents are not one system, but two, namely the East and West Greenland Current 
system with its origin north of Denmark Strait and the Baffin and Labrador Current system 
with its origin north of Baffin Strait picking up only a weak branch of the West Greenland 
Current. 
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2. Each of the four currents is in some regions divided into two parallel currents, while in 
other regions the two branches are joined, depending on the width of the shelf and on the 
shelf rise, which I have mentioned as the characteristic feature of the Northwest Atlantic 
shelf. 
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Fig. 16. Series of selected temperature sections over the Northwest Atlantic shelf (After 
Smdth, Soule, Mosby, 1937 and Dietrich, 1960). 
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Fig. 17. Series of selected temperature sections over the Northwest At
lantic shelf (After Smith, Soule, Mosby, 1937 and Dietrich, 
1960) . 

It may be added that the cold water cores do not represent the currents but are their borders. The 
density gradients are highly influenced by the salinity. Therefore, let us look at the same series 
of salinity sections in Fig. 18, 19. If we consider the sections carefully, we confirm the state
ments, namely two currents in some regions, on the whole decreasing along Southern Greenland and 
renewed in the Baffin Strait. 

Many investigations have shown that the velocity of the currents is high (up to 1 m/sec and 
more) that the velocity and hence water transport changes in time and also that the axis of each 
current shows horizontal displacement. The changes of the currents in place and time make it evident 
that great changes in the natural environment, which the biologists want to know about, are taking 
place in temperature, salinity, oxygen and nutrients. The hydrographers therefore are in a very 
difficult position, because just the rises on the edge of the shelf, which belong to the main fishing 
places, are under the influences of great changes in the characteristics of the water masses. Satis
factory forf?casting is ne·arly impossible unless we undertake systematic investigations of the dynamics 
of these strong ocean currents. Such work cannot be neglected. The hydrographic sections cannot be 
abandoned, but new research methods which are adequate to the problem must be used. 

The following review of the natural situation may help to explain my proposed new method of 
research. In August 1956 we made a topographic survey of the new fishing grounds found by the Anton 
Dohm and Gauss in 1955 in East Greenland waters and observed the surface temperature ,)lnng the nar
row echosounding sections. Figure 20 shows the quasi-synoptic map of surface temperatures obtained. 
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Fig. 18. Series of selected salinity sections over the Northwest Atlantic shelf (After 
Smdth, Soule, Mosby, 1937 and Dietrich, 1960). 

The East Greenland current is the thermal front where the temperature changes abruptly about 6 to 
SoC. This front meanders and, although observations do not show it, the meanders are likely drifting 
in the main direction of the current. The front follows the shelf edge but with the horizontal dis
placements of the current axis also influencing the deeper water of the shelf. One method of fol
lowing the displacement of this front is not with a ship, but with the use of an aircraft to mea
sure the infra-red radiation from the sea surface. I made this proposal to the us Weather Bureau 
in 1957 but I have seen no results. Today, a new method is available and again I have a proposal 
for our American colleagues. We know that in springtime this thermal front is also the edge of 
the pack ice. 

This edge of the pack ice can be distinguished in the pictures taken by the weather satellites. 
Photographs of the ice distribution in the Gulf of St. Lawrence taken from the first weather sat
ellite "Tiroos I" are very encouraging (Wask, and Popham, 1960). My guess is that the pack ice 
border in the Labrador Sea in springtime will also follow the thermal front. Perhaps our American 
and Canadian colleagues can find a way to use these outstanding technical devices to study the 
fishes' environment from outer space. It should be possible to take pictures of the ice edge re
peatedly in order to evaluate changes in its position with time and to establish its general 
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Fig. 19. Series of selected salinity sections over the Northwest Atlantic shelf (After 

Smith, Soule, Mosby. 1937 and Dietrich, 1960). 

relationship with the meandering of the current. 

The other method of investigation is to anchor recording instruments in the most interesting 
areas. This cannot be done by using surface buoys because of the pack ice and the icebergs. But 
it can be done by using instruments anchored near the bottom. The instruments can be released from 
the anchor by a signal and floated to the surface. This method of investigation has many difficul
ties, but these have to be overcome, because without continuous recordings for weeks and months, 
we cannot understand the dynamics of water movements and cannot make a decisive step forward in 
providing the marine biologist with the information he is asking for about the environment. 
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Fig. 20. The thermal front of the East Greenland Current in August 1956 (After Dietrich,1957b). 
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A REVIEW OF THE EFFECTS OF THE ENVIRONMENT OF THE PACIFIC SARDINE 

By 

E. H. Ahlstrom1 

Four and a half years ago a sardine symposium was held here in Rome. The chief theme of that 
symposium was the marked fluctuations that occur in abundance of clupeid stocks. It, also, was 
basically an environmental symposium. My contribution to that symposium, a background paper on 
"Fluctuations and Fishingll has only an oblique relevance to our present symposium. Two sections of 
the sardine symposium dealt more directly with environmental factors; these were titled: "Fluc
tuations in abundance and availability caused by biotic factorsl! by Ramon Margalef, and "Fluctua
tions in abundance and availability of sardine populations caused by abiotic factors" by Zinziro 
Nakai. 

Some points raised in the sardine symposium will reappear in my presentation, but the bulk of 
the material I wish to present is of more recent vintage. 

When considering what I should include in my talk, I decided that primary emphasis should be 
placed on our recruitment studies. Our sea surveys combine oceanographic and biological obser
vations, and thus permit us to relate environmental variables to the distribution and abundance of 
the younger stages of sardines and other pelagic fishes. 

We are also concerned with the effect of physical environmental conditions on the distribution 
of the adult sardine population. A variable portion of the sardine population has been available 
to the U.S. fishery; this varying availability has constituted one of our major problems. 

Our laboratory has spent a major part of its research effort on the problem of year-class 
strength in the Pacific sardine. Much of our research has been done in cooperation with the Scripps 
Institution of Oceanography. It covers the years 1939 to 1941, and 1948 to the present. Since 1949 
the investigations have formed part of the California Cooperative Oceanic Fisheries "Investigations, 
which we abbreviate into CaICOF!. 

Systematic hydrographic-biological surveys have been made since the inception of CalCOFI. Sur
veys between 1949 and 1960 were made at approximately monthly intervals; since 1961 surveys have 
been spaced at quarterly intervals. The region being surveyed has as its dominant feature the south
ward flowing California Current, which is the eastern limb of the clockwise circulation in the North 
Pacific. Stations in the survey pattern are arranged in lines which are normal to the general trend 
of the coastline, hence cut across the California Current. The pattern that is routinely surveyed 
at present on the quarterly survey cruises extends from San Francisco, California, to Pt. San Juanico, 
Baja California, a north-south extent of 920 miles. Station lines are spaced 40 miles apart, sta
tions on lines are spaced at 20 or 40 miles intervals, except near shore where the spacing is closer. 
Most of the 24 lines of stations in the pattern surveyed routinely extend 200 to 250 miles seaward, 
but two of the cardinal lines of stations off California extend over 600 miles to sea in order to 
completely delimit the offshore extent of the California Current. 

Some cruises made during the 1950's had more extensive coverage than that just described, ex
tending from Cape Mendocino, off northern California, to belOW Cape San Lucas, Baja California--a 
north-south extent of 1,320 miles. Our surveys have had the advantage of co-ordinated hydrographic 
and biological observations. 

We have put more effort into investigating the distribution and abundance of the young stages 
of fishes than any other research group, so it becomes pertinent to ask, has it been worth the time 
and money expended? 

If I were to single out one aspect of 
be their use in fish resource evaluation. 
resources are but partially exploited. It 

egg and larval surveys as of prime importance, it would 
This is especially true off California, where our fish 
is a most fortunate circumstance that most of our marine 
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fishes spawn in the open sea, and their egg and larval stages may be quantitatively sampled by 
plankton gear. It was through our surveys that we found out how widely distributed the jack mack
erel resource is at time of spawning, how consistently abundant and widespread are hake eggs and 
larvae, rockfish larvae, etc. But of more consequence to our research has been the information 
gathered on the northern anchovy. Without this body of information it would not be possible to 
document the marked increase in abundance of this resource that has occurred since 1950. The anch
ovy appears to have filled most of the ecological niche formerly occupied by the sardine. 

I discussed various aspects of the use of larval surveys for resource evaluation in the talk I 
gave at the larval fish symposium we held as part of our CalCOFI Conference at Lake Arrowhead. Cal
ifornia, in October of 1963. 

A number of European biologists participated in the larval fish symposium including Gotthilf 
Hempel, Jim Shelbourne, John Blaxter, Fred Holliday and Wilhelm Einsele. The contributions to the 
symposium will be published in Vol. X of our CalCOFI Reports, so I will not enlarge further on the 
use of larval surveys in resource evaluation, except as they apply to the competition between sar
dine and anchovy. 

We have also demonstrated that it is possible to delimit the spawning range of a widely dis
tributed pelagic species and to follow the year by year variations in the time and place of its 
spawning. 

Too much emphasis and concern has been placed on the precis~on with which the amounts of spaw
ning can be determined. We estimate that the 95% fiducial limits of our yearly estimates of egg 
abundance are approximately half or double. The consistency of our results are compatible with this 
judgement. Furthermore. if surveys were limited to sampling of eggs alone. it would be possible to 
devise sampling techniques that would greatly increase the reliability of our estimates. In a paper 
on a high speed sampler, designed by John Isaacs, and co-authored by Ahlstrom, Isaacs, Thrailkill 
and Kidd, 1958, we demonstrated that horizontal strip sampling along cruise tracks using a series of 
high speed samplers is an excellent way of integrating the patchy distribution of sardine eggs over 
area. This technique was not used routinely because our high speed samplers did not collect suf
ficient larvae--the volume of water strained was just too little to get an adequate size represen
tation of larvae. Hence, to avoid using two kinds of sampling gear, one for eggs, one for larvae, 
we have continued to sample with obliquely-hauled plankton nets. 

We have found that estimates of larval abundance are more consistent than estimates of egg 
abundance. This is an interesting point, as it is often assumed that the reverse is true (e.g. 
in Saville's (1964) contribution to the 1963 ICES Symposium on the Measurement of Abundance of 
Fish Stocks). When I present our estimates of larval abundance of the anchovy in a later section, 
this point will become quite clear. 

There are two contrasting approaches that can be followed in investigating the effect of envir
onmental conditions on year-class strength. One approach considers that the environmental effect 
is a widespread, primary effect such as a marked warming or cooling of ocean temperatures through
out the spawning range, changes in the intensity or flow of major current systems, changes in pro
ductivity, and the like. The other approach is to consider that good survival is related to local, 
more transient effects--that we are, in point of fact, dealing with patchiness in survival--the co
incidence in certain areas of high availability of food organisms at times that larvae begin to feed, 
or of low predation on the developing larvae, and so forth. 

Most of the workers dealing with the effect of environmental conditons on year-class strength 
assume that the former is the correct approach to follow--that even if survival is patchy, there 
will be more areas of good surviVal under certain widespread environmental conditions such as high 
productivity or favourable transport. 

There is good rationale behind this approach. In order to correlate environmental factors with 
year-class strength, the factors have to have certain consistency in their effects from year to year, 
and they have to be of the kind that can be quantitated. 

For example, if there is a relation between temperature and survival, we carry out the corre
lation by h'aving a single value for survival rate and for temperature for each year in a series. 
The same would apply to a correlation involving basic productivity. or the intensity of upwelling, 
or the amount of wate~ carried by currents, etc. It is necessary to express some values in relative 
rather than absolute terms. With quantitative data, multiple correlations can be carried out as well 
as simple correlations. 
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On the other hand, if we should be investigating the more transient conditions that favour good 
survival, our problem becomes a more difficult one, perhaps by orders of magnitude. For one thing, 
it is difficult to locate and recognize transient phenomena. Their effective study would require 
more resources for sea surveys than are available to us. A more important consideration is that it 
is difficult to quantitate transient phenomena. 

A good example of a successful application of this approach on a small scale is Shelbourne's 
(1957) paper dealing with,"The feeding and condition of plaice larvae in good and bad plankton pat
ches" • 

I read Gulland I s contribution to the symposium on IISurvival of the youngest stages of fish and 
its relation to year-class strength!! (B-9) with great interest. He points up the weaknesses in the 
correlation approach and he adds this pungent sentence, IIThough many correlations between year-class 
strength and environmental factors have been suggested, few, if any, have stood the test of time. 1I 

Perhaps there have been several difficulties in the approaches followed to date. Fishery bio
logists, along with other s~ientists, like to simplify their problems. They know that the environ
ment is complex, but they are nevertheless hop~ful that some factors are of over-riding importance, 
and that it may be possible to find a straightforward relation between environmental variables such 
as wind, temperature or productivity and year-class strength. 

Simplification is an essential technique in science. but it so easily leads to over-simplifi
cation. We begin to investigate a species as if it were living in vacuo, entirely separate from 
other species. Further. the environmental conditions looked at are often those that come easiest 
to hand, data collected over a series of years for other purposes, such as meteorological data, 
light ship data, or sea surface temperatures. These over-simplified approaches have not stood the 
test of time, and they lead inevitably to the conclusion that year-class strength is not mediated 
by anyone factor alone. 

One of the early correlations relating year-class strength to an environmental variable was 
Walford's (1946) correlation between year-class strength in the Pacific sardine and sa\inity. 
Walford used year-class strength as determined from the fishery and the summer salinity at Scripps 
Pier. The relation was interpreted as one between productivity and survival~high salinity was the 
resultant of more intensive upwelling with attendant transport of inorganic nutrients, which in
creased the phytoplankton production and which in turn was reflected in the other parts of the pro~ 
ductivity chain. It has been pointed out by various investigators (e.g. Marr, 1960) that the cor~ 
relation did not hold for subsequent years. 

One of the difficulties with Walford's simplified analysis is. that high salinity can result 
from causes other than upwelling. There are better indices of upwelling than salinity alone, in
dices that take temperature, oxygen and nutrient conten.t of the water into account as well as sal
inity. 

There- is an implication in a correlation between general productivity and year-class strength 
that most fishery scientists have overlooked, mainly because they have been looking at a single 
species rather than the complex of species in an ecological assemblage. If the relation is a si~ 
pIe cause and effect relation between productivity and survival, then we would expect the effect to 
be reflected in all species in a trophic level. We should have good survival 0'£ anchovies in the 
same years when we have good survival of sardines, for example, along with good survival of jack 
mackerel and Pacific mackerel. etc. 

It is very easy to demonstrate that this is just not so. There is no consistent relation be
tween good year classes of sardines and good year classes of anchovies. In fact, as I will point 
out later, the reverse appears to be true. Neither is there a coincidence between good year classes 
of sardines and Pacific mackerel. 

Furthermore, w,e have found that there is no consistent relation between one measure of produc
tivity, the standing crop of zooplankton. and year-class strength of sardines. Here again, some of 
the poorest survival years have been years of high productivity. 

I am fully cognizant of the fact that more sophisticated measures of productivity are needed 
than measures of general productivity. It has been pointed out by various scientists that what is 
needed is information on the kinds of food organisms important in the diet of fish larvae, deter
mined in the areas where larvae occur over the time period of their development. 
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Arthur (1956) studied the sizes and kinds of food particles eaten by sardine, anchovy, and j~ 
mackerel larvae. He found that body shape and particularly head and mouth size determined the SiZl 
of particles· that could be engulfed. Sardine and anchovy larvae are, of course, elongated, thread
like larvae with small heads. Newly feeding larvae can engulf only very small food particles--up to 
about Ball in length. These are the sizes of organisms that have to be sampled by water bottle rathe; 
than by nets. As the larvae of both species increase in length, they consume increasingly larger 
food particles, hence have a wider spectrum of choice. Even so, copepods in various stages of devel
opment formed the bulk of the diet of both species. Jack mackerel larvae have a much larger head 
and gape in relation to length, and as a consequence, have a greater choice of food items. The 
studies, as we will see later, show that sardine larvae are very directly competitive for food with 
anchovy larvae, much less so with jack mackerel larvae. 

The CalCOFI surveys have sampled microplankton only intermittently, so we do not have the body 
of information needed for correlating larval survival with abundance of larval food. However, be
cause the food requirements of sardine and anchovy larvae are so similar, and the larvae of the two 
species tend to co-occur, as I will show later, the two species should in general respond similarly, 
if abundance of larval food is a controlling mechanism in year-class strength. As I have noted ear
lier, there is no such correspondence. 

Environmental conditions are often thought of in terms of primary physical parameters, such as 
temperature or drift. The only biological factor usually considered is food. This is too restric
ted a view. The thesis I wish to develop is that the primary environmental condition can in some 
situations be other fish--especially species occupying the same trophic level. I am not going to 
ignore other environmental factors, although I must confess that some of them have lost their gla
mour. 

In developing my point, I will go into our sampling procedures and problems in enough depth to 
establish that we can sample eggs and larvae of sardines and anchovies with some precision. This is 
a necessary requirement if one is to deal with the effects of competition within a trophic level. 
As a prelude, may I say that we early established the depth distributions of sardine and anchovy 
eggs and· larvae, to insure that our sampling at all stations more than covered this parameter. 

First, I would like to discuss some of our observations on the distribution and abundance of 
sardine eggs during the decade of the 1950's. During these years sardine spawning occurred mainly 
between Pt. Conception, California and Pt. San Juanico, Baja California. Even within this area, 
the distribution of eggs was quite different from year to year. In 1952 and 1953, for example, 
very little spawning occurred off southern California and northern Baja California while heavy 
spawning took place off central Baja California. In 1954 there was an explosive spread northward 
to waters off northern Baja California and southern California. The 1954 distribution of both 
sardine eggs and larvae constituted the most widespread distribution encountered during the decade. 
I am including a figure (Fig. 1) to contrast the distribution of sardine eggs in 1953 and 1954. 

There were no marked changes in oceanographic conditions betw~en 1953 and 1954 that would ac
count for the dispersion of sardines that occurred. A moderate increase in temperature is the only 
obvious difference. A plausible explanation is that sardines spread out in response to an increase 
in population abundance, resulting from the recruitment of the fairly successful 1952 year class. 
During 1954 approximately 38.5 % of sardine eggs were obtained off northern Baja California and 
southern California in contrast to the 1% obtained in these areas during 1953. 

Sardines that came to California waters to spawn in the spring of 1954 remained in the area 
during the commercial season. The catch jumped from 4,000 tons in the 1953-54 season to 68,000 
tons in the 1954-55 season. The change in spawning distribution preceded the change in catch,hence 
demonstrated that egg surveys could furnish advance information on availability, that is, on the 
portion of the sardine population likely to be accessible to the U.S. fishery. Distributions of 
sardine spawning in the immediately succeeding years, 1955, and 1956, were similar to 1954, alth
ough less widespread. 

While the change in distribution that occurred between 1953 and 1954 has no obvious relation 
to oceanographic conditions. changes that occurred in the time and place of sardine spawning in 
1958 were obviously influenced by the warmer regime then prevailing. During the years between 1950 
and 1956, ocean temperatures off California were below the long term average. Professor John 
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Isaacs (MS) of Scripps refers to these years as the l'soggy years 11. Warming in the region of the 
California Current began in 1957 and reached its height in 1958. There was a marked warming of 
several degrees centigrade in many parts of the California Current region. As a result, sardine 
spawning off southern California which had been mostly confined to the months of May and June during 
1950-56 was both markedly earlier and more prolonged in 1958 (Table 1). 

TA8LE 1. PERCENT OF SARDINE EGGS COLLECTED IN 
EACH MONTH OFF SOUTHERN CALIFORNIA 

January 
February 
March 
April 
May 
June 
July 
August-December 

1951-1956 

0.01 
0.03 
1.93 
5.59 

44.59 
35.89 
11.96 
0.08 

1958 

51. 33 
1.61 

17.16 
5.06 

16.06 
1. 59 
7.12 
0.08 

John MacGregor (1957) of our laboratory has 
followed the maturation and fecundity of sardines 
over a number of years. He has found that sar
dines off southern California in most years rea
ched an advanced stage of maturity by late Feb
ruary. Spawning, however, occurred mostly in 
May and June. Apparently, the fish held back 
the final phase of maturation until favourable 
conditions prevailed in the environment. 

We have investigated the distribution of 
sardine eggs in relation to water temperatures. 
The lower temperature limit for sardine spawning 
is about 13°C. This appears to be a critical 
temperature for sardine eggs. Our physiologist, 
Dr Reuben Lasker (1964), has found from controlled 
laboratory experiments that sardine eggs do not 
develop normally at temperatures below 13°C. 

There were extens-ive areas off southern California wi th temperatures below 13°C during the 
first four calendar months of 1951-56, especially during March and April. When spawning took place, 
largely in May and June of these years, it occurred at temperatures between l3°C-18°C, averaging 
l4.7°C. The earlier spawning of 1958 took place within the same temperature range, and averaged 
l5.3°e. Temperature appears to influence both the time of spawning and the length of the spawning 
season. 

The sardine potentially can mature several batches of eggs during a season (MacGregor, 1957). 
The developing ovaries contain several size modes of yolked eggs. This type of ovarian develop
ment is found in many pelagic fishes. It seems logical to assume that more batches are matured 
during an extended spawning season, such as that of 1958, than during a shorter season, such as 
prevailed off southern California during much of the 1950's. We do not have definite evidence to 
prove or disprove this assumption. MacGregor did find that smaller fish, including a portion of 
the one-year olds, were maturing in 1958; these fish were precocious by about ohe year. One of the 
major needs in fecundity studies is an adequate method of determining the number of batches of eggs 
that are spawned per female and the relation of frequency of spawning to size and age of fish and 
to environmental conditions. 

In considering conditions that might favourably influence the survival of a year class, I have 
theorized (Ahlstrom 1959b, p.203) that the extent of the area over which spawning was spread was 
probably one of the more important ones: the larger the area, the greater the chance of good sur
vival. The 1954 distribution was the most widespread of any we have encountered in our surveys. 
As such it affords a test, of sorts, of this hypothesis. 

I have given in Table 2 the estimated relative areal extent of sardine eggs for 1952 through 
1959. The value for each year is the summation of the areal distributions of eggs on monthly 
cruises. Similar values for sardine larvae are also included. 

The areal extent of sardine eggs in 1954 was nearly 1.5 times as great as in the next best year, 
1955, and nearly 5.5 times as great as in 1957. The best survival years in the series are 1952, 
1956, and 1957. Areal extent in 1954 was 2'.4 times as great as in 1952 and 2.1 times more than in 
1956. There does not appear to be any obvious relation between extent of spawning and rate of sur
vival. 
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1954 
1955 
1956 
1957 
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TABLE 2. RELATIVE AREAL EXTENT (LMONTHLY DISTRIBUTIONS) OF SARDINE EGGS 
AND LARVAE, IN SQ MILES, 1952 TO 1959 

Northern center 
(Sta. lines 107 and above) 

eggs larvae 

27,800 41,600 
14,600 11,900 

149,900 135,400 
120,900 98,800 

80,400 57,200 
24,600 44,900 
57,500 68,300 
63,300 59,500 

Southern center 
(Sta. lines 110-157) 

eggs larvae 

89,900 174,900 
98,500 165,400 

137,700 187,900 
76,200 151,200 
55,100 98,600 
28,200 100,400 
21,500 73,600 
26,800 55,700 

All areas 

eggs larvae 

117,700 216,500 
113,100 177 ,300 
287,600 323,300 
197,100 250,000 
135,500 155,800 
52,800 145,300 
79,000 141,900 
90,100 U5,200 

Sardine larvae in all years had a greater areal extent than the eggs. This is not at all sur
prising, for a larval sample potentially can contain an accumulation of sizes that span approximately 
45 days, while a sardine egg sample, on the average, represents an accumulation of only 3 days' 
spawning. 

In our publications we have subdivided the spawning distribution of the sardine in various 
ways, depending upon what feature we wished to emphasize. Our broadest grouping is a division into 
northern and southern spawning centers. The northern center comprises all of California and north
ern Baja California from the international border to Pt. San Quintin. The southern spawning center 
comprises central and southern Baja California. The areal extents of sardine eggs and larvae in the 
two centers are shown in Fig. 2. The marked change in distribution of sardine eggs and larvae that 
occurred in the northern center between 1953 and 1954 is nicely illustrated by this figure. Another 
reason for its inclusion is to call attention to differences in the distribution of eggs and larvae 
in the two centers. In the northern center the areal extent of sardine eggs is as great, on the 
average, as the areal extent of larvae. In the southern center, however, sardine larvae always have 
a greater areal distribution than eggs, and the difference is most marked below Pt. San Eugenio. 
The California Current carries developing larvae southward of the area where they were spawned. This 
happens in all seasons. We have not been able to discern any consistent relation between the strength 
of the California Current and the extent of larval transport on the one hand, and the rate of larval 
surVival on the other. 

Sette (1960) has proposed a rather complex model to explain successful year classes of sardines, 
especially in the area of the California fishery. To discuss his model in any detail would require 
more time than I have available. He hypothesized that with weaker winds in winter, the waters on the 
southern California spawning grounds more often warm earlier in the spring, permitting a longer per
iod of spawning. As a further consideration weaker summer winds were conductive to the better devel
opment of the inshore counter-current, permitting the larvae hatched from the eggs to be retained in 
the southern California area, and to be carried to inshore feeding grounds. Thus successful year 
classes were likely to be produced during periods of weaker than average winds and warmer than average 
temperatures. These also would be years with weaker than average flaw of the California Current and 
with reduced amounts of coastal upwelling. This is an attractive model in which the strength of the 
winds influence both water temperature and the transport of larvae. This pattern did not prevail, 
however, in 1939, when our most successful year class of sardines was produced. Winter and spring 
winds were stronger than usual in 1939, but winds were weak during the summer period. Perhaps the 
essential part of the model is the mechanism that assures the inshore transport of larvae to the 
feeding grounds. 

The population of the Pacific sardine has been shown by Sprague and Vrooman (1962) and Vrooman 
(In press) to be made up of at least three genetically distinct stocks, two occurring in the Pacific 
off California and Baja California, the other in the Gulf of California. The stocks in the Pacific 
are referred to as I1northernll and 1rsouthernl1 stocks. Not enough sardines have been tested serolo
gically during the spawning season to definitely establish the spawning distributions of the two 
Pacific stocks. Enough "fa1ll1 spawning sardines have been tested to show that this group is 
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"southern" fish. Whether all the sardines spawning during the main spawning period belong to the 
other stock has not been clarified. Since the offseason spawning occurs at temperatures which 
average 2 to 3°C higher than the spring spawning, we would like to believe that the "southern" 
stock is a physiologically distinct group of fish. 
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We obtain an abundance estimate for sardine eggs, which is an estimate of the total number 
of 'sardine eggs spawned during a year, exclusive of the Gulf of California. We can determine 
rather precisely the number of days' spawning represented in each egg collection, either actually 
or potentially, hence can put each sample of eggs on a spawned per day basis (Ahlstrom) 1943). By 
integrating these values over time and area, we derive our estimates (Ahlstrom 1954, 1959b). Various 
studies have been made of the reliability of our egg estimates (Silliman, 1946; Sette and Ahlstrom, 
1948; Taft, 1960). The fiducial limits of a season's estimate appear to be approximately half or 
double. 

In a paper dealing with the 1950 and 1951 seasons, I also derived abundance estimates for sar
dine larvae by size (Ahlstrom, 1954). This was, in part, an exercise to demonstrate that such es
timates could be derived. The principal weakness was an inexact knowledge of the growth rate of 
larvae. 

Information about the time required to grow through any given unit of larval length is a re
quisite to meaningful integration of larval data over time. Average values for growth are probably 
not too meaningful. The rate of larval growth may be as much influenced by temperature as is the 
rate of embryonic development. 

For the present I have given up the attempt to derive abundance estimates of larvae, and am 
content with a lesser estimate that I call a "census'! estimate. The larval data for each collection, 
by size category, are integrated over area, but not over time. The yearly estimate is simply a 
sunnnation of the monthly "census" estimates. 

We have programs in progress to try to remedy this lack of information about larval growth and 
how it is affected by environmental variables. 1hese include physiological studies of the nutrit
ional needs of larvae, behaviour studies of sardine and anchovy larvae, and a concerted team attack 
on the problem of rearing larvae of pelagic marine fishes. 

Because of the inadequacies of our growth data, there is little point in taking other than a 
rough and dirty look at larval survival. A simple way of looking at differences in survival during 
the larval period from year to year is_ to relate the number of larger larvae obtained to total eggs 
or total larvae (Table 3). A year class with good survival should have a larger proportion of lar
ger larvae than a year class with poor survival. 

TABLE 3. RELATIVE PROPORTION OF LARGER SARDINE LARVAE C15.26mm AND LARGER) TO EGGS AND TO TOTAL 
SARDINE LARVAE COLLECTED DURING THE YEARS 1951-58. 

Relative Percentage 
Estimated abun- Census esti- Census esti- proportion larger 

dance eggs mates larvae mates larger larger larvae is of 
larvae larvae to eggs total larvae 

(x 1011) (x 10 9) (x 10 9) 

1951 6108 5773 172.5 2.82 2.99 
1952 1360 5465 108.6 7.99 1.99 
1953 4402 4020 89.7 2.04 2.23 
1954 3554 7298 9,7.8 2.75 1. 34 
1955 1626 4341 76.6 4.71 1. 76 
1956 2560 3897 134.5 5.25 3.45 
1957 ll08 2431 63.7 S.75 2.62 
1958 896 2832 30.4 3.36 1.07 

In relating larger larvae to eggs, we are attempting to look at differences in survival be
tween the time of spawning and the late larval period. 

I have explained earlier that the egg and larval estimates are not exactly comparable. The egg 
estimates are abundance estimates. They are an estimate, albeit a minimal one, of the number of 
eggs spawned during a season. The larval estimate takes only area into account, not tiule, hence is 
a partial estimate. In comparing eggs and larvae, therefore, we are concerned only with the propor
tion of larger larvae to eggs. It is a relative estimate, but a comparable one from year to year. 
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The values have a range of about four times. In this comparison the 1952 class has the best sur
vival, the 1957 ranks next. and the 1956 class is third. The same three year classes were the most 
successful of any during the 1950's, based on their contribution to the commercial catch, but with a 
different ranking--1956, 1952, and 1957 classes in that order. The fact that there is a close cor
respondence between the rate of survival between the egg and late larval stages as determined from 
survey data, and year-class strength as determined from the fishery is encouraging. The range in 
survival to the late larval stage 1s only 4 times during the eight years being considered, however, 
and this value has an error of estimate which may be as great as half or double, hence it would be 
difficult to establish statistical significance. 

In relating larger larvae to total larvae, we are attempting to look at differences in survival 
during the larval period itself. I am consi"dering as larger sardine larvae, all larvae that are over 
15.25 mm in length. During the 8-year period, 1951-1958, these sizes of larvae made up from 1.07% 
to 3.45% of the sardine larvae collected. This is a range of a little over three times. 

In a word, the values from year to year are too similar. The bright spot is that the highest 
percentage of larger larvae occurred in 1956, and this year class was the best in this series, based 
on commercial landings. The next best, the 1952-class, does not show up as such in this analysis, 
but the third best, the 1957-class does. There is an error of estimate associated with these values, 
which we cannot be precise about, but which may have a noise level about as wide as the range of 
values shown. 

Our anchovy larval data are so much more extensive than the sardine, that we like to check on 
observations, such as the above, by looking at the same features in the anchovy data. For this pur
pose I have used standard haul totals of anchovies, and in the category of larger larvae I have in
cluded all anchovy larvae larger than 14.26 rom (Table 4). The results are even more consistent than 
for sardine larvae. S'even of the eight years have almost identical percentages of larger larvae, 
0.94% to 1.07%. Only one value is divergent, and this only moderately. 

TABLE 4. RELATION OF LARGER ANCHOVY LARVAE 
(>14.26mm) TO TOTAL ANCHOVY LAR
VAE, 1951-1958. 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

Total anchovy 
larvae (standard 

haul totals) 

29,076 
59,528 
99,020 

161,056 
140,019 
134,913 
146,551 
205,376 

Number 
14.26 mm 

larvae 

280 
894 
928 

1,556 
1,476 
1,394 
1,494 
2,200 

Percentages 
that larger 

larvae are of 
total -larvae 

0.96 
1.50 
0.94 
0.97 
1.05 
1.03 
1.02 
1.07 

This consistency poses a real problem. It 
is generally assumed that surviVal during the 
larval period is quite variable, and that this 
period may be the determinant one as regards 
year-class strength. Our data do not support 
this. Despite the heavy mortality that occurs 
during the larval period, about the same per
centage of larvae attained the late larval sta
ge year after year. During the 1950's the sar
dine population was decreasing in abundance, 
the anchovy population markedly increasing. At 
the moment I am concerned with the increase in 
anchovy abundance as it related to rate of sur
vival. The standard haul totals for anchovy 
larvae, given in Table 4, show a greater dif
ference between 1951 and 1958 than do our census 
estimates, (Table 5) but even the latter show a 
tripling in the abundance of anchovy larvae be
tween 1951 and 1958. We interpret the increase 

in larval abundance to reflect a similar increase in abundance of the adult population. Despite 
this marked increase in population abundance, the rate of larval survival remained remarkably con
stant, hence appeared to be independent of the density of larvae. 

Obviously this consistency pulls the rug 
larval survival to environmental conditions. 
anticipated this result. 

out f~om under any attempts to relate variation in 
It would be an understatement to say that we never 

I have considered the possibility that this seeming consistency is an artifact of sampling. 
There are two obvious problem areas in the quantitative sampling of c1upeid larvae. One of these 
is the marked undersampling of larger larvae that occurs during daylight hours, a phenomenon that 
has been well documented in the literature (Russell, 1926; Bridger 1956; Ahlstrom, 1959, etc.). 
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1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
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CENSUS ESTIMATES OF SARDINE AND The other problem is more directly related to the 
mesh size we employ in our CalCOFI ne,ts. We con
struct our nets of No. 30 xxx grit gauze, which 
has openings of about 0.7 mm before use, and about 
0.55 mm after the initial shrinkage. Some of the 
very small sizes of larvae escape through these 
mesh openings. We do not consider net selectivity 
a serious sampling problem except in one respect; 
anchovy eggs also are not completely retained, 
hence we cannot make a critical egg-larva comp
arison for anchovies. 

ANCHOVY LARV/lE, 1951-59. 

Census Estimates 
~x 109l 

Ratio: sar-
Sardine Anchovy dine to anch-
larvae larvae 

5,773 15,104 
5,465 17,072 
4,020 23,680 
7,298 38,416 
4,341 37,660 
3,897 38,508 
2,431 40,441 
2,832 56,928 
1,158 54,167 

ovy larvae 

1 to 2.6 
3.1 
5.9 
5.3 
8.7 
9.8 

16.6 
23.6 
46.8 

I presented a day escapement graph for sardine 
larvae in a paper published in 1954. In deriving 
the graph, I utilized day and night catches for 
1940 and 1941, and 1950 and 1951. We now have a 
much larger mass of data, and it appears that there 
are some differences between the 1940-41 data, col
lected by coarser-meshed nets, and the more recent 
data obtained with the CalCOFI net. Hence, the 
following discussion is based on the latter data 
only, covering the years 1950 through 1958. 
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Fig. 3. Extent of undersampling of sardine larvae in day hauls as com
pared to night hauls, as a function of larval size, based on 
collections made 1950 to 1958. (All samples containing sar
dine larvae were used in this comparison, except those col
lected within one-half hour of sunrise or sunset.) 
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TABLE 6. AVERAGE NUMBER PER HAUL ex 102) OF NIGHT-CAUGHT AND DAY-CAUGHT SARDINE 
LARVAE, AND THE DIMINUTION IN NUMBERS OF NIGHT-CAUGHT LARVAE, 1950-58. 

Size 
category 

5.75 

6.75 

7.75 

8.75 

9.75 

10.75 

11. 75 

12.75 

13.75 

14.75 

15.75 

17.25 

I am illustrating 
In the first, (Fig. 3) 
etlan of larval size. 
sea to about 8 to 1 at 

Diminution in 
numbers of 

Night-caught night-caught Day-caught 
larvae Difference larvae larvae 

1,050 602 
380 

670 208 282 
35 

635 92 192 
150 

485 125 99 
100 

385 85 77 
70 

315 72 54 
74 

241 57 42 
40 

201 44 34 
48 

153 40 30 
31 

122 36 25 
40 

82 42 8 
44 

38 

undersampling of sardine larvae in daylight hauls in two different figures. 
the ratios of night-caught larvae to day-caught larvae are shown as a fun
The ratio is close to 1 to 1 at a larval length of 4.7"5 IIlDl; rapidly increa-
10.75 mm; and then more or less levels off. 

The second figure (Fig. 4) is a semi-log plot. The average numbers (x 102) of larvae in day 
and in night hauls are given as a function of size. The difference between day and night hauls is 
also well shown by this type of plot. The decrease in numbers of larvae with size in the night 
hauls has a linear relation over the size range from 5.75 to 14.75 mm. This is not a mortality 
curve: growth rate is not taken into account. Sette (1943) analyzed available information on gro
wth of fishes during the larval period and concluded that a simple logarithmic curve fitted the 
growth data for the few species about which he had information. The net effect of correcting the 
10 size categories involved for logarithmic growth would be to change the slope of the straight
line relation. Obviously these are the sizes of sardine larvae that we sample most adequately. A 
similar plot is shown for anchovy larvae (Fig. 5). 

John Isaacs of Scripps Institution of Oceanography has been intrigued by our sardine and anchovy 
.larval data. He presented a paper on this subject at the Larval Fish Symposium held at Lake Arrow
head last October (Isaacs, MS). One of his novel suggestions is that day-caught sardine larvae are 
in some way a measure of the mortality of larvae. He concluded from an inspection of day and night 
records that day-caught larvae in each of the size categories between 5.75 and 15.75 rom are numeri
cally almost equal to the diminution of the numbers of night-caught larvae over the same intervals. 

I have plotted the average numbers of sardine larvae (x 102) in the day catches and the diminu
tion in numbers in: night catches for size categories between 6.75 and 14.75 mm in length (Fig. 6 ). 
The data are given in Table 6. It can be seen that day-caught larvae exceed the diminution in numr 
bers of night-caught larvae for the two smaller size categories shown (6.75 and 7.75 mm), and there
after are uniformly lower in numbers. Although the trends are similar, I would hesitate to conclude 
that day-caught larvae could be used as a measure of· larval mortality of the Pacific sardine. 
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Fig. 6. Average number per standard haul (x 102) of day-caught sardine larvae for each 1.0 
millimeter size interval between 6.75 and 15.75 mm, compared to the diminution in 
numbers of night-caught larvae per millimeter of length over the same size range. 

Size 
category 

6.75 

7.75 

8.75 

9.75 

10.75· 

11. 75 

12.75 

13.75 

14.75 

15.75 

17 .25 

TABLE 7. AVERAGE NUMBER PER HAUL eX 102) BY SIZE OF NIGHT-CAUGHT AND DAY-CAUGHT 
ANCHOVY LARVAE, AND THE DIMINUTION IN NUMBERS OF NIGHT-CAUGHT LARVAE, 
1950-1959. 

Diminution in 
Night-caught nuuiliers of night- Day-caught 

larvae Difference caught larvae larvae 

3,320 973 
535 

2,785 570 647 
605 

2,180 606 423 
608 

1,572 506 273 
512 

1,060 454 151 
396 

664 328 90 
260 

404 216 46 
173 

231 128 24 
83 

148 70 14 
57 

91 48 8 
40 

51 
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ANCHOVY LARVAE 

Fig. 7. Average number per standard haul (x 102) of day-caught anchovy larvae for 
each 1.0 millimeter size interval between 7.75 and 15.75 mm, compared to 
the diminution in numbers of night-caught larvae per millimeter of length 
over the same size range. 

Similar graphs have been prepared for the anchovy (Fig. 7 and TabLe 7). The disparity between 
night and day hauls is greater for the anchovy than the sardine. There are proportionately fewer 
day-caught larvae, and consequently one would never be led to assume that they could represent a 
meaningful measure of larval mortality. 

The picture that is emerging from our investigations is that the primary environmental condition 
affecting the sardine population is the flourishing anchovy population. I briefly commented in an 
earlier section about the marked increase in anchovy abundance that has occurred during the period 
of our CalCOFI s,urveys. I would like to use my remaining time in looking at the problem of competi
tion between species within a trophic level. 

Unfortunately we do not have much information about the comparative strength of the sardine and 
anchovy populations during the years when the sardine was at a high level of abundance. We made sar
dine egg and larval surveys in 1939 to 1941, but these were mostly limited to the waters off southern 
California. During these years the sardine population was in a fairly healthy state. The 1939 year 
class was the largest of which we have record. for example. At that time anchovy larvae were slightly 
more abundant than sardine larvae (Marr and Ahlstrom. 1948). We collected 1.2 times as many anchovy 
larvae as sardine in 1940. 1.7 times as many in 1941. In terms of biomass we know from John MacGregor's 
investigation that a kilogram of spawning female anchovies will produce twice as many eggs as an equi
valent weight of spawning sardines. We also know that anchovies are shorter-lived than sardines. 

The relative strength of the sardine and anchovy populations may not have changed much during 
the decade of the 1940's inasmuch as anchovy larvae were only 2.2 times as abundant as sardine in 1950. 

During the decade of the 1950's the picture is quite otherwise. There has been a continuing in
crease in the size of the anchovy population relative to the sardine as deduced from larval abundance. 
In 1951 anchovy larvae were 2.6 times as numerous as sardine, by 1955 they were nearly 9 times as 
numerous. The disparity widened in succeeding years. By 1959 anchovy larvae outnumbered sardines by 
about 46 to 1, and in 1962 the difference may be as great as 80 to 1. 
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Ratios such as the above are striking but also tend to be ndsleading. The anchovy population, 
based on census estimates of larvae, more than trebled between 1951 and 1958 (Table 5). 

During the same period the sardine population had a brief resurgence in 1954 and then declined 
to barely one-sixth of this abundance by 1959. 

In more recent years, such as 1962, the abundance of anchovy larvae is considerably greater 
than in 1959, and the abundance of sardine larvae considerably less. 

It is interesting to look at some aspects of this change. I have previously contrasted the 
distribution of sardine eggs in 1953 and 1954. I also wish to contrast the distribution of sardine 
and anchovy larvae in 1954 (Fig. 8). Note that sardine larvae are even more widespread than anchovy, 
and that anchovy larvae do not extend as far seaward off southern California as do the sardine larvae. 
However, note that both species have widespread distributions. 

Anchovy larvae, as they increased in abundance, were spread over a larger area. This is strik
ingly shown in the spring survey cruise of 1962 (Fig. 9). Anchovy larvae are now abundant in off
shore waters off southern California where they were barely represented in 1954. Sardine larvae, 
on the other hand, are exceedingly sparse. Furthermore, they are mostly distributed along shore. 
The number of anchovy larvae taken on this one cruise was as great as the total number taken in all 
cruises of 1956, and greater than the combined totals of anchovy larvae for 1950, 1951, and 1952, so 
great has been the increase in abundance' of this species. 

As the anchovies have become more widespread, they have tended to co-occur more frequently with 
sardines. In 1958, 94% of sardine larvae were taken in hauls containing anchovy larvae. A signifi
cant reason why the anchovies now have a competitive advantage is their sheer numbers. There were 
10 anchovy larvae, on the average for each sardine larva in hauls where they co-occurred in 1958. 
In the spring cruise of 1962, the few occurrences of sardine larvae were in hauls swarming with an
chovy larvae (Fig.9); sardine larvae averaged 19 per haul, anchovy larvae in the same hauls averaged 
900. Sardine larvae seldom had the opportunity to see one of their own kind. 

As noted above, we do know the time sequence of the increase in anchovy abundance. It began 
about 1951. The reasons why it occurred are somewhat speculative, but three factors seem to be 
qu~te important: 1) a decrease in the abundance of the sardine population due to the coincidence 
of two exceptionally poor year classes, the 1949 and 1950 classes, 2) a selective fishery which 
exploited one element of the trophic level, the sardine population, and left the anchovy resource 
almost alone, and 3) the prevalence of oceanographic conditions that favoured anchovy spawning. 

The sardine spawning stock is made up principally of three age groups, two through 4-year old 
fish. The occurrences of three very poor year classes in succession could have a disastrous effect 
on the population and even two poor classes in succession could reduce the population to a low level 
of abundance. The 1949 and 1950 year classes were exceptionally poor ones. Survival during these 
years was at a rate which was barely an eighth of the average rate for sardine year classes. The 
increase in anchovy abundance began at about the time that these sardine year classes were recrui
ted. The anchovies were able to fill a hole that developed in their trophic level; there is no 
evidence that they-helped create the hole. The effect of the selective fishery was to give the an
chovy a competitive advantage over the sardine. Oceanographic conditions also favoured the anchovy 
during much of the 1950's. (Marr, 1960, has discussed this problem at some length). Anchovies can 
spawn at somewhat lower temperatures than sardines. For· the sardine, 13°C has been shown to be a 
limiting temperature; sardine spawning does not ordinarily occur below this. The threshold tempera
ture is lower in the anchovy, being about 11.5° or l2Q c . 

The difference may not seem large, but it was enough to permit anchovies to spawn earlier off 
southern California--in some years as much as three months earlier and to spread the spawning over 
a longer spawning season. 

We can quite definitely establish that sardine and anchovy larvae co-occur. We assume from 
this that the two species compete. The_mechanisms of competition are less clear. I have earlier 
noted that the young stages of sardine and anchovy larvae compete for food. When food is inadequate, 
this could be a source of mortality. However, the chief source of mortality appears to be predation 
rather than competition--predation of adults on their own young and the young of other species with 
planktonic eggs and larvae. Filter-feeding fish are indiscriminate feeders--they feed on whatever 
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they can strain from the water. We have the basic problem that many pelagic fishes have a plank
tonic phase in their life history, yet depend on plankton for food. Their young are part of this 
food. This seems to be the mechanism of population control, and it does not really matter whether 
the predator is a sardine or an anchovy or some other filter-feeding fish. 

I have purposely avoided the problem of the relation of survival to spawning stock size. This 
is a problem that could have taken all the time available to me. Radovich (1962) pointed out that 
there is a relation between stock sizes and survival, with best survival at middling stock sizes 
(refer especially to his Fig. 8 on p. 134). Workers on sardines now generally concede this 
(MacGregor, in press). The spawning stock cannot be dismissed as unimportant. Fishery biology is 
full of wishful thinking and none more so than in the area of the non-importance of stock size. We 
in California now know that small spawning stocks produce only small year classes. A year class, 
on the average, is only about 4/10 as large as the spawning stock. An exceptional year class may 
be 3 x as large as the .parent stock, but a very poor year class may be only 1/20 or 1/25 as large 
as the parent stock. We have had three abundance regimes, and this relation has held in all three. 

And so to conclude. We have found that the chief environmental conditions in our area are 
biological, not physical or chemical, and that they concern other fishes in the same trophic level 
with the Pacific sardine. One of the prime accomplishments of CalCOFI surveys has been the docu
mentation of changes in abundance of the younger stages of pelagic fishes in the California Current 
System during the decade of the 1950's. The value of systematic egg and larval surveys for resource 
evaluation cannot be overemphasized. On the other hand, we have found an unanticipated uniformity 
in the survival pattern of sardine and anchovy larvae from year to year. 
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A REVIEW OF THE EFFECTS OF THE ENVIRONMENT 
ON THE TUNA 

By 

Vernon E. Brock1 

INTRODUCTION 

Tuna are among the most pelagic and mobile of fishes. Their distribution and movements mdrror 
the oceanic regions of favourable environment and changes in these with an apparent precision, now 
largely beyond the human oceanographer, but slowly coming within his reach. 

The present review is concerned with the results of recent work which have added significantly 
to our understanding of the effects of the environment on this interesting and important group of 
fishes. A short lecture, such as this, is not suitable for an exhaustive review. 

The environment is considered as .a11 the external or internal foreign elements that may affe"ct 
the tuna. However, one complex of elements, the tuna fisheries and their effects on tuna popula
tions, is not dealt with here. 

Attention has been given to those species of tuna for which environmental effects have been 
reported in some detail. Mention is made of other species. of tuna which include altogether, follow
ing nomenclature of Collette and Gibbs (1963), the albacore (Thunnus alalunga) , the Atlan;ic bluefin 
tuna (T. thynnus thynnus) , the Pacific bluefin tuna (T. thynnUB orientalie). the yellowfin tuna 
(T. albac~B), the bigeye tuna (T. obesU8). and the skipjack (EuthynnuB pelamis). 

Environmental changes that may affect tuna include its ~hysical deterioration or improvement, 
availability of prey, suitability of a region for the survival of eggs and larvae, and the compe
tition or predation of other species. Other changes in the quality of the environment may occur 
relating to parasites, diseases, and subtle changes in the marine community of which the tuna are a 
part. 

Environmental effects to 
be either active or passive. 
havioural changes. These may 

be significant must, of course, evoke a response. The response may 
Active responses may involve translocation, schooling, or other be
also change with changes in size and maturity. 

The passive responses are ones of endurance, and are detectable by changes in mortality or 
recruitment rates. Survival in these cases is not through appropriate patterns of behaviour or 
movement, but by the reproductive, physiological, or ecological resilience of the species. 

The problems of obtaining adequate data on environmental changes together with the accompanying 
responses of the tunas have not been frequently solved. The effects of the environment on the tuna 
have been deduced largely from data concerning tuna fisheries, studies of the fish landed, and work 
at' sea, both aboard fishing and fisheries research vessels. Environmental data have also been ob
tained from fishing and fisheries research vessels. However, most of these data are from a diver
sity of sources such as sea surface temperatures from merchant ships; oceanographic observations 
from oceanographic research and survey ships, weather station ships, naval shtps, and others; and 
data from shore stations. 

Not much of the da~a on the environment and on the tuna are collected simultaneously in space 
and time. To varying degrees the adequacy of their juxtapositioning is inferential. In addition, 
the major source of data concerning the effects of the environment on the tuna, the tuna fisheries, 
provides information that is also largely inferential in character. A recent contributio~ by Shibata 
(1963) suggests that the inferences made from catch data may sometimes not be true. He repo~ted on 
the comparison of catch rates by long-lint gear and density of tuna estimated from a sonic fish 
finder operated at the same times and places where f.ishing waS done. He found no relationship be
tween the two methods for estimating abundance. 

Regardless of what fishing success measures, it can sometimes be related to changes in a given 
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environmental parameter. However, it m~y be only inferential that changes in the environmental 
parameter measured are directly responsible for changes in fishing success. The existence of a 
chain of causal relationships between the cue to which the fish respond and the measured property 
will make the observed relationship of unknown reliability depending upon the invariability of the 
causal linkages involved. These are some of the sources of error in the data. 

The environment of the tuna is the pelagic realm of the temperate and tropical ocean. The 
complex of ocean currents composing the equatorial circulation and the great current gyres poleward 
of the equator are the important habitats. Various species also occur in seas located at suitable 
latitudes. 

The distributions and abundances of tuna and changes in these are related to the pattern of 
ocean currents and their changes. The basi~ pattern of surface currents for the major ocean basins 
at low and mid latitudes is a transport of water to the western side in the equatorial region, a 
flow towards the poles along this side, a return flow across the ocean basin to the east at middle 
latitudes, and a flow towards the equator on the eastern side. Various portions of these great 
gyral currents have various names such as the Gulf Stream, the North Atlantic Current and the Canary 
Current in the North Atlantic. Corresponding current segments in the North Pacific are the Kuroshio, 
the North Pacific and the California Currents. The flow of these currents, by the movement of trop
ical water poleward on the western margin of the ocean basin and by 'the movement of temperate water 
towards the equator on the eastern margin, broadens the band of tropieal water in the western oceanic 
regions and narrows it in the eastern oceanic regions. The depth of the isothermal surface layer 
of warm water in the tropics is also greatest in the west, and least in the east. The broad band 
of cool water of the temperate latitudes in e~stern oceanic regions is further cooled and enriched 
by coastal upwelling of greater or lesser intensity. The seasonal temperature change of the surface 
waters in this part of the ocean is not great, While in contrast the relatively narrow band of cool 
water in temperate latitudes on the western margin of the oceans shows a marked change in temper
ature between winter and summer. This description of the major features of the oceanic surface 
circulation of the temperate and tropical regions is a great simplification of the situation ob
taining, but should suffice as a background for considering the effects of the environment on the 
tuna. 

The availability of some specie~ of tuna to various fishing gears may depend upon transitory 
or permanent features of the ocean. Brock (1959) suggested that the relatively shoal thermocline 
in the eastern tropical Pacific may be related to the success of surface and near-surface fishing 
methods such as purse seining. This suggestion implies that the thermocline may serve as a floor 
to the vertical distribution of the tropical species. Conversely it may also serve as a ceiling 
for the albacore in the tropics where this species is available to long-line gear, but never appar
ently in evidence on the surface. 

Laevastu and Rosa (1963, Fig. 10) summarize data regarding the temperature tolerance of tunas. 
The yellowfin appears to tolerate the highest temperatures, and the bigeye, the greatest temper
ature range. Since this latter species seems to rarely occur at the surface. the surface water 
temperatures for its fishing areas may not provide a good indication of that of its normal habitat. 
The albacore and bluefin tunas are considered as temperate water species and possibly the bigeye 
too, while the skipjack and yellowfin are tropical species. All of these species occur, however, 
in the tropics to some degree. 

THE ENVIRONMENT AND VOLITIONAL RESPONSES OF THE TUNA 

During the summer months the poleward movement of many tuna species is a characteristic occur
rence which sustains important fisheries. The summer occurrence of albacore and Pacific bluefin 
tuna off California, skipjack and the Pacific bluefin off Japan, the Atlantic bluefin off northern 
Europe and New England are examples of this poleward movement. There is no evidence relating these 
excursions to reproductive activities; in fact, the albacore and Pacific bluefin in California 
~aters are adolescent, immature fish. The most probable hypothesis is that such movements are in
vasions of a habitat which for reasons of water temperatures or some other is only available seas
onally but which affords a more abundant source of prey. In the tropics the seasonal cycle is 
less evident, at least as far as temperature changes are concerned. However, evidence exists 
that biologically productive areas have associated higher abundances of tuna. Schaefer (1960) 
reviews much of this evidence for the eastern and central Pacific, pointing out the association 
between oceanic processes that stimulate biological productivity such as upwelling and the 
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effects of the equatorial current and countercurrent interaction in bringing nutrient 
the enphotic zone. The temperature structure of the tropical ocean, with a permanent 
layer separated by a density difference from the cooler underlying waters, leads to a 
the nutrient salts in the surface layer and its consequent biological impoverishment. 
subsurface waters are potential sources of nutrient salts, and any process that moves 
layer into the illuminated surface layer will stimulate biological productivity. 

salts into 
warm surface 
depletion of 
The cooler 

water of this 

Blackburn (1963) investigated the associat~on of tuna with variations of biological productiv
ity in the Gulf of Tehuantepec on the west coast of Mexico. He found that the consistent and vig
orous northerly winter winds result in the entrophication of the waters of a portion of the Gulf 
and that the abundance of yellowfin tuna, as estimated by the fishery, was significantly associated 
with this portion some three months later. A similar association was not found for skipjack; how
ever, the possibility that this species may be excluded during the spring and summer of warm years, 
thus interfering with the detection of the association, was mentioned but not investigated. 

The time lag in the association between· the entrophication of a portion of the waters of the 
Gulf and the abundance of yellowfin tuna was attributed to the time required for the results of 
entrophication to appear as an increased abundance of tuna prey. 

The association of tuna with sea mounts and banks suggests that these features are productive 
of food for tuna, a suggestion that has not yet been clearly demonstrated to be true. While tuna 
appear to be more abundant in the vicinity of oceanic islands, a major effect of islands on offshore 
productivity thereby attracting tuna has not yet been clearly proven. However, an island effect 
on the composition of the zooplankton for a considerable distance offshore has been shown (Jones, 
1962). There is some evidence that yellowfin tuna near islands in the central Pacific are smaller 
in average size than those further offshore (Shomura and Murphy, 1955). 

Austin and Brock (1959) examined the relationships among primary productivity as estimated by 
C-14 uptake, the standing crop of zooplankton, the standing crop of zooplankton predators from mid
water trawl hauls, and of climax predators from long-line catches from lat 20° S to 40° N. Produc
tivity was high in the equatorial and mid latitude regions, low in lat 10° - 20 0 band as measured 
at these trophic levels (Fig. 1, 2). The tuna provided an identical pattern when all species were 
lumped except for the high latitude stations. However, in the equatorial region the only species 
whose abundance coincided with the regions of highest biological productivity was the yellowfin; 
the greatest abundance of albacore and bigeye was at higher latitudes where primary productivity 
was less (Fig. 3). While these data may reflect some artifacts of gear selectivity or differences 
in vertical distributional patterns among these species, there is a suggestion of differences in 
habitat requirements which do not, in all cases, coincide with the region of highest biological 
productivity. The equatorial distributional patterns of albacore may be related to the habitat 
requirements of the eggs and larvae rather than that of the adults. The ready availability of skip
jack to the local Hawaiian fishery during the summer months appears to be a departure from the 
relationship between the abundance of tuna and their prey. While it can be hypothesized that the 
skipjack appear in the Hawaiian region, which is in the subtropical belt of low marine productivity, 
to spawn, they appear to grow rapidly during their season of abundance (Shippen, 1961). 

The seasonal poleward movements of some species of tuna are apparently quite sensitive to ano~ 
alies of the ocean climate. These anomalies, being unexpected to a degree~ and causing shifts in 
the customary times and places where tuna occur, may occasion serious economic loss to tuna fish
eries. An understanding of their effects and predictions of their occurrence are, therefore, greatly 
desired. Uda (1962) discusses anomalous events in the ocean climate on both sides of the North 
Pacific and in the North Atlantic together with the linkage mechanisms provided by the atmosphere. 
Changes in the deep-water circulation in the western North Pacific which may shift the pOSition of 
the Kuroshio off Japan are also discussed. The possibility of a periodicity in these events related 
to the sunspot cycle is considered. The apparent reciprocal relationship between the yields from 
skipjack and albacore fisheries off Japan and the west coast of the United States is discussed in 
relation to these anomalous situations. 

Radovich (1963) discusses the anomalous warming of the ocean off California and the associated 
poleward movements of warm water fishes including various species of tuna which brings them into 
regions far beyond their normal ranges. Radovich concludes that these movements are a direct res
ponse to temperature change. It is of interest, in this connection, that skipjack appear to leave 
the warmest areas in the eastern tropical Pacific, when sunwer temperatures exceed 28 0 C, during 
the warm years (Anon., 1963). 
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CARBON FIXATION 
Fig. 1 • 

Hester (1961) made a study of the areas of seasonal catch of albacore and Pacific bluefin tuna 
off the coasts of California and Lower California. He found, during years of below normal sea sur
face temperatures, a large part of the catch came from the waters south of California, off Lower 
California. Bluefin tuna are taken south of the best albacore fishing localities ordinarily, appar
ently preferring somewhat warmer water than the albacore. The center of the fisheries for both 
species move northward as the season advances. Hester's Fig. 1, recopied here as Fig. 4, shows the 
center of the seasonal bluefin fishery for a selected cold period (1952-53) largely south of Point 
Eugenia, about midway along the coast of Lower California, and in contrast for a warm period 
(1957-58) off Southern California, a latitudinal shift of 350 - 400 miles. 

Johnson (1963) also studied the eastern North Pacific Ocean albacore landings during the 1952 
cold period and the 1958 warm period on the basis of sea ~urface temperatures and salinities for a 
large part of the eastern North Pacific Ocean. During the 1952 albacore season the coastal zone 
where fish were found was from lat 27° to 45° N. The 1958 coastal fishing ground was from lat 31° 
to 48° N. The fishery began at the southern end of the ground, usually in June, progressing north
ward as the season advanced. Johnson related the more southerly Qccurrence of-albacore at the 
beginning of the fishing season in 1952 to the more vigorous flow and consequent stronger southern 
penetration of the California Current. In 1958, when the fishery began further to the north, the 
California Current flow was weaker. The water type c_haracteristic of the California Current could 
be identified by a combination of lower temperature and salinity, and the general area where the 
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Fig. 4, from Hester, 1961 

coastal fishery could be anticipated to begin corresponded to that where this water type approached 
the coast. The distribution of isotherms in. this part of the eastern north Pacific tends to roughly 
parallel the coast, approaching it obliquely in the south. The movement of albacore, judging from 
tagging experiments (Otsu, 1960), begins in the central north Pacific in spring towards the American 
coast in the 13° to 18 0 C band of water of the Transition Zone lying between the Subarctic and Sub
tropic Zones. As the fish approach the coast they migrate in the California Current. 

Johnson found the anomalously cold conditions for 1952 characterized a large part of the east
ern north Pacific and could be related to a more vigorous pattern of wind flow which strengthened 
the flow of the California Current and increased the degree of coastal upwelling. These associated 
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phenomena were evident several months prior to the beginning of the albacore fishery. He also found 
in 1958, the wind patterns were such as to weaken the flow of the California Current and that an 
anomalously warm period was also in evidence several months in advance of the albacore fishing .seas
on~ 

The area where albacore would first appear could be anticipated to a degree by the spring sea 
surface temperature and salinity distributions in the Southern California - Lower California region. 
The California Department of Fish and Game has made spring cruises in this region and used the sea 
surface temperature data as a basis for predicting the locale of the initial albacore catches of 
the season (Clemens, 1961). 

The shifts in the coastal fishing grounds for albacore as related to shifts in ocean climate 
suggest that the species can detect and remain in a particular water type. The success of the 
seasonal fishery may depend in part on the relation of the position of the water type, the location 
of the fishing ports, and the range of the fishing vessels. 

The albacore fishery of the eastern north Pacific has experiencea major fluctuations in yield 
in the past, including a virtual disappearance of landings for a time. The mean annual California 
landing for the years 1916 - 25 was about 17,000 tons; for 1926 - 41, about 2,400 tons; and for the 
subsequent period, 1942 - 61, about 31,000 tons. During this latter period an additional 10,000 
tons or so was landed annually in Oregon and Washington ports to the north of California. Whether 
the period of scarcity following 1925 was related to major anomalies in the ocean climate or changes 
in the abundance of the north Pacific albacore stock is not know~. Beginning in 1936, an albacore 
fishery developed to the north of California which continued following the resurgence of the fishery 
in California. Uda (1962) reported that the 1930 - 40 period was one of good fishing off Japan, 
and the 1941 - 49 period as one of poor fishing. Figure 5 depicts the albacore fishing areas for 
the North Pacific. 

Fig. 5, from Otsu, 1963. 

In addition to the bluefin tuna and albacore, there are seasonal fisheries for skipjack in the 
middle latitudes. The duration and developmental pattern of the large skipjack fishery off Japan 
is strongly affected by the Kuroshio system and its dynamic interaction with the Oyashio (Anon., 
1963). A fishery for this species is also beginning in the analogous current systems in the western 
north Atlantic. 
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While the seasonal association of tuna 
with summer warming is well known, studies 
of the seasonal changes in abundance of skip
jack in Hawaiian waters and their anomalies 
suggest the possibility of more subtle envir
onmental" responses. Seckel (1963) described 
the seasonal cycle in the ocean climate for 
the Hawaiian region, its anomalies, and the 
associated changes in the availability of 
skipjack. The seasonal change at the lati
tude of the Hawaiian Islands is a gentle one, 
and the marine environment never becomes un
suited for skipjack which is, indeed, a res
ident species. Nevertheless, the summer 
catch may exceed that of winter by as much 
as twenty times, and the proportion of large 
fish in the landings greatly increases during 
the s~r. 

1951 1953 1954 1955 1956 1958 1959 1960 1961 1952 1957 

SALINITY UNDER 35 "10. 
CALIFORNIA CURRENT 

EXTENSION WATER 

Fig. 7, from Seckel, 1963. 

OVER~%. 
NORTH PACIFIC 
CENTRAL WATER 

Coincident with the seasonal changes in the availability of fish is a change ill the origin and 
character of the water in the Hawaiian region. During the summer period of good fishing, the water 
is of transitional character between the North Pacific Central and the North Pacific Equatorial 
Water Types. This transitional water type has been referred to as the California Current Extension 
by Seckel. It is separated from the North Pacific Central Water Type by a well defined salinity 
gradient. This salinity gradient (from 34.8%0 to 35%0) is located to the north of the main 
islands from April through August or September, and to the south from November through February 
(Fig. 6). At other seasons of the year it is in transit through these islands. This rhythmic sea
sonal movement of the salinity gradient through the Hawaiian Archipelago, marking the replacement 
of one water type by another, varied from year to year in the precise time of the advance and re
treat and in the vigor of the change. In some years, the more saline waters remained in the Hawaiian 
area through the summer, and during such years the catch of skipjack was roughly half that of the 
best years (Fig. 7). 
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The change in the water types was de
tectable not only by salinity changes, but 
by temperature changes also. The seasonal 
change of sea surface temperatures followed 
a characteristic pattern, best expressed 
as a rate of change of temperature with 
time (Fig. 8). The changes in the ob
served temperatures reflected, in part, 
the advection of water through the Hawaiian 
region, and the time when the rate of temp
erature change reversed direction from neg
ative to positive indicated a reversal in 
the direction of advection and provided an 
advanced notice that the California Current 
Extension had begun its seasonal march to
wards Rawall (Fig. 6). The reversal of 
advection usually occurred between the 
latter half of February and the middle of 
March. The earlier it did occur, the ear
lier was the beginning of summer in the 
sea and the appearance of large skipjack 
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Fig. 9, from Seckel, 1963. 

in abundance. characteristic of this season. In this situation was the means of predicting during 
the early spring the probable quality of the fishing for the next summer. Such predictions have 
been made on this basis since 1959 by the staff of the Honolulu Biological Laboratory, Bureau of 
Commercial Fisheries. Figure 9 shows the relationship between the time of the reversal in the temp
erature trend and the annual average catch by boat and that for the year. The reversal from cooling 
to warming of the ocean surface layers had been followed, as previously mentioned, when this change 
occurred early in the spring, with a correspondingly earlier replacement of the high salinity North 
Pacific Central Water by that of the lower salinity California Current Extension for the period for 
which data were available. In 1963, although the early spring reversal in the trend of sea surface 
temperatures did occur, it was not followed with the replacement of the first mentioned water type 
by the second. Apparently the dynamic seasonal processes began with vigor, but became much weaker, 



84 

for some reasoD, prior to summer. The substantially lower than average yield of skipjack for the 
Hawaiian fishery for 1963 also indicated that the availability of skipjack responded to the anom
alous development of the season as might have been anticipated. l Interestingly enough, the two wa
ter types did not differ significantly in their standing crops of zooplankton or other evidence of 
productivity aside from that provided by the fishery. 

The stock of skipjack associated with the California Current Extension in Hawaii has not exhi
bited any immunological differences, based on serological tests, from those of the Mexican coast 
(Dr Lucian Sprague, personal communication). The skipjack present in Hawaiian waters during the 
winter months do exhibit differences in this regard, suggesting the occurrence of two independent 
stocks of this species replacing each other seasonally, each associated in Hawaiian waters with a 
different water type. A related bit of evidence, the recovery of two skipjack in the summer Hawaiian 
fishery two years after being tagged off Mexico, further strengthens the possibility that the summer 
Hawaiian skipjack and the skipjack of the eastern Pacific belong to the same stock. 

SIZE CONNECTED ACTIVE ENVIRONMENTAL RESPONSES 

Studies of the environmental responses of some species of tunas have suggested a change in such 
responses with growth. These produce a differential distribution of the fish by size or age. In the 
Pacific this appears to be the case for albacore, b1uefin and skipjack tunas. 

Brock (1943) found that the albacore fishery of the eastern Pacific off Oregon took adolescent 
fish and reported that the Hawaiian longline fishery took much larger fish including an occasional 
mature one. He suggested the possibility that the spawning stock may be in the tropical central 
Pacific with the adolescent fish entering the temperate eastern Pacific on a feeding migration. 

Subsequently the successful tagging of albacore by the California Department of Fish and Game 
(Wilson, 1953) and later by the Honolulu Biological Laboratory of the Bureau of Commercial Fisheries 
(Ot~u, 1960) (Fig. 10) suggested a complex pattern of migration across the Pacific, with the smaller 
fish reaching the central north Pacific during the winter months but returning to the eastern side 
during ~he summer. To an increasing degree the larger fish continued across the Pacific, being taken 
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Fig. 11, from Otsu, 1963. 
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in the Japanese fishery and finally appearing 
in the North Equatorial Current below the sur
face water from the central to the western side 
where spawning apparently occurred. OtSll (1960 
and 1963) (Fig. 11) described the back and forth· 
migrations in terms of the ages of the fish; 
both Clemens (1961 and 1~63) and Suda (1963) 
published essentially similar accounts. This 
migratory pattern did not involve the whole of 
the north Pacific albacore stock since fish of 
all sizes did occur in the western Pacific (Fig . 
12) . 

Japanese data on the latitudinal variation 
in the sizes of albacore taken in the South 
Pacific suggests a similar pattern there with 
the adolescent fish in temperate latitudes in 
the mixed layer and the mature fish in the tro
pics below the thermocline. The albacore stock 
of the South Patific appears to be distinct from 
that of the Nort~ Pacific (Suda, 1963) . 

The stock of blue fin tuna of the Eastern 
Pacific is also composed of immature fish. Un
like the bluefin tuna of the Western Pacific and 
of both the eastern and western North Atlantic, 
the fish are not large, the abundant sizes being 
from 4.5 to 20 kg (Roedel, 1953). Recently 
Orange and Fink (1963) reported the recapture 
of a bluefin tagged off Lower California about 
300 miles south of Tokyo. It was presumably 
about 16 kg in weight when tagged, and about 
121 kg when recaptured some five years later. 
Of course, the trans-ocean movements of blue
fin tuna in the Atlantic were found earlier 
than those reported by Mather (1963). Here the 
direction of movement was from west to east. 

The coastal stocks of skipjack in the 
Pacific are composed of individuals usually 

less than 7 or 8 kg in weight. The fisheries for these species in both Hawaii and Tahiti take, 
predominately during the summer seasons, a high proportion of large fish from 10 to 20 kg in weight. 
As previously indicated, there is evidence, including the capture of tagged fish, that the skipjack 
stock of the West Coast of Mexico and Hawaii, in the summer, are identical. This suggests that an 
unusually high proportion of the largest individuals in the stock are concentrated at the western 
or offshore boundary of the range .• 

The act of translocation is, of course, one of a number of possible responses to environmental 
changes. It is, through the effects on yields of fisheries, an easily inferred response. Some of 
the apparent effects of growth or age on this response have been discussed. The effects of changes 
in size or age on other responses to environmental changes may be less readily detected, depending 
upon the nature of the response. However, other responses should occur simply by reason of the 
shift in trophic level that major changes in fish size bring. Such responses may be detected 
through an appropriate analysis of fishery data if, on theoretical grounds, the nature of the res
ponse can be anticipated. 

Brock and Riffenburgh (1960), through the use of a simple model, explored certain aspects of 
prey-predator relationships as these may be affected by schooling. They concluded that, for a 
given number of schooled prey, the encounter rate with a predator would be greatly reduced as com
pared to an equal number of scattered prey. If the reduced encounter rate were not to result in 
a reduced consumption of schooled prey, the predator would need to consume more prey on the oc
casion of an encounter. This could occur by consuming a large enough quantity immediately on en
counter or remaining with the school for an extended period. Considering the quantities of prey 
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that a predator would need to consume to negate the schooling advantage, estimated from reasonable 
models of school sizes, a strong possibility existed that schooling did confer a real survival ad
vantage, at least in terms of the simple model used. The same model, considered in reverse, sug
gested that predation would be more efficient by scattered rather than by schooled predators. 

The Brock-Riffenburgh hypothesis suggests that predators which are also prey of another pre
dator would be subjected to a survival pressure to school, and a hunger pressure to scatter. With 
abundant food resources and heavy predation pressure, large schools should occur which should de
crease in size as the food resources became less or predation was reduced, or both. 

Tunas, like many other groups of fishes, rise through a number of trophic levels during their 
growth. As larvae they are part of the zooplankton and feed on a selected portion of it. With in
creasing size they feed on zooplankton predators, including their own young, and on higher predators, 
until for the larger species, they may approach or become members of the small assemblage of climax 
predators in the sea. With increasing size, the number of predators for which they are prey dimini
shes. However, as they become larger their prey may be, to an increasing degree, made up of larger 
organisms too. These, being in part at least members of higher trophic levels, may be relatively 
less abundant, requiring in turn more efficient predation by the larger tunas. Such considerations, 
together with the conclusions drawn from the schooling model, suggested that school size should be 
an inverse function of fish size within some limits of fish size and school size. 

Some of the fishing methods for taking tuna, such as purse seining and live-bait fishing, depend 
upon schooling fish at or near the surface of the water. The longline method does not depend upon 
fishermen finding schools by sight. Longline fishing gear is a floating set line with, in some 
common versions, a hook spacing of 30 fathoms. The hooks are ordinarily baited with frozen fish or 
squid of appropriate size and the gear set for a day or a sizable portion thereof. Sets of the gear 
from a large longline vessel may involve upwards of a thousand baited hooks. The wide spacing of 
the hooks suggests that this gear should be particularly effective for scattered fish, but since no 
more than a single fish can occupy a hook, not as effective for schooled fish. Additionally. long~ 
line gear seems to fish selectively for the larger tuna which in a stable population should be less 
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numerous than the smaller ones (Fig. 13). However 1 the gear is ordinarily set to fish well below 
the surface, depending upon the principa~ species sought, between 20 and 70 fathoms. 

Brock (1962) in a study of the nature of the size selectivity of longline gear for yel10wfin 
tuna analyzed the relation between the size of fish hooked and the number hooked in a rUD. Runs 
were defined as fish of the same species taken on adjacent hooks in an uninterrupted sequence. The 
likelihood of getting runs of various numbers from scattered, solitary fish was computed and comr 
pared with that found in longline catches of yellowfin tuna taken in the central equatorial Pacific 
by the Bureau of Commercial Fisheries Laboratory in Honolulu where accurate records were kept of the 
species and size of each fish hooked and the hook position in the set of gear. The number of runs 
was found to occur more frequently than could be accounted for on a chance basis, assuming that the 
fish were scattered. This suggested that runs of fish may occur as a result of a school of fish 
encountering a set of longline gear and that the number of fish in a run and the size of the school 
from which they came would vary in the same direction. If both this and the Brock-Riffenburgh scho
oling model hold, the average size of the fish in a run should vary inversely with the number of 
fish in the run. This proved to be the case for the yellowfin catch data employed in the study. 

The use of long line catches is an awkward way to investigate the relationship between the number 
of fish in a school and their size. I suggested to Dr M.B. Schaefer, then Director qf Investigations 
of the Inter-American Tropical Tuna Commission, that this may be conveniently investigated using 
selected purse seine catches where presumably the entire school was captured. He reported (1963) 
such an analysis for the yeUowfin tuna purse seine catches in the Eas·tern Pacific Ocean which clearly 
showed the predicted inverse relationship between the number of schooled fish and their size (Fig. 
14) • 
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PASSIVE RESPONSES TO THE ENVIRONMENT 

These may be difficult to distinguish from active ones, or, in the absence of good records re
lating to the fisheries, from fishery caused changes. 

The predictive success of the model used by Dr Schaefer in estimating the effects of the fishery 
on the stocks of yellowfin tuna in the eastern Pacific, considering yields and fishing effort, but 
not environmentally induced changes in recruitment, suggests that these latter changes are not of 
great magnitude or significance for this species, at least over the extensive fishing grounds of 
the fishery. 

Suda (1963), using primarily the catch and effort data for the winter long line fishery for alba
core in the north Pacific, concludes that variations in recruitment are the most significant element 
in determining the magnitude of the catch per unit effort. He noted that large year classes were 
associated with a smaller mean size of recruits, and suggested that this was related to competition 
for sustenance. There was little evident relationship between the estimated number of spawners and 
resulting recruits. Large year classes of albacore and bigeye tuna seemed to occur during the same 
years. These relationships suggested that environmental factors were of substantial importance in 
determining the number of annual recruits to the population. He found no relationship, however, 
between the apparent abundance of albacore as measured by the fishery in the eastern north Pacific 
and by the Japanese fisheries, suggesting as a cause that the former fishery did not encompass the 
whole range of the fishable stock. 

A number of workers have used tuna length frequency data as a means of estimating age and growth. 
Evidence that size groups were age groups was often not complete, but was difficult to interpret 
on other grounds. In general, tuna growth studies have indicated a rapid growth rate and a short 
life span for the tropical species and a longer life for bluefin tuna and albacore and a slower 
growth rate for the latter species. The age determination of these latter two species has also been 
done by the use of presumed annual marks on hard parts. Some differences have been found in esti
mates of age and growth of eastern Pacific albacore for the two methods. 

The distinct modes and relatively modest range in size of a presumed age group in length frequ
ency distributions for some species of tunas suggests the possibility of a short period of ef
fective spawning. Brock (1943) -found that the increase in modal length between the first 'major 
group in the length frequencies of albacore landed at San Pedro and the second major group in the 
landings for the following year was much alike for a number of years of these da'ta, while this 
same difference for these length groups in the same years was decidedly more variable. This ef
fect would be expected if the first group for one year were sampled from the same year class as 
that of the second group sampled a year later. Hamre (1963) suggested that the difference found 
here in the modal position of length of fish of the same age but belonging to different year classes 
may represent a difference in spawning time. However, Suda (1963) considering the inverse relation
ship between the mean size of recruits and the magnitude of the year class from which they came for 
Japanese data, concluded that a difference of this kind may be the result of an initially reduced 
growth rate through competition for food among the fish of the larger year classes. 

Brock (1954), using modes of length frequency curves for the summer Hawaiian skipjack fishery, 
estimated the growth rate of this species. Recoveries of tagged skipjack showed somewhat less 
growth but substantially confirmed these estimates. He also found that spawning appeared to occur 
during the summer months with no evident short period of high intensity. Yet the sharp modes oc
curring in the length frequency curves, which considering the high rate of growth, suggested a 
relatively short period of effective recruitment from the apparently extended summer spawning. The 
possibility existed that the spawning season effectively blanketed an environmental situation that 
favored a high survival of the young for only a brief period. If this were true, and if the brief 
period of good survival occurred at different periods of the summer for different years, fish 
belonging to different year classes should exhibit correspondingly different average lengths at the 
same nominal ages. This has not yet been investigated. 

THE NAVIGATION PROBLEM 

The extensive movements of some species of tuna and their apparent ability to detect and assoc
iate with specific water types raise some interesting problems concerning how these fish navigate. 
Albacore, for example, appear in the eastern Pacific off the west coast of Lower California, the 
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three Pacific coast states of the United States, and Canada during the summer as adolescent fish. 
They move offshore to the north central Pacific during the winter, and some of the older members of 
this group of adolescent fish continue on to the western Pacific while others return to the eastern 
Pacific during the following summer. As the older fish that move to the west approach maturity, 
which occurs at a length of 90 em, they move towards the equator into the water of the North Equa
torial Current where presumably spawning occurs. While the albacore of the North Pacific remain 
in the great current gyre between the middle latitudes and the equator, they do not simply ride the 
flow of the current. At times they move with it and at other times against it in a regular pattern 
related to the age of the fish and the season. 

For the albacore to successfully orient themselves to the waters of this gyral current system 
would imply that they can identify its water by some cue. What the cue may be has yet to be demon
strated. However, Bull (1952) found that some species of marine fish could detect temperature dif
ferences of O.03°C and salinity differences of 0.2 0/00. Hasler (1960) and others found that fish 
can detect very slight changes in the odor or taste of water. 

Navigation by the location of water masses would seem to play an important role since the anom
alous movement of these seems to result in the anomalous movements by the tuna. The nature of grad
ients in the properties of the ocean suggests that their sole use as a means for navigation and 
orientation may be difficult, and certainly confusing and inefficient. Due to the effects of local 
air-sea interaction processes, gradients will not be uniform and may be reversed in a given area 
for a time. It is difficult to see what properties of the water itself would reveal the direction 
of current motion. While current boundaries are often sharply defined, their position and direction 
may be erratic and changeable with islands of water from one water mass becoming isolated in the 
other (Iselin, 1960). 

The ability of many-animals, including fishes, to use the azimuth of the sun as a compass has 
been demonstrated by a number of workers. Hasler (1960) and his co-workers, Braemer (1960), 
Schwassmann (1960). and Schwassmann and Braemer (1961) have published results of their work on the 
sun compass, utilizing several species of freshwater fishes and an anadromous one. Since the azi
muth direction changes not only during the course of the day, but seasonally and with latitude, a 
complex response is involved, requiring an accurate time sense, and a change in the orientation 
pattern seasonally and latitudinally if movements of sufficient length to change latitude signifi
cantly are involved. Crossing the equator also involves a reversal of these. Birukow (1963) has 
provided a short general review of the problem. Adler (1963) studied the accuracy of the sensory 
abilities of a few species of birds, involved in the use of the sun's azimuth for navigation, the 
psychophysical limits. His results suggest that navigation may not be by. sun compass alone, but 
may depend to some degree on landmarks or other cues. 

There is little information on the abilities of tuna to detect changes in the properties of the 
ocean and none on their ability to use the sun's azimuth as a compass. However, evidence does exist 
concerning their ability to orient to the structure of the ocean in a complex way which suggests that 
they may be able "to detect slight changes in the ocean, to navigate great distances accurately, and 
to anticipate the march of the seasons by appropriate earlier responses. Their means of accomplish
ing these feats would be of great interest, and their investigation, a challenge. 

ADLER, H.E. 1963. 
Orientation. 
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A REVIEW OF THE EFFECTS OF THE 
ENVI RCl'JI'ENT Cl'J THE HERRING 

By 

B. B. Parrish1 

"The substance of Mr Parrish's paper will be included within a longer review which is being 
prepared in conjunction with Mr A. Saville of the Marine Laboratory in Aberdeen, under the title 
"The biology of north-east Atlantic herring populations", for publication in the review journal 
"Oceanography and Marine Biology", edited by Dr H. Barnes (published by George Allen and Unwin 
Ltd.). It is expected that"Parts 1 and 2 of this joint review will appear in volume 3, to be 
published in 1965, and other parts subsequently". 
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