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CHAPTER 1. INTRODUCTION

In May 1985, the former Atlantic Research Directors' Committee (ARDC)
of the Department of Fisheries and Oceans (DFO) formed a working group to
determine fisheries and fisheries research needs for physical oceanographic
information. It was named the "Working Group on Fisheries Oceanographic
Requirements." The terms of reference were:

1. To define, within the context of the Atlantic Fisheries Service and OSS
Atlantic, what physical oceanographic research and services are relevant
to fisheries.

2. To identify and recommend to the Atlantic Research Directors ' Committee
the opportunities for new or modified oceanographic programs to meet the
needs as defined under Term 1.

The Working Group initially reviewed a report on the same subject which was
prepared within the old Fisheries Research Branch of the Scotia-Fundy Region
(Sinclair et ale 1986a). This report provided perspective on diverse
research questions associated with stock assessments and, as such, was a
useful starting point, particularly for the physical oceanographers. In
addition, a cursory historical review indicated that a critical requirement
for the definition of fisheries needs for physical oceanographic information
is a clear statement of the fisheries research questions themselves. This
approach (i .e. initial definition of the fisheries research questions) was
adopted by the Working Group. Four categories of fisheries problems were
identified, and subsequently the relevant physical oceanographic information
for each category was evaluated. These evaluations generated a series of
conclusions and recommendations.

The report follows closely the temporal deliberations of the Working
Group. The geographic area considered in the report, as well as the place
names identified in the text, are shown in Figure 1. Chapter 2 summarizes
the links between physical oceanography and fisheries biology in the northern
Atlantic during this century. It is very much a sketch rather than a
historical analysis. The key point is that there have been frequent attempts
to link oceanographic research to fisheries problems dating from the turn of
the century. Chapter 3 introduces the fisheries research questions
considered to be of importance in the Atlantic Zone. Chapters 4 though 7
address the physical oceanographic information that is relevant to the four
categories of fisheries research questions. The report is summarized and
recommendations are listed in Chapter 8.

The approach taken by the Working Group (i .e. initial definition of
fisheries research questions by biologists followed by evaluation of relevant
physical oceanographic data and research predominantly by oceanographers) has
perhaps led to a lack of emphasis on the need for multidisciplinary studies
to make progress on many fisheries problems. The Working Group, at the end
of their study, recognized this bias and wishes to stress the importance of
joint work from the planning stages to completion of projects for certain
problems. On the other hand, there are subject areas of great importance to
fisheries for which joint work is not required. Throughout the report this
distinction is pointed out. In addition, the emphasis of the Working Group
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has been on identifying relevant physical oceanographic research rather than
on the organizational structure required for carrying it out. Subsequent
deliberations on the recommendations could usefully further discuss the
requirement for multidisciplinary approaches to specific problems. The
research projects identified here are clearly not exclusive, and other topics
may require more joint physics/biology research than those discussed here.

CHAPTER 2. HISTORICAL PERSPECTIVE

It is perhaps appropriate to provide a historical perspective on the
linkages between physical oceanography and fisheries biology prior to
addressing current requirements within the Atlantic Zone. It has long been
recognized that oceanographic research is critical to fisheries problems.
The importance of oceanography in thi s respect was stated, for examp1 e, in
the first report of the International Council for the Exploration of the Sea
(ICES) (1902), a council which in Sverdrup·s words was,

"•.• formed primarily for the purpose of applying oceanographic
research to fisheries problems in the waters of northwestern
Europe" (Sverdrup 1955, p. 287).

The history of the formation of ICES and the key role of physical
oceanographic research in support of fisheries problems in the original
mandate are described by Went (1972). A brief summary is provided here.

Stimulated by: 1) the recognition that overfishing was probably already
occurring subsequent to the expansion of the trawling fleet as a result of
the introduction of steam propulsion and the otter trawl in the latter half
of the nineteenth century, and 2) the recognition that marine research was
needed on large spatial/temporal scales to address the "overfishing"
question, several European scientists began to promote the case for an
international organization to deal specifically with the requirements of
physical oceanographic research for fisheries. In 1895, o. Pettersson, a
physical oceanographer from Sweden, made such a proposal at the Sixth
International Geographical Congress in London. Three scientists - G. Ekman,
O. Pettersson, and A. Wijkander - formally set out the conclusions of the
London conference in a letter to the King of Sweden and in addition proposed
an international study of the physical oceanography of the Arctic Ocean, the
North Sea, and the Baltic, " .•• in the interest of fisheries." Partially as a
result of their efforts, the first Conference International pour
11 Exp10ration de 1a Mer was held in Stockholm in 1899. M. von Krusenstjerna,
Minister of the Interior for Sweden, described the aim of the conference
during his opening address in the following terms (note that the term
"hydrography" meant "oceanography" at that time).

"Le but de 1a Conference est, comme vous 1e savez, de tacher
de creer une cooperation entre 1es Etats du Nord de l'Europe
pour des explorations hydrographiques et biologiques dans
1'interet de l'industrie, si importante pour ces Etats, de 1a
peche maritime. Les explorations auront pour but de
recherche 1a solution d'interessantes questions scientifiques
concernant un monde reste jusqu'ici peu connu. Mais, par
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suite de 1a connaissance que nous obtendrons de la maniere de
vivre des poissons et des conditions de leur existence, elles
serviront en meme temps de directif pratique non seu1ement
pour 1e d~veloppement, au point de vUe ~conomique, des
pecheries maritimes, mais aussi pour des accords
internationaux tendant a ecarter 11 emp10i d'engins
destructeurs. 1I

Because of Pettersson's role in the stimulation of the conference itself, he
was named secretary-general. Nansen, the renowned physical oceanographer
from Norway, was one of the vice-presidents. A 5-yr research plan was
proposed involving both hydrography (i .e. oceanography) and fisheries
biology. The program, involving ten oceanographic components (or
statements), was extensive (see Appendix 1). The linkages between the two
programs, however, were not defined.

The second Conference International pour 1'Exp10ration de la Mer, which
was chaired by Nansen, was held in Kristiania in 1901. Additional proposals
for oceanographic research included tidal studies, elaboration of
"hydrographi c tabl eS II by Knudsen, and the use of hydrodynami c 1i nes foll owi ng
the method of Bjerknes and Sandstrom. The provisional lines, along which
some standard oceanographic observations were recommended to be made by
member countries, are illustrated in Appendix 1. (Presumably, these are the
so-called hydrodynamic lines; and some further discussion on their location
and use took place at the second conference.)

The inaugural meeting of ICES itself was held the following year in
Copenhagen. Physical oceanographers again played a major role. Pettersson
was elected vice-president and Nansen the director of the so-called Central
Laboratory established at Kristiania to service the oceanographic studies to
be defined in support of the fisheries questions. Ekman was appointed as
Nansen's assistant. The initial statements of the first Report of
Administration of ICES dealt specifically with the interrelationships between
scientific disciplines. It was stated that (p. 2, Volume 1 of Rapports et
Proces-Verbaux des Reunions),

1I ••• it was seen from the beginning that the study of the
physical conditions, of the chemical nature of the ocean
waters, of the currents, etc., was of greatest importance for
the investigation of the problems connected with life, that
on the other hand, the study of floating organisms had
particular worth for the solution of hydrographical [i.e.
oceanographical] problems, and consequently that a sharp line
should never be drawn between these two main divisions, yet
nevertheless, were it only from practical considerations, one
was obliged to think of this division of labour on account of
the wide extent of the sphere of work. 1I

The research program in physical oceanography that was outlined in the
Stockholm and Kristiania meetings (see Appendix 1) was initiated immediately,
the first international seasonal cruises starting in August 1902. Finland,
Sweden, Denmark, Germany, Scotland, Norway, and Russia participated, carrying
out standard activities in their respective areas of geographic
responsibil ity.
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To summarize, the statement by Sverdrup (1955) quoted above indicating
that ICES was, " •.. formed primarily for the purpose of applying oceanographic
research to fisheries problems ••• ," although surprising given the present
balance of activities within ICES, is perhaps not an overstatement. During
the Jubilee year (25th anniversary) this conception of ICES was still extant.
Maurice (1928), the president of ICES during the 25th anniversary year,
states,

liThe function of the Council is so to coordinate the
researchers of the nations adhering to it that each
investigation may be an effective and necessary contribution
to a well conceived and comprehensive programme of
oceanographical research, and its ultimate aim is to furnish
the knowledge essential to the rational exploitation of the
sea II (emphas is added).

Throughout this relatively early period in the history of research in
physical oceanography that was motivated by fisheries problems, the specific
links to fisheries questions, however, are not obvious. Rather, the general
impression received is that increases in understanding in the physical
characteristics of the oceans, as well as in the circulation and mixing
features, were considered to be relevant to fisheries questions. There was a
spirit of exploration given that the oceans had not yet been adequately
described. What is perhaps significant is that physical oceanographers,
plankton specialists, and fisheries biologists participated frequently in the
same committees such that the state-of-the-art questions in each discipline
were well recognized by all participants. In retrospect, the increases in
understanding during the first decade by the multidisciplinary ICES program
must be considered remarkable.

This progress is well illustrated by the deliberations of the Council
during its 12th Statutory Meeting held in Copenhagen, September 1913. It
was in a certain sense a historic session. Johan Hjort presented a lecture
on the evening of September 16 summarizing the Norwegian studies of Atlantic
herring. Several generalizations were put forward which collectively merit
the categorization of this time period (1902 to 1913) representing a
paradigmatic shift in fisheries biology. The shift allowed much more precise
fisheries questions to be addressed and, in principle, the linkages with
physical oceanography to be more explicitly developed. Hjort's lecture and
subsequent classic paper (Hjort 1914) comprised several key components. The
general question he addressed was a major issue of concern to ICES, i.e. an
explanation of the causes of the marked interannual variability in the
quantity and quality of landings at different fishing areas in northern
Europe. By quality, the size composition and relative composition of cod
1iver oi 1, for exampl e, were of great commerci al interest. The "mystery"
underlying this empirical observation was to a large degree resolved in
Hjort1s lecture using herring as the primary example, and another set of
questions (with which we are still grappl ing) IfJas generated. The interannual
variability in landings at a given location was convincingly demonstrated to
be due to result from year-class variability of age-structured populations
that are geographically persistent. It is this interpretation that is taken
for granted today, but it took a decade of systematic international research
by fisheries biologists to elucidate it. The hypothesis pointed the way fbr
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future studies on recruitment variability. The paradigmatic shift involved
the population as the unit of study rather than the species. This shift in
fisheries biology predated the shift in taxonomic studies to "population
thinking ll by about two decades. Hjort, in addition to convincing most
scientists that variability in landings was due in a large part to the very
existence of age-structured populations characterized by variability in
year-class strengths, argued that relative abundance was defined during the
early 1He-hi story stages. He stated two hypotheses to address the
recruitment variability question: the first involved the critical-period
concept (i.e. food limitation for larvae), whilst the second stressed the
variable role of currents in advecting the early life-history stages away
from the appropriate distributional area for the population. The first
hypothesis formed the basis for a detailed research proposal, at the 1913
meeting itself, for further work by the Council.

The proposal was put forward in the first instance by Professor Gran at
the second sitting of the so-called IIPlankton Section of the Council" the
morning after Hjort's evening lecture. He stated (Appendix E, p. 124 of the
19th Rapport),

liThe fishery investigations indicate the probability, that
the great periodical fluctuations in the fisheries are
connected with the phenomenon, that the fish larvae only in
some years are developed in great quantities.

The Plankton Section desires to concentrate its work on
the question, whether these fluctuations are correlated with
differences in the plankton production in different years.

It is proposed to begin an investigation, to be
continued during several years, at the season when the larvae
of the spring-spawning fishes develop.

The plankton quantity should be investigated by means of
water-bottles, centrifuge, and nets in connection with
hydrographical investigations. Fish-eggs and larvae should
as far as possible be examined in the living state, and the
food of the larvae of various stages of development should be
determined. 1I

The proposal was received positively by the Plankton Section, albeit with
caution. Professor Henking of Germany recommended the proposal,

1I ••• al so on account of the fact that it would be a bridge
between the fishery investigations on the one hand and the
hydrography and p1anktology on the other. He would like to
see the proposal so simple that it really could be carried
out. 1I

Pettersson suggested that the details of the research proposal should be
discussed at a general meeting of the physical oceanographers and
p1anktologists. This meeting was held the next day. The discussion focussed
on the frequency and location of the sampling program. The plankton

I·
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observations were to be supplemented by standard hydrographic measurements at
the fixed stations as well as on the transects. These joint deliberations,
which effectively addressed the critical-period hypothesis of Hjort, formed
the basis of a formal resolution (No. 15).

This joint meeting of the tlf/O sections (Plankton and Physical
Oceanography) to explicitly address a fisheries question was the first direct
linkage between the several disciplines. The Hydrography, Plankton, and
Fishery Committees otherwise functioned to a lar~e degree autonomously, even
though certain individuals participated in several meetings.

The 1913 Statutory Meeting of ICES signalled the shift within fisheries
biology from the purely descriptive mode to that of hypothesis testing. This
in principle permitted the definition of specific research proposals in
relation to fisheries questions rather than simply parallel work in a common
geographic area of interest. Resolution 15 was an ambitious step in this
direction. Unfortunately, the war which erupted the following year prevented
the initiation of the joint study. In fact, no mention is made of the
Resolution in subsequent meetings. The opportunity for well-defined
cooperative studies on key fisheries questions was thus lost and was not
picked up following the First World War. The reasons for this lack of
continuity are not clear.

In 1951 ICES held a Special Scientific Meeting in Amsterdam to discuss
the place of oceanography in fisheries research. In the introductory
comments it was stated that the Meeting was stimulated in part by a paper
which was presented at the 1950 Statutory Meeting by J. Carruthers and
collaborators (subsequently published in Nature [Carruthers et ale 1951]) in
which haddock recruitment in the North Sea was linked statistically to
wind-generated physical oceanographic phenomena. There were other more
forceful factors, however, that led to the 1951 Special Scientific Meeting.
Prior to the Second World War, in 1938, Hjort (as chairman of the
Consultative Committee) proposed to the Hydrographical Committee that a
subcommittee of oceanographers and fisheries biologists should be appointed
to plan, 1I ••• combined hydrographical and biological investigations in future,
especially with regard to the fluctuations of the conditions of life in the
sea. 1I The urgent need for improved collaborative work was generated by three
quite specific events or problems. First, J.W. Sandstrom stressed the
importance of studying the interannual variability of the Gulf Stream on both
fishing and weather conditions in the northeastern Atlantic. Secondly,
H.H. Gran suggested that the annual cycle of phytoplankton production in
relation to oceanographic properties should be investigated in a
comprehensive fashion on a broad geographic scale. Thirdly, J. Hjort felt
strongly that the physical oceanographic and plankton surveys undertaken by
ICES needed to be planned jointly to improve their potential usefulness for
fisheries problems. His proposal to the Hydrographical Committee addressed
these issues specifically.

. The relevant documentation from the 1938 Statutory Meeting is
reproduced in Appendix 2. A part of the proposal is also included here
because it so clearly illustrates the hypotheses being considered at that
time.
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"An investigation of the annual period in the production of
sea under the influence of the factors now known (the
nutrient substances and the light) should be carried out for
one individual year, special emphasis being laid on the
above-mentioned area Shetland-Iceland. Subsequently, the
results thus obtained will be capable of supplementation in
connection with the hydrographic investigations, which are
carried out four times a year, with the object in view of
studying the correlations of the annual alternations in the
marine currents and alternations from year to year in the
production of the sea and eventually in the conditions for
the numerical strength of the year-classes of important food
fishes."

The point stressed here is that the somewhat haphazard oceanographic
monitoring activities carried out by ICES member countries for fisheries
purposes were not providing useable information. Hjort wanted the situation
improved. As chairman of the Consultative Committee and president-elect of
ICES, he was well placed to push his idea of a new Subcommittee on Combined
Hydrographical and Biological Investigations. Just as in 1913 Hjort's aims
of linking more closely physics and biology were stymied by war.

The Subcommittee was not set up until 1945. Their deliberations led to
special oceanographic surveys (May and September) covering the North Sea, the
Faroe-Shetland Channel, the southeastern Norwegian Sea, and the Skagerak
(1947-1949). However, both the Hydrographical Committee members and other
individuals doubted their utility. At the 1950 Statutory Meeting the role of
physical oceanography in relation to biological problems was again a key
agenda item of several committees. The Northern North Sea Commmittee dealt
extensively with the influence of physical oceanographic and meteorological
processes on recruitment variability. Two recommendations were made that are
pertinent to this historical sketch,

"l. The Commi ttee is impressed with the urgency of maki ng
. hydrographi cal 'Standards' and 'anomal i es i avail abl e to
fisheries biologists as soon as possible. In particular
the Committee is of the opinion, in relation to
particular problems (spawning, larval development, etc.),
that summarized wind data such as those submitted by
Dr. Carruthers for the northern North Sea, and
accumulated temperature data such as those submitted by
Dr. Tait, can be of real value to biologists and others,
and urges the Consultative Committee to request that
these and similar relevant records (e.g. of sea currents)
should be made available and maintained.

2. With such objects in view the Committee advocates that a
Special Meeting in October 1951 should be held for the
consideration of papers evaluating the effects of hydro
graphical features upon marine organisms, particularly
commercial fishes."

I
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In addition, there was some discussion both for and against the extant
monitoring activities defined by ICES. The Hydrographical Committee also
recommended the Special Meeting for 1951, and that annual charts of fish and
pl ankton di stri buti ons as well as time seri es of year-cl ass strengths, stock
size, and egg production be prepared by the relevant Committees. These were
to be analysed in relation to the time series of synoptic distributions of
oceanographic and meteorological properties. The Hydrographical Committee
meeting summary indicates that approaches to making oceanographic
investigations more useful to biologists was a dominant theme. A memorandum
by Graham and Lumby, liOn steps to encourage fi shery - hydrography" was
presented. The Subcommittee for Organization of Combined Hydrographica1
Biological Investigations deferred a decision on continuing the monitoring
activities that had been carried out during each of the previous 3 yr. They
also recommended that, " ••• mon thly charts of surface temperature, surface
salinity and surface phosphate distribution and also wind be prepared and
circulated with the minimum delay to fishery-bio1ogists." The Plankton
Committee also recommended a Special Scientific Meeting. The Herring
Committee recommended that, "A special committee should deal with the
question of how a closer contact could best be reached between biologists and
hydrographers in fisheries research." Finally the president of ICES,
K.A. Anderson, presented a report, entitled "Co-operation Between Biologists
and Hydrographers" to the Consultative Committee (reproduced in Appendix 3).

The diverse discussions in the various committees during the 1950
Statutory Meeting, as well as the recommendations themselves, had a major
impact on oceanographic activities within ICES. The impact can be considered
under two headings: the 1951 Special Scientific Meeting and its aftermath,
and the ICES oceanographic survey activities. The Special Meeting is
considered first.

The papers by Russell (1951 - liThe Relation of Plankton Research to
Fi sheri es Hydrography") and by Sverdrup (1951 - II Some Remarks on the P1 ace of
Hydrography in Fisheries Research ll

) at the Amsterdam Special Meeting are
pertinent to the mandate of the Working Group. Sverdrup's paper is very
short, but he does make a few points of interest. His contribution was
summarized by the chairman, C.E. Lucas, in the following terms.

IIProfessor H.U. Sverdrup opened the session by giving the
views of a professional hydrographer on the place of
hydrography in fisheries investigations. Among other
matters, he emphasized that it is the 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 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 understand the other, as well as to disseminate
thei r i nformati on speedil y. II
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Sverdrup infers that fisheries biologists have to state clearly their
research questions so that oceanographers can then study the relevant
processes. This point led to the second recommendation of the Special
Meeting (that the committees of ICES~ "•.• should state as definitely as
possible what problems they wish the hydrographers to attack and solve").
Sverdrup felt that there are two types of fisheries predictions with which
oceanographers can help - the availability of fish~ and the absolute
abundance of the populations.

F.S. Russell (of the "Russell cycle" fame) makes essentially the same
points in his "Introduction" section. He states,

"••• the success or failure of a fishery may be due either
to changes in the habits and distribution of the fish
themselves, or the fluctuations in the abundance of
year-classes of the fish. In either instance the plankton
may be a determining factor."

His presentation stresses the role of plankton dynamics on the generation of
relative differences in year-class sizes of fish populations. His paper, at
least in part, led to the sixth recommendation of the Special Meeting,
that,

"••• the Plankton Committee [of ICES] should include
(i) studies of the basic conditions of productivity in the
sea, and (ii) an attempt, by observations over a series of
years, to correlate the number of survivors of a year-class
of fish with the presence or absence of anyone or more types
of plankton organisms, both predatory or food producing~

during the early planktonic life of the fish."

This is in essence a restatement of Gran's 1913 proposal. Another
recommendation of interest II/as al so generated by the Russell and Sverdrup

.presentations. Recommendation 5 states,

"••• as a direct means of showing the dependence of the
fish stocks on hydrographic [oceanographic] conditions,
and as a direct help to the fisheries, experimental
fishing on a commercial scale and other forms of
assessment should be carried out simultaneously with
hydrographic [oceanographic] observations."

All three of the above-quoted recommendations of the 1951 Fisheries
Hydrography Special Meeting are germane a quarter of a century later (the
full set of recommendations is listed in Appendix 4). Their Recommendation 4
is also in essence repeated by our Working Group. It states that,

"••• efforts should be made to encourage the writing of
monographs describing the hydrographic (i.e. oceanographic)
conditions in the seas in which fishery workers are
interested. "
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Lee (1984, p. 15/16) summarizes the degree to which the recommendations
were met in the intervening years. He feels that the problem of
communication between the two disciplines has continued to be a "thorny one,"
fish distributions have not been related to oceanographic features, and
monographs on the oceanography of important fishing areas have not been
systematically generated. Annual summaries of oceanographic conditions in
the northeastern Atlantic, however, have been made available routinely to
fisheries biologists in Annales Biologigues since 1939. Given the clear
concern by ICES as a whole on the issue of oceanbgraphy in support of
fisheries at the 1950 Statutory Meeting, the activities by both disciplines
in the intervening years have been modest at best.

Lee (1984, p. 11/13) also summarizes the oceanographic survey activities
and their application to fisheries problems within ICES that arose following
the 1950 Statutory Meeting. It is a most useful summary of the difficul ties
of sustaining oceanographic monitoring programs. The extensive May and
September synoptic surveys carried out in 1947 to 1949 were never fully
analysed and published. It may be noteworthy in this respect that Hjort, the
dominant influence on this study, died in 1948. Several monitoring
initiatives followed, based to a large degree on ships of opportunity. The
data products, however, were rarely used by fisheries biologists.

The oceanographic monitoring programs for fisheries in the northeastern
Atlantic are summarized below.

1902-1914

1926-1928

1947-1949

1950-1952

1952-1960

1957

1961

1966

1971

Quarterly cruises specifically designed by ICES;
data products rapidly published.

Oceanographic data collected on an opportunistic
basis; published quickly in the Bulletin Hydrographic
Trimestriel.

May, September synoptic cruises over large area;
never fully pUblished.

Ships of opportunity monthly synoptic charts of seas
around the British Isles; pUblished by Lowestoft
(including temperature, salinity, wind and current
data) •

Same service as 1950-1952 by Lowestoft provided by
the Service Hydrographique of ICES.

Current data dropped from monthly synoptic charts.

Total program of monthly synoptic charts
discontinued.

Proposal for a permanent ICES centre for synoptic
fishery oceanography; not acted on.

Monthly charts on bottom-layer temperature and
salinity in selected areas produced by the Service
Hydrographique.
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Since the early 1970's interest in using remote sensing data to generate
customized data products has been evaluated by the renamed Hydrography
Committee (previously called the Hydrographical Committee). There is,
however, at present no oceanographic monitoring program for fisheries
questions within ICES. The issue of time series of data products, however,
was on the agenda of the 1986 meeting of the Consultative Committee.

The failure to fully analyse the oceanographic data in the ICES area and
make it available to the fisheries biologists in an interpreted form has had
a negative impact. Lee (1984, p. 12) states,

"••• that erroneous ideas concerning the current system of the
North Sea were allowed to persist for a long time, especially
among biologists. Charts of this were being used until 1980
which were based on drift-bottle experiments, the value of
which was considerably diminished because no account was
taken of the i nfl uence of wi nd on surface dri fters ••• "

For further details on the more recent activities of the Hydrography
Committee, the Lee paper is most useful.

Closer to home, in the Northwest Atlantic Fisheries Organization (NAFO)
area, there have also been several substantive initiatives to link
oceanographic properties and processes to fisheries problems. Fisheries
oceanographic initiatives were dealt with on an ongoing basis by the
Environmental Studies Subcommittee of ICNAF. In addition, there have been a
number of symposia dealing specifically with fisheries oceanography in the
area of the Convention.

Early in the history of the International Commission on Northwest
Atlantic Fisheries (ICNAF) there was clear interest in the role of
oceanographic research in support of fisheries management questions. During
the second annual meeting in July 1952, two thrusts demonstrated this. A
Hydrographic Subcommittee of the Standing Committee on Research and
-Statistics was formed and the Executive Secretary of ICNAF was charged with
arranging, during the 1953 annual meeting,

"••• a symposium on long-term changes in hydrographic
conditions and corresponding changes in abundance of fish
stocks to guide us in planning hydrographic programs and to
throw light on the effects of such natural factors on
fisheries."

Thus, the special ICNAF meeting on Long-Term Hydrographic Changes and Their
Effects on Fish Stocks in the Northwest Atlantic was convened in June 1953
(published in ICNAF Annual Proceedings, Vol. 3, pt. 5:67-86). This meeting
was followed by a landmark paper, "The Waters of the ICNAF Convention Area,"
prepared by Hachey et ale (1954) especially for the ICNAF scientists.

The need for close ties between oceanography and fisheries research
emerged as a continuing theme both in IcNAF statements of research needs and
in the research programs of the member countries that are coordinated through
the ICNAF forum. A working party was convened in 1961 under the chairmanship
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of C.E. Lucas to address this research area. Specifically, ICNAF had
requested advice on:

1. The effects of the environment on the survival of eggs and larvae,
growth, long-term abundance and distribution of cod in particular, but
also of redfish and haddock.

2. How studies of such matters might be directed so as to not only provide
evidence of associations but also lead to prediction.

3. What fundamental studies requisite for such investigations and not
already proceeding should be initiated.

4. How plans could best be laid for holding an Environmental Symposium.

The report of the Working Party was presented to ICNAF at the Woods Hole
meeting in 1961 and accepted essentially in total (p. 61-89 of ICNAF Redbook
for 1961). The report both laid the foundation for the first environmental
symposium (Rome 1964) as well as generated a large-scale international
research project on the early life-history stages of commercially important
species in Areas 1 and 2 in relation to oceanographic processes
(NORTHWESTLANT). The program and its results are documented in the massive
ICNAF Special Publication No.7. In retrospect the significance of this
first major "big science" effort on fisheries oceanography does not justify
the efforts expended. This program was the forerunner of the Georges Bank
herring and Flemish Cap cod recruitment studies conducted under the auspices
of ICNAF/NAFO. These latter studies are looked at in more detail in
Chapter 6 in relation to recruitment research.

As stated above, the first of the symposia on environmental issues in
relation to fisheries in the northwestern Atlantic took place in 1964 in
Rome. As Lucas was chairman of both this first ICNAF Environmental Symposium
and the 1951 ICES Symposium on Fisheries Hydrography at Amsterdam, he was
well placed to provide the perspective on increases in understanding. It was
a state-of-the-art symposium involving invited review papers, nine section
summaries, and the papers themselves (ICNAF Special Publication No.6, 1965).
He concludes (p. 2) that even though considerably more work had been carried
out on the physiology of fish in the intervening years (i .e. between 1951 and
1964) ,

"It may also be fair to suggest that some of the lessons
of that 1951 symposium have still to be fully digested."

Lucas stressed the importance of a balance between process-oriented studies
in physical oceanography and long-term broad-scale monitoring. Ongoing
communication between disciplines and joint research planning were again
encouraged. In a certain sense the meeting reinforced the recommendations of
the 1951 Special Meeting. There was a clear link between the two symposia
with frequent cross-referencing. The formal recommendations of the 1964
Symposium were presented to the ICNAF Subcommittee on Environmental Studies
(see Appendix 5 for relevant extracts). Recommendations 33 and 34 are of
particular interest in that they deal with the need for increased monitoring
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of physical oceanographic properties as well as descriptions of circulation
in offshore fishing areas.

Other contributions to the ICNAF oceanographic program include a Special
Meeting in May 1967 on fluctuatiohs in sea and air temperatures from 1950 to
1966 in the ICNAF convention area (ICNAF Redbook 1967, Pt. IV). Two
additional symposia were held on fisheries oceanography to review
respectively conditions during the decades of the 1960's and 1970's (ICNAF
Special Publication No.8 [1972J and NAFO Scientific Council Studies No.5
[1982J). Finally, other meetings pertinent to this sketch include the
Special Session on Ice and the Symposium on Unusual Environmental Conditions
in the Newfoundland Grand Bank area in 1972 (ICNAF Special Publication No.9
and 10).

It would appear that ICNAF, and more recently NAFO, has more actively
reviewed oceanographic conditions than has ICES in recent years. In general,
however, the papers presented during the more recent decadal overviews have
not considered fish and physics together. Notable exceptions are Templeman
(1972), Bernstein and Mann (1982), and Sergeant (1982). The 1964 symposium,
in contrast, deals extensively with interactions, in particular in Sections A
and H.

Within ICNAF there have thus been two categories of activities linking
physical oceanography to fisheries: 1) the environmental symposia series,
and 2) major international recruitment-related research programs
(NORTHWESTLANT, Georges Bank herring, Flemish Cap cod/redfish). The
Government of Canada has also reviewed the linkages between physical
oceanography and fisheries within the northwestern Atlantic. In 1964,
representatives of the Fisheries Research Board of Canada (FRB) and the
Department of Mines and Technical Surveys (DM&TS) (which at that time had
primary responsibility for physical oceanographic studies) met to discuss,
among other issues, their respective responsibilities in biological and
physical oceanography (the Atlantic Fisheries Oceanography Meeting). Much of
the discussion involved the need for monitoring of physical oceanographic
properties. The FRB was willing to discontinue their efforts in this field
if the DM&TS would take it over. The matter of how best to carry out an
effective program, meeting fisheries needs, was discussed at some length.
The FRB was asked to indicate specific requirements and indicate their
pri oriti es.

"It was agreed that FRB would consider what its needs were in
oceanographic monitoring and would submit these to DM&TS as
soon as possible, indicating priorities in each. It was
further agreed that DM&TS will gradually take over the
oceanographic monitoring presently handled by FRB, when
personnel become available. It was agreed that the
monitoring should be intensified at the earliest possible
moment."

The summary of the Meeting indicates the concensus that extensive physical
oceanographic studies were required for fisheries problems and,
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"DM&TS are prepared to carry out non-biological marine
studies (research and surveys) in response to FRB needs and
are prepared to go to considerable length to meet specific
fisheries needs."

The physical oceanograhic community did not, however, take over the
monitoring program; and links with fisheries research were not developed on a
sustained manner. The reasons for the lack of follow-up from the first
Atlantic Fisheries Oceanography Meeting in 1964 are not evident to the
Working Group. FRS did review their requirements and priorities (see
Appendi x 6).

Several points can be gleaned from the preceding somewhat selective
review of how physical oceanographic research has been linked to fisheries
questions within ICES and ICNAF/NAFO between 1902 and the present.

1. It has been recognized (since at least the turn of the century) that
physical oceanography is critical to fisheries questions.

2. Physical oceanographers played a major role in establishing ICES, with a
specific mandate to facilitate appropriate oceanographic research to
resolve fisheries questions. Oceanographers of high caliber
(Pettersson, Nansen, Ekman, and Sverdrup) were actively involved in the
definition of the research questions and associated programs.

3. Oceanographic research programs directed towards specific fisheries
questions, however, have not been common, even though precise hypotheses
on fisheries questions have been stated since 1913.

4. Even within a common organizational structure, oceanographic and
fisheries work have generally been treated separately.

5. The underlying premise, although unstated, seems to have been that
parallel research on respectively oceanographic and fisheries state-of
the-art questions will result in increases in understanding of the role
of oceanographic processes on diverse aspects of fish biology.

6. Communication between oceanographers and fisheries biologists was much
more pronounced during the early period (1902 to 1951) than is generally
the case today. Oceanographers participated in the committee
discussions involving fisheries questions and vice versa.

7. A major international multidisciplinary initiative to test Hjort1s
critical-period hypothesis on recruitment variability was interrupted by
the First World War. Nothing so ambitious has sUbsequently been carried
out. The reasons for the lack of joint oceanographic/fisheries research
on Hjort's two hypotheses until recent years are not obvious.

8. The requirement for increased monitoring of oceanographic properties in
in relation to long-term trends in resources has been repeatedly
discussed throughout this century both within ICES and ICNAF/NAFO.
Fisheries biologists, however, have rarely used the oceanographic data
products when they have been produced. Further, institutional suppoft
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for extensive monitoring programs has not been sufficient to sustain
diverse initiatives within ICES.

9. Big science initiatives in fisheries oceanography have in general been
disappointing for a variety of apparently different reasons (1913 and
1938 "Hjort" programs because of war, 1947-49 project as a result of
Hjorts death[?], 1963 NORTHWESTLANT for undefined reasons).

10. The 1951 Special Scientific Meeting of ICES specifically addressed the
place of oceanography in fisheries research. The recommendations of that
Meeting (see Appendix 4) are relevant today.

Recommendation 2 of the 1951 Meeting, which was stimulated in part by
Sverdrup's presentation, forms the first step in the Working Group's approach
to meeting its terms of reference. In the following section the important
fisheries questions are defined. The historical perspective suggests that
the hopes of the physical oceanographers who stimulated the formation of ICES
have not been fully realized. In spite of the enormous increase in
sophistication within physical oceanography and in the understanding of the
physics of the oceans between 1902 and the present, there are few examples in
which physical oceanography has been successfully directed towards the
resolution of specific fisheries questions. No doubt there are fundamental
reasons for the gap between early expectations and achievements to date. It
was certainly not, at least in the early years, due to a lack of interest or
commitment by the physical oceanographic community. There have been several
ambitious attempts to integrate the two disciplines to better address
fisheries problems (1913, 1938, and 1950 at the ICES Statutory Meetings and
their follow-up actions; 1961 at the ICNAF Scientific Meeting and its
follow-up research and environmental symposia). Part of the difficulty may
have been the inability given the respective states of the art in
oceanography and fisheries biology to define joint tractable questions.
Initially, the fisheries questions (as stated in 1913, for example) were
perhaps too sophisticated for physical oceanography; that may not be the case
-today. The main thrust in physical oceanography quickly became an
investigation of the large-scale mean circulation of the deep ocean, with
limited emphasis on the variability in continental shelf processes (Wunsch
1981); that trend was not significantly reversed until the 1960's. In this
sense the present may well be fruitful for a reconsideration of the role of
physical oceanography in fisheries research.

CHAPTER 3. FISHERIES RESEARCH QUESTIONS OF IMPORTANCE IN THE ATLANTIC ZONE

Following the recommendation generated by Sverdrup's presentation at the
1951 Special Scientific Meeting (i.e. that fisheries biologists need to
state clearly the critical research questions), a two-step work plan has been
adopted for this Working Group. The "fisheries" members of the Working Group
were asked to provide the critical research questions facing fisheries
management in their respective regions. Each core member of the several
Canadian Atlantic Fisheries Advisory Committee (CAFSAC) subcommittees was
also asked to provide input. These research questions formed the basis of
the subsequent definition of requirements for physical oceanographic
information in support of fisheries research.
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Most of the fisheries research questions requiring physical
oceanographic support could be grouped into four categories: 1) definition
of populations, 2) temporal changes in availability of fisheries resources to
either commercial fisheries or research surveys, 3) causes of recruitment
variability, and 4) long-term changes in abundance level. Each of these four
categories is briefly discussed below.

3.1. DEFINITION OF POPULATIONS

An understanding of the distributional patterns of populations (or
stocks) within the geographic range of commercially important species is
important to the definition of the component management units (Heincke 1898;
Redeke 1912; Hjort 1945; Iles and Sinclair 1982; Sinclair and Iles 1985).
For invertebrate species in particular, but also for some fish species, an
understanding of these patterns is the most critical question facing
fisheries management in the Atlantic Zone. Without an understanding of the
geographic extent of the diverse populations the source of recruitment cannot
be understood. This research question was considered by the relevant
specialists to be critical to the management of sea scallop, Icelandic
scallop, lobster, shrimp, snow crab, short-finned squid, Gulf of St. Lawrence
herring, and Greenland halibut. The Working Group considered that, in
general, a tight coupling between disciplines was not necessarily required at
this time in relation to this fundamental research question. To aid in
addressing the "population question," fisheries biologists require
descriptions of the general mean circulation patterns and their seasonal
variability over the relevant continental shelf area (Labrador Shelf to
Mid-Atlantic Bight). In addition, large-scale descriptions of average
seasonal patterns in the temperature and salinity characteristics of the same
area are considered to be useful. A summary analysis of the availability of
this sort of descriptive information on the physical oceanography of the east
coast continental shelf area from Cape Chidley to Cape Cod is provided in
Chapter 4 of this report.

3.2. CHANGES IN AVAILABILITY

The second category of fisheries research questions involves temporal
changes in availability of fisheries resources to either commercial fisheries
or research surveys. This problem, and its relevance to Atlantic Zone
fisheries management issues, has been forcefully and clearly stated by
Pinhorn and Halliday (1985). The biological problem is that there are marked.
interannual changes in availability of fish and invertebrate resources to
various segments of a fishery (in particular to the fixed-gear components,
but not exclusively) and to the research surveys resulting from changes in
spatial distributions (not from changes in abundance of the population in a
management unit). It has-been inferred in many cases that shifts in
availability of commercially important resources are caused by variability in
the physical oceanographic environment, particularly in water temperature.
Two examples of availability shifts are addressed in some detail in Chapter 5
of this report - northern cod availability to the Newfoundland/Labrador
inshore fishery and silver hake spring/summer migration onto the Scotian
Shelf. Several other examples of availability problems within Atlantic
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fi sheri es were' i dentifi ed by the Worki ng Group. Each case coul d benefi t from
a detailed analysis of the type provided for northern cod and silver hake.
The cases that are not further evaluated are briefly described here.

Shrimp abundance in the northwestern Gul f of St. Lawrence, and
undoubtedly in other areas, is difficult to estimate using present survey
methodology. It is thought that at least part of the problem in the accuracy
of the survey estimates results from changes in the availability of shrimp.
The degree to which oceanographic changes influence shrimp behavior and
distribution, and thus availability to the survey, is not known. The Working
Group noted that there is a large data set on interannual variability in
temperature and salinity in this area of the Gulf of St. Lawrence. Thus,
further work in relation to the availability question might be fruitful.

A second example was also from the Gulf of st. Lawrence. The timing of
migration of herring from their deeper-water overwintering areas to diverse
spawning locations within the coastal zone of the western Gulf has been shown
to be a function of temperature. The complete oceanographic data set,
however, has not been used. The present hypothesis by S. Messieh involves
interannual fluctuations in the depth of the temperature minimum layer.
Aqain it was felt by the Working Group that further exploratory analysis of
the accummulated data sets on oceanographic properties in the southern Gulf
of St. Lawrence and herring spawning times could be profitable.

A third example is the interannual changes in distribution of cod on
either side of the Laurentian Channel in the Cabot Strait area (Sinclair
1983). The studies on the long-term temperature variability in the Gulf of
St. Lawrence by AOL may be useful in interpreting the observed changes in cod
distribution.

A final example of a potential availability problem in Atlantic Canadian
fisheries is American plaice on the Grand Banks (based on dramatic decreases
in catch rates during the 1986 fishery, coincident with modest changes in the

·survey index of abundance). The Working Group did not feel in this example
that the biological information was sufficient to merit further investigation
of the associated physical oceanographic process that may be involved in the
change in availability.

In contrast to the first category of fisheries questions coordinated,
jointly planned multidisciplinary research programs are required for this
category of fisheries problems. Preferably the research programs on
availability changes should comprise self-contained disciplinary components
(jointly planned) so that a physical oceanographic component would still
yield useful information (e.g. for other applications) if the fisheries
component were to be unsuccessful.

3.3. RECRUITMENT VARIABILITY

The third category of fisheries research questions concerns the thorny
issue of the causes of recruitment variability. Within the Atlantic Zone
three major projects that fall within this category are near completion: the
Georges Bank herring study, the Flemish Cap redfish/cod study, and the Browns
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Bank haddock study. In each case there was a substantive contribution by
physical oceanographers within the Department. These studies, however, have
not been fully evaluated with respect to their stated aims. In particular,
it is not yet clear if the physical oceanographic contribution was
adequate for the biological question being addressed. For the latter program
(Browns Bank haddock) it may in fact be premature to attempt such an
evaluation as the study is not yet complete. The Georges Bank and Flemish
Cap recruitment studies, however, were the subject of a Special Scientific
Meeting of NAFO held in September 1986. The Working Group adopted a dual
approach towards an analysis of this third category of fisheries research
questions. First, the physical oceanographic input to the above three major
recruitment variability programs is described. In addition, the results of
the NAFO Special Scientific Meeting are evaluated in relation to the adequacy
of the physical oceanographic component of the projects. Secondly, a
statement on the Working Group's position on the approach to be taken
toward recruitment studies is formulated. This section includes Atlantic
Canada's potential involvement in the International Recruitment Project
(IREP), as well as oppo~tunities for recruitment-related research on
invertebrates. Magdalen Islands lobster is highlighted because of the
predictive power of the freshwater runoff index (RIVSUM) for lobster yield in
this area (Sutcliffe 1972; 1973; Sheldon et al. 1982; Drinkwater 1987;
Sinclair et al. 1986b). The causal mechanisms underlying the correlation are
not understood and have not been aggressively investigated. Also, the
potential study involves an invertebrate resource. Invertebrates have not
been addressed in previous major recruitment studies. The two analyses of
the physical oceanographic needs for this third category of fisheries
questions are presented in Chapter 6 of this report. Again, the Working
Group perceives jointly planned mUltidisciplinary research programs with
self-contained disciplinary components to generally be most appropriate to
this category of research questions.

3.4. LONG-TERM CHANGES IN ABUNDANCE LEVELS

The final category of fishery research questions involves the possible
influences of interannual variability in the physical environment of coastal
and continental shelf waters to long-term changes in abundance levels.
Marked changes in fisheries yields and geographic extent of distributions are
observed on a decadal time scale. A recent example which has had a dramatic
impact on the fishing industry is the change in recruitment levels (not the
interannual variability, but rather a shift to a lower-characteristic
absolute abundance) for Labrador cod. Medium-term projections of abundance
based on the recent history of the management unit have turned out to be
serious overestimates. It is not interpreted that overfishing is the causal
factor. A second example is the low-frequency shifts in sea urchin abundance
along the coast of Nova Scotia, which may have an influence on productivity
of the coastal zone. Examples of long-term changes in abundance levels in
the northeastern Atlantic include the Plymouth herring and the pilchard
landings in the English Channel area (Cushing 1961; Wyatt 1984). In general
terms, based on the commercial fisheries catch arid effort statistics, as well
as the standard research vessel surveys, a systematic description of the
variability in certain biological parameters on a decadal time frame is
becoming available (i .e. species composition and relative abundance from the
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standard groundfish research vessel surveys; see Mahon et al. 1984 for a
description of the data base). In contrast, the data base for physical
oceanographic properties is being archived on an opportunistic basis. In
Chapter 7 of this report an analysis of the requirements for monitoring of
physical oceanographic properties is presented. Parallel research programs
in fisheries and physical oceanography should be adequate after the
disciplines have jointly determined appropriate oceanographic properties to
monitor.

3.5. A GENERIC PROBLEM

During the discussion of the fisheries research questions a generic
problem surfaced that no doubt hinders development of fruitful linkages
between the two disciplines. The biological questions, as a rule, are not
sufficiently well stated to permit detailed research project planning by a
joint team of physical oceanographers and biologists. Details are required.
Frequently the fisheries question is perceived in general terms, but there is
not sufficient detail presented (or perhaps even available) to permit
development of the plausible linkages with oceanographic phenomena. A
notable exception is the background documentation for the northern cod
availability problem. The documentation in this particular case facilitated
an analysis of potential physical oceanographic requirements. It is this
level of documentation on a case-by-case basis that is required for
meaningful definition of research initiatives in associated disciplines.

CHAPTER 4. SUMMARY OF CIRCULATION AND TEMPERATURE-SALINITY
INFORMATION FROM THE ATLANTIC CANADIAN SHELF

4.1. INTRODUCTION AND APPROACH

4.1.1. Relevant Time and Space Scales

The starting point for any discussion of circulation and temperature and
salinity distributions must be the determination and/or specification of the
time and space scales that are of interest to the questions at hand.

The time scales implicit in the first category of fisheries research
questions are the long-term mean and seasonal variations of the distributions
of current, temperature, and salinity on the Atlantic Canadian shelf. The
accumulated observational information from the region, however, indicates
that the currents and water mass properties fluctuate on a broad range of
time scales. This range extends from periods of the order of 1 min and 1 d
for internal wave and tidal motions respectively, through periods of the
order of 1 wk and 1 mo for motions forced by wind events and deep-ocean
eddies respectively, to the seasonal and interannual variability associated
with the solar cycle and longer-term fluctuations in-the atmosphere-ocean
cryosphere system. This broad spectrum of variability has significant
implications for the specified fisheries requirement. First, the relatively
high-frequency variability must be considered in any sampling scheme in order
to avoid obtaining spurious lower-frequency variations resulting from
aliasing. Secondly, the measured mean value of any physical property, such
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as the so-called residual circulation; may depend on the length of the
measurement period unless that period is long enough to resolve all of the
energetic variations. This generally requires that the measurements be of at
least 1 yr's duration so as to resolve any seasonal cycle, although seasonal
means may be obtained from appropriate records of shorter duration. If there
is strong interannual variability, however, measurements of many years'
duration may be necessary, in which case the required physical oceanographic
measurements merge with the monitoring programs required by the fourth
category of fisheries questions. Finally, and perhaps most importantly, the
"fisheries significance" of the mean and any seasonal variation in the
physical environment may also be critically dependent on the magnitude of the
higher-frequency variations. The seasonal and long-term means of currents,
for example, must be considered in relation to the standard deviation of all
higher-frequency current fluctuations occurring on time scales of relevance
to the particular fisheries pr6blem. Similarly, seasonal variations must be
considered in relation to appropriate statistical measures of both
interannual and higher-frequency variability. Considering these implications
of the observed broad spectrum of variability in current, temperature, and
salinity, further specification of the requirements of the fisheries research
problems is required. The discussion in this chapter will be largely limited
to the availability of relevant data for a seasonal description, while an
examination of the adequacy of this data base must await further elaboration
of the fisheries problems.

The space scales of the distributions of current, temperature, and
salinity on the Atlantic Canadian shelf have, in general, not rigorously been
determined. However, the accumulated observational and theoretical
information indicates that the seasonal and mean circulation patterns and
distributions of temperature and salinity in the region include at least
three horizontal space scales. Because the entire shelf area between Cape
Chidley and Cape Cod is influenced by the along-shelf, Equatorward flow of
the Labrador Current and the St. Lawrence River outflow, the circulation and
temperature and salinity distributions can be discussed on the "broad" scale
of the latitudinal extent of the entire area and the shelf width. This scale
isof the order of 2,000 km in the along-shelf direction and 200 k~ in the
cross-shelf direction.

The second horizontal space scale over which significant current and
water mass property variations have been observed, and which may be of
particular significance to the first category of fisheries questions, is the
"topographic" scale corresponding roughly to the horizoiltal extent of banks,
embayments, troughs, saddles, channels, and straits. In the following
discussion, topographic features with scale of the order of 100 km and
greater will be considered.

The third significant horizontal space scale is a dynamical one - the
internal Rossby radius of deformation. This is ~he natural horizontal scale
over which adjustment to density and topographic changes occurs in a rotating
stratified ocean, essentially forming a high wavenumber cut-off for seasonal
and lower-frequency patterns. For typical conditions on the Atlantic
Canadian shelf in summer when this scale is most significant, as well as
smallest, it is of the order of 10 km. Variations on this scale will not be
dealt with explicitly here, but it may be considered to be the minimum scale
for the occurrence of water mass property variations (i .e. frontal zones)
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of the latitudinal extent of the entire area and the shelf width. This scale
isof the order of 2,000 km in the along-shelf direction and 200 km in the
cross-shelf direction.

The second horizontal sp~cescale over which significant current and
water mass property variations have been observed, and which may be of
particular significance to the first category of fisheries questions, is the
"topographic" scale corresponding roughly to the horizontal extent of banks,
embayments, troughs, saddles, channels, and straits. In the following
discussion, topographic features with scale of the order of 100 km and
greater will be considered.

The third significant horizontal space scale is a dynamical one - the
internal Rossby radius of deformation. Thi~ is ~he natural horizontal scale
over which adjustment to density and topographic changes occurs in a rotating
stratified ocean, essentially forming a high wavenumber cut-off for seasonal
and lower-frequency patterns. For typical conditions on the Atlantic
Canadian shelf in summer when this scale is most significant, as well as
smallest, it is of the order of 10 km. Variations on this scale will not be
dealt with explicitly here, but it may be considered to be the minimum scale
for the occurrence of water mass property variations (i .e. frontal zones)
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between topographic regimes and the minimum width of baroclinic "jet-like"
currents occurring along the shelf break and the perimeter of topographic
features. This internal deformation radius is also the width of the zOhe
adjacent to coastlines that is most strongly inflUenced by runoff and
wind-driven upwelling.

In addition. variability of the currents. temperature. and salinity on
the vertical space scale must be considered. In general. the currents on the
Atlantic Canadian shelf are known to include both barotropic (independent of
vertical position) and baroclinic (vertically structured) components. while
the temperature and salinity profiles typically include surface and bottom
mixed layers and an intervening region of large vertical gradient (the
thermocline or ha10c1ine). In contrast to the horizontal structure. however.
the vertical structure is usually resolved in conventional physical
oceanographic measurement strategies.

4.1.2. Ouantity of Available Data - Currents

The primary data base for a statistical description of current patterns
and their variability in the region is the set of Eulerian observations
obtained from moored current measurements. Figure 2 shows the number of
months of current meter data archived as of July 1986 at the Atlantic
Oceanographic Laboratory (AOL) for the various 1° squares in the region
(courtesy of D. Gregory. Coastal Oceanography Division. AOL). The number of
current meter months was obtained by summing the lengths of record (in days)
from all instruments at all depths in all seasons in each square. dividing by
30 (days/month). and truncating. The archives include some of the current
meter observations obtained by industry and other institutions but do not
include some recent AOL observations. The summary figure. however, does form
a useful basis for discussion of the regional distribution of available data
and of the extent to which the fisheries requirement for a description of

.seasona1 current patterns can be met.

Itis immediately clear that the spatial coverage of existing moored
current measurements is incomplete; there are no records in the archives for
large areas of the shelf. The length and number of records required to
resolve the seasonal variation of circulation pattern will vary with
location. depending on such a priori unknown factors as the horizontal and
vertical scales of variation-and the relative magnitudes of the seasonal.
interannual. and higher-frequency variability noted above. As a rough
yardstick for discussing the adequacy of available data for the fisheries
requirement. it is probable that at least two years of observations at each
of two vertical positions would be required to provide a first approximation
of the description of the current1s seasonal variability and some indication
of its vertical structure and interannual variability at each location on a
stratified continental shelf, i.e. at least 48 current meter months at each
measurement site. The required number of such sites in each 1° square would
of course depend on the horizontal scales of variation. If these scales were
determined by topography. then th~ n~nber might vary from perhaps only one
(per 1° square) on the central Grand Bank to several on parts of the
topographically rugged Scotian and Labrador Shelves. Assuming then that. on
average, four measurement sites were required in each 1° square to resolve
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the topographic scale variability referred to in Section 4.2.2, then
approximately 30,000 current meter months of data would be required to obtain
a first description of the seasonality of circulation with indications of
vertical structure and interannual variability for the entire shelf region.
In contrast, there are only about 3,300 current meter months of data for the
same region in the AOL archive at present, 20% of which is in a single 1°
square (Fig. 2). Furthermore, with approximately 100 current meters
available in AOL, it is clear that meeting the stated requirements of the
first category of fisheries questions alone would take several decades of
concentrated effort.

It should be emphasized that two years of record may well be inadequate
to resolve seasonal variability much less interannual variability, although
it may be adequate to suggest that there is not a seasonal variation of
significance to the fisheries question because of strong higher-frequency
variability. Seasonal variability analyses have been reported for current
measurements from at least three areas in the region of interest: for the
outer Scotian Shelf (primarily Square 42-43°N, 63-64°W of Fig. 2 - Smith and
Petrie 1982); for the Cape Sable area (primarily Squares 42-44°N, 65-66°W 
Smith 1983); and for the southern flank of Georges Bank (not shown in
Fig. 2 - Butman and Beardsley 1987). On the outer Scotian Shelf where the
subti dal current fl uctuati ons are primarily induced by wi nd events and
deep-ocean eddies, Smith and Petrie (1982) found that the seasonal mean
currents were generally sma 11 er than the subti dal standard devi ati ons, wi th
only the cross-shelf component of near-surface current showing a consistent
annual cycle in the 2 yr of record. For the Cape Sable area, Smith (1983)
performed a least squares mUltiple regression analysis between the monthly
mean currents and a mean annual cycle and its harmonics. In general,
statistically significant means and annual cycles were found in the
along-isobath (i.e. along the contour of constant depth) component of monthly
mean current, suggesting that the available 22 rna of record was adequate for
the determination of the seasonality of this current component. The means

·and seasonal variations, however, were not compared with any measure of the
current variability at periods of less than a month associated with wind
forcing and the tides, although such variability could affect the
significance of the monthly mean currents to the fisheries questions. Using
up to 4 yr of moored measurements at Station A on the southern flank of
Georges Bank, Butman and Beardsley (1987) examined the seasonal variation of
both the monthly mean currents and the standard deviations of the subtidal
(i.e. tidal motions excluded) current variability about the monthly means.
They found that the most significant means and seasonal cycles generally
occurred in the along-isobath component of monthly mean flow, consistent with
the well-known, seasonally varying, clockwise residual circulation around
Georges Bank. The subtidal standard deviations, however, were generally of
the same order of magnitude as the means and seasonal variations, leaving the
fisheries significance of the latter unclear.

Tbe conclusion is that, in general, the currently available quantity of
current 1nformat10n for the Atlant1c Canadlan shelf 1S grossly 1nadequate for
providing the seasonal descrlption of circulat10n required 6y the first
cateqory of fisheries questions. There was, however, some discusslOn 6y the
Worklng Group that the stated fisheries requirement for circulation
information is excessive and unrealistic, particularly considering the
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resources available for physical oceanographic measurement programs.
Furthermore, statistical criteria have not been specified for evaluating the
relative significance to the fisheries problems of the seasonal mean and
long-term residual currents versus the strong higher-frequency current
fluctuations present in most locations. In light of the lack of adequate
current information and the need for further consideration of the fisheries
requirement, the approach in Section 4.2 will be to provide a brief summary
of the geographic distribution of available current measurements which appear
to contain relevant information on seasonality. The adequacy of these
measurements to meet the fisheries requirement in a rigorous statistical
sense, however, will not be addressed.

4.1.3. Quantity of Available Data - SUbsurface Temperature and Salinity

Figures 3 to 10 summarize by season and 1° x 1° square the number of
temperature and salinity stations available from the Marine Environmental
Data Service (MEDS) archive up to July 1986 (courtesy of J. Gagnon, MEDS).
The number of temperature stations is taken as the sum of the number of
stations (or casts) in the Nansen bottle, bathythermograph, conductivity
temperature-depth (CTD), and Integrated Global Ocean Services System (IGOSS)
temperature data bases. The number of salinity stations is taken as the sum
of the number of stations in the Nansen bottle, CTD, and IGOSS salinity data
bases only.

The number of stations required to resolve the seasonal variation in the
distributions of temperature and salinity will also depend on such a priori
unknown factors as the horizontal scales of variation and the relatTve
magnitudes of the interannual, seasonal, and high-frequency variability. As
a rough yardstick for use in the present discussions, it is probable that
each 1° x 1° square would have to be divided into at least four subareas on
average and that at least ten stations per subarea per month would be
required in order to obtain a first indication of the seasonal and spatial
variability. This would mean that at least 120 stations would be required in
each 1° x 1° square for each season, assuming the stations to be uniformly
distributed in space and time. Of course, in many areas much denser coverage
would be required for a rigorous statistical examination of spatial and
temporal variability; moreover, in many cases the available data summarized
in Figures 3 to 10 may not be adequately distributed in space (e.g. on the
topographic scale) and time (e.g. across years).

Figures 3 to 6 suggest that there may be adequate data for a preliminary
description of the seasonal distribution of temperature in most shelf areas.
The most notable exception is the Labrador Shelf in winter and spring when a
seasonal ice cover prevents extensive sampling. Other areas which do not
appear to have an adequate data base for the required description of
temperature variability are the northeastern Newfoundland Shelf in all
s~asons, the Grand Banks in fall and winter, the Gulf of St. Lawrence in
winter, and the northeast Gulf of St. Lawrence in spring.

Comparison of Figures 7 to 10 with Figures 3 to 6 indicates that the
quantity of available salinity data is generally less than one-half of the
quantity of available temperature data. In winter (Fig. 7), the salinity
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data base appears to be inadequate to meet the fisheries requirernent with the
exception of a few areas: Flemish Cap, Avalon Challrinel (Station 27), and
parts of the Scotian Shelf and GUlf of Maine. In spring (Fig. 8) and fall
(Fig. 10), the n4mber of areas appearing to have adequate data is greater,
including most of the Scotian Shelf and Gulf of Maine and parts of the Gulf
of St. Lawrence. The data coverage is greatest in summer (Fig. 9), but there
still appears to be an inadequate data base fo~ much of the Labrador and
Newfoundland Shelves and parts of the Gulf of st. Lawrence.

The determination of the adequacy of the available temperature and
salinity data for providing the seasonal description appropriate to the first
category of fisheries questions requires a rigorous statistical analysis of
the spatial and seasonal variability in relation to temporal variability at
other frequencies. This must be done on a region-by-region and season-by
season basis, and would require time and effort far beyond the capability of
the present Working Group. The results of such an analysis could then be
used in the context of sampling theory to examine the adequacy of the
existing data and obtain firm estimates of the quantity of data required to
meet the specified fisheries requirement. The approach in Section 4.3 will
be to provide a brief summary of available data and existing studies and
reports which are relevant to the seasonal description of temperature and
salinity distributions, without addressing the adequacy of the data to meet
the fisheries requirement in a rigorous statistical sense.

4.1.4. Comments and Recommendations

1. The specified fisheries requirement for seasonal descriptions of
circulat10n and temperature and salinity d1str1but1ons should be
mod1f1ed to 1nclude appropriate measures of the variab1 lity about the
means and seasonal cycles, in order to assess the significance of the
means and seasonal cycles to the fisheries questions. This will require
specification, by the fisheries scientists, of the frequency range in
which variability may be significant to the fisheries questions. As
exampl es, the sui tabi 1itV of a parti cul ar bank as a spawni ng site may
depend on the variability of temperature on time scales comparable to and
longer than the larval emergence and maturation times (as well as on the
seasonal mean temperature over the bank), or on current fluctuations that
are energetic enough and at sUfficiently low frequencies to result in
larval displacements to less-favourable environments (as well as on the
seasonal mean circulation). The appropriate frequency range may thus
depend on the frequency spectrum of current variability and the relation
of the horizontal excursions associated with the current variability to
the topographic and other space scales, as well as on the time scales of
the biological processes inherent in the fisheries question. Thus, this
need for further specification of the fisheries requirement should be
addressed through the interaction of fisheries scientists and physical
oceanographers. It is recommended that, as an exploratory case, the
ap~ropriate criteria fot the determination of the significance of the
means and seasonal cycles of currents, temperature, and sal1n1ty required
by the f1rst category of fisher1es quest10ns be addressed for the species
stud1ed 1n the F1sher1es Ecology Program 1n the Browns Bank area.

I.
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2. The discussion in this Section assumes that the topographic scale is a
dominant space scale of the current~ temperature, and salinity
distributions on the Atlantic Canadian shelf. It is recommended that
this assumption should be examined quantitativeTy for some representative
reglons, uSlng obJective analysis techniques along the lines of those
proposed by P.C. Smith (unpubl. MS, 1985) for determining the space and
time scales of temperature anomalies relative to the means and seasonal
cyc1es.

3. Assuming that the first category of fisheries questions requires a
seasonal description of circulation on the topographic space scale (also
see discussion of topographic scale in Section 4.2), the available
circulation information is grossly inadequate for the region as a whole,
with adequate information appearing to be available for only a few areas
(mostly notably, Georges Bank and the Cape Sable area including Browns
Bank). Furthermore, it would be neither possible nor reasonable to
attempt such a description (for the entire region) given the currently
available physical oceanographic resources. It is recommended that
fisheries scientists priorize, on an area-by-area basis, their
requirement for descriptions of the seasonality of circUlation patterns.

4. It is recommended that, pending the determination of the significance
criterla discussed in Recommendation 1 above, the long-term means and
seasonal cycles of the local along-isobath and cross-lsobath components
of the monthly mean cUrrent be determined for existlng records extending
over one year or more, ro"owlng the procedure of Smith (1983). It is
further recommended that the means and seasonal cycles of the standard
deviations about the montHlY means fie determined for the along-shelf and
cross-shelf components of subtidal current for these records, followlng
Butman and Seardsley (19S1). The results of these analyses should be
examined for spatial patterns (e.g. cross-shelf variability) in the
ratios of the mean current and the seasonal cycle's amplitude to
appropriate measures of the hi9her-frequency variabiltiy.

5. It is recommended that, as a first step toward providing the required
seasona1 description of the temperature and salinity distributions on the
Atlantic Canadian shelf, the monthly means (averaged overall years),
standard deviations, and numbers of observations for standard depths and
subareas corresponding to topographic features be calculated using the
merged MEDS data base. Thi s computati on shoul d be carefully assessed by
objective analysis for the errors involved. The means and seasonal
cycles of both the monthly means and their standard deviations should
then be determined following Smith (1983) and Butman and Beardsley
(1987), and used to assess the significance (on purely statistical
grounds at this point) of a~y seasonal cycles and to identify areas where
additional observations are needed. ~or regions where adequate data
presently exist~ atlases of the seasonal distributions of temperature and
salinity could be considered.

6. As most of the important continental shelf fisheries are associated with
bottom or near-bottom-dwe1ling fish or invertebrates, greater emphasis
should be placed on the examination of variability in oceanographic
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properties of bottom water. For fish which have preferences for
temperat~re, current condition, etc., it is the variability of these
factors where and near where they live that is important. thus, in
consideration of groundfish research q~estions in partic~lar (except that
of recruitment) it is perhaps more usef~l to consider the variability of
temperature, for instance in terms of horizontal variability in spate of
cjiven isotherms on the bottom rather than the customary examination of
temperature variability on given locations in space. In this respect it
is recommended that the merged MEDS data base be used to develop monthly
maps of the bottom temperature and its variabil1ty averaged over all
years for the entlre Atlantic Canadian shelf.

7. As a comprehensive description of seasonal variability in circulation,
temperature, and salinity would require massive effort and resources and
may not elucidate the physical processes occurring on the Atlantic
Canadian shelf, the appropriate strategy may be to attempt to obtain this
desc,ription in high-priority areas only. It is recommended that
fisheries scientists priorize the areas and seasons for which seasonal
descriptions of temperature and salinity distrlbutions are requlred, and
where posslble state the mlnimum seasonal and spatial variatlons in the
required parameters tRat would be significant to the fisheries
quesb ons.

4.2. CIRCULATION

4.2.1. Broad Scale

The description of cirCUlation on the Atlantic Canadian shelf is
facilitated by the presence of a general southward and southwestward drift
in the region, associated primarily with the Labrador Current on the Labrador
and northeastern Newfoundland Shelves and the Grand Banks of Newfoundland,

-and primarily with the coastal ,discharge of freshwater (particularly from the
St. Lawrence River) in the Gulfs of st. Lawrence and Maine and on the Scotian
Shelf. Although this drift is disrupted in some areas, particularly those
with variable bottom topography, the observation that the mean current is
generally along-shelf (with the coast to the right) and the physical
constraints of continuity of flow and potential vorticity conservation
combine to provide the possibility that representative descriptions of the
cross-shelf structure and seasonal variability in the broad-scale,
along-shelf flow can be obtained from a limited number of along-shelf
positions.

Our present understanding of the cross-shelf structure and seasonal
variability of the broad-scale, along-shelf flow is based primarily on the
following:

1. Moored current measurements, hydrographic sections, and coastal sea
level observations across Hamilton Bank on the southern Labrador Shelf,
taken partly in a program currently underway in AOL
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2. Hydrographic sections taken over many years and a limited ~umber of
moored current measurements acrOss the northern Grand Bank, the
northeastern Newfoundland Shelf, and ~lemish Cap (roughly along 47°N)

3. Moored current measurements and coastal sea level observations in the
Strait of Belle Isle

4. Hydrographic sections distributed across the Gulf of St. lawrence and
moored current measurements in the St. Lawrence Estuary

5. Hydrographic sections and moored current measurements across the Cabot
Strait

6. Hydrographic data on the so-called Halifax Section across the Scotian
Shelf

7. Moored current measurements on the outer Scotian Shelf taken as part of
AOL's Shelf-Break Experiment

8. Moored current measurements off southwest Nova Scotia, taken as part of
AOL's Cape Sable Experiment

9. Moored current measurements on Georges Bank, taken as part of the (USA)
New England Outer Continental Shelf Physical Oceanography Program

10. Moored current and bottom pressure measurements, and hydrographic
sections across the New England Shelf south of Cape Cod, taken as part
of the (USA) Nantucket Shoals Flux Experiment

These observational programs have been complemented by less-extensive
mooring programs at other sites, satellite-tracked drifter tracks; other
surface- and bottom-drifter studies, inferences from water-mass property
distributions (e.g. temperature, salinity, 01B/o 6 and ice distributions),
and numerical model predictions.

4.2.1.1. Comments and Recommendations:

1. Some information on the cross-shelf structure and seasonality of the
broad-scale component of circulation (i.e. the along-shelf flow) is
available or being collected from all the major shelf regions (Labrador
Shelf, Newfoundland Shelf; Gulf of St. Lawrence, Scotian Shelf, Gulf of
Maine). Nevertheless, the cross-shelf structure and seasonal variability
;n these areas cannot be considered as well described, with the possible
exception of the Cape Sable region off southwestern Nova Scotia.
Furthermore~ much of the available information ;s derived from
hydrographic sections, from which only the baroclinic component of flow
can be inferred in general.

2. The existing information on cross-shelf structure and seasonality of the
along-shelf flow is particularly lacking in moored current measurements
on the entire Newfoundland Shelf.
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3. The geographic areas to which the existing infor~ation on the broad
scale circulation may be extrapolated the least (due prilnarily to
topographic effects) appear to be:

- the northern Labrador Shelf
- the northeastern Newfoundland Shel f
- the southern Grand Bank
- the Newfoundland Shelf south of Newfoundland
- the central Gulf of St. Lawrence
- the eastern Scotian Shelf
- the northern Gulf of Maine

4. It is recommended that, as an extension of the analysis outlined in
Recommendation 4 of Section 4.1, the seasonal variation of the integrated
(across the shelf) along-shelf transport be examined for locations from
WhlCh adequate moored measurements are available. It is further
recommended that the results of this analysis be used in a review paper
summarizing the evidence for continuity of the broad-scale flow
throughout the reglon and the consistency of the seasonality observed on
the various cross-shelf sections.

5. The Cape Sable Experiment is a model example of the type of observational
program required to address the questions of cross-shelf structure and
seasonality of the broad-scale circulation: a detailed cross-shelf array
for two or more years, allowing determination of the cross-shelf scales
of the flow and leading to the identification of a reduced scale program
for monitoring seasonality in flow in later years (if required).

4.2.2. Topographic Scale

The existing moored current measurements and drifter tracks from areas of
along-shelf variability in bottom topography and coastline indicate that the
-broad-scale drift described above is dominated in some areas by circulation
features related to the topography and coastline. The best-documented
examples of circulation features on this space scale are the observations of
a component of flow in a clockwise direction around a number of the offshore
banks in the region (Belle Isle Bank, Browns Bank; F1emish Cap, Georges
Bank), of weak mean flows on the crest of some offshore banks (Hdmilton Bank,
Grand Bank, Georges Bank), of enhanced cross-shelf mean flow in some saddles
(e.g. Cartwright Saddle) and channels (e.g. Northeast Channel), and of
localized gyres in some bays (e.g. st. Georges Bay, N.S.). In the present
context, these circulation ,features are of interest on two counts. First,
they may be directly relevant to the fisheries questions of definition of
populations and stocks and recruitment success. Secondly, they are
disruptions to the broad-scale flow discu~sed above, and hence their
structure is relevant to the continuity of this flow and the
representativeness of the existing information on cross-shelf structure and
seasonality.

Several dozen of these topographic features with the space scale of
interest here (102 km) can be identified readily: six offshore banks on
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the Labrador Shelf, as well as the i nterveni ng saddl es and the margi nal
trough; eight major bays on the east and south coasts of NeWfound1ahd;
Flemish Cap and four banks on the Grand aanks of Newfoundland, as weil as the
intervening and inshore channels; four straits, a major channel and estuary;
and several bays adjoining and lying in the Gulf of st. Lawrence;
approximately nine banks and intervening basins and channels on the Scotian
Shelf; and two major banks, a major bay, and severa1 basins and channels
adjoining or lying within the Gulf of Maine. As the mean circulation pattern
has been determined for only a small fraction of these featUres, and the
seasonality determined for only a few of them, this information will be
summarized; and the gaps in understanding will not be identified explicitly.

On the Labrador Shelf the IItopographic-scale ll circulation pattern is
best described in the Hamilton Bahk area where some information on
seasonality is available. There are also moored measurements of the
summertime circulation pattern over and around Belle Isle and Makkovik Banks,
and in Cartwright Saddle, and of the local currents in some seasons at
several other sites.

On the Newfoundland Shelf, there are moored measurements which provide
information on the seasonal variation in circulation in the Avalon Channel,
in the Hibernia region, in the approaches to Fortune Bay, and in Flemish
Pass. There are also geostrophic calcu1ations of the seasonal variation in
flow through Flemish Pass and information on the summertime circulation off
Fogo Island, in Trinity and Conception Bays, and in the vicinity of canyons
on the eastern side of the Grand Bank.

For the Gulf of st. Lawrence, there is information on the seasonal
variation of current in Cabot Strait based on moored measurements and
geostrophic calculation~, and in the Strait of Belle Isle based on moored
measurements and coastal sea level observations. There are also extensive
moored measurements which provide information on the summertime circulation
in the St. Lawrence Estuary, in the northwestern GUlf in the vicinity of the
Gaspe Current, and in St. Georges Bay.

On the Scotian Shelf the mean circulation and its seasonality based on
moored measurements have been described for the shelf-break region in the
vicinity of the scotian Gul f, for Browns Bank; and for the near-shore region
off Shelburne. There have also been extensive moored measurements made on
the inner Scotian Shelf off Halifax in winter and less-extensive moored
measuremehts made at a number of other sites.

In addition ,to the seasonal description of the Browns Bank circulation,
there have been extensive observations of the seasonality of flow through
Northeast (at depth) and Great South Channels, and of the circulation on and
around Georges Bank. Moored measurements exist also for the summertime
currents in Minas Basin and Chignecto Bay, of the wintertime currents in the
western Gulf of Maine~ and of the year-round currents at tine site in the
interior Gulf. A moored observational study of interbasin circulation in the
interior Gulf over 1 yr is currently being carried out by American
scientists.
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4.2.2.1. Comments:

1. The seasonality of the topographic-scale circulation has been described
for only a small fraction of the Atlantic Canadian shelf.

2. The topographic-scale circUlation featUres with the most detailed
descriptions at present appear to be the clockwise circulations around
Browns and Georges Banks.

3. There is very little information on the seasonality of the circulation
patterns over the offshore banks in the northern Labrador Shelf t on the
Newfoundland Shelf south of Newfoundland t and on most of the Scotian
Shelf.

4. There is also very little information on the circulation patterns and
their seasonaltiy in the bays on the eastern and southern coasts of
Newfoundland.

4.3. TEMPERATURE AND SALINITY DISTRIBUTIONS

The available temperature and salinity data for the Atlantic Canadian
shelf also show variability on the broad and topographic space scales
discussed above. As several studies of temperature and salinity variability
on other space scales are available or underway, the present discussion will
focus on these studies and comment on their implications for the availability
of broad- and topographic-scale descriptions. The discussion is organized on
the basis of sea-surface temperature observations and subsurface temperature
and salinity observations.

4.3.1. Sea-Surface Temperature

The largest set of water mass property observations from the region is
the set of sea-surface temperature observations reported by merchant ships.
The spatial t seasonal t and interannual variability in these observations has
been analyzed in several recent studies.

Trites et al. (1985) grouped the observations received via the (USA)
Fleet Numerical Oceanography Centre (FNOC) for the region between Cape
Hatteras and Hamilton Bank by month, for the period 1971-83, into 19 areas of
1° latitude by 3 or 4° longitude. In addition to the pronounced seasonal
cycle, they found a broad-scale variation of decreasing temperature with
latitude and a large-scale interannual variation with opposite phases north
and south of the Gulf of Maine.

Loucks and Trites (1985) grouped the "Marine Deck H observations
(achieved at the [USA] National Climatic Center [NCC]) for the region between
Cape Hatteras and Cape Farewell for 1940-80, by month into 24 areas selected
to correspond to fishing banks and oceanographic features. Their
examination of the monthly and seasonal anomalies using correlation and
empirical orthogonal function analyses showed that there is interannual
variability in all seasons on both the broad scale (over the entire region)
and the large scale as found by Trites et al. (1985).
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. Loucks et al. (1986) carried out further empirical orthogonal function
and cross-spectral analyses on the Marine Deck observations for the period
1946-80, grouped by the same areas as Loucks and Trites (1985). In addition
to their results pertaining to anomalies (interannual variability) and their
relation to atmospheric variables, they showed the average distributions of
sea-surface temperature by month for the entire region. These maps cdnfirm
the existence of a broad-scale pattern of decreasing temperature with
latitude in all months.

Information on the seasonal variation of sea-surface temperature is also
available from long observational records at particular coastal sites such as
St. John's, Entry Island, Halifax, St. Andrew's, Boothbay Harbour, and Boston
(see Chapter 7). Information on the spatial pattern of sea-surface
temperature observations also exists for most of the oceanographic bottle,
bathythermograph, and CTO stations discussed in the next section, and is
becoming increasingly available for all regions through satellite infrared
imagery. For a discussion of the spatial and temporal variability of sea
surface temperature in the Scotian Shelf and Gulf of Maine regions, see
Akenhead et ale (1981, Section 3.5).

4.3.1.1. Comments and Recommendations

i. The Loucks et ale (1986) monthly maps can be considered a broad-scale
description of the seasonal variation in sea-surface temperature on the
Atlantic Canadian shelf, although the analysis did not include
observations from all areas.

2. It is recommended that there be anintercomparisoh and assessment of the
FNOC, Nee, and MEDS data bases of sea-surface temperature for the
Atlantic Canadian shelf.

3. tt is recommended that those data bases that are judged reliable be
combined and used in an objective analysis of the spat1al distribution of
sea-surface temperature on the Atlantic canadian shelf by month (average
over all years). The reSUlts of this analysis coula be presented 1n an
atlas, showing the month1y mean temperature distribution, as well as the
spatial distribution of variability about the monthly mean patterns.

4. It is recommended that there be a study to determine the fraction of the
water column for which sea-surface temperatures ahd their anomal1es are
representative. ThlS study could 1nc1ude a correlation analys1s of the
aboVe-surface data with the subsurface data described in the next
section.

4.3.2. Subsurface Temperature and Salinity

Partial descriptions of the seasonal variation in the subsurface
temperature and salinity distributions are available or becoming available
for most of the Atlantic Canadian shelf, although in many cases it is not
clear that the data base used is adequate to provide a statistically reliable
description.

·. ; ,;.:;".,:,. /'.:r-.'.l.: . "
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Lazier (1982) has described the seasonal variability in temperature and
salinity on the Labrador Shelf on the basis of 3,244 oceanographic bottle
stations obtained between 1928 and 1979. These stations, obtained from the
MEDS archive, were sorted by month or season and by area on a cross-shelf
grid consisting of 17 strips lying in the along-shelf direction. The
analysis showed that the dominant feature of the temperature and salinity
patterns is an abrupt change over the shelf break and that there is a
seasonal cycle in temperature and salinity at all depths on the shelf. The
analysis also showed a weak along-shelf temperature gradient in fall, while
more recent hydrographic surveys indicate some spatial structure on the
topographic scale. The seasonal variability of the temperature and salinity
distributions on this scale, however, has not been described.

Drinkwater and Trites (1986; 1987) have sorted the oceanographic bottle
data archived by MEDS for the Newfoundland and Scotian Shelves up to 1982, by
month over all years and into areas corresponding to topographic and
oceanographic features. For the Newfoundland Shelf, 17,688 stations were
sorted by month into 44 areas; and for the Scotian Shelf, 6,205 stations were
sorted into 35 areas. These reports provide seasonal descriptions of the
temperature and salinity patterns on the space scale of interest to fisheries
scientists, although the number of observations in some areas may be
inadequate to provide a reliable seasonal description.

As part of a heat and salt budget study of the Gulf of St. Lawrence,
Sugden (1981) has sorted the oceanographic bottle and bathythermograph data
for the period from 1947 to 1974 into four regions by month. Approximately
13,600 temperature soUndings and 3,600 salinity soundings were included.
This study provides a seasonal description of the large-scale temperature and
salinity patterns in the Gulf but does not have the resolution required to
resolve any topographic scale patterns.

Godshall et a1. (1980) have summarized the oceanographic bottle and
.CTD data by month and 0.5~ x 0.5 0 squares for the shelf area between the
Strait of Canso and Long tsland, excluding the Bay of Fundy. They show the
monthly averaged distributions of temperature and salinity at the surface and
125 m levels for March, June; August, and November, indicating a dominant
large-scale variation with some topographic-scale variability.

The temperature-salinity characteristics of the Gulf of Maine have been
described by Hopkins and Garfield (1979) on the basis of the eight seasonal
cruises by Colton, Marak, Nickerson; and Stoddard (1968) in 1964-66, while
Hopkins and Garfield (1981) have described the seasonal variation of
temperature and salinity over Georges Bank using the (USA) National Ocean
Data Center database. The springtime distribution of water masses in the
Gulf of Maine has recently been described by Brooks (1985) on the basis of
surveys in 1982-84.

In addition to these region-wide descriptions of" temperature and
salinity distributions, information on the seasonal and spatial variability
of subsurface temperature and salinity in particular areas exists as
follows.

1. Moored temperature measurements have been made concurrently with many of
the moored current measurements described in Section 4.2.
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analysis also showed a weak along-shelf temperature gradient in fall, while
more recent hydrographic surveys indicate some spatial structure on the
topographi c scal e. The seasonal vari abil ity of the temperature and sal i nity
distributions on this scale, however, has not been described.

Drinkwater and Trites (1986; 1987) have sorted the oceanographic bottle
data archived by MEDS for the Newfoundland and Scotian Shelves up to 1982, by
month over all years and into areas corresponding to topographic and
oceanographic features. For the Newfoundland Shelf, 17,688 stations were
sorted by month into 44 areas; and for the Scotian Shelf, 6,205 stations were
sorted into 35 areas. These reports provide seasonal descriptions of the
temperature and salinity patterns on the space scale of interest to fisheries
sci enti sts, al though the number of observati ons in some areas may be
inadequate to provide a reliable seasonal description.

As part of a heat and salt budget study of the Gulf of St. Lawrence,
Bugden (1981) has sorted the oceanographic bottle and bathythermograph data
for the period from 1947 to 1974 into four regions by month. Approximately
13,600 temperature soundings and 3,600 salinity soundings were included.
This study provides a seasonal description of the large-scale temperature and
salinity patterns in the Gulf but does not have the resolution required to
resolve any topographic scale patterns.

Godshall et a1. (1980) have summarized the oceanographic bottle and
.CTD data by month and 0.5~ x 0.5~ squares for the shelf area between the
Strait of Canso and Long 1s1 and, excl udi ng the Bay of Fundy. They show the
monthly ~veraged distributions of temperature and salinity at the surface and
125 10 levels for March~ June; August, and November, indicating a dominant
large-scale variation with some topographic-scale variability.

The temperature-salinity characteristics of the Gulf of Maine have been
described by Hopkins and Garfield (1979) on the basis of the eight seasonal
cruises by Colton, Marak, Nickerson; and Stoddard (1968) in 1964-66, while
Hopkins and Garfield (1981) have described the seasonal variation of
temperature and salinity over Georges Bank using the (USA) National Ocean
Data Center database. The springtime distribution of water masses in the
Gulf of Maine has recently been described by Brooks (1985) on the basis of
surveys in 1982-84.

In addition to these region-wide descriptions of" temperature and
salinity distributions, information on the seasonal and spatial variability
of subsurface temperature and salinity in particular areas exists as
follows.

1. Moored temperature measurements have been made concurrently l,oJi th many of
the moored current measurements described in Section 4.2.
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2. Moored conductivity measurements~ used to derive salinity, ate now being
made concurrently with many moored current measurements.

3. Summertime cross-shelf hydrographic sections have been made in most years
between 1951 and 1973 on six li nes on the Labrador and Newfound1 and
Shelves: Seal Island-Hamilton Bank ~ection, cape Bonavista section,
st. John's-Flemish Cap section, St. Johhls-Southeast Shoal section~ Green
aank-southeastern Grand Bank section, and St. Pierre Bank-southw~stern

Grand Bank section. Since 1973 the latter two lines have been sampled
only occasionally, though one attempt was made each year to occupy most
of the four more northern lines.

4. Descriptions of the seasonal variation in the cross-shelf distribution of
temperature and salinity are available for Cabot Strait, the Halifax
li ne, the Cape Sable 1i ne, and the Nantucket Shoals F1 ux Experi merit
1 i ne.

5. Long records of monthly observations of temperature and salinity exist
for a number of offshore lightships and monitoring sites: Station 27,
Sambro Lightship (temperature only), LurcherLightship (temperature
only), Prince 5, Portland Lightship, and Boston Lightship.

6. Moored bottom temperature measurements have been made at a large number
of (mostly near shore) sites throughout the region in recent years using
Ryan thermographs - at over 80 sites ih the DFO Newfoundland Region, over
60 sites in the DFO Scoti a-Fundy Regi on, and over 110 sites in the Gul f.
Although year-round measurements have been made at some sites, most of
the measurements are for the spring to fall period only.

7. An extensive bottom temperature and bathythermograph data base has been
accumulated by the fisheries research fleet at each fishing station
occupied during the diverse surveys.

The above discussion summarizes the availability of region-wide
descriptions of temperature and salinity distributions and the existence of
temperature and salinity data. It should be emphasized that only a fraction
of the existing data is included in the available descrlptions ~nd that not
all of the existing data is available through the MEDS archive.

4.3.2.1. Comments and Recommendations:

1. Some description of the seasonal variability in the distribution of
subsurface temperature and salinity is available or becoming available
for all regions of the Atlantic Canadian shelf. The available
descriptions are generally based on only a fraction of the existing data
base and generally only resolve the broad-scale and large-scale
patterns.

2. There is a noticeable lack of interpretative descriptions of the water
mass properties on the Newfoundland Shelf.

3. It is recommended that the present MEDS effort towards creating a merged
data base oT oceanographic bott1e, bathythermograph, and CTO
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observations be supported. Upon the availability of such a merged data
base, the determlnation of means and seasonal ~ycles on the topographic
scale (Recommendation A5) should proceed.

CHAPTER 5. THE ROLE OF PHYSICAL OCEANOGRAPHIC PROCESSES IN THE STUDY
OF AVAILABILITY CHANGES IN FISHERIES

The second category of fisheries research questions involves temporal
changes in availability of fisheries resources to either commercial fisheries
resources or research surveys. Two examples are considered in some detail:
northern cod availability to the inshore fishery of eastern Newfoundland and
Labrador (Section 5.1), and silver hake migration onto the Scotian Shelf
(Sec ton 5.2).

5.1. AVAILABILITY OF ATLANTIC COD TO THE INSHORE FISHERY OF EASTERN
NEWFOUNDLAND AND LABRADOR

5.1.1. The Fisheries Problem

The Atlantic cod (Gadus morhua) of NAFO Divisions 2J, 3K, and 3L,
commonly referred to as "northern cod," support commercially important
inshore and offshore fisheries off eastern Newfoundland and Labrador. It has
been long recognized (e.g. Templeman and Fleming 1956; Templeman 1966), and
supported more recently by extensive tagging studies (e.g. Templeman 1979;
Lear 1984), that the cod undergo an annual cycle of inshore-offshore
migration. In March-June, the northern cod spawn on the outer slopes of the
northeastern Newfoundland and Labrador Shelves, generally at depths in excess
of 250 m and at bottom temperatures of about 3°C, and primarily between
Harrison Bank and the northern Grand Bank (Lear and Green 1984). During this
spawning period and the preceding winter while the cod are overwintering in

-the deep, relatively warm areas of the shelf and slope, there is a lucrative
offshore fishery by otter trawls.

After spawning, beginning in April and reaching a peak in June, the
spent adult cod migrate westward and southward toward the Newfoundland and
Labrador coasts where they feed and are exploited by an inshore fishery using
small vessels and a variety of gear. There is considerable interannual
variability, however, in the apparent availability of northern cod to this
fishery (e.g. Lear et ale 1986). It has been postulated (Templeman 1979)
that the adults are homing to the general areas where they grew up as
immature fish, and there have been suggestions (e.g. Akenhead et a1. 1982)
that the route and timing of the inshore migration may be related to the
inshore spawning migration in May-June of cape1in (Ma11otus vi11osus), the
cod's primary prey. There have also been suggestions (e.g. Templeman 1966;
Lear and Green 1984) that variability in the cadis migration and location,
and hence in their availability to the inshore fishery, is related to
variability in the physical oceanographic environment, particularly to
variability in water temperature.

,
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5.1.2. Background Physical Oceanography

The primary physical oceanographic irlformat-ion froln much of the area of
interest, particularly from the northeastern Newfoundland Shelf, comes From
hydrographic data; but an increasing quantity of moored observations From the
southern Labrador Shel f ahd the northern Grand Bank regi on is becolni ng
available, and numerical models for circulation and ice distribution are
being developed.

The best available description of currents and hydrographic properties
in the area remains that provided by Smith et al. (1937) based on geostrophic
calculations and hydrographic surveys carried out in the summers of 1928,
1931, and 1933-35. Representative distributions of along-shelf current,
temperature, and salinity are shown in Figures 11 and 12 for cross-shelf
sections off Belle Isle, White Bay, and St. John's in July-August 1931. The
residual circulation in the area is considered to be generally dominated by
the southward-flowing Labrador Current (also see Petrie and Anderson 1983),
with inshore and offshore branches apparent in 1931. There is also some
suggestion of a cyclonic lIeddyll on the inner shelf off White Bay in 1931, as
evidenced by the northward current at mid-shelf,although the persistence of
this feature and of the apparent positions of the Labrador Current's branches
is not well known. The temperature sections show that the shelf is dominated
by very cold water; apparently arising from advection from the north and
wintertime convective cooling. This water forms a thick intermediate layer
in summer, overlain by a shallow seasonal thermocline and overlying slightly
warmer water apparently intruding onto the shelf from offshore. The
intrusion of offshore slope water onto the shelf is also apparent in the
salinity distribution; INhich closely resembles the classical picture for the
eastern North American shelves to the south.

The structure and interannual variability of the cross-shelf temperature
field, and of the cold intermediate layer in particular, are further
illustrated in Figure 13 from iempleman (1975)t which shows the average,
lowest, highest; and 1972 and 1973 values of temperature on a cross-shelf
section off Cape Bonavista occupied by the former St. John1s Biological
Station in July-August of 1951-65 and 1969-73. ihe extent and heat content
of the layer varies fro~ year to year~ with the minimum temperature of less
than _loC and the maximUm thickness generally occurring over the inner shelf,
perhaps associated with the inshore branch of the Labrador Current (Fig. 11
and 12).

The seasonal variability of the temperature field is illustrated in
Figures 14 and 15~ which show the vertical distribution of the monthly mean
temperatures calculated by Drinkwater and Trites (1986) for four subareas
(Fig. 16) in the region, based on the MEOS archive of hydrographic bottle
data. It can be seen that a thick layer of water With subzero temperature
develops in winter and persists through the summer into fall. ihe overlying
shallow thermocline, Which develops in spring and persists into fall, is
generally confi ned to the upper 40 m of the .Nater col urnn, and there is no
clear suggestion of a seasonal variation in the temperature of the
underlying, warmer water. Additional features of the temperature field that
are apparent in these summary figures include:
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(from Drinkwater and Trites 1986).

53

20 NORTHEASTERN GRAND BAN
21 SOUTHEASTERN GRAND BAN
22 SOUTHWESTERN GRAND BA~

23 WHALE BANK
24 SOUTHERN AVALON CHANNE
25 HADDOCK CHANNEL
26 SOUTHWESTERN SLOPE
27 SOUTHERN SLOPE
28 SOUTHERN OFFSHORE
29 HALIBUT CHANNEL SLOPE
30 GREEN BANK
31 HALIBUT CHANNEL
32 ST. PIERRE CHANNEL
33 ST. PIERRE BANK
34 HERMITAGE CHANNEL
35 BURGED BANK
36 BURGEO CHANNEL
37 ROSE BLANCHE BANK
38 LAURENTIAN CHANNEL

52 0

1 N.E. NEWFOUNDLAND SHELF (INSHORE)
2. N.E. NEWFOUNDLAND SHELF (OFFSHORE)
3 LABRADOR BASIN
4 EASTERN OFFSHORE
5 FLEMISH CAP (EASTERN SLOPE)
6 FLEMISH CAP (NORTHERN SLOPE)
7 FLEMISH CAP (WESTERN SLOPE)
8 CENTRAL FLEMiSH CAP
9 FLEMISH CAP (SOUTHERN SLOPE)
10 NORTHERN NEWFOUNDLAND BASIN
11 SOUTHWESTERN NEWFOUNDLAND BASIN
12 EASTERN SLOPE
13 FLEMISH PASS
14 NORTH EASTERN SLOPE
15 NORTHERN SLOPE
16 BACCALIU
17 NORTHERN AVALON CHANNEL
18 NORTHEASTERN AVALON CHANNEL
19 NORTHWESTERN GRAND BANK

Fig. 16. The Grand Banks of Newfoundland and adjacent regions, shOWing the·
subareas for which mean temperature and salinity were calculated
(from Drinkwater and Trites 1986).



I.

54

1. The thickness and seasonal duration of the cold intermediate layer are
greater, and its minimum temperature is lower, in the inshore subareas.

2. The minimum temperatures in three of the foUr subareas occur below the
surface in all months with available data, suggesting that advection
(presumably from the north) plays a major role in the origin of the
intermediate layer.

3. Temperatures below _1°C persist later into the fall in the southern
subareas, consistent with advection from the north.

Further information on the latitudinal and seasonal variations of the cold
intermediate layer is available from Keeley's (1981) summary by month of
hydrographic properties on the Flemish Cap section across 47°, which shows
that the layer adjoins the sea floor over the shallowing Grand Bank.

There is only limited information on the water column structure in the
near-shore portion of the northeastern Newfoundland Shelf. The available
moored measurements from Trinity Bay in summer (Yao 1986) reveal the
occurrence of coastal upwelling and downwelling associated with along-bay
wind stress variations, resulting in substantial variability in the depth of
the thermocline and in coastal temperatures. There is also observational
evidence of lNind-driven upwelling and associated coastal sea-surface
temperature variability in Conception Bay (e.g. Leggett et al. 1984; Taggart
et al. 1987). These observations suggest that the upper extent of the cold
intermediate layer (or equivalently, the depth of the thermocline) within
about an internal Rossby radius (of order 10 km) of the coast in Trinity and
Conception Bays in summer is strongly infiuenced by the along-bay component
of wind stress, with the changes in layer position and hence temperature
being of opposite sign on the Bays' opposite sides. The along-shore extent
of the upwelling and downwelling (in particular, their occurrence in other
bays and along open coastal areas), and the relative importance of local wind
stress forcing versus Labrador Current forcing to variability in the cold
intermediate layer are not known.

5.1.3. Some Hypotheses for Further Examination

A number of hypotheses for physical oceanographic influences on the
availability of adult northern cod to the inshore Newfoundland fishery have
been developed in the existing literature. These hypotheses can be grouped
into influences on two stages of the codls movement: influences on the
route, timing and location of the inshore migration (e.g. Lear and Green
1984), and influences on the subsequent vertical position and location of the
cod (e.g. Templeman 1966).

The leading hypothesis for a physical oceanographic influence on the
inshore migration ~ollows from Learls and Greenls (1984, p. 313) second
strategy for their inshore migration,

"Cod swim in over the banks under the cold intermediate
layer until they reach a depth of about 150-200 m near
the coast, where they encounter the cold-water barrier
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(0 to -1.5°C). If cape1in were in the water column
immediately above them, they might ascend into cold
water in pursuit and follow the cape1in migration into
the inshore area in the upper 1ayers."

More specifically, Lear et a1. (1986) propose that the proportion of cod
migrating inshore depends on two sets of factors,

liThe proportion migrating to shallow inshore water may
vary with the temperature or thickness of the core of
the Labrador Current. The proportion should increase
with increasing temperature and decreasing thickness of
the col d 1ayer. II

liThe proporti on mi grati ng inshore may vary wi th prey avail abil ity and
distribution."

The former set of factors, sometimes referred to as the IItherma1 barrier"
influence, may be taken as forming the leading hypothesis for a physical
oceanographic influence on the inshore migration, with the underlying
assumption being that the cod avoid waters with temperatures below about
-O.SoC. Other, less-developed, hypotheses pertaining to the inshore
migration are that it varies geographically associated with variations in the
water column structure in bays and around headlands, and that it is related
to the springtime and summertime current patterns on the northeastern
Newfoundland Shelf.

The second group of hypotheses for physical oceanographic influences on
the availability of cod to the inshore fishery is summarized by Templeman
(1966) and illustrated in Figures 17 and 18. The underlying assumption of
these hypotheses, which pertain to the vertical and cross-shelf positions of
the cod after they have moved through or around the cold intermediate layer,
is that the cod's preferred temperature range is above that of the
intermediate layer but below the surface-water temperatures that usually
develop in summer. the relevant physical oceanographic features are the
depth and temperature structure of the summertime thermocline and warm
surface layer in the near-shore region. Lear et a1. (1986), Who categorize
this group of hypotheses as influences on catchabi1ity rather than
availability, suggest that the important physical factors are the wind
direction, wind strength, air temperature, sunlight; and current direction
and strength. They also suggest that a second physical oceanographic
influence on the codls position is the light intensity which varies with
cloud cover and fog.

5.1.4. Current Relevant Research

Recent, ongoing, and planned research relevant to the hypothesized
physical oceanographic influences include statistical analyses and field
observations on the northeastern Newfoundland Shelf by the Northwest Atlantic
Fisheries Centre (NAFC) and field measurements in neighbouring areas and
modelling studies by the Atlantic Oceanographic Laboratory (AOL).

55

(0 to -l.SOC). If cape1in were in the water column
immediately above them, they might ascend into cold
water in pursuit and follow the cape1in migration into
the inshore area in the upper 1ayers. 1I

More specifically, Lear et a1. (1986) propose that the proportion of cod
migrating inshore depends on two sets of factors,

liThe proportion migrating to shallow inshore water may
vary with the temperature or thickness of the core of
the Labrador CUrrent. The proportion should increase
with increasing temperature and decreasing thickness of
the cold layer. 1I

liThe proporti on mi grati ng inshore may vary wi th prey avail abil Hy and
distribution. 1I

The former set of factors, sometimes referred to as the Iltherma1 barri er ll

influence, may be taken as forming the leading hypothesis for a physical
oceanographic influence on the inshore migration, with the underlying
assumption being that the cod avoid waters with temperatures below about
-0.5°C. Other, less-developed, hypotheses pertaining to the ihshore
migration are that it varies geographically associated with variations in the
water column structure in bays and around headlands, and that it is related
to the springtime and summertime current patterns on the northeastern
Newfoundland Shelf.

The second group of hypotheses for physical oceanographic influences on
the availability of cod to the inshore fishery is summarized by Templeman
(1966) and illustrated in Figures 17 and 18. The underlying assumption of
these hypotheses, which pertain to the vertical and cross-shelf positions of
the cod after they have moved through or around the cold intermediate layer,
is that the cod's preferred temperature range is above that of the
intermediate layer but below the surface-water temperatures that usually
develop in summer. the relevant physical oceanographic features are the
depth and temperature structure df the summertime thermocline and warm
surface layer in the near-shore region. Lear et a1. (1986), who categorize
this group of hypotheses as influences on catchabi1ity rather than
availability, suggest that the important physical factors are the wind
direction, wind strength, air temperature, sunlight, and current direction
and strength. They also suggest that a second physical oceanographic
influence on the codls position is the light intensity which varies with
cloud cover and fog.

5.1.4. Current Relevant Research

Recent, ongoing, and planned research relevant to the hypothesized
physical oceanographic influences include statistical analyses and field
observations on the northeastern Newfoundland Shelf by the Northwest Atlantic
Fisheries Centre (NAFC) and field measurements in neighbouring areas and
modelling studies by the Atlantic Oceanographic Laboratory (AOL).



56

JUNE

COLC' YEAR
L IGH 'r ONSHORE: WIND~

8

c

SURFACE

10 FATH

20

30

40

JULY
COLD Y[AR

LIGHT ONSHORE WINDS

JUNE

""ARM YEAR
MODERATE ONSHORE WINDS

o

SURFACE

10 FATH.

20

30

40

50

AUGUST
COLD YEAR

LIGHT TO MODERATE
ONSHORE WINDS

JUNE - JULY
WARM YEAR

MODERATE ONSHORE WINDS
OR

COLD Y[AR
HEAVY ONSHORE WINDS

SURFACE:

10 FATH.

20

30

40

50

AUGUST
WARM YEAR

HEAVY ONSHORE WINDS

SEPTEMBER
COLD YEAR

HE AVY ONSHORE WINDS
OR

WARM YEAR
LIGHT TO MODERATE

ONSHORE WINDS

Fig. 17. Schematic representation of the variations in temperature conditions
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(from Templeman 1966).
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Akenhead et ala (1982) used regression analysis to examine the
relationship in the years 1972-79 between cod abundance indices (either
inshore trap landings, total inshore landings, or indices for the
availability of cod to inshore traps and to the total inshore fishery) and
two indices of mature capelin biomass and one of summertime water temperature
(the depth-average of the observations at Station 27). No significant
correlations (at the 95% confidence level) were found for either the trap
landings or total inshore landings, although the correlation between total
inshore landings and temperature was positive (consistent with the leading
hypothesis noted above) and significant at the 95% confidence level. There
were also no significant correlations between the trap index and temperature
or capelin biomass; but there was a significant positive correlation
(r = 0.81) between the index of availability for the total inshore cod
fishery and one mature capelin biomass index, and the r was increased to 0.91
with the addition of temperature to the regression. These results are
supportive of the hypothesized thermal-barrier influence on inshore cod
availability, although Akenhead et ala (1982) noted uncertainties in the data
set which reduce the reliability of the results.

Lear et ala (1986) further examined the relationships between catch and
environmental indices in the years 1975-84. They carried out a principal
components analysis of the inshore landings data for three separate types of
gear in the eight statistical (geographic) areas of eastern Newfoundland and
Labrador, cod biomass abundance indices for two- to three-year-old capel in,
surface- and intermediate-layer temperatures at Station 27, and the dates of
ice-free conditions at Cape Freels and Cape Bauld. The analysis was done for
both the gross catch data and the proportional catch data (gross catch
divided by biomass). As the number of years of data did not substantially
exceed the number of variables considered, the results of the analysis do not
have statistical significance. Lear et al. (1986) argued that as similar
relationships between the regional catches and the environmental indices were
generally found for all three types of gear, the results indicate that there
are some real associations between catch variability and environmental
factors. The tendency was for increased inshore catches to be associated
with warmer intermediate-layer and cooler surface temperatures - again
supportive of the hypotheses above.

In addition to the continued annual (summertime) occupation of the
historical cross-shelf hydrographic sections off Seal Island (across Hamilton
Bank), Cape Bonavista, and St. John's (Flemish Cap section), the NAFC has
recently initiated other physical oceanographic measurement programs of
relevance to the hypothesized influences on northern cod availability
(S.A. Akenhead, pers. comm., 1986). A large number of XBT observations are
now being taken in the area of interest during fisheries patrols and
fisheries research surveys. As an example, XBT observations taken during a
hydroacoustic survey of cod distributions in June 1986 confirmed that the
inshore-migrating cod are located immediately below the cold intermediate
layer. In addition, moored measurements were made during the period
May-September 1986 at three sites off eastern Newfoundland (Fig. 19): one
off Cape Bonavista (current meter, thermistor chain, Ryan thermographs), and
two in Trinity Bay (Ryan thermographs and current meter at one; thermistor
chain at the other). The NAFC also has an ongoing temperature measurement
program at various sites along the Newfoundland east coast in summer, using
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moored Ryan thermographs, and is considering the initiation of XBT surveys on
tracker aircraft flights over the Newfoundland Shelf.

AOL has been carrying out a long-term field study of variability in the
Labrador Current since 1978, primarily involving moored measurements and
hydrographic surveys in the Hamilton Bank area. During 1985-1986, current
meter moorings were in place at three cross-shelf positions, and an expanded
program involving current meter and/or bottom pressure gauge moorings at
additional locations in the Hamilton Bank area and to the south is being
carried out in 1986-87 (see Fig. 19 for locations). The expanded program is
intended to determine the cross-shelf structure and seasonal variability of
the Labrador Current on the southern Labrador Shelf and the relationship of
variability in the current off Belle Isle and on the northern Grand Bank to
variability upstream. It is intended that 1987-88 will be the last year of
the long-term field program (J.R.N. Lazier, pers. comm.).

Shorter-term moored measurements of relevance to the hypothesized
physical oceanographic influences on northern cod availability have been made
by AOL in several other areas. An observational study of the inshore branch
of the Labrador Current in the Avalon Channel was carried out during the
period June 1980-Apri1 1981 using moored current meters and a thermistor
chain. These observations are described and interpreted in a recent doctoral
thesis (Anderson 1986). Moored current measurements were made at five sites
on Belle Isle Bank in June-October 1981 in a joint AOL/Petro-Canada program
(Lazier et al. 1986), although an analysis of the observations has not been
reported. AOL has recently initiated an observational study of the surface
mixed layer in the Hibernia region of the northern Grand Bank, including
moored measurements during the period April-October 1986. It is anticipated
that there will be another field component of the study in 1988 (C.L. Tang,
pers. comm., 1986).

A springtime field study of the surface mixed layer near the southern
edge of the seasonal ice cover on the northeastern Newfoundland Shelf is
currently being planned with AOL participation (Tang, personal communication,
1986). A pilot field program of this Labrador Ice Margin Experiment (LIMEX)
took place in the spring of 1987, and an extended field program is expected
to take place in a later year.

Theoretical and numerical modelling studies are being carried out by AOL
in support of the long-term study of Labrador Current variability and as part
of a study of the variability of sea ice extent on the Labrador and
Newfoundland Shelves. These include a barotropic numerical model study of
the flow on the Newfoundland Shelf associated with a southward flow across
the model's northern boundary (Greenberg and Petrie, in prep., 1987) and a
numerical model investigation of sea ice growth, deformation, and decay. The
latter model and correlation analysis are being used to identify the
contributing factors to variability in the observed sea ice extent during the
period 1963-85, using a time series derived from ice distribution charts.

~inally, a recent analysis (Loucks et a1. 1986; Thompson et al. 1987) of
sea-surface temperature variability between Cape Hatteras and Greenland
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the model's nQrthern boundary (Greenberg and Petrie, in prep., 1987) and a
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during the period 1946-80 indicates that temperature anomalies have large
space scales (order 1,000 km) and are generally established in winter and
persist through spring. The authors suggest that these features are'
consistent with wintertime meteorological forcing, with positive temperature
anomalies being associated with anomalous onshore winter winds and hence
decreased latent and sensible heat fluxes from the ocean. the implication of
these results is that the pro~erties of the cold intermediate layer on the
northwestern Atlantic shelf in any given year may be largely determined by
meteorological and other factors (e.g. ice cover) affecting air-sea exchange
during the preceding winter.

5.1.5. Comments and Recommendations

1. Fisheries scientists have used the available physical oceanographic
information from the northeastern Newfoundland Shelf to formulate a
number of plausible hypotheses for oceanographic influences on the
availability of northern cod to the Newfoundland and Labrador inshore
fishery.

2. The analyses to date of oceanographic and cod catch data provide some
support for the leading hypothesis but have not determined with
statistical confidence the validity of the hypothesized physical
oceanographic influences on cod availability.

3. the available physical oceanographic information from the immediate area
of interest comes primarily from hydrographic data. The hypothesized
influences, however, may be associated with large-scale variability in
the Labrador Current and the hydrographic structure of the Labrador and
Newfoundland Shelves, which has been the subject of a major AOL field
effort since 1978, focused on the Hamilton Bank area of the Labrador
Shelf. Thus, existing moored measurements from the Hamilton Bank area,
Avalon Channel, the Hibernia region, and Trinity Bay are of relevance to
the northern cod availability problem.

4. the AOL investigation of variability in sea ice extent on the Labrador
and Newfoundland Shelves ;s also of relevance to the northern cod
availability problem~

5. A physical oceanographic research program aimed at describing; and
determining the contributing factors to~ the cross-shelf and along-shelf
structure and the seasonal and interannual variability of the cold
intermediate layer on the northeastern NeWfoundland Shelf would be of
relevance to the leading hy~othesis (the "thermal-barrier ll hypothesis)
for an oceanographic influence on the availability of cod to the
Newfoundland inshore fishery. This program could involve the
following. -

A. Analysis of the existing hydrographic data from the Hamilton Bank,
White Bay, Cape Bonavista, and St. John1s (47°N) sections to obtain
a quantitative description of the seasonal, interannual, and
along-shelf variability in the cross-shelf structure of the cold
intermediate layer
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B. Analysis of the existing time series of hydrographic data froln the
Hamilton Bank area and Station 27 to examine their
representativeness of seasonal, interannual, and along-shelf
variability in the cold intermediate layer; and the roles of
advection, ice cover and local wintertime atmospheric forcing in
contributing to this variability

C. Moored current, tenperature, salinity, and bottom pressure
measurements at several cross-shelf positioris on the Bonavista
section for at least the spring-autumn period of a few years, aimed
at describing the current and hydrographic variability (particularly
of the cold intermediate layer) and determining its relation to
variability in the Hamilton Bank and northern Grand Bank (47°N)
areas

D. Additional moored measurements of current, temperature, and salinity
on the cross-shelf line off Belle Isle where AOL currently has
moorings in place (Fig. 19) or the White Bay section, aimed at
providing additional information on along-shelf variability

E. Moored current, temperature, and salinity measurements at the
previously occupied sites in Trinity Bay, aimed at obtaining further
information on the relative importance of local wind-driven
upwelling versus fluctuations in the Labrador Current and in the
cold intermediate layer on the shelf to variability in the
hydrographic properties in Trinity Bay

F. Monthly XBT observations during the spring-autumn period on the
cross-shelf section off Cape Bonavista and possibly on the sections
off St. John1s, White Bay, and Belle Isle

G. Ryan thermograph observations during the spring-summer period at
various coastal sites along the eastern and northeastern coasts of
Newfoundland, aimed at determining the significance of variability
in the cold intermediate layer to coastal temperatures

It is recommended that the analysis of existing data (A, B) be given
f1rst priority, and that any f1eld study be designed on the bas1s of the
results of that analys1s, adv1ce from SC1ent1sts presently conduct1ng
the f1eld studles of Labrador Current varlablllty, and the
considerations and suggestions outlined here. A field study along the
lines of that outJlned above, 1f carr1ed out during the long-term AOL
study, would provide the potential for linking together the following
studies and data sets: the current XBT and Ryan thermograph
observational programs of NAFC, the current NAFC moored measurements,
the long-term AOL study of Labrador Current variability, the previous
moored measurements in Trinity Bay, and the historical hydrographic data
collected on the Bonavista and other cross-shelf sections. It would not
nn1y provide a description of the variability in currents and water mass
roperties on one part of the inner northeastern Newfoundland Shelf and
in one major bay on the Newfoundland east coast, but would also allow
hypotheses regarding the relative importance of local wind-driven
upwelling and larger-scale Labrador Current fluctuations to this
variability to be examined.
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6. The mooring component of the program outlined in 5 may be constrained by
the combined influences on moored gear survival of the seasonal ice
cover (including icebergs) and fishing ~ressure.

7. The research program outlined in 5 should also provide background
physical oceanographic information of relevance to the second group of
hypothesized influences on cod availabi1ity, namely regarding the
structure of the thermocline and warm surfate layer along the eastern
and northeastern coasts of Newfoundland. Furthermore, if the field
program were conducted concurrently with the LIMEX field program,
relevant information on the significance of sea ice to the upper water
column structure in the area of interest would also be available.

8. The research program outlined in 5 should be complemented by the
development and examinat10n of conceptual models for the format10n and
evolution of the cold intermediate layer and for the response of the
inner northeastern Newfoundland Shelf to wind stress forcing. The cold
1ntermed1ate layer could be examined in relation to exist1ng conceptual
models for the intermediate layer in the Gulf of St. Lawrence and for
the cold pool in the Gulf of Maine and Middle Atlantic Bight. The
response to wind stress forcing could be examined using idealized one
and two-layer models for bays of various geometries adjoining a
continental shelf. It is recommended that these models be developed
prior to any major f1eld program so that they can be used 1n the
detailed experimental design and formulation of specific phys1cal
oceanograph1c Hypotheses.

9. Satellite infrared imagery can provide valuable ~ynoptic information on
the surface temperature distr1but10n 1n the area of interest,
part1cularly of the occurrence of coastal upwelling, and hence should be
used to complement any field study.

10. It is recommended that any physical oceanographic field program along
tHe lines of that suggested above also be complemented by concurrent
hydroacoustic surveys and tagging exper1mehts a1med at describing the
extent, route, and timing of the migration of northern cod 1n relation
to the description of the physical environment.

11. Any physical oceanographic investigation of the cold intermediate layer
should also be used to identify a long-term monitoring strategy of the
layer's features that are considered to influence the availab111ty of
northern cod.

12. It is probable that the properties of the cold intermediate layer which
are hypothesized to influence the northern cod migration are determined
by atmospheric and oceanographic conditions during the preceding winter,
in which case a degree of useful predictab4lity may be possible.

13. The research program outlined above would also be relevant to the
variability of the relatively warm water underlying the cold
intermediate layer and hence to the northern codls spawning.
Furthermore, inshore intrusions of this water mass affects the general
oceanographic conditions at depth in the bays on the Newfoundland east
coast and hence possibly the distribution of a number of species.
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The parallel fisheries research requirements have not been
detail. Attention, however, should be drawn to the dismal
knowledge on the fine structure of cod distribution on the
banks of Areas 2J, 3K, and 3L in the winter/spring period.
instructive to undertake a survey of the offshore areas at
most of the cod can be expected to be inshore.

considered in
state of our
offshore
It woul d be

a time when

5.2. AVAILABILITY OF SILVER HAKE ON THE SCOTIAN SHELF

5.2.1. The Fisheries Problem

Si 1ver hake (Merl ucci us bi"1 i neari s) is an important demersal resource
for fleets fishing on the Scotian Shelf within Canada1s 200-mile limit, with
the catch taken by the USSR, Cuba, and Japan in 1985 exceeding that of any
other species of the Shelf (Showell and Waldron 1986). This fishery, which
occurs in April to June, has been restricted since 1977 to an area seaward of
what is known as the Small Mesh Gear Line (SMGL) which runs along the edge of
the shelf roughly along the 100 m isobath between the Gully east of Sable
Island and Northeast Channel (Fig. 20). At this time and location, a large
fraction of the Scotian Shelf stock of silver hake, which has a preferred
temperature range of 7-10°C (Scott 1982), is overwintering at depths of about
200 m before initiating a late-spring-early-summer migration to spawn in the
vicinity of banks on the Shelf. The concentrations of overwintering hake are
highest to the south of Sable Island, and it is believed that one of the
primary routes for the on-shelf migration is through the Scotian Gulf to the
west. A smaller fraction of the stock is known to overwinter at depth in the
deep basins on the Shelf, particularly in Emerald Basin.

It has been suggested (e.g. Garcia 1981; Showell and Waldron 1986) that
the timing of the spawning migration of the silver hake that overwinter along
the shelf edge may depend on the seasonal warming of the shelf waters
shoreward of the SMGL and of the waters along the shelf edge, either through
a direct temperature influence or a temperature effect on the silver hake's
maturation. Investigation of these suggested influences is considered to be
particularly important because the commercial catch rates on the pre-spawning
aggregations south of the SMGL are currently used as the index of stock
abundance. There is concern that this index may be biased by interannual
variability in the water temperature through its influence on the length of
time that the silver hake remain available to the fishery south of the SMGL.

Understanding the factors affecting the on-shelf migration of silver
hake is also considered important because of growing interest in opening a
silver hake fishery on the Scotian Shelf as a result of the stock1s
increasing size. In addition to the suggested temperature influence on the
timing of the migration, it has been suggested (e.g. Scott 1976; Garcia 1981)
that the location of silver hake on the Shelf is dependent on the occurrence
of bottom water with temperature in the hake1s preferred range. This second
"ava i.1ability ll question will not be dealt with further here.
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Fig. 20. Location of Halifax section stations, 1967-68 and 1975-78 current measurement
stations, and small mesh gear line (SMGL).
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5.2.2. Background Physical Oceanography

The following is a brief summary of the available physical oceanographic
information from the outer Scotian Shelf and Slope.

The vertical distribution of water masses on the Scotian Shelf can be
described from observations taken along the Halifax Section (Fig. 20)
approximately once per season between 1950 and 1977, and summarized by
Drinkwater and Taylor (1982). Figures 21-23, from Drinkwater and Taylor
(1982), show the average distributions of temperature, salinity, and density
for the months of March, May, and July, respectively. As discussed by Hachey
(1942), McLellan (1954), Smith et a1. (1978), and others, the water mass
structure over the Shelf generally evol ves seasonally from a wi ntertime
two-layer state with relatively cool and freshwater of Gulf of St. Lawrence
and Labrador Current origin modified by winter cooling and mixing, overlying
warmer and more-saline water derived primarily from on-shelf intrusions of
slope water. With springtime and summertime solar heating and the advection
of low-salinity surface water from the Gulf of St. Lawrence, a warm and
relatively fresh surface layer develops in spring and persists until autumn,
resulting in a three-layer structure with a temperature-minimum layer at
intermediate depths. The so-called "coastal water" (wintertime upper layer
and summertime upper and intermediate layers) extends across the shelf break
and over the continental slope in the upper 100 m or so, overlying two types
of slope water (Gatien 1976; Fig. 24): Labrador slope water, usually found
adjacent to the shelf break with temperatures in the approximate range of
6-10°C in the upper 500 m; and warm slope water, usually found further
offshore with temperatures generally above 10°C. Thus, the waters with
temperature in the silver hake's preferred range are:

1. In winter, water of slope water orlgln at depths below about 100 m on the
Shelf, particularly in the deep basins, and Labrador slope water along
the shelf edge and upper slope

·2. In spring and summer, the waters named above plus a thin layer in the
thermocline at about 25 m depth over most of the shelf and water
extending from the thermocline to the sea floor over parts of the
offshore banks

It should be noted, however, that there is considerable variability about the
average distributions in Figures 21 to 23. For example, Drinkwater and
Taylor (1982) report standard deviations of 0.94°C for the average March
temperature (7.07°C) at 150 m (the depth of maximum temperature) at Station 3
in Emerald Basin, 2.43°C for the average July temperature (5.19°C) at 75 m
(the maximum standard depth) at Station 5 on western Sable Bank, and 2.66°C
for the averaqe May temperature (8.86°C) at 125 m (the depth of maximum
temperature) at Station 6 on the continental slope (see Fig. 20 for
locations).

The horizontal extent of the bottom water with temperature in the hake's
preferred range has not been described using the available climatological
data base, but the bottom temperature distribution has been presented for
some individual surveys (e.g. McLellan 1954; Scott 1976). As an example,
Figure 25 shows the bottom temperature distribution during a groundfish
survey on the Scotian Shelf from June 29 to July 22,1981. A tongue of
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72

relatively warm water of apparent slope water origin extends through the
Saddle of the Scotian Gulf and across Emerald Basin, typical of Ulese
distributions. It is also typical that the relatively warm bottom water is
not present over the northeastern portion of the shelf, where the cold
intermediate layer extends to the sea floor. Garcia (1981) has used the
summertime bottoln temperature distributions for the years 1970-74 and 1976-78
to obtain a statistically significant (at the 99% confidence level)
relationship between the area of the shelf with bottom temperature above 8°C
and the bottom temperature at a site in the Saddle of the Scotian Gulf, for
potential use in forecasting the success of any silver hake fishery on the
Scoti an Shelf.

Further information on the spatial and temporal variabil ity of
temperature in the areas of interest is provided by the summary by Drinkwater
and Trites (1987) of bottle data from the Scotian Shelf by month and subarea.
Figure 26 shows the monthly means, standard deviations, and numbers of
observations for temperature at selected depths: at 150 m below the surface
in subareas referred to by Drinkwater and Trites (1987) as Emerald Basin,
Central Slope, and North Slope, at 100 m depth in the Saddle of the Scotian
Gulf, and at 75 m below the surface over western Sable Bank and Emerald Bank
(see Fig. 27 for locations). (In most months, the 150-m level is the depth
of maximum temperature outside the surface layer in the Emerald Basin and
Central and North Slopes subareas. The 75-m level and the 100-m level are
the maximum standard depths in the western Sable and Emerald Bank subareas
and the Saddle subarea, respectively.) The most striking features of these
data are the large range of vatiation about the means for most months and the
apparent lack of strong seasonal cycles. From the point of view of the
silver hake migration, it is noteworthy that the summertime temperatures in
the lower water column over ,,,,estern Sable and Emerald Banks remain lower than
the temperatures at the overwintering depths in Emerald Basin and on the
Central and North Slopes, and there is little significant summertime warming
of the bottom waters on western Sable and Emerald Banks. There is some
suggestion of warmer water in the Saddle in the summer months than in March,

. but there are not enough data to reach a firm conclusion on this. Other
relevant features of these data are the similarity of the monthly mean
temperatures at 150 m in Emerald Basin and Central and North Slopes in most
months, and the gY'eater temperature vari abil i ty over Central and North Slopes
than in Emerald Basin.

The hydrographic observations on the outer Scotian Shelf have been
comp1 emented by VJlJO moored current measurement programs carri ed out by AOL:
moorings at 13 sites (Fig. 20) on the shelf and slope for various periods in
1967-68 (Grant and Reiniger 1970; 1971), and moorings at eight sites
(Fig. 20) across the shelf break in the Scotian Gulf area between Decelnber
1975 and January 1978 (Smith and Petrie 1982).

The principal 1967-68 measurements in the area and seasons (spring
summer) of interest here were at single stations in Emerald Basin, on Emerald
Bank, ,and on the contin~ntal slope in the period May-October 1967. These
measurements have been discussed by Warner (1970) and Petrie and Smith
(1977). The primary results are:
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1. SYDNEY BIGHT
2. N. LAURENTIAN CHANNEL
3. S. LAURENTIAN CHANNEL
4. BANQUEREAU
5. MISANE BANK
6. CANSO
7. MIDDLE BANK
8. THE GULLY
9. SABLE ISLAND
10. WESTERN BANK
11. EMERALD BANK
12. EMERALD BASIN
13. EASTERN SHORE
14. SOUTH SHORE
15. LAHAVE BASIN
16. SADDLE
17. LAHAVE BANK
18. BACCARO BANK

19. ROSEWAY BANK
20. SHELBURNE
21. ROSEWAY BASiN
22. BROWNS BANK
23. ROSEWAY CHANNEL
24. LURCHE:R SHOALS
25. E. GULF OF MAINE
26. GEORGES BASIN
27. GEORGES SHOAL
28. E. GEORGES BANK
29. N.E. CHANNEL
30. SOUTHERN SLOPE
31. SOUTHERN OFFSHORE
32. CENTRAL SLOPE
33. CENTRAL OFFSHORE
34. NORTHERN SLOPE
35: NORTHERN OFFSHORE

Fig. 27. Location of subareas on the Scotian She1f and slope (from Drinkwater
and Trites 1987).
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1. The currents on Emerald Bank are dominated by tidal, inertial, and
wind-driven (periods of 2.5-7 days) motions with only weak mean flows

2. There are strong lower-frequency (periods greater than ten days) current
fluctuations in Emerald Basin and on the slope which do not appear to be
associated with wind forcing

These authors also reported an intrusion of slope water onto the shelf and
into Emerald Basin in October-December 1968, apparently associated with a
mean eastward wind stress and onshore flow measured on Emerald Bank.

The 1975-78 program included current and, in most cases, temperature and
salinity measurements for the period December 1975 to January 1978 at a site
of 220 m depth on the shelf break near the Scotian Gulf, and for the period
July 1976 to January 1978 at sites of 150 m depth in the Saddle of the
Scotian Gulf and 220 m depth south of LaHave Bank. Strong subtidal current
variability was observed at these sites, with the seasonal mean currents
generally being substantially less than the subtidal standard deviations for
both the cross-shelf and along-shelf directions (Smith and Petrie 1982). The
low-frequency current fluctuations were found to be primarily in two
frequency bands: a wind-driven band with periods of two to ten days and in
which the current variance was generally correlated with the wind variance,
and a lower-frequency band (periods greater than ten days) in which the
current variance was correlated with the cross-shore position of the shelf
water/slope-water front (apparently through the occurrence of warm-core rings
and associated topographic Rossby waves). The on-shelf fluxes of heat and
salt were found to be associated with both the seasonal mean and
lower-frequency fluctuating currents, with the mean flow contributions
generally greater by a factor of 2-4 and the mean flow heat flux greatest in
winter. Strong upwelling from depths of 400 m was found to be associated
with along-shelf wind events (Petrie 1983), resulting in the on-shelf flow of
relatively cool slope water, particularly in the Scotian Gulf.

This summary indicates that the Scotian Gulf area is one of the more
intensively studied parts of the Atlantic Canadian shelf. The picture that
emerges is that there is strong spatial and temporal variability in the
temperature field, associated with the presence of several water masses in
the area and with energetic fluctuating currents resulting from atmospheric
and offshore forcing. The existence of a seasonal variation in bottom water
temperature, however, as implied by the suggested temperature influence on
the tlming of the silver hake's on-shelf mlgration, has not been
established.

5.2.3. Some Hypotheses for Further Examination

The fisheries problem outlined in Section 5.2.1 leads to the following
~ypotheses for physical oceanographic influences on the migration of silver
hake pnto the shelf.

1. The migration is associated with the on-shelf movement of bottom water of
temperature favourable to silver hake (7-10°C).
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2. The migration is associated with the warmin9 of the waters over the
offshore banks on the outer Scotian Shelf to the favourable temperature
range.

3. fhe migration occurs upon maturation of the hake which occUrs earlier
when warmer waters are present over the upper continental slope.

the physical oceanographic information summarized above suggests that
the-following factors might be significant to these hypothesized influences:

- The position of the shelf-water/slope-water front through its influence on
on-shelf excursions of slope water

- The magnitude of the along-shelf wind stress through its influence on
upwelling and on-shelf excursions of slope water

- The cross-shelf extent of the cold intermediate layer in early summer which
may be influenced by the magnitude of the Gulf of St. Lawrence outflow; the
severity of the preceding winter on the Scotian Shelf and in the Gulf of
st. Lawrence, and the depth of mixihg of the summertime surface heat input
oVer the banks on the outer shelf

- fhe presence of Labrador versus warm slope water over the upper slope

Considering these factors, it is possible to refine the above hypotheses
into more process-oriented hypotheses such as the following:

1A. The migration is associated with northward excursions of the
shelf-water/slope-water front which result in the on-shelf movement of
Labrador and/or warm slope water.

lB. fhe migration is associated with along-shelf (northeastward) wind stress
which results in the (upwelling) movement of Labrador and/or warm slope
water onto the sheif.

2A. fhe migration is inhibited by along-shelf (northeastward) wind stress
because it results in the movement of cooler water onto the shelf
(Petrie 1983).

2B. The migration is inhibited in years of increased St. Lawrence River
outflow due to an increased extent of cool intermediate-layer water on
the shelf.

2t. the migration is inhibited following severe winters on the Scotian Shelf· .
and in the Gulf of st. Lawrence due to an increased extent of
intermediate-layer water on the shelf.

3A. the migration occurs earlier when Labrador slope water over the upper
slope is displaced by warm slope water.

the number of physical factors identified above and the differing
hypothesized effects (e.g. 18 and 2A) of their combined influences suggest
that the determination and prediction of physical oceanographic influences on
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the silver hake migration are not simple problems. For example, the
migration may depend not only on the on-shelf movement of slope water, but
also on the temperature (i.e. the type) of that slope water.

5.2.4. Current Relevant Research

There is apparently no present or planned physical oceanographic field
investigation in the area of interest.

There has recently been a small amount of correlation analysis related
to the above hypotheses. Showell and Waldron (1986) used bottom temperature
observations taken during Canadian research surveys on the Scotian Shelf and
catch per unit effort (CPUE) data for the USSR silver hake fishery south of
the SMGL to investigate the hypothesis that there is a reduced availability
of silver hake to the fishery when there are warmer bottom temperatures on
the shelf. Temperature data from two areas - one with water depths less than
50 fathoms (Area I) and the other with depths between 51 and 100 fathoms
(Area II) - were used in linear mUltiple regression analysis of the spring
and summer data for the years 1977-85. The only statistically significant
(at the 90% confidence level) correlation (Area I in spring) between the
corrected (by dividing by stock biomass) CPUE and temperature (Table 1) was
considered to be dominated by one influential year (out of five). Showell
and Waldron (1986) also carried out mUltiple regression analyses of CPUE
versus biomass and bottom temperature, and of standardized catch rate versus
biomass and. July bottom temperature. They found that, with the exception of
the one influential year (1982), the bottom temperature did not contribute
significantly to the regression and concluded that the data supported the
null hypothesis that the catch rates are independent of bottom temperature.

In view of the process-oriented hypotheses outlined above, the
availability of wind stress data, and the large standard deviations in the
seasonal mean temperatures used by Showell and Waldron (1986), further
regression analysis has been carried out by the Working Group using the
spring (April-May) and summer (July-August) mean values of the along-shelf
(60°C) component of Sable Island wind stress (Table 2). To examine the
hypotheses (lB and 2A) that the availability of silver hake south of the SMGL
is related to wind-driven upwelling at the shelf-break, the corrected CPUE
data were regressed against the wind stress. No significant correlation was
found. Furthermore, to examine the hypothesis that the variability in bottom
temperature on the shelf is related to wind-driven upwelling, Showell's and
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Tab1e 1. Summary of regressibn ana1ysis between
USSR-corrected CPUE and scotian She1f bottom
temperature, 1977-85 (M.A. SHowe11 and
D.t. Waldron, pers. comm., 1986, with
modificatiohs).Area t has depth~ l~ss than
50 fathoms, and Area It has depths in the
51-100 fathom range. n is th~ number of
observations, r is the correlation
coefficient; and the confidence level is from
the student's t-test based on a normal
distribution.

Confidence level
Area Season n r (if greater than 0.5)

t Spring 5 0.84 0.90
I Summer 9 -0.34 0.60
II Spring 8 0.09
II Summer 9 -0.58 0.89
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Table 2. Summary of regression analysis between either USSR-corrected CPUE,
1977-85, or Scotian She1f bottom temperatures, and a1ong-shelf wind
stress at Sable Island.

Dependent Confidence level
Area Season variable n r (if greater than 0.5)

Spri ng Corrected CPUE 9 -0.16
Summer Corrected CPUE 9 0.09

I Spring Temperature 5 -0.43 0.50
I Summer Temperature 9 +0.07
II Spring Temperature 8 -0.84 0.99
II Summer Temperature 9 0.06

"I
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A joint USSR-Canada investigation of the distribution and feeding of
silver hake on the Scotian Shelf is presently bein~ considered for 1988
(D.E. Waldron, pers. comm., 1987). The investigation will involve net tows
and bottle observations (temperature, salinity) at standard depths oH a
repeated grid during the period May-September and will be carried out from a
USSR vessel.

5.2.5. Comments and Recommendations

1. Several hypotheses exist for the influence of temperature variability
on the timing of the silver hake migration onto the Scotian Shelf.
However, these hypotheses are in general not well documented, a leading
hypothesis has not been identified, and the plausibility of the
hypotheses has not been critically examined considering existing physical
oceanographic observations from the outer Scotian Shelf and slope. In
particular, the hypotheses assume a seasonal variation in bottom water
temperature which has not been shown to exist, nor is apparent.

2. The correlation analyses carried out to date have not revealed a
statistically significant relation between the silver hake catch south of
the SMGL and shelf bottom temperatures. tt is not clear, however, that
the temperature observations used are appropriate to the hypothesized
influence on timing of the hake's migration.

3. There is a considerable quantity of moored physical oceanographic
observations from the outer Scotian Shelf which is of relevance to the
silver hake problem. Most of these observations have been described,
analyzed, and interpreted in a number of theses and primary pUblications.
The spatial and temporal variability of the temperature field during the
1975-78 AOL measurement program has not been described to the extent
required by this fisheries problem.

4. The moored observations indicate that the hydrography and current
structure in the areas of silver hake overwinterin~ and migration are
complex and variable. The observations have revealed that the dominant
subtidal variability in the lower water column is associated with wind
events (periods of about a week) and offshore variability (periods of
weeks to months), rather than the seasonal heating cycle. This raises
the possibility that the hakeis migration may be associated with wind
and eddy·induced events, rather than seasonal changes.

5. The spatial extent and seasonal variability of the water with temperature
favourable to silver hake have not been determined using the historical
data base.

6. The most extensive summary of the seasonal variability in the
distribution of temperature on the Scotian Shelf - that of Drinkwater and
Trites (1987) - is based on bottle data only; thus using on1y a fraction
of the existing data.
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7. It is recommended that,

i. The spatial extent and seasonal variability of bottom water on the
Scotian Shelf and slope with temperature in the range favourable to
sllver hake be determined uSlnq the entire MEDS data base.

ii. The moored temperature measurements made during the 1975-78 AOL
program be examined for evidence of seasonal variability in the
Scotian Gulf, Emerald Basin, and shelf-b~areas.

iii. Available data on silver hake distributions and migration be
examined in relation to the physical oceanographic observaffons and
descriptions for the years (1967-68, 1976-77) in whlch the AOL
measurement programs were carried out.

iv. A leading hypothesis for a temperature influence on the timing of
mlgratlon be ldentified prlor to any fleld lnvestigatlon.

v. Any field program directed toward examining a temperature influence
on the timing of silver hake migration be designed in conjunctlon
with physical oceanographers familiar with existing observations
from the area. Conslderation should be given to obtalnlng
complementary temperature and salinity observations during silver
hake abundance surveys with moored measurements of temperature,
salinity, and currents at some key sites during the spring and
summer. In particular, sites at which measurements have been made
previously and interpreted, and which are relevant to the
hypothesized migration routes, should be considered. The leading
candidates for such measurements appear to be Sites 56 and 51
(1975-78 program) in the Scotian Gulf and Site 3 (1967-68 program)
on Emerald Bank. the resulting observations should be analyzed and
interpreted in re1ation to observations of the structure and
position of the shelf-water/slope-water front taken from satellite
imagery and surface temperature charts, Sable Island wind stress,
and the temperature and salinity observations taken during the
silver hake surveys.

vi. Further correlation analyses be carried out involving the existing
tPUE data and physical oceanographic indices for: 1) the position
of the shelf-waterlslope-water front and the number of warm-core
rlngs obtainable from sea-surface temperature charts, 2) the Gulf
of St. Lawrence outflow, and 3) the wintertime mlxed-layer depth
and temperature on the scotian Shelf and in the Gulf of
St. Lawrence. These analyses should be used to investigate the
process-oriented hypotheses.

vii. The relation found by Garcia (1981) between area of warm bottom
water and temperature at one site in the Saddle be critically
examined using available data.
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CHAPTER 6. pHYSICAL OCtANOGRAPHiC SUPPORT IN RtLAtiON TO RtCRUtTMENT STUDiES

The aim of this chapter is to eva1uate the re~uireme~ts for physical
oceanographic research in support of recruitment studies. A dua1 approach is
taken. First, the research questions that were addressed in respectively the
Georges Bank herring study and the Flemish cap cod/redfish study are
summarized, then the adequacy of the physical oceanographic support in
relation to the stated biological aims is evaluated. in addition, the
physical oceanographic componeht of the Browns Bank haddock study is
summarized. It is hoped that a retrospective evaluation of this type wi1l
provide insights on future directions. Secondly, in Section 6.2 the
recruitment issue is looked at somewhat in isolation from its historical
context. What is it that needs to be done in this geographic area (i .e.
Atlantic Canada)? Are there particular opportunities for substantive
increases in understanding at this particular time period?

6.1. SUMMARY OF PHYSICAL OCEANOGRAPHIC COMPONENTS OF THE GEORGES BANK
HERRING, FLEMISH CAP COO/REDFISH, ANO BROWNS BANK HADDOCK RECRUiTMENT
PROJECTS

6.1.1. Recruitment - Georges Bank Herring

There were two components of the iCNAF-sponsored Georges Bank herring
program. The first involved annual large-scale surVeys for larval herring
throughout the Gulf of Maine area during the autumn from 1971 to 1978. The
second component involved a more comprehensive study of the oceanography and
fisheries biology of Georges Bank itself. The aims of the first component
are not clearly stated within the ICNAF documentation, but they have been
summarized recently by Grosslein (1986). The large-scale 1arval herring
surveys were designed primarily to identify the geographic locations of
spawning within the Gulf of Maine area ~s a whole, as weil as to estimate
spawning stock size in the different areas. it was hoped that the
distributional data on larvae would complement the other biological studies
being undertaken to elucidate the population structure in this geographic
area. Five nations (Federal Republic of Germany, France, Poland~ USA, and
USSR) participated in the surveys. Agrid of standard and optional stations
covering Nantucket Shoals, Georges Bank, the Gulf of MaiNe, and the
southwestern Nova Scotia area was occupied approximately monthly, with a
station spacing on Georges Bank of 15' of latitude and 30' of longitude. At
each station plankton samples were collected by bongo and neuston nets and
hydrographic data by XBT drops and CTn casts. Nutrients, chlorophyll, and
primary productivity measurements were also made ih sotTle years. As a
cohsequence, the physical oceanographic observations made during this part of
the Georges Bank herring study were limited to the routine collection of
temperature profiles and surface salinities at the larval sampling stations,
plus salinity profiles on some surveys. Preliminary summaries of the
hydrographic data collected in at least some of the years have been presented
as ICNAF Research Documents (e.g. Schlitz 1975); an interpretation of the
~ntire data set does not appear to have been produced. The temperature
observations, however, have been used in pUblished descriptions of the larval
distributions during the survey periods (e.g. Grimm 1983)~ and the observed
dispersion of larvae has been discussed in relation to estimates of Ekman
transport (Bumpus 1976; Lough et al. 1979).
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The physical oceanographic program in relation to this first component,
then, was not substantive. Also, it is perhaps inaccurate to label this
survey seri es as part of a recrui tment study. Rather, it provi ded the
setting for the definition of the research questions involved in the second
component. In passing, it is worth noting that the distributional surveys
accomplished essentially both of their major aims. They provided an
independent estimate of spawning stock size of the Georges Bank herring
population as it declihed dramatically from overfishing. In addition, the
spatial distributional observations generated a hypothesis on Atlantic
herring population patterns and abundance for the northern Atlantic as a
whole (Iles and Sinclair 1982; Sinclair and Iles 1985).

The aims of the seCond component of the Georges Bank herring recruitment
study are very clearly documented in the 1975 ICNAF Redbook (p. 91-92). Of
the eight recommendations, three dealt specifically with Georges Bank
Nantucket Shoals herring. They were,

II v) that a concerted effort be made to understand the
circulation and diffusive processes above and around
the Georges Bank-Nantucket Shoals area;

vi) that a special sampling study to follow an isolated
patch of larvae on Georges Bank be attempted in 1975
and/or 1976; in addition to the standard surveys, with
a view to identifying the physical processes
responsible for larval loss from the system, and
providing information on the finer-scale variations in
growth, mortality, dispersion, feeding and vertical
distribution, as the basis for evaluating the
feasibility of quantitative estimation of these
processes and sampling errors inherent in the present
data base;

vii) that quantitative studies of primary and secondary
productivity should be conducted to provide a better
basis for relating these phases of organic production
to potential fish production. 1I

i I

International research projects under ICNAF were directed toward
Recommendations v and vi above, but not Recommendation vii. The extensive
physical oceanographic activities in support of the ICNAF Gulf of Maine
herring work are summarized below. Although preliminary observations were
collected in 1977, the detailed Georges Bank-Nantucket Shoals study did not
take place until 1978.

Preliminary physical oceanographic observations on the northern side of
Georges Bank were made in the summer and fall of 1977 by American and
Canadian scientists. The observations included standard hydrographic
stati~ns, drogue tracking, and a dye dispersion experiment. The Canadian
observations are summarized by Trites (1978a):

1. 110 CTD stations, including repeated occupation of one north-south
section
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2. Hourly eTD ahd Aanderaa current meter profiles duriH~ a 25-hour anchor
station

3. Visual fluorometer tracking of a ~atch of rhodamine ~e for niHe hours

4. Tracking for ten hours of drogues set at the surface 10 m and 30 m

5. Release of 56 drift bottles at the time of the dye release

These observations provided important background information on a strong
bottom temperature and salinity front near the historical egg bed sites and
on a strong residual current with a large vertical shear along the Bank's
northern edge.

The patch study in the fall of 1978 involved eight research vesse1~

committed to activities ranging from broad-scale plankton-hydrography surveys
of the entire Gulf of Maine region to detailed, fine-scale mapping of
ichthyoplankton distributions and parameters. The initial focus was on an
intensive study area on the northern side of Geor~es Sank (41°45 1 _42°15 I N;
66°30 ' -67°30 I W); but when no herring larvae were found in that area, the
focus shifted to Nantucket Shoals where the broad-scale survey had identified
a patch of recently hatched larvae. The biological feature of greatest
interest in the intensive study area on Georges Bank was a patch of
chaetognaths which was mapped six times over a 2-wk period.

The physical oceanographic observations included more than 800
hydrocasts (eTO and bottle stations), 860 XBT drops, 70 Aanderaa current
meter profiles, 700 data days of moored current meter measurements, 60 drogue
deployments, and a dye diffusion experiment. With the exception of the XST
drops; which were made as part of the broad-scale survey, and of drogue
releases in the larval patch on Nantucket Shoals, most of the physical
oceanographic observations were taken in the intensive study area on Georges
Bank. The moored current measurements were obtained from 27 instruments set
between 15 m and 175 m below the surface at six mooring sites on two
nQrth-south lines across the Bank's horthern edge· three Bedford Institute
of Oceanography (BI0) moorings along 67~151W and three NMFS moorings along
66°40 I W. The return rate of good data from the moored current meters was
about 60 percent. The Canadian observations in 1978 included about 500 ero
profiles in the Georges Bank area, 34 dro~ue deployments, two 25-h and one
13-h anchor stations with hourly eTD and Aanderaa current profiles; and a
dispersion experiment in which a patch of rhodamine dye was tracked for
20 h.

The physical oceanographic observations made during the patch stUdy
provided information on the following features of the physical environment on
the northern side of Georges Bank during the fall: the structure and
variability of the tidal mixing front along the Bank's edge; the strong tidal
curr~nts and the associated tidal excursions; the large internal tide on the
Bank's side; the residual currents, including the strong eastward flow along
the Bank's edge; the small-scale horizontal dispersion rates; the rates of
transfer of passive scalars across the tidal front; and the currents in the
chaetognath patch. Preliminary discussions of some of these results were
given in Trites 1978b and Wright and Lough 1979, and in the abstracts of the

I .
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Second Informal Workshop on the Oceanography of the Gulf of Maine and
Adjacent Seas held on May 14-17, 1979. Some analysis results have been
included in published descriptions of particular aspects of the physical
oceanography of the Georges Bank and G~lf of Maine regions, e.g. of tidal
currents (Moody et al. 1984) and of residual currents (Butman et al. 1982).
It appears, however, that much of the physical oceanographic observations
have not been synthesized and interpreted for primary publication. One 
exception to this is the study of the internal tide and cross-frontal fluxes
by Marsden (1986).

Because of the severe overfishing of the herring population(s) spawning
in this area, larval herring were not sufficiently abundant to successfully
complete the study. In this sense, the second component of the ICNAF herring
program was doomed before it began. The Working Group, however, is
interested in evaluating the physical oceanography that was done in support
of the program to determine whether it would have been appropriate if herring
had been abundant.

When it was obvious that herring larval abundance was too low, the patch
study switched to chaetognaths. Some of the physical oceanographic and
chaetognath distributional data were recently analysed and presented to NAFO
(Lough and Trites 1986). Thus, some evaluation of the usefulness of the
physical oceanographic support is possible. The joint collection of detailed
distributional data on zooplankton and oceanographic properties permitted a
description of persistence of a vertically migrating patch of chaetognaths in
relation to circulation and mixing characteristics of Georges Bank. The
study in 1978 was a state-of-the-art approach to one of the key issues in
fisheries biology. It was not until 1984 that the Danes and Scots in the
western North Sea would carry out a study of comparable sophistication. To
their credit the full North Sea herring study was reported in the primary
literature in 1986. The Georges Bank study, in contrast, remained unanalysed
for close to a decade; in fact, the oceanographic data are not yet fully
analysed.

In summary, the Working Group concludes that the close collaboration
between physical oceanographers and fisheries biologists, in both the
planning stages and the research activities, that occurred in the "patch
study, II is an important i ngredi ent for successful recrui tment research. The
physical oceanographic input to the ICNAF herring patch study was of
considerable significance. Unfortunately, for whatever reason, analysis and
pUblication of results received a low priority. No doubt, part of the reason
for the delay was the departure of one of the principal investigators to the
west coast, as well as the lower priority for analysis of chaetognaths
compared to herring larvae. In addition, it appears that the physical
oceanographic component was not designed to address clearly stated physical
oceanographic research questions so that its lack of a stand-alone capability
may have made the priority of data analysis and interpretation vulnerable to
the failure of the larval herring component. The difficulties associated
with international collaborative experiments may also have contributed.
Thes~ problems should not detract from the lessons to be learned from the
successful linkages demonstrated between physics and fish that were made
possible by joint research by the two disciplines. In retrospect, it appears
that siqnificant questions were carefully stated; field studies involvlng
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both disciplines were successfully completed; but the program petered out due
to the low abundance of herring larvae and perhaps tHe lack of a stand-alone
capablllty of the phYS1CS program. the study ~as not brougHt to completion
in a timely fashion.

6.1.2. Recruitment - Flemish Cap Cod and Redfish

As early as 1961, it was recognized that Flemish Cap (fish) populations,
because of their circumscribed nature (i.e. surrounded by deep water),
provided a unique opportunity for recruitment studies. In the 1961 Redbook,
it was stated (p. 72) that,

1I ••• there is urgent need for more information as regards
year-class strengths in these subareas [SA2 and 3] .•.
owing to the complex nature of water movements in these
and adjacent subareas, and some uncertainties regarding
stock identity, there is need for more up-to·date information
concerning spawning, larval sUccess and sUbsequent drift
in relation to contemporary environmental conditions.
The probable value of studying these in relation to the
isolated fishery of Flemish Cap should be considered ••. 11

And further on in the report (p. 77),

liThe Working Party gave considerable thought to the problem
of investigating the distribution of eggs and larvae of the
principal commercial species in each Subarea and of plankton
studies in general •••

They also recognized that the ICNAF Area, however, in which
a series of most valuable fisheries are situated on the edge
of a major continental slope, may present particularly
important and valuable opportunities for a specially
co-ordinated attack on the problem. Special reference
has been made above to the value of egg and larval studies
in Subareas 1 and 2, over the Flemish Cap and on Georges
Bank. From north to south; there are a series of spawning
grounds which would appear to be ~articularly vulnerable
to deviations in the normal regime of the waters flowing
constantly past them and in meteorological conditions •••

The Working party therefore strongly recommended that the
Commission should plan for a co-operative plankton and
hydrographic [oceanographic] survey as soon as possible ••• 11

The preceding long quotations are included both to indicate the interest in
Flemish Cap for recruitment studies and also the strong emphasis on the
direct role of physical oceanographic processes postulated to generate
variability in year-class strengths. The Working Party's report led to the
NORTHWESTLANT program. It was not until 1975 that a major recruitment focus
was placed on Flemish Cap by ICNAF. The Flemish Cap International Experiment
developed from Recommendation 30(i) of the Environmental Working Group of
ICNAF which stated (ICNAF Redbook 1975, p. 100) that,
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" ..• an attempt be made to identify rel ati onshi ps between the
various currents around Flemish Cap, the water te~perature at
appropri ate depths and any other rel evant envi ronmental
factors with the year-class strengths of cod and redfish on
the bank, including the role of predation of cod and redfish,
and to identify other major gaps which still exist in
knowledge of the area as well as research programs needed to
fill them; ... II

The reasons why this area was considered particularly amenable to study were
listed (1975 Redbook, p. 99). These included,

II i) both the cod and redfish stocks are relatively isolated
from the stocks on the adjacent Grand Bank,

ii) the water circulation patterns are likely to be
amenable to study,

iii) the area is reasonably restricted in size,

iv) the area is one which, because of its major
oceanographic features has been of interest to physical
oceanographers for many years, and there exists a
useful historical and physical enVironmental data base.
With respect to the latter ••• no fully co-ordinated and
comprehensive analysis has yet been carried out."

The subsequent deliberations and research activities are described in some
detail by Lilly (1986). In the intervening time period between 1961 and the
mid 1970's, even though the role of advection was still considered important,
the role of biological interactions (food limitation and/or predation) in
generating year-class variability received increasing emphasis in the
research proposals. Nevertheless, the physical oceanographic component was
always important in the Flemish Cap stUdy. The field studies ran from 1977
to 1983. The physical oceanographic input to the program is summarized
be low ..

Reviews of the biological and oceanographic conditions on the Flemish
Cap (published subsequently by Templeman [1976J and Hayes et al. [1977J) were
presented to the Environmental Working Group of ICNAF in 1975, and plans for
an international experiment were discussed at a meeting of a Flemish Cap
Working Group in Murmansk, USSR, in May 1977 (ICNAF Redbook 1977, p. 83-86).
A group of 12 Canadian scientists, inclUding three physical oceanographers
from the then Ocean Aquatic Sciences Branch of the Department of Fisheries
and Environment, met in September 1977 to plan the Canadian participation in
the experiment, resulting in a report to the 1978 annual meeting of ICNAF
(Akenhead 1978). Intensified field observations in the Flemish Cap region,
particularly by Canada and the USSR, began in 1977 and continued through
1983. In a compendium of Flemish Cap research cruises, Akenhead (1984) has
listea 103 cruises to the region during the 1977-83 period. Of these, 88
cruises were identified as having taken temperature and salinity
Observations.
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The physical oceanographic observatiorts taken as part of the experim~nt

largely consisted of:

1. Hydrographic (temperature and salinity) statiohs occupied by research
vessels from the USSR.

2. XBT, Knudsen bottle~ and CTO stations occupied by vessels from the NAFC.

3. eTD surveys, moored current meter, and ther~igtor chain measurements, and
satellite-tracked drogue releases made by BIO.

Partial results of the USSR oceanographic investigations have been
described in a number of reports and papers to the annual meetings of ICNAF
and NAFO (e.g. kudlo 1979; 1980), and the water circulation patterns der"ived
geostrophically from 26 USSR surveys and one BID survey between December 1977
and April 1982 have been presented by Kudlo et al. (1984). The distributions
of temperature, salinity, and density determined Trom the NAFC hydrographic
data have been presented in two reports (Kendaris 1981a and b), and a
sUbstantial fraction of these data (as well as a small fraction of the USSR
hydrographic data) have been included in the archives of the Marine
Environmental Data Service (MEOS) (Akenhead 1984). A few climatological
descriptions of the water mass properties in the Flemish Cap region using the
MEDS data base have been pUblished (Akenhead 1981; Keeley 1982; Akenhead
1986a), but it appears that there has not been a detailed analysis or
interpretation of the hydrographic data.

the BIO physical oceanographic investigations on the Flemish Cap were
primarily carried out on four cruises: in January 1979 1 in July 1979, in
January 1980, and in June-July 1981. In January 1979, four moorings,
comprised of ten current meters and two thermistor chains surrounded by
surface guard bUoys, were deployed on the Cap in an attempt to monitor the
physical environment during the spawning and larva1 growth periods. Two of
these moorings were not found in July 1979, and a third was found with the
mooring line severed above the lowest current meter so that good data
(including temperature and salinity records) were obtained from only three
current meters (at two sites). Dhe of the moorings; with three current
meters and one thermistor chain, was rede~loyed in July 1979 but was not
recovered in January 1980. In addition 1 a satellite-communicating thermistor
chain, moored on the cap from April 28 to July 3, 1981, provided good data
showing the development of thermal structure in the water column through the
larval stage of cod. A preliminary description of the moored current
measurements, which reinforced the suggestion of a weak anticyclonic
circulation around the Cap, was presented to NAFO in 1980 (Ross 1980), but
neither a detailed analysis of the cUrrent measurements nor a description of
the thermistor chain observations has been pUblished.

The moored current and temperature observations were complemented by the
release of six satellite-tracked buoys drogued at 2 to 10 m below the surface
and equipped with water temperature sensorS. Ross (1981) has provided a
preliminary description of the results. The buoys were released in January
(2), March (2), and JUly of 1979 and May of 1980 and remained over the Cap
for 50 d on average. Their trajectories suggest a sluggish anticyclonic.
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surface circulation over the Cap, with exchange with ambient waters occurring
in the southeastern corner.

The CTO surveys conducted by BIo consisted of 133 stations in January
1979, 87 stations in July 1979, ten stations in January 1980, and 65 stations
in June-July 1981. The results of these sUrveys have not been pUblished.

The interest of the Working Group is again focused on the adequacy of
the physical oceanographic research component for the stated aims of the
recruitment study, rather than on the overall success of the program. Given
the strong emphasis on the circulation in several of the hypotheses
accounting for year-class variability, the physical oceanographic component
of the study was perhaps not extensive enough. The loss of moored equipment
was a major blow to the physical oceanographic component. It also appears
that there was a lack of emphasis on conceptual models and clear strategies
for examining specific physical oceanographic hypotheses (leading again to a
lack of stand-alone capability), as well as a lack of close coordination
between the physical and biological components (probably in part due to
limitations on communication with foreign scientists). In the sense that the
1979-80 physical oceanographic component was somewhat exploratory, these
problems may have been corrected if the equipment return had permitted
further physical oceanographic field work. Nevertheless, what was done has
not been adequately analysed and interpreted. Only limited analyses of the
hydrographlc data collected by NAFC have been published, and the BIG
investigations on the Flemish Cap have not been fully analysed and
interpreted. Finally, at the recent 1986 Special Scientific Meeting
specifically to wrap up the Flemish Cap program, there was no contribution on
the relevant physical oceanography.

6.1.3. Recruitment - Browns Bank Haddock

The southwestern Nova Scotia Fishery Ecology Program (FEP), often
referred to as the Browns Bank Haddock Program after the area and species of
study, is a cooperative program involving the Marine Fish Division (Scotia
Fundy Region), the former Marine Ecology Laboratory (MEL), AOL, and Dalhousie
University. The Program was initiated in 1982 and is expected to be
concluded with two symposia in 1987 and pUblication of results in 1988. Its
goal was to improve management advice through the study of factors affecting
the productivity of an economically important groundfish stock. The haddock
stock of the southwestern Scotian Shelf (NAFO Subarea 4X) was chosen for
several reasons:

1. There are a number of interacting fisheries for haddock, cod, pollock,
herring, scallop, and lobster which enable investigation of mU1tispecies
management approaches.

2. The haddock stock is economically very important to the Nova Scotia
fishing industry.

3. The history of the haddock stock and its fishery is well defined back to
the early 1960's.
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4. There are considerable historical data from the area, ihcluding
ichthyop1ankton surveys~ primary productivity measurements, and physical
oceanographic studies.

The Program consisted of six sUbprograms and included 31 projects. It
involved over 42 research cruises~ with a total of some 503 d at sea, mostly
during the principal field seasons from 1983-85. Rather than having a single
structured program, a "modu1ar ll approach Was devised, whereby each project
was as self-contained as possible so that if one component should fai1~ the
others should be able to continue and produce publishable results. Acentral
steering committee was formed to oversee the entire program, to solicit
participation, and to ensure all relevant topics~ from physical oceanography
to plankton to fish, would be investigated.

The physical oceanography program formed an integral part of the FEP,
and was seen as the basis for many of the plankton and distribution studies.
The mean and seasonal circulation of this area had been studied previously by
Smith (1983), and formed a background to determining the time and space
scales for more detailed observations of turbulent dispersion and vertical
variation in cross-isobath advection. These mechanisms were thought to
strongly influence the aggregation and dispersion of eggs and larvae on the
bank, and so became the focal point for interaction with the plankton
surveys. Measurements were taken using moored current meter arrays,
hydrographic surveys~ and drogued drifters. In addition~ other environmental
data including meteorological measurements, sea level, and frontal analysis
of sea-surface temperature were collected.

Considerable effort in the FEP was spent in promoting and maintaining
communication between the various subprograms. Quarterly reports were
prepared and widely distributed, containing items of interest to
participants - abstracts of papers, results of analyses, and schedules of FEP
cruises. Annual reviews were also held, involving oral presentations of
projects and ongoing reults, for Use by other projects. Such regular
interaction was greatly facilitat~d by having all participants belong to a
single country, and indeed predominately a single region.

this communication between program components has been the key to
ensuring use of the physical oceanographic studies by the various fishery
subprograms. In addition, the time scales of analysis were such that the
general physical data analysis was always available before analyses of the
larval samples and distributional data were completed. This has enabled the
distributional data to be readily interpreted in light of the neW results
from the oceanographic subprogram. It is expected this interaction will be
evident from the presentations and pUblications of the FEP. Arecent listing
of project proposals ihdicates that 10% (of a total of 50) have directly
involved input from the physical oceanographic component at some stage during
the field season or analysis.

The physical oceanographic data, however~ could still have been used
more fully by the fishery components of the program. For example, the
location of stations for the ichthyoplankton and juvenile distributional
SUrveys were set on a regular latitude-longitude grid, without reference to
available oceanographic information and the spatial scales described by those
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data. It remains to be seen during the final analyses whether this lack of
regard at the outset for the physical scales hinders complete interpretation
of the distribution of, in particular, the early life-history stages in
relation to physical processes. In addition, it is probable that the overall
success of the program would have been greater if there had been more fully
coordinated interdisciplinary projects (e.g. simultaneous drogue dispersion
and egg and larvae distribution studies; formulation and testing of specific
models for physical oceanographic influences on the Browns Bank eco~ystem),

and additional interaction between the physical oceanographers and fisheries
scientists. This is reflected by the low percentage of projects in the
program which directly received physical oceanographic input.

6.2. OPPORTUNITIES FOR PHYSICAL OCEANOGRAPHIC SUPPORT FOR
RECRUITMENT STUDIES

Because of IREP (initiated by the Intergovernmental Oceanographic
Commission [IOC] in 1982), there has recently been an increased emphasis by
the international oceanographic community on the recruitment problem. In the
past it has been a research problem addressed predominantly by fisheries
biologists with a minimal amount of descriptive physical oceanography added
on. As indicated above in Section 6.1, for two major ICNAF/NAFO programs,
the end result of such studies has not been too successful. The Working
Group considers that there are real scientific opportunities to be grasped at
this particular time in relation to the recrUitment problem. The questions,
however, have to be considered as oceanographic as much as fisheries biology
questions. In general, the fisheries biologists do not have sufficient
understanding of the oceanographic processes to adequately design and carry
out the studies. Oceanographers need to be intimately involved and have a
stake in the success or failure of the program. Future recrUitment studies
in the northwestern Atlantic could be developed fruitfully within the
ICES/IREP initiative.

IREP was adopted by the IOC at the Twelfth Session of the Assembly of
that body, in 1982 as Resolution XII-I. The resolution agreed that,

11 ••• the first major objective of the Commission's OSLR [Ocean
Science in Relation to Living Resources] Programme should be
to gain a better understanding of the effect of environmental
conditions on recruitment of fish stocks, this being one of
the central and long-standing but still largely unresolved
problems in marine science in relation to living resources."

and al so that,

" ••• a promising approach would therefore be to develop an
international programme comprising a network of investigations
into the relevant aspects of the quantitative ecology of
5elected fish species, coordinated in space and time and
using similar techniques (hereafter called the International
Recruitment Project, IREP)." .

Subsequently, ICES was requested to contribute to IREP. The initial response
was the formation of the IREP Study Group which met in Copenhagen in April
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1985. The report (ICES C.M.1985/Gen:4) dealt extensively with the broad
question of recruitment to fish populations in the northern Atlantic as well
~s the potential role of ICES in relation to IREP. the Study Group was
followed by the formation of a Steering Group on IREP~

1I ••• to develop a research strategy and prepare proposals and
plans for international cooperative interdisciplinary work,
promoted and coordinated by ICES on recruitment problems in
the North Atlantic area. 1I

The research activities generated should constitute,

1I ••• a North Atlantic component of the IREP element of the
IOC/FAD Programme of Ocean Science in Relation to Living
Resources (OSLR), whi ch ICES has been invited to handl e. II

The IREP initiative, then, is at root oceanographic; the responsibility
for the northern Atlantic component is being delegated to ICES. Hopefully
this will not detract from the l~vel of commitment of the oceanographic
community to the research question (ICES is at present predominantly an
organization with fisheries and pollution interests). The Working Group
considers the IREP initiative, in that it defines recruitment variability as
an oceanographic problem, as timely. In addition, the several themes that
have been developed within the IREP provide opportunities to address Atlantic
Canada fisheries recruitment problems.

Amajor theme of the IREP is that comparative studies of different
populations of the same or similar species, oVer relatively short time
periods, may lead to sUbstantive increases in understanding the processes
involved in generating recruitmeht variability. Part of the ICES strategy is
to identify and encourage the implementation of such comparative stUdies
within the northern Atlantic. Our Working Group has identified two research
areas that would benefit from a comparative approach, both involving a
significant physical oceanographlc component. These involve comparative
stUdies of: 1) cod recruitment in coastal current systems, and 2) scallop
recruitment to diverse fished aggregations.

One important constraint hindering progress in studies of recruitment
variability is the lack of understanding of the processes involved in
generating interannual variability in the cirCUlation and mixing within the
egg and larval distributional areas of diverse commercial species of
interest. A comparative approach between populations of the same species may
be profitable. Cod populations in relation to coastal currents provide one
such opportunity. A number of commercia1ly important cod populations are
associated with coastal currents which have received increased study by
physical oceanographers during the past several years (the Norwegian Coastal
Current, the Icelandic Current, and the Labrador Current). In each case,
there is a SUbstantive amount of work being done on both the cod biology
(including estimates of year-class variability) and aspects of the
~irculation. Also, Sutcliffe et al. (1983) have inferred that freshwater
runoff variability from Hudson Bay, and its influence in the Labrador Current
productivity, are important in generating year-class variability in northern
cod. The Working Group feels that Canada could profitably take the lead in
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initiating a comparative analysis on the underlying physical mechanisms
controlling interannual variability in the circulation of coastal currents
and the role of freshwater runoff in this process. SUch an analysis would be
complementary to AOL's ongoing study of Labrador Current variability.

It has been empirically observed that the scallop aggregations of
commercial concentrations of Placopectin magellanicus are geographically
persistent over several decades (Sinclair et al. 1985). The extant
hypothesis for the source of recruitment to the diverse scallop aggregations
involves supply from contiguous areas due to surface-layer residual
circulation. An alternate hypothesis is that the aggregations are to a large
degree self-sustaining (i .e. the fished aggregations are populations). The
physical oceanographic processes of mixing and circulation within at least
parts of the distributional areas of sea scallop are relatively well
understood (the species is distributed from the Mid-Atlantic Bight to the
Gulf of St. Lawrence). A careful description of the relatively fixed
patterns in the distributions of scallop aggregations in relation to residual
circulation patterns should lead to specific tests of the relative importance
of drift versus retention of larvae in providing the source of recruitment to
different aggregations (populations?). In the Gulf of Maine area where the
tidal circulation is dominant and well understood a combined modelling and
observational program may be possible. Again, the Working Group feels that a
comparati ve study on recruitment to different sca 11 op aggregati ons in
relation to circulation and mixing features would be fruitful and consistent
with one theme of the IREP initiative.

A third example (but one not involving a comparison of populations)
where there is an obvious opportunity to increase understanding in
recruitment involves the Magdalen Islands lobster fishery. Sutcliffe (1972;
1973), using a correlation approach, noted a positive statistical
relationship between freshwater runoff in the st. Lawrence drainage basin
(i .e. the RivSUM signal) and lobster landings several years later. The
relationship has proven to be predictive during the interim period (Sinclair
et al. 1986a; Drinkwater 1987). The causal mechanisms, however, are not
understood and have not been investigated in a field study. Bugden et al.
(1982) reviewed the overall question of freshwater runoff effects in the Gulf
of st. Lawrence in considerable detail. The Working Group feels that the
first step is to evaluate the manner in which the physical oceanography of
the Magdalen Shallows (in particular around the Islands in question) varies
as a function of changes in runoff (circulation, mixing, stratification,
etc.). Subsequent to a better understanding of the physics, hypotheses
concerning recruitment itself could be better defined. Given the predictive
power of the "Sutcliffe relationship," the Department should mount a
substantive recruitment program in this geographic area. Studies of the
physical oceanographic processes in relation to runoff are a critical
component. This is an obvious and major area of interest for the Maurice
Lamontagne Institute.

In summary, the Working Group was encouraged by the IREP initiative of
the IOC in that it defines the recruitment problem as an important high
orofile oceanographic question. The experiences derived from previous major
recruitment projects in the northwestern Atlantic infer that dynamical
physical oceanographic studies need to be an integral component of
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recruitment projects, in particular those involving egg and larval stages.
Three potential cases for recruitment rss~arch iHvolvirig physical
oceanography are identified (cod; sea scallops~and Magdalen Islands
lobster). Each case~ however, requires a detailed analysis to investigate
the tractability of the physical oceanoqra~hic component.

6.3. COMMENTS AND RECOMMENDATIONS

It is noted that two of the major recruitment studies undertaken in
Atlantic Canada have not been brought to completion in a timely fashion, and
have not generated many pUblications in the primary literature. Also,
linkages with the physical oceanographic studies have been less than optimal.
Research management does not appear to have pushed these studies ahead when
it was apparent that they were floundering. It is recommended that~

1. Any major Departmental initiative involving recruitment be conceived and
planned as an oceanographic program as much as a fisheries b10logy
program. The physical oceanograph1c components of the proHram should be
given a high priority, and the scientists involved should ave a stake in
its success or failure.

2. Canada take the lead in initiating a com~arative study of the interannual
variab1lity in the circulation of coasta currents having cod populations
(Labrador, Iceland; and Norwegian coastal currents), The study could be
a contribution to IRE~.

3. A comparative recruitment study be carried out on seascallops~ The
primary aim of the study would be to evaluate the horizontal scale of
dispersion of scallop larvae from different commercially important
aggregat10ns (populations)? The study could contribute to an
understandihg of the SOurce of recruitment rather than the annual
variability.

4. Arecruitment study onMa~dal~n Isl~n~s lob~t~~s be carried out.
Initially, it is necessary to evaluate the inf1uence or freshwater runoff
from the st. Lawrence drainage system on downstream circu1at16n and
mixing around the Magda1en ISlands. THe initial phYsica1 oceanographic
study 1S required pr10r fa the definition of hypotheses underlying the
statistical relationship between river runoff and lobster landings in the
Magdalen Islands.

CHAPTER 7. PHYSICAL OCEANOGRAPHIC SUPPORT IN RELATION to LONG-tERM CHANGES
IN ABUNDANCE LEVELS OF COMMERCIALLY EXPLOITED POPULAtIONS

7.1. TWO poINTS OF VIEW ON MONITORING

There were substantive differences of opinion within the Working Group
6n the appropriate approach for monitoring of physical oceanographic
properties in relation to long-term changes in abundance of commercially
exploitable populations. At one extreme it is considered important to be
able to describe the environment on an interannual time scale without
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necessary reference to a particular fisheries problem.
approach taken by the fisheries laboratories since the
usually in the form of standard hydrographic lines rUn
shelf or measurements made at fixed stations.

This has been the
turn of the century,
across the continental

The Newfoundland hydrographic monitoring system established in the early
1950's is a representative example of the underlying philosophy. In setting
up their oceanographic monitoring system the fundamental hypothesis was that
the oceanographic climate of the Labrador Shelf to Grand Banks area, from the
point of view of fisheries, was dominated by the Labrador Current and the
warmer slope water beneath it in which most commercial species of fish
were believed to overwinter. Thus, several hydrographic sections were
established (some based on USA Coast Guard sections) across the Labrador
Current and on the southwestern edge of the Grand Banks where it was hoped
that incursions of slope water over the Banks could be monitored. It was
also hypothesized that provided these sections were occupied at the same time
every year, seasonal variability would be minimized and thus the sections
would provide an index of interannual variability against which fisheries
events could be examined. Further, to allow for an examination of seasonal
effects and also to allow corrections to be made for time variations in
seasonal effects, a near-shore station (Station 27) was also established
where the intention was to occupy it at least twice monthly. Based on this
rationale the monitoring system was set up. Unlike most of the biological
monitoring programs which have changed dramatically through the years,
changes have been few and far between in Newfoundland's oceanographic
monitoring program. Some of the sections were eliminated (southwestern Grand
Banks section) where high-frequency variability was clearly compromising any
clear annual indices, and greater emphasis was placed on the Flemish Cap
section. On the whole, however, few changes have been made and the
oceanographic monitoring program receives a high priority within the
fisheries laboratory.

In summary, at this extreme, it has been considered that a long-term
description in itself, without specific reference to a particular fisheries
problem, was the appropriate strategy for the past several decades. If one
had waited until the fishery problems were sufficiently well understood to
design specific monitoring programs, there would not now be a 30-yr time
series for the respective sections and Station 27. The major criticism of
this point of view is that such monitoring should not proceed for 30 yr (nor
even 10 yr) without a rigorous quantitative analysis of the extent to which
monitored variables are representative of the physical oceanographic features
of interest, whether that interest be fisheries or purely physical
oceanographic. It appears that such an analysis has not been carried out for
either the Newfoundland section's monitoring program or the AOL Labrador
Current monitoring program. The other reservation regarding this point of
view is that, given the severely limited resources available for physical
oceanographic measurements in the Atlantic zone, priority should be given to
more process-oriented observational studies which are designed to examine
either specific physical oceanographic hypotheses or hypotheses for
oceanograhic fisheries interactions. In spite of these reservations
regarding the particular monitor;nq strategy, there is unanymity in the
Working Group that the commitment of the Newfoundland laboratory to
oceanographic monitoring ;s an example of the degree of commitment required
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to obtain the physical oceanographic information appropriate to the fourth
category of fisheries research questions.

At the other extreme, it is argued that monitoring should not be defined
without reference to a specific fisheries problem. Identification of the
fishery problems and their appropriate physical oceanographic requirements
were viewed as integral steps in establishing appropriate monitoring
strategies. A three-step approach was considered appropriate from this
perspective. First, available oceanographic data should be used to formulate
initial hypotheses involving fisheries/physical oceanographic interactions.
Secondly, process-oriented field studies of the type outlined for northern
cod and silver hake (Chapter 5) should be carried out. Such studies in
principle should identify causal relationships between oceanographic
variables and fisheries-related responses of interest. The identification of
the pertinent variables, and their temporal and spatial scales, then allows
the third step - development of an oceanographic monitoring program with
tested and clearly defined linkages to the specific fishery problem of
interest.

Proponents of this point of view on monitoring stress that, once the
relevant variables for monitoring have been identified, the time and space
scales should be determined in relation to both the fishery problem and
physical oceanographic processes. For example, if recruitment is under
study, the temporal scale for monitoring may range from 1 d to 2 yr,
depending on whether a specific critical period or the whole of the early
life history is being examined. Similarly, the spatial scale could range
from 101 to 106 m, representing small-scale turbulent to large-scale
transport and retention processes. If the distribution and migration of
adults is the problem under study, the temporal scale may range from months
for migration studies (e.g. northern cod and Scotian Shelf silver hake) to
years for interannual changes in distribution resulting from changes in ocean
climate. Spatial scales would represent the bounds of the adult population,
representing perhaps the scale of a typical bank (tens of kilometers) for
groundfish or shellfish, or the scale of the continental shelf (hundreds of
kilometers) for more widely ranging pelagic species.

In designing the physical oceanographic monitoring component of such
studies, careful consideration must also be given to the inherent variability
in continental shelf environments of most physical variables over a wide
range of temporal and spatial scales. It must be clear that variability at
scales smaller than those being measured has not been aliased into apparent
variability at longer time and space scales.

A further complication in determining from the fishery problem the
appropriate scales for monitoring the physical variables is the potential
cascade of variability from shorter to longer scales; e.g. a few short storms
during a period of peak spawning may disrupt a year's recruitment (Bakun
1984). This implies it may not be sufficient to monitor variables on the
same scales as defined by the fishery problem, but perhaps it should entail
shorter scales.

It was noted that at present there are no oceanographic monitoring
programs that have been defined by this three-step process. Further, present
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understanding of the population biology of marine populations in relation to
oceanographic variables is not sufficiently well developed to define a
"probl em-speci fi c" moni tori ng program.

In the next sections (Sections 7.2 and 7.3), existing oceanographic
monitoring programs in Atlantic Canada are summarized and their usefulness in
fisheries research evaluated.

7.2. EXISTING LONG-TERM MONITORING PROGRAMS

There are several long-term programs in the northwestern Atlantic which
measure the seasonal and interannual variability of a number of physical
oceanographic properties. These include sea level, coastal sea-surface
temperature, the hydrographi c secti ons program, and vari abil ity of transport
by the Labrador Current. Some of these programs were established
independently of specific fisheries problems, and as such are consistent with
the first point of view on the appropriate approach to monitoring. The
output from these studies should be seasonal and interannual descriptions of
the physical oceanographic variables, which would then be available to
fisheries scientists for use in the fourth category of fisheries research
problems (Chapter 3). Any of these programs, however, could also become
directly related to a specific fisheries problem if a detailed process study
established they are monitoring key variables on the appropriate scales.

In this section the existing long-term monitoring programs are reviewed
briefly to establish whether they are able to provide descriptions of
interannual variability, while in the next section the use of these
moni tori ng data by fi sheri es research programs is revi ewed.

7.2.1. Oceanographic Sections Program

Hydrographic conditions of shelf waters have been monitored for several
decades along a number of sections by several countries in the northwestern
Atlantic. In 1976 ICNAF standardized the sections and station locations, and
recommended that oceanographic monitoring by all countries be conducted at
these sites (ICNAF 1978 Sel. Papers No. 3:109-115) (Fig. 28).

Canada has monitored standard oceanographic variables along the Seal
Island, Bonavista, Flemish Cap, and Halifax sections since 1950, one to four
times per year. Regular monitoring of the Halifax section ceased after 1977
when it was determined that the sampling design was inappropriate to detect
interannual variations. As this is one of the few such monitoring programs
conducted by Canada to be reviewed for its capacity to detect interannual
variability with confidence, it will be discussed here in some detail. Prior
to 1960, it is noted that the program also included sections in the Bay of
Fundy and Gulf of St. Lawrence.

The Halifax section consisted of seven stations oriented normal to the
coast from Halifax to the shelf break (Fig. 20 and 28), and was sampled for
temperature and salinity at several depths about once per season. With only
four surveys per year it was determined that the data were inappropriate to
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Fig. 28. Standardized ICNAF oceanographic sections for the northwestern
Atlantic (from ICNAF 1978, Selected Papers No.3: 107-115).
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detect interannual variability because of severe aliasing (Mann and Needler
1967; Drinkwater et al. 1979), i.e. there was significant variability at
frequencies higher than seasonal. Therefore, much of the observed
interannual differences in properties along this transect may have resulted
from this hiqh-frequency variability. During months when the Halifax section
was sampled twice within 1 to 2 wk, there occurred up to 80% of the
year-to-year variation in volume transport and up to 90% of the interannual
variation in mean temperature (Drinkwater et al. 1979; B. Petrie, pers.
comm. ) .

Some of this high-frequency variability may have resulted from the
dynamic nature of the Scotian Shelf and the locations of stations near
potential frontal regions. Petrie (pers. comm.) analyzed a detailed 1967 CTO
survey that was conducted within 15-mi (N-S) by 22-mi (E-W) boxes around
Halifax section Stations 2 and 3 (45 CTD stations in each box); sea-surface
temperatures varied from 9.6-19.1°C around Station 2 and from 13.7-20.2°C
around Station 3. It was concluded that the Halifax section did indicate
seasonal trends for some variables (e.g. Drinkwater et al. 1979) but was
inadequate to resolve interannual variability for climate studies, and so was
discontinued.

Attempts have been made to use other oceanographic sections along the
Canadian Atlantic coast to determine interannual variability, e.g. off
Newfoundland and Labrador (Akenhead 1986b) and off West Greenland (Buch
1986). With generally only one occupation of each transect per year, the
data may be severely aliased; this point was recognized by Akenhead (1986b).
It appears that the data from most of these ICNAF/NAFO sections have not been
critically examined by physical oceanographers to determine whether they
adequately detect interannual variability. These critical examinations
should be made if the sections program isto be of use in describing changing
conditions for input to fisheries research activities. If periodic
occupations of a section are inadequate, then other techniques (such as
moored sensors) should be considered.

One example of a long-term (10 yr) oceanographic monitoring program
using moored current and temperature/conductivity sensors is that being
conducted by AOL of the Labrador Current. The objective of this program is
to study seasonal and interannual variations that may be related to the
marine or terrestrial climate (Lazier 1981). The extent to which the
measured variables in that program are representative of wider-scale
oceanographic conditions in the Labrador Current or on the Labrador Shelf,
however, has not been established. Conclusions to date indicate there is a
seasonal cycle in the transport of the Labrador Current, driven by freshwater
runoff from areas further to the north and west (Lazier and Wright 1985). If
a program such as this should prove to be appropriate for detecting
interannual changes of ocean climate, particularly of temperature, salinity,
and transport, it should be of great use to fisheries studies on the Labrador
Shelf and Grand Banks.

7.2.2. Coastal Station Monitoring Program

There have been at least two long-term coastal monitoring programs in
Atlantic Canada: the tide qauge network and the coastal temp~rature program.
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The tide gauge network was first used to enable better prediction of tidal
elevations, but the data can also be filtered to reveal lower-frequency
variability in mean sea level which can be used to indicate contiguous ocean
processes. The longest continuous data set in the coastal temperature
program is from St. Andrews, N.B., where sea-surface temperatures have been
recorded twice daily since 1921. There have been two versions of this
program: the first, from the 1920·s to the 1970 1 s, involved up to 14
stations with temperatures measured twice daily (Lauzier and Hull 1969),
which was succeeded by a program using Ryan recording thermographs. This
latter program has gradually reestablished the coverage of the earlier
program and in addition processes the data for a number of fisheries studies
which collect their own site-specific thermograph data.

Akenhead et al. (1981) have examined the earlier coastal temperature
monitoring program for its ability to detect changes in ocean climate (one of
the principal objectives of the program). They found that these shore
stations recorded the trends in temperatures fairly well, but not necessarily
the magnitude of changes or absolute value of temperature at anyone place
(temperatures could vary considerably between relatively closely spaced
stations). Akenhead et al. (1981) felt that for general monitoring of sea
surface temperature, ships of opportunity data should be used to extend
spatial coverage; for site-specific studies, moored arrays would be better
than occasional visits by vessels. For sea-surface temperature variations
for periods of less than 1 yr, a given station was usually representative of
a small area (tens of kilometers). Therefore, if interannual variations are
to be resolved, temperature measurements should be made at the site of a
fishery study, rather than from some possibly distant shore statTOn (Akenhead
et ale 1981). On the other hand, the higher-frequency, smaller-scale
variability may be partially filtered out by increased spatial averaging of
the data.

The recent coastal temperature program has tried to address these
recommendations. It has replaced the former twice-daily measurements with
continuous recording thermographs and, in addition, has encouraged their use
in several site-specific fisheries studies. Petrie (pers. comm.) cautioned
that vertical thermal stratification can be a serious problem in interpreting
data from most of the deployment sites. With the exception of western Nova
Scotia and the Bay of Fundy, most Atlantic coastal waters have extensive
vertical stratification for much of the year. It is therefore very important
to ~now the temperature profile at a site so that if interannual or spatial
differences occur, they can be interpreted as real and not resulting from
different depths or locations of sensors. Deployment of sensors at more than
one depth may be a solution to the stratification influence problem. Even if ..
this is so, there does not appear to have been a rigorous quantitative
analysis of the spatial and temporal scales of variability in the recent
coastal temperature observations and of the extent to which the Ryan
thermographs are reliably able to detect interannual variability in coastal
and shelf temperatures. It would seem timely that such an analysis take
place.

Long-term monitoring programs of the type described here, if they can be
~hown to indeed b~ r~presentat;ve as assumed, should be adequate to develop
lnterannual descrlptlons of at least temperature, salinity, and velocity·
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(over the Labrador Shelf), for use in studying fisheries problems. Annual
descriptions of ocean climate have become available recently through NAFO
(e.g. Trites and Drinkwater 1985), but report the data on such large temporal
and spatial scales that they may be inappropriate for specific fisheries
studies.

7.3. USE OF LONG-TERM MONITORING PROGRAMS IN FISHERIES RESEARCH

The fourth category of fi shery research questi ons (i.e. long-term
changes in abundance levels of exploited populations) involves requirements
for descriptions of continental shelf waters on interannual time scales.
Section 7.2 has described several long-term physical oceanographic monitoring
programs in Atlantic Canada and the inherent problem of high-frequency
variability. This section examines the use of such data in fisheries
research programs.

There have been several studies to examine and develop hypotheses
concerning fisheries-environment interactions in Atlantic Canada, some of
which used data derived from long-term monitoring programs. These include
the Georges Bank, Flemish Cap, and FEP studies previously discussed, as well
as several smaller studies, for which a partial listing can be found in
Shepherd et ale 1984 and Brodie and Baird 1986. Some of these studies
involve short-term experimental programs to test (or develop) explicit
hypotheses concerning fisheries-physical oceanographic interactions that were
defined on the basis of exploratory analyses of data from oceanographic
monitoring programs.

A good example of how such site-specific tests of hypotheses may expand
to include data collected by long-term monitoring programs is provided by
studies using Ryan thermographs. The initial coastal temperature network had
14 stations scattered throughout the Maritimes, while the present network has
fewer. It was noted (Section 7.2) that temperature data should be collected
at the site of a fishery project rather than extrapolated from data collected
at some possibly distant shore station. This has led to an increase in
recent years in the use of Ryan thermoqraphs for fishery studies (Fig. 29)
involving both short and long deployments (Table 3). These studies may then
be able to extrapolate their results backward in time with reference to the
most appropriate shore station of the Coastal Temperature Monitoring
Program.

There have been several attempts to relate long-term data series taken
from the Coastal Temperature program to recruitment studies of important
commercial species in Atlantic Canada. Martin and Kohler (1965) related cod
recruitment to coastal temperatures, while Sutcliffe (1973) and Sutcliffe et
ale (1977; 1983) examined relationships among annual commercial catches of
several species, temperature, and freshwater runoff from the St. Lawrence
River or Hudson Bay. The relationships derived continued to be useful in
predicting recruitment for certain stocks (Drinkwater 1987), although they
are all based on correlations for which several explanatory mechanisms have
been proposed, all of which remain untested.

The Working Group was unable to identify any studies in oceanographic
monitoring which were built upon site-specific process studies. The
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Table 3. Summary of use of coastal temperature data (June 13, 1986) compiled
by B. Petrie and D. Dobson (AOL, BIO).

I
I
I
I

DFO Charlottetown

Memorial University

DFO Newfoundland

DFO Newfoundland

DFO Newfoundland

DFO Newfoundland

DFO Moncton

DFO Hal ifax

N.S. Dept. Fisheries

DFO Quebec

DFO Quebec

McGill University

DFO Rimouski

Monitoring of salmonid aquaculture programs for
critical factors, mostly extremes, also to
identify spawning periods for oysters and
mussels (long term).

Monitoring wind forcing effects on water mass
movement on Newfoundland east coast to predict
zooplankton distribution (short term).

Arctic char movements from saltwater to
freshwater, to establish if temperature is a
major factor (long term).

Herri ng gi 11 net research, compari son of catch
statistics with temperatures (long term).

Interrelation of meteorological factors and
water temperatures for salmon habitat, growing
season, and survival rates (long term).

Lakes and Streams Aquaculture Site, Can. Tech.
Rep. Fish. &Aquaculture 1977, Vol. 82 (long
term) •

Herring spawning studies, shellfish production
and mortality (long term).

All interactions of invertebrates and marine
plants where temperature is considered a major
factor (long term).

Examination of potential and present
aquaculture sites for supervision.

Continuation of long-term surface measurements
at Entry Isle, M.I., P.Q.; Grande Riviere,
P.Q.; Borden, P.E.I. (20 years earlier data).

Biophysical factors triggering migration of cod
associated with capel in.

Biophysical factors triggering migration of cod
association with capel in.

Study of aquaculture site on North Shore.
Herring spawning grounds in Gaspe area.
Data expected to be part of general
requirement for ocean climate study •

.•. /Contd.
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Table 3. ••• /Contd.

DFO Quebec Estuarine studies for eel migration and
post-molt salmon (long term).

Correlation of temperature and catch
statistics for lobster (paper in preparation)
(short term).

Until 1985, lobster stock assessments, growth
rate, temperature sensitivity; since 1986,
mussel culture sites, one at Carleton, P.Q.
(Bay de Chaleur).
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southwestern Nova Scotia FEP, and interaction between the Labrador Current
Program and studies on northern cod migrations, may result in identification
of the key variables and appropriate scales for such monitoring. There is an
inherent difficulty in relating results from long-term environmental
monitoring programs ~o changes in the fish populations. The "multiple
connectedness" of oceanographic and biological variables is such that in 1 yr
the physical variable may be seen to have an apparent direct biological
effect, while in another year the same change in the physical variable may
have no effect, perhaps because of a difference in another biological
variable. Northern cod again provides an example, where the timing of the
inshore migration may depend as much on the biomass of young cape1in along
the edge of the Labrador Shelf as on the temperature and thickness of the
cold intermediate layer.

Oceanographic climate-monitoring programs, particularly the sections and
fixed-stations programs, have been applied to a variety of problems in
fisheries research (see review by Perry and Frank [1987]) although not often
in relation to stock assessments. There has been a lack of confidence in
their useage since 1975 when aliasing problems were identified in the Halifax
section. The analysis of the reliability of the section observations (as
useful measures of interannual variability or in identifying trends) by
physical oceanographers is considered a high priority by the Newfoundland
Region fisheries scientists. They have been pressing for an examination of
this sort, particularly on the Flemish Cap section, for many years.

Interannual descriptions of ocean climate can be developed (given
appropriate measurement scales), but the problem is how to apply them to
fishery studies. In the 1950's, ICES produced synoptic charts of physical
properties (temperature, salinity, wind, and nutrients) specifically for the
use of biologists (Lee 1984). It was also recommended that the biologists
should produce time series of egg production, year-class strength, and fish
and plankton distributions for comparison with the physical variables.
Apparently, these charts, " .••were received with enthusiasm by the
biologists, although there is little evidence in the literature of their ever
making qreat use of them" (Lee 1984, p. 12). By 1961, the charts had ceased
to be produced, apparently as a result of a lack of enthusiasm amongst
biologists, and delays in production. Lee (1984) suggests the major problem
with these charts was that they represented surface conditions, while
subsurface conditions are more important to fisheries, and that there were
large gaps in the area covered; important features like fronts often were not
included (i .e. inappropriate spatial scales).

7.4. COMMENTS AND RECOMMENDATIONS

As stated in the introductory section of this chapter, there were
divergent opinions within the Working Group on the strategy to be adopted for
oceanographic monitoring in relation to long-term changes in fish and
invertebrate abundance. Fortunately, recent developments and interests in
oceanography may well bring the two points of view together in the near
future. Ocean climate research, and thus a focus on the interannual and
decada1 time scale, is receiving increased emphasis within oceanography as a
whole. Fisheries biologists have always been interested in ocean climate (at'
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least since the turn of the century), but have not had the tools available to
adequately describe the oceanographic changes. It appears that the
oceanographers themselves may put a high priority on this longer time scale
without specific reference to fisheries problems. Nevertheless, there is
still an immediate requirement to evaluate the adequacy of the current
oceanographic monitoring programs off Atlantic Canada as descriptions of the
interannual variability and trends in ocean characteristics.

The Working Group makes the following comments and recommendations:

1. An oceanographic monitoring program is important to many fisheries
problems. In most cases~ however, the causal relationships influencing
the fisheries variable of interest are not understood. Thus, any
oceanographic monitoring program should be designed on the basis of
physical oceanographic criteria.

2. Existing ICNAF/NAFO oceanographic sections in the Canadian area of
interest should be exam1ned by phys1cal oceanographers to determ1ne if
the data collected from the sections are detecting lnterannual
var1abil1ty (l.e. adequate temporal and spatlal scales of sampling).

3. The extent and spatial scales over which the Ryan thermograph component
of the eX1st1ng coastal ocean mon1tor1ng program 1S able to detect
1nterannual temperature var1ab1Jlty should be quantltat1vely exam1ned.

4. Subsequent to these examinations an improved (if problems are identified
in Recommendations 1i and iii) oceanographlc mon1tor1ng program should be
defined (based on oceanographic criteria) as part of an ocean cllmate
program.

CHAPTER 8. SUMMARY AND RECOMMENDATIONS FOR RESEARCH

8.1. SUMMARY

1. The role of physical oceanography in the resolution of fisheries problems
in the northern Atlantic has been stressed repeatedly since the turn of
the century. The linkages have been addressed specifically in 1899,
1901, 1902, 1913, 1938, 1950, and 1951 within an ICES framework; and
1952/53, 1961, 1964, 1971 and 1981 within ICNAF/NAFO. Results in general
have not met expectations. Oceanographic programs have rarely been
directed to specific fisheries questions. Rather, the two disciplines
have tended to work in parallel. The "big science ll initiatives on
recruitment in the northwestern Atlantic, which have involved integrated
programs, have generated limited increases in understanding. Long-term
monitoring of oceanographic properties in important fishing areas has not
in most cases received stable institutional support (the Newfoundland
program is a notable exception). In those -instances where data products
were routinely made available, they have not been used often by fisheries
biologists. The historical sketch provided perspective for the Working
Group. The issues addressed were clearly not new. Why were the results
minimal? A. recommendation of the ICES Special Meeting on Fisheries
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Hydrography in 1951 is perhaps pertinent. Fisheries biologists need to
state precisely the problems or questions being addressed; this requires
documentation and some detail. The problems subsequently need to be
considered as fisheries oceanographic problems, rather than as fisheries
initiatives with an added-on oceanographic component. The historical
perspective indicated that fisheries problems have rarely been considered
to be high-priority oceanographic problems. In addition, hindsight
suggests the state of the art in physical oceanography of shelf seas was
probably not sufficiently developed prior to the 1970's to realistically
expect major advances. This is not the case now; there are good reasons
to expect substantial benefits from joint physics-fish studies.

2. Four categories of fisheries problems requiring physical oceanographic
information were defined. These are:

A. Definition of populations

B. Temporal changes in availability of fisheries resources to either
commercial fisheries or research surveys

C. Causes and short-term prediction of recruitment variability

D. Long-term changes in abundance levels of exploited populations

The physical oceanographic requirements for each category are addressed
separately.

3. As background information required to aid in the definition. and
understanding of the underlying mechanisms, of geographic population
patterns a description of the circulation and temperature-salinity
characteristics of the Atlantic Canadian shelf is important. In essence
an understanding of the oceanographic setting within which species are
broken up into relatively isolated self-sustaining populations is
considered essential to the development of a full understanding of the
mechanisms underlying the definition of populations. Because the life
cycles of many species include a seasonal timing, a description of the
oceanographic setting on a seasonal basis may be required. Two
approaches were taken. First, the relevant time and space scales, and
the geographic distribution of archived data, were discussed. The
significance of the residual circulation was put into perspective in
relation to features of the circulation at shorter time scales (hours,
days, months). The residual circulation may be a useless abstraction for
the fisheries questions addressed if the circulation at higher
frequencies is actually the feature of significance to the organisms.
Maps of the distribution of current and temperature-salinity data
archived at AOL and MEDS respectively indicate that the spatial and
seasonal coverage is generally incomplete. Secondly, gaps in the
existing descriptions of the physical oceanographic II setting ll were
identified. They are substantive. The degree to which both the
broad-scale and topographic-scale residual circulations have been
described in different parts of the Atlantic Canada shelf seas was
summarized. The cross-shelf structure and seasonal variability in the
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broad-scale, along-shelf flow is not well described, with the exception
of the Cape Sable region off southwestern Nova Scotia. The information
is lacking particularly for the entire Newfoundland shelf. the
topographic-scale circulation has been described for only a small
fraction of the shelf. The most detailed descriptions were the clockwise
circulations around Browns and Georges Banks. There is very little
information on the seasonality of the circulation patterns over the
offshore banks on the northern Labrador Shelf, on the Newfoundland Shelf
south of Newfoundland, and on most of the Scotian Shelf. There is also
very little information on the circulation patterns and their seasonality
in the bays on the eastern and southern coasts of Newfoundland.

There have been several analyses of the large-scale distribution of
sea-surface temperature on the Atlantic Canadian shelf. The depth range
for which the surface temperatures are representative is not well
understood. Some description of the seasonal variability in the
distribution of subsurface temperature and salinity is available or
becoming available for all regions of the Atlantic Canada shelf. The
available descriptions are generally based on only a fraction of the
existing data base and generally only resolve the broad-scale and
large-scale patterns. There is a noticeable lack of interpretive
descriptions of the water mass properties on the Newfoundland Shelf.

4. The existing physical oceanographic information pertaining to the
interannual varlabi1ity in the migration of northern cod between the
inshore and offshore areas off eastern Newfoundland and Labrador, as well
as the physical oceanography of this geographic area, was summarized.
Some hypotheses accounting for the changes in availability of northern
cod to the inshore fishery were listed. Finally, current relevant
research activities in oceanography were described.

The analyses to date of the oceanographic and cod catch data provide some
support for the leading hypothesis (i .e.,

"••• the proportion [of cod] migrating to shallow
inshore water may vary with the temperature or
thickness of the core of the Labrador Current. The
proportion should increase with increasing temperature
and decreasing thickness of the core of the Labrador
Current").

the available physical oceanographic information on the immediate area of
interest comes primarily from hydrographic data. The hypothesized
influences, however, may be associated with larger-scale variability in
the Labrador Current and the hydrographic structure of the shelf areas as
a whole. Thus, existing moored measurements from the Hamilton Bank area,
Avalon Channel, the Hibernia region, and Trinity Bay are likely to be of
relevance to the northern cod availability problem. The AOL
investigation of variability in sea ice on the Labrador and Newfoundland
Shelves is also of relevance. A detailed research project is outlined to
test the leading hypothesis and generate explanations and some capability
for short-term prediction of changes in availability.
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5. The available physical oceanographic information pertaining to the
interannual variability in si1ver hake migration onto the Scotian Shelf
was summarized. It has been suggested that the timing of the s~awning

migration of the silver hake that overwinter along the shelf edge may
depend on the warming of the shelf waters shoreward of the SMGL and of
the waters along the shelf edge, either through a direct temperature
influence or a temperature effect on the silver hake's maturation.

The summary and analyses of the physical oceanographic data indicate that
the Scotian Gulf area is one of the more intensively studied parts of the
Atlantic Canadian shelf. The observations indicate that the hydrography
and current structure are complex, and reveal that the dominant subtidal
variability in the lower water column is associated with wind events and
offshore variability (periods of weeks to months) rather than the
seasonal heating cycle. The existence of a seasonal variation in bottom

water temperature, as implied by the suggested temperature influence on
the timing of the silver hake's on-shelf migration, has not been
established. This raises the possibility that the hake's migration may
be associated with wind- and eddy-induced events, rather than seasonal
changes.

Some explanatory statistical analyses were carried out to investigate
possible relationships between catch rate of silver hake and
oceanographic indices. The analyses have not revealed statistically
significant relationships between the silver hake catch rates south of
the SMGL and shelf bottom temperatures. It is not clear that the
temperature observations used are appropriate to the hypothesized
influence on timing of the hake's migration. Furthermore, the spatial
extent and seasonal variability of the water with temperatures favourable
to silver hake have not been determined using the historical data base.
Finally, the most extensive summary of the seasonal variability in the
distribution of temperatures on the Scotian Shelf is based on bottle data
only, thus using only a fraction of the existing data.

Some approaches designed to more fully utilize the available data to
address the silver hake availability problem are outlined. A major
oceanographic field program is not considered necessary at this stage.

6. The ICNAF/NAFO Georges Bank herring program involved a recruitment
component. In 1975 it was recommended, in relation to recruitment
variability of Georges Bank-Nantucket Shoals herring, that three aspects
of the overall problem be addressed (the circulation and mixing processes
above and around the Bank, a "patch stud/' to identify the physi ca1
processes responsible for larval loss from the system, and studies on the
primary and secondary productivity of the Bank). The first two studies
were subsequently carried out. Because of the rapid decline in the
abundance of herring prior to the patch study, chaetognath distributions
rather than distributions of herring larvae were analysed. Even though
the results of the patch study were not analysed and presented in a
timely fashion, and the oceanographic data are not yet fully analysed,
the advantages of sophisticated joint field studies (i .e. physical
oceanographic measurements made specifically in relation to a fisheries
biology sampling program) are clear.
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the results of the patch study were not analysed and presented in a
timely fashion, and the oceanographic data are not yet fully analysed,
the advantages of sophisticated joint field studies (i .e. physical
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In 1961 Flemish Cap fish populations were first considered well suited
for recruitment studies. Interannual variability in circulation and
mixing over and around the Cap was hypothesized to be critical to the
definition of year-class sizes. As such the physical oceanographic
component of the Flemish Cap recruitment study initiated in 1978 was
important to the success of the overall program. However, the success of
the physical oceanographic program was severely hampered by a low
recovery rate of the moored instrumentation. Further, the physical
oceanographic observations that were taken have not been adequately
analyzed and interpreted. At the 1986 NAFO Special Scientific Meeting on
the Flemish Cap and other recruitment studies, there was no analysis of
the relevant physical oceanography for the Flemish Cap.

From hindsight the Working Group concluded that the physical
oceanographic components of both of the major recruitment studies
(Georges Bank herring and Flemish Cap cod/redfish) were not given
sufficient priority. In the Georges Bank study the oceanographic field
experiments were relatively substantive and were planned jointly with the
fisheries biologists but appear to have suffered from the lack of
specific physical oceanographic hypotheses and stand-alone capability.
Analysis of the data, however, received a low priority. In the Flemish
Cap study the oceanographic component appears to have been largely
exploratory in nature and was crippled by equipment losses, but again
analysis of the returned data received a low priority. The Browns Bank
haddock study, which is at the analysis stage, involved both substantive
prior physical oceanographic research and considerable joint research
involving oceanography and fisheries biology. It is premature to
evaluate the contribution of the oceanographic research to the resolution
of the fisheries questions.

7. The IREP initiative by the IOC indicates that the overall recrUitment
problem has been defined as a high-priority oceanographic research area.
ICES has been requested to generate and coordinate IREP initiatives in
the northern Atlantic. A major theme of IREP is that comparative studies
of different populations of the same or similar species, over relatively
short time periods, may lead to sUbstantive increases in understanding
the processes involved in generating recruitment variability. The
Working Group identified two species that should benefit from a
comparative approach, both involving a significant physical oceanographic
component. These involve comparative studies of: 1) cod recruitment in
coastal currents (Labrador, Iceland, Norwegian coastal currents); and
2) scallop recruitment to diverse fished aggregations in the Gulf of
Maine area. In the former the emphasis is on understanding the
underlying mechanisms controlling the interannual variability in the
circulation of coastal currents and the role of freshwater runoff in this
process. The physical oceanographic aspects of such a study require
considerably more evaluation than has occurred at this stage prior to
evaluating the tractability of this problem. The emphasis in the latter
is placed in evaluation of the role of physical processes in defining the
horizontal scale of larval dispersion from diverse spawning
aggregations. A third example deserving particular attention but which
does not involve a comparative approach is recruitment variability in
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lobsters in the Magdalen Islands area. Recruitment is well predicted by
RIVSUM during the first year of life. Prior to the development of
hypotheses concerning the underlying mechanisms, an understanding of the
effects of differences in runoff on the circulation and mixing around the
Islands in question is required.

8. There were two points of view of the appropriate approach for monitoring
physical oceanographic properties in relation to long-term changes in
abundance of commercially exploitable populations. One view considered
it important to be able to describe the environment on an interannual
time scale without necessary reference to a particular fisheries problem.
The other view argued that monitoring should not be defined without
reference to a specific fisheries problem. Identification of the fishery
problems and their appropriate physical oceanographic requirements were
viewed as integral steps in establishing appropriate monitoring
strategies. In essence, monitoring should follow process-oriented
studies that have generated understanding of causal linkages between
fluctuations in fisheries and oceanographic processes. The two points of
view are not necessarily mutually exclusive. Fisheries-prob1em-specific
monitoring could be part of a broader-based ocean climate monitoring
program. Existing long-term physical oceanographic monitoring programs
were summarized. These include sea level, coastal sea-surface
temperature, the hydrographic sections program, and variability of
transport by the Labrador Current. Deficiencies with the hydrographic
sections program were discussed. The Halifax line was discontinued in
1977 because it was determined that with only four surveys per year the
data were inappropriate to detect interannual variability. The other
sections have not yet been evaluated. The coastal temperature program
has been supplemented by Ryan thermographs in recent years. Their
ability to detect interannual variability in temperature, however, has
not been evaluated. The Labrador Current monitoring study should be very
useful to fisheries problems in the Labrador Shelf/Grand Banks area when
the data are analysed and interpreted. The existing long-term monitoring
data have been used in the analysis of diverse fisheries problems, in
particular in retrospective analyses of recruitment variability and
trends in landings. The oceanographic data have been used in this way to
generate hypotheses concerning the linkages between population
fluctuations and oceanographic processes. The data have not been used
extensively in stock assessments. There has been a lack of confidence in
using the data from the hydrographic sections because of the potential
aliasing problems. There is an immediate requirement to evaluate the
adequacy of the current oceanographic monitoring programs off Atlantic
Canada as descriptions of the interannual variability and trends in ocean
characteri sti cs.

In the past the oceanographic sections program of ICNAF and the coastal
hydrographic observations made by the Department have been established
and maintained in relation to perceived fisheries needs. The
observational programs have frequently been criticized as being
inadequate for a description of long-term variability of shelf-water
oceanographic conditions. They are nevertheless the only data sets
available for this important time scale of events and are frequently used
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in exploratory analyses of fisheries variability (Sutcliffe and Koslow
[1984J type approach). What minilnal observational program is required to
say anything about long-term changes in the oceanographic environment?
This question needs a response, with heavy input from physical
oceanographers. Subsequent to a definition of Ininimum observational
requirements to describe decadal time-scale fluctuations in oceanographic
properties in Atlantic Canada's shelf seas the programs need to be
institutionalized.

9. The Working Group made some general comments. Progress in understanding
both the causes of availability changes in fisheries (Category 2) and
recruitment variability (Category 3) requires a multidisciplinary
research team, but with stand-alone components. There is a need for
increased emphasis on the analysis of existing physical oceanographic
data and the publication of descriptions of the physical environment in
areas of importance to Atlantic Canadian fisheries. In joint studies,
timely publication of the oceanographic data is important. In the past
joint studies which have floundered, the research managers do not appear
to have adequately pushed the programs ahead. Joint accountability at
the management level for multidisciplinary projects involving more than
one line management is required. Permanent working groups by region
would be one mechanism to facilitate linkages between physical
oceanographers and fisheries biologists. Alternatively, present
mechanisms within CAFSAC, NAFO, and ICES could be strengthened. Finally,
it is noted that current funding levels for physical oceanogrpahy
seriously limit the progress that can be made on fisheries problems.

8.2. RECOMMENDATIONS FOR RESEARCH

The recommendations are grouped under the four categories of fisheries
questions requiring oceanographic input. They are stated in a brief form
here. The appropriate text in earlier chapters should be consulted for
elaboration or clarification.

A. Definition of Populations (Chapter 4)

It is recommended that,

AI. The appropriate criteria for the determination of the significance of
the means and seasonal cycles of currents, temperature, and salinity
required by the first category of fisheries questions be addressed for
the species studied in the Fisheries Ecology Program in the Browns Bank
area. The importance of measures of the variability about the means and
seasonal cycles should be evaluated.

A2. The space scales of the current, temperature, and salinity distributions
on the Atlantic Canadian shelf be examined quantitatively for some
representative regions using objective analysis techniques and that the
factors which determine those scales be determined.

A3. Given that the available information on the means and seasonal
circulation on the topographic scale is grossly inadequate for the
region as a whole, fisheries scientists priorize on an area-by-area
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basis their requirement for descriptions of the seasonality of
circulation patterns.

A4. The long-term means and seasonal cycles of the local along-isobath and
cross-isobath components of the monthly mean current be determined for
existing records extending over I yr or more, and that the means and
seasonal cycles of the standard deviations about the monthly means be
determined for the along-sh~lf and cross-shelf components of subtidal
current for these records.

AS. The monthly means of temperature and salinity (averaged over all years),
standard deviations, and numbers of observations for standard depths and
subareas corresponding to topographic features be calculated using the
merged MEOS data base.

A6. The merged MEOS data base be used to develop monthly maps of the bottom
temperature and its variability averaged over all years for the entire
Atlantic Canadian shelf.

A7. Fisheries scientists priorize the areas and seasons for which seasonal
descriptions of temperature and salinity distributions are required, and
where possible state the minimum seasonal and spatial variations in the
required parameters that would be significant to the fisheries
questions.

A8. The seasonal variation of the integrated (across the shelf) along-shelf
transport be examined for locations from which moored measurements are
available, and that the results of this analysis be used in a review
paper summarizing the evidence for continuity of the broad-scale flow
throughout the region and the consistency of the seasonality observed on
the various cross-shelf sections.

A9. There be an intercomparison and assessment of the FNDC, NCC, and MEOS
data bases of sea-surface temperature for the Atlantic Canadian shelf.

AID. Those data bases that are judged reliable be combined and used in an
objective analysis of the spatial distribution of sea-surface
temperature on the Atlantic Canadian shelf by month (average over all
years).

All. There be a study to determine the fraction of the water column for which
sea-surface temperatures and their anomalies are representative.

A12. The present MEOS effort toward creating a merged data base of
oceanographic bottle, bathythermograph, and CTO observations be
supported.
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B. Temooral Chanqes in the Availability of Fisheries Resources to Either
Commercial Fisheries or Research Surveys (Chapter 5)

Northern cod: It is recommended that,

B1. Analysis of existinq data (specifically 1J the hydrographic data from
the Hamilton Bank, White Bay, Cape Bonavista, and St. John's [47°NJ
sections; and 2J the time series of hydrographic data from the Hamilton
Bank and Station 27) be given first priority, and that any field study
be designed on the basis of the results of that analysis, advice from
scientists presently conducting the field studies of Labrador Current
variability, and the considerations and suggestions outlined in this
report.

B2. The research program outlined on p. 61/62, Point 5, should be
complemented by the development of conceptual models for the formation
and evolution of the cold intermediate layer and for the response of the
inner northeastern Newfoundland Shelf to wind stress forcing, and that
these models be developed prior to any major field program so that they
can be used in the detailed experimental design and formulation of
specific physical oceanographic hypotheses ..

B3. Given that satellite infrared imagery can provide valuable synoptic
information on the sea-surface temperature distribution in the area of
interest, particularly of the occurrence of coastal upwelling, this
sampling tool should be used to complement any field study.

B4. Any physical oceanographic field program along the lines of that
suggested in this report also be complemented by concurrent
hydroacoustic surveys and tagging experiments aimed at describing the
extent, route, and timing of the migration of northern cod in relation
to the description of the physical environment.

B5. Any physical oceanographic investigation of the cold intermediate layer
should also be used to identify a lonq-term monitoring strategy of the
layer's features that are considered to influence the availability of
northern cod.

Silver hake: It is recommended that,

B6. The spatial extent and seasonal variability of bottom water on the
Scotian Shelf and Slope with temperature in the range favourable to
silver hake be determined using the entire MEDS data base.

B7. The moored temperature measurements made during the 1975-78 AOL program
be examined for evidence of seasonal variability in the Scotian Gulf,
Emerald Basin, and shelf-break areas.

B'8. Available data on silver hake distributions and migration be examined in
relation to the physical oceanographic observations and descriptions for
the years (1967-68, 1976-77) in which the AOL measurement programs were
carried out. .
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B9. A leading hypothesis for a temperature influence on the timing of
migration be identified prior to any field investigation.

B10. Any field program directed toward examining a temperature influence on
the timing of silver hake migration be designed in conjunction with
physical oceanographers familiar with existing observations from the
area.

B11. Further correlation analyses be carried out involving the existing CPUE
data and physical oceanographic indices for: 1) the position of the
shelf-water/slope-water front and the number of warm-core rings
obtainable from sea-surface temperature charts~ 2) the Gulf of
St. Lawrence outflow, and 3) the wintertime mixed layer depth ahd
temperature on the Scotian Shelf and in the Gulf of St. Lawrence.

B12. The relation found by Garcia (1981) between area of warm water and
temperature at one site in the Saddle be critically examined using
available data.

C. Causes and Short-Term Prediction of Recruitment Variability

It is recommended that,

C1. Any major Departmental initiative involving recruitment be conceived and
planned as an oceanographic program as mUch as a fisheries biology
program. The physical oceanographic components of the program should be
given a high priority, and the scientists involved should have a stake
in its success or failure.

C2. Canada take the lead in initiating a comparative study of the
interannual variability in the circulation of coastal currents having
cod populations (Labrador, Iceland, and Norwegian coastal currents).
The study could be a contribution to IREP.

C3. A comparative recruitment study be carried out on sea scallops. The
primary aim of the study would be to evaluate the horizontal scale of
dispersion of scallop larvae from different commercially important
aggregations (populations?). The study could contribute to an
understanding of the source of recruitment rather than the annual
variability.

C4. A recruitment study on Magdalen Is1ands lobsters be carried out.
Initial1y~ it is necessary to evaluate the influence of freshwater
runoff from the St. Lawrence drainage system on downstream circulation
and mixing around the Magdalen Islands. The initial physical
oceanographic study is required prior to the definition of hypotheses
underlying the statistical relationship between river runoff and lobster
)andings in the Magdalen Islands.

118

B9. A leading hypothesis for a temperature influence on the timing of
migration be identified prior to any field investigation.

B10. Any field program directed toward examining a temperature influence on
the timing of silver hake migration be designed in conjunction with
physical oceanographers familiar with existing observations from the
area.

B11. Further correlation analyses be carried out involving the existing CPUE
data and physical oceanographic indices for: 1) the position of the
she1f-water/s1ope-water front and the number of warm-core rings
obtainable from sea-surface temperature charts~ 2) the Gulf of
St. Lawrence outflow, and 3) the wintertime mixed layer depth ahd
temperature on the Scotian Shelf and in the Gulf of St. Lawrence.

B12. The relation found by Garcia (1981) between area of warm water and
temperature at one site in the Saddle be critically examined using
available data.

C. Causes and Short-Term Prediction of Recruitment Variability

It is recommended that,

C1. Any major Departmental initiative involving recruitment be conceived and
planned as an oceanographic program as mUch as a fisheries biology
program. The physical oceanographic components of the program should be
given a high priority, and the scientists involved should have a stake
in its success or failure.

C2. Canada take the lead in initiating a comparative study of the
interannual variability in the circulation of coastal currents having
cod populations (Labrador, Iceland, and Norwegian coastal currents).
The study could be a contribution to IREP.

C3. A comparative recruitment study be carried out on sea scallops. The
primary aim of the study would be to evaluate the horizontal scale of
dispersion of scallop larvae from different commercially important
aggregations (populations?). The study could contribute to an
understanding of the source of recruitment rather than the annual
variability.

C4. A recruitment study on Magdalen Islands lobsters be carried out.
Initia1ly~ it is necessary to evaluate the influence of freshwater
runoff from the St. Lawrence drainage system on downstream circulation
and mixing around the Magdalen Islands. The initial physical
oceanographic study ;s required prior to the definition of hypotheses
underlying the statistical relationship between river runoff and lobster
Jandings in the Magdalen Islands.



119

D. Long-Term Chanqes in Abundance Levels of Exploited Populations

It is recommended that,

01. Existing ICNAF/NAFO oceanographic sections in the Canadian area of
interest should be examined by physical oceanographers to determine if
the data collected from the sections are detecting interannual
variability.

02. The extent and spatial scales over which the Ryan thermograph component
of the existing coastal ocean monitoring program is able to detect
interannual temperature variability should be quantitatively examined.

03. Subsequent to these examinations an improved (if problems are identified
in Recommendations 01 and 02) oceanographic monitoring program should be
defined (based on oceanographic criteria) as part of an ocean climate
program.
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interannual temperature variability should be quantitatively examined.

03. Subsequent to these examinations an improved (if problems are identified
in Recommendations 01 and 02) oceanographic monitoring program should be
defined (based on oceanographic criteria) as part of an ocean climate
program.
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Programme pour Ie travail hydrographique et biologique dans les aires septentrionales
de l'Ocean Atlantique, dans la Mer du Nord, la Baltique et les mers adjacentes.

Les lignes principales de ce progl'amme, leqllcl est eomlTIlIni(l'j('! plus loin, in
extenso, avec les additions et amcndemonts introdlIits au cours J(~ I'ann(\o Rllivanto et
jl1squ'en 1927, compl'enaient:

L'ptablissement d'un Conseil international pel'lllanent pour l'explorf1tion de la
mer, comprenant deux delegues de chaque pays lesquels elil'aient Ie president, Ie vice
president, Ie secretaire general ct les suppleants et etabliraient les statuts et I'ordre des
travaux de cette institution;

une statistique de la peche qll'on s'elTorcerait de dresser pour les pays participants
d' aprea des principes adoptfis en commun;

l'etablissement d'un laboratoire centml POIlJ' les recherches physiques et chimiques
se rattachant a l'exploration de la mer;

I'etude synoptiqne de la mer pendant toutes les saisons all moyen de voyages
periodiques sur tout Ie territoire des recherches.

A. Travail hydrographique.

1.
Les recherches hydrographiques doiVl'nt avoir pour objl't: la distinction des differentes

couches c1'eau selon leur distribution geographiquC', leur profondeur, leur temperature, ieur saliuite,
Ie conteuu de gaz, Ie plancton et les courantR, afin de trou\"er II'S principes fondamentaux, non seule
t!lent pour la determination des conditions exteriell!'eR pour leR aninIaux dc llH'r utileR, mais aussi
pour les predictions mcteorologiques de pel'iodes etcndues dans l'interet de l'agrieulture.

II.
Comme les conditions hydrographiqul's sont sujcttes ades chaugclllellts saisonlJiers, ct comme

cl'ux-ci influencent serieusement la distribution ct Ips conditions d"('xistenee des animaux de marine
utilcs et I'etat <Iu temps et des autres conditions l1leteorologiqucs en general, il est desirable que les
observations soient faites autant que possible simult:1I1enlcnt pendant. II'S 4 Jl10is typiques fevrier,
mai, aOllt et novembre sur certains points definis I" long tIes memes ligneR determiners.

III.
Les observations dont it cst question dans I'artiele II srrnicnt:
a) Observations sur 1a temperature, l']ul1nitIitt) et la prrsRion atmosphcrique toutes les deux

heures, r)] employant lCB instruments autolilatirjUI'S cl'p)]I'l'i!istremcnt pour l'illtcrpolatioll et l'aspira
teur de Assmu nn.

Les bureaux I1teteorologiqueR doivent. avoir !'oc:casion lie fairc n. bord lIl'S \'aisse:lux lIl'S 011
s('rvutions physiques dans IPs niveaux e!ev(;s e1e I'atlllosphen', au moyen de (!rrfs-volants.

Les aut.res ohservatiolls mCtcorologiqul'R doivent. ,~tl'<' fait.I'R ~;('lon II'S Inl,thodl's adoptpcs pur
Ips bureaux l1leteorologiques JeR nat.ions rrpresl'ntet's.

Les obscrvationR mcteorologiques et hydrograpltiques faib's it hord lIps Rtl'UnH'rs spreiaux
:lU cours de ]a survl'illancl' IJl'IHlant ICR 11l0ifl typiqu('s, e1oin'nt (.tl'l' imlll('diaten}[~ntHotel'S sons l'ill
speetioll clu burean cl'ntral (voir C.) pour la publication dan~ UII hnllptill Oil IPs conditions maritimes
.pt, atmosphrriqurs c1oiv('nt an' reJ>resl~ntel'S "ar lIl'? tables l't lI.',s t:Jhll':lUX ;n-lIo"tiljul's ('II (,.oopl'ration
an'c ks institutions IlIl't{'oroIogil.{ul's lIl'S natiuns 1'1'1'1'1"SI'lItl",S.
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Programme pour Ie travail hydrographique et biologique dans les aires septentrionales
de l'Ocean Atlantique, dans la Mer du Nord, la Baltique et les mers adjacentes.

Les lignes principales de ce progl'amme, leqncl est eommllnicItH'! plus loin, in
extenso, avec les additions et amenclemollts intl'odllits au cours d(~ I'ann(\o Rl1ivanto et
jusqu'en 1927, compl'enaient:

L'c,tablissement d'un Conseil international pel'lllanent pour I'exploratioll de la
mer, comprenant deux delegues de ehaque pays lesquels elil'aient Ie president, ]e vice
president, Ie secrctaire general et les Bupplcants et l~tabliraient les statuts et I'ordre des
travaux de cette institution;

une statistique de la peche qu'on s'elTorcerait de dresser pour les pays participants
d' apres des principes adoptcs en commun;

l'etablissement d'un laboratoire centl'al paIlI' les recherches physiques et chimiques
se rattachant a l'exploration de la mer;

I'etude synoptiqnc de la mer pendant toutos les saisons all moyen de voyages
periodiques sur tout Ie territoire des recherches.

A. Travail hydrographique.

1.
Les recherches hydrographiques doivl'nt avoir pour objpt.: la distinction des differentes

couchcs c1'eau selon leur distribution geographiqu(', leur profondeur, leur temperature, il'ur salillite,
Ie contellu de gaz, Ie plancton et les courantR, afin de trOUYl'r les principcs fondamentaux, lIon seule
mcnt pour la determination des conditions l'xtericur('s pour IeR aninlUux de Ill('r utileR, mais aussi
pour les predictions mcteorologiques de periodes etendurs dans l'interet de l'agrieulture.

II.
Comme les conditions hydrographiqups sont sujettes ades clmngelllelits saisonlJiers, et COillme

cf)ux-ei influencent serieusement In distribution et Irs conditions d'cxistenee des animaux de marine
utiles et l'etat <Iu temps et des autres conditions 11leteorologiques cn general, il est desirable que les
observatioJls soient faites autant que possible simultnncnlent pendant les 4 Jl10is typiques fevrier,
mai, nOllt et novembre sur certains points definis II' long des memes lignes determiners.

III.
Les observations dont il est question dans I'artiele II semient:
a) Observations sur la telllpl'raturl', l'humiditt~ ct la prrssion atlllosph6rique toutcs les deux

heures, rn employant les instrUllll'nts lilitOinatil]11l'S cl'cnfl'i!istrrlllent )lour l'interpolation ct I'aspira
tellr de Assllla nn.

Les bureaux nteteorologiques doivcnt avoir I'occnsion de fain: iJ. bord liP,; \'aissl'aux d(',; oh
RPrvations physiques dans II'S lIivl'aux elev(;s de l'atJllosphen', au moyen dr crrfs-volnnts.

Les aut.res ohservatiollS metcorologiques doiYl'llt. (~tn' faitPR sl·loll I,.,; Inl,thodl's adopt(oes par
Irs bureaux 11leteorologiqul's dps nations rrpreSl'nb!l's. .

Les obscrvatiol;s mcteorologiques et hydrograpldques faitt's it hord (Irs stl'anll'rs spreiaux
au cours de Ia survrillancl' IJl'IHlant Irs l110ifl typiqUl'S, doin'nt. lotre imllll'diatl'nlcnt noters S01\S l'in
speetion du burean cl·nt.Jal (voir C.) pour In plllJlieation dall~ un hll11dill Oil Ies conditions Inaritimes
.Pt atmo8phc'oriqucs doiv('nt an' repres(!ntel's par dl'? tables l't d".s tahl('aux ;wll0l'ti'lu('R ('II r.oo\l('ration
an'c J,.,; institutions 11Il-t('oro!ogiLlll<'s d(',; natiulls 1'('III·("8(·lItl'",;.

- l~



133

b) La klllprratun' dl' la surfaee dl' I'.'au doit etn' prisp hmh's I"s dl'uX hl'uI't's pj-, 1I11~11I" plus
frequl'll1l11ent. si l"pst nCcI'ssairp. 11 pst dc'sirablp que drs ajJparl'ils alitollJtl,t,iqlll's d'I'!IJ'('gist"PIIIl'lIt,
soient Plllployes pour l'int.Prjlolatioll.

Lps observatiolls sur Itt distribution vl'rtil'ale Ijp la tl·llIperatUI't· doiVl'nt etn' faitl's aux poillts
nWlltionncs U I'artiell' Jl l't doivent etre faites reguliel'l'IIII~lIt it deR inh'rvallf's dl' 0, 5, 10, 15, 2().
:30, 40, 50, 75, 100, 150, 200, 250, 300, 400 metres et ainsi de suite; mnis touks les pa rbi'S C r i t i q U l' S

dn Ia courbe doivent ctre determinees par des etudes supplenlPntaircs,
La temperature du fond doit ctre examinee awl' tout Ie soin [JossibIp.
c) A chaque point et a chaquc profondeur 011 la telllperaturil i'st obsrrvrl'. il fuut, pn'lIdn'

un echantilloll de I'eau pour en determiner ]a salinite t't la densitr.
Par salinite, on comprcnd Ie poids total PII gmllllllcs de 1a IIwtien' solidi' di,~soute dans

1000 grammes d'eau.
Par densite, on cOll1IJnmd Ie poids en gran\l1les 1) de 11'111 culw d'l'au d'ulle telllpcmturl'

• . 0 '1 I . 0 'f] , , Of ° t' l' d 40 C ( 'I to )III SItu t, c, a (. a gravlte specnque In SItu rc eran a "au pure e +. = I. JO .
Pour la gouvprne, il faut ajouter, qu'une determination pr61imillaire de la salillitc' doit ptre

faite a bord avcc Ics instruments convcnablps, muiR Ia detprmination pxnctl' ele Ia salinitl, d tip In
densite de tous Ics echantiIIons doit avoir lieu dans un 1aboratoire scicntifiquc.

d) A certaines profondcurs des points mentionnes a l'artiele II, ainsi qu'ailleurs a la surface,
il faut coIIectionlll'r rips echantiIIons d'eall pour I'analysp tIl'S gaz constitl1ilnts (oxygene, nit.rogenc
ct acide cnl'bonique).

IV.

Pour les lJ1esll1'CS LIe profondel1r, I'unite adoptee doit etre Ie metre, mais en meme temps Ia
profontleur peut aussi Ctre cxprirnce en brasses.

Les points geographiqul's lloivcnt I'll' re£ercr ala longitude de Greenwich, et]Ps distanccs
horizontales doivellt Ctrc exprimees en milles (= 1852 metres).

Les thermomCtres empIoy{'s pour la determination de la temperature de la surface doivent
etre centigrades ou Fahrenheit, mais pour la publication, tous Ies chiffn's doivent etre r6duits ell
centigrade;'.

Dans les thel'mometres l'entigl'lides, la distancl' entre les marqul~s de degres doit ctre d'au
moins 5 nnn et Ie degre divise au Il~oins en 2 parties; Ie thel'momet.rp Fahrl'nheit doit Ctre divisl'
d 'une maniere cOl'1'espondante.

L'emploi dt,s bOllteiIIes it eau isoleps de PETTERSSON ('st recolJ1mall(!e pour ks profondel1I'S
moderees et les thermometres employes pour eet appareil doivent avoir un l'space d'au llloins 10 mnl
('ntn' les marques d'un degre et Ie degre doit Ctrr, divise cn 10 parties.

Pour les plus grandes profondeurs tIl' l'ocean, iI faut employer des thermometres Negrett.i
Za111bra ou d'autres de ce meme type.

Lc vene employe pour les thermo metres, et les thermolnetres eux-Inrmes, doivcntetre verifies
d approuves par Ie burl~au central (voir C. a.),

Pour la determination de la salillite et de Ia densite, on pellt adopter des methodes physiqucs
au chimiques, a condition qtic la salinite puisse ctrc determinee lWPC une justesse de 0,05 dalls un
milliell1c (et Ill, dellsitr jusqu'h 0,00004).

La detrl'lnillatioll de ees Hats peut Ctre fondloe soit pur I'analyse chimique de l'halogeili' l,ar
poids- ou titrp, soit pur la detl'l'Inillatioll physiql1l' dl' la gmvite speeifique au moyen dl' Jlycnometrl's
de balance hydrostatique et d'hydrometres u condition qtW les IIlCSUl'eS soipnt priscs ell excluant
!Ps tronbIl's prorlnits par des effpts therlllatix, la eill'illal'itc~, ]a viseositl·, ptc.

L'analyse chimique doit eln' contrillee par dl's mHhodes physiqtlt's. rot It'S detel'lllinatiolls
I'h)":;iques par I'analyse ehilniqul', til' la 111a lIii-l'e 8uivanh':

I) Les 1II1ilcs de poids doivl'lll I~lr.~ eIllplo~'eps ici an lit'li des unill's de qnanlile.
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b) La tl'llIprratun' dl' In sllrfnee dl' I"'<1u doit etn' prisp hlllb's Il's dl'uX Jll'un's pt, 1I11~1I1l' plus
frequell1lllent. si c'pst nCcl'ssnirp. 11 !'st dcsirablp que drs appnrl'ils alltullJa.t,iqlll's d'I'IIl'l'gisll'PlIll'lIt,
soicnt Pll1ployes POUl' I'inkrjlolatioll.

Lps obscrvatiolls SUl' la distribution vcrticale dl' Ill, tl'IIIjH§ratun' doivl'lIt rtrl' faitl's aux POilltS
IIwlltionncs u !'artie]!' jJ l't doivellt ctre bites reguljeI'('II11~nt it dcs iub'rvnllps de 0, 5, 10. 15, 2().
:30, 40, 50, 75, 100, 150, 200, 250, 300. 400 metres et aillsi de suitc; Illnis tonti'S ks l'a rbi'S c r i t i q u " s
dn b courbe doivent ctre determinces par des rtudcs snpplenll'ntaircs.

La temperature du fond doit etre examinee avpc tout ]p soill possiblp.
c) A chaque point et a chaque profondeur 011 la tC'lllperatutll est ohsprvrl'. il tant, pn'lIdn'

Ull echantilloll de l'eau pour en determiner la salinite ct ]a densitr.
Par salillite, on comprcnd Ie poids total pn gmllll1lcs de la l1Iatien' solide di,'isoute dalls

1000 grammes d'eau.
Par dellsite, on cOll1preml Ie poids l'n granlJ1lcs 1) de 1 elll cui)!' d'pau d'U1JP telllpcmtun'

• . 0 '1 I . , 'fi . .t 'f' t' l' d + 40 C ( " to )III SItu t, c. a l. a gravIte specllque In SIU te eran a cau pure e . =!. JO .
Pour Ill. gouvprne, il faut ajouter, qu'une dctermination Jll'l;lilllinaire de la salillit{, uoit ptre

faite Ii. bord avec Ics instruments convenables, Illais Ia determination !'xaetl' <1e la salinitl, ,;t de In
densiM de tous Ies echantiIlons doit avoir lieu dans un 1aboratoire scientifique.

d) A certaines profondeurs des points !llentionnes a l'article II, ainsi qu'ailleurs Ii. la surfac!',
il faut coIIectionlll>r rips echantiIlons d'l'all pour I'anuIysl' <Ii'S gaz constitl1ants (oxygene, nit.rogene
et acide carbonique).

IV.

Pour les mesurcs de profondel1t, I'unite adoptee doit etr!' Ie metre, mais en mellle tr.!llPS la
profondeur peut aussi Ctre exprirnce en brasses.

Les points gcographiqul'fllloivent se referer a Ill. longitude de Greenwich, et ks dista.nces
horizontales doivl'nt etrc exprimceA en milleA (= 1852 mCtres).

Les thermomCtres employ{'s P0Ul' Ia dctermination de 1a temperature de Ill. surface doivent
etrc centigrades ou Fahrenheit, mais pour la publication, tous les chifffl'S doivent etre rcduits en
centigrade's.

Dans Ies thel'lnometres centigl'ltdes, la distancl' entre Ies marqul~s de degn§s doit etre d'au
moins 5 nun et Ie degre divise au Il~oins en 2 parties; Ie thermometrr Fnhrcnheit doit etre di \·iSl;
d 'une maniere correspondante.

L'emploi dl'S bOllteiIles it eau isoIces de PETTERSSON est reC0Il1111anele pour IPs profondeurs
moderees et les thermometres employes pour cet appareil doivent avoir un ('spacr d'au Illoins 10 mlll
pntre les marques d'un degre et Ie degre doit etrn divise en 10 parties.

Pour les plus grandes profondeurs <Ip l'occan, iI faut emploYl'r ell'S thermometres Negrett.i
Zambra ou d'autres de ce meme type.

Le verre employe pour Ies thermonletres, et les therlllollletres I't1X-lnpl11es, doiventetre verifies
d approuves par Ie blJl'(~aU central (voir U. a.).

Pour la dctermination de la salillite et de la dcnsite, on pellt aJopter ell'S methoell's physiques
ou chimiques, a conditio)) qlW la salinite puisse ctre detl'rminee !tvpc une jusb'sse de 0,05 dans llli

millii'.Dlc (et la dellsitr jusqu'h 0,00004).
La detrnnination de (;es Hats peut Ctrl' fondee soit par ]'Ilnalyse chimique de !'halogellt' 1,nr

poids- ou titrr, soit par la detpl"Inination physiqw· tie Ia gravite speeifiqur au moyen ell' JlyenollJetrps
de balancc hydnIHtatiquCl et d'hydromlltres n condition qur: II'S nJeSUfl'S soirnt prisrs I'll pxc]ulInt
Jps troubll's prorluits par deli l'ffds thC1'1IHlllx, ]a cill'illal'it{~, In yiseositl" r:te.

L'allalyse chimique doit etn' cOllt-rlller par dl'S I1IHhorlps !,hysiqUt's. rot It's detl'l'Ininations
physiques pn r I'analyse ehitniqur, rip In. mil nirrc suiv!tnh':

1) Les 1IJlilcs de poids rloivl'lll I~lr'l employers iei fill lit'li rles unill's d" 'lllntllilEi.

- 1,3-



i',,

134

Trois cehantillons au moins dl' chaC{lI(' e,,,l/.'dilJn ()Xlllllinel' doiv('nt litre choisis l't l'nvoyps
au bureau central. Des echantillons stanlhrd seront l'nyoYI;s I'll cehallge l ). 00

La graviU) specifique doit Ctre reprcsentcl.· danl; II's tahl!'s pill' la forillule S (4J

V.

Les echantillons pour l'analyse des gaz doivent etre coll!'et.ionnes chaque fois dans une couple
de tubes vacuum sterilises.

II est adesirl'r que les tables existantps de l'absorption du nitrogcne et de I'oxygene soient
revisees.

VI.
Des observations qualitatives du plancton doivent etre faites toutes les six heures en passant

l'eau a. travers un filet de soil' pendant l'espace de 15 minutes, et, en mcme temps, on uoit prendre
un echantillon de l'eau (III. c.).

Aux points mentionnes it l'article II, il faut collectionner, scIOli la methodc <Iu professeur
HENSEN, des echantillons pour I'analyse quantitative, it differentes profonc1eurs suivlLnt Ie'S circon
stances hydrographiques.

On recommande ]a modification de PETERSEN pour Ie filet de HENSEN.

Des observations sur la transpare'nce et la couleur de l'eau doivent ctre faites aux points
mentionnes a I'article II. ,

II faut donner aux institutions baeteriologiques l'occasion d'executer des investigations dans
I'ocean. 0"

VII.
Les observations sur Ies courants ct les mares doivent etre faites aussi souvent que les cir

constances Ie permettent.
Les courants c10ivent etre exaillines, si possible, par des courant metres directs et par des

trains de bois pour la surface et les caux illterllJ(~diaires et par des bouteilles trainants sur Ie fond.
Le bateau doit etre ancre par occasion pour permettrc de frequentes observations pendant

une periode de maree complete.

VIII.
I! est desirable que l'on fasse une carte du foncl de mer examine pour en montrer la nature.
La description des depots doit ctre faite sur un plan defini pour etre fixee plus tarel.

IX.
Les observations normales doivent etn' faites Ie long des lignes provisoirellle'llt dcssinees sur

la cartl' anne'xec 011 R signifie russe, F fillnois, ,') sucdois, G allemand, Da, danois, Dn hollandais,
N norvegien et B II'S lignes britanniques en fevrier, Jllai, aOllt pt novelllbre. Chaque pays participant
devrait fournir, dans ce bnt, un navire d'exploratioll of/;ulIise pour eles reeherr.Jll's hydrographiqul's
d biologiqul's, dans I'intel'l~t de ]a, peche.

Le plan dt, cps \'o.vagl's I)(~riodiqul's SI' tI'OU\'I' pxpoHe sur la earh· suivulIt.P:

1) Pill' ('au st.unoal'll, on ('OIupl'l'nd til'S cdlanlillolls el'pau dl~ 1111'1' f11l,l'cn, dOlll les pl'opl'iCtus
physiques et. chimique's sOlll connul'S avec Ie plus d(, juslesse possible gonic',· ;'1 I'anal,rsp, et donll(' rappol·t
est enyoyu [lUX diITul'ellt.s lahoratoil'es en memc lemps que les eehantillolls. A J'cgal'd tI(, I'halogenc les
eC'hanlillons d'eau ol'dinail'u doivcnt 1~t.l'e (OOmpal'l's :'1 l'l'nll siandard [I I'aid!' Ill' 1ll1"lhndl's analytiqllcs.
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Trois cehantil!olls au moins dl' chaqlll' 1,,,lI,'ction eXall1l1lel~ doi"I'Jlt 13tre choisis l't l'nvoyps
au bureau central. Des cchantillolls stanlhrll seront cnvoyl;s I'll cchllnge l ). 00

La gravit{~ spccifique doit 6tre reprcsentel' dUll!; lei'! tahl<'s pill' la forlllule S (4J

V.
Les echantillons pour I'analyse des gaz cloivent ctrc collPctionnes chaque fois dans une couple

de tubes vacuum sterilises.
II cst a desirl'r que les tables existllntl~s de l'absorption du nitrogcne et de l'oxygime soient

revisees.

VI.
Des observations qualitatives du plancton doivent ctre faites toutes II'S six heures en passant

I'eau a. travers un filet de soil' pendant l'espace de 15 minutes, et, en mcme temps, on uoit prendre
un echantillon de ['eau (III. c.).

Aux points mentionnes it l'article II, il faut collectionner, scIon la methode clu professeur
HENSEN, des ecbantillons pour I'analyse quantitative, a difierentes profonc1eurs suivllnt Irs circon
stances hydrographiques.

On recommande la modification de PETERSEN pour Ie filet de HENSEN.

Des observations sur la transparence et la couleur de ['cau doivent etre faites nux points
mentionnes a I'article II. ,

II faut donner aux institutions baeteriologiques I'occnsion d'executer des investigations dans
['ocean. 0"

VII.
Les observations sur les courants et II'S mares doivent etre faites al1ssi souvent que II'S cir

constances Ie permettent,
Les courants doivent etre examincs, si possible, par des courant metres directs et par des

trains de bois pour la surface et II'S caux inturmediaires et par des bouteilles tralnants sur Ie fond.
Le bateau doit etre ancre par occasion pour permettre de frequentes observations pendant

une period I' de maree complete,

VIII.
II est desirable que I'on fasse une carte du fonll de mer examinc pour en montrer la nature.
La description des depot,s doit etre faite sur un plan defini pour ctre fixee plus taro.

IX.
Les observations normales doivent rtn' faites Ie long dps lignrs provisoirenH'nt dtssinecs sur

lu carte annrxc~ 011 R signifie russe, F finnois, ,') sucdois, G allemand, Do, danois, DIt hollandais,
N norvegien et B II'S lignes britanniques en fevrier, luai, !loiH pt novclllbre. Chaque pays participant
devrait fournir, dans ce but, un navire d'explorution organise pour oes recherr.lH's hydrographiqul's
pt biologiqups, dans l'intef(~t de 111, peche.

Le plan dl' c!'s \,oyagl'S periodiqul's SI' troun' !'XPOSl' sur la earh' suivant.<':

1) Pal' eau stannard, on ('oll1prl'ncl des cdlanlillolls 1l't'''U de IIIl'r Bllrut1, clolIl les prOlll'iCtus
physiques el chimique" "olll conntles avec Ie plus cI(~ jtlstesse possible gr,II'I' :\ I'anal,rsl', el clolIlll' rappOl't
t'sl envoyu aux diITcrl'lIls lahoratoires en mellle lelllps que les eehanlillolls. A I'ugard dl' I'halogene les
erh:lJIlillons d'pau ordinaiJ'e cloivent I~ll'r. (OOlllpal'('s ;', I'pall slanclal'd [I I'aid!' dl' 1I11',thcHI"s analytifJ\les.
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Les points sl)(~ciaux tIoivent etre decides par les nations respectives, ct une fois choisis, les
observations Bubsequentes doivent y etre repetees.

Les instructions particulieres pour II'S stations seront donnees par les nations respectives
et les communications sur l'etcndue et la nature des observations auront lieu par l'intermediaire
du bureau central. (Voir C., a et c.)

X.
II est desirable d'employer pour I'execution de ces recherches des navires routiers rcguliprs,

des bateaux-phares, etc., et des stations de la cote lOfsqu'il s'agit de taire des observations sur la
temperature ct de collectionner Irs ech:wtillons d'eau de Iller et de plancton.

Ces observations ne doivetlt pus sculemellt etre faites dans les mois typiques, mais aussi
durant les periodes inkrvallaires.

B. Travail biologique.

1.
a) Dbterll1inatioll de la distribution topogrn.pllique et bathymetrique des ruufs d (ks larvI'H

dl~s poiHsons de mer utiles, par exemple, par des methodes quantitatives COlllllle cplles tic HENH8N,

et ell refern.nt speciull'III,'nt II'S especes les pittS importantes comllle la plio, la IllOfUe et I'r"gl"fin, Ie
hareng, etc.

--- If) ---
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Les points slH~ciaux tIoivent etrc decides par les nations respectives, ct une fois choisis, les
observations subsequentes doivent y etre repetees.

Les instructions particuliercs pour II's stations seront donnees par les nations respectives
et les communications sur l'etendue et la nature des observations auront lieu par l'intermediairc
du bureau central. (Voir C" a et e.)

X.
II est desirable d'employer jJour I'execution de ces recherches des navires routicrs rcguliprs,

des bateaux-phares, ete., et des stations de la cote IOfsqu'il s'agit de taire des observations sur la
temperature ct de eollcctionner Irs echantillons d'cau de mp]' et de plancton.

Ces observations ne doivetlt pus sculemPllt etre faites dans les mois typiques, mais ausNi
durant les periodes inkrvallaires.

B. Travail biologique.

L
a) Dt·termination de la distribution topograpllique et bathymetrique des wufs d (ks lar\'I'1'

dl~s poissolls de mer utiles, par eKemple, par des methodes quantitatives comllle celles tie HENH8N,

et ell rCferant speciull'III,'nt II'S cspeces les pltis importantes comllle la plie, la Illorue pt I'r"gl"fin, II~

haI'l~ng, etc.

--- 1f) ----
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0) Investigatioll cOlltinu,' SUI' Ia vie d I"s cOlldit.ions de vip des jPUlll'S pnisl':!olls ll'espcces
util,'s dalls leuI's stages postlarvaux ct juslJu'au IIlOIll<'nt d,' leur 1113tlll'itc rn fais:J.llt IllW I'eH~l'enc()

special(~ dc leur distribution loeal,).
c) ObseI'vation systcmatillul' des poissolls dl~ Vl~llte It rdat dl' IIlaturite I'll CP qui eOllCel'llll

les vaI'ictl·s locall~s et les migratiolls, leurs cOllllit·iollS dl' vip, !Pill' nourritur,~ (par pxelllpl,' I'll eX3-llIinant
Ie cOlltenu de Icur estomac) l't 1<'lIrs enll,'Jl1is llatlll'plR, c"'st it dil'l~ dps ohspI'vatiulls Sill' la l'I'eSCIlCl'
l't la natuI'C dc la nourI'iture des poissolls au fund <I,! Itt Iller, it la surfacll et dallS les eaux intl'l'I11l'diaires
it une profondeur d'au moins liOO metres.

d) Determination des variatiul1l:' pl~riodiques dltnl:l111 prrsencl', I'ahollllallc,~,pt la taille moycllnl~

des poissons utiles, et leurs causes.

II.
a) Peches experimentales dun:" les ain's de pf-dw eonllues it l'epuqul\ dc In rH~chc, ainsi qu'cn

dl'hors de ces aireR l't it d'autres epOl!I\('S.
u) Preparations de statistiL[ues unifuI'Illes du r{'sultat dc ccs pcches, indiquant I'll detail Ie

nombre, les especes, la taiIle, Ie poids d la cundition du poissull: pal' exemple COlli 1Il l' la "Scottish
Fishery Board" I'a fait aboI'd du "Garland".

c) L'ellJploi uniful'Ille d'instrulJlpnts aPProll1:ies it la pechc experilllentale de poisHons de diffe
rentes especes et de differenks tailles.

d) Le marqul1ge experimental et la libcmtion elu poisson, par exemple, de la plie, en aussi
grande quantite que possible et dam des aires ctendues, comme !'ont fait par exemple Ie Dr. C. G.
JOH. PETERSEN et Ie Dr. T. W. FeLTo.:\" (Rapports de la station uiologique du Danemark l't de la
"Scottish Fishery Board") et. d'autres ('ncorl'.

"

III.
a) 11 cst desirable de eullt'etioniler dl'S statistiques unifol'lJH's sur Ie nombre, Il~ poids ct la

valeur du poisson capture, sur les morens elllployes pour Ill. peche et sur les gens qui s'y consacrent.
COlllllle par exemple dans les Rapports genE-raux de la "Scottish Fishery Board".

h) II faut collectionlll.·r du Illateriel pour la pf(~pa.rat.ion de cartes indi'quant les aires de peeLe
et la sorte ric peche qui y est faitI'. (roil' A.VIII.)

C. Organisation d'un Bureau Central.

I.
La reunion reconllllandc que pour ks recherches hydrographiques et biologiques de la Iller

it y ait un conseil international n \'I'P IllI bureau central pourvu d'ull laboratoire. Les fonctions du
bureau central seraient:

a) de donner des directions unifonncs pour les recherches ltydl'Ogmphiqucs et biologiques
en accord avec les resolutions prises dans III programme de la reunion presente, ou en accord a\'ee
les modifications qui peuvcnt y etre introduites plus tard avec ]1' cunselltenlCllt des Etats representrs,

h) de controler II'S instrullients et d'nssuf('r I'uniformit{· des lnethudes,
e) d'plltrpjln'ndw Ips tranlux pnrticuliprs qui pcuvcnt lui f-tre confi{~s par les GOUVPflH'llIPlits

partici]!ants,
d) de publier des rapports pt"rioditIUes et dps journaux llui peuv('nt S(~ nlontrer IItill's POllI'

I'execut.ion tlu travail coopcratif,
e) dn dceidP[' la rcpres"lItatiun gruphi'IIW, I"s {·"'It ,II ,'::;. I"s signe:" d, Ips 1',OU!P11l'S il ('llljJ]O)'I'J'

pour It·s cart'~R ufill d'obt(~lIjr l'ullifoJ'lllite. pour lpR puhlient.iulls,
f) J(~ He Illdtw I'll mpjJort nn'c t..'H adillinistratioll8 dl's telegru.jJ}ll's dam; Ie IJut d'obt('lIiJ',

dl' tl'llipS I'll t.l'IlII'H, 1'{'gulii'l'l'IIWllt" 1l'H dl·tl'J'IllilJ:lt.iot1s til'S l:hnll).!elJll"'llts £I" l'eRiHt.am'e d"s r:llblrs qui
tl'a\'l'rst'llt I{',~ ail'c'R dallfl loutt·s I"s <li/'l·!'tilJlls.

I (j
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b) lnvestigation contill\ll' SUI' Ia vic d I,·s conditions de vit· des jl'Ulll'S poissons rl'espcces
util,'s dans leuI'll stagl's postlarvaux et juslJu'au InollH'lIt dl' lent nHlturit6 rn faisunt. IllW referellcu
specialr~ de leur distribution localu.

c) Observation systcmatil[nt· de:" I'0issolls dt~ Vt~nte it l'6tat dt· lIlatuI'ite t'n Ct' qui conce1'llu
les vari6t(·s localt~s t't les migrations, leurs eOllllit·ions de viI', It'll I' nourriturl~ (par l'xelllpl"l'n t~xaillinant

Ie conknn de leur estomac) l't 1t'lIrs enlll'llI is natUI't'lfl, C 't~st it din~ dl's ohs('rvatiulls sur la prescnct·
l't la nature de Ill. nourritnre des poissons au fund ,k la Iner, it la surface et dans Irs eaux inkrllll'diaires
it une profondeur d'au moills liOO metres.

J) Determination des variatiulI;: p{~riodiqucs dn.nl:lll1 presenct', I'ahollllance, pt la taille moyenlw
des poissons utiles, rt leurs causes.

II.
a) Peches experimentales dan:- les ain's du pedw eonllues it I'cpuqUt~ de la rH~che, ainsi qu'en

dl'hors de ces aires l't a d'autrcs epotll\('s.
u) Preparations de statistil[ues ullifoI'llles du r{'snltat de ces pcches, indiquant en detail Ie

lIombre, les especcs, Ill. taille, Ie poids t't la cundition du poissun: par exelllple comllle la "Scottish
Fishery Board" l'a fait it bord du "Garland".

c) L'elllploi uniful'lne d'instrU!ll(,llts approprici:l a Ill. peche experilnentale de poisHons de difTc
rentes especes et de differentt's tailles.

d) Le marqul1ge experimental et la liberation du poisson, par cxemple, de Ill. plie, en aussi
grande quantite que possible et dam tIcs aires etellllues, comme l'ont fait par exemple Ie Dr. C. G.
JOH. PETERSEN et Ie Dr. T. W. PeLTU); (Rapports de la station uiologique du Danemark l't de la
"Scottish Fishery Board") et tI'antres ,·ncorl'.

"

III.
a) 11 cst desirable de eolll'ctionner tlt'S sbttistiquei:l unif01'llH'S sur Ie nombre, Ie poids et la

valeur tlu poisson capture, sur les morens elllpluyes pour Ill. peche et sur II'S gens qui s'y consacrent.
conlllle par cxemple dans lell Rapports gcneruux de la "Scottish Fishery Board".

h) II fnut collectiolliler du materiel pour la prepnrut.ion de cartes indi·quant. les aires de pecLe
t't la sorte ric peche qui y est faitt'o (roil' A.VIII.)

C. Organisation d'un Bureau Central.

1.
La reunion recollll1lande que pour ks recherches hydrogruphiques et biologiques de la l!ler

it y ait un eonseil internatiollul a 1'1'(' llll uureau centrul pOllrvu r1 'un laboratoire. L('s fOllctions du
bureau central seraient:

a) de donner des directions nnifonnes pour les rccherehes hyul'ographiques at biologiqur's
ell accord avec les resolutions prises dans lu programme de la reunion presente, ou en accord avee
Jes modificatioJls qui peuvent y etre illtroduites pIns tard avec le conselltelllcnt des Etats representes,

h) de controler les instrUillellts l't d'nssul't'l' l'ulli£orlllit{· ties Illcthodes,
e) d't'Ilt.rf']Jl'clldw It's traYllllX Jlnrticulit·rs qui peuvent lui etn' cOllfil~S par les GOUVf'1'Il1'1IIPllts

partici]!allts,
d) de publier <les rapports pl'rio<li11Iles et dps jourllallx qui peuvl~lIt, Sl~ Illolltrt'r IItil,·,~ pOUI'

I'execution tlu travail coopcratif,
e) dn dceiclf'l' la l'Cpres"lItatiulI gntl'hi'IUt~, It·s {''''I..Ilt,S, 11':-\ sigllt':- d, It's (·,OIlIt·11I'S il t'llIp!Oj'l'l'

pour Il'S cart.(~s Utili tI'obt(!lIil' l'ullifol'lJIite. pour ll'fl puhlieatiolls,
f) <1,~ S(\ Ilwttrt\ I'll nL]Jport an'c b.':; atlillinistratiolls d,'s telegrapJIl'S dal1:; Ie IJut "'obtl'nil',

de t,l'nlps I'll tt'I1II'~, t'l'gulii~rt'll1ent" It·s dl·tl'J'l1lil1at,ioll:" tI,·s l:hHlIgel1lt'llts £It' rcsist.Hlll·e tlt·s r:flblf's ql1i
tl'al'('rSl'nt It's airl'~ tlal1fl toutl'S I"fl din'I·liolls.

I (j



137

Appendix 2. Resolutions stressing the importance of physical oceanography to
fisheries problems at the 1938 ICES Statutory Meeting
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Report and Recommendations of the Consu1tative Committee.

Chai rman: Professor Johan Hj ort

The Committee met on May 23rd, 1938, at 11.00 a.m., on May 25th at 4.30 p.m.
and on May 27th at 4.00 p.m.

3. Hydrographical and Biological
Investigations.

It was recommended:
(a) That Mr. SANDSTROM, who has

now lectured on the meteorological
problems connected with the study
of the sea, shall, if he so
desires, submit a report on this
aspect of the work to the Advisory
Committee, appointed in 1936, to
assist him, and continue his work
on the outstanding hydrographical
problems.

(b) That a Sub-Committee of
hydrographers and biologists
shall be appointed to discuss a
plan of combined hydrographical
and biological investigations in
future, especially with regard to
the fluctuations of the conditions
of life in the sea. The Sub
Committee should consist of
Drs. KNUDSEN, GRAN, LE DANOIS,
SCHULZ, and KEMP. This Sub
Committee should meet at a
convenient time before the next

- meeting of the Council and should
report to a larger Committee of
whom the members should be, in
addition to these five, Drs. H.
PETTERSSON, DEFANT, STEEMANN
NIELSEN, F.S. RUSSEL, SUND, and
HENTSCHEL. It is understood that
this Committee will keep in touch
with the biologists of the Council
who are experts in the study of
fish and will have recourse to
their assistance. It is further
understood that they are at
liberty to enlist a co-operation
of experts from outside the
Council such as for instance
Dr. H.B. BIGELOW and Captain
ISELIN.

4. Scientific Meetings.

It was agreed:
That the subject for the

Scientific Biological Meeting
next year should be the study of
the relation between catch and
intensity of fishing discussed
from both a theoretical and a
practical standpoint, and the
question of holding a Scientific
Meeting relative to Hydrography
and Plankton should be at the
discretion of the President.

That Prof. M. SIEDLECKI be
asked to prepare a plan, to be
discussed next year, for a
Scientific Meeting on Fish
Mi grati ons.

That the papers prepared for
this year's Scientific Meetings
be published in the series
Rapports et Proces-Verbaux, as
Vol. No. 108.
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Report and Recommendations of the Consu1tative Committee.

Chai rman: Professor Johan Hjort

The Committee met on May 23rd, 1938, at 11.00 a.m., on May 25th at 4.30 p.m.
and on May 27th at 4.00 p.m.

3. Hydrographical and Biological
Investigations.

It was recommended:
(a) That Mr. SANDSTROM, who has

now lectured on the meteorological
problems connected with the study
of the sea, shall, if he so
desires, submit a report on this
aspect of the work to the Advisory
Committee, appointed in 1936, to
assist him, and continue his work
on the outstanding hydrographical
problems.

(b) That a Sub-Committee of
hydrographers and biologists
shall be appointed to discuss a
plan of combined hydrographical
and biological investigations in
future, especially with regard to
the fluctuations of the conditions
of life in the sea. The Sub
Committee should consist of
Drs. KNUDSEN, GRAN, LE DANOIS,
SCHULZ, and KEMP. This Sub
Committee should meet at a
convenient time before the next

- meeting of the Council and should
report to a larger Committee of
whom the members should be, in
addition to these five, Drs. H.
PETTERSSON, DEFANT, STEEMANN
NIELSEN, F.S. RUSSEL, SUND, and
HENTSCHEL. It is understood that
this Committee will keep in touch
with the biologists of the Council
who are experts in the study of
fish and will have recourse to
their assistance. It is further
understood that they are at
liberty to enlist a co-operation
of experts from outside the
Council such as for instance
Dr. H.B. BIGELOW and Captain
ISELIN.

4. Scientific Meetings.

It was agreed:
That the subject for the

Scientific Biological Meeting
next year should be the study of
the relation between catch and
intensity of fishing discussed
from both a theoretical and a
practical standpoint, and the
question of holding a Scientific
Meeting relative to Hydrography
and Plankton should be at the
discretion of the President.

That Prof. M. SIEDLECKI be
asked to prepare a plan, to be
discussed next year, for a
Scientific Meeting on Fish
Migrations.

That the papers prepared for
this year's Scientific Meetings
be pUblished in the series
Rapports et Proces-Verbaux, as
Vol. No. 108.



I:l) ~Ir. HA:'If)STJlii~1 gave a lecture Oil hi:4 work,
Pl'of. K:-<\lI>SEN ~aid that tlw ('OlllllliU,pp had fil'"t

to di:4I;II~s the report givell by l\lr. 8ANII:4'I'ltii~1 1Ilid
~e(,olldly thc Ill'Opo:4uls put forward ill lI1elllOl'ancla
(~l'e III,1',I\1.) fro III Prof. HJOHT, Pruf. UHAN, Dr.
.\:\llI':HSSON and Mr. HANI>STHiiM for eOlilhilled hio
]f)gi('a I and hydrographiclt1 illvestigatiolls.

Prof. H,JOI:T propost'd that the fl'port of l\lr. 1'),\:\Il
STHii~1 shonk! I", takcn rId re/e/'r'lIdll:1/1. alill that: thl'
nppoillhllPllt, of lL C'olnlllittee to IH' lIolililiated Ily thl'
('(JIISldI".1LtL\'(~ COlllmittee to eOllsiclpl' plalls fol' II (,Olll
IlilH'd hiologi('al alld hydrogl'aphical illvI'stigation of
the !\I lalltil', II'ntpl' should hI: l'onsicll'l'l~d. TIll' appoint
1I11'liI of sll('h a ('Olllillith'p WlI:4 di,sl:nssl'd and thp
foill/win!: II'I'n', sug!-(!'sh'd as nll'llll)('rH of t.he ('0111
Illittr-I' _.- (:1:,\:'0:, 1.1'; 1>A:'o:OIS, Blli!':LOI\' (failillg hilll
ISI':LI:\), 1\,'\UI>SIo::oi, UI';FANT (failillg hilll :-)('lIl'L1.),

I·LI:\s l'I':TTI':HSSO:oi, :";-rlo:lo:~IAN1\ NII':I.i';I>~N, F. ~. HL;
SELL, H Io:NTSI'Ii 1':1. alld 81;NI>2).

'I'll<' Hydl'l/graphil'al ('ollllllitt,('p agr"pd that RelND-

'1'111 till' '11I1'Hliolillai!'l' is :lH"l'd 1'01' illl'Ol'lIIalioli "II

sl'I'nal topil's "f phl'sil'lIl "I'ellll",~rapli~' "lI'it Ii a Vil'II' I"
II1t'I'·llrlllll!.!:Y, llil\'i!:illioll illld maritll' hiolo!!,·ll.

'I ~l'f' al'llf'lllllllf"lIls; ('lIl1sllltati\"(' I't"".,' il;\~" :!;" :1. I"
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,TI:ii,,'s 11'01'" ,1101ild III' I'olitililll'd alld thai, 11'llf'lI
lilli"III"1. it "holild III' laid hdol'f' Illf' !'t,I"I'alll, ~1I1,

('''",llIi lief' (1\:\ I' IISI':,\. I) I': F,I N"I', ZI':II.O,\) III'fol'l' it
11"11" tl':J.II'llIilh'd 10 till' 1';dilol'i,1! :-:11II-('ollllllit1l'e l ).

IIi) I'I'of. I\,\I'I'SI,::-; II',IS !'l'-I'II'cfl,d Chail'III:11I of
1111' ('011 II II itt 1'1'.

II. RecomOlenda tions.

I :1) III l'i,'1I' of 1111' fad, thal tilP ",,\""fJ('iatioli IlItl'l'
lIat iOll:J!1' d "()"/'llIl(I~l'a phil' I'hysilflll'" ha,s II "'!Pl'ta "I'll,
II" part of il" 1101'lllal IlI'1il"ity, to pul>lish lish uf
11111111 lily IllId alll1l1al 1111'1111 Ill'iuhts of K('a-iPl'I,1 o!Jsl'l'\"l'd
at slatlOI1K whil'h al'l' J'('pr"~l'l1tati\'(' uf world widp
('Olltl it,iollK, it is n'I'olllllll'llI!Pd Ilia I' t,llI' pul >I i('a tiol1 of
till' Kl'a-iP\'1'1 talJiI'K ill 1111' B/llll'lin l/yrlroY1'!ljih irI 1/1' Ill'
r1is('olltillul,d frUIII the yl'ar 1!l:n, alld t hat. till' "I'a-II'\'I'I
IlIlJtl'l'ial l'"ll"I'h'd (Ol" plll>lil'atioll he trallKll1ilh'd tu
thl' UI'II('J':d ~1'(,l'rtal'\' of thl' "AKKol'iatiol1 1I1h'l'
Ilatiol1al .., d"OI'/'allogra,dlil' l'hy"iqnl''' for il1c!uKion ill
thp I'Il'Jiil'lIt'iOI1H of thaI hodI'.

h) It. waK 1"I'(,C"l1l1ll'lId"d t.hat {UI'IllS fOI' pl1tpring
hydrugt'aphi"al 01 lSI' 1'1" a tiOIl,'; Hl!ould hI' pl'<'IJarl'd alld
l'l'lIt Ollt to eOIlt.rihutlll'H of hydrogl'aphi,'al Illatprial
for the Blllldill. With I' hI' tirl't diHp<lkh of SlIch fOl'lll~,

HI'pIU"at".l'R of thl' l'l'pOI't'. fl'Oli1 tIll' 81l!J-C'ollllllit.tl'e {Ol'
IllJlIlC'llcllltllrl' and ullits to III~ ilKI'd ill the j1nblil'atiol1s
of the C'ouIII:il "hould he Kllpplil'd. (This \'Illlllllp,
part Ill, 1.)

c) It waR rerOlllll1l'lHlrd t'lw.t thl' Kl'l'.tioliH Oil llIeteo
rology ill the BuliPtill "huilitl he di~I'OlitillUl'll.

d) It waH l'eeOllll1l1'IIIIl'd that CUlTpnt' IlIl'aSUI'l'1111'11ts
alld 1I11':tn valuC'H of o!JHPl'\'c'd eUI"l:entH -_.- PH])(,(,inlly
thnHC' fl'Ol1l lightshil'H _.__. shoilid not II(' illcorporated
in t,hl' Bulletill hilt, that. they Hhould he puldi"hpd
with soillo diHcussion in t hp ArIlIlinistl':l1i\"(' l{.Pl'0!,t'.
Dr. (;AI{HUTllI,:ns was lIolnin:lh~d aH :I I'epurtl'r for th('
]iUl'posc.

2) The c!ll'l11ir:al llunll'nl'latu['(' anrl llnit~ prO!H1Sed
hy t-.lw I'l..[p\'allt Hllh-('Ollllllit.tpl' (.JAI'lIIlSIC:--:, K, lkl'll.
B. SUlllTLiI alld H. WATTI':NBICIW) _.- alld pritlted as
A ppendix No. J in pal't III of tilt' 11I'pHl'llt \'u!unll' -
WI'!,C l'CeollltllcllderI for usc ill the l'llhliratiollf' of thc
('Olllll:il.

:3) Jt, is reeolllllielldl'd th:lt Dr. ,JAC'lIHSI'::-; rl'[Jl'l'sC'nt
th" Cuullcil at thp 1I11'I't'illg of thc ":\ssnci:ltiUll
d 'Ocl'allographic l'hysiljllP" at· W:l~hillgton ill I!13!)
withuut expellse to the ('(l1lll1:il.

III. Pro Memoria.

1. Investigations of the Gulf Stream,
Tit" l'h:lllgt~s of t'l'IIIJ,,'n!fIIl'll ill the (julf i'){ !'l'anl

f!'UIiI yl'iLl' to yl'lIr :11'1' dpIl,t'Ininillg [actors ful' tltl'
('olldition of thp XUl'th Atlantic alld adjal','nt' seas
1IIId for tIll' WI'1It!JPI' ('IlllditioliH ill NUI't.h /1;u!'fIpe.
0111' of HIP 1I10St' ililportant. taskH of l'pa l'xlJ!oraf'iulI,
lhl'l'do!'I', apl,,'arK 11l 1111' to Ilc that of wah'.lling 1Ind
st'lldyillg l·hl'sp l'!J1Ingt"~ froll) HI'UHon to SP:lSOIi 1IIId
frOln ,I'l'al' I'll )'"ar,

I) :-;"1' {'1I1\.'1111 11 ti I'f' (' 11'1'.. 11i1!'1' :! ", :1. 11.

I:J) ~II'. 8ANDSTllij\1 gave a lectllm 011 hi" work.
Prof. KN\lllSEN ~aid ·that. tlw C'OlllllliHee had fil'"t

tu disl;lI~s the report, givell hy :\11'. 8ANIIS'I'ltii~1 lIlid
~ceolldl.v the Jlropo"uls )Jut forward ill 1I1l'IIlOl'Illlda
(Sl'l' 111,1'.1\1.) frOlll Prof. lIJOHT, Pruf. UHAN, Dr.
.\XIlI';HSSUN a.nd Mr. H.~NI!"TltiiM for cOlllhillCd hio
]f.lgi('a I and hydrographiclt1 ill\'cf;(igatiolls.

!'I'llf. H,J()I:T Jlro[1l1~ed t.hat, t.he I'l'port of Mr, N,\XIJ
STHii\1 shollkl lie taken od /'e/e""lIdul/1. allrl that t-Ill'
nppllilltlllellt, of a C'olrllllittce to I){' lIolllillated Ily the
('lIllslllt',atlxe ('olTllllitt"c to ('.ollsidf'l' plalls fol' a ('OlTl
I,illl'd hiologi('al alld hydrogl'aphical illvl'stigatioll of
thl' .'\1 lalltil'. wa.ter should he ('onsidf'l'()d, TIlf' appoint
1l\l'11! of snch a ('Olllillith'p WHS di.sCUSSI'.d al\ll the
fllllllll'ill!~ \1'1'1'1'. "uggestt'd as 11l1'lIdll'n: of t.he ('0111

Illittl'l' -- (:1:,.\:--:, 1.1'; 1>A:--:U1S, BJ(i!';l.o\I' (failillg hilll
1":1';1.1:\), 1\ ,,\ \1 I)SIo::>, UI':F,\NT (failillg hilll 8(,111'1.1.).
I'LI:\s ['1':'1''1'1':1\14,'>0:>, STIo:I';~IAN" NII':I.HI'~N, F. N. H,'.,
":EI.I.. H Io::\TSI'III,;1. alld Nl:NI12).

TIll' Hyd I'llgraphi"al ('oIlJlllitt.cf' agl'l'('d '.hat ~,.\ x0-

') '111 1'111' '111,'sliolillail'l' is asl"'d 1'01' illl'orillalioll "II

,"I'nal I'opil's of pll.l·si<-al ol'"allo,~raplJ~' "\\'ilh a I'il'\\' I"
I1lt'lt'llrldll~Y, 1Ii1\'i!:alioll alld mariti!' hioll)!!\'''.

'I C;I'I' OII'\II'lId 1111"111,,; ('lIl1sullalin' 1'11'1',,' i"I~1' :!;,. :\, I"
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STlli;,,'s \\'01'1, slllllJld I", "llIttililll,d :llld I.hal. \\'111'11
lilli"II'·'!. it should I", IHid b..rol't, Illf' !'t,I"I·HIII. 1"111,
('Olllilli tll'I' (1\:\ 1'11;<1':.'\, I) I': F.\ X'I', ZI':ll.tI.'\) I,,'fol't, it
WH'; tl':I.IJ.'lllilh,tl to tl", II;dilol'i:d I"ld'-('Ollllllitt"I,I).

Iii) 1'1'111'. I\:>I'IISI,::-'; \\':1.' 1'I'-I,I,'d"tl ('hail'III:11l of
till' ('0111111 it1<'I·.

II. Rccomnlcnda tions,

I :1) III \'il'\I' III' 1111' fad. th:lt till' " ..\SS'lI'iHtioll Illtrl'
Iialinll:tll' ,1'()1'/':llIlIl;I'Hphi,' I'hysilful'" h:l,s UIII!PI'IHkl'll,
:IS P:ll't of ils 1101'111:11 :lI'tivily, to puldish li~ts of
IIIOII! hly lilld HIIIIIIHIIIII'HIl Ill'il;ht~ of sl'a-kn,1 ohsl'l'\'('d
at statlolls whi"h :11'1' n'IJI"'~PI,tati\'l' of wOl'ld witll'
cUliditiollS, it is n','olllllll'llIktl tllat. t,llI' jluldicatioll of
till' HI'a-kvl'l tab!l's ill thl' 11,,1/.'1;11. lIyrlm:lraph;I/I/I' Ill'
discollt.illlll'd f1'01l1 tlJe \'I'al' l!l:n, alld that. thl' ",'a-Ic\'I'1
Illatl'l'ial rolll'I'h'" fot" puldif'atioll Ill'. trallsll1ith'd to
thc UI'II('J':t1 1""l'I'etalT (If thl' "Assoei:ltioll Illh'l'
II:ltiul1al" d'U"/'allogra,dlil' l'hysiqlll''' fnr illclusioll ill
thl' puldi"atiollH of that bodv.

h) It. was J't'eOIlJlIlI'lItll'd that fUJ'Ill' fnl' l'lltf'l'illg
hydl'ogt'aphi":11 ol''':I'I'\,Htioll., should he 1'1'l'pa1'l'd alld
HPlit out tn cOIlt.ributlll's of hydl'ogl':Iphi,'al Illaterial
for the Bulldill. With thl' first dispatl'h o[ :"ueh forms,
sl'pal'ah'8 of thl' l'l'pOlt fl'Oli1 tl", Nuh-Collllllittre [01'
IllJlllCUcll1hll'l' and ullits tu I", uSl'd in thl' jlulJliratiolls
of the C'oullr:il should be supl'licd. (This \'(JIII111(',
part Ill, 1.)

c) It was re(,oll1ll1l'lHlrd t'lw.t thp ~l'l,.tiollH 011 lIleteo
rulogy ill the Bulktill shoultl he di~l'nlltinu!'rl.

d) It. waH rl'COllln\l'llllcd that currellt Illr:lSUI'CIlIl'lIts
allL! Jlll'an values nf ohsl'l'\'ed eurrellt~ ---l'sprC'inlly
thu~e fronl light~hip~ --- should Ilot 11f'. incorporated
in t,he Bullet.in hut that. they ~hould 1", pu"li~hl'd

wit.h Holne discusHioll in thl' Arll11illistI'ati\'l' HI'Jlol't.
Dr. (;AlwPTIJIo:ns wa" nOlnillat'l~d as a I'l'puI't!'r for thl'
jlu!']HJSe,

2) Thl' chemical lIunll'lIclatufl' and Hllits propo~ed

hy /'.lie 1'l,ll'nlnt. 8uh-('011l11Iittl'f' (.TAI'II!lSIC.'\, K. B':I'II,
B. SClIlTLlI and H. \VATTI';Nlll';W:) _..- and prillted as
Apl>l'ndix No. I in part. III of tltf' PI'l'Sl'lIt \'ulu1ll1' -
\\'l~l'e recollllllendf'r! for u~e iu Hw pllhlieatilJllS of the
Coullcil.

:3) Jt, iH rr~C'nlillnel1d!'d thnt Dr. ,JM'O!lSI'::-'; re[JI'c~cnt

thl' (;ouncil at tIll' 1I11'I'tilig of the ":\ssociatioll
d'Uel'anographie l'hysiljul'" at' WaHhiligton ill 1!13!J
without expcnse to till' ('ollncil.

III. Pro Memoria,

1. Investigations of the Gulf Stream,
'I'hl' l:h:"l)..(l~s of tt'III]H'I'i1tlll'll in t.he Uulf 1')11'I'alll

1'1'0111 yl':LI' to ypal' :11'" dl'll'l'Il1illing fa('tor~ for thl'
cOllditioll of tl](' i':uI'th At.lalltie alld adjac"llt scas
IIlid for t}lI' w,'athl'l' cOllditiolls in NOI't.h \<;1!fOpl'.
(Jill' of t. III'. III11~t illl}HIl'talit tasks or sl'a pxplol'at'iull,
thl'l'P[OI'l', appears to III" to Ill' that of wah'.llill.l; and
stlldyillg tllf's(, r'hallgt"~ fl'Ul1i S('USOII tn Nl'aSOIl alld
fl'OIIi .I'1'aI' to )'l'!Ll'.

I) :-;"1' {'" 11."11 1(n ti \'1' ('11'1'.. IHI;':I' :! :1. :1. n,
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Till' '·/Iallg",.; of 1"1111"'1':11111'1' ill till' (:1111' Nt 1"':1111
fl'''lll y":II' III ,vl'ar a 1'1', \'aria'dl' allli ":III :IIIIIlIIIII I,)
,""I""'al d,'.~I'1"'s. Th,'sl' gl'l':11 ,'h:III,~I'~' slll)lIld 11111 Ii"
I·Ollfll.~l,d willi thl' 1':I'l'id Iliid SIII:l11 1·11:lllgl's Ill' t,'lll
''''1':11111'1' :l11I1l1111I illg 10 a fI'll 11'111 lis 1.1' dl',~ri"";. wlli,·11
11l'1'111' ii, I h,' 1:1111' Nt l'I':t11l owillg III it~ 1lI'll'l'1lgl'III'il I'.
illdlll'l'd I,y I hI' I"'riodi,' :1 IIsl 11'1 II illil illill I h,' I ilill'
~~II'1'alll 'If w:iI,'!' or allothl'I' 1"111\"'1':11111'1' :llId salillily
frlJlII I h" SlllTlJlllldillif s,'as. ~I\' stlldil'S ,d' f III's,' Ill',
I'IIIT")I"I'S, "IIf','ad 0\·7,1' a. IIl'ri,;d or h'll ,l'l'ars. 11:11'"
,·;lIIlWII Illal I h" gl'l'at I·hallg,·s ill tl'II!JII'l'allll'I' 1'1'''111
..'(·aSIJII II) S":l.'ioll illld p'a!' 10 ypII.I' ill'I' t11J:111'1,,·tpd 1,.\·
fill'S" SIII:l11 vu/'iatiolls illid iLl'p \'pry littll' distlll'l"'d
1,.1' lIi,,"1.

Sunnner

Vii!. 1. S"'II'III:ili,' ,!;d.l'I, "I' allllllal :llIti l'asll:11 l'ltatlg't'~ "I'
IJ'II!Jlt'l'ahlrr ill tit" (;1111' :-:t,·palli.

Oil r.lli! hasi;; of thi;; \,ulllllil' HII,I \'lil'illtioilH or til"
f:lllf Ntl'l'aili IlIigllt. Ill' illl'estigHtl'd 1ll'I'OI'dilig iii II
,,1:111 iLK slIggl';;ted in the followillg:,

At a 11111111)(·[' of Hcb·tpt! hylhogl'llpllil' Hhdillll;; til,'
11;;llal hydl'ographic: oh;;clTat.iolls an' l'lll'l'ipd nllt of
t /11' tC:lnperatUl'f', H:dinity, nitl'atl';;, Jlhllsl'ltatp;;, I'tl' ..
i!lf'lurlilig light ml'aSl1l'l'ilH'l!tH, 111'I'pssnl'y 101' IJI'il

dudioll in thl' ;;ea, Thl';;1' Rllliuld ht! l'nl'I'i"d 0111. at
the Hallll~ Hl'a;;oll :tIIt! ;;anw placp .•..I'i1t' ".fh'!' .\'1':1.1'.

.sr) t.hat fl'OIll til(' o!J;;pITatiOI1;; thp!'l' i'IUI Ill' t'l'nd
direct hotll the allnual variatioll in 1I1l' ('Olillilioll III'
HH! Gulf Nti'l'a II1 /Lilt! t.hl' chang!' ill t.!1I' NtTI'alll fro II I
YI'ar to y,~a!' at. t.heR(~ ;;eiPetcd ;;tatiIJIlH.

The Oh;;I'/'vatioll;; Hhoultl II" I·arrh·d 11111.· \\'hl'll Iii"
watl'!' of the (lull' Ktn'nll! iH Wal'lIll'st alld II'hl'll it
i.'i collkst., that i;; t.o ;;n.y. ill :\lIglIHt nllli Fl'hl'tlHl'y.
alld 11'/11'11 thl, warming iLlld cooling HtH.g";; 111'1' lit
fh(~il' h"ight, namely, ill May allt!;'I1oVl'lldll'I'. III

.. \ II:!II";\ :11111 i,'"I'I'IIOII'I' III,' ,111111111' i' :111" \\. illl"l' .1 "nll ""
I':illll"'~ (':111 I", U:I'I:!"'1. ill .\1.1\' :11111 \o\',,!,dll'l' \\."
':11' :1.-';1·"I'I::i11 1I:III,till'I' 1111' ~lli'ing :lild .\1111111111 ill
1/11' I : Iii I' NII"':lI! I :11'" ":II'''' "i' 1:1 I".

'1'111' II."" 1'fI.:! 1':11 til il' ."1 1I I i'-iii ..: III i,~11I I""i t 11:111'" II II ill'
1:11' 1'1'11111 1':11·11 111111' i'. I'i 1-" III' ."i x .,,1 :11 i"II:' :11'" SII /'I j,. i"l II
1'111' "1I1·11 ,;1',,1 illil "I' 1111' UIIII' ~tl'l':lIII.

'1'111' 1111""111>1""1,1- IIIII,~1 illll'lll'lnlit .""l'tioll :1I'1'1I:,'s
1111' 1:1111' NII"':1111 is I hi' '1",1 iOIl :d('I1~ th,' NIII'II:llId
1,·"llIll" Illllll, 1111 I"dll sid,'s III' till' F:IJ'l./f' 1"I:tlll\-';'
III Illis stl'il' III ti,., ;\lIl'lh :\tl:lllli,' ":111 Ill' "tlltli,'d
I",tli t III' lll>i'III',~lIillg 11-:11'111 1'1':11'1,1, .,1' til" Ul1lf NtT":l111
1111 1/11' slll'l':I1'" :Ind il~ I'dUl'llill" ('01" l'I':llll'h Oil till'
I"dlolll III' III,' sl'a. III'!'" !1I1':I.~lIl'~IIIl'llts Ill' t,hl' 1'lIl'1"!IIt.
,liolild al"ll Ill' IIlild,' fOI' l'all'lilal'irlll of IIII! \'()IIIIlIt~

(If wah'l' IIl1will.~ ill 1'''lh tlII'SI' I,ram,h"s,
'1'111' 11I11~1- illlJ",n:lllr '''''dioll sout!: of till' Nhl'!

la IId-I,·.,I" lid 1;:111 k 1'1111" I'rolll ('llp":'1"'akl' Ba." tu
BI'I'IIIIIII:I 11111'1'1' j I", f ililf Ntl'l'alll Ii 1'-1. PI'III'l'l'h' 1",
""lill'S :'11 illd"I"'IIr1"lIt- "111'1'1'111. 111'1'1' till' WII"ds Hull'
IllStitlllilll1 :"1'1':"1,1' "alTi,'s 1I11t th,' 1I1"1'I'I-atioll,' pro
1'"HI'd ill t Iii;; I'. ,I.

'I'll,' IIII,,,! illlJ'(II'l:1I1t. sl'l·tioll 1J()J't II uf thl' Nhct
I:111I1-1,·,'I:llIcI Halik 1'1111;; f"OIIl thr' IIlll'thwl'''t. ('01'111'1'
Ill' ;'I11l1'WII\', 1'1'0111 Andl'lll'F til tlIP .\". W. Hen· lilt'
(jlllf Nt.!'I·;;III i;; HI'." "IIIII"'lItralt'l! al1l1 pi'I'HHI',' h:li'l!
ag:l.ilist, thl' i':,"'w"giall ('"asl. ,\ l'oupl,' of hydl'll
gl'al'llit, ;;t.at iUlls IIH till' ('oast. if tht' wl'atllrr dur"
IIOt 1"·!'luit· of a "111111'11'1,' "I'd i1111 , wnuld hpl'l' hl' of
JI:II't i,'ula I' \-:"Ill'.

.\s till.: ,\IJI,:"il'alIH aII'l'.nd,\' ."lItry 011(. t~le Ill'OpoHl'd
ol';;l'i'l':I!-loll:-; 111 till' IIw;;t Houthl'l'h' of t. Il' tlit'I'!)
st II lida l'i I "i'i'ti'lil;; it iH tilll;; only ill tli,· tlVO 1'(,1I1aillill~
;;t,lIl1dll.,'d sl'ctiolls that. oll"ervlltiun" l1l'l'd to I,',~
ol'g:llIisl'r1 I,y thl' Il1t"rnatiollal C\Jullcil fo/' the I'~x

"Iol'atioll of tlH' Nl':l,

'l'IIl' o\"''''I'\'nHIlIIH ill th(' tlJi'l'" shilllla.l'd "pdiolls
(",Iild. 111111 .HhOIl/d, Ill' ;;UI'I'il'JIIl'lltt'l! I,y athi'l';; whil'h
i1!'p l'aS,i' to ('aiT)' uut. ami which ill a high lJ,-gl'l'I'
",oltld ('1"lalil'l' I Ill' l-alllP of tIll' HtnllllaI'll OIISl'I'I'atioIlH.

:\lIlOlIg thl'"I' ':1.1',' iil'st. ami fOl'l'IIIOHt. OllHi'I'\'atiou,;
of t.lle ;;lIl'flll'l' WHtP/, 1.1'11 lJ H'l'a 111 1'1' i'llch WI'i'k a.t 1.111'
Fal'lll' Islalllk III tile I'il'iility of t1ll'';(' Haild;; thl'l'l'
iH Ill) l'On,;r· wult'l' fi'Olll l'in'l's I'IT .. l'ol'pI'illl! tIll' Uulf
Nt 1'1'11 111 w:dl'I' ",hil'l, 1/11'1'1'£01'1' iillll.-;(>(l'll'lItly risl'~ tn
th., HIII'I':II'I' 11'/11.'1'(' it i,H "tl'on,1.(ly Htil'l't'd II)' th!' tidlll
('IIITl'III", Il.lld thus gin'~ 11 t-I'ul' jlietlll't' III' thl' h'IlIl"'
I'ntlll't' of t-1J(~ Uulf Ntl'l'nll}' 'I'lll~;;l' PIl;:ih, rffl'ch·d ~Ul'

l':l1'!' w:iI"/' Oh;;l'l'I'atioIIH thpJ'(' flll'lIish' a 1'l1llt i1luou~
pidlll'l' of thl' j,'11l 1"'1'11 tll I'!' YlI/,illtillU of thl' Gulf
Ntl'l'II.1I1 II·IIL.'I' t.l1l·'JlIghout tht' whult' of till' \'('111' ill
t hi" 1111I"II'tllllt 1'i1i't III' thl' North Atlalltle. '

Ilil tl", clm;;t. of Nnt'WlIl' 1111' wat'.'l' of tht' Gulf
Nt 1',':1111 i,: IInl'laid wit-h I'.~a;;t watl.'/' hut. IIl1d('[' till'
"llil.,l. \l'1I1,'1' till' 1'.iIJI'd~ withllitt thl·,'~IJ()ldH 111'1' fiJll'd
lI·ilh Uldl' Ntl·,'alll I\': It 1'1' which is l'oll,.;talltly pUlnlH'd
ill alld 11111. of thl' fjlll'd;; II.\' thl' tidlll watJ'r IIlld t,hpl'l'
1'111'1' 'fllih' n,lill "'.\' illdil'atl's till' tl'IIIJ "'I':J.t1l 1'1' of th,·
1:1111' N! 1'1':1111 lilT tlli' I'on;;!, 11,,1'1', with dt'I'p wah'l'
tlll'I'II"III"'f,,I'~, Ill' 1'\'1'11 Iwttl'l' ,,,If-I'l'ui,It'l'illg I'll'etl'il'
di,:!lIJII'I' 11"'1'11111"11'1"1',' it "hllld" ill' I",ssil.ll' hI ",I-udy
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TI,,' "llallg",.; of 1"1111"'1':11111'1' ill till' (:1111' Nt 1'1'11111
fl'IIll1 y"lll' III )'I'al' al'l' \'al'ia'd(' alill 1':111 111111111111 I"
,'-""I"'al d".!~I'I'I''';, TIII'sl' g 1'1 ':I I I'h:lllgl'~' sh'llIld 11111 iii'
l'Ollfll.~l,d willi till' I':lpid :111.1 ~111:l11 1'!lilll!!I'S III' t('lll
1"'1'111111'1' a 1111111111 illg to :I 1'('11' I ('Id liS Id' d",Ul'i',"', 11'11 i,,11
Ill'I'111' ill I hi' llilif Nt 1'('IUlI oll'illg III its III'II'l'Ilg"III'il ",
ill.]II",I'.] I,.\' 1111' 1"'l'j"dil' IrlI~III'I" i"ll ilil" 1111' I ilill'
~~II'1'alll "I' 11'111,1'1' 01' :llIothl'I' 11'111\"'1':11111'1' :111.1 sllIillil\'
frllill 1hI: ;;IIITllllllllillif ;;1':lS, ~11' sl'lIdil's III' 1!,,'sl' 111'
I'IIITI'II"I'S, ;'IIf"':ld 0\,7,1' a 1"'l'i,;d 01' h'll ,"(':II'S, 1111"1'
,,;lIIIWII t.llal I h.. gl'l'at, 1'1r:lllgl'S ill tl'III/"'l'allll'l' 1'1'11111
,«'as"11 III SI'll.o.;oll nlld )'('al' 10 y(':I.I' liI'l' 1111:1.11'1'1'1('.1 11,\'
till's,: SIII:l1I vuriatiolls nlld al'!, \'I'I'y littll' distlll'I"'d
1',1' IIr,,"1.

Sunnner

"'ii!, 1, Sf'ill' III Ii I ii' ;:!;d,l'Il ,,1'11111111111 IllId "II~II:II I'halI~I';: "I'
h'lIlfli'l':JhII'P ill thl' (illll' Sl'l'l'alll.

Oil UIi! hllsi;.; of this 1'1l1111lII' HIIII \'IJl'ilitiollH "I' til"
(lull' 14fl'I'lllli Illigllt. hI' ill\'c;.;tigah'd 1l1'1'llI'dilll-t hI Ii

"In II ILH sllgg,,;.;ted ill tlte following: '"
At a 11I11lJ!H'1' of He!Pt't.pd hydt'ogl'llj.l,il' Htltiillils till'

Ilsllal hydl'Ographie u!Jscrnlt.iollS an' eal'l'ipd nl11' 01'
1111' ternpcratul'f', sidinity, uHI'atl's, Jlhl1sphnli's, I'll'"
illr:llldillg light JIlI:aSl1l'l'tlH'llts, !ll'I'I'S;';:lI'}' tOl' I"'i"
rllldioll in thp sea, Thpsp slil>111rl bl! l'III'I'il'd ollt at
the Hallll: Se/l.SOll 1i-lIt1 S:J1l1n placp ,''-1'i11' 11.f't1'I' ,)'1'11.1',

.S!) t.hal fl'oln thl' obsl'l'vatiolls Ihl'I'I' ('11.11 I,,· l'l'ad
direct both the annual variatillll ill 1'111' l'IJlldili(Jn "I'
thr: Gulf Nhl'anl /Lnt! t.he chaugl' In t.lll' SITI'1l11l !'ron I
yl'ar to ,FlU' at theRe spiedI'd Htatil1llS,

The obsl'rvations RlllIlllrl I>l' ('ardl'd lillI, Whpll dll'
watl'l' of tile (; IIII' Ktn'anl is wal'lllPsl lind ",hr'll it
i" collJr,st, that is to Hay. ill :\11/-(lIsl :11111 ]i'l'bl'tlal'y,
alld wlll'n tIll' warJlliug and cooling sla,gps 1I1'P III
f III~il' hpight , namely, in May J1.ndi'ivvellllll'I', III

..\II~II'-;\ 111111 i·'I,I'I'II;!II' 1111' ,,111111111'" :llId \I'ilill'I' ,1"1111"'
1':11111"'" 1'1111 III' UIIII~"'I. ill ,\1:1 \' 111111 \11";'11"11'1' \\'1'
1:111 :1:"1'1'1'111111 \1:III,IiI"I' 1111' ~lli'ing :llld ,\lillllllll ill
1111' 1:1111' NII"':lIII :11'" 1':11'/" III' 11\1,',

Till' 11."dl'II,C'I':IIt1lil' "Ill I i,'"I.-: Illi,!..dJl I", ,it 11:11"d IIl1ill'
LII' I'rllill "11<'11 ",111'1', I'i,'" III' "ix .'.;1:11 jllil" III'" ,II/'1iI,i,'liI
1'''1' "111'11 ,"'I"i"ll "I'll", 1:1111' ~tl'I'IIIII,

'1'111' IIlld"I"JI"dk '111"';/ illllllll'l:lllt ,'I'I'lioli al'I'II:':':
1111' 1:1111' ~II"'IIIII is Iltl' "1"'1 j"ll Id(lll~ tltl' Nllf'lllIlId
11",1:111.1 ilalil, 1111 I"of II sid,'s (If til" FaJ'l.'" 1"l:lllds,
111 'Ilis ,'II'il' "I' till' :\"1'11t :\IIIIIIIi,' 1':1\1 III' s1'lldi,'d
I",tli I III' IIIII'III-or"ill" \\':11'111 l'l'alll'll III' 1'hl' (I,rlf NtT":I'11
11111111' slll'i'llI'" '~lId~il" I'dlll'lli'l" I'lIld l'l'llllf'h 1111 Ihl'
111,11,,111 III' t II,' ""II. ""1'1' 1111':I.SUI'~III1'llts IIf t,hr r'U)'J'ent.
'''hllirid III"" Ill' 11111.11' flli' 1':lII'lrillti"lI IIf IIII~ \'O!UIIIl:
III' Wllh'I' lI"wil',~ ill IlIltlr tllI'SI' l'l':IlWlll'S,

'1'111' 11111,,1' 11111",nllllt ,'I"'liOI1 south of till' Shd
1:llld-I"I'I:I lid 1;1111 k 1'II11S 1'1"11111 ('lll's:'I"'akl' BIIY tu
BI'!'IIIIIlI:1 11'111'1'" 11", filrll' Nt['('11111 fil'-t, pI''' IJl'rh' h,,
""1111'S :III illd"I'I'l1d"l1f' ('UI'I'l'1l1. 111'1'1' till' W"ods 1101,·
111,tillllilill Idl'I',llh' 1':ll'I'i,'s l'llt th,' ,,1'''I'I'I'atiOl1.' pm
1'lIsI'd ill t Ilis I', ,I-

Till' IllIlsl illljlOl'l:ll1t, :':I'I,tioll Il(lI't II of tit!' NIt!.'t
1:1 IId-II'I'IIIIIC I Hall k 1'1111;'; 1'1'''111 till' n"rt hWl'St. I'Drlll'I'
of ;'IIol'WII\', I'I'lJIII Alldl'III', t" till' .\', W, HI'n' IIII'
(Jllif Nt,I'I';;1I1 is \'1'1',\' l'IJIII'l'lltratJ'r! alld pi'l's~l',o.; hat'd
IIgail1sl, thl' NIIl'wI'gillll ('lIasl, .\ I'uupll' vI' hydl'o
gl'lIpllil' stal iOII;'; "H till' c(Ja~t, if thl' wI'atllc'r dIll'"
II"t I'l'I'lirit' III' a 1'lIll1l'ldl' SI·eti"lI, wnuld hpl'l' hI' "I'
1'111'ti"lrllIl' \'11 hll',

,\s till,: ,\ 111I:l'i .. :I II~ all'l'arl,\' ('a try IIllt t~le Ilroposrd
OI'Sl'i'\'lltlllll:-: III thl' Illost ~OlJtlt(,l'h- of t.ll' tltt'l'e
sf:llldal'il SI,ttiliIIS it is th1ls ollly ill tlip two 1'('lIlaillillf,!
st,lIlidll.l'd sl'etllllls that, o"~er\'atiulls llr(·d to I"I~
III'gllllisl'd I,y thl' Il1tl'l'Ilatiolial COllllcil fur the Ex
1'IIII'atiIJII "f till' NI':l,

'I'llI', OIJ.';I'I'\'a1'i,,";,; ill Ihl' tlli'l'l' "blllla.rd ,'PI'tiOIiS
('lIlild, allil ~hOlild, I", SUPI'Il'III1'lltt'r! I,." Dtlll'rs whirh
:11'(' ('as,i' to ('al'1')' uut. 1I11l1 whiclt ill a high l),-grl'I'
w"uld ('lrll:l.I1I'I' IIII' 1'llllW of th,' ;:tallllaI'll VllSl'I'\'atllJllS,

:\IIIUllg thl'sl' ':1.1'1' iil'st, al1ll fOI'l'llIOSt. oll~l'rnd'iolls

of t.he ~urflll:(, WlltC!' tl.'llljH"l'atlll'(' Pilch w('('k a.t till'
F:ll'l)() Islallds, J'I tlte I'ir'inii'}' "f tltl';';(' Hands tItPl'!'
i" IIU c"a.';t Wllli'l' fl'UlI1 l'h'crs 1'1'1' .. I'll\'pj'illl! tlt(' (lull'
Ntl'l'alll wat"I' wlti"l, thl'l'l'fol'l' ~ltll.-:I'ql"'lItiy risl'~ til
1'''1' SIII'I':II'I' wlll.'I'l' it i,o.; stt'llIl,f,!ly stinl,d II,)' 1'1", tidal
l'III'I'l'II!.S :UII! 11111,0.; gin'R a i'l'ul' Ilietlll'l' lIf thl' h'II!J"'
I':1tlll'l' of t,,,{~ Uul[ Htl'l'llIll. 'l'hf~SI' f':J;:ih' eH'l'ch·d ,0.;111'
1':11'1' w:il'I'1' OhS"I'I'atilJlIs t hpJ'(' r1I I'lIi"h' it ('011 t iJ IUUll,o.;
pidlll'l' lIf th,' tt'luI"'l'IJtlll'i' \'lIl'ialilJlI of tit" Gulf
Nt 1'1'<1,11 I 1\'111/'1' t,lll'lJllghlJllt Illi' II'holr' of thl' \'Pal' ill
I Iii,,", 1111\"II'tl/llt pill'!lIl' thl' Noi'lh Atlalltic, '

(JII I III' I'IJ/lst of NlJl'wa r 1111' wat,,1' 01' till' nul[
Nll'l'lllll is lJ\'I'l'laid wii'h I',~ast wat!.'1' but. 111111,,[' tl,,·
"II,!.'-I, Wi1I'l'!' till' I'jul'ds withllll! thl,,':.:lllJlds :11'1' HlIl'd
I\'il" Uldl' Ntl'l'alil mill'l' which is 1'I1II"tallt.ly 1'1I1111H'd
ill 1/11.1 1I111 of Ihl' fjlll'dH II.\' thl~ tidal wah't' :llIrI t.hpl'l'
1'''1'1' qllill' n,li:l 1>1,\' illdil':ltl's till' h'II!J"'I'atlll'l' lIf thl'
1:1111' NII'I':1I11 "IT 1111' l'O:!St, 111'1'1', with dl'('p watl'l'
tllI'I'1I10111l'll'l's, 1I1' ('1'1'11 11\'111'1' ;;I,lf-I'I'uistt'I'ilig I'leetl'il'
di':!;IIII'I' 1111'1'111111111'\1'1','; it ,'!11I1I'" ill' IllIs:.:il.l1' til sl'nrl,l'
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II H' nil 1111:.1 I'nl'in I illil i II lilt' I "III 1Il'I'II I III'" III' III" I: III I'
1"II'I'nill 11'111"1',

,,\1 ~l'il,d'l'I'g,'" II", ,<nil'" ".",;1"111 "I' 1'I',~i"I"l'ill,~ III"
1"IIII"'l'nllll'l' III' IIH' 1:lill :-;11'1'11111 II'II!"I' ":111 Ill' :"I."oI"tI
ill 'lilli" III' lit" I,i,'.! I}li'll" ill lit" III'; ,!'Itl 11111 l'lt, " "I III'
lilt' "II:t! 111111"", Illtl 1",1'1' n l'ytll'lIgl':lIdli,' l'I'lI",,, .."",tillil
"lllIltiti 111,," I", 1111111" ":I,'1t ,"111111111'1' ill \lIgll,;I 111',,1'
lilt' ( : IiiI' :-;11'1':1 III i1IIIII,'tI in I,'''' 1",1'111'" i I ~II"" II IItin I II,'
1',,1111' i,"', ,\1 "IIt,,1' tilll"" ,;1' II", YC'"I"llti" i" illll"''';'
,,i101,' 1I11'ilig III i,'" "III"lili"II",

TIlt' "1""1'1111111" 111'1':1 "I' 1\'111'111 11'111 "I' III' I I", 1:1111'
~II'I':III1, ii,,, d'"l1illlll illg illllll"I"'" 1111 ,III 111"'111'1"'111"',<
ill lIlt' ""1\ IIl1d ill lit" ;111I11I"I'ItI'I'I' "I' III,' ""I'1'l1l1l1dill).!
('11111 i 1"'1 tI ", iI" gl'l'lI t 1'lIl'ilil iOIl" 1'1'0111 I','nl' I II \"'nl',
",llid, a1'1' 1'I,1I1',',t,'d ill tit"",. """111'1"'111:"" 1111t1 "'1111""
11", \,"al''' 10 dill','l' frolll 1'II1'It IItltl'l' 1,"11t as l'I'gal'll..;
li"lti;l!.! alld 1\,'atl,,'1' 1'lIl1dil illll". 1"'IItI"I' it lti~II'"
.JI'~il':; "I,' til "IIIII1I"'lIl'l' alld Illnililaill a 1II'l'lIln;"'I;1
illl", .."i,~lItilill "I' Iltl' (:Iilf ~II'l'1I111 alltl its .. I""l).!"'"
nllln!.! I I", Ii III'" i Iitl i"11 h'tI a I,,, 1'1',

,J, \\" ~,,:\ 11"T1:ii,11

2. Suggested In....estigations of the Production
of Phytoplankton by International Cooperation,

TIll' 1'I'lld 11<'1 ilill of I'ltyt',oplllllktllll i .., d"III'I"I"lti oil
tltl' '"'1'111'1'1'111''' of: I) di"s"II','d Illltl'it'llt slll,,,lall('I'S,
fil'st alltl 1'1I1'I'IIII,,,t III' lIitl'ah's alld phll"l'ltllh's IIl1d of
2) li/.,dll,

I, 'I'h,' IIll'all" IIf "ltI",isl"llI'l' al'p 1'011"1111"'.1 ill 1111'
slll'h,'\' IlIyl' I'S, :IS fal' dow II liS t.!Il' lighting i" SlIl'Ii
.. i"llt, IIlid Oil al'l'ouIII' of this 1""ISttllljltioll Iii" 1'1'0·
dlldiull ill a wa!t.~1' ilia,," IIlUSt dl'C'IiIIt' ttttt,il tlil' quail
titil's Ill' IlUtl'il'lIt "UI,stiUH',('" ('all I", l'\'Ill'wl'd, pit 1",,1'
hI' \'I'I,ti,':1.! ein:ttlatillil OJ' hy dC'I'OIIlI")"itiilll of tlios"
'1":llltil iI'S wlti,:h a1'\' houlld ill tl", 11I)(li\,,, of tit"
plallktull a,llilllal:i,

111 th,' willt.I'I', whl'll t.1,,' ';lI\'fa(.'.1' lan'l's ill'(' ('oull'd,
tltl', l'l'l'tical cil'eulatioll is alwilv,; Hllfli('il'llt' to l'Ulldlll't
I:il'gl'r or sll1:"kl' qualltitil'H ~£ IIl1triellts IIi' tn tl",
illlll1lillatpd ;1\1111'. Durillg the sprill!!. tlil'l'dlll'l', 1\'1'
sllldl always lind l'I'('rywhl'1'(' tl", Illosl' 1I1"lI1claut
I)('riotl of pl'oductioll,

'I'll(' lillll' at wltiph thi" prndtt('tifJlI (,O'"lll'lll'('"
dif),I'I''' ill thl' c1ifTl'l'C'llt IlliLrilll.' an'a",

~, Tlti" period will lil'st a.ml f01'eulOst hl'dl,t"I'Ulillpcl
I,v tltl' illlllllillatioll, Uudl'l' otl"'l'wi,;(' I'qual ,'ou
IritiollS of light growth will first COIIIUIl'IIl.'e ill the
al"'as ill whi(,11 til(' \I'atl~r hly(~rR a1'1' til'st, st':lhili"l'cl,
I,,'causl' tl,,' sp"l'ifie grill'it)' u£ tltl' "ttl'fa('1' lI'at,\'r is
I'(.dll,,(,d "y wal'llIing or I,y till' aclditioll Ill' ';111'1':1('1'
la\','I''' It:will'" a I",~s salilll~ 1',Ollh'lIt, as alollg till' eoast,,,
,l8""I"lilla~ia, 111 tltl' ~lmgl',l'ak th(' d"l'l'lopllll'llt
"fJIlIIIJl'III"'" ill Felll'lIar}. Oil HII' west-c'oll"t, of Norway
ill Jla I'" It ,

;\s 1"lIg as a. 1"'I'ti"ai 11I00'\'IIII'llt of tlil' watl'l'
IlJa"S",< i" ill 1'1'''!.!I'I''''' l'lli.' I'lallktulI algi'" will "al'li

','i"at" ill t.Ilt' 11l1ll'1'1111'1l!' Sll tltat. l'a,'1t "",ll o'dy 1"'"
,'"il'l''' " I'ml'l illll Ill' t It I' ligltt wltil,It 1'":",I,,,s t It"<III"
1'''('1' 1,1\'1'1''', I I' I II" "lldal';' ilhllilill:tl illll is 1I1lly .i lI"t
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,-lilli" i"l tI III "I "d .I" 11\1' :1 ,,·,i II,' iI,l! )I'll I" 1'/'1'1'" i I Il 1',,1'
III" 1'I'~I,i "II I ill II I I", 1"'1'1 i,"1 "i 1'1'111:11 illil \I' i" "n'I"'11!
II", ""1,,'1"1'11"'111 III' all ,d'IIII",,"1 Idlrlllidallkt,,",
III II \I' ,,11111111"1', 11'11"1' III" I III II II )I' "I' Ii,!.! It I i,- "Itfli,'i,'ul
ill III II' I: I! i I IIdl'" d"\I'1i I" :~II III 1111'11"''', or "1"'11
d""I"'" ill 1.111' 01"'11 S":1. 11)1' 1"1'1 il':1 I ('in'ul:1I i'll! "all
.-1 ill 1,I)I",k (It" tI"I'"IIII'II"'It! il' f I", !!ltJl'I'III,'II!, ":\I"'lllls
""",'111 i:t!h' d""I"'1' 1111111 III 11111"" d"1'1 It" II'lli"1i IlIlIrk
II", pllilll "I' "111111"'11,',,1 illll 1",111""'11 a""illlil" I i"l1 IIl1d
1'1 "';I'i 1''' I illll,

III lilt, ;..; 111'11"'1'11 ,\ I I" It! iI' II", d"I'"IIII'"I"1I1 III' I I",
pln'llIpllllk!,," ""111111"1""',- ill ~IIIY, ill IItlt,'r \l'lIrds
11, 11I"ltlll 1:1!,'r tll:1I1 ill 1111 :'\"I'\I"'!.!illll ",I;I"I',w<lt,'r",
II i" 1'1'"1>:1,1",, I'IIII! tlli,~ dl,llIy i" '(Ill'. lil'"t 1I1ld 1'11\'1'
111",..;1. h' I Ill' l,il'l'UIlI,,1 11 III'" tlillt 1111' Il':ltl'l' 11I1I~,,""

Iil',<t l'I'('lJllI"':liI'li.. il'lIth' stlll,ili,,,'d :11 I Iii" I'"illl, "I'
till,,',

()II II", "tlt"I' hllud it i" 1'1'I'I'i""I,I' 11" " \'I'sult lJf t I",
,<t,J!,ili",:tli,," tl,,,1 1111' 1llIlri"lti "1I11Sblll"" lin' 1'1I1'idh'
"",t<tlll",d 11'111'1'1,1',1' II", I'I'"dlll'l iI'" 1"'l'i"d i" thus ,.I'
"lllIl't dUl'ltli"ll.

1\I"I1!~ IIIl' "0"",1'" "I' IIl1l'tl"'1'11 1';UI'ol'" IIlld :\01'tlt
,\UIt'l'i"1I \1'" 11/'1' 11"11' 11\\'''1'1' "I' Ih,' allllllalpl'riodi"ity
itl I h,' d"I,'IIII'IIII'lIt, ill its IIlaili f""tll1'I'~, III th,'
,II','allll' p:II't" 101' tl", ;t;orth ,\tlllllfi,' l'h,'n' is still
Oldy a lilllih'd Illilltlll'1' Ill' 1II,,,,'I'\':ltioIIS uI'ailald,',
(III th,' I,asi,..; of tilt' Illah'l'ial al'ail:t1d,' :-;'n:I':~IA:\:-;

Nml,~:q,::,\I) ha" skeob:I"'d (I. I', p, 72) Ihl'. jlruhalde
,"1111',,1' lJf till' 1I111l1l:d d"I'I'I"pll"'llt ill thl' difl'l'l'l'llt,
""I't.IlI'" "I' I'h,' al'l'a, :\1'1'0"" till' I'id!.!l' I1l'1Wl'c'1I 1e(,laue!
- -, 1<':11'11(' Islalld" .. ~llI'tlalids thl' il\'ailahll' Illah'rial
SI'I'III" h, shlJlI' that a (,,,"~il\coi'al>Jc. jll'odudioli lak,'"
I'lal'" fl'Ul1l ~l:ty o'"l'ard tllJ'lJU!.!llout th" w!wl,' of thl'.
Nll1lUII\'I', lu th(~ !.lllif ~II'I':1I11 a\'l'lI til 1,1", IllJl'th alltl
to tIll' south III' th,' I'id~,' a hi)!11 jI\'Iltllldjoll tak,'"
,0111,'" ill ~lar alld ./111"', ",llil,' f'll" I'hyt"plallktoll i~

1',1111'1'1' duriug 11)(' n'st "I' I It" ,l'l'ar,
Tl,is ill'l'<l ill pllrl'il'liI:II' i, "IJI,,'i,t1I,\' illh'I'l:,<tillg for

dl'f"l'lllillillg thl', pl'lJlllll'til'ity ur t I", wholl' of tltl'
1101'1111'1'11 At Ia.II til', I t would Ill' of Ih\' gn':lll's[ ill t\'rl'"t,
if a thorough i1l\'l'sl igalioll ..ollitl I", r'IIITi"tl out of
Hit, plauktoll jlrodlll'tiou ill c'nlll,,'xillll with tIll' 01'
('UIT('llt'l' of \Jxygl'll, Ilitl'atl's alld I'ho:il'hatl's, I'rdl'r
"Id,' al"u ",ith light II1l'IISlll'l'IIII'Ilts throll).dwut 0)11'

SI'<l~OU fmlll alit! illl'ludillg '\l'l'il up ttl IIl1d iurludillg
H,'ph'IIlI>I'I', 1 1I'''lild 1'I'l'I"IS" Ih,' f"lIo\\'iug I,,'riod,,:

I, :\I'oul tltl' Illiddll' III' "1'1'il
2, ;\hollt tI", Illiddl,' of ~Ial'

:~, .:\ I" '" t j I", I "t ,1111 I' '

,I. IJllrill).! tl", 1:lIIl'r 'half of Allgust
,.;!Jall hal'!' till' 1111110111' 10 SIl"llIit 1"'1'1,1111,' dUl'iug

tl", ('lIl11l1'il ~l .... t illg :If (,'1I1'('III11lgl'lI ill ~1,,): " Ill'".'''
<!(,j"il,'c1 \'('I'sioll "I' lilis pl'lIpo"al.

H, 11. (lilA",

" I':, ~TEE~II".'\ :'\IEI.SI':': '1'111' I'I'IIdlll'lillll III' 1'11,1'111
1'1:1 ItI, 11111, I. :It lit" F:I I'll" lsi,''':, 1",,1:1 lid, I'::lsi '\ i 1""'111:11111
111111 ill II", \\,,,1,,1'< :I I'll II lid , \I"dd, 1'1':1 1""111111, r. 11:111111:11'1"
l,'js""I'j, II:." 11"I'lIl1d,'l's.. ~I'I', /'1:111"11111, 1:.1, III, \1', I.
('III'I'IIII;I!.::I·lI I!J;;:I.
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III" ;lIIIIII'.! 1"'l'i;l1 i,," ill I hi' ["11'1"'1':11 III'" "I' II", I: IiiI'
~11'I'a III 11",11,,1',

,\1 ~l'il,d'l'I'g,'" II", "a lilt' ".",,1""1 III' 1'I',~i"ll'I'ill,~ 1111'
1"II'1"'l'a! 111'1' III' III" 1:1111 ~11'I':1I11 11',11,,1' "'"I I", "d;Ii"".!
ill "Jill" III' I h,' I,i,'.! fi'li'll" ill I he' 11I,;,~'lilllIlll'h",,,1 1.1'
1111' "II,iI IIlilll''', 1\111 11t,1'I' :I 11\'.11'1 Igl',ll'lli,' l'I'lJ-',S ,;",'1 ill II
slllIltid :11,," I", 111".1" 1',1,,11 ,'IIIIIIIIt'1' ill \lIg'lI,d III "I'
I lit' (:Idl' :-;11'1""11 illllll"di:l!"h' 1",1'111'1' il ~1I1'" 1I1,,1l'!' II",
1',,1,11' i,"', ,\1 "lhl'l' tilllt,,, .;1' 1111' Y":lI"lhi" i" ill'l"'"
sild,' '1II'ill~ I II ie'"~ ,',,"dil illllS,

TIll' "II"'I'IIII1I1S ;l1'I'a III' 1V:lI'II1 11":11,'1' III' I lit, 1:lIlr
~11'I':lIII, iL' d'Jlllill:llill,~ illllll"IIt", 1111 ,ill 111"'111'1"'11"""
ill th,' ""a '111.1 ill Ihl' :lllltllSl'h,'I'" III' lilt, "" IT' IIII1t1il I).!
('lIll1illl'III", il" l!1"':lt 1':ll'ialioll" 1'1'11111 1'1'lIl' III \"':11',
wlli..!, 1I1'1' 1'I,III,;,t,'e! ill tlll'S'\ '11"'111'1"'111:"" 1I11e! "':III""
lh,' \,1':11''' to dill','1' frolll "al'h IIthl'l' 1'"lh liS 1'1';2::11'11..;
li"hi;l!.! :llId Irl'lIlllt,1' ('lIl1dil ill "", 1'1'11.1"1' it hi~llh'
e!1',il',;I",' to "IIIIII1It'III'" :III" 1I1:lilll:lili 1I 1"'1'111:';1"1;1
illl,,',di,~:lti'"1 III' Ihl' (illlf :-;11"""11 :111.1 ii'" ('h'"I).!"",
1I11111!.! I II,' lillt" illdi"lI1c'" :11""'1',

,J, \\" :-i,\:\It:-:T1:ii,11

2. Suggested In ....estigations of the Prolluction
of Phytoplankton by International Cooperation,

TIll' 1'1'IHIII<'t illll of I'hyl',opl:lllkrllll i,,; dl'III'lId"lti Oil

thl' 1"'1'111'1','111'(' of: I) di""oll'"d IIlltl'il'lIt "II I,,,tn IIVI''',
lil'st alld fon'lIlo"t of lIitrah'" 1I11d ph'lSl,ltllh'" :llId of
2) li/.,dll,

I, Th" 1I1t'1I11" of ""II"i,,I"III'" lin' l'III'SIIIIII'd ill 1111'
SlIl'ra,,(, lay"l's, ;IS fal' dowlI a" t}II' lightill.~ i" slIHi
('il'lIt, alld Oil al'I'oulII' of thi" l'OIl"lIl1ljltioll Ih,' 1'1'11
dlldioll ill a wafl~1' 11Ias" 1I!\I.~t dl'('lilll' II II t,il th" qllall
titi.,,, of IIlltl'il'lIt slll,shLIH',('" I'all Ill' 1'('11(\11'1'.1, I'it III~r

hy n'l,til'a.! cin:lliatillil OJ' hy dl'I'OIIlI)J)sitioll of tho",'
'1":llItilil's whicll Hl'l' houlld ill till' I'udi,'" of th,'
plUllktoll allilllal:"

[II the willtl'l', whl'lI thl' HlI\'fael' lan'l''' :ll'l' (,(lJJll'd,
lh", n'l'ti,:al Cil'(,lliatioll i,-; alwHvs Hllfti('il'llt. to l'oll,1IWt
I:il'gl'r or "III,dll'r qll:i1ltitiI'H of 1I11t!'il'lIt" IIi' to tl\l'
ilhllllill;ltpd %OIlC, Durillg the sprill)!. thl'l'don', I\'P
"hall Hlway" find l'I'('rywhl'l'l' tIll' 1110"t" 1I11\IIIdHllt
pl'riotl of productioll,

Thl' tillll' at whiph this proc!\I{,tioll ('OI1II1It'IIt','"
dill'"l's ill th" difTl'l'l'llt Illarille an':lS,

~, Thi" p{,l'iot! will til'"t a.ml fO!'l'IIIl1"t' h" dl't"l'Il1il1"d
Ily thl' illlllllil1Htilll1. Ulldl'l' oth('l'\l'isl' I'qll,d ('011
(l'itiol1" of light gl'owth wjll fil'st colIIlIll'lIl.'1' ill the
al'l'as ill whil'll I'll(' watl'" i:LY(~I'R aI',' Iir-"t, shd,ili"l'd,
I"'call"" I hI' "llJ'I'ifi(' gr;II'ity o[ till' "lll'f:ll'l' wat,,'r is
l'l\dlll'I'd hy w:ll'JlIillg or I,y thl~ additiol1 of SlIl'f:ll'I'
1,"'1'1''' h'LVill'" a I",s" "alillJ' (',olllt'l1t, a" alol1g lhl' ('oa"t,-:
or' 8"HII<lilla~ia, III Ihl' ~lmgl\I'ak tl", dl'l'l'lopllll'lIt
"OII1I1It'ill"'" ill Felll'lIary. Oil t,hl' w .."t-(,Oll"t, of NUI'II'HY
ill ;\Jal'l,11.

;\" l"llg as a. \'t'l'ti"al 1II00'l'I111'IIt of thl' watl'l'
IlIa"S",'; i'" ill 1'1'1Il!I'l'SS t'lll' plallktoll ::lgHI' will pal'ti

','ipHl,' ill I,h,' IlIm"I'IIIt'II!. "0 that, I'HI'h 1',.,11 Oldy 1"'"'

,'"il""" " 1'1':11'1 illl1 III' (III' lighl whil'li I"'HI'I"',, 1hi' ,';111"
ral'l' 1:11"'1''', If 11\1' "lIdal'" ilhll1lillHli"11 i" 0111y jll"t

III

,'ltlli"i"11I III ",,,tid,, !I", '1.-.,illlll;1I11I1I III l,r"I'"il 11\',,1'
II", 1'I,~"il'al iOIl I lit' 1"'1'1 i":l1 "il'l'lIla! i"l1 lI'ili 1'1'1'1""111
II", .1"1,'1"1'",,'"1 III' "II ,tlIIIII,LIIII pllrlllldal11;1I1II,
III II", ,,1111111\.'1', 11'11"11 II", 10111111" IIf li,~liI i,,,; ,';lIflil'i"1I1
ill 0111' "II it lid,''; :1011'11 III :li 1 Ii I 1111'11"'''' III' "1"'11
<1""1 "'I' ill 1.1", "1"'11 S"'1. III" \"'1'1 iI'" I (,j 1"'111,11 illll .'all
,'! ill l'I"",'k (It., ""1"'1"1'111"111 ir ! Ill' I!IIlI"'II"'III, ,':d"IIII"
""",'liI i"lh' d""I"'1' 111:111 III I IIIl"" .1"1'1 h" wlli"h 11I:ll'k
III" I'"i III "I' "1111'1"'11"" I illll 111'111""'11 a""illliia I i"ll :11111
n',.;pil'al illll,

III I It" ;-";01'1 It"I'II ,\ Ilalll i,' I Ill' .1"1,.'1111'1111'111 III' tit"
,dl\'flll'lallkl"" ""I/lIIIl'I""','; ill ~I" \', ill IItlt,'1' lI'''nl"
a, 11I,,"t II 1,,1,'1' 1,11:111 ill II", ;\OI'II','!.!iall "II'IS!'-W'LIt'I'S,
II i" 1'1'"1,,1,1",, l'llal tlli,,, <l1,lay i" '(III', Ii 1',,1 alld 1'111'1'
III",";!. t" I lit' I'i n'IIII1,,1 '" Il", t ha I' HII' 11';11'1'1' IIla",;p"
Ii 1',"; { l'I"'IIJ/lI' ':lll'li .. il'lIlh' "tal,ili,,,'<1 al I Iii" l'"ilJ!, \If
tilill',

()II I Ill' IItlt"I' It:llld il is 1'1'l"'is,,I.I' as a l'1'slIlt of t I",
,'I,i1,ili',Jlillll tllal II", 1IIIII'ipIJI ,,"I,~bll"'" al'f' I'al'idh'
"III1,"IIIII"d 11'1"'1'1,1,\, II", 1'1'11.1 11 .. ( iI'" Ilt'l'illt! is thll" ,.I'
,,11111'1 dllralillll,

l\lolI!~ III\' .'"asls III' IIl1l'tlll'l'lI )o;III'ol"' '"111 :,\J)l'th
,\ 1I11'I'i"a 11',' "I'f' ""IV II 11'11 1'1' "I' 1Itl' a1111 lIa I I'l'l'iodi .. ity
ill IIIl' .1('1 ,'IIII'IIII'lIt, ill its Illaill f"atlll'''~, [II thl'
(l\'pall'" 1""'''' of lit" ;I;"l'lh ,\tlallli.' tllt'n' i" "till
(llily a lilllilt'd 11I1I1IJ.l'!' III' "IISl'I'I';ltil.llJ,~ uI'ailal,J",
(III tht, l"lsi" of tltp 1'lalt'l'i:l1 al'ail:Li,J" :-;'n;I';~IA:\;o;

Nt "!'"I';:\ I) ha" "ktotr:h"d (I. I', 1', 72) HI('. pl'uhable
1"III1'SI' of tit" '"11111,,1 d"I'I'I"I'/lII'lIt ii, t hI' diH'I'I'pllt,
SI'I'1.01''' 'If HI,' al',"1. :\"1'0"" till' l'id!.!I' Ill't 1""1"'11 Ic(,I:llIcl
- -, F:lI'fH' 1"lalld" ,- ~ll\'tl'"l1ls thl: :Il'ailahll' IImlt'rial
""1'111'; h, sholl' th"t a ('oll~jdl'i'ab'" pl'Odlll'tioll tak.,,,
1'1111'" fl'Ol11 ~lay .lIlward 1,III'UII,l!III/llt thl' 11'111.11' of th"
SIIlIlIlI('I', III thf~ (illll' Ntn'alll al"':1 til 1"111' IIl1rtlt alld
to tIll' sllllth IIf 1'111' I'id~., :1 higll I'nllilldillll tak,'"
,"al'p ill ~Iay alld ,/11111', wllil., 1'111' 1,JI,l'tllpl,,"ktUI i,
1"1IJ!'t'I' dlll'illg tltl' n'st IIf Ih.' n'"I',

'I'llis al'''!l ill p:II'l'iI'III,"' i, S/JI'r,j,dl,\' illlt'I'I".;tillg fol'
d"t"l'lIlillillg t,hn 1'l"Jlllldil'jh' or 1III' wholl' of thl'
1101'1' lit' I'll A1!all tic, It \\'(111101 Ill' (If I ItI' I!l'l'a t pst ill tl'l'l'"t,
jf a tltoJ'()lI/lh inns! igatillll ('ollid III' f'arl'i,'d Ollt of
HII' I'lallktoll prlldlldioll ill (,I1I1II1'xioll with tIlt' 0('
f'1I1T,'II"" of OXygplI, II it mh'" alld pho"l'halt'", prd"l'
Id.!\' al"o with ligllt III1'aSlln'llIl'llt" thl'Ollghllllt 0111'
spa~oll fmlll allli illf'llIdill).! '\l'l'il "I' I'll :11,,1 illf'llIdillg
:-;'~l'h'llIb"I', 1 \I'IIt1'" "I'IIIH1,,1' l'It,' flliioll'ilig ]H'rio"":

I, Allollt Ihl' IlIi""I" Ill' Al'l'il
2, ;\!>Illlt th,' tllid"I" (If '1"1'
:3, .:\ J.IlIl t t Ill' 1st ,Ill II' '
,I. DlIl'illg 1111' I:JlIl'\' 'il:"f (If Allgtlst

,.;hall Ita 1"1' th" 110110111' 10 stll/ltlit 1"'1'1,:1111" r1\1l'ill~

1'111' ('lIl\1l1'il ~11'1'1 ill,U at' C"IH'IIII:lgl'lI ill ~1:J): :I 11l'":'~
tI"tail,'" l'l'l'"io\l "I' lllis 1'1'01'""al.

H, 11. HIlAf',

I) I':, ~T"I':~I \ ... s :\II':I.SI-:': TIll' Pl'lldlll'lillll III' phdll
,,1:lld,11I11. I. :II 1"1' 1'''1'111' lsi"", 1",,1,,1111. 1';",I-I;I""'ld"II"
:ll1d ill 1111' \\'all'I" "l'lIl1l1d, \1,,<1<1,1'1''' 1';11111111, r. 111111111"1'1"
l:i"I,I'I'i· II:.' 11,,1'11,"1,,1''' .. ~"I', 1'1;lIlklllll. 1:.1, III, \1', I.
1'1I1'1'IIII:I~I'lI I !);;:I,
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3. Proposal by the Chainnall of the COllsultative COl1lmittee.

( I )

TI,,· l"f"rJ,ali,,":tI ('''"I1l"i!. ill il~ BIIII(·li,I." allol
,,'1: .. , jl!Jiolic',,1 JIll'", lias i%III'oI ,111"\'('.\''' III' II,,· "1111",·
I:·... · r,,·,tll" III' IIII' liyolrllgral'llic' illl",,1 ig:tI illll~ :11111
1,1"111;1",, i'I\"'''Ii,~ali,,"s c·:,rri,'01 "III oIlirillg IIII' '1'1'11'
'"rh' ",,"i~,,- ill l,n'I'illlls rl':lrS, :11101 a ~lIn'I'\' i,~ ""11'
! .. i,,~ l,r"I,ar"oI I,y ,\11', ~A:\IJSTI:ii~I, llin·,·t'·III· .I"
1;,""';1,1. flf IIII' 1,\,01 r,,:c r:'1,hi,· IlIah'ri:l1 1'011""1,,01 1,.1'
'!", 1""'/'Ila t ill",01 l'/'lIis,'" tllrlll,~h a, 10llg ~"ri,·" of
\',',,1',", Ill' '-I,,·,'i,tI IIYoi r"gr:'1>!' ic'a'i allol l,i"iogi,·,tI slll,
" '"lll1i ", ,"" ,,,t ",,,1:1 1'01 i",'01 1111'1 I,,,tls 11:1 I'" 1'1'1'11 01,,
1',·1"1",01 1',,1' 1111' '1'la'ltilaf'iI"1 oIl'1'·l'Il1illal.ioll of 1Illlri"ld
""IIl!""I"d,~ of tl", .';l'a lI':ltl'r, 1'''1' th,' III1'a"II/'C'III1'\l1 of
til" 'dip"" ill\l alld sl"'l'd of <:lIrl'l'lIts, of liglil dt'll'r
1"ill'ltilll' alld t lip cllla\ltihttivi' distril'lItillll III' I h"
l,hl'kt"I' III' 11]1' "'a, III th" h0l'l' lhat 1111' tillll' 111:1.1'
!,Il\',' Irll'.'· IIlTi,.. ,·d for 1I101'l1 ratioll:ll plil/l\lillg for 1111'
:'I!llr,' "11 thc' I"l~is of this slln"'\' I 11111'" ''''\If''IT,'d
\',i"] ,\11'. :-:,I:\I',~T1:ij\1 alld tl,,' ('liai'r\lI'"1 of tlr,' 1"'"tI,
["I, I '''"l1litll·''. I'l'llfl'~s,)r It. 11. ':H,\;I:, :wel Ililh
ti" II' ~1I1'1'0rt I I"'\ltlll'll til IIrge till' C'1I11"'lltalil'l'
!·"II"lIitt,·,· tl) di';C'llss tlrl' !jlll'stiull III sUlIII a I'la\l
f, '!' th,· I'll t II n~.

! ""lilli" that tltis (:all I,pst Ill' dlllll' 11\' :L ('(1111
IlIitt"" '!,"cia".," al'l'0illtl'd 1'01' till' I'tll'I'O~~1' ",ltil,1t
,'all Wl,rk rJul t.11I' ddail.s of tltr' !,lall lUld sll"fllit a.
l,rIlJ)I).-ai tl) lIl!xt .Far·s C'ulltll'il l\!!'l'titlg, hilt ('1'1'11
.1" tlti.; "taw' I d"sinl to illrlir'al(' tit!' Illaill lasks
II'I,ir:lt. a~ a n·..;lIlt of tit" <:1111[('1'1'11('(' tllI,tltiotll'd al".IYl',
! !T11l"l rr~;!ard a" tl\f~ IIlUst illlf!ortlttlt.

PI a II 0 f 1/ y r11' 0 g I' a pit i (' - B i 0 lug i l: a I
I II I" rl sf:. i g a. t. i 0 II 1-\.

I. Tit" 'l'II',-;ti'JII of altl'l'I1atioll ill nCI'all ('IIITl'IlIs
al"[ a "I;:lr:lC't"ri~atioll o[ t'lI,,'ir \'ollllllt' 1'1'0111 tltl'
,': 1': 1""111' t') till' ot Iter.

"Ii "Till: (Julf Strr!:llll" as a 11I(':tSIlI'tI of tlt(' illllll
"1"",' ol till' Atlantir; O<:e:tll Oil Nortlt }<;1Il'OI,,'a.11

\I'"tr"'r~, ,\':"ording to a P.l\1. hy i\1r. 8ANIJSTltti~1 (~('('

,,J,, 'I"') I", ,', ,1t~iol,'I''' a" 11""'-,..';;11'1' fflr 1111' ill i I i,,J
IIri"1 I! aIi,,,, III IIII' 'JlI'"'' i lilt a "I'I',SS "",.j illlt III' tI,,·
II':I! "1','; :-;1"" I." III 1,·"la \101 1'(111" I i 1I11'~ a I"'a 1', 1'1'11111
~1,ilsl'l'I'g"" \1','.;1 \\';1'1'11,< III till' i,·,' al ,It,: I,,'gilillillg
,11101 "1101 III' IIII' 1I'I\'i~al",' S"II",,", II i~ "I' ~r"al illi'
I" '1'1:1 Ill'" 1II "1101, ':I 1";11 I' III "'" 'III'" ""-I1I"'l'a; ill II \I i III
I h,· :-.: 111'1 h ,\ !lII'li,a II ill I'I'';! iC!a I illll" III' II", (: III I'
~I/'I'alll as l'I'l'I'illllsh' ,',"Ti,'01 11;,1 1,\· III,' \\'111101,,; 11111,·
()""a I"'.~I'a I'll i,· IIt.;t i III I illll: ;11," 11,1' "II-(lllI'l'a I illll III'
IIII' B"I'llllId'l I:illlll~i,',d ~Llt illll '1Ii,!.':!I! hI' '-""'111'1,01
ill as 111111'1, a,.; Illis iii''' itllt illl' is c",'-(lI"'l'atill~ lI'il II
1111' \\,(llIds lI(1iP 111"lilll!illll "" til" 'JlIl'slillIIS uf Ih,'
(lllil NI/'I':IIII 1I'I'I'"ti~,,,illlls flll'tlll'l' ~(JIIIII.

(I,) II i" l"111~icll'l',·,i c11'~il'al",' Ih:lt tilt' illl'",.;ti,~,ili,'I's
III' till' 1';II,!.di~1t ('It:IIIIII·!. tilt' \llrllt ~c'a :11111 :-;k:t~,,

1':11\ II'lti:-ll Ital'" 1'/'I'l'ill\lsh' 111"'11 1II1,"'rl:tlil'1I ,.;ltllltid
I .. , "11\11 illll,,01 ill "o-III"'I'II! illll \I it It litis.
II. (:11 .\11 i\ll, ..~ligalillll 111'1111' alllliial Ilt'l'illd III lilt,
1'1'l,,11Il'! iOIl "I' lilt, sl'a lI\1d"l' 1111' illllll{'II"" "I' I h{,
f:ll'tlil's 111111' kllllll'lI (tilt· IIl1lril'llt' ~III,stallc""s alld lilt,
ligld'.) should 1,,_, ,·alTi,·d 011(' 1'01' <III" illdil'idllal )""'11'.

fo'llt'l'ial 1'"ll'h'l~i,.; hl'ill,~ I'lid 011 the' ah"\"'-III"lIti'nllt'd
111'1':1. ~1t{'llalld-,Il'l'lalld. [-;1I1 .."'q\l"lItl.", till' 1'(',';ltlt~

IIIII~ ol,tai\ll'd will III' c'apald,' of S{IJ'I'I"IIIl'IIt:tt'ioll
ill ('Olllll'xi<lli I"itlt tilt' 11\-drl1graphic' ill\·"stigatiolls.
Wllidl :11'" l':IITil,d Ollt 1'0111' tilllt·,~ a I"'al', lI'itlt tilt'
ohjt'l'j ill "il'II' iiI' st"d.l·illl! t h,' l'olT'l'lal ion of t h,·
:l11111I:tI :tltl'\'lIatio\ls ill th,' IIlarilll' ('IIITI'\lfs alld
alh~l'lI:tl,iolls I' Will yl'ar to }'('al' ill thl' prodllctioll (If
till' I-\{';L allrl ('\I'lItllalh' ill the rUllditio\ls for th,'
1Illlllf'l'i"ul stl'l'llgth of tIll' .year-chlss('s (If illlJlortant.
fond lisill's.

(h) III I'olljllllf'tinll witlt lli(' illn's1 igal i,,"~ ill th,'
,\tlalll ic' 01'1"11' ,.;illlilar illl'l'';! igati"ll.~ sliould III'
1""Til'd ollt ii, '1'1,·"It'd ('o",.;lal ",ah'I',"' of " '~Ifl,,'i,"tlh'

int"l','stillg (·h'l rad('I',
:!!). ,\ I'l'il 1!I;l:-<,

,I nll.l:\ HJOHT.

Sub-Committee on Combined Hydrographical and Biological Investigations.
,\1"111 1",,.-: I'r"f. \1. I\>;{:nst-:>;, 1'1'"f. II. II. 1:IIA:'l, Ill'. It' Ed. IJA>;lIi'. 1'1'111'. 1\, ~I:III'I.~,. alld Ill'. ~'LI>;I.I:Y I\Elll'l.

TI.., ('''~III1,itl.!' 1lIl't 1111 :\1 a I' :!Gth I'll cOIIsjd,'1' wlIrk III lit' dOli,' ill thl' ""al' flltlll'l': it, was d"l'id,'d tll haY" a 1I11'!'lill;:'
III thl1 IIlltllll1l1 aftl'r 1'l'I'l'il't of l'I'plil'~ III a !'in'lIlal' Idtl'r iSSlI{·d.

142

,II

3, Proposal by the Chainnall of the COlIslJllativ(' COlllll1itll'(',

( I )

I
I
I
I,

'1'1", 11I1"nliJlioll:d ('l1lllll'il. ill il~ 1I1111('lil'" alld
.,'1:", 1"lloIic"11 i,"I.-. h:ls is';III·d ,11I'\'('yS IIf III,' "1111,·",
11·... · r"·ldl- of II", 11.\'drllgl'Hl'llic' ill\'"sligalil1l1'; all"
1,1,,111;1,," illl','-1 i,~al iOlls c':ln'i,'" 0111 dllrill,~ I Ill' 'IliaI"
"'":''' l"/"lIi-," ill Im'\'illIIS n'ar~, all" a ~lIn',,\' i,; lIo\\,
I .. ill~ l,r"I'ar,'d I,)" ,\11', :-'A:-;IISTI:ji~l. llir",'I"lIr ",.
1;'11"""1. IIf ,I", 1'\'dl'o)CI'I'l'hi,' 11I:lh'rial ('oll",'I,·d 1,\,
'1", 1:""l"Il:tfil1l1:d l"I'lIis"s tlll'lIll~h a, 101l1-!: s"ri"s I'"
.I',',tI'-, 11\' "IIl"'i:d II.I'drllgr:q,llic'a'l alld I,i"iogi,'al Sill,·
""I1II"ill""- ,-!:lIlllal'di;wd 11"'II,,,ds I,a\'" 1'''('11 ", ..
\',,1"1"'" for till' 'l'llliltil:di\'c! "..t,'rlllillal.illil of 1"11 ri"ld
""1111""111",- of till' .'l·a \\'ab'l', fIJI' til" IIIl'aSIII','III1'1I1 of
rl,,' 'dip"" i"l1 :lIld Sjll'l'e1 of <:1I1'1'I'lIls, of liglil e11'l('I"
1"ill"ti"ll alld ,I", cl"alltihJti\,I' e1istril,"tioll of I h('
100""kIOIl III' Iii" Sf'a, III tll(' h0l'l' that th" tilil" 111".\'
,,,,\'," Ii",.. " ani'.-"d for 1I111f'(' l';LtilJllal plallilillg for th,'
:'\('11'" "" tI", I"l"is of this Slln"'\' I hilI'" "0111"'1'1"'"
I',ilh ,\11'. :',\:-;I,.~T1:ij~1 all" till' ('hai'rlll'llI III' Iii,' 1'1:1111,·
;"1' """l1l1itt(",. I'l'llf,,>!s'J!' It. 11. (:HA."I, ,wei I"ilh
ti" ir ~111',,')rt I 1"'lItlll"~ 10 IIl'gl.' till' C'1I11"llltalil'('
I'''III/Ilill'''' tl) di-,'uss thl' lju"stiull o[ slIe" a plilll
i,,!' th,· flltun~,

I n,~IIIII" that thi>! r:all Ill'st Ill' cI"lIl' 11\, :L l'(llll
IlIitt"p -"pr'iall.I' apl'0illtl'cI [01' I",' PIII'I'Il~~1' whic'"
"all Wl'rh: 'Jut till' clduil.s of till' plall ,wei 1i1l1'llIil a.
111""1'I),'al tl) Ill!xt yl'ar'li l'ullIl('i! l\ll'l'tillg, Iliit 1'\'('11

.1' thi- "til!!1' I eI,'!"in~ tu illelir'ate thl' Illaill lask>!
wl,jr:h. ilS a re,illit of th,~ <:nllfl'!'('IIl'l' IIIPIIt"iolll'd :dlll\"l',
I !1111':t n!j!ard a" tlll~ IIIUS! ililport:tnt.

Plall of lIyc1l'ogrllphir··Biolugieal

I II I' r~ S til-; a. t. i 0 I I Ii.

I. '1'''" 'I'l,'.-;tioll III' alt('['lIatioll ill OC('1I11 CIII'I'l'lltli
;l1"l :I "\;IIT":lctr'ri"atioll of f"l11.'il' \'oIJIIIIl' f"UIII till'
":!': \"'111' T') till' ot"'!I',

Iili "Till: (~ulf ~trrlaill" liS a 11l1'fl.IiUI'l' of t"P illllll
"111"',' IA till' Atlantir; Oceall Oil Nurth gurol"'H-1l
\\'"t'-'r" .\r:r'urding to a P.l\L hy MI'. 8ANllST1tti~1 (~l'(,

ill"'I"') II" ,·,'II"id,'I'" :1" """'-,..":11'1' 1",,1' II", illil i,t1
,,)"i"lliilli,", III till' lflll".li"ll II ,.)",',,,,, ,,·,'Iill" "f til,'
\I'ill,'I',- ~II,'II":,,I 1,·!,lal,,1 [(III" lilli",': 'I I"'al'. fl'''lll
:'1,il,d,,'rg"11 \1','-1\1''''1"11" I" I III' i,'" ,iI I h,: I",.~ilillillg

,",,1 "lid III" IIII' lIill'i~ill"" S,'il:-"II, II is "I' ~)""ill illi'
I"'rlill"'" I" "II""il\";lIr III S""III'" ""'OI"'l'iltilill \lilll
II,,· :r.:lIl'lh ,\IIIl'\"i";l11 ill\,,'-li~illi"II'; of 1111" 1:IJlI'
:-'1 )""11111 J1~ l'I'l'I'i"llsh' "'"Til'd ";11 1,\· II", \\'11,,,1,, 11"1,,
(),"'J1II1',!!I'''l'lli,' II,slilllli,,": III-II II"" "I'·(lIII')";llillll "I'
II", B"I'IIIUdil I:i"III~'i";l1 :-'Lil i"ll IIli,~IiI 1,(, '"'''111'('''
ill ilS 111111'11 :t,"' Il,is illsl ilut iOl' is (''.I'''I"'l'atill!! wit I,
t I", W""cls II "II' 111,,1 illl! i"ll "I' til" 'pll'si i,,"s of I h,'
(lull' Ntl'l':111I 1II\"I'sti~;lli"llli flll'lllI'l' "olltl ..

(I,) II is c'lll",itl"I'I',1 e1"sir:tI",' Ih'lt till' ill\'I"ti,~:tti,IIIS
"I'llii' 1';II,!.:li"h \'hallll"!. till' :\"l"lh ~"II ,11,,1 ~",,).!, ..
I';I/( wllll'lt Ital'" III'"I'illttsl\' 1""'11 lIttdl'l'lakl'lI "iJllldd
I,,· "lIl1lillll"" ill ,'o'III','ratilili "illl liJi",
II, (a) ,\ II illl'''S\ igal ilill III' II,,· '"11111011 I'l'I'ilid ill 111('
I'l'lldlll'f i("1 col' Ih" ,,(':) IIl1d('I' IIII' ittlllll'lI"" III' IIII'
f:\l'llll'~ 1111'" kllllWII (till' IIl1t l'i"111 "I1I,,,lalll'('s alld 1111'
ligllt,.) sl,ollid \".' "ani,'d lillI' for lilli' illdiy'idliai )""011'.
"I"'('i," 1'11II'h:l"i,- ill'ill.~ 1:li" oil th .., a""\','-III"lIti'OIl,'d
111'("1, :-'iJ"tl:tlld,--II'l'lalld, ~1I"''''''ltt''lltl.'". till' 1"',slIlt"
1I1IIS lll,taitt"" ",ill 1If' c'lIl'al.l,' III' SIIj'I""ttll'lIlnt"illtt
ill ('lllllll'xi(lil "'itlt till' 11.'·e1rilgrlll'iJi(, ittl·,·;.:tigatillils.
whidl 'II'" ('arril,d ottt flllir tilll"" II \",,11', ",itiJ fli,'
o"jl'l'l ill \'il'\\' of stlld.y·ill!, I Ii,' "(I1'I:l'lal ion of tIll'
allllll:t1 IIltl'l'lIl1tiollS ill III" 1I1'Irilll' ('III'I'l'ttl:-: alld
alll!l'ttal.iom; fl'llill y('al' 10 }','al' ill tit" PI'OdllC'tioll of
tJl" i·wa allli ('\I'lltulllh' ill tlte rUllCliliollS for till'
ttlllllNi('ul s!n'IIl!tlt of thl' ,\'l'ar-ehls;,:('S of illljlortallt.
fllnd li"III'Ii,

(il) III "Olljttlldilill wit Ii ti'l' illl'l'S! ig:II ilills ill till'
,\tlllill ic' tk('all ,-illlilllr illl"\,,,t igatilills sltllilid I",
('urril'd IIllt itt ",'I""h'd ('I1I1"lal wah'r .., llf II '"'IIt!,'i,,1I\'
int"l','stittg "hll rad,'I',

:!!.J. ,\ I'l"il I !I;lc<,

,I 1IJ1.\ x IIJOHT.

Sub-Committee on Combined Hydtographical and Biological Investigations.
'~I"I1II.. 'r-: 1'1'''1". ~1. 1\.\1: nSI'::" , 1'1"IIr. II. II. (:IIA:;, Ill', I" Ed, IlA:"IIIS. 1'1'''1'. n, S':II!'!./.. alld Ill', STA';I.I:\ 1\1-:\11'1.
"I" I,,! '·"llflll;I!.1' 1111'1 1111 :'1:1\' :!Gf"li til ('lIusid,'1' WIIl'k I" II(' dlllll' ill til" ""ar flltlll"l': it. was d"l';,Jood I" h:l\'" a 1Ill'l'till;:'

III tltt~ IIlltllll111 IIl"tl'T' rl'l'l'il't (If l"I'plil's I" a l'irl'ulal' Idtl'r i~S1I,'d.
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APPENDIX n

Co-opcration hetwcl'1l Biologists and Hydrographcrs

1\. A..\ :\ II',; It"" O)i

.[.:-; :t I"t.tl'r 1" III", til" Cllail"lllan of tIll' CUlwllltatil'"
_ . C'"rumit.tl'l', Ilr. CL,IJ(I(, ha.~ toldlnl' that, he inl!'lId,
to tal", III' till' qlll!"tion or 1111' ('I""I~I' j'l'lati"n"hil'
Iwl W('I'II I,iol"gi"t" a.11I1 IIvdl'llgra phl'r;; I'or disc'lIssi"ll
at. thp IlItxl. nll'dinl! "I' IIi" ('olliinittl"'.

As I l'lli~l.'d tlti" qu""ti"n at. tit,· BUl'l'a n :\\"pt illl!
iU Jlav I \Ir)u, I 1'1'1'1 I should ~a \' a I'I'W Wol'< k

In ~pile or tlw I'xtl'nsivl' in'tprllati"lIal IJiol"gi"al
:JlIII hydrugraphiml invest.igatioll" all·I·lul.I' IliadI', :llld
"I' til" l'Itry importallt reslllt" "I,tailled. 111:1.11.\' import
alit, prubIPm" l'oncl'rllinll; tltl' influl'lIe" "I' tit" ,'lIl'il'llll
mellt 011 Ule animal lire ill t.lln sea ill'll st ill a.wait.illg
solutiun, Lpt. me takl' "onw eXli,lllpll:~ from thl' In~rrilll!,

whieh ( han' studied t.o Roml' I'x1I'nt.. \V,, do 1I0t
knuw whetlu'r, and if ~o tu what. dl'gl'l'l'. till' 11 \'llru
graphical condition" arc I'I'sponsilJl" 1'01' tlnl oeeurr'l'llI'p
uf dilrcl'lmt herring pupulations wit.h, fur im:l:lnf'l'.
varying IIll1n!Jers of Yerte!Jme. WIl llu nut know to
what, extent the envirunment is the Call"!) uf t.11I'
var.ving :dJllndancn of year-classe.~, and we do !lOt
know whether it i" ehanges in t.lw SI~1L I.'nl'I'llllt" ur ill
the gcneral hYllrogruphiral (·.unditiuJIS that hal· ...
ureasiollcd the grcat fluctuatiolls ill t hI' herring
fish('ry oIl' thc we"t. cuast llf HWI'dcn. 'I'1\(,sl' are IJUt
a fel~ examples from the hel'l'in~. I In,IieYIl that
similar installces can be cited in the easc of otlti'1'
fish,

llllllleuiltt.ely after the ('oun"il Mel'l,ing in Octllll1'r
UH5, thcre WlLS a IlIedillg in Charlott'l'nlulld with
herring expert.s l'art.ieularly interl'sted in Hit, IlI'l'l'ing
Jishcril's of t.he Transit,ion An'a.

At this lllel'ting the hCITing pruu!L:Jns of tlll~ Haiti
an'a were I hOI'uughly diseuss"d, speeial st.ress Iwing
laid upon t,he llcsira!Jilit,y of I'xlLminillg t.lw part
played by the hydrographieal conditions in causing
the great. tluetuations in the Ill'l'I'ing fislll'rils in thl'
8kall;erak and thc Kattegat. .

The elevell reCOlllllll'l1t lations l1Iad,' at t his IIII'd illg
inl'lutll'd onp to till' following dr'lC\'.

"I rydrogra phic:'d ill vestigat ion" "hou Id I.w undl:r
takl:n on thl' "IHLwning g!'lJunds of tllt~ hl'l'l'ing at thl'
tinw of Hw "pawning SI'aHOIl. If po~silJII', suclt invl'sti
g:ltions should I", clLrrif·tI out. in the fornl of cOIlt.iIlUOUS
oIJ~l'rval~on~ tlul'ing till' "pawninll; period."

Tltis 1'l"'''UIUle!lIlat.ion was uccplded wit.1I a \'i,'1I' to
a"('llrtainillC'; tilt, inllul'ncll whi(·1t t.11I' IIylll'ugr:qlltil'a I
1""ldition~ 1"'I",pially tt'llll"'I'alul'l' alld salinit.\'

(,xl'rl upon 1.1:1' al,uud:lllr,' of Yl'ar-('Ias~,'~' :\101'1'(11'1'1',
Slll'II Ilydrugral'hieal wurk Oil t.Il'~ spawnillg ground.~

should also IJI'uye wltctlll'r till' tlifl't:I·I'nt. ('haruetl'r" of
till' I'arious so-calli," IlI'rril,g rac'-'s ('ould bl' a !'I'sult
of IIII' difl'!'I'ent l'nvironll1('nt~.

At thl' l"lullcil l\ll'l'ting ill I!)·l:i a ~UI,-COl1llllitt",·

wa" also I'urnll'd to diH"us~ tlll' urC';auil.atiun or (',"n
I,illl'd hydrugJ'aphieal-hiulul!icaJ in·';-estigatiulls.

:\1. its first llll'pliug ill August, 19-j(j, thi" ~ul,

COl1lnlittt·(' SUl!e(l':;tc'd illter (dia t.hat tllP. proull'ln uf
till' illllueJlCl' of hydr'ographical fart.urs IIpUII tlil'
hiollldriral characters uSl'd ill mell work should Ill'
~tlllli'.'d by 1Ill'ltn~ of hydrogmphical illl",,,tigations
011 tli,.' ~plLwlJilJg gruunds of foud fi:;!H''', I'~pl'l'iall.\' till'
1tl'ITitlg.

I:luusclluently, in May and Sept,'ml,er, a nUllllll'r (.I'
sPf'liulls 11'1'1'1' made across thc Nurth :)elL, till' Skagl'rak
allll the Faroe-Shet.land ChalJnel.

At, t,lle mceting in Edinburgh last year of tlll' H!-dro
graphical Cummittee it was agreed-·at the ~uggl'sti(ln

of the Hub-Colllmittec--that, t.he rcsult.s ol)tninl'd
should br. wurked up intu It cumprehellsil-e rPJlIlrt
1)('1'urI' further act.iull waS taken,

I am sure that very valuable results·-frulII till>
biological point of vil'\\. also-·will Clller!!" frolll tlti"
hydrographical work.

But 1 fl'el nevertheless that a still closer liai~olJ

betwl.'cll hydrography und biology is esscntial. Fur [
am not ('onvillced that the hydrogmphicaJ rcslllts
available can supply answers to all the qucstions that
may I'e ashll by hiologists conccl'lling the pl1\-iroll
ment. In ordcr to judge eorl'l,ctly t.he influcnce l'xl'rtl'd
hy dill physiral alit! ehemical cundit.ions ill tlill ",'a
llpon t.he aniillallife, it is frequently necessary fIJI' thl'
hydrugrrlphiral ponditions t,o be st.u,lied in a cl'rlain
ddincd atl'a duriug a fixed period of tin\(' wh"11
sonldltillg of particular biological importall(,tl is
taking plllcc in t.hat arclt. For illstance, if \'011 wi:;h
to knllw the infllll'lIec that Illay 1)(' exet'h<' bl' thp
hyt!rogl'llpliical cundition" UpUIi 'tl[(\ cmbryonic ,'11'1'1'1
Ilplilent of t.he herring, it. is lIl'Cl'Ssary tu undl'rtab'
hydrographical invcHt.igatiotls on till' sp:tlnling ground"
at, th,' '.illll' 11'111'11 t.hat dl'velupment is takillg plarl'.

It. is ot' ClJUrSll a wl'll-kllowll fact, that. Wit han' a
"In'illl! "pawlliug hllJ'l'ing ofr the east. eUlLst. of Seotlalld
Whll"l~ \·I'I,tl.'bml 1111111111'1' is Ilhout ;,7, whill' th,'
NlIrwl'!!iall sprillg HI'ILwlling h"rl'illg whirh sl'awn~
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.[.:-; Il It·t.tl'r t.o 1I1l', till' Chail"lilan of till' ClJllHllltatil'"
_ . CI'flIlllit.t.I"', Ill'. CI.,II(I(, has told IIII' that, he int,'nds
til tak" III' thl' questilln or till' ('llJSl~r i'"latilJnshil'
1,l'lwf'l'll I.illiogists a.11I1 h,vdl'flgraplll'rn rill' disl'lIssilln
at till' IIllXt 1I11'dill!! lJl' his C'lJllllllit tt'I'.

As I raisl.'d tltis qtll'stioll at. tltl' BUl'l'au Jll",tilil!
ill :'IllLl' I \1f)U, I I'l'l'l I shlJuld sa v a 1'1'11' wllrds.

In Hpile of tlw I'xtl'nsivl' illtl'l'llllti,"ml hiologi"al
lind hydrul-(l':Iphical investil-(atiolls ali','adv nllldl', ILlIlI
of tht, l'llry illlportallt J'l'sults ul.tainl'd. III;J.B\· ililport
ant. pl'ohll'ms t'llnct'rlling tltl' illflUt'llIa, or t It I' l'livil'flll
ment Oil HIL' animal life iiI thn sea i11'l' st ill all'ait.illg
solution, Ll't. me tak\' sonw eX:Lmpl,:s froln tltl' Itt~rrilJg,

which I. han'. studied t.o ROlli" I'xtl'nL W" do not
knuw II'he\.1t1'1', and if so tu what. dt'gl'l'l', t hI' h\'dro
graphirnl cOlllli tiolls arc rl'sponsi IJII' 1'01' t.hll lleclll,j'l'lH'1'
uf dilfcrent herring populations wit.h, fur im:tanc'l',
varying lIulllbp,rs of n~rtebmc. "VI' uu UtI! know III
what, extent. the envirunment is tllll Ca.tlSI~ lJf t.h,'
var.ving :dJllndancn of year-classes, and we do Illlt
know whether it is ehanges in t.lw I:H~a l.'ut'l't'nt" lJr iiI
tlte gcneral hYLlrographical ('onditillJls that han·
oceasionctl t he great HuetuatilJlis in till' !It'rring
fishl'l'Y oIT the west. coast tjf f)wl,dcn, Tht's!'. al'e IJUt
a fe,~ exalllpies from the hl'l'J'in~. I. IH,lievl\ that
similar illf\tllllces can he cit.etl in thc case of otlte!'
fish,

Ill1lnetliiLtely after the Counp.il Med,ing in Octohl'l'
1!H5, there was II IIlecl;illg in Charlott,l.'nlulld with
herring expel'ts particularly int!'.l'l'sted in t.hl' hl'lTing
fisherips of t.he Tn1n::iit,ion Area,

At thi8 llIel·ting the hcrring pruU!t:JIIS of thl' said
art'a were t horuughly tliscussI'd, speeial stress Iwing
laid upon t,he tlcsirabilit,y of I'xaJllillil1g t.he pal't.
piaycli by the hyurol-(raphieal conditions in cuusing
the great tlul'tuatiollS in the 1l\'I'I'ing fisl\l'.ril's iu thl'
8lmgerak and the Kattegat.. .

The e1cven l'eCOIllIllI.'llllat,iollS llIadl' at this III1'l'ting
iUl'lul.kd onl' to th,· flJllowing tdl'lld,

"lfydl'ogr:Ll'hic::'d invest.igatiolls should bl' lIntlt:r
takt:n on thl' spaWnill1-( I-(I'uunds lJf t.lll~ hl'lTing at thl'
tilllC of t.11lI sl'awnillg Sl'iLson. If I'II~siIJII', slieit illvl'sti
g:Lt.ions shullid I,,~ cal'rif,d olit. iu tlw forlll Ill' l~llnt.illllllllS

olJHl'rval,jolls dlll'ing tllll spawnirtl-( pt~l'iod,"

This 1't'l'nUlrtlCllllatiort was ucel'IIf'ed wil.h a vit'II' tn
aSI'IlI'~aillillL'; till' illllul'lll'l~ whit'h tIll' ltyd!'ol-(r:Ll'hieal
L'lIllllitillllS l'slll'('ially ll'IlIIJl'I'atul'l' alld salillitl'

I'Xl'l't upun Ihp al.uudll.lIp" III' Vt'a.r-('Iassl'~. :'Iltll'I'nl'l'l'
SUt'11 llydl'ogral'hil.'al work IIU ·t.ltl~ sl'awlliug gl'lIlll11l~
should alsu prov\' whetll\'l' til\' diffel·t'llt. f'hal'uL'lI'rs nf
I Ill' I'a I'iuu" Ho-calll,d 1ll'l'rir;g r:Ll'l.'S f'lJuld br a I'l'sult
uf till' dill'l'r('nt L'nViI'Onlnl'lItH.

At thl' CCJlllll'il Ml'eting iu I!l!!) a ~nll-Colllillittl'l'

waH alsu flll'll11'd to disl'uss thl' "n!artil.a~iun or ('11111

I.itll'd hydl'ogl'uphil'al-hiolugica] ill'\'l'st il-(atiuns.
:\1. its fil's~ IlII.'p!ing ill August, 19-j(j, this ~ull

C'olllnlith.'(' sUl!gestl·d inter Illia t.hat thp. fJrolJll'lJI of
11\l'. illllnl'llCt· of hydl'lIgml'hieal fadur" upuu tltl'
IJiulIldrical characters Ilsl'd ill l'aCl~ work should hI'
s!lldi,.'d IJ)' 1Ilt'lll1S of hydrogmpltical inl'l'stigatiulls
on thl.' spawning gruullus of foud !isht'';, !'s]H'cially till'
hl'ITillg.

HulJi-:cL(ucntl.v, in May anti Sept'f'IIl]ler, a nUlIlh!'r (II'
s!'f'lion8 W(,I'C made l1Cl'lISS thc Nurth :)elL, thl' Skagt'rak
:lnd the Faro('-Shet.land Chanuel.

At. t1w mel'tinl! iu Edinburgh last year of tIll' H!'dro
graphical Cummitt.ee it. was agreed--·at the suggl'sti(ln
of the t:llb-Committec--that. the result.s obtninl'll
should br. wurked up intu IL cUlllprehensil-e rl'pllrt
IH'fun' further actiU/l waS taken,

I. am surt! that very valuable results·-frulII thL>
biulogical point of vielv also-·will elller!!!' from this
hydrographical work,

But. 1 fret nevert.heless that a ~till closer liaison
betwI'en hydrography und biology is essential. Fur [
am not eon,-inced that the hydrogmphica] resulb;
available can supply answers to all the questions that
may he I1skPd by hiologists concel'lling the I'I1\-iJ'lln
ment. In order to judgp. eorJ't,etly t.he influence l'xt'rtl'd
by t.IH~ ]Jhy~ical and ehemical cunditions in tlH~ s!'a
llpon t.he animal life, it is freque/ltly l1eces~ary fur thl'
hydrul-(l'rLphical condit,iolls t,o bp. st.u(liccl in a cl'I'tain
d!'Hned arl'a during a fixed perio!] of t ilnt' wh\'n
sOlllething of partieular biological im!'orl:lIw(I i"
tal,ing place in t.hat area. For installce, if 1'011 wish
til knuw tltc infltll'nee that. may 1)(' exe['tt.<1 hv tlll'
hydrogmpllical cundition" upun 'thl' embryonic ,'I(,HI
llpllll'nt uf the hert'ing, it. is Ill.'CI'SSary tu und('r~akt·

hydru/!mphical invest.igatilltls on t.lll' spawning gruunds
at. tltl' t.illll' wlH'n t.hat t.!l'velupment is taking plac,'.

It. is lit' eoursl' a II'I'II-known fac~. that. WI~ hal-e a
spring spawning hl'l'/'ing 011' the east. euast of S('otllLlld
wllllsl' ,·!'rh.,lnal nUllllwr is :dlllut :17, whill' thl'
NllI'w,'!!ian spring spawning hl'rring whif'h sl'a \\'n~
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Chart t. Prt~lJtlrt.'l1lJy.1. 1·;O(i\'l:'i.

Ill]' till' Houth·weHt cuu>!t of NOI'WUY hll,H ItI.llJut :,7.411
\·l'r'!.t,I'I'UI', What is the Cll.lIHC of t,hlH dim'rl'lll'l' ill til('

lIuJIlI",1' of vertebrae? 1H it \'ar,Yiug hydrographi('al
turulitiolls iu the t.wu Hllllwuing areus!

.-\t UI.\' 1'!''1UpHt ])1'. Euc:\'\:\ IULS "CPlI kiud plIlIlI).:1i

to SI'IIlI 1111' I'xt n'llIt'ly illtl'J'(,,.:t.illl! illl'lIl'luatioll 111"'111

the teuqll'rat UI'I' of thl' Wiltpr at ::!" alld ",II III. at the
\l'1'~ll'''Il~11I1'I\"I'Wa\, for FI,iJ"lIaJ'l' aud JI"I'('I, l!-ll~

I ~).j \1 (Tablp I). TIiL, shliwH that:' tlw ml'ial iOIiK an'
"PI'\' "I'l'a\. 1'1'11111 \'P1I1' to VPUI'. HI' hlls Ills" Sl'ut Illl'

I'll"; t~II'1It'f'atlln' 'cliart,; r;J1' Jla} 1!1-1~ Ilt. ~(Iul. lIud

;,11 III. ill till' IIl1l'tlll'I'fIlUII,t :\,"·th :-11'11 (Ch:Ll'ts I alld ~),
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IIlf tlil' SlIlItlt·weHt ClJlL>lt of NUl'war has ItI.llJut :,7,,1ll
\'I'I,t.!,I,ral', What i,~ the Cl1l1He (If t,hl~ dilfpl'I'I1f't' ill tilt,
1I111111H'1' lIf vertebrae? 1:,; it \"ar,rill~ ltydrlll!l'ILi'lti(,1I1
l'ullditiOlIH ill the t.wu ~llIlwlling areus!

.-\t 111.\' n'qut'st Dr, Euc:\,lx has 11I~(,11 killd t'llllll).:h
til H"lId IIII' t'xln'IIIt'ly illtl'r(,Ht.ill~ illt'f1I'llIlIlillll 111111111

the tt'11I!II'rallln, uf tltl' wiltt'r at il" ,Lilli c,O III. at tht'
\\'I'~1 l'l)ll~t uf ~l)r\l'lI\, fur F,'III'llal'l' alld JIlIrc!, l!-ll~

I~J·j!1 (Tablt' I), Thi"H HI",\\'~ that:' till' \"llri:LliuIIH art'
\'l'r\' gl'l'al, 1'1'1)111 \'t'al' II) VPUI', H,· hllH nlHI) SI'1I1 Ill"

1'\\,,; 1"lIlj'f'l"atIIJ"l' 'cltarh 1';11' :\Iay 1!I·j~ Ilt. ;!(I111. lIlId
;,0111. ill I Ill' 1II1I'thl'rlllllfl,..;t :\I)rlh ~"II Wh:trlH lalld ~),
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Th('~I' shill\' thaI, till' h'llqlerallll't~ wa~ highl'!' ofl' tIll'.
~llI'llalld Isla lid" alld till' lIorth of ~('lIt lalld (Imll Oil
t hi' I'llasl of Nurway ol'l'""itl'. 1:111. of ['llIl1'HI' il tl'lI~

II" prowl ieally IIl1t.hill.l! aIHIIII, ('oIHlif illllH dlll'illg tl .. ,
~I'awllillg pnilld il1 ~1i1I'1'h alld April. ,\ ~illlil;ll'

1"lIqH'r:L!III'" l'harf. 1'01' \hrch al1d April wOIII<1 ill
III." opil1illl1 IH' \'l'ry udu:rllil', Thai. is why I
l'I>lJ:-:idl'l" Ilrat il1\','st i~at iOI1~ sholdd Ill' Ilmdl' ill tlr,'
"I"L\l"Ilillg arl'a dllril1/! thl' 11l'l'iod ill whieh thl' l'g~~

.II' \'1' IIII',
I han' wiHllI'd to droll\' atll'lIlioll tu t.IIl'KI' 11'1'11·

klillWI1 I'lwlK IlIl'rl'ly a" ill1 ill"tall('I~ of Iht' desir'l,hilily,
III lily Ul'illiUII, "I' cl(l~l'r ('!.I-llpemtilll1 11I~1,\V1'1'1I hi!)·
IlIgi."ts alld hydl'ogl'aph,·I'~.

'I'lln Chairman III' t Irl' l.'ulli:mllati\"(, ClJIIlTllilt<,(., ha~

I'll I this 'plt'st jon lIn t hI' a,!!l'nda 1L1id I. Ita ve hf.'ard
fl'om )lr. Cr. ..Il:!\: that sume of the AI'I':1 Clrail'l1l1'n
ha\'f' aln'ady t'OIISidl'I'1·t! t.his pl'oblem.

It iH 111\' wi"h 111:11 IhiH '1III'.-ti'"1 .-holll<1 ('llIlll' lip for
di"('IIHsillll ill till' dill"l'l'l'trt 1'lIl1ll1lil!t"·". alld Ihat thl'\'
shellrl<1 III' aldl' 10 1'1I1 I'III'WIII·d dl,lillil/' 1'I'0l,Il'I11s I\'hidl
t IlI'y wislt !II ha \'1' soh-I,d I,\, 1111':1.11'; III' hyd I'lIgnl.Jdliclll
ill\'l's! i~iltillllH. '1'111' 11111!"I' tllI'HI' l'I'(,IIII'IIiS ('all l'lLl'h Ill'
d"lilll'd Hlld .Iixl'd ! hI' IH'III'I', Fol' ill,lanl"', if' \,Oll wallt·
III 1111\'1' 1hI' h'ydl'lI~l'al'hi"al 1.'011.111 i,,"~ ill :I ~pa\\'nillg
111"1'11 ill\"l'st ig:lh'd, t.11l'1I it· i~ ('Hs"'ill,,1 1',,,' t I", l,io!o:-:i"l~

I l! gi \'1' I Ill' I' xael pllSit jOIl or llr is a 1"1'<1. alld IhI' t i!lll'
dllrilll! whi"h it is dl.'sin,d to l'aIT\' Ollt. III" I,,·dro·
I! I'aphieal iII V,.,;tigat.illils. . ,

Nllw I :LIII sun' tluLt. r IUL\"I' 111"'11 tuo IlIlIg, Illlt I
l11l\'1' l'Ol1\!' 1,0 till' l'on('llI~illll t hill this qu!'stion i~ uf'
p:ll"UlllUunt impllrtullcl' and ('xtn'l1\pfy Iikl'ly to
jll'lITl1oh, IllI' illtt'l'l'~t,; alld adi\ity Ill' thl' COIIIIl·jl.

)low I only hU]H' thaL tlrl.' lryclru~l':Lplll'l':; will nul
t hillk 1hat \1"(' billlo~i:;l~ [Ln' askinu tll" much uf them.
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Th('~I' ~hllll' that, tIll' tellllll'I':Ltlll'l! wa~ hil!hl'l' ofl' 1111'.
~llI'llalld Islands alld till' Ilorth of :-;('lIlllLlld thall 0)1

t hi' ('lIasl III' NOrWiL,I' lIl'l'"sih'. 1:111. of 1'llIlnw it 1I'1I~
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l'IIIJ:'i"I'r Iilal' illl"l'sl i~:tt iOII~ slIlIlIle! h,' Ilmdl' ill tli,'
sl':Lll"Ililig arl'a "Ilrillg till' jll'riod ill which ,·111' t'g:!."

"1'1'1'1111',
I lial',· wisllt'd 1".0 "r;Iw al tl'lIlioll to t.hl's" wl'll

kllllll'lI fa.ds 1III'rl'Iy a" i111 ill"talll'l~ of till' (/e"il':l.hilil,I',
III lily UpilliOll, "I' clo~l'r ('.o-opl'ml'illll III~tlVel'lI hio
IlIgi.,t" owd liye!l'lIgl'ilph,'!"s,

'1'11(' (~hilirlJlan III' till' (;()Ili:Htltatin, COlllmitt"I.' lIa~

I'll I this lllll'st illll ('11 t hI' agenda !LIId I. 1m Vt~ hl,'anl
frullI Ill'. Cr...II:K tliat "ulIle of tlw AI'l'n Cliail'lIl1'n
hal'(' aln'ltdv ('ollsidl'l'I'd t.his prublelll.

II iH 111." wisli 11i:lt lliis 'llll':,li"1I .."Iould ("I!llP lip for
di"c'lIssjllll ill IIII' dill""l'l'hll'lIl1ll1lillt,.·" ;L1Ie! lliat IiiI'\,
sliollid I,t· Illdl' 10 1'1I1 flll'll'al·d dl,lillil .. pl'ol,II'IIIS which
t IIl'Y wish III hill'I' SoIHe! 1)\, 1111':1.11.'; "I' ltye!rll~nl.Jdliclll

illl'I'sl i~illiIlIlH. Thl' 1l1(ln' tlil'Sl' "r l ,'dl'IIIS (':1.11 l'a('!L Ill'

d.,lilll'd llnd lixl'd I hI' Ill,tl"I', Fill" il;,talll'I', if rUIl wallt·
til hll\'(' till' hydl"ogl":II'hil':II 1.'''1,,111 iOlls in II ~pawllillg
1I1'l'1I ill\"('sl ig:th'd, t.hl'lI it. i~ ('SSI'ltI lal fill" t hi' IJi"!lIgisls
It) gi \'(' l' hI' ,'x:td pllsi t iOIl "I' this :I 1''';/. :llld t hI' Ii !lll'

dllrillg whi('h it, is dl'sin'd I" (':In"\' IIl1t I h" hl'dl"o-
II 1':Iphil'al ill \·I':4tigat.illlls, . ,

NIlw [ :tIll Slll'l' I hiLt. [ IIJLI"I' IW"lI tu" III1Ig, 111/1' I
JHl\'" ('U III 1', I.u till' ('lJll('llI~ioll t hilt tilis qUPHti1.l1l i~ (If
P:ll"UlllUUllf impllrtulIl.'l' and ('xtn'III"ly Iikl'l.I' til
J'l"lITl1oh: till' illlen'Hls alld al'til'ity til' tIll' ClJllfI["il.

;'1"w 1 0111.1' hlJjH' that the hydn.~raplll'l"s will nol
1hillk thai \l'e biolo~i~tH an' askinu I'll" 1I11leh uf them,
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Appendix 4. Recommendations of the Special Scientific Meeting on Fisheries
Hydrography held in Amsterdam, 1951
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Southern North Sea (in conjunction with Net.hcrlandH
and British workers).

After HOllle <1isCllssioll the following l'csnllltiol1S wen'.
transmitted t.o the Consultative Committee and were
ultimately approved by the Council.

The sincere appreciation of the meeting was ex
prcHseu by t,he Chairman to Dr. nUI,1, and the other
contriuutors for t.heir stimulat.ing papers, thi:; ap
preciation beil1g subsequently endorsed by the
Cuuncil in Geheral Meeting.

Recommendations as amended by the Consultative Committee.

1) As the proceedings of this meeting have shown
that a combination of biological, hydrographical,
Illeteorological, physiological or statistical researches
has furthered our knowledge of biological productivity,
of the habits of the fish stocks, and also the fisheries
themselves, it is recommended that researches along
these lines should be continue<1.

2) It is recommended that committees should st,ate
as definitely as possible what problems they wish the
hydrographers to attack and solve.

3) It is recommended that compendious studies of
the normal behaviour of our major food fishes should
be carried out either by direct observations or by
laboratory experiments.

4) It is recommended that efforts should be made
to encourage the writing of monographs describing
the hydrographic conditions in the seas in which
fishery research workers are interested. '.

5) It is recommended that as a direct means 'M
showing the dependence of the fish stocks Oil hydro
graphic conditions, and as a direct help to the
fisheries, experimental fishing on a commercial scale
and other forms of assessment should be carried out.
simultaneously with hydrographic observations.

6) It is recommended that the immediate aims of
the Plankton Committee should include (i) studies of
the basic conditions of productivity in the sea, and (ii)
an attempt, by observations over a series of years, to
correlate the number of survivors of a year-class of
fish with the presence or absence of anyone or more
types of plankton organisms, both predatory and
food-producing, during the early planktonic life of
the fish.

7) It is recommended that the contributiunB to this
meeting be published by the Council as a special
report. Contributions that are or will be published
elsewhere should only be abstracted in t.he report.

8) It is recommended that the results for cod near
Bear Island and for herring in the open Norwegian
Sea be brought to the attention of the fishermen of
all countries.
A. For cod fishing near Bear Island.

(i) That on grounds west of Bear Island, in early
summer and again in autumn, atlantic type water
touching the bank can give good trawl catches, with
bottom temperature near 33/ 4° C.

(ii) That west of Longitude 20° E. a bottom tem
perature of less than 13/ 4° C. is generally unfavourable,
and so may cause concentrations of cod near its
boundary.
B. For herring in the Norwegian Sea.

During the last 4 years (1948-1951) herring shoals
have been observed in extensive areas over the deep
water north and north-east of the Faroe Isles in
May-June.

Later in the summer the shoals seem to concentrate
ill the border region of the East Icelandic Arctic
current between 66° N. Lat. and Jan Mayen. In the
two recent summers the Norwegian investigations
have shown that the herring shoals are also numerous
from Jan Mayen north-estwards along the border
between the atlantic and the arctic water, temperature
approximately 6-8° C. in the open sea.

Last summer (1951) herring drifters made good
catches 80-100 n.m. east of Langanes, Iceland, and
also in the Jan Mayen area.
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Appendix 5. Extracts from the recommendations arlslng from the ICNAF
Environmenta1 Symposium he1d in Rome, 1964
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- -l'/ ... :i~ i\pp. VI
1:~J1 \-j r onrnen tal

APPENDIX VI
REPORT OF THE SUBCOMMITTEE ON ENVIRONMENTAL STUD1ES

Chairman: Dr. C.E. Lucas

r econuncnds (:33)

that the obsl.rV<1.hol1r; of cllvinnunental i·,.l':·lorc; at coa.stal

stations and oHshon, points, including wea~her ships~nd

moored buoys, and rnakLng tlJe fullest use l'f ;:'!.utorn<-ttic re
cording apparatus, be continued and encouraged win"!

special refercnce to .!.:?mJ2eratu,::..::. and current m",:,.asure··
.!!:.ents: with the objective, first, of monitoring the hydro
graphic c.ondi tions and, B ecolld, of finding we. y 8 and
means fo.r predicting long .. term trends wh·ld:. Pl.:;'\' be of
significance for Lhe fisheries.

recommends (34)

(i) that the a.h:r.ntiO:l of hydrographers ht:: dra.wn 711 the
value ill fishcric9 in'.rcstigations of i,JCoJ tn:Jtion con

cerning a range UL enviro!lnll::ntal fa,.co ~ S d.ddit-iol1c.l Lo

the conventional ones, particnlarly jJ~.t2~~'ren~

mea.surenlcnts and lneaSUren'1ents of the intensi1:v and-- ----',--
quality Oi~ submarihE: light aJld thE"itr.~~h':s._~.£~~~<::.:

(i1) that, as the en ';-ij'o'tunenl: i fJ natut'alLy (J (.urnplex of

factors, and tr_l'.: 1'eal effr;:cts of a.ny or'e~ci'or rnay
not be found by shldyill;'; it aInn!·, 'i~ '~,'i()n lnust c~lso

be paid to t Le~~~.::~:.E..:L(_l:::!i:!~~2.0L.~I~L~.~_; ,~!_~.
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APPENDIX VI
REPORT OF THE SUBCOMMITTEE ON ENVIRONMENTAL STUD1ES

Chairman: Dr. C.E. Lucas

(a) On l\ilonit~.!'ing (p;:1.ra.~l) t!ll:' Sulwcn.!llllidc(·

recomm.cnds (:)3)

that the obsl.rv<1.hol'lr, of cllviromnentall,l-:'LOrc; at co&stal
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(b) On other envit'o11rne!1t~l:';a.c':o:!-,-~(para. 4) the Sllbcom:nii.tet'

r ecornrnends (34)
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value ill fisL(~ric;9 in'''cstiga.tions or iiJCO! t'n.ilion con
cerning a range D.L el!viro!lnl.::ntal fa,\.l:o ~ S d.ddi'iol1c..l La
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rnea.surenlcnts and 1ue.asurernents of the intensity and- ----',--
quality Oi~ submarihE: light a.J1d thEitr.':~tes._::L.£!~~~<::.:

(ii) that, as the en'lil'otunent i 8 natut'alLy d ,:.ornplex of
factors. a.nd tr_t.': r'eCll e[fr;:cts of any or·(:::..cl'or 11.1ay
not be found by shldyillg it atollf". '!~ .~.Ii()n lnust' <i.lso

be paid to t Le~~!.::~:.E.'::L(_l_~i::!~~~£.~'L.~.~~; ,~!:_~.
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En vironmental Subcomlni ttee

:Tr. App. Vi.

}~ IIvlro n rn cnta 1
Ann ex 1

Annex 1. ,!nformal Report on the Environmental Symposium
". -

, I. Humans ar e seldom left unawar e for long of the effects of the ever d:,ang-
ljlng environment, but in many ways cold .. bloodec1 anilnals are even more irn
~"''mediately subjer.t to these varia.tions, perhaps particularly those living in intimatl~
tcontact with the marine environment. SitUClt8d as they are, along a rela!i I 'I,ly
I~arrow Continental Shelf extending over some 30 0 of latitude, thfO. fis1:.leries of the
j'teNAF area may be regarded as particularly exposed to changes i.n their aquatic
i,environment, ranging from water mOVClnents that nlay carry fish eggs ::ind la rVct :
'fond their food off the Shelf to major cli.matic changes in the North wL ,·;h rnay PF]' 

;mit or make impossible the continued existence of stocks of comnl".;r __ ial fish.
tCNAF has made consi.derable progress ir. assessing the. stocks of fi8h 'J.t present
available, and is beginning to tackle the prohh.rns of the effects o· fishicg on (hen-"
but it was the recognition that such assessnlents a!'e always subjec; to environ
mental qualifications that l' esulted in the environmental progra.rnrfl-'2 oj' 1961,
:This comprised three main pa.rts, (a) the genera.1 pTogranune fronl \Nhich :'8SUltS
I
i_re now emerging each year, (b) the envi.ronnlental survey on whi::h Mr, ;.d:.'2: \},,'i~l

'be reporting a.nd (c) the Environmel1ta1 Syrnpoeium which was held this year in
,Rome.

l2. The circulated reports of the Conveners, and introdueti,m by the C:h~:1.il'··
man, provide a general account of what was a well attended and v?.lua.ble :::eries
()f meetings. In addition to bringing togethE1' masses of data hither!() un2.\'ailable,
it provided opporturiitie s for s dentists to me et and exchange ide;:], f:i, and indeed
confront each other with different interp!:',,,tations of the available c1;.lL~,. Two hn-
portant points which were immediately evident were (a.), despite tlc<:ir bulk, tr.e
relatively limited nature of the environment;:.;.l data bF·ing col.iecV~d (Ft·inri9alJ.y

concerning temperatures) and; to sotne extent consequentialJ· (>,j U"7: tendency to
produce over-simplified and possibly at tin,,:~s ;>']I'1.CiOU8 aSC;Ol.ii·! .'d'!S bt"tween,
say, temperature variations and variations in fish numbpj's ':'h',

3. For all that the need was recngnisc·d and strongl'y' ur,l"cc l fCll ;.,n lIH1'(,18(: in
the monitoring of both ternperature d.r,d salinity dd.ta, for di£h~Ti:'ltl rc~giul's over
the whole North Atlantic, so as to 1]!'lllcrstatlcl better how thes'. m:/ i)(l:.:du·d and
80 as to have even better da.ta for association with trends in the [l"t'lde;"., At
least two conveners advised us to consider pa.ssi.ng resolutions on U~lf', sllbj f r:t,

and several drew attention to the irnporlri.tlcC in fishety studies (;:11111 ind"cd tu tbt.'
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fisheries) of meteorological data, because of the significance for the aquatic en
vironment of exchanges across the air /water interface. In deputising for Dr.
Marty, Mr. Parrish in his report also touches on such rnatters when drawing at
tention to the importanc e for fiaherie 8 and £i shermer: r:J en vironm.cn tal factor 8

ranging from weather to the nature of the sea bed.

4. It was repeatedly stressed, however, that insufficient environmental
factors are being investigated in detail. ThOBe being neglected include possibly
some of whose significance we are as yet unaware, but cJ.rnong those with which
we are familiar, nutrients, the planktonic and other f,joU organism.s, the strength
and direction of ocean currents and the intensity and quality of submarine light
are evidently of great significance. It waH also stressed that the environment is
naturally a complex of factors, 80 that the real effect of anyone may not neces
sarily be found by studying it alone; consideration should be given to the effects
of the inter-relationships of factors and, as laboratory work in this and other
fielde has shown, to the rates of change of environmental factors and possible
threshold value I that may lerve as trigger B to influence re spansive elements,
neural or hormonal, in the internal environment of the fish.

5. It is reflections such as these that convinced most if not all (If those pre
lent of the urgent need for studies, in integrated detail, of both the environment
and of the fhh (and their fellows in the marine community) themselves. In order
to understand the environmental pichlre it is necessary not only to understand it
in detail, but to understand in corresponding detail the reactions of the fish to
different aspects of the environment (including fishing gear) I and the internal
processes governing them. This conclusion points strongly to the need for much
more experimental work, not only in the laboratory but also in srnaJ.l scale
"semi natural" environmental situations, such as those envisaged by ICES in the
experimental herring programme it is at present consideri11g.

6. In one fishery or another there have alr eady been a number of inve stiga-
tions of the well known fluctuations in the abundance of year classes, and their
relationships to the even greater fluctuations in the abundance of eggs, larvae
and young fish. But great difficulties have been met in assessing such fluctua
tions with the requisite accuracy for comparison with commercial data, and
many speakers stressed the need for greater facilities and for more carehtl
planning of such investigations. It is necessary also to understand more than we
do at present about spawning processes and the factors influencing thern. There
is a dearth of information about young fish in the first yeal' or two uf their lives
- a stage of life history which is very difficult to sample but which must be
studied if we are to under stand the cause s of fluctuation s in the s tr cngths of
year clas Be s.

7. It was considerations of the environn1ental aspects of such fluctuations
that led to the planning of the NORWESTLANT survey. While this was remark··
ably successful in many respects, perhaps its principal feature was the remark
ably small numbers of larval fish resulting fraIl, relatively good spawnings. Not

surprisingly, also, experience on this first large scale cuoperatinn under reNAl"
auspices has suggested ways in which such ,l prClgral11JTli' mi~l,ht he in1J))·,,\',,~d. In
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particular I ther e was a general feeling iUn' 'J. g lh')~ I.: ::I t.t.cndi ng 11'1,:, S'/mp:) sium that
the value of the results would be greenly increased if tile S;iT·.;ey ::o'11d be repeated,
if possible even more intensively, ba:'H:c1 on the allaJ.Y-:3!.;; c.:t' !l"tt.: results in 1963 and
the experience gained in this first large Bcah~ cuoperation lllc!Ct' ICNAF auspices.

8. There is no need here to stress the rapi.dly dvvcloping i.nterest in the off
shore stocks of her ring in the ICNAF al' ea, aud an additional section of the Sym
posium was planned to bring togethel' inforrnati,jl1 already available. Perhaps the
chief conclusion was that much more work is needed La the importa:1t task of
identifying the different stocks and components concerrH"d in these in1portant
herring fisheries.

9. Perhaps the last of the important points arJ.sing, now being experienced
fully in all aspects of the Commission's work, is th0. essential part to be played
by cooperation between laboratories, bet.·ween coun trie 8 and between worker 8 in
different disciplines, if real success ia to be achieved. Not only i8 cooperation
needed, however, but in many in!!ltances greater research facilities will be essen
tial if results which are applicable, and on v-:hicb complete reliance can be based,
are to be obtained. Perhaps a rnomentls reflection on the trernendous size of the
oceans, and the treITIendous distances over which fish stoc~kSI and ir·.rhvidual fish

range, will show that this is not unreasonahlr..

C. E. Lucas
;.: 1st !\.1a'/, 1 964
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INTRODUCTION

At the Atlantic Fisheries Oceanogrphy ~eeting (OM &TS and FR8
personne I) he Id at the Bedford Insti tute of Oceanograohy on February
17-18, 1964, the need for environmental information by fisheries
biologists was discussed, at length. Although temperature is considered
to be of prinle importance for many marine organisms, there are several
other env i r:Jn~enta I factors that exert an i nf Iuence on the var ious
fisheries. In many instances the relationships are not understood.
Where this is the case, research studies are necessary in order to
obtain a basic understanding of the relationship between the
organisms and their environment. Ultimately, understanding of the
basic cause - effect relationship should al low monitoring of the
oceanographic environment in such a manner that it wi I I permit
forecasting of fisheries conditions.

It is generally agreed that there is a strong need to obtain
quantitative figures that interrelate the concentration, distriburion,
and abundance of fish to the environmental factors. This is required
both for the biological and non-biological parameters. In most
instances, however, there is little doubt that if quantitative
relationships are to be found, a major Increase in monitoring effort
wil I be required in the northwest Atlantic. '

It was agreed that OM & TS would accept the responslbi I ity for
monitoring oceanographic conditions. The present monitoring carried

. out by FR8 wi I I be gradu a II y taken over by OM & TS and expanded when
pe(sonnel become avai lable. It was further agreed that FR8 would
place their specific requirements before OM & rs. Priorities would be
specified.

Subsequently, the Biological Stations at St. 'Andrews, St. John's,
and Montreal reviewed the present monitoring work and considered what
their future needs were, based on their present understanding of the
fisheries. These have been Incorporated in this report.

GENERAL MONITORING REOUIREMENTS

The basic monitoring requirements, exoressed in,general terms,
are best summarized by the ECWG Panel on Fisherfes Requirements in
Oceanography:
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I} MOnitoring seasonal and annual changes iH surface and bottom
currents, temperature and sal inlty stratificatIon, and light
conditions In selected areas over the coHtlnental shelf.
81010~lsts are already making good use of ~oHttorlHq changes
of' temperature conditions and bel ieve that even greater success
should result from monitoring seasonal and annual changes In
surface and bottom currents and the study of effects of this
water transport on fish and fisheries.

2) Monitoring seasonal and annual changes In Indicator organisms
and fish eggs and larvae. This Involves establ IshmeHt Of
personnel and faci Iltles, preferably closely associated with
the programs of stUdying 'ecological conditions.

PRESENT MO~ITO~ING

The present monitorlnd carried out by FRS 15 gIven In the accomoanyinq
Table. The efforts of other Canadian agencies are also tabulated but the list
may not be comolete.

It should be noted that the Items I fsted are almost exlusively limited to
the ohyslcal envIronmental factors. Biological monItoring Is being carried out
in the fisheries bY,studvlng landings, effort, sIze compositIon, discards, dom
inant year clases, distribution of adults, Juveniles, and In some cases; larvae.

ANALYZING A~D REPORTING

A} Water Propertles:-

Monttorlng spoNsored by the st. AndreWS Station Is reported to that
statIon on a monthly basis. ObservatIons are come I led on a monthly
basis and analvsed and reported annually. tf lar~e anomalIes or
uhusual results are deteGted, interested InvestIgatIons at the
Station are advIsed. Surtece tem~eratures observed at St. Andrews
and ~ntry I$land are reported del Iy to the Meteorological Branch.

The monltorlnq carried but by the st. John's Station Is analyzed by
that statloh, USed Internally, and reported annually.

The Atlantic OceanoqraDhlc Group has the resoonslbll Ity for seelng
that the Hal If~x and Cabot Strait sectIons are run. Occuoatlon of
the section Is carried out by one of the ECWG agencies. The analvses
are dOhe, by eIther st. Andrew or AOG and are reoorted annually. It
is a Canadian commitment to ICNAF.
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Bl Circulation:-

Releases of drift bottles and sea bed drifters are renorted in
St. Andrews on a monthly basis. Recoveries are continuously
camp J led in 5 staqes and are ana Iyzed and reoorted annua I Iy.
Any unusual results detected during the comDi lation are reported
to interested investiqatlons.

In general all ccmDi led monitorfng data are being used bv fish
eries scientists as soon as they are avai lable. ComDarison cf
monitored information with environmental asn~cts of fIsheries
research (sur\ev data) .i5 constantlv reviewed for internal use.

FURTHER ~ONITORING REOUIREMENTS

The monitorinq oresentlv beinq carried out by FRS should be continuec
and given high priority bv OM & TS. In addition, the monitoring Drogram
should be eXDanded in most areas.

I) In the Gulf of St. Lawrence there Is need to monitor oceanoqraphic
conditions that are of concern to several investigations: groundfish,
salmon, herring, etc. Soeclflcal Iy there Is a need to monitor conditions
in the approach areas of the ~iramlchi River and along the southern edges
of the Laurentian Channel, across the Strait of Bel Ie Isle, and across
the Esquiman Channel.

To meet present needs that are of specIfic value the fol lowing
sections should be monitored qua.rterly:-

a) Cabot Strait
b) Mlramlchi River to Laurentian Channel
c) Bay of Islands to Cape Whittle
d) Belle Isle Strait

2) Gu I lies:-

Considering the Increased emphasis of groundflsh work during
the last few years In a series of gul I les ~indentations In the
Shelf) monitoring of oceanoqraphlc conditions In such areas
has a high priority. There are four gul lies where biological
work is being carried out: Gasoe coast, Bay of Chaleur, North
west Caoe Breton, Southeast Caoe Breton and Sab Ie Is Iand Gu I IY
(see Diagram). It is sugqested that the first three be mon
itored in this way: one monitoring station providing temoer
ature and sal inity at standard deoths at each of the first three
gul I ies, vIsited twice a month for a oeriod of a year to 15
months, before a lonaitudinal section in each of the three
gull ies is establlsh~d on a quarterly ba5is.
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3) Section Shelf qnd Georqes Bank:-

The area south of Nova Scotia is of sPecial and growlnq
interest. A section from Caoe Sableacrass Browns Bank run
quarterly would be of soecial valUe to research on swordfish,
herr i ng and qrou nd f t sh. If it proved oract i ca I to Axtend
this section as far as Georaes Bank, It would qlve results
of great interest to seal 100 investlaations also.

4) Newfoundland-Labrador Areas:-

a) Two additional sections off the Labrador Coast should be
occuoied 3nn~el Iv in the last part of Julv or earlv Auqust.
An effort should be made when running these and other sec
tions in Ne\'doundland and Labrador areas to occupy the same
section at the same time each year (within, sav, one week).

b) For purposes of larval drift and adult fish migrations,
it is desirable to have information on current patterns
over the continental shelf and slope. The mean monthly
temperature distribution Is also considered important for
fish larval distribution and survival. The most Important
period to have this information Is from March to August.

5) Arctic Regions~-

There are regions within the Canadian arctic where periodic
monitoring (annual or more frequen~) of plankton would serve
to reveal long-term characteristics or trends In the biologi
cal composition of the sample9waters and hence In associated
environmental features. In the east, accessible areas (by
ship) and in a sense key areas, are the east end of Hudson
Strait, the west end of Amundsen Gulf and of MIClure Strait.
Sampl ing at close to the same time (or times) of each year
would be essential, and a fairly s1molv carried out series of
collections at a few stations In each region would supply the
data required. The basis of assessment would be the qU9ntit
ative occurrence of indicator orqan!sms, associated ecologi
cally with Arctic, Atlantic and other water masses.

Anticipated whale investrgations In Amundsen Gulf wil I require
periodic assess~ent of Dhvsical features and plankton distribu
tion. A periodic ~onltoring proqrcm would serve to elucidate
the features of the environment Including food suoolv of the
whales as wei I as to Drovide sight records of whale occurence.

6) Plankton, Eggs, and Larval monitorlnq In Canadian Atlantic:-

Although fisheries bioloqists are nOT in a position at present
to make detai led requests for routine Dlankton studies, there
are certain qeneral points that should be brought out.
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Anticipated whale investigations In Amundsen Gulf wil I require
periodic assess~ent of phvsical features and plankton distribu
tion. A periodic ~ohltoring program would serve to elucidate
the features of the environment Including food suoDlv of the
whales as wei I as to provide sight recQrds of whale occurence.

6) Plankton, Eggs, and Larval monitorlnq In Canadian Atlantic:-

Although fisheries biolo~ists are nOT In a position at present
to make detai led requests for routine olankton studies, there
are certain qeneral points that should be brought out.
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In order to arrive at a satisfactorY understandln1 of the bio-
logy of the arctic species of both zooolankton and ohvtoplankton
certain data from non-arctic locations are desirable. '10st of
the major plankton soecies of arctic Canada are amonq the more
important soecles of the waters off southeastern Canada.
This indicates not onlv a continuitv of distribution, but also
a continuity of resoonse to environmental conditions, from the
high arctic environment to the essential Iv subarctic to boreal
environ~ent of the Canadian Atlantic provinces. there is a
need at the orssent time not onlv for detai led distribution
studies on these species (alona with others) in the south
eastern Canadian reqion, but also for studies on the bioloav
of the s~scres.

If sufficient monitoring of the ohvsical environment can be
inauqurated then FRS would be Interested in coooerating in
collection and worklna uo of olankton, egqs, and larval data
in the Canadian Atlantic region. This information would be
valuable to the Atlantic fisheries, and at the same time
would serve to gain fundamental biological knowledge of
phvtoplankton and zooolankton that would be appl icable to
both the Atlantic and Arctic regions.

7) Whales and large pelagic fishes:-

Only limited Information is available concerning the distribu
tion and abundance of whales and large pelagles In the N.W.
Atlantic. Preliminary work carrIed out south of Nova Scotia
has Indicated possible significance in the association between
occurrence of zooplankton and whal~s. Additional macroplankton
and physical oceanographic monitoring in the region could
possibly be combined with offshore tuna studies. More specific
monitoring requests In this respect wit I be documented at a
later date.

SUMMARY

The oceanographic monitoring presently carried out by FRS is considered
minimal. In future monitoring, therefore, this should be considered as having
top priority. No part of It should be dropoed unless it can be shown that the
same information can be provided In other ways, that yield more information, or
is more economical to operate.

Expansion of physical oceanoqr2ohic monitorihg is recommended. At the
present time, first priority should be given to the Gulf of St. Lawrence and
the Gul I ies. As soon as capabi I ities permit, increased monitoring (temDer
ature and sal inity) should be carrfed out on the Scotian Shelf and Georqes
Banks, a~d off the Labrador Coast.

· 162
In order to arrive at a s3tisfactcrv understandln1 of the bio-
logy of the arctic species of both zooolankton and Dhvtoplankton
certain data from non-arctic locations are desirable. '~st of
the major plankton sDecies of arctIc Canada are amonq the more
important soecles of the waters off southeastern Canada.
This indicates not onlv a contlnuitv of distribution, but also
a continuity of response to environmental conditions, from the
high arctic environment to the essential Iv subarctic to boreal
environ~ent of the Canadian AtlantIc provinces. There is a
need at the oresent time not onlv for detaf led distribution
studies on these species (alona with others) in the south
eastern Canadian reaion, but also for studies on the bioloGV
of the s~ecres.

If sufficient monitoring of the ohvsical environment can be
inauqurated then FRS would be Interested in coooerating in
collection and worklna uo of olankton, egqs, and larval data
in the Canadian Atlantic region. This information would be
valuable to the Atlantic fisheries, and at the same time
would serve to gain fundamental biological knowledge of
phvtoplankton and zooolankton that would be appl icable to
both the Atlantic and Arctic regions.

7) Whales and large pelagic fishes:-

Only limited Information is available concerning the distribu
tion and abundance of whales and large pelagles In the N.W.
Atlantic. Preliminary work carried out south of Nova Scotia
has Indicated possible significance in the association between
occurrence of zooplankton and whQI~s. AdditIonal macroplankton
and physical oceanographic monitoring in the region could
possibly be combined with offshore tuna studies. More specific
monitoring requests In this respect wll I be documented at a
later date.

SUMMARY

The oceanographic monitoring presently carried out by FRS is considered
minimal. In future monitoring, therefore, this should be considered as having
top priority. No part of It should be dropDed unless it can be shown that the
same information can be provided In other ways, that yield more information, or
is more economical to operate.

Expansion of physical oceanoqrcohic monitorihg is recommended. At the
present time, first priority should be given to the Gulf of St. Lawrence and
the Gul I ies. As soon as capabi I ities permit, increased monitoring CtemDer
ature and sal inity) should be carrfed out on the Scotian Shelf and Georqes
Banks, a~d off the Labrador Coast.



163

For the purposes of plankton) e~qs and larval drift) and adult fish
migrations, it Is desirable to have IHfor~atldH on the ~eaH ~ohthly surface
and bottom current and temoerature oatterns over the contlneHtal shelf and
slope. Ihe most Important period to have surface information Is from March
to August. Any extension In a field proqram to aCQuIre this InformatIon should
be accomoanied bv plankton collections and studies. More soeclflc monitoring
requests In this respect wil I be documented at a later date.

In general al I compl led monitorlnq data are being used by fisheries
scientists as soon as they are available. It Is desIrable that analysis
simi lar to those alreadv carried out by FRS be provided and extended when
OM &TS take over the monitorlnq service.

When al I the monitoring services requested above have been provided there
wi I1 sti I1 be major gaps in knowledqe of the Interrelationships between the
environment and fisheries. It Is clear, therefore, the location, frequency,
and type of monitoring wi I 1 be altered from time to tIme, according to the
results obtained form specific research projects.

Dartmouth, N.S.
19 March 1964.
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Present MonIToring Services

.,t dept.h -[ :itation $ (Bay of Fundy)
. Station 6 (~assamaquoddy)

Oct. T &. ~ - tlortnumberl.nrl Strait (one ~tation)

(2 points)

(4 points)

St"tiuns 5 and 6

Nort~umberland Strait (one station)

[

. "Princess Of. Aca"ia" (2 points)
"Rlu~nose" (2 points'
"William Car50n" (J points)
"Lurcher L.V." (1 point)
"~umbro L.V." (1 point)

-- "':1illl~lm C;lrSO:l"

i
~t. Antlrews (surface)
tutch.r L.V. (~urface and bottom)
Ihlifax H~rbour (surface)

Twice daily temperature. Port Borden (surf,ce)
~t1tl"y Island (surface)
Sombro L.v. (BT cast - see D~&TSJ

rcoastal Stations

protle.rt1p.s

[Offshore StotionS-[I.,O!\thlY T ',nd S

'..,·~kly (//~y to
at depth

Twice mont~l)' (I'~ay -- Oct. )
l' h S at 'lept.n

'::ater

1
I>rlft.. rcle't5eS _[oailY release.

Circul :.Jt..ion

Monthly reIea~es

Sea hed orHhJ'~ - !..,Jl1y relenses (wint r r)

(a) St. Andrews

i-lankton
Bny of Fundy (~tn. 5)
r"":n,.~~i.1O(ldy (~tn. 6)
I,.,rtl:urr.b~rl"nd Strait

,I,..,. ~·eb. March anrl quarterly

(bl12£----
rHalifax Section -------~-------

Water properties

LCahot ~t.r~it------------------- V,r?in.: freou"hc,'

(c) St. John's - water propertieD

Sect. inns .r1nu:U I y or better
Idd\nI to lCCD met.re!l depth)

~~nntbly or better - ~tation 27
101'1' St. John's ~arbour)

St. ,Iohn' s, Flemish Cap
Honavf!ta lit1~ and Triangle
Seat Island Lin~ ("outhern

Labrador)

St. John's - 'outhe~st Shoal
40 fa~hom line paralleling

5\'/ slo".. Orlinll Hank
Line at 275 m. ~Ion~ southern

an'l Wl!st~,..n botders of Orand
~ank and St. fierre Bank

[

Late July
~arly AUN st
Ca July 22-Aug.5

~ug. 15-25

Stntions, Annually or be~ter-St. lierre Bank C3 Aug. 15-25

f
Tldes
C~ily (~ondat-'ridayl synoptic .urface temper.~urc chnrts
for cntire N.W. Atlantic (Oc@<iriop;rat:ltic Seririces for ber"hi::e)

Three times a week (Monday, Wednesday, Friday) SUrface layer charts
for entire N.t. A~lantic (O.S.U.~

Ice observations.

[

cauy surface ten.peratul·e. at dr'tnde ltiVi~te

------~ [RnY of Gh~leUl"
Seasonal crui::a:rl' ---

Fishin~ bank. (Uult of St. Lawrence)
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101'1' St. John's ~arbour-)
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Ice observations.
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