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by the Fourth Session of IOC (Resolution
IV-IS). ProfessorMunk
reported that a meeting of the IAPO Working Group, including sea trials,
was now scheduled for 4 - 11February 1965. It is hoped that the French
instrument would be available for comparison with that being developed
by Professor Munk. The meeting will be supported by IAPO and UNESCO
and itwas agreed thatSCOR support up to $2000 could also be made available. A meeting of the working group was subsequently held inMoscow,
the report is given in Annex VIII.
Announcement has been received thatIAPOwill hold its General
Assembly in Bern, from 25 September through 6 October 1967. Some
SCORworking groups may find it convenient to meet at that time. Several
symposia and sessions on topics such as the following will be held:
general circulation, currents of the Indian Ocean, continental margins
and island ar cs , air-sea tnte ractton, computers, problems of geochemistry, diffusion, internal waves, geothermal problems, surface waves,
tsunami, tidal problems, physical properties of sea water.
4.3

International

Biological Program

Dr. Oren, SCOR Representative on SCIBP, reported on the
April meeting of that Committee. He indicated that major emphasis on
the PM section would be given to estuarine and coastal waters and to the
work of small coastal laboratories.
A group has been established to
consider nutrient chemical methods in brackish waters (see Section 2.2
above). A proposal for establishment of a Center for the Development
of Statistical Methods for Zoo- and Phyto-plankton Research has been
discussed, and referred to SCOR for possible support. The Secretary
was instructed to request an evaluation of this proposal by Working Group
13 and by other appropriate experts, in preparation for consideration at
the next Executive Meeting.
4.4

Scientific Committee on Antarctic Research

A Symposium on Ant arc ti c Oceanography will be held in
Santiago, Chile, 13-16 September 1966, under the sponsorship of SCAR,
SCOR, IAPO and IUBS. In view of the cosponsorship of this meeting by
SCOR, it was decided to make available the sum of $2000 to assist in
bringing participants to the meeting.
5.

Relations with Other International Organizations"

Mr. Arthur Lee has served as SCOR representative to ICNAF,
and will attend the Sixteenth Annual Meeting in Madrid, 6 - 11June 1966.
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The Eleventh Pacific Science Congress
will be held in Tokyo,
22 August - 10 September 1966. It is understood
that the SCOR President, Captain Capurro and S COR Members
Drs. Gaskell, Hidaka and
Steemann-Nielsen
are planning to attend, and the Secretary was instructed to inform officials of the Congress that these Members would be the
SCOR representatives.
6.

Consideration

of Future

SCOR Activities

The UK National Committee had proposed a discussion
reviewing
SCOR's achievements
to date and its objectives
for the future, and in
particular
the ways in which SCOR might generate new ideas in international oceanography.
Future programs
of international
investigations
were discussed
at the last Executive
Meeting in October 1965. In accordance with the
proposal of that meeting, the Secretaryhas
initiateda
study of the desirability of organizing
an international
exploration
of the South Pacific.
On 15March 1966 a letter was sent to seventeen experts in various aspects
of oceanography,
requesting comments on the important scientific questions concerning the South Pacific which merit large scale and intensive
investigation.
Prior
to the next Executive Meeting, available replies
will be circulated,
so that the merits of further action in this matter can
be considered.
With regard to a review of SCOR' s achievements
to date, it was
a g r e e d that these should be made better known to scientists.
It has
always been difficult to find people willing to involve themselves
in international activities
such as SCOR's working groups, due in part perhaps
to a lack of general understanding
on the usefulness
of such activities.
The review of scientific
aspects of proposed international
programs, such as that requested by UNESCO in the case of the South Mediterranean
study, may prove to be a constructive
type of activity for
SCOR to carry out in the future.

7.

Other Business

The Executive Committee, during its Paris meeting inSeptember
1962, strongly supported the Israeli plan to establish a marine research
station at Eilat, on the Gulf of Aqaba, Red Sea. Dr. Oren reported that
since then important progress
had been made, both in the development
of oceanography in Israel,
and in the implementation
of plans in Eilat,
where the Marine Biological Research
Station is under construction.
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This station, a facility of the Hebrew University, will be used for teaching and research.
SCaR has recognized the international value of such
a station, and reaffirms its hope that other countries will support the
development of this projectand its use as a scientific center for research
in the Red Sea.
In this connection an invitation was r e c e i ve d from the Israel
Academy of Sciences andHumanities for SCaR to hold its next Executive
Committee meeting in Israel. It was agreed to accept this invitation and
to arrange the meeting for late 1966 or early 1967.
In view of the decision to hold future General Meetings at twoyear intervals (see Section 1.1 above), it was agreed that the next such
meeting would be in May 1968. At that time it may be appropriate to
hold a symposium on the South Pacific. The location and dates of the
meeting should be discussed at the next Executive meeting.

Subsequent to the business session in Rome, the Symposium on
Variability in the Ocean was held (see Annex IX for program). An offer
of the Italian National Research Council to publish the papers and discussion was accepted with gratitude, and Profes sors Stewart and Braarud
agreed to serve as editors of the volume.
The general discussion on the final afternoon of the symposium
centered on the question of a pilot-scale experiment proposed by the lac
Working Group on Cooperative Investigations of Variability in the Ocean.
This experiment was envisaged on a section several hundred miles in
length located in an appropriate part of the eastern north Atlantic. In
addition to frequent sampling of the distribution of properties from ships,
perhaps at weekly intervals, several instruments allowing the continuous
measurement of total fluxes would be installed along the section. The
lac Working Group felt that design of the experiment should await a
clearer picture of the suitability of existing equipment, and the detailed
analysis of existing time series data from analagous sections. In this
connection it was considered that the SCORsymposium would permit an
evaluation of these problems.
During the discussions in Rome it was noted that several laboratories are actively engaged in the development of suitable instruments.
the design of adequate moo r in g systems for their installation in the
ocean, and the formulation of procedures for the analysis of time-series
data. It was considered premature to proceed with planning of an international experiment before the characteristics and capabilities of these
- 14 -

instruments

were better

known.

In this connection it was agreed that the organization of small
groups of scientists to arrange for intercomparison
of ins t rum e n t
systems,
such as the new SCOR WG 21 on Continuous Current Velocity
Measurements,
and the IAPO WG on Deep Sea Tides, is an essential
step in the development of an eventual international investigation of variability.
Additional work by individual laboratories
in the analysis and
interpretation
of time- series data resulting from such measurements
is
also necessary.
The consensus
of symposium participants
was to recommend
postponement of the proposed September meeting of theIOC WG on Variability in order to permit further progress in the research
referred
to
above, and to await recommendations
of the pertinent SCOR and IAPO
working groups before proceeding with decisions 0 n an international
experiment.
In the meantime, Drs. Kort, Dietrich andMann, conveners
of the informal regional committees referred
to in IOC Resolution IV -7,
should be encouraged to proceed with development of their proposals for
possible in t ern a t ion a 1 experiments.
In this connection, Professor
Dietrich's
suggestion for the intensive study of ke y a r.eas rather than
single sections was received with great interest,
and it was hoped that
he would provide additional details on the project.
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Annex I

EIGHTH GENERAL MEETING
Rome,

23 - 27 May 1966

List of Participants
MEMBERS
Italy
Norway
New Zealand
Argentina
China (Republic of)
United Kingdom
Germany (Federal Republic)
lUGS
Netherlands
Chile
Japan
Australia
IUPS
South Africa
ICSU
Canada
Poland
France

Prof. G. Aliverti
Prof. T. Braarud
Mr. J. W. Brodie
Capt. L. Capurro
Prof. T. Y. Chu
Dr. G. E. R. Deacon
Prof. G. Dietrich
Dr. T. F. Gaskell
Prof. R. Groen
Capt. R. Herrera
Prof. K. Hidaka
Dr. G. F. Humphrey
Prof. J. Krog
Prof. J. K. Mallory
Prof. H. Postma
Prof. R. W. Stewart
Prof. S. Szymborski
Prof. P. Tchernia
Prof. W. Wooster

U. S. A.

OBSERVERS
Mr.
Dr.
Dr.
Mr.

r».
Mr.
Dr.
Mr.
Mr.
Dr.
Dr.
Dr.
Dr.
Mr.

ICSU
United Kingdom
U. S. A.
IUBS
WG 13
SCAR
UNESCO/IOC
United Kingdom
U. S. A.
WMO
Israel
FAO/ACMRR
Germany (Democratic
U. S. A.

F. W. G. Baker
L. H. N. Cooper
J. S. Creager
R. 1. Currie
J. H. Fraser
G. E. Hemmen
G. Hempel
A. Lee
J. W. McGary
C. Morales
O. H. Oren
M. Rurvo
R. Schemainda
R. C. Vetter
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Republic)

Annex I, con't

EXECUTIVE
Moscow,

MEETING

2 June

1966

List of Participants

MEMBERS
President:
Retiring President:
Vice-Presidents:
Secretary:

Captain L.
Dr. G. F.
Professor
Professor
Professor

R. A. Capurro
Humphrey
T. Braarud
V. G. Kort
W. S. Wooster

OBSERVERS

FRG/WG 10
UNESCO/IOC
IAPO
UNESCO/IOC
FAO
IBP
FAO/ACMRR
Canada
ICES

Profe s sor G. Dietrich
Dr. K. N. Fedorov
Professor
1. Hela
Dr. G. Hempel
Dr. R. Jackson
Dr. B. Ketchum
Dr. M. Ruivo
Profe s sor R. W. Stewart
Mr. H. Tambs-Lyche
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Annex II

Proposed Revision of Sections 4, 9 and 12 of the
SCOR Constitution

4.
The Executive Committee of SCOR shall consist of elected and
~ officio members, determined in the following manner:
(a) SCORshall elect from amongst its ownmember s a Pre sident,
two Vice-Presidents and a Secretary. The retiring President shall also
be considered an elected me m b e r of the Executive Committee. The
maximum per i 0 d of office of the President is 4 years, but the VicePresidents and the Secretary shall each be eligible for one further term
of 2 years' service. Normally no electedmember should remain on the
Executive for more than 6 continuous years.
(b) The President (or Chairman) of the International Association
of Physical Oceanography (IUGG),the Section on Biological Oceanography
(IUBS), and the Commission on Marine Geology (lUGS) shall, ~ officio,
be members of the SCOR Executive Committee.

i;
;'

9.
The national institutions and international scientific unions shall
pay the expenses of their nominees to attend SCOR General Meetings.
The payment of travel and per diem expenses for the Executive Meetings
shall be decided by the SCORExecutive in accordance with the approved
budget, except that the expenses of ~ officio members shall be paid by
their parent bodies.

12.
General Meetings of SCOR shall normally be held at two year
intervals.
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ESTIMATE OF SCOR FINANCES, CALENDAR 1965

INCOME
Balance as of 1 January 1965
National Contributions
Sale furniture, Hamburg balance
UNESCO Contract, 1963
UNESCO Contract, 1964
UNESCO Contract, 1965

$

19,644.00
15,483.94
249.46
1,500.00
1,500.00
8,500.00

$ 46,877.40

Total
EXPENDITURES
Paid by ICSU on SCOR behalf
Disbursed in La Jolla
Total
BALANCE on 31 December

$

4,450.15
25,890.08

$

30,340.23

$

4,927.25
11, 609. 92

$

16,537.17

1965

In Rome
In La Jolla
Total

ESTIMATE OF SCOR FINANCES, CALENDAR 1966 (to 1 May)

INCOME
Balance as of 1 Janaury 1966
National Contributions
UNESCO Contract, 1965

$

16,537.17
4,606.12
4,000.00

$ 25, 143.29

Total
. Additional income anticipated
ICSU allocation
National Contributions (Estimate)
UNESCO Contract

$ 4,000.00
10,000.00
10,000.00
$ 24,000.00

EXPENDITURES

$

11,202. 15

BALANCE

$

13, 941. 14
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Annex IV
SUMMARY OF SCOR WORKING GROUP ACTIVITIES
1 January 1965 - 1 May 1966
Activity

Meetings

WG 10

Rome,

WG 12

Marseille,

WG 13

(wp 2) Villefranche,

Reports

8 and 11 October 1965

27 - 29 October 1965

28 September 10 October 1965

(wp 3) Sydney, 10 - 18 February

1966

I
N

o

SCOR Proceedings,

1 (2), Annex III

SCOR Proceedings,

1 (2), Annex IV

SCOR Proceedings,
1 (1), Annex VI
(wp 1) Interim report, UNESCO AVS/9/12H of
21 September 1965
(wp 2) Interim report, unpublished, October 1965
(wp 3) Interim report, unpublished, 1965
(wp 4) Interim report, UNESCO AVS/9/12H of
September 1965
Report of Chairman, 25 March 1966

I

WG 14

Moscow, 10 - 12 May 1965

SCOR Proceedings,

1 (1), Annex VII

WG 16

Rome,

9 - 11 June 1965

SCOR Proceedings,

1 (1), Annex VIII

WG 18

Paris,

25 - 27 October 1965

SCOR Proceedings,

1 (2), Annex V

WG 19

Paris,

3 - 4 January

Unpublished,

Program

1966

Committee,
Second International Oceanographic
Moscow, 13 - 15 May 1965
Moscow, 1 - 3 February 1966

~,,**";:ij;1~~_~~~!.,*"~~~··i..~,·~.t):·~l1:7.,-'.'

..••
~n:,1:,\--•.•
:,. <..

distribution

on 4 February

1966

Congress
SCOR Proceedings,
1 (1), Annex IX
UNESCO AVS/9/149 of 9 February 1966
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Annex V
REPORTSOF WORKING GROUP 13 ON
ZOOPLANKTONSAMPLING METHODS

Report of the Chairman

Introduction

J

WG 13 can be said to have originated in January 1964 following
discussions
by various international
and national bodies which had expressed keen desire to consider the possibilities
of standardization
of
zooplankton methods where it was reasonably practical to do so.
A joint working group of SCOR, UNESCO and ICES was therefore
set up to deal with this problem and at their first meeting in Paris 1964 a
general plan was prepared.
Present were the convener, J. H. Fraser (ICES) Dr. G. Humphrey
(SCOR) Dr. T. Parsons (UNESCO) and Prof. J. Krey (chairman of the Plankton Committee ICES). As plankton covers such a great range of organisms
in size
shape, consistency
behaviour and taxonomic grouping no single
standardized method is possible and arbitrary divisions become necessary,
each with its disadvantages
as well as advantages.
Of these size was
chosen as the most practicable and innocuous
and the following terms of
reference were agreed:
I

I

I

I

I

I

Terms of reference

j

To set up small working parties from experts in their particular
fields of work, who will examine and consider the methods used at sea and
in the laboratory in sampling zooplankton of various categories,
and make
recommendations concerning the methods they consider the most satisfactory
for general adoption.
Where they consider present methods inadequate
new methods should be recommended
based if necessary on new hydrodynamic or other research.
Where it is po s sib 1e to do so the working
parties should compile a s e r i e s of intercalibration
factors between the
methods especially where much data have been published.

I

I

There should be four such working parties in zooplankton (including
fish eggs and larvae) to deal with:
1) The microzooplankton
at present samples by water
bottle very fine meshed nets and pump filters.
I

I
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2) The zooplankton now sampled by a great range of techniques, but largely dependent on filtration through a
No.3 mesh (about 60 meshes per inch).
3) The larger zooplankton, often sampled by stramin or
other coarse meshed nets.
4) The faster moving macroplankton, such as the larger
euphausids and small fish.
We agree that the working parties should be of a practical size
and there should be five members to parties 1, 3 and 4 but seven for w. p ,
2 which has more complex problems, chosen from suitable experienced
experts and representing as far as reasonably practical a world wide coverage of interests.
It is important to emphasize that while standardization of plankton
methods would assist greatly in the comparisons of one area with another,
and would help in the selection of gear by those needing such help, standardization should in no way be interpreted as a bar to progress towards
further improvements of methods, nor as a discouragement in the use of
other morespecialised gear for purposes where this is considered desirable
It was agreed that an effort should be made to complete the work
of WG 13 in two years time.
Personnel of the working parties

t

~:

It was regarded as essential that the members of each working
party should not only be experienced in the appropriate field but should be
selected on as wide a geographic basis as possible. With a view to this
all the co u n t r i e s represented in SCORwere asked to nominate suitable
personnel for consideration by the convening committee and these lists
were very helpful in s e 1e c t1 n g the w. p. members. Not all those first
selected were able to give their services and those finally selected were:

"

.~,

Working Party 1

J. Krey

(U•K.) Convener
(Germany)

K. Banse
V. Hansen
I. McLaren

(Denmark)
(Canada)

R. Currie

(U.S.A.)
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Working Party 2
A.
N.
A.
A.
B.
E.
B.

(U .S.A.) Convener
(Italy)
(France)
(South Mrica)
(Israel)
(Germany)
(U.S.S.R.)

W. H. B~
Della Croce
Boudillon
de Decker
Kimor
Hagmeier
Bogorov

Working Party 3
(Australia) Convener
(Brazil)
(U .S.A.)
(U.S.S.R.)
(Japan)

D. Tranter
M. Vannucci
J. Gehringer
M. Vinogradov
M. Anraku
Working Party 4

(U. K.) Convener
(U .S.A.)
(New Caledonia)
(Japan)

P. Foxton
W. Aron
M. Legand
T. Nemoto

Although these members are given with their nationality, their
representation on the working parties is entirely international.
The chairman of WG 13 would endeavour to attend any working party meeting if this
was desired by the convener and would also act in an advisory capacity
by correspondence with all four working parties.
Financial
To help keep expenses within reasonable bounds we expected the
working par tie s to do much of their work by corre s pondence, buts orne
meetings would certainly be necessary.
The costs of the working parties
would be borne on an equal basis bet wee n SCaR, UNESCO and ICES.
Although an assessment of costs before hand could not be expected to be
accurate, a figure of 12,000' U. S. dollars was estimated, i. e. 4,000 dollars
for each of these three organizations over a two year period. Each organization agreed to meet costs up to this estimated figure.
When arranging from which source the various expenditures would
come, it has not been possible, in practice, to divide these very evenly.
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In part this is due to the way different people naturally fall heir to patronage by one organization rather than another. Certain expected expenditures
failed to materialize; for example, Soviet members were unable to attend
meetings at Villefranche and Sydney, and international expenditure for the
Sydney meeting earmarked for ICES was generously born by CSIRO. Also,
working parties 1 and 4 have done their work by correspondence, thus saving
the expense of meeting.
As things stand, UNESCO payments have slightly exceeded the
quota ($4,302). In addition, UNESCOhelped very considerably in meeting
expenses of the Sydney symposium. SCOR also supported the symposium
generously, and has spent most of its quota. ICES still has about $2000
in hand which will be held for future expenses of WG 13in producing their
reports.
Symposium on the Hydrodynamics

of Plankton Samplers

The suggestion to hold this symposium was first pro p 0 sed by
David Tranter as a valuable way to provide the background knowledge necessary to the proper functioning of w. p. 3. It was logical to recommend
that it be held at Sydney, where the right facilities were readily and freely
available at the University of Sydney through the courtesy and co-operation
of the Department of Aeronautical and Mechanical Engineering, and where
all the prior organization could be done on the spot with ou t additional
expenditure.
The idea was strongly supported
by w.p. 2 and by ICES, and
thanks to help from SCOR and UNESCO it was possible to hold the symposium at Sydney in February
1966. There were 27 participants plus 7
observers from Australia, and 38 contributions were presented.

University

The Symposium s tar t e d with two days practical testing
of Sydney. Here experimental work was carried out:

at the

1) Using model nets in wind tunnels with visible smoke trails.
Models of various meshes and length of cone were tested without and with
clear perspex cases to represent encased nets such as the Gulf III; nets
were held at different angles, and various degrees of artificial clogging
were used.
2) Testing the w. p , 2 net in a larger
anemometer was used to give a full picture of the
the whole diameter of the net at various distances
ing the effects of the bridles and to ascertain
flowmeter.
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wind tunnel. A hot wire
flow and turbulence over
in front of it, and includthe best position for the

"

"

3) Testing the Clarke-Bumpus net for flow and filtration coefficient
using various meshes and lengths of cone and at various speeds in the
water test tank.
The w.p. 2 net was also tested from a boat in Sydney Harbour to ascertain
wire-angles and behaviour at sea.

~

Much of great value was learned at the Symposium and it is a
pleasure to record appreciation of the very helpful co-operation of the staff
of the University of Sydney, of the excellent organization by the convener
David Tranter of CSIROthrough the courtesy of Dr. Humphrey.

i

J

It was suggested that UNESCOpublish in their monograph series
a review based on the papers contributed to the Symposium and prepared
in seven chapters (see w. p. 3 report). Some of the papers presented at
the Symposium were being prepared for publication elsewhere, others were
concerned with work not yet completed. and it was con sid ere d best to
publish in this review form rather than publish the individual papers (as
suggested in SCOR Proceedings, I (2): 50).

Implementation of Recommendations
Working Group 13 has essentially completed its studies on the
standardization of zooplankton sampling. Reports of the individual working parties are attached to the present document. The final integrated
report is now to be written.
No progress has been made towards the production of intercalibration factors between various methods as this is considered impracticable
or would involve an undue amount of effort that could be better s pent on
more fruitful pursuits.

J

We have made recommendations for the adoption of a standardized
net for biomass sampling, which we hope will be internationally adopted,
and for the destqn of a net for sampling the larger zooplankton until a more
satisfactory encased high speed sampler has been designed. This, too,
we hope will be internationally adopted. ICESPlankton Committee at their
1965 meeting in Rome recommended "that as soon as the recommendations
from the working parties on the Standardization of Zooplankton Methods
organized by ICES/UNESCO/SCOR are available. the member countries of
ICESshould co-operate in comparative tests with the recommended gear.
It is hoped that other countries and institutions throughout the world will
also adopt these recommended gear, where necessary as an addition to
their own specialized equipment.
II
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We have also made recommendations for future work, some of
which we consider can be left in their present form to stimulate relevant
research by interested laboratories,
but SCOR should help by publicising
them. Other recommendations should be given specialimpetus.
The most
important of these is the recommendation to ask appropriate institutions
which have the necessary facilities,
to design the best possible encased
high speed sampler to meet as far as practicable the points laid down by
w. p , 3. Such an impetus could come either from the SCOR executive or
from the convener of WG 13with the backing of SCOR, UNESCO, and ICES.
SCOR could also, we believe, help by organizing the preparation
of the list of facilities available for testing plankton nets (w. p , 3 recommendation 3). The recommendation of w •p. 3 (Rec. 4) concerning telemetry
is closely linked with w. p , 2 (Rec. 2) and in this connection it is useful
to state that at the October 1966 meeting of ICES a joint session of the
Plankton and Hydrographic Committees will have as its main theme "The
present use of recording and telemetering apparatus in plankton research
and hydrography. "
.
Working party 2 has recommended that "a small permanent international committee be set up to keep standardization of plankton sampling
under review and to make such recommendations as may be advisable."
I
en vis age this not as an unlimited prolongation of WG 13 but that SCOR
should periodically set up a working group to look into this question. The
choice of period for review would be decided by SCOR Executive, but I
would expect something in the order of five years or more would be adequate, and the personnel would be chosen afresh each time. I believe this
to be a sound recommendation as further research will undoubtedly lead to
improvements in methods that will gradually make the present recommendations of WG 13 out of date.
WG 18 has suggested (SCOR Proceedings 1 (2): 88) that the terms
of reference of WG 13 "be extended to include a guide for the presentation of biomass data and qualifying information to World Data Centres (and
specialised
centres, where such exist, for international
expeditions)."
They also r e com men d (page 89) that WG 13 (with other WGs) consider
whether data on presence and abundance of the various taxa "can be submitted to W •D. Cs • in a breakdown and with the supplementary information
as far as possible compatible with the data forms given in the' Manual' of
NODC, Washington."
These suggestions
of WG 18 need special consideration in the
question of the future of WG 13as they came too late to be included in the
topics discussed by the WG 13 working parties.
The members of the four
w. ps. were selected for their abilities to discuss the original terms of
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reference and it may well be that they should complete only their original
duties. Rather than prolong the existence of WG 13, SCaR should consider
the advisability of selecting new personnel for the new topic and to set up
a new WG.
As Chairman of WG 13, I wish to express appreciation of the help
given by SCaR and by UNESCO in the duplication and dispatch of letters
and reports, and of the work and time given by the working party conveners
and members with such generous enthusiasm.
James H. Fraser
Chairman WG 13

Report of Working Party 1 (Microzooplankton)
The activities of working party 1 have been conducted by correspondence.
The progress made has thus been subject to the customary
limitation of this approach, but the convener has had personal meetings
with all but two of the members and believes this report is a fair statement
of opinion.
1. Size range of organisms considered

r.

I

Members of the w. p. have assumed that they are concerned with
the animals ranging in size downwards from those with which w. p. 2 are
concerned. Since no joint discussion has as yet taken place with w. p. 2
we have assumed arbitrarily for the present an upper size limit of about
200 IJ.. The size group dealt with thus includes all the smaller animal constituents of the plankton community variously described as nannoplankton,
microplankton, etc., and includes everything from the smallest protozoa
to the eggs and larvae of a wide range of organisms and the adults of many
smaller forms such as the copepods.

~

2.

Objective

of investigations

These can be classified

as follows:

2.1 Qualitative
2.1.1.
2.1.2.
2.1.3.
2.1.4.

Systematic
Distributional
Life histories
Community structure

I

i
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2.2

Quantitative
2.2.1
2.2.2
2.2.3
2.2.4

3.

Production
Biomass
Population dynamics
Physiological studies

Requirements for a standard method

There is a very pressing need to find out more about the composition of the microzooplankton and to find out how important they are in the
general ecology of the sea. They are undoubtedly a very important link
between the bacteria and phytoplankton and the zooplankton organisms and
it is possible that a substantial part of the energy transfer is conducted by
the microzooplankton.
Qualitatively we need to acquire information about
their systematics
their distribution in time and space and their community
structure and trophic relationships.
Quantitativelywe
need measurements
of their biomass information on their physiology
particularly of feeding
respiration and excretion
and information about their behaviour.
I

I

I

I

I

The main fields in which some unification
would seem to be in distributional and quantitative
4.

of methods might help
studies.

Existing methods
Field methods

I

,j

t

I

Water bottle samples varying in size from 100 cc to 100 litres
Pump samples
In situ filtration with
Membranes
Micro-mesh nets
Fine nets ~ 40 x 40,.... aperture)
Laboratory methods
Fixation and preservation
Formalin
Lugol
Osmic acid etc.
I

Concentration
None
Sedimentation
Centrifugation
Filtration (membrane

I

paper or mesh)
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Subsampling

Countmq
Staining
Haemacytometers
Larger squared slides
Inverted microscope
Biomass determination
Dry weight
Protein Carbohydrate
etc.
Total carbon phosphorus
nitrogen etc.
Electronic volume measurement
Computation from microscopic size measurements
I

I

I

5.

I

I

I

Recommended methods

Clearly there has been no time to conduct any experimental work
and make comparisons of different methods and the following comments are
thus merely the majority opinions of the working party.
Field sampling - The majority perference is for the use of water samples
and it is generally felt that a 10 liter water bottle should give a significant
sample of forms up to about 150 1..1.in size. The main disadvantage of water
bottles
however is that many samples must be taken to cover different
depth ranges and for certain purposes water samples integrated over a depth
range may be perferable (as used by Lohmann Strickland and Parsons and
others) .
I

I

I

Some members of the w. p. expressed a preference for nets for
organisms at the larger end of the size range (75-2001..1.)
and for the more
sparsely distributed organisms but it is doubtful whether we should be concerned with the latter at the present state of work in this field. In particular nets have the advantage of eliminating the effects of marked vertical
stratification but at the same time existing fine mesh nets are difficult to
operate in bad weather they clog easily and inevitably lose the smaller
organisms.
Probably the question of the use of nets would best be discussed further when the recommendations of w. p. 2 are available.
I

Laboratory methods - Little comment has been made on methods of fixation
and preservation.
Formalin perferably buffered with Hexamine is the most
satisfactory general fixative but is of questionab,le value for use with calcareous forms. Rhode s i 0 din e fixative is preferable for use with the
naked forms but is still a poor substitute of the examination of living mate-·
rial. Clearly there is a great need for further research in this field and
I
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some liaison with phytoplankton
would seem desirable.

~:l

1%1

workers

dealing with the same problem

The occasions on which no concentration of material for counting
is required are the exception rather than the rule, and generally some technique is required to present the material in a suitable form for counting.
Sedimentation appears to be the method most widely favoured. The reason
for this is largely the uncertainty of other methods. Both evidence for and
against the reliability of centrifugation has been produced and filtration,
while adequate for larger forms, can not really be considered satisfactory
as a quantitative technique for many of the smaller organisms as they are
either disrupted or disappear optically.
Subsampling and counting can, for convenience,
be considered
together. Generally it is felt that to obtain an acceptable numerical estimate, one should count a sample of such size that some 30-40 organisms
of the particular species of interest can be counted. It is thus inevitable
that the sample size chosen must be varied inaccordance with the object
of the count. The working group is in favour of using a mechanical form
of subsampling (as, for example, by means of a Stempel pipette) to make
this possible.
There seems to be sufficient evidence to cast doubt on the
reliability of making counts on only part of the area of a squared slide and
counting only part of the area of a filter can be extremely misleading owing
to the non-random distribution of material.

i,

The actual technique of counting must inevitably depend on the
size of organism being dealt with. The Sedgwick-Rafter cell is satisfactory
for the larger organisms and Haemocytometers are adequate for the smallest
but care must be taken to avoid counting say nannoplankton on a SedgwickRafter cell about I mm. deep as many specimens can be overlooked. Auseful halfway measure is a squared slide with a cell of coverslip thickness
and having a capacity of about 0.5 ml , This has the advantage that moderately high power objectives can be used for examination.
Inverted microscopes overcome some of these difficulties but have the disadvantages of
making difficult detailed examination of an object from different aspects.
Beyond aiming to make counts as quantitative as possible and avoiding
these more obvious d iff i c u l tie s little else can be said with regard to
counting.
The estimation of biomass is perhaps the field most calling for
standardisation
but at the present time no one method seems to offer the
potential for widespread adoption.
The basic difficulties
of separating
dead from living material, phytoplankton from zooplankton as yet seem to
forestall any completely satisfactory
approach and any method adopted
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would at best be a compromise. Similarly some uniformity of approach to
the problem of production must be sought but again little progress has been
madetowards agreement and at best we can only recommend active investigation in this field.

Report of Working Party 2 (Small Zooplankton)
(NOTE: Not all members of w. p. 2 have had a chance to comment on this
draft, which thus must be regarded as an interim report) .
INTRODUCTION
A standard sampler of simple practicable design is proposed as
one of a set of four instruments for quantitative, comparative b i 0 mas s
studies ofmarineplarikton inthe upper 200 m. of water. The design of the
net and other pertinent recommendations were agreed upon during a conference held between September 28-30 1965 at the Station Zoologique at
Villefranche, France, and it will be referred to as the "original version"
of the WP 2 Net (for working party two) in this report. An improved verSion
of this net will be described below and recommended for standardization.
Because the net material has a mesh aperture width of 202 fJ. , the WP2 Net
can be considered to sample the "microplankton" or the planktonic organisms in the size spectrum from 10 mm downward to a .width of at least
200 fJ. • We realize that the retention of motile organisms by a mesh screen
depends largely on their largest cross-section or width dimension. Thus,
a copepod 600 or 700 fJ. in length, having a cross-section of 150 fJ. ~ has a
better chance of escaping than a spherical radiolarian of 210fJ. diameter.
I

..
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The WP2 Net (original version) has been tested in a wind tunnel
using a hot wire anemometer and in a towing channel at the aeronautical
and hydrodynamiclaboratories of the University of Sydney in February, 1966
under the direction of Mr. David Tranter of CSIRO, Cronulla. Profiles of
velocity and turbulence in front of the mouth opening were obtained with
and without bridles. These measurements yielded data on flow patterns,
filtration efftciencies at various towing velocities, and the optimum site
for flowmeter placement.

I

,"j ,
1
1
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In addition, the WP2 Net was field tested on several cruises in
waters of widely variable plankton standing crops. The tests were conducted by Dr. Paul Smith of the U. S. Bureau of Commercial Fisheries in
the eastern North Pacrftc during the spring of 1966. Using two telemetering flowmeters, one mounted outside and the other inside the mouth opening of the net, he was able to monitor the water flow through the net at

:i
j

!
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various velocities.
Ten-second readings were taken simultaneously
both meters every 30 seconds on an electronic event counter.

for

The field tests clearly demonstrate that the filtration efficiency
of the WP 2 Net changes during towing due to clogging. From a limited
munber of observations in oceanic waters of California, it was noted that
the filtration efficiency of the WP 2 Net decreased from 94% efficiency at
the start to 85% (level at which clogging is considered to begin) after a
period of 4 minutes towing at 2 knots in very rich, neritic California Current
waters.
In relatively clear waters outside the California Current enrichment. 200 miles off Point Conception, the WP 2 Net began to clog (filtration
efficiency dropping to 85%) after 16 minutes of towing at 1 1/2 knots.
In light of the field results, we can now suggest three changes in
our preliminary recommendations.
First, an increase of filtration rat i 0
from 5:1 to 6:1 should add a margin of safety against clogging. Second,
the shape of the net should have a cylindrical front section and a conical
end section, each having a filtration ratio of 3:1, giving a filtration ratio
for the total net of 6:1. The cylindrical portion will act as a self-cleaning
section and has a superior sustained filtration efficiency (Smith, Counts
and Clutter, 1965), while it simultaneously helps to shorten the length of
the net without altering the filtration area. Third, the net should be towed
in a vertical (rather than oblique) manner in the upper 200 m, of water, so
as to reduce the towing period, and, hence, avoid the possibility of clogging. Since plankton-rich w ate r s often occur over continental shelves
where water depths are less than 200 m , , the vertical tows are consequently
limited to correspondingly shorter water columns in these regions.
SPECIFICATIONSOF WP 2 NET
Shape

=

cylindrical - conical.
Length of cylindrical
side length of conical section is 166 cm.

s e c t ion

is 95 cm;

Mouth opening = 57 em internal diameter, circular, maintained by a brass.
or gal van i zed iron ring made of metal rod 1.5 cm in diameter
thickness.
To give an area of 0.25 m2, the diameter should be
56 . 4 cm. However, the 57 em internal diameter is intended to
make up for the thickness of canvass.
Mouth area

=

0.25 m2

Net material = NylonNytal7Por similar net material*, basket weave, with
mesh aperture width of 200 microns. Porosity
(=ratio of
mesh aperture area to total mesh area = mesh transparency)
= 55%.
*A list of alternative
by w. p. 2.

materials and their manufacturers is being compiled
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Canvas attachment

to ring = 10 cm width.

Canvas band for throttling
band) .

line

Bridle (3) = 57 em long each,

=

10 ern width (57 ern below upper canvas

attached

to swivel.

Filtration ratio (ratio of mesh aperture area to mouth area)
Filtration efficiency
Lead weight

=

=

6:1

= 0.94 (94%)

25 kg (40 kg or heavier when wire angle tends to exceed 250).

Flowmeter = TSK or equivalent, to be attached from three points on mouth
ring and centered at 14.25 ern from rim.
Cod-end = a) bucket with window of same mesh as net (7.5 cm diameter;
volume of 150-200 cc) for biomass or taxonomic purposes.
PVC
(polyvinylchloride)
or light brass.
b) bucket with window of same mesh as net (7 .5 cm diameter;
volume of 500 cc) for living plankton catches.
c) bag of same mesh as net (for tows in very rich waters) •
Iron ring = 57 cminternal diameter of ring; 1.5 cmdiameterthickness;
with
three eyelets, 1200 apart, for bridles and rope lead attachments.

Cod-end arrangements
The hydrodynamics of a conical net are such that precise details
of the cod-end arrangement are not of great importance and laboratories
can use the method they find most suitable for the conditions in which they
operate.
If there are no special perferences we recommend:
a) A bucket, with one or more windows of a metal gallze of the
same mesh as the net. Where the catch is to be used for research with
living material, a reasonably large volume of water - 500 cc or more - below
the windows is desirable; where it is to be preserved for biomass or taxonomic purposes, a smaller bucket is preferable, and we recommend a
diameter of 7.5 em and a volume of 150-200 cc. Buckets should be made
of PVC (polyvinylchloride) or brass of light construction.
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Modified and
Recommended Version
Original

Version

WP2 NET

u--------------------Swivel--------------------

57 em bridle (3)
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ratio 5:1
- 34 -

l
ratio 6:1

(.

b) Where plankton is rich and is not required living, a detachable cod-end bag of the same mesh as the net is more convenient to handle
than a bucket.
I

The end of the net should fit flush into the cod-end so that there
is no pocket in which plankton can collect. The bucket or bag can be
attached by a simple band, screw, or bayonet fitting. The ring supporting the cod-end should be fitted with eyelets to which cords can be attached
so that the weight of the cod-end is not taken d ire c t ly by the filtering
material of the net.
I

I

Flowmeter
The flowmeter
should be of the Tsurumi-Keiki Kosakusho Co.
(Japan) type or of any other equally effective or robust manufacture. It
should have a stop to prevent reversing and another stop to prevent turning
in air although they are not so necessary with a depth-flowmeter. Recent
hydrodynamic tests in the U. S.A. have indicated that the optimum placement of the flowmeter for the most representative measurement of the flow
of water into a net should be half-way between the center and the rim of
the sampler's mouth. Accordingly we recommend that the flowmeter be
centered at 14.25 em from the rim. Whenever pos sible a second flowmeter
should be placed an equivalent distance outside the rim. The ratio of the
inner to outer flowmeter readings will yield the integrated filtration efficiency for each tow. A filtration efficiency less than 85%would indicate
that clogging has occurred and the tow should not be regarded as quantitatively accurate.
I

I

Flowmeters should be calibrated at least every three months in a
swimming pool; these calibrations may be checked at sea under very calm
conditions by hoisting the meter in a vertical manner at velocities of about
90 m/min.
Net material and mesh size
Nylonhas several advantages over silk as netting material. ·The
former is more durable and does not shrink when wet as silk although it
is subject to considerable deformation in shape under stresses. We recommend nylon monofilament basket-weave netting material(e. g. nylon Nytal
7 P and the polyester Estal Mono P.E.) because of their good resistance
against friction and moderate deformation. The mesh should be entirely
basket-weave rat her than alternate basket and twist weave, which are
deformed more easily. The mesh opening should have an aperture of 200
microns by 200 microns when the net is wet and used.
I

I
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SAMPLING METHODS
Depth of towing,

of the
mend
water.
above

towing speed,

duration and time of towing

In view of the field tests results which have shown that clogging
Villefranche net can occur rapidly in rich, neritic waters, we recomthat this net be towed in a vertical manner in the upper 200 m. of
In shallower waters, the vertical tows should be taken from just
the sea bottom to the surface.

In order
a lead weight of
calm. When the
required to keep

that the tows be taken
25 kg is recommended
ship drifts rapidly, a
the wire angle below

in as vertical a manner as possible,
when sea conditions are relatively
lead weight of 40 kg or more may be
our suggested maximum of 250•

The net may be lowered at 60 m/min. and raised at 45 m/min.
Since the Villefranche net will be lowered with weight and cod-end first
and the mouth opening is not presented to the direction 01 water flow, it
is assumed that no plankton is collected in the net during lowering.
The
plankton is collected during hoisting, which should give a towing duration
of about 4 1/2 minutes for the 200 m. water column at a raising speed of
45 m/min.
In order to minimize the influence of diurnal migration on biomass
studies, it is recommended that sampling be done as far as possible during
the 3-hour period after sunrise and after sunset.
This does not preclude
sampling at other times, but these may not be so strictly comparable in
biomass studies.
OPENING-A ND-CLOSING SAMPLES
For vertical distributional
studies, sampling should preferably be
carried out in accordance to the water structure.
When hydrographic information is not available, the following
water columns should be sampled by vertical tows while the boat is drifting:

o 200
500
1000
1500
2000

200 m
- 500 m
- 1000 m
- 1500 m
- 2000 m
- 3000 m
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Two alternative ways of obtaining such samples are by:
a) Modified Nansen method. A throttling line can be attached to
the lower canvas band of our standard sampler and linked to the release
mechanism (Discovery Rept., vol. I, pp. 151-222, 1929), and a weight
shou . be used below the cod-end for vertical series.
b) Multiple opening-and-closing plankton sampler (Be, DeepSea Research, vol. 9, 1962) for obtaining larger quantities of plankton by
oblique towing. Three quantitative samples fromthree predetermined depth
ranges can be collected during a single lowering.
PRESERVATION
OF PLANKTON
SAMPLES
We recommend the use of formaldehyde as a fixative and preservative. The saturated solution known as "Concentrated formalin"contains
38-40% formaldehyde. One part of concentrated formalin should be added
to nine parts of sea water including the plankton sample, and this should
be done as soon as possible after collection. As a precaution against the
dissolution of calcareous plankton in highly concentrated samples the
strength of buffered formalin should be doubled in such samples.
I

It 1sessential that the formalin be neutralized before use by addition of either borax (sodium tetra borate) , marble chips or another suitable
buffering agent. Marble chips have the advantage of dissolving gradually
in the same measure as acid is prod ced in the formaldehyde solution.
Checking on the presence of undissolved marble chips or checking with
pHindicator paper are two simple ways of ascertaining whether the solution
is still neutral. Hexamine, apart from being expensive has the disadvantage of easily crystallizing around organisms when the sample is subject to even a slight amount of evaporation, e.g. while being examined
under the microscope in an open dish.
I

Commercial formalin is often contaminated with iron componds
which, on neutralfzetron I produce a brown precipitate of iron hydroxide.
This prectpitete spoils the sample by sUcking to the surface of the organisms and obliterating their finer structures. It is therefore recommended
that analytical grade formalin be used and stored in glass or plastic containers.
I

I

GENERAL
CAREANDMAINTENANCE
Nets should be hosed before being brought aboard to wash plankton into the cod-end.
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Nets that show signs of clogging can be washed by towing the
net without a cod-end or when clogging is more severe the nets should be
washed in detergent.
Nets should be washed in fresh water after each
cruise before storage.
Nets should not be left in the sun for prolonged periods nor left
where there is risk of unnecessary damage by friction wear and tear.
Flowmeters should be washed with fresh water after use.

DETERMINATIONOF BIOMASS
If possible, two identical plankton samples should be taken simultaneously -- one for biomass study, the other for taxonomic use. If not,
a single sample is taken and split in half by a method still to be recommended.
The first sample (or sub-sample, in case of splitting) is preserved
in formalin for taxonomic and counting purposes.
The second sample (or sub-sample) is deep-frozen,
then dried
according to the technique recommended by Lovegrove (In: H. Barnes, edit. ,
"Some Contemporary Studies in Marine Sctence "; pp. 429-267, 1966) and
finally weighed for dry-weight measurement.
The organic matter will be
determined on this sample by loss upon ingition.
The results (dry weight
3
and orqarnc matter) are expressed in mg/m .
Tests should be made to determine the effect of formalin fixation
upon dry weight and orqarno matter content.
If for mal i n preservation
should be found to have no undesirable effect, it could be used as a routine
technique and samples preserved in formalin could be split in the laboratory ashore, one-half to be used for dry-weight and organic matter measurements.

RECOMMENDATIONSFOR FUTUREWORK
1. Hydrodynamic and field testing of our standard samplers and
to acquire basic knowledge of net design and high-speed samplers in relation to water flow, p I a n k ton behavior, concentration,
and patchines s •
Research on materials (e.g. net material).
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2. Development of a telemetering depth-flowmeter, electrically
opening-closing samplers, a shipboard flowmeter calibration tank, and a
flowmeter with digital dial operated magnetically.
3. Research toward elimination of bridle and other obstructions
in front of net -- as related to plankton avoidance of nets.
4. To study effect of ship's shock wave and noise on plankton
sampling.
5. Compile and keep up-to-date a bibliography on sampling gear,
sampling methods and processing plankton samples.

MEASURING
TOTALPLANKTON
BIOMASS
Assuming that agreement can be reached on standardization of a
set of plankton samplers of different dimensions and mesh apertures, we
are then faced with the problem
of integrating our various catches to
obtain "total biomass" •
The plankton catches from these various samplers will overlap
with one another with respect to kind and size. A net can theoretically
select the lower size limit of organisms, but can not discriminate for the
upper size limit which depends largely on the kind of plankton present,
the towing speed, and the area of the mouth of the net.
A scheme is proposed for eliminating the overlapping upper size
fractions from each haul that are d u p l i cat e d in the samples from the
coarser-meshed nets by means of a series of graded sieves whose meshes
are equivalent to those of the standard sam p l e r s used. Each plankton
catch is filtered through a separatory column and is divided into as many
classes as there are s tan d a r d samplers. For a series of four standard
samplers the theoretical total would be 16 fractions as shown in the following arbitrary model:
Separatory
column with
graded sieves

water
bottle
(0 I.l. )

5000 I.l.

B2

A2

Bl

Al
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A

I
I

1000 jJ.
Net

jJ.

A3

1000 I.l.

il

202
Net

B
-1

B .

5000
Net

I

d

I
I

C

I

jJ.

D
D-l

C-2

D-2

C-3

D-3

I

The fractions A, B, C and D theoretically
that are most ideally collected by each of
sum (after correcting for the volumes of
should give us the best estimate of "total

contain the plankton organisms
the standard samplers and their
water filtered by each sampler)
plankton biomass" .

This scheme was proposed by A. Be at the "Symposium on Hydrodynamics of Plankton Samplers" CSIRO, Cronulla, Australia -- February
14 -16,1966
and its validity as well as "s.ampling suitability"
of each of
the recommended plankton samplers need to be investigated more thoroughly.

Report of Meeting of Working Party 3 (Large Zooplankton)
February 1966, Cronulla,

A.

Australia

SYMPOSIUM

A symposium on plankton samplers preceded the meeting of the
working party. The theme was 'Hydrodynamics of Plankton Samplers' but
the papers and discus sion covered a wider range of relevant topics.
There
were 38 contributions presented or read. The Symposium included demonstrations and tests in the aeronautical and hydrodynamic laboratories of
the University of Sydney. The tests were made on a net of mesh aperture
200 J.l , recommended by working party 2. There were 27 participants and
8 (Australian) observers.
Eight papers were read in absentia.

B.

REVIEWOF PLANKTONSAMPLING METHODOLOGY

It was agreed that a review of plankton sampling methodology
should be prepared to be published by UNESCO, the work to include the
bibliography already prepared and an appendix on terminology.
The publication of approximately 100 pages will be prepared by the following contributors:
1. History of sampling
2. Gauzes
3. Flow patterns
4. Loss through the meshes
5. Avoidance
6. Field techniques
7. Design of sampling

-

Fraser
Heron
Tranter and Smith
Hempel and Vannucci
Anraku and Clutter
Aron and Gehringer
Cassie

The contributions are to be in the hands
Cronulla) by September 30.
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of the Ed i t or (CSIRO

C.

RECOMMENDATIONS

Upon the assumption that the goal in quantitative plankton sampling is to take a representative sample of a particular size group in the
plankton spectrum, the following recommendations were made:
1. That an encased sampler with a net of mesh aperture 1 mmbe
designed to sample the larger zooplankton, its specifications to be dictated
by the following considerations:
(t)

That the sampler should filter at a rate of not iess
than 20 m3/ minute.
In addition it would be useful to measure also the
speed of the sampler in situ.

(ii) Thatthe flowthrough the sampler should be metered.
(iii) That the mesh vel 0 city (exit velocity from the
meshes) should not exceed 10 em/sec.
(tv) That there should be no obstructions ahead of the
sampler mouth.
(v) That the sampler should tow in a stable manner
and the drag be as low as possible.
(vi) That the sampler be fitted with a depressor capable
of taking it to a depth of at least 200m at a speed
of at least 6 kt ,
(vn)

That the sampler should be fitted with an acoustically operated opening closing action and a depth
sensor telemetering to the surface, and that space
should be left available for further mod u 1e s if
required.

(viii) That the sampler be robust and non-corrodable.
(ix) That the net and the catch be easy to remove and
the flowmeter easy to read.
(x) That the sampler be as small as possible consistent with the above requirements.
2. That a simple unencased net with the following specifications
would serve as the best interim sampler for the larger zooplankton.
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(i) Mouth of 1 m2 consisting of a 3/4" (approx , 2 em) ,
outside diameter, ring of galvanized tubing.
(Ii) Net with a cylindrical forward part, 57 cm long,
and a conical after part, 200 ern long, strengthened with 6 longitudinal tapes not more than 2 cm
wide.
(iii) Gauze of monofilament nylon of mesh aperture 1mm.
(tv) Throat of dacron sailcloth not more than 12 ern wide
to be wrapped around the ring. Notches at 3 equidistant points to take the bridle lugs.
(v) Bridle of 3 legs equal in length to the mouth diameter.
(vi) Flowmeter to be placed 25 ern inside the ring. It
would be useful also to have a second flowmeter
outside the net to measure the s peed of the net
through the water.
(vn) Bucket to be light in weight.
(viii) Towing speed to be 2 - 3 kt ,
(Ix) Sinker to be either a dead weight of approximately
40 kg or an equally efficient depressor.
(x) It is considered that there is no satisfactory
of closing this net.

way

3. That a list be made of the facilities available throughout the
world, suitable for t est in g plankton nets, e. g. test tanks, circulating
water channels
wind tunnels etc.
I

4. That further research be undertaken to find the best practical
means of telemetering information from the sam p l e r to the surface and
telemetering control signals from the surface to the sampler.
D. J. Tranter
Convener
NOTE: The points made by w .p. 3 for consideration in the design
of a sampler are suggested as ideals.
In practice these ideals cannot be
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achieved without making a sampler larger than can be conveniently handled
so that a sacrifice of ideals will be nece ssery , WG 13 will discuss this
bycorre-spondence sothat some indication of where and how far the sacrifices may be made can be given to the designers.
J.H.F.

Report of Working Party 4 (Micronekton)
INTRODUCTION
The development of sampling met hod s for capturing the larger
plankton and smaller nekton in a quantitative manner is in its infancy and
although some progress has been made little gear has been designed speCifically for this purpose. A plea for standardisation might thus appear
inopportune at this stage. Howe v e r, it is apparent that one promising
design is in widespread use and already a large body of catch data is available. Our recommendations are therefore directed towards introducing some
degree of acceptable uniformity in the construction, dimensions, and operation of this sampling device, so that valid comparisons can be made with
data from different sources. It is also hoped that these recommendations
will serve as a guide to those initiating new sampling programmes.
1.

CATEGORY
OF ANIMALSTO BECONSIDERED

We have considered methods by which a representative sample
can be t a ken of pelagic organisms lying within the arbitrary size range
2.0 to 10.0 cms , No single term as yet defined (macrozooplankton, micronekton, forage organisms) is strictly applicable under this definition but
if a term is to be used the "micronekton" is recommended since it implies
less of an overlap with the planktonic animals considered by w.p. 3.
Within the size range 2.0 to 10.0 ems large decapods (SergestUds I
Penaeids, Oplophorids), fish larvae, small adult fish, small cephalopods
and large euphausiids will predominate. Gelatinous organisms and animals lying outside the size range will occur in the catches and these must
be considered separately from the main sample.
2.

TYPEOF SAMPLER

Of the methods available it is apparent that one type of sampler the Isaacs-Kidd midwatertrawl (IKMT)- is in widespread use. Its advantages include a large mouth opening relatively free of bridles and other
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obstructions, it is self-depressing,
it is versatile and easier to fish than
conventional conical nets of comparable mouth area, and it can be towed
at great depth and at high speed.
Of its disadvantages perhaps the most
important is that we have no measure of the volume of water filtered so
that it is only semi-quantitative.
Nevertheless with the realisation that
it falls short of the requirements of an ideal sampler we have no hesitation,
at this state in the development of sampling devices, in recommending the
IKMT as a basis for standardisation.
2.1 Size of Sampler
There are advantages in h a v in g as large a net as possible but
shipboard facilities
vary to such an extent that absolute size could be a
limiting factor.
For this reason we recommend two sizes:
6 foot and 10
foot, -- this dimension referring to the spread of the depressor.
2.2

Overall physical

dimensions

and method of rigging

Specifications of net, depressor, spreader bar, etc.
of rigging can be found in the following reports:

2.3

and method

6':

Aron, W. , 1962. Some aspects of sampling the macroplanktbn.
Rapp , Cons. Expl. Mer, 153: 29-38.

10':

Isaacs, J. D. and L. W. Kidd, 1953. Isaacs-Kidd midwater
trawl. Scripps Institution of Oceanography S.1.0. Ref. 53-3:
1-18.

Mesh-size

0.5" stretched mesh nylon, preferably knotless.
It is usual to
support this finer mesh within a 21/2" knot to knot outer net. We strongly
deprecate the use of nets having mixed or graded meshes.
2.4

Cod-end

There is evidence that the catch is maintained in better condition
if the trawl terminates in a metal or plastic container preceded by a short
fine mesh section, of 3 mm mesh aperture.
It must be emphasized that
thes finer mesh will superimpose on the main catch a fraction of animals
smaller than 2.0 cm. which must be excluded in the final treatment of the
sample.
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3.

TYPEOF HAUL

. Whether an oblique or horizontal tow is used de pen d s largely
upon the nature of the problem under investigation since they meet different
requirements. Oblique tows are best suited to small or large scale regional surveys aimed at delimiting distributional patterns, of species or biomass, within the top 200 m. Horizontal tows are applicable to studies of
variation in vertical distribution, sampling with respect to thermoclines
and scattering layers, and sampling more sparsely distributed organisms.
In the circumstances we can only r e com men d procedures that
should be followed in makingthese two quite different types of haul. The
importance of adopting and maintaining rigorously a standard sampling procedure cannot be overemphasized since only in this way can valid comparisons be made between a series of hauls.
3.1 Obligue haul
3.1.1

Payout at 40 meters/min.

3.1.2

Haul in at 40 meters/min.

3.1.3

Ship's speed throughout tow: 3 knots (except for shooting
and recovering the trawl).

3.1.4

Depth of haul: 200 - 0 m,

3.2 Horizontal tow
3.2.1

Payout at 40 meters/min.

3.2.2

Haul in at 60 meters/min.

3.2.3

Ship's speed 3 knots (see 3.1.3)

3. 2.4 Duration of tow 2 hours at fishing depth
3.2.5
4.

Depth of tow at 50 m intervals down to 1000 m,
at 250 m intervals below 1000 m,

SHIP'S SPEED

Recent work has shown that the IKMTis extremely sensitive to
variations in ship' s speed. It is therefore important to maintain a constant
speed throughout the tow if the depth of fishing is to remain uniform.
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5.

DEPTH OF FISHING

The use of a depth-time recorder or a depth telemeter is a prerequisite of midwater sampling since an accurate knowledge of the depth
of fishing is essential to a proper interpretation of the data.
6.

DISTANCEOF TOW

Methods of metering the flow of water through the IKMT have yet
to be evolved. However as a first approximation of volume filtered, estimates can be made based on mouth area X distance towed through the water
(which equals the length of the sampled column). A flowmeter mounted in
the cod-end can be used to give a relative measure of the length of water
column sampled.
7.

TREATMENTOF CATCH

Animals falling outside the size range 2 - 10 ern should be treated
separately from the main catch. Consider catch by taxa: measure displacement volume or net weight and enumerate. If possible pool taxa and consider by tropic level.
CONCLUDING REMARKS
In concluding this report it must be emphasized that while our recommendations referto existing gear we do not wish to imply that the methods
available are adequate.
On the contrary
it is clear that they leave much
to be desired and progress in the quantitative study of these more active
pelagic organisms will largely depend upon technical improvements in the
IKMTand in the evolution of new devices and approaches.
This work must
be encouraged
it is long overdue and we strongly urge that support be
given to the following:
I

I

I

(a) Field and laboratory studies of the hydrodynamics and catching efficiency of the IKMT. An objective appraisal of this sampling device
can only be made as a result of such work.

closing

(b) Studies to evaluate
systems and if necessary

telemeters

the effectiveness
of existing openingto design and produce new ones.

(c) The design and pro d u c t ion
operative to 5000 m.

of reliable,

accurate

depth-

I

(d) The design of devices that can be incorporated in the sampler
to telemeter or record environmental parameters (light temperature
etc.).
I
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Annex VI

SUMMARY OF FIRST AND SECOND REPORTS OF
SCOR WORKINGGROUP 19 ON
MICROPALEONTOLOGY OF BOTTOM SEDIMENTS

Meetings of WG 19 were held in Paris, on January 3 - 4, 1966,
at the Laboratoire de Micropal~ontologie, tcole Pratique des Hautes
Etudes, and in Moscow, between June Z and June 7, 1966, at the Moscow
State University. All members of the working group were present at the
meeting in Paris, but G. Deflandre and T. Kanaya were unable to attend
the meeting in Moscow.
During the Second International Oceanographic Con g res sin
Moscow, an open meeting of WG 19 was held in order to acquaint attending rrriceopaleontol.ogtats with the aims of the w 0 r kin g group, and to
solicit suggestions.
About 50 micropaleontologists
(three quarters of
them from the USSR) attended, and the resulting discussion influenced
the content of the provisional version of the program appended hereto.
Inaddition, a number of microscopes were available, and Russianworkers
demonstrated some of their microfossil preparations for discussion.
The principal results

arising from all meetings are summarized

below:
1. Definition of Field of Interest
The study of floras and faunas which contribute preservable
micro-remains
to bottom sediments of present seas and oceans, and
their occurrence as fossils in these regions.
Z.

Terms of Reference

Taking into account the draft terms of r efe.rence presented by
Professor Kort and comments received from national committees and
individuals, it is proposed to amplify the original terms of reference
(SCORProceedings, Vol. I, No. I, p. Z5)by the addition of the following:
(a) Discussion of the technical and scientific procedures used
in micropaleontological investigations of marine bottom sediments.
(b) Discussion of the principles of systematics,
stratigraphy
and environmental interpretation as applied in the above field.
(c) Facilitation
that of land areas.

of comparison of submarine
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stratigraphy with

3.

Exchange

of Samples

During the Moscow meetings,
Cenozoic micropaleontological
sample s of various age s were distributed among working group member s
by W. R. Riedel and A. P. J'ous e , moz-de r that workers in the institutions and countries represented
might be able more effectively to coordinate specie s identifications
and age as signments.
It is expected that some
results from examination of these samples will be available by the time
of the proposed Symposium,
and that further exchanges will take place.
4.

List of Marine

Micropaleontologists

A list of active workers in this field will be compiled.
been received for the USSR, Japan, Poland and New Zealand,
are expected shortly.
5.

Lists

of Marine

It was agreed
and dredge samples.
6.

Proposed

Lists have
and others

Bottom Samples

to initiate

Symposium

the exchange

of lists

"Micropaleontology
Sediments"

of available

core

of Marine Bottom

Most of the discussions
of WG 19 have been concerned with the
organization of a Symposium.
Its purpose is to bring together the widel ydispersed
active workers
in this field for the exchange o f ideas,
experience and materials.
The provisional program below includes twelve principal lectures
to be given on specific topics by invited experts,
shorter contributions
on individual microfossil
groups, and ample per i 0 d s for discussion.
Only one day is provided for uninvited papers on new advances in the
field, and it was suggested that papers in this category be brought to the
Symposium in a sufficient number of copies for general distribution
so
that they can be read and discussed informally by interested
colleagues.
It is expected thata number of microscopes will be available, andparticipants will be encouraged to bring illustrative
samples and preparations
with them, for mutual examination.
It is proposed to hold the Symposium in Scandinavia (possibly in
Oslo, with Professor
Braarud and associates
acting as local organizers).
Taking into consideration
other European meetings of micropaleontologists, it seems that the nine-day S ym p 0 s i um should be scheduled
betweenthe middle of August and the end of September, 1967. It is estimated that about eighty researchers
should be invited to attend.
A way
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will be sought to publish the papers and discussions in a form that will
achieve world-wide circulation. (BothEnglish and Russian editions are
envisaged, and competent specialist translators will be required at the
Symposium).
Provisional Program for the Symposium
Day 1
09.00-10.00
10.00-10.30

(1) Distribution of plankton in the 0 c e an s in relation to
physical and chemical conditions - main lecture
Discussion

11. 00-12. 00 (2) Distribution of benthos
in the oceans in relation to
physical and chemical conditions - main lecture
12.00-12.30

Discussion

14.00-16.00

Short contributions (15min.) on: Diatoms. Coccoliths.
Radiolaria. Planktonic Foraminifera. Benthonic Foraminifera, Pteropods. Ostracods.
Remarks (2 min.) backed up by written notes and biblio g rap h yon: Silicoflagellates, Dinoflagellates and
Hystrichospheres, Pollen and Spores.

16.00-17.00

Preliminary
samples.

examination and discussion of exchanged

Day 2

09.00-10.00

10.00-10.30
11.00-12.00

(3) Occurrence of siliceous microfossils
ments - main lecture

in bottom sedi-

Discussion
(4) Occurrence of calcareous microfossils
ments - main lecture

inbottomsedi-

12.00-12.30

Discussion

14.00-17.00

Short contributions (15mfn.) on: Diatoms, Coccoliths.
Dinoflagellates and Hystrichospheres,
Pollen
and
- 49 -
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Spores,
Radiolaria,
thonic Foraminifera,

Planktonic
Ostracods,

Foraminifera,
Pteropods.

Remarks (2 min.) backed up by written
ography on: Silicoflagellates
et al.

Ben-

notes and bibli-

Day 3
09.00-09.45
09.45-10.00

Problems in the systematics
Diatoms
Discussion

10.00-10.45
10.45-11.00

Coccoliths
Discussion

11.30-12.15
12.14-12.30

For aminif era
Discussion

14.00 .•14.45
14.45-15.00

Radiolaria
Discussion

15.30-18.30

Group discussions

of important

organisms:

Day 4
09.00-10.00

(5)

10.00-10.30
11.00-12.00

12.00-12.30
14.00-15.00

Statistical methods applicable to micropaleontology
bottom sediments - main lecture
Discussion

(6)

Geochemical
paleontology

and isotopic methods
of bottom sediments

applicable to micro- main lecture

Discussion
(7) Stratigraphical
me tho d s applicable to micropaleontology of bottom sediments - main lecture

15.00-15.30

Discussion

15.30-17.30

Methodology

by groups

- "50 .•...-

of

(collection,

preparation,

etc. )

FREE

Day 5

Day 6
Lectures on the vertical and horizontal distribution of
microfossils in Quaternary sequences.
09.00-10.00
10.00-10.30

Diatoms
Discussion

11. 00-12.00
12.00-12.30

Planktonic Foraminifera
Discussion

14.00-14.30

Coccoliths

14.30-15.00
15.00-15.30

Pollen and Spore s
Discussion

16.00-16.30

Radiolaria

16.30-17.00
17.00-17.30

Pteropods
Discussion
Remarks (2 min.) backed up by written notes and bibliography on: Silicoflagellates, Din 0 f 1age 11ate sand
Hystrichospheres, Benthonic Foraminifera, Ostracods

Day 7
09.00-10.00
10.00-10.30

(8) Occurrence of pre -Quaternary
oceans - main lecture
Discussion

Short Iecture s
11. 00-11. 30
11. 30-11. 45

Diatoms
Discussion

11.45-12.15
12.15-12.30

Coccoliths
Discussion
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microfossils

in th e

14.00-14.45
14.45-15.00

Radiolaria
Discussion

15.00-15.45
15.45-16.00

Planktonic
Discussion

16.00-17.00

Remarks (2 min.) backed up by written notes and biblio g rap h yon:
Silicoflagellates,
Dinoflagellates
and
Hystrichospheres,
Pollen and Spores, BenthonicForaminifera,
Ostracods,
Pteropods

Foraminifera

Day 8
09.00-10.

00

(9) Quaternary co r r e Iat'ion s between groups
based sequences
Discussion

and with 1and-

and with 1and-

12.00-12.30

(10) Tertiary
correlations
based sequences
Discussion

14.00-14.30
14.30-15.30

(11) Quaternary
Discussion

15.30-16.00
16.00-17.00

(12) Tertiary
boundaries
Discussion

10.00-10.30
11.00-12.00

between

groups

boundaries

Day 9
New advances

- offered papers

Recommendations.
Note
Each invited participant
should be given instructions
on what special
topic to prepare;
should have it as a manuscript
at the meeting.
Other
persons
should be asked to prepare
specifically
for the discussions
to
be held at the symposium.
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Annex VII

WORKINGGROUP TO CONSIDER
ZOOPLANKTON METHODS IN THE LABORATORY
The members of WG 13 at present in Rome (Currie, Hempel and
Fraser) discussed together the proposal to set up a Working Group to
consider Zooplankton methods in the laboratory: whether this should be
done by WG 13 or by a new group, and to state the main problems that
they. should consider.
We decided that we should not add to the remit of WG 13. This
is a joint group sponsored by SCOR, ICES and UNESCO and any alteration of its terms of reference would need the approval of all three organisations.
A new working group should be set up, although this could but need not be - the same personnel.
The interests of the present WG
13 members do not necessarily suggest that they would be the best people
for the work although this is probably not of importance.
We consider
thatit would be the duty of the new working group to set up suitable working parties for the topics to be considered, and that the working party
members would be the acknowledged experts in their fields.
These fields would be:
The preservation
of plankton samples.
Formalin has been
the traditional preservative,
but we do not know enough about its chemistry and the reactions on the organisms preserved.
Nor do we know
whether there is a new modern preservative that would be better than
formalin, or equally as good without unpleasant effects on the user.
1)

One working party should be set up to study and report on methods
of preserving zooplankton.
It should include at least one interested
planktologist but also one or more chemists with experience with pre servative s ,
2) The second working party should study and report on the preservation of microplankton, both phytoplankton andmicrozooplankton as
the methods are not likely to be the same as for the larger zooplankton.
3) A third working party should be set up to advise on laborator y
methods of estimating biomass, and methods of sub- sampling and counting.
4) We also discussed statistical methods for plankton work and
decided that we would not recommend the new working group to set up a
working party for this purpose.
We suggest that SCOR should strongly
advise UN E S C 0 to support. the plan proposed by IBP to set up a unit
under the leadership of Dr. Cassie and that this unit should be responsible for issuing advice on statistical methods.
j.l!lt
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Annex VIII

REPORT

OF !APO WORKING GROUP ON
DEEP SEA TIDES

1.
The following people met on June 4, 1966 at Moscow University
for a review of the problem of deep sea tides.
Canada:
Finland:
France:
Germany

Stewart
Hela
Peluchon
Brettschneider,
Dietrich,
Dumg ,
Friedrich,
Huber, Krauss,
Siedler,
Siindermann,
Tomczak,
Trepka,
Weidemann
Voigt
Frassetto
Uda
Grinda
Dorrestein
Lilly, Swallow
Bogdanov, Duvanin, Menzin, Nekrasov,
Tamsala,
Voit, Yampolsky
Fedorov
Baker, Wooster,
Cox, Hendershott,
Isaacs,
Knauss, Munk, Revelle

(FRG):

Germany (DDR):
Italy:
Japan:
Monaco:
Netherlands:
United Kingdom:
USSR:
UNESCO:
USA:

2.
The purposes of the working group were reviewed.
It was decided
thatan associated committee should be formed, dealing with theoretical
problems
related to the deep sea measurements
of tides.
The membership is as follows:
H. Hansen and S. S. Voit,
Hender shott
Pekeris
Redfield
Yoshida

Joint Chairmen

The membership
may be altered or augmented at the desire of the chairmen.
The Hansen- Voit committee has the following tasks:
i. To report to the working group on theoretical
efforts now being
made concerning the calculations
of deep sea tides.
This should include
a statement concerning the procedures
adopted by different investigators.
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ii. To advise on the transition problem: that is the calculations
of deep sea tides from coastal observations, and vice versa.
Ultimately
one may wish to compute the tidal coefficients along (say) the 1000fathom
boundaries of the global oceans, as boundary condition to problem (i).
iii. To advise on the measurements
problems (i) and (ii).

most urgently required for

iv, To contact Dr. Eyries, who is organizing a IUGG symposium
at Bern, Switzerland on 29 September 1967. Hopefully, the work of this
sub-group can be discussed at that 0 c cas ion.
In the meantime, the
chairman of the working group would appreciate early reports from the
Hans en- Voit committee, so that these can be used in planning the obs ez -:
vations, and distributed to all members of the working group.

3.
Plans were discussed for the seagoing tests off La Jolla during
15-22 January
1967. These tests have two main purpo se s i
i. To make simultaneous drops of theAFEGPO gauge now being
developed in France, and of the S nod g r ass
gauge being developed ill
California.
ii. To acquaint the technical representatives
from various countries with the present state of the French and American efforts.
It is
my understanding that Dr. Roll willrecommendsomeonefromhis
Institute in Germany and Dr. Monin will recommend someonefromhis institute in the USSR (possibly Shekhvatov). We urgently need to know who
will come so that plans can be made.
4.
It was recommended that a discussion of deep sea measurements
be included in the Eyries symposium in Bern on 29 September 1967.
5.
I attach' a summary of a talk given at the SCOR meeting in Rome
in May 1966. SCORhas been instrumental in obtaining the funds to support expenses of the sea-going trials in February 1967.

W. H. Munk
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Deep Sea Tides

Hourly values of tide level have been recorded over a century at
something like 20 stations.
These series are the most continuous time
series available to oceanographers,
and they contain a wealth of information.
Cartwright and I have s t u die d some of these series.
After
subtracting
the astronomic tides from the recorded tides in some optimum manner, the residuals
oscillations
have typical rms amplitudes of
I ern to 10 ern, Cur i 0 us 1y, these oscillations
are prominent at tidal
frequencies,
yet they are "incoherent"
with the tide-producing
forces.
I suspect that these are" steric" tides, that is, small surface oscillations
associated
with internal oscillations
of the density layers.
Persumably
they are generated
by bottom scattering
of surface tides into internal
tides,
but the phase relative
to the tide producing forces varies at a
fixed point from month to month because of the variability in the thermal
structure of the ocean. So much for the variability of coastal tide records.
We have become interested
in measuring
tides in the deep sea.
Frank Snodgrass
has built a selfcontained
capsule which is dropped to
the sea floor, records in situ, and is subsequently
recalled by acoustic
signals from a surface vessel.
The instrument is necessarily
somewhat
complex (though it fulfills the Spillhaus criterion
of a good oceanographic
instrument by having less than one vacuum tube - all components are solid
state).
We have had rather more than the usual number of failures and
believe that it is essential
to pay more attention to a subject that has
been christened
"z el ia bi l ity eng ine e r ing!' by space engineers.
This involves (1) a planned redundancy of critical circuits,
(ii) quality control
of individual
components,
(iii) long periods
of pretesting
plus (v) pretesting under severe environmental
conditions.
Ultimately I believe that
the precision
of the deep sea tide capsule will be limited by plastic flow
in the transducer,
giving rise to what is ordinarily
called II instrumental
drift".
I am confident that we can obtain a precision
of 1 ern at 4 krn
depth in the measurement
of tides.
Professor
Eyries has led a group in France developing a similar
instrument,
and in this effort he is ahead of what we are doing.
Dr.
Eyries and I are members
of an IAPO working group whose goal it is to
organize
for systematic
measurements
of deep sea tides.
Ultimately
we need something like 300 stations each to be occupied for one month,
but it is important to note that theseneednot
be occupied simultaneously.
This is becuasethe
input functions (the tide producing forces) are known.
What can be learned from deep sea measurements
of tides?
First
this work may lead to a new method of tide prediciton.
By making a coordinated
theoretical-observational
attack, consisting
of the PekerisHendershott
theoretical
calculations
on the one hand, and the deep-sea
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observations on the other hand, it should be possible to develop a computer
program which yields the tides for any specified time and place in
deep sea. By solving the transition problem of how the tides are modified in shallow water, the co as t a I prediction can be developed as an
appendix to the deep sea prediction.
For geophysical measurements on land, the tidal frequencies
cannot be interpreted without making allowance for the effect of oceanic
tides on a global basis. This applies to measurements of gravity, magnetic field, etc. Measurements of electric potential at the sea bottom
can be used to estimate the conductivity of the sea bed and from this one
can make estimates of the distribution of temperature in the upper mantle.
The work on deep sea tides should also give an unequivocal estimate of
tidal dissipation.
The total dissipation is known from astronomy to be
19
3 x 10 ergs sec -I, and the difference between this amount and the oceanic
tidal dissipation gives the dissipation in the solid earth. From that we
should be able to 1ear n something about the plastic properties of the.
earth I s mantle.
Another class of problems that one might be able to study with
the deep sea capsules has to do with the variations in barotropic currents.
This would be obtained from measurements of the time variations in the
pressure difference between adjoining stations. It is curious that planetary waves which are so prominent in the atmosphere have not been convincingly demonstrated in the oceans. This could be because they are
poorly generated, or poorly transmitted, or because the observations
so far have not measured the proper variables.
What one really needs
is long measurements of horizontal motion at great depth (away from
surface noise). Such measurements are simply not available at this time.
Pe rhaps it is futile to speculate what one will learn with new types
of instruments ope rating in an unorthodox geometry. Already the most
interesting results obtained have nothing to do with tides: they refer to
a sharp increase in temperature in the bottom few meters of the oceans
(the existence of a warm bottom layer had previously been reported by
Von Herzen and co-workers from mea sur em e n t s with a geothermal
probe). How is this warm layer maintained? Is it weighted by an increased content
of salt or of sedimentary particles?
In fact, in .the
measurements of temperature gradients in sediments, what is the role
of tidal "pumping" of interstitial water? The bottom of the sea is perhaps the least explored of the "accessible boundary layers" on this planet,
and we may be in for some surprises.

w.
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H. Munk

Annex IX

INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS
Scientific Committee
on Oceanic Research
Eighth

General

Meeting,

Rome,

23 - 27 May 1966

SYMPOSIUM ON VARIABILITY

IN THE OCEAN

Program

24 May 1966
Biological

Section

1.

Opening Remarks

T. Braarud

2.

Oceanographic
and Biological Influence of the
Suez Canal, the Nile and the Aswan Dam on
the Levant Basin.

O. H. Oren (Israel)

3.

Biological

S. G. Segerstrale

4.

Variability
in the Oceanic Content
Plankton in the Scottish Area.

5.

Variability

6.

Time Series

7.

Extraction
of Oceanographical
Time Series
from the Four-dimensional
'Liquidum'
(or Continuum).

Fluctuations

in the Baltic

Sea

of

J. H. Fraser

(Finland)

(UK)

J. M. Colebrook

in the Plankton.
Observations

(Norway)

and Zooplankton

(UK)

J. A. McGowan (USA)
L. H. N. Cooper

(UK)

25 May 1966
Morning

- Physical

1.

Opening Remarks

2.

On a statistical
variability

3.

Deep Sea Tides

Section
R. W. Stewart
index of the ocean

(Canada)'

A. De Maio (Italy)

W. H. Munk (USA)
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4.

Moored Oceanographic
Buoys (reliability,
representativity
and application).

5.

The capability of the Aanderaa
telemetering
instrument.

Afternoon

- Physical

recording

T. Kvinge (Norway)

and

O. Dahl (Norway)

Section

6. A summary

of variability
observed with
monitoring sections of the East and West
Coast of Canada.

C. R. Mann (Canada)

7.

Variation in monthly
at Bermuda.

H. Stommel(USA)

8.

Fluctuations
in the atmospheric
and marine
climates in the region of the European shelf
seas since 1900.

mean dynamic

topography

A. J. Lee (UK)
(co-author,
R. R. Dickson)

26 May 1966
Morning
9.
10.

Typical

features

Section
of internal

wave spectra.

On the fine structure
of density and current
distribution
and its short-time
variations
in different areas.

11. Plans
Sea.
12.

- Physical

for variability

studies

On the representativeness
current measures.

Afternoon

- General

in the Norwegian

of direct

deep-sea

W. Krauss,

(F. D. R.)

G. Siedler,

(F. D.R.)

H. Mosby (Norway)
(read by T. Kvinge)
F.

Webster

(USA)

Section

Discussion of implications
of presented
gations of variability
in the ocean.
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papers

for proposed

IOC investi-

Annex X

MEETINGS OF SCOR AND ASSOCIATED ORGANIZATIONS
IN 1966-67

1966
15-19 August

Karuizawa,
Japan

SCOR Working Group 15 (with IAPO,
UNESCO), on Photosynthetic
Radiant
Energy

17-20 August

Tokyo

IOC

22 August
10 September

Tokyo

Eleventh

13-16 September

Santiago,
Chile

SCAR/SCOR/IAPO/IUBS Symposium on
Antarctic Oceanography

19-24 September

Kyoto

IUGG/IUTAM Symposium on Boundary
Layers and Turbulence,
and IAMAP/
IAPOJoint Committee on Air-Sea Interaction

2-12 October

Copenhagen

ICES 54th Statutory

20-28 October

Abidjan

UN E S C OfF A %
A U Symposium on
Oceanography
and Fisheries
Resources of the T r 0 pic a 1 Atlantic
(Results of ICITA and GTS) .

25 October November

Paris

UNESCO General

15-22 January

La Jolla,
U. S .A.

IAPO WG on Deep Sea Tides

16-28 January

Rome

ACMRR

30 January 2 February

Monaco

Seventh 10C Bureau and Consultative
Council.
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CSK Coordination
Pacific

Group

Science

Congress

Meeting

Conference

early February

Jerusalem

SCOR Executive

August or
September

Oslo (?)

SCOR Symposium on Micropaleontology of Marine Bottom Sediments

25 September 7 October

Switzerland

Fourteenth rUGG General
lAPO Meeting (in Berne) .

mid-October

Paris

Fifth Session
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Meeting

of roc

Assembly.

ABBREVIATIONS
MAS
AFEGPO
BT
CODC
CSIRO
FAa
IAMAP
IAPO
IBP
ICES
ICITA
ICNAF
ICSU
IGU
IGY
IHB
IKMT
IOBC

lac

IUBS
IUGG
lUGS
IUPAP
IUPS
IUTAM
NODC
PM
SCAR
SCIBP
SCaR
UN
UNESCO
WG
WMO
w.p.

American Association for the Advancement of Science
Association Francaise Pour L'Etude des Grandes
Profondeurs Oceaniques
Bathythermograph
Canadian Oceanographic
Data Center
Commonwealth SCientific and Industrial Research
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