
ANNEX VII
REPORT OF SCOR WORKING GROUP 29

MONITORING IN BIOLOGICAL OCEANOGRAPHY

Report of Meeting in La Jolla, 25-29 May 1970

The Working Group met at the Fishery-Oceanography Center of the U.S. Bureau of Commer-
cial Fisheries, La Jolla, California, from 25-29 May 1970; the following members participated:

Dr. J. M. Colebrook Oceanographic Laboratory IBP/PM
Edinburgh, Scotland

Dr. K. Grasshoff Institut fur Meereskunde, Kie l , ACMRR
Federal Republic of Germany

Mr. R.J. LeBrasseur Fisheries Research Board of Canada SCOR
Nanaimo, British Columbia

Dr. A. R. Longhurst
(Chairman)

Bureau of Commercial Fisheries SCOR
La Jolla, California

Dr. C. J. Lorenzen Woods Hole Oceanographic Institute UNESCO
Woods Hole, Me s sachusetts

Dr. S. Nishizawa Research Institute of North Pacific SCOR
Fisheries

Hokkaido University, Hokkaido, Japan

The following terms of reference had been given for the Working Group:

"Using the outcome of various relevant working groups of SCOR and other
organizations, to review critically the present status of devices for (a)
continuous observation of parameters such as pigments, particles, trans-
parency, submarine irradiance, primary production, nutrients, and (b)
continuous or intermittent sampling of organisms and to list suitable tech-
niques and instruments for such measurements. The Working Group would
work, where relevant, with the Chairman or rapporteurs of other SCOR
Working Groups."

In a discussion of these terms, the following definitions were considered:

Continuous -- A series of observations or samples in space or time with intervals be-
tween them which are small compared with the smallest significant scale of variability of the par-
ameter being measured. Thus, this term may be used either for analog or digital data outputs.

The term may be applied to continuous underway observations from research vessels
or ships of opportunity, to continuous vertical profiling observations, to relatively short contin-
uous horizontal transects, to relatively short period continuous in-situ observations and similar
situations.

Monitoring -- A time-series of observations designed to provide information about
major patterns of fluctuation extending, or intending to extend, over long periods of years in
most cases. In particular, to be applied to observations of the results of climatic changes on
marine biota.

Might be applied to observational series based on in-situ apparatus mounted on data
buoys, piers, sea-bottom capsules, and so on, as well as to the regular and routine occupation
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of ocean stations, and to regular dally (or more frequent) measurements of biological parameters
from satellites in near-earth space.

After accepting these, it was agreed that a more appropriate title for the working group
would be "monitoring in biologlcal oceanography". Participants further agreed that, as far as
possible, they would confine themselves to consideration of monitoring systems which might be
appllcable to comprehensive networks of data buoys, aircraft or sateilltes, and ships of opportun-
ity; they agreed to spend a mtntrnum of time on consideration of systems developed for continu-
ous sampllng or observing from research vessels for special purposes.

BIOLOGICALPARAMETERSTO BEINCLUDEDIN OCEANMONITORINGSYSTEMSFORTHEPURPOSE
OF:

Fishery research and services

Monitoring on an ocean-wide scale of such parameters as chlorophyl.l -g, Cl4 uptake,
and zooplankton biomass have been much overemphasized in their direct application to fisheries.
A number of examples were discussed to emphasize that application of primary and secondary pro-
duction data differed very cons iderably from fishery to fishery.

During the recent METEORwork in the region of Cabo Blanco, a recently upwelled parcel
of water, rich in nutrlents, was observed to develop a very strong bloom of a Phaeocystis-like
alga. Subsequently, no grazing herbivores developed, probably because few herblvore species
are able to uttItze these chain-form phytoplankton. In an ocean-wide chlorophy ll=g, monitoring
system such patches would be difficult to assess without additional observations. Similar exper-
iences have been noted off Peru where the Engraulis fishery does not correspond with regions of
strongest upwelling, and off South West Afrlca where the Spanish dlstant-water trawler fleet has
been observed far from upwelllng centers, whUe in the northern Paclflc Ocean it has been found
that there was no direct relationship between the north PaclUc spring bloom and the high seas
salmon distribution. However, monitoring of the location and timing of events in production cycles
could have importance in individual Usheries whose fishery-oceanography had been adequately in-
vestigated, such as the well-known case of the timing of the sprlng diatom bloom in relation to the
spawning of herring in the North Sea and adjacent areas, and the less well-known dependence of
the Ghana herring Ushery on the occurrence of the late summer coastal upwelling.

Stmller arguments were made concerning ocean-wtde monitoring of parameters of zooplank-
ton, though for some kinds of fisheries, at least, the relation between zooplankton and fish dis-
tribution would be more direct and useful than that between fts h and chlcrophylf-g ,

The reference, by Working Group 32, to Working Group 29 for consideration of problems in
relation to monitoring programs for ichthyoplankton (Ush eggs and larvae) was then considered and
the question of sampling scale and the scale of patchiness of the components of the ichthyoplank-
ton was discussed, since it is known that fish eggs may be highly aggregated. Working Group 29
suggested that Dr. Paul Smith (BCF, La Jolla) be asked for a short statement since he is currently
studying egg and larval aggregations.

It was noted that although ichthyoplankton was known to be highly aggregated, such patch-
iness was also characteristic of other planktonic parameters, and the whole question of variability
due to aggregation of biota or biological products and effects had to be seriously considered in
design of any monitoring system, in particular one based upon a series of ocean buoys, or other
fixed-site platforms.

In discussing the question of the monitoring of benthic organisms, WG 29 regretted the
apparent difficulty of designing a benthic fauna monitor for an ocean data system, especially be-
cause envtronmental effects produced on benthos are integrated over longer periods than in the
ephemeral plankton and hence the effects of small-scale time and space variability are integrated.

The question was raised that perhpas the major fisheries role of any ocean data system
including monitoring of ichthyoplankton and, perhaps, other biological variables might be to pro-
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(2) Monitoring of pollution by biological agents.

vide fishery-independent estimates of stock abundance that would assist in separating the effects
of fluctuating fishing pressure and of fluctuating environmental conditions upon the resource, and
it was agreed that the development of causal relations between ichthyoplankton and other moni-
tored variables was highly desirable.

Consideration of direct monitoring of fish by acoustic means was proposed with the sug-
gestion both that ships-of-opportunity on regularly scheduled runs might produce data of great
interest to fisheries if fish-finding echo sounders and sonars were systematically deployed and
that ocean data buoys could be equipped as sonobuoys to record the presence of fish schools
within sonar range on a routine basis.

Cited were the Edinburgh plankton recorder operation as an example of a monitoring system
that produced linear data of the same nature as that which would be produced by echo sounders on
a ship of opportunity. There was not complete agreement in the Working Group that such data
would be useful in fisheries prediction services; they might be more useful in exploratory research
programs.

Pollution research and service

The Working Group agreed that there were two kinds of activities to consider:

(1) Monitoring of biological indicators of the effects of pollution: eutrophication,
thermal pollution, etc.

Under (1) there is a strong case for a system designed to monitor species composition of
zooplankton and phytoplankton to detect changes in the abundance and structure of populations
due to man-induced changes in the biotope. It was suggested that special attention needed to be
given to micro-flagellates in this connection.

Under (2) it was found that the Working Group did not have the needed expertise to dis-
cuss what might be necessary in the monitoring of pathogenic organisms, especially bacteria. In
one view, it seemed that present technology of marine bacteriology seemed relatively unevolved
and far from ready for integration in automated monitoring systems and, in another view, relatively
rapid techniques of estimation of fresh water bacterial floras were already available. It was rec-
ognized that other groups were active in this field already, reference being made to a committee
of the NAS of United States, headed by Menzel of WHOI. and the matter was pursued no further.

Recreation

After short discussion, it was agreed that research and service needs of recreation-
development agenCies would be adequately covered in general by the topics covered above.

Research in biological oceanography

It appeared to the Working Group that many of the topics already covered in the dis-
cussions of fishery research above were relevant here also, and that differences were largely only
of emphasis and scale. The Working Group discussed in some detail the reality of the frequently
repeated statement concerning biological indicators of water masses and explored the possibility
that such indicator species or communities might have real utility vis-a-vis physico-chemical
indicators. They concluded that where boundaries are clear. then phys ical-chemical methods of
detection are to be preferred. In some areas -- the temperate north Atlantic for example -- water
mass boundaries are poorly defined, and a combination of physical, chemical, and biological in-
dicators is probably required for a proper understanding of events. In addition. plankton bound-
aries are known for which there are no equally clear physical equivalents; these are probably due
to non-linearity in the response of the organisms to environmental conditions.
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One of the advantages of using biological indicators, particularly plankton, is that each
sample provides an observation for each species of plankton in the sample, giving potentially
more information than a single temperature or salinity measurement. The problems lie, of course,
in high noise levels and in the interpretation of observed fluctuations.

However, in general biological procedures are likely to be operationally more complicated
than the relatively simple techniques now available for the rapid determination of temperature,
salinity and other chemical characteristics of water masses. When long-term historical trends
in the marine ecosystem are being investigated, identification for both plants and animals down
to spectflc and, if necessary, to subspecific levels is essential.

DIRECT VERSUS INDIRECT MONITORING OF BIOLOGICAL VARIABLES

I,
f

The Working Group discussed a number of examples in which the use of deterministic mod-
els based on an understanding of the mechanism of systems in the ocean made indirect, simpler
measurements of physical parameters preferable to the more complex direct measurements of bio-
logical parameters. However, an essential prerequisite is the demonstration of ceusattves in such
processes and the complexities involved in the fact that in most instances there is a time constant
to be considered from the lag of biological events behind their physical causes. Also, they rec-
ognized that in some cases an extremely simple physical measurement, such as a Secchi disc read-
ing, could be used to estimate chlorophyll standing stock, and that such estimates might be suf-
ficiently precise for a number of tasks.

The Working Group also discussed the utility of developing novel gear for this type of acttv-
Ity and , in particular, the desirability of the development of an expendable light extinction coef-
ficient sensor which might operate in a manner similar to the XBT system, or might be incorporated
within such a system.

The question of the use of ships of opportunity in such indirect monitoring of complex bio-
logical systems was discussed, and in particular American and Canadian experience with such a
program in the North Pacific was examined. It was agreed that although such programs are in a
very early stage of development at the present time, they had been shown to be practicable.

FEASIBILITY, RESEARCH AND DEVELOPMENT NEEDS OF INDIVIDUAL MONITORING SYSTEMS

Before discussing individual systems the Working Group identified some problems general
to a number of these systems.

They noted, for instance, that it did not appear that a serious problem was likely to exist
in the digitization, storage, transmission, and processing of data from any foreseeable system;
it appeared to the Working Group that it was entirely feasible to handle data with presently avail-
able technology in any way that might be operationally des treble •. They did not feel that deploy-
ment of any satisfactory sensor that might be developed in the foreseeable future would be delayed
or prevented by a lack of communications eng ineering •

Many of the systems discussed included underwater optical systems and it was recognized
that there was presently no way in which optical standards could be maintained for more than very
brief periods in such underwater systems because of fouling of the glass/water interfaces by bac-
terial and other films initially and by other, more complex, fouling organisms subsequently. This
was regarded as a general area requiring serious attention before several of the systems discussed
below could be deployed.

Several of the systems required the pumping of subsurface water through filtration systems
and the taking of samples of zooplankton which included many species capable of active avoid-
ance of pump orifices. It would greatly add to the difficulty of this and other pumping systems if
the pump orifice could not be maintained in a stable position in the water column; if it were being
deployed from a surface-following buoy, vertical oscUlation of the pump intake might present in-
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soluble problems. There are probably a number of reasons to suggest that a spar buoy might be
preferable to a surface-follower of whatever form. The spar buoy has the advantage of verncal
stability and offers the possibiUty of distributing intake orifices down to at least shallow depths.

Chlorophyll-a sensors to be mounted on ocean buoys

Chlorophyl l-p, in intact cells may be estimated in a number of different ways. Tech-
niques that might be used utilize either the characteristic absorption or fluorescent spectrum of
the plant pigments. An absorption method might be one similar to an alpha meter us ing red light
in the region of 675 mu. The light band might be isolated by either a monochrometer, color filter,
or an interference filter. All of these techniques seem feas ible at the present time. Problems of
sensitivity are envisioned, but could be readlly solved with the use of either laser technology or
perhaps a strobe light.

Fluorometry is already in use and is more sensitive than an absorption spectrophotometer.
Chlorophyl I-e has a characteristic flourescent spectrum, one which probably is quite unique when
compared with other material that might be encountered in sea water, and it seems that a system
could be assembled without too much difficulty.

Questions that have to be answered before a system could be deployed are: (1) should the
sample be brought to the sensor, or should the sensor be brought to the sample, (2) should the
sensor measure chlorophylf -q only at the surface, should it obta in a proflle, or should the sensor
integrate the chlorophyll content of the euphotic zone or to some predetermined depth, and (3) what
should be the frequency of sampling?

The last question is readily answered. It is obvious that the sampling frequency must be
dependent on the variability of the immediate environment of the buoy. In the open ocean, where
variability seems to be minimal, sampling once a day may be sufficient. In regions of frontal sys-
tems this frequency may be increased to four times a day. In coastal areas under the influence of
tidal action and/or river outflow, the frequency may have to be increased to once every 2 hours.

The other questions may be answered by cons idering what the ideal system might be. The
sensor should be mounted in a vehicle that would move up and down. The readings of the instru-
ment should be integrated over the euphotic zone to obtain the quantity of chlorophyll under a
square meter of sea surface.

Chlorophyll-a sensors to be deployed on ships of opportunity

Instruments to sense chlorophyll from ships of opportunity would or could be the same
as discussed above. Two different mounting methods are available; the sensor could either be
included in a towed fish, or water could be brought aboard and passed by the instrument. In the
former case, it is envisioned that an optical system, using either absorption or fluorometric tech-
niques, be incorporated into a towed fish. The data could be either stored aboard the ship in a
"black box", or stored in the towed fish. If it proved too cumbersome to incorporate the sensor
in a fish, water could be pumped aboard either from a towed pump, or taken from a water supply
through the hull. This would also be advantageous if the water collected could be used for some
other purpose, i.e., chemical analysis, zooplankton collections, etc.

Another possibility would be a remote sensor mounted on the deck of the ship" looking"
over the side. This type of sensor will be discussed below.

Chlorophyll-a sensors to be mounted in sea floor ca psules

It seems that chlorophy lf -p sensors would be useless if they were mounted in sea
floor capsules unless the water depth was fairly shallow, since interest is mainly in the surface
levels of chlorophyll. In some situations, especially in nearshore areas with heavy ship traffic,
it may be better from a practical point of view to invert a buoy. That is to say, have a package
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on the bottom and periodically send the sensor up to the surface to collect the data. Other than
this case, it does not seem as desirable to mount chlorophy Il+g, sensors in sea floor capsules.

Chlorophyll-a sensors to be deployed in aircraft or satellites

The possibility of deploying a sensor to monitor chlorophyl l-q from either an aircraft
or satellite is quite exciting. Not only would the monitoring be near-synoptic, which could also
be achieved with a buoy network, but the geographical coverage would be very great.

At the present time, research is progressing along a number of different avenues in search
of a satisfactory sensor. All of the proposed techniques would utilize the quantity and quality of
the backscattered light as a measure of the quantity of chlorophylj -e present in the surface and
near-surface waters. Basically, the color one observes from above the surface is light that is
backscattered from the water as modified by suspended and dissolved substances. In the open
ocean, and in areas unaffected by land run-off and tidal mixing, the signal received above the
surface is a reasonable estimate of the surface chlorophyll content. One should expect interfer-
ence if the sediment load is heavy, as near the mouths of large rivers.

Promising techniques under development at the present time include: (1) multi-spectral
scanners, either television, or film packs incorporated with light filters, and (2) photomultipliers
coupled with prisms or diffraction gratings by which a complete scan is received of the backscat-
ter light.

These instruments work at rea sonably low altitudes, that is from 10, 000 feet down, and it
appears that they should also work at satellite heights.

Cl4 uptake recorders to be mounted on ocean data buoys

The measurement of C14 uptake by plankton algae is still plagued by operator-induced
variability. In addition there is no accepted consensus on the proper method of expos ing the water
sample to light conditions, duration of the experiment, and indeed the interpretation of the result-
ing counts •. Th~se apparent difficulties with the technique led the Working Group to the conclusion
that the method, if it was to be useful, must be standardized. In addition, to be useful on a buoy
it must also be automated which in itself may also standardize the method. The Working Group
did not concern itself with the problem of obtaining "absolute" estimates since it was appreciated
that relative numbers are perfectly satisfactory for monitoring purposes.

A package that might be able to accomplish the task was envisioned as an instrument having
the capability of drawing a water sample, inoculating it with a standard amount of Cl4, incubating
it for the proper amount of time (in situ ?), and then counting the quantity of Cl4 incorporated with-
in the phytoplankton. The question was brought up if such an instrument could be made rellable
enough, and the consensus was that it was not outside the realm of possibility. Perhaps a more
significant question is: Do we need to go to such extreme efforts to measure a parameter? Maybe
the estimate could be made using a simpler technique such as estimating the chlorophyll content
of the euphotic zone.

Cl4 uptake recorders to be mounted on ships of opportunity

This item follows in the same vein as above. There is still a need for standardization
of the technique, and if the money and energy were expanded, an automated package could be pro-
duced. This package could be used aboard a ship just as readily as on a buoy.

C14 uptake recorders for ocean floor capsules

An automated C14 package mounted on the ocean floor would be limited in its applica-
tion in the same manner as a chlorophyll -g, sensor.
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Alternative techniques for measurement of primary production to be deployed on buoys,
ships, and ships of opportunity

According to the equation, n C02 + n H2 =[HC(OH»)n + n 02' it should be possible
to estimate the primary production in sea water by means of the C02 consumption or the oxygen
production, assuming that empirical quasi-stoichiometric relations exist which take the average
composition of plankton and the deviation from the ideal primary production equation into consid-
eration. The most feasible way seems to be the application of oxygen electrodes in connection
with the incubation technique as used for C14 measurements of the primary production. It is obvi-
ous however that the same restrictions are valid about the comparability of primary production as
determined in incubation experiments in, for instance, bottles with real production. There are
many different oxygen electrodes on the market, most of them based on the principal of the ampero-
metric membrane electrode; most of them do not have long-term stability. For the application in
connection with primary production, the electrodes must be rather sensitive to small changes
(detect a change of ±. 0.01 moll) and have a reasonable long-term stability. They should be oper-
able over periods of weeks and months without service. Attention should be paid to a new meas-
uring technique of the oxygen tens ion by means of the double layer effect at the surface of a
spiked germanium crystal. These sensors seem to have a high long-term stability, are not influ-
enced by the temperature dependence of the diffusion process, and can work under static condi-
tions. (The firm Hydrobios, Kiel, has contact with the inventors at the Technical University,
Berlin.) These types of electrodes have been successfully applied for in vivo measurements of
oxygen in blood and are in the experimental state for application in sea water. The principal,
however, seems to be superior to all existing sensoring techniques for oxygen tension in sea water.
As regards the C02 consumption, the shift of the pH in the incubation bottle itself or the decrease
in the C02 tension could theoretically be a measure for the primary production. There is a meas-
uring technique existing for the C02 partial pressure by means of the combination of a membrane
electrode and a glass electrode. Because of the strong buffering capacity of sea water for C02,
the sensitivity and accuracy of the direct or indirect C02 sensors might not be sufficient to obta in
measurable changes during the incubation period. The relative simplicity of this approach, taking
the existing hardware into cons ideration and the a pplication for monitoring purposes, makes it de-
s irable that more efforts should be made to prove these techniques. The panel discussed briefly
other methods for measuring primary production such as nutrient consumption, particle development,
increase in fluorescence, etc., but could not see ways to automate such methods or make them
sensitive enough to follow the primary production process.

Recorders of particulate and dissolved organiC carbon and nitrogen for ocean data buoy
deployment and for deployment on ships of opportunity

The determination of particulate and dissolved organic carbon and nitrogen involves
wet chemical procedures and digestion of the samples prior to the analysis. Therefore, the most
feasible approach for the realization of such determinations from buoys or ships of opportunity
would be the application of an automatic water-sampling device involving storage in a suitable
ampoule or bottle. For collection of the particulate material each ampoule should have its indi-
vidual filter unit. The ampoules should contain about 250 ml. of water (or less) depending on the
number of different chemical analyses to be carried out from these samples. The ampoules must
contain a suitable preservative before they are filled with a sample or a preservative must be in-
jected after the sampling procedure. The filters must also be preserved in a suitable way to pre-
vent any deterioration of the organic material which ha s been collected. The sampling frequency
must be programmable; the panel felt that the capacity of about 200 samples would be sufftctent ,
thus providing a frequency of eight samples a day for a period of about 6 weeks. The sampler
should be independent from outer power sources, that is either battery operated or connected to
the central power system of the buoy. As regards application from ships of opportunity the water
should be taken from a suitable intake or pumped into the sampler from an independent pumping
system. The collection of individual samples should allow integration over a preset period of
time soas to be as independent from small scale variations as possible. A sample identification
system should indicate time and duration of the sampling together with a sample identification
number. The samples will be brought to the shore laboratories for further analysis. The applica-
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tion of automatic micro-techniques will allow a variety of analyses to be performed from one sam-
ple , Many of such samples could be serviced by one automated laboratory. The hardware for such
automated analysis as well as digital data logging systems is available or will be available soon.
Methods for the automatic analysis of organic particulate and dissolved carbon or nitrogen are
available using an average amount of 5 ml , of sample for each component. The same is true for
the analysis of nutrients. The sample can, of course, also be used for the analysis of chemical
pollutants.

Aircraft or satellite mounted sensors of other biota

Several systems are being investigated for the detection by remote sensors of fish in
the upper waters of the ocean. The Bureau of Commercial Fisheries (USA) is investigating the
practicability of detecting schooling fish at night by the use of bioluminescence detected by ex-
tremely sensitive photo-multiplying images developed for military purposes. It appears that fish
schools can indeed be detected at some thousands of feet altitude from aircraft and it appears to
be theoretically possible to develop this technique considerably, even for space platform mount-
ing. However, the Working Group felt that ultimate success in developing the system into a re-
liable, wide-scale monitor of the presence and abundance of schooling fish depended upon the
interaction of two biological variables (one of which -- the occurrence and nature of biolumines-
cent plankton -- was extremely non-uniform in response) and a number of physical variables. It
was felt to be a system whose application in time and space to monitoring would be extremely lim-
ited.

Some investigators are known to be interested in the detection of schools of fish by detec-
tion and analysis of characteristic spectral absorption bands in oil slicks left behind by schools
(Hornig,MS; Barringer,1970). However, again the Working Group doubted the validity of this
technique since all experimental work on the system so far (known to them) depended on light trans-
mitted through fish (and other) oils rather than on reflected light.

Particle sizing and counters to be deployed in buoys and towed vehicles

The Working Group considered first the question of turbidity as a measure of this var-
iable.

.
To monitor variation in overall (total) amount of particulate material suspended in a unit

volume of water, a turbidity beam attenuation meter system is cons idered to be most suitable.
This system requires a minimum of sophistication in instrumentation and gives a measure of atten-
uation coefficient of light passing through the water. The attenuation coefficient thus obtained
has a good correlation with the total load of suspended solid if an appropriate range of wave length
of light is utilized. Strict standardization of the optical system is a prerequisite. Adoption of a
double-beam system with a compact monochrometer is most preferable in obtaining long-term sta-
bility of operation and also versatility in obtaining information other than the overall load of par-
ticles, such as the size spectrum of particles and absorption coefficient of particles. The main
use of this sort of instrument, however, is in continuously monitoring the variation in overall
amount of particulate material, so for concurrent monitoring of particle size and particle number
the use of a suitable counter system such as the Coulter Counter is desirable. A chlorophyll mon-
itor system and a particulate organic carbon monitor system will supply important information on
the gross qualities of particles that the beam attenuation meter does not provide.

The number and volume (or equivalent volume) of individual particles in a particular range
of size categories may be recorded to produce a continuous size spectrum of biomass in which
the principal components of a sample of water are identified by the height and position of a peak
in the spectrum. The value of this method is that it is possible to express community structure in
quantitative terms using a single technique. The more conventional techniques, biomass meas-
urements, productlon estimates and taxonomic studies, have tended to view a community at a par-
ticular production or trophic level with the subsequent difficulty of attempting to associate one
group of organisms with another. In practice, the use of particle size spectra and conventional
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techniques may be carried out concurrently to describe an aquatic community. Parsons (1969) dis-
cusses the relevance of particle size spectra to plankton community structure and gives examples
of its application to studies of nannoplankton and microplankton. In another report, Parsons and
LeBrasseur (1970) demonstrate the use of the particle size spectra concept in a community which
ranges in size from primary producers through to juvenile fish. In the latter example, however,
several techniques were used to measure size.

Ideally, instrumentation is des ired which would provide in situ measurements of all partic-
ulate material ranging in size from bacteria to adult fish. With suitable engineering the existing
instrumentation could probably be adapted to provide continuous size spectra for material ranging
in size from 2]J to 2,00011 , i.e., from bacteria to adult euphausiids. The size spectrum as en-
visaged here would give equal spacing to various plankton groups, from ultra nano- to megaplank-
ton, following Dussart's (1965) size classification.

Two systems currently in use are based upon optical and/or electrical sizing techniques.
In the former, a transmitted light source and photocell arrangement is used to measure length or
area of particles. In another optical system, size is determined by the scattering of light. Vol-
ume of the particles is empirically determined. These two optical systems fail to cover the com-
plete size spectra; the reflected light system measures particles in the 2 to 10011range (Liquid
Borne Particle Sensor, Model 2100, from Particle Technology Incorp , , California), while the trans-
mitted light system has been used only to measure particles greater than 500 11(Cooke ~<ll...:, MS,
1970). It would appear feasible at least to expand the size range presently covered and to modify
the equipment for in situ observations.

Electrical sizing techniques make use of changes in conductivity or capacitance as particles
pass through a theoretically uniform electrical field. In general, the particle size must be small
in relation to the area of the field and its resistivity to the resistivity of the electrolyte solution
must be large. These qualifications imply certain practical limitations; for example, flow rate
must be controlled since some systems are rate sensitive. No one sizing apparatus is presently
suitable for all particle sizes. However, several instruments have been developed which collec-
tively sample most of the range from 1 to 2,00011 • For example, use of the Coulter Counter for
measuring particles in the 10 to 500 11range has been well documented. Sheldon and Parsons(1967)
have prepared a manual outlining the operation of the Coulter Counter and give examples of its
use in culturing phytoplankton and in grazing experiments with zooplankton. Maddux and Kanwisher
(1965) and Boyd and Levin (MS) have developed apparatus based on the Coulter Counter principle
for measuring particles in situ. The latter instruments are not commercially available, but several
companies are reportedly examining the likely market for such devices.

In all automated or semiautomated counting systems, there is an obvious requirement for
electrical power. Furthermore, use of such systems carries with it the implication that the user
has relatively sophisticated systems for data processing, i.e., access to computers.

Plankton recorders for deployment in towed vehicles

A number of systems are already in use. The Continuous Plankton Recorder (Hardy,
1939) has been used in a long-term survey of the North Atlantic and the North Sea for a number of
years (Glover, 1962). The Longhurst-Hardy Plankton Recorder ha s been used in the CalCOFI inves-
tigations (Longhurst, et e l , , 1966). An automatic sampler designed by D.l. Williamson (Williamson,
1963) has been used in the Irish Sea. These three systems use a fairly coarse mesh gauze to filter
plankton from the water and do not sample the smaller phytoplankton species satisfactorily. No
methods exist for sampling micro-zooplankton or nannoplankton.

The filter system of the Continuous Plankton Recorder is being redesigned for incorporation
in a proposed undulating towed vehicle; one of the main design objectives being an improvement
in the condition of the collected material. Both this and the Longhurst-Hardy filter system could
provide a satisfactory basis for the continuous sampling of zooplankton and the larger phytoplank-
ton organisms from towed vehicles.
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There would not appear to be any major difficulty in principal in des igning a phytoplankton
sampler, based on a continuous band of membrane filters. Some suction pressure would be required
which could probably be provided by a propeller-driven pump or a venturi pump. A sa mpler for very
small organisms would probably require the collection of water samples. The main problem is one
of fixation of these organisms, many of which disintegrate or are at least rendered unrecognizable
following treatment with the normal chemical fixatives.

Collecting plankton samples from manned ships of opportunity presents few problems.
Engine intakes can be used as a source of water samples, and a number of highspeed underway
plankton samples are available (see, for example, UNESCO, 1968).

Plankton recorders for deployment from ocean data buoys

One problem is common to all methods of sampling plankton from fixed stations, and
this is the problem of obtaining reasonably representative samples due to the extreme spatial var-
iability of plankton populations. This difficulty can only be overcome by sampling over a fairly
long period of time and relying on advection to smooth out some of this variability. This implies
a relatively slow rate of intake of water which will lead to problems of avoidance of the Intakeby
active organisms. This problem may be solved by pulsing the intake and combining the organisms
collected in a number of pulses into a single sample.

In order to further reduce avoidance of the intake aperture by active organisms it will be
necessary to arrange for the intake to be reasonably stationary.

An ingenious start towards solving some of the problems of sampling from a buoy has been
made by Professor Isaacs of the Scripps Institution of Oceanography. He is employing the wave-
induced vertical motion of the buoy to pump water through a Longhurst-Hardy filter mechanism.
It is quite possible to visualize this system developing into a satisfactory buoy-mounted plankton
sampler.

If the pumping problems can be solved, the filtration and storage of reasonable numbers of
samples presents no serious difficulty. The Continuous Plankton Recorder or Longhurst-Hardy fil-
ters could be used for the zooplankton, membrane filters for the phytoplankton and, if the fixation
problem can be solved, small volume water samples could be used for the micro-zooplankton and
nannoplankton.

Unconventional or novel techniques for measurement of biological parameters

Parsons and Seki (1969) offer a brief review of some of the more recent developments
for sizing particles in sea water. On the basis of their review it would appear that laser-holography
holds the most potential for sizing particles over the llJ to 2, 000 u range. Stat Volt. Co., Cali-
fornia, advertises laser-holographic equipment for measuring particles in the 4-1, 000 u range, but
to date there are no data available showing the use of this equipment,

McNaught (1968) has reported on studies in which high frequency sound waves are used to
determine fresh water zooplankton biomass and distribution, while in fisheries, there are a variety
of systems under development for digitizing echo returns, e.g., Thorne and Lahore (1969). This
instrument can either be buoy-mounted or towed. The length of light path required depends on tur-
bidity: for clear oceanic waters the maximum permissible length is about 10 rn, and for turbid
coa stal waters about 10 cm.

Turbidity can also be measured by a simple system of scattering meter, although this is a
relative measure. However, a well standardized beam attenuance meter gives absolute measure-
ment of. light attenuation coefficient, one of the basic optical properties of water medium.

84



Hydroacoustic apparatus to be mounted in ocean data buoys

The Working Group discussed the use of high frequency acoustic techniques for small
particle counting, noting recent work with sounders of 200 and 600 kc , in the detection of particles
in the upper mixed layer and concluded that there was an engineering need to determine the feas-
ibility of acoustically counting, and sizing, particles in small insonified volumes of water. They
also discussed the use of sonobuoys in fisheries services, concluding that there was probably a
limited role for classical sonar techniques as a tactical tool, or as an "event marker" in certain
fisheries situations: the location and timing of herring spawning on grounds previously known as
spawning areas was cited as an example. However, the sometimes-expressed ideal of a general
fisheries application of acoustic buoys was unlikely to be feasible.

RECOMMENDATIONS TO SPONSORING ORGANIZATIONS

(1) The Working Group is of the opinion that it is feasible to monitor various biological
parameters either through in situ analyses or through in situ sampling and subsequent laboratory
based analyses. The observations might range from simple event markers to sophisticated instru-
ment packages requiring the attention of a technician. The major problem would seem to be to
establish standards to meet a variety of needs ranging from pollution monitoring to fisheries pre-
dictions; l , e , , in some situations relative measurements are adequate, in others absolute units
will be requ ired.

(2) The Working Group is further of the opinion that research on and development of mon-
Itoring systems must be broadly based so that adequate consideration is given to the nature and
use of the data output in biological oceanography and in oceanographic services to real situations
in fisheries, pollution, recreation, and so on. The expressed objectives of any system should be
very clearly defined and preferably should have been previously generated by the potential user
community.

To the degree to which the measurement of any parameter is empirical, the methods by which
that measurement is made should remain unchanged during monitoring programs extending over long
periods. For example, the escapement of zooplankters from the intake of a pump is probably im-
possible to define precisely, and any change in pumping techniques will introduce requirements
to use convers ion factors in data processing which themselves would be difficult to determine.

(3) Because the Working Group identified situations in which it appeared essential that
intakes for pumping systems and optical and acoustic sensors of various parameters should remain
motionless in the water column, it recognized the desirability of the vertical spar-form over sur-
face floating buoys and suggests that IGOSS give due attention to this factor in design of ocean
data buoy systems.

(4) All optical systems envisioned for use either on buoys or towed bodies have common
problems of fouling. Research and development in maintaining the cleanliness of optical systems
should be encouraged.

(5) Recognizing that under some conditions zooplankton monitoring systems will involve
pumping water from depth to filtration systems in surface vehicles, the Working Group is of the
opinion that knowledge of the mechanism of active avoidance of pump orifices by zooplankters
must be advanced and suggests that consideration of this be given by IGOSS.

(6) The Working Group requests WG 23 for advice on methods of in situ fixation and pres-
ervation of plankton samples stored in towed vehicles and ocean data buoys.

(7) Because of the lack of standardization of Cl4 measurement techniques, it is recom-
mended that engineering studies be undertaken to standardize and automate the techniques. It is
the opinion of the Working Group that only after such developments are completed would it be
feasible to incorporate such a system in a buoy network and/or a ship of opportunity program.

85



(8) With regard to monitoring particulate and dissolved organic carbon and nitrogen, the
Working Group identified a serious deficiency in present technology that would have significance
wider than these two items: it will be necessary to obtain, preserve, and store for subsequent
analysis small volume serial samples of water at ocean data buoys, and systems to obtain such
samples do not appear presently to exist. The Working Group therefore suggests that IGOSS take
this matter under cons ideration.

WG 29 noted that various laboratories have shown that it is feasible to count and size the
particle spectrum in the range from 2 to 2, 000 IJ but there is no single instrument which measures
the complete range. The Working Group is of the opinion that an integrated system applicable to
buoys and ships of opportunity is within present engineering capability and recommends that IGOSS
support development of such a system.

(9) Working Group requests WG 23 and 33 consider the problems of fixation and preserva-
tion of nannoplankton and microzooplankton, as systems for performing this will have to be de-
ployed in ocean monitoring systems.

FUTURE ACTIVITIES

In addition to the above series of recommendations for various activities which the Working
Group wished to make to other organizations, its members will undertake the following tasks be-
fore meeting aga in:

(1) Dr. Grasshoff will ask the Applied Physics group of the University of Kiel to in-
vestigate theoretically the feasibility of acoustic particle counting and sizing in the smaller size
ranges of particles and volumes.

(2) Dr. Gras shoff will investigate the availability of bacteriostatic materials of appli-
cation in the construction of sensor systems.

(3) Drs , Colebrook and LeBrasseur will review the present situation in the de s lqn of
towed vehicles suitable for deployment from ships of opportunity.

(4) Dr. Colebrook will investigate theoretically the suitability of the Edinburgh plank-
ton recorder as presently being redesigned for deployment in low productivity ocean waters, such
as the tropical gyral systems.

(5) Drs. Lorenzen and Longhurst will review the present situation and progress in
remote sensing of biological parameters in the ocean.

(6) Drs , LeBrasseur and Longhurst will review the present situation and progress in
monitoring systems based upon novel techniques such as holography.

(7) Dr. Longhurst will review a number of possible applications and deployment pat-
terns for ocean monitoring systems in the solution of real fisheries research and services problems.

The Working Group cons idered the nature of its final report and agreed that this would de-
sirably be a document published in a medium such as the UNESCO Technical Papers in Marine
Sciences, and that this should be designed to be a source document for data useful to designers
of ocean monitoring systems with regard to biological parameters.

The Working Group discussed the agenda and place/time of a second meeting and agreed
that it would be desirable to meet again for the following purposes:

(1) To review the question of time and space in sampling for biological monitoring in
the ocean, a subject inherent in all of the systems discussed in the first meeting. Members of
the Working Group would have reviewed this aspect of the subject prior to the second meeting.
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(2) To draft and edit preliminarily the final report of the Working Group.

It was proposed that this meeting should take ple ce about January 1972, in La Jolla,
California.
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