Report of SCOR working group III on thev
questicnaire regardinyg plankton nets in
use in various laboratories.

by
P. Poxton of the MNational Ipstitute of
. Oceanography.




" INTRODUCTION

During the third meeting of SCOR held in New York on the
29th end 30th August and on the 12th September 1959, the working

group on biology met to further consider a biological programme for

' the projected International Indian Ocean Expedition, then scheduled

for 1962 end 1963. One aim of these discussions was the recommendation
of standard gear and ﬁethods to be used by all ships concerned with
biological work during these cruilses,

The advantage of such a recomiendation will be obvious to all
who have been concerned with the ocpercticn of gear and with the inter-
pretation of the data from different nets. Too often it is the case
that the- gear and methods used are so differznt as to make conjparisons
4in,085ible except by invoking conversion faclors, often of doubtful
accuracy. It thus follows that in any investigation whether it be a
small regional survey 6r a large scale oceanic expedition thg use of
standardised gear and methods is not only desirable but essential.

With regard to the International Indian Ocean Expedition it
was felt by the working group on zooplankton methods that recommendations
could only be made when details wers available of the gear and techniques
employed by the various wo::;kers in the different countries interested
in the venture. Tith this end in view a questionnaire was circulated
requesting that details of gear and methods be sent to Mr. N.B. Marshall
of the British Museum (Nat. Hist) who was at that time the convenor of
the working gi-oup on biology. It was hoped that ‘if the response ware
satisfactory it wou.id be possible to jublish a review of existing gear
and methods,.

Recipients of the questionnaire were asked to provide detailed
information on all forms of sampling gear in routine use in their
investigations, including bottom and midwater trawls. Answers were
received from a total of eleve;x Institutions or departments in eight
countries as follows:-— '

Demnark, Danmiarks, Fiskeri-Og Havundersogelser: Netherlands, Rijksinstitut

Voor Visseng Onderzoek: England, The National Institute of Oceanography:



hs

2.

U.S.A., Wodds Hole Oceanographic Institution: Bureau of Commercial
Fisheries La Jolla: The Marine Laboratory, University of Miami:
Department of Oceanography, University of Washington, Seattle: Australia,
C.S.I.R.0., Division of Pisheries, Cronulla, N,S.W¢ Japan, Institute for

Fisheries Investigations; Hokkaido University: Indian, University of

. Madras: U,S.S.R, Institute of Oceanology, Moscow. I should like to

take the opportunity of thanking all who have contributed the data on
which this paper is based.

The replies received varied somewhat in the detail of their
information and on the basis of this relatively limited response it is
unfortunatély impossible to give a complete review of existing standard
gear and methods. While the data is insufficient in this respect it
does go some way to providing a basis for comparison allowing fundsmental
differences to be discussed with a view to evaluatiﬁg the requirements-
that any Indian Ocean Standard Net must fulfill.

The data are summarised in table 1. It has sE=e been impossible-
to include all the gear é'f'erred to in some of the replies and indeed
little would be gained from such a list since in countries and institutions
where many diverse prcblems are being investigated so there is a vast

array of sampling gear in routine use, I have thus in table |/, listed

"details of those nets which are most closely comparsble not only in

design qu1; in the sort of sampling to which they are best suited. In
compiling this table it has been necessary in some instances to augment
the information given in the replies to the questionnaire by reference

to published descriptions of nets and methods, To illustrate some of

the differences evident from the available data I have drawn in figure/ .
the outline shapes of the main types of net to scale. Again use has been
madeZ{mblished descriptions, particularly in the case of the Juday nets.
Nof all the samplers have been included in this figure, notable ommissions
being the Clarke-Bumpus sampler used at Cronulla and Seattle (see table 1)
Also exciuded are the special plankton samplers of Professors Bogorov

and Stfemman Nielsen which, by enclosing large volumms of water (up to
100 litres) seek to avoid some of the sax;xpling errors inherent in con-

ventional ton@aets. High speed samplers esre also not included since,

although their value in particular applications has been established, they



Shey have yet to be adopted generally. By the ondssion of these

sampleis I do not wish to imply that they shoult;':be considered as
wnsuitable for z.adoption as standards in the Indian Ocean sampling
programme but, as I have mentioned esbove, my intention has been to
consider these nets which are most closely comparable and which as a
consequence should, one might expect, provide a basis for standardisation.
Attention will be drawn in the discussion that follows to those appeots »
of net design and operation which ar: ’j.llustrated in the data presented
in table 1 and figure 1 and vdqichaf:‘re t‘l‘:ndmnental to the problem of
standardisation,

The sha;e of the net

From the outline shapes of the nets shown in figure 1 it is
possible to distinguish three basic patterns:=-
1. those of a simple conical shape e.g that used by Moore at
Miemi.
2. those in which a conical filtering section is preceeded by
a non-filtering foresection of canvas in the form of a truncatai
cone. Examples are to be found in the clessicel Hensen egg
net and in the Juday nets of the Institute of Oceanology,,
Moscow,
and 3, those in which the filtering section, which may be conical,
is preceeded b& a foresection having parallel sides, which
may in part be of nylon mesh, ie. Woods Hole and the California
Cooperative Oceanic Fisheries Investigations, or may be non-
filtering and of canvas, ie National Institute of Oceanography.
The earliest plankton townets were almost certainly conidl in
shape aﬁd the second of the basic patterns described above evolved as a
result of the efforts of Hensen to increase the filtering efficiency of
such nets, The use of a non-filtering conical foresection reduces the
the area of the mouth opening and so effectively incrgases the ratio
between the area of the f'iltex:ing section ie. the nylon mesh,and the
mouth opening. The higher this ratio, for a mesh of given size, the
better will be the filtration in that a greater percentzge of the theoreti-‘
cel water column (that is mouth area x distance towed) can be acccpted

by the net before pressure builds up in the net and outspill at the mouth



occurs. This assumes that the net is being towed at its optimum speed -
see below. Ideally a net should have a filtration of 100% and early
calibration tests (Kumne 1929 ) suggest that the Hensen net approaches
this figure and there can be little doubt that such nets are an improve-
ment on those retaining the simpler conical shape. The use of a -
canvas forepart of such design however introduces peculiar diffic\ﬂ.t;les
not the least of which is the resulting increased drag of the ret
particularly when paying out during which the net may in certain condi-
tions kite in the water. In the Juday net the canvas forepart retains
only a slight angle of taper compared to that in the Hensen net, and
this presumably reduces the effects of drag noted above.

The NF70V of the National Institute of Oceanography has
a canvas forepart with parallel sides and it will be observed that
between this and the conical filtering section there is also a cylind.ricai
section of nylon mesh. The adventage of the fapered canvas foresection
compared to one with parallel sides is not clear. Sysocev (1956) has
shown that the former produces a better flow while M. Roessingh ( cormuni-
cated in the questionnaire) states that model experiments indicate that
a parallel sided section gives a better flow ccmpared to one with a
conical sedtion. Recent work at the National Institute of Oceanography
(Currie & Foxton. unpublished) has shown the importance, not only of
the parallel sided non-filtering section but also of the parallel sided
filtering section in creating better conditions of flow in the net and
reducing the possibility of outspill at the mouth.

From the zvailable ewidence one can thus only conclude that a
net whose design includes a non-filtering iforesection, either conical
or parallel sided, is to be preferred to a net of simple conical shape.
The exact form that the non-filtering foresection should take is not
clear but on practical grounds the Juday and KF70V versions seem preferable
to the Hensen shape wich is steep sided., One concludes that there is
an obvious and pressing need for fundamental rese rch into the hydro-
dynamics of water flow through nets before the significance c;f these
slight differences in design can be assessed in terus of filtering

efficiency.
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The diameter of the net opening

The one feature common to all the net illustrﬁted in figure 1.
is that they have mouth openings of circular cross section; in no two
however is thé diameter the same a.‘nd it is diffioult to find a sensible
rule with reg::d to this dimension. The Juday nets however are exceptions
since the mouth diameters of the nets shown; 37 cm, 80 cm, and 113 cm are
chosen to give cross sectional areas of 0.1 m? s 0.5 n? and 1.0 n? R
thus facilitating computations in which the catch is oconsidered in
relation to area of sea surface or volume of water filtered.

Bearing in mind the importance of the ratio between mouth
area to that of the filtering surface and the fact &ny change in one
dimension will effect this ratio, it seems likely that the dimensions
of the mouth aperture are of less importance tian some of the other
features of design under consideration. '

QOverall length of net

The need for a high filtration efficiency has been stressed and
an obvious mea.ns of acheiving this, for a mouth opening of given area, is
to make the net as long as possible. TFor an, given ship, -owever, there
will be practical limitations to the meximun length of net that cen be
handz;d with ease particularly if the net is hauled vertically. Of the
nets shown in figure 1 the Juday nets, the NF70V and the Hensen nets
are typical ef-exsamples—~ef samplers that are hauled vertically, rather
than towed horizontally or obliquely, through the water. Moreover all
can be closed using a thrpt‘:il.ing tech: ique or a modification of it,

It will be apéarer{t tha’m use of large d;Lametca_r long nets, for instance
the two larger Juday nets’mav be limited by the working height between
the sea surface and the top of the derrick of davit over which they are
hauled remembering that where a net is throttled by the Nansen method

its overall length is increased due to the taking up of slack in the
ﬁhrottl:’mg rope, The NF70V for example is of such a length that it can
be worked jvith ease from any ves:se; equi ped with a davit of the 'Discovery’
type' (se'emM v for tal;)d;l:',cription). The use of a langer

net however could introduce difficulties of handling, particubrly after

. closure, if used on a davit of this type.

Such criticism does not necessarily ‘apply to these nets if towed



horizontally or obliquely since here the length of the net bdcomes
of secondary importancg to the size of mouth, weight of mouth frame
etc., as a consideration in general practicability. In net design
however ease of handling must be a factor of prime ?mportance and
if the full ;ampling potential of all the ships available for the Indian
Ocean Expedition is to be realised a net must be adopted of such a size
as to be operated with ease from the snallest as well as the largest
vessels.

Mesh Size

No siéhle net can sample all the diverse forms of plant and
animal life that collectiwvely can be defined as the plankton. The most
complete picture will be given by samples taken with a series of nets
each constructed of different mesh size selected so as to sample different
sized organisms., Even so it is likely that the finest meshes do not
take the smallest organisms while the coarest meshes do not allow capture
of some of the more active organiéms. Sampling, even with a range of

- nets, is thus something of a compromise in which organisms at each end
of the size range will not be cffectively sampled. Replicate hauls are
of course in addition, -time consuming.

In—a project such as of the Indian Ocean Expedition, in which
ships with varying facilities will be invelved, it is unlikely that any
éooperative sampling programme iﬁvolving more than one net will be
possible., It will thus be ﬁecessary to use a single net in which the
mesh size will be a compromise selected to give the best overall sample
of those animals considered to be ecologically of greatest importance.

In figure 1 mesh size expressed as meshes per.cm. is indicated
for each of the nets, while more complete data including mesh aperture
is given in table 1. From the data it will be seen that there is great
varigtion in the wesh size used varying from 11 - 38 meshes/cm. The
two smeller Juday nets, the NF70V, the Woods Hole 3/l metre net and the
Hensen net differ least in mesh size and one might thus suppose that on
an average they all sample the same size range of organisms, 'In extreme
conditions however, for example dense phytoplankton, it is likely that
they sample differently and the finer meshes would presumably clog first,

There is so little comparative data on the catching powers and
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sampling selectivity of nets of different meshes and design that it

is extremely difficult to reach a compronlise from ti-le data’ given here,
I't must be remembered howevez_' that the sampling prograume im the Inter-
national Indian Ocean Expedition will be largely oceanic and so for
general sampling a net yielding collections of thé medium sized zoo-
. plankton would appear to be desirab}e since of the oréanism ta.k.en,
Euphausiids, Chaetognaths, Amphipods, and Copepods are likeiy to be

of great ecological significance. For such a sampler mesh in the range
25-35 meshes/cm. would be necessary, and in the replies réceived to
the questionnaires such sizes were iecommended by a pumber of workers..

Type of haul and speed of tow

While the need for a standard net has been emphasized it is
also essential that such a net be operated in a routine xﬁaimer if the
collections made with it are to be truly comparable, Nets may be hauled
vertically or towed horizontally and obliquely and from the d ata smmnarised%
in table 1 it will be seen th:t there is no method common to all investi- |
gations; and furthermore, the speed of tow, which d:‘réctly effects
the volume of water filtered, varies from less than 1 knot up to 4

knots.

Bach of the three methods by.which a net may be'fiShed has its
own advantages and disadvantages and th¥se must be considered in relafion
to the type of sampling programme envisaged and the facilities of the
ships available, Horizontal or oblique tows commend themselves because
they can be of a relativeiy long duration so yielding large catches of
organisms, suitshle in particular for distributional studies. Either
methods appears at first sight to be easier than that of making a vertical
haul but if a routine method is to be adopted it is essential that at
each station the nef is towed at exactly the same speed, for the same
time and at the same depth. This raises a number of problems since it
is well known that for many sh.ips , particularly those having diesel
propulsion, the maintaining of accurate slow towing speeds of between
1} - 2 knots presents peculiar difficulties. Veriation in speed is of
course of extreme importance since a slight increase or decrease can

produce a large variation in the depth of the net, and it is rarely
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safe to assume that a‘net has maintained a constant fishing depth
during a tow of 20-30 minutes danstim. ,

The success of & verticsl haul depends to a great extent on
the ship béing handled in such a way as to kee, the wire vertically
positioned throughout the haul. When such is the case it is of%en
safe to assume that the actual maximum depth of the haul is equivalent
to the amount of wire paid out measured_on a mef:er sheave. If the
wire strays from the verticel this assumption obviously cennot be made
but in such cases, for depths of up to about 250 m, it is safe to make
a correction based on the angle of the wire, For greater depths it is
essential either that the wire be vertical or a depth recorder be used
and one might go so far as to advocate the use of ‘such an instrument
in all hauls whether they be shallow or deep. The speed at which a net
is hauled vertically can be controlled with gre.t aécuracy using the
metre sheave of the winch or davit in conjunction with a stopwatch
and in the case of the NF70V, for example, a rate of hauling of 1 metre/
" sec. (2 xnots) can be maintained and reproduced in all hauls. Such
aqcurate cor'xtrol ié of course a pre‘é:gquisite of any yertica.l closing net
where the plannéd instant of closure is dependant -upon syhchrorxising the
fail of a measenger with the rise of' the net through the water. ;‘.'Jhile
desirable for many reasons it is unlikely ’however/ that closing hauls will
be suitable ﬁ:’r a standard procedure since a certain amount of specialised
equipment is required which would no doubt exclude tie use of such a
method by many ships. It seems possible howevsr that a vertical technique
of some sort would prove to be the one lending itself best to more
universal duplication on all shi;s involved in the expedition. The
requirements would be a net, a properly equipped winch and davit, a
stopwatch and a flowmeter: and if the net were a relatively large one -
of the Juday or NF70V type - a reasonably sized catch. could be expected.

Quantitative hauls

If e standard net is used in a standard menner then the results
obteined with it will be comparable and in a sense semi:quantitative
since sll the data can be expressed in terms of the standard haul. Shou;i.d‘
the haul be of 20 minutes duration then oouufs, plankton volumes etc.

can be expressed per 20 minute haul, or if it be a vertical haul of say



100 metres than this could be the standard by which the d ata could -
be compared xalatiwvedy. It is desirsble however that a more accurate
estimation of biomass etc., be aimed at and if the survey is to be
truly quantitative then the routine use of a flowmeter in the net will
be a prerequisite. From table I, it will be seen that most of the nets
’ incorporate a flowmeter of one sort or another so that with thése .
samplers fesults may be expressed in terms of the volume of water
" friltered. With regerd to the use of flowmeters in an extensive survey
it would be necessary to ensure that éach meter was accurately calibrated
initially and rechecked at frequent intervals during the work.

Although desirable for a true m@rstaﬁing of vertical
quantitative distribution closing techniques, by which samples are
taken from discrete depth horizons, ere likely to prove too specialised.
for universal use as a standard method of fishing. It is encouwraging
however to see from the data in table 1 that so many workers are using
samplers incorporating closing devices of one sort or another in their

investigations.

Conclusions

The purpose of this paper has been to .consider briefly scme of.
the aspects of plankton net désigx and function, as revealed in the
answers to the questionnaire circulated by the SCOR working group on
biological methods, with particular reference to the proposed standard
plankton net to be used on the International Indién Ocean Expedition.
Not all of the gear has been mentioned emphasis being given to those
nets most neéz-ly comparable in their dimensions and method of use, and
which as a consequence should, provide some basis for standardisation.
From the various aspects of design considered it is apparent that the
nets illustrated differ from each‘other in such a way as to make standard-
jsation possible if somewhat difficulc. Some of the differences
discussed may appear triv._al I?ut remarkably little is known of the basic
hydrodynamics of the flow of water through plankton net; so that a
slight alteration in the design of a net mey have far reaching effects
on its efficiency, its validity as a sampler, and the ease with which it

can be used, It is tempting to list in their possible order of importance

the features requiring standardisation and such a list would include the
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mesh size, method of fishing, depth of tow, and the type and size

of s ampler, While there can be little doiubt that the selection of
the most suitable mesh size is of the greatest importance it must be
considered in relation to the overall design and size of the net and
the manner in which it is to be fihed, and there would be little poin‘i:
in standardising one such fgature - say mesh size - in the hope that
it would lead to more cooperative work., The data demonstrate the
great diversity of nets and other samplers and serves to indicate the
many ways in which workers have evolved or adapted gear, and, shows
that zooplanktologists in general are using the sampler best suited

" to the particular requirements of their programme., In view of this
it seems likely that a recommendation for the use of a standard net
(additional to the requirements of individual wm‘or institutions)
-that would be used in a simple but extensive sampling programme would

meet with the greatest success.
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Légend to figure 1,

The outline shapes of some typical plenkton nets drawn to scale
The following abbreviations have been used:~ C, canvas:

M, metal: Stram, stramin:
Numbers refer to mesh size in meshes per cm.
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