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STANDARDIZATION OF PLANKTON APPARATUS

by
Hel ga Fasmer
Pacific Biologicel Station, Nanaimo,

At the third Pen-Pacific Science Congress in Tokyo, 1926, Dr. Wilbert
A Clemens, Dirsctor of the Pacific Biological Station, Nanaimo, B,C., sub-
mitted a paper with the title: Suggestions as to the Standardization of Plankton
Methods, In this paper Dr., Clemens suggests that a committee composed of repre-
gentatives of the various countries might dﬁohp a program and: "2, Recommend
stendard methods of procedure, that is, might deseride in detall the kinds of
nets which should be used, the methods to be used in collecting samples, and the
procedure to be followed in enumerating ete." .

Some of these suggestions had already been carried out. The lack of
uniformity in the intermational investigations being felt very badly, the Counseil
Permenent Internationl pour l'Exploration de la Mer, at the council meeting held
in July 1921, passed a resolution regarding a standard net for quantitiative
plankton investigations. An exact specification of this net was to be furnished
by Mpr, Nelson and ecirculated through the buresu, However, the specification had
not appeared prior to the next meeting of the council, in 1922, and thare was
then passed a further resolution which among other items, changed the length of
the filtering surface of the net from three to two meter,- in the interost of
economy, A more important statement im this resolution is, that the nets shall
be manufactured of silk similar to that made by Messrs. Aldert Wudler of Zurick,
Switzerland,

Fine mesh No., 25, 77 strands in 10 mm,
Coarse mesh No, 3, 23 strands in 10 mm, '/

A complete specification of the nets was promised from Mr, Nelson's hand at an_

/
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early date, Owing to the death of Mr, Nelson the specification was never
eompleted, and first after the council meeting in Paris in October, 1923

there is really done some work on it wvhich results in the Publications de
Cireonstance No, 84 (C.H, Ostenfeld and P, Jespersen, Staniard Net for
Plankton Collections) published in Copehhagen in August, 1924, This publica-
tion contains dnchptiona of standard nets, ome for vertical hauls ami another
for horizontal heuls, besides there is a description of a method for the
vertical haul, This is really the most important part of the pamphlet, as it

_ is quite obviousiy that this method overcomes four of the fiwe chief objeections
to verticel townets viz: 1., The effects of the rolling of the ship, which in
heavy seas cen be s0 severe that they may dburst the net. 2, The irregularity
of the speed of hauling, except in the case where the net has been clogged with
Phaeocystis or like argenisms, but this exception in itself overcomes No. 3
objection, as it gives a mean by which to tell when the net is clogged and thus
notifies the investigator thnt this sample cannot be considered a true quanti-
tative representation of that station. 4, When the net is clogged it is some-
times hauled out full of water, a frequent cause of bursting.

This method was first described by the inventor N.J. Buchanan-Wollaston
in hist Ropﬁrt of the Spawning-Grounds of the Plaice in the North Sea. (Noard
of Agrimlturo end Tisheries, Fishery Investigation's Series II, Vol. IT, No,.
4, 1914). The same deseription is later quoted in extenso in the mentioned
Publ ication de Circonstance No, 84, wherefore I shall not here go into further
detail,

The Counseil psmmanent intermtional hed thus done its share towards
the possibility of comparing quantitative plankton investigations performed in
di fferent places by di fferent investigators, but they did not touweh the problem

whether the plankton net in itself was sufficiently efficient to be completely



reliable,

One should think that the excellent works of Hensen, Lohmann, Apstein
and several others had dealt with this mroblem to such a degree that it might
be possible to calculate the exact number of plankton organisms in any volume
of water from any depths just by counting a few samples and them for the rest
use some tables, but in spite of all the mathematics these investigators
succeeded in putting into the plankton methods it is still a very uncertain
task to compute the number of organiems in relation to the wlume of water,

As a metter of fact, so uncertain that, unless the mumbers show remarkably big
difforences, no investigator dare bdbuild anything definite upon such figures.
Had Hensen had the object of finding what factars influence thé number of
Coccolithophora, instead of caleulating the number of fish eggs in the North
Sea, it is possible that with his great skill as an investigator ani mathema-
tielen he would hsve found the vey through sll the obstacles the modern quanti-
tative plankton investigation is fighting against. The most important of whiech
is the uncertainty in regard to the efficlency o‘r the net used,

Hensen gives, in his "Methodik der Untersuchungen bei der Plankton
Fxpedition” a theary for the efficiency of nets, which he comments further
upon in his following works (Das Leben im Ozean nach Zahlungen seiner Rewohner;
Ueber die quantitative Bestimmung der kleineren Planktonorganismen und ueber
den Diagonalzug mittelst geeignerter Netzformen; Nachtrag zu der Arbeit usber
die quantitative Untersuchung der kleineren Plamktonorganismen; and Zur
Feststellung der Unregelmassigkeiten in der Verteilung der Planktontem, First
in the last one, published in 1’12'lmtoon years after he had started his
plankton investigations, does .ho begin to see that the equal distribution of
the plankton which he at first so gladly had presumed did not exist at all.



Also ILohmann produces his big works on the same swb ject; Ueber des
Fischen mit Netzen aus Mullergaze No, 20 zu dem Zwecke quantitativer Unter-
suchungen deor Auftriebs, and Neue Untersuchungen ueber den Reichtum des
Meeres an Plankton und ueber die Bramchbarkeit der verschiedenen Fangmetoden.
Especially the latter has a very good discussion on the pro et contras for
the di fferent methods of obtaining plankton samples. Noteworthy is that he
herein shows that the sources of error which C,A, Xofoid objected so much to
in his "Nots in Selemce (N.S. Vol. VI, pp. 829-832. On some important sources
of error in the Plankton Method), also apply to marine plankton, wherefore he
uses & pump to obtain known volumes of water from known depths,

This method which first was introduced by C.A, ¥ofoid (Plankton Studies.
I. Methods and apparatus in use at the Biologleal Txporiment Station of the
University of Illinois, Bull, Illinois State Lab, Nat, Hist. Vol. V), has many
advantages, but for use in desper water it is rather prohibitive as the handling
of such a long hose is very diffiocult. The main ro@nn for introducing this
method was the wish to abtd:; quant itative samples of the nanoplankton, that
part of the plankton that will pass through the meshes of an ordinary plankton
net. The question itself: How to get 2ll the plankton present in a certain
volume of water, ms b#en discussed over and over again in the 1literature, Of
course it is of ntmost importance when dealing with the total productivity of
the ocean, but the modern plankton investigation is more interested in thf re-
lation between certain species of plankton organisms and thelr eavironmental
factors, such as salinity, concentration of nirate, silica ete., and the
relative small amount of nanoplankton lost through the nets may therefore be
considered of less importance.

The problems of the plankton methods as regards the Pacific has lately
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been dealt with by & mumber of investisators, Most of the work has been
done by the Seripps Institution of the University of Californis. At the
third Pan Pacific Science Congress in 1926 Professar W,E. Allen of this
institution gave a paper on the Investi gations on the Phytoplankton in the
Pacifie Ocean in which he very thoroughly discussed the work hitherte done,
the methods used for it, and lastly the results, especially as foundations
for further work. As a vhole this summers experiments mske me agree with his
opinions except regarding the preservation of plankton samples for quantitative
work, which point I shall deal with more in detail at that part of the report.
The latest work by the same author is to be DHund in the Bulletin of the
Seripps Institution of Oceanography, La Jolla, Califomia, Technical Series
Vol. 2, No. ' (Berkeley 19%) "Methods in quantitative research on Marine
Microplankton", It is a comparison of series of catches treated after different
mamers, and his eonclusions confirm the results of several ¢other investigators,
It is, however, regrettable that he does not give a more reserved statement in
the first part of his oonduniént "The study of these series shows positively
that no method of rapid filtration (such as that through No. 25 silk) can give
dependable results in quemtitetive investigations of the smaller diatoms and
dinoflagellates, especially in periods of slight abundance". It is right that
80 far no method has been found, but it iz my belief that it would be possible
to design a centrifuge for that work with just as high an efficiency as the
centrifuges now so commonly in use for milk-separating or ohritnn& The
main di fference is that in this case it is the sediment that is the importsnt
part, Therefors, the type of centrifuzes already tried out for this purpose
has been entirely unsuited for this kini of work. Their great number of dises

and plates spread the sedimemt over such a big and, for the main part, dir-



ficultly accessible surface that, 2 l1though even one hundred per cent may be
detained in thn‘ separator bowl, it is very questionable hor many per cent the
m;stigator will be able to recover from the bowl,

Chancey Juday in his: "A third report on Limnological Apparatus"
Transactions of the Wisconsin Academy of Seciences, Arts, ani Letters, Vol,
XXIT, 1926, gives a description of a smll centrifuge with no d iscs at all,
The capacity of it is undoubtedly too small to be of any value for marine work,
but its bowl reecalls to me the bowl of the sharpless separator, and my opinion
is that thore may lay an solution of the prodlem in this peculiar disecless type
of separator,

The experiments during the summer of 1931 fell in three parts.

1, Comparison between plankton met and a plankton buckst in order to find the
efficiency of the net.

2. Comparison between the common centrifuge method for measuring the volume
of plankton and the displecement method as developed by Dr, I.P, Tacobsen,

3. A study of the influence of different preservatives on the seme sample of

plankton,

1, Comparison between plankton net and plankton bucket

The net used was a ¢losing net of the type deseribed by C. Julay in
"Limnological Apparatus® (Transactions of the Wisconsin Academy of Sciences,
Arts, smd Letters, Vol, XVIII, PartIT), The dimensions of it were as follows.
Diameter of small ring 30 em., of large ring 45 em., length of side of the
si fting cone 84 em, Total sifting area when account is taken of the scams and
the four windows in the mucket 5466 square centimeters, Area of opening 706.85
square cm, Sifting material Bolting Silk No. 25.
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The plankton bucket used was the one constructed after the design
of ¥r, L.L, Bolton., The capacity of it was ten imperial gallons.

Due to some necessary alterations in theklosing meechanism of the bucket
1t was impossible to obtain the desired ssmples until shortly before I had to
leave for the University. However, I succesded in getting four good series
from one station, taken as soon after each other as the eircumstance, that the
ssme winch had to be used for both net and bucket, would allow. The weather
was rather rough which forced us to take the series just outside the Dodd's
Nerrows instead of, as intended, at Station 35.

The first series was taken with the net, with the ordinary routine for
plenkton samples for quantitative purposes. Tirst from 50 - 30 meter, then from
30 - 20, 20-10, 10-6, 6-4, 4-2, 2-1, and from 1 meter to the surface, The
second series was teken with the mueket, which was lowered to the depth of one
meter, two meters, and so on, a sample from each meter until the sample from
ten meters showed suwh & little amount of plankton that it was obvious that it
would be impossible to measure the volume of it. The water from the wucket
was sifted through a small net of Rolting Silk Neo., 25, and the plankton |
immediately preserved by adding 10 e¢ of B.C. plankton preservative, The third
series was also taken with the bucket and as soon &s possible after the second,
The fourth series was taken with the nmet. ‘

The volume of the thus obtained ssmples were standardised to 168 ec and
15 ec of each cemtrifuged until thse volume of plankton showed to be constant,

The results of this volume detemination are given in the following table.



8 1 2 2 4 5 6 1 8 9 10 metres
ce

Ser. I 6e2 345 2.5 2.5 340

Sers TT PR e W b D E B G P R a R E
Bere TIT BT N AN AR NN .y v
ser, TV To5 o5 3.5 3.0 2.5

If we out of these figures compute the volums of plankton in ome cubie

meter of water we get the following resilts

Cubic centimeters of plankton in one cubic meter of water.

Depth Ser, I ___Ser, IT Ser, IIT Sers IV
1-8 9.824 54.399 544399 11,883
2-1 54546 494339 46,761 7.130
4-2 1.981 37.823 37.823 ' 2.773
6-4 1,981 32.070 32.892 2.376
10-6 1,188 ? ? 0968

These figures show the average plankton content for the given depth. Tor
the series taken with the net the wolume of the water is taken as the length of
the hawl times the arem of the net opening. Comparison of the figures for the
net with the corresponding figures for the bucket, the wolume of which is known
with certainty to be ten gallons, shows that the efficiency of th’ net is very
variable, It goes as high as ca, 181 but this seems to be the exception and the

averapge is somewhsre around 10%.



Hensen's net coefficlent when calculated for the same net came to
ea, 0,31, which is in conformity with what other investigators have calaulated
for nets of similar dimensions but certainly not with the actual results.
These, on the other hand, coincide very well with the results obtained by
C.A, Kofold as published in his "On some important Sources of Yrrors in the
Plankton Method)(Seience N.S. Vol. VI, pp. 829-832; 1897).

These experiments are not the first experiments wi th vplnkton buckets
done for the Biolosical Board of Canmda. Dr. Bajkov used for his Jasper Park
lakes investigations a self-closing bucket of a somewhat different design,
vhich he deseribes in "Reports on the Jasper Park Lakes investigations 1925-26
VII., A study of the plankton. (Contributions to Cenadisn Blology end Fisheries,
New Ser, Vol. IV, 1929). It could have been desirable to compare this type of
plenkton bucket with the one of Mr. Bolton's dnip. but owing to Dr. Bajkov's
absence from Winnipeg it has been impouiblo for me to obtain a more detailed

deseription in time for this report.

2. Comparison between the common ¢entrifuge method of measuring the

volume of plankton and the displacement method as defeloped by Dr.

I.P. Jacobsen.

While waiting for the plankton tucket to get into perfeect working order
I determined the volume of plankton in a grest number of samples in order to
obtain a certain mutine in this procedure, 50 as to ascertain that no error
due to the handling of the centrifuge should spoil the experiments. During
this work I found that in meny cases it was 1mpopsihh to read the volume of
the plankton as it was less than the smallest division on the graduates used
for the centrifuging, these being calibrated only into one tenth of a ec and

the amount of plankton in fifteen cc of sample very often being far less than




that, It lay therefore near to think of the possibility of another method

for measuring of the plankton volume and, when I in my perusing of the litera-
ture on plankton methods came upon I.P, Jacobsen and Ove Paulsen: A new
apparatus for measuring the volume of plankton samples by displacement.
(Meddelelserfra Kommisionen for Havundersgelser. Serie Plankton. Bind I, No,.
11, Copenhagen 1912), I found it necessary to try this method in order to
make sure whether it was better than the usual method or not., At first I
assembled an apparatus as deseribed by Dr. I.P. J’nobun, but I found that it
was not quite as practical &s it could be, and, more important, that the many
rubber connections were a bad source of error which should be avoided. I
therefore fused all connections and at the same time added a simple deviece for
refilling the apraratus and thus speed the procedure somewhat up, The new
version of ;hn apparatus is shown in the figure.

The prineiple of the measuring by this appafatun is: A hardened paper
filter is placed in the funnel and the stopcocks are turned so as to allow the
measuring Mquid to flow into the funnel and fill it right up till the opening
of the pout, which is on the highest edge of the fummnel, just when the liquid
is about to overflow the stopcock at the fummel is closed, and the point where
the surface of the Mquid stops in the mnrl‘ng tube is noted. The apparatus
is then refilled, while the liquid is drawn of f from the filter by means of
the suction pump, This is repeated several times until the point where the
liquid stops is constant. This poins is then the zero point for that filter.
Now a certain amount of afsample, already made up to the stendard volume, is
filtered through the filter, the plankton wkll remein in the filter and when
the measuring 1iquid again is allowed to flow into the funnel and again stopped
Just when it is about to flow over, it will this time have a higher level in the

measuring tube, The di fference between the zero point and this new level equals
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the volume of the plankton., For the determination of the zero point the
apparctus was found to work with en exactness of one one humiredth of one

6G,, but with the plankton in the filter it was often difficult to reach the
same point of dryness, and the error in this case is most likely twice as

big. The adhesion of the measuring 1iquid to the walls of the bulb and the
measiring tube makes it necessary to leave the apparatus for about five minutes
before reading. :

At ﬁr#t di stilled water was used as the measuring liquid, but it proved
that it was nearly mﬁuiibh to get ﬁd of all the air bubbles which would be
_1n the plankton, wherefore it was necessary to change to alechol, Dr. I.P,
Jacobsen rocorﬁa the same experience from his work with the apparatus.

It is possible to use the same filter for three ar four semples either,
if the plankton is to be weighed also, by rinsing the filter very carefully for
each determination or, if there is no more use for the semple, just by teking
~the new reading as the zero point for the next dourﬁgathn. When a filter
has been used for some time it becomes too close to be used with advantage,
as the filtration takes too long time,

The accompanying five graphs show the relations of the volumes found by
this method to those found by the ordinary centrifuge method,

In the four of the series also the weight of the plankton was determined
after drying to constant weight at a temperature of 100 to 105 degrees centi-
grades.

Several more series were measired, but in meny cases it was found that
the plankton content was too poor to be observed with any degree of exactness;
a number of the samples were measired before it was fund out how severe the

errors due to the rubber connections were, After it was found out, these, of



course, could not be used for comparison.

Considering the time involved in the zercpoint fletemination and the
inexactness that necessarily always will be due to the liquid retained in the
plankton by capilleary attraction, it is very doubtful whether this method has
any advantages at all to the ordinary method., The amount of fluid retained
by the capillary attraction will vary with the type of plankton ani a semple
of Chaetoceras will therefore seem larger than a sample of Coscinodiscus even
if they are of exactly the same volume, The sme is the case in the centrifuge
method as the long spines will mrevent the Chaetoceras from being packed as
closely together as the Coscinodiscus.

5. A study of the influence of aif ferent preservative on the seme
sample of plankton.

The preservation of the ssmple is a mart of the plankton problem that
by most of the suthors dealing with plankton methois seems to be regarded as
rather unimportant, A few lines, if anything at all, is all they give to it,
Naturally it would be the ideal to study the living smmple, but the great
number of samples necessary for a series froma single station eliminates this
possibility.

H.,H, Gran gives a promising title for his Publication de Circonstance
No. 62, "Preservation of samples and quantitative detemination of the plank-
ton", but the content of this wbuéation is only a mentioning of the fact
that for organisms with a skeleton of caleium urboﬁto as e. 2. Coccolitho-
phoridee it is no good to use a preservative comtaining any acid, as this
di ssolves the skeleton, but nevertheless h® has Hund that Flammings Solution
wag an excellent preservative and very mach to be recommended, .'l'he rest of

the work is an enumeration of the orgenisms found in a number of samples,
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Prof, W,2, Allen in his paper on Investizations on Phytoplankton in
the Pacific Ocean just mentions that: "Formaldehyde is the best meservative
for general purposes both for convenience and excell ence of preservation,

However, formldehyde has exactly the same bad effect on lime particles
as aclds have, it dissolves them, Besides the excellence of weservation,
sometimes, is not quite =s excellent as it might be wanteds The tendency for
polymerisation in formliehyde may often result in a solution much weaker then
expected and a correspondingly poorer meservation, The solution of lime par-
ticles een be prevented to a certain extent by nddl‘ng. some weak neutralizer as
€. 2+ sodium borate but the weskening is ard to check even in the darkness.

For most &f the Phytoplankton it has been foudd that the B,C., Fixative
is an excellenmt preservative. The organisms are found to be in a very good
state of preservation. During my work on volume detemination it occurred %o io,
however, that the fixative contains a high pereent of aleohol, which possibly
might expell water from the argenisms and thus csuse a change of the volume.
In order to get a 1littls light on this problem I collected a big sample of surface
plankton, measursd first the volume of plankton in the living sample, divided
the rest into three equal parts and fixed one with common formaddehyde, the
second with Flemming's solution, and the third with B.C, Fixative, being careful
that the seme volume of fixative was used for each part of the sample. Im-

mediastely after the fixation the volume was again determined, the results were

as follows:
Fixed by :
living Formol Flemuing's B.C.
ec. of plankton in 15 ce 2.37 2.0 1.8 1.8

The aetusl figure found for the living plankton was 2,8, but as addition of the
fixatives reduced the plankton concentration in the samples I have reduced this

figure for the living sample accordingly.
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The samples were then left for a time, approximately three weeks, and
the volume then again detemineds The result this time made me believe that
I had failed to shake the samples thoroughly enough after the long stending,
wherefore I used all the rest of the samples, exactly 75 ce or 5 x 15 for sach.

The results were:

Volume in cc of plankton fixed by

Formalin 1.0 1.0 1.1 0.9 0.9
!'lunllg 105 1.5 105 105 1.,
B. Co : 1.5 1,5 1.5 1.5 1.5

- Anothér sample treated in the same way did mot show suc a bad result:

Fomalin Flenmi Bs Ce
Volume fresh fixed 2.4 2.5 .
after three weeks 2.2 2.0 1.9

Altogether this exp eriment shows that there iz here a mproblem which

must be considered in the future quantitative plamkton investigations.

CONCLUSI ONS .

l, The exparimental determinat ion of the efficiency of plankton net
shows that the net can hardly be relied upon for any quantitative investiga-
tions of the microplankton,

2+ The common method of determining the volume of plankton by means
of settling in graduated tubes exposed to centri fugsl force is to be preferred
$0 the much more elaborate method by displacement.

3. As the common centrifuge method is now it is not always it is
sati sfactory., Very likely this could be helped by using the groduates

especially adapted for bacteriological purpose, with the one cc at the bottom
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divided into one one hundredth of ome c'c. for samples where the plankton is
less abundant.

| 4, There is a considerable problem in the ahrhkm of the volume
of the plankton during fixation by different fixating agents, This problem

ought to be solved as soon as possible,



