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During the summer of 1930 experimental work was begun for the purpose of
designing a suitable, efficient net to be adopted as a standard type for quanti-~
tative plankton work carried on by the Pacific Biological Station.

For a beginning & large net was made of #20 bolting silk, This material
is used more or less generally at mesent for fine plankton work as, under
ordinary conditions of use, it is fine enough to retain all but the very finest
plankton organisms.

The net was of the ordinary inverted cone type. The ring at the open end
was of 3/8 in. gaiianized iron, and had an inside diameter of 24 in, The length
of the net along the side was 60 in, At the lowsr end en opening 3 in., in diam-
eter permitted the insertion of a brass collar for the attachment of a plankton
bucket by means of a simple bayonet caten. The silk was in four sections. In
order to reduce the filtering area of the net as little as possible, the seams
were made as narrow as was consistent with giving them sufficient strength, They
were reinforced by having a narrow strip of cotton tape sewed between the layers
of silk, Inclusion of the aoftor cottoz; als mroduces a closer rifting seeam,
particularly by filling the holes made by the needle, and it reduces the possi-
bility of the silk's ripping along the line of stitching, Attachment to the ring
was madé by folding a narrow band of heavy unbleached factory cotton over the
ring and stitching the silk firmly between its inturned edges. To the lower end
a short cylinder of factory cotton about 2 in, long was sewed. A brass clamp
around this held the collar of the plankton bucket firmly attached to the net
and prevented the metal from damaging the more delicate silk,

The plankton bucket used was about 2 3/4 in. in dlsmeter and similer to that




desoribed by Juday (Trens. Wisconsin Acad, Selence, Arts aml Letters, Vol.
XVIIT, Part II, 1926), Its windows, three in mumber, were made es large as
possible in order to drain off the excess water quickly before emptying the
bucket of plankton,

A series of six interchangeable cnes, to be attached in front of the
net so that it could be used as & closing met, wes also constructed., ¥ach
gone was made with a different size of opening in its smaller end, the sizes
renging from 6 in, to 12 in, in inside dlemeter, Rings of 3/8 in, gmlvanized
iron were fimly stitched around these openings, The cones were made of heavy
factory cotton with ét in, galvanized rings sewed in their lower ends.

The cones were quickly and easily interchangeatle, being attached to the
net by a serfes of six small brass clamps placed at intervals around the eir-
cumference of the 24 in, rings. The clamps ware specially made to grin both
rings and hold them tishtly to;oﬁar. A ecotton flap about four inches wide
handing from the inside of the base of the cone amd covering the point bdetween
econs and net, served further to prevent any possible leakage lere,

The rings sewed in the upper ends of the six cones, were 6, 7, 8, 9,

10 and 12 in, in inside M emeter. The length of the cones was 28 in, along
the side, so thet when they were dropped to close the net, they extended 4 in,
beyond the lower edge of the ringof the net,

The usaal bridles for attaching sinkers and for hauling were added along
with the tripping device to be used when it was desired to close the net before
roaching the surface. .

with this equipment it was possible to use the met open (24 in, opening),
or to add any one of the six eenﬁ, and thus compare the offc&t- of reducing the .
opening to 6, 7, 8, 9, 10 ar 12 inches in diameter. The changes could be made
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easily and quickly, It was, therefore, possible to make a mumbaer of hauls
in a ghort period of time, and consequently under coniitions as nearly uniform
as it is possible to obtain them in the sea,

This spparatus was somewhat large snd cumbersome to handle with the
muw_n available, It was feolt, however, that for experimental purposes
large nets should be used so that the quamtities of plankton eollected would
be greater, anl consequently the varlations in the amounts taken wnder vary-
in: conditions and with openings of &i ffermt sizes would be more marked.
With knowledge of the most satisfactory shape and proportions, maller nets,
constructod according to the same plan, could de made and stanlardized, if so
desired.

Quantitative comparisons only wore made of the plankton collected,
Materlal from each haul, diluwted with a considerable amount of sea water, was
preserved by addition of fomalin to about 5% stremgth, This dilute suspension
was then allowed %0 sottle in greduated eylinders for 24 houwrs., Throughout
this report, the figuwres given for amounts of plankton refer to the number of
cubic centimeters of preserved plankton which settled in 24 hours under the
conditions first deseribed. In a number of cases, in which the amount of
plankton taken in & heul was small, a mmber of similar hails were made, and
the resultant planikton combined. In these cases the fipures given are the
averages of the combined heuls.

No simple coniesl net will filter all the water in the colunm out out
during the period of haul by the ring in its open emi, There are two main
reasons for this, The first is the resi stence offered by the material of the
‘net itself, The second is the fact that the organisme gathered tend to clog
the openings of the met and thus lower its filtering cepacity. This is par-



ticularly true of fine nets used to collect the more minute plankton orgenisms,

The emount of water admitted to a net can easily be controlled by
redueing the size of the opening through which the water enters, For this
purpose the cones with upper rings of various sizes were constructed,

The first prdblem seemed to be to find what size of opening would admit
just the amount of water that the net would completely filter unier the most
adverse conditions, vim , when fine plankton (diatoms) was particularly plenti-
ful and the clogging effect would be greatest,

It follows thet with any opening smaller than this, the mt would filter
all the water admitted, but it would not be functioning at its full capacity.

For any net, the largest opming that would admit only the amount of
water that the met could completely filter unier the most adverse conmiitions,

I would term the optimum opening.

It follows, then, that a net with an "optimum opening”, or smeller, should
be suitable for qu_mutativo plankton work,

Variations in the rate of hauling would als mterially affect the result,
In the experiments to date all hauls were mde at the uniform rate of 165 ft.
per minute or 2,75 f't. per second, 3

All hauls made to the time of this report were taken vertically, The
distance through which the net was Mmuled vas measured by a meter, Trom this
figure and the inside dlameter of the front ring of the cone, the volume of
the gylinder of water cut out by the opening to the net during its haul is
easily determined. Comparison of results { s made by calculating the number of
cubliec contimeters of setiled plankton prer gallon of water in the colwm cut out

by the opening of the net.
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Suscessive hauls wewe made under identical conditions (i.e., as nearly
identicel as oan be cbtained in the sea) with a gratual remetion in the size
of the opening of the net gave gradually increasing emounts of plankton per
gallon of water in the colum until & maximum was reacheds This maximum indi-
gated that the net was giving complete filtration of the water in the column,
Turther reduction of the size of the opening gave the seme amount of plankton
per gallon of water in the smeller column, The total mmount of plankton was,

of gourse, reduced,

In designing a net to met all condi tions, particularly great concentra-
tions of the finer phnktm_: organisms, it would be advisable to make the opening
a little mmaller then the optimum size in order to give an additional factor
of llf.f:.

For further reference, the volume yer yard in langth of eylinders of
various diameters follows!:

Volume per yard

Diameter of Length
24 in, - 48,70 gal.*
.. - 14,675
10 * - 10,19 *
, AL - B.66 *
g8 » - 6.52 "
7 n - 4,99 *
6 - 3.67 "

* VYolume is Imperial gallons,.
All hlni- of ‘ouh series were made in one location, and unier conditions
as nearly uniform as they will remain at any one place during the period of the
hauls.
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The feet that uniform condi tions are practically impossible to cdbtain
is emply illustrated by the results of the hmuls made on August 23rd. All
the hamuls of this series were taken while at enchor in the deepeat portion

of Departure May, and all were from 30 yds. to the surface. The results are

&8s Tollows:

lo; of Haul Opening of Net Time of Haul Amount of Plankton
27 24 in, 9359 AM, 270 e.c.
28 " 10305 * 200 *
29 | . 10:10 " 285 »
40 " ' 11346 * 288 »
41 : » 11:50 * 284 »
30 12"4n. 10:31 A M, 265 c.ce
31 " 10:36 » 292
32 " 10341 200 *
33 " 10:50 246 "
34 . 10355 = 274 *
35 8 "in, 11315 » 146 »
36 b 11320 *
3 " 11325 » 116 »
38 "' 11:29 © 44 n
39 " 11:34 170 »

On aceount of such varistions as just indicated all final conclusions
regarding efficiency of any net should he acceptable only when based on the
remiltis of a very great number of hauls.
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Results of the hauls made during the past sunmer follow:

Table I.
Station I, August 19th,

Distance of Haul Diameter of i

400 - 0 yds. 24 in.
do. o & Lo
doe. 8 »

400 - 25 yds. 12 in,
a0, g »
25 - 0 y‘.. 12 ho
do. g »
Table II.

Station I, Augst 2lst.
Distance of Haul Dimmeter of Opening

400 - 0 yis. 24 in.
do. iR
do. g »

25 -0 Ydlo 24 in,
do. 12 =
do. g8 »

400 ~ 25 yds. 12 in,
do. g »

Total Plankton

420 ce0.

Total Plankton

2975 s
499 o
229 .

390 CeCo
470 *
215 =

29 coCe

14 =

Plankton per gale

«0179 c.c.
«0511 *
«0534 "

00454 c.c,
«00818 »

0185‘ CeCo
+2086 "

Plankton per gal.

#0126 cece
008,0 "
0878 n

02658 CeCoe
1.2817 »
1.,3150 *

«0052 cece
«0057 »



Table III,
Departure Bay, August 23rd.
All hauls 30 yds. to surface. All figures in columns 2 and 3 are

averages of five hemls.

Diams ter of Opening Total Plankton Plankton per gal.
24 in, 265 cec. «1507 c.ce
aL-» 2 - «5803 *

g 150 * 670

Table IV,

Departure Bay, September 1l0th.
All heuls 40 yards to surface. Tigures given for total plenkton are
for five combined hauls. Figures in right-hand column are averages

of the five hauls.

Diameter of Opening Total Plaunkton Pla rikton per gal,

24 in. 32 cece +0027 cece
| 40 " 0136 "
.. 36 " 0177 "

. 27 ¢ 0161 "

g " 26 " 00199 ®

y gidin 22 " «0220 *

6 » o 6 " 0218 »

The hauls taken September 10th show a very small quantity of plankton
on account of the fact that the summer maximun of diatoms, which constituted

a great proportion of the mevious hsuls, was mst.
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Diatoans practically all occur mear the surface, certainly few ocourring
below 25 yards at most. DBelow the diatom layer, the plankton organisms are
fewer and larger. It follows that below the level of the diatoms a net will
efficiently handle a much greater volume of water than when diatoms are present
to cause clogging. It would work efficiently with a much larger opening, but
if one net is to be capable of meeting all the conditions encountered, it must
be dasigned to meet the extrame canﬁ itions imposed by the greatest concentration
of diatoms that may be encountered.

To give greater n?mtn of plankton in retum for the labor axmdoﬁ in
making the hauls, it wou;d seem advisable to use two standardized nets,- one
for use near the surface and ons for use below the level of the diatoms, say
: below 25 yards,.

In Tedles I, II, and III, when 24 in., 12 in., and 8 in, openings were
used, the f!m.n'oi in the last column all indicated that the 8 in. opening gave
a much greater quantity of plankton per gallon of water in the column cut by the
front ring than 414 elther the 12 in. ar the 24 in, (met without a come) opening.
It followed, then, that for this net, the amount of water that it could com-
pletely filter was probably in the vicinity of the amount admitted by en 8 in,
opening.

For the hauls made September 10th, & greater variety of eones was avail-
able., Although, as previously stated, the swmer maximum of diatoms was past
and the gquantity of plankton was smell, figures in the right-hand column of
Table IV indicate that the optimum opening for the net was in the viecinity of
6 in, or 7 in. in diammeter.

To further check this, a great number of hauls should be made with cones
having openings of say 5 in.,, 6 in., 7 in., md B8 in, inside dimtcé. anl at



a time when diatoms are prosent in great abundance.

In addition to the foregoing work with nets, a deep sea water and
plankton bot tle was designed. This device is so planned that it m be lowered
to any desired depth, and when the closing device is released, a ¢ylinder 12
in, in diameter and 25 in. long drops rapidly, cutting out a ten galjon sample
of water with its contained plankton in a fraction of a msecond. The cover
follows immediately, and a completely sealed sample may be braught to the sur-
face.

There has been no opportunity to thormoughly test this apperatus as yet.
It is hoped and believed that it will prove satisfactory, and that it will give
very accurate quantitative samples of. plankton, so that it may be used as a
standard by which to calibrate plankton nets.





