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A Note on Measuring of the Volume of Water Filtered by
Plankton Net by Means of a Flow Meter

Satoshi NISHIZAWA and Masateru ANRAKU

Abstract

The variability of catches in successive zooplankton samples has come to attract the sincere
_ attentions of many workers. The yariation in a single observation ranges generally 30 to 100%.
Such variability may arise (a) from the manner in which the population is unhomogeneously
distributed or (b) from variation inherent in the method of sampling. Under (b) are included
such factors as variations in the speed of haul, deviations of the haul from the vertical, com—
pleteness of the washing of the net, etc, Winsor and Walford (1936) examined. the variability
arising from factors under (b) and concluded that a limit to the precision of estimate is set by
the relative variability of the volume sampled. Bames (19494) studied the variability in paired
- plankton hauls, finding that the variation observed is largely dependent upon variation in the
volume of water filtered by the net. In recent years, the cause of such a variation has come to
be- ascribed mainly to the local swarming of the plankton popu]atlon itself (Barnes, 1948b;
Barnes & Marshall, 1951; Anraku, unpublished). The variation due to volume of water filtered,
however, can not be considered as negligibly small. )
 Such volume is corﬁmon]y measured by some type of flow meter; the flow meter designed
by Mr. 7Z. Nakai has generally been used by Japanese workers for this purpose. The writers
experimented with this type of flow meter to find its characteristics and the disturbance of the
stream lines of water near the mouth of the net during the haul.

Firstly, four flow meters of this type (No. 61, 65, 101 & 102) were towed horizontally in
the tank (1x1x9m) (Fig. 1) respectively, without being attached to any net, ring or such an
obstacle in front of the meters as bridles. Secondly, each meter was attached at the center of
the iron ring just the same as the mouth ring of a plankton net and towed without bridles; two
kinds of rings were adopted, that is, 20 cm inner dia. and 45 cm inner dia. Lastly, four different
types of plankton nets having the same mesh of cloth were towed successively. In the latter
two series of tow the same net or ring for the different flow meters was used one by one.
Experimental tow for any net or ring and again for any flow meter was made, and towing speed
was changed to five grades from 25 cm/s to 130 cm/s for tow of particular net with particular
flow meter. Again the tow at particular speed was repeated ten times. Thus the total
experimental tows in tank amounted 1200. The tesults of these expenments are represented in

‘Figs. 2, 3and 4.

In the first experiment with flow meter alone it was determined that the rotations of the
rotor in tow for a distance of 10 meters were not independent of the hauling velocity; three out
of the four flow meters showed increasing values of rotation with increasing speed when the
velocity remained below 100 cm/s; whilst above this speed, the rotations reaches almost stable
values. However, the velocity at which the rotation Ibecame stable indicating fair correspondence
to the distance, varied with the individuality of the flow meters. " The static resistance of rotor
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may be the main cause of the inconstancy of rotation.at low speeds Ogly one (No. 101) of the
four flow meters was shown to keep almost constant rotation-irrespective of the-hauling speed..
When the flow meter was towed with ring alone in the second experiment,. the rotation at any .
hauling speed was increased a few per cent above the values obtained in towing of flow meter
alone. When the flow meters were attached to center of mouth ring of the fong net (20 cm in
mouth dia. and 80 cm in side-length), the rotation was increased over the values when towed
with ring alone. However, in the case of short net (40 cm in side length with the same mouth
dia.) the values were rather lower than those obtained in towing of flow meter alone, on
account of the insufficient filtration. Such rise in rotation is considered to be mainly due to
the increase of water velocity at the mouth of nets which has resulted from the contraction of
the flux of stream lines passing through the mouth of the net or ring alone. The. stream lines
at the mouth were photographed (Fig. 5). The water flow for pitch circle of the ring, not for
inner circle, is theoretically constant irrespective of presence of the ring. Exactly, the volume
of water which passed through the ring per unit time is given by the hauling velocity times the
area of pitch circles of the ring, not of the inner circle.

Insufficient filtration represented by short net reduces the rotation of the flow meter
especially at Jow hauling speed below 100 cm/s. However, at high speed above 100 cm/s the
rotation tends to converge to a certain value irrespective of length of net.

It was found that some flow meters showed irregular rotations against a fixed velocity of
tow, so that one must be aware that the water to enter the net is considerably retarded by
the existence of the flow meter especially when he uses one of ill manufacture; a poorly made
flow meter is really useless. The experiments yielded the estimates of variation of velocity
as high as 20 % for coarse machine (Tables 2 and 3). )

The radial distributions of velccity of water covering whole area of the mouth of 45 cm
nets (45 cm x 100 cm net and 45 cm X 165 cm net) were roughly determined at sea by comparing
the rotations of flow meter held at the periphery of the mouth with those of a meter fixed at
the center of the mouth (Table 4). In the case of the short net (45cm x 100 cm net), the velocity
at the center was higher by 10 % than that at the periphery at the hauling speed of about 100
cm/s, while at the hauling speed of about 80 cm/s the relation was the contrary. In the case
of the long net (45 cm x 165 cm net), however, the speed at the center was always 20 to 30%
lower than that at the periphery throughout the hauling speeds 90 to 130 cm/s. Such radial
distribution of velocity of water flow at the mouth of the net should be taken into consideration
when the flow meter is used to measure the inflow of water into the net.

The writers observed and photographed from the window of the Undersea Observation
Chamber “‘Kuroshio’ in the subsurface that, when the net was suddenly stopped during haul
there happened an ejection of water from the inside of the net (Fig. 7). Sudden change of
hauling velocity may also have some effect, especially for the net of insufficient filtration.
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Fig. 1. Experimental tank

—300—



Hauling Speed cm/s
Fig. 2-A. Relation between the
hauling speed and the
rotation of the flow meter
for 10 m tow when flow
meter was towed alone
Solid circles: flow meter No. 101;
circles: flow meter No. 61

Table 1.
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Hauling Speed cm/s
Fig. 2-B. Relation between the
hauling  speed. and the
rotation of the flow meter
per second when each was
towed alone
Solid circles: flow meter No. 101;
circles: flow meter No.61; chain
linés show éxtrapolated values at
low speed. .. R

The threshold speeds in which rotor

of flow meter begins to rotate.

| No. 61 | No. 65 | No.101 | No.102

Threshold
velocity

12.5cm/s! 4.0cm/s

0.0cm/s | 5.0cm/s
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—301--



d Xk E ® R v, 4

L 75
|
g
= T |
gl g
= I
8 g
3=
£ £
& i
- 55

I 50

20 40 60 80 100 120

Hauling Speed cm/s
Fig. 3-A. Relation between the
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Hauling Speed cm/s

hauling speed and the Fig. 3-B. Relation between the
rotation of the fiow meter hauling speed and the
for 10 m tow when flow rotation of the flow meter
meter was towed being per second .when flow
attached to the rings meter was towed being
Solid circles (b): 45 cm dia. ring; attached to the ring

circles (¢): 20 cm dia. ring; the Solid circles (b): 45 cm dia. ring;
chain lines (a) are quite identical circles (¢): 20 c¢m dia. ring; the
with those in Fig. 2-A. chain lines (&) are quite identical

with those in Fig. 2-B.
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Fig. 4. Relations between the hauling speed and the rotation of the flow meter

for 10 m tow (A., A:) and between the hauling speed and the rotation
per second (Bi, B:) Ar-Bi: flow meter No. 101; A:~Be: flow meter No. 61;
d: 20 cm X 80 cm net; e 20cm X 40cm net; f: 45cm X 100cm net
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Nnb 50em/s ThH 5,
: F—HETHE 40cm (FIEDOE) O
Fvy P EOITRAT S L, RAKF Nobl
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2 s EEEEATED 528, ThREORET
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k3t No. 1011t a, b, ¢, d DihER s iz
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4 20cm x40cm kv FOICWT B
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Fig. 5. Photographs showing the stream

lines at the mouths of the nets

(A) 20 cm x40cm net; (B) 45cm % 100cm \

net. The net was so fixed that the lower
half of the nets was dipped in water and
towed at the velocity of 50 cm/s. Camera
was in motion at same speed and caught
the stream lines represented by alminium
powder on the surface.
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Table 2. The estimated speeds of inflow of water at the center of the mouth
of 20cmx80cm net when towed with each of four flow meter

| 80em/s | 40cm/s | 50cm/s | 60cm/s | 70cm/s | 80cm/s | 90cm/s | 200em/s | 1120cm/s

No. 61 36 43 49 56 67 | 79 88 o4 %9
#6) | (3D | (D | (D | (- | (-D | -2 | =& | (-1D

No. 65 33 43 53 64 72 78 85 2 %9
’ 8 | (43 1 (48 | (+D) | (+2) | (-2 | (-B) | (-8 | (-1D

No. 101 29 41 51 59 70 81 2 102 111
D} GD | (+D | (-D @ | (+D | +2) | (+2) | +D

No. 102 (0) (ﬂ) (+1) (o) D | D | (D | =2 | (-D

HEES T L, Fmﬁ%®$®>#ﬁbnbﬁﬁéﬁﬁ&%§%515$%bew50&0mi6%$
W EROBRS, HEOEAYEERT 25D LI1EEL bR, ﬁmﬁ#&v%ﬂﬂu;&ﬁﬁuﬁgkﬁ
HEEHHDEZATN I b v

m&éUﬁ4&m»MEHHM¢HUP(ﬁﬂﬁi/r)%ﬁﬁbfﬁkoL?@%AkmbﬁﬂMTEf‘
U KB 35 5o AL 4 DOIKFOMNDBAI b ,mﬁk%T&bT%ﬂk@ﬁﬁOLﬂ?Xbr

a ORI & 5 LT AEFSH 5,

FIOKF 2 R U 15 A0 MG 5 HSEOREEIE Table3 DB 5, No. 101 XU No. 65 aimfi
Vs BRRRBICHEROBN % #EI L TIF< 45, No. 61 KU No. 102 TidHl-> TRAsRAL THF { B
b %o WEIRBMOBHED LV b DTH Y, HEI L BV BDTH Do BDZ EIHEAOMIEL DD
DH X DEFDWTH GBS 5 F 2R Tovvd, & %T 20cmx40cm kv b & 45cmx100cm Dk 5 b &
Tunomhkﬁmm&&®kdﬁ&:£&0 i ﬁk%ﬁu&%OﬁﬁUb%iw&%ABH6k
bHIH T, —RHIHL < IBKEFTOMEERES }foé@ai ZAH ORPRECBITKY OFHEHS O QLD
ﬁu%@bmwpaométoa@bh6 #of_@%Ak,z/roxu1u$@#%@[%c;of
WHEOKRE SIZBEAH B THS 5 EoElll SN b,

Table 3. The estimated speeds of inflow of water at the center of the mouth
of 45cm x 100cm net whea towed with each of four flow meters

‘ 30em/s | 40cm/s ] 50cm/s ’ 60cm/s | 70cm/s [ 80cm/s | 96cm/s | 100cm/s | 120cm/s

No. 61 36 41 71 88
(+1) -9 -9 (—13) (—9) -9 (—9) (-12) (—12)

No. 65 26 36 4 51 61 73 85 98
T ED L ED G ED G| ED GG

24 33 42 50 61 75 —
No. 101 (-6 | (-7 | (-8 | (-1 | (-9 | (-5

25 35 44 53 62 71 81 _
No. 102 (-8 | (-8 | (-6 | (- | (-8 | (-9 | (-9 -

I %oFoB=RNFIHIDHE

F ot OO 2HHEOBENIE L U Tl ISR TIFol, EHERx» + 2/0% Fig. 6 ODRAIZKER
2k (K& 85em) DN T TRFFICHITL o FROER Y IEE® A » MOV THERL o 18k
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Fig. 6. Plankton nets with flow meters
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Table 4. Comparison of the velocity of water inflow at the center
of the mouth with that at the periphery
The numbers in brackets indicate the range of variation,
No.65 at the No.61 at the
center center
Flow Meter No.61 at the No.65 at the No. 101 | No. 102
Net periphery periphery | !
Towing Speed 99cm /s(95~102) Qﬁcm/s(95~104) 85cm/s | 70cm/s
45cm  (Water Speed| Rotation | 112 (100~120) 100 (92~113)
- at
* the center Speed 80cm/s 78cm/s 84cm/s | 70cm/s
100cm .
Water speedI Rotation | 102 (94~108) | 106 (95~110)
the perlphery( Speed 7lcm/s 72cm/s 86cm/s | 79cm/s
No. 65 at the center No. 61 at the center
Flow Meter
No. 61 at the periphery No. 65 at the periphery
Net
: ~o7y| 139%cm/s g1y 122cm/s
Towing Speed 93cm/s (91~97) (130~148)| 20c/s (89~91) (108~134)
45cm [Water Speed| Rotation 94 (91~102)| 96 (89~99) 95 (89~108) 90  (87~95)
at —_— -
* the center Speed 85cm/s 128cm/s 82cm/s 107cm/s
165cm o
Water Speed| Rotation 121 (110~138) 118 (116~123) 122 (108~150), 117 (113~122)
at p - - i
the periphery Speed 109cm/s 156cm/s 106cm/s 136cm/s

FPEHAEOEERE Y R o PORUBMCNG 2588, 3L FRIKED 4 % BFL T2 ORE

Bomd L e ORTHEY AN DTH o EER K> MO TIHBAS No. 101, 102 % Flv~, . 7Kg
 TIROKEE D ORICEBL TRFL 2 i % 1872, Table 4 OFEHO 2 53 £ ORER A HL Tvrbo F
P LWAL P HHREE® X » + 45emx 100cm Tid, {EBAITIIHL & D EESE <, SEATERI G0
DBIRE VHL 2o T Ty ZORBIRERITHE 80~90cm/s DRTED T3 2 L5535, SRAIZ—F
HEEB Ay + (45emx165cm) Tid, AEREHHOBFHEE CRIHOBFHBLL Y B DT B, Fy
FORLVEBATE G *y MR, ISR HEROB D I3HL {, ERBOMSEL Ry + T, BESF K
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Fig. 7. Photographs showing the ejection of the water from insice of the net
when the vertical kaul was suddenly stopped
Towing speed was 30 cm/s. The photographs were taken frcm the window of
Undersea Observation Chamber “Kuroshio”. (A) 45cm X 100cm net, at the time
1.5 second after sudden stop. A small bag of gauze containing finely powdered
potassium permanganate was fixed inside the net at a position 35 ¢m from the
mouth, (B) Model net (8cm X 30cm), during haul without siudden stop. ()
Same net, at the time of sudden stop of the net. In this case a gauze bag of
potassium permanganate was fixed above the mouth at the knot of the bridles.
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