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INTRODUCTION. 

In  April and May 1947 some new gear for the collecting of zooplank- 
ton was tried in the West Fjord in Northern Norway by the staff of the 
Fisheries Directorate, Bergen, Norway. 

We used the plankton sampler constructed by CLARKE ancl BUMPUS 
(CLARICE, G. L. and D. F. BUMPUS 1940), a centrifugal pump with a 
sucking hose, and the Nansen closing net, diameter at  the opeiliilg 
72 centimeters, bolting silk No. 8 in the lower cone, No. 0 in the upper 
cylindrical part. 

The plankton sampler was placed a t  our disposal by professor dr. 
J. T.  RUUD, the Biological Laboratory, Oslo. 

METHODS OF SAMPLING. 

The experiinental hauls were made a t  two stations in the inner 
part of the West Fjord, the Austiles Fjord and the 0ltssund (fig. 7 ) .  
The plailkton sampler was used in horizontal hauls a t  ciifferent depths, 
and in oblique hauls. I11 the oblique hauls the sampler was raised 
either coiltiilually or in steps. 4 t  the end of the towing wire we used 
a weight of 30 kilogramrnes. Above 50 meters of depth the sampler 
was towed with the towing wire a t  an angle of 30 degrees with th.e vertical, 
below 50 meters a t  45 degrees. As a rule the sampler was towed for 
5 minutes. The nets used in the sampler were of silk of numbers 2, 8 ancl 
11. The volumes of water which passed through the sampler during a 
5 minutes haul varied between 1500-2500 liters for net No. 2 aiad 
No. 8, and 400-1500 liters for net No. 11. The same series of hauls 
were made both with nets No. 2 and No. 11. 

The plankton pump was an ordinary centrifugal pump, driven by 
the ships engine. I t  was provided with an one inch sucking hose of 
arinecl rubber, 38 meters long and yielding about 43 liters a minute. 
The capasity of the pump was found by lneasuriilg the time taken to 
fill a tank of a know11 volume. Usually 500 liters of water were pumped 
and filtered from each level. 

Vertical hauls were made with the Nansen closing net for comparison 
with the sampler catches. 



Fig. 1. Localities for the experiments with planlrtoll p u n ~ p  and the Clarke- 
Bumpus planliton sampler in the Lofoten Area in April-May 1947. 

Before discussing the samples taken of the zooplallkton it may be 
useful to meiltio11 the filtering power of the silk usecl in the plankton 
gear. I t  is not my intention to discuss the filtration coefficieilts of the 
different nets, only the mesh size. 

The mesh sizes of the different numbers of plankton silk usually 
given, refer to new, dry silk cloth. But .willen the silk becomes wet, 
it will shrink ancl the mesh size will be diminishecl. Usually the nets 
have to be prepared with a preservative to avoid destruction by the 
sea water, and this will also diminish the mesh size. 

I11 table 1 are given some measurenients of the rnesh sizes from 
wet bolting silk of cliffereilt llumbers and mesh sizes of dry silk of the 
corresponding numbers. 

A long usage of the nets will diminish the meshes still more, ancl 
so will clogging of the net with plant or animal plankton. 

I n  order t o  find out which orgallislns will be retained by  plankton 
silk of a certain mesh size, I have measured the diinensioils of some 
copepods and their larvae and eggs as shown in table 2 ailcl fig. 3. 

The measurements illclude total length, greatest diameter of body 



TABLE 1. 

Average aperture of the meshes of standarc1 grade Dufour bolting silk. 

Size of aperture, min. 
Silk KO. 

Dry silk Wet sill< 

I 

alone and of the body with legs and a~stellllae laid in a natural positioil 
along its sides (fig. 2). I t  is assulned that some of the copepods will 
pass through the meshes of the net in this manner. The lneasureinents 
are by no meails exhaustive, as they iilclude only copepods from one 
locality ancl one seasols of the year, but they will  levert the less give 
some informatioil. 

Fig. 2. The measurements taken in copepods in order to show how they may 
pass the meshes of a plankton net. L: total length, R: breadth urith legs and 

antennae. 



TABLE 2 . 
Measurements of the diinensions of copepads in 1/100 mnl . E total length without 
spines . R greatest breadth of body . B1 breadth including antennae. iegs and 

spines laid along the body . 
Species 1 1 )  B B I  

Calanus finwtarchicus . 
? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V 
IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ 85-94 
94 

67-79 
42-57 
28-33 

350-. 390 
390 

242-279 
184-233 
127-131 . 

91-130 
94-1 18 
61-88 
61-71 
45-47 
31-. 36 

33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 90-100 

2s 
25 
21 

i 1s 
14-16 

176 
196 

' 24-29 
21 
2 1 
17 
14 
11 

158 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  N VI 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;\5 v 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  N IV 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  N 111 

N 1-11 . . . . . . . . . . . . . . . . . . . . . . . . .  
Eggs, diameter . . . . . . . . . . . . . . . . . .  

Calanus hy;hevbovez~s 

57 
47 
40 
3 1 
20 

IV  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 279 76 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 1 150 40 / 60-7s 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114 43 
N VI  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  I 
N IV . . . . . . . . . . . . . . . . . . . . . .  
N 111 j . . . . . . . . . . . . . . . . . . . . . .  

I 

N 1-11 . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  

12 1s 
Eggs, diameter 24-28 

560 

Pseudocalanus nzinutus . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ? 130-150 

V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110-136 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV 1 0 5  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 I 83 

11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 60-69 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 57-60 
N V-VI . . . . . . . . . . . . . . . . . . . . . . . .  36 
Eggs, diameter . . . . . . . . . . . . . .  1 I 

I Paveuckaeta ?zovuegica . 
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 539-558 
IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J I  1 190 5 2 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 119 48 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  N VI 1 62 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  N 111 1 50 31 511 

Of the same size as C . finma~.clzicz~s, N VI-IV . 

50-43 
36-48 

29 

48-55 
44-56 

38 
24-26 / 31-36 
12-19 1 17-24 

1 12-13 

140-186 1 25l-271) 



Table 2 (Continued.) 

Species ! L 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eqgs. diameter . . . . . . . . . . . . . . . . . .  

lldetj.7 c-lz rr loqzga . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Met).  zdia sp . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S T'I . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S V . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S 117 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S I11 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Adetrzd~n Zctce?as . 

i v  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11Trti. idin eggs. ctiameter . . . . . . . . . . .  

juv . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eva. d ~ z e  ? z o r ~ d m n ~ z ~ i  . . . . . . . . . . . . . . . .  

Thysaicoessa inevmis  . 
nauplii . . . . . . . . . . . . . . . . . . . . . . . . . .  
eggs. ctia~lleter . . . . . . . . . . . . . . . . . . .  



-- 1~0 - 
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+ M e t t i d i a  sp. p 

Pseu docaianus 

Fig. 3 .  A co~nparisorl between the lnesh sizes of wet sillr cloth of different 
nuxnbers (horizontal lines) and the greatest bl-eadth of so111e copepods and their 

larvae (vertical lines and crosses). 



If we compare the greatest breadth of the copepocls with the mesh 
sizes of wet plankto11 silk (fig. 3) ,  we may get an impression as to which 
copepods are likely to  be retainecl by  planlrton silk of different nmnbers. 
In case of sralying mesh size, I refer to the largest mesh openings. 

Silk No. 11 will retain most of the copepods, exept eggs ancl 
nauplii of ~l/l~icrocalantrs and probably smaller nauplji of tile Oiilzo~za sp. 

Silk No. 8 will catch all stages of Calanus lzyperbove~~s and Caln?zzts 
j i nma~ch icus ,  except the eggs and some of the nauplii of stage 1-11 
of C.  fiwulzarchiczu. Adults of Oithona helgola~zdica, Microcalan,zcs froln 
copepodite stage I11 and Psez~docalanlt.ls from nauplius stage IV will 
also be retained, while Microsetella easily passes through the meshes. 

Silk No. 2 will catch all the C a l a n ~ ~ s  copepodites, some of the 
nauplii of stage VI of C .  fi~znzavchicus and of stage V-VI of C.  hypev- 
boveus. Psez~docalan~w and Cen,tvo$ages lza~natzu copepodites will be 
caught from stage 111. Some adult Dlicrocala~zus will also be caught. 

Silk No. 0 will retain Calanzss copepodites froin stage 11, Metridia 
longa copepodites from stage 111, Pareuclzneta norvegica froin copepodite 
stage I, ancl adults of I ' e ~ ~ z o ~ a  longiconzis and Pseudocalanzt.s. 

Silk No. 000 will catch adults and copepodites of stage V of 
C. jimr~nrclidcus, copepodites of C.  hyfierborez~s from stag-e 11, ancE aclults 
of the hfe tr id ia  spp. 

I t  is to be stressed that  the observations are few, and one cannot 
say definitely which copepods will be retainecl ancl which will pass through 
the meshes of a plankton net of a certain mesh size. Many copepods 
may possibly be able to press legs and antennae more close to the body 
than indicated by  the measurements. On the other side, the length 
of the body as well as the antennae and legs when they are extencled, 
will help to catch more of the smaller specimens. 

In  other waters and a t  other times of the year the ctimensions of 
the same copepods may be somewhat different. 

T H E  EXPERIMENTAL HAULS. 

Table I (page 24) shows the number of copepods and other plalikton 
organisms caught by the plankton sampler and the Nailsen net in the 
Austnes Fjord on April 23. As the sampler failed to close after the 
hauls a t  the 10 ancl 25 meter levels, these hauls must be regarded with 
sorne precaution. 

In  order to show the difference in catching power of nets equipped 
with plankton silk No.s 2 and 11  Calanus fingnavchicz~s has been divided 
into copepodites, and nauplii and eggs, and the other copepods have 
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been divided into those bigger and those smaller than naupl'itrs stage VI 
of C. finmarchicus (table 3). 

As one would expect a greater quantity of Caln.n~,rs iiauplii and 
smaller copepods are caught in the 77 net than in the 2 net. Tlre latter 
caught a somewhat greater number of bigger copepods and of larvae 
of fishes, decapods and euphausiids. 

Table 4 (page 14) shows the number of plankton orgai~isms taken 
with the same gear in the Austnes Fjord on May 30. At this station 
oblique hauls were made with the sampler raised in steps. There is no 
marked difference between the number of bigger organisms taken with 
the 2 and 7 7  nets (see also Table 11, page 26). 

I t  is worth noting that the proportion of copepodites and aclults 
compared with naupiii and eggs of C.  finvnarchi,us is much greater in 
the Nailsen net hauls than in the hauls with the plankton sainpler in 
the same depths. As shown above, the 5' net will not catch the eggs 
of C ,  fi?z~?zavclzic,us quantitatively, neither the smallest nauplii. A great 
deal of the snxaller copepodites and nauplii of Oitlzona sp. will also 
escape through the meshes. The construction of the Nansen net with 
the upper cylindrical part provided with silk No. 0 and the lower cone 
with silk No. 8 will further help to catch more of the bigger copepodites. 
In  fig. 4 is shown the stage distribution of Calanz~s fin~nzarclirr'cz~s, as 
it occurs in the hauls with Nansen net 8/72, and i11 the plankton sainpler 
hanls with silk nets No. 2 and 11. They all differ from each other. 

011 May 2. experiments were made with the pump. Samples of 
500 liters were pumped from different levels fro111 1-38 meters and 
filtered. From the same depths samples were taken with the plailkton 
sampler. Silk net No. I1 was used both for the pump and for the sampler. 
During the haul a t  the 5 meter level the net was lost. The number- 
of organisms caught is shown in table 5, (page 17) and table TI1 (page 28). 

With one exception, at  the 15 meter level, a smaller number of 
organisms was caught per 100'0 liters of sea water in the purnp collec- 
tions than in the hauls with the sampler. There was no essential differenw 
in the c1.istribution of stage of C .  fivtmarchicus in the pump and sampler 
coilections, but a somewhat greater number of Oithona was taker1 b y  
the pump, In return, a greater number of the bigger copepods was 
caught in the sampler hauls, and also a greater number of fish larvae 
and decapods. 

After the net made of silk No. I1 had beell lost, a new net had to 
be made by the material available, silk No. 8. 

At the station in the Okssuncl (table G page 18, and table IV page 
30) the plankton sampler was tried in deeper water. A series of hauls 
was made a t  different levels from 1-425 meters of depth. Oblique hauls 



Zooplarikton collcctecl vbrit1i Clai-lie's plailktoii sa.inplei-, silk iiet No. 2 and 11, a i ~ d  with Nailseii closiiig iiet, sillc No. 8 
-4ustiles Fjord April 23. 1947. Kurilher of orgaizisms per 1000 liters of sea water. 

.... .- P-................. - 

Deptli, meters . . . . . . . . . . . . . . . .  
..... .... -- ....p 

. . . . . . . . . .  , liters 
.- ... ... 

i s  . . . . . . . . . . . . . . . . .  

Caln~zus /i~:nznvckicz6s 
adiilts aiid copcpoditcs . . . .  
na.uplii alid eggs . . . . . . . . . . . . . .  
Oitlzoza spp. adults and larvae.. 

Other copepods: 
Bigger than C. fi.rzt~zavchicus 
ilauplius stage VI (X)..  . . . . . . . . .  
Smallci- tliaii C. finmal~clzicus, 

....... . . . .  

5 10 25 50 75 
.. .... 

p - 

- - - - 

1039 

liauplius stage VI (B).. . . . . . . . . .  526 
, . lotal  copepods . . . . . . . . . .  7 847 13 379 

Decapocl lai-vae . . . . . . . . . . . . . . . .  1 - 
Eupha~si id  calyptopis . . . . . . . . . .  35 32 
E. nauplii and eggs . . . . . . . . . . . .  5 21 
Fish lai-vae . . . . . . . . . . . . . . . . . . .  
Fisli eggs . . . . . . . . . . . . . . . . . . . . . .  4.5 49 

Not closccl. 

623 

84 
-.p . 

7 759 

6 
28 

2639 
17 
102 

1611 

1.2 162 

1012 
----.p 

14 493 

Otliei- organisms . . . . . . . . . . . . . .  
7 7 i o t r l  oqaiiisiiis . . . . . . . . .  

1. 174 

300 
-- 

1C 252 

939 

8 873 

432 

27 

9 58829 

11 

IS26 

950 
. . 

265l 
27 
508 
10 

22 57 
1188 537 

- -- 

1 334 

6 

28 
- 

27 
- 

1 
63- 

~ 

11 5061.0 99230 759 271 

371 15 
25 1 

10 

328 

2 878, 

412 21.3 

6 

- 

- 
2 
2 

333 

15 
92.5 

1671 1 O28 

10 
- 

G00 
5 

244 
908 

2 758 

1 
3 -  

2 
- 
- 

35 
..ppp..p- 

180 

11 
1 2 -  

7 
27 

~- . 

12 

17 92 
. . . -- 

13 468 1 066 8 222 731 567 

1.1 701 

58 
8 

400 

19 
375 

' 22 

550 

-1- 

7359 

43 

50 
3 -  

7 
11 

2 726 

8 

10 
5 -  

20 
- 
- 
37 

615 

560 

120 

500 

ii 
e*, 

125 



TABLE 4. 

Zooplanliton collectecl with Clarke's plalllitoll sampler, s1lB net So 2 
Sumber of orgalllsms per 

Depth, iileters . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 ) 25 1 30 
-- ,- 

. . . . . . . . . . . . . . . . . . . .  Volume filtered, liters 
_ _ _ _ _ - - _ _ _ - .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Species,/Gear 
I I I I 

Cala?:us jinwzavc//,izts 1 1 I 

. . . . . . . . . . . . . . . . . . . .  adults and copeporiites 3 9 9 3  5 4 9 2  1 691 1 9 3 3  88; 417 
nariplii and eggs . . . . . . . . . . . . . . . . . . . . . . . .  . 4-31 8 9 6 8  157 9 800111 7 2 0  162 
Oi"o.~in i p p  adults arid larvae . . . . . . . . . . . .  128' I 9981 1.01 4 400' 1 4 5 2  42 I I 

Other copepods. 
Bigger than C. ji7z$nnrchiczis, narrplius 

stage VI (A) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Smaller than C. ~izzmavclziczcs, nauplius 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  stage V I  (B) 

Total copepods . . . . . . . . . . . . . . . . . . .  

Decaporllarvae . . . . . . . . . . . . . . . . . . . . . .  
I 

29 
Euphausiid calyptopis . . . . . . . . . . . . . . . . . . . .  42 

-- E. liauplii and eggs. . . . . . . . . . . . . . . . . . . . . . .  
Fish larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fisilcggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other organisms . . . . . . . . . . . . . . . . . . . . . .  

Total ornanis~ils . . . . . . . . . . . . . . . . . . .  . I  5 233'1.8 090' 3 339 17 841115 4751 943 

were also lnacie. At the corresponding depth intervals vertical hauls 
were made with the Nanseil net. 

I11 fig. 5 (page 16) is shown the percentage distribution of tlic 
different stages of Calalzzcs jt?~.r?zavchzcrls in the sampler and Kansen 
net hauls. Conlparatively lnorc copepodites and adults are caught in 
the Nansen net than with the plankton sampler. 



and I I ,  and with Nansen closing net, sillr No. 8. Austnes Fjorcl Aprll 30. 1947 
1000 liters of sea water. 

Bt  the end of June 1947 I liad the oppor t~n i ty  to follow pro- 
fessor clr. J. T. RUUD on a short cruise with the research vessel ))Gunnar 
i<nudsen" in the Oslo Fjord. We then tried a series oi 3 ancl 4 plankton 
samplers attached to the same wire. The samplers all workecl satis- 
factorily, opened and closed in successio11. 



20 

10 

' I  "la 
NV NIV Nlil NII-l Eggs 

Fig. 4. The stage distribution of Calanus finnzavchicus in vertical hauls with 
Nans~rr  net, silk No. 0-8 and i11 oblique hauls 111 the same depths with planli- 

toil sampler, silk No. 2 and 11. Austnes Fjord, April 30th 1947. 



TABLE 5. 

%ooplailktoi~ collected with Clarlie's plailktoii sarilpler and \vit11 pump, both \vit11 ~jl l i  iiet No. 11.. 
Austiles ijord May 2. 1947. Number of organisins per L000 liters of sea water. 

-- --- 

. . . . . . . . . . . . . . . . .  Deptl-i, meters 1 5  10 1 l 5  20 1 25 30 1 38 

i 
\'olume filterecl, liters . . . . . . . . . .  1 500 1 500 500 996 1 500 712 500 / 824 500 788 / 500 824 1 500 / 646 

Cpecies 1 Gear . . . . . . . . . . . . . . . .  
l l l l l l l l I l l l I 

Cnlnnns /inmn~~c/zicus 
acliilts aiicl copepodites . . . . . . .  5 724 6 020 7 023 6 229 2 584 3 641 

Oithonu spp., adults and larvae 
. . . . . . . . . . . . . .  iraiiplii and eggs 5 200 3 600 2 320 1 700 4 251 3 700 6 974 

100, 400' 400 932 562 Sl6 4-25 1400 

Other copepods. 
Bigger than C. finvnavchicus, 

. . . . . . . . .  ilauplius stage VI ( A ) . .  
Snialler thaii C. j i : i~~avch icz~s ,  

. . . . . . . . . .  liauplius stage VI (B). 
r .  . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

lotal  copepods 

-.i 

214 550 

80 
10 
23 
16 

263 

Decapod larvae - 

Eupliausiid calyptopis . . . . . . . . . .  - I 6  
E. ilauplii aiid eggs . . . . . . . . . . . .  
Iiish lar\-ae . . . . . . . . . . . . . . . . . . .  
Fish eggs . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  Other orgallisms 

130 

16 

8 
- 

- 

2 
G 

100 
p 

10 7 2 6 ~ ~ 0 ~ ~ ~ 1 .  90412 929 

8 5 8  I6  

424  
~ ~~ .. 

11 

I l  762 

12 
-- 

14 
13 

503 

- - -  

12 
6 

32 
p~ 

Total orgaiiisms . . . . . . .  

2 
400 

350 

216 

23 
10 
10 
4 

17 
380 
..- 

2 
-- 

2 
6 

372 
----- 

- 

100 
p 

300 508 400, 

2 

11 146 9 056 

7 9221.2 1651 1 2 7 2 1 2  170 6 804 

- 

11 550 

126 

416 

8 l56 

4 
- 
- 
- 17 

8 
886 

-. .- 

9 224 

- 2 

6 746.11 832 10 92611.0 

2 
2 

84 
-- 

1.2 803 

21.2 

158 

I l  726 

7; - 9 
- 740 130 1.82 

-. 

11 03610 755 

--------P 

1.0 714'29 611 11 752 12 668 

6 1 5  

128 

28 
39 
- 

3 

i 

2 

148 

S 

7 532 

30 
33 
29 
12 

2 
10 
10 
- 

11 

433 

200 

1.72. 222 
l 

130 
l 



TABLE 6 

Zooplalllrtoll collected with Clarice's planlrtoil sampler and with 
Nunlber of orgaiiisn~s per 

~~~ 

Depth, nleters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Volume filtered, liters 
-- - i----I - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Species 1 Gear I PS S ( PS S ( PS S / PS S 
I I I 

Caln~zlls ?iiznznrclzicits 
adults and copepodites . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
nauplii and eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oit t~onn spp. adults ancl larvae . . . . . . . . . . . . . . . . . . . . . . .  
Other co1)epods : 

Bigger than C ,  finwzni~cliicus, nauplius stage V1 (A) . . .  
Srilaller than C. fi~z~~znvclzicz~s, nauplius stage VI (B) . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total copepocls ; 8 819 4 856'10 972 1156 
I ! 

Decapod larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Enphausiicl calyptopis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E. natiplii and eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fish larl~ae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fish eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Otllel- orgallisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total organisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Nansen closing net,  both xvith silk net Yo. 8. Bliss~lad May 3. 1947 
1000 Iiters of sea water. 



4 5$ Plankton S a m p l e r  

0 Nansen met 8/72 

8 9 V IV 111 1 1  I NVI NV NIV Nll lNII- l  Eqqs 

Fig. 5. The stage distribution of Calirlzus fi~~lnavchzcus in vevtica.1 hauls with 
Nanseil net, silk KO. 0-8 and in oblique hauls in the same depths with planli- 

ton sampler, silk No. S. Blrssund, Nay 3rd. 1947. 



The plankton sampler constructed by Clarlte and Buinpus is an 
apparatus well suited for the collection of quantitative samples of 
zooplankton. I t  has proved very satisfactory for the investigation of 
cocl larvae and their food organisms in the upper 106 meters in the 
Lofoten Area in Northern Norway. - I t  has also proved suitable for 
the investigation of chaetognaths (CLARKE, PIERCE and Buarr~us 1943). 

With the plankton sampler one can obtain samples of zooplankton 
froni a certain level of the sea, as well as samples from the whole column 
of water from bottom to surface, except from the water layers 5-10 
meters near the bottom. Different water layers can be investigated 
siinultaneously. The. samples can be referred to a definite voluine of 
water, ancl there is no essential erroi- causecl by change in the filtration 
coefficient of the same net. In case of heavy clogging (not inet with 
in our experiments) there will be a considerable error, which, however, 
will be met with in all kinds of plankton nets. In  such a case, the pump 
probably will give the most reliable results. 

There seems to be no great difference between the catches of the 
bigger copepods in the net with silk No. 2, and those in the 11 net, 
and one may assume that the 11 net will give a quite reliable picture 
of the whole copepocl population. The 8 net will lose a great deal of 
the eggs ancl smallest nauplii of Calavtus finnzarchictts as well as the 
copepodites and nauplii of Oithvn'a spp. and. of illicrosetella. 

The punzp method has been discussecl to a great extent by previous 
scientists, and GIBBONS ancl FRASER (1937) have made experi~neuts 
with a centrifugal pump with suction hose. Frasev has later in a short 
report to the International Counsil (1947) given further informations 
of the last improvements of the method. 

The pump usecl in the Lofoten Area in 1.947 hacl too small capasity. 
As stated by FRASER (1947) one must assume that faster moving orgaslisnls 
will succeecl in avoiding the water current at  the mouth of the sucking 
hose. I t  will also take too long time to pump a quantity of water suffi- 
cient large to give a reliable result. An amount of at  least 200 liters 
a n~inute is required. 

The pump is more difficult to hanclle than the plankton sampler, 



and it is also difficult to obtain samples from the whole colurn~~ of sea 
water from bottom to surface. 

The Nansell net 8/72 has been used for long time in the Norwegian 
p1allkto1-1 investigations. I t  is easy to handle, but the drawback with 
this net and also with most part of the other not-meas~iring nets used, 
is that the filtering capasity is not constant, but will vary accorcliilg 
to the speed of the hauling, the quantity and quality of the plankton, 
and the age of the ]let. I t  is thus impossible to give the actual ilumber 
of organislns per volulne unit of sea water. 

With pump and vertical net hauls one will obtain the samples of 
each station fro111 a very restricted area which may give way to errors 
caused by local swarini~lg or absence of the orga~lisms. This error will 
to a certain degree be avoided in hauls with the Clarke-Bumpus plallktoil 
sampler. 
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TABLE 1, 

Zooplal~liton collectect with Clarlie's planliton sampler, sill< net KO, 2 
Yt~mber of 01-ganisnzs per 

Caln>c~is ji~~mavcJzicus: 
5 . . . . . . . . . . . . . . . . . . . .  
? . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  \T7 

107 2 470 
27 2 160 

Total Cirlnrzus finrr2a1,ci~icqrs 6 648 1.2 230 1 6 501 

Calai f ,~  is 71 ypevbore'zzs : 
9 . . . . . . . . . . . . . . . . . . . .  2 - 4 
1' . . . . . . . . . . . . . . . . . . . .  1 10 - 
I17 . . . . . . . . . . . . . . . . . . . .  84 1 65 306 
111 . . . . . . . . . . . . . . . . . .  32 1.67 

46 i 11 . . . . . . . . . . . . . . . . . . . .  30 i - 56 
I . . . . . . . . . . . . . . . . . . . . . .  152 322 222 / 

Total copepodites allcl aclults 315 -= 755 

. . . . . . . . . . . . . . . .  S \T i I . .  700 334 
S V . . . . . . . . . . . . . . . . . .  122 129 - 

s Iv..  . . . . . . . . . . . . . . . .  - 1  - -- 

S 111 . . . . . . . . . . . . . . . .  - - 

Total nauplii . . . . . . . . . . . .  822 258 l ? ~  
Total Cnlalzzrs kypevboreus 1 137 I 1 0 8 9  

Oii/zo11n spp. adults a. larvae - - 
Jilicr~osctella novvegica. . . . . .  - 129 - 
Other copepocls . . . . . . . . . .  62 333 169 

. . . . . . . . . .  Total copepods 7 847 13 379 7 759 

Decapod larvae . . . . . . . . . .  __ I 
Euphausiid calyptopis . . . .  3 5 1 32 28 

I 6  

E. nauplii ancl eggs . . . . . .  5 

Fish larvae . . . . . . . . . . . . . .  1 - 
Fish eggs . . . . . . . . . . . . . . . .  45 49 , 102 

. . . . . . . . .  Other organisms 939 1 012 1 611 

. . . . . . . . . .  Total organisms S 873 , 14  493 12 162 

Failecl to close. 



and 11, and w t h  Nansen clos~ng net, sllli No S Austaes Fjoid April 23 1947 
1000 l~ t e r s  of sea water. 

- - -- 

50 50-25 
-- - - --- 

1860  / 912 
-- 

892 1684  
-- 

19 9 - 42 1 500 1 850 75 5 
-- -- -- pp -- -- pp 

151 133 16 82 4 025 3 033 220 36 

24 1 8 22 - 1 500 700 10 80 
36 11 - SO0 1500 - 3 0 

3 34 1 100 - 10 
- 387 1 - 300 20 - 

I 988 56 - 1  __ - 

- 1 384 
- -- 

505 100 / - 
I -- 

60 

707 3 700 3 0 180 

250 236 -- 
1 - 1 

25 1 - 7 

5 I 15 3 5 
5 5 

- - - I - - I -  150 - 
I - - - - 2 

3 1  - -- - - -- - -- -p 
15 

-- 
10 12 8 10 1 1976  5 02 15 61 ' 
- - 1 9 700 20 

3 1 200 5 

23 

13 S6 

19  457 200 40 
- 220 28 

3 99 

213 2 758 11 701 7 359 

15 I 1 10 
3 5 - 

11 27 2 1 - 50 20 
- I - !  _ 

7 2 19 7 - 
27 64 I1 37 

274 2 87s 567 

75-50 
pp 

-- 

8/72 
- -- 

125-73 
pp 

8/72 
- -- 

8/72 

15 

10 - 
5 

20 
35 

3 
7 5 
3 
8 

24 
19  

10 
20 
IS 

- - 
24 1 3 
9 - 

27 
55 7 

- 
2 

- 

9 
11 
18 

- 

25 
- 
250 

1 050 
1200  

- 

3 3 
- 

5 0 
400 
700 



TABLE 11. 

Zooplankton collectecl with Clarlre's pla~llitoii sampler, sillr net 2 anti 11, 
of organisins per 

..... - -. . - 

Depth, meters . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 1 25 1 30 ( 50 
-- _ _ _ _ _ - _ _ I _ . -  i '- - I- 

. . . . . . . . . . . . . . .  Volume filtered, liters . . .  , 2  324  1 404 1 9 1 9  1 1-31-~~._- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - - - - Species !Gear 

-- 

Crclalzz~s ji?zmavclzicus : 
cT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1,- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
I1 . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a c o p p o t e s  a 1 1  acluts . 
x VI  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . / i\' llT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . !  - 
S I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N 11-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total nauplii and eggs . . . . . . . . . . . . . .  
Total Ccclng%us finwzarchicus . . . . . . . . . .  

Cnlan~zs  /zy$erboveus: 
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I - 
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

Total copepoditea a i d  adults . . .  
X VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 - 

N V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N IT7 - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total rrauplii. . . . . . . . . . . . . . . . . . . . . . . .  
Total Cn1alz.z~~ hy$erboveus . . . . . . . . . . .  

Oitho~zn spp. adults and larvae. . . . . . . . . . . . .  
Micvosetella ?~orvegica . . . . . . . . . . . . . . . . . . . . . .  
Other copepods . . . . . . . . . . . . . . . . . . . . . . . . . . .  273 49 

Total coyepods. . . . . . . . . . . . . . . .  
Decapod larvae . . . . . . . . . . . . . . . . . . . . . . . . . .  41 29 
Euphausiidcaiyptopir . . . . . . . . . . . . . . . . . .  
E. nauplii and eggs 
Fish larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fish eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O t I ~ e r o r g a ~ i s ~ n s  . . . . . . . . . . . . . . . . . . . . . . .  - 

Total organisms . . . . . . . . . . . . . . . . . . . .  



ancl \\it11 Kansen closlng net, sllli S o  S Austriei Fjord April 30 1917 
1000 l~ t e i s  of sea watei. 

- 

31 - - 

2 2 -  2 
27 25 83 4 2 83 

3 1 -  

- 31 - - 
- 12 7 -  - 

33 423 - 



'iAIBLE 1 l f .  

Zooplanlitoil co1lz;ted witlr pump and with Cla.rke's plailliton sampler, silk net S o .  11. 
-- 

Voluille filtered, liters 
.-- -~ 

- I -- 

-100 1 050 

N TI-I . . . . . . . . . . . . . .  400 

V . . . . . . . . . . . . . . . . . . .  
I V  . . . . . . . . . . . . . . . . . . .  . :  150 
111 . . . . . . . . . . . . . . . . . . .  

-- 

Total copepoclites and aclnlts 214 

N V1 . . . . . . . . . . . . . . . . . .  
N V . . . . . . . . . . . . . . . . . .  
x I V . .  . . . . . . . . . . . . . . . .  - 
N 111 . . . . . . . . . . . . . . . .  

, . l otal aauplii . . . . . . . . . . . .  
Total CaIa~rcrs /zy$evhorezts 

Oitliona spp. adults a. larvae - 

Alicvosctella norvegicu. . . . . .  - 

Other copepods . . . . . . . . . .  

Decapod larvae . . . . . . . . . .  - 
Euphausiicl calyptopis . . . .  
E. nauplii ancl eggs . . . . . .  
Fish larvae . . . . . . . . . . . . . .  
Fish eggs . . . . . . . . . . . . . . . .  



Austnes  Fjord, May 2. 1947. Kumher of organislils per 1000 l~ t e r s  of sea water. 



TABLE IV. 

Zooplankton collectecl with Clarke's pla~llitoil sampler, and with Na.nsen closing net, 

Cala?zus finmarchicus: 
c? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- -- / I-p 

Total copepodites and aclults . . .  1 674 2 914 3 308 98 83 29 

N VI . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 548 1 331 1 SO0 96 4-2 23 
i 

N V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2375 426 1035 176 57 I 3 5 
N IV . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 331 3050 168 31 1.6 
N I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1548 95 600 ; 
N 11-1 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eggs . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - lotal  nauplii ancl eggs . . . . . . . .  

Total CaZa?zus f i~ t~~~ ia~~c l z i i ru s  . . . .  

Calanus hypevboveus: 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TI1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 
I1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 

Total copepodites and adults . . .  
N VI . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.80 
N V . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N IV . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 - 

I11 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 - 

Total nauplii . . . . . . . . . . . . . . . . .  
Total Cniar~irs by/inboroas ------ . . . . . .  

- Metvidia copepodites and adults . . . . . .  
llil'ekidia nauplii ancl eggs . . . . . . . . . . . .  
Oitko~zn spp. adults and larvae. . . . . . . .  
Other copepods . . . . . . . . . . . . . . . . . . . . .  

- -- --- -- ---- 

Total copepods 8 819 4 856 11 002 1 156 1 . . . . . . . . . . . . . . . .  
Decapod larvae . . . . . . . . . . . . . . . . . . . . .  
Euphausiicl calyptopis . . . . . . . . . . . . . . .  
E .  nau1)lii and eggs . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  Fish larvae 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Fish eggs 

. . . . . . . . . . . . . . . . . . . .  Other organis~ns 
, . lotal  organis~ns . . . . . . . . . . . . . .  / 



silk No. 8. C31rssund. May 3. 1947. Number of orga~lisms per 1000 liters of sea \\rater. 
- -- 

425 25-0 1 50-25 100-50 150-100 425-150 
I - 

! - -- -. - -- - - - 
1- 

828 1 2120 1 , 944 1 940 1 I SG4 / 2 136 1 
- -  _ _  _ _ _ _ _ _ - I _ -  _-I - _ _ _ _ _ _ , - -  

1% 8 1 PS 8 8/72 PS 8 8/72 PS S 8/72 ( PS S 8/72 PS 8 I 8/72? 
-- - . - -- 

1 GOO 13 - 

10 2s - 

-- 

I -  - 

~ - - - - . - - -- 
- 94 500 53 - 

7 35 20 



TABLE V. 
Percentage drittibutron of the d~lferent stages of Galanus fz??nzarchzc~~s 111 hatrls 
11itl-i the plankton sampler (PSJ and the Kansen net (Nn) In the @Bssunri 

May 3. 1947. SllB No. 8. 

I I 
Depth, meters 1 25--0 50-25 1 100-50 1 150-100 

i I 

Total number of1 
. . . . .  C .  o h  l a  525 2 8  0 5 ~ 1  5 0746 816 331 1 254 1 168 I 163 - 

In the PS hauls per 1000 llters of water. 

Gear / PS / Kn 1 PS , NIX / PS / Nn / PS 
.. 

. . . . . . . . . . . . . . . .  
V . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  IV 
I11 . . . . . . . . . . . . . . . .  3.6 1 24.6 / 1.0 9.5 6.4 - 2.4. 
I1  . . . . . . . . . . . . . . . . .  0.5 10.3 6.4 51.2 11.3 
I . . . . . . . . . . . . . . . . . .  2.8 7.3 , 17.8 7.8 1.3.1. 

I 
Percentage of adults I 

and copepodites . . . .  49.5 1 75.5 5.9 32.4 1 8 .  76.4 27.4 
N TI . . . . . . . . . . . . . .  12.9 6.5 15.3 23.5 1 13.0 - 20.8 
N V . . . . . . . . . . . . . . .  8.5 31.9 23.5 1 19.3 1 8.9 - 

N IY . . . . . . . . . . .  1 6.1 37.8 1 14.7 19.3 - 16.1 
\T TI1 . . . . . . . . .  10.0 2.5 7.9 1 5.9 1 - 3.9 17.3 
N I--11 . . . . . . . . . . . .  
Eggs . . . . . . . . . . . . . . .  /L/ 

- 
2.2 

- 
1.4 

0.21 - - - - 

0.8 ' 1 - 19.7 10.1 



E R R A T A :  

P a g e  T a b l e  L i r le  

13 3 2 
14-15 4 - 2 
18-19 h 2 
24-25 I 2 
26-27 II 2 
30-31 I V  1 

I n s t e a d  o f :  
Number of organisms per 1000 liters of sea water. 

R e a d  : 
Plankton sampler : Number of organisms per 100:liters 

of  sea water. 
Nansen Net: Number of organislns per haul. 


