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"NIPR-I", a New Plankton Sampler under Sea Icel) 
Mitsuo FUKUCHI2>, Atsushi TANIMURA2> and Takao HOSHIAI2> 

National Institute of Polar Research, 
9-10, Kaga 1-chome, Itabashi-ku, Tokyo 

Abstract 

A plankton sampler was devised to collect zooplankton under the sea ice. The sampler is 
composed of a cylindrical part (</> 24 cm X 57.5 cm) and a conical plankton net (</> 20 cm X 39 cm). A 
propeller and an electric motor which drives the propeller are installed inside the cylinder and 
the plankton net is attached at the posterior end of the cylinder. The plankters are taken into 
the sampler by a current caused by the rotating propeller and filtered by the plankton net. 
The sampler is not towed, but is operated as it is suspended horizontally at desired depths under 
the sea ice. The sampler is of simple structure, inexpensive, light enough for one-man operation. 
The usefulness of this sampler was shown by the field observations in the Liitzow-Holm Bay, 
Antarctica, and the Lake Saroma, Hokkaido, Japan. The problems to be solved for the quanti
tative investigations are also identified. This sampler is named "NIPR-I". 

( In polar oceans, the ecological importance of the life communities associated with the distri· 

bution of pack ice or fast ice has been stressed by many investigators. HORNER (1977) 

reviewed the advances in the study of the ice biota. ANDRIASHEV (1970) suggested the use 

of the term "cryopelagic fishes,, and defined "marine cryobiology,,. BRADFORD (1978) pointed 

out the importance of the sea ice organisms to the Antarctic ecosystem. Most of works in 

this field, however, seemed to be confined to the investigations on the organisms living in 

the interstitial water between ice crystals or attached to the underside of the sea ice. The 

studies on the pelagic communities beneath the ice seemed to be few, possibly because of the 

difficulty of the sampling. Almost all plankton nets are devised to be operated in open water 

of seas, lakes or rivers. In polar regions, the sea surface is frozen over during a winter 

season or throughout a whole year, and the plankton sampling is usually carried out by a 

vertical haul through a small hole made in the sea ice. It is impossible to perform the 

horizontal haul on the sea ice, unless a long enough trench is dug through the sea ice. Such 

a work is difficult and labourious when the ice thickness is 1-2 m or more. 

RAKUSA-SUSZCZEWSKI (1972) used a device named an "umbrella" to collect amphipods 

from the reverse side of sea ice in the Antarctic. The amphipods, which are sitting on or 

swimming beneath the undersurface of sea ice, can be caught by a circular motion of the 

umbrella. The device seems to be useful to obtain epifauna of bottom of the sea ice, but it 

is not always suitable to collect planktonic animals from different depths under the sea ice. 

The authors have been engaged in the marine biological studies of the Antarctic region 

as a part of the scientific programs of the Japanese Antarctic Research Expedition. It is 

their long-standing desire to have simple and effective samplers to collect zooplankton under 
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the sea ice, because available information on zooplankton distribution is scarce. Although the 

sampler presented here is a prototype developed by them, the results of field tests carried 

out in the Li.itzow-Holm Bay, Antarctica, and in the Lake Saroma, Hokkaido, Japan, in 

February 1979 showed the usefulness of this sampler in the biological research of zooplankton 

in the ice-covered seas. For the convenience, it is named "NIPR-1". 

Description of Sampler 

Two "NIPR-I" samplers, which were of the same structure, were made for the concurrent 

tests in the Antarctic and Japan, 

The sampler consists of a cylindrical tube, a propeller and motor, a flowmeter and a net. 

Their arrangement is given in Figure 1. The electric motor (National model AP-TBB, 100 V, 
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Fig. 1. Dimension of "NIPR-1" (in mm). CT: cylindrical tube; 
P: propeller; M: motor; N: net; C: cable; F: flowmeter. 

Fig. 2. Preparation for the "NIPR-1" sampling. G: electric generator. 
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50 Hz, 20 W, 1,250 rpm) is installed in the center of the cylinder, which is made of polyvinyl 

chloride for the Antarctic use and of stainless steel for the sampler in Japan (mouth diameter, 

20 cm; length, 57 .5 cm). The propeller having four blades is attached to the motor shaft at 

the anterior part of the cylinder. The diameter of propeller is 15 cm. A flowmeter (Rigosha 

®) is installed in the center of the cylinder at its posterior part to register the volume of 

water filtered and a conical plankton net of 0.10 mm mesh aperture (diameter, 20 cm; length, 
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39 cm) having a plastic cod-end (11 cm long) is attached to the posterior end of the cylinder. 

The motor can be driven by an ordinary electric supply or an electric generator (Honda 

model E 300, 100 V, 300 W) on the sea ice (Figure 2). The rotation of the propeller makes 

a current from the mouth toward the end of the cylinder and the zooplankton is carried by 

the current and is filtered by the net. The sampler is kept in horizontal position during the 

operation. It can be suspended at desired depths for the desired time period. However, the 

present sampler can not be lowered below 10 m by the limitation of ·waterproof capacity of 

motor and cable. The current caused by the propeller is enough to collect zooplankters of 

such size as copepods. The performance of sampling can be recognized by watching the net 

expanded by the current (Figure 3). The weight of the sampler is about 7 kg and it' was 

handled easily by one person even on the sea ice. 

Fig. 3. "NIPR-1" in operation. 

Field Observations 

Samj>ling in Lutzow-Holm Bay 

Zooplankton sampling by the "NIPR-I" was done on the fast ice of the Ltitzow-Holm 

Bay in Antarctica (68°20.3'S, 39°21.2'£) on 4 February 1979. Thickness of the fast ice at 

the sampling site was 85 cm and the boundary between the fast ice and the pack ice regions 

was located about 6 miles north from the site. The sampling site was situated on the conti

nental shelf and the depth of the sea bottom was 320 m. Zooplankton samples were obtained 

from eight different layers; 0.00 (just beneath the undersurface of the fast ice), 0.25, 0.50, 

1.00, 2.50, 5.00, 7.50 and 10.0 m. At each layer, the propeller was rotated for five minutes. 

The flowmeter was used for estimating the volume of water :filtered by the net, but it showed 

usually less than 20 revolutions per 5 minutes operation. This number was too small to 

calculate the volume of water filtered. Although the current inside the sampler was too weak 

to drive the flowmeter sufficiently, the weak current seemed to have advantages of eliminating 

contamination of samples from neighboring layers and of keeping specimens in good condition .. 
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As the sampling period was equal for the eight layers, it was considered that the individual 

number of animals collected from each layer was comparable one another (Table 1). 

Copepods were exclusively dominant in eight samples. Zooplankters other than copepods 

were not collected. Besides copepods, faecal pellets, moults and eggs of copepods were also 

contained in the samples. Copepods occurred abundantly at 0.00 m depth, just beneath the 

bottom of the sea ice, as many as 421 individuals per five minutes sampling period. The 

number of copepods was small at the other. layers, in a range of 26-65 individuals. Number 

of copepods at O:OO m depth was about ten times larger than the mean number of the other 

seven depths. The vertical distribution of faecal pellets, moults and eggs of copepods showed 

the same tendency as that of copepods. 

TABLE 1, INDIVIDUAL NUMBERS OF ZOOPLANKTERS AND OTHERS PER FIVE 

MINUTES SAMPLING PERIOD, COLLECTED BY "NIPR-I" FROM EIGHT DEPTH 

BENEATH THE FAST ICE IN THE LUTZOW-HOLM BAY, ANTARCTICAS 

(68°20. 31 S, 39°21. 2' E: 4 FEBRUARY, 1979) 

Time 

Depth beneath the ice (m) 

Zooplankters: 
Harpacticoids 
Paralabidocera antarctica, ~ 

Paralabidocera antarctica, o 
Copepods, nauplius stages 
Copepods, copepo<lite stages 

Total 

Others: 
Moults of copepods 
Faecal pellets of copepods 
Eggs of copepods 

Total 

1441 
l 

1446 

0.00 

12 
160 
122 
62 
65 

421 

60 
744 
22 

826 

1455 
l 

1500 

0.25 

5 
6 

11 
15 
15 
52 

14 
252 

8 
274 

1503 
l 

1508 

0.50 

6 

5 
9 

10 
40 
70 

57 
181 

4 
242 

1511 
l 

1516 

1. 00 

6 

2 
0 
4 

53 
65 

19 
186 

2· 

207 

Sampling in Lake Saroma 

1518 
l 

1523 

2.50 

1 

0 

1 
23 
26 

25 
184 

6 

215 

1526 
l 

1531 

5.00 

3 

1 
0 
4 

29 
37 

23 
29 
7 

59 

1534 
l 

1539 

7.50 

3 

1 
2 

10 

26 
42 

11 
48 
5 

64 

1435 
l 

1440 

10. 0 

0 
0 
1 
8 

31 
40 

4 

18 
3 

25 

The collection with "NIPR-I" was also made off Toetoko in the Lake Saroma (44°10.S'N,. 

143°44.6'E) on 22 to 24 February 1979. Lake Saroma is located on the northeast coast of 

Hokkaido, Japan, and is connected with the Okhotsk Sea through a channel. Thickness of 

the 1ce at the sampling site was 35 cm and the depth of the lake bottom was 4 m. The

zooplankton samplings of 15 minutes period were made at two layers; a 1 m layer beneath 

the water surface and a layer just above the bottom. The samplings were done every four 

hours and 22 samples were obtained from two layers (Table 2). Although no flowmeter was 

employed and the volume of water filtered by the net could not be calculated, it was con

sidered that the zooplankton samples collected within the definite time period were comparable 

one another. Copepods, mysids, amphipods and other were obtained. As copepods were so. 
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numerous throughout all samples that the processing of the samples has not yet completed, 

the total wet weight of the samples and the individual numbers of mysids are shown in 

Table 2. 

The figure of the wet weight from the upper layer was less than that from the deeper 

layer. The wet weight of the samples collected during the night was larger than that of the 

day samplings. In particular, the samples from the bottom layer showed a remarkable diurnal 

variation, which was thought to be a reflection of the nocturnal occurrence of mysids. How

ever, no mysids were caught by the vertical haul of the ordinary plankton net which was 

carried out concurrently at the sampling site. 

TABLE 2. TOTAL WET WEIGHT AND INDIVIDUAL NUMBER OF MYSIDS PER 15 MINUTES 

SAMPLING PERIOD, COLLECTED BY "NIPR-1" FROM TWO LAYERS BENEATH THE ICE IN 

THE LAKE SAROMA, HOKKAIDO, JAPAN (44°10. 8'N, 143°44. 6'E; 22-24 FEBRUARY, 1979) 

Date 22 Feb. 23 Feb. 24 Feb. 

1600 2000 0000 0400 0800 1200 1600 2000 0000 0400 0800 
Time l l l l l l l l l l l 

1630 2030 0030 0430 0830 1230 1630 2030 0030 0430 0830 

1 m layer: 
Wet weight (g) 1. 54 1. 06 1.36 0.32 0.85 0.77 0.46 1.44 1.14 0.86 0.68 
No. of mysids 0 0 0 0 0 0 0 3 9 4 0 

Layer a hove bottom: 
Wet weight (g) 1. 59 7.46 2.32 1. 62 1.30 1. 34 1. 45 0.87 1. 87 1. 34 0. 76 
No. of mysids 0 422 150 0 0 0 0 67 327 22 0 

Discussion 

The present results show that the "NIPR-I" is an effective gear to collect zooplankton 

under the sea ice. Particularly, it is notable that the vertical distribution of cope pods beneath 

the sea ice was clarified. This sampler is also effective to collect the swimming or floating 

animals near the bottom. It seems to be as useful as the bottom net (OMORI, 1969; MURANO, 

1970). Observed variation of individual number of copepods and mysids at different depths 

appears to show actual distribution of the plankters. 

However, this sampler is a prototype and has problems to be solved, such as calibration 

-0r comparison to the ordinary net sampling for quantitative sampling, improvement of water

proof capacity for the use in deeper layers and application of monitoring mechanism of the 

rotation of propeller in the deep layers. Moreover, although there remain the biological 

problems such as "net avoidance" and "mesh escapement'', the present authors consider that 

the "NIPR-I" is able to contribute to the success of the ecosystem analysis in the water 

under the sea ice. 
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