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A multiple opening/ closing net and environmental 
sensing system for sampling zooplankton 

by Peter H. Wiebe1
, Kenneth H. Burt 1•2, Steven H. Boyd1, and Alfred W. Morton 1 

ABSTRACT 

The MOCNESS is based on the Tucker Trawl principle and has nine rectangular nets ( 1 m 
X 1.4 m) which are opened and closed sequentially by commands through conducting cable 
from the surface. Environmental sensors to measure conductivity , temperature, and depth are 
attached to the net support fr ame. In addition, sensors to monitor flow past the net and the 
angle of the net assembly from the vertical, and indicators to record the electrical and mechani-
cal function of the opening/closing mechanism are present. All data are transmitted to the 
surface via the cable for recording on magnetic tape and digital display. The data may also 
be fed into a computer for real time processing and plotting. A field performance study has 
demonstrated that MOCNESS can provide either eight stratified oblique samples or eight 
serial horizontal samples per tow at a substantial savings in time over other opening/ closing 
systems while also obtaining environmental data. 

1. Introduction 

The study of the horizontal and vertical distribution of zooplankton and micro-
nekton on small and intermediate scales is a major area of current biological 
oceanographic research. This is in part due to the fact that while large scale 
biogeographic distributions of many oceanic organisms are well known (McGowan, 
1971; Backus et al., 1970; and others), efforts to determine the causal mechanisms 
responsible for the distributions have not been very successful (Frost, 1969). In 
the search for information about causal mechanisms, investigators have begun to 
study small (lO's to l00's of meters) and intermediate (l00's to l000's of meters) 
scale spatial patterns because the environmental parameters responsible for the 
determination of population and community distributions may exert their effect at 
these levels. The study of small scale spatial distributions of zooplankton and 
micronekton has reached the point where simple towed nets and trawls can no 
longer provide sufficient resolution to enable the investigator to elucidate the spatial 
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relationships of the organisms. Furthermore, they do not permit simultaneous col-
lection of environmental information such as pressure, temperature, salinity, light, 
oxygen, etc., the small scale fluctuations of which are postulated as important 
elements in shaping the small scale patterns of the organisms. For very small scale 
studies of spatial pattern (1 O's of meters) the Longhurst-Hardy Plankton Recorder 
system (Longhurst et al., 1966) was developed and has been used by a limited 
number of investigators. This system, however, is not useful for micronekton, for 
determination of intermediate scales of patchiness, nor for making large collections 
from specific strata below the sea surface. 

Ideally, what is required for study of intermediate scales of pattern is a multiple 
opening/closing net system operable from the sea surface equipped with sensors 
which continuously monitor the functioning of the nets and selected environmental 
parameters. To enable the investigator to maximize his decision-making ability as 
to where a net should be opened or closed, the system should have a deck unit 
with a real time display of the environmental parameters as well as information 
about the depth of the subsurface portion of the system and flow through the nets. 
The system should be able to sample to depths as great as 2000 m. Over the last 
five years several systems have been developed which incorporate some but not all 
of the ideal characteristics of such a system. They are: 1) the Oregon State Uni-
versity IKMT-MPS which is an 8 foot Isaacs-Kidd Midwater Trawl with a 5-bar 
multiple plankton sampler attached to the trawl cod-end. This system is operated 
from the surface using conducting cable (Pearcy and Mesecar, 1971), 2) the Uni-
versity of Southern California Acoustic Command Tucker Trawl System (Dr. 
Richard Pieper, personal communication), 3) the National Institute of Oceanog-
raphy (Great Britain) RMT 1 and 8 Combination Trawl which has a zooplankton 
net mounted above a large Nekton trawl both of which are opened and closed 
acoustically by commands from the surface (Baker, Clarke, and Harris, 1973), 
4) the University of Washington Multiple Opening/Closing Tucker Trawl which 
has nine separate nets which can be sequentially opened and closed by commands 
from the surface through conducting cable (Frost and McCrone, 1974). All four 
net systems telemeter certain aspects of net function, but are limited in the num-
ber of environmental parameters monitored. The major drawback of the IKMT-
MPS system is the cod-end sampler which provides the depth-specific collections. 
This device can be subject to significant error due to hangup or stalling of the 
organisms in the net mesh and other related problems. The N.1.0. system is not a 
multiple net system, i.e., a series of net collections cannot be obtained from differ-
ent strata on a given haul. This system and the U.S.C. system only permit a single 
zooplankton and/or a single nekton sample to be collected per haul and thus when 
a series of collections from different depths is desired it requires a great deal of 
shiptime. The multiple Tucker Trawl of Frost and Mccrone approaches the ideal 
system described above since it allows the collection of a multiple series of samples 
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on a single haul while at the same time telemetering information about sampler 
depth, volume filtered by a net, and angle of the net mouth from the vertical. 

We have constructed and ocean-tested a redesigned and improved model of the 
net system described by Frost and McCrone. The major additions are the environ-
mental sensing system, the CTD Microprofiler developed by Brown (1974) and a 
newly designed flow, angle, and net command system. 

2. Description of the gear 

Our Multiple Opening/Closing Net and Environment Sensing System (MOC-
NESS) carries nine nets which are sequentially opened and closed using the prin-
ciple developed by Tucker (1951) (Fig. 1). In addition to the nets, the subsurface 
unit is composed of an electronics package and a mechanical net release all 
mounted on a rigid frame (Figs. 2 and 3). The frame is approximately 280 cm tall 
and 122 cm wide with construction materials of aluminum (T-Bar, channel, and 
I-Beam) and stainless steel (vertical rods). A 45.5 kg lead bar is mounted in the 
basal I-beam to provide additional downward moment. The net bars and net re-
taining rods are galvanized steel. The system weighs approximately 136 kg in air. 

A mechanical release motor (rotary solenoid type, oil immersed) mounted on 
the top portion of the frame turns an escapement crankshaft of the toggle release 
sequentially releasing the nets to an open then closed position on command. 

The rectangular nets are 1 m X 1.4 and 6 m long at the top. The layout pattern 
we used for constructing our nets is given in Baker, Clarke, and Harris (1973, 
Fig. 6, p. 179). The nets, made of 0.333 mm nitex nylon gauze, have a mesh area 
to mouth area opening ratio (R) of 5.26. According to equation 6 given by Smith, 
Counts, and Clutter (1968, p. 246), in clear ocean water each net may be towed 
a distance of 18 7 5 m ( or ½ hr at 2 kts) and still maintain a filtration efficiency 
of 85 % or better. To prevent contamination, i.e. organisms entering a net while 
it is closed, a dacron deflector covers the external edges of the nets, closing off 
loops and folds of the net which extend outside the frame when the nets are closed 
(Figs. 2 and 3). In addition, the cable attaching a net bar to the toggle release is 
prevented from causing a gap between net bars once released by ¾" foam rubber 
stripping between net bars. A tow to 800 m during which no net was released indi-
cated there was essentially zero contamination, i.e. no organisms were found in 
the cod-end buckets. 

A block diagram of the surface and underwater electronic circuitry is presented 
in Fig. 4. Data from all sensors (temperature, conductivity, depth, flow, angle, and 
net monitoring indicators) are sent from the underwater unit up the conducting 
cable to the deck unit at a rate of 16 times per second in "teletype" format using 
frequency-shift-key (FSK) modulation. The raw data may be recorded on an audio 
analog magnetic tape recorder for later replay into the deck unit. The transmitted 
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Figure I. MOCNESS frame nets and underwater electronics unit ready for use. 

data are also demodulated and converted to digital data, which are displayed using 
light emitting diodes on the deck unit. In addition these digital data may also be 
channeled into a shipboard computer for realtime data processing and plotting, or 
into a digital-to-analog (D/ A) converter and then to an X-Y plotter. As noted 
above, the conductivity, temperature, and depth (CTD) Microprofiler System de-
signed by Brown (1974) was used as the basic element of the environmental sens-
ing system. The net system variables monitored include flow past the net, angle of 
the net from the vertical, electrical operation of the net release system (Net com-
mand) and mechanical fall of a net bar once released (Net response). These addi-
tional net signals are multiplexed and formatted with the CTD data, and trans-
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Figure 2. Front view detail drawing of MOCNESS with single net attached to the frame. 

Figure 3. Back view detail drawing of MOCNESS. 
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mitted to the deck unit. The transmitted data range and resolution is given in 
Table 1. 

A modified and calibrated T. S. K.-flowmeter (Tsurumi-Sikie-Kosakusho Co., 
Ltd.) (see Longhurst et al., 1966 for a description of the flowmeter modification) 
is used to measure flow past the net. An electric Angle Indicator (Humphrey) 
records the angle of the towed net through the water. Volume of water filtered by 
a net is calculated as a function of flow, angle, and net mouth area by a software 
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computer routine. This assumes that for the duration of the tow a net is filtering at 
85% efficiency or better (see net description). 

The net command system enables the operator to close a net and open a new 
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Table 1. Range and resolution of parameters monitored by underwater sensors. 

Digital Display Range Resolution 

Temperature 0 to 32.767°C ± .0005•c 
Conductivity 0 to 65.535 mmhos ± .001 mmhos 
Pressure 0 to 3276.7 m ± .05m 
Angle 0 to 90 1· 
Flow 0 to 999 counts 1 count 
Net Number 0 to 9 counts 1 count 
Frame Sync 0 to 999 counts 1 count 

net for a total of nine nets. On command, a predetermined frequency burst is 
transmitted to the underwater unit, which activates the rotary solenoid motor drive, 
turning the escapement camshaft of the toggle release mechanism. A 30° rotation 
results in dropping a net bar, thus closing and simultaneously opening a net. A net 
command number is automatically displayed on the deck unit when the power is 
delivered to the motor. Additionally, a net response number is also displayed after 
the net bar drops, operating a switch. This provides positive confirmation that the 
next net really opened. Activation of the net response switch also resets the net 
command counter and the flowmeter counter back to zero. In practice the first 
net is fished open to the maximum depth of tow to maintain a uniform drag on the 
system. This prevents kiting up of the system which is frequently experienced 
when the first net is opened at depth (Frost and McCrone, 1974). 

The subsurface electronics and the toggle release motor are powered by ten 
rechargeable 2.0 volt 5.0 Ah hour Gates sealed lead acid batteries (x cells) wired 
in series. They are contained in the subsurface electronics pressure case, and will 
operate the system for approximately 50 hours without charging. 

3. Field performance 

The system was successfully used on R.V. Atlantis II cruise 85 leg N (October 
1974) and R.V. Chain cruise 125 (August 1975) to examine the vertical and hori-
zontal distributions of zooplankton in the Northern Sargasso Sea, and Slope Water 
to depths as great as 800 meters. In addition, the system has been tested on a 
number of occasions in Buzzards Bay, in some cases with SCUBA divers making 
in situ observations of the operation. The Atlantis II 85 tows have been used to 
illustrate some of the capabilities of the system. A day (0-600 m; Lat. 38° 13'N, 
Long. 66° 42'W) and a night (0-400m; Lat. 37° 49'N, Long. 66° 38'W) oblique 
tow were taken in the Sargasso Sea and day (0-800 m) tows were taken in a Gulf 
Stream meander (Lat. 37° 27'N, Long. 67° 27'W) and in the slope water farther 
north (Lat. 38° 58'N, Long. 69° 17'W). Bad weather prevented our obtaining 
nioht trawls in the latter two areas. Distances between stations are given in Table 2. 

b 
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Table 2. Percent similarity values for each pair of composite tows, and distance between 

stations. 
Percent Similarity Distance between 

Station Comparison s Stations (hm) 

Sargasso Night vs. Sargasso Day 51.5% 25 

Sargasso Night vs. Meander Day 41.2% 37 

Sargasso Night vs. Slope Day 29.0% 148 

Sargasso Day vs. Meander Day 33.5% 57 

Sargasso Day vs. Slope Day 25.1% 132 
Meander Day vs. Slope Day 57.5% 124 

Although the day-night tows in the Sargasso Sea are ostensibly considered to be a 
station pair, the distance between them is nearly as great as between either of them 
and the station in the Gulf Stream meander. All euphausiids in these samples have 
been sorted and examples of the vertical pattern of abundance are given in Fig. 5. 

The two distinct patterns apparent in Fig. 5, that of strong diel migration by 
members of the genus Euphausia and no migration by Stylocheiron species, are 
quite similar to those observed by Brinton (1967), Baker (1970), and others for 
the same or similar species. Also evident is that congeners, especially Stylocheiron 
species, are segregated vertically. For the Euphausia species, the segregation is less 
distinct, occurring principally during the day and disappearing (within the limits of 

SARGASSO SEA &.AF STR(AM SLOPE WAT ER 
MEANOE:R 

SASK:ASSO SEA GULF" STREM.. SL.OPE WATER 
ME.ANDER 

Figure 5. Vertical profiles of selected euphausiids caught in MOCNESS oblique hauls on 
cruise #85 R. V. Atlantis II. Note the .&. and* indicate that the hauls were only to 600 m 
and 400 m respectively. Abundance in numbers per 1000 m•. 



1976] Wiebe et al.: A multiple opening/ closing net 321 

Table 3. Proportion of individuals per species for each composite* tow. 

Gulf Stream Slope 
Sargasso Sea Meander Water 

Species night day day day 

Euphausia americana .077 .018 .114 .002 
brevis .069 .187 .004 
gibboides .004 
hemigibba .031 .128 .022 .015 
krohnii .001 .170 .273 
mutica .021 .008 
tenera .238 .212 .235 .272 

Meganyctiphanes norvegica .010 
Nematobrachion boopis .001 .020 
Nernatoscelis atlantica .007 .004 .021 .008 

megalops .005 .262 
microps .030 .031 .028 .006 
tenella .005 .024 .001 

Stylocheiron abbreviaturn .013 .013 
affine .036 .166 .011 .002 
carinatum .378 .016 .003 
elongaturn .042 .125 .019 .004 
longicome .008 .004 
suhrnii .031 .029 

Thysanoessa gregaria .155 .004 
longicaudata .107 .037 
parva .085 .086 

Thysanopoda acutifrons .001 
aequalis .014 .009 .007 .002 
obtusifrons .005 .014 
tricuspidata .006 .001 

* A composite tow is formed by integrating the catches for a given species in a vertical profile so as 
to give the average number per m• in a water column to the maximum depth of the profile. These values 
for all species are summed and the sum then used to compute the relative proportions. 

our sample resolution) at night. In the lower part of Fig. 5 are daytime vertical 
profiles of euphausiids found only in the Slope Water (except T. parva which occurs 
in deep Sargasso Sea water). 

These data illustrate the very strong contrast that exists across the faunal bound-
ary marked by the Gulf Stream and underscore the necessity of having a multiple 
net system with environmental sensors where the contrast occurs over small di-
stances. Although some species do occur at all four stations, in comparisons of the 
composite species abundance at a station, only one abundant species, Euphausia 
tenera, varied only slightly in relative abundance across the area (Table 3). Most 
others either occurred in small numbers and hence low relative proportions or 
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Figure 6. Temperature and salinity profiles resulting from the MOCNESS zooplankton hauls 
illustrated in Fig. 5. 

changed sharply in both absolute and relative abundance. The decline in abun-
dance of warm water species and the increase in abundance of cold water 
species coincides with the abrupt change in water properties as exemplified by 
temperature and salinity profiles obtained simultaneously with the collection of the 
zooplankton samples (Fig. 6). Below 100 m, the temperature difference between 
the Slope-Gulf Stream meander water and the Sargasso Sea water is approximately 
10°C and the salinity difference is between 0.8 and l.4%o. For several typically 
warm water species which were found at the Slope and meander stations (i.e., 
Euphausia americana, E. hemigibba, Stylocheiron carinatum, S. affine, S. elongatum), 
the daytime depth distribution tended to be shallower in the colder, less saline 
water. It is curious that E. tenera shows neither a decline in abundance nor a 
change in daytime depth distribution across the boundary. 

The variations in abundance for the individual species are reflected in variations 
in the species composition as indicated by the percent similarity index S (Whittaker 
and Fairbanks, 1958). There is a surprisingly large change in species composition 
between the day and night hauls in the Sargasso Sea (Table 2). This may have 
resulted from horizontal spatial variations since the tQws were approximately 25 
miles apart or from daytime avoidance of the net by some of the species (for ad-
ditional information on this point see Brinton, 1967). Based on our knowledge of 
the vertical distribution of euphausiid species in our collections, we believe it is less 
likely that the day-night difference arose as a result of our failure to sample the 
entire vertical extent of most species, although we have too few samples to evaluate 
the relative importance of these effects. 
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The species composition of both Sargasso Sea tows show that substantial differ-
ences exist between the Gulf Stream meander and the Slope water while the com-
positions at the latter two locations are much more similar. 

The horizontal tow at 350 m in Slope water (Fig. 7) demonstrates the versatility 
of the system. Even though it is very limited in detail, the existence of patchiness 
of species below the pycnocline (index of dispersion-p < 0.001 for the three most 
abundant species) is evident. Species deviate from a random expectation with or 
without inclusion of the sample value for the interval in which the net dropped to 
385 m. (The deviation from the 350 m towing depth was the result of a communi-
cations problem between the person monitoring the MOCNESS deck unit and the 
winch operator.) The abundance of a species does not appear to be significantly 
affected by either the variations in temperature or salinity, or the change to deeper 
depths in sample interval 3. A possible exception is that of Meganyctiphanes 
norvegica which was caught only in that interval. The day vertical profile revealed 
that it occurred principally between depths of 400 and 500 m. 

4. Discussion 

Frost and McCrone (1974) have discussed a number of advantages that a mul-
tiple Tucker Trawl system has over other opening/ closing nets. The development 
of MOCNESS has extended some of the capabilities of this type of multiple net 
system. Thus, in addition to being able to monitor precisely in real time the net 
depth and volume of water filtered by a net, the added sensors permit us to specify 
the depth and time the nets were actually opened and closed. If the net system 
malfunctions because of either an electrical or mechanical failure, the tow may be 
aborted without further waste of shiptime. This increase in efficiency complements 
that resulting from the use of nine nets on the wire at the same time, which signifi-
cantly reduces the amount of shiptime required to generate vertical distribution 
profiles. Eliminated is the need for repeated shooting and hauling required of 
single opening/ closing nets or more limited multiple net systems such as those 
described above, or the need to put more than one net on the towing wire at spaced 
intervals as is the case with Clarke-Bumpus samplers (Clarke and Bumpus, 1950) 
or Bongo nets (McGowan and Brown, 1966). Thus, for example, each profile given 
in Fig. 5 took only 1 ½ to 2 hours to complete while each of the nine nets filtered 
between 500 and 1000 m3

• Similarly generated profiles have required considerably 
more time to complete, without obtaining simultaneously collected environmental 

data. 
The CID microprofiler was selected for use in MOCNESS as the environmental 

sensing system for several important reasons. This system provides extremely high 
quality data both in terms of precision and accuracy and it has proven to be quite 
reliable. In addition, the increasingly widespread use of the CTD, the interchange-
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Figure 7. Abundance of euphausiids caught in a horizontal MOCNESS haul at 350 m in Slope 
Water and the accompanying temperature, salinity and depth data. 

ability of parts, and the fact that they are now constructed commercially by Neil 
Brown Instrument System Inc., Falmouth, Mass., insures an adequate supply of 
spare parts and new units, and the expertise required to maintain them. 
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The potential for interfacing additional sensors without the need to modify the 
basic method of transmitting data up the conducting cable or of processing it was 
also considered very desirable. This feature results because the basic data train is 
32 eight bit words in length. The CTD microprofiler uses only seven of the 32 
words and MOCNESS uses an additional four for a total of 11 words. Our system 
could transmit information from an additional 21 sensors with an allocation of 8 
bits per sensor. We are, in fact, currently in the process of adding sensors to 
monitor dissolved oxygen and downwelling light. 

Also contributing significantly to our use of the microprofiler was the built-in 
feature of the circuitry required to interface the MOCNESS deck unit to a ship-
board computer for real time computer processing of the physical-chemical data. 
In addition, computer programs needing little modification to accommodate our 
data processing needs were already available. 

The coupling of an advanced design multiple opening/ closing net system with 
a state of the art environmental sensing system which provides for real time com-
puter processing of the data, represents, we believe, an important advance in zoo-
plankton sampling instrumentation. A number of important biological oceano-
graphic problems previously deemed too time-consuming to be feasible, or impos-
sible for lack of this kind of gear, can now be attempted. This gear is particularly 
well suited to problems which involve mesoscale sampling on the order of lOO's to 
lO00's of meters horizontally and l0's to l00's of meters vertically. 
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