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A reliable and accurate means of counting migratory fish in
rivers is essential for efficient fishery management and investigat-
ions of fish migration. Hitherto this has been achieved by confin-
ing the fish yfiiage to a narrow tube so that observation of conduc-
tivity changes gives a good indication of the passing fish. It
is felt, however, that to interfere with the channel in this way may
affect the migration itself, and that counting should be done in s
more normal river channel. Visual observation of fish in a wide
channel is difficult even under the hist conditions and is imposs-
ible in the dark or when the river is discoloured during flood
conditions. The use of sonar seems to offer the best solution to
the detection of fish under fist’mitions. A sonar equipment has
been developed in the U.5.A. based on acoustic transducers set
along the river bed at intervals across the river. This equipment
appears to give reasonahle results in gidedallasksn rivers when
salmon run in very large numbers, *but is considered unsuitable for
British oonditicms, egpecially in rivers with large amounts of seed
and floating debris. his equipment has no directional properties

and can csequsntly be really effective only when the fish movement
is entirely in one direction. A sonar method of counting fish
moving up and down stream, usim a different principle, has been
developed in the Department of Electronic and Electrical Engineering
at the University of Biminyxsn during the last three years.

This new technique forcounting fish migrating uy and down
stream is based on the ability to detect the presence of a fish in
an acoustic been directed across the river. Thedirection of motion
is determined by using two beams separated by a small distance and
observing the order in which a fish passes through the beams. The
advantage of the equipment over existing non-acoustic methods of
counting fish are that it is designed for use in moderately wide,
open channels; it is capable of counting several fish moving up or
down stream simultaneously, and it can '. discriminate between
echoes originating fran fish and those from certain inanimate
objects such as Ised.. Although the present counter requires a
smooth river bed approximately rectangular in cross-section, work
is yroceeding which may enable the system to work in normal river
beds. The equipment consists of ceramic transducers mounted on the
river bank lith a shore-based electronic processing unit.
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The mu river cross-section is searched acoustically by
arranging the transducer beams as shown in Fig. 1. This
effectively gives two complete acoustic curtains across
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Fig. 1. Block Diagram of Electronics and Bean I‘nttem
Arrangement.

 
the river section and yet the acoustic energy is mostly confined
to the water to be searched. The surface transducers are mounted
in a floating housing so that the system automatically adjusts
itself to maintain mu coverage of the water with variation of
river level. (he set of transducers gives full coverage over a
depth range 2 x l and if greater variations are required a second
set of transducers can be used. Since transducers on opposite
tanks of the river illuminate each other, the direct yath would
appear as a target at mid-river range. This is overcome by using
transducers at different fmqusncies with tuned receiving amplifiers.
In the present equipment the two frequencies are l and 0.8 MHz.
The tuned receiving amplifiers have time-varying gain to equalize
spreading and attenuation effects. The decision as to whether an
echo is a target is determined by voltage-threshold switches. Two
different thresholds are used so that the fish can be divided into
two sizes, and after being further processed the output of each
switch triggers a monostable circuit to generate a target pulse,
the width of which indicates the magnitude of the target echo.
This enables the processing which follows to be digital.
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The digtsl processing unit is controlled by a128 bit counter

the cycle period of which is made equal to the range time of the
opposite transducers. The cycle period can be adjusted by altering
the counter input frequency. The counter is then used tocontrol
the transmission rate; all transducers being pulsed at the same time,L
as wall as being used in the processing system.- Logic circuitry ‘
follows the threshold switches to eliminate echoes frtm dispersed
targets, and if the echo satisfies the discriminator a pulse of a
fixed length is fed either to the range conversion unit or directly
to the chsnnial unit depending upon the range of the target.(eee Fig.1)
The range conversion unit stores target pulses obtained frat the
first half of the transducers range. IThese are then destmtively
read out at the some point in time as the opposite. transducer would
see the target if it was cannonto the two acoustic beams. The
outputs an combined with the appropriate target pulses received
during the e‘ f ,the . , dimers, range“ This means that
the transdazéma ggdion" "‘briflh as Togas the processing
unit is concerned so that a target illuminated by the two opposite
transducers is processed as asingls target. The target pulses
after the eminlnzuthen’eelew.their-zm range interval delay unit
and processing unit. These two units form the channel unit.

The selection-.0! the channelunit .is controlled by the
selector unit whio ,allqss target pulses which have Just appeared
to select a’i‘ree5' Annel‘unit, and prevents target pulses in an
already selected range interval from selecting another channel unit.
Each target pulse selects its can range interval delay unit which
then generates the same range interval at the same range during
subsequent transmissions. The range interval delay unit is held
engaged and only allows target pulses which occur within a fixed
range of the selecting pulse to be routed into the associated
processing unit. The range interval delay unit looks for mrther
target pulses in the fixed range gate and whenever a target pulse
occurs the unit adjusts itself so that the pulse occurs in the
middle of the range interval. This means the range gate will track
the target if it moves in range. The presence or absence of a
target pulse in the particqu range interval is used tocontrol
the contents of a shift register and a fish is said to be present
when the ratio of 1's to 0's in the register exceeds a selected
fraction. When a fish leaves one beam the equipment looks for a
fixed interval of time at the particular range interval to determine
whether this fish moves into the other beam. The up-and down-stream
pairs are routed to separate shift registers and the sequence of
switching of the shift register ratio-cmparators gives the
direction of motion. The output isfed to a recorder which can be
either an electromechancisl counter and/or a time recorder such as
punched tape. The number of individual fish that can be counted
simultaneously depends upon the mmyher of channel unite added to
the equipment. The processing unit determines frun the target
pulse-width whether the pulse originatedfrat a large fish or a
small fish. The equipment is constructed with integrated circuits,
occupies a 19x12x9 in pack, and requires 16 W of electrical power.

The counter is unsuitable for use immediately down stream of

any waterfall or turbulent rapids due to the volume reverberation
from the air bubbles in the water. The minium distance the counter
must be sited downstream of the above obstacles depends on the
average river velocity and level. The other factor which is
important is the volume reverberation due tosuspended solid matter
when the river is in flood condition. Measurements made to date  



show that the Iorst condition is at the peak of a [load when few
fish are likely to run. Even under these conditions and with
transducers suitable for a. river 16m wide and 1.5m deep, it is
still possible to detect a 7" dis. sphere which is equivalent to
the target strength of a medium sized salmon.

Extensive trials have been earned out with the counter and
preliminary investigations into the factors affecting the counter
have been made. The trials carried out sofar have sholn that the
counter is an effective fish counter but due tothe difficulty or
obtaining a site with s large run of salmon the date is insuffic-
ient to put w confidence limits on the counter. Modifications
in the light of ex-parienced gained during the trials have been
carried out and the equipment is now ready [or long term trials.

(1) let n,g,,,(195}.—53) An investigation into the design
and ou'HsncéWf" e19c‘tric"fiéh screens and an electric
fish counter. Trans. R. Soc. Edin. Part 11 (No.13) p.479.
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