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EXECUTIVE SUMMARY

The Environment Agency’s Electric Fishing working group identified a need to develop best practice
for eectric fishing operations, in respect of choice of equipment and output characteristics needed to
achieve good fish capture efficiency and minimum incidence and severity of fish damage at dl times
Aspectsin need of investigetion were:

Output type and waveform Q
Fregquency and power output ,\\(1/
Anode size and shape, cathode size and shape Q
Choice of options available regarding gear configuration (Sngle anode, n‘% ode,
boom-mounted €tc) (\

5. Post-capture fish care

A owbdpE

Overal theaim of the project was to: 6{0
Collate exigting published information regarding opti pment settings
Determine from Agency staff the pool of knowled@\ at exigs regarding practicd
equipment usage

Determine from empirical  experimentati published literature the mogt
appropriate combinations of dectric fisk uipment and output settings for use
under the range of conditionslikely to untered in the UK

Promote the best practicein elect{g&ung with the currently available equipment

The project reveded that much of literature Qctric fishing, especidly in respect of harmful effects
on fish, is contradictory, and thereis a pa& of literature on eectric fishing of common UK species
other than slmonids. \Q

The survey of current eectri fiﬁ(gb practices within the Agency reveded greet diversity of practice
within Agency, and alack %ﬂ'stency in gpproach to choice of equipment and settings, a varying
levels of understandingghe iC principles of ectric fishing.

Bench-testing of @50 from dectric fishing generators and control boxes in general use indicated
sgnificant vai{i'bns between different brands and models.

Notwit ing the inconsistencies in the published literature and in the experience of practitioners, it
was eto derive generd principles for achieving optimum voltage gradients/current densities.

O

éﬁ dternative gpproach to dectric fishing is suggested which ams to use the most benign, rather than
%) he

N

mogt effective, eectric fieldsin order to capture fish.

Wher e possiblefishing should be carried out using direct current (dc) fields.

Whereit isnot possibleto use dc, pulsed direct current (pdc) fields should be used.
Pulse frequencies should be kept aslow as possible

Alternating current (ac) fields should not be used for fishing unless warranted by
specific circumstances

R&D TECHNICAL REPORT W2-054/TR 1
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All fidds should be adjusted to the minimum voltage gradient and current densty
concomitant with efficient fish capture.
=  Equipment for measuring conductivity and fidd strength (voltage gradients) in the water
should be available on each dectric fishing trip to monitor equipment operation and
adjust settings and dectrodes for the desired Sze and intendity of the field.
= Comprehensve records should be kept of every dectric fishing session.
The anode head size should be aslarge aspossible.
The cathode should be as large as possible.

Fishing technique using dc and pdc. \:1/

= The success of dc fishing depends upon it being conducted in a discontinuous fashion, i
order to use the element of surprise, to improve capture efficiency and in order
or drivethefish

»  When using pdc, care needs to be taken that the anode is not so close to thefléo\hat the fish
isingantly in the tetanisng zore of the fidd or that the fish is tetanised v@ ill outsde the
catching zone.

In general one anode for every 5 metres of river width has be%‘( nd to be effective

for quantitative electric fishing surveys of wholerivers.

Fish should beremoved from the electrical field asquickl@ssible.

» |ength of exposure to the dectric increases Sress levels.

* Repested immerson of fish into an eectric field hes@ shown to increase blood lactate
levels.

Electric fishing should be avoided in extemes of teméfature.

= A temperature range of 10-20°C is prefqﬁfor coarse fish and 10-15°C for sdmonid
Species.

= if fishing has to be carried out a low t@pe“atures due to logigtics (e.g. low growth in winter
S0 better between ste growth co%&isons) increasing pulse width or voltage gradient may
improve efficiency.

x<

Recommendations were dso maé respect of post capture fish care:

Temperature of wat% the main criteria determining measures to maximise fish
welfare.

The use of floaébﬂb mesh cages was considered to be a particularly effective way of
keeping thefi good condition.

In fish h |c‘ﬁ§bms, a50% stocking density (45 litres of water: 20 kg ( 20 litres) fish)
should \é‘egarded asmaximal.

2

Reco ations for further research included:

ode design: Invedtigation of the ease of use and fieds produced by large (>40 cm)

(O dectrodes needs to be carried ot.

Electrical characteristics: Work should be undertaken to obtain definitive data regarding the
minimum voltage gradients required for arange of UK fish species. These gradients should be for
attraction and tetany.

The role of pulse width: Further research is urgently required on the role of pulse width in
cauding fish reaction to dectric fishing.

Fish conductivity: The lack of knowledge regarding fish conductivity needs urgently addressing.

R&D TECHNICAL REPORT W2-054/TR 2
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1. INTRODUCTION

Electric fishing (cdled dectrafishing in the USA) is the term given to a number of very different
methods dl of which have in common the utilisation of the reaction of fish to eectricd fields in water
for facilitating capture (Hartley 1980, Pusey et al. 1998). Whilst the exact nature by which these
effects are caused is dill a matter of some debate (Sharber et al. 1989 vs Kolz 1989), the basic
principle is that the dectrica field simulates the nervous system and induces muscular reaction (either
involuntary or voluntary), this results in the characteristic behaviour and immobilisation of the fish.

The method has advantages over many of the other survey methods available (snorkdling /\é
bank-side observation) regarding the compostion of the species captured. Capture ra%g

much higher, Growns et al. (1996) finding capture rates nearly 30 times greeter for @t( fishing
compared with gill netting and twice as many species captured. Wiley & Tsa ( ound that
eectric fishing produced better and more congastent results than seines, gave er number of
sgnificant regresson esimates, caught more fish by tota weight, and caught fish: the mean

catchabilities for numbers of fish caught were 0.69 for the eectrosh and 0.43 for sanes.
Likewise Pugh & Schramm (1998) found that eectric fishing was far cogt effective than hoop
nets and whereas two species were caught by hoop net done, eedtiic fishing done collected 19
species. Snorkelling has aso been suggested as an dternative ectric fishing, however, again
sampling efficiency is lower and results more varigble then f ric fishing (Cunjak et al. 1988,
Hayes & Bard 1994) especidly for shdlow areas%@ igh velocities and coarse subdrate
(Heggenes et al. 1990). Observing fish from the bank-Stie has aso been assessed as a method of
enumerating fish species and, whilst good agr een observations and depletion dectric
fishing estimates have been obtained for trout f@@orrelati ons between bank-sde visud counts and
adult numbers was low (Bozek & Rahd 1 In addition, eectric fishing does not require prior
preparation of the Ste (with consequent and disturbance of the fish to be investigated) and the
requirements in terms of manpower g\@n | when compared with many of the other methods.

The method is not a univer & however and researchers have found drawbacks with the
method regarding nés{i&s assemblage patterns (Pusey et al. 1998), post-fishing induced
movement (Nordwall 19 d lastly, but by no meansleast, therisk of physica danger to both fish
and operatives: on th@ﬁ subject Snyder (1992, 1995) provides the definitive review.

These disadv & can however be reduced to negligible levels by the choice of agppropriate
method, Ui @?etrai ning for personnd and the experienced use of the gpparatus (Hartley 1975). The
problems associated with dectric fishing induced fish injury and mortdity can be
to be a an acceptable leve for sampling hedthy wild fish populations given that even high
ty rates have limited impact at a population level (Schill and Beland 1995). It should be noted

al remova sampling methodology is likely to result in some mortdity. Even angling can produce
mortdity effects in fish with Brobbd et al. (1996) reporting 12% mortdity of Atlantic sdmon after
angling; probably due to intracelular acidoss (Wood et al. 1983) which is enhanced after air
exposure (Ferguson & Tufts 1992). Bouck and Bal (1966) dso found that seining, angling and
electroshock dl produced adverse effects on rainbow trout blood chemistry and increased mortality;
with the highest mortdlity rates being found for capture by angling.

Because of these potentid disadvantages however, the UK Environment Agency has a requirement
for anationaly consistent gpproach to the selection of gppropriate and humane systems that are used
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for dectric fishing. This gpproach should encompass the selection of equipment for both different fish
species and differing environments. In addition Agency daff have a duty of care in regard to
minimising sress and injury to fish during essentia sudies on fish populations.

Idedlly the choice of dectric fishing sysem should am to achieve the optimum combination of

capture efficiency and fish welfare. Currently however there exists no guidance relating to UK .
equipment regarding the configuration and output that best achievesthisided. The recent availability Q)\
of equipment that alows far wider ranges of output settings makes the need for guidance even more Q\

necessary. \(1/

Notwithstanding the above noted lack of written guidance, within the Agency Staff th

store of knowledge regarding the “best” techniques to use for dectric fishing samplin R range
from methods of most efficiently usng equipment, to knowledge (often based %o\ empirica
observation) of the best methods or equipment settings for capturing different figgpecies under
differing conditions. In addition, knowledge will exist of fish speciesthat are @ obust or delicate
in their response to eectric fishing. It was fdt therefore that a review o Agency practice
should form an important component in development of Best Practice. her this information a
questionnaire was prepared and Agency fishery personne were\Jrterviewed regarding ther
experiences and techniques that they had found either advantageouSer deleterious.

Overdl the am of the project wasto: ‘QQ)@
Collate exiging published informati arding optimal equipment settings
Determine from Agency dteff t of knowledge that exigts regarding practicad
equipment usage
Determine from empiri perimentation and published literature the most

gopropriate combinati electric fishing equipment and output settings for use
under the rmg;@ﬁons likely to be encountered in the UK

Promote the ice in eectric fishing with the currently available equipment

Recommendations will msk@gwdance on:

6 @ype and waveform
ﬁé.lency and power output
8. Q node size and shape, cathode size and shape
)" Choice of options available regarding gear configuration (single anode, multi-anode,
boom-mounted €tc)
0\}'10. Post- capture fish care

O
d\edth and Safety issues will not be addressed specificaly as these are dedlt with in the Environment
Agency Electric Fishing Code of Practice (2001).

S
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2. THEPRINCIPLESOF ELECTRIC FISHING

At its mogt basic, dectric fishing can be described as the application of an eectric field into water in
order to incapacitate fish; thus rendering them easier to catch. Despite the fact that the concept was
devised and patented in the middle 19"C (Isham Baggs,1863) there is till debate about the
underlying causes and mechanisms responsble for the fish response. Two views predominate, the
“Biarritz Paradigm” and the “Bozeman Paradigm”. The former, propounded by Lamarque (1963,

1967, 1990), but which dso includes the principles underlying KolZ' s Power Transfer Theory (KOIZLQ

1989), considers the phenomena to be a reaction to eectro-simulation of both the centrd n di
system (CNS) and autonomic nervous system (ANS), and the direct response of the muscle%\h
fish (i.e. a reflex response (Sharber & Black 1999). The latter propounds the theory t ish
response is basicdly that of eectricaly induced epilepsy (i.e. imulation of the CNS Ib& redity
both theories have much to commend them and there are undoubtably eements of trHQ h.

The technique has many advantages over other methods available to fishery ers for capturing
fish. Its great advantage is that prdiminary preparation of the Siteisnot req , &sit iswhere netting
is to take place. The number of operators required is low — normally, people are required asa
minimum for safety reasons. There is an dement of risk in it and,{is tends to increase with the
number of people involved. Serious accidents however have n urred to our knowledge in the
UK and the fact that nobody has been injured, given some ofé\i ncredibly poor gpparatus handled
by untrained amateurs, in the past twenty years is not &t the same time, the electrical power
used is intringcaly letha and needs careful handling, ey in 1982 in the USA finding that up to
91% of groups surveyed indicated that some person been shocked whilst using the equipment
(Lazauski & Mavestuto 1990). 6

The main disadvantage of the method isi entia to cause injury (both physica and physiologicd)
and, in extreme circumstances, deet t@e ish. The problem is not smply one of too high a voltage
(
S

gradient as Ruppert & Muth ound injuries occurred a fidd intengties lower than the
threshold required even for Figures 2.1 & 2.2 show some examples of dectric fishing
injuries on fish. The “ burn”é\“ brand” marks, shown in figure 2.1, can be caused by meanophore
discharge resulting fromQoClose a contact (but not necessarily touching) the electrode or can be
indicative of underlyi ind nerve damage. Spind haematomeas, such as that shown in figure 2.2,
are caused by thg\ cd simulation causing over-vigorous flexing of the muscles around the spine.

fish injury and mortdity have been the subject of much debate, and some research,
The literature however is complex, often inconsstent and sometimes contradictory
92, Solomon 1999). Evidence exigts that different species react differently to the process
1998) and injuries to captured fish can range from 0 to 90% (Snyder 1992). Even within the
species injury rates can vary. Whilst a definitive reason for many of these differences between
results has, as yet, ill to be unequivocaly proven, two reasons predominate. One is that many
sudies have been carried out ether in experimenta or river conditions. In the experimental set-up,
conditions are dramaticdly smplified compared to naturd conditions and the dectric fidd is
homogeneous. Conversdly, in the river the conditions are congtantly changing and the fish are in
different orientations and moving a various Speeds, thus the eectricd conditions are extremdy
variable (heterogeneous). Attempting to gpply the results from one system to the other therefore
tends to throw up contradictions. Experimentd results with fixed dectric sysems in running water
can produce comparable results that can be analysed, but straightforward fishing is rarely an exact
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science. The second reason for many of the discrepancies between published research isthat there is
considerable doubt regarding the waveforms being used, with it not unknown for researchers to think
they are using one waveform but in fact are using another (Hill & Willis 1994, Van Zee et al. 1996).
Thus results for dlegedly the same waveform may be in fact for differing waveforms (see later section
on waveform types and the eectrical tests section).

However whilgt injuries undoubtedly do occur, they should be put into context regarding the '\@
population and mortaity dynamics of the fish. Schill and Beand (1995) consdered that, at aQ
population leve, even high dectric fishing mortdity rates have limited impact on species with hi

naturd mortality rates. Pusey et al. (1998) found that fishing mortdity (for a range of peci

gengdly less than 5%, this compares with annud mortdity rates of >80% for ma%"}t\l ile
sdmonids. In addition, notwithstanding the undesirability of causng damage to the fish, ough
fish may be damaged they may be able to recover from the injury with little long-term éfk . Schill &

Elle (2000) found that even when fish were subjected to dc and pdc eectric fieldsg enough to
produce haemorrhage in ¢. 80% of study fish, the injuries hedled and did rot t along-term
mortality or hedth risk to the fish. &

Figure22  Anexampleof asiina haematoma (indicated by arrow) caused by dectric fishing

R&D TECHNICAL REPORT W2-054/TR 6



The effectiveness of fishing is affected by severd factors, these include:

Electrica waveform type, including pulse shape, pulse frequency and pulse width

Electrode design

Water Conductivity

Fish Conductivity .
Stream Bed: Conductivity and Substrate Type Q)\
Weater Temperature '\

. Q
e R\

Fish Species

Water Clarity y\(b\
Water Depth Q\
Operator Skill $

Within the user community the lack of adequate information regarding &%ve has resulted in
eectric fishing being regarded as an art rather than a science (Kolz 1 is lack of fundamental
perception is encgpsulated by the common practice of referring to th 9& box as “the magic box”.
Whilst it is possible to capture fish without knowing how the techhilgue works, some knowledge of
the fundamentals will enhance catch efficiency and help red e of the drawbacks concerning
injury mentioned above. Knowledge of the basic dectrica ples will aso dlow equipment to be
cdibrated to produce smilar fish capture probabilities thus improve standardisation between
sampling. (06
O

2.1 Basic €electrical terms 6

With reference to ectric fishing, elect@@can be split into 4 components.
1. Voltage — th(;\p& 1d or dectromoative force of the eectricity (Valts).
2. Current s‘% rate of transfer of charge between the e ectrodes (Amps).

3. R 'Qn ce — ameasure of the difficulty that the eectromotive force encounters in
\1" ing current to flow through the medium in which it is contained.

é@ Power — for dc and pdc power is the product of the Volts and the Amps (Volts x
\} Amps = Watts). As can be seen, ahigh power output can be produced by alow
O voltage but high current, or a high voltage and low current. This will be important
60 when we come to discussing ways of increasing power output at fishing eectrodes.

A fundamental concept in electric fishing is that power catches fish not just voltage.

N
Low voltages can dill harm fish if the current is high and conversaly high voltages can be benign if the
current is low.

A time variant voltage can be described and measured in a number of ways. Pesk voltage (V) and
Root Mean Square voltage (Vms) are the most useful. For steady dc, the method used isimmaterid,

R&D TECHNICAL REPORT W2-054/TR 7
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as both methods will give the same reading. For pulsed voltages, however, each of the two methods
will give a different answer. Peak voltage will measure the maximum voltage atained by the pulse,
while the rms vaue quantifies the equivaent seady dc voltage that would transfer the same power
into the water. Most standard voltmeters can measure either steady dc voltage or ac voltage, only
pecidised ones can measure the peak voltage of pulsed currents. Oscilloscopes can both measure
and display accuratdly pulse measurements. Appendix A2 details the differences between the various
methods of measuring voltage.

conductivity. Different types of eectrode and water have different properties of resistance
surface area dectrodes will have low resistance, soft water has high resistance (low conducti and
hard, sdine or polluted water has a low resistance (high conductivity). These differem\ iSance
characterigtics influence the operation and effect of the dectric fishing. In high resstance/low
conductivity waters it is harder to propagate an eectric fidd in the water. In | igance’high
conductivity waters however the dectric fidd disspates easly and thus requi igher power to
maintain it. This is why larger generators are used in high conductivity compared with low
conductivity waters. From the dectric fishing point of view this is e as low conductivity
systems are often in mountainous areas, where it would be difficult to { rt heavy equipment.

When an eectric current is passed through water from one urce (electrode) to another it
disspates and can, with sendtive enough equipment, be d in dl parts of the water body. A
smple method of measuring the “amount” of eectrici mhe water is to measure the difference in
voltage between one point and another some distan her away from the source. This gives elther
a voltage vaue reldive to the source or a volnsqa radient (E) expressed as volts per centimetre
(Vem). The voltage gradient is a vector that I@both size and direction. It does not “flow” from one
electrode to another however and under i conditions can be considered to comprise a series
of spheres of equa vaue around the le. Once outside a set distance from an eectrode (10 to
20 radii for ring dectrodes (Smitl @ in Sharber 1992)) the dectric field, dthough till being
present, should, theoreticdly, be? as to have no effect on organisms within it. Knowledge of
the voltage gradient profil ifferent electrode arrays gives a basis for comparing the electric
fiddsfor different eledro@' igurations.

An illugration of (QNO methods of describing voltage can be given by conddering the set-up
shown in figu e’éwhen contacts ‘d and ‘b’ of probe A are touching eectrode 1, no voltage will
be meesura.(%oth contects are a the same potentid as the dectrode). As contact ‘b’ moves
through | ater towards eectrode 2 the voltage (measured relative to eectrode 1) will increase. If
the gecqietry of eectrode 1 and 2 are the same, a the hafway point the voltage will equa xVolts/2,
T tage will reach a maximum (x volts) a eectrode 2. The shape of the grgph of the readings

6®J d look as shown in figure 2.4.
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Figure2.3. Generdised diagram of dectric fishing st- up$
Applied voltage = x Volts. V = voItma%
\(}@
100 N

~ Q@

S A

Tg 75 Qv

> 50 ) *

8

3 25

g Q)

O T T T
. %Q 25 50 75 100
(s\\EThctrode 1 Per cent distance Electrode 2

Fi %{@ Voltage profile obtained from probe A.

ilst probe A messures relative voltage across a variable distance, probe B measures the voltage

& across afixed distance and gives the gradient (E) of the voltage in volts per cm. Asthe probe moves

between the electrode 1 and 2 the distance between contacts ‘a and ‘b’ is kept constant.
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The readings from probe B are in fact a measure of the tangent of the line in Figure 2.4. Readings
taken with probe B would look as shown in Figure 2.5.

]
8 -
©
>
'§ .
i A
] O
NO
T T T \\
0 25 50 75 1% i
Electrode 1 Per cent distance = ectr@
2
Figure25  Voltage gradient profile obtained from probe B ’\\\'(\

The above graphs indicate the effectiveness with which a partj electrode can project power into
the water. The symmetry of the“U” and “S” shaped curves i Fgures 2.4 and 2.5 respectively is due
to both e ectrodes having the same shape and geometry.@equd electrode resistance (see later) will
result in skewed gradients. The shape of the “U” "shaped curves are important in eectrode
design. Poorly designed eectrodes will not be project energy well and will have an abruptly
curving “S’ or a deep-9ded “U”. A deep “U” aso denotes high gradients that could be

dangerous to fish. Well designed el:c’%)@owever will propagate energy better and thus have a

shdlower curvetothe*S’ and “U” hibit dangerous voltage gradients.

N
Voltage gradient (E) as a (a‘the output from eectric fishing systems is a one-dimensond
measurement (volts per ¢ re). Within standard dectricd measurement a two-dimensond
measurement that can be%@d to eectric fishing systemsiis current gradient (J)

cwE O0
o

Whe®y = water conductivity
%)
This{@sured in amps per sguare centimetre.

J=

Q Z (1989) however, in proposing the concept of Power Transfer Theory (PTT), considered thet it

the magnitude of the power (which he caled power density (D)), athree-dimensond factor, thet is
transferred from the water into the fish that determines the success or failure of dectric fishing.

D=c,E?

Thisis measured in watts per cubic centimetre.
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PTT is based on the established concept that for a given set up of electrodes and gpplied voltage the
maximum power is gpplied to a fish when the conductivity of the fish is the same as the water. Kolz
(1989) cdled this ratio the mismatch ratio. Where this ratio deviates from 1 the gpplied power
density (D) will need to be increased over and above the minimum (Dy,) of that required where the
mismach ratiois 1.

Da/Dm Yot Ya [(CTICW)+(C /Cf)] \@0

Where C; = conductivity of fish
C.= conductivity of water Q/\

or '\%\

Pt = Pa*(4C/C,,)/(1+ C/C,,)’ ${\
Where Pt = Power transfer, &(b
Pa= power density \(\

Figure 2.6 shows pictoridly the concepts of voltage gradi é rrent dendty (J) and power
density (D). Whilst E can be measured directly, Jand D need caculated.

Voltage Gradient-E — ®9
(volts/cm)

Power Density-D

Curr$ ens:tyd 3
Jom?) (Watts/cm?)

Figure2. %(\Dlagrammatlc representations of the three dectrical values used to describe the
‘(Q properties of the power of dectric fishing fidds

euter 1995) the theory has not received unanimous acceptance by fishery researchers, particular
.\(9 problems occurring when applying the theory to ac and pdc waveforms (Beaumont et al. 2000).

L&

&f& some research has used the concept of PTT to standardise fishing practice (Berkhardt &
r
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The literature describes four classc zones of effect of the eectric fidd each occurring a differing
distances away from the source (Vibert et al. 1960, Regis et al. 1981, Snyder 1992). Some zones
are common to al dectric current types and some are specific to one type.

1. The indifference zone is the area where the dectric fied has no influence upon the

fish.
oY
2. The repulsion or fright zone occurs on the periphery of the field where the fish Q'\
feds the fidd but it is not intense enough to physologicaly attract the fish. The fi
instead reacts as to any reactive stimulus; this may include escape or seekin ﬂ
(hiding in weed beds or burrowing in bottom depending on species). Int 'g\ use
of the anode can limit afish's probability of encountering this zone. N

3. The attraction zone (dc and pdc only) this is the criticd area
drawn towards the eectrode. This occurs due to ether
swvimming driven by the dectric fidd effect on the fish's
(involuntary swimming caused by direct effect by the
the latter case swimming motions often correspond wif
the pulse rate of pdc. Thisis the zone fishing eq%

or forced smimming
fidd on the ANS). In
initia switching of dc and
should seek to maximise.

4, The tetanus (ac, pdc and some dc fie(l}ck&%/or narcosis (dc fidds) zone isthe
region where immohilisation of the fish rs. In ac, pdc and very high dc fields this
results from tetany. Fish in this gat their muscles under tensonand respiratory
function ceases. Fish may requi era minutes to recover from this date. In
normal dc fields however imngohilisation results from narcoss. In this gete the fish
muscles are relaxed and ish gill breathes (albeit a a reduced leve). When
removed from this nargatisig field the fish recover indantly and behavein ardatively
norma manner. T harm fish and thus this zone should be minimised in gear
desgnor fishr quickly fromit.

An important point needs\o% noted regarding the measurement of the dectrica parametersused in
any paticular sntuatlebI ust be remembered that the metering on the eectric fishing pulse boxesis
measuring the pply to the equipment and is not a true measure of the actual dectric fidd
characteridli % produced in the water. The same readings a different sites could therefore
reflect very%ﬂent inwater dectricad fidd properties and thus widdly varying probabilities of
capture e fish a each Ste. Congstent operationa procedures can only be achieved by
& Ing in-water measurements and using standard e ectrode configurations (Kolz 1993).

O
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2.2 Electrical current types
The current types used for eectric fishing can be divided into two main types.

1. Bipolar or Alternating Current (ac), characterised by continualy reversng
polarity

2. Unipolar or Direct Current (dc), characterised by movement of eectronsin o Q
direction only. ﬁ,

Dc can be further sub-categorised into continuous dc (dc) and Pulsed Direct Current (e%p

For dl types of current the pattern of voltage and current around the electrodes cohtqms to the

body.

Figure2.7 Generd ern of voltage gradient (dashed lines) and current (solid lines) around
two s zed but opposite polarity eectrodes in close proximity in a conductive

medu@

221 Al@ng Current (ac)

This orm is the same as that used in the UK for domestic supply. The current direction
rev, many times a second thus there is not any polarity to the current (one eectrode being
ively pogitive and negative many times a second). Ac may be single phase or multi (usudly 3)

Alternating current (Ac) Multi phase AC current generated
AT generated from single phase AC generator B from 3 phase AC generator
RANAWANN TN
= 0 =
TRV ERERE VIS U
Time —>»
Time >
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phase. Figure 2.8 shows these forms of current.

Figure28  Single phase (A) and multi-phase (B) ac current pattern

This waveform has the advantage of being able to be produced easly from smal generators and

auffers little variation in effectiveness due to physcd parameters of the stream (Stream-bed
conductivity, temperature etc.). The voltage gradient required to provoke a reaction is aso quite \.

gmll. ,\(b
When fish encounter an Alternating Current (ac) field they experience: /\\(I/Q
Oscillotaxis — the fish are attracted to the eectrodes (but not to the sam t as
with dc and pdc).

Transver se oscillotaxis — The fish quickly take up a position acro\;s}ne current
and pardle to the voltage lines in order to minimize the vdtage@@!id aong ther
body.

Tetanus - Once so digned the fish muscles are in strong
rigid. Breething is dso often impaired by the fixation
mouth and opercular bones. The effect is more viol an with dc or pdc and at
high voltages muscular contractions may be

damaged. The recovery time can be signific%

ion and the fish are

The disadvantages of ac are predominantly thet it has minfdl attraction effect and its effect upon fish
is to tetanise the fish with its muscles in a cramped his tetanus quickly regtricts the fish's ability
to bresthe and renders them unconscious. If n ed quickly from the field, death may occur
quite soon from asphyxia Ddayed mortdi ay dso occur due to acidoss resulting from the
oxygen debt generated by the contract les. Kolz (1989) found that even when gpplying the
same power to the fish, fish immobili th ac took longer to recover than fish immobilised with
pdc. In addition, with little attracti he electrode, fish are not drawn out of cover or deep aress
to where they can be seen and

The detrimenta impacts t@ waveform are such that its use has been precluded from the European
sandard for sampli jsn with eectricity (CEN/TC 2300WG 2/TG 4). Snyder (1992) dso
recommends aga use for fish surveys in America unless fish are to be killed and injury or
mortality to upcapfered fish is not a concern. Its use for general surveys is thus not recommended.
The wavefo ay have some use however for powering some pre-positioned arrays (see later) due
to the mipifdéal attraction of the dectrodes.

2. Direct Current (dc)

O
. G‘his is the smplest waveform used and technically is not atrue “wave’ but a constant voltage gpplied
\% over time Figure 2.9D. The dectrica charge flows only in one direction; from negative (cathode) to

&\(\ positive (anode).
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Direct Current (DC). Rippled
generated by partialy filtered,
full-wave, rectified Ac

"o

Figure29  “True’ (A) and “rippled” (B) direct current Q

A Direct Current (DC). Smooth, generated B
B by a battery or DC generator B

+

\olts
\olts

o
o

Direct current was the firgt type of dectricd waveform to be gpplied to dectric fishing; /}é
because it is the type that is produced from a gavanic cel (battery). Generating i gs a
condderable amount of power however, thus requiring large generators or quicl&r i ng
batteries. Generators designed to produce dc current are heavier, more expensive,| eiable in
voltage control and less reliable than ac generators with comparable power ratin these reasons
dc power is usudly produced by conditioning power from an ac genergsr In the past this
conditioned dc often had a naoticegble ripple resulting from inefficient Ing of the ac source
current (Figure 2.9B), modern € ectronics however should give agood{@aveform.

physiologicad responses, the fish reaction will \ary dightly ing upon which dectrode it is
facing. In fiedd Stuations however the cathode fidd shou% y be very diffuse and thus should not
influence the fish. Reactions to the anodic dc field can ly categorized into five basic phases.

As the two eectrodes (negative charge (cathode) and positivﬁge (anode)) produce differing

Alignment - With initid € rl‘ﬁ\lntrodudion the fish dign themsdves with the
direction of the dectrica CLL If initidly transverse to the anode the fish undergo
anodic curvature that turngsithe head toward the anode.

Galvanotaxis - Oncgypardld with the current the fish dart to swim towards the
anode. This is achi through dectrical gtimulation of the CNS, resulting in

“voluntary” .

Galvanon%:s - When fish get close enough to the anode to experience a
suffidentxol gradient their ability to swim isimpaired. In this sate their muscles
are r%j.

P% -forced swimming — as the fish gets even closer to the anode a zone where
theTish begins again to swim toward the anode occurs. This swvimming is caused by
\diirect excitement of the fish muscles by the dlectric field and is not under the control

of the CNS.
\§(\ Tetanus — At high dc voltages the muscles go from ardaxed sate into gpasm. This
O can result in impaired ability to bresthe and possible skeletdl damage.

O
. %nless held under conditions of tetanus, when the dectricity is switched off, or the fish are removed
’\\(\\ from the electric field, they recover instartly.

Dc has a far greater dtractive effect than other waveforms (ac and pdc) but it is less efficient as a
dimulator and thus will not narcotise / tetanise the fish so readily. This is because threshold values
required to dlicit responses are high with dc compared to ac and pdc. As it aso shows great
vaidion in effectiveness for dight variations in the physca factors that affect it, any physcd factors,
which may affect the dc field characteridtics, are likdly to subgtantiadly reduce the effectiveness of the
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process. Kolz (1989) found that the dc “stun” threshold was ¢.60% higher for dc than for either ac
or pdc. The attraction threshold however was only 36% of that required to “stun” with ac or pdc.
The response of individud fish can dso be somewhat varidble to dc fidds (Haskdl et al. 1954). In
generd terms dc voltage gradients of 1.0V/cm equate to a “sunning” intengty and 0.1V/cm to an
“atracting” intengty. A consequence of thisis that dc may be less efficient overdl compared with ac
or pdc. When fish do experience dc intensity sufficient to immobilise them they are in arelaxed Sate
(narcosis rather than tetanus) and are thus not o likdy to suffer injury. This narcotisng voltage
gradient is often around twice that required for ac tetanus.

The congtantly changing field pattern around the anode as the within river physica confi @(}\
changes aso makesiit difficult to sandardise outputs between Sites.

2.2.3  Pulsed Direct Current (pdc) \

‘S‘I& no negative

affected by physica
Cite arespones are dso

This waveform is like a hybrid between dc and ac. It is unidirectiond (i.
component) but it is not uniform. It has alow power demand (like ac) but i
variations in stream topography (unlike dc). Voltage gradients requw
subgtantially lower than those for dc. $\

The shape and frequency of the pulses can take many for e of which are better than others
with regard to their effectiveness and the injuries they cau ure 2.10 (A-F) shows examples of a
range of pdc waveform types.

Half-sine, full-wave, Pulsed Direct Current (PDC) \&

AL generated by unfiltered, full-wave, PDC generated by unfiltered, half-wave,
rectified AC Qé rectified AC
wt T ntTr
e W g m /\ /\
0 {0 >0
Time —» 6 Time —»
Quarter-sine, Half e, PDC
C L generated b olled, D | Rectangular PDC generated by interrupting
half-wave, kegtified AC smooth or rippled DC
L \('c L
@ tr o+ F
s o S,
Time —- Time —»
6 E Gated Burst PDC F Exponential PDC generated
' B by capacitor discharge
S0 S0
Time —» Time —>

Figure2.10 Examplesof arange of pdc waveform types
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The behaviour of fish to pdc is somewhere between that of dc and ac. As with dc the fish react
differently to the anode and cathode fidd and thus ther reaction will vary depending on which
electrode they are facing. There is some debate among researchers as to whether pdc produces true
gdvanotaxis and whether narcods or tetanus causes immobilisation. In generd terms however a
fish'sreaction to a pdc field can be summarised asfollows.

Electrotaxis — there is good attracting power but this is due to the electrical effect

accentuating the swimming motion) and not, asin dc, by dectrica effect on t
nerves. Thisvigorous effect upon the fish can dso increase injury rates. Q)\

Tetanus/Nar cosis — like dc the fish are immobilised near the anode '\at amuch
lower voltage gradient, as tetanus may be involved the fish need t&l@emoved from

this zone quickly.
q y &(b

on the fishes muscles (the muscles contracting with each pulse of eledridty:t%@/

As previoudy dtated, voltage gradients required to dicit a response er for pdc than for dc.
Few data exist however detailing the gradients that are required. Ei & Higgins (1973) noted
that to immobilise bluegill (epomis machrochromis) a pdc gr t of 0.66V/cm was required
compared with a 1.66V/cm for dc. Davidson (1984) shwé\at voltage gradient required for
immobilisation differed between species and varied with pu@ equency, average values were about
0.4V/cm however and were constant above 50 Hz.

Experience has shown that changes in physica pq@eters within the stream have little impact upon
the efficency of a suitably set-up pdc g/sterabthus making the efficiency of the waveform more
uniform both within and between gtes. | Qdition, pdc waveforms have an additiond advantage
over the other waveforms in that it | ible to ater the applied power to the water both by
increasing the pulse frequency (prqg pulse width is constant) or varying the pulse width (figures
211 & 2.12). Research has sh ever that pdc is more stressful and cauises more injuries than

N

O [ M NN | /

dc (Lamarque 1967,1990, ichagl 1993, Dalbey et al.. 1996 and others). Immobilised fish can
aso have greater recov&tl (Mitton & McDondd 1994).
O
+ Cn
\‘J
N

re §l rewwe /
/J
/

| Eage
Voltage
|
|
Power

[ L

Time Time Frequency

Figure2.11 Theeffect of increasing pulse frequency on applied power
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Figure2.12 Theeffect of increasing pulse width on gpplied power (\Q)
2231 Pulseshape §

The patterns of voltage used in pdc fishing can take many forms, so@&/\/hlch are better than
others with regard to capturing fish, damaging fish and power u%ge

The earliest pdc waveforms were created by ether cutting ou™the negatlve component of an ac
waveform (haf-wave rectification figure 2.13b) and/or conv: the negative component to pogitive
(full-wave rectification figure 2.13c). From a standard generator this gave ether 50 Hz pdc
(haf-wave rectification) or 100Hz pdc (full-wave rect|tn51| on).

a). ac b). Half- W&\@Qfled c). Full-wave rectified

S0

AWA
VT

Figure2. 13& ransformation of ac to half-wave rectified and full-wave rectified pdc

ch demondrated that a steep leading edge to the waveform provided the maximum
ogicd effect on the fish and Vibert (1967) reported that early papers on dectric fishing
idered that the optimal pulse shape for dectric fishing was a steep increase and a Sow decrease.
ovotney (1974) adso consdered that there was evidence to suggest that the fast rise and dow
decay of %4 Sne wave was advantageous for eectric fishing. To achieve this the rectified waveform
was “chopped” to give a seeply risng pulse front (Figure 2.10 C). Further research however
(Lamarque 1967, Sharber & Carothers 1988) indicated that the efficiency of this waveform was due
to its tetanising power and thus such a waveform was the most damaging of the pdc waveforms. No
tests however have been carried out at lower voltage/power settings and it may be that the tetanising
threshold is just lower for thiswaveform.
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Another waveform that is often used is cgpacitance discharge or exponentid pulse (Figure 2.10F).
As its name suggests this waveform is usudly produced by charging a cgpacitor, which is then
discharged through the eectrodes. Because this discharge is of short duration this pattern has the
advantage that high voltages are available for fishing whilst loading on the power sourceissmadl (i.e.
RMS voltage is low). Problems exig with this waveform however in that discharge duration is
determined by the dectricad conductivity of the water and thus cannot be easily controlled in order
for equivalent power settings to be used at different Stes. As with the ¥ sine wave shape however,
some evidence suggests that this waveform can cause high injury rates to fish in moderate and high
conductivity water (Lamarque 1967). Sharber & Carothers (1988, 1990) however found that inj

rates for exponentid pulse were no more injurious than square waveform. Q)\

Many of the newer designs of pulse box use square waveforms (figure 2.11 H). Th %/\eform
combines the advantage of good physiologica effect, with the ability to control and &Iicate pulse
duration and frequency, thus alowing standardised power to be used. §

@riety of waveforms
e the facility to produce

With the recent advances in dectronics it is now possible to produce a
from the basic ac supply and modern dectric fishing control boxes of
avariety of non-standard waveforms. the Smith-Root pulse box, for < ple, can produce over 250
different waveforms. The principles behind many of them howev g. decreasing pulse intervd,
high to low frequency variation) are probably not vaid in red-lifB.gtuations and, until evidence shows
some benefit from ther use, they are best avoided. A {Ble’exception to the above is the Gated
Burst waveform (Figure 2.10E). This is varioudy descrﬁ@ by different manufacturers (eg. Coffelt
cdl it a CPS waveform) but is basicaly a series igh frequency pulses repested in a lower

frequency pattern. Some advantages may be obtafiet! from this waveform in terms of reducing fish
injury and for power conservation when powers limited e.g. very conductive water or when using
battery powered equipment. (b‘

Severd studies have been publi ing the physiological effect of pdc eectrical waveformson
fish (Sharber and Carothers, 1 cMichael, 1993; Hollender and Carline, 1994; Ddby et al.
1996, etc.). Few however rately quantify the eectrica characteristics of the waveforms being
used (by, for example & ing oscilloscope traces or noting that the traces have been seen

and are what they purort to be). It is aso not unknown for the description of the waveforms
assessed to be wr described (e.g. Hill and Williset al. 1994; Daby et al. 1996). The problem
is ably demonst by the tests carried out on pulse boxes as part of this study (Appendix A5)
where wavi were affected by the generator characterigtics. Another problem with many of the
dudies r, is that certain of the commercidly available pulsng boxes have large transent
volt Ikes superimposed on the specified waveform (Jesen & Horcutt 1990, Beaumont et al.
19@ d pers. obs.). Inadeguate recording of eectricd details in many of the studies on eectric
q?lng (e.g. no oscillograph traces) makes it difficult to identify the studies where these transients may
present. Even where voltage levels are recorded, if these are presented for rms voltage levels
instead of peak voltage levels, the effect of the trangents will not be adequately recorded. In studies
using equipment producing transent spikes, if pesk voltages are back extrgpolated from mean
voltages (Thompson et al.1997a) consderable errors may occur. The effect of these trandents is
largdly ignored in discussions of waveform and dectric fishing effect. Haskell et al. (1954) noted that
the response of fish (to an eectric fied) was not improved by waveforms with ahigh initid pesk and
Jesein and Horcutt (1990) found that the spike produced by the equipment they were using
increased with increasing water conductivity. Information is limited however and further research
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needs to ke caried out on the impact and importance of voltage spikes. This lack of definitive
knowledge of the shape of the waveforms used in the mgority of the research makes much of the
findings difficult to gpply and extrapolate to other studies.

Overdl it would seem that damage can be caused by dl pdc waveforms, and little “improvement”

over the origind full-wave and %2 wave rectified shapes has taken place. There is dight evidence ¥4 .
sne and exponentid waveforms may be more injurious than other types however and should Q)\
therefore be avoided if possble. Square waveforms do have the advantage of being able to have Q'\
their output parameters (pulse width and voltage) more accurately controlled and quantified t

many of the other types.

Q
2232 Pulsefrequency (\(b\

Frequencies of pulses are measured in pulses per second or Hertz (Hz). Within K only two
pulse frequencies are commonly used (50 & 100 Hz). The principa reason for, s higoric in that
origindly the source of the dectricity was a commercid generator (prod 50 Hz &c) and the
pulse box ether full wave rectified the ac (producing 100 Hz pdc) wave rectified the ac
(producing 50 Hz pdc). In the USA however the equipment used X a wide variety of pulse
frequencies to be used and considerable experimentation has taken regarding the most efficient
pulse rates to capture different species. Justus (1994) and ran (1979) finding that optimal
frequency even varied between amilar catfish species. N & Priegd (1974) date that some
Species sdectivity is possble by varying the pulse frea@m:y of pdc. Hasband (in Vibert 1967)
dates that the frequencies shown in table 2.1 are for tetanisng those species. It should be
noted however that it may not be desirable to tetanus and it is the frequency that produces
the greatest attraction reaction that should be @mised (Hickley 1985, 1990).

Table2.1 Optimd tetanisng fre(%n@% for different fish gpecies (Haband 1967)
A

Sp.ecw Optimal Frequency (H2)
Mifow 90
:@dx 80
O\J‘ Carp 50
Ed 20

. (GQn an experiment carried out by Lamarque and reported in Vibert (1967), the optimal frequency (of
\(\\ a square wave 33% duty cycle waveform) for creating anodic taxisin a 20 cm trout (at 18°C) was
& 100 Hz. However, this frequency was not recommended, as the tetanisng power of this frequency
was aso optimal. Lower frequencies of 4 to 10 Hz were recommended. This raises an important
concept that perhaps researchers ould not be looking for “optima” or “efficient” frequencies but

for benign ones.
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The research published regarding the adverse effects of different pulse frequencies is far from clear.
Differences exist between pulse shapes, voltage gradients, pulse widths, species, etc used. Overadl
however the research supports the proposd that as frequency increases above 15Hz injury levels
increase (Snyder 1992, Sharber et al. 1994, McMichagl 1993, Cook et al. 1998 and others, figure
2.14). The exception to this is the use of the gated bursts where high frequency bursts are created at
moderate frequency intervals. Q)\’
The cause for these injuries has il to be fully understood. Callins et al. (1954) considered that theQ'\
danger point was when the current “switched on”. If correct this could explain the higher incid

injury with high pulse frequencies and the occurrence of injury even with dc fidds (thei
occurring when the dc is switched on). Q)\

The effective range of an anode will dso be affected by the frequency used. Howe\q avidson
(1984) found that in tank-based trids on roach, perch, pike and ed the distance mobilisation
did not dways increase with increasing frequency. Results usng 10% pulse wi shown in figure
2.15. Note that no immobilization occured in rainbow trout at 10 Hz. &

Davidson (1984) ascribed these differences to the presence of opti @muenci% where reaction is

greater for the different species (as described by Halsband (196 e).
<
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Figure2.15 Immobilisation digance (m) a differing frequende@our fish speciesNote: There
was no response at 10 Hz for Rainbow trout @Q

2.2.3.3 Pulsewidth \QQ)

There are two ways of expressing this factor. R{Ié??h (expressed in milliseconds (ms) duration)
and duty cycle (expressed as the percentage Mme within one cycle that the current is flowing).
This can lead to some confusion, as, fog‘?x&, a 25% duty cycle at 50 Hz (5 ms pulse width) will
have a different pulse width to a 25% d cleat 100 Hz (2.5 ms pulse width).
<

Whilst some research has been out regarding the effects of increasing pulse width (Hasband
1965, Daniulite et al. 1965, dson 1984, Bird & Cowx 1993) it is often contradictory. The
obvious effect of increasing(puise width is to increase the power transmitted into the fish. Severd
early researchers how ave found that once a threshold in pulse width (referred to by Hasband
(1967) as the “useful @iyi€") has been reached, increasing it above thet has little further effect and the
energy is “waster{@t is not certain however whether this early work relates to a specific conductivity
or a range. research in fresh water reports that pulse widths of between 518 and 5ms are
adequate fgp fish capture in a wide range of conditions. Work by Daniulite et al. (1965) on herring
(@in H(Q?er) adso found pulse widths of between 0.2-0.56 ms adequate for cresting anodic
reection.” Daniulite et al. (1965) aso noted that higher pulse widths were required when the pulse

cy was lowest (<25Hz) and Hasband (1965) smilarly stated that if pulse width is reduced,

dugher voltages are required. Both these findings relate to Kolz's Power Transfer Theory of fish
\% requiring a minimum power to dicit a response. Kolz (1989) however uses voltage and not (the

L&

perhaps more expected) pulse width to adjust power levelsin hiswork.

Figure 2.16(a-c) and 2.17(a-C) respectivdly summarise Davidson's (1984) findings regarding the
range of immobilisation and atraction for differing pulse widths. For immohilisation distance the
findings show that (with one exception) immobilisation distance did increase with increasng pulse
width (Figure 2.16).
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G%ure 2.16 Differencein effective ranges for immobilisation between 50% and 10% pulse widths
for four fish species a three frequencies (from Davidson 1984).

& Attraction distance however was not so well correlated, with three of the four species researched
showing a reduction in attraction range for increasing pulse width (Figure 2.17). Work by Bird &
Cowx (1993) also reveded poor correlation between voltage gradients required to dlicit a response

and pulse width.
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Figure2.17 Difference in effective ranges for attraction between 50% and 10% pulse widths for
four fish species (from Davidson 1984)
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Whilst adjusting either pulse width a congtant voltage, or voltage a congtant pulse width is a vdid
way of adjusting the mean power, there will be differences in results depending upon which method
is used. One difference between the two techniques would be that, in the case of congtant voltage /
vaiable pulse width the peak (insantaneous) power would be the same for dl settings of pulse
width. In the case of congtant pulse width / variable voltage lowever the peak (instantaneous)
power would change (as a function of the square of the voltage). The effects of these different
methods may be the cause of some of the variation in results observed by various authors. The
current drawn by two 40cm eectrodes for a range of pulse widths are tabulated in Table 2.11 for

characteristics were 300-volt pesk at 50 Hz. (Hickley pers com.). Q
Beaumont et al. (2000) examined both efficiency of capture and stress response (as red by
blood plasma cortisol levels) between a range of waveforms. No difference was foun een the
catch efficiency or stress between 6ms and 518 pulse width square waves. C@e unit power
however of the 518 pulse width was around 9 times that for the 6ms pul% h indicating its

efficiency in terms of power usage. &

Notwithstanding the uncertainty regarding its effect, adjusting pulse i \(;t a condant voltage isthe
usua method employed to increase power in high conductivity S. hote however the findings
shown in Appendix A5 regarding the actua effect produced V\@he "pulse width” control on some
pulse box units are operated. %)
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Q
Table2.ll Current drawn by two 40 cm diameter eectrodes at different water conductivity (from Harvey & Cowx D‘&lfer Hickley 1985). Voltage
characteristics 300 V pesk at 50 Hz Q
A
Conductivity Percentage Duty cycle/ Pulse width (ms) of Square Wave pdc NT e N

nsem 10/2 | 20/4 | 30/6 | 40/8 | 50/10 | 60/12 | 70/14 | 80/18\| 90/18

200 0.8 1.0 1.3 1.7 2.0 2.2 2.3 2 2.6 2.7 2.6
300 1.9 2.4 2.8 3.1 35 3.7 39 JdQu 4.2 4.3 3.8
400 2.7 34 3.9 43 48 5.0 53~ 55 5.7 5.9 4.9
500 3.2 4.2 48 5.4 5.9 6.3 6. 6.9 7.2 75 6.0
600 3.6 4.8 5.6 6.3 7.0 74 | ¥ 7.0
700 41 5.4 6.3 7.3 QS\ 7.9
800 45 5.9 7.0 oY 8.8
900 4.9 6.4 7.6 ¥V 9.7
1000 5.3 6.9 N 10.5
1100 5.7 7.4 O 11.3
1200 6.2 K 12.0
1300 6.6 I\ 12.7
1400 7.0 Vel 134
1500 74 \Q} 14.1
1600 14.7
1700 (‘)\

1800 RN

1900 [oXd

2000 ~\g)

XN
&
0\\’

N
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As power is a function of the current drawn, the Sze generator required to power the fishing system
can aso be estimated (Figure 2.18).
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Figure2.18 The size of generator needed to power tw mm anodes a different square
waveform duty cycles and conductivity, , 50Hz. (note 100% duty cycle °

dc)
9
Tests carried out as part of this project howe@&pendix A5) show that in most of the pulse
boxes in common use in the UK, increased@lse width is dso accompanied by increased pesk
voltage. For example at minimum Setti ng(gﬂectracach WFC4-20 produced a 2 ms pulse of 84
Vi, increasing the “power” to maximum réulted in a12 ms pulse of €.350V . This voltage incresse
is the opposite of what operators sh%??y to achievein higher conductivity water.

2.3 Voltage Gradi%%)
X

The common param to measure the effectiveness of the eectrica fidds ability to dicit a
response from fish.is'trie voltage gradient. Whilst the common dang of “volts makes jolts” sums up
the principle i%s important to redlise that power catches fish and that voltage gradient is just a
one dimeng actor affecting power.

The %ﬁ required will vary for differing waveforms and differing water conductivities The voltage
gradignt for any given eectrode configuration however is condant for any water conductivity,
ided voltage is kept constant (see figure A3.5). The gradient required to elicit a response from
e fish however will vary with conductivity. Only enough voltage should be used to achieve the
necessary levels of current dendity in the water to be fished (Novotny 1974). The value (expressed in
terms of voltage gradient) that the level should be will vary depending upon the current type (ac, dc,
pdc) used. Data from Lamarque (1967) and Strernin (1976) are shown in figures 2.19 and 2.20
(both for dc).
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Variation with conductivity of voltage and amperage
gradient required to elicit anodic taxisin 20cm trout
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Figure2.19 Variation of dc voltage and current gradient req@ differing conductivities. (from
Sternin et al. 1976) %)
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,&\(\\ Figure2.20 Threshold vadues (dc) diciting forced svimming a different conductivities. (from
Lamarque 1967)

It is often congdered that, for individud fish, the amount of stimulation is dependent upon the
electricd potentia between its head and its tail. In redity however fish are rardly so conveniently
aigned and simulation is based upon the summation of the various voltage and power gradients
encountered by the fish from a multitude of directions. The data presented in Figure 2.19
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corroborates this satement (negative voltage gradient + positive current gradient = steedy Seate tota
power) and is smilar to the findings by Kolz (1989) that threshold vaues are defined by the product
of voltage gradient and current dengity, thet is, power dengty.

In generd a dc gradient of between 0.1 and 1.0 volts'cm is consdered adequate for fishing. The
beginning of the forced swimming reaction occurring at around 0.1 V/cm and the onset of tetanus )
occurring a around 1.0 V/cm. The voltage required at the anode to produce this gradient a a '\Q)\

particular distance is discussed in the section on ectrodes. Q
Voltage gradient can be measured in the water by use of a “penny probe’ connected to el \1
Digitd Volt Meter (DVM) or oscilloscope. The ingrument was so named by WG Hartley it
was practice for the end contacts to be made from the old copper pennies. The distance, the

two contacts can be varied but for generd field use 10cm both gpproximeates the Iengtw ajuvenile
fish and is eagly divisble to get VV/em. By rotating the probe the maximum and mi m vaues for
the voltage gradient can be found for any position and thus the field pattern pl or any eectrode
/ voltage combination. Care should be taken if usng such a probe that no (@ is made directly to
the dectrodes and adequate insulation is used in the congtruction mate:r'de\

B

Nl

To DVQ\or Oscilloscope
. &
Q7

Electrical Wire &

\< \Q%
C‘G Metal Contacts
( b.
- ~
N\ = 10cm >

Figure2.21  Smpl€probe for measuring voltage gradient

Ie@:o\d%
24 E es
%)

Electr: is the term applied to the bare metal contacts through which the dectricity is conducted

[ water. When éectric fishing, dectrical power must cross two interfaces, from the eectrodes

it the water, and from the water into the fish (Kolz 1993). Electrode geometry and design can

luence the former but the latter is out-with human influence being wholly dependent upon the laws

’\(3 of physics and fish physology. Thus dectrode design and their characterisics in propagating eectric
&\(\ fields are key to achieving the required effects upon the fish.

n

| A

The geometric configuration of the individua eectrodes, in combination with ther placement in the
water, defines the shape, size and ditribution of the ectrica power in the water (Kolz 1993). Inac
systems both eectrodes have the same charge characterigtics (each aternately positive then negative)
however in dc and pdc systems one dectrode (anode) is positively charged and the other eectrode
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(cathode) is negetively charged. Ac dectrodes and dc/pdc anodes are, in classical eectric fishing,
hand held and can come in various shapes and sizes. The optima characterigtics of an electrode
system were summarised by Novotney & Priegd (1974) to be:

To provide the largest region of effective current gradient in the weter

To minimise aress of damaging current density .
To be adjustable to cope with differing water conductivity '\Q)\
To be manoeuvrable round weed beds and other obstructions Q

To allow visua obsarvation of the fish and thus enable capture. \(],

Congruction materid should be high conductivity metd. As dirty or corroded meta will r @igh
fidd gradients from the anode (Stewart 1960, Appendix A3) dtainless sted is com % used.
Aluminium however has condderable advantages regarding weight but if used must bé@pt clean of
the oxide layer that rapidly builds up. $(\

24.1  Electrode shape &(b

One shape (the ring or torus) predominates in hand-held dectrod ’ﬁit is not aways circular
(Figure 2.22). The principle of the ring configuration is that it pr an dectric fidd smilar to the
shape produced from the optima spherica dectrode shape huths'a much more practica shape. In
addition flat dectrodes (usudly made out of expanded me@ ave aso been used, as have tubular
electrodes.

Figure 2.22 \\7§?ous anode shapesin use

All hay; r own characterigtics but generdly a circular ring is consdered the most efficient and
practitad design. Designs that incorporate acute angles will have higher fidd gradients around that
Figure 2.23 compares the voltage gradient patterns from a circular anode compared with a
ond anode. If the gradient dong the flats of the diamond is sufficient to produce narcosis, the
. \(9 gradient on the cornersislikely to produce damaging tetanus.

L&
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Figure2.23 Voltage patterns from two differing anode shapes (\Q)
Anode fidd is of course three-dimensond and voltage and power gradients wi present in the
anterior, lateral and vertica axis to the anode. (b‘

S
242  Electrodesize . \\g\

Electrode diameter is one of the most important factors affecting ize of an dectric fidd in water.
Two parameters, water conductivity and physicd stream size cannot fit 2450 mm diameter ring
in a 300 mm wide stream) govern the optima diametq&e electrode. The basic rule regarding
anode Sze is “use as large a diameter as possible’. Withinwthis ided, restrictions will be based upon
having sufficient power to energise the anodes and hysica sze condraints noted above. Power
supply requirements can be cdculated either fr rh(heoreticd electrode resistance or from empiricaly
measuring resistance for particular eectrod ups and then calculating power required. If power
supply becomes limiting (in high condu@ water) a combination of reducing dl or some of a
choice of ring size, pulse width, puls@r uency or voltage can be done to reduce overdl power

requirements. (8\

The dectricd fidd around sQdectrode should idedly atract and immobilise fish from the grestest
possible dstance, with ostimm use of energy and least damage to fish (Davidson 1984). Key to the
production of such aavidedised anode is the knowledge of the fiedd gradient produced from the
design a differeptgl
\\

Figures 2.21@9 show diagrammaticaly the relationship between dectrode radius and the resultant
Szes of danger and effective zones propagated. Rings represent eectrode Sizes, distances
betw ertica gridlines are equivaent to the eectrode diameter, red hatching represents the
d zone and green hatching represents the effective zone.

O
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Figure 2.24a) Electrode of radiusr; eectrode potentia X volts Q'\
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Figure 2.24b) Electrode of radius 2r; electrode potential X volts $
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Figure 2.24c) Electrode of radius 2r; electro% entia X/2 volts
Measurements of actud voltage gradients fr ‘@ommonly used range of anodes are shown in
Appendix A.3. {\g
Cuinat (1967) consdered that the degtyica characterigtics of the commonly used ring anode could
be adequately described by the ied characterigtics of hemispheres, with the diameter of thering
anode (d) being replaced by, t ivaent diameter of a hemisphere having the same eectrica

characterigtics (re). From tﬁis possible to caculate the voltage required to produce a particular

voltage gradient at any di from any sized anode.
V=E, % D@e
&
WhereV = e potentia, B, = voltage gradient at distance D, r. = equivaent anode radius.

Subgtitttion of the relationship between ring diameter (d) and equivadent hemisphere radius (re) gives:

O

60 V= Ep * DY[1.389(c"%%")]

From the above equation the theoreticd anode potentia required to achieve specific voltage
gradients for differing anode szes can be cdculated. Figure 2.25 shows graphicaly the relationship
between anode ring diameter and the anode potentia required to achieve 0,1 v/cm (the attraction
potentia for dc) at distances of (&) 50 cm, (b) 75 cm and (¢) 100 cm from the anode.
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Figure2.25 Theoreticd an ential required to achieve voltage gradient (E) of 0.1 v/icm &
(& 50 cm, c¢m and (c) 100 cm distance for differing anode szes. Derived
from CULK. 67).

In contragt to the r@ rement for caculaing voltage gradients, power use by differing anodes
requires knowlé@ of electrode resstance. Electrode resstance decreases with increasing
conductivity efore if fishing differing conductivity systems, differing generator sizes may be
needed t er the electrodes. Electrode resstance can either be caculated from theoretica
princi r empiricaly determined by field measurements. Some discrepancies will occur between
th methods of estimation however due to inherent differences between the red and theoretica

dn d. Kolz (1993) gives some empirica measurements for two ring shgped anodes (measured

der artificia experimenta conditions however) differences between those vaues and caculated
vauesaregivenin Table 2.l11.
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Table2.11l  Difference between measured and calculated eectrode resistance (measured data

from Kolz 1993)
Ring dimensions
(Diameter of ring and Measured resistance (W) | Calculated resistance (W) \,
diameter/gauge of tube) ,\@
36 x 0.64cm 86 71
61x 1.27cm 46 a1 D wo,

Figure 2.27 shows the theoretica eectrode resistance for a range of diameters of ri
together with the theoretical resstance of a plate cathode for a range of water (:onduc\‘qe Anode
Szes used were those evaluated in the voltage field tests shown in Appendix A.3 WIEh exception

that all were conddered to be congtructed from 15 mm diameter tube. The resstance is
based upon a 92 x 74 cm plate cathode. .{0‘
Electrode resistance for aring or torus shape electrode can be cacul qt@

N
R=f(g)/Ksw where g :(Qﬁg

Where t = circumference of ring materid %)
d =ring diameter \Q
Sw = water conductivity (Scrm™) @6

K = electrode diameter
f(g) is ascertained from a graph of @ode resistance factors such as that given in Figure
2.26 (from Novotny 1974).
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Figure2.26 Electrode resistance factors for arange u@@trode shapes (from Novotny 1974).
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Figure2.27 Thetheoretica eectrode res séj(:\g?or three differing anode sizes

If the vaues from Figure 2.27 are ﬁé\c&mm power requirements, a matrix regarding te
optimal Sze anode ring/generator, to be used for differing water conductivities can be
congtructed. Figure 2.28 shows ?& matrix for the anode diameters above for dc. Note that whilst
electrode resstance is the saﬁng or dl waveforms, power requirements will vary depending on the
waveform used (i.e. if pdg{Qsed less power will be needed).
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Theoretical power requirements for different anode sizes (standard cathode)
at differing conductivities (200vDC)
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Figure2.28 Power requirements for differi 8‘&3’2&5 at different water conductivities

By referring to Figure 2.28 operators ither maximise the anode ring diameter for the power
available (optima preference) or 1 e anode ring diameter to suit the available power for
differing water conductivity con

Increasing the number of ﬁe will reduce the totd eectrode resistance (due to increasing the
electrode area), Cuinat (. estimating resistance increased by 1.6 when comparing his two and
one anode systems

243 Er %Q(')%lcs
Whilst % important as electrode head geometry, the ergonomics of the eectrode design can have
an @pon the ease of use of the eectrode. Using an unwieldy and cumbersome dectrode is dso
lik@y fo increase strain and the likelihood of injury to the operator. In the past, little option was given
o0 the designs available, dmost dl being a smple straight rod with aring atached &t the distal end
and anterior to the rod. This design resulted in congderable turning momentum on the handle (when
facing upstream the water flow congantly trying to rotete the anode head to a posterior position
relative to the handle). Recently however new designs are being produced which dlow a more
natura grip on the eectrode. Improved materia design aso means that most dectrodes can be light
but fill retain their robustness.
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Figure2.29 Examplesof different “ergo&' anode designs

These new designs gill have the dr concerning the turning momentum on the anode, which
can be considerable with largerri eters and fast water currents. A design dong the lines of that
shown in Figure 2.30 would g( me such problems. It would aso dlow larger diameter heads to
be used. @)

\j

Figure2.30  Proposed new design for ergonomic anode

R&D TECHNICAL REPORT W2-054/TR 39



&
N

244 Congtruction materials

A build up of metd oxide on the eectrodes can increase the res stance and thus the voltage gradient
associated with an eectrode (Stewart 1960 and see Appendix A.3). Stainless steel congtruction
anodes should not require too much maintenance but the older copper and duminium congtruction
anodes should be kept clean from corroson. Voltage gradient can aso be modified by attaching
metd mesh to the anode, the effect of this being to extend the fidd densty further from the anode.
Under no circumstances however must the mesh covering be used as a net and used to lift fish from

the water. Appendix A.3 discusses the effect of different factors on anode field gradients. \(LQ

245 Number of anodesrequired Q
S

As can be seen from the graphs of anode voltage gradient (Appendix A.3) effective fie}d} ameter of
one 380 mm anode is about 1 metre. Based on this effective diameter, guiddines in Northern
Irdand (Kennedy & Strange 1978) suggest that one anode can ded with ari up to 5 metres
wide, two anodes up to 10 metres and three anodes up to 15 metres. Cui 67) noted that if the
number of anodes is doubled then the power required is adso doubl ming minima cathode
resistance). However twice the number of anodes will fish twice the if a gngle anode had its
power increased S0 as to fish that area, then the power requirem ould quadruple and result in
dangeroudy high fields close to the anode. Increasing the of anodes is therefore more
efficient regarding power usage. Care needs to taken not t load the pulse box or the generator
however.

9
If multiple anodes are used, the area of the catho@@'uould be increased appropriately (see section

2.4.6).
,0(\
\@

The importance of the cathode ir&r’d pdc fishing is often overlooked. If it istoo smdl, an intense
field will be produced whi ill use power that would otherwise be available to power the anode.
This inefficient use of will ether necesstate the use of a larger than needed generator or
reduce the power out the anode. For this reason the size of the cathode should be as large as
possible, thiswill r. its resstance and thus lessen the power used to propageate the cathode field.
In generdl terms gze of the cathode is doubled, its resstance will halve (Cuinat 1967). This
implies that e extent there isalaw of diminishing returns regarding increesing the cathode sze.
me recommended an 80cm x 60cm panel of 2cm mesh as being sufficient and Vincent

246  Cathode

(297 mmended an anode/cathode arearatio of 1:30 as being sufficient.

q@%}e past (pre.1980s) the usual congtruction for cathodes was a sheet of expanded metd, snce

en there has been an dmost universal switch to using lengths of copper braid. The braid has severd
ergonomic advantages in terms of ease of transport and use over the meta sheets and, in theory, its
congtruction should result in a high effective surface areg, thusresulting in alow field intengty and low
power loss. Severd authors however comment that a cathode is more effective when itsformis leest
concentrated; often advocating the use of severd small cathodes in preference to one large one. In
this respect the braid would seem to be unsuitable as a materid for cathode congtruction. In order to
test this assumption field measurements of the voltage gradient around different designs of cathode at
both low (74 nScm®) and medium (480 nScm™) conductivities were made. These results (presented
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in Appendix A4) indicate that the commonly used braid design is not as efficient as the metd shest;
indeed the field pattern and intensity produced is not markedly dissmilar to a plain meta tube. Only
when the length of braid is doubled from the norma one metre to two metres does the braid become
as efficient as the meta sheet. Whilgt in theory, fields at the two different conductivities should be the
same, actud results show that differences between the fields a the two conductivities do exist. These
differences increase with increasing surface area. The reason for these differencesis not clear but it is .
possible that differences are related to differences in substratum conductivity between the two test '\(.0\

Sites (see section 2.7). (19

Practical condderations, especialy when towing equipment in boats etc, may Hill however,

braid the first choice due to problems of weed snagging etc. Results from the field t e
indicate that under these conditions a long length (>2 metres) or mutiple widely sepap( shorter
lengths of braid should be used.

If the substratum of a stream is very conductive, it can have a profound effect he power drawn
by the cathode, under these circumstances it may be necessary to use a that does not come
into contact with the streambed (e.g. Figure 2.31). . \'\Q

ould be remembered that a larger cathode area will be required when fishing with multiple
. anodes. Failure to increase the cathode area could result in lower anode voltages being produced
'QQ\ and thus efficiency being reduced,
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2.5 Water Conductivity

This, together with fish conductivity, is often considered to be the factor that has the greatest effect

on the efficacy of dectric fishing. Conductivity used to be consdered as the inverse of eectricd

resivity and was thus measured in units called mho's (ohm spelt backwarddl). The SI system uses

Siemens per centimetre (Scm®) where Q)\’

Conductivity (Scm?) = Uresistivity (Wim). '\

Within the UK dectric fishing is carried out in water ranging from 10nScni* to 5000 ns@
comparison “seawater” is around 50,000 mScm™.,

As conductivity increases with water temperature, (roughly 2% per degree CeIC|u§)\eqw pment
designed to measure it normally corrects the reading to a specific temperature (£5°Cdcius) thisis
often caled the Specific Conductivity (Cs). In dectric fishing however w interested in the
conductivity at the ambient temperature and thus uncorrected values or ient Conductivity
(Ca). In order to correct Csto Cathe following formula can be used: \(\

\
Ca(t) = Cs[1+0.023*] $
- @
where t = ambient temperature. ‘QQ)
The conductivity of streams & rivers will vary g upon the amount of dissolved solids (eg.

cdcium) in it. The fewer the dissolved soli er the conductivity and the harder it is for
electricity to pass through the weater (distill %er isin fact an insulator). Whilst to some extent low
conductivity makes it easier to dectric fi the fish conductivity will be higher than the water
and thus attract the current into them) | es it very difficult to propagate an dectric field out from
the dectrodes. To overcome this either the voltage applied to the water can be increased,
or the resstance of the electr ressed by increasing their area. These adjustments bring with
them problems of their own-&ith regard to the safety of using high voltage dectricity (>1000 volts
may be required) or the d\' Ity of using large dectrodes often in smdl sreams. Under extremdy
low conductivities ( m™) sdt can be added to the stream to increase water conductivity
(Lamarque 1990) %

In high cond@ny water the fish are likely to have alower conductivity than the water and thus the
current i y to flow round them instead of through them. For this reason it is often necessary to

use hi rrents (but not high voltages). With very high conductivity water the available power is

oftéhythe limiting factor with regard to ability to electric fish. Reducing the size of the electrodes can
power use in high conductivity weter. This method however results in high fidd intensties

S eing crested near the dectrodes, thus making it more likely for fish injury to occur. Alternaively
\ using pdc and reducing the pulse width and or frequency can achieve the same effect of power

&\(\ sving.

Figure 2.32 shows the principle behind the different \oltages experienced by a fish at differing
conductivities. The horizonta lines represent lines of current, the two lines from dther end of the
dlipse (fish) are the voltage equipotentids (which are dways at right angles to the current). In a) the
conductivity of both the fish and water are the same, the voltage experienced by the fish will equa
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that measured in the water if the fish were not present (e.g. 5 valts). In b) the conductivity of the fish
is gregter than that of the water, making it eeder for the current to flow through the fish rather than
round it. This distorts the electrica field and the fish experiences alower head to tail voltage gradient.
In ¢) thefish has alower conductivity to that of the water, it is easier for the current to flow round the
fish therefore and the fish receives a higher head to tail gradient.

Sv 2v 8v
+—r <+> < > Q
— —=
< .
/I g |
N\
a) Cw equals Cf b) Cw lessthan Cf N\ greater than Cf

N
Figure2.32 Current digribution in smilar and dissmilar cond@tive mediums (from Brgther

1954) @Q

Alabagter & Hartley (1962) showed a clear relationshiﬁ@ween water conductivity and sampling
efficiency, congdering it was due to the extenson e dectric field about the eectrodes a the
higher conductivities. Likewise, Pussy et al. ( consdered that the differences in first pass
fishing efficiency between two rivers were dgg,to conductivity differences. Penczak et al. (1997)
however found that dectric fishing effici Imdices were not sgnificantly correlated with increesing
conductivity, nevertheless it was found_thét the capture rate (p) and the caich efficiency index (%)
were highest at the highest conducti%é’

Cuinat (1967) considered tﬁ@%ween conductivities of 50 nScm* and 500 nSemit applied
voltages should incr bQOO volts each time the conductivity haved (for dc with an anode
potential of 300 voltsO nScm* as a sarting point).

According to K‘oL(Q1993) below a conductivity equivalent to that of the fish (approximatdy 150
nScm* acca) to his caculations), voltage should be increased and above conductivity equivaent
to tkg@e fish, current (e.g. pulse width) should be increased if power trandfer is to remain
constadf.

nggite the problems differing conductivity can pose, with regard to the effectiveness of fishing,
Qtelligent choice of dectric fishing settings can overcome dl problems likely to be encountered

N\
&‘Q 2.6 Fish Conductivity

The conductivity of a fish will affect its reaction to an dectric field due to the concentrating or
disspating effects of the dectric fidd noted above. Knowledge of fish conductivity is dso crucid if
Power Transfer Theory principles are to be gpplied to fishing practice. Unfortunately data on the
conductivity of fish suffers from some variation in technique used to measure the vaues: this makes
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comparisons between different studies difficult. In particular, differentiation needs to be made
between “effective conductivity” (based on power density threshold (Koltz & Reynolds 1989)) and
true fish conductivity as measured by other methods. The values of the former are substantidly lower
than those of the latter. Koltz & Reynolds (1989) for example quote vaues of effective conductivity
for goldfish of 69-160 nB.cm™ whereas Sternin et al. (1972) and Halsband (1967) reports values
for “true’ conductivity of between 319-3571 nS.cm™* for arange of freshwater fish, Q)\’

It is possible that the variable effect of eectric fishing on different species recorded by Burkhardt and Q\
Gutreuter (1995) and often observed by operators, could have been due to vaidions in fi
conductivity between different fish species. Table 2.1V shows the values of fish conductivity of
by Halsband (1967). It can be seen that trout are very conductive (c.1200 nScm®) and thi 1 be
one of the reasons that they are more susceptible to injury by dectric fishing. (\Q)

Table2!V  Fish conductivity (from Halsband 1967) ${\
Species | Conductivity (M5 &(b
Trout 1220 \sg\
Perch 1089 R\
Carp 870 L Y
Gudgeon 814 ¢, )

o

The fish conductivity will dso vary with temperatur his too will influence its reaction to the
electric field. Whitney & Pierce (1957) report the f ng (Table 2.VV) changesin carp conductivity
over atemperature range. 6

Table2.V Vaiationinfish conducti\dy%th temperature

)]
Temperaiire (°C) Conductivity (n5?)
\0‘3' 372
10 543
N 15 714
N 20 1026
X, 25 1969

N

If thesev are correct it has important implications regarding the settings used for dectric fishing.

QS

Ru & Muth (1997) found that mean voltage gradient response thresholds were 8-43% lower
mpback chubs (Gila cypha) compared with their intended experimenta surrogates bonytails
ila elegans). Asit is unlikely (but not impossible) that their conductivity was markedly different,

’\fg the probable cause of the differences was postulated to be due to age/size or rearing conditions.

L&
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2.7 Stream Bed: Conductivity and Substrate Type

As noted earlier, a very conductive streambed can “short-out” the anode and cathode. Localised
changes in conductivity can aso affect the efficiency during fishing (especidly if using dc) and thus
affect population estimate results.

Specific factors associated with substrate type include: \Q)\

Rocks — fish can hidee or not be seen even if affected. \(nl,
Mud/dlt — can dafect subsequent fishing due to reducing vishility. In
circumstances it can be highly conductive and can thus influence the catl

dc & pdc fishing. In these circumstances a floating cathode may be

Weed — Problems can occur with fish becoming entangled and thus notoeing drawn
from cover by the taxis effect of the current. $

Sammons & Bettoli (1999) found that catch rates (of black bass) varied d o different habitat uses
by different sizes and species of black bass and that specific habitats uted high variability to
overdl estimates of dengity i.e. fish capture was less condant in't tats.

were moderate to steep and bottom substrates were co of riprap or natura rock, or where
submerged Structure was evident. It is not clear howev, ether sampling was truly more effective
or whether these bottom types aggregated fish and Uvﬁﬂ increased catches.

Cunningham (1998) found that sampling (Flathead catfish) g ost effective where bank inclines

Vegetation can dso affect fish capture @mcies Dewey (1992) finding that whilst capture
efficiency in non vegetated, relaively ater was around 80% in vegetated turbid water it
dropped to 5%.

x<

2.8 Water Temperz';\§\é(z>

This will affect the Ivity of the water and thus the field produced from the electrode
configuration. It will fect the fish response to the field due both to the conductivity of the fish
dtering (see earlj\ due to physiologicd factors affecting the fish.

In cold T\ﬁsfish become immobilised more easily by dectric fidds, Lamarque (1967) stating

that th tability of nerves decreased with declining temperature. Both Justus (1994) and
Cunpingham (1998) found that sampling for flathead catfish was less effective at lower water

t atures. Behaviour at low temperatures may also prevent capture, Scruton & Gibson (1995)
idering that sdlmonid fishing should not take place below 7 C due to behavioura changes of

C'g Juvenile sdmonids at low temperatures (fish burrowing into subgtrate making them vulnerable to

&\(\ repeat shocking).

In warmer water fish will aso become more difficult to catch due to their higher activity capability;
Hayes & Baird (1994) finding that dectric fishing became less efficient a higher temperatures.
Differing fish species however will react differently and will dso have differing threshold values to
both cold and hot conditions.
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The welfare of the fish post capture will also be affected (see later)

In summary there is probably a temperature range over which fish react sufficiently to be caught by
electric fishing. When too cold, higher gradients or longer pulse lengths may improve capture rates
(Lamarque 1967). When too hat, fish welfare post capture will probably preclude fishing. Present
Environment Agency protocol suggests the best temperatures for fishing to be 10-15°C for
samonids and 10-20°C for cyprinids.

2.9 Fish Size (I/Q

There is a genera consensus among researchers that small fish are harder to catch than ish
(Snyder 1992). Krigtiansen (1997) found a significant difference in the recapture probabild een
smal and large sea trout and emphasised that size- sdlectivity should be taken into at:gans in electric
fishing. Borgstroem & Skada (1993) dso found that fish length and cat ’@ (with a pdc
backpack shocker) of both juvenile trout and salmon were positively correlat ow conductivity
stream. Some researchers have aso found that the voltage required to i5h is related to totd

head-to-tail voltages (Callins et al. 1954, Whaley et al. 1978). Lar (1990) however noted
that the response threshold for nerves has an upper limit of %m@y fects therefore should be
confined to fish below this length. Q

%,

Some researchers have stated that long fish needed a | g@ mpulse rate than short fish to induce
electrotaxis a the same potentid. Halband (1967) dat the reason for this was because big fish
have big muscles and these big muscles are unabl ax between pulses if the frequency is too

high. 6\0

The area of fry sampling is where it is @ﬁ/\/tedged that high fidd intengties are required. Gear
designed for fry sampling (e.g. Point ce Sampling (PAS) equipment) uses a smal anode in
order to achieve these high gradi e technique is very effective and Perrow et al. (1996) found
that when used for qualitative quantitetive stock assessment PAS showed severd digtinct
advantages over sandard d%»’c fishing within stop nets.

XN
2.10 Timeof D@b

Sgnificant difiq'é%ﬁ between day and night catch rates for arange of North American species have
been foun agamian 1989, Dumont & Dennis 1997). These findings have led to it becoming
ice for eectric fishing surveys to be carried out a night in the USA. In the UK,
dro-acoudtic surveys have adso reveded consderable differences between day-time and
Ime patterns of fish assemblage, it is not common for eectric fishing to be carried out a night.

gﬁa work on the implication on time of day of fishing should be carried out.

2.11 Fish Species

Some species are notorioudy difficult to capture and some very easy. To some extent these
differences may be atributable to the differences in conductivity noted above, but with some fish
other factors come into play. Factors such as behaviour when startled and habitat being used when
shocked will al influence capture efficiency. Eds are noted as a difficult species to catch and
Lambert (1994) noted that remova methods (for population estimation) could not be used 20% of
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the time. Benthic fish can dso be difficult to capture, their habit of burrowing into the river bed may
adso enable them to withstand higher voltage thresholds through the bed materia acting as a
conductive shield (smilar to a Faraday cage).

Injury rates can aso vary between species (possibly due to differences in body conductivity — see
above). In addition, susceptibility to negative impacts resulting from éectric fishing injury can aso
vary between species (Kocovsky et al. 1997). Sdmonids are widely reported as being very

studied more often is not certain (Snyder 1992). \(l/
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3. PRACTICAL CONSIDERATIONS
3.1 Generator size

The power required for any particular dectric fishing operation will depend upon the size, number
and position of the eectrodes, the voltage applied to the dectrodes, the waveform used and the

conductivity of the water. In generd, the higher the conductivity the higher the power of generator Q

required. Water depth and width will not influence power requirements (assuming the number
sze of anode remains the same).

In generd, generators used for dectric fishing are sngle-phase 230 V ac alternat %ey ae

normaly configured to have isolated outputs, i.e. the output voltage is not referen Earth or
the framework of the generator. Because of this, generators designated for usein fishing must
not be used for any other purposes.

4

Generator capacity should be specified in KVA athough some manuf s specify kW. The two
measurement units are related by Power Factor (see below), and o the specia case of Unity
Power Factor (i.e. where the power factor is 1.0) are they equivaent. It isimportant that the rating
of the generator is not exceeded to ensure reliable operation avoid damage to the generator.
%)

Normaly it is smply necessary to ensure that the gena@)r capacity is adequate to undertake the
fishing operation under congderation. In eectri ms, there is no disadvantage in usng a
generator thet is larger in capacity than required se the actua power supplied by the generator
in any Studion is determined purely by the ut voltage of the generator (congtant) and by the
gpplied load. In practical terms, how It is rormally desirable to use the smadlest adequate

generator so asto minimizethe sze an@/ ht of the equipment to be carried to the fishing location.

The minimum capacity of the &&or for any eectric fishing operation will depend upon three
factors. e

1 The w,\aissi pated in the water
2. erson efficency of the dectric fishing control box
3. \Th er factor of the control box.

The powedin the water can be determined by the product of the RM S voltage and the RM S current
betw e electrodes, because the water represents a purely resistive, linear, load.

Q converson efficiency of the dectric fishing control box will depend upon the design and
]

rcuit topology of the power converter. Power losses may, for example, be due to switching losses,
conduction losses, transformer losses, control circuit losses etc. A well-designed modern unit may be
expected to have a converson efficiency of up to 90%.

The Power Factor of the dectric fishing control box will depend upon the circuitry within the unit.
Adverse power factor occurs in ac - input power converters of the type used in dectric fishing
control boxes due to the non-linear nature of the rectifier/cgpacitor input circuit. This results in an
input current with a high harmonic content. These harmonic components do not contribute to the
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power since they do not have corresponding components in the input voltage waveform. It is
technically feasble to design circuitry with unity power factor with little detriment to converson
efficiency, however the added complexity would be likely to increase the cost of the power
converter by 50%. In practice, with currently available equipment, it may be anticipated that power
factor may be aslow as 0.6.

3.2 Water Clarity ,\Q)\’

If the water is turbid, fish will not be seen even if affected by the dectric field. Fishing techniqueoil/
help to mitigate the problems that poor vigihility brings. A dc or pdc waveform will attract th t
the anode. If the anode is therefore kept high in the water (within view) fish atracted to i be
visible and thus catchable. Smilarly if the anode is drawn from deep water towards th or, fish
are likdy to follow the anode and thus be caught (especidly if using a srongly attrastive current
type). In generd the dectrode should be visble and if quantitative sampling of all esisrequired,
the eectrode field should encompass the riverbed. If collecting benthic les however, the
streambed itself will need to be visible due to these fishes poor electrotaxic&p nse.

3.3 Water Depth $,\\
Pierce et al. (1985) found that at higher river stages, catch p@?lt effort was lower when sampling
shordline fish assemblages. They ascribe this difference to the fish being less abundant along
the shordline at higher river depths rather than the electr'é 1$Ning being less efficient.
Q
ning, present Environment Agency guidelines

For safety reasons associated with the risks (é b@v
recommend that the maximum depth of wat led is hip deep with the average being thigh depth.
Deeper water will require boat-mounted ment.

3.4 Operator Skill 6(5\'@

A illed dectric fishing te%\/ill catch more fish than an unskilled team, in addition the fish will
auffer fewer ill effectsfr e fishing. Fatigue in ateam however can lead to alessening in effidency;
sampling plans shoul account of this factor.

Silled operab(s'\?e aso able to “read” the river more clearly and thus judge where fish may be
found withifNthe reach. Hardin & Connor (1992) found sgnificant differences in number of fish
caught ze compostion between different crews manning a boom-boat. They aso considered
that er familiarity of the Steled to increased yidd by a particular crew.

@ lled operators can dso enable techniques to be used that cut down the effort required to gain
\('g information on species. Twedt et al. (1992) compared results obtained from sdective netting of
&\(\ largemouth bass compared with tota netting of dl fish. No sgnificant differences in indices of
population structure (proportional stock dengity, relative stock density and young-adult ratio) could

be found between the two techniques.
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3.5 Manpower requirements

Numbers of personne needed for dectric fishing vary depending on stream width. Most sampling on

amdl to medium rivers however can be carried out with three operators (one anode, one net and one

generator). Whilst some types of net and trap systems only require one or two people, generdly

fishing using techniques other than dectric fishing requires grester numbers than this. Electric fishing is \.
aso an efficient method of sampling in terms of catch per unit effort with Pugh & Schramm (1998) ,\Q)
finding that catch per unit effort can be higher for dectric fishing than for other forms of sampling. (19

3.6 Equipment Design /\\
O

Notwithstanding the above regarding operator skill, even experienced operators will strugg%qf using
poorly designed equipment. As noted above, the ergonomics of the anode des make a
difference to the ease of use and thus increase the likelihood of fish capture. $

3.7 Nove Equipment &(b

Various designs of equipment have been made over the years. So hese have gone into genera
use (e.g. point sampling equipment) and someisrarely used. In in this latter category are such
designs as diver operated dectric fishing gear (James et al. &One design that has been utilised
in only a limited manner in the UK is the prepositionq&vﬁpment described by Fisher & Brown
(1993) and Baras (1995). These PPAS's (Pre-Pqdtioned Area Shockers) sample in discrete
habitats without the fright bias of conventiond @ are normaly powered by ac in order that
fish are immobilised insitu (no eectrotaxis) and,usa.high voltage gradients.

3.8  Number of Fish Present @Q

<
When sampling for population e \l'on it is important to get a sample of fish large enough to fulfil
the requirements of the Statist ragpolations performed in the population estimation calculations.

In generd terms a popula{on’ of 150 should be regarded as a minimum with 250-300 being
preferable. An adequat gth of river, idedly one that encompasses in proportion al the habitat

types present, should be fished.
When using depletion estimates (e.g. De Lury or Zippin €c.) it is important to redise that
efficency ture will vary both between sites and between times & the same Ste. The fact that a
given Ine/electrode configuration has fished a 70% efficiency in a particular Ste does not mean
that it Will not fish a 15% efficiency at the same Ste aweek later or in adifferent Site later on. One of
incipd reasons for this is the figh's reection to successive dectric fishing; fish becoming
émcreesi ngly ether resstant to, or more able to evade, capture. It follows that successive eectric
& fisings, which are equal in every controllable parameter, are in fact not entirdly equal in effect. For

&‘(\ thisreason it isimportant to accept that population estimates are “estimates’ and not absolutes.

Regarding the practicd problems associated with fish capture, so caled “net saturation” can affect

both the physica number of fish caught and the welfare of the fish being caught. Encountering a shod
of fish or encountering fish aggregated a the top stop net by the fishing operation normaly causes
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this saturation. In such situationsit is advisable to retreat downstream away from the shod of fish and
re-ascend at a much dower rate.

Subjecting fish to repeat shocks by repested netting of fish from the eectric fiedd whilst the net has
fishin it should be avoided. A system whereby nets can be quickly emptied into holding bins or full
nets swapped for empty ones should be ingtigated. @0

Q’\
Although in certain circumstances stop nets are essentia to determine accurate population ag"

they are not dways necessary. If in apool and riffle type stream the start and finish of ar% be
made to coincide with ariffle then nets may not be necessary. If the cathode is pl R
riffle then the dectrica barrier so formed should inhibit fish movement over theriffle

3.9 Stop Nets

Upper
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4. QUESTIONNAIRE FINDINGS

The Environment Agency comprises 8 Regions, which in turn are divided into Areas. At least one
representative of the fisheries function from each of the 26 Areas was selected as a contact person

for the purpose of this review. The contacts were nominated on the basis that they were familiar with

the theory and experienced in the practice of eectric fishing. Q)\‘
In total 28 contacts were involved in interviews on the subject of dectric fishing. It was felt that f Q'\
to-face meetings would prove more productive, in encouraging the flow of information and dr. alchgl/
from individuds knowledge and experience, than smply requesting those contacts to con‘%&
questionnaire remotely. In the mgority of cases the interviews were carried out on a ~one
basis but on a number of occasions the Area requested that two or more Fisheries r atives
were present to answer the questions. Q

The 28 contacts were questioned on various aspects of dectric fishing indydidg the types of river
they survey, the range of equipment they use and how they use it, plus a sghi€s of questions on post-
capture treatment of fish. Information from each interview was recor N a questionnaire by the
interviewer. It was consdered opportune to collect information ol ange of aspects of current
Agency practice a the same time, each questionnaire compnsed ver' 70 questions.

Only those results, however, that feed directly thé@development of Best Practice are
presented in the following sections of this report. S

41 Results 6‘0(0

The 28 fisheries contacts that were inte@ for this review had a totd of 374 years of practical
experience of dectric fishing betw . It must be noted throughout the presentation of results
that a respondent may be speski behalf of a single team, two teams or more than two teams.
Reaults have been expressed or inantly in terms of number of respondents to whom the result
applies not the percentage oéh&s the response is gpplicable,

For the purposes of t@%cument the terms electrode, anode and probe are interchangeable.
Theresults casqg/lded into the following sections:

S&th{@inlectnc fishing techniques and Site variables
Electric fishing equipment and how it is used

n C Post-capture fish handling
ion D — An overview of dectric fishing

&
N
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4.1.1  Section A —Electric fishing techniques and sSite variables

Question 7—What arethe major uses of eectric fishing equipment?

Question 7: Major uses of electric fishing equipment

to kill fish for gill study

crayfish capture

amphibian removal

EF demos

HUI_II_II_I

conservation studies

broodstock coarse $<~

broodstock salmonid |
| @

calibration

routine survey

|
f I i | | | . %\
ry sampling &
- | | RN
impact assessment ) |
. | | [ O\ \ |
fish removal [P\ |
1 | | e \ |
I ]
5

6 15 2IO 2I5 30

10
\@%ber of respondents
A

\ )

As expected all teams use dectric fi%r@'as a technique for carrying out riverine fish population
surveys predominantly for the Ageng outine monitoring programme. All teams use eectric fishing

as amethod of fish removal. Thig\ collection of hedth samples (for the Agency’s Section 30
consenting procedure), samples~tor research by internal and externa groups, fisheries stock
management for angling, cltks and emergency fish rescues following pollution, during periods of
drought, as a result of blooms, and so0 on. Twenty-seven of the 28 respondents Stated that
electric fishing was & in impact assessment studies for a wide range of purposes. These included
provison of dafa\qﬁ Locd Authority Planning consultations, Agency Water Resources initiatives,
Agency H efence schemes, habitat enhancement projects and post-pollution assessments.
Sixteen regayiidents stated that their teams carried out specific sampling of fry using eectric fishing.
ndents carried out cdibration studies using eectric fishing. These included assessment of
fidencies for dectric fishing plus multi-method comparisons. Thirteen respondents use
ic fishing for the collection of broodstock fish. Other responses to this question included the use
%Qf electric fishing to catch crayfish and amphibians.
\S
L&

R&D TECHNICAL REPORT W2-054/TR 53



bo need to see riverbed

Question 13 — How does turbidity affect dectric fishing?

Question 13a: Ranges of turbidity in rivers

rapid changes in turbidity ||

turbid with algal blooms

mostly turbid

v

some sections peat stained %\
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|
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This graph shows the most common responses were thag‘s are generdly clear (18 respondents)
but become turbid after heavy or prolonged rain (1. ndents). Only 2 respondents said their
rivers were mostly turbid. Four respondents & at vighility was reduced in peat stained
catchments and 2 respondents said that thelr become turbid during dga blooms. One team
uses Agency flow measurements to predict {(@ty prior to arranging a survey.

>

Question 13b'\&bility required for electric fishing

visibility required varies ishing purpose
at optimum turbidity
@QEF in extreme turbidity

‘\% need to see couple of feet

visibility ed varies with efficiency of fishing

®® need to see most of way down

need to see probe / fish

(_) visibility required varies with species & size

visibility required varies with depth
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3 4 5 6 7 8 9
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When asked what degree of vighility teams require for dectric fishing surveys, 8 repondents stated
that vishility required varies with the depth of the Site and 7 respondents said their teams need to be
able to see the riverbed for mogt of the Ste. Five respondents said that vigbility required would
depend on the species and size of fish present at the Ste. However there was some disagreement
between teams on what vishility is required for different species, szes and depths. For example,
responses included that you need to see the riverbed for shalow salmonid surveys (2 respondents),
you don't need perfect clarity for sdmonids (2 respondents), that if a Ste is shallow you can dectric

fish it when turbid (1 respondent) and you need to see the riverbed for shalow sites (1 respondent). Q

Other responses included the requirement to see the probe and the fish in the water, to see Bf
the way through the water column and to see a couple of feet down. It was dso noted S
wouldn't fish in extremely turbid water and would try to fish a the optimum visbility for

if a dte does normaly run dear, a team is unlikdy to fish it when it is moderately t&pg\d
some gites are dways turbid and have to be fished under these conditions. It w
that, Snce turbidity follows rainfdl, increased flows may prevent teams from
optimd vighility. Two find points were that vighility required varies with effig
fishing purpose. In other words if a dte is easy to fish then a drop |rk\v
cach efficiencies and reasonable population estimates, wheress a g

of fishing and with

ty may ill give good
ich is difficult to fish in

optimum conditions would not be worth attempting when turbid. With repect to fishing purpose, if a
Ste was turbid then a survey may not be attempted, for exam%but it may be worth carrying out a
fish rescue. ‘QQ)
,06
x<
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Questions 14 and 15 — In what range of conductivity do you dectric fish?

Of the 28 people interviewed, 14 said they do measure conductivity before eectric fishing with 13 of
them aso recording the conductivity at eectric fishing Sites. In addition, some respondents stated that
they no longer measure or record conductivity because they have a reasonable idea of the
conductivities of their Stes through years of experience. A further comment was that, although some .
don't take conductivity readings themselves, they can get information on conductivity from routine Q)\
water quaity samples taken by colleagues. Nine respondents did not know what conductivities they Q'\
fished in but some could say that they were generdly high, low or extremely variable. Only th
teams fish waters that are greater than 2000 nS™. Q/\

o\

Question 15: Ranges of conductivity experienced by a selection‘('{\

teams in different Regions
L
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This graph disol%the ranges of conductivity for eectric fishing for 19 respondents across dl
Agency Regi gency detric fishing is carried out in conductivities as low as 10 nscm™ and as
high as nScm®. From the information provided, teams in Anglian and Midlands Regions
experi@t e greatest ranges in conductivity.
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Question 16 — Do water temperaturesrestrict eectric fishing?

Question 16: Does temperature restrict electric fishing ?

avoid very low temps

temp only restricts EF when can't break the ice ! (1/

difficult to catch fish at low temps

rivers run cool all year

avoid very high temps

¥

don't EF in coldest months
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|
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K
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o ||
don't attempt to EF over critical temp (16-23C) m‘o)v ‘ | |
other Co

ot — o [ ]
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Six respondents stated that their t ould not attempt to electric fish if temperatures exceeded a
maximum figure; maximum t res ranging from 16°C to 23 °C were given. One respondent

qudified his limit of 23°C sSgatlng that he had dectric fished at this temperature without problems
but had experienced squggi ng in rivers a 25 °C. Five respondents said that the coldest months
are sected for surve@b avoid the risks of dectric fishing in high temperatures. Four respondents
sad that they select the’'warmer months for dectric fishing surveys to avoid low water temperatures
when fish are dugGith and catch efficiency fals and to avoid spawning sessons. There was no link
between sel@n of survey season and type of fishery (i.e. sdmonid or coarse dominant). Four
respond d that whilst in theory temperature may prevent an eectric fishing survey, in practice it
has appened. Two respondents Stated that temperature wouldn't prevent their teams from
att Ing to eectric fish but a survey may have to be abandoned if fish were becoming stressed.
qfﬁee respondents said they would avoid very high temperatures and one of these would also avoid
ery low temperatures. Two respondents have found it difficult to catch fish a low temperatures
\Q\% whereas 2 others specificaly stated that they would not put a lower temperature limit on dectric
fishing. Responses from 7 people were grouped into a category labelled “other’, which comprised
incidenta comments. Overdl, Agency teams avoid dectric fishing a extremes of temperature but
there appears to be more concern for fishing a very high temperatures than at very low
temperatures.
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Question 17 — How does eectric fishing vary with depth?

Question 17: How does electric fishing vary with depth ?
width more significant than depth []
all routine sites are shallow []
larger generator at deeper sites []
shallow sites selected wherever possible < /\
boat used whenever possible qb\‘
other \5
control box settings altered with depth [ ] ) go
i N
change from battery to generator at deeper sites | @
] | A
boat used at deeper sites (@ |
] ] "\‘7 ]
*
0 5 10 2\%’ 20 25
number&@ondents
P9

The most common response to a change in depth is to\@y the configuration of equipment used.

Twenty-two respondents would use a boat at Sit: were too deep to wade and 2 respondents
use a boat whenever possible. The use of a ay be to carry the generator and control box
whilst personnel wade with the electrodes, carry equipment and personnd, in other words

dectric fishing with a boat or eectric fispé\from a boat. Nine respondents would change from
battery-powered backpack equipmeni-to ‘generator-powered equipment as water depth increased.
One person responded that a lar erator would be used at deeper sites. Four respondents
would dater control box settin lepth changed. This included increasing the power, switching
from ac to dc and switchi rgij(om smooth dc to pulsed dc as depth increased. Further responses
included that shdlow s e sdected whenever possible, dl routine Stes are shalow and that
width is more sgnifi depth in influencing dectric fishing. Incidenta comments were grouped
under thetitleof“?tgh .
N
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Question 18 — What width of river would you survey using different number s of electrodes?

It should be noted that only 23 respondents use backpack dectric fishing equipment, dl 28 use one
and two electrode configurations, 4 use three-eectrode kits (Anglian and Thames), 4 use four-
eectrode kits (Anglian, Midlands, North East and Thames) and 3 use five dectrodes together
(Thames Region). Generdly the four and five eectrode kits are used much less often than the others
due to the manpower requirement for operation.

The graph above shows the maximum and um river widths that teems survey using different
configurations of dectric fishing equipm t indicates vast differences in eectric fishing practice
across the Agency. The smalest r of river width, and the least variability, were for three-
electrode and five-dectrode fish'g%S m max and 15-30 m max respectively). Only 2 Regions,
fishing in predominantly coar, rivers, use this configuration. The range of widths for the four-
electrode kits is greater (b§«:—m 12 m and 40 m maximum width) as this is used by 4 different
Regions, dl of which aigifishing in predominantly coarse fish rivers. The enormous differences in
maximum ste width@ﬁ remaning configurations can be explained in part by the differences in
types of river, types or fishery and types of survey. For example, respondents who stated that their
teams would ge'a pack in a 75 m wide river may be carrying out a timed juvenile sdlmonid
urvey on '€E$ e, dong one bank of a large channd. Whereas teams that would change from one
electm@gkm electrodes at Steswider than 2 m will be fishing the full width of the channd.
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Question 19 — How do teams survey wider sites?

How do teams survey wide sites
Question 19
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Since teams (?uaxlmum width limits on the use of standard dectric fishing configurations, the
question of teems survey Stes wider than these limits was asked. A wide variety of differing
techniq e |dent|f|ed with some being specific for certain purposes e.g. juvenile sdmon survey.
R comprised techniques for dectric fishing plus other fishing methods, the most commonly
li WhICh (29 respondents) was hydroacoustics. Twenty respondents confirmed that their teams

e in a zigzag peattern dong a survey Ste when it is wider than the reach of the dectrodes. This
Zigzag pattern is also used by 18 respondents when dectric fishing from aboat. Variationsin the way
this zig- zag fishing can be carried out are discussed in the section on applying the practice of eectric
fishing. The next most common dectric fishing techniques used were to lane the river off into two or
more lanes (11 respondents), to carry out catch per unit effort sampling (11 respondents) and to
carry out boom boat fishing (11 respondents). Novel equipment included Windermere perch traps,
an eectric trammel net, (used to collect brood-stock) and banner nets, for use when dectric fishing
in high flows Five respondents described their technique of sweeping the eectrode from upstream to
downstream to draw fish into a hand-net, repeating this across the width of the channd, bank to
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bank in an upstream direction (see results for Question 28). This method was carried out exclusvely
by teams surveying in samonid rivers. Respondents described a number of other ectric fishing
techniques. Other fishing methods included fyke netting, saine netting and trawling.

Question 23 —How do you initially decide what control box settingsto use?

This question referred to the sdlection of settings on the control box when the equipment is first
switched on at a Site.

A\

Q)\’
Q’\

&
~N

\
Question 23: Criteria used to decide initial control box settinngD\Q
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The mogt N response (26 respondents) was that the ‘ set power’ dia was altered to achieve a
standard (as displayed on the pulse box did). This standard ranged from 0.2 ampsto 7 amps
acr cy teams fishing in a range of conductivities. A number of respondents also stated that

theriitid settings varied according to conductivity, target species and Sze, Site depth and turbidity.

Q? Specific details were provided here on how the settings were dtered with these Site variables,
cept one respondent stating that 50 Hz is selected in shalow water. One team fishing with Intelisys
equipment has a series of pre-sat programmes for different conductivities. Two respondents increase
voltage with increasing conductivity, one respondent assesses turbidity to predict conductivity and 1

respondent said that frequency is determined by conductivity, target fish and dte depth. Four

respondents noted generator sound to indicate power output. Five respondents said that their teams
always test and adjudt the initid settings outside the survey ste before commencing the survey. Two

respondents said that initid settings were aways low and thus were only ever increased. Frequency
and current type are consdered in more detail in Questions 32 and 36.
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Question 26 — In which direction do you wade?

Question 26: Direction of wading electric fishing

u/s and d/s in same run or

N

d/s \<
O
.{'\\\
u/s A$~
a}(()‘
10 15 \@.
Number of res@ts

All teams wade upstream when dectric fishing but only 19 ra@ﬁents sad their teams dways wade
upstream, plus 7 respondents stating that teams wade @Hﬁ most of the time. Six responderts
stated that teams wade downstream on some occasigas &rid 6 respondents stated that on occasion
their teams wade both upstream and downstream in e fishing run or the same survey. Various
reasons were given for the variations in wi irwlrection. Sdection may be based on subdtrate,
current type, access or whether a survey S guantitative or semi-quantitative. Wading in both
directions may be to improve catch effici%? or to cover wide stes by wading up one bank, down
the middle of the ste and back he other bank. One respondent said their teams wade

Direction

downstream in heavy Ranuncul S (to avoid cable tangles) and another said that broodstock
collectioniscarried out in a eam direction.
O
S
GJO
N
N
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Question 28 — Do you move the electrodes whilst electric fishing?

This question was to identify whether operators move dectrodes around in the water whilst fishing or
if they hold them in agtatic pogtion.

Question 28: Summary of how electrodes are moved during
electric fishing
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Twenty-five of the 28 respondents said that operatorsg:%the electrodes up and down in the water
to draw fish from pools. This was adso done t @iN fish from margins, weed, tree roots and
undercut banks. Twenty-three responderﬁ at operators sweep the eectrodes from side to

Sde to optimise coverage, to cover differ itats and features and to catch fish in variable flows.
Seven respondents described how they upstream to downstream across the channd (only 5
respondents referred to this techniq lier when discussng wide stes in Question 19). One of
these also said that the operator: the electrodes from side to side in large open pools and
draw fish upwards in deep tog{e| [None of the respondents indicated that €lectrodes are held in a
static position whilst wading(@ &ectric fishing from aboet ]
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4.1.2  Section B — Electric fishing equipment and how it isused
Question 29 — What deter minesthe selection of a generator?
This question was to establish the criteria used to sdect which generator should be used for an

electric fishing operation. The mgority of Fsheries teams have a number of eectric fishing generators .
of different power outputs and awide range spread of reasons were given for the range held. '\\

N
\K

Question 29: What determines generator selection ? \Q

largest generator used for smooth d.c. (\

selection varies between teams

some generators used as back-up only

access

|
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Eight respondents stated that dl enerators were of the same or smilar power output and
therefore interchangeable. Sev ndents use a standard sized generator most of the time. Eight
respondents said that gengt@tor selection was based on the depth and width of the gte,
7 respondents based seleqi on conductivity of the Ste and 3 respondents based sdlection on
accessto the Ste. Sorgiﬁpondents dtated that a combination of the Site variables mentioned would
determine selection. berger (greater power output) generators were used at deeper, wider Sites and
a sites of higher uctivity. Smaller (lower power output) generators were used if accessto asite
was poor an@ui pment had to be transported long distances or over difficult terrain. In addition, 4
respond ould select the lightest and quietest generator that would provide sufficient power for
the steligted. One respondent noted that they use their largest generator when fishing with smooth
dc Section 3.1 for factors that should influence generator sdlection.
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Question 32 — What frequencies do you fish at?

The contacts were asked to list details of each different type of control box currently in use by their
teams (excluding backpack equipment, which was dedt with in a previous R&D project WA3). In
total 65 boxes were listed, of which 56 were Electracatch, 6 Millstream, 2 Intelisys and 1 Trent

River Board. (Note - this ligt is dready out of date as a number of teams have purchased new .
equipment since the interviews were conducted). This question was to establish what frequencies '\@
(cycles per second, measured in Hertz) teams were setting their control boxes at and when. (19

A

L
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Of the 65 control boxes considered 60 had 50 Hz available, 58 had 100 Hz available, and 1 had 40
Hz available. One Electracatch high frequency box had a sdlection of frequencies between 5 and 800
Hz and the two Intdisys boxes ranged from 2-600 Hz and from 10-400 Hz. Information on

frequency available was not given for one of the boxes.

Of the 60 control boxes, 51were used at 50 Hz , 48 of the 58 boxes were used at 100 Hz, one box

was used at 400 Hz and 2 boxes were used a 600 Hz. Information on frequencies used was not

provided for 12 of the boxes.

.Cb

Question 32b: When is each frequency used ?

50 Hz used at high conductivity sites

600 Hz used for point abundance/small fish
400Hz used always

40 Hz used at small coarse sites

50/100 Hz whichever is catching best

100 Hz used at large/deep sites

100 Hz used at low conductivity sites

50 Hz used for coarsefish

50 Hz used at small/shallow sites

100 Hz used for salmonids/e€l

50 Hz used for trout/grayling/sal mog&é{
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\\% other
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Responses to the question of when different frequencies are sdlected indicate some differences of
opinion between teams. The most common responses to this question were that 50 Hz is used as a
standard frequency most of the time (11 respondents) and 100 Hz is used if fish are not being caught
effectively a 50 Hz (10 respondents). However 4 respondents said that their teams use 100 Hz as
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standard, most of the time. Mogt, but not dl of the teams that use 50 Hz as sandard are fishing in

high conductivity areas for coarse fish. Those who fish a 100 Hz as sandard are generaly fishing in

mid to low conductivities with a mixture of coarse and samonid Stes. Some of the criteria used to

select frequency are species, conductivity, depth and width. Three respondents choose 100 Hz for

coarse fish but 2 respondents choose 50 Hz for coarse fish. Three respondents fish a 50 Hz for

trout, grayling and samonid par. Three respondents fish a 100 Hz for sdmonids and ed. .
Respondents who discussed Site variables stated that |ower frequencies should be used for small, @
shdlow stes and that 100 Hz should be used for large deep Stes. However some respondents Q'\
suggested that 50 Hz should be used at high conductivities and 100Hz a low conductivities. T'

respondents noted that 100 Hz may have to be used at low conductivities if a reasonable ciir

could not be achieved at 50 Hz. Of the 2 teams that have high frequency control boxes ays

fishes a the maximum frequency of 400 Hz and the other uses a high frequency of 600 point
abundance sampling and targeting small fish. 6 responses were grouped under ‘ other’ .
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Question 36 — What types of eectrical current do you fish with?

Of the 65 control boxes considered dl 65 had pulsed dc (pulsed direct current) as an option, 21
boxes had smooth dc (smooth direct current) as an option and only 15 of the boxes had ac

(alternating current) as an option.

Question 36a: Type of current used with each control
box (total 65 boxes)

4
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Pulsed dc is used with 63 of the 65 boxmth dc is used with 11 of the 21 boxes that have it

and ac is used with 9 of the 15 boxes th

not provided. <O
o
5\
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Question 36b: When is each current type used ?

smooth d.c. preferred

a.c. not used - too damaging

other
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selection based on depth/width/habitat

selection based on capture efficiency
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From the responses given, s 6&5! current type may be based on a range of criteria such as

e£&onductlwty (and hence power efficiency may be critica) or fish
welfare. The majority of regoyndents (23 of the 28) stated that pulsed dc is used as standard, most
ever the other responses given indicate some anomdies in the criteria
type. Whilgt 2 respondents said their teams use ac most of the time and
2 use it occasiongily, one respondent noted that ac is never used because it istoo damaging to fish.
' ndent stated that smooth dc was the preferred type of current, 2 respondents said
ed usng smooth dc but it was not effective and one respondent thought that smooth
damaging to fish than pulsed dc so did not use it. Comments aso included that smooth
at juvenile salmonid sites, pulsed dc is used for adult trout and is good for ed, that ac is
in deep, wide rivers, pulsed dc is used in deeper water and smooth dc is used on shdlow
ons. It was aso noted that smooth dc uses too much power and is not used in high conductivity

@ water. One respondent stated that smooth dc gives the operator good control of fish with fast

,Q(\
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recovery and another stated that pulsed dc pulls and holds fish more effectively than smooth dc.
Incidental comments were grouped under ‘ other’ .



Question 43 —What size anode rings do you use?

Information was collected from each team on the diameter of each Sze of hand-held anode ring that
is currertly in use with non-backpack eectric fishing equipmen.

Question 43: Ranges of anode ring size used in different
Regions
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Thisgraph d%ys the range of anode diameters used in each Region. Eight respondents said thet all
anoderin by their team(s) were the same diameter but 20 respondents gave arange of anode
Szes The smallest anode ring used is 10 cm externd diameter and the largest is 60 cm externa

di with anumber of different Szesin between. Smal rings are presumable used for fry surveys
0§ ~apart from those there doesn’t appear to be any correlation between anode diameter and
Gegi on, conductivity or type of fishery.
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Question 46 — How do you decide which size of anodering to use?

Question 46: Selection criteria for anode ring size
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Seventeen respondents said that a standard ring size wi most of the time, 6 respondents stated
that selection was based on depth and width, 3 respondeni's based sdlection on conductivity and 2
respondents based selection on species and size. R dents agreed that larger anode rings should
be used in degp and wide rivers and smdler rih@used a shdlow and narrow sites. One person
noted that a very smadl anode ring is used if ater is very shdlow to enable the grestest possble
proportion of the ring to be submerged. respondent stated that a smdler anode ring is used for
sdmonids whils a larger ring is coarse fish. This is because the coarse fish are generdly in
higher conductivity water theri%e is a higher output from the control box thus alarger anode
ring is used to minimise d the fish. Respondents who specified conductivity as a primary
sdection criterion did not %on which sze to use for what conductivity (hence they are displayed
separately on the graph) w6 respondents () would use a smaller ring for high conductivity water,
to avoid tripping the | box, and 1 respondent (b) would use a larger ring for high conductivity
water on the bag sh welfare. It should be noted, however that this disagreement does not take
into account @ ring sizes or conductivities being referred to. In fact the first 2 respondents (@)
have a larged Size range of larger diameter anode rings and are fishing in much higher conductivity
water th@ eindividua respondent (b). The 2 respondents (&) would consider 300 nscm* water to
be | nductivity whereas the individua respondent (b) would congder it to be high conductivity

\e§q. ne of the respondents (a) aso stated that the largest possible ring size is dway's used.

WO respondents said that anode selection was random and 1 respondent stated that it was down to
operator preference. Three respondents said that the deciding factor was the length of cable wired to
the anode (i.e. for long lead wading or short lead fishing from a boat) and one of these dso said that
two different Sized anode rings may be used smultaneoudly.

Overdl response to this question indicated that some improvement in practice may be required.

4.1.3  Section C — Post-capture fish handling
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Question 49 — How often are fish subjected to repeat shocks?

This question gauged the frequency of repeet dectric shock to fish during wading dectric fishing
through scooping of hand-netsin and out of the water whilst catching fish or sweeping the eectrode
over the same fish repeatedly.

Question 49: How often are fish subjected to repeat (1/
shocks when wading ? /\\
O
O
always \
> often @\SQ
Q) i 4
g P\\
i occasionally
never
— o?#
0 5 10 1 25 30
Number oﬁ:yspondents
A\
The mgority of respondents (24) edi that repeat shocks occurred occasondly, with

2 respondents saying often and 2 sayi n@hat it never happens. Severd respondents stated that

operators try to minimise the occur but it was generdly agreed that it usudly happens when a
shod of fish are in the dectric fi r example when fishing a pool, and operators have to pick up
lots of fish together. It Was suggested that it happens more often at coarse fish Stes than
sdmonid Stesdue to gerg;@hlgher dengties of fish. When fishing in weedy Stes, or where benthic
species get trapped un% bbles and between stones, fish can be missed and suffer repeat shocks.
A number of respondgis described how they switch off the dead-man switch and drop back afew
paces to mi nlrmﬁjhe effect. Some respondents, who use an upstream to downstream Sweeping

technlqua the technique helps to prevent repesat shocks. Some respondents felt that this
was an i had a minor impact on fish wefare but others fdt that highlighting the potentid for
repeat smay be useful for new Starters, inexperienced staff and certain individuas who are less
aw, the problem.
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Question 50 — How often arefish held out of water for more than a few seconds?

This question estimated how often fish are held in hand-nets, out of water for an extended period of
time (i.e. more than afew seconds) before being transferred to abin or a bucket.

Question 50: How often are fish held out of the water
for more than a few seconds ?

always
y \

often

)

O

Frequency
y
: :'@

occasionally

never | $‘\\'Q

0 5 10 20 25

Number of r@&hdents

©

Twenty-one respondents estimated that thi ﬁ@ened occasondly (of which 7 noted that it
happened rardly), whilst 2 respondents saig and 5 stated that it never happens. The most
r

common reason for holding fish out of was when the netter had seen another (or other) fish
nearby and was waiting until it was wighirt reach to pick it up. Severa respondents stated that they

would rather hold a fish out of in the eectric fidd. Fish may aso be held out of water if
@of the netter. Other comments included thet it hgppens more

the bin or bucket is not withj
often with smdl fish, that oéﬂors try to minimise its occurrence and that it is a bad habit of certain
individuas. It was noteddhal’1t never happens when using the upstream to downstream swesping
technique snce the %ode IS swept down to the hand-net in one movement then fish are
transferred strai gh%o in or bucket.

N
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Question 52 — Are edl separated during dectric fishing?

This question was not included on the origind questionnaire but was suggested as an important point
to investigate, with respect to fish wefare, during one of the interviews When ed are hdd in a
container of water with other fish species, the mucus they exude can be damaging to the other fish.

Even a gngle large ed can cause mortdity of other fish if they are hed together in unfavourable .
conditions. Thus the question was asked of dl remaining interviewees. '\Q)\
Question 52: Are eel separated during electric fishing ? /\\(1'
\ _d
N

don't catch many eel | \’\%‘
(S
AN

large specimens separated

eel only separated if catching large numbers

~7

i d
eel not separated é

eel only separated after fishing/during processing

don't routinely retain eel |
eel separated into (dry/damp) bin or bucket fooud
no response .

P o | | \ \ |

T ‘olv T T T T T T
0 \JQ 2 3 4 5 6 7 8 9 10

(\6 Number of respondents
o

Nine respondents were not asked estion so responses shown came from 21 respondents. Of

the 21, Sx respondents asked, st hat edl are separated into a dry or damp edl bin during fishing
(i.e. when caught they are fransferred into a separate container). Five respondents said that their
teams don't routinely ret@ during surveys and 4 respondents do not separate ed until after
fishing (or during pr 0). Three respondents do not separate edl. Other responses were that egl
are only separated.if l&'ge numbers are caught, that only large specimens are separated and that few

ed areever cq@st
'\
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Question 53 — What type of container isused to hold fish during dectric fishing?

During an dectric fishing survey fish may be held for variable lengths of time before being processed
(counted/measured/recorded) and returned to the water. This question identifies the types of
container used by teams to hold the fish.

Question 53: Types of containers used to hold fish during electric

fishing surveys Q
AV

N
keep net :| cb\
submerged container :l \
2 survey trailer $
3 i .K@
c
Q fish transporter / transportation tanks é’
O | . \'\Q
. N
floating cage-net | J
free-standing container A@ ¥ |
| 4 - |
0 5 1 15 20 25 30
&umber of respondents

AN

o
It is gpparent from the graph that some t& have more than one type of container they use to hold
fish depending on the nature of the\[@e, the numbers and species of fish caught and the water
temperature. Twenty-four res)&n S sad that they use free-danding containers of various
descriptions and dimensions. Nine’respondents described the floating cage nets that their teams use
and 4 respondents said that& trangportation tanks are taken to Ste on vehicles or trallers. Three
respondents use a wrv%%a’ler, which provides a covered area to hold and process fish, with large
plastic bins and an in@yrd oxygen supply. Two respondents said their teams have containers, which
arefully or partial§zsubmerged in the river, described as fish boxes. The fish boxes are of rigid mesh
design with d generaly used a shdlow samonid stes. One respondent said that teams in the
aeause k&g’s to hold fish during surveys. Numerous comments were made as to the positioning
of co S. These included that containers should be placed in shade or in the river when possible
to @ them cool in hot weather and that floating cages should be positioned severa metres
ents varied from 5 to >30 m) outside the Site. One respondent noted that the cages should be
Gos’tioned in flowing water to ensure a good oxygen supply to the recovering fish and 3 respondents
\% noted that they should be podtioned in dack water to ensure recovering fish do not get trapped

&‘(\ againg the cagewall.
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Question 57 — How often is dissolved oxygen measured in the fish containers?

Question 57: How often is dissolved oxygen measured in the

fish containers ?

always

sometimes

Frequency

never

N\
S

&
7

P

Q‘t

Y
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Number of respondents$
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Of the 28 respondents, 25 said that dissolved oxygen isx?@' mesasured in the fish containers and 3

respondents said that it is sometimes measured. So
measure dissolved oxygen in floating cages.

Question 58 — Arethefish containers a(@j?

\be

>

Question 58: Is%&ion applied to the fish containers ?

BN
none ‘\U
5 N
g B O
N
e
O | - rr r |

6 8 10 12

Number of respondents

14

16

18

m@'n Ividuas noted that it was unnecessary to

In this question aeration is taken to mean air or oxygen supplementation. Seventeen respondents
dated that their teams apply oxygen to the containers of fish and 11 respondents apply air to the
containers (7 of these 21 respondents have facility for both air and oxygen). Seven respondents said
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that neither air nor oxygen is applied to the containers by their teams. Again it was noted by some

that it is unnecessary to apply aeration to afloating cage net.
Question 59 — When is aeration applied to the fish containers?

Question 59: How often is aeration applied to the fish

containers ? d
o)
| | | Q\

always /\
N

>
(&)
&
S density dependent
o
)
T N
L. E §<>

seasonal/temperature

dependent (‘%
T T T T N A\
0 2 4 6 8 W\ 10 12 14
Number of respo nts
%)

Of the 21 respondents who do apply air or oxygen to@r fish containers, 8 respondents aways
apply ar or oxygen but 13 said it was dependent o variables. One respondent stated that it was
seasond or temperature dependent and one Sat it was dependent on the number of fish in the
container. Eleven respondents said that the @son to aerate the containers was based on both
temperature and fish densty. No specific es on temperature or numbers of fish were provided

and it was assumed that judgements ar on experience.

\
>
,\6
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Question 61 — How do you decide that your fish container hasreached capacity?

During an dectric fishing operation fish are tranferred into a container of water where they are held
for variable periods of time before being returned to the river. This question tries to identify how
operators reach the decison that the container cannot safely hold anymore fish without detriment to
thefish. \‘
By far the most common response to this question, from 26 of the 28 respondents was that Q'\
operators use their experience to make a judgement on when the container is at its fishhold'r@/

capacity. \Q’\

O-
y\'U'
Question 61: How do you decide when your fish container héK
reached its capacity for fish ? §

large capacity containers - not an issue [ | &0
judgement based on whether survey or rescue -:| o\
other :| $
- Q
varies with species, size & watertemp [ | Q)@

condition & behaviour of fish Q

proximity of fish / swimming space

by eye / common sense

SLE
/)O’

use experience to make judgement " ‘ I I ‘ I

6&6 0 é lIO 1I5 2IO 2I5 30

5\ Number of respondents

3

Various other co 85 were made to try to explain some of the factors involved in making that
judgement. Fwe'?glondents commented that they look for the proximity of the fish to each other, or
the swi m% a/ailable to the fish. Five noted that they would look & the condition and
the fish and experience, again, is used to judge whether fish are stressed. It was dso

not%? ajudgement would be based on species, size and temperature and whether the operation
rvey or an emergency rescue. It was noted by one person that some guidance on this would

s=ful for new Sarters.
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Question 62 — How often is anaesthetic used when processing fish?

Fish processing will often involve the collection of data on number, length, weight and age of the fish.
In order to ease the handling of fish and reduce stress and injury some fishery teams sedate the fish
prior to measuring etc. Question 62 sought to enumerate the extent to which this practice was

occurring. Q)\’

Ten respondents never use anaesthetic when processing fish. These respondents are fishing ing'\
predominantly coarse fish areas. The 8 respondents, who use anaesthetic occasondly, fish |
mixture of sdlmonid and coarse rivers. Reasons for use included, for tagging fish, for measur

and lamprey and in one area for sdmonids when measuring, weighing and taking scd% age
andlyss Three of the 4 respondents who use anaesthetic often fish in predominantly salnoRid rivers.
Their comments were that it is used for juvenile saimonids but not adult trout (1 responﬁmt ,thatitis
not used in very hot wegther and that it is not used if only a few fish have been . The fourth
respondent who uses anaesthetic often represents a predominantly coarse fi but stated that it
isonly used for ed. The 6 respondents who use anaesthetic aways wh ing fish represent
predominantly, but not exclusvey, samonid aress. Additiond co s that were made by
respondents included that anaesthetic is only used to dow fish down 0 knock them out and that
Benzocaine is usad in warm weather but 2 Phenoxethanol is ussdl'in cold weather. Overdl 20
respondents use anaesthetic to a greater or lesser extent a@\can be noted that generaly the
frequency of useis highest for salmonids and edl. %)

AS)

Question 62: How often is &asthetic used when

processing fish ?
S,
o>

| 2 |
I
always @
A
> often \J
c
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x O
(L occasionally A
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| | | |
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\% Three types of anaesthetic are used around the country. Ten respondents use only
,QQ 2-Phenoxyethanal, 4 use only Benzocaine, 2 have both 2-Phenoxyethanol and Benzocaine and one
respondent uses either Benzocaine or MS222.

Anaesthetics and their use are discussed in detail in section 5.
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Question 65— Where arefish returned to after an dectric fishing survey?

The mgority of respondents gave more than one response to this question, indicating the amount of
vaiation in how fish are returned to the river. To some extent there is a trade-off to be made with
this question between the need for fish from multi-run fishing's to be returned to the area from
whence they came, and fish welfare concerns due to them being held for long periods. Q)\’

Ten respondents stated that fish are smply returned to the iiver adjacent to the processing ste Q'\
athough one respondent qudified his comment by Sating that this is usudly on ariffle/pool border.
These respondents were representing predominantly coarse fish areas. Nine respondents s
fish are spread evenly through the whole survey site and 9 respondents said that fish arer, to
habitat that is suitable for them. Eight respondents return large fish to pools and deeper and 5
respondents digtribute juvenile samonids across riffles. These last four responses.showed no
paticular corrdation with fishery type Other responses included returningd\ Tish upstream,
downstream and to the middle of a Site and returning fish to the point a which ere caught.

A

¥

. . A
Question 65a: Where are fish returned to after a@ctrlc fishing
survey ? $\
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on riffle / pool border

salmonids spread through site

middle of site

;MU
301
o)

|4
4

fish back to where they were caught

g

juvenile salmonids spread out eg on riffles

AN

u/s of site ‘(’P

large specimens to deep water/pools '(%

d/s of @Q’\V

|

fish returned to suitab s&)itat 1 ‘
spread eveguough site ]

fish returned nea@ essing area .‘
’\% 0 4 6
oos\ Number of respondents
)

NS I O O

|
|
]
8 10 12

R&D TECHNICAL REPORT W2-054/TR 80



The graph of response to question 65b shows a range of factors that determine where fish are
returned during and after an eectric fishing survey.

Question 65b: Which factors determine where fish are
returned to ?

water quality
risk of predation

consider extra handling of fish

JIRinl

obstructions eg weirs

slack water to allow fish recovery \

i
whether quant or semi-quant survey $
when fish are processed & returned e{?

numbers of fish caught ] Q

standard return - doesn't vary

g
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\
\
]
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ro A ] ]
IU T T
?n?er of respondents
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QY
More than one factor may be used to mak ison. Twelve respondents stated that the species

and gze of fish determine the habitat thets,suitable for returning fish into. Five respondents said that
the number of fish caught is a facto is conddered and this often determines when fish are
processed and returned. For ex v If large numbers of fish are caught they may need to be
returned quickly in hot westl If they are likely to become overcrowded during a multi-catch
survey. In this case fish necessaxrily returned outsde the survey dte, ether upstream or
downstream of stop- net3<J hree respondents specified that the timing of return may determine where
the fish are returned. larly 3 respondents indicated thet the Ste of return may be different for
semi- quantitative (angie catch) and quantitative (multi-catch) surveys. Ten respondents stated that
fish are returnQN a standard manner, for example aways near the processing site, dways spread
throughout te, dways in the middle of the ste. Other factors consdered included returning fish
to d to dlow recovery, minimisng the handling of fish whilg returning them plus one
co that point stocking can reduce predation.
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414  Section D — An overview of eectric fishing

Question 68 — What isyour estimate of fish damage and mortality caused by electric
fishing?

Question 68: Estimation of observed damage and mortality of fish

in electric fishing surveys Q
AN
proportion of surveys in which | ‘ | ‘ | ‘ | | l‘\\)\
mortality is observed | | ﬂ
proportion of fish in which \‘
mortality is observed ~§Q
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’,‘#\
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This graph shows the estimated fr UEPGY of damage and mortdity of fish in terms of the proportion
of fish and the proportion of surv, age in this case was dectric fishing damage such as ‘burn’
marks, spind damage, and )@vrhagi ng. The responses are subjective estimations of observed

damage and mortality. @)

\3
The 28 respondents \r@%sked to select proportions of fish and of surveys from five categories:

Neves 070

1-5%
on — 6-20%
\} equent — 21-50%
O

Dominant - >50%

O
. (g% terms of the overdl proportion of fish damaged by dectric fishing 2 respondents thought it never

N

happened or was never observed, 23 respondents observed damage in 1-5% of fish and 3
respondents estimated that 6-20% of fish suffered damage.

When asked in what proportion of surveys respondents observed some damage to fish

2 respondents confirmed that damage was never observed, 11 respondents observed damage in 1-
5% of surveys and 5 respondents observed damage in 6-20% of surveys. 6 respondents observed
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damage in 21-50% of surveys and 4 respondents said they doserved some degree of damage in
over 50% of ther surveys.

When estimating the overdl proportion of fish which die during dectric fishing surveys, 27 of the 28
respondents said they observed mortaity in 1-5% of fish. 1 respondent noted that overall 6-20% of
fish die

The find estimate was the proportion of surveys in which mortaity was observed (one or many dead Q
fish). 16 respondents estimated that in 1-5% of surveysthey observed mortdity. Seven respond
observed mortality in 620% of surveys and 1 respondent estimated 21-50% of survey§
respondents estimated that they observed mortdity in over 50% of their surveys. ‘b\

Overdl the mgority of responses fell into the scarce category. In other words rapond&'t}generdly
estimated that observed damage and mortdity of fish was scarce dthough it is ncommon to
observe some degree of damage during a survey. Some respondents comment it isdifficult to
separate mortdity caused as a result of dectric shock from mortdity ﬁ handling dtress. It
should be borne in mind that these estimates were made from mem hout any reference to
survey records and not based on any set time period. It should also ed that there was a degree
of caution displayed by some individuas when responding to this q
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Question 69 — How often do you record damage and mortality?

Seventeen respondents stated that damage is never recorded and 16 stated that mortality is never
recorded. Seven respondents record damage occasionally and 5 record mortaity occasondly. Two
respondents said that their teams record mortdity often. Four respondents aways record mortdity
and 2 aways record damage. Since 2 respondents never observe damage they obvioudy don't .
record it. There was dso asingle ‘no response’ for recording mortdity. '\Q)\

damage and mortality during eectric fishing surveys. Hence the best Agency-wide estimates

of these events are discussed in Question 68 above. ‘b\
AN
N
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Question 70 — Which species and size of fish are particularly sensitive or robust?

This question identifies, through individuds experience, which species and szes of fish ae
particularly sendtive to the effects of eectric fishing. It is accepted that it is difficult to separate
eectric fishing sengtivity from handling sengtivity. In addition interviewees were asked which species
and szes of fish they perceive to be particularly robust againgt the effects of dectric fishing.

Question 70: Comparison of fish species considered to be sensitive
with those considered to be robust
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Due to the sheer number of different responses to this question the only reasonable way to display
the results graphically was to produce a list of species. However, responses were generdly more
specific than amply a species name. In many cases respondents specified sizes of fish, times of year,
types of damage observed, critical waveform type and current and even which makes of equipment
that fish are sengtive to. Presumably this last point was linked to pulsed waveform produced by
different control boxes.

Of the 28 respondents, 27 listed species which they considered to be particularly senstive to the Q

effects of dectric fishing whilst 20 lised robust species. The graph illudtrates differences in t
perception of which species are sengtive and which are robust. Ten species appear in bol
Nineteen respondents condder grayling to be particularly sendtive to the effects of dectyi
with 16 respondents listing chub and 16 listing dace as sengitive. However one respond nsders
chub to be a robust species. Fourteen respondents list ed as a particularly robust\@cies with

respect to eectric fishing but 1 respondent considers large ed to be sens'tiv%ﬁw respondents

consder carp to be a robust species and 6 respondents listed pike as . However, 5
respondents listed carp as sensitive species and 5 listed pike as being sensilg\

There does not appear to be any correlation between the perceptio ‘& species is sendtive and
the conductivity of the water it is being caught in. The same i e for the robust species lig.
Assessment of correlation is, however, confused by the fact t ndents are speaking from their
experience as awhole. Individuas may have worked in diff parts of the country and have drawn
their conclusons from a range of conductivities and fish@typ&s Therefore it may be dangerous to
assume that a respondent’s consideration of sensit%d robust species is representative of ther

current Area perspective. \Q
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Question 71 — Which species of fish do you find difficult to catch by eectric fishing?

Once again, due to the large variety of responses to this question the graph represents a list of
species considered by respondents to be difficult to catch. For most of the species listed additiona
comments were made to describe why respondents considered those fish difficult to catch. Some
reference was dso made to Szes and circumstances when catching specific fish was difficult. It
should be noted that not al respondents had experience of dl the fish, the fact that they did not
score, for example, dace as sengitive may have been because dace are not present in ther rivers.

_ " - O
Question 71: Which fish are more difficult to catch ? '\%
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Ghe maost common response to this question was that ed and lamprey tend to bury themsdlvesin sty
\% margins and more are caught in the second and third catches. Seventeen respondents listed ed as

L&

difficult to catch and 8 listed lamprey. Seven respondents consder carp difficult to catch and it was
commonly thought thet carp can either sense the eectric field and move away from it or do not seem
to be affected by the field. Four respondents consider saimon difficult to catch, however one of those
respondents specified fry, one said smolts and two specified adult salmon. The 3 respondents who
find pike difficult to catch described how this species bolts right through the site and out of range.
Numerous other responses were given detalling difficulties in catching different goecies. These

R&D TECHNICAL REPORT W2-054/TR 87

N
v

@.



included how bream, barbel and tench tend to stay down on the riverbed, too deep to see or pick
up. Also how small species either get stuck in between stones and can't be picked up, or do not get
stunned eadly due to the low potentia difference across them. Also that rudd are difficult to catch in
open water, that grayling can escape the electrode and that sea trout are difficult to catch in
subsequent runs if they aren't picked up on the fird.

Question 72 — Which combinations of equipment and techniques have you found effective?
techniques that have proved particularly effective over their years of ectric fishing. The ext
of responses is summarised in the tables beow. Comments are listed under the sub-heanigs ac,

smooth dc, pulsed dc, equipment, control box settings and techniques. (\

Table4.l Agency experience on use of alternating current, dirg(\:urrent and
pulsed direct current outputsfor eectric fishing

R
ac dc pdc \(\\)
used to drivefishinto anet - |in past effective for coarse only pdc. - happy with results
particularly shoaled fish species
good for driving fish e.g. for  |for all species - good recovew ‘seems to be best overdl (damage
cand drain-downs good control & capture)
very low mortdity, good not feasible due to high \Q 100Hz best for pulling & holding
capture efficiency conductivity al species esp samon
awful with regard to fish was ineffective i ng/aters higher mortalities with pdc than
damage \ dc.
trout sensitive to long exposure|works well fordawing fishup | more effective for capture but
- have to be careful from dea*&yond vishle more damaging than dc
epth) e
old boxes caused bad gzt@g(an pdc) if lots of burst & sweep used at 10% -
mortalities ead cover - pullsfish out Lamarque
%less damaging than pdc - always
O used for juvenile surveys
\g\' used. with BEF good for fast,
(@) clear, samonid becks
»\@ BEF on dc setting catches well
X with fast recovery (esp juv trout)
o N draws fish well with v little
damage - prefer to use it
R\ good for catching trout broodstock
O causes |least damage to fish
é> draws fish well but doesn't stun
them

’Q(\ Some respondents have found that ac is good for driving fish. Some teams report good capture
efficdency and very low fish mortdities but one respondent argues that ac is very damaging to fish. In
addition it was noted that trout are sengitive to long exposure to ac.

Smooth dc has been found to be effective for al species of fish by some operators and others
Specify thet it is particularly effective and safe for catching juvenile sdmonids and trout broodstock.
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Generdly smooth dc is consdered less damaging than pulsed dc (pdc) with fast recovery of the fish.
Smooth dc was found to draw fish well and was particularly effective a pulling fish from overhead
cover and from deep water. It was aso pointed out that, due to the power inefficiency of smooth dc,
it isnot aways practicd to useit in high conductivity weter.

As we have seen pdc is the most common waveform used by Agency fisheries teams and is

consgdered by most as the best overdl in terms of capture efficiency and lack of damage. It is dso

considered good for pulling and holding fish. However some teams have experienced pdc to be

more damaging than smooth dc. /\\

Table4.ll Comments on use of ancillary equipment and control box outpu%@ngs
in eectric fishing (NB use of independently-switching anodes and u nodes
with netsisforbidden in the modern Electric Fishing Code of Prac%

Equipment Control box settings $

independent switching on anodes high frequency (esp 400 pps) (Q'work redly well

anode heads with nets 300 pps Millstream box (m mpsso max 2 anodes) -
worked very well RS

mesh on anoderingsgivesextrareach 100 Hz better for pike & h

(can feather switch to protect fish)

varied anodering 9ze 100 Hz better for

electric net effective for broodstock 100 Hz more &ine but 50Hz less damaging

collection - v. high survivd

banner nets good esp on fast riffles 600vo|t~&or trout & grayling in low conductivity rivers
use of eectric outboard rather than noiser pet@outboard

Severd comments were made regardi el(étric fishing anodes. It was pointed out thet it is useful to
have arange of Szes of anode ring h this comment was not qudified. Whilst most teams knew
of the principle of varying anodegiizneter with water conductivity, few seemed to gpply this principle
in practice. Two respond made reference to the fact that when teams had anodes with
independent switching, fﬁ% ficiency was higher. One respondent considered mesh on anode rings
to be useful in guidin%gé 0 acaching net and dated that ‘feethering’ the switch protects the fish.

Individuas n’n@ns on control box settings included experience of high frequency fishing being
particularly ive and high voltage fishing working wdl in low conductivity water. Other
escribed the effectiveness of fishing a 100 Hz for pike and perch and for ed whilst
dent agreed that 100 Hz was more effective than 50 Hz but it was dso more damaging.
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Table4.l1l Strategies used for fish capture by eectric fishing

Techniques

sweeping u/sto d/s good technique on uniform substrate

Zig- zag technique for adult trout

sweeping pools from u/sto d/sinto a net

to draw fish from pools'margins switch off, move in, switch on, draw fish out etc

to catch carp - move anodes in, switch on, draw fish out etc Q
point abundance in smdler dreams \(1/
fishing for pikein marginsin large rivers more efficient if 2 anodes used /\
fishing & a Steady pace improves catch efficiency Q

staking fish to drop anode onto shod, or cover for carp in summer, pikein winter y\(b\
EF carp to push them into corner of pool, then net them
moving anode ahead of fish to direct it into handnet §

EF pikeinto gill net
pi g &(b'

Numerous responses were given to this question describing techniqu ere used effectively to
catch fish. These included the upstream to downstream sweep ref to in Question 19 plus a
technique of targeting pools within a ste and sweeping throu M upstream to downstream.
Severd respondents described a technique where the power | ched off at the anode, the anode
is poditioned over ashod, pool or margin then it is switch and fish are drawn out. It was noted
that this technique is particularly effective for carp.

4.5 Questionnaire Summary and lusions

Quedtionnaires are a good method for ge[@} wide range of information in a structured manner. In
relation to ectric fishing however onby folr questionnaires are known where information regarding
equipment and techniques has ested. Steinmetz (1990) conducted a review of the EIFAC
correspondents. Lazauski an utu (1990) detailed results from a survey of agencies in the
USA: Harvey & Cowx (19%‘(eviewed the use of equipment in the UK Nationa Rivers Authority,
and Beaumont et al. (199@ rveyed the specific use of backpack eectric fishing gear in the UK.
The questionnaire copdisiled for this report is the firgt, to our knowledge, where respondents have
been asked to su ue judgements regarding the fishing techniques and practice that they use,
Thusan a&&{l' of “common practice’ and “best practice’ techniques could be made.

Section{é@Electric fishing techniques and site variables

El fishing is a method of fish cgpture used extensively by Environment Agency Fisheries teams
avariety of purposes, primarily routine monitoring of fish populations. Teams across the Regions
ave to ded with a wide range of conditions which influence the way that dectric fishing is carried
out. Congderation of Ste varigblesillustrates the variety of river catchmentsin which dectric fishing is
conducted but aso highlights some of the inconastencies in fishing Srategies.

Turbid water commonly prevents an eectric fishing operation from taking place, often in association

with an increased flow rate after heavy or prolonged rain. However visibility required by different
teamns can vary according to Site depth, target species and size as wdl as fishing purpose. There was
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some disagreement as to the limits of turbidity for fishing different sites and species. In generd teams
will am to survey a Site under optimum conditions.

There is wide range of conductivities across and within Regions as well as potentidly rapid changes
in conductivity at individua stes in some catichments. A third of respondents do not have records of
conductivities in their catchments. From the information provided by two thirds of respondents we
can see that Agency dectric fishing is carried out in a range of conductivity between 10 nScni and
5000 ncmt. Communication between teams working in low and high conductivity aress may be
useful. For example a team which regularly fishes over 1000 nScm™ can suggest the best wayséf
fishing such stesto ateam which may only have afew rivers as conductive as this. Q
A\

The issue of temperature is more critical in some areas than others. Some teams experi %greeter
vaidaion in water temperature than others. Some species (and hence fishery ty are more
sengtive to high temperatures than others. Most teams draw a theoreticd or '@ud maximum
temperature limit on dectric fishing and some teams are cautious of fishing a @w temperatures.
A number of respondents stated that certain months of the year are select & rying out surveys
to avoid extremes of temperature. However there were inconsstenciegiti=the selection of survey
season, which could not be linked to fishery type. $’\\'

If the seasons sdected for routine surveys are examined it seen that some teams choose
cooler months to avoid weed growth, to avoid the highest atures (which can dress the fish)
and to avoid spawning seasons. Other teams choose th\@armer months to avoid the potentia for
reduced catch efficiencies in cold water, on the bes® of fish wdfare, to avoid high flows and
increased turbidity, winter aggregations of fish ning Seasons.

Different teams prefer different configurati
influenced by the nature of the rivers

eectric fishing equipment. To some extent this is
the equipment in and the types of survey carried out
there. Depth and width influences uipment used but there are differences in the equipment
sdlected by different teams to dtes of amilar dimendons. Numerous techniques described by
respondents were used to ey wide dites. There was a degree of separation here between
samonid and coarse su ut certain teams expressed an interest in investigating other methods,
which may beapprop?> or their rivers.

During most a’j@electric fishing surveys, operators wade upstream. Varigions in wading direction
are based o ors such as ste width, access, substrate and weed growth. All operators move the
electrod und during fishing to optimise coverage and to target habitats. In some sdmonid aress
anu to downstream sweeping technique is employed.

6@:t|on B — Electric fishing equipment and how it is used

\(\\% There is variation in the range of generators that teams use, in terms of power output. Some teams

have a number of amilar Szed generators whereas other teams have a range of generator Sizes.

Selection of generators is based on a number of factors. Some respondents specified the use of

larger generators for higher conductivities and some for deep, wide Sites. Portability of the generators
is another factor consdered and hence access to Stes may determine which generator is used.
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Initid power settings on the control box are usudly selected to achieve a sandard current, in many
cases determined by conductivity and adjusted according to fish capture and recovery. The mgority
of teams use standard frequencies but there was variaion between those standards. Sdlection of
sandard frequency varied with conductivity and fishery type in some cases. Respondents did not
agree on which frequency was mogt effective for which fish species. Overdl pulsed dc is used more
commonly than other current types. It was noted that the mgority of teams do not record the control
box settings used at each Site.

There was no apparent corrdation between sdection of specific anode ring diameter @9

conductivity, species or size of fish. Some respondents did describe the use of smdler an

rings under different circumstances but it was apparent that a ring that some people d% as
smdl others would describe as large. Other respondents said that sdlection of anoR g was
random and that different sized rings may be used together.

factors such as
on the vehides. Of
o them. Thereforeit is

Sdlection of equipment in some cases may be fairly random and may beinflu
faulty items being taken out of service or which components are areedy |
course teams can only use equipment from the selection they have ava
important to make sure we specify, when ordering equipment, exact
will assst teamsin deciding the most gppropriate ranges of equipm

Section C — Post-capture fish handling Q,Q

During eectric fishing operations fish may be subj o repest eectric shocks but overdl this only
happens occasondly. This is usudly as ar perators drawing a number of fish together,
which cannot be picked up in one scoop of t@net. Some fish, particularly smdl fish on riffles may
suffer repeated or extended exposure to tl %ric fidd if they get trapped between stones or under
boulders. Occasondly fish may be heldaut of the water for an extended period of time before
transfer to a collection bucket. Thi pen if the bucket is not within reach of the netsman or if a
second fish is spotted ahead. Th ority of operators are aware of these events and try to minimise
their occurrence.
O

Only a proportion o;@% separate ed from other fish species during the fishing operation. Holding
ed with other i ay be detrimentd to those other fish. A range of containers are used to hold
fish after capturéN&ther containers of water or containers positioned in the river with aflow of water
through th in one case awater pump is used to create a flow of water through a container on
the bank).@he submerged fish boxes and floating cage nets used by some teams do not require
additi aeration and do not dlow the build up of waste products. However the positioning of them
in iver is critical. They can only be used in an gppropriate depth of water, they must be a

&?udent distance from the site to escape the influence of the eectric field and the flow of water

rough them must not cause recovering fish to be trapped againg the walls. It was apparent that
some teams are more cautious than others in the gpplication of air or oxygen to free-gdanding
containers. This wasn't necessarily linked to fishery type. Guidance on the use and capacity of fish
holding containers may be useful for new gtarters and inexperienced Staff.

The mgority of teams use anaesthetic, a varying frequencies, to subdue fish for processng or
tagging. 2-Phenoxyethanol and Benzocaine are the most commonly used anaesthetics with the

R&D TECHNICAL REPORT W2-054/TR 92

@.



&
N

highest frequency of use for sdmonids and ed. Guidance on the use of anaesthetic by Fisheries
teamsisrequired.

Following an dectric fishing survey there gppears to be a variety of factors which determine the
location for eturn of the fish to the river. Teams differ in the level of consderation given to this
procedure. Overal teams appear less concerned with returning coarse fish to specific points or
habitats than they do salmonids. This doesT't seem entirdly ingppropriate consdering the behaviour
of the different species.

Section D — An overview of eectric fishing Q/\

On the whole respondents stated that they observed damage and mortdity in lessthan 5 %‘)lsh but
the mgority of respondents observed some degree of damage in more than 6% of\eirveyS The
mortality rate of surveys was thought to be lower. Responses were generdly sukjeCtive estimates,
since few teams keep records of damage and mortality, but some respondents ore cautiousin
their consderation than others. There was no pattern in the responses ffbﬁ uency of observed
damage and mortdity in terms of conductivities or fishery type. ,\sg\

N
It was interesting to note that some people displayed a certan aﬁoﬁt of caution when estimating
occurrence of damage and mortdity in their eectric fishing s but when asked which species

are sendtive ahuge list of species, Szes and types of dam referred to.
There were many differences between respond ceptions of which species of fish are
particularly senstive to dectric fishing and whi robugt. Different respondents listed 10 species

as both sengtive and robust. There did not @ear to be any correlation between perceptions of
sengitivity and water conductivity (athou as not clear under what fishing conditions the opinions

were formed). The most common i ed as sengtive were grayling, chub and dace and those
most commonly listed as robust wi and carp. Perhaps as a reault of this ed and carp, as well
as lamprey, were dso descri any as pecies they find more difficult to catch. Agan there

was awide range of opinion git\which other fish are difficult to catch by dectric fishing and why. It is
complicated trying to dqQ" e the reasons for people's different perceptions of sendtive, robust
and difficult species. opinions are reeched over years of dectric fishing in different conditions,
using a variety of ment and techniques. We should aso bear in mind that if a team caiches
higher densitiei'bf\ ain speciesthey are more likely to have an opinion on those species.

The lig ective equipment and techniques, discussed in Quedtion 72, further illustrates the
differ between Agency teams in their preferred ways of dectric fishing. The whole process of
ca out a survey, from sdection of equipment, to sdection of settings, bearing in mind dte

b‘@id’l% and target species, to techniques of catching, to fish containment, to processing and

eturning the fish, is very complex with many factors coming into play a every dage. It is dmost
impossible to summarise ateam’s eectric fishing practice or what is common practice when looking
at the whole process. However we can set some basic rules for certain stages of the fishing process.
Best Practice will consder some key aspects of dectric fishing to produce guidance for a range of
Ste varidbles that will ensure consgsently good catch efficiencies with the minimum impact on fish
welfare,
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Although there are differences between teams in the way they work we should bear in mind that, to
some extent, people may describe things differently but in redity the way they do things may be more
smilar. Respondents may focus on certain aspects of a process when answering a question. If a
respondent does’t refer to other aspectsit doesn't necessarily mean that those things are not done.

We can discuss each of the questions considered to find differences and smilarities between teamsin
their responses. Digparity may be as aresult of fishing for different speciesin different types of water
using different techniques but undoubtedly variations in operators level of understanding can create
inconsggtencies. \

Ovedl it was gpparent that the depth of technicd knowledge of dectric fishing was % |ed
across the country. This may have resulted from variations in the level and effectiv aning.
Greater technica understanding combined with practical experience will result in roved fish

welfare and improvements in the quality of the data collected. §
These observations suggest that there needs to be some form of formal of the standard of
training that operators are receiving around the country to ensure that ne involved in eectric

fishing achieves a least a basic level of technica understanding. In @o team leaders should have
a comprehensive knowledge of the theory behind the method.
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5. FISH WELFARE ISSUES

Proper handling of the fish once caught is essentia, both to prevent injury and to reduce stress. In the

past, condderations about a fish's ability to “suffer” have been somewhat overlooked. Present

research however has shown clearly that fish can react to stressing actions and some researchers .
surmise that fish can not only fed pain but dso experience fear (Verhejen & Hight 1992). Whilst the Q)\
debate continues regarding this issue, fishery workers must be aware of the fact that they are dedling Q'\

with sentient organisms and act gppropriately. If killing fish is required, then cerebra ma:eretiﬁl/

should be carried out. Fishery workers should be aware that in the UK many aspects of workitig\o

animals (including fish) can only be carried out if licensed by the Home Office under th% as
(Scientific Procedures) Act 1986 (ASPA). If the work is classified asresearch and invp\ in or
gress to the animal then the work can only be carried out under ASPA licence,

Q
51 Stress (0$

\
Even minima handling results in an acute stress response in fish (dey@sma cortisol levels etc)
which can take days or weeks from which to recover (Pickering et aih'1982, Waring et al. 1992).
These dtress responses can lead to reduced feeding (Pickering . 1982) and, if they reach high
enough levels (e.g. due to descaling through rough handling ?éﬂric fishing), to disruption of the
fish's physiology leading to reduced diseese resistance (G@gipmski et al. 1994) and even reduced
gamete viability. QO

9
Electric fishing has been widdy reported as cah@h(gacute gress in fish (Mesa & Schreck 1989,
Snyder 1992, Beaumont et al. 2000) An ple of the effects of different dectric fishing
waveforms on rainbow trout is given in B 5.1 (Beaumont et al. 2000). Blood plasma cortisol
levels were found to be considerably d@ above basdine levels after eectric fishing. Mean levels
of the combined basdine samples 0 ng.ml™ (standard deviation 13 ngmi™*) compared with the
mean for the pooled dectric fi samples of 137 ngml™ (standard deviation 41 ngmi™). All
individua waveforms ignificant increases (p=<0.001) over basdine levels but no sgnificant
differences were found the different waveforms evaluated. These stress responses from
eectric fishing are li to be both additive with subsequent exposure and lead to behavioura
changes in the fis & Schreck 1989). Different species of fish however may exhibit different
responses (D i%ker 1986). Stress caused by handling can dso influence survival and Barrett
& Grossma%&?) found handling stress was a greater determinant of  surviva than dectric fishing
ns

in motn&@u pins (Cottus bairdi).
0\)

R&D TECHNICAL REPORT W2-054/TR 95



200
180
160
140
120
100
80
60
40
20

Plasma-cortisol (ng/ml)

\(19

N)
/N

)

Baseline Square

Exponential Short Square Gated Burst Short Square G@urst

Electrical Pulse shape

QM

HV

O

&

Figure5.1

Mean (+/- 95%CL) blood plasma cortisol levels in
shocking with avariety of pdc waveforms

O

@&
trout pre and post

s’\&

Whilg basic fish handling is a kill, it is quickly learrt. B(perim@haﬂdlers may catch fish with their

hands however care must be taken not to damage the skingj
hold the fish so tightly that the fishesinternd organs are G@

in terms of comfort for the operator and the fish):

ding the mucous layer) and not to
. Fish should never be held with dry

le 5.1 outlines measures that can be taken to

hands. Overdl| capture by net is probably the b?;(rggj for removing fish from holding bins (both

minimise dressin fish.

O

Table 5.1 Measures that can be%en to reduce dress during holding, handling and
transportation of fisl\Qdapted from Pickering 1993 and Ross & Ross 1999.
o\
Problem ~ Suggested Action Comments
Duration of the stress r: is | Shorten the duration of stress. | Some effects may result in
usudly proportiond t ion of long recovery times.
expaosure.

Stress-induced @[d ity increases

Work at lower temperatures

Not always practical under

with water ature. (e.g. useice to cool water). field conditions.
Stresso be additive or Prevent smultaneous stress. Possbly dlow time
9y iC. between processes.
on between fish causes Reduce numbers handled per | May conflict with time
e (dhmage. batch. pressures.
. /' Stress increases O, consumption, | Use mild anaesthesia or Note than anaesthetics
\(\\% and anmonia & CO, output. sedation. themsalves can act as
& stressors.
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5.2 Anaesthesa

In the past it has often been usud to sedate the fish before measuring etc. Trying to control an active
fish whilg handling it (eg. weighing it, especidly on a pan baance) is likely to cause strong effects
both on the fishes physiology and subsequent behaviour (Tytler & Hawkins 1981). When fish are
removed from water, individualy or as groups, physiologica stress is compounded by the risk of
serious abrasion and mechanical shock. By sedating the fish before handling, operators can reduce

scaes and skin) that can be caused by the fish struggling (Ross & Foss 1999). It shoul

remembered however that anaesthetic procedures themselves induce side effects which m @

consdered desirable e.g. reduced sperm mobility (Allison 1961). %
N

both the adverse physiologica reactions to handling stress and the physica damage (especidly to tgg

The present stuation in the UK regarding the use of anaesthesia however makes the routine use of it
to quieten fish difficult. This is because present guiddines from the UK Home indicate that
anaesthetising fish comes under the auspices of the Animas (Scientific Prgsdiures ) Act 1986
(ASPA). As such, any fish anaesthesia must only be carried out by both licensed and
covered by a project licence under the Act. The conditions associate operating under such a
licence probably make the licensed use of anaesthesia impractica f workers. The Stuation is
further complicated by the fact that MS222 is licensed for)é:‘;> hout an ASPA licence (even

though actudly anaesthetisng a fish does require a licence)swineress al other chemicas used to
anaesthetise fish pecificaly require clearance under an A@ Icence for use.

For mogt fishery gpplications however, full anaestheg % the fish is not required. The lesser effect of
sedation or tranquillisation (Stage | anaesthes T&.II) can dso be induced either chemicaly or
physicaly (by temperature reduction) to red hysical activity. This enables easer handling of the
fish thus preventing undue injury (Mc d 1959), reducing oxygen consumption (Taylor &
Solomon, 1979, Solomon 1981) as v@l causing a reduction in the excretion of ammonia and
carbon dioxide (Ferreiraet al. 198@.

Further guidance from th&.@me Office regarding whether sedeting fish comes outsde the
requirements of the ASRA ould be beneficid. One of the mgor issues which needs to be
addressed regarding icaly anaesthetisng or sedating fish, which are then liberated back into the
wild, isthe requir that the fish are not eaten (by humans) for a period theresfter. In Americathe
Food and Dr inistration (FDA) condder this withdrawa period to be 21 days. For non-food
fish this sh ot be an issue but for species such as sdmonids, eds, carp pike, etc this may be

diffiw!t(e\@b.]re

R(@\? Ross (1999) consider in depth the range of chemicals and techniques which can be used to
hetise and sedate aquatic animas and the fallowing will only give a brief overview of the
rincipal chemicals used.

All anaesthetic compounds in generd use in the UK are inhdation anaesthetics, that is the fish is
placed in a solution of the drug which it then absorbs through its gills during breathing. When the fish
reached the required level of sedation or anaesthesia it is removed from the solution, processed in
which ever way required and then placed in clean water to purge the compound from its system and
thence recover.
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The only drug registered for use (outsde an ASPA licence) as an anaesthetic for fish in the UK is
tricane methane sulphonate, commonly known as MS222. This is a white powder that reedily
disolves in water. It is an acidic solution however, in hard water areas this should not cause a
problem as there should be adequate buffering but in soft water areas it may produce some negetive
Sde effects; buffering of the solution to overcome this can be done. Whilgt it has a wide sdfety
margin, with its LCs, being about twice its effective concentration (c.40mg.|™), such smal quantities
are required that care needs to be taken regarding its use.

soluble in water. For this reason it is necessary to dissolve the stock solution in ether

acohal prior to adding to water. Benzocaine hydrochloride is soluble in water but is v in
solution (unlike benzocaine which is neutrd). Effective concentration and LCs are s’mik those
found for MS222.

2-phenoxyethanol (2-PE) is aliquid which is easlly dissolved in water. It is i bactericidd and
anti-fungd which is useful if it is used for surgica procedures (tag impl 0N etc). It has a wide
safety margin, with effective concentrations being about 0.1 ml.I* an about 0.3 ml.I Itis

inexpensve compared with MS222, but in other respects it i @ a to both MS222 and
Benzocaine.

Clove all isincreasingly being used in the USA as afish ané{etlc. It hasthe principd advantage of
having no known harmful effect on humans A derivaifi of this compound (Aqui-S*) is being
developed in New Zedand. In America this com is likely to be clasdfied as “safe€’ (i.e. for
food use) by the US FDA and thus will require hdrawd period. The stuation inthe UK isas
yet not certain as the compound has not yet @eived clearance for use by the European Medicine

Evaduation Agency. (b‘

Findly a brief mention will be arding usng CO; to anaesthetise fish. Whilst there is some
concern regarding the anadlgesa suppression) that can obtained with this gas, it has been fairly
widdy used smply because githe ability to produce an anaesthetic solution by smply adding Alka
Sdtzer GOLDa tablets& without aspirin) to the water. A dose rate of 2-3 tabletsin 10 — 20
litres of water has nd to be effective for juvenile steelhead and chinook salmon. Thereisdso
some debate in th as to whether this substance is outsde the requirement for licencing by the
FDA for useq)\ fish.

Hed ety implications for the users, for example, chronic exposure to 2-PE can impair fertility

It m@ that, with the possible exception of CO,, dl the above chemicds will dso have
an reports indicate that some retind dysfunction can aso occur after prolonged low leve

q@osure SAfety hazard data sheets of dl chemicads used must be issued to users and usud

recautions such as using rubber gloves taken.
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Table5.l1

Classfication of the behavioura changes that occur in fish during anaesthesia.

After McFarland 1959; Tytler & Hawkins 1981; Ross Ross 1984.

Level of Anaesthesia .
Stage | Plane Description Behavioural Responses
0 Norma (No anaesthesia) | Norma response to simuli.
1 Light sedation Response to externd stimuli but activity reduced.
I Voluntary movement sl possible.
2 | Deep sedation No reaction to al but mgjor simuli. Some andgﬁsh l/
| 1 | Light anaesthesia Partial loss of equilibrium. Good andigesa . (\\ |
2 Deep anaethesa Totd loss of equilibrium Q\\
"l Surgica aneesthesa Totd loss of reaction to even massve IRNV
Opercular rate very dow. £\
IV Medullary collapse Ventilation ceases, followed by@‘cc ares.
Eventual desth. . ,,\(0
53 Fish Density $*\‘\(\

Some sudies have been carried out regarding the transporst fish and their water and gas

requirements but few have examined short term containm
however can be considered as an optimum for the short

If digolacement of water is used to caculate d
of fish (1.0) is the same as for water (Hask

equals aweight of 1Kgfish. Under carefull
litre of water may be transported (Hask
more usua (Taylor & Solomon 19

trade and detailing changes in
example, giving the formulafé&t

taken from a contain

sh. Conditions suitable for transport
holding of fish.

ishinabinitisuseful that the pecific gravity
9). Therefore a displacement of 1 litre of water
rolled conditions, densties of up to 1Kg of fish per

Davies 1958) however dengties of 50 g to 350 g are

me studies have been carried out based on the aguarium

chemigtry during plastic bag transport, Froese (1988) for
amount of fish which may be transported in O, saturated water.

In order to determi nﬁxygen loss from an unaerated bin, oxygen saturation measurements were

(a commercidly
saturation m
35g) wer
saturati

ding rainbow trout (being held prior to killing) on alocd fish farm. The bin
«@Iable plagtic dusthin) was hdf filled with ¢.45 litres of water and the oxygen
ed. Over a two-minute period approximately 20 Kg of fish (56 fish average weight
ed to the bin. This equates to about haf the volume of water of fish. Oxygen
eadings were taken at two-minute intervals until five minutes after adding when readings

en at one-minute intervals. Water temperature was 14° Celcius. Results are shown in Figure
ey show the rapidity with which G, levels fal before the rate of depletion dows as the fish
decome more torpid due to lack of oxygen. The rate of depletion is obvioudy temperature

L&
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Figure5.2  Depletion of oxygenin abin after addl@&

The questionnaire results show that many fi &Norkers use keep rets of some description for
holding fish. These are often designed so ey resemble floating net cages. Provided there is
enough water depth and the current is not@pvast users rate these devices very highly.

5.4 Oxygen/Carbon di&@?

One of the nogt immediate@s%tis of dressisthe effect upon the respiratory system, trangported fish
being recorded as incresSag their oxygen consumption by three times (Froese 1988). In dectric
fishing this dress i bated by the fact that dectricdly narcotised fish will dso have ther
breething impai his can affect not only oxygen requirements but also the concentrations of toxic
respiratory engrproducts that are excreted (Pickering 1993). Most mortality in electric fishing (from

direct cauge!\is'due to respiratory failure (Kolz et al. 1998). In order to mitigate against these effects
itisco practice to either aerate (add air) or oxygenate (add pure oxygen) the water in holding
tank: e purpose of this being not only to increase the dissolved oxygen (DO) concentration of the

but also to aso enable CO, remova (Taylor & Solomon 1979). This aspect of CO, remova
i eadly overlooked however Wingtone & Solomon (1976) describe a dtuation where water
saturated with O, built up toxic levels of CO, dueto low bubbling rate of the oxygen (and thus poor
surface agitation).

The difference between DO concentrations low enough to cause mortality and those high enough for
aurviva is smal, fish which appear hedthy one minute therefore may succumb very quickly if the DO
concentration in their container fdls, due to water temperature increase or depletion due to

R&D TECHNICAL REPORT W2-054/TR 100

Oxygen depletion
120
100 4 y = 0.2409x" - 8.5843x + 102.92
R R° = 0.99
5 KN
2 80 : (fp
5 \\% 4}
& 60 < Q
5 &)
S 40 - \'}
20 T O
0 &(b
0 5 10 15 W20 25
T .
ime (mins) D.Q
\ &4



respiration (Seager et al. 2000). Short-term exposure to sub-lethal DO concentrations however are
likdy to result in minima post-exposure effect.

Aeration is a chegper option to oxygenation but has the drawback of only adding 20% O; to the
water. Aeration systems suitable for use in the field can range from smple dkali battery operated
units to systems powered from a vehicle dectricd system. Compressed air cylinders can aso be
used but these negate many of the advantages agration has over the use of oxygen (see later).

Oxygen is usudly supplied from high pressure (200 bar) cylinders but can be produced by chemi
reaction (eg. hydrogen peroxide breskdown Taylor & Ross 1988) or by using liquid
(Johnson 1979). Care needs to be taken regarding Health & Safety issues associated with
oxygen and H&S literature is available from gas suppliers. Carmichadl et al. (1992)
efficiency of arange of oxygen diffuser systems (leeky pipe/microdiffusers etc) and
hed efficiencies below 15%. They recommend that a combination of oxygen diff
aerators (to reduce CO, levels) are used. (b‘
\

Whilgt few studies have been carried out describing the specific changegi=vater qudity (DO, CO,
etc) under red conditions. Fries et al. (1993) show changes that occ§< in atransport tank loaded
with catfish and Smith (1978) noted high O, consumption in the firsRour for fish trangport.

and surface

Table5.l11  Temperature guiddinesto limits — based on@%lubility data

Dissolved O, saturation {fPer ent temper atures

Temperature°C O\ Oxygen (mg/L)
5 O 12.8
10 AN 11.3
15 5, " 10.2
ZOQ}'V 9.2
8.2
(ﬁ) 75

\v
55 Ammoniao\>

When holdi
product of

pr

\f'\s}? closed bins for any period of time anmonia levels will rise. Ammoniais awaste

fish metabolism and is excreted mogily via the gills. Ammonia dissolved in water
#to ammonium ions and hydroxyl ions. With increasing temperature and/or pH however a
yon of the ammonia will disociate into “free anmonid” and water. Free ammonia is
¥derably more toxic to fish than ammonium ions, sdmonids for example showing chronic reaction
concentrations as low as 0.006 mg/l of free ammonia Decreases in the concentration of dissolved
oxygen aso increases the toxicity of the free ammonia (Merkens & Downing 1957 quoted in
Solomon & Hawkins 1981).
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Table5. 1V  The maximum recommended leve (mg/l) of totd anmoniai.e. free anmonia PLUS
ammonium ionsfor fish is shown below

pH Temperature
5°C 15°C 25°C

6.5 50.0 22.2 11.1

7.0 16.7 7.4 3.6

7.5 5.1 2.3 12 Q

8.0 1.6 0.7 0.4 ,\\(1/

8.5 0.5 0.3 0.1 \Q
5.6 Temperature (\(b
Temperatures that are letha to fish will be species specific and will vary with a@r%ion (Taylor &
Solomon 1979). Generaly speaking samonids have a lower thermd toler, an coarse fish but
little work has been carried out on determining individua species limits.

N

Scruton & Gibson (1995) working in cool-water Newfoundland s@ns consdered that fishing for
salmonids should not be carried out in water temperatures %@er than 18°C as mortdities were
likely to occur. %)

Lowering ambient temperature can be used as stress@iuctlon method and work has been carried
out showing that dow cooling of fish can redtgf\ dress effects associated with trangportation
(Nakamura 1992). 6

5.7 Osmotic balance

Fish which have been damaged iﬁq icous or scae removd, will have their osmo-regulatory system
disrupted. Depending upon the specific gravity of the fish is higher or lower than its
surrounding water this wg{sa to ether fluid loss or fluid gain. In the case of the former, fluid gain
can be reduced by ad t to the holding water, thus increasing the specific gravity. Sdt can dso
act asafunga and d|@se inhibitor.

5.8 Sené&we/Robust fish

Cert are renowned to be ether very sendtive or very robust regarding the effect dectric
on them. Surprisngly however the questionnaire findings showed that there is a wide

q@ge of differing perceptions about the category within which the same species fals. Overdl eds are

robably the most robust and the sdimonids (especialy the adults) the most delicate. The gravidity
daus of the fish will dso affect not only its likdihood of damage (due to changes in bone
compogition as the fish mature) but dso the likelihood of damage and infertility of the eggs within the
fish (it being shown that high cortisol levels affects fertility of eggs).
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6. ELECTRICFISHING “BEST” PRACTICE

So far this report has dedlt with the theoretical agpects of eectric fishing, surveyed the actud practice
and conddered the fish wdfare implications associated with catching and handling fish. This section
will deal with the practical application of the theoreticd principles. This will be based on “best
practice’ as determined from published literature and the experience of the personnd interviewed in
the questionnaire. It will ded soldy with “classica” dectric fishing; i.e. where operators wade in the
water whilgt fishing with hand-held electrodes.

In genera terms there are two choices regarding equipment set-up for dectric fishing. The @
can be set-up to cause the least possble damage to the fish, or the equipment can b%p to
capture the highest proportion or number of fish. Rardy do these two set- upK'GQ ond.
Knowledge of the theory behind dectric fishing can help bring together the two opti %

The following deds predominantly with the options and techniques to use.fbﬁder to minimise

damage. '&
2y \(\Q}

Where possible fishing should be carried out using dc field %s is because dc has good
anodic gavanotaxis, induces tetanus only in the near vicinity %t electrode and has the lowest
recorded rate of injury for any waveform type. However tI@ will be many cases where it is
not possible to use dc (high conductivity water, yvaiale eectrica characterisics of stream
topography, poor fish response to dc field for mq% causs). In these cases pdc fields
should be used. Pdc however has poorer anod'oa, ectrotaxis and tetanises further from the
electrode; possibly preventing some fish from e&b\ﬂg the capture zone. Pulse frequencies should
be kept as low as possible (Snyder 1 ggests 30-40 Hz or lower) note however that
frequencies below 20Hz may not be g r attracting the fish to the anode. There is dso some
evidence that high frequencies may b;z'@re efficient for capturing small fry.

At present nearly as many |@(Qent Agency teams fish with ac as with dc. Whilst some teams
had tried dc they have foun ot very effective (possible due to the reasons stated above). Despite

some evidence that ac orms (especidly 3Phase ac) are no worse than pdc with regard to
causing injury, most ce does suggest that ac does cause more injuries and therefore ac fields
should not be, or fishing unless warranted by specific circumstances (use of fishing

frames, PPAS,0MNfish to be killed).Indeed it stated in the Draft BS EN14011 Water Qudity —
Sampling &\ with Electricity, that ac should not be used.Whilgt the reputably lower injurious
effects é}hase ac may warrant further investigation, the benefits associated with the attraction
eff c outweigh the benefits that may accrue from the use of 3-phase ac.
O

fields should be adjusted to the minimum voltage gradient and current densty
concomitant with efficient fish capture. Pulse box settings should be adjusted to optimise
recovery, capture efficiency should be a secondary consderation and can often be offset by carrying
out more runs (if depletion fishing). This is an area where some measure exidts for some trade off
between fish capture and fishing efficiency. It should be noted that it isINCORRECT to increase
pulse width (and thus amperage) at deeper sites. For the same conductivity water this will not
increase the field area of the anode but Smply increase the power trandfer to the fish within the field
and thus lead to higher injury. Increasing the voltage a the anode however will increase the size of
the voltage field, but will dso lead to high gradients near the anode with associated risk to both fish
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and operators. Most of the respondents to the questionnaire stated that they tsed a“ standard”

current when fishing. If this “standard” had been determined on the basis of past fishing success and

lack of fish injury these standards are probably satisfactory. Personnd using dc for the first time will

need to adjust or modify their fishing technique to account for the much smdler effective fidd found

with dc (Snyder 1992). Calculated field intendty data are good for planning, but on-gte, in-water
measurements are necessary to verify actua intensity and digtribution of the eectricd field, especidly .
given the importance and potentid variation in subgtrate conductivity. Given that, adjustment should Q)\
initidly be carried out based on theoreticd condderations (e.g. as shown in figure 2.25) and then '\
adjusted based on values actually measured in the stream or river (e.g. by use of “penny probe’ etC).

Voltage field measurements should be made using ether a cusom-made peak voltage met:

portable oscilloscope. Part of this set-up process will be the decision regarding what volt .

In the past, few pulse boxes in usein the UK have had this option but it is a powerful toN loring

the fidld gradient to ambient conditions. Voltages can be reduced when having to use | 'anodesin

smdl high conductivity streams or increased in low conductivity streams (if larg e diameters

are impractica). Note that there is no physologicd reason for 200 volts to default voltage

used, often lower voltages will be equally effective in producing an adequa% Intengty.

The anode head size should be as large as possible. If usng dc’&l\able power may influence
the size of anode that can be used (figure 2.28), but if usng pdc able power is rardy an issue.
The practicdities of handling large anode heads and the phys e of the dream are more likely to
be an issue. In amdl low conductivity streams, if smdl p anode Sze is required voltage levels
can be increased. Adding metal mesh to the anode (%reduce the consequentia high voltage
gradient thet will then exid in the vicinity of the The mesh should not be used for actudly
capturing the fish however. Most Environment teams have a wide variety of anode sizes to
choose from but most use a standard size for f@j ng. Only 5 responderts noted that conductivity was
used as a determinant for choosing anod > One respondent to the questionnaire noted that now
they fish with alarger anode head ( current) fish injury was not such a problem.

The cathode should be as | as possible. The commonly used “braid” design of cathode is
inefficient. The Agency shoulteaither revert back to the old expanded mesh design of cathode or use
markedly longer lengths id (2 m). If multiple anodes are used, cathode area may need to be
further increased. Kr@ége of the electrode resstance of both anode and cathode will alow

intelligent am@ requirements.
N

Fishing ta@que usng dc and pdc. When usng dc, fishing should be conducted in a
disconti fashion, in order to use the eement of surprise, to improve capture efficiency and in
to herd or drive the fish (Scruton & Gibson 1995). In preference the operators should
SW n when in close proximity to areas such as clumps of weed, tree roots or other likely refuges.

G@] will be in the atraction zone and this will have the effect of pulling the fish out from their refugia

0 where they can be captured. Care should be taken not to have the anode too close to refugia

\(\\% when switching on as the fish may then be in an immobilisation fidd and will not be drawvn from
cover. Sweeping the anode when in areas of open water may encourage fish to seek out areas such

as weed beds etc where again the above technique can be used. When using twin anodes however

this discontinuous method becomes difficult due to the requirement for both anodes to be powered
amultaneoudy. This problem can lead to the practice of keeping the anode live whilg lifting it from

the water; this should not be done. Personnel from al areas dated that they actively moved the

anodes whilgt fishing. It should be noted tha the effective fishing radius of the anode will vary
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dependent upon the locadised changes in the physica attributes of the stream. For this reason it may
be difficult to obtain good depletion sampling population estimates (or more fishings may be required
to get adequate confidence in the results).

Unlike dc, the tetanisng zone of pdc extends some way out from the anode. Thus when using pdc

care needs to be taken that the anode is not o close to the fish that the fish is ingtantly in the .
tetanising zone of the field or that the fish is tetanised whilst il outside the catching zone. This aspect Q)\
can however be minimised by using an anode radius suitable for the conditions being fished. Q'\

likely to be able to escape the voltage fidd. This can be reduced by ether fishing next to t (to
trap the fish againg the bank) or by enclosing sections of gtill weater with nets (Smilar to lhg nique
used for widerivers).

Generdly dectric fishing teams work in an upstream direction. This reduces t blem associated
with gtirred-up st impeding vighility. It can dso however reduce the likel of herding fish into
the bottom dop net and thus biasng the cepture efficiency of t catch (front-loading)
(Bourgeois 1995, In: Scruton & Gibson 1995) $\

Actud techniques used will vary between running and gtill waters. In il waters the fish are f§ﬁ&e

When fishing wide Stes, multiple anodes can be used. Fishing iques that can be used are shown
in figure 6.1. Zig-zagging upstream when fishing dlows r or target habitat types across the
width to be sampled. Moving anodes when fishing sde@de and up and down to “draw” fish will
aso help. When using twin anodes in wide rivers nly part of the width is being covered, it is
sometimes advantageous for the mid-river anod e dightly ahead of the bank-sde anode. This
technique will tend to scare the fish into the @k and make capture by the bank-sde anode more
effective. In general one anode for 5 metres of river width has been found to be
effective for quantltanveelectrlcfla surveysof wholerivers.

Fish should be removed fro (Q'e dectrical field as quickly as possible. While length of
exposure to the eectric fieldXdoes not appear to increase rate of trauma, length of exposure does
increase dress levels. R immersion of fish into an dectric fidd has been shown to increase
blood lactate Ievels@b hus will increase podt-exposure nuscle acidosis). All Agency teams
acknowledge that horeling fish is poor practice as it dso condderably increases oxygen debt and
should beavo'gd\" aso acknowledge thet at timesit is unavoidable.

Regardi non-electric consderations when fishing, five mgor issues arise, Water depth, water
tem e, water vishility, fish welfare and communication.

Q@(c:t)ric fishing by wading is limited to the depth in which wading can be safely carried out. The
. nvironment Agency Code of Practice dtates that eectric fishing by wading should not be
\(\\% underteken if the fishing Steis predominantly greater than thigh depth.

The temperature that fishing is carried out in should avoid extremes. Mogt of the personnd
questioned said they avoided the hottest months buit it is also important to avoid the coldest months
as wdll. In generd there is a trade off between efficiency (poor at low temperatures) and welfare
(poor at high temperatures). A temperature range of 10-20°C is preferred for coarse fish and 10-
15°C for sdmonid species. If fishing has to be carried out at low temperatures due to logigtics (e.g.
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low growth in winter so better between ste growth comparisons) increasing pulse width or voltage
gradient may improve efficiency (Lamarque 1967).

The rule regarding the vighility required for dectric fishing is Smply “do not put the anode head
deeper than you can see’. The dectrode should be visible and the probe should be near enough to
the riverbed for its fidd to encompass the riverbed. The vishility required will vary for different
goedies (eg. amdl benthic fish requiring higher vishility than if surveying larger mid-water fish). In
poor visihility more runs may be required to achieve adequate popul ation estimates.

A wide variety of techniques are used by the Agency to ensure good fish welfare whilst bei

prior to processing. Temperature of water is the main criteria determining steps to take to ise
welfare, with greater care regarding maintaining oxygen needed in hot weather. The us& oating
mesh cages was considered to be a particularly effective way of kegping the fish in good
condition. Many areas separated ed from the caich. The large quantities of us these fish
produce was fdt to lower the water quality (especidly if thefisharehddinbi “clog-up” other
fishes gills. Holding ed in damp sacking was consdered to be an effective . Oxygen levesin
bins were rarely measured but supplementary oxygen and air was oft Ided. Oxygen levelsin
bins can decline rapidly. With an approximately 50% stocking d FaM45 litres of water : 20 kg
(° 20 litres) fish) oxygen levels can decline to 50% of ther garti e in 7 minutes. This stocking
level in bins should therefore be regarded as maxima. R that the water needs to be
agitated to remove CO. . It is possible to supply adequ , with afine diffuser and dill build up
toxic levesof CO,.

&

Good communication systems need to bein p@@baW%n anode operators (especidly dueto
the one-off, al-off safety system) and/or ano@.operators and bank personnd. This system can be
plain speech but in wide or noisy Stes s sem of either hand signds (difficult if anode in one
hand and net in the other) or radio cor@ cation is preferable. Modern voice activated radios fitted
to head sets are idedl. (5\,

With the recommendations méade in this report it is timely to remind personnd that if gear settings are
dtered then some gear C%) on will be required if new techniques are gpplied to long-term work.
Hedinger et al. (1 idered that changes to eectric fishing gear should not be made partway
through a monitorm‘rsanme (unless it can be demondrated that collecting efficiency is not
dtered). Howeved™ those changes are required for fish welfare reasons then calibration of the
varioustedé' will dlow data comparahility.

Findl advice of W G Hartley from around 1960 should be noted. “ The best advice isto ensure
th know what you are talking about, check everything checkable on the electric side, and hope

q@ as time goes on you will find fewer occasions on which you are surprised by the outcome of

our actions. We dl go on learning and only afool will dare to dogmetize. Thereisno such thing as
an expart in fisheriesd”
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Twin anode fishing. Poor method, when anodes | Twin anode fishing. Good method, when one
anode moves to margin second anode covers

move gpart fish have an easy escape
downstream. mid-river preventing an easy escape
downstream.
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Twin anode fishing. Alterretive method, mid- or twin anode fishing. Thismethod is
%rti cularly good for popul ation assessment of

river net lanes off river dlowing less chance of
fish avoiding anodes and escaping downstr@ benthic fish. Distance between horizontal sweeps
across river is based upon effective anode field
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Figure6.1 Methods of sngle and multiple anode fishing
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7. RECOMMENDATIONSFOR MINIMISING EFFECTS

Notwithstanding the range of literature detailing negative aspects associated with the capture of fish
using dectric fishing, it is generdly consdered that provided the technique is carried out in an optimal
manner, the technique should continue to be used for sampling fish populations. The following, whilst
detalling ways in which optima settings can be achieved for fishing, does not however provide a
magic wand for the end of dl capture related injury to fish. If gpplied intdligently to any particular

stuation it will however reduce the negative impacts that may be associated with dectric fm%,g\

Where the populations are rare or endangered, methods other than eectric fishing shoul
considered. Q

The following is based on the recommendations of Snyder (1992) and Kolz et al. (19{)\(2)

In order to lower the possibility of trauma, the following measures should betakwo

4

1 Where practical, use smooth dc. 6

N

a) Because of dggnificantly higher field-ir@s thresholds for desred
responses, the use of dc requires either amore @/ ul generator or acceptance of

agndler effectivefidd. %)
%)

b) Some of this limitation mi \Q overcome by dtering dectric fishing

technique and taking advantage of ers of good anodic taxis.
2/ If dcisnot practical, use pd with waveforms, pulse frequencies or patterns,
and power levels likely to causedinerleast damage while gill maintaining adequeate capture
efficency.

x<

waveform used in ic fishing. Until proven otherwise, ac should be avoided for most

3/ Whether WHI‘; (Q not, ac is recognised by many authorities as the most harmful
purposes. Ac shg@ nly be considered when fish are to be killed.

4/ O g eectric fishing systems a the lowest effective power setting that il
providQ effective dectric fishing. Fish should be observed following capture to ensure
th%@a/ recover equilibrium within one to two minutes; if not, power should be reduced.

ﬁ Use dectrodes with the largest effective diameter practica to minimise or diminate
()™ the zone of tetany around the anode.

6/ Equipment for measuring conductivity and field strength (voltage gradients) in the
water should be available on each eectric fishing trip to monitor equipment operation and
adjust settings and eectrodes for the desired Sze and intengity of the field.

a) For in-water measures of fidd drength, portable fidd-durable,

oscilloscopes may be preferred since they can dso be used to monitor output
waveforms and pulse duration, but commercid fied-strength meters or smilar home-
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built units based on voltmeters should be adequate if they accommodate the specific
waveforms used.

b) Hed-strength measurements should be based on pesk voltages. If the
meters used can only measure RMS voltages, then pulse frequency, width, duty

cycle and shape can be used to approximate pesk voltages. Q)\’

C) Control-box settings and el ectrode sdlection should be based on predefined Q\

fiddd 9zes and intengties for the target species and size group. Th&eefieldsshould
defined to take advantage of probable species and size specific voltage

thresholds to maximise taxis and narcoss while minimising the zone of taa%é)\

d) Control box setting and size of the eectrodes should be c}@rmmed by
caculation or, preferably, by in-water voltage gradient measurem ot by on-the-

t experimentation

ould be determined in
oximated using threshold

€) Specific threshold criteria for endangered
controlled experiments. Until then, they will haveto
data avallable for other species and size groups.

7/ Minimise exposure to the field and spequﬁ\dling — ragpidly net fish before they
get too close to the anode, and quickly, but gentTQ)Iace them in oxygenated holding water.
While length of exposure to the dectric fi oes not appear to increase rate of trauma
(bleeding or fractures), length of expo&(s. increase diress levels. Netters should not
dlow fish to remain in the net too | repeatedly dip fish back into an active dectric fidd.

8/ Change the holding w (Qéquently to ensure adequate dissolved oxygen and avoid
fishing in excessve temper

In order to determine the th quqlevel for eectric fishing with pulsed direct current Temple (pers.
com.) recommends the qu ng procedure. Whilst to many, the procedure will appear to be overly
cautious it would onl requwed to be carried out a few times for the optima settings (not just
those that catch f|% hose that catch fish with little danger of injury) to be established.

\Sta’t with low leves of frequency (say, 20 Hz), duration (say, 2 ms) and amplitude

00 V); fish with this wave form for a short while in a place where the target fish are

&'\t until it is evident that fish can be caught a a satisfactory rate or not; if yes, use this
0\}setti ng; if no, go to step b.

O
6 b. Increase amplitude to 200 V and repeat step a, but in anew area (say, anew stream
section); if no fish are caught increase amplitude to 300 V and try again continue increasing
amplitude until maximum voltage is reached; if fish are not caught satisfactorily, go to step c.

C. Set voltage back to 100 V' and increase duration (say, 4 ms) with frequency Hill at
20 Hz; repeat steps a and b, stepping through increasing voltage at the new pulse duration; if
fish catch rate is not acceptable, repeat steps a b and ¢, until the maximum duration is
reached; if fish catch rate is not acceptable, go to step d.
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d. Set voltage back to 100 V and reset duration to, say 2 ms; increase frequency to 30
Hz. repeat steps a, b and ¢; continue increasing amplitude and duration at the new frequency;
if fish catch rate is not acceptable, repesat steps a. b, ¢ and d at the next highest frequency.
Continue until catch rateis OK.
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RECORD KEEPING REQUIRED

Comprehensive records should be kept of every dectric fishing session. A field test kit for measuring
voltage gradient (penny probe plus oscilloscope / Digital Volt Meter) should be available and staff
trained in their use,

Records kept should include:

The equipment used, the method (eg twin anode), size of anode rings and the settings )6%1/
when fishing. Record actud voltage gradients as shown by the field test kit.

The environmenta conditions such as conductivity and temperature. (\Cb

The reason for fishing should be recorded including the target species an '@stag&s Thisis
because differing techniques are likdly to be used dependant upon t n for the fish
survey. If quick snap shot data required (e.g. cyprinid species compastion) then less efficient
methodology will give a more cogt-efficient result than the teclq%'@ues that would be required
for accurate assessment of benthic gpecies. When samplir@ ering life stages or secies,
setting not applicable to other species or life stages na the most suitable (e.g. high
frequenciesfor fry capture). Q)

Record the efficiency achieved. \Q

6

Record al occurances of damage and&@ath of fish. If possble ascribe the reason for the
damage/mortality to handeling or effect.

\3
. @O0
Q\'\
%)

R&D TECHNICAL REPORT W2-054/TR 112



&
N

9. FUTURE WORK

Anode design

Investigation of the ease of use and fields produced by large (>40 cm) eectrodes needs to be
carried out. \’
NO

When using pulsed dc, available power from the generator is rarely an issue except in very hi
(>1000 nscm™) water. Lamarque (1990) considered that in water of 30 - 500 nsemi* conduti @/
electrodes of 60 cm ring diameter, 2 cm tube diameter were effective. If the weight
electrodes is an issue, the congtruction of the ring from multiple wire rings should be i |nv .An
dternative design that does away with the rotationd force on the current design of a\ as been
suggested.

Within the Agency the mgority of anodes are of one or two designs. These “ ard’ anodes fitted
with arange of diameter heads, should have their resstance empirical red under a range of
conductivities in order to assst in caculating power requirements. A;&X%/ design of anode should

come with acdibration graph of eectrode resstance againgt water ctivity.
Electrical characteristics @Q
%)
Few daa exig tabulating the voltage gradients requited to dicit different responses using pdc.
Davidson (1984) carried out sSome measurements species but this work should be expanded

in order to obtain definitive data regarding tl imum gradients required for a range of UK fish
species. These gradients should be for attraci d tetany.

The role of pulse width (and thus ) in caugng fish reaction to dectric fishing is il not dear.
Further research is urgently requi this fundamenta aspect of dectric fishing.

The output from generators found to be very variable and had a profound effect upon the output
waveforms produced Ysverd of the pulse boxes evaduated. Outputs from generators used for

electric fishing shoul evauated and if necessary their output smoothed to give an output suitable
for the pulse box\mjth modern pulse boxes this should not be such acritica issue.

| N\
Fish cond@ny

The of knowledge regarding fish conductivity needs urgently addressing. If power transfer
is correct (and there are some reservations regarding the theory for other than dc fieds)
owledge of conductivity isvita, asis knowledge of whether it changes with temperature.
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Practical consderations

The sysem of “one off, dl off” for multiple anode fishing will need a system of good communication
between anode operators to be established. When using dc it is necessary to bresk the field regularly
in order not to drive fish ahead of the fishing team. Good co-ordination between operators will be
required in order to maintain efficiency when multiple anodes are used. Unsafe practice, such as
holding an energised eectrode out of the water should not be alowed.

Training

Whilst good practica expertise exigs in the Agency, present levels of knowledge @ ng
theoretical aspects of dectric fishing are very varigble. At least one person in ea:hf\gﬂg team
should have a good understanding of the theoreticd basis of ectric fishing and one peson in each
area should have a comprehensve knowledge of the theory. This will dlow intelli adjustment of
fishing parameters and a better understanding of factors influencing success or ise of different
ill

setings. In this way settings can be usad that will maximise fish welfare wii enabling efficient
fishing operations to be carried out. Knowledge gained from the opti ings found can be fed
back into the system to improve overal understanding. A course s mil (but more attuned to UK

types of fishing) the one run by the US Fish & Wildlife Serviceisr mended.
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APPENDIX 2

CHARACTERISING WAVEFORM S GENERATED BY
ELECTRIC FISHING EQUIPMENT

A2.1 Noteson Voltage M easur ement ,\Q)\’

Consider a steady dc voltage applied between two eectrodes. It is, by definition, cons‘%]\ is
equal to the potentia difference between the eectrodes. The power dissipated by a I% nected

between the two eectrodesis dso congtant and is given by the following expression

A2.1.1 Direct Current (dc)

ve N
P= = 6&(&quatl onA2.1
_ y N

Where P is the power dissipated by the load &\

V isthe voltage gpplied to the load

R isthe resstance of the load. @Q

%)

If the voltage is a time variant, periodic function € ?Q]usoida, pulsed, or any other complex,
repetitive waveform), the voltage can be expr severa ways. Three common parameters

described below are peak, peak-to-pesk, and roi@nean square (rms).

O

A2.12 Peak (Vp) (0(\

The peak voltage is the magnit %e maximum ingtantaneous voltage appearing between the
electrodes. FiguresA2.1t0 A2. rate the peak voltage of some sample waveforms.

A2.13 Peak-to—PeakOi(Q/’,gp

The peek-to—pg%satage is the difference between the podtive pesk (i.e. the maximum,
instantaneous yoitage) and the negative pesk voltage (i.e. the minimum, ingantaneous voltage)
appearing b&eﬂ the eectrodes. Figures A2.1 to A2.4 illusirate the peak-to-peak voltage of some
sample orms.

Ao@\} Root Mean Square (Vims)

Q\/hen aload is energised by atime variant voltage, the power dissipated by the load will dso betime
variant. The ingtantaneous value of the power disspated by the load is given by Equation A1. When
congdering periodic waveforms, it is cusomary to consder the mean vaue of the power over a
complete cycle. For a voltage waveform, v(t), with period, T, the mean power, Pren, in the load
over one cycle from Equation A2.1 is given by:

1 +TVA(L) .
P ==—x3 —Zxit Equation A2.2
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Since R isnot time variant this can be expressed as.

p 1,1 N VA(1) st Equation A2.3
™R T Q g '
It may be recognised that @,
Ly V(1) >clt Equation A2.4 Q'\
T A -/\\q,
is the mean value of the square of the voltage over one complete cycle. cb\g
N
In order to maintain congstency with the dc case in Equation A2.1, it is common to exA@ power in
the case of atime variant voltage as $
. >
P= VV—R”‘S \(\6 Equation A2.5
&
Where Q
1 &7 ®®
V2. = = 0 VA (t) >t 6\0 Equation A2.6
Thus 6‘(\
V.o = \/1 ><(‘5+T VA (t) >t > Equation A2.7
T \@

Thisisthe root mean square OQQ‘VOI tage and is equivaent to the value of the steady dc voltage that
would dissipate the same nfe2n power in the same load resistance. Figures A2.1 to A2.4 illustrate
the rms voltage of so ple waveforms.

A2.2 Some Example Waveforms

Time —>

FigureA2.1 A steady dc voltageV =V = Vims
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Equivalent steady d.c. voltage
required to produce the same
power dissipation in the load

Voltage

Figure A2.2 A sample periodic waveform illustrating the magnitude of Vp, V. (},S.

Equivalent steady gfg’yvoltage

required to pro the same
power dissjpamiQr in the load
e e @A . /
()
(@] X
& N —a
o
>
£
>

@Qme —>
FigureA2.3 Anadternative periodj@aveform illustrating the magnitude of Vi, Vpp, Vims.

6 Equivalent steady d.c. voltage

Os\ required to produce the same
power dissipation in the load

Voltage

'\% Time —>
,Q(\ Figure A24 Andternaive periodic waveform illustrating the magnitude of Vi, Vpp, Vims.
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APPENDIX 3

ANODE FIELD DENSITY MEASUREMENTS

Whilst severa papers ded with theoretica aspects of anode design, few actua field measurements

from different designs have been published and none to our knowledge have measured the effect of Q)\’
differing diameter of condruction materid on the field. In order to empiricaly determine these Q\
aspects voltage gradients were messured for severd differing anode designs and constructions 61/

both low conductivity (absolute conductivity = 42 nScmit) and medium conductivity (dnﬂé&
conductivity = 480 nscmit) water. Q)\Q
Mesasurements were taken in ¢.250 mm deep water over a natural sand and gravel S]%ﬁrate. The
cathode (a 2 metre copper braid) was placed ¢.3 metres away a right angles t irection of
voltage measurement. Readings were taken in the axis between the anode and-tii#® cathode using a
voltage gradient probe of CEH design and a standard digita voltmeter. Th &Was rotated until a
maximum value was obtained and the reading noted. Only one s&t of ements was made and
thus no estimates of error could be obtained. Power was provided a series of batteries giving
50V dc. Results have been multiplied up to give equivaent 200 V

TableA3l.  Anode designs evaluated in the low conduc@@’water.

Copper ring 380 mm diameter 15 m ge (copper oxidised)

Copper ring 380 mm diameter 1. gauge (copper cleaned)

As above but with metal mesh wholering

As above but with meta m@%er end of ring

Copper ring 250 mm x 1

Sanless sted ring 25@1(71 X 8 mm gauge

Sanlessged ri mm X 8 mm gauge

Sainless sed%ing”100 mm diameter flat section metd 5 mm wide

Sa nless,st\'e@i ng “square’ ring

Measurements were@en a both a coarse scde for al anodes (measurements taken at 40, 100,
200 and 500 mm,fnm the anode) aswell as fine scae for the 250 mm and 100 mm diameter anodes

©COoNoO~WDNRE

(measurem en at 10, 20, 30, 40 and 50 mm from the anode). The fine scade measurements
were tak rder to assess the gpplied voltages when the eectrodes actudly touch (or arein very
close ity to) thefish.

(§‘fdition measurements were aso taken from the 250 mm x 15 mm ring whilst it was in a vertica
%drientation Y5 submerged and %2 submerged.

*

&\(\\ Results from the coarse scale measurements (Figure A3.3) show, with one exception, the expected
higher voltage gradients associated with the smaler diameter anodes. The exception being the
380mm anode that was coated with an oxide layer, this resulted in it producing a voltage gradient of
smilar magnitude to an anode a third of its sze. Stewart (1960) aso found that dirty eectrodes
increased the voltage gradient; and for that reason recommended the use of ainless sted to make
therings
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“Square’ (9) 380 mm Cu (2) \@n SS(6)

250 mm Cu (5) @mm flat ring (8)
100 mm SS(7)

Figure A3.1 Anode designs used in tests. Numbers iq&@kets refer to table A3

O
. ‘.OQigureAs.Z Close-up of smdl diameter (100 mm) anodes tested. These smdll diameter anodes
N\ are used specificdly for fry sampling where high voltage gradients are required.

The addition of metal mesh to the 380 mm clean copper anode did not affect the voltage gradient
close to the anode ring but did seem to increase the voltage gradient further out from the anode.
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Figure A3.3 Voltage Gradients from different anode types
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The materiad diameter used to construct the anode seemed to have some effect at the coarse scae
out to 200 mm distance but at the fine scale only the 200mm diameter anodes showed any marked
differences Figure A3.3 and A3.4.

48 Anode Fields - Fine scale
40

E 3

(&}

> % AN

5 L 0

2 ke

G 20 .
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% \ ~ $\\
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. O
1 2 3 S’\&\ 5
Distance from anode (Cm).,
—— 250mnx8mm —&—250m ‘m Curing
100mMxmm Fia & 100mmommxamm
~
Q}%

Figure A3.4 Finescaeanodefidds \Q
Further tests were carried out on a selecti anode designs in the moderate water conductivity of
the River Frome (absolute conductivity = nScm).

As dectric fidd theory predi e voltage gradient remained virtudly the same a both
conductivities. Power drain (&urrént) however did increase a the higher conductivity. If however
power supply had been |i g (for example if a very smdl generator had been used in the higher
conductivity weter) th effect on the voltage gradient may have occurred due to overloading of
the generator, Figure@.S.
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Figure A3.5 Voltage gradients at diffeg ater conductivity
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The increase in power drawn from different anode diameters at the same conductivity is shown in

figure A3.6.
Power vs Anode diameter
40 .
e 35 /_, _— \Q)\
S 30 (I/Q
g2 AN
g 20 — , \Q
S 15 \‘b
e 10 \\\
< 5 .(\\
0 R\
T T T (0
0 100 200 3 \0(\6 400
Power (Watts) S,\\'
Figure A3.6 Power requirements for different anode di a@%s
The distance between the anode and cathode dso i ced the power drawn from the anodes, with
power increasing the lower the inter-electrode di became (Figure A3.7).
N
Power variat@vs | nter-electr ode separ ation
70 >
&« O
60 « O‘
50
E *
2
((\ 10
c:’ 0 [ [ [ [
O 0 100 200 300 400 500
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Figure A3.7
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Measurements from part submerged anodes were taken as

shown in figure A3.8. Digance to

cathode, conductivity and substratum type al as for the low conductivity tests.

Part-submerged anode

'\(b\.

Q
W

Figure A3.8

N
N
°
The distance (d) was kept at 60mm for al measurements. ’\{Q
These measurements were meant to replicate the times where t sca Sze of the stream makes it
impossible for the anode to be submerged in the usua horiz ner.

Table A3.Il  Voltage gradients around a partidly aOyerged anode
A
Per cent submerged 6 N Voltage gradient (V cm™)
R at 60 mm
100% ‘O~ 0.95V
509 'O 0.90 V
28%> 1.45V
7

As can be seen, when thg\a@e is only partly submerged high voltage gradients can occur and thus

increased injury ispossQT}O'

Testson the squ‘a@node shape were inconclusive, but generally showed higher voltage gradients at

the corners sguare compared with the Sdes.
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APPENDIX 4

CATHODE FIELD DENSITY MEASUREMENTS
Determination of field gradients was made from 7 different designs of cathode.

Measurements were taken both in low conductivity water (Windermere absolute conductivity 4‘219
mSem®) and medium conductivity water (River Frome absolute conductivity 480
Measurements were made using a voltage gradient probe (of CEH design) measurlng
gradients across 10 mm. The probe was rotated until a maximum reading was obtained @e axis
perpendicular to the orientation of the cathode under test. Power was provided fr ies of
batteries giving 50 Vdc. Results have been multiplied up to give equivaent 200 V & Only one
st of measurements were made and thus no assessment of error were obtained.
Low conductivity tests. &(b

3
Tests were carried out in gpproximatey 250 mm water with tl@ode being a Wisconan ring
hanging 5 metres away. The cathodes were laid a right angles te,the shore and thus measurements
were made in constant water depth. %)

Q&

Table A4l  Dedgnsof cathode tested a low cond@ﬁy.
1. Stainless ged pipe - dimensons 750 rg\?? mm diameter

2. New copper braid — flat crossrsecti% mm X 25 mm wide

3. Five copper braids (Cat of nine-t ign) each braid 1000 mm x 5 mm

a braids laid together \Q

b. braids spread

Old (frayed) copper flat cross section 1000 mm x 15 mm

Old copper braid —é&ross—sectlon 2000 mm x 25 mm laid double (so length = 1000 mm)
Old copper Eg&_vound cross-section 1000 mmx 13 mm diameter

No s

Expanded m esh — 420 mm x 310 mm ¢.2 mm Sed.
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FigureA4.1 Cathodesusedinorder 1, 2,4, 3, SdeasnoQthdJIeAM

Results of the voltage gradients found are shown in Fgu@q)z

sheet had amarkedly different voltage gradient from tIQ%oI

R&D TECHNICAL REPORT W2-054/TR 140

Results show that only the flat metal

n gainless sed tube.



Cathode Fields - Low Conductivity

25 |
—— (1) = ss pipe(750mmx22mm)
—#— (2) = New Cu flat braid (750mmx25mm)
—aA— (3a) = 5x flat Cu braids laid together (1000mmx5mm)
5 A —— (3b) = 5x flat Cu braids spread apart (1000mmx5mW\
—*— (4) = Old Cu flat braid (1000mmx15mm) \Q
—@— (5) = Doubled over Cu flat braid '\%
—+— (6) = Old Cu round braid (1000mmx13 %\
X —=— (7) Expanded mesh (420mmx31@)
15 (b.
: ‘(\6
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1) M \
: \)
>
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la} Q
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Figl@z Cathode field gradient — Low conductivity tests
@)
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Medium conductivity tests.

The tests in the River Frome were carried out in a smilar manner to the Windermere tests. The
anode was a 380 mm standard copper ring positioned 4-5 metres away and the tests were carried
out in ashdlow (250 mm) channd.

A subsat of the cathode designs tested at Windermere was evauated with one being laid in new '\Q)\‘
configuration plus an additiona design incorporated. (19

Table A4.ll . Cathode designs tested at medium conducivity: Numbering asin Table A4l Q/\

2. New copper braid — flat cross-section 750 mm x 25 mm wide '\Cb\
4, Old (frayed) copper braid — flat cross section 1000 mm x 15 mm
5b.  Old copper braid — flat cross-section 2000 mm x 25 mm laid out full I%Q&) length 2000
7. Expanded metal mesh — 420 mm x 310 mm ¢2 mm sted. 6\
8. Perforated sheet — 740 mm x 920 mm. \Q
N

\
Results from these tests aso highlighted the high fields intens'ti&reeted by the standard braid
cathodes compared with both the meta mesh cathodes. T chption being the 2metre brad
cathode laid out straight (not doubled over as in the Win e tests). This design had the lowest
field intendty of al the designs tesed in the mediurﬁQ)nductivity waer. Little difference was
observed between the two designs of mesh cathpﬁ however despite their markedly different

dimensons
6‘0

Figure A4.3 The two mesh design cathodes evaluated (7 & 8 in table A4.11). Note small mesh
not actua Size used in evauation (approx. Y2 S9ze)

R&D TECHNICAL REPORT W2-054/TR 142



Cathode Fields - Medium Conductivity
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Comparisons between tests

Comparisons of voltage fidd gradients propagated from three different cathode designs under
differing conductivities are shown in Figures A4.5 — A4.7. Horizontal scale is distance away from
cathode, vertical scde is voltslem. The results show little difference for the new copper braid, more
difference for the 1000 mm x 15 mm braid and a marked difference for the 420 mm x 310 mm
expanded mesh. Increase in differences seemed to correlate with increasing surface area. '\
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Figure A4.7 Expanded sed mesh (420 mm x 310 mm)
APPENDIX 5

GENERATOR AND PULSE BOX OUTPUTS

Generator outputs were measured using a LeCroy oscilloscope. All units were tested under load Q)\’
conditions to examine the output that would be generated in under use conditions, athough both Q
loaded and unloaded outputs are shown for the Generac unit. Load was provided by connecting the
generators to an eectric fishing pulse box discharging through a high capacity 33.3W resistor. Q/\
Types of generator output evaluated were: '\Q)\
1. Generac ET2100 Generator (2.1 KVA)
2. HondaEX1000 Generator (1 KVA) &(b
3. Honda EG1900 Generator (1.9 KVA) X ’@
4, Honda powered Allam generator (2.0 KVA) @Q
5. Briggs & Stratton powered Fusion Gene@g) (75KVA)

The Generac units output became very distoﬂ%&er load and this dmogt certainly affected the
resultant waveforms produced from the Electr, and Millstream Pulse boxes. The Intelys's box

output was not however affected (two ex of the output of this box whilst being powered by
the Generac unit being shown in additio@o the full range of tests usng the Honda generator for
comparison). (8\'

The Generac unit was used fokthe'mgjority of the pulse box tests, the exception being the tests of the
Intelysis Fish magnet. W, il 3ome tests on the Intelysis box were carried out with this generator, the
full range of tests on th ysis box were made using a Honda EG1900 gererator.

The range of p@ boxes tested was based on the range of types found being used by the

questionnair: sQ.utputs are shown for both 50 and 100 Hz output and at a range of output powers

approxim@o the minimum, medium and maximum power output avalable from the units. The

output@e those produced under a load condition; the load being provided by a high capacity

52 or 33.3W resgtor. Waveforms are annotated with both the settings, and the readings

ed on the pulse box for voltage and current: noted PBR (Pulse Box Reading) in the

Gmotation.
9

\S
,Q(\ The full range of eectric fishing pulse boxes tested were:
1. Intelyss Fish Magnet — Bankside unit

2. Millstream FB3A
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3. Millsream FB11A
4. Electracaich WFC3-96
5. Electracaich WFCA-20
6.  Electracatch WFC5-96 ,\Q)\’
7. Electracaich WFC3-96 \(],Q

8.  Electracatch WFCT77-96
9.  Electracaich WFC7-96 U

Q
10.  Electracatch WFC7-96 High Voltage ,0$
\

*

of checking this parameter in equipment used for dectric fishin%\ 0 highlights some of the
advantages of the more modern designs of pulse box.

The generator tests and the resultant distorted output from the pulse b@ nforce the importance
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Oscilloscope displays: Explanatory Notes

The output waveforms were measured using a LeCroy 9304AM Digitd Storage Oscilloscope
(DSO) combined with a 100:1 voltage attenuator probe. This is a four-channd insrument with a
maximum sampling rate of 100M samples per second and a vertica resolution of 8 bits. Only one of
the four acquigtion channds (channd 1) is used for the results presented in this report.

G

e O
2R\
b >
LAI‘\\I-‘H\‘HH e .:"{H—f &®
.Qg‘ b
I &‘\\
Eé S
i

oS

FigureA5.1 An e><an;§@1 e oscilloscope display.
Example- D 15. Millstream FB3A 50Hz Power setting 1 Load=52.6W

Figure A5.1 shows a tyi example of the Oscilloscope display discussed in the following section.
The horizontal axis réieSents time, and the vertical axis represents amplitude (voltage).

9
The display }shows two waveforms. The lower waveform (channd 1) represents dl of the data
acquired ir@ ingle acquisition channd (channd 1) of the instrument. The upper waveform shows a
segme(@the lower waveform (the bolder section), expanded to afaster timebase.

O

etails identified above are explained below:

a TraceA.

b. Ground (OV) referencelevel for Trace A.

Trigger level — ingtrument is triggered when Channd 1 has a pogtive trangtion through this
threshold.

d. Ground (OV) reference leve for Channd 1.

e. Channd 1 (Acquisition channd).

f. “Difference’ marker.

o
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g. Trigger time (Data which preceded the trigger event is displayed)

h. “Reference’ marker.

i. Amplitude parameters for Channd 1. These measurements ae based on the
recommendations of IEEE Std 181-1977 “ Standard on Pulse Measurement and Analysis by
Objective Techniques’, and refer to the section of the waveform of Channel 1 between the
“Reference Marker” (h) and the “Difference Marker” (f). An andyss is made of the
dominant magnitudes, from which “Basg’” and “Top” vdues are assgned, together with
vaues for the extreme Maximum and Minimum voltages. The reference markers are set 0

that the time period between them is one complete cycle of the Steady Sate period{l,

waveform.
pkpk(1): Maximum-Minimum voltage. \Q
mean(1): Average value of dl the data points '\Cb
sdev(1): Standard deviation of the measured points from the mean.
rms(1): The square root of the average of the squares of the magiitides of dl the

data points, the “Root Mean Square’ of the waveform.
ampl(1): The absolute difference between the Base and the&@

J.  Acquidtion timebase 5mSdivison.
k. Meaning: Trace A is an expanson of channd 1, horizontal @ mS/divison, verticd scale

100 V/dividon.
[.  Meaning: Channd 1, horizontal scale 5mS/divison, v scale 100 V/divison.
m. Date and time of measurement. Q)
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Generac ET2100 Generator (used for Millstream and Electracatch pulse box tests)

UNLOADED OUTPUT

28-Mar-01
16:01:04

1
5 ms
260 v

5 ms

Output under load (Electracatch WFC77-
sne wave shape and note effect on output fr

28-Mar-01
16:00:15

|

5 mg
200 Y

5 ms

Al

I W
o
\
&
kpk (1) 719V
Eegn(]) -4.0 Q
sdavi]) 216.4 Y @
rms (1) 216.5 Y <25
ampl (1) 390 Y \Q

%6

96

%d@rz PDC % max. @ 33.3W). Note breakdown of

|se boxes.

B
B
(B

phpk
mean
sdev(
rms (1)
anpl (1)

—_—
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Honda EX1000 Generator. Note: Old unit not fully compliant with current regulations

24-Apr-01
11:46:01 0.

ENE
i)

L@l
$\<jl \II/II\\I
UL TR 71T

\"\(9 JL VWL 1

2 |
0@

00 pkpk (D 534 |
b nean(]) 15.3 U
o =
&\Q > ns anpl (1) 527 V

Output under load (Intelysis 200 vPDC 24%, 50 Hz @ 33.3W)
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Honda EG1900 Generator

faiin &
5m5 Q}Q 1
O f
Sl T
oxb\"r‘lllllll L B I HIH'II
O ) I
& o
0\)(0 vy e T
60
\6 pipk (1) 647 ¥
S e
rmsi]) 248.7 V
5 ms ampl (1) 627 M
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Honda engine Allam 2.0K VA Generator

0

Output under load (Intelysis 200 vPDC 24%, 8% @ 33.3W)

24-Apr-01
11:50:46

>

s\v )

)

pkpk (1)
mean(])
sdey (1)
rms(])
5 s ampl (]
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Briggs & Stratton powered Fusion 7.5 KVA generator

Output under load (Intelysis 200 VPDC 24%, 8‘@ @333W)

24-Apr-01 (OQ

12:83:31
0

O
& pkpk (1) 725
meant]) -18.5 W
sdev(]) 240.5 Y
rms () 2407 \
5 ms ampl (1} BE3 M
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Intelysis Fish Magnet Bankside unit
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>
Intelysis Fish magnet, powered by Honda EG1900 Generator /\\
©
®
200V 50 Hz 10% 200V 50 Hz 50% @/%HZSO%
PBR200V 0.35A PBR200V 1.65A Q 200V 250A

24-fpr-a1 24-fApr-61 r-g1
16:55:37 T 18:58:22 T N 10022

- ! — i PN
5 ms T boms T - 5 ms
108 v I 1o v 1 ey
9
1 T 1 T I ]
2 ns HH:H:HHHHHH:HH:H:HHHHHIIH 2 ns HH:H:HHHHHHIH‘II.\H’HHHH:H:H 2 s HHHHHHHHIHI:HHHHHHHHHHH
100 v I 108 v Y/ 108 ¥ ]
| 2’ ] | ]
ANF
1 W 1 1
P
plpk (1) 212 v P"b\f@ 216 Y pkpk (1) 206 W
mean (1) 4.1V ) /7.2 4 neant 1) 138.2 ¥
sdev(]) 56.9 ¥ e 93.1 ¥ sdev(]) 72.2° ¥
rms (1) 58.6 V 513 1276 Y rns(]) 156.0 ¥
5 ms ampl (1) 190 v 180 v 5 ms anpl () 181 ¥

SMSOs\ ampl (1)

\
O\)

N
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Intelysis Fish magnet, powered by Honda EG1900 Generator /\
200v 100 Hz 10% 200 v 100 Hz 50% @/100HZSO°/0
PBR200V 0.35A PBR200V 1.69A § 200V 252A
24-Apr-al 24-Apr-ol Za1
11:05:12 T 11:06:26 - :
- ;; S ;; R
5ms I 5 ms T \® 5 ns
108 v I 160 I R 108 Y
i O ]
a1 1 1 T N 1
2 ms HHHHH‘:HHHHI:H:1:1111.1:1::::}:|ﬂm2ms ~ LA es
108 s 100 Q‘_ 109 ¥
L - - = ! [S——
1 L\E 1

pkpk (1) 216 Y phpk Y pkpk () 200 v
mean(]) 14.0Y me 90.8 v meant]) 136.7 Y
sdev(]) 57.4 v g\w 94.9 4 sdev(D) 71.0 VY
rnst1) 59.8 Y ) 138.8 W rms (1) 154.0¥
5 oms anpl (1) 192 v oy 5 mg ampl (1) 178 v

N
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Inteyss Fish magnet powered by Generac ET2100 Generator

200V 50 Hz 10%
PBR200V 0.35A
28-Mar-01
14:16:43
I
5 ms
108 v
@1
2 ms — A
100 v "
pkpk (1) 212y
mean(]) 13.8 Y
sdev(]) 562 Y
rms(]) 57.9 Y
5 ms ampl (1) 189 V

N
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28-Mar-01
14:24.00

= ]

N

'
2
18

%

5oms

157

200V 100 Hz 10%

PBR200V 0.35A

6{0

NS

pkpk (1)
mean(])
sdey(])
rus (1)
ampl (1)

L B
= 0 O P O
[l W& B s B 3]
E=ap el o el e




Millstream FB3A Pulse box
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Millstream FB3A powered by Generac ET2100 Generator /\\
50 Hz No.1 setting 52.6W load 50 Hz No.5 setting 52.6W load %Hz No0.10 setting 52.6W load
PBR 200 V No Ammeter reading PBR200V 02A $ PBR200V 25A

28-Mar-01 28-Mar-01 @ ar-01

11:51:48 T 11:57:28 - 7 :59:34

([ : \

I 3 7

1 1 1 \\ (| I /\

5 ms T 5 ms T AN 5 ms T

108 Y T 180 U 1 N 169 v : \
; ! N — ~ 1N
T I ) T

g . ! ! i1 i

100 Y " SRR RARAR BRAN PR SIS I SR EPPIG J. '

t

R !
i ot

s Y Y gt 2
O 12.6 N ) 9.0y meant ) ge.1 0y
e 12.9 y & <k 4 gy sdev(D 111.2 v
ns ampl (1 181 v 5ms ampl(]) 189 Y

5 ms O‘\ anpl (1)

N
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Millstream FB3A powered by Generac ET2100 Generator /\\(1/
100 Hz No.1 setting 52.6W load 100 Hz No.5 setting 52.6W load \00 Hz No.10 setting 52.6W load
PBR 200 V No Ammeter reading PBR200V 10A $ PBR200V 40A
28-Mar-81 Mar g &%—Mar—l
12:?41 - fg:?%l _ 12:83:58 :
5 ns | i]5 R/ 5 ns \
100 v I 180 v i AQ 100 \ i
I N
: N B RS R2=
i I . 1 : r
mlm o T e e e m.}% O‘H 2 ms HHMHH'Hiuuz""'k'*mm'

Q /S/
4

T AT Al s /\/\\ Vo

Ry ARSIy o

v
pkpk (1) 106 Y @ 178 phpi (1) 375 v
mean(]) .7y &‘D 246V mean(]) 2007 Y
sdev(]) 15.6 ¥ ev(]) 470 Y Sdev(]J mh.1 v
V"NS(]) 5.7V I‘WS(]) 53.0 Y F‘F']S(]) 226.6 Y
5 omsg anpl () 183 5 ms & ampl (1) 175 v 5 ms ampl () 3568 W

N
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Millstream FB11A Pulse box
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Millstream FB11A powered by Generac ET2100 Generator /\\

Q)\.
N
O

R

50 Hz No.1 setting 52.6W load 50 Hz No.5 setting 52.6W load Hz No.10 setting 52.6W |oad
PBR 200 No Ammeter reading PBR 250 >0A § PBR 240 No Ammeter reading
26-Mar-01 26-Mar-01 -Mar-g1
16:16:04 - 16:17:07 _ . N 16:18:01 .
— : — i W — |
5 ms [ 5 ons I 4§‘l 5 ms ]
200 v 200 v g A 200 v T
g \\_,/ N C;)\ L7 \\
a1 g LA 1 s AR 1
2 ms B 2 ms oo L AN L 2 ms
208 208 T T T TN T 200
: &
NGO A a
A : N 1 A E M i L 7
' g
phpk (1) 181 v ;3% 362 Y pkpk (1) 362 v
meant]) -7.8Y @ D 69.2 ¥ mean(]) 91.2 v
sdev(]) 214V 6 ey () 116.6 V sdev (1) 118.9 ¥
rms(]) 22BN rms (1) 135.6 Y rms (1) 149.9 ¥
5 ms ampl (1} 173 ¥ 5 ms & ampl (1) 345 v 5 ms anpl (1) 356 V

N
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Millstream FB11A powered by Generac ET2100 Generator /\\q/
D
100 Hz N0.10 setting 33.3W load 100 Hz Burst N@ ing 33.3W load
PBR 220V 5A PBR 240V

: >
26-Mar-01 28-Mar-p1 \
N

ey [
16:20:04 16:22:43

i]5 ns 50 ms CS:\{'Q
2 \_Jﬁ\“’/ \\\Jr"xhl/ A | 1?57 \
Zmﬁ :::::::::::::::::::%:::::::::::::::::: 6\0 20 v H HHfHHI
\// A\ \//\ A // \// Q Lo L
WM Y Y 3 IR
i A\ z o
! 3 i
okpk (1) 350 v (5)\
mean(]) 170.8 v \’}\ PKPKEB 5§3é E
sdevel) Fa (@) 2323(1) 104.2 v
rms(]) 197.8 v
5 ns anpl (1) 320 v \G.) rns (1) 119.5 Y
X 50 ms ampl () 329 v

N
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Electracatch WFC3-96

A RUR T T

"=
Vet
LR
fee m
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Electracatch WFC3-96 powered by Generac ET2100 Generator /\\
50 Hz Minimum setting 52.6W |oad 50 Hz Middle setting 52.6W | oad Hz Maximum setting 52.6W load
PBR 220V 0.25A PBR 250V 0.9A $ PBR 250V 2.0A
28-Mar-01 28-Mar-01 QS—Mar—l
15:13:12 . 15:14:11 _ ,s@ 15:14:59
— 1 — I k\ || e—
5 ms I 5 ms T “ 5ms
200 v 1 208 v 1 280 v
B I i I 1
m2m5 *Hﬁ]st //\ﬁwﬂ mst J/f o ‘
I ACP, T
55 Ve A ANV
" I 1 JQ\E} A\ 1 v \mﬁ L/ \M 1

ppk (1) 19V @@ 256 W pkpk (1) 331y
meant]) 6.7 W D 2.y nean(]) 59.6 W
sdev(]) 3.5 6 evl]) 69.8 V sdev(]) 118.2 Y
rms (1) 7BV rms(]} 4.8V rns (]l 142.1 v
5ons ampl(])  #& 19 ¥ & anpl (1) 247N 5 ms anpl () eV

N
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Electracatch WFC3-96 powered by Generac ET2100 Generator /\\
Q

R

&Hz ¥ Maximum setting 52.6W load

100 Hz Minimum setting 52.6W load 100 Hz Middle setting 52.6W load @
PBR 230V 0.25A PBR 250V 1.6A sé R 250V 3.0A
28-Mar-01 28-Mar-01 roal
15:17:@8 - 15:17:51 T NON\YY- 18:37
5 ns T 5 ms T ~ 5 ns
200 v I 200 v t Q 200 Y
T A")Q\ ™ /&\\
A1 I a1 I \ 4} R \ / ]
2 ms 1 ] 2 ns VDI A VY o U EREL W ._,H—a—‘ruuimlﬂ ¢ ns HHH—‘m'mHHHH_HHI‘HHFH_‘HHHH
208 v SR A A R A E A RARS RARAN BRI MR 2ee Y ‘{‘) 200 Y ]
) :
o ST A "\ A J/\ 5
. | NIWAR S i FoNA NN [\
N
PipK 278 Y pkpk (D) 356 v
%EEEB ,71? 8 n @ 64.8 Y mean(1) 145.5 v
sdeve]) 31y ) 92.8 v sdev(]) 119.3 ¥
P (D) 28y m 113.2 v rns(]) 190.4 v
5 ms anpl(D) 19y 5 ns & ampl () 265 Y 5 ns ampl (1) 315 ¥

N
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Electracatch WFC4-20
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Electracatch WFC4-20 powered by Generac ET2100 Generator /\\(1/
50 Hz Minimum setting 52.6W load 50 Hz Middle setting 52.6W | oad &Hz Maximum setting 52.6W | oad
PBR-V OA PBR-V OA $ PBR-V OA
Har—t 28-Nar-B1
e | fﬁ 6 o ,ﬁ
— : (| — i RQ P
5oms r 5oms T e 5 ns T
100 Y i 100 v I &» 160 /
; ! RQ. i
: : A1 I /) 1
169 - T ‘ e

1608 Y il -uu::‘<)w bbbl e P A
A I N

¢ s ~'~/'\‘J\-\\ Mok

I
_/?-
[

| N —

phpk (1) 44y pkpm 278 ¥ pkpk (1) 322y
meant]) -0.9 Y 34.6 Y meanc]) 94.3 ¥
sdev(]) 5T 71.9°4 sdev(]) 168.6 ¥
rms (1) 5.8 d‘ (]) 9.8 W rns(]) 143.8 ¥
5 ms anpl(1} 36V Soms mpl (1) 246 Y 5ms anpl (1) 207
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Electracatch WFC4-20 powered by Generac ET2100 Generator

28-Mar-01
15:29:28
—
5 ns
100 v

@1
2 ms
1008 v

100 Hz Minimum setting 52.6W load

PBR-V OA

1

1
pkpk (1) 84 Y
mean(]) 7.2
scav(]) 20.8 W
rmsi1) 220
ampl (1) 8o v

N
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100 Hz Middle setting 52.6W load

PBR-V OA

S

28-Mar-81
15:31:46 T 573:89
5 ms i 5 oms
168 v :i 100 v
N
i i Y 'l
; 1m3 /\\\ ok ‘K / f\c';%ww‘.—/ e i 1m\5}
I A S TR
LDy L L
Po \ 1
%
S
52%2* loz.6 v
5 ns &mpl(%) 133*& \\ﬁ S ns
S
O
169

R

S

@

Hz Maximum setting 52.6W |oad

@$ V2

JalN

phpk (1)
meani])
sdeyi])
rmsi1)

ampl ()




Electracatch WFC5-96

R&D TECHNICAL REPORT W2-054/TR 170



Electracatch WFC5-96 powered by Generac ET2100 Generator /\\(1/
S
50 Hz Minimum setting 52.6W load 50 Hz Middle setting 52.6W | oad §D~HZ Maximum setting 52.6W | oad
PBR-V 0A PBR-V 0A $ PBR-V 1.0A
4
28-Mar-81 28-Man-B1 d,Map,l
15:26:39 ; 15:27:30 . ,§ 15:28:32 N
T ] ri]57 1 R ﬂ57 ol
o 3 50 I A* 166 i
i > T
— | Py— No@l o '
m.gm Y R U N O S0 Y O IO O 1”3 --""':/::“%grm-"‘.r:y;ﬁn ;E.mi W.J..w,w‘r'r%'\mannuuaa"f\r\w&ﬂ-ﬂ‘wﬂ
169 v T ' o e 1 I
h : A (¢ /1\ : [
[\ O | RN ANENR

=
2

pkpk (D 44y p@ 278 v pkpk (12 322 W
mean(]) -B.9 @p ) ELNRY meant]) 94.3 v
sdev(]) 5T 6 vl T.a sdey(]) 8.6 W
rms (1] 5.8 s (]) 9.8 V rmst]l 143.8 ¥
5 ms ampl (1) 36 Y & ampl (1) 246 5 ms anpl (1) 297

N
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Electracatch WFC5-96 powered by Generac ET2100 Generator

100 Hz Minimum setting 52.6W load 100 Hz Middle setting 52.6W load

PBR-V OA PBR-V OA

28-Mar-01 28-Mar-01
15:29:28 . 15:31: 46 . .

boms ! 5 ms 3 '

108 v 1 160 v ] A* /|

N

i : 1 1N

1”3 bbb "::'4...*..:”.,:,..'..../:\”'«..-@ 1m3 R, L-—:-\HA“'?-/II HH;:’ ,'/.\'v4ww§\llﬂ

" \ ﬁ? /

=
A

L) L WA -

@

sz:a 291 ¥

D 88.0 V

6 ev(]) 1e2.6 v
y

Y

okpk (D) a4 v
meant]) T2

sdev(]) 0.8V 6

Fns(]) 2.0 U rs (D) 1351

5 s anpl (D 80 v s\ anpl (1) 271

N
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-Mar-@1
15:33:09
—
5 oms
e v

{1
2 ms
mn v

R

Hz Maximum setting 52.6W load

$ PBR-V c.0A
o

Q/\\

Q)\.
N
O

JalhN

/

<

[

M

<:f“9€r—F—‘-—_

=

ppk (1)
mean(]}
sdew ()
rmsC])
anpl (1)

347V
1909.3 v
92.9°V
211.8 v
159 v



Eletracatch WFC77-96
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Electracatch WFC77-96 powered by Generac ET2100 Generator /\\(1/

50 Hz Minimum setting 52.6W load 50 Hz Middle setting 52.6W load @g Maximum setting 52.6W |oad

PBR 230V OA PBR 230V OA $ R 230V OA
ve fﬁ e fﬁ i __
e | | Foe : N S
190 i 168§ \ \ NIREY L/ \

! 1 / A ' e v

EI;WS e e ST B B e s P HHHHHHHHHHEEHH‘QI’HHHHHH 2ns SNSRI AN IOV IO DN I v o

1 I N
AV Il —

LN :

; N_ T i A o il

iy T A ke T

ok il 6 T
eb\

pkphk (1) 12 v pWE@ 241 phpk () 325 W

mean (1) 3.0y me 29.3 ¥ mean(q) 93.7 v

sdev (1) 1.9y ) 64.9 Y sdevi]) 105.6 4

rms(]) 3.5y 6 J T2y rms (1) 143.5 ¥

5 ms ampl (1) 12 5 ms s\ pLep 221 W 5 ms ampl (1) 298 W

N
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Electracatch WFC77-96 powered by Generac ET2100 Generator

28-Mar-a1
15:41:07
—
5oms
10e Y

@1
2 ms
e v

100 Hz Minimum setting 52.6W load

100 Hz Middle setting 52.6W load

N
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PBR 230V OA PBR 230V 1A
28-Mar-01
15:41:58 .
5ms ;
160 v /\ I
EEss = T:r:H m:; na WTTV??*’J/ :>\;;TT“‘Eé§E%/
100 ¥ T
A A N
— e
i \ | éy" 5@
" i
G Lo 1 (410 e
sdev(]) 1.5 Ik 95.3 W
i s\bmiza) et
pl(p 12V ]
O
S
60
N\
Q
N
0\‘»
&
175

i:ié?Man 01
143:02
N

\SHZ Maximum setting 52.6W load

$ PBR 230V 3.5A

ﬂi

boms
100 v

m:; ms ?\/(Jk

106 v -“/u\w:m‘.:m,; A,

pkpk (1
meant ]}
sdey(])
rmsC])
5 oms ampl ()



Electracatch WFC7-96
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Electracatch WFC7-96 powered by Generac ET2100 Generator

50 Hz Minimum setting 52.6W load

PBR 230V 0.1A PBR 230V 05A
28-Mar-01 28-Mar-p1
12:52:10 12:53:06 NN
P (N ]
5 ms 5 mg T
100 v 100 V T
01 . /\ ’>Q>
2n T e aL mlbioiis rru:‘r:‘ﬁ m.gms MM‘/M-”&‘)* _-_
lea v oa v T ""E \ T o
SEEE S C
A
- i WS i
) T
Pl 2y %2;@ 25 v
el L N 2
5 ms ampl(]) 4 gy 5 ms & ampl (1) 160V
@)
S
60
*
AN
Q
N
0\‘»
e}O
%
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50 Hz Middle setting 52.6W | oad

Q
Q%
Q\

R

&Hz Maximum setting 52.6W | oad

$ PBR 230V 2.0A

sMar-01
:54:18 .
Foe s dn
ns // :
100 W
f/l'"_/
ﬂ:g ms "“’“"“’,/ r\,«~«~mv,ﬂ,,vdﬂ
NI I ANANE VIR SNE A7 TRNIN B AN A A A AN AVIN ANANE INERY. S A AN AN
e \ i
pkpk D) 328
mean(1) 96.2 v
sdev () 110.4 v
rms (D 146.4 y
5 omg ampl (1) 201 v



Electracatch WFC7-96 powered by Generac ET2100 Generator

100 Hz Minimum setting 52.6W load

100 Hz Middle setting 52.6W load

Q)

'\CO\‘

Q
Q%
Q\

&b& Hz Maximum setting 52.6W load

$ PBR 230V 3.5A

PBR 230V 0A PBR 230V 1.5A
28-Mar-01 28-Mar-01 @'—1
12:58:54 13:00:26 T 10206
P R : K
ns ns T o ns
160 Y 100 Y I /@ 100y
a1 A \ i \ a1
2 ms — ,“,L' 2ons /( o EEmA L ‘,“\kh_ | 2ns
100 Y 190 Y A A A N B Y o e A R 10 v
Al INT IATNIAL | A
\\ \| |pP / | // :
s i 4 - -
pkpk () a9y 3 265 v
mean(]) 2.4y " pm’ 5.4V
sdev(]) 1T g1.0 v
rns (1) 2.9V 6 (] 3.8V
5 ms ampl{]y gV 5 ns ampl () 257 5 s

N
R&D TECHNICA L}@%T W2-054/TR

178

VARE:
\l
\

pkpk (1)
meant ]l
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rms(])
ampl ()




Electracatch WFC7-96HV
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Electracatch WFC7-96 HV powered by Generac ET2100 Generator /\\
50 Hz Minimum setting 52.6W load 50 Hz Middle setting 52.6W |oad §O‘Hz Maximum setting 52.6W load
PBROV 0A PBR 80V 4A $ PBR 190V 8A
s __ g | Qs
M t - : ’\\.b —
5 ms I 5ms ALY 5 ms
208 ¥ 1 288 V N 260 ¥ I
O / I

3

zma ””””::::L::::::E::::::::::::::::::::"m:;ms /\/‘“‘-WWHQZM (A m:;ms A \

—— T S : V) Fi : Fia)

- HHH e e R o P D ALY e = (DN IR U BV
200 v > 200 v RN RN A AN R S AR R R

) : | R I A AVI/A

s el IFAvawaN

Al
Y
phpk (1) 12y pkp 28l Y phpk (1) 494 v
mean(1 8.7V 53.6 W mean (1) 160.3 V
sdev(]) 2.1 ewt]) 7.9 sdeu(]) 158.8 v
rms(]) a.0v gl 86.9 Y rasc]) 25,6
5 ms anpl(h) # 12 Y 5 ns s\ npletd 2m 5 ns anp1i]) 422 v

N
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Electracatch WFC7-96 HV powered by Generac ET2100 Generator /\\

DC Minimum setting 52.6W |oad DC 4 Amp setting 52.6 N\%

PBR 30V OA PBR 80V 4A \(
28-Mar-01 28-Mar-01 $
15:03: 20 . 15:04:56 e){b
—— | |2

5 ms T 5 ms $\
200 v 1 200 Y )
| Q
(A 1 A
A\
1
N\
'
4 5 rg? L 4
‘\éf
\O

pkpk (D 2V N pkpk (1) 12\

mean(]) 16.3 ¥ O mean(1) 46.8

sdev (1) 2.1 sdev(]) 0.5 U

rs (1) . 1%&“ rs (1) 46.8
5 ms anpl (1) V 5 ng anpl(]) ¥ 12 Y

N
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APPENDIX 6

GLOSSARY OF TERMSUSED IN ELECTRIC FISHING

(basad upon the EIFAC moddl)

GENERAL TERMS:
Peak Voltage

RMS Voltage
Mean Voltage

Electricd fish control

Electric fishing

Electrocution of fish
Electro-immobilisation of fish 6(0

Electric fishing apparatus, O

X
mﬂmo\»
Electrical fied
\
Ambi
Anctietidd
60
Cathode field
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x<

The magnitude of the maximum instantaneous vol ta@,b
appearing between the e ectrodes.

The Root Mean Square vaue of a periodi %
waveform. Thisis equivaent to theva

dc voltage that would disspate the %Q

power in the same resistive Ioad$

The arithmetic mean, or av d ue measured
over an integra number. plete cycdesof a
periodic voltage w

Theuse of eectri Pés in water for the purpose of
contralling t iour of fish, either by rendering
them in of resisting capture, or by compelling
them t ein aparticular manner.

W of electric filds in water for the capture of
, Indluding the combined use of dectric fidds and

eﬁﬁechanicai methods.

Thekilling of fish by means of dectric current.
The use of dectricity for producing atemporary
quiescent condition in fish.

The power supply, control gear, cables and
electrodes used together for catching fish, or
individua portions of a complete outfit.

The space enclosing a complete system of eectrodes
inwhich the current is transmitted.

The dectric fidd surrounding a specified point.

The space enclosing an anode system in which a
potential gradient due to that anode system can be
detected.

The space enclosing a cathode system in which a
potential gradient due to that cathode system can be
detected.
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Electrodes

Electrode array A pattern of eectrodes arranged in a definite
conformation to produce a definite dectric fidd in
water.

Rod electrode A cylindrical eectrode, of meta or carbon, having a
length great with respect to its diameter. Q

Tubular electrode As Rod Electrode, but hollow Q)

Ring or torus eectrode An eectrode congsting of ameta hoop (whi@/
be other than circular in plan).

Sphere electrode A meta sphere used as an electrode. I?@& pdc
electric fishing normdly the anode. Q

Wisconsin ring eectrode A drcular frame from which isﬁaseriesof
pendant electrodes so s to have the
electrical characteristic electrode of the
diameter of the U rng.

Pendant electrode An dectrode su@ded from above, ather flexibly
so that it eflected by stress, or rigidly so that
it mainta exact pogtion.

Dip-net electrode A il active electrode constructed so that fish

caught and lifted with it.

Split electrode ane of apair of amilar eectrodes connected

(b. together. Thetwo may discharge smultaneoudy or
\Q dternately.
Floating electrode 6@ An dectrode maintained on the surface of the water
5\ by in-built buoyancy.
Anode \O An dectrode having a positive potentid relative to
00 earth.
Cathode \G_) An dectrode having a negative potentia relaive to
x earth. In dectric fishing usualy amesh screen or
@Q braid of large surface area.
rode An dectrode used merely to complete the circuit,

pm-\s@t
OC)

. \(g Earth dectrode
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and not for the purpose of exploiting the effect of the
eectric fidd around it. In dc fishing the cathode.

A passive dectrode making contact with the
subgtrate, effectudly becoming part of it; in eectric
fishing usudly the cathode,
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FISHING METHODS:
Classical dextricd fishing

Back-pack fishing

Punt fishing

Boom:-boat fishing

EQUIPMENT:
Generator

Emergency off switch / Panic button
Dead man switch

Pulsing box
<
o
S
>
O

Equipotentid lines

Current lines

*

\\

| QO
Feld\;%&

6@%%& gradient or Voltage gradient
&

N\
&\(\ Current density

Conductivity
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Theuse of asingle or pair of hand-held eectrodes
connected to a generating set or dternator.
Operators wade in the water whilst operating the
sysem.

o | L N
Fishing using a saf-contained dledtrical fishing Q
machine, carried by the fisherman on his back, i}gl/

he manipulates the fishing eectrodes. (Nor
or to
N\

not necessarily, such machines use an
supply apulse-generating device))
m which

A boat in which operators stand

fishing is carried out using h electrodes.
Fishing from a boat fitted Ixed electrode arrays
that are not manipul ate

&
Machine d%éd to produce dectrica current

Swi %Q:uts off eectrica supply to eectrodes

and), |se box when hit.

S;ﬁ}ch on hand-held dectrode that requires constant
Q ressure in order for electrodes to be energsed.

(b' Box containing circuitry required to modify generator
output to that suitable for eectric fishing.
Linesjoining pointsin an dectric fidd which have a

smultaneous ingants potentia vaues which are
equd.

Lines perpendicular to the equipotentids, which

indicate the ingantaneous direction in which the
dectric current flows.

The digtribution of potentid and current in an dectric
conduction field.

The difference of potentia measured over a Sated
digance. Usudly given in volts per centimetre. The
normd parameter of fidd intengty.

The local vaue of dectric current carried by a unit
area perpendicular to the current lines. Usudly
expressed as amperes per square centimetre.

The reciprocd of resdtivity, the ability of a materid
to conduct dectric charge.
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Resitivity

Power Transfer Theory

Specific conductivity

Absolute conductivity

Sationary fidd

Homogeneous fidd
Non-uniform fidd

Electrode field (anode, cathode)

Effidency

Effective zone %,
o
S
S
Conventiondl eleuagiqming
\'\

Criticd zone
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A measure of the ability of a substance to oppose the
flow of dectricd charge.

Theory stating fish reaction to eectric fied isrelated
to the product of the voltage gradient plus the current
dengity and varies depending on the ratio of thefish
and water conductivity.

The conductivity of ameaterid at a standard
temperature (commonly 25°C). Thevaueis
commonly expressed in Siemens per centimeter:

Asfor specific conductivity but not temper%
corrected.

N
An dectric fidd in which thefiel:&qs an

congtant (with respect to time) i magnitude and

'\Q)\.

\(19

direction &(b
A figd in which the cug@\%ty and voltage
gradient are uniform._\\\

A fidd in which fise current density and voltage
gradient are ndPyihiformin space and (or) time

The zoné@roundi ng an eectrode within which its
pot gradient can be readily detected.

¥ percentage of fish caught by the dectrode

é/stem. It can be expressed both in term of total

>

population or sSngle species.

The areawithin which an ectrode produces a
compulsive effect on 50% of the fish encountering it.
(Compare Anodefield.)

The areawithin the radius a which an eectrode
immobilises 50% of the fish encountering it.

The use of individua eectrodes connected to a
generating et for fishing purposes - either dc or ac.
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Electrical Waveforms:
Frequency

Cyde

Period
Pulse duration

Pause duration

On/off timeraio
Duty cycle

y x<

Pulse repetition frequency 6{0

S

>
O

@

Peak vdue
XN
Q)Q
Ava@ due
O
. Qiseslope
N4
& Decay dope

Time congtant

Direct current
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The number of complete oscillations executed by a
periodic dternating voltage in unit time. The standard
unit isthe Hertz, representing one cycle per second

The complete sequence intervening between two
successive corresponding pointsin aregularly
recurrent sequence of potentia variationsi.e. a

N
(19

periodic voltage waveform /\\
The duration of asingle cycle. \Q
This depends on the shape of the pulséi\
A.Square wave - the duration of flow.
B.Exponentid pulse - the peri een Vmax and
V/e. Whereeisthebase 0 ral logarithm

asthe period durin ch the potential exceeds
10% of the

The peri %?&Neen the defined end of one pulse and
0

the sta% e next.

i0 of pulse duration to pause duration.

C.With snusoidd gﬁ he duration has been taken
i
ue.

6he ratio of pulse duration to pulse duration plus
pause duration. Commonly expressed asa
percentage
The number of times in which acomplete cycle
sequence of pulse plus pause occurs in a standard
interval of time, (usualy one second).

I/r Theinductance of acircuit divided by its
resistance.

The value ether pogtive or negative of the
ingtantaneous maximum displacement of avarigble
function from zero.

The arithmetic mean vaue of a periodic waveform,
taken over an integra number of complete cycles.

The part of asngle pulseincluded between its
commencement and its Steady or pesk vaue.

The part of asingle pulseincluded between its steady
or peak vaue and its defined end.

A current resulting from the discharge of auniform
potentia through a circuit having congtant properties.
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Alternaing current (Sngle phase) A current resulting fromthe discharge through a
circuit having congtant properties of a potentiad which
varies snusoiddly between equa postive and
negative vaues a a uniform frequency.

Alternating current (polyphase) In the case of polyphase ac, a series of equd
aternating potentials of the same frequency but ®~
digplaced in phase in auniform sequentid rhythm r\
upon a particular section of the circuit. (1/

Square wave pulsed current The current pattern resulting from a uniform sexi

applications of a congtant dc voltage to a co@or,
when the dircuit is purely resstive '\Q)

Exponentia pulsed current The current paitern resulting from th lete
discharge of a capacitor through nductor,
repested at equd intervalsto ’E auniform
series.

Interrupted ac The current pattern pi by synchronoudy
switching an dtern current so asto provide a
series of peri conduction separated by off
periodsin a&y rhythm.

Sawtoothed current The curré@produced by apotential which changes
rhythaiiCAly so that the rise dopeislinear and the fall
ertica or vice-versa

Pulsed current Q current congsting of uniform discrete discharges, in
(b. aregular sequence.

Unidirectiond current A current produced by an dectric potentia that may

x<
6@ vary or be interrupted, but is never reversed.

A current produced by an eectric potentid whichis

Bidirectiond current
OC commutated and which may vary or be interrupted.

\3
Haf-wave rectified aO0 The unidirectiond current derived from an dternating
\@ current by suppressing t_he effects of potenti d
x changes in one sense, either +ve or -ve, which
QQ occurs when the circuit conducts in one direction
,{(\ only, leaving a series of disconnected waves of the
\} same polarity, having the same frequency asthe
OO origind ac.
éull-wave rectified ac The unidirectiond current derived from an ac by
'\(9 passing it through a bridge circuit of four
&\(\ unidirectiona conductorsin such away asto
produce a series of adjacent symmetricd wavesin
which the polarity varies from zero to auniform
maximum vaue, a afrequency double that of the
origind ac.
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Smoothed rectified ac

Ripple

Quarter sne wave pulsed current

Part sine wave pulsed current
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A rectified current in which the cydic variation in
voltageis reduced.

The resdud cydic variation in voltage in a smoothed
rectified ac.

The unidirectiond current pattern obtained when a
rectified ac is switched so that it flows only during the Q)\
period between Vmax and zero in individud waves Q'\

of the same polarity a afrequency whichisa (l/
submultiple of the ac frequency. \

The generd condition of which the quarter, 'B&ave
pulsed current is a special case; the switék 67 occurs
at any sdlected point of the haf-wav , and
conduction ceases when the volt %urns to zero.
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