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Recommended Electrofishing Guidelines for Upper Colorado
River Basin Habitats Containing Endangered Fishes

Patrick J. Martinez and A. Lawrence Kolz
Introduction

Electrofishing fleet standardization requires: 1) electrodes to be of identical size and
configuration to ensure nearly identical electrical resistance; 2) electrofishers that produce the
same pulsed direct current (PDC) electrical waveform; and 3) ancillary electrofishing equipment
(e.g., dip net size and mesh) and operations (e.g., net, number of netters, netter experience, etc.)
that are similar (Martinez and Kolz 2009; Miranda 2009; Reynolds and Kolz 2013). The
electrofishing fleet of the Upper Colorado River Endangered Fish Recovery Program (hereinafter
Recovery Program) includes aluminum jon-boats boats with electrically conductive hulls and
inflatable whitewater rafts made of non-conductive material. Boats provide increased mobility
and are often used during higher flows when water conductivity for a particular river reach is
lower. However, when electrofishing in whitewater reaches or low river flows, when water
conductivity is often higher, rafts are preferred due to their maneuverability and inherent safety.

Recovery Program electrofishing boats are equipped with two anodic hemispheres
suspended from forward projecting parallel booms while the smaller rafts are limited to a
singular anodic hemisphere. This difference in anodes necessarily implies that the electrified
volumes of water created by the boats produce a larger electrical fishing “net” than that of the
rafts. However, it is possible to adjust the power output of the electrofishing units so that the in-
water electroshocking effects on the fish are comparable between the boats and rafts.

The metal hull of the boats serves as the cathode and is therefore an inherent component
to the system’s total electrode resistance: anodes plus cathodes. The nonconductive rafts must be
fitted with dual cathodes, each consisting of multiple steel cables (three strands per side —
Reynolds and Dean 2015) suspended from both sides of the rafts. These fundamental differences
in the number of anodes and the relative size of the cathodes contribute to the difference in
electrical system resistances between these two types of electrofishing crafts (Martinez and Kolz
2013; Reynolds and Kolz 2013).

Purpose

This sampling guide has been developed for the Recovery Program. These guidelines are
intended to standardize electrode configurations and resistances for the Recovery Program’s
electrofishing fleet consisting of aluminum-hulled jon-boats and whitewater rafts (Martinez and
Kolz 2013). Further, these guidelines specify initial settings for the ETS MBS 1D-72A
electrofisher recommended for use in Recovery Program boats and rafts operating with
standardized electrode configurations. These equipment and electrofisher setting consistencies
are intended to provide the following benefits to those conducting or participating in Recovery
Program projects or associated fish sampling activities in critical habitat:

1) Defensible scientific measurement to support intensive electrofishing as a safe, effective,
and efficient method for the sampling and live-release of native and non-native fishes
including sensitive (e.g., ESA-listed) species.



2) Simplified personnel training due to similar set-up of electrofishing boat and rafts,
including standardized electrode resistances and the same electrofisher used in both crafts.

3) Enables crew member interchangeability due to the similarity of boat and raft electrode
configurations and increased familiarity with selection of electrofisher settings.

4) Direct application of Power Transfer Theorem (Kolz 1989; Miranda and Dolan 2003) with
calibrated peak-reading current and voltage meters supplied as standard equipment with
the ETS MBS 1D-72A electrofisher.

5) Expedited troubleshooting and interchangeability of faulty components among
electrofishing craft due to similarities of boat and raft equipment.

6) Optimized purchase and compatible serviceability of electrofishing system components
from vendors with potentially reduced costs to the Recovery Program.

Electrofishing Sampling Gear

Table 1 describes the recommended, standardized configurations and specifications for
UCRB electrofishing boats and rafts, an ETS MBS 1D-72A electrofisher, basic electrofisher
settings, and generators. Specifically, note the setting of 64 Hz frequency (higher frequencies
should be avoided to minimize injury to larger-size fusiform fishes - e.g., adult Colorado
pikeminnow). Formerly, a frequency of 60 Hz was recommended, however, if the pulse rate of
the electrofisher is the same as that of the power generator (i.e. 60 Hz) there is an interfering
resonance that causes power generator fluctuations and instabilities.

Figure 1 shows the slots cut into a 9-inch diameter stainless steel spherical anode to
facilitate submergence or draining, and provides the vendor information for ordering spheres for
uses as anodes. Figures 2 and 3 show the deployment of anodes from electrofishing boats and
rafts, respectively. Figure 4 illustrates the design for the trailing cathodes for use in
electrofishing whitewater rafts, which have non-conductive, synthetic hulls.

Table 2 provides detailed specifications for ordering the ETS boat electrofisher with the
72 amp, high output current option (MBS-1DPF-RLY-COS). Appendix A contains the
Operator’s Manual for the MBS- MBS-1DPF-RLY-COS.

The volt and amp meters on ETS control boxes are very sensitive, at times making it
difficult to attain desired power levels by selecting specific volt or amp setting specified by a
power setting chart. Further, observing and recording an amp reading can become problematic
when the amp meter fluctuates excessively. An alternative has been to set power levels by
observing the voltage meter and to record volts as the voltage meter typically fluctuates less. To
improve the readability of both the amp and volt meters on ETS units Burke O’Neal of ETS
Electrofishing, LLC recommends the installation of damping capacitors (@ 22 pF = “micro-
Farad”) to the amp and volt meters to basically “average out” the reading over a small amount of
time, thus reducing the sensitivity of the instantaneous digital readout of the meters

Damping capacitors can be ordered as an option and installed in new ETS electrofishers,
added to currently owned units that are shipped back to ETS, or added by the owner (by someone
possessing electronic skill). Figure 5 provides instructions written by Mark O’Neal (ETS
Electrofishing, LLC) and John Hawkins (Larval Fish Laboratory, Colorado State University) on

7



how to add dampening capacitors to "dampen" meter readings. Do not use more than one 22 uF
damping capacitor per amp or volt meter without specific guidance from ETS Electrofishing,
LLC (L. Kolz, 2016, personal communication).

Maintaining Constant Power at Different Ambient Water Conductivities

Table 3 provides a simplified method using a multiplier to convert specific conductivity to
ambient conductivity for water temperatures ranging from 0-30 C. Tables 4-6 provide suggested
amperage and voltage settings for ETS MBS 1D-72A electrofishers (operated at 20% duty cycle)
used in electrofishing boats conforming to the standardized dual-anode electrode configuration
adopted by the UCRB Recovery Program (Table 1). These settings, for three ranges of water
temperature (<12 C, 12-20 C, and > 20 C) over a range of water conductivities from 50-1,500
pS/cm are derived empirically using boat data from Recovery Program field crews and the
Constant Power Theorem (Kolz 1989; Miranda and Dolan 2003).

Tables 7-9 provides suggested settings for ETS MBS 1D-72A electrofishers (operated at
20% duty cycle) used in electrofishing rafts conforming to the standardized single-anode
electrode configuration adopted by the UCRB Recovery Program (Table 1). These settings, for
three ranges of water temperature (< 12 C, 12-20 C, and > 20 C) over a range of water
conductivities from 50-1,500 puS/cm, are also derived from the Constant Power Theorem (Kolz
1989; Miranda and Dolan 2003). However, only the electrofisher settings for water temperatures
<12 C and 12-20 C (Tables 7-8) are empirically based on available raft data from Recovery
Program field crews. The rafts electrofisher settings for water temperatures > 20 C (Table 9) are
estimates based on calculations by L. Kolz.

Available field data from electrofishing rafts in specific ranges of water temperature
ranges have been more sporadically available and appear less consistent than data from
electrofishing boats. Despite these limitations, the electrofisher settings for rafts in Tables 7-9
provide guidance for all water temperatures encountered in UCRB rivers until additional data
becomes available to further corroborate these recommendation empirically, particularly for
water temperatures > 20 C).

Figure 6 graphs the linear relationship between ambient water conductivity, water
temperature, and electrical current (amps) for UCRB electrofishing boats and rafts, illustrating
the utility of amperage in setting electrofisher output to optimize power levels. Figures 7-9
graph the relationships between voltage (volts), power (watts), and resistance (ohms),
respectively for UCRB electrofishing boats and rafts operating in the ambient water
conductivities and water temperatures encountered in UCRB rivers.

Refining Suggested Electrofisher Settings to Optimize Fish Threshold Response

The electrofisher settings provided in Tables 4-9 approximate levels of peak power
expected to elicit a fish response and behavior that would allow for their effective capture while
minimizing injury. These settings are derived empirically from several individual boats or rafts,
or extrapolated where empirical data is minimal or lacking. Due to subtle variability in
electrode deployment (e.g. depth, spacing, etc.) or electrode condition (material, corrosion,
etc.) among individual electrofishing boats or rafts, these electrofisher settings could
potentially impart peak power that is higher than necessary for effective fish capture by
specific electrofishing crafts. As a result, these settings should be approached incrementally
and cautiously beginning with lower settings, relying on observation of fish response and
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signs of fish injury to select optimum electrofisher settings. Table 10 provides the protocol for
identifying and refining the fish threshold response to select optimum amperage, voltage, and
peak power settings for the ETS MBS 1D-72A when used in boats or rafts. A field form for
recording information about the electrofishing conditions, including water temperature,
conductivity, and turbidity, electrofisher settings and output, and fish response is provided in
Figure 10.

Verifying Accuracy of Current Output by Electrofisher

Table 11 provides instructions for operation of the FLUKE 87V current meter and i200
current clamp if verification of current readings is necessary or desired.

Fish Handling Guidance for the Upper Colorado Endangered Fish Recovery Program

Appendix B provides fish handling guidelines for field operations commonly associated
with the use of electrofishing for fish monitoring or removal projects in the UCRB. Guidance is
provided for: 1. Fish Handling Basics, 2. Floy Tagging, 3. PIT tagging, 4. Transport, and 5.
Anesthesia, and Euthanasia. Appendix B was adapted from: Hawkins, J. 2008. Fish handling
quidance for the Upper Colorado Endangered Fish Recovery Program. Draft Report of Larval
Fish Laboratory, Colorado State University to Upper Colorado Endangered Fish Recovery
Program, Denver, Colorado, 20 pp.
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Table 1. Recommended specifications and electrode configurations for electrofishing boats,
rafts, and generators for use in the electrofishing fleet of the Upper Colorado River Endangered
Fish Recovery Program.

Electrofishing boat and raft specifications and maintenance:

A.  Aluminum jon-boat 16-18 feet in length

1.

Appropriately-sized outboard motor

a. Propeller drive

b. Jetdrive

Anodes

a.  Two 9-inch diameter stainless steel spheres, 0.05-inch material thickness,
with Y2-inch FPT Hex-fitting for connecting ¥4-diameter stainless steel
cable to the anode, and Ys-inch slits cut vertically in sphere’s quadrants
(Figure 1) to facilitate submergence or draining

b.  One anode mounted on each boom and extended 90-inches from bow of
boat at the waterline and spaced 80-inches apart

c. Anodes deployed half-submerged when actively electrofishing

Cathode

a.  Aluminum jon boat hull

b.  Hull cleaned periodically to remove excessive debris, electrolytic
deposits or anodizing (when electrical system resistance changes > 10%)

Boat electrical system resistance for standardized electrodes at 115 uS/cm

(equal fish and water conductivities) ~ 66 ohms.

B. Whitewater raft or cataraft14-16 feet in length (non-conductive synthetic hull)

1.

Appropriate steering / propulsion capabilities for navigation

a.  Appropriately-sized and mounted oars

b.  Appropriately-sized outboard motor (propeller or jet drive)

Anode

a.  Single 9-inch diameter stainless steel sphere, 0.05-inch material
thickness, with ¥-inch FPT Hex-fitting for connecting %-diameter
stainless steel cable to the anode, and ¥s-inch slits cut vertically in
sphere’s quadrants (Figure 1) to facilitate submergence or draining

b.  Anode mounted on single boom and extended 55-inches from of hand-rail
at bow of raft

c. Anode deployed half-submerged when actively electrofishing

Cathode

a.  Two arrays of three stainless steel cables (Y2-inch diameter), each strand
48-inches long (Figure 4), with one array trailing from each side of the
raft 16-feet aft of the anode. The three cables are separated from one
another by about 2-inches and are not to be bundled in a group.

b. Replace frayed cathode cables.

Raft electrical system resistance for standardized electrodes at 115 puS/cm

(equal fish and water conductivities) ~ 162 ohms.
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Table 1 (continued). Recommended specifications and electrode configurations for
electrofishing boats, rafts, and generators for use in the electrofishing fleet of the Upper Colorado
River Endangered Fish Recovery Program.

Il.  Boat-electrofisher
ETS Electrofishing, LLC, MBS 1D-72A boat-electrofisher

A.

1.
2.

3.

Equipped with optional 72 amp, high output current

Standard specifications have plugs and outlets placed on the right side of the
boat-electrofisher box, but locating outlets and plugs in different locations should
not affect interchangeability

Detailed MBS 1D-72A boat-electrofisher specifications provided in Table 2

Boat-electrofisher operational criteria

1. Pulsed direct-current (PDC)

2. 20% duty cycle

3. 64 Hz frequency (higher frequencies should be avoided to minimize injury to
larger-size fusiform fishes - e.g., adult Colorado pikeminnow). Formerly, a
frequency of 60 Hz was recommended, however, if the pulse rate of the
electrofisher is the same as that of the power generator (i.e. 60 Hz) there is an
interfering resonance that causes power generator fluctuations and instabilities.

Generator

1. Capable of 5,500 W continuous

2. Single phase

3. 240 VAC output

4. 60 Hz

5. Generator MUST have a floating neutral (neutral ground broken), i.e., the neutral
winding must NOT be connected to the generator frame - most generators of
recent manufacture have a floating neutral

6. Avoid generators that use "inverter" technology - generally these will have a

small "i" in their model number. The electronics of inverter technology do not
work well with capacitive loads such as those in boat-electrofishers.
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UCRB Standard Operating Procedure (SOP) for Electrofishing with Boats or Rafts

Figure 1. A 9-inch (23 cm) diameter Figure 3. Deployment of single spherical
sphere (0.05-inch material thickness, with anode from boom of UCRB Recovery Program
Y-inch FPT Hex-fitting for connecting Y- electrofishing raft . Anode mounted on single
inch diameter stainless steel cable to the boom and extended 55-inches from of hand-rail
anode) showing Yz-inch slits cut vertically at bow of raft, and deployed half-submerged
(plasma cut) in sphere’s quadrants to when actively electrofishing.

facilitate submergence or draining.
Contact information for ordering the
stainless steel spheres: Naugatuck
Manufacturing Company, Inc., 105
Avenue of Industry, PO Box 3175,
Waterbury, CT 06705, Telephone
(203)754-2807, FAX (203755-1924,
website http://www.naugatuckmfg.com/

Figure 4. Configuration of trailing
cable cathodes use UCRB Recovery
Program electrofishing whitewater
rafts. Two arrays of three stainless
steel cables (¥a-inch diameter), each
strand 48-inches long, with one array
trailing from each side of the raft 16-
feet aft of the anode.

Figure 2. Deployment of two spherical anodes
from booms of UCRB Recovery Program
electrofishing boat. One anode mounted on each
boom and extended 90-inches from bow of boat at
the waterline and spaced 80-inches apart. Anodes
half-submerged when actively electrofishing.
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Table 2. Recommended specifications for “standard” ETS MBS 1D-72A electrofisher for
use with electrofishing boats and rafts of the UCRB Endangered Fish Recovery Program.

ELECTROFISHING, LLC

% f 3737 Eldorado Court
Verona, W1 53593
=

PH/FAX: 608-833-2088
Email: ets@etselectrofishing.com

Qty.

Description

Model/Type/Function

Boat electrofishing control bax unit:

0-300/600 Vpeak dual range pulsed DC
output)

5KW, MBS-1DPF-RLY-COS pulsed-DC.

240 VAC input via 14-3 SOOW, 8 ft. cable
pig-tail from control box terminated in L14-
30P plug compatible with Honda
EMB500SXK generator. Pig-tail exits from
RIGHT side of box.

Standard WI-style 4 slot twist lock
receptacle, Pass & Seymour 7410, or
equivalent for high voltage output located
on RIGHT side of box. 2 slots X & Y carry +
voltage to booms. 2 slots W & Z carry —
return from boat hull.

2-pin Amphenol receptacle 97-3102A-16-
11P located on RIGHT side of box. 2 wires
serve either safety pad or footswitch. No
reset required at box...output power is
disconnected only temporarily until pad or
footswitch is stepped on again.

Add high output current option.

Increase maximum output peak DC pulsed
current capability from 45 to 72 amps peak
current maximum. Useful in high
conductivity water.

Add High Voltage relay-switched output

Adds a redundant high voltage relay to the
output circuit that positively removes power
to the booms when either the footswitch or
safety pad is opened. (provides additional
safety to operators on rafts) This is suffix
“RLY”

Add footswitch/pad-control circuitry option to
MBS box.

Allows turning on and off the high voltage
from a remote location on the boat using a
footswitch or pad without requiring a reset
at box. Does not include the footswitch.
This is suffix “P”.

Add additional receptacle for separate
footswitch connection.

Adds an additional 97-3102A-16-11P 2-pin
Amphenol receptacle located on RIGHT
side of box. 2 wires serve either safety pad
or footswitch. No reset required at
box...output power is disconnected only
temporarily until pad or footswitch is
stepped on again. Note: pad and
footswitch are wired in series. This is suffix
=

Add dummy interlock plug for lower
footswitch/pad receptacle.

Adds a chained 2-pin dummy interlock plug
97-3106A-16-11S that can be plugged into
the lower footswitch/pad receptacle when
only one control device is needed (either
pad or footswitch)

High voltage output plug

Standard WI-style 4-prong twist lock plug,
Leviton 7411C or equivalent.

Safety pad plug with cable clamp

2-socket Amphenol plug 97-3106A-16-11S
with cord clamp 97 -3057-1008-1.

Footswitch plug with cable clamp

2 socket Amphenol plug 87-3106A-16-11S
with cord clamp 97-3057-1008-1.

Manual

One year warranty, parts and labor
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Figure 5. Instructions for adding damping capacitors to volt and amp meters of ETS-MBS
electrofishers.

How to add damping capacitors to MBS volt and amp meters. WARNING! ELECTRICAL SHOCK HAZARD!
ETS ELECTROFISHING EQUIPMENT IS TO BE SERVICED BY ETS ELECTROFISHING TRAINED PERSONNEL
ONLY!

Note: These directions are only for units that look exactly as pictured below. Earlier units will require
the capacitors to be added to different locations.

1) Wait 10 minutes after use to make sure there is no charge left on the main capacitors.
2) Carefully remove the front screws of the box and lay the front panel down on a table in front of you.

3) Verify that the peak voltage and peak current meters look exactly like in the picture below. The screw
terminals on the back of the meter should be numbered 1-9.

4) Obtain two 22uF capacitors. These are available from alliedelec.com, part # 70195642. Note that
these capacitors have polarity that must be followed. If you look closely on the side that is labeled 22uF,
you will see that the leads are labeled (+) and (-). Another way to tell polarity is that the longer lead or
leg of the capacitor is positive and the shorter lead is negative.

5) For each meter, you need to electrically connect the positive lead of the 22uF capacitor to screw
terminal 3(+) of the meter and the negative lead of the capacitor to terminal 4(-) of the meter. You
cannot just insert the leads of the capacitor into the screw terminals of the meters, as this will not make
a tight connection. You have to trace the wires from the meter screw terminals 3(+) and 4(-) to see
where they attach to the lugs on the junction block that is located above the amp meter. To gain visual
access to the Volt meter, remove the small ribbon clamp on the right of the circuit board and the four
screws that retain the circuit board and gently fold the circuit board over the larger ribbon strip to the
left. Use an ohm meter to trace connections between the 3(+) and 4(-) terminals on each meter to the
lugs on the Junction block to identify which lugs to solder the capacitor to. Below is an example of the
typical arrangement of Volt and Ohm meter connections at the Junction block. You must confirm these
connections before soldering the capacitor.

VOLT Meter:

The orange wire from terminal 3(+) on the Volt meter goes to lug 1 on the Junction Block and the black
wire from terminal 4(-) on the Volt meter goes to lug 2 on the Junction block. Solder the positive lead of
the capacitor to lug 1 and the negative lead of the capacitor to lug 2.

AMP Meter:

The yellow wire from terminal 3(+) on the Amp meter goes to lug 5 on the Junction Block and the black
wire from terminal 4(-) on the Amp meter goes to lug 3 on the Junction block. Solder the positive lead
of the capacitor to lug 5 and the negative lead of the capacitor to lug 3.

Note that on the junction block, lug 2 is jumpered to lug 3.

14




Figure 5 (continued). Instructions for adding damping capacitors to volt and amp meters of
ETS-MBS electrofishers (continued).

6) Solder in the capacitors into the proper lugs and bend the capacitors down into wet silicon rubber
onto the back of the meter to reduce vibration. Carefully re-attach the box front making sure not to
catch or pull any wires.

7) Shocking at 64 PPS instead of exactly 60 PPS will also help to stabilize readings.

Revision 3/30/2016

Instructions written by Mark O’Neal of ETS with additions by John Hawkins (CSU, LFL).

Photo 1—Back side of the Amp meter showing terminals 1-9 and the Junction block shown at the top of
the photo. Note: Dampening capacitors for the Amp meter and the Volt meter should be soldered to

the lugs on the Junction block and embedded in silicone.
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Figure 5 (continued). Instructions for adding damping capacitors to volt and amp meters of
ETS-MBS electrofishers.

ST
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\
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Photo 2—Detail view of Junction block with dampening capacitors soldered to lugs. Lugs are numbered
from left to right. The left capacitor dampens the Volt meter and the right capacitor dampens the Amp
meter.
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Table 3. Multiplier values for converting measurements of specific conductivity
to ambient conductivity for water temperatures ranging from 0-30 C:

Specific conductivity x Multiplier = Ambient conductivity

Specific to Ambient Conductivity Multipliers
Ca = Cs/1.02(7sT2) where T; = 25 deg C
Ta Multiplier
30 1.104
29 1.082
28 1.061
27 1.040
26 1.020
25 1.000
24 0.980
23 0.961
22 0.942
21 0.924
20 0.906
19 0.888
18 0.871
17 0.853
16 0.837
15 0.820
14 0.804
13 0.788
12 0.773
11 0.758
10 0.743
9 0.728
8 0.714
7 0.700
6 0.686
5 0.673
4 0.660
3 0.647
2 0.634
1 0.622
0 0.610
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Table 4. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing boats conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures less
than 12 degrees C and ranging from 50 to 1,500 uS/cm. Included are corresponding
estimates of peak power output (watts) and electrode resistance (ohms). Fish and water
conductivity are considered matched at 115 pS/cm. y = 0.025+x + 2.88 (y = mx + b,

where m = slope, b = intercept, X = ambient conductivity, y = peak amps).

ETS BOAT: Water temperature less than 12 degrees C

Measured Suggested Suggested Peak Dual Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(MS/cm) (amps) (volts) (watts) (ohms)
50 4.1 616 2542 149.0
100 5.4 401 2157 74.5
115 5.8 373 2146 64.8
150 6.6 329 2184 49.7
200 7.9 294 2314 37.3
250 9.1 272 2485 29.8
300 10.4 258 2676 24.8
350 11.6 248 2880 21.3
400 12.9 240 3091 18.6
450 14.1 234 3306 16.6
500 15.4 229 3525 14.9
550 16.6 225 3747 13.5
600 17.9 222 3971 12.4
650 19.1 219 4196 11.5
700 20.4 217 4422 10.6
750 21.6 215 4649 9.9
800 22.9 213 4876 9.3
850 24.1 212 5105 8.8
900 25.4 210 5334 8.3
950 26.6 209 5563 7.8
1000 27.9 208 5792 7.5
1050 29.1 207 6022 7.1
1100 30.4 206 6253 6.8
1150 31.6 205 6483 6.5
1200 32.9 204 6714 6.2
1250 34.1 203 6944 6.0
1300 35.4 203 7175 57
1350 36.6 202 7406 5.5
1400 37.9 202 7638 5.3
1450 39.1 201 7869 5.1
1500 40.4 201 8101 5.0
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Table 5. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing boats conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures
between 12 and 20 degrees C and ranging from 50 to 1,500 uS/cm. Included are
corresponding estimates of peak power output (watts) and electrode resistance (ohms).
Fish and water conductivity are considered matched at 115 pS/cm. y = 0.030=x + 3.45
(y = mx + b, where m = slope, b = intercept, x = ambient conductivity, y = peak amps).

ETS BOAT: Water temperature between 12 and 20 degrees C

Measured Suggested Suggested Peak Dual Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(MS/cm) (amps) (volts) (watts) (ohms)
50 5.0 738 3652 149.0
100 6.5 481 3100 74.5
115 6.9 447 3085 64.8
150 8.0 395 3140 49.7
200 9.5 352 3327 37.3
250 11.0 326 3574 29.8
300 12.5 309 3850 24.8
350 14.0 297 4143 21.3
400 15.5 288 4447 18.6
450 17.0 281 4758 16.6
500 18.5 275 5073 14.9
550 20.0 270 5393 13.5
600 21.5 266 5714 12.4
650 23.0 263 6038 11.5
700 24.5 260 6364 10.6
750 26.0 258 6691 9.9
800 27.5 256 7019 9.3
850 29.0 254 7348 8.8
900 30.5 252 7677 8.3
950 32.0 251 8007 7.8
1000 33.5 249 8338 7.5
1050 35.0 248 8669 7.1
1100 36.5 247 9001 6.8
1150 38.0 246 9333 6.5
1200 39.5 245 9665 6.2
1250 41.0 244 9997 6.0
1300 42.5 243 10330 5.7
1350 44.0 243 10662 5.5
1400 45.5 242 10995 5.3
1450 47.0 241 11329 5.1
1500 48.5 241 11662 5.0
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Table 6. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing boats conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures greater
than 20 degrees C and ranging from 50 to 1,500 uS/cm. Included are corresponding
estimates of peak power output (watts) and electrode resistance (ohms). Fish and water
conductivity are considered matched at 115 pS/cm. y = 0.035+x + 4.03 (y = mx + b,
where m = slope, b = intercept, X = ambient conductivity, y = peak amps).

ETS BOAT: Water temperature greater than 20 degrees C

Measured Suggested Suggested Peak Dual Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(MS/cm) (amps) (volts) (watts) (ohms)
50 5.8 861 4979 149.0
100 7.5 561 4225 74.5
115 8.1 522 4204 64.8
150 9.3 461 4278 49.7
200 11.0 411 4533 37.3
250 12.8 381 4868 29.8
300 14.5 361 5244 24.8
350 16.3 347 5643 21.3
400 18.0 336 6056 18.6
450 19.8 328 6479 16.6
500 21.5 321 6909 14.9
550 23.3 315 7343 13.5
600 25.0 311 7781 12.4
650 26.8 307 8222 11.5
700 28.5 304 8665 10.6
750 30.3 301 9110 9.9
800 32.0 298 9556 9.3
850 33.8 296 10004 8.8
900 35.5 294 10453 8.3
950 37.3 292 10902 7.8
1000 39.0 291 11352 7.5
1050 40.8 289 11803 7.1
1100 42.5 288 12254 6.8
1150 44.3 287 12705 6.5
1200 46.0 286 13158 6.2
1250 47.8 285 13610 6.0
1300 49.5 284 14063 5.7
1350 51.3 283 14516 5.5
1400 53.0 282 14969 5.3
1450 54.8 282 15422 5.1
1500 56.5 281 15876 5.0
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Table 7. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing rafts conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures less
than 12 degrees C and ranging from 50 to 1,500 uS/cm. Included are corresponding
estimates of peak power output (watts) and electrode resistance (ohms). Fish and water
conductivity are considered matched at 115 puS/cm. y =0.01342+x + 1.543 (y = mx + b,
where m = slope, b = intercept, X = ambient conductivity, y = peak amps).

ETS RAFT: Water temperature less than 12 degrees C

Measured Suggested Suggested Peak Single Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(uS/cm) (amps) (volts) (watts) (ohms)

50 2.2 825 1826 372.6
100 2.9 537 1551 186.3
115 3.1 500 1543 162.0
150 3.6 442 1571 124.2
200 4.2 394 1664 93.2
250 4.9 365 1788 74.5
300 5.6 346 1926 62.1
350 6.2 332 2073 53.2
400 6.9 322 2225 46.6
450 7.6 314 2380 41.4
500 8.3 308 2538 37.3
550 8.9 302 2698 33.9
600 9.6 298 2859 31.1
650 10.3 294 3021 28.7
700 10.9 291 3184 26.6
750 11.6 288 3347 24.8
800 12.3 286 3511 23.3
850 13.0 284 3676 21.9
900 13.6 282 3841 20.7
950 14.3 280 4006 19.6
1000 15.0 279 4171 18.6
1050 15.6 277 4337 17.7
1100 16.3 276 4503 16.9
1150 17.0 275 4669 16.2
1200 17.6 274 4835 15.5
1250 18.3 273 5001 14.9
1300 19.0 272 5167 14.3
1350 19.7 271 5334 13.8
1400 20.3 271 5501 13.3
1450 21.0 270 5667 12.8
1500 21.7 269 5834 12.4
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Table 8. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing rafts conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures
between 12 and 20 degrees C and ranging from 50 to 1,500 uS/cm. Included are
corresponding estimates of peak power output (watts) and electrode resistance (ohms).
Fish and water conductivity are considered matched at 115 pS/cm. y =0.01721+x + 1.980
(y = mx + b, where m = slope, b = intercept, x = ambient conductivity, y = peak amps).

ETS RAFT: Water temperature between 12 and 20 degrees C

Measured Suggested Suggested Peak Single Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(uS/cm) (amps) (volts) (watts) (ohms)
50 2.8 1058 3006 372.6
100 3.7 689 2552 186.3
115 4.0 641 2539 162.0
150 4.6 567 2584 124.2
200 5.4 505 2738 93.2
250 6.3 468 2941 74.5
300 7.1 444 3168 62.1
350 8.0 426 3410 53.2
400 8.9 413 3659 46.6
450 9.7 403 3915 41.4
500 10.6 394 4175 37.3
550 11.4 388 4437 33.9
600 12.3 382 4702 31.1
650 13.2 377 4969 28.7
700 14.0 373 5237 26.6
750 14.9 370 5505 24.8
800 15.7 367 5775 23.3
850 16.6 364 6046 21.9
900 17.5 362 6317 20.7
950 18.3 359 6589 19.6
1000 19.2 358 6861 18.6
1050 20.1 356 7133 17.7
1100 20.9 354 7406 16.9
1150 21.8 353 7679 16.2
1200 22.6 351 7952 15.5
1250 23.5 350 8225 14.9
1300 24.4 349 8499 14.3
1350 25.2 348 8773 13.8
1400 26.1 347 9047 13.3
1450 26.9 346 9321 12.8
1500 27.8 345 9595 12.4
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Table 9. Suggested peak current and peak voltage settings for ETS MBS 1D-72A
operated at 20% duty cycle in electrofishing rafts conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat at water temperatures greater
than 20 degrees C and ranging from 50 to 1,500 uS/cm. Included are corresponding
estimates of peak power output (watts) and electrode resistance (ohms). Fish and water
conductivity are considered matched at 115 puS/cm. y =0.0210+x + 2.415

(y = mx + b, where m = slope, b = intercept, x = ambient conductivity, y = peak amps).

ETS RAFT: Water temperature greater than 20 degrees C

Measured Suggested Suggested Peak Single Anode
ambient peak peak output Electrode
Conductivity Current Voltage Power Resistance
(uS/cm) (amps) (volts) (watts) (ohms)

50 3.5 1291 4474 372.6
100 4.5 841 3798 186.3
115 4.8 782 3779 162.0
150 5.6 691 3846 124.2
200 6.6 616 4076 93.2
250 7.7 571 4378 74.5
300 8.7 541 4717 62.1
350 0.8 520 5076 53.2
400 10.8 504 5448 46.6
450 11.9 491 5828 41.4
500 12.9 481 6215 37.3
550 14.0 473 6606 33.9
600 15.0 466 7000 31.1
650 16.1 460 7397 28.7
700 17.1 456 7796 26.6
750 18.2 451 8196 24.8
800 19.2 447 8598 23.3
850 20.3 444 9001 21.9
900 21.3 441 9405 20.7
950 22.4 439 9809 19.6
1000 23.4 436 10214 18.6
1050 24.5 434 10620 17.7
1100 25.5 432 11026 16.9
1150 26.6 430 11432 16.2
1200 27.6 429 11839 15.5
1250 28.7 427 12246 14.9
1300 29.7 426 12654 14.3
1350 30.8 425 13061 13.8
1400 31.8 423 13469 13.3
1450 32.9 422 13878 12.8
1500 33.9 421 14286 12.4
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Peak current (amps)

Figure 6. Linear relationship between ambient water conductivity (uS/cm) and
suggested peak electrical current settings (amps) for ETS MBS 1D-72A electrofishers
operating at 20% duty cycle in electrofishing boats and rafts conforming to
standardized electrode specifications for electrofishing in UCRB critical habitat
(Tables 4-9) for three ranges of water temperature (< 12 C, 12-20 C, and > 20 C).
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Peak voltage (volts)

Figure 7. Relationship between ambient water conductivity (uS/cm) and suggested
peak voltage settings (volts) for ETS MBS 1D-72A electrofishers operating at 20%
duty cycle in electrofishing boats and rafts conforming to standardized electrode
specifications for electrofishing in UCRB critical habitat (Tables 4-9) for three
ranges of water temperature for boats (< 12 C, 12-20 C, and > 20 C).
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Peak power (watts)

Figure 8. Relationship between ambient water conductivity (uS/cm) and peak
power output (watts) of ETS MBS 1D-72A electrofishers set at 20% duty cycle in
electrofishing boats and rafts conforming to standardized electrode specifications
for electrofishing in UCRB critical habitat (Tables 4-9) and operating at suggested
amperage or voltage settings in three ranges of water temperature (< 12 C, 12-20 C,
and > 20 C).
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Resistance (ohms)

Figure 9. Relationship between ambient water conductivity (uS/cm) and electrical
resistance of electrofishing boats and rafts conforming to standardized electrode
specifications for electrofishing in the UCRB. Note that the resistance of boats and
rafts are a function of water conductivity.
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Table 10. Electrofishing protocol for establishing ETS MBS 1D-72A Standardized Settings:
Aluminum Boat Hull = Cathode; two 9-in. dia. Spheres = Anodes (Figures 1 and 2); and
Whitewater Raft = one 9-in. dia. Sphere = Anode with two arrays of three stainless steel
cables (¥-inch diameter), each strand 48-inches long = cathode (Figures 3and 4). Data to be
recorded in field form in Figure 10.

1. Record water temperature (Centigrade).

2. Record ambient water conductivity at electrofishing site (river mile). Refer to Table 3 for
multiplier to convert specific water conductivity to ambient values.

3. Set MBS 1D-72A to 300V or 600V, depending on whether using boat or raft, and on local
ambient water conductivity.

4. Select 60 Hz (Pulses per Second) and record in Figure 8.
5. Set Duty Cycle to >20%, but <30%. Record this setting in chart in Figure 8.

6. Select initial setting for current (amps) corresponding to local ambient water conductivity for
boats (Figure 5) or rafts (Figure 6) from Table 4. Record these setting in chart in Figure 8.

7. Begin electrofishing and record observations of fish behavior and condition in response to
electrical field (i.e. escape, taxis, stunned, tetany, injury). Circle fish response in chart in
Figure 8, including additional notes as necessary. Also record reading for voltage and current
from MBS meters.

8. If fish capture is unsatisfactory, increase current slightly, monitoring fish behavior and
response to ensure that capture results are acceptable (fish readily captured with minimal or no
injury). Record new settings, meter readings and observations in chart in Figure 8.

9. Ascertain that the current increase does not cause unacceptable fish injury. Continue if fish
response is acceptable.

10. When fish capture and condition results are acceptable, record peak current and voltage from
MBS meters in chart in Figure 8. This will document your settings for the optimum fish
threshold response for that particular level of ambient water conductivity.

11. Repeat and record these measurements, settings, and observations when it is believed that water
conditions (temperature or conductivity) have changed substantially (e.g., inflow from a
tributary or entry into a backwater).

12. Current readings may be verified with a FLUKE 87 VV Multimeter and an i200 current clamp
(Table 6). Be sure to make this measurement in calm water to minimize electrode fluctuation
due to wave action. Note that this measurement of electrical current is intended to be
instantaneous, made with the anodes half-submerged. The Multimeter will display fluctuating
current measurements in response to varying degrees of anode submersion due to wave action if
operated continuously. Anticipate that there will be variations in the data due to wave and boat
motions.
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Table 11. Operation of FLUKE 87-V Multimeter & 1200 AC Current Clamp.

1.

10.

Attach 1200 Current Clamp into 87-V Multimeter (Red plugs into mAPA receptacle [red]
and black plugs into COM receptacle [black]).

. Open the i200 Current Clamp and clamp it around the wire supplying power to BOTH of

the anodes. Be sure to make this attachment so that arrow on top of the clamp, indicating
the direction of the electrical current’s flow, points toward the anodes.

. Set the Multimeter to “mA/A”. The meter’s screen will show “mA/AC” in the upper

right hand corner.

Press the “MIN MAX” button. The meter will display a “MIN MAX” icon near the top-
center of the screen.

. Press the “PEAK MIN MAX” button. The meter will now display “PEAK” in front of

“MIN MAX” icon, followed by “MAX” at the top of the screen.

. Press the “AutoHOLD” button, which freezes the display. “HOLD” will appear in the

upper left corner of the screen. Record the displayed “MAX” value in Figure 8.

Press the “MIN MAX” button, which also freezes the screen. “MIN” will appear to the
right of the “MIN MAX” icon. Record the displayed “MIN” value in Figure 8as an
absolute number (+). Note that this “MIN” value will be displayed as a negative (-)
number, but it will be added to the “MAX” value as a positive (+) value.

Sum “MAX” and “MIN” values to obtain the amperage being delivered to the anodes.
Add the values as absolute (use both as positive values), and do not subtract.

Press the “AutoHOLD” button to release the display.

Press and hold the “MIN MAX” button and return to step No. 4 to repeat measurements
if needed.
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Appendix A

Rev. 5-17-12
L. B. O'Neal, Gen. Mgr.,
ETS ELECTROFISHING, LLC

OPERATOR'S MANUAL
MBS-1DP-RLY-COS

Boat Electrofishing Unit (Pulsed DC Output Only)

with *Pad Control, relay-switched output, 72 amp peak current,
extra series footswitch control

*Caution: This feature permits more than one person to enable
the high voltage output of the unit. All personnel should
understand the implications of this feature and exercise
appropriate caution.

Note: This unit does not require a separate 12 volt power
supply or battery to operate the pad/footswitch control. itis
equipped with a built-in isolated 12 volt power supply that is
powered by the 240 VAC generator.
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SAFETY FIRST: PRECAUTIONARY STATEMENTS

WARNING: HIGH VOLTAGE EQUIPMENT!

Boat-mounted electronic fish capture devices are designed to
introduce AC and/or Pulsed DC high voltages into the water via
dropper array(s) hanging over the boat into the water. This high
voltage exists between the droppers and the boat hull (if a metal
hull is used) as well as in the water surrounding the boat, AND
HAS THE POTENTIAL TO CAUSE BODILY HARM OR DEATH if the
operator does not observe proper precautions, and comes in
contact with the output of the device.

READ AND UNDERSTAND ALL DIRECTIONS, OPERATING
WARNINGS, AND CAUTIONS IN THIS MANUAL. Training by
experienced operators or attending a formal course is strongly
recommended. Operation of this equipment without another
individual in the vicinity is strongly discouraged. CPR
certification of all operators is strongly recommended.

NEVER DEFEAT, BYPASS, OR MODIFY THE REMOTE
FOOTSWITCH/PAD/ MAT!

NOTICE: NOT FOR PERSONAL USE

This equipment may only be used by federal or state agencies, or
independent agencies that have been authorized to use electronic
fish capture devices by the federal or state agency having
jurisdiction in the operator's area. Use for personal purpose is
unlawful. Observers and assistants who are not empoyed by said
agencies must be notified of the hazards of electrofishing and
related safety procedures, and must be appropriately supervised.
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WARNING: INSPECT AND MAINTAIN EQUIPMENT

Prior to each use inspect the control box, boat booms, electrode
droppers and related cabling, and accessories for loose
connections, missing or damaged parts. Verify that cables are
intact with no cuts or tears in the insulation. Verify that the
remote switch pad and/or footswitches operate properly before
applying high voltage to the droppers. Verify that the
STOP/PANIC switch on the control box shuts down the box.
NEVER DEFEAT OR BYPASS THE REMOTE FOOTSWITCH, PAD,
OR MAT!

WARNING: AVOID WATER IMMERSION AND RAINFALL

The boat control box is designed to be splash resistant, but is not
water-tight. In the event the box is exposed to heavy rainfall open
the box in a dry location and verify that no water infiltration has
occurred. If water is observed within the box, return it to the
manufacturer for inspection. Plugs that connect to the control
box are not water tight. If inmersed in water or exposed to rain,
the connectors must be opened and properly dried. Contact
factory for specific instructions.

WARNING: AVOID DROPPER ELECTRODE CONTACT

DO NOT TOUCH THE DROPPER ELECTRODES UNTIL YOU HAVE
SWITCHED OFF THE MAIN POWER SWITCH AND WAITED 5
MINUTES. Although the control box should disable the output
instantly, in the event of a malfunction, there could be sufficient
energy to cause a harmful electrical discharge. Alternatively turn
the voltage set dial to zero and discharge the remaining power in
the control box into the water by depressing the footswitch or
safety mat before turning off the main power switch.
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SECTION A — DESCRIPTION

The MBS-1DP-RLY-COS electrofishing unit has been developed as a
powerful aid to authorized fisheries personnel engaging in field
sampling surveys. It is designed for nominal 240 VAC, single phase
operation, from a portable alternator. The MBS-1DP-RLY-COS is
capable of delivering up to 4.8 Kilowatts (KW) to the electrode system
in the pulsed DC mode This unit differs from the MBS-1D in that a
remote switch or pad may be used to directly switch the high voltage
output on and off without resetting the front panel START/RESET
button. The MBS-1DP-RLY-COS should never be operated from the
commercial power distribution system found in buildings. Such

operation will almost certainly damage the triac control section since
commercial power systems do not have the surge current-limiting
inductance found in alternators.

The MBS-1DP-RLY-COS-RLY has been designed with a
number of unique features:
1) Electronic Self-Protection - The puised DC section is
protected electronically against overload. An overload lamp
lights to indicate electronic shutdown.

2) Continuously Variable Parameters - Pulsed DC output rates
can be adjusted from 10 to 1000 pulses per second, and
duty cycles from 1% to 100% . Output voltage is adjustable
between approximately 100 to 600 Volts peak DC.

3) LCD Metering - Two sealed backlit LCD displays
continuously monitor peak pulsed DC output voltage and
current. The displays are easily readable in both full sunlight
and at night.

4) Relay Switched Output — An additional SPDT relay
controlled by the pad/footswitch circuit breaks both the
output positive high voltage and return.
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SECTION B - MBS-1DP-RLY-COS SPECIFICATIONS

DIMENSIONS
WEIGHT
CASE MATERIAL

TEMP. RANGE

DC PULSE
CAPACITANCE

INPUT POWER
REQUIREMENT

OUTPUT POWER :

RESETTABLE LCD

FRONT PANEL TIMER:

MECHANICAL

19" x 10" x 10"

37 pounds

Galvanized Sheet Metal with

Chromed and Stainless Steel Hardware

ELECTRICAL

0 - 35 degrees C operation

3300 uf low range; 1650 uf high range.

220-240 VAC, single phase,
55-65 Hz, alternator supplied.
Recommended alternator power
rating: 5.5 KW for max. output.

CAUTION: THE NEUTRAL GENERATOR
WINDING MUST NOT BE CONNECTED
TO GENERATOR FRAME! CIRCUIT
DAMAGE WILL OCCUR!

Up to 4800 watts pulsed

DC. This is equivalent to 600
volts peak DC at 28 amps peak
DC, 28% duty cycle.

The front panel timer accumulates and holds
actual shocking time in minutes and seconds.
It can be reset at any time. It is powered by
an internal lithium battery and holds its time
independently of the generator power.
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OPERATION TIMER:

FUSING & OVER-
LOAD
PROTECTION

This electromechanical timer on the side of
MBS accumulates time as long as the MAIN
POWER switch is ON and the "START"

button has been pressed. It times in hours and

tenths of hours and cannot be reset.

20 Amp main power circuit

breaker. Electronic shutdown

provides additional overload

protection for pulsed DC output

circuitry. The two 13.5 VDC internal
power supplies are fused with 1 amp 3AG
fuse(s). One supply operates the isolated
control circuitry within the MBS and the
other is used for the remote pad/footswitch
relay operation.

MBS-1DP-RLY-COS SELECTABLE PARAMETERS

RATE
RANGE
RESOLUTION
ACCURACY

DUTY CYCLE
RANGE
RESOLUTION
ACCURACY

PEAK DC OUTPUT
LOW RANGE

HIGH RANGE

PULSE OUTPUT DROORP :

10 -1000 pps in 1 pps steps
1.0 pps
+ 5% of dial setting

1% to 100% in 1 pps steps
0.1%
+ 1 % absolute

Approximately 100 to 300 volts
peak
Approximately 200 to 600 volts
peak

Exponential decay that is a
function of load resistance.
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DIGITAL PANEL METERS & PROTECTIVE FEATURES

DISPLAY CHARACTERISTICS OF METERS:

DC VOLTAGE (reads peak output voltage pulse)

RANGE : 0 - 1000 Volts peak
RESOLUTION : 1 Volt
ACCURACY ; +-5% of reading

DC CURRENT (reads peak pulsed output current)

RANGE ; 0-75 Ampere
RESOLUTION : 0.1 Ampere
ACCURACY : + 5% of reading or £ 0.3 amps,

whichever is greater

SELF-

PROTECTION 20 Amp input main power protection.
Breaker reset is done by turning the
VOLTAGE ADJUST knob to minimum
(CCW), then toggling the MAIN breaker
off, then on.

Pulsed DC output is additionally protected

electronically. If peak output current
exceeds 72 +/- 1 amps the shocker will
stop pulsing, and the red OVERLOAD
LED tamp will illuminate. The
OVERLOAD is reset by turning the
VOLTAGE ADJUST knob to minimum,
then pushing the STOP/PANIC switch

OFF. After the fault has been corrected,

pressing the START/RESET switch will
restore operation.
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OPERATOR
PROTECTION

ME DELAY
EATURE

ot a performance
)ecification...for
formation only)

The MBS-1DP-RLY-COS outputs will be disabled
whenever continuity is broken between

pins A and B of the 2-pin interlock safety
connector or A and B of the 2-pin footswitch
connector on the side of the unit. Any
number of safety mats and switches

may be wired in series. The interlock
operating voltage is 13.5 VDC. The

output voltage also may be disabled on

the front panel by the STOP/PANIC

switch or the MAIN POWER breaker
switch. If the STOP/PANIC front panel
switch is pressed then the START/RESET
button must be pressed in order to restart
the unit.

The MBS-1DP-RLY-COS has a time delay
of approximately 1.5 seconds between the
time the START/RESET switch is pressed
(assuming the main breaker has

already been turned ON) and voltage

This is done to protect the voltage control
circuitry from high surge current damage
when the unit is first turned on. The delay
is also present when a safety interlock
pad/mat/switch is switched OFF, then
back ON.
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SECTION C : OPERATING PROCEDURES

WARNING! The output of the MBS-1DP-RLY-COS electrofishing
unit is capable of delivering lethal voltages.
Safe operation requires a thorough
understanding of the principles of boat
electrofishing.

WARNING! The DC electrode output connections
including the droppers will normally have
high voltage with respect to the grounded case of the
electrofishing unit and the boat hull. The output is not
isolated from chassis or boat ground. Always treat the
output connector wires and the booms with respect
whenever the gerator is running.

CARELESS MISUSE OF THE MBS-1DP-RLY-COS CAN KILL YOU OR
OTHERS!

ALWAYS OBSERVE THE SAFETY PRECAUTIONS !

THIS MANUAL SHOULD BE READ AND SIGNED OFF BY ALL PERSONNEL
RESPONSIBLE FOR USING THE MBS-1DP-RLY-COS.

Consult the following publications for further guidelines in the use of
electrofishing equipment:

1) Electrofishing , National Safety Council Data Sheet
# 1-696-85 , 6 pages.

2) Electrofishing boats , Technical Bulletin No. 73, Wis.
Dept. Nat. Res. 1974, 48 pages.

GENERAL

The MBS-1DP-RLY-COS is connected to the boat alternator receptacle by
means of a SOOW-12-3, 7-8 ft. cable terminated in a 4-prong twist lock
connector (NEMA L14-30P). The output connector for pulsed-DC operation is a
4-wire twist lock receptacle (Hubbell 7410B or compatible).
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When the unit is powered-up, high voltage is present at the DC output
receptacle. The output receptacle wiring is as follows:

W - Chassis ground (connect this to boat hull)

X - DC High Voltage positive (connected to pin Y internally)

Y - DC High Voltage positive (connected to pin X internally)

Z - DC High Voltage return (negative, also connect this to hull)

There are two interlock pad/footswitch receptacles (Amphenol 3102A-16-11P)
which have 2 pins. Wiring is as follows:

A- Interlock connection to external mat, pad, switch etc.
B- Interlock connection to external mat, pad, switch etc.

A continuous electrical path must be established between pins A and B of BOTH
2-pin receptacles to permit operation. This may be accomplished by stringing
any number of safety mats, push-to-break switches, etc, in series. If only one
receptacle is used, then the interlock plug must be screwed into the unused
recepacle. In this model, once the START/RESET switch has been pressed and
the STOP/PANIC switch lamp illuminated, the pad, mats, or remote safety
switches may be used to control the high voltage output. If the STOP/PANIC
switch is pushed, however, the high voltage will be locked OFF, and the
START/RESET button will be required to restore the high voltage output.

NOTE: The MBS-1DP-RLY-COS is designed for a nominal 60 Hz
alternator system. If the alternator engine is run too slowly, and the
frequency is below 60 Hz, the VOLTAGE ADJUST dial will have to be
turned further clockwise than normal to produce voltage.

PULSED DC OPERATION

Power-up is achieved by first making sure the VOLTAGE CONTROL
knob is turned to MIN and the MAIN POWER switch breaker to OFF.
Then set the RATE and DUTY controls. Connect the electrode/ hull
connector to the OUTPUT receptacle of the MBS box. Bring the
alternator drive engine up to speed. Switch the MAIN POWER switch
ON. . Press the START/RESET button (this is a momentary switch).
The STOP/PANIC switch button red lamp should illuminate indicating
the box is in standby mode ready for operation.

Once the unit is in the standby mode (Stop/Panic light on) the pad/foot
switch operator(s) may turn the high voltage output on or off by
stepping on or off the pad(s)/footswitch(es). Depressing the remote
pad/switch(es) will light up the front panel meters, and aftera 1.5
second delay, high voitage will be delivered to the electrodes in
accordance with the voltage control knob setting. If there are multiple
pad/ffoot switches, all operators must depress the pad/footswtiches in
order to produce a high voltage output.
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To turn off the output voltage, any one operator can do so by stepping
off his switch/pad(s). The central console operator can override the
remote pad/switch control(s) at any time and shut off output voltage by
pressing the STOP/PANIC switch or by switching off the MAIN
POWER switch breaker on the MBS's front panel. The unit will remain
OFF until the MAIN POWER switch is turned on and the START
button is depressed, returning the unit to its standby mode.

Voltage and current meters should read approximately zero. 1t is
normal to see several volts on the voltmeter and 1 or 2 tenths of an
amp on the current meter due to internal offsets. At any practical
operating voltage and current these offsets will not affect the stated
accuracy of the meter displays. The OVERLOAD lamp should not be
illuminated. If it should light, make sure the VOLTAGE CONTROL
knob is at MIN, press the PANIC/STOP switch, then push the
START/RESET button again. Increase VOLTAGE control as required.
Note again that there will be a 1.5 sec. delay between turning the
OPERATE switch to START and the application of voltage to the
electrodes. This delay will also be present if the safety interlock
pad/mat/switches are opened, then closed again.

The MBS-1DP-RLY-COS delivers nominally rectangular high voltage
pulses to the electrodes. The resultant peak current flowing through
the electrodes will be a function of electrode geometry and spacing,
water conductivity and bottom material, as well as the peak voltage
you have selected. Peak output voltage is determined by the
VOLTAGE RANGE switch, and the VOLTAGE ADJUST dial setting.
The LOW range is intended for 100 to 300 Volt operation nominally,
while the HIGH range is intended for 300 to 600 volt operation. Use
LOW range (unless you need higher voltage) since it provides better
voltage control at lower settings, Lower conductivity water may require
more and larger droppers from the boom in order to achieve effective
current levels in the water.

The operator may select any combination of pulse RATE and DUTY
cycle with the front panel dial indicators. Note the decimal point in the
DUTY dial. "25.0" is 25% for example. The RATE is in pulses per
second. Duty cycles above 25% are possible, but are usually no more
effective than 25%. Setting a very high duty cycle in addition to a high
voltage may cause excessive AC current to be drawn from the
alternator in highly conductive waters. This may trip the MAIN
POWER breaker.
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CAUTION: DO NOT SWITCH VOLTAGE RANGE WHILE
OPERATING (SHOCKING). THE VOLTAGE RANGE SWITCH
COULD BE DAMAGED. ALWAYS PRESS THE STOP/PANIC
BUTTON FIRST, THEN SWITCH RANGES. PRESS START/RESET
TO RESUME SHOCKING. IN ORDER TO QUICKLY BLEED OFF
INTERNALLY STORED VOLTAGE FROM THE BOX AT THE END
OF A SESSION, IT IS GOOD PRACTICE TO TURN THE VOLTAGE
ADJUST KNOB TO MINIMUM WHILE THE OUTPUT IS STILL
ACTIVE BEFORE EITHER STEPPING OFF THE SAFETY
MAT/SWITCH, PRESSING THE STOP/PANIC SWITCH, OR
TURNING OFF THE MAIN POWER BREAKER

All dial indicators are provided with locking levers located at the base
of each indicator. Flip lever to the left to lock the dial...back to the right
to unlock. This will provide a measure of assurance to the operator
that preset conditions will not be changed by vibration or accidental
contact.

The MBS-1DP-RLY-COS has several self-protection circuits
incorporated into its design. Maximum input power is limited through
the use of the 20 Amp circuit breaker inside the MAIN POWER switch.

Maximum output power in the pulsed-DC mode is limited both by the
input breaker and by a special current sensing circuit in the DC output.
This circuit will shut off the unit if peak output current exceeds about
45 amps. The OVERLOAD lamp will illuminate, and since the load is
taken off the alternator, the sound of the alternator motor will change.
If an OVERLOAD occurs, reduce the VOLTAGE ADJUST to minimum,
and reset the circuit by pushing the STOP/PANIC switch in, then
pressing the START/RESET swtich. Increase voltage gradually, being
careful not to approach too close to 72 amps peak. If for any reason
the output transistor used to pulse the DC voltage should fail, a
second transistor within the unit may be readily connected. Contact us
for information. A failed output transistor usually causes straight DC to
be applied to the electrodes. This often results in the MAIN POWER
20 amp circuit breaker shutting off, or the generator motor lugging
down excessively as voltage is increased.

As a precaution, when you are finished shocking, it is a good idea to
discharge the internal DC storage capacitor by dialing the VOLTAGE
ADJUST dial to zero BEFORE stepping off the safety interlock
pads/mats/switches, turning off the Main Power switch, or pressing the
Panic/Stop switch in.
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EMERGENCY SHUT DOWN

The MBS-1DP-RLY-COS is equipped with an external safety interlock system as
well as a front panel STOP/PANIC switch. Either of these should disconnect

high voitage from the output.

However...

IN ANY EMERGENCY SITUATION, IF NORMAL INTERLOCK AND PANIC
BUTTON SHUTDOWN CONTROLS DO NOT SEEM TO BE WORKING, TURN
OFF THE MAIN POWER BREAKER.

This switch on the front panel provides direct 2-pole mechanical disconnection of
the AC power into the unit and will remove power coming out of the electrofishing
unit regardless of any problems with the interlock relay.
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SECTION D: RETURNED UNITS

WE RECOMMEND THAT YOU CONTACT US IN ADVANCE OF
SHIPPING.

Damaged or defective units may be returned for repair to:

ETS Electrofishing, LLC
3737 Eldorado Court
Verona, WI 53593

Attention: L. Burke O'Neal

Email: ets@etselectrofishing.com
Phone: 608-833-2088

Be sure to box carefully with appropriate cushioning materials. Send
postage prepaid.

INCLUDE RETURN ADDRESS AND YOUR PHONE NUMBER
INSIDE BOX.

A short note explaining mode of failure in detail and giving several
phone numbers where the user may be reached for questions will
greatly expedite turn-around time. Problems or questions regarding
operation of the MBS-1DP-RLY-COS may be addressed to the above
by emailor phone.

Limited warranty:

We will repair or replace any unit that fails for reasons other than
intentional or accidental abuse (operating unit from commercial
building mains rather than an alternator, dropping, running over with a
truck, etc.) free of charge for labor and parts for a period of one year
from date of receipt by user. Purchaser must pay shipping costs
associated with transporting failed unit to us. We will pay return costs.
Purchaser may have additional rights depending upon applicable state
law.
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Appendix B
DRAFT

Fish handling guidance for the

Upper Colorado River Endangered Fish Recovery Program
By John Hawkins
Larval Fish Laboratory, Colorado State University, Ft Collins, Colorado
Prepared for: Upper Colorado River Endangered Fishes Recovery Program, Lakewood, Colorado
February 2008

1. Fish Handling Basics

Purpose and Need

The primary purpose of this document is to provide consistent and reliable techniques
that reduce potential negative effects of capture and handling on fishes studied in the Upper
Colorado River Basin (UCRB) while still allowing for data collection to increase our scientific
understanding and conservation of these fish. It is intended for researchers of the Upper
Colorado River Endangered Fish Recovery Program (Recovery Program). Catching and handling
fish is necessary during research of their biology and ecology or during management through
activities such as captive breeding, broodstock development or stocking. The initial focus of this
document is on the capture, handling, tagging, and transport of wild fish handled during field
studies. Field activities can potentially injure fish or induce stressors that indirectly decrease
performance (e.g. reduced growth or reproduction) and either of these adverse handling effects
can lead to death of the animal. Performing thoughtfully planned and executed procedures on
study animals should reduce unnecessary injury and death to the animals and improve the quality
of research.

Fish Handling

Fish handling includes all of the activities and procedures performed on a fish from the
time it is removed from its natural environment until it is returned to the water or disposed of and
may include: holding facilities, length and weight measurements, anesthesia, tagging, surgery,
resuscitation for fish in distress, transport, fish release, euthanasia, preservation, and disposal.
Also important is carefully handling fish while landing them into the boat and the need to
consider dip net material, mesh, and net depth (too shallow and the fish can flop out) in relation
to reducing harm to the fish. Documenting brands, sizes, and manufacturers of nets and other
capture and holding gear can also be helpful

Fish Condition

Fish condition and activity should be constantly monitored. Critical issues to reduce or
prevent stress while holding a fish include water quality, water temperature, crowding,
contaminants, and holding duration. Water quality can be maintained by changing water
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frequently, adding salts, electrolytes, or fish-cote type products to improve osmotic regulation.
Holding tank material (metal or plastic) and color may be important. Metal, especially
galvanized tanks is generally discouraged except when there may be a potentially harmful
Faraday effect of electrical fields in nonmetallic holding tanks during electrofishing. A light tub
color will reduce solar heat accumulation.

The most important factor in reducing fish stress is supplying adequate oxygen to the
holding water. This is best performed by frequent water exchange with fresh river water. The use
of oxygen tanks to provide supplemental oxygen was necessary during recent nonnative fish
translocation studies, especially for sensitive species like smallmouth bass. Those oxygen tanks
were also used for successful recovery of other species in duress; however, oxygen tanks require
additional handling, space, and safety considerations. In place of oxygen bottles there is new
technology that uses electrolysis to separate oxygen from water molecules to oxygenate holding
water. While the process is practical for increasing oxygen in tanks holding a few fish, it appears
inadequate for tanks containing large numbers of fish that quickly use the available oxygen. The
oxygenation process also releases chlorine and carbon monoxide which must be removed by
exchanging water.

Safe handling requires proper body support of the fish and techniques that prevent injury
such as using wet hands (bare or gloved) and not holding fish by the eyes, jaws, or gills. Time
out of the water should be minimized and all procedures should be done low and over the water
tub so that if a fish slips off the measuring board it will fall gently into the tub of water and not
on a hard boat surface. Hoisting endangered fish high and extended for a trophy photo is poor
technique, especially when multiple photos are taken with each crew member. Photographs for
scientific documentation are valuable but should be done with the fish low over the water tub and
the fish returned to the water for a short period between shots. When releasing fish back to the
wild, researchers should consider whether the fish needs acclimation to the release water if the
temperatures are highly different between the holding tub and release water. Avoid throwing or
stranding fish at release.

Fish resuscitation

Fish in extreme distress need immediate attention and resuscitation (or Fish CPR). This is
especially important for endangered species. Upon observation of signs of distress and the
emergency response should include separating the distressed fish from other fish, refreshing
water, infusing oxygen, adding salts, and preventing temperature shock. A “CPR” technique
facilitates reviving a fish by aerating the gills with rapid forward movements through either
oxygenated tub water or flowing river water. A small oxygen tank with diffuser stone should be
carried by each sample crew to provide emergency oxygen support for endangered fish in
distress.

Fish Measurements

Total length measurements should be done on a clean, smooth, wet board that has easy to
read gradations in mm. Digital scales are good for smaller fish but become less accurate if not
level or during windy or unstable conditions. Keeping large fish restrained on a flat bed scale is
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extremely difficult and likely results in inaccurate weights. Hanging spring scales are practical
for larger fish as long as fish are well restrained in a wet holding net. Weights should be
measured in grams. All scales should be calibrated and tared frequently.
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2. Floy Tagging

Purpose

The purpose of this standard operating procedure (SOP) is to provide a consistent and
acceptable method for attaching Floy®, T-bar anchor tags on fish. It is the responsibility of each
principal investigator to ensure that individuals participating in tagging of fish have read and are
following applicable procedures and have received field training with live fish.

Discussion
Tagging of fish for individual identification is an essential technique for the study of fish
ecology, behavior, age, growth, mortality rates, abundance, population dynamics, migrations,

stock identification, and stocking success (Wydoski and Emory 1983; Guy et al. 1996). Floy
tagging requires coordination of tag colors and number sequence among agencies, and crews.
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Tag location is typically in the dorsal musculature under the dorsal fin. Tag retention should be
examined by double-tagging a batch of fish to determine if there is tag loss. Floy tags are small
(40-mm long x 2-mm diameter) flexible plastic (polyolefin) visual tags that are attached through
the musculature and anchored between bony pterygiophores. The preferred tagging location is
below the dorsal fin with the T-bar imbedded between dorsal, fin-ray, pterygiophores (Waldman
et al. 1990; Guy et al. 1996). Groups of tags can have unique colors and each tag a unique, alpha-
numeric code or additional text for contact information if anglers or other researchers capture a
tagged fish.

Advantages of Floy tags compared with other external tags are quick and easy
attachment, ability to contain considerable information that is easily observed without elaborate
equipment, and potential for long-term, mark-recapture studies. Disadvantages of anchor tags
result primarily from incorrect application and may include tag loss or potential infection
resulting in increased mortality or decreased growth (Guy et al. 1996). The method described is
based on procedures recommended by Guy et al (1996) and operating procedures from Floy
Manufacturing. The methodology is intended to be consistent with the Guidelines for the Use of
Fishes in Field Research (UFR 2004).

Human Health and Safety Considerations

Care should be taken with storage and handling of needles used for tag injection.
Procedures

1. Cleanse needles and tags in 90% alcohol.

2. Insert clip of Floy-tags into barrel of tagging gun and disinfect both by stirring in 90%

alcohol solution.

Anesthetize fish with tricaine when necessary.

4. Restrain fish by holding upright with head and body underwater and raise dorsal surface

out of water. Do not restrict operculi movement.

Tag location is left side, under dorsal fin, about 10 mm from dorsal midline.

6. Tag should trail to the posterior at an acute angle to the body axis (to reduce swimming
drag on fish).

7. Insert needle between scales, into musculature, pushing it through the dorsal
pterygiophores past the midline.

8. Do not penetrate the opposite side of the fish.

9. Compress trigger to insert tag.

10. Rotate tag gun 90° with trigger depressed to dislodge and lock tag behind pterygiophores.

11. Release trigger and remove needle from fish.

12. Gently tug on tag to set and test anchor.

w

o1

Maintenance
1. Replace or sharpen needles regularly.

2. Lubricate moving internal gun parts with “WD-40" type lubricant.
3. Store needles, tags, and tag gun in a clean, dry location.

48



Required Materials

Mark II, “Pistol L” tagging gun.

Stainless steel, heavy duty needles for Mark I1.

Floy T-bar anchor tags (FD-94)

Disinfectant: isopropyl alcohol (90%) in small plastic vial or dish.
Diamond needle sharpener.

orwdPE

Source of Equipment

Floy Tag and Manufacturing, Inc.,4616 Union Bay Place N.E., Seattle, WA
98105, Phone: (206) 524-2700, (800) 843-1172,
http://www.halcyon.com/floytag/fish/floyfish.htm/

3. PIT Tagging

Purpose

The purpose of this standard operating procedure (SOP) is to provide a consistent and
acceptable method for implanting PIT (Passive Integrated Transponder) tags in fish larger than
200-mm total length. It is the responsibility of each principal investigator to ensure that
individuals participating in tagging of fish have read and are following applicable procedures and
have received field training with live fish.

PIT tags (RFID tags) require more stringent aseptic conditions when fish are tagged in
the abdominal cavity, because internal procedures are invasive procedures similar to surgery.
Tags and needles should be as clean and aseptic as possible to prevent disease or bacteria transfer
to the fish. Bull-trout researchers recently shifted from an abdominal insertion of PIT tags to an
insertion into the dorsal sinus to reduce the potential for harm due to invasive abdominal tagging.
The dorsal sinus is the dorsal musculature area below the dorsal fin. They have reported
excellent retention. Another less invasive location for fish over 150 mm is the cheek
musculature. CSU double-tagged northern pike in 2003 with Floy tags in the standard dorsal
location and PIT tags in the cheek musculature and had good retention of PIT tags. Associated
with PIT tags is the need to develop good techniques for scanning fish that potentially have a PIT
tag. Storing scanned tag data and careful reading and transcribing of PIT tag numbers is critical
for successful abundance estimate studies.

Discussion

Tagging of fish for individual identification is an essential technique for the study of fish
ecology, behavior, age, growth, mortality rates, abundance, population dynamics, migrations,
stock identification, and stocking success (Wydoski and Emory 1983; Guy et al. 1996). A
Passive Integrated Transponder (PIT) tag is a small (11 mm x 2.1 mm) glass enclosed Radio
Frequency Identification (RFID) computer chip and antenna. Each tag contains a unique 10-digit
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alphanumeric code that is read with an external scanner/reader that interrogates the tag with a
radio signal. PIT tags are typically inserted with a 12 gauge needle into the musculature or body
cavity. The body cavity is usually preferred over potentially edible musculature of fish (Prentice
and Park 1984). Advantages of PIT tags compared with other unique numbered tags are easy
identification of live fish, small size, high retention rates, minimal trauma, minimal infection,
maximum retention rates, and minimal growth, survival, behavior, or physiological effects
(Prentice et al. 1990, Burdick and Hammon 1993). Disadvantages are high costs of tags and
scanning equipment, and the inability to detect the tag without equipment. The method described
is based on procedures recommended by Burdick (1991) and is intended to be consistent with
Guidelines for the Use of Fishes in Field Research (UFR 2004).

Human Health and Safety Considerations

Care should be taken with storage and handling of needles used for tag injection.
Procedures
Injection of PIT tag into fish body cavity:

1. Cleanse hypodermic needles and PIT tags in 90% isopropyl alcohol for 5-10 minutes.

2. Load PIT tag into barrel of hypodermic needle and disinfect both by stirring in 90%
alcohol solution.

3. Interrogate the tag with tag reader and record the identification code.

4. Hold fish at an angle with head underwater and belly and tail out of water. Do not restrict
operculi movement. Orient fish with ventral surface up so internal organs gravitate down
away from ventral surface.

5. Implant location is 10-15 mm posterior to pelvic girdle and 5 mm lateral to mid-ventral
line. Direction of needle is ANTERIOR.

6. Inject PIT tag:

a. Face the needle with bevel UP to prevent the needle from sliding on the scales
b. Angle the needle 20-40° with larger fish having a greater angle.
c. Push the needle carefully but firmly through abdominal musculature into body cavity
and push plunger to inject tag into body cavity.
d. CARE MUST BE TAKEN TO PREVENT PUNCTURE OF INTERNAL ORGANS.
e. PIT tag final position should be underneath or dorsal to the pelvic girdle.
7. Use Scanner to read, record, and verify the PIT tag code.

Required Materials

1. PIT tag scanner (Model FS2001F-1SO for 134.2 kHz tags or HS5105-L18K for 400 kHz
tags) and spare fuses (2A 3AG).

PIT tags 134.2 kHz (preferred; Model TX1400ST) or 400kHz (Model TX1400)
Disinfectant: Isopropyl alcohol (90%) in small plastic vial or dish.

4. Tag Injector: 12 gauge needle modified with stainless steel plunger.

wmn
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Source of Equipment

PIT tags and Tag Scanner:

Biomark, Inc. http://www.biomark.com, West Riverside Drive, Boise, Idaho
83714, Phone: (208) 275-001, Fax: (208) 275-0031, E-Mail:
biomark@biomark.com

12-gauge needle: Veterinarian Supply Store
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4. Transport

Purpose

The purpose of this standard operating procedure (SOP) is to provide a safe and
acceptable method of transportation of fish that reduces stress and mortality on the animals
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being moved. It is the responsibility of each principal investigator to ensure that all persons
transporting fish have read and are following the applicable procedures.

Discussion

Fish that are transported long distances in holding tanks often experience stressful
conditions that may result in decreased fitness or increased mortality (Winkler 1987). These
conditions can include low dissolved oxygen, extreme temperature, rapid temperature change,
increased ammonia, and physical damage (Kelsch and Shields 1996). Conditions can be
improved via mechanical, chemical, or procedural techniques to reduce stress on fish. Transport
of fish requires consideration of hauling distance, duration, and density of fish but most
importantly maintaining high water quality, especially adequate oxygen. Use of salts and oxygen
should help maintain water quality. Permits are necessary for moving fish to other waters. Fish
that are transported using these recommendations will experience reduced stress from handling,
temperature and chemical changes. This transportation method is based on recommendations
provided in Piper et al. (1982), Winkler (1987), and Carmichael and Tomasso (1988) for safe
transport of fish.

Health and Safety Considerations

The hauling tank will be secured to prevent shifting of weight during transport which
could cause injury to persons moving fish. Air tank should be mounted to the truck to prevent
movement. Compressed Oxygen bottles must be securely fastened to the vehicle and capped with
DOT approved safety cap during transport.

Procedures

Fish will be transported in a 750-liter (200-gallon) tank. Holding tank should be
incrementally marked in 50 (100) gallon increments. General guidelines for number of fish per
unit volume of water call for 1 kg per 8 liters (one pound per gallon; Piper et al. 1982). Site water
will be used to provide consistent water quality to fish. Sodium chloride (NaCl) in the form of
Solar Salt will be added to at a concentration of 0.5 % (0.005) of water volume to minimize
physiological stress from osmotic loss (Piper et al. 1982, Carmichael and Tomasso 1988, Kelsch
and Shields 1996). Avoid the use of iodized and standard livestock salt because those form may
contain impurities. Diffused oxygen will be provided through 25-cm airstones from a regulated,
compressed oxygen tank. Water temperature will be monitored frequently on long distance (>30
minutes) stocking trips. If an increase in water temperature is detected, ice will be added to the
tank. To reduce stress from temperature changes, fish will be tempered with water from
receiving water prior to release if temperatures of tank water and receiving water differ by > 5.5°
C (10° F).

Rinse holding tank with site water.

Fill holding tank to 80% of capacity, about 600 liters or 160 gallons.

For every 380 liters (100 gallons) add and mix 200 grams NaCl.

Turn on oxygen from regulator and adjust until airstone releases a gentle, fine stream of
bubbles. Do not over oxygenate, evidenced by rapid, large bubbles.
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5. Add no more than 75 kg (165 Ibs) of fish. This equals no more than 30 typical, 2.5 kg (5
Ib) adult fish.

6. Water temperature of receiving water should be less than 10 F of holding tank water. If
greater than 10 F, fish should be tempered by mixing water from receiving water into the
holding tank. OR just make it SOP to always mix the two waters at some specified rate.

7. Other options: Mix water with agitator or bilge pump.

8. Check equipment and fish condition every 30 minutes (or 1 hr).

Material checklist

Solar Salt from Hardware or livestock supply store
Useful Formulas:

1 gallon = 3.785 liters =0.1337 ft3
1 liter = 0.2642 gallons = 0.001 m3
Formula for adding salt at 5% volume rate: 2 g per gallon or 0.5 g per L
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5. Anesthesia

Purpose

The purpose of this standard operating procedure (SOP) is to provide a consistent and
acceptable method for anesthesia of fish. Anesthesia is necessary for some procedures. In
addition to anesthesia, surgical procedures need to consider proper sanitation and sterilization,
methods to provide oxygenated water and anesthesia to the fish during the procedure,
implications of prolonged anesthesia exposure, suture material, surgical tools, and proper
surgical technique. It is the responsibility of each principal investigator to ensure that individuals
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participating in anesthesia of fish have read and are following applicable procedures and have
received field training with live fish.

Discussion

Research involving fishes benefits from efficient, safe, and conscientious handling of
study animals. Handling methods should reduce stresses that invoke physiological and
behavioral changes in the study animals (Barton and Iwama 1991). During captivity, stress is
reduced by providing optimal environmental conditions that allow captive animals to maintain
homeostasis. Stress may increase from nociception, the detection of injurious stimuli by the
nervous system, especially when the fish is removed from water, is handled, or is subject to
additional study procedures. General anesthesia is recommended to reduce nociception of fishes
during intrusive procedures. The following method of anesthesia induction follows procedures
recommended by Summerfelt and Smith (1990) and is intended to be consistent with
recommendations of UFR (2004).

Tricaine (MS-222) is recommended for fish anesthesia because of its wide use, relative
safety, and ease of use. Tricaine (MS-222) is the only FDA approved anesthetic for use on fishes
and requires a 30 day cleansing period prior to release or human consumption. It is also the only
federally approved drug for anesthetic use with food fishes. MS-222 should be buffered to
reduce harm to the fish due to its acidity. Dosages should be predetermined for each situation
and premeasured. Detoxification procedures are necessary. The Food and Drug Administration
(FDA) has approved the use of two tricaine compounds for fish, Finquel tm and Tricaine-S tm
(Bowser 2001).

Human Health and Safety Considerations

Technical tricaine is a white, crystalline powder that is readily soluble in water. When
preparing stock solutions, care should be taken to avoid breathing, and contact with any material
that may become suspended in the air as a result of handling. Fish that have been euthanized with
tricaine are not safe for human consumption for 21 days. Chronic exposure to dilute MS-222
may cause retinal toxicity (Bernstein et al. 1997). Nitrile or waterproof gloves and eye protection
should be worn when using MS-222.

Procedures

Fish should be sedated and anesthetized with a treatment bath of site water mixed with a
stock solution of Tricaine (40 mg/L). Do not use tricaine in galvanized or brass containers unless
sealed to prevent dissolution of zinc. Buffer the dilute, acidic Tricaine solution to pH 7.0-7.5
with sodium bicarbonate (NaHCO2). Buffering prevents lowered blood pH and reduces
respiratory stress (Summerfelt and Smith 1990). Uptake of the chemical is through the gills
during respiration. Efficacy is affected by water temperature, water hardness, and fish number,
species, and size (Bowser 2001). Dosage or immersion time may be increased to offset reduced
efficacy, but immersion time should be reduced as dose increases. A short induction time (2-5
minutes) is desired to effect a short recovery. Fish that are anesthetized with tricaine will
experience progressive stages of anesthesia including: decreased respiration and reactivity,
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partial loss of equilibrium, total loss of equilibrium, loss of reflex reactivity, and if overdosed,
medullar collapse.

In the event of anesthetic overdose causing respiratory arrest, evidenced by lack of
opercula movement, gills should be immediately irrigated with fresh, preferably oxygenated, site
water until fish recovery. Fish should be transferred post-procedure to a container of fresh site
water with a 5-10 mg/L solution of stockman s salt (NaCl) and held 5-10 minutes until
orientation and muscular control are regained. Recovery is identified by the fish regaining
equilibrium, muscle tone, and reaction to external stimuli. Fish should be released into calm
water at site of capture as soon as possible to reduce captivity stress. For larval fish, a tricaine
concentration of about 150 mg/L is recommended for collections (Snyder 1997).

Source of Materials

Tricaine, suppliers:

Finquel™ Argent Chemical Laboratories, 8702 152nd Avenue, Redmond,
Washington, phone (800) 426-6258 www.Argent-labs.com

Tricaine-S™ Western Chemical, Inc., 1269 Lattimore Rd., Ferndale, WA 98248,
phone (800) 283-5292 or (360) 384-5898
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6. Euthanasia

Purpose

The purpose of this standard operating procedure (SOP) is to provide a consistent and
acceptable method for euthanasia of fish. It is the responsibility of each principal investigator to
ensure that individuals participating in euthanasia of fish have read and are following applicable
procedures.

Discussion

Euthanasia should be performed on fish that are severely injured, prior to preservation, or
prior to disposal of specimens targeted by removal efforts. Euthanasia include an overdose of
the anesthetic MS-222 or in some situations a sharp blow to the head of the fish. Lethal doses
should be predetermined and premeasured. Disposal of dead fish should consider permitting,
public relations issues and human health. When possible, dead fish could be retained for
scientific use or salvaged for human consumption. Preservation procedures should match
intended use of the specimens. Because of their high scientific value, dead endangered fish
should have clear disposition policies. There may be specific preservation policies for some high
profile alien or illicit species or the need for a chain of custody procedure for potential criminal
investigations related to illicit stocking.

This method is based on procedures recommended by Summerfelt and Smith (1990) for
inducing general anesthesia in fish, and is intended to be consistent with the U.S. Department of
Health and Human Services (1985) Guide for the Care and Use of Laboratory Animals. Fish that
are euthanized following this SOP will experience a progression of stages of anesthesia
including: light sedation, deep sedation, partial loss of equilibrium, total loss of equilibrium, loss
of reflex reactivity, and medullary collapse. During the final stage of anesthesia, opercular
(breathing) movements cease and cardiac arrest occurs. Use of tricaine (also called MS-222 and
Finquel) is recommended for this procedure because it is a widely used for fishery research, and
is relatively safe and easy to employ.

Health and Safety Considerations

Technical tricaine is a white, crystalline powder that is readily soluble in water. When preparing
stock solutions, care should be taken to avoid breathing, and contact with any material that may
become suspended in the air as a result of handling. Fish that have been euthanized with tricaine
are not safe for human consumption.

Required Materials

Tricaine, which may be purchased from: see section 5. Anesthesia, above.
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