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We present a 100-Watt protocol for backpack electrofishing to capture salmonids in small streams. The protocol requires that
electrofisher settings produce ~100 W of average power output. Since 2000, the protocol has been used in Idaho streams ranging
in ambient conductivity from ~20–1,000 µS/cm and water temperatures from ~0–28°C, and results in satisfactory capture efficiency
and desired fish response (i.e., taxis and immobilization) for pulse frequencies ranging from 30–60 Hz. Moreover, resulting spinal
injuries are low (<5%) and similar between 30 and 60 Hz, contradicting past studies that show higher injury rates for salmonids at
higher pulse frequencies. Despite significant variation in pulse frequency, fish size, and water conductivity, the 100-W target works
for salmonids in small streams because fish are especially vulnerable to electrofishing in small water volumes where boundary
effects concentrate the electric field. Avenues of further research are highlighted that would more fully evaluate the 100-W method.
INTRODUCTION

Backpack electrofishing surveys to monitor the distribution and abundance of stream‐dwelling wild salmonid populations are one of the most common fish sampling practices
used by inland fisheries biologists worldwide. During such surveys, biologists must choose the best electrical output settings
on their electrofishing unit to achieve adequate capture efficiency, while minimizing fish injury. In most situations, pulsed
DC is the preferred waveform, because it is less injurious
than AC and more power‐efficient than continuous DC, so
this choice usually amounts to deciding what combination of
pulse frequency, duty cycle, and voltage settings to use. While
some governmental agencies have established electrofishing
standards—usually with regard to pulse frequency—meant to
minimize fish injuries, the reality is that oftentimes default or
minimum values of pulse frequency and duty cycle are relied
upon, with voltage alterations incorporated after subjectively
assessing fish response.
Box 1. Implementing the 100‐watt method in small streams.
1. Set the electrofisher to pulsed DC at the preferred frequency
(e.g., 60 Hz) and duty cycle (e.g., 25%) or pulse width (e.g., 4 ms).
To maintain constant average power, duty cycle must remain
constant when changes in frequency are anticipated.
2. Outside of the reach to be electrofished, locate a riffle and a pool
that are representative of the habitat inside the reach.
3. In the representative riffle, start with relatively low voltage (perhaps 200 V) and adjust voltage, with the anode at mid‐water
depth, to achieve average power output of 70–100 W.
4. Determine average power output in the representative pool
with the anode at mid‐water depth; output should be 100–
130 W. The average between the riffle and pool readings
should be ~100 W. If the average is higher or lower than 100 W,
adjust voltage accordingly until the average target power output (~100 W) is achieved. On rare occasions, duty cycle (or
pulse width) and pulse frequency may need to be slightly modified to achieve the target power output.
NOTE: If the backpack electrofishing unit does not display average power output, it may need to be calculated from peak power
output by multiplying peak power by duty cycle (expressed as a
decimal fraction) or determined by using other electrical equipment such as an oscilloscope.
5. Move into the reach to be sampled and begin electrofishing.
Closely monitor fish behavior and, if necessary, adjust voltage
slightly to increase forced swimming behavior or reduce fish
trauma.
6. Record: (a) the electrical settings and resulting power output;
(b) any adjustments needed; (c) observations of fish behavior;
and (d) ambient water conductivity and temperature (to achieve
learning feedback on the effects of these two important factors).
Such records will allow self‐evaluation of the effectiveness of the
100‐watt method in the streams being sampled for the species
being investigated.
Systematic use of the above protocol should produce high capture efficiency for a variety of fish species occupying small streams
while simultaneously minimizing fish trauma. In our experience, this
protocol is effective whether one backpack electrofisher or multiple
electrofishers are being used, although injury rates have not been
evaluated when using multiple electrofishers.
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While determining electrofishing settings somewhat arbitrarily can be adequate for capturing fish, standardization of
electrofishing equipment and methods is important to ensure
that the characterization of fisheries among populations or
through time is not influenced by differences in electrofishing
application (Miranda 2005; Reynolds and Kolz 2012). Since
the early 2000s, personnel with the Idaho Department of
Fish and Game have been using a simplified approach (Box 1)
to standardize sampling of salmonids in small headwater
streams by using backpack electrofisher settings that result in
~100 W of average (continuous) power output (Meyer 2005;
Meyer and High 2011). Targeting 100 W of average power
output has been successful in water conductivities ranging
from ~20–1,000 µS/cm and water temperatures ranging from
~0–28°C. If duty cycle is held constant, one only needs to
adjust the voltage to achieve the target power output, occasionally adjusting voltage slightly (in either direction) to
produce the desired fish response (i.e., taxis and immobilization), while avoiding undesirable fish response (i.e., fish
escaping, or reaching tetany). Because power output is a
function of voltage, current, and duty cycle, one must know
these parameters if a meter for average power output is not
available. Some older backpack electrofishing units use a
tonal change to indicate when 100 W of output is reached,
while most newer models have digital metering that provides
this information.
During 2017–2018, we undertook a study to determine
whether capture efficiency (CE) and spinal injury rates of
salmonids inhabiting headwater streams of southern Idaho
were dependent upon the pulse frequency used with backpack
electrofishing units (Chiaramonte et al. 2020). As part of this
study, we used the 100‐W method and obtained electrical output data to describe its application. Our objective herein is
to present detailed electrical output data from the use of the
100‐W method to electrofish for salmonids in small streams.
To demonstrate the effectiveness of the 100‐W method in capturing fish and minimizing fish injuries, we relate these output data to the CE and fish injury data originally reported in
Chiaramonte et al. (2020).
METHODS

A detailed description of methods for our study comparing CE and spinal injury to pulse frequency was provided in
Chiaramonte et al. (2020). To assist readers of this article, a
summary of those methods is provided here. Twenty headwater streams in southern Idaho were selected for electrofishing;
of these, complete electrical data were collected during depletion sampling at 18 streams. We used the same backpack
electrofisher (Smith‐Root LR‐24; Smith‐Root, Vancouver,
Washington) in all streams. In each stream, two adjacent
reaches were sampled with two frequencies of pulsed DC, one
with 30 Hz, the other with 60 Hz, both at 24% duty cycle.
This duty cycle was chosen to be in the middle of the range

(10–50%) generally considered most effective for electrofishing
(Miranda and Dolan 2004). Using a 24% duty cycle at both
frequencies yielded a peak power output about four times the
average power and delivered the same “dosage” of power per
second. To estimate capture efficiency within a reach, 9–21
salmonids (including Cutthroat Trout Oncorhynchus clarkii,
Rainbow Trout O. mykiss, and Brook Trout Salvelinus fontinalis) were captured via electrofishing, marked with an adipose
fin clip, and released the day before the depletion sampling.
Spinal injuries corresponding to both pulse frequencies were
evaluated by collecting and x‐raying fish from outside the depletion reaches and were compared to angled fish for a control.
Prior to depletion sampling, we standardized power to
100 W for the reach by manipulating voltage output. To accomplish this, voltage was adjusted until average power output
in a representative riffle was ~70–100 W and in a representative
pool was ~100–130 W, and the mean between the two readings
was ~100 W. Because pulse frequency was predetermined, and
duty cycle was held constant at 24%, voltage was the only electrofisher setting manipulated to produce an average of 100 W
of power output. Once voltage was adjusted to achieve 100 W
of average power output, it was not changed while sampling
a reach. For each reach, power output was also recorded in
the same representative riffle and pool at the end of the electrofishing effort, although output was essentially unchanged
for all such measurements. Capture efficiency at a reach was
calculated as the proportion of marked fish recaptured during
all passes combined.
For this perspective, we focused our analyses on data not
presented by Chiaramonte et al. (2020). First, we used scatterplots to compare the voltage used to achieve 100 W of

average power output and the resulting amperage produced
in the representative riffles and pools over the observed range
of conductivity. Second, we used a general linear model to
evaluate whether ambient conductivity (as a continuous variable) affected average power output; while we already knew
that power output differed between habitat types (i.e., between
riffles and pools, as was described above), we included habitat
type (as a discrete variable) in the model, as well as a conductivity × habitat interaction term in order to evaluate whether
the difference in power output between riffles and pools was
affected by changes in conductivity. Finally, we used a general linear model to evaluate whether average power output
affected CE; while we already knew (from Chiaramonte et al.
2020) that pulse frequency affected CE, we included pulse frequency (as a discrete variable) in the model, as well as a pulse
frequency × power output interaction term in order to determine whether the difference in CE between pulse frequencies
was affected by changes in power output. To obtain a single
power value for each reach to relate to CE, we used the mean
of the four average power output values (pool and riffle, start
and finish). All statistical analyses were conducted using the
SAS statistical software package (SAS Institute 2010) at a 5%
significance level (α = 0.05).
RESULTS

For the 18 southern Idaho streams included in this
study, ambient water conductivity ranged from 40–357 μS/
cm and water temperature ranged from 5.9–16.1°C during
sampling. Average power output ranged from 62–105 W
in riffles (mean = 85.6 W), with 95% of the values under
100 W due to higher resistance resulting from low water

Figure 1. Scatterplots of peak voltage and peak current over the range of water conductivity in stream reaches in the study by
Chiaramonte et al. (2020). The inverse relationship between voltage and current occurs because average power is held at or
near 100 W regardless of water conductivity.
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Figure 2. Scatterplots of average power output for representative pools and riffles over the range of water conductivity
in stream reaches in the study by Chiaramonte et al. (2020).
The average output for all readings is 99 W, close to the 100-W
target.

Based on general linear models, achieving an average power output of ~100 W was not hindered by ambient conductivity (F = 1.28; P = 0.26; Figure 2). However, the difference
between the average power output in pools compared to riffles
widened slightly as conductivity increased, as evidenced by a
significant conductivity × habitat interaction term (F = 3.97;
P = 0.049), with power output in riffles ~ 24 W lower than in
pools at the lowest conductivity but ~34 W lower at the highest
conductivities.
Capture efficiency among all reaches for both frequencies
ranged from 0.54–1.00. Salmonids captured among all reaches ranged in size from 9–29 cm. While CE was significantly
higher for reaches sampled with 60 Hz (mean = 0.94) than
with 30 Hz (mean = 0.83; F = 8.00; P = 0.008; Figure 3), CE
was unaffected by average power output (F = 0.31; P = 0.580)
over the range of power produced in our study. The difference
in CE between pulse frequencies was not affected by changes
in power output, as indicated by a non‐significant pulse frequency × power output interaction term (F = 0.34; P = 0.560).
Electrofishing spinal injuries for 571 x‐rayed salmonids were
rare (4% of fish captured) and the rates were identical for 30
and 60 Hz, whereas 93 fish angled from the same streams exhibited no spinal injuries.
DISCUSSION

Figure 3. Scatterplots of capture efficiency (proportion of
marked fish caught during all passes in a reach) and average
power output for 30 and 60 Hz electrofishing first presented
in Chiaramonte et al. (2020).

volume. Average power output in pools, where resistance
was lower, ranged from 89–136 W (mean = 113.2 W), and
95% of these values were over 100 W. The average power
output for all reaches, based on averaging riffle and pool
readings for each reach, was 99.4 W (range 83–119 W).
Peak voltage ranged from 201–757 V across all sites, and
averaged 376 V for the entire study. Peak amperage in pools
averaged 1.42 A (range 0.5–2.3 A) and in riffles averaged
1.05 A (range 0.1–1.9 A).
The 100‐W target was achieved with different levels of
voltage and amperage, depending on water conductivity
(Figure 1). At lower conductivity, less current could be generated, so the 100‐W target was achieved with more voltage.
At higher conductivity, less voltage was needed because the
100‐W target was achieved with higher current.
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Although the 100‐W method has been successfully used
by Idaho Department of Fish and Game personnel for nearly 2 decades, the study by Chiaramonte et al. (2020) was
the first application of the method to evaluate the effect of
pulsed DC frequency on CE and fish injury. Because the use
of 60 Hz to capture salmonids in small streams resulted in
higher CE, reduced bias in abundance estimates, and produced a low incidence of spinal injuries that were equivalent
to that produced at lower pulse frequencies, Chiaramonte
et al. (2020) recommended using 60 Hz for this type of backpack electrofishing sampling. This conflicts with the long‐
standing use of 30 Hz for salmonid sampling in streams,
which is typically expressed as a recommendation (NOAA
2000; Snyder 2003; Dunham et al. 2009), but is sometimes
mandated by governmental agencies (e.g., Montana Fish,
Wildlife, and Parks 2003). These recommendations and
mandates are based on assumptions that lower pulse frequencies universally produce fewer spinal injuries for salmonids. However, while the use of lower pulse frequencies
will likely reduce salmonid injuries when targeting larger
fish in larger rivers with electrofishing units that emit greater
power (McMichael 1993; Sharber et al. 1994; Dalbey et al.
1996; Ainslie et al. 1998), the results of Chiaramonte et al.
(2020) indicate that small salmonids in small streams can
be targeted using higher pulse frequencies generated by a
single backpack electrofisher without an increase in injuries.
Since the incidence of spinal injuries resulting from capture
using backpack electrofishers generating less power does not
seem to increase at higher pulse frequencies, we reiterate our
recommendation for using higher pulse frequencies (but not
higher than 60 Hz) to produce better capture efficiency that
results in better inference on occupancy and abundance of
stream‐dwelling salmonids.
We have shown that a target of 100 W average power output during backpack electrofishing can be achieved by manipulating the voltage so that average (not peak) power output,
when averaged across readings from a representative riffle
and pool, approximates 100 W. However, applying the 100‐W

method will vary with the backpack electrofisher model being
used. Dean et al. (2019) evaluated U.S.‐built backpack electrofishers that provided useful information on variation among
backpack electrofishers. Some electrofishers provide average
and peak power readings on the output meter and only require
adjustment of voltage to achieve 100 W of average power.
However, voltage settings on other electrofishers can only be
altered in 50‐ or 100‐V increments, making fine‐scale adjustment to achieve ~100 W more difficult. Some output meters
on electrofishers give readings of peak power output that can
be multiplied by duty cycle to obtain average power. For older
electrofishers with no output meters, clamp digital multi‐meters can be used to obtain average values of voltage and current. Many of these older units also have a tonal change at
100 W, and our results suggest that approximating rather than
precisely achieving 100 W will be adequate for efficient fish
capture with these units.
The 100‐W method seems contrary to Power Transfer
Theory as applied to electrofishing, which requires that power be adjusted based on the difference between water conductivity and fish conductivity (Kolz 1989). Even though
the 100‐W method does not employ the power adjustment,
it is important to note that power transfer is always at work,
regardless of environmental factors. The 100‐W method
is apparently successful because salmonids are particularly vulnerable to electrofishing (low thresholds for taxis
and immobilization), and the shallow depths (electric field
boundaries) of small streams compress the electric field to
effective intensities, regardless of water conductivity and
other habitat complexity factors. In our study, the transfer
of threshold power was always achieved, regardless of water
conductivity. Due to the complexity of applying the Power
Transfer Theory based on in‐water electric field measurements, Reynolds and Kolz (2012) called for a less‐complicated approach to power standardization based on circuit
instrumentation and metering available with existing hardware. The 100‐W method seems to provide this type of approach for backpack electrofishing.
In summary, the 100‐W method is achievable in small
streams with most backpack electrofishing units across a wide
range of stream conductivities. Coupling the 100‐W method
with 60 Hz pulse frequency should increase salmonid capture
efficiency in small streams, while maintaining a low incidence
of fish spinal injuries, thereby strengthening inferences that
can be drawn from collected fisheries data. Nevertheless, four
avenues of further research should be undertaken to more
fully evaluate implementation of the 100‐W method. First,
studies are needed to determine whether CE is affected by
manipulating voltage and duty cycle to produce 100 W of
average power output. We generally hold duty cycle constant
at 24% for our sampling, but effective electrofishing has been
achieved with duty cycles ranging from 10–50% (Miranda
and Dolan 2004), and further studies that manipulate both
duty cycle and voltage to achieve 100 W of average power
output would help elucidate whether manipulating either or
both influences CE. Second, although the 100‐W method
has been used to effectively sample stream‐dwelling salmonids (Meyer et al. 2006, 2014) and non‐game species (Meyer
et al. 2013) in waters ranging in ambient conductivity from
nearly sterile to ~1,000 μS/cm and water temperatures from
near freezing to nearly 30°C, the efficacy of the 100‐W method for non‐salmonids in small warmwater streams—in terms
of CE and fish injury—requires further evaluation. Third,

we encourage electrofishing injury studies be done on larger
salmonids in larger streams with multiple backpack electrofishers operated at various pulse frequencies and 100 W of
power output. While we do use the 100‐W method in wider
streams with multiple backpack electrofishers, overlapping
electrical fields may result in combined pulse frequencies that
are much higher than intended (Beaumont 2017) and potentially more injurious. Fourth, while the occurrence of spinal
injuries was low at the range in power output we evaluated
(i.e. 83–119 W averaged across riffle and pool readings), future studies should investigate whether injuries increase at
higher power output from backpack electrofishers. While we
encourage biologists to pay close attention to fish reactions
to the electric fields being produced and to adjust their settings to maximize forced swimming behavior and minimize
fish trauma, producing ~100 W of average power output,
from our experience, generally produces the desired immobilization effects.
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