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Abstract: Comparing the effectiveness of electrofishing and environmental DNA (eDNA) metabarcoding
for surveying aquatic biodiversity is increasingly common, yet often compromised by methodological
inconsistencies. This paper reviews the core physical and biological principles governing electrofishing
efficiency—including voltage propagation, the Power Transfer Theory (PTT), current waveforms, and
the critical role of water conductivity—showing how parameter choices drastically alter capture
success. We critically examine a recent study by Baudry et al. (2025)comparing eDNA metabarcoding
with electrofishing for fish and decapod inventories, identifying major shortcomings in their
electrofishing protocols. Specifically, the use of sub-optimal frequencies, non-standardized waveforms
(such as PEC), and a lack of precise conductivity and spatial data introduce severe biases that
undermine their comparative conclusions. We emphasize that proper standardization of electrofishing
gear settings and protocols is essential before drawing conclusions about relative efficiency. Ultimately,
rather than functioning as competing techniques, electrofishing—which remains indispensable for
guantitative data—and eDNA are complementary methods that require rigorous application for valid
biodiversity assessments.

Electrofishing is a method used to survey aquatic fauna, whether insects (Souza et al. 2015),
amphibians (Cossel et al., 2012), fish (Cowx and Lamarque, 1990) or decapods (shrimp and crayfish)
(Fievet et al. 1996; Jugovic et al. 2015; Pottier et al. 2022b; Rabeni et al. 1997; Richardson and Cook,
2006). It relies on the generation of an electric field in the water, triggering a neuromuscular response
allowing animal capture (Cowx and Lamarque, 1990; Snyder, 2003). It is currently the principal method
to assess fish assemblage and abundance in streams (Bozzetti and Schulz, 2004; Jha et al. 2018;
Tomanova et al. 2013; Wellemeyer et al. 2018).

Comparing electrofishing settings and their effectiveness for catching a variety of aquatic speciesin a
variety of freshwater environments is challenging. Doing so requires accounting for how voltage
propagates from the electrofisher into the water, where the actual voltage peaks at the anode and
decreases with distance (Beaumont et al. 2005; Pottier et al. 2022a). To explain the taxis efficiency,
(Kolz, 1989) developed the Power Transfer Theory (PTT) : the power transferred to an aquatic organism
is proportional to the ratio of the organism’s conductivity to water conductivity.

When electrofishing, the propagation of the voltage gradient (E) in water depends on different factors :
the current waveform, the duty cycle, the set voltage and the anode and cathode shapes (Pottier et al.
2020a). Furthermore, capture efficiency depends on the propagation of E in water and on the protocol
(partial or complete sampling, type of prospection, size of dip net, number of operators; Fievet et al.
1996; King and Crook, 2002; Kwak et al. 2007; Pottier et al. 2022a, 2022b).

Electrofishers can provide different waveforms (direct current DC, pulsed direct current PDC or pulsed
exponential current PEC - a condenser discharge), at different voltages. The existence of many
electrofisher models raises the issue of consistency in monitoring and comparisons over time when



equipment is changed. Indeed, DC and PDC captured fish more efficiently than PEC but that the shape
of PDC at a given frequency had no influence (Beaumont et al. 2000; Pottier et al. 2020b). Furthermore,
PEC is a waveform that is difficult to standardize because the discharge time depends on the
conductivity. Additionally, DC captured shrimp and fish more efficiently than PDC, and changing PDC
frequencies induced significantly different electrotaxis (Pottier et al. 2022b).

For the purposes of efficiency, standardisation and animal welfare, DC waveform is the easiest current
to use (Pottier et al. 2022a, 2020a). To compare effects of different waveforms on the attraction or
impact of an electric field on fishes, Lamarque (1990) recommended using DC as a standard.

Comparing the effects of different methods of surveys on the estimate of specific richness is a
challenge. It is important to master completely each method to ensure an unbiased comparison.

This is not currently the case for several studies comparing the effectiveness of electrofishing with
environmental DNA (eDNA) metabarcoding. A recent example of this is a study by Baudry et al. (2025)
on the comparison of eDNA metabarcoding with their protocol of electrofishing in decapods and fish
inventories. However, this study has some shortcomings in documenting the conditions on
electrofishing surveys and overlooks a potentially important cause of the effects described.

The protocol of Baudry et al. (2025) was based on Lefrancois et al. (2024) who validated eDNA method
for surveying fish and crustacean communities in the rivers of the French West Indies. But no
standardized protocol was set-up. Lefrancois et al. (2024) applied 250 V DC and 500-1000 V PEC (10 to
16 Hz) using a backpack electrofisher (IG200-2 Hans Grassl GmbH, Germany), and Baudry et al. (2025)
applied 250V DC or 500V PDC (10 to 16 Hz and 15 to 25 A, respectively) using a Smith-Root LR-24
backpack electrofisher. First, PEC was less efficient and standardizable to catch fish than DC and PDC
(Beaumont et al. 2000; Pottier et al. 2020b). Moreover, PDC was less attractive than DC for catching
fish and shrimp in the West Indies (Pottier et al. 2022b). Baudry et al. (2025) varied the frequency (10
to 16 Hz) when fishing, which induced bias in the results. Moreover, this range of frequency was low to
catch fish, a mean frequency of 40 Hz was preferred (Beaumont, 2011; EIFAC, 2005; Halsband, 1968).

Traditionally, water conductivity (uS.cm™) is the environmental variable that determines the most
success of the electrofishing taxis on fish and decapods (Pottier et al. 2022b, 2019; Pottier and
Destouches, 2019). The lower the conductivity, the more difficult it is to attract fish (Pottier et al. 2022a,
2019). Unfortunately, Baudry et al. (2025) do not indicate whether specific or ambient conductivity
was measured and what is the associated setting.

The spot-fishing protocol used resulted in a smaller prospected area than using a complete fishing.
Furthermore, the number of sampling points was not communicated to evaluate the effort of sampling.
Pottier et al. (2022b), whose study also took place in the Caribbean, recommended using DC and setting
the electrofisher to 30 pW.cm™ at 50 cm from the edge of the anode ring to catch shrimp and fish
efficiently in tropical, small and rocky-substrate streams.

Finally, eDNA metabarcoding is prone to false positives (Xiong et al. 2024), making it difficult to verify
true versus spurious species richness.

All the deficiencies underlined in the study of Baudry et al. (2025) leads to a low capture efficiency and
a non-standardized protocol when electrofishing. When comparing methods (e.g. eDNA vs.
electrofishing), it is important to employ a rigorous approach to avoid biased comparisons.
Furthermore, it is crucial not to conflate a protocol using a specific electrofishing gear setting with the
general term “electrofishing”. The same applies to the eDNA methods (different labs, type of filter and
pump, volume filtered). In this study the conclusion of Baudry et al. (2025) is therefore premature.



Finally, it's important to remember that eDNA and electrofishing are complementary methods.
Electrofishing, in particular, is essential for obtaining quantitative data.
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