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Critical Analysis of

A candidate electromagnetic channel for 
coordination between physically 

separated Drosophila
Douka, K., Skoulakis, E. M. C., & Turin, L. (2026)

Bottom line: the paper provides reasonably strong evidence for a small, reproducible 
behavioral coordination effect, but the evidence for an electromagnetic—specifically 

near-field magnetic RF—mechanism is much weaker and remains hypothesis-
generating.
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Executive assessment
The manuscript reports that individually housed fruit flies, separated by opaque well walls, show 
small but reproducible correlations in locomotor activity. The most defensible conclusion is that the 
flies exhibit coordinated movement that is not trivially explained by the stereotyped light-off startle 
alone. The stronger mechanistic interpretation—that one fly influences another through near-field 
magnetic radiofrequency coupling—is intriguing but not established by the current experiments.

1. What the paper actually demonstrates
The authors use two complementary statistics. Δ measures excess pairwise correlation around light-
to-dark transitions by subtracting cross-transition correlation from same-transition correlation. χ 
measures background common-mode activity away from transitions, with χ  1 expected under ≈

independent wells.

The key strength of Δ is that it attempts to remove the obvious common-input confound: all flies 
startle when the lights go off. By comparing the same pair of flies within the same transition versus 
across different transitions, the authors ask whether flies share transition-specific structure beyond 
the average startle response.

In plastic plates, the effect is most convincing. Eleven of eleven plastic plates show positive plate-
level transition Δ, with mean Δ = 0.0226 ± 0.0217. Plastic also shows elevated background χ, 
averaging 1.48 ± 0.20 across plates.

Evidence hierarchy

• Behavioral coordination: reasonably supported.

• Some physical common influence: plausible.

• Influence originates from another fly: not yet demonstrated.

• Influence is electromagnetic: suggestive at best.

• Near-field magnetic RF specifically: presently a hypothesis.

• Radical-pair reception: speculative.

2. Critical Inquiry: three questions for the authors

Question 1 — Does Δ necessarily demonstrate fly-to-fly coupling?

No. Δ demonstrates same-transition shared variation beyond the average stereotyped response, but 
a transition-specific plate-wide latent variable can produce the same pattern. A simple model is:

Xᵢₖ(t) = S(t) + Gₖ(t) + εᵢₖ(t)
Here S(t) is the stereotyped light response, Gₖ(t) is an unmeasured plate-wide influence unique to 
transition k, and ε is individual variation. Cross-transition subtraction can eliminate S(t), but not 
Gₖ(t). Therefore Δ > 0 is compatible with either true inter-fly coupling or an unmeasured shared 
input.

Question 2 — Does plate material identify an electromagnetic mechanism?

The material dependence is interesting, but not decisive. At plate level, mean transition Δ is 
approximately plastic 0.0226, steel 0.0187, and aluminum 0.00636. Plastic exceeds aluminum in the 
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reported exact permutation test (one-sided p = 0.015), but plastic versus steel is unresolved and 
steel versus aluminum is also unresolved. Background χ remains elevated even in aluminum.

Material Mean plate Δ Interpretation

Plastic 0.0226 Strongest

Steel 0.0187 Intermediate; underpowered

Aluminum 0.00636 Weakest; not convincingly 
resolved at plate level

The strongest defensible statement is therefore that plate material modifies the coordination 
statistic. That is not equivalent to showing that aluminum blocks an electromagnetic signal.

Question 3 — Has vibration really been excluded?

The authors show that χ has little relationship to movement RMS (R²  0.05), which argues against a≤  
simple amplitude-scaled substrate-vibration model. However, biologically relevant vibration could 
be thresholded, resonant, frequency-specific, or generated by small leg/body motions not well 
captured by DIST. The air-gap plate also retains a common imaging floor, so the experiment 
interrupts the side-wall mechanical path rather than all mechanical coupling.

3. The material experiment: provocative but not mechanistically decisive
The visual ordering plastic > steel > aluminum is one of the manuscript's most provocative findings. 
Yet the statistical support is much narrower than the visual ordering. Only plastic versus aluminum 
is resolved at plate level. The steel sample contains just five plates, and aluminum still shows 
positive Δ in 7 of 10 plates.

Accordingly, wording such as “coordination is absent in aluminum” is stronger than the 
supplementary results support. A more accurate description is “the transition-centered signal is 
substantially reduced and not statistically resolved at plate level.”

4. Why the VNA experiment does not yet establish RF causation
The vector-network-analyzer measurements show that loop-probe transmission differs between 
steel and aluminum. This is useful apparatus characterization, but the probes are poorly matched, 
not de-embedded, and susceptible to loading and detuning. The measurements therefore establish 
material-dependent RF behavior of the probe–plate system, not transmission of the unknown 
biological signal.

fly emission frequency  ?=  material attenuation band  ?=  frequency affecting behavior

5. Radical-pair detection: plausible framework, speculative application
The radical-pair mechanism is a serious and well-developed framework in magnetoreception 
research. However, this manuscript provides no direct evidence that radical pairs detect the 
proposed inter-fly signal. There is currently no demonstrated chain from carrier frequency, to 
receptor, to neural pathway, to behavior.

The most appropriate interpretation is therefore that radical-pair reception is a candidate 
mechanism for future testing, not a mechanistic inference established by the present behavioral 
data.
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6. A major missing test: distance dependence
Near-field magnetic coupling makes an unusually strong spatial prediction: the magnetic field of a 
small source is expected to fall steeply with distance, approximately as 1/r³ in an idealized near-
field regime. The existing 8 × 6 well geometry already contains multiple pairwise separations. 
Reanalyzing Δ as a function of inter-well distance could therefore be highly informative.

A local inter-fly signal predicts spatial decay; a plate-wide artifact predicts a much flatter 
pattern.

7. Another crucial control: sender–receiver experiments
Because every occupied well is simultaneously a potential sender and receiver, causality is difficult 
to establish. A stronger design would hold the receiver constant while manipulating neighboring 
wells: live flies, dead flies, anesthetized flies, empty wells, or candidate emitter mutants. If the 
signal is metabolically generated, replacing live neighbors with inactive ones should reduce 
receiver coordination.

8. The dead-fly control does not resolve movement-dependent tracking artifacts
The dead-fly run contains no measurable DIST movement, so Δ and χ cannot be estimated. The 
authors correctly describe this as an activity-failure control. It does not test whether the tracking 
system creates small correlations specifically when moving objects are present. Artificial or 
prerecorded moving targets would provide a more direct camera/tracking control.

9. Statistical strengths
The manuscript handles several statistical issues better than many exploratory behavioral studies. 
The authors distinguish window-level description from plate-level inference, address 
pseudoreplication, examine serial dependence, use circular-shift null models that preserve 
temporal structure, Fisher-transform correlations, and report 99% bootstrap intervals. The 
supplementary plate-level analysis is therefore among the most important evidence in the 
manuscript.

10. Statistical concerns that remain
The analysis still has substantial flexibility: three movement measures, two transition directions, 
multiple windows, several materials, Δ, χ, φ, significant-window analyses, RMS relationships, and 
multiple null procedures. Because the phenomenon was discovered exploratorily, a preregistered 
independent replication would be especially valuable. A strong confirmatory design could specify 
DIST Δ in the 2 to +2 s window as the primary outcome and plastic versus aluminum as the −

primary contrast.

11. Assumptions embedded in the mechanistic argument
1. Same-transition excess correlation reflects interaction rather than an unmeasured common 
input.

2. DIST RMS is an adequate proxy for mechanically relevant vibration.

3. Air gaps sufficiently disrupt the relevant mechanical pathway despite the shared floor.
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4. Material-dependent behavior originates from electromagnetic rather than other material-
dependent properties.

5. Loop-antenna S21 differences are relevant to the unknown biological emission.

6. The previously reported RF emission reaches another fly at biologically effective amplitude.

7. The receiver has a detector sensitive at the relevant frequency and intensity.

8. Radical-pair chemistry can transduce that field under the behavioral conditions.

9. The coordination has biological significance rather than being an incidental physiological 
response.

12. Claim-to-evidence map
Evidence level Claim

Observed Small correlated locomotor fluctuations

Well supported Shared light response alone does not trivially 
explain Δ

Moderately supported The effect depends on plate material

Partially tested A simple substrate-vibration explanation seems 
insufficient

Hypothesis Near-field magnetic RF mediates coupling

More speculative Radical pairs detect it

Highly speculative RF signaling has a reinforcement or brain-wide 
functional role

13. Experiments that would make the mechanism compelling
1. Distance-response curve: test whether coordination declines with inter-fly separation.

2. Active RF perturbation: apply narrowband or broadband magnetic RF noise and test for 
frequency-specific disruption.

3. Sender-removal experiment: compare live versus dead/anesthetized neighbors while holding 
the receiver and apparatus constant.

4. Complete mechanical isolation: separate wells mechanically, including the common floor, 
while preserving electromagnetic geometry.

5. RF shielding without changing basic plate material: use a conductive mesh or ITO-coated 
transparent barrier.

6. Direct simultaneous measurement: record biological RF emission and behavior together and 
test whether one predicts the other with a biologically plausible lag.

7. Receiver genetics: test cryptochrome/radical-pair-related candidates while confirming normal 
startle and locomotion.

8. Preregistered blinded replication: fix the primary statistic and analysis before collecting new 
data.

LT
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14. Overall verdict
This is a provocative exploratory study with a real-looking behavioral observation and an 
intriguing physical hypothesis. It is not yet evidence that electromagnetic communication between 
flies has been established. The central logical distinction is:

coordination  ≠  inter-fly communication  ≠  electromagnetic 
communication

The first proposition has meaningful evidence here. The second remains to be causally 
demonstrated. The third requires stronger physical intervention experiments. Among the most 
informative immediate next steps is a spatial reanalysis of the existing pairwise data as a function 
of inter-well distance and geometry.
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