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(albeit insufficiently supported: Kozlov 2017; Gavrikov 
et al. 2023) opinion that FA of plants and animals always 
increases in response to stress. Here, I test the hypothesis 
that the between-habitat differences in FA reported by Pig-
nataro et al. (2023) emerged due to confirmation bias.

The wing images provided by T. Pignataro were coded 
with random numbers, and my measurements were there-
fore blind. The distances between landmarks (Supplemen-
tary Material 1) were measured by a ruler in the Adobe 
PhotoShop 2020 program. FA calculation and data analysis 
follow Gavrikov et al. (2023).

The comparison between wing images and their size (as 
reported by T. Pignataro) revealed that data from wings with 
missing landmarks (Fig. S1) are not actual measurements 
but approximations (Supplementary Material 1). This find-
ing questions both the quality and reproducibility of the data 
by Pignataro et al. (2023); I excluded the specimens with 
missing landmarks from my analyses.

The differences between the two independent measure-
ments of length and width of forewing (Supplementary 
Material 2) appeared 3.5 to 3.7 times greater than between 
the measurements of a ruler from the same images (Figure 
S2a-c). Thus, the quality of the wing images does not allow 
precise positioning of the selected landmarks. Nevertheless, 
the differences between left and right wings were 1.6–1.8 
times greater than the differences between two measure-
ments of the same wing (Figure S2b-e), and the significant 

Studies addressing the impacts of environmental stressors 
on fluctuating asymmetry (FA; small, non-directional devia-
tions from perfect symmetry in morphological traits of living 
beings) are particularly prone to confirmation bias (Kozlov 
and Zvereva 2015). False discoveries of the expected pat-
terns arising from the tendency of humans to seek out evi-
dence in a manner that confirms their hypotheses and beliefs 
(Rosenthal 1976) can be avoided by blinding the measurer 
with respect to the sample origin and/or hypothesis tested 
(Forstmeier et al. 2017). Regrettably, many researchers 
(including Pignataro et al. 2023) did not use blinding and 
thus made their conclusions vulnerable to criticism.

Pignataro et al. (2023) reported that FA of both length and 
width of forewings (but not of hindwing ocelli) of a tropi-
cal butterfly, Morpho helenor (Nymphalidae), in stressful 
forest edge habitats is greater than in benign forest interior 
habitats. This finding is consistent with a widely accepted 
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Abstract
Re-evaluation of photographs of the tropical butterfly Morpho helenor from a previous study (Pignataro et al. 2023) 
revealed that its conclusion regarding increased wing fluctuating asymmetry in forest edge habitats compared to forest 
interior habitats could not be replicated. This discrepancy likely arises from (i) original measurements not being conducted 
blindly, (ii) insufficient photograph quality hindering accurate landmark selection, and (iii) a lack of detailed description of 
the measurement protocol. The likelihood of false positive discoveries within the published data concerning the impacts 
of environmental stress on the fluctuating asymmetry of plants and animals is probably higher than previously assumed.
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side × individual interactions (Table S1) confirm the exis-
tence of measurable FA in wing length and width.

Contrary to Pignataro et al. (2023), I did not find statisti-
cally significant differences between edge and interior habi-
tats in FA of either length (mean ± SE; edge: 0.0077 ± 0.0007, 
n = 29; interior: 0.0082 ± 0.0011, n = 24; ANOVA of 
square-root transformed values: F1, 51=0.00, p = 0.96) or 
width of forewing (edge: 0.0102 ± 0.0013, n = 28; interior: 
0.0138 ± 0.0024, n = 27; F1, 53=1.00, p = 0.32). Thus, for-
est fragmentation did not cause an increase in the FA of M. 
helenor in Brazil. This result opposes the prevailing para-
digm but is consistent with recent reports on the absence 
of the effects of different stressors on the FA of several but-
terfly species in both natural and laboratory environments 
(Symanski and Redak 2021; Zverev and Kozlov 2021; 
Shkurikhin et al. 2003), as well as on the FA of ocelli in 
hindwings of the same individuals of M. helenor (Pignataro 
et al. 2023).

The critical examination of data by Pignataro et al. 
(2023) once again demonstrated that obtaining unbiased, 
high-precision repeated measurements needed to reliably 
quantify FA requires (i) blinding the measurer(s), (ii) selec-
tion of landmarks, positions of which can be identified with 
high accuracy, and (iii) a detailed description of the mea-
surement protocol. My findings suggest that the proportion 
of false positive discoveries among the published data on 
environmental stress impacts on the FA of plants and ani-
mals is likely greater than currently thought.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00114-
024-01913-9.
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