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Alam et al.1 claim to have discovered a song feature, “path length”, that honestly signals male fitness and is 3 

therefore preferred by all females. However, their data and analyses provide no statistical support for this 4 

claim. (1) The key finding — that long-path songs are difficult to learn (Fig. 4c) — is a statistical artefact: 5 

regressing y minus x on x creates an illusory effect where none exists. (2) Their path-length estimates have a 6 

measurement error of 45-73%, which undermines their conclusions, including the claim that females prefer 7 

long-path songs. (3) This claim is based on playback experiments that use only three artificial stimulus pairs, 8 

which, given the measurement error, cannot reliably contrast long and short paths. In sum, there is no 9 

evidence that path length functions as an honest fitness indicator. Our re-evaluation highlights the 10 

importance of validating new methods and accounting for random noise in small datasets. Finally, we 11 

emphasise that in species where females are known to disagree on who is attractive2-6, searching for a trait 12 

that determines male attractiveness is unwarranted. 13 

1. Statistical artifact 14 

Alam et al.1 introduce a novel song feature, “path length”, which represents “the spread of song in latent space, defined 15 

by the minimum path length connecting song syllables”. They hypothesise that long-path-length songs are more 16 

difficult for juveniles to imitate, and claim that juveniles do indeed struggle to learn them. This claim is based on a 17 

reported significant negative correlation between the difference in path length (pupil minus tutor) and the tutor’s path 18 

length (Fig. 4c). However, this conclusion is based on a statistical artefact: the inclusion of the tutor path length in both 19 

the dependent and independent variables, i.e. the regression of y minus x on x.  20 

Notably, Alam et al.1’s initial test of their hypothesis revealed that “all pupils learned reasonably well… and there was 21 

no correlation between adult similarity [i.e. the acoustic similarity of pupil’s song to the tutor’s song] and the path length 22 

of the tutor’s song (Fig. 4b)”, effectively rejecting the hypothesis. They then modified their analysis, claiming that 23 

“comparing the change in path length of the pupil’s song with the tutor’s song… a significant negative correlation 24 

[emerges] (Fig. 4c)”. As a result, they concluded that “[j]uvenile birds tutored by birds with short-path-length songs 25 

were able to match or exceed the path length of their tutor, whereas birds tutored by birds with long-path-length songs 26 

struggled to match those path lengths by adulthood”. This reported correlation is spurious. 27 

To illustrate, we have generated 1,000 random, uncorrelated values for x and y (our Fig. 1, top left). Regressing the 28 

difference (y-x) on x produces a strong negative correlation (r = -0.7; Fig. 1, top middle), while summing y and x and 29 

regressing on x produces a strong positive correlation (r = 0.8; Fig. 1, top right). These correlations arise solely because 30 

x is included in both axes of the analysis.  31 

The same issue applies to the Alam et al.1 data. The negative relationship between pupil minus tutor path length and 32 

tutor path length (their Fig. 4c) arises solely because the tutor path length is included on both axes (our Fig. 1, bottom). 33 

Critically, the absence of any relationship — linear or otherwise — between pupil and tutor path length (our Fig. 1, 34 

bottom left) suggests either that pupils do not learn path length from their tutors or that Alam et al.’s path length is not 35 

a biologically meaningful song parameter.  36 

In sum, our findings question the validity of Alam et al.'s conclusions regarding song learning and male quality. They 37 

also highlight the importance of testing unconventional statistical procedures on randomly generated data to ensure 38 

they do not produce spurious artefacts. 39 

2. Reliability of the path-length metric 40 

The reliability of the novel path-length metric of Alam et al.1 raises significant concerns. The authors attempted to 41 

demonstrate the reliability of path-length estimates across iterations of the latent space (their Fig. 2b) generated by 42 

the Uniform Manifold Approximation and Projection (UMAP). However, using the 31 normally reared (tutored) birds in 43 

their Fig. 2c (available at7), generating 20 UMAP iterations, and calculating the shortest path length between syllable 44 

clusters for each male song in each iteration8, we estimated a path-length repeatability of only 55%, indicating that 45 

45% of the variance in the measure stems from the random-number generator used to initialise the UMAP computation. 46 

Crucially, much of this 55% repeatability reflects differences between males in song syllable count (3–8 syllables per 47 

song). When adjusted for syllable count, the repeatability drops to mere 27%. This approximates the repeatability for 48 

data where all males have the same number of syllables, indicating that in such data 73% of the variance in path 49 

length reflects random noise inherent to the UMAP computation. The same issue applies to other datasets from Alam 50 

et al.1, including the tutored birds from their Fig. 2b (Supporting Table 1 in8), thus undermining the reliability of the 51 

metric.  52 

To illustrate one of the consequences, consider the key experiment in which Alam et al. used three artificial stimulus 53 

pairs, comprising “long-path” and “short path” songs, each with five syllables per song. For these pairs, path-length 54 

comparisons are highly unreliable, since ~73% of the variance in path-length estimates arises from the randomness 55 

inherent in the UMAP computation rather than biological differences. To assess the impact of this uncertainty, we used 56 

Alam et al.’s dataset of 31 tutored males (their Fig. 2c7) and path-length estimates from 20 latent space iterations8. To 57 

control for variation due to syllable count, we selected only males with four-syllable songs (n = 11, the largest sample 58 

size for any syllable count) and used these to create 55 song pairs. Indeed, we found that a song classified as “long-59 

path” in one UMAP iteration had a 38% probability of being reclassified as “short path” in another (Fig. 2). Assuming 60 

that the true path-length difference for each song pair can be approximated by averaging over 20 UMAP iterations, 61 



the probability of misclassification for Alam et al.’s three stimulus pairs is 41% for Pair #3 (path-length difference of 6), 62 

21% for Pair #1 (difference of 15), and 6% for Pair #2 (difference of 30; Extended Data Fig. 1). Overall, the probability 63 

that all three stimulus pairs were correctly classified is only 44% (the product of the individual correct-classification 64 

probabilities).  65 

In sum, using path lengths derived from a single UMAP iteration does not reliably characterise male songs or artificial 66 

playback stimuli, questioning the presence of any meaningful biological signal in the metric. Furthermore, UMAP is 67 

designed for dimension reduction and preservation of topological structures, not for reliable distance comparisons 68 

between clusters. As UMAP focuses on local distances, this issue is particularly pronounced for longer distances 69 

between clusters9. Thus, any such distance comparison should be validated before drawing any inference from it9. In 70 

our email correspondence with the UMAP developers (John Healy and Leland McInnes), they recommended 71 

computing the distances between cluster centroids in the original high-dimensional space instead of the low-72 

dimensional UMAP space. 73 

3. Limitations in experimental design 74 

A robust playback experiment requires a large number of independent stimuli with strong contrasts in the trait of 75 

interest10,11 (here: long versus short path lengths). This is essential to (i) separate the effect of the trait itself from 76 

chance (e.g. a particular playback stimulus sounding attractive or aversive) and to (ii) avoid non-independence of data 77 

points caused by reusing the same odd stimulus across trials10,11. The effective sample size of Alam et al.’s represents 78 

only three stimulus pairs, of which only Pair #2 represents a strong contrast between short and long path (Fig. 3), 79 

which limits the ability to disentangle biologically relevant effects from random noise. Furthermore, Alam et al. tested 80 

the most informative Pair (#2) the least (n = 3 females; Fig. 3), and females showed the least preference for it (Fig. 3). 81 

It is unclear why more song pairs with highly contrasting path lengths were not created and tested with a larger number 82 

of females. 83 

Conclusions 84 

Alam et al.’s findings are undermined by statistical artefacts, low metric repeatability, and poor experimental design. 85 

The evidence they present does not support the hypothesis that path length in zebra finch songs signals male quality 86 

or that females prefer such songs. 87 

Our analysis highlights the critical need for scrutiny and rigorous validation of novel metrics and unconventional 88 

statistical procedures, as well as for the design of robust experiments capable of disentangling biologically relevant 89 

effects from noise, ensuring reliable interpretation of biological data. 90 

Rethinking honest signalling in mate choice 91 

A long-standing question in behavioural ecology is how females benefit from choosing high-quality mates by evaluating 92 

traits that honestly signal male quality. However, large meta-analyses indicate that the quality-related information 93 

content of male signals appears to be very low12,13.  94 

If most signals are indeed largely uninformative, females may be better off ignoring them, rather than competing for 95 

the presumed best and most-sought-after males. In species where pair members need to cooperate, females may 96 

instead aim for behavioural compatibility, which can significantly increase their fitness2. This raises the question of 97 

whether female mate preferences are primarily unanimous (seeking overall quality or attractiveness) or individual-98 

specific (seeking compatibility).  99 

The zebra finch is probably the best-studied bird species in this respect. When examining mate choice holistically 100 

rather than focusing on single traits, females in large naturalistic (unmanipulated) populations rarely agree on which 101 

males they find attractive2-6. This is particularly striking when examining female preferences for extra-pair copulation 102 

partners; each female has distinct likes and dislikes, suggesting that no common trait makes some males universally 103 

more attractive than others4,5. 104 

Thus, attempts to identify a magic X-factor14, a single trait that deems certain males attractive, are unlikely to succeed 105 

in species without unanimous preferences. 106 
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 160 
Figure 1 | Illustration of illusory relationships when an x-variable is included in both axes. The top panels are based on the 1,000 randomly 161 
sampled values of x and y, the bottom panels depict data from Fig. 4c of Alam et al. 20241. Lines represent ordinary least-square regressions. r 162 
denotes a Pearson’s correlation coefficient. The left panels highlight the absence of relationships in the data. The middle panels show negative 163 
relationships, and the right panels show positive relationships, both arising from including an x-variable also in the y-variable. 164 

 165 
Figure 2 | Inconsistent long-path classification within song pairs across latent (UMAP) space iterations.  166 
The x-axis represents the initial difference in path lengths between two songs of a pair (also highlighted by red points), calculated from a single 167 
latent space iteration. The y-axis shows all within-pair path-length differences across 20 latent space iterations. Grey vertical lines highlight 168 
individual pairs. We used Alam et al.’s data on 31 tutored birds from Fig. 2c7 and generated 20 latent space iterations8. To control for variation due 169 
to syllable count, we selected 11 birds with four-syllable songs (the largest sample size for any syllable count), created 55 song pairs, and calculated 170 
within-pair path-length differences. A single latent space iteration served as the reference (“initial difference” in red), just like Alam et al. used only 171 
one iteration to define which song in a stimulus pair had the longer path. The blue points show the within-pair path-length differences for the 172 
remaining 19 iterations. The grey area highlights the 42% of cases where long-path song is reclassified as short-path in another iteration. Depicted 173 
are data for the reference iteration with the largest variation in path-length differences, but other iterations provide similar results (mean = 38% of 174 
reclassifications; Extended Data Fig. 2). 175 



 176 
Figure 3 | Female preference for the presumed long-path song in relation to path-length differences within stimulus pairs. The x-axis 177 
represents the difference in path lengths between the two songs of each stimulus pair. Notably, only stimulus Pair #2 (at the right end of the plot) 178 
shows a strong contrast between a very short and a very long path, yet it elicited the weakest female preference for the long-path song. The y-axis 179 
quantifies the strength of female preference for the long-path song, calculated as the change in the proportion of time spent in the choice-chamber 180 
arm with the long-path playback during the trial compared to baseline (the mean of pre- and post-trial periods). Dots represent responses of the 13 181 
females to the stimulus pairs (each female tested only once), with dot colour indicating whether the long-path song was played in the arm preferred 182 
by the female during the pre-trial period (orange) or in the other arm (blue), illustrating the unbalanced arm-assignment. Red diamonds represent 183 
the mean female response to each stimulus pair, indicating the effective sample size of three. The dotted line indicates no preference and thus 184 
highlights the negative value for one female; such lack of preference is present in the Alam et al.’s Extended Data Fig. 6, but not in their source 185 
data for Fig. 3c where this trial contains identical (duplicated) values from a different trial. Note, since no method ensured that the artificial song 186 
stimuli retained natural syntax, some of the six stimuli may have sounded especially interesting or aversive to zebra finches, regardless of their 187 
path length.  188 



Extended Data 189 

 190 
Extended Data Figure 1 | Probability of incorrect long-path classification within stimulus pairs as a function of their path-length difference 191 
in a single UMAP iteration. Density plots at the top and bottom indicate the distribution of the data. Grey points represent means for ten equally 192 
spaced x-axis intervals. The red line represents the predicted probability based on the joint posterior distribution of 5,000 simulated values from a 193 
logistic regression using the ̀ sim` function from the `arm` R-package. The three red dots, along with their values, indicate the probability of incorrect 194 
assignment for the three stimulus pairs used by Alam et al. The data for this figure were obtained as follows. We used Alam et al.’s spectrograms 195 
on 31 tutored birds from Fig. 2c7 and generated 20 latent space iterations8. Within each iteration, for each male we calculated the shortest path 196 
length between syllable clusters. To control for variation due to syllable count, we selected 11 birds with four-syllable songs (the largest sample 197 
size for any syllable count). We fitted an intercept-only mixed-effects model with bird identity as a random intercept and using the `coef()` function 198 
in R we extracted an unbiased estimate of the "true inherent path length" for each male15, approximating an average over an infinite number of 199 
iterations. To simulate Alam et al's playback scenario of three stimulus pairs contrasting presumably "long-path" against "short-path" songs, for 200 
each of the 20 iterations, we created all unique subsets of six males (n = 462), each with a slightly different set of six males. Within each subset 201 
(following Alam et al's Extended Data Fig. 5d), songs were sorted by their path length, and three song pairs created: Pair #1 contrasts the 2nd- 202 
and 5th-ranked song, Pair #2 the 1st- and 6th-ranked song, and Pair #3 the 3rd- and 4th-ranked song. This process resulted in 27,720 comparisons 203 
(three pairs per subset across 462 subsets and 20 iterations). For each pair, we noted whether the song appearing as "long-path" in a single 204 
iteration was actually "short-path" based on its true inherent value. A logistic regression was fitted to estimate how the probability of incorrect 205 
classification changes with the path-length difference in a given iteration.  206 

https://cran.r-project.org/package=arm


 207 
Extended Data Figure 2 | Inconsistent long-path classification within song pairs across latent (UMAP) space iterations. 208 
The x-axis represents the initial difference in path lengths between two songs of a pair (also highlighted by red points), calculated from a single 209 
latent space iteration. The y-axis shows all within-pair path-length differences across 20 latent space iterations. Grey vertical lines highlight 210 
individual pairs. Each panel represents a different latent space iteration serving as the reference. We used Alam et al.’s data on 31 tutored birds 211 
from Fig. 2c7 and generated 20 latent space iterations8. To control for variation due to syllable count, we selected 11 birds with four-syllable songs 212 
(the largest sample size for any syllable count), created 55 song pairs, and calculated within-pair path-length differences. A single latent space 213 
iteration served as the reference (“initial difference” in red), just like Alam et al. used only one iteration to define which song in a stimulus pair had 214 
the longer path. The blue points show the within-pair path-length differences for the remaining 19 iterations. The grey area illustrates how often the 215 
long-path song is reclassified as short-path in another iteration. The panel titles highlight the percentage of reclassifications, which was overall 216 
38%. Data for five-syllable songs yield similar results (Supporting Fig. 18). 217 
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