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Allometric length-biomass relationships 

Dealing with outliers: Before fitting allometric length-biomass regressions we inspected the data 

for outliers by plotting natural-log transformed biomass against body length. Based on that, we 

excluded one outlier caused by a measurement error. In addition, we removed 17 datapoints 

where biomass was not available because of the lower limit of the scales (Mährlein et al. 2016). 

Model selection: To be able to compare AIC between models with and without a log-

transformed response variable we transformed the AIC value of models with a log-transformed 

response variable to the arithmetic scale by adding minus twice the logarithm of the Jacobian to 

the AIC score (Akaike 1978, Burnham and Anderson 2004, Pélabon et al. 2018). Hierarchically 

more complex models (i.e., nested models with additional parameters) within ΔAIC = 2 of the 

top-supported model were not considered informative/competitive (Arnold 2010). If multiple 

models were equally competitive, we preferred the power-model based on residual patterns and 

biological theoretic foundations (Gowing and Recher 1984, Hayes and Shonkwiler 2006). 

Correcting back-transformed data: Fitting linear models using least-squares on log-

transformed data ensures minimisation of the sum of the squared residuals on the log-transformed 

scale (Schoener 1980, Mährlein et al. 2016). This implies that body mass estimates from such 



models correspond to the geometric mean instead of the arithmetic mean, resulting in a bias of 

the estimates towards smaller values (Hayes and Shonkwiler 2006, Mährlein et al. 2016). To 

account for this bias, we corrected body mass predictions from log-linear models using Duan's 

smearing factor (Duan 1983). This factor adjusts the estimated body mass on the arithmetic scale 

by multiplying it with the mean of the back-transformed residuals of the fitted model (Hayes and 

Shonkwiler 2006, Mährlein et al. 2016). The corrected equation for the power model then 

becomes ln (
𝑊

𝑆𝐹
) = ln(𝑏0) + 𝑏1 ∗ ln(𝐿), where the smearing factor is calculated as 𝑆𝐹 =

 
1

𝑛
∑ 𝑒𝜀𝑖𝑛

𝑖 , where 𝜀𝑖 correspond to the residuals of the fitted model (Mährlein et al. 2016). We 

refrained from calculating smearing factors when homoscedasticity assumptions were violated. 

We did not correct for additional biases due to changes in biomass or length as a consequence of 

preservation in ethanol (Johnston and Cunjak 1999, Mährlein et al. 2016, but see Méthot et al. 

2012). 

Quantifying model uncertainty: To quantify uncertainty for the fitted allometric equations 

we calculated 95% quantile confidence intervals for model predictions and regression coefficients 

using non-parametric (case) bootstrapping using 10,000 bootstrap samples (Efron and Tibshirani 

1994, Nakagawa and Cuthill 2007). We opted for non-parametric bootstrapping because 

normality and homoscedasticity assumptions were violated for several taxa. Although bias-

corrected and accelerated bootstrap (BCa) confidence intervals are generally preferred (Efron and 

Narasimhan 2020), we calculated 95% quantile confidence intervals as the latter resulted in more 

robust results when dealing with data containing influential datapoints. We only employed 

bootstrapping for taxa with a sample size of at least n=20. 



Calculating biomass: Because two length-biomass regressions are available at Zackenberg 

for Chironomidae (Fig. 1, Table 1), we selected - per specimen - the regression for which the 

min-max length range of the regression was overlapping with, or was closest to, the length of the 

specimen.  

 

Assigning body lengths 

The Zackenberg pitfall dataset comprises counts of specimens per taxonomic order but does not 

contain measurements on their length or biomass. Thus, to use our allometric length-biomass 

regressions for transformation of this dataset from counts to biomass, we first needed to assign 

body lengths to all specimens. This was done by randomly sampling from taxon-specific length 

distributions in an additional arthropod dataset (n=42,295 specimens of 54 taxonomic groups) 

that was collected using pitfall traps and sticky traps at Zackenberg in 2015, 2019 and 2021 and 

in Knipovich in 2018. All specimens in this dataset were identified to family-level taxonomic 

resolution, except for Acari and Collembola which were identified to sub-class taxonomic level. 

Body lengths of all specimens in this dataset were measured under a stereomicroscope to the 

nearest 0.1 mm from the frons to the tip of the abdomen (excluding any appendages). 
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