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In a recent study, Buschke et al.1 found that small additive population 
fluctuations led to a declining Living Planet Index (LPI), despite aver-
age population sizes remaining steady, and argue that, rather than a 
constant baseline at 1, the null expectation of the LPI should be one of 
decline. Buschke et al.1 do not invalidate the LPI as an effective tool for 
measuring biodiversity, but instead encourage the use of randomized 
null models as a baseline for assessing LPI trends. As the framework of 
the LPI is gaining momentum and is increasingly being used to quantify 
population changes in specific taxa2,3, habitats4 and countries5,6, hav-
ing an accurate and robust null expectation for index values is critical.

We appreciate the authors’ focus on this issue, as understanding 
how the LPI is affected by random population fluctuations is crucial to 
the interpretation of trends in the index. We disagree, however, with the 
authors’ focus on additive population fluctuations, which we are con-
cerned may represent a distracting straw man for evaluating the LPI’s 
performance. Buschke et al.1 argue that ecological drift, demographic 
stochasticity and observation error are all additive processes, and 
model them with constant annual fluctuations equal to a percentage of 
the initial population count. However, under the assumption of a closed 
population, demographic processes do not result in a constant number 
of births or deaths irrespective of the current population count7. Thus 
we argue that demographic stochasticity, similarly to environmental 
stochasticity and all other processes except for immigration, should 
not be modelled additively. Instead, ecologists overwhelmingly model 
growth, death and survival as multiplicative processes, resulting in 
abundances that fluctuate log-normally8–10. For these reasons, the LPI 
was designed to consider populations undergoing exponential dynam-
ics. When population fluctuations are assumed to be multiplicative, the 
resulting null model for the LPI (population growth rates symmetric 
about zero) shows no bias (the null expectation of the LPI is a constant 
line at 1). While the prevalence of additive demographic stochasiticity 
was addressed by Buschke et al.1 in the review of their original manu-
script, there has been no evidence to suggest that additive fluctuations 

play a dominant role for a meaningful number of time series. While the 
original paper points to previous work11, this study did not directly 
compare additive and multiplicative models for observed time series 
and, as such, presents no direct evidence to support the idea of addi-
tive demographic stochasticity. Given its importance to the LPI, such 
a comprehensive assessment of stochasticity in empirical time series 
is urgently needed.

Buschke et al.1 also show that the use of a generalized additive 
model (GAM) to interpolate and smooth empirical time series leads 
to biased LPI estimates when populations are increasing or decreas-
ing nonlinearly. We could not agree more that the use of the GAM to 
interpolate time series in this context is problematic; in fact, given 
the title of the original manuscript, readers of the original paper may 
not fully appreciate that the issue lies with the GAM and not with the 
mathematical framework of the LPI. Here, we highlight that it is the use 
of the GAM to interpolate missing data that biases the LPI (as is clear 
from Buschke et al.’s analysis1). The GAM has two additional down-
stream impacts on the LPI that were not emphasized in the original 
study. First, the GAM is highly sensitive to the density of the empirical 
data and even minor changes in the data (particularly at the beginning 
and end points of the time series) can have drastic impacts on the 
final estimated GAM and the resulting LPI. Second, the GAM not only 
interpolates missing data, but also smooths the time series where data 
were observed. This smoothing of the data leads to a drastic reduction 
in interannual variation that has a substantive impact on the resulting 
index. As abundance time series of some species display considerable 
interannual fluctuations12–14, preserving this variability is critical to 
understanding their population dynamics and producing an accurate 
index of change through time. It is precisely for this reason that we are 
concerned about the authors’ suggestion to combat this issue using a 
randomized reshuffling null model. As noted by Buschke et al.1, this 
approach cannot be used to estimate the trend of the LPI across the 
whole time series, requiring instead a narrow focus on the value of 
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the final-year LPI at the expense of how changes in populations might 
accrue through time. Calculating the full trajectory of the LPI can yield 
clear epochs of population change that may link to ecological or anthro-
pogenic drivers. These nuances are lost when reshuffling fluctuations 
between the beginning and ending abundances. We argue that a better 
approach would be to simply replace the GAM with a more mechanistic 
framework for data interpolation. The use of a state–space model3,12,15 
addresses all of the above concerns with the GAM without requir-
ing any ad hoc post-processing and preserves the capacity to look at 
change within the time series rather than simply at the two end points. 
State–space models also allow for a much more informed modelling 
approach to improve interpolation of missing data than is provided 
by a GAM, and easily facilitate the incorporation of covariates, spatial 
autocorrelation or even age structure. As the LPI grows in popularity 
as a biodiversity index for use by policy-makers, addressing these key 
statistical issues becomes increasingly important.
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