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Motivation

The 27 year
trend in flying
insect biomass
over 63 nature
protection areas
in Germany.

Hallmann, C. A.
et al. PLOS
ONE 12,
e0185809 (2017).
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Contradictory evidence?
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Two conflicting approaches:
Estimating aggregate trends

Mühlethaler, R. et al. Ecol Evol 14, e11182 (2024).
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Two conflicting approaches:
Estimating the typical trend

Crossley, M. S. et al. Nat Ecol Evol 4, 1368–1376 (2020).
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Estimating trends vs. Estimating aggregate
trends

Aggregate effects

Is the total abundance or total diversity of insects declining, regardless
of which specific taxa are increasing or decreasing? Note that if all
and only the most abundant taxa are declining the answer can still be
affirmative.

Typical trends

Is the typical insect taxon showing a decline? Note that if half are
declining and half increasing in abundance, the answer would be no.
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Research question

Can one build a dynamical system with realistic interaction strengths
and connectivity in which the most abundant species (variable of the
greatest value) is preferentially diminished such that the overall
population (sum of variables) trends to 0 and yet the statistical tests
commonly applied indicate the typical species is increasing?
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Model

dNi

dt

1

Ni
= bi (1−

s∑
j=1

αi ,jNj)− (di + vi ∗ Ni )

Ni Abundance of species i
bi Maximum birth rate of i
di Density-independent death rate of i
αi ,j Competitive effect of species j on i
vi Anthropogenic death rate of i
s Number of species
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Model behavior
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Divergent judgments
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Takeaways

1. Getting a grip on the complexity of changes in insect abundance
requires clarity about the questions our statistical techniques can
answer and what questions we want answered.

2. To understand, predict, and alter the processes of decline, we
need answers to both of the questions described above.

• Edwards, C. B. et al. Rapid butterfly declines across the United
States during the 21st century. Science 387, 1090–1094 (2025).

3. The biggest impediment is a lack of data.

4. If you’re interested in new initiatives to collect such data, go to
virginiainvertebrates.org
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Thank you.


