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How are insect populations changing?

2017



Why don’t we know more about changing 
insect populations?

• Few continuous, 
standardized long-term 
monitoring efforts

• Few large-scale 
monitoring efforts

• Insects are extremely 
diverse



What causes insect decline?

• Habitat loss/ 
degradation

• Climate change

• Pesticides/ 
pollutants



German Malaise Trap Program

• Since 2019
• Flying insect monitoring across 

Germany which is:
• Standardized
• Large scale
• Full growing season
• Multi-year continuous



• 31 LTER-D sites in biosphere 
reserves and national parks
(25 running in 2019)

• 8 additional sites in Bavaria

• 84 trap locations

German Malaise 
Trap Program



Biomass

• Represents whole flying insect communities 
“One number to rule them all”

• An estimate of energy availability

• A measure of ecosystem function

• Future work using DNA barcoding



What drives variation 
in flying insect biomass 
across Germany?

• Temperature

• Precipitation

• Surrounding land cover 
(e.g. % urban, forest, 
grassland, cropland)



• Temperature (+ over years 
but – over season)

• Precipitation (-)

• Surrounding land cover 
(none)

• Maximum 23 sites sampled 
within one year



Hypotheses

• Insect biomass will be lower 
in human impacted land 
cover types

• Insect biomass will decrease 
with high precipitation

• Insect biomass will have a 
“hump-shaped” relationship 
with temperature, 
consistent with Thermal 
Performance Theory

Levesque & Marshall 2021

Temperature



Methods
• Samples collected every ~2 weeks

• Sieved and weighed

• Climate data extracted from 
TerraClimate and WorldClim
(tmax, tmin, precipitation)

• Land use data extracted from 
CORINE (2018) in 1km buffer



Methods

• Mixed models 

• Fixed effects: temperature, 
2nd degree polynomial of 
temperature, ∆ temperature, 
precipitation, % surrounding 
area of dominant land cover 
types, latitude, elevation, 
sampling period

• Random effect: location

• AICc model selection



2019 was a hot year (with a dry summer)



Germany experienced a 
greater temperature 
gradient in 2019: 
warmer South

(A) 2019 Temperature: P = 0.06 (-)

(B) Long-Term Temperature: P = 0.21

(C) ∆ Temperature: P = 0.01 (-)

(D) 2019 Precipitation: P < 0.001 (-)



Biomass across the growing season

• Mean: 2,329 ± 79 SE mg/day 

• peak: late June: 5,356 ± 401 SE 
mg/day 

• Hallmann et al. (2017):         
May-Sept 1989: 9,192 mg/day 
May-Sept 2016: 2,531 mg/day

• This study May-Sept:            
2,404  mg/day 

• Hallmann et al. traps ~50% 
larger opening



Flying Insect Biomass driven by:

• Sampling period
• Temperature (+)
• ∆ Temperature over long-term (-)
• Precipitation (-)
• Latitude (-)
• % Forest (-)

Marginal R2 = 0.51
Conditional R2 = 0.74



Land Cover 



Strong effects of local climate 
on insect biomass
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Flying insect biomass declined with latitude
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How does the effect of temperature on insect 
flying biomass vary with latitude?

• No temperature X latitude 
interaction in full model due 
to variance inflation

• Hypothesis: 

Stronger positive effects of 
temperature in colder sites

• Interaction model at site 
level, using only sites with 
complete sampling (n = 48)



The effect of 2019 
temperature varies 
from negative to 
positive with 
increasing latitude
(F3,44 = 4.3, R2 = 0.23, 
P = 0.01)

Temperature X 
Latitude Interaction



Conclusions

• Hypothesis: Insect biomass will be 
lower in human impacted land cover 
types

• Results: Less flying insect biomass in 
forests 

• Malaise traps not as effective in 
forests

• Less floral resources



Conclusions

• Hypothesis: Insect biomass will 
decrease with high precipitation

• Result: Negative effect of 
precipitation 

• Reduced times when insects are 
flying

• Negative effects of precipitation on 
insect mortality, plants/flowers



Conclusions

• Hypothesis: Insect biomass will have 
a “hump-shaped” relationship with 
temperature, consistent with 
Thermal Performance Theory

• Results:

• Positive overall effect of temperature 
on flying insect biomass

• BUT negative effect of ∆ Temperature 
(2019 minus Long-term mean)

• Negative effects of rapid temperature 
rise, even in colder climates

• Temperature X latitude interaction
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