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• Insects are the most abundant group, they occur in all 
climate zones

• Highly sensitive to environmental change (indicator sp.)
• Their abundance is related to a range of human impacts 

• Scale appropriate in time and space
• Fine-scale understanding of intactness, aggregable 

• Insect loss = decline in ESS (i.e., pollination)

Why insects?

Source: Returning lands to nature. Nat. Geosci. 

Source: iNaturalist (Sevgan Subramanian) 
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• Need for unbiased, coherent (seamless) & spatially explicit 
indicators 

• IPCC & Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) warn that biodiversity needs to be coherently & urgently addressed 

• Need for more coherent ways to measure progress towards 
biodiversity targets (e.g., AICHI targets)

Indicators for biodiversity intactness monitoring 

The 20 Aichi Biodiversity Targets set by the CBD



www.icipe.org

• Relates current (c) to the potential (p) insect biodiversity 
(before human impacts)

Needs: potential habitats, impact matrix & insect occurence 

The algorithm

𝐼𝐵𝐼 = 1 − 𝑝 −
𝑐

𝑝
∗ 1 − ℎ𝐹

𝐼𝐵𝐼 insect-based biodiversity intactness

𝑝  potential diversity status before human 

interference

𝑐 current insect (bio)diversity (modeled)

ℎ𝐹 is human footprint layer
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• “Big data” was used to predict diversity/richness (c);
• Insect species counts* (e.g., iNaturalist, GenBank, etc) (response)

• ESA Sentinel 2 satellite data variables (pred.)

• Copernicus Climate variables (CDS)  (pred.)

• GEDI-based 25m tree heights (pred.)

Source: eo-portal

Source: ESA 

Data inputs for c

Source: iNaturalist

*Coleoptera, Lepidoptera, and Odonata (sub-)orders
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• Potential habitats distribution data (Jung et al., 2020)

• Insect biodiversity ranges defined from Habel et al. 2021, etc

Habitats 20.000 years ago

Potential 
habitats

Potential 
insect bio-

diversity (0 -1)

Forest 1

Wetlands 0.8 - 0.9

Savannah 0.7 – 0.8

Grassland 0.6 -0.7

Shrubland 0.5- 0.6

Waterbodies 0.4 – 0.5

Mountains/rocks 0.3 -0.4

Desert 0.2 -0.3

Inputs for p
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Results – sensitivity to pre-human values

• The IBI spatial 
profiles show 
similar patterns, 
irrespective of 
potential (p) insect 
(bio-)diversity 

a. Higher p values

b. Lower p values
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Results
• The IBI measures intactness robustly over various climate 

and land use gradients, especially for protected areas 

(N = 550 random samples 
for each zone and class)

a          a – b                a             b                     a             c                     a         a - b
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Results
• Comparison with an existing AF layer, showed that the IBI is 

sensitive to agro-forestry, over various climate zones

IBI

AF 
map

IBI

AF 
map

IBI downscaled to 30 
meter

Post hoc Dunn test showed 
that agroforestry areas had 
significantly higher IBI than 
croplands (p < 0.001), while 
not differing significantly 
from natural forest (p = 
0.21)
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Results
• Comparison with localized vertebrates-based intactness (BII) 

cccc



www.icipe.org

Results
• Comparison with vertebrates-based intactness (BII, right), 

AF around Tai Nat. Park, CI
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Results
• Block-based iterations of AUC for uncertainty quantification 

(model to prediction c)

AUC per fold

Fold AUC

Fold 1 0.6

Fold 2 0.56

Fold 3 0.64

Fold 4 0.75

Fold 5 0.80

Mean 0.67



www.icipe.org

Results

• c model results for S. Africa (dense data, high conf.)
Butterflies/moths    Beetles

   

 Dragonflies 
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Policy relevance

• Country comparisons for policy reporting (e.g., UNCBD)

Namibia, 75%

Senegal, 37%

Senegal

Namibia
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Conclusions
• Policy/LM relevance: IBI considers micro-habitats and agro-

forestry as important harbors of biodiversity intactness

• Robust over various climate zones and algorithm (in-) 
sensitivity shown for various pre-human insect diversity

• Positives for implementation:
• Sensitive but not over-sensitive

• Uses reliable data/inputs

• Well-understood model understandable by policy makers

• Scale independent

• Considers species level biodiversity (bottom-up)
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Thank you

facebook.com/icipe.insects/icipe 

twitter.com/icipe 

linkedin.com/company/icipe 

Support icipe: www.icipe.org/support-icipe

mailto:icipe@icipe.org
http://www.icipe.org
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