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WHY IDENTIFYING INSECTS

* Biodiversity conservation,
o Tt disease prevention, food

SeRIEIE ecosystem health: security etc..

function : pollination o
. : sensitivity to human
to nutrient cycling .
disturbances

* The speciesis one of the

taxonomic level of interest
Food security:

Pollination services,
Pests

Diseases vectors

(Animal and plants)




HOW TO IDENTIFY INSECTS ?

- Traditional insect identification methods,
such as keys and field guides, are time-
consuming and require expert knowledge

- Subjective interpretation and difficulty in

distinguishing closely related species based
on visual characteristics alone

class

= order

family

genus

species
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Dichotomic keys, discriminant characters
Polynomic keys based on systematic collection

of quantitative and qualitative traits

Limited in the diversity, often local, not available for all
families, Genus.

SPERMATHECA

From Akhoundi et al., 2025

NON DNA BASED-TRADITIONNAL IDENTIFICATION METHODS

ARTEMIEVUS &
PARAPHLEBOTOMUS ¢
[
[ I
[Sperm;ﬂleca consisting one M] [ Spermatheca consisting mors ]

two round segments than two segments
Ph. kazeruni I
[ |

Third antennal segment shorter Third antennal segment longer
than lzbrum (A3E = 0.5-0.6). than labrum (A3E=1-12)
Pharyngeal armature condensed

with quadrangle form
ARTEMIEVUS (Ph. alexandri)

Enlarged distzl segment of the Distal segment of spermatheca
spermatheca bellflower-like
| Ph. rigwxiPh. chabaudi

Pharyngeal armature with
central group of long teeth

[ |
Spermatheca with 4 or 5 segmentz Spermatheca with = § segments
Ph. mongolensis/Ph_ Ph_jacusieli
Ci icus/Ph. andrejevi

Pharyngeal framework consisted of
long teeth on the whole width
Ph. sergentiPh. saevus/Fh.
similis/Ph. nuri

From Akhoundi et al., 2025

Phlebotominae, transmission of Leishmania-Leishmaniasis

Dissection of the genitalia or other organs



DNA BARCODING & META-BARCODING

DNA barcoding: identifying species using short, standardized
gene region(s)
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Just as the UPC label identifies a product, a short DNA
sequence, shown here schematically, can be an identifier for
species, a “DNA barcode.”

Short DNA regions (COIl gene for metazoan) for taxon
identification

Any stage of life (i.e. both adults and immature stage including

eggs),

Environmental DNA

BARCODE OF LIFE WEBSITE

STEMS Databases Taxonomy Identification Workbench Resources

A data retrieval interface that allows for searching over

1.7M public records in BOLD using multiple search criteria |
including, but not limited to, geography, taxonomy, and ’ ”
depository.

A searchable database of Barcode Index Number:
sequence clusters that closely approximate specie

A

-  BC for 256 345 species of the Insecta over 1 million
- Error prone, false annotation ...

- Destructive, expensive, not amenable in field conditions



OTHER LESS CONVENTIONAL METHODS

Category Techniques Example Use

Microphones, infrared,

. Wing-beat detection, vibrati
Bioacoustic & Light ¢ () phototransistors, LDV, ultrasonic, . 2 beat detection, vibration

. : signals
piezoelectric, accelerometer
Imaging i3 Cameras (whole-body imaging) Morphological ID across orders
RADAR / LIDAR / Chemical Remote tracking, spectral ID,

in Radar, LIDAR, odor/nose sensors oheromone/odor detection

From Sereno (2025) submitted



CHALLENGES IN INSETCT IDENTIFICATION

Now Hurry up Future ?
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https://fr.wikipedia.org/wiki/Panneau_de_signalisation_de_danger_en_France
https://pt.vecteezy.com/vetor-gratis/microsc%C3%B3pio
https://stareadhesselmans.blogspot.com/2021/08/appareil-photo-logo-photo-appareil.html




WHAT ARE WING INTERFERENTIAL PATTERNS (WIP)?

plue M

Wing Delay = 1/2 A—> attenuation of red Thickness

- Interaction with thin and transparent layers->thickness sets the phase difference between reflected light
waves.

- Constructive & destructive interference of light waves.

- Colorful, often iridescent patterns.



CAN WIP ACT AS A VISUAL LANGUAGE FOR
CONGENER RECOGNITION?

How On what samples

« Train a classifier: computer vision approach. Aninsect’s family from which a representative
number of species can be feasibly obtained to

* Characteristics of interest: color ensure adequate biodiversity coverage.

distributions, spatial banding, texture
patterns, local contrast, excluding venation

Culicidae 3500-3700
(bof: batch of features)... uticidae

named species
* Imaging protocols, calibration files,

preprocessing steps, and specimen

metadata. Psychodidae >2700

Glossinidae >30

BIGIS

IRD-CIRAD (ARIM) host a collection of specimen and colony reared Glossina



GLOSSINA WIPS: A PICTORIAL KEY

(Diptera, Glossinidae) — Tse-Tse->Sleeping sickness, animal trypanosomes

Specimen selection

33 species/subspecies
good model

Selection and/or
trapping of
representatives of 23
Glossina sp

75% of the recorded
Glossina diversity

Database construction

Place wings on a slide and put a coverslide

-.. \Tal(: the picture

e Saturate colours

Classification «—— Descriptors «—— Dataset

Radial and axial symetry
Conservation analysis

1766 pictures

Pictural key based on WIPs

Subgenus Glossina Zumpt, 1935
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Specific colors and patterns indicative of
the glossina species



COMPUTER VISION BASED GLOSSINA WIP IDENTIFICATION

Image acquisition: Standardized imaging & controlled light conditions.

Pre-procegsing: Classification models tested:
*Segmentation. *Supervised machine learning classifiers (Support Vector
*Normalization of size and orientation. Machines (SVMs) and Random Forests).

*Conversion into numerical descriptors (color texture.) «Models trained on extracted WIP features

Feature extraction: Evaluation:

*Color information (RGB/HSV histograms). -Cross-validation approach (k-fold).

*Texture descriptors (Local Binary Patterns, Gabor *Metrics: classification accuracy and confusion matrices.
filters..). Input

256X116x3
128x58x32

/| /| 64x29x64
/ /| /| 32x15x128

16x8x128
Classification output

A/ 8x4x256
S/ TEEY a6 guysiz gsg
, T S i
— G. Palpalis 0.90%
G. Fuscipes 0.10%

G. Tachinoides 96.00%

G. Nashi 3.00%

Feature extractor

E’ convolution layer |:| fully-connected layer |:| softmax layer

Overall accuracy >90%,



WIPS BASED COMPUTER VISION ALLOW AUTOMATIC DIPTERA
SPECIES CLASSIFICATION

Diptera order: 100 000 species (ITIS), Malaria, Leishmaniasis, Dengue, Zika...

100
CNN -
PROCESSED
INPUT b o - OUTPUT g
Feed-forward f - 60
(prediction) 5
Weights update _ =
Loss function z L 40
(cost of inaccuracy between 5
prediction and groundtruth)
Back-propagation 20
(weights gradients)
~

0 10 20 30 40 50
Predicted label

5516 pictures of 7 families (Culicidae, Calliphoridae, Muscidae,

Glossinidae, Tabanidae, Ceratopogonidae, Psychodidae) Accuracy >90% at high taxonomic level (Genus, family)

21 genera, 105 species!!! Accuracy >90% for most of species tested

Representativity 0.1% of named Dipteran species



UNCOVERING PATTERNS IN WIP FEATURES

Anopheles genus: >500 species worldwide, major malaria vectors; grouped in complexes morphologically
close but ecologically and epidemiologically distinct.

Genus level: > 99% accuracy.

Subgenus level: ~ 39% to ~97%, depending on subgenus
representation.

ccr? o g
Species level: 10 species 100%; others varied, but >90% § P
. Q*"n:w
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Limited overlap atthe subgenus level, variable results at the ST

species level.

An. gambiae s.s and An. arabiensis cluster distinctly, some An.
coluzziiimages overlaps partly with An. gambiae.

WIPs carry enough information to separate species of the

gambiae complex visually. Mapping by predicted probability profiles



Al BOOST TAXONOMIC IDENTIFICATION WHEN TRAINED WITH WIP

Time
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Neural networks analyze insect wing patterns to accurately identify species, surpassing human capabilities in
speed and precision for entomologists worldwide.

Multiple Taxons (Family,
Genus, Species)

Cost including personal and infrastructures




THE FUTURE LOOKS BRIGHT!!!!!

New species/vs new specimen how to distinguish them?->Purpose vs Biodiversity

In field application ->lowering human manipulation for image acquisition (Image quality, specimen quality, low
labor to capture the taxonomic marker of interest...)

Citizen contribution?->Insect of patrimonial interest-Large insects-Insects of interest for citizens

FAST-WING-ID : Fast Taxonomic Profiling of Agronomic Insects Using Wing Interferential Pattern
Imaging and Deep Learning

Diptera, Hymenoptera, Hemiptera: an evolutionary framework to probe WIPs as species-
recognition signals

|
WIP-ATLAS: A WIP-based insect atlas: An « Bk idac -
interpretable, open-set approach % .4 Ceratopogonidae
WIP-ATLAS to insect identification and trait inference o Glossinidis
Toward a global WIP-based reference forinsec

: culicid
ID and traits = ae,
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m Denis Sereno INRM Nicolas Sauvion

Philippe Bousses
C S lc Joan Garriga
s memecocomes |- F@AErIC Bartumeus

Camille Simon-Chane

Aymeric Histace Unl\é(e)]l;ggécsux Pierre Jacob

Didier Fontenille, Louis Clément Gouagna, Francoise Mathieu-Daudet, Karine Mouline, Pascal Grebault, Sophie Ravel, Jean Pierre Dujardin,
Bernadette Tchikaya, Frédéric Lardeux, Christian Barnabé, and all former IRD/ORSTOM Entomologists (ARIM Collection)!!!!

Dramane Kaba (IPR Cote d’ivoire), Chantel De Beer (ARC-OVR)

Darian Sereno (42 Paris)

Arnaud Cannet (DGS), Mohamad Akhoundi (APHP)

Olivier Romain, Marc Souchaud (CYUniversité)

Jean Pierre Commes (2CSl)

And, of course, the INRAE EXPLOR’AE program for its forthcoming support of the FAST-WING-ID project (Laureate 2025).
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