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Hybrid Detection

A brief history



Mother (red)

Hybrid Detection

Researchers have sought a means to detect
hybrids since the creation of the field of taxonomy.

Detecting hybrids would give taxonomists the ability ‘

Child (purple)

to determine what constitutes a true species or
subspecies.

The question is how?

How do we recognize a hybrid?
What does a hybrid look like?
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Hybrid Detection: History

Darwin first posed this question of “What does a
hybrid look like?”
Mendel answered with his pea plant experiment.




Hybrid Detection: History

Mendel's Hypothesis:

Blending Inheritance

Inheritance of traits is
continuous.

Mendel’'s Results:

Inheritance is often discrete.
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Hybrid Detection: Butterflies

Consider these two species:

Hybridization may lead to a
variety of resulting patterns.

There are several [dominant] genes that
control color pattern on wings.

Ex: red on hindwings is a dominant trait.
Dominance: hybrids may look like one parent.
In practice, identifying hybrids requires

knowledge of their parent species/subspecies. wm
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https://www.google.com/url?q=https://www.grida.no/resources/1906&sa=D&source=editors&ust=1731527201093129&usg=AOvVaw2fEihUyb7UcXXK34fD0fNa

Anomaly Detection

A brief history



Anomaly Detection: History

- Early topics include banking.
- Detecting fraudulent or irregular
spending or requests.

+ In Machine Learning (ML), .
questions on classification: Y ;.__..,pd 98/0 -
. =4
- Is the object a new one that the i l"; eslijah

classifier has not seen? 8 |
- In Computer Vision (CV), questions
for autonomous vehicles:

- Is that a pedestrian or a deer that
just ran into the road?

Figure: Xuefeng Du, Xin Wang, Gabriel Gozum, and Yixuan Li. "Unknown-aware object detection: Learning what you don't know from

9900,
< videos in the wild." In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 13678-13688. 2022.




Anomaly Detection: History

- In Biology, questions on:
- Gene function identification [1]
« What phenotype anomaly resulted from a gene knockout?

- Ecosystem health monitoring [2]
« Tracking plankton population.

[1] Ito, E. et al. (2022). Phenotype Anomaly Detection for Biological Dynamics Data Using a Deep Generative Model. In: Pimenidis, E., Angelov, P, Jayne, C.,
Papaleonidas, A., Aydin, M. (eds) Artificial Neural Networks and Machine Learning — ICANN 2022. ICANN 2022. Lecture Notes in Computer Science, vol
13530. Springer, Cham. https://doi.org/10.1007/978-3-031-15931-2_36
§zgeoo,' [2] Pastore, V.P, Zimmerman, T.G., Biswas, S.K. et al. Annotation-free learning of plankton for classification and anomaly detection. Sci Rep 10, 12142 (2020).
. i https://doi.org/10.1038/s41598-020-68662-3
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Our Challenge

How you can contribute to answering this important biological question
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https://www.google.com/url?q=https://zenodo.org/record/2714333&sa=D&source=editors&ust=1731527201462958&usg=AOvVaw1poRqkCih4rsWYoTDuQ8rg
https://www.google.com/url?q=https://zenodo.org/record/3082688&sa=D&source=editors&ust=1731527201463061&usg=AOvVaw3ZPLUktAY_J5-wOnwJGAcJ
https://www.google.com/url?q=https://zenodo.org/record/2677821&sa=D&source=editors&ust=1731527201463109&usg=AOvVaw1TwbPlDLhiANztUkyNPGcG
https://www.google.com/url?q=https://zenodo.org/record/2686762&sa=D&source=editors&ust=1731527201463153&usg=AOvVaw39a0F77CnK3mS4RLloSBc1
https://www.google.com/url?q=https://zenodo.org/record/2549524&sa=D&source=editors&ust=1731527201463199&usg=AOvVaw1aExpo6eZXt392XTQ1bgrr
https://www.google.com/url?q=https://creativecommons.org/licenses/by/4.0/&sa=D&source=editors&ust=1731527201463250&usg=AOvVaw0vsZdlfrCGWrlwiapV1_Ba
https://www.google.com/url?q=https://zenodo.org/record/2714333&sa=D&source=editors&ust=1731527201465790&usg=AOvVaw0JLpmsUXkvDO8PWrVx9DIv
https://www.google.com/url?q=https://zenodo.org/record/3082688&sa=D&source=editors&ust=1731527201465875&usg=AOvVaw1qO2M8wIgdamYDA6UEMFnC
https://www.google.com/url?q=https://zenodo.org/record/2677821&sa=D&source=editors&ust=1731527201465929&usg=AOvVaw2VmW8kpsKtANTfNCrn01Rr
https://www.google.com/url?q=https://zenodo.org/record/2686762&sa=D&source=editors&ust=1731527201465969&usg=AOvVaw1pMmcZuwEjoOLLjM009tbS
https://www.google.com/url?q=https://creativecommons.org/licenses/by/4.0/&sa=D&source=editors&ust=1731527201466018&usg=AOvVaw1r8cio4rKWweTPVEUBMevO
https://www.google.com/url?q=https://zenodo.org/record/2714333&sa=D&source=editors&ust=1731527202066671&usg=AOvVaw1d5DC8eXcNFNj8LS-enj09
https://www.google.com/url?q=https://zenodo.org/record/3082688&sa=D&source=editors&ust=1731527202066820&usg=AOvVaw1noWnBKCffh_pu-LyppWXe
https://www.google.com/url?q=https://creativecommons.org/licenses/by/4.0/&sa=D&source=editors&ust=1731527202066920&usg=AOvVaw22QfoxoafZ3VuJtATyaqT2

Our Challenge: Training Data

~2200 images of Species A:
- Multiple subspecies.
- Selected signal hybrids of two subspecies.

Signal Hybrid

Species A subspecies | e v = : Species A subspecies I
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gﬁo’g Images are from Zenodo records 2714333 and 3082688, licensed under CC-BY 4.0.



https://www.google.com/url?q=https://zenodo.org/record/2714333&sa=D&source=editors&ust=1731527202548955&usg=AOvVaw2xnifvYVRnwyb-08yrqawx
https://www.google.com/url?q=https://zenodo.org/record/3082688&sa=D&source=editors&ust=1731527202549067&usg=AOvVaw1VbbFmkvn5tlSCDmPEv4Uk
https://www.google.com/url?q=https://creativecommons.org/licenses/by/4.0/&sa=D&source=editors&ust=1731527202549143&usg=AOvVaw2eOF5O9u-hXW1LiZkQA_rm

Our Challenge: Dev & Test Data

Includes:

All Species A subspecies.

Signal hybrids from training data.
Further introduces:

Other Species A hybrids (non-signal).

Species B: Mimics of Species A signal hybrid parents (& their hybrids).
The numbers:

Validation Data (Dev): ~1100 images

Test Data: ~2200 images
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Species A subspecies |

The Challenge: Find the Hybrids =
®

Species A subspecies Il
Species A subspecnes \Y Species B subspecies |l Species B subspecies |
S

G Images are from Zenodo records 2714333, 3082688, 2677821, 2686762, and 2549524, and are licensed under CC-BY 4.0.

Among Species A & B, can your algorithm find...
Species A signal hybrids?
Species A non-signal hybrids?

Species B hybrids (mimics of Species A signal hybrids)?

Species A subspecies |l
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https://www.google.com/url?q=https://zenodo.org/record/2714333&sa=D&source=editors&ust=1731527202640017&usg=AOvVaw30BxeMpvArhdvtNp3bAy54
https://www.google.com/url?q=https://zenodo.org/record/3082688&sa=D&source=editors&ust=1731527202640129&usg=AOvVaw3aIGoOyKOVBaijhdPCqMcj
https://www.google.com/url?q=https://zenodo.org/record/2677821&sa=D&source=editors&ust=1731527202640189&usg=AOvVaw2yWGV0qRqyzGHiSbwoRBX7
https://www.google.com/url?q=https://zenodo.org/record/2686762&sa=D&source=editors&ust=1731527202640232&usg=AOvVaw3PbI2GZotZ0WCcRgHE7oTY
https://www.google.com/url?q=https://zenodo.org/record/2549524&sa=D&source=editors&ust=1731527202640272&usg=AOvVaw1ddGv4szyMac2wi-7LD3ZU
https://www.google.com/url?q=https://creativecommons.org/licenses/by/4.0/&sa=D&source=editors&ust=1731527202640323&usg=AOvVaw0iA5QVucWYyAiRMTyjMpVz

Our Challenge: Baselines

AUC of Precision-Recall Curve (PRC) - Test

Species A Species A Species A Species B

(overall) (signal) (non-signal) (Mimic)
BioCLIP 0.92 0.96 0.06 0.73
DINOv2 0.92 0.97 0.14 0.75

Upper bound: 1.00
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Our Challenge: Baselines

Test DINOv2 Precision-Recall curve

Test BioCLIP Precision-Recall curve
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Sample Submissions Repository

[ Files HDR-anomaly-challenge-sample / butterfly_sample_notebook.ipynb

[ Preview | Code Blame 606 lines (606 loc) - 53.3 KB
¥ feature/notebook - + Q —_—

Q Gomifie i Get distribution of images by subspecies (colored by hybrid status)

> [ BioCLIP_code_submission
sns.histplot(df, y = "classification", hue = "hybrid_stat")
> [ BioCLIP_train

> BB DINO_SGD._code_submission <Axes: xlabel='Count', ylabel='classification'>

> [ DINO_train

8.0and 9.0

8.0
[ LICENSE 9.0
30
70
[ butterfly_anomaly.bib 1.0
50
10.0
13.0
6.0
0.0
40
20
12.0
1.0

[ .gitignore
[ README.md

| [% butterfly_sample_notebook.ipynb

[ requirements.txt

classification

hybrid_stat
hybrid
non-hybrid
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Join the
Challenge!
Thank you!
Questions?
: .5"’0”& 5%



