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Imageomics(.org):
An interdisciplinary scientific field
focused on understanding biology of organisms,
particularly the biological traits and observable phenotype,
from images.




Traits (biology) | noun, singular: trait
» [tuserts]

» characteristics of an organism,
describing its physiology, morphology,
health, life history, demographic status,
and behavior (e.g., beak color, stripe
pattern, fin curvature, fused teeth,
scarring, size at birth, pollen feeding).
Traits are determined by genes, the
environment, and the interactions
among them.
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A. Karpatne, X. Jia, V. Kumar
Knowledge-guided Machine Learning: Current
Trends and Future Prospects. 2024
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BioCLIP: A Vision Foundation Model for the Tree of Life
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(a) Taxonomic Labels
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Phylogenetic Tree
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Image-derived sequence of features
(Imageome)

Mohannad Elhamod*, Mridul Khurana, Harish Babu Manogaran, Josef
Uyeda, Meghan Balk, Wasila Dahdul, Yasin Bakis, Henry Bart, Paula
Mabee, Hilmar Lapp, James Balhoff, Caleb Charpentier, David Carlyn,
Wei-Lun Chao, Charles Stewart, Daniel Rubenstein, Tanya Berger-
Wolf, Anuj Karpatne

Discovering Novel Biological Traits From Images Using Phylogeny-
Guided Neural Networks [KDD’23]
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Mridul Khurana, Arka Daw, M. Maruf. et al
Hierarchical Conditioning of Diffusion Models Using Tree-of-Life for Studying
Species Evolution [ECCV’24] 5



https://mridulk97.github.io/
https://scholar.google.com/citations?user=pz2Nm8AAAAAJ&hl=en
https://people.cs.vt.edu/marufm/

Imageome experiments

] . Generated images
1. Trait MaSkmg without perturbation

* Replace components with noise (Source)
* Analogous to “Gene Knockout”

-:D Perturbation . ..

Noise

2. Trait Swapping
* Replace components with siblings
* Analogous to “CRISPR experiments”

Species 1 Species2 ® SpeciesN ®
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Perturbed embedding

Level-2

Generated images
after perturbation
(swapping Ato B)

Level-3

Phylo-Diffusion generates novel hypotheses of
trait evolution directly from images

ANUJ
KARPATNE

Sample image of species

from subtree at B

Noturus gyrinus
Noturus nocturnus
Noturus miurus
Noturus flavus
Cyprinus carpio
Carassius auratus
Notropis atherinoides
Notropis wickliffi
Notropis buchanani
Notropis nubilus
Notropis boops
Notropis blennius
Notropis percobromus
Notropis volucellus
Notropis leuciodus
Notropis hudsonius (Source)
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Dipanjyoti Paul, Arpita Chowdhury, Xingi Xiong, Samuel Stevens, Kaiya L Provost,
Anuj Karpatne, Charles Stewart, Tanya Berger-Wolf, Feng-Ju Chang, David Carlyn,
Bryan Carstens, Dan Rubenstein, Yu Su, Wei-Lun (Harry) Chao ICLR 2024
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Mimicry in the right light (Species Tral’rs)

MimicsNet
EratoNet ® MelpomeneNet
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Christopher Lawernce, Reshma Ramesh Babu, Krzysztof Kozak, Harry Chao, David Carlyn, Mo ElHamod, Anuj Karpatne, Jihung Kil, Owen
McMillan, Dan Rubenstein, Yu Su, Luke Song, Sam Stevens, Kris Chuck Stewart, Yael Stochel, Tanya Berger-Wolf

CV4Animals@CVPR 2022, Traitfest, Leipifest, ...



FInding traits

Heliconius melpomene, compared with all query
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KABR: In-Situ Dataset for Kenyan Animal

Behavior Recognition from drone videos

Maksim Kholiavchenko, Jenna Kline, Michelle Ramirez, Sam Stevens, Alec
Sheets, Reshma Ramesh Babu, Namrata Banerji, Elizabeth Campolongo,
Matthew Thompson, Nina Van Tiel, Jackson Miliko, Eduardo Bessa, Isla
Duporge, Tanya Berger-Wolf, Daniel Rubenstein, Charles Stewart

WACV’24, CV4Animals’24
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https://dirtmaxim.github.io/kabr/
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Held as part of AAAI 2024
February 26, 2024, 9 am to 12.30 pm

Room 203, Vancouver Convention Centre ~ West Building | Vancouver, BC, Canada



CVPR’24
Best Student
Paper Award
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publications

Community:

presentations

published (HF) Workshops:
models and
datasets Highschool science teachers
Middle school camp

Conservation practitioners
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150+ members
Datapalooza & Beetlepalooza
Experiential Al & ecology course
Interdisciplinary training
NextGen fellows and grads






