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Bl blodiversity hotspot

Conservation Intemational (conservation.org) defines 36 biodiversity hotspots — extraordinary places that harbor vast numbers of plant and animal species found nowhere else. All are
heavily threatened by habital loss and degradation, making their conservation crucial to protecting nature for the benafit of all life on Earth.

SDU&

AP Nps

Apnpsy



The Maersk Mc-Kinney Moller Institute

00 Fe

W biodiversity hotspot

Conservation Intemational {conservation.org) defines 36 biodiversity hotspots — extraordinary places that harbor vast numbers of plant-and animal species found nowhere else. All are
heavily threatened by habital loss and degradation, making their conservation crucial to protecting nature for the benafit of all life on Earth.

The planet has lost 69% of its wildlife populations since 1970 (WWF Living Planet Report).
Most biodiversity is concentrated in a handful of hotspots — and these are under the greatest threat.

We are living through the sixth mass extinction, and most of it is invisible to us
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Agenda

* How can Al help Global Biodiversity Monitoring?
* The BIOSCAN Project

 \What's Next?
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Elye New Hork Eimes flagazine

FEATURE

The Insect Apocalypse Is

What does it mean tor the rest of life on Earth?
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We don’t know what we are losing!

Marine

= Unknown = Known

A
SDU’S‘ How Many Species Are There on Earth and in the Ocean?, Mora et al., PLoS Biology 2011
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We don’t know what we are losing!

Marine On Earth

= Unknown = Known = Unknown = Known

A
SDU’S‘ How Many Species Are There on Earth and in the Ocean?, Mora et al., PLoS Biology 2011
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SDU&

nature reviews biodiversity https://doi.org/10.1038/s44358-025-00022-3
Review article #® Check for updates

Harnessing artificial intelligence
tofillglobal shortfallsin
biodiversity knowledge

Laura J. Pollock®'*7 |, Justin Kitzes*", Sara Beery?, Kaitlyn M. Gaynor®%, Marta A. Jarzyna™®, Oisin Mac Aodha®,
Bernd Meyer® °, David Rolnick®™", Graham W. Taylor™", Devis Tuia® ** & Tanya Berger-Wolf"®**
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a8 Present use of Al

Primary
data

. Camera traps
collection P

Acoustic monitoring

Satellite imagery

SDU&

Improved
imputation
methods

Analyses
Ecological
modelling

Knowledge

Ecological
applications

Conservation
application
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Future use of Al

Rapid retrieval of .lmprt::teﬁd
existing information :_T:;uh od:m
; « Risk assessments Analyses ’
Primary » Museum specimens * Automated Lf.ynthesm Ecological Conservation
data . = Meta-analysis Knowledge licati licati
collection | Environmental DNA » Ecological modelling Sppricaaang AHPILRCE
Acoustic monitoring » Hypothesis generation
Camera traps
Satellite imagery

Test hypotheses :

Optimize biodiversity observation networks

_____________________________________________________________________________________
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7 Global Shortfalls

SDU&

a Shortfall needs

Linnaean
Stalled taxonomic naming and descriptions

Prestonian
Challenges in the detection of true abundance changes in populations

Wallacean
Taxonomic and regional biases in the distribution of information

Hutchinsonian
Difficulties in understanding true organismal responses to the environment

Raunkiaeran
Limited data on the morphology and function of organisms

Darwinian
Challenges linked to the sampling of large and uncertain phylogenies

Eltonian
Very limited data on species interactions

Field
I

All

= Population ecology
= Community ecology
= Biogeography

= Ecosystem ecology

= Functional ecology
= Evolution

= Food web ecology
= Pollination ecology

Conservation examples
|

= At-risk populations
= Red List index

= Living Planet index
= Planning for 30 x30

s Tipping points

= Ecosystem resilience

= Keystone species

= Red List of ecosystems

= Conservation rank (e.g. EDGE)
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Addressing shortfalls with Al

b opportunities for Al

SDU&

Linnaean

Discover unidentified taxa from automated

Sensors

Prestonian
Identify individuals in sensor data

Wallacean
Model species distributions from
multimodal data streams

Hutchinsonian
Infer habitat from satellite imagery
or behaviour from traits

Raunkiaeran
Measure traits from images or
text-mine morphological descriptions

Darwinian
High-throughput phylogenetic assembly

Eltonian
Detect and model relevant interactions

Al-assisted tasks
|

Rare event and anomaly detection

Improved data processing

Improved statistical inference
and prediction

Increased effectiveness of research
(e.g. use of optimized sampling)

Discovery of hidden patterns

Connection of taxonomic, spatial
and temporal scales (e.g. moving
from species to communities)
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Agenda

* How can Al help Global Biodiversity Monitoring?
 The BIOSCAN Project

 What’s Next?
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SDU+&

BIOSCAN: A Global
Scientific Mission

—> To illuminate biodiversity by developing globally
accessible DNA-based systems to speed
species discovery, probe species interactions,
and establish biodiversity baselines
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How do you count
what you can’t see?

- Malaise traps are tent-like structures that
passively collect flying insects 24/7.

- A single trap can capture thousands of
specimens per week.

- The problem? Someone has to sort and identify
all of them. That’s where DNA and Al comes in.

AP nps

Apnpsy



The Maersk Mc-Kinney Moller Institute

Ap'nps

DNA Barcoding

'S

PUBLIC DATA PORTAL - BIN PAGE

Microbisium parvulum

BOLD:AAB2508

.| A || ||||| ||||H|||HH\||HH

3"f"ll M TR
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Imaging Insects at CBG
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BIOSCAN - 47 Countries, 5 Million specimen

Sample Count

SDU&
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BIOSCAN-5M: A Multimodal Dataset for Insect Biodviersity
(NeurlPS’24) ,

\,-jflﬁ "ﬂi/

Genetic Data

4.

Biological Data: Taxonomy

DNA Barcode Sequence BIOSCAN-5M Phylum Arthropoda
TATTATATTTCATTTTCGC ... : Elass INSECt
Original Image Order Hymenoptera
Family Formicidag
Barcode Index Number , Subfamily  Dolichoderinae
BOLD:AAA3SOE & Genus Tapinoma
. i Species Tapinoma sessile
Geographical Data

Country United States Cropeedimsge SHEE Dt
Province/State  California 3 MeasurValue 64,331
Latitude 40.10132 & Scale Factor 2.08

pA - 1

SDU-é Longitude -122,05354 :

Area Fraction 0.44

AP nps
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SDU&

BIOSCAN-5M (Ours)

Attributes IR Categories Labelled Labelled (%)
phylum 1 1 5,150,850 100.0
class 719,831 10 5,146,837 99.9
order 3675317 55 5,134,987 99.7
family 938,928 934 4,932,774 95.8
subfamily 323,146 1,542 1,472,548 28.6
genus 200,268 7,605 1,226,765 23.8
species 7,694 22,622 473,094 9.2
dna_bin 35,458 324411 5,137,441 99.7
dna_barcode 3,743 2,486,492 5,150,850 100.0

AP nps
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SDU&

BIOSCAN-5M (Ours)

Attributes IR Categories Labelled | Labelled (%)
phylum 1 1 5,150,850 100.0
class 719,831 10 5,146,837 09.9
order 3,675,317 55 5,134,987 99.7
family 038,928 934 4,932,774 05.8
subfamily 323,146 1,542 1,472,548 28.6
genus 200,268 7,605 1,226,765 23.8
species 7,694 22.622 473,094 9.2
dna_bin 35,458 324,411 5,137,441 99.7
dna_barcode 3,743 2,486,492 5,150,850 100.0

AP nps
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SDU&

BIOSCAN-5M (Ours)

Attributes IR | Categories Labelled Labelled (%)
phylum 1 1 5,150,850 100.0
class 719,831 10 |5,146,837 99.9
order 3,675,317 55 15,134,987 09.7
family 038,928 934 14,932,774 05.8
subfamily 323,146 1,542 | 1,472,548 28.6
genus 200,268 7,605 | 1,226,765 23.8
species 7,69i 22,622 1 473,094 9.2
dna_bin —V 324,411 1 99.7
dna_barcode 743 | 2,486,492 15,150,850 100.0

AP nps
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Very Fine-Grained task

SDU&
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But also, very data rich

SDU&

CTCTTTATTTTATTTTCGGTATTT
GATCAGGAATAGTAGGA ... (660 bp)

Num. of pixels: 82,802
Area fraction: 0.22
Scale factor: 1.3
Geolocation
Country: Costa Rica
Province/state: Puntarenas

Latitude: 9.01585°

Longitude: -83.00401°

Order:
Family:
Subfamily:

Genus:

Species:

:l Arthropoda
Insecta
Hemiptera
Cicadellidae
Cicadellinae
Tylozygus

Tylozygus
geometricus

BIN: BOLDAALGY3Y

AP nps
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Ap'nps

Biological component:
from specimen to reference library

Apnpsy

Specimen Metadata Reference library

Vespula i sa )
alascensis flavopilosa

Tissue sampling
BOLD
identification

/
SDU+ DNA extraction Amplification Sequencing

Unlocking Biodiversity with DNA Barcodes: A Tutorial for Machine Learning Researchers, Zarubiieva and Taylor, Under Review
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(7
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Biological component: Machine learning component: 1
(7]
from specimen to reference library from reference library to model output §
S
Specimen Metadata Reference library Downloading Evaluation Model optimization
@
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o
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S D U Q DMNA extraction

Amplification

&

Sequencing Data splitting Model selection  Task-specific output

Unlocking Biodiversity with DNA Barcodes: A Tutorial for Machine Learning Researchers, Zarubiieva and Taylor, Under Review
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modalities together?
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Taxonomic labels DNA barcodes

Labor intensive
Expert labelers (biologists) Expensive machines
Disagreement Time-consuming process

Iy illl‘\.l 'f

el -l\f = 4 i

I
s R

3
Human designed
Aids in human-understanding Targeted and precise to species

Predict taxonomic labels

SDU&

Images

Field-deployable
Easier to acquire

e i
ety B

Variation within species
Similarities across species

AP nps
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CLIBD: Bridging Vision and Genomics for Biodiversity
Monitoring at Scale (ICLR’25)

Tri-Modal Contrastive Learning

'1;! | Image | / @%“”{0@ O SPeciESN

h .
S encoder < <Q Species B
4 @ Species C
ATGCCCCAAA.. y
CGAATATGAA.. DNA
GAAATGCATT... encoder
r ‘
: o amart
Order:  Hymenoptera Text ‘ Push apar
Family: Formicidae
Gerus: Myrmica I enCOder ) \ /
Speci es: Myrmica specicides S

SDU&
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Encoder Overview

ViT-B

Vision Transformer (ViT)

MLP |
Head
Transformer Encoder ]
e - 8 @5 %) &) 6)¢] @$

Extra learnahle
[class] embedding mear Pro jection of Fldttcncd Pdtchcs

NEE l L T T
mm—»il%ﬂﬁﬂﬁﬂ

s
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Encoder Overview

ViT-B

Vision Transformer (ViT)

MLP |
Head
Transformer Encoder ]
paécr?l;cidjg::éon ‘ @ﬁ @ “ @

# Hxtra learnable
[class] embedding mear Pro jection of Fldttcncd Pdtchcs

l
SHE HIWMMEWE

i

SDU&

»
Q
c
o
=
H
(/2]
3
BERT-Small S
Mask LM Mask LM \
@« . 3

- Colee )] - (0]

BERT
=l .. Bl ei]. e8]
e m g o i

. . B

\

Masked Sentence A Masked Sentence B

Unlabeled Sentence A and B Pair
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Encoder Overview

ViT-B

Vision Transformer (ViT)

MLP
Head

Transformer Encoder

Patch + Position
Embedding

-Sfddddduds

* Hxtra learnable

[class] embedding [ mear Pro jection of Fldttcncd Pdtchcs

SHE |
e s P

SDU&

BarcodeBERT

Input Sequence

_ : l k-mer Tokenizer
lTokenized Sequence

[cle[a][cle[T][wva | [alc]T][ung | [clele [Nk

Masked Sequence l Masking (during training)

mask] | [c o [T][wnk | [ATc]T [Nk | [mask | [ unk] |

Token Embedding
l Positional Embedding

Transformer Layer x4
Classification Layer
Valid Masked Token Prediction i

clG A clele

BERT-Small

AP nps

Apnpsy

BERT

‘ Eieig
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=
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[CLs] | Tok 1
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[ |

\

Masked Sentence A

Unlabeled Sentence A and B Pair

I_I_J

Masked Sentence B
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Encoder Overview

SDU&

BarcodeBERT

---------

----------

i k-mer Tokenizer
Tokenized Sequence

[ele[a] [e]e[T][wn | [alc]T] [ g ]| [clele [Nk |
Masked Sequence i Masking (during training)

[mask)| [c]o[T] [ wnKi | [ATc]T

AP Nps

+*
7]
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Tri-Modal Contrastive Learning

SDU&
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Tri-Modal Contrastive Learning

LEV%D) = — log

T ? 1 g T
2 j=1€XP (V" Dj/7) D j—1€XpP

* V, D are modality-embeddings (e.g. image and DNA)

SDU&

€xXp (V{s.TDz‘/T) FD=V) oo CXp (D?Vz‘/’f)

(DIV;/7)

"
g

AP

ApNps#
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Tri-Modal Contrastive Learning

Lgv—>p) _

—log —

€xXp (V{s.TDz‘/T) FD=V) oo CXp (D?Vz‘/’f)

w
g

1 T

2 j=1€XP (V" Dj/7) D j—1€XpP

TL

Lyp =Y (L7 + LP7Y)
1=1

* V, D are modality-embeddings (e.g. image and DNA)

SDU&

(DIV;/7)

"
g

AP nps
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Tri-Modal Contrastive Learning

T
LE(.V_}D) = —log pr (K Di/T) LP=V)

Zj:l exp (Vz'TDj/T)

w
el

1

TL

Lyp =Y (L7 + LP7Y)
1=1

L=Lyp+ Lpr+ Lyt

SDU&

exp (D?%/T)

ZF:l €xXp (DETV:;‘/T)

"
4

AP nps
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CLIBD Datasplit

SDU&
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CLIBD Datasplit

Without
species
label

BIOSCAN-1M

records

Well-
represented
species

Under-
represented
species

Seen species

Val unseen
species

Test unseen
species

Train

Val Queries

Test Queries

Keys

Keys

Queries

Keys

SDU&

Split species

Split records per species

AP Nps

Apnpsy
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CLIBD Datasplit — “Known” Species

: 10% Val Queries
Without
species Seen species

label - 10% Test Queries

Keys
represented

species

BIOSCAN-1M

AP Nps

Apnpsy
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CLIBD Datasplit — “Unknown” Species

10% Queries
BIOSCAN-1M ' Val unseen -
i species
Keys
Under- .

represented

species 1
] ! Queries
records B . Test unseen

species

Keys

AP Nps
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Inference of CLIBD

Inference: Reference DNA/Image database query

ipy | | forfi

fm foofi | —
GAAATGCATT..

ATGCCCCAAA... AR
CGAATATGAA.. DNA
encoder

fos | | fos:

*, " Image "
- [hencnder i \ 4

AP nps

Apnpsy

Order: Hymenoptera
Family: Formicid ae
Genus: Myrmica

Species: Myrmica specioides

SDU&
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Retrieval Performance

Aligned embeddings Image-to-Image Image-to-DNA Image-to-Text
Model Img DNA  Txt Seen Unseen H.M. Seen Unseen H.M. Seen Unseen H.M.
BioCLIP Vv v 20.4 148 17d — — — 4.2 Bl 3.6
CLIBD v v 54.2 33.6 41.5 — — — 57.6 4.6 8.5
CLIBD v v v 59.3 45.0 51.2 51.6 8.6 14.7 56.0 4.8 8.9

SDU&

AP nps
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Original

DNA to DNA

Image to Image

Image to DNA

Caenocholax
sp.

10
DPM-2010

Micromus
subanticus

Phyllonorycter
anderidae

Glyptotermes |
barbouri

SDU&
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You can try it yourself!

BIOSCAN Browser

Visualizing a Multimodal Dataset for Insect Biodiversity

BIOSCAN-5M is a large-scale multimodal dataset of over 5 million insect specimens. Each record links

high-resolution images with taxonomic labels, raw DNA barcode sequences, Barcode Index Numbers
(BINs), and geographic information.

. b, L ] " 4
/
+ I\IIIIIIIIIIIIIEHIIHIIIIIIIIIII
() Browse records

© cantharidae

DU https://browser.bioscan-ml.org/

IIIH\III\IIIHI

@ Jujuy, Argentina

AP nps
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Agenda

* How can Al help Global Biodiversity Monitoring?
* The BIOSCAN Project

« What’s Next?

SDU&
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Can we use the taxonomic information?

SDU&

KINGDOM

- Animalia -ﬂ:m_

— Fungi %

- Plantae i

L Protista f@

PHYLUM

_Annelida =f

o)
—Chordata %"ﬁﬁ

—Cnidaria 4

— Mollusca

CLASS

— Arachnida ¥4

 Arthropoda __:!, - Chilopoda#’

L
1

= Insecta {"n

—Malacostraca™3

ORDER

— Coleoptera -ﬁﬁ

{beetles)

— Diptera 7

{flies, mosquitos)

- Hymenoptera aﬁ

i{sawilies, wasps, bees, ants)

- Lepidoptera [

imoths, butterflies)

- Odonata %

{dragonilies, damselilies)

— Hesperiidae
iskippers}

— Lycaenidae
\gossamer-winged butterilies)

— Nymphalidae

{brush-footed butterflies)

— Papilionidae

(swallowtail butterflies)

— Saturniidae
{saturniids/large moths)

- Orthoptera ##

tgrasshoppers, crickets)

— Iphiclides

— Lamproptera
— Luehderfia

— Losaria

— Meandrusa
— Mimoides

= Ornithoptera

— 0.
— 0.
- 0.
—0.

— Pachliopta
— Papilio
L~ Parides

|- Parnassius

— Protesilaus

— Protographium

0.

— O,
— O,
— O,

— Pharmacophagus

— O,

= 0.

aesacus V

alexandrae W
;

chimaera u

Croesus w
goliath w
merr’cﬁonafis%ﬂ

— O. paradisea V
— 0. priamus w

richmondia v
rothschildi Sy
tithonus w

victoriae M

AP nps
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Unlocking Biodiversity with DNA Barcodes: A Tutorial for Machine Learning Researchers, Zarubiieva and Taylor, Under Review
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Stacked Entailment Loss
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a) Contrastive loss (CL)

/
SDU-4 i

b) Entailment loss (ELr]

D

Hierarchical Multimodal Representation Learning for Biological Taxonomies, Gong et al., ICCVW 2025 Extended Abstract
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Stacked Entailment Loss

¢

S
TFw'J'

TFu.'.'

SDU&

a) Contrastive loss (CL)

" Teuy

b) Entailment loss (ELr)

’l

T.S'pecies

——=p
amily R

——

TOra'er

—_—

enus B  Image E DNA B Text

Positive contrastive loss
Negative contrastive loss
Positive entailment loss

Negative entailment loss

c) Stacked entailment loss (SEL)
Hierarchical Multimodal Representation Learning for Biological Taxonomies, Gong et al., ICCVW 2025 Extended Abstract

AP nps

Apnpsy



The Maersk Mc-Kinney Moller Institute

Agents and MegaBarcoding
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Taxonomic Reasoning for Rare Arthropods: Combining Dense Image Captioning and RAG for Interpretable Classification, Lesperance et al, CCAIl 2025
A multi-modal dataset for insect biodiversity with imagery and DNA at the trap and individual level, Orsholm et al., Scientific Data 2026
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Collaborators — The BIOSCAN-ML Group

SDU&

=] v e

https://bioscan-ml.org/

AP nps
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