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Macrobial airborne environmental DNA analysis: A review of
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Sampling plant DNA from air
= g0

Johnson et al (2021) BMC Ecology and Evolution
Photo credit: Mark Johnson




Sampling plant DNA from air
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Johnson et al (2021) BMC Ecology and Evolution
Photo credit: Mark Johnson




Sampling animal DNA from air

Clare et al (2021) PeerJ
Photo credit: Beth Clare



Sampling animal DNA from air

Clare et al (2021) PeerJ
Photo credit: Beth Clare
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Clare et al (2022) Current Biology
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Sampling DNA from air

Lynggaard et al (2022) Current Biology - () Notdetected
Photo credit: Christian Bendix @ A campier






Can airborne eDNA support
ecological monitoring?



AirDNA mini-Conference — 3-4 June 2024

MULLIGANS FLAT

WOODLAND SANCTUARY

Beth Clare

+ 27 AUS & NZ speakers

~ Conf
100 attendees (50 in-person; 50 online) onterence
Recording

30 institutions (AUS/Nz/Japan/s. Korea/Canada/USA/Denmark/Switzerland)
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/Monitoring ApplicatioD

Biodiversity
Fungal pathogens
Weeds
Animal pests

Allergens

J

Talk Highlights

Conference
Recording

But how do we find them?

Postdoc, Harry Eyck — CSIRO — ECR Talk Prize Winner!
"Assessing the potential for airborne eDNA for targeted weed detection”



/ Collection Methods\

Active pumps
Passive
Existing infrastructure
Spider webs

Bee hives

Talk Highlights

Conference
Recording

PhD student, Josh Newton - Curtin
”Spider webs capture environmental DNA from terrestrial vertebrates”



Talk Highlights

Conference

/ \ Recording
Parameter Testing |
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DNA dispersal
DNA persistence
Sampling time

Material comparisons

\ / Research Technician, Rachel Tulloch - CSIRO

"Assessing airDNA: environmental influences and capture methods”




Workshop Activities

Day 1- Activity 1 - Morning

Day 1 - Activity 2 - Afternoon
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Day 2- Activity 3 - Marning

Day 2 - Activity 4 - Afternoon
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How do we collect airborne eDNA?

Long-Term monitoring Common attributes Short-Term monitoring
( N\ (. . N\ )
Sturdy/weatherproof/durable Non-specific DNA capture across taxa or Simple deployment (especially by non-
optimised for specific target specialists)
DNA preservation properties . .
Standardised mechanism for sample Transportable/light-weight
Low maintenance preservation/storage post-sampling
Inexpensive
Modular/customisable System for collecting contamination
control samples (negative controls) Inconspicuous
Tamper Proof . o
Simple decontamination Engaging interface (especially for citizen
Remote monitoring capabilities science, including with children)
\_ /| Easy downstream processing
Recyclable/sustainably produced
Repeatable deployment
Unpowered/low power
High sensitivity/In-built replication ~ ~
Chain of custody tracking
Integration with meteorological data/ "
metadata collection (optional) ‘
]
Point of application diagnostics (optional) o >
\ J &N * N

Tulloch et al. (2025) Authorea



What parameters need to be tested?

gy
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[Sampling]

Sampling platform
Sampling density
Replication
Sample preservation
Controls

Tulloch et al. (2025) Authorea



What parameters need to be tested?
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[Sampling] [ Detection limits }
Sampling platform Sensitivity
Sampling density Inhibition
Replication Error estimation
Sample preservation
Controls

Tulloch et al. (2025) Authorea



What parameters need to be tested?

SHAE 600

[Sampling] [ Detection limits ] [ Environmental J
Sampling platform Sensitivity Weather
Sampling density Inhibition UV irradiance
Replication Error estimation Human activity
Sample preservation
Controls

Tulloch et al. (2025) Authorea



What parameters need to be tested?
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[Sampling] [ Detection limits ] [ Environmental J [ Species Ecology ]
Sampling platform Sensitivity Weather Habitat
Sampling density Inhibition UV irradiance Behaviour
Replication Error estimation Human activity Life cycle
Sample preservation Mobility
Controls Shedding rates

Tulloch et al. (2025) Authorea



Stakeholder engagement

Findable Accessible Interoperable Reusable

+ Align scientific goals to practical need

Collective  Authority Responsibility Ethics
Benefit to Control

+» Set realistic expectations
Global Indigenous Data Alliance

¢ Clear communication of goals

¢ Adherence to FAIR & CARE data principles

UNESCO Citizen Science eDNA Expedition



Workshop Summary Manuscript

AUTHOREA

Winds of change: Charting a pathway to ecosystem monitoring using
airborne environmental DNA

Rachel L. Tulloch!, Clare I. M. Adams?, Matthew A. Barnes®, Elizabeth L. Clare*, Henrik C.
van de Ven®, Andrew Cridgcf’, Francisco Encinas-Viso!, Kristen Fernandes’, Dianne M.
Gleeson®, Erin Hill®, Anna J. M. Hopkinsm, Anna M. Kearns!, Gracie C. Kroos!!, Anna J.
MacDonald!2, Francesco Martoni!3, Angela McGaughran!4, Todd G. B. McLay!, Linda E.
Neaves!3, Paul Nevill'®, Andrew Pugh®, Kye J. Robinson!?, Fabian Roger!®, Tracey V.
Steinrucken!®, Micke van der Heyde!$, Cecilia Villacorta-Rath??, Jenny Vivian2!, Erin E.

Hahn!*

Southern eDNA Society Airborne eDNA Workshop Joint Statement

“Airborne eDNA analysis is a potentially powerful biomonitoring tool, however We must
improve our understanding of airborne eDNA ecology, sampling strategy impacts,
signal variability and sensitivity. With validation, airborne eDNA tools may become

standard in biodiversity, biosecurity and conservation applications.”



Conference Manuscript Co-authors

Rachel Tulloch Anna J. MacDonald

Clare I. M. Adams Francesco Martoni

Matthew A. Barnes Angela McGaughran

Elizabeth L. Clare Todd G. B. Mclay Look out for the
Henrik C. van de Ven Linda E. Neaves Conference
Andrew Cridge Paul Nevill

Francisco Encinas-Viso Andrew Pugh Pap_er
Kristen Fernandes Kye J. Robinson Conference Preprint!
Dianne M. Gleeson Fabian Roger Recording

Erin Hill Tracey V. Steinrucken

Anna J. M. Hopkins Mieke van der Heyde

Anna M. Kearns Cecilia Villacorta-Rath

Gracie C. Kroos Jenny Vivian
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