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Outline

• Field of eDNA
• Foundations and history
• Concepts and considerations

• eDNA methods for bat detection
• Where can we get it from?
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Barnes & Turner (2016)



Microbial eDNA (1983 – 1991) Macrobial eDNA from ancient permafrost (Willerslev et al. 2004)

Community eDNA: the NGS-
era (2006-2010)

Targeted eDNA: 
invasive species 

(Ficetola et al. 2008)

First eDNA reviews 
(2012-2014)

American bullfrog



Beng & Corlett (2020)

eDNA: an exciting and developing field



eDNA: opportunities, challenges, solutions

Application Promises Existing/promising solutions

Ecology &
Biomonitoring

Quantify biodiversity

Cost-effective

Establish baselines

Understand biotic and abiotic 
influences (turn-over, disturbance)

Abundance estimation

Incomplete reference libraries

Shotgun metagenomics

OTUs

Continue to build and curate DNA 
reference libraries

Study origin, state, transport, and 
fate

Conservation biology
Cost-effective

Non-invasive sampling

Population viability

demography

life-stage

Invasion biology

Early surveillance

Cost-effective 

Detect from low abundance

Challenges

Spatial and temporal acuity

False negatives

False positives

Skepticism

Decision-making frameworks

Cost-effective ≠ inexpensive

Data turn-over

eRNA

Standardized protocols and 
guidelines from planning to field to 

lab to analysis
 

Complement traditional survey

Collaboration at every step 
(manager, laboratory, 

bioinformatician, statistician)

Allow process to be iterative



Deiner et al. (2017)

Bioinformatician Molecular ecologist/laboratory personnel

Management 
partners/field biologists

Statistician



Common markers for DNA barcoding

Organism Group Marker Gene
Animals COI, Cyt B, 12S rRNA, 

16S rRNA
Plants ITS2, rbcL
Bacteria 16S rRNA (e.g., microbiomes)

Fungi ITS1, ITS2



TTTCTTCATGGTCATACCTATTATAATC
GGAGGCTTCGGAAACTGATTAGTCCCC
TTAATGATTGGAGCTCCCGATATAGCT
TTCCCCCGAATGAATAATATGAGTTTC
TGACTCCTTCCACCCTCCTTCCTACTA
CTCTTGGCCTCTTCCACAGTAGAAGCC
GGGGCAGGTACTGGATGGACAGTATAC
CCCCCTTTAGCT

What bat species is this?





92%



Common eDNA detection methods







Common 
vampire bat

Big-eared 
woolly bat

Mexican greater 
funnel-eared bat

First eDNA 
detection of bats 
from sediment 
(soil, sand, and 
rocks)

Inconspicuous 
eDNA sources?

Walker et al. (2019)



First eDNA detections of bats from water, soil, and air

Eptesicus fuscus

1/4 samples: 1 site

1/5 samples: 1 site

6/7 samples: 1 site

Natural site

Natural site

Captive 
colony

Known occupation



Inconspicuous sources of bat eD
N

A

(Serrao et al. 2021; Marshall et al. 2022)

(Walker et al. 2019; Serrao et al. 2021; Allen et al. 2023)

(Walker et al. 2022; Allen et al. 2023)

(Garrett et al. 2022; Garrett et al. 2023)



Can we detect 
nectar-feeding bats 
from agave flowers?

Kristen Lear



Mexican long-nosed bat (Leptonycteris nivalis)
• Unknown migration corridors





Swabs



eDNA: Metabarcoding
Capturing a desert community from 2 agave plants

Mexican long-
nosed bat

4 bee species Western flower 
thrip 62 taxa 

3 classes
15 orders

Mammals

Arthropods

6 taxa

Plants

Leaf-footed bugCrab spider

23 taxa
12 families

Gray fox DeerRingtail

Agave Scarlet bouvardia Alkali sacatonEvening 
primrose

12/16



13/16 samples

eDNA: qPCR
Agave a promising eDNA source of nectar feeding bats

qPCR: Cheaper, faster, likely more sensitive



Lesser long-nosed bat 
(Leptonycteris yerbabuenae: LEYE)

Also developed new qPCR 
assays for other nectar 
feeding bats

Mexican long-tongued bat 
(Choeronycteris Mexicana: CHME)

eDNA: qPCR

Anna Riley



eDNA: qPCR
Opportunities for citizen 
science





Can we detect bat 
eDNA passively?
• No pump/vacuum

Can we detect from the 
open air?

Cheesecloths? (see Frere et al. 2023)



Detection method: Metabarcoding

Open air: netting sites

Enclosure: cave roost

Air samplers: CheeseclothDr. José Gabriel 
Martinez-Fonseca

Dr. Carol 
Chambers



Detection method: Metabarcoding

Open air eDNA detections
Air samplers: Cheesecloth



Detection method: Metabarcoding

eDNA detections in a cave roost
Air samplers: Cheesecloth



Environmental DNA (eDNA) applications 
for detecting bat species

• Bat eDNA can be detected from numerous 
environmental sources
• Conspicuous

• Guano
• Inconspicuous

• Water
• Soil/sediment
• Resources/habitat
• Air

Daniel.Sanchez@nau.edu


