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DNA based Species Identification:

* Quarantine infringements

e Fisheries infringements

e CITES infringements/ compliance
* Industry compliance

Morphological Identification:
» Skeletal/trophy collections

e Live animals — Pet trade

Research and Development
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) Airstrike species I1Ds

 We assist the aviation industry by carrying out DNA-based
species identification of the wildlife involved in airstrikes.

 We have been working with commercial airports and the RAAF
since 2006, and have used DNA to identify 100’s of different bird
and bat species involved in collisions with aircraft.
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) Managing Wildlife Airstrikes

* Most wildlife airstrike events occur Iin
close proximity to aerodromes.

» Effective management depends on
identifying the species involved, and
the factors that attract them to
aerodromes.

» Ecological factors which may attract
birds/bats to aerodromes include:

 Shelter
e Water
* Food Resources
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) Dietary Analysis using Molecular Techniques

* Analysis of diet using molecular
techniques may allow stakeholders to
identify the main food resources
available to birds on aerodromes.

* Reducing, controlling or removing
major food resources may compel
high-risk species to leave the area.

« Next-generation high-throughput DNA e S
seguencing represents a promising ¥X§2&;§¢%¥X§é§;§

tool for monitoring bird feeding 5 "‘iif%gﬁ %**;ﬁﬂ%?ﬁ
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) Dietary Analysis using Molecular Techniques

* Analysis of diet using molecular
techniques may allow stakeholders to
identify the main food resources
available to birds on aerodromes.

* Reducing, controlling or removing

major food resources may compel
high-risk species to leave the area. }

* Next-generation high-throughput DNA
sequencing represents a promising
tool for monitoring bird feeding
behavior.
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) Metabarcoding/Bird Diet
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) Metabarcoding/Where do we start?

. Food of the Maned Duck Chenonetta jubata During the Breeding Season
- Literature searches RT. Kniesroro'
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Summary
Landscape and Urban Planning 102 (2011) 65-72 Kingsford, R.T. (1989). Food of the Maned Duck Chenonetta jubata during the breeding season. Emu 89, 119-124.
Grazing represented over 95% of Maned Duck feeding beh during the ding season; the i was

picking insects off the water. Dabbling occurred only to obtain grit. From oesophageal analys:s, over 99% (aggregate
percentage) of the diet was terrestrial plant malenal wnh 0.03% being mwrtabrsnes Maned Duck females do not shift their
diet in favour of i when breedi for breeding come from plant food. There was little
evidence that particular food items were scleclcd Thc diet of ducklings l:scmblni lhat of adults.

C lists ilable at Scif Direct

Landscape and Urban Planning

tLht\lR journal homepage: www.elsevier.com/locate/landurbplan

The Food and Feeding Ecology of the
Foraging distances and habitat preferences of a recent urban coloniser: Cattle Egret, drdeola ibis, when
The Australian white ibis Mesting in South-East Quecnsland
John M. Martin®<*, Kris French?, Geoffrey A. Ross®, Richard E. Major¢
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ARTICLE INFO ABSTRACT

Article history: Australian white ibis populations have increased in many urban areas while traditional inland populations

RECC!““’ _22 Fel;ruary 2010 have declined. In instances where conflicts have occurred land managers have been licensed to remove

Received in revised form 16 March 2011 nests and eggs and cull adults ata site scale. With the increase in urban populations and local management

Accepéed 1 March 4011 of the species, there is a need to understand how ibis are using urban resources and how they move Abstrzer

Available online 20 April 2011

through the urban landscape to 1dennfy lmpor!anl resources. To gam a berter understandmg of the

The foed of the cattle egret was detsmmined from boluses regurgitated by advanced chicks over three
becoding scasons, and from the stomach conteats of 21 edults. They aie 2 nide range of aaimals, mosily
taking orthapleran insects (especially tke Acrididae), but also skinks, frogs, cicadas and spiders, They
fied alnost entively on pastares, preferring moist bo dry situatioms. Mot fad in association with cartle but
&1 times mary fed tndependenily, most nodiceably when on fooded 1




) Metabarcoding/Where do we start?

Molecular Ecology (2008) 17, 947-963 doi: 10.1111/.1365-294% 2007 03613 .x

. . INVITED REVIEW

- Previous studies Molecular analysis of predation: a review of best practice for
DNA-based approaches

R. A.KING,*D. S. READ,*M. TRAUGOTT* and W. O. C. SYMONDSON*

*Cardiff School of Biosci Bi lical Sciences Building, Cardiff University, Museum Avernue, Cardiff CF10 3US, UK, tinstitute
of Ecology, Mountain Agriculture Research Unit, University af Innsbruck, Technikerstrasse 25, 6020 Innsbruck, Austria

Abstract

Molecular analysis of predation, through polymerase chain reaction amplification of prey
remains within the faeces or digestive systems of predators, is a rapidly growing field,
impeded by a lack of readily accessible advice on best practice. Here, we review the
techniques used to date and provide guidelines accessible to those new to this field or from
- a different molecular biology background. Optimization begins with field collection, sample
preservation, predator dissection and DNA extraction techniq all designed to ensure
- good quality, unc inated DNA from idi d les. The ad ges of nuclear
V5. m.lmd'lcmdnal DNA as pn.mer targets are mvlewed. all:mg with choice of genes and
advice on pri to ize specificity and detection periods following ingestion
-~ of the prey by the predalors. Primer and assay optimization are discussed, including cross-
“amplification tests and calibratory feeding experiments. Once primers have been made, the

RESEARCH Open Access

Metabarcoding avian diets at airports:
implications for birdstrike hazard management
planning

Megan L Coghlan', Nicole E White', Déithi C Murray’, Jayne Houston', William Rutherford’, Matthew | Bellgard”,
James Haile" and Michael Bunce”"

Abstract

Background: Wildiife collisions with aircraft cost the aidine industry billions of dollars per annum and represent a
public safety risk. Clearly, adapting aerodrome hahitats to become less attractive to hazardous wildlife will reduce
the incidence of collisions. Formulating effective habitat management strategies relies on accurate species

identification of high-risk species. This can be successfully achieved for all strikes either through morphology and/or
DNA-based identifications, Beyond species identification, dietary analysis of birdstrike gut contents can provide




) Metabarcoding/Challenges

PCR amplifications

Arthropod Annelid  Arthropod2 Amphibians
Reptile Rodent Crustacean

* Probe design

e Amplification bias =T
e Sequencing Artefacts U
 Developing a Reference Database

e Combing Genetic and Ecological Data 10-20 Amplicons (pooled)




) Molecular Biology Meets Wildlife Management

* Developing targeted management strategies requires answering the following
guestions:

» What species are on the menu?
= Can we reliably identify them?

=  Which birds are eating them?

= How can stakeholders apply this information?




) Sample Collection

« Stomach contents were extracted
from seven bird species culled at
Darwin International Airport.

 Two invertebrate surveys were
conducted to generate reference
data (May 2016, November 2016)



) Laboratory Protocol

DNA was extracted from
homogenized stomach contents using
the QlAamp DNA Stool Mini Kit.

We selected two genes commonly
used in invertebrate DNA barcoding
for PCR amplification.

Genomic libraries were prepared
using the Nextera XT index Kit.
Sequencing was performed on the
lllumina MiSeq platform.

A bioinformatics pipeline was
developed to remove sequencing
artefacts and low quality data.
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) Identification of Prey Species

 We identified 19 distinct prey
taxa:
 13insects
1 arachnid
1 gastropod
1 amphibian
1 reptile
1 mammal

» Species level identifications
could only be assigned to 7 prey
taxa.




) Overview of Bird Feeding Behaviour

60
50
©
Q
Q.
= 40
(%}
(%]
@
S
@
Q.
v 30
2
=
-
o
(O]
g 20
[
(O]
o
(O]
a
0
s % X " RN e & 2 S & & & & S <@ > D
& & i\bz & L é‘% & & & OQQQ’ & & \$°l§ & & & & & &
D & SN & 8 FUANIIR N & N L & <& N
Q/’b‘ $ Q/'Z;\’ $’b Q;b (b" o\) o\)" \,Q”b K\Q <O o %OA '2><b S
N> N e\ RS S CH Y
< & \ X
s & € RS N S
C




Feeding Behaviour by Bird Species

Plumed Whistling Duck
Masked Lapwing
Magpie-Lark

Little Curlew

Dollar Bird

Collared Sparrowhawk

Bush-Stone Curlew

Number of prey species




) Summary of Results

e The stomach contents of all seven bird
species were found to contain multiple
prey taxa.

* Only two prey taxa (crickets and mice)
were recovered from multiple bird species.

e Reconfirms that birds are generalist
feeders and that “one-size fits all”
management strategies are unlikely to be
viable.

e The majority of prey taxa (63%) could not
be identified to species level.




From Data to Management

 Management strategies targeting common
prey species (e.g. crickets and mice) may
encourage birds to forage elsewhere.

 However, given the generalist feeding
behaviors of many birds, eradicating a
single prey taxa is unlikely to make
aerodromes unviable for most species.

 The targeted eradication of common prey
species coupled with other management
strategies (e.g. habitat modification,
auditory and visual deterrents etc.) may be
the most effective approach to managing
wildlife on airfields.




From Data to Management

* Plumed whistling ducks are herbivorous.
However, two insect species were identified
among their stomach contents (likely due to
incidental ingestion during feeding).

e This indicates that the taxa identified by
metabarcoding may not necessarily reflect true
dietary preferences.

* Long term studies with larger sample sizes are
necessary to identify trends in avian feeding
behavior at aerodromes.




An Evaluation of Next-Generation
Sequencing for Metabarcoding

Relatively cheap compared to traditional Cost (~$3,000 per run depending on platform)
methods

Less labour intensive than traditional Limited by reference data available

taxonomy

High throughput Results are not quantitative

Can uncover morphologically cryptic species Metabarcode data sets subject to error and
loss of information

Can collect DNA of difficult-to-trap taxa Cannot give real-time information on
organism's location

Data are easily auditable by third parties Presence and location of a particular species
still needs to be verified by fieldwork




) Conclusions

 Next-generation high-throughput DNA sequencing represents a
promising tool for investigating bird feeding behaviours at
aerodromes.

 However, the relatively high operating costs and technical
limitations are likely to make routine monitoring unviable for the

aviation industry.

 The most effective application is likely to be collaborations on
fixed-term research projects.

 Next-generation sequencing is most effective when supplemented
by ecological survey and morphological taxonomy data.
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