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Kia ora koutou

Welcome to the inaugural meeting of the Invasomics Hub. We have two fully-packed days of 
presentations, exciting plenaries and key notes, and a day of open discussion around collaboration 
and funding opportunities. Talks are grouped by theme, ranging from global pathways/threats and 

technologies, to eco-evolutionary processes and mechanisms.
There is also plenty of time allocated to lunch and morning/afternoon tea breaks to allow for 

fruitful discussoin and conversation regarding all things invasion.
We look forward to engaging with you all!

Ngā mihi

Organising committee: Ang McGaughran, Manpreet Dhami, Amy Vaughan and Eli Parvizi

Information for delegates:

- All events will take place at the GAPA venue 
at Waikato university campus (see p3)
- Registration desk open from 8:30AM on 
Monday 7th November
- Zoom links are provided in the conference 
program for all virtual attendees

Information for presenters:

- In-person oral presenters: please email talks 
to invasomics@gmail.com, or upload directly 
to the presenter laptop during the conference
- Please label your talks with your surname, 
session number, and time; e.g.: 
SURNAME_SessionOne_11:25.pdf
- Time slots are 12 minute presentations + 3 
minutes for questions
- We would like to record talks and post them 
on our conference website; please let us 
know if you would like to opt out of this

All information provided in this booklet is correct as of 
Monday 31st October 2022



The Academy is situated on the University of Waikato campus 
four kilometres to the east of Hamilton city centre.
Parking is available via Gate 2b, Knighton Road, Hamilton, with 
the Academy a two-minute walk around the campus lake.
The Orbiter bus service stops on Knighton Road, only 150 metres 
from the Academy, and routes 13 & 17 from Hamilton Transport 
Centre both stop at the University campus.
Parking charges apply on campus Monday–Friday, 8.30am–
4.30pm (except public holidays).
 
 
Two accessibility car parks are available on the turnaround via 
Gate 1, Knighton Road.

Conference Venue
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Conference Sponsors

THANK YOU
to all those who are supporting this conference:

3



4

2022 Awards

Travel Awards
   

Cui Wang
  Katarina Stuart 
  Antoine Felden 
  Andrew Veale 

  Ellen Cottingham 
  Pluto Liu 

  Jonathan Wilson 

Best Presentation Award

To be awarded at the conference dinner

Runner-up Presentation Award

To be awarded ath the conference dinner

Best Poster Award

To be awarded ath the conference dinner



Rob Colautti is an Associate Professor of Evolutionary Ecology and Ecological Genomics at 
Queen’s University, Kingston Ontario. His research combines cutting-edge advances in 
genomics, computation, and statistics with more conventional greenhouse and field methods in 
ecology - with the goal of improving conservation and management of natural resources and 
ecosystem services. 
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Plenary and keynote speakers

Professor Neil Gemmell

Assoc. Professor Lee Ann Rollins

Assis. Professor Kathryn Turner

Assos. Scientist Carolyn Tepolt

Professor Diane Gleeson

Assoc. Professor Rob Colautti

Diane Gleeson is a professor at the Centre for Conservation and Ecology Genetics at the University 
of Canberra, Australia. Her career focus has been facilitating the translation of fundamental 
research into outcomes for end-users. Previously at Landcare Research NZ, she developed a 
successful business unit, EcoGene, resulting in a national award for Women in Science 
Entrepreneurship. Currently she leads a team  which is focused on the development of eDNA 
technologies for individual species detection and whole community analysis in freshwater 
systems.

Neil Gemmell is a professor and Dean of the School of Biomedical Sciences at the University of 
Otago, Dunedin. Professor Gemmell's research blends ecology, population, conservation, and 
evolutionary biology with recent technological spin-offs from various genome projects. Professor 
Gemmell also has interests in several congruent fields of research, particularly the evolution of the 
mitochondrial genome, the evolution of microsatellite DNA, the evolution of sex determining 
mechanisms and the processes that lead to speciation.

Lee Rollins is an associate professor at the School of Biological, Earth & Environmental Sciences 
at the University of New South Wales, Australia. Her research uses genetic and epigenetic data to 
examine population and evolutionary processes. Her research group investigates the molecular 
mechanisms underlying rapid evolution often seen in invasive populations and provides 
information used to improve the management of invasive and conserved species.

Carolyn Tepolt is an associate scientist at the Woods Hole Oceanographic 
Institute, Massachusetts. She uses marine species invasions as natural experiments in rapid 
adaptation, examining how – and how quickly – populations respond to novel conditions. She 
combines high-throughput sequencing with physiology and ecology to  examine adaptation at 
multiple levels.

Kathryn Turner is an assistant professor in the department of Biological Sciences at Idaho 
State University. Her research focuses on evolutionary ecology and invasion biology. She 
combines experimental, genomic, ancient DNA, and geo-referenced distribution data to 
investigate plant ecological genetics, particularly rapid adaptation to novel environments and 
the evolution of ecologically important traits.
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Plenary and 
keynote 
speakers

(in order of schedule)
Monday 6th- Tuesday 7th

Image: Japanese beetle (C Watts)



Professor Neil Gemmell
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Genomics – A swiss army knife for biosecurity 
Gemmel, N
Gemmell Lab, University of Otago

Over the past several decades genomic approaches have transformed our 
ability to identify, monitor, manage and control invasive species. In this talk I 
will explore the various ways we have used genetic and genomic approaches 
to identify and monitor new biological incursions, determine their sources 
and pathways of movement, delineate populations where eradication or 
control might be possible, and to monitor the success of control efforts.  In 
the later part of the talk I will discuss the rise of genetic control strategies, 
including gene drives and other approaches, that might be exploited to 
achieve population control and conclude with some future casting on the 
prospect of sequencing on massive scales for global biosecurity surveillance.  

Plenary One
Monday 6th Nov.
9:15- 10:15am



Assoc. Professor Lee Rollins
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Plenary Two
Tuesday 7th Nov.
9:00- 10:00am

Invasive species as model systems for investigating 
mechanisms of rapid evolution 
Rollins, L
Centre for Evolution & Ecology, University of New South Wales 

Increasingly, invasive species are being used as model systems for 
investigating rapid evolution. The environment within their introduced range 
may differ vastly from that of their native one, requiring that they adapt or 
perish. These strong selection regimes are frequently paired with 
demographic effects resulting from small founding populations, and 
admixture during invasions. Together, these processes often combine to 
shape novel phenotypes. Genetic and epigenetic studies of these populations 
can advance our understanding of the molecular mechanisms underlying 
evolution. In this talk, I will present findings from two globally invasive species 
studied extensively in my research group: the cane toad and the common 
starling. Using behavioural, morphological, and molecular data from 
populations along the cane toad’s invasion trajectory, from its native range to 
across Australia, have allowed us to identify adaptations linked to the toad ’s 
invasion success. Similarly, investigations of starling invasions across multiple 
continents reveals a complex interplay of evolutionary processes during 
invasion. The insights from this body of work can be used to assist 
management of invasive populations and also to unlock clues regarding how 
to best conserve at-risk species in a changing world.  



Assis. Professor Kathryn Turner

Invasive plant genomics in a temporal context
Turner, K

Invasive species represent excellent opportunities to study the evolutionary 
potential of both traits and biotic interactions important to success in novel 
environments. While evolutionary studies often describe adaptation to novel 
environments over millions of years, rapid evolution can occur over decades, 
in species under strong selective pressure, such as invasive species. Typically, 
our knowledge of rapid evolution in contemporary populations is based on 
current and static patterns of genetic variation in those populations. Since 
static patterns may be the result of multiple and opposing processes, such 
patterns reveal little about the initial stages or key transitions of rapid 
adaptation to environmental change. Another key gap in our understanding 
of the process of adaptation to novel environments in plants is the interaction 
between available genetic diversity in the adapting species and that species’ 
microbiome. Temporally referenced data may help us understand how the 
interaction between host and microbiome enables species to adapt to rapid 
environmental change. I will present ongoing work investigating historical 
patterns of genomic and metagenomic diversity using herbarium specimens 
and other data sources in an invasive crop weed, Blue Mustard (Chorispora 
tenella, Brassicaceae).

Keynote One
Tuesday 8th Nov.
2:00-2:40pm
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Assis. Scientist Carolyn Tepolt

Keynote Two
Tuesday 8th Nov.
10:30-11:10am

Fine-scale selection to temperature at a putative supergene 
along a rapidly expanding marine invasion front
Tepolt, C

The European green crab (Carcinus maenas) is a high-profile invasive species, 
with populations spanning a broad range of temperate environments. Its 
success in the northeast Pacific, where it has spread across >2,200 km of 
coastline since its initial detection 32 years ago, appears at first to be a classic 
example of the “genetic paradox of invasion”. However, while overall genetic 
diversity in this region is low, the founding population retained variation at a 
supergene (likely a chromosomal inversion) associated with thermal tolerance 
that evolved in the species’ native range. This supergene shows strong 
latitudinal selection in green crab populations spanning central California to 
British Columbia, against a background of high gene flow. This is true even in 
populations sampled two years after their founding, indicating that this 
region is maintained as a balanced polymorphism that experiences strong 
selection to local environmental conditions in each newly-recruiting cohort. I 
will present ongoing work on the structure and function of this region and 
how allele frequencies change in very newly-established populations at the 
forefront of the expanding range edge. I suggest that the green crab’s success 
may be due in part to variation in chromosomal architecture that evolved in 
the native range to promote persistence across variable environments 
despite high gene flow. This may be more common than we think in marine 
invasive species, which often show high dispersal across wide environmental 
gradients. Some of the same traits that promote invasion may also promote 
the evolution of genetic variants that can provide the substrate for rapid 
adaptation in new waters.
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Professor Diane Gleeson

Keynote Three
Tuesday 8th Nov.
10:30-11:10am

Operationalising eDNA applications for invasive species 
surveillance and detection.
Gleeson, D. M
EcoDNA group, Centre for Conservation Ecology and Genomics, University of Canberra, ACT 2617; Australia

The uptake of eDNA in general as a tool for species detection, biomonitoring and 
surveillance has been extremely rapid in recent times. The ability to extract DNA directly 
from environmental samples and use high-throughput sequencing has accelerated the use 
of this technology internationally and has enabled practitioners easy access to vast 
quantities of potentially powerful data. In order for eDNA to become a mainstream tool 
used directly in operational responses to invasive species, there needs to be high levels of 
stringency across the entire pipeline and robust protocols resulting in accurate, reproducible 
and reliable data. 
 
The Australian Federal Government has engaged the EcoDNA research group at the 
University of Canberra to establish the National eDNA Reference Centre (NRC) in order to 
sustain national eDNA testing capability, capacity and competency under the National eDNA 
Testing program primarily in response to increased biosecurity threats. The NRC has 
responsibility to establish and administer a network of Australian State and Territory-based 
eDNA Collaboration Centres across the private/public laboratory sectors. A key component 
has been the accreditation of the NRC in accordance to a newly developed Schedule by the 
National Association of Testing Authorities for Laboratories conducting sampling and/or 
testing of DNA/RNA from environmental samples. The NRC is also the facility that provides 
operational support including implementation, training, sampling, testing and undertakes 
confirmatory testing through an Environmental DNA Proficiency Testing Scheme. 
 
This presentation will provide a summary of the fundamental research that has resulted in 
the operational adoption of eDNA technologies in Australia and will highlight the 
importance of communication and collaboration within both the eDNA community and end-
users for this to have been achieved. Overall adoption has taken 10 years but has now paved 
the way for further transformational technologies to be transitioned from lab to point-of-
need, which will be essential for combating increasing global challenges.
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Assoc. Professor Rob Colautti

Keynote Four
Tuesday 8th Nov.
10:30-11:10am
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The value of null and neutral models in Invasion Genetics
Colautti, R.
Biology Department, Queen’s University, Canada

As unplanned ‘natural’ experiments, invasive species offer opportunities to study 
foundational questions in ecology and evolution. Using examples from my own 
research, I review how human intervention and historical contingency affect 
patterns of invasion that can confound biological inference in several ways. First, 
human decisions about which species to introduce and where can create spurious 
correlations between functional traits that make invaders successful. To address 
this problem, propagule pressure can be tested as a null hypothesis. After 
accounting for human introduction, natural secondary spread can produce non-
adaptive clines that may be misinterpreted as adaptation along an environmental 
gradient. To account for this possibility, adaptive hypotheses can be tested by 
measuring natural selection and testing for locally adapted traits. Both stochastic 
processes and evolutionary adaptation to local environments across the introduced 
range can confound population genetic and common garden comparisons between 
native and introduced populations. To address this issue, broadly distributed 
sampling and statistical models with correlated errors can help avoid false 
positives. These considerations are important when considering major hypotheses 
like Baker’s Ideal Weed, the Enemy Release Hypothesis (ERH), the Evolution of 
Increased Competitive Ability (EICA), the Shifting Defence Hypothesis (SDH), and 
the Novel Weapons Hypothesis (NWH).



Submitted 
talk 

abstracts 
(in order of schedule)
Monday 6th- Tuesday 7th
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Monday 7th Nov.
11:25- 11:40am

The global invasion and the spread of insecticide resistance 
mutations in the fall armyworm (Spodoptera frugiperda). 
Yainna, S*; d'Alençon, E; Brévault, T; Nam, K
*sudeepha.yainna-kumarihami@inrae.fr

The fall armyworm (Lepidoptera; FAW) is native to the Americas and is one of the 
major agricultural pests against corns causing millions of dollars annually lost. The 
first reported invasion of the FAW was in West Africa in 2016. Following this 
report, FAW quickly spread into Africa, Asia and Oceania (detected in New 
Zealand in 2022) . We performed population genomics analyses to uncover 
evolutionary process of invasion using globally sampled 177 FAW individuals. 
Principal component analysis, ancestry coefficient, and phylogenetic analysis 
show that invasive FAWs originated from corn strain in the FAW. The composite 
likelihood approach demonstrates selective sweep specific to invasive FAWs, and 
the targeted loci include genes associated with host-plant adaptation and 
insecticide resistance. Interestingly, invasive populations exhibited an increased 
copy number of detoxification genes and an increased allele frequency conferring 
target-site mutation. 
From these results, we concluded that invasive FAWs originated from a 
genetically admixed population of the corn strain (sfC) which could have 
contributed to adaptive evolution in the FAW, and that the FAW evolved 
resistance to insecticides could have helped with its’ successful invasions by the 
spread of these resistance mutations.
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Monday 7th Nov.
11:40- 11:55am

The reconstruction of invasion histories with genomic data in 
light of differing levels of anthropogenic transport
Rius, M*; Bourne, S.D; Seebens, H; Chapman, M.A; Hudson, J
*mrius@ceab.csic.es

Anthropogenic transport of species alters natural dispersal patterns and directly 
affects population connectivity. Studies have suggested that high levels of 
anthropogenic transport homogenise patterns of genetic differentiation and blur 
colonisation pathways. However, empirical evidence of these effects remains 
elusive. We compared two widely distributed non-indigenous species 
(Microcosmus squamiger and Ciona robusta) to examine how anthropogenic 
transport affects our ability to reconstruct colonisation pathways using genomic 
data. We first investigated shipping networks from the 18th century onwards, 
cross-referencing these with regions where the species have records to infer how 
each species has potentially been affected by different levels of anthropogenic 
transport. We then genotyped thousands of single-nucleotide polymorphisms 
from 280 M. squamiger and 190 C. robusta individuals collected across their 
extensive species’ ranges and reconstructed colonisation pathways. Differing 
levels of anthropogenic transport did not preclude the elucidation of population 
structure, though specific inferences of colonisation pathways were difficult to 
discern in some of the considered scenario sets. We conclude that genomic data 
in combination with information of underlying introduction drivers provide 
key insights into the historic spread of non-indigenous species.
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Monday 7th Nov.
11:55- 12:10pm

Will rafting sub-Antarctic kelp and its passengers become established in 
Antarctica?
Liu, X.P*; Alexander, A; Duffy, G. A; Fraser, C. I
Department of Marine Science, University of Otago
Department of Anatomy, University of Otago
*liu.pluto@outlook.com

Antarctica has long been considered to be isolated, with strong oceanographic barriers 
preventing most species from reaching it. However, emerging research has discovered various 
non-indigenous species along Antarctic coasts. Kelp rafts can travel thousands of kilometres 
from one coast to another, and reproductively viable kelp originating from sub-Antarctic islands 
has recently been found washed up on Antarctic beaches. Furthermore, various organisms can 
hitchhike with rafting kelp, for example invertebrates such as crustaceans and molluscs that live 
within kelp holdfasts. Based on modelling, scientists now think that such rafting events have 
been happening frequently and for a long time, with establishment only prevented – for now – 
by the extreme iciness of Antarctica. We are assessing how much, where (to and from), and 
how the two kelp species (D. antarctica and M. pyrifera) raft to Antarctica, and under what 
future conditions might these species be able to establish. We are using high resolution 
genotyping-by-sequencing (GBS) analyses to pinpoint the source locations of rafted kelp 
samples and clarify the connections between regions. Such knowledge is then being integrated 
into oceanographic modelling to resolve the dispersal trajectories of kelp under different 
environmental conditions. These tools help us to understand shifting distributions of kelp in the 
Southern Ocean and to predict potential species invasions in future Antarctica.
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Monday 7th Nov.
12:10- 12:25pm

Can virus-virus interactions in the parasitic mite Varroa 
destructor limit its impact on honey bees?
Felden, A*
*antoinefelden@gmail.com

The invasive parasitic mite Varroa destructor pose a significant threat to honey 
bees around the world, especially through its mutualism with the bee-debilitating 
Deformed wing virus (DWV). Varroa mites vector DWV to bees and infestations 
are typically associated with high viral loads and can lead to colony collapse. 
Varroa mite infestations are the main contributor to hive losses in New Zealand. 
Our recent work suggests that DWV loads in varroa are negatively associated with 
a varroa-specific virus, Varroa destructor virus-2 (VDV-2). Using RNA-sequencing, 
we show that gene expression patterns in mites are strongly associated with VDV-
2 loads, suggesting a potentially pronounced effect of VDV-2 on varroa. I will 
discuss a possible role of VDV-2 in both limiting DWV infections in varroa and 
parasitised bees.
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Monday 7th Nov.
2:40- 2:55pm

Genomic data is missing for many highly invasive species, 
restricting our preparedness for escalating incursion rates
Matheson, P*; McGaughran, A
Te Aka Mātuatua/School of Science, University of Waikato
*paige.matheson14@gmail.com

Biological invasions are leading drivers of environmental change, potentially 
threatening native biodiversity, human health, and global economies. Population 
genomics is an increasingly popular tool in invasion biology, with the ability to 
improve accuracy and provide new insights into the genetic factors that underpin 
invasion success - but is it being utilised in the literature? My research examines 
the extent to which population genomic resources, including reference genomes, 
have been used or are available for globally significant invasive species on the 
International Union for Conservation of Nature “100 Worst Invasive Alien Species” 
list. We discover that despite a promising trend of increasing general uptake, 
“invasion genomics” is still in its infancy; with population genomic data available 
for just 32% of species on the list and reference genomes available for just 45%. 
With incursion rates escalating globally, understanding how genome-driven 
processes facilitate invasion will prove to be critical. Population genomics can 
enhance our understanding of biological invasions, informing future prediction, 
prevention, and management of invasive species.
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Monday 7th Nov.
2:55- 3:10pm

Applied genomics for mammalian pest control in Aotearoa
Veale, A*
Manaaki Whenua Landcare Research
*vealea@landcareresearch.co.nz

The New Zealand government has set the ambitious goal of completely 
eradicating small, introduced mammalian predators by 2050. In this talk I will 
discuss some of the ways genomics could be used to inform these pest 
management programs, and ways it could provide novel tools in this 
field. Specifically, I will concentrate on the results from several landscape 
genomics studies. On Waiheke Island, in collaboration with Te Korowai o Waiheke 
we have been using Genotyping By Sequencing (GBS) to understand the fine-scale 
relatedness of stoats on this island to evaluate the success of the eradication 
campaign. From over 200 individuals sequenced we have been able to create a 
pedigree for the stoats caught over the 3 year eradication program, providing 
specific information on the dispersal and trappability of stoats within this trapping 
network, and we have provided advice on ways to optimise the trapping 
program. In Taranaki, in collaboration with the Taranaki Regional Council and the 
Taranaki Mounga Project we have been using GBS to understand the dispersal 
characteristics of stoats, weasels and possums across this region. We have 
detected long distance dispersal for both stoats (40 km) and weasels (25 kms) and 
mapped landscape features that affect possum dispersal using this data. The 
information gleaned from these studies is both applicable to optimising these 
specific programs, but also to inform models for other eradication 
campaigns. Along with these landscape genetics studies, I will also touch on some 
of the other opportunities we may have using genomics in an applied setting 
towards PF2050.
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Monday 7th Nov.
3:10- 3:25pm

Using sedimentary eDNA to detect the presence and impact of 
European perch in lakes
Thomson-Laing, G and Picard, M; Steiner K; Howarth, J; Rees, A;  Pearman, 
J; Moy, C; Li,  X; Moody, A;  Vandergoes, M; Wood, S
Cawthron Institute, Private Bag 2, Nelson 7010, New Zealand

Understanding how lake ecosystems have changed in response to the introduction of a 
non-native species is challenging as most monitoring records are short. The emergence 
of environmental DNA detection methods provides an opportunity to track long-term 
changes in lacustrine biological communities. Lake sedimentary ancient DNA 
(sedaDNA) has been successfully analysed for various aquatic organisms, ranging from 
photosynthetic microbes to zooplankton and fish. Lake Pounui is one of only a few 
lowland lakes in Aotearoa New Zealand whose catchment is now mostly in native 
forest. Despite this, the water quality of the lake has deteriorated markedly in the last 
decade, and it now experiences cyanobacterial blooms every summer. The 
introduction of non-native European Perch was hypothesised to be driving this change, 
along with land-use and climate change. To investigate this, we used droplet digital 
PCR for targeted species analysis to determine the timing of the introduction of 
European perch into the lake. To reconstruct other ecological changes in the lake 
communities over the past ~1000 year, we undertook an integrative methodological 
approach, using ddPCR for important native species (shortfin eel and freshwater 
mussel) as well as a multiple marker metabarcoding (16S rRNA, 18S rRNA, rbcL/trnL) 
analysis of sedaDNA alongside traditional approaches such as pollen, and 
hyperspectral and XRF core scanning. With this integrative approach, we describe 
ecosystem level shifts associated with Māori settlement (~700 years ago), European 
arrival (~1850s) in the catchment, and subsequent perch introduction. Specifically, our 
results found non-native perch and Elodea canadensis sedimentary ancient DNA since 
European arrival, and non-native Potamogeton (P. crispus) in more recent samples (c. 
2000 CE). Generalised additive mixed models indicated shifts in all in-lake communities 
around 1860-1890 CE until present day. These changes illustrate a progressive shift in 
water quality towards cyanobacterial dominance. Our research outcomes highlight the 
possibilities and limitations of using current molecular techniques to target aquatic 
organism sedaDNA and understand ecological shifts associated with species 
introductions in a historical context.
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Monday 7th Nov.
3:25- 3:40pm

Gene Drives for the Population Management of Introduced 
Species in Australia
Cottingham, E*; Frankenberg, S
School of BioSciences, Faculty of Science, University of Melbourne
Veterinary BioSciences, Faculty of Veterinary and Agriculture, University of 
Melbourne
*ellenpc@student.unimelb.edu.au

Introduced species threaten Australian wildlife and ecosystems, negatively impact 
agriculture and are vectors of disease. New technologies capable of full 
eradication of introduced species while simultaneously leaving native species 
unaffected are required. Gene drive is a technology that has gained significant 
interest in Australia for introduced species management. It can be used as a tool 
to rapidly spread genes through a population from parent to offspring and is 
therefore, by nature, restricted to the genome of the target species. Genetic 
elements under the control of a gene drive differ in their inheritance patterns 
compared to Mendelian inheritance where genes typically have a 50/50 chance of 
being inherited. In a gene drive, genes increase in frequency even if the gene does 
not offer the organism any selective advantages. The use of CRISPR/Cas9 allows 
precise incorporation of gene drive elements into a target gene allowing genes 
drives to be engineered to reduce the size of a population by disrupting female 
fertility or inducing a sex bias towards males in the population. These traits can be 
rapidly transmitted through a species and consequently drive a decline in the 
population.
We are developing pipelines to produce animals including European rabbits and 
foxes, cane toads and carp carrying gene drive elements. This involves validation 
of gene drive constructs in a model organism (zebrafish) and preparation of cell 
lines derived from target species to receive a gene drive construct in a precise 
location in the genome, with the ultimate aim to produce modified organisms 
carrying the gene drive construct.  These investigations will contribute towards 
the generation of gene drive technology for use in a wider range of introduced 
species in Australia. With proper optimisation, gene drives may be among the 
most effective and species-specific management tools ever developed to control 
introduced species.  
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Tuesday 8th Nov.
11:10- 11:25am

Predicting invasiveness of a species with genomic data: a case 
study on the fruit pest Drosophila suzukii
Camus, L*
*louise.camus@inrae.fr

Climate change and globalization are as many factors that promote
biological invasions with potentially important negative impact on
biodiversity, agriculture or public health. In the case of crop and fruit pest
species, the prediction of the risk of establishment and spreading of
populations outside there native range therefore represents a major
challenge. To address this issue, some population genomics approaches
may be viewed as particularly well suited. Indeed, they allow a better
understanding of the factors favoring local adaptation of populations by
valuing genetic information. For illustrative purpose, we studied the crop
pest species Drosophila suzukii, native from Asia, which has rapidly
invaded American and European continents in the early 2010s. By
combining several public data sets, we estimated allelic frequencies for
3,224,737 SNP genetic markers for 43 population samples (22 sequenced
in pool and 21 represented by 162 sequenced individuals) representative
of both the native and invaded areas. We then used the recently
developed machine learning method called “Gradient Forest” which relies
on random forests, to model the association between genetic diversity
across populations and 19 bioclimatic variables. The triple aim of this
analysis was i) to identify the more influential climatic variables for local
adaptation of the populations and likely influencing the invasion dynamic;
ii) to evaluate, using genomic information, the degree of “maladaptation” 
measured by the so-called “genomic offset” of the populations to an
environment different from the one they originated from ; iii) to evaluate
to which extent “genomic offset” represents a good predictor of the
invasiveness of some populations by comparing the obtained values with
the known recent invasion dynamic of D. suzukii species. We overall found that 
“Gradient Forest” approaches are promising to
provide insights into biological invasion from genomic data although some
limitations need to be investigated further.
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Tuesday 8th Nov.
11:25: 11:40am

Selection and hybridization interact to shape the outcome of  
Helicoverpa invasion in Brazil
North, H*
*hln33@cam.ac.uk

The noctuid moth Helicoverpa armigera is among the world’s most damaging crop pests, highly 
polyphagous and resistant to a wide variety of pesticides.  H. armigera was reported as invasive 
in Brazil in February of 2013. Shortly after its discovery, reports emerged of field-caught hybrids 
between H. armigera and its sister species H. zea, a pest of maize native to the Americas. 
Despite strong reproductive isolation between these two species, adaptive introgression 
introduced pyrethroid pesticide resistance alleles from invasive H. armigera into local H. 
zea populations. This is an ideal system with which to study rapid adaptation and interspecific 
hybridization during biological invasion. To this end, we are generating a time-series whole-
genome resequencing dataset spanning the full temporal extent of the invasion event, from 
2012 to the present. I will discuss key findings based on the data we have generated to 
date: >400 whole-genome sequences of admixed individuals sampled at 10 sites in Brazil 
between 2013 and 2017. These data allow us to understand how selection and recombination 
interact to shape the outcome of interspecific hybridization and the spread of invasive alleles. 
The use of whole-genome resequencing time-series data has the potential to be employed in a 
wide variety of systems to reveal otherwise-cryptic evolutionary dynamics that may underlie 
the spread of invasive species.

26



Tuesday 8th Nov.
11:40- 11:55am

Genome-wide analysis tracks the population history of a 
polyploid invasive plant Phragmites australis
Wang, C*
cui.wang@helsinki.fi

Polyploidization is a common event in plant evolution, and it plays an important role in plant 
speciation and adaptation. To address the role of polyploidization in grass diversification, we 
studied Phragmites australis, an invaisive plant species with intraspecific variation of 
chromosome numbers ranging from 2n=36 to 144. A combined analysis of genome structure, 
phylogeny and population genetics were used to study the evolution of P. australis. Whole-
genome sequencing of three representative lineages revealed the allopolyploid origin of the 
species, with subgenome divergence dating back to approximately 29 million years ago, and the 
genomes showed hallmarks of relaxed selection associated with asexual propagation. Genome-
wide analysis of 88 individuals from different populations around the world using restriction 
site associated DNA sequencing (RAD-seq) identified seven main intraspecific lineages with 
extensive genetic admixture. Each lineage was characterized by a distinct ploidy level, mostly 
tetraploid or octoploid, suggesting several polyploid events. Furthermore, we observed 
octoploid and hexaploid lineages at contact zones in Romania, Hungary and South Africa, 
suggestively due to genomic conflicts in allotetraploid parental lineages. Polyploidy may have 
evolved as a strategy to escape from the evolutionary dead-end of asexual propagation and the 
resulting decrease in genomic plasticity.
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Tuesday 8th Nov.
11:55- 12:10pm

Contrasting patterns of single nucleotide polymorphisms and structural 
variations across multiple invasions

Stuart, K. C*; Edwards, R. J; Sherwin, W. B; Rollins, L. A
Evolution & Ecology Research Centre, School of Biological, Earth and 
Environmental Sciences, UNSW Sydney
Evolution & Ecology Research Centre, School of Biotechnology and 
Biomolecular Sciences, UNSW Sydney, Sydney
*katarina.stuart@auckland.ac.nz

Adaptive divergence is a fundamental process that shapes genetic diversity within and across 
species. Structural variants (SVs) are large-scale genetic differences (insertion, deletions, and 
rearrangements) within a species or population. SVs can cause important functional differences 
in the individual’s phenotype. Characterising SVs across invasive species will help fill knowledge 
gaps regarding how patterns of genetic diversity and genetic architecture shape rapid 
adaptation in response to new selection regimes. In this project we seek to understand patterns 
in genetic diversity within the globally invasive European starling, Sturnus vulgaris. We use 
whole genome sequencing of eight native United Kingdom (UK), eight invasive North America 
(NA), and 33 invasive Australian (AU) starlings to examine patterns in genome-wide SNPs and 
SVs between populations and within Australia. The findings of our research demonstrate that 
even within recently diverged lineages or populations, there may be high amounts of structural 
variation. Further, patterns of genetic diversity estimated from SVs do not necessarily reflect 
relative patterns from SNP data, either when considering patterns of diversity along the length 
of the organism’s chromosomes (owing to enrichment of SVs in sub telomeric repeat regions), 
or interpopulation diversity patterns (possibly a result of altered selection regimes or 
introduction history). Finally, we find that levels of balancing selection within the native range 
differ across SNP and SV groupings. Overall, our results demonstrate that the processes that 
shape allelic diversity within populations is complex and supports the need for further 
exploratory SV classification across a range of taxa to better understand correlations between 
oft well studied SNP diversity and that of SV.
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Tuesday 8th Nov.
12;10- 12:25pm

Population genomics insights into invasion success in the 
agricultural pest, Halyomorpha halys
Parvizi, E*; Dhami, M.K; Yan, J; McGaughran, A
Te Aka Mātuatua/School of Science, University of Waikato
Biocontrol & Molecular Ecology, Manaaki Whenua Landcare Research
Ministry for Primary Industries
*ellie.parvizi@gmail.com

The brown marmorated stink bug (BMSB), Halyomorpha halys, is an invasive pest 
native to east Asia including China and Japan. Recently, BMSB has expanded its 
range across different countries in Europe, north and south America and is 
frequently intercepted at New Zealand’s borders. Here we used genome-wide 
polymorphisms from native, invasive, and intercepted samples of BMSB to 
unravel evolutionary mechanisms that have promoted the successful global 
invasion of this polyphagous pest. We found BMSB populations are spatially 
structured but genomic admixture is high between introduced populations. These 
results suggest a complex invasion scenario with multiple bridgehead events and 
pose a challenge for accurately assigning BMSB incursions to their source using 
reduced-representation genomic data. Using genome-wide scanning methods, we 
found differentiated SNPs located in proximity to candidate genes for insecticide 
resistance and olfaction. Comparing variations in allele frequencies among 
populations for outlier SNPs suggests that BMSB invasion success has likely 
evolved from standing genetic variation. Despite no record of BMSB insecticide 
resistance to date, our results show high capacity for rapid evolution of such 
characters, highlighting the need for future sustainable and targeted 
management strategies.
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Tuesday 8th Nov.
2:40- 2:55pm

Invasion genomics of the common myna in New Zealand 
Whibley, A*; Atsawawaranunt, K; Stuart, K; Ewart, K; Joihnson, R; 
Major, R; Rollins, L.A; Santure, A
University of Auckland, New Zealand: AW, KA, KS, AS
Australian Museum, Sydney, Australia: KE, RM
Smithsonian Institution, National Museum of Natural History, Washington, 
DC
University of New South Wales, Australia: LAR
*annabel.whibley@auckland.ac.nz

 
Common myna (Acridotheres tristis) is one of only three bird species to feature on 
the IUCN Species Survival Commission blacklist of the 100 worst invasive alien 
species. First introduced to New Zealand in the 1870s to main agricultural centres 
to control vineyard, grain and market garden pests, common myna now inhabit 
much of the North Island, where they thrive in urbanised and disturbed 
environments.  A similar and widespread history of introduction (or escape) and 
invasion has occurred from its native range in Central and South East Asia across 
much of the globe. Where considered a pest, this is generally due to threat that 
the common myna poses, or is perceived to pose, to native birds and other 
wildlife or to agricultural production. 
 
We have used genomics tools to investigate the invasion history of the common 
myna in New Zealand and to try and unpick the factors that underlie its invasion 
success.  Genotyping by Sequencing data has enabled us to describe the current 
population structure in New Zealand and reconstruct an introduction scenario 
from India via Australia that is supported by historical records. Current research 
efforts, underpinned by the generation of a high-quality genome assembly, are 
focussed on assessing whether there is evidence for rapid local adaptation and 
understanding how genomic mechanisms, such as the generation of novel genetic 
diversity by transposable element movement, may have contributed to invasion 
success.  
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Tuesday 8th Nov.
2:55- 3:10pm

Population-genomic inversion signatures underlie local 
adaptation in white clover invasions
Battlay, P*; Wilson, J; Kooyers, N.J; Johnson, M; Hodgins, K.A
*pbattlay@gmail.com

White clover (Trifolium repens) is a herbaceous perennial plant native to Europe. 
Agriculturally important as a forage crop, the species has been introduced to all 
continents except Antarctica. This cosmopolitan distribution coupled with 
unprecedented genomic resources from the Global Urban Evolution Project 
(GLUE) make white clover an emerging model organism for the study of local 
adaptation. Here we leverage 1,892 whole-genome sequences from 48 
populations across six continents, contrasting population allele frequencies 
between the native European range and genetically distinct introductions, to 
elucidate the genomic basis of invasion in this species. We observe far more 
instances of parallel adaptation between invasive ranges than would be expected 
by chance, many of which occur within eight large haploblocks—population-
genetic signatures of chromosomal inversions—which are enriched for genes 
involved in the detection of, and response to pathogens.
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Tuesday 8th Nov.
3:10- 3:25pm

Structural Variation Underlies Rapid Adaptation in an Invasive 
Weed
Wilson, J*
Monash University, Melbourne, Victoria, Australia
*jonathan.wilson@monash.edu

As invasive species arrive in new environments they must utilise a number of 
mechanisms to ensure they are able to survive and reproduce in conditions 
often drastically different to that of their home range. Ambrosia artemisiifolia 
(common ragweed) is an invasive plant native to North America that has since 
invaded every continent on the planet (excluding Antarctica and New Zealand). 
Using a new near-chromosome level genome assembly, alongside re-sequenced 
individuals across the native and invasive ranges, from both contemporary and 
historic individuals, we have identified a number of genomic loci involved in 
parallel selection across both native and invasive ranges. Furthermore, we have 
identified a number of segregating haploblocks, indicative of chromosomal 
inversions, which overlap with 17% of the loci involved in parallel selection. These 
haploblock frequencies have shifted dramatically over both space and time, as 
well as being associated with traits involved in adaptation to climate variation. 
Investigation of copy-number variation within populations of A. artemisiifolia 
have revealed a number of duplicated genes which are both significantly 
differentiated and significantly associated with environmental variables. These 
findings are consistent with structural variation playing a crucial role in rapid and 
local adaptation to new environments following invasion.
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Tuesday 8th Nov.
3:25- 3:40pm

Identifying Genomic Signatures of Invasiveness for Biosecurity
Vaughan, A*; Parvizi, E; McGaughran, A; Dhami, M
Te Aka Mātuatua/School of Science, University of Waikato
Biocontrol & Molecular Ecology, Manaaki Whenua Landcare Research
*vaughana@landcareresearch.co.nz

Invasive species threaten native biota, putting fragile ecosystems at risk and 
having a large-scale impact on primary industries. Growing trade networks and 
the popularity of personal travel make incursions a more frequent risk, one only 
compounded by global climate change. Predicting biological incursion and 
targeting high-risk pathways would allow Aotearoa New Zealand to have the 
upper hand in preventing establishment of unwanted pest species.
 
The ability to predict invasion pathways or potential biological incursions before 
detection at the border provides preventative rather than corrective action. As 
climate change continues to rapidly affect the environment, such changes will 
naturally influence the ability of species to establish within a new niche that 
previously would have been inhospitable. By detecting genomic traits associated 
with invasiveness, we can identify traits under selection that benefit an organism 
when it arrives in a new habitat.
 
Initially, gene families of candidate genes identified through population genomics 
of BMSB and Queensland Fruit fly were used to scan whole genome datasets 
acquired through GenBank and the I5K sequencing project. This data was then 
used to predict expanded and contracted gene families, and to identify patterns 
in the data using a machine-learning approach. By utilising large population 
resequencing data of known invasive and non-invasive insect species to develop a 
trained machine-learning pipeline we seek to classify signatures from various 
datatypes for priority species that are currently a threat to New Zealand’s border, 
and in the future for those that are yet to arrive.
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What can eDNA tell us about the difference between exotic 
and non-exotic species components across wetlands in 
Aotearoa?
Bird, S*; McGaughran, A
*starshabird@gmail.com

Invasive species threaten the biodiversity of Aotearoa, out-competing natives, 
introducing parasites and disease, and causing immense environmental damage. 
In wetlands−significant sites that provide an array of ecosystem services but 
represent <10% of their original extent−invasive species can affect hydrological 
function, nutrient regimes, and native species interactions, as well as reduce 
overall water quality by stirring up sediment.

 
Environmental DNA (eDNA) is the genetic material released by organisms into the 
environment through the loss of skin, hair, fluids, and excrement. eDNA samples 
capture this genetic material, providing information about the species that may 
be inhabiting a given ecosystem. They can also be used to evaluate the health of 
the particular area being sampled by monitoring changes in biodiversity across 
time and space.
 
Here, we examine an eDNA wetland database established by Wilderlab − a 
commercial provider of eDNA services − in order to identify exotic and non-exotic 
species in wetlands across Aotearoa. We are mapping the distribution of exotic-
to-non-exotic species across space and assessing whether changes in exotic 
species distributions are consistent with other records of invasive or exotic 
species extent. Our assessment is demonstrating the value of re-purposed public 
eDNA records while enhancing our view of the current state of wetlands in 
Aotearoa through the lens of eDNA.
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Natural and experimental admixture of native and invasive 
blowflies 

Croft, L.*; McGaughran, A
*lilly.croft@icloud.com

Blowflies are commonly found worldwide and many species are known 
to be invasive and contribute to flystrike. In New Zealand, there are 

four Calliphora species: C. quadrimaculata is endemic, whereas C. hilli 

and C. stygia were introduced from Australia (c. 1779-1841), and C. 
vicina was introduced from Europe (1889). In my project, I am 
exploiting the ‘natural experiments’ resulting from independent 
invasions of these closely related species to test how invasive and non-
invasive species differ across a variety of evolutionary parameters. 

I am using genome-wide SNP data to estimate genetic diversity and 
produce PCA plots, admixture plots, and phylogenetic trees that show 
how diversity and connectivity differs among populations for each 
species. I am particularly interested in levels of admixture that may be 
occurring in the wild, and I will later perform crossing experiments in 
the lab to complement the genetic work and establish how different 
genomic backgrounds may impact fitness. 
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Population genomics for understanding the impact of control 
measures in Anopheles gambiae in Southern Ghana
Dennis, T. P. W*; Essandoh, J; Cerdeira, L.T; Pignatelli, P; Mable, B. K; 
Viana, M. S; Weetman, D
*

Blowflies are commonly found worldwide and many species are known 
to be invasive and contribute to flystrike. In New Zealand, there are 

four Calliphora species: C. quadrimaculata is endemic, whereas C. hilli 

and C. stygia were introduced from Australia (c. 1779-1841), and C. 
vicina was introduced from Europe (1889). In my project, I am 
exploiting the ‘natural experiments’ resulting from independent 
invasions of these closely related species to test how invasive and non-
invasive species differ across a variety of evolutionary parameters. 

I am using genome-wide SNP data to estimate genetic diversity and 
produce PCA plots, admixture plots, and phylogenetic trees that show 
how diversity and connectivity differs among populations for each 
species. I am particularly interested in levels of admixture that may be 
occurring in the wild, and I will later perform crossing experiments in 
the lab to complement the genetic work and establish how different 
genomic backgrounds may impact fitness. 
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Patterns of isolation and local adaptation in the expanded 
ranges of the invasive Queensland fruit fly, Bactrocera tryoni
Parvizi, E*; Vaughan, A; Dhami, M; McGaughran, A
*ellie.parvizi@gmail.com

 
Local adaptation and gene flow are two important evolutionary processes that can 
contribute to successful biological invasions. The Queensland fruit fly,  Bactrocera tryoni 
is a highly destructive agricultural pest in Australia. Native to the wet sub -tropical coasts 
of eastern Queensland and north-eastern New South Wales, it has recently expanded its 
range towards temperate (south-eastern New South Wales) and arid (central Northern 
Territory) regions of Australia and several Pacific Islands following the expansion of 
horticulture. This wide climatic and geographic range suggests high levels of climatic 
adaptability in this species.
 
To test whether expanded populations of B. tryoni have undergone adaptive 
differentiation compared to the populations in the native range, we performed genome -
wide scans and environmental association analyses. We also estimated effective 
migration patterns among native and expanded ranges.
Using 6,707 SNPs from 301 samples, we found that expanded populations in the central 
Northern Territory and the Pacific Islands are highly differentiated from, and have low 
effective migration with, the native range, while sharing differentiated (i.e. outlier) SNPs 
in close proximity to genes of potential invasive interest (e.g. sodium transporters and 
cadherin). Also, populations in the arid climatic zone of the central Northern Territory 
have outlier SNPs close to heat-shock genes. Meanwhile, the southern expanded 
populations in south-eastern New South Wales were highly admixed with the native 
populations, have relatively higher connectivity with the native range, and possess a 
lower number of outlier SNPs. Across the entire expanded range of the Queensland fruit 
fly, environmental association analysis identified the strongest correlations of climate -
associated outlier SNPs to be with: bio5 (max temperature of the warmest month), 
bio19 (precipitation of coldest quarter), bio12 (annual precipitation), and bio8 (mean 
temperature of the wettest quarter).
 
Overall, our results indicate that patterns of putative local adaptation in the central 
Northern Territory and the Pacific Island populations have emerged due to their 
isolation, while gene flow and influx of native alleles towards south- eastern New South 
Wales may have limited adaptation in the southern expanded ranges.
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