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Welcome Message 
 

Welcome to the sixth International Statistical Ecology Conference (ISEC2018).  This year the 

conference returns to its birthplace, where the first ISEC was held in 2008.  The conference has grown 

considerably since then: the number of talks at this ISEC is nearly triple the number of talks back in 

2008.  The conference has picked up many new delegates as a result of the travels of the conference 

to Canterbury, Sundvollen, Montpellier and Seattle. 

Along the way, ISEC has accumulated a number of additional contributors.  This year we are hosting 

six pre-conference workshops (and one “down the road” in Aberdeen).  We also have sponsors from 

the Royal Statistical Society and the British Ecological Society (BES), with desks in the public area 

outside Lecture Theatre A.  BES is also offering lunchtime workshops to early career researchers 

discussing the topics of publication and reviewing.  Seating for those workshops is limited, and timing 

is tight to fit these into the lunchtime slots, so be quick if you wish to attend. 

There are several satellite events sprinkled around ISEC, initiated by Special Interest Groups (SIG) of 

the British Ecological Society.  The Movement Ecology SIG is holding a networking event Tuesday 

evening.  For those staying in St Andrews the week following the conference, the Quantitative Ecology 

SIG is holding its annual meeting and one-day conference on Monday 9 July. 

There are also three invited sessions.  The local organising committee has invited three sets of 

organisers to arrange presentations around the themes of movement modelling, new forms of data 

and its analysis, and distance sampling. 

For the first time in the history of ISEC, we are offering a public lecture as part of the programme.  Drs 

Alison Johnston and Stacy DeRuiter will speak on Monday evening.  Their intention is to speak about 

the role of statistics in conservation, providing examples from their respective research areas. 

There are >40 students engaged in the student competition for talks and another handful in the poster 

competition.  Be sure to listen to as many of those as you can to discover contributions being made 

by student researchers.  There will be an awards ceremony early on Friday afternoon at the conclusion 

of the conference to recognise these delegates. 

In an effort to widen conference participation, and increase the “international” aspect of ISEC, we put 

some of your registration fees toward inviting five delegates to present their research.  Their 

applications were reviewed by a panel of local organising committee members and have travelled 

from far-flung locations to attend the conference.  You will find short biographies of them on the 

conference website (under Bursary Awardees).   We intend to continue this  bursary programme into 

future ISEC conferences. 

Last, but not least, we have a number of social events to encourage collaborations.  We have the 

opening social on Sunday evening, the conference banquet and ceilidh at the Old Course on Thursday 

night, and excursions to a castle, a distillery or the coast of the Firth of Forth on Wednesday afternoon.  

We expect there will be something to appeal to everyone at ISEC2018.   

Finally, if you have questions about the conference or St Andrews, look for local organising committee 

members (with colourful lanyards) as we swirl around the conference.  We hope to make ISEC2018 

productive and fun for all delegates. 

The local organising committee 
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The ISEC 2018 team 
 
 
Scientific Committee 
 
Rachel McCrea, University of Kent, UK (Chair) 

Res Altwegg, University of Cape Town, SA 

Richard Barker, University of Otago, NZ 

Simon Bonner, University of Western Ontario, CAN 

Rachel Fewster, University of Auckland, NZ 
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Jose Lahoz-Monfort, University of Melbourne, AUS 
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David Warton, University of New South Wales, AUS 

 
 
Local Organising Committee 
 
Steve Buckland, Univ. St Andrews (co-chair) 

Eric Rexstad, Univ. St Andrews (co-chair) 

David Borchers, Univ. St Andrews 

Gui Bortolotto, Univ. St Andrews 

Mark Brewer, BioSS 

Louise Burt, Univ. St Andrews 

Claudia Faustino, Univ. St Andrews 

Danielle Harris, Univ. St Andrews 

Janine Illian, Univ. St Andrews 

Ruth King, Univ. Edinburgh 

Tiago Marques, Univ. St Andrews 

Michail Papathomas, Univ. St Andrews 

Charles Paxton, Univ. St Andrews 

Rhona Rodger, Univ. St Andrews 

Lindesay Scott-Hayward, Univ. St Andrews 

Len Thomas, Univ. St Andrews 

 

 
 
Projectionists: 
 
Louise Burt 

Rick Camp 

Fanny Empacher 

Claudia Faustino 

Chrissy Fell 

Andy Seaton 

 
 
Conference ambassadors:  
 
Rick Camp 

Charles Paxton 

Catriona Harris 

Lindesay Scott-Hayward 
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ISEC 2018 Code of Conduct 
 

 

The Scientific Programme Committee and the Local Organizing Committee 
(LOC) of ISEC2018 want to ensure that everyone associated with the 

conference feels welcome, safe and comfortable. To this end, we expect 
meeting attendees to abide by the following Code of Conduct.  This code 

is based on those published by professional societies such as the British 

Ecological Society, American Statistical Association and Society for Marine 

Mammalogy. 

 

Expected Behaviour 

• Treat everyone with respect and consideration. 

• Communicate openly and thoughtfully with others and be 
considerate of the multitude of views and opinions that are different 

than your own. 
• Be respectful in your critique of ideas. 

• Maintain a professional and cordial dialogue with all participants. 

• Maintain a safe and appropriate physical and emotional distance in 
all interactions. 

• Be mindful of your surroundings and of your fellow participants. 
• Respect the rules and policies of all venues associated with the 

meeting. 

Unacceptable Behaviour 

• Harassment, intimidation or discrimination in any form. 

• Physical or verbal abuse of any attendee, speaker, exhibitor, 
organizer, service provider or other meeting guest, either in person 

or via electronic (e.g., social) media. 
• Examples of unacceptable behaviour include, but are not limited to: 

inappropriate comments related to gender, sexual orientation, 
disability, physical appearance, body size, race, religion, national 

origin; threatening or stalking any attendee, speaker, volunteer, 

exhibitor, or service provider. 
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Practical Information 

 

For additional information please visit the conference website: 

http://www.isec2018.org/ 

 

In particular you might wish to visit the FAQ’s page which includes a myriad of useful information 

about the conference. 

 

 

The conference will be held here (building 15) and here (building 17) : 

 

 

 

The above is a screenshot. The full version of the map is hosted here. 

http://www.isec2018.org/
http://www.isec2018.org/35332
https://www.st-andrews.ac.uk/media/university/maps/wwwmap.pdf
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Floor plans 
 

In the next 3 pages we provide some indoor maps with the relevant locations for the conference. 
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Pre-conference Workshops 
 

As is common at ISEC, we have a range of pre-conference workshops available to participants. 

 

Friday 29th June 

Combining Different Data Types in a Single Model  

Nick Golding, Nick Isaac, Liz Martin 

 

Template Model Builder  

Anders Nielsen, Mollie Brooks, Andrea Havron 

 

Saturday 30th June 

Modelling Spatial Point Processes with INLAbru  

David Borchers, Janine Illian,  Finn Lindgren 

 

Hierarchical Modelling of Species Communities  

Otso Ovaskainen 

 

Sunday 1st July 

Model-based Multivariate Analysis of Abundance Data using R  

 David Warton 

 

Statistical Models for Animal Movement 

Mevin Hooten, Devin Johnson,  Brett McClintock, Juan Morales 
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Keynote Speakers 
 

We are delighted to offer you 5 world class plenary sessions. Here’s a bit more on each of our invited 

speakers. 

 

Steve Buckland 

Steve Buckland has been Professor of Statistics at St Andrews since 1993. He established the Centre 

for Research into Ecological and Environmental Modelling in 1999.  In 2005, he founded the UK's 

National Centre for Statistical Ecology (NCSE), together with Byron Morgan and Steve Brooks.  The 

ongoing distance sampling project which he established has resulted in software 'Distance' with over 

30,000 registered users from around 125 countries. He has served on many working groups and 

committees, including the working group that set up the UK's Breeding Bird Survey in 1994, and a 

panel reviewing the UK's biodiversity indicators in 2015-16, set up by the government Department 

for Environment, Food and Rural Affairs. Jointly with NCSE colleagues, he established the biennial 

ISEC conferences in 2008. He is currently the Editor in Chief for the statistics journal JABES. 

 

Stephen Ellner 

Dr. Stephen Ellner is the Horace White Professor of Ecology and Evolutionary Biology at Cornell 

University. A mathematician by training, Stephen’s research interests cross the boundaries of 

statistics, mathematics, and theoretical biology. Receiving his doctorate in Applied Mathematics 

from Cornell in 1982, Stephen held positions in Mathematics at the University of Tennessee and in 

Statistics at North Carolina State before taking up his current position at Cornell in 2000. Among 

other work, Stephen and his collaborators pioneered the development of integral projection models, 

the continuous analogue of discrete matrix projection models, and their application to studying 

population and community dynamics. He has authored or co-authored more than 180 refereed 

articles, including six articles published in Nature and Science, he has written a text on the 

application of dynamic models in the biological sciences, and he has supervised more than 25 

graduate students over his thirty-five-year career. 

 

Jennifer Hoeting 

Professor, Colorado State University Department of Statistics; Dr. Hoeting received her PhD in 

Statistics from the University of Washington and has been on the faculty at Colorado State University 

since 1994. She specializes in Bayesian statistics, model selection and uncertainty, and spatial 

statistics. Much of her research is focused on developing new statistical methods to address 

problems in ecology. She is an elected Fellow of the American Statistical Association (ASA) and 

received the Distinguished Achievement Medal from ASA’s Section on Statistics and the 

Environment. In 2015 she was named Professor Laureate of the College of Natural Sciences at 

Colorado State University. Hoeting is the founding editor of the journal Advances in Statistical 

Climatology, Meteorology and Oceanography (ASCMO). Dr. Hoeting has been advisor to more than 

30 PhD and MS students. She co-authored the book Computational Statistics with Geof H. Givens, 

Ph.D., now in its second edition. It has been adopted as a text book in over 25 countries including 

top universities in the US. 
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William Link 

William Link is a mathematical statistician in the Biometrics Group at USGS Patuxent Wildlife 

Research Center.  He received his Ph.D from the University of Massachusetts, Amherst in 1986. After 

a year on the faculty of Towson University, Link was hired as Mathematical Statistician at the 

Patuxent Wildlife Research Center (PWRC) in Laurel, Maryland, where he has collaborated on 

analyses of count surveys, demographic analyses, mark-recapture, contaminant studies and many 

other aspects of wildlife statistics. In the mid-1990s, he dabbled with Bayesian methods, and became 

hooked.  With Richard Barker, he co-authored the book Bayesian inference: with ecological 

applications, published by Academic Press. 

  

Kerrie Mengersen 

Kerrie Mengersen received her PhD in Mathematical Statistics in 1989 from the University of New 

England, New South Wales. Her PhD thesis was on the topic of ranking and selection under the 

supervision of Professor Eve Bofinger, one of the pioneer female university researchers in regional 

Australia. In 2016, Queensland University of Technology awarded the title of Distinguished Professor 

to Professor Kerrie Mengersen in recognition of her outstanding achievements, both nationally and 

internationally, in mathematics and statistical research. Distinguished Professor Mengersen is 

acknowledged to be one of the leading researchers in her discipline. Her research focuses on using 

and developing new statistical and computational methods that can help to solve complex problems 

in the real world. These problems are in the fields of environment, genetics, health and medicine, 

and industry.  
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Invited Sessions 
 

We will also have 3 dedicated invited sessions, were renowned researchers on a given field invite 

specialists to talk about their field of expertise. 

 

Movement Modelling 

Chair: Roland Langrock 

Modelling animal movement is a fast-growing area of research, with great potential for better 

understanding of animal behaviour, habitat use and habitat connectivity, as well as for improved 

inference about survey detection probability and species distribution modelling. There are a variety 

approaches to movement modelling. This session is designed to review some of these and look at 

areas of likely future development.  

 

New Kinds of Survey Data 

Chairs: Nick Isaac and Stephen Marsland 

Increasing use of automated detection devices and platforms (drones, acoustic detectors, video, 

camera traps,...) as well as increased availability of data from citizen scientists via online participation 

and mobile device apps, are generating new kinds of data. These datasets are often larger than data 

from designed surveys with human detectors, involve less equivocal object, species and individual 

identification than from trained trained human detectors, and often involve more opportunistic data 

gathering. There is a growing role for Computer Scientists in analysing such data, and potential for 

machine learning methods to automate aspects of data analysis. The aim of this session is to raise 

awareness of the statistical issues that arise with these new kinds of data, to raise awareness of the 

potential role of machine learning and related methods, an to promote discussion of these issues. 

 

Distance Sampling 

Chairs: Rachel Fewster and David Borchers 

This session will review the development of Distance Sampling over the past few decades, highlighting 

current developments, and considering future directions. The session will also pay tribute to the 

contributions of one of the founders of ISEC and one of the most influential figures in Distance 

Sampling, Steve Buckland, who will be retiring from full-time academic work shortly after ISEC. 
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Public Lecture: Counting on Conservation 

 

On the evening of Monday 2nd July, we are holding a 1-hour lecture, which is free and open to 

members of the public. 

 

We are delighted to welcome Dr. Alison Johnston and Dr. Stacy DeRuiter to talk about their research, 

highlighting how statistics plays an important part in conservation efforts.  Please join us for an 

evening of engaging tales from on land and at sea, with our speakers talking about the threats faced 

by migrating birds and the effects of underwater sound on whale and dolphin behaviour.  

 

All ISEC delegates and their family and friends are welcome to attend.  This talk will not only 

introduce people to the role of statistics in conservation, but will also show effective science 

communication in action – so something for everyone! 

 

  

The lecture will be held in the Booth lecture theatre in the School of Medicine (a 2-min walk away 

from the main conference venue) and will start at 18:15, straight after conference talks end for the 

day. 
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Work hard… but party harder! 
 

Banquet 

The banquet will be held at the Old Course Hotel. Includes your three-course meal, half a bottle of 

wine and a post-dinner ceilidh**. Bordering the renowned 17th Road Hole of the Old Course, the 

Old Course Hotel overlooks the famous links courses, the West Sands Beach and the beautiful 

Scottish coastline. From fine dining at the 3 AA Rosettes rated Road Hole Restaurant and award-

winning afternoon tea to casual pub fare, the restaurants at The Old Course Hotel combine stunning 

views with the best of Scottish produce, steaks, seafood, and beers. The dress code is Smart/ casual, 

however we recognise your luggage allowance may not permit packing of your best clothes! 

** A ceilidh (pronounced kaylee) is a traditional Scottish dance.  A member of the band will explain the steps of each 

dance, which is perfect for absolute beginners.  Some dances are slow, some are fast but all are lots of fun.  However, 

dancing is not compulsory – spectators can enjoy the music from the band and watch the (organised) chaos unfold on the 

dancefloor! 

 

Excursions 

On the Wednesday afternoon of the conference, there are a range of organised excursions taking 

place. If you have not registered for one of these, there are still plenty of other ways to spend your 

afternoon. See the St Andrews page for more information. 

 

Glamis Castle 

Delegates will travel by coach to Glamis Castle to enjoy a guided tour of the castle and marvel at the 

history, browse the exhibition room, and admire the formal gardens then visit the gift shop and café. 

Delegates will arrive back to St Andrews at approximately 1830hrs. 

 

Kingsbarns Distillery 

Delegates will travel by coach to The Kingsbarns Tour at Kingsbarns Distillery.  This is the perfect 

introduction to Scotch whisky and you visit the exhibition space which includes the history of the 

Wemyss Family who own the distillery, along with an introduction to the area of Kingsbarns. There is 

a seven minute film before a guided tour of the distillery for an overview of whisky production. 

Finally guests are led up to one of our tasting rooms to try our new make spirit and a dram of 

Wemyss Malts whisky.  After this, you will be collected by coach and taken to Crail or Anstruther to 

explore one of the beautiful East Neuk fishing villages. Delegates will arrive back to St Andrews at 

approximately 1730hrs. 

 

Coastal Walk and Visit to the East Neuk Fishing Villages 

Delegates will travel by coach to Crail, one of Fife’s picturesque fishing villages.  From here, there is a 

4 mile walk along the coastal path linking Crail to Anstruther, with stunning views of the Firth of 

Forth and the Isle of May along the way.  Delegates will then spend some time exploring Anstruther 

before returning to St Andrews at approximately 17:30. 
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Conference at a glance 

 

 

 

 

 

 

 

You might wonder why there’s this blank page here… believe it or 

not it was left here on purpose so that the hyperlink from the table 

of contents to “Conference at a glance” works.  

 

And that’s how cool we are 😊 
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1530 Break Break
1545
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1630
1645
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1730
1745
1800
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1830
1845
1900
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1930
1945
2000
2015
2030
2045
2100
2115
2130
2145
2200

Lunch

Awards ceremony
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Distance sampling

Coffee

ISEC2018 Conference Schedule

Coffee
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Cap-recapture/integrated

Popdyn (III)

Stephen Ellner William Link Kerrie Mengersen Steve Buckland

Movement (V)
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Occupancy (II)
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Cap-recapture (II)

Stats theory (II)

BES workshop
How to get 
published

BES workshop
How to be a good 

reviewer

Opening reception

Jennifer Hoeting
Break

Survey design
Biodiversity
Integrated

Citizen/big data
Occupancy (I)

Evolution

Invited:
Movement

New survey data

Cap-recapture (III)
Multispp (II)

Abundance (III)

Excursions
SDM (I)

Integrated (I)
Abundance (I)

Movement (III)
Spatial modelling (II)

Distance sampling

Movement (I)
Popdyn (I)
Multispp

Cap-recapture (I)
Spatial modelling (I)

Abundance (II)

Popdyn (II)
SDM (II)

Genetics/networks

Spatial mod/theory
Multispp

Design/theory/SDM
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Stats theory (I)

Fisheries (I)

Poster session
Coffee
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Coffee
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Ceilidh

Break

Public lecture:
Alison Johnston
Stacy de Ruiter
Booth Theatre

Integrated (II)
Disease
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Daily program  
 

 

 

The daily program is shown in the next lucky 13 pages. 

 

We hope you find it as useful and exciting as we do ! 

 

 

 

 

 

 

The presentation titles in these 13 pages are "hot" and link to the 

online abstracts (not the book abstracts), therefore links are not 

active when viewing offline. 

 

As one of deepest and darkest ISEC 2018 mysteries, the links will only 

work if you have at least visited one of the abstracts via the webpage 

of the conference once. You can do so by clicking here and then 

visiting any abstract following a link. 

 

As you can see, if you start by just pressing here it does not work. 

Why… we don’t know. If you find out… keep it a secret. It’s just 

funnier that way! 

 

 

https://www.eventsforce.net/standrews/frontend/reg/tDailyAgenda.csp?pageID=27633&eventID=56&language=1&mode=&popup=1
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2627


 

   

2  - 6  July 2018  |  University of St Andrews nd th

Follow us: 

 

Daily Agenda

29 June (Friday) Location

09:00 - 17:00 Workshop: Combining different data types in a single model Maths Lecture Theatre C

09:00 - 17:00 Workshop: Template Model Builder Maths Lecture Theatre B

30 June (Saturday) Location

09:00 - 17:00 Workshop: Hierarchical Modelling of Species Communities Maths Lecture Theatre B

09:00 - 17:00 Workshop: Modelling Spatial Point Processes with inlabru CREEM Seminar Room

1 July (Sunday) Location

09:00 - 17:00 Workshop: Animal Movement Modelling Maths Lecture Theatre C

09:00 - 17:00 Workshop: Model-based multivariate analysis of abundance data using R Maths Lecture Theatre B

17:00 - 19:00 Opening Reception MSB Cafe/ Foyer

2 July (Monday) Location

09:00 - 09:15 Welcome Physics LT A

09:15 - 10:00 Plenary Physics LT A

Chair: Shirley Pledger

(2266) Combining mathematical and statistical models: a disease ecology perspective
Jennifer Hoeting - Colorado State University, United States

10:00 - 10:15 Break On Site

10:15 - 11:00 Biodiversity Physics LT B

Chair: Len Thomas

(2528) Hierarchical modelling of the biodiversity impacts of road network topology
Joseph Chipperfield - Norwegian University of Life Sciences (NMBU), Norway

(2401) Multivariate Bayesian models to assess the contribution of species composition and habitat fragmentation to ecosystem
multifunctionality
Lionel Hertzog - University of Ghent, Belgium

(2432) A generic method for estimating and smoothing multispecies biodiversity indices, robust to intermittent data
Nick Isaac - CEH, United Kingdom

10:15 - 11:00 Integrated and Marine Ecology Physics LT A

Chair: Jason Matthiopoulos

(2622) Emerging models and challenges in the integration of unmarked data
Elise Zipkin - Michigan State University, United States

(2465) Using generalised estimating equations to describe marine soundscapes: A case study from Western Australia
Sarah Marley - Centre for Marine Science and Technology (CMST), Australia

(2425) Evaluating population viability and efficacy of conservation management using integrated population models
Sarah Saunders - National Audubon Society & Michigan State University, United States

(2331) Integrated modeling of the Pacific walrus population over forty years
Rebecca Taylor - US Geological Survey, USA

10:15 - 11:00 Survey Design Physics LT C

Chair: Eric Rexstad

(2627) I’ve got some free time, should I add repeated count surveys to my study?
Beth Gardner - University of Washington, United States

(2434) Zigzag transect sampling with equal coverage probability

https://www.facebook.com/238327259570238
https://www.twitter.com/ISECStatEcol
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=27789
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=30230
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=30265
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=30234
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=30235
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=27788
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=27774
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2266
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=34718
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2528
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2401
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2432
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=33145
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2622
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2465
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2425
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2331
https://www.eventsforce.net/standrews/system/proweb/start.csp?pageID=34719
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2627
https://www.eventsforce.net/standrews/frontend/reg/absViewDocumentFE.csp?documentID=2434


Alf Harbitz - institute of marine research, Norway

(2487) Designing a rolling, national survey for monitoring the effects of an agri-environment scheme
Peter Henrys - Centre for Ecology and Hydrology, United Kingdom

(2530) An Elementary Time Series Model for Evaluating Monitoring Designs
Ken Newman - Biomathematics and Statistics of Scotland, United Kingdom

11:00 - 11:30 Tea/Coffee MSB & Physics Cafe/Foyer

11:30 - 12:30 Movement Ecology (I) Physics LT A

Chair: Danielle Harris

(2559) Joint modeling of multi-scale animal movement data using hierarchical hidden Markov models
Timo Adam - Bielefeld University, Germany

(2534) Identifying seasonal movement patterns of maned wolves (Chrysocyon brachyurus) with remote sensing, movement
analytics and data mining
Vanessa Brum-Bastos - University of St Andrews, United Kingdom

(2561) Bayesian Inference for Animal Movement in Continuous Time
Hajar Alkhezi - University of Sheffield, United Kingdom

(2631) Incorporating detection data into state-space models to improve light-based geolocation
Marie Auger-Methe - The University of British Columbia, Canada

(2554) Fast, flexible inference for continuous-time movement models
Paul Blackwell - University of Sheffield, United Kingdom

11:30 - 12:30 Multi-species Modelling & Fisheries Research Physics LT C

Chair: Paul Conn

(2602) Bayesian inference for a covariance matrix
Ignacio Alvarez-Castro - Universidad de la Republica, Uruguay

(2353) Ordination plots for model-based analysis of species composition data
Philip Dixon - Iowa State University, United States

(2346) On the similarities of generalized linear latent variable models and multivariate log-Gaussian Cox processes for multi-
species modeling in ecology
Riki Herliansyah - Institut Teknologi Kalimantan, Indonesia

(2533) Revisiting beta diversity: a multivariate approach using Template Model Builder
Andrea Havron - University of Auckland, New Zealand

(2629) Modeling a mixed-species groundfish fishery with technical interactions using a feedback-control loop and environmental
data linked to catch composition
Carey McGilliard - National Oceanic and Atmospheric Administration, United States

11:30 - 12:30 Population Dynamics (I) Physics LT B

Chair: Adam Butler

(2351) Climate and resource variation differentially affect intrinsic population processes to drive patterns of seabird population
dynamics in UK coastal waters
Kate Searle - Centre for Ecology and Hydrology, United Kingdom

(2576) Multi-scale modeling of forest bird population response to spruce budworm outbreaks
Adam C. Smith - Canadian Wildlife Service, Canada

(2436) Measuring Repeatability in the Diets of Grey Seals (Halichoerus grypus)
Connie Stewart - University of New Brunswick (Saint John), Canada

(2645) Dual-scale density-dependent regulation of spatially structured populations
Chris Sutherland - University of Massachusetts - Amherst, United States

(2517) The cumulative stress was a major driver of recent coral mortality on the Great Barrier Reef.
Julie Vercelloni - The University of Queensland, Australia

12:30 - 14:00 Lunch MSB & Physics Cafe/Foyer

14:00 - 15:30 Citizen Science and Big Data Physics LT A

Chair: Byron Morgan

(2471) Determining the phenology of marked and unmarked seabirds from a very large force sensor data set
Philipp Boersch-Supan - British Trust for Ornithology, United Kingdom

(2520) Video classification in marine environments with convolutional and recurrent neural networks
Ian Durbach - University of Cape Town, South Africa

(2621) Evaluation of tensorFlow and resNet for Automatic Object Detection in Drone Photography
Trent McDonald - Western EcoSystems Technology, Inc, United States

(2610) Using Big Data, Citizen Science, and Quantitative Ecology to Inform Avian Conservation
Nicole Michel - National Audubon Society, United States

(2443) Subsampling Ideas for Large Spatial Data Sets
Jay Ver Hoef - US Government, United States

(2450) Modeling season-specific, inter-annual trends in avian abundance with citizen science data
Daniel Fink - Cornell Lab of Ornithology, United States

(2407) An application of citizen science and distance sampling in the Scottish uplands
Solene Marion - St Andrews University, United Kingdom

14:00 - 15:30 Evolutionary Ecology Physics LT C
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Chair: Mick McCarthy

(2501) Where you’re born matters: a systematic review and meta-analysis of reproductive success in diverse captive
environments
Kate Farquharson - University of Sydney, Australia

(2634) Predicting bird community reservoir competence for West Nile virus using phylogenetic mixed effects models
Morgan Kain - McMaster University, Canada

(2472) A simple approach of modelling phylogenetic comparative analysis of varying complexity
Michael Li - McMaster University, Canada

(2442) Are animals shrinking due to climate change? Temperature mediated selection on body mass in mountain wagtails
Res Altwegg - University of Cape Town, South Africa

(2463) Model Misspecification Undermines Tests of The Neutral Theory for Life Histories
Matthieu Authier - ADERA - Observatoire Pelagis UMS3462 CNRS-ULR, France

(2467) Explicit modelling of proximate mechanisms for revealing life-history tradeoffs
Mathieu Buoro - INRA, France

(2468) The importance of size in the oldest macroscopic communities.
Emily Mitchell - University of Cambridge, United Kingdom

14:00 - 15:30 Occupancy Modelling (I) Physics LT B

Chair: Darryl MacKenzie

(2333) Bayesian occupancy models using logic link functions.
Allan Clark - University of Cape Town, South Africa

(2588) Seasonal occupancy models: Estimating seasonal variation in occupancy and detection within closed occupancy models
Alison Johnston - Cornell Lab of Ornithology, United Kingdom

(2478) Estimating Seasonal Variation in Occupancy and Detection Within Closed Occupancy Models
David Harris - David Harris Data Analysis, United States

(2483) A state-space occupancy model to accommodate multiple scales of variable detection probabilities
Seth Harju - Heron Ecological, LLC, United States

(2429) Integrating multispecies occupancy and structural equation models to estimate amphibian community dynamics and
wetland hydroperiod
Courtney Davis - Pennsylvania State University, United States

(2422) Ghosts, demons and elusive species; Adaptive multi-method occupancy sampling for monitoring of multiple species and
false positive agents
Torbjørn Ergon - Centre for Ecological and Evolutionary Synthesis, University of Oslo, Norway

(2380) Strategies for using unstructured citizen science data within occupancy models
Wesley Hochachka - Cornell Lab of Ornithology, United States

15:30 - 15:45 Break On Site

15:45 - 16:30 Abundance Estimation (I) Physics LT B

Chair: Bill Gould

(2591) Combined Models for Counts and Mark-Recapture Data
Simon Bonner - University of Western Ontario, Canada

(2447) Close-Kin Mark-Recapture: statistical methods for design
Mark Bravington - CSIRO, Australia

(2535) Evaluating and comparing the performance of different PVA methods in predicting future abundance of UK seabirds
Adam Butler - Biomathematics and Statistics Scotland, United Kingdom

15:45 - 16:30 Integrated Modelling (I) Physics LT C

Chair: Alison Parton

(2356) Synthesizing multiple data streams to estimate abundance and detection probability in a highly wary, long-lived apex
predator: an integrated modeling approach
Abby Lawson - Clemson University, United States

(2619) Integrated models for studying annual variation in phenology and population abundance
Andreas Lindén - Novia University of Applied Sciences, Finland

(2500) Quantifying the power to detect trends in vital rates using integrated population models
Beth Ross - USGS, United States

15:45 - 16:30 Species Distribution Modelling (I) Physics LT A

Chair: Paul Blackwell

(2288) Logistic modelling of point process: a Bayesian approach for presence-only data
Guido Alberti Moreira - Universidade Federal do Rio de Janeiro, Brazil

(2408) Statistical modeling of multiple species presence-only data under opportunistic sampling and unbiased inference of their
distributions.
Christophe Botella - INRA, France

(2350) A dynamic mechanistic species distribution model of wolves’ recolonization in France
Julie Louvrier - CEFE, France

16:30 - 17:00 Tea/Coffee MSB & Physics Cafe/Foyer

17:00 - 17:45 Disease Ecology Physics LT B

Chair: Matt Schofield
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(2387) Outfoxing Rabies: Disentangling the determinants of local and regional rabies persistence in European foxes using state-
space models
Laurie Baker - University of Glasgow, United Kingdom

(2506) When and where: estimating the location and time of introduction for exotic pests and pathogens
Trevor Hefley - Kansas State University, United States

(2639) Bayesian quantification of the fundamental thermal niche of huanglongbing, a vector-borne pathogen of citrus trees.
Leah R. Johnson - Virginia Polytechnic and State University, United States

(2371) Modelling responses of major African zoonoses to environmental and socio-economic change
David Redding - University College London, United Kingdom

17:00 - 17:45 Integrated Modelling (II) Physics LT A

Chair: Mark Bravington

(2552) Bucking the trend: Exploiting the strengths of different data sources to assess the status of an endangered deer in
southeast Asia
Diana Bowler - Norwegian Institute for Nature Research, Norway

(2577) Towards Spatio-Temporal State Space Models for Ecological Dynamics
Michael Dowd - Dalhousie University, Canada

(2601) Assessing cetacean populations using integrated population models: an example with Cook Inlet beluga whales
Eiren Jacobson - University of Washington & NOAA AFSC Marine Mammal Laboratory, United States

(2322) Integrated Population Modelling incorporating Spatial Information
Marina Jimenez Munoz - School of Mathematics, Statistics and Actuarial Science, University of Kent, United Kingdom

17:00 - 17:45 Software Developments Physics LT C

Chair: Remi Choquet

(2537) Modeling fecundity with generalizations of the Poisson distribution using glmmTMB
Mollie Brooks - DTU Aqua, Denmark

(2499) greta: simple and scalable statistical modelling in R
Nick Golding - University of Melbourne, Australia

(2493) Residual diagnostics for hierarchical statistical models
Florian Hartig - University of Regensburg, Germany

(2399) momentuHMM: R package for generalized hidden Markov models of animal movement
Brett McClintock - NOAA Marine Mammal Lab, United States

18:15 - 19:15 Public Lecture: Counting on Conservation MSB Booth LT

3 July (Tuesday) Location

09:00 - 09:45 Plenary Physics LT A

Chair: Simon Bonner

(2265) Trait-based demography: linking individuals, populations, and communities in varying environments
Stephen Ellner - Cornell University, United States

09:45 - 10:00 Break On Site

10:00 - 11:00 Fisheries Research (I) Physics LT C

Chair: Ken Newman

(2440) Spatio-temporal modelling of population mixture for marine species
Toshihide Kitakado - Tokyo University of Marine Science and Technology, Japan

(2381) In Growth We Trust: Effects of abiotic and biotic factors on somatic growth rates of non-native fish and their impacts on
native populations
Josh Korman - Ecometric Research/University of British Columbia, Institute of Oceans and Fisheries, Canada

(2482) A Bayesian hierarchical model to unravel the spatial covariations in the response of Atlantic salmon populations to climate
change in the North Atlantic Ocean.
Maxime Olmos - Agrocampus Ouest, France

(2502) Modeling effects of time-dependent covariates in space-for-time capture-recapture models
Russell Perry - US Geological Survey, United States

(2542) Estimating gear efficiency for multiple non-target fish species
Nokuthaba Sibanda - Victoria University of Wellington, New Zealand

10:00 - 11:00 Movement Ecology (II) Physics LT A

Chair: Mevin Hooten - Associate Professor, Department of Fish, Wildlife, and Conservation Biology, Colorado

(2390) Linking movement behaviour with habitat suitability to predict potential little owl dispersal: an ABC-calibrated individual-
based simulation model
Severin Hauenstein - University of Freiburg, Biometry and Environmental System Analysis, Germany

(2454) The Markov-modulated movement model: inferring behavioural states and characteristics from animal tracking data in
the presence of significant autocorrelation.
Ethan Lawler - Dalhousie University, Canada

(2593) Understanding the response of harp seals to long-term changes in Arctic sea-ice cover
James Grecian - University of St Andrews, United Kingdom

(2575) What is moving? How the semantic conceptualisation of movement data changes animal-environment inferences.
Paul Holloway - University College Cork, Ireland

(2437) Metrics for describing dyadic joint movement
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Rocio Joo - University of Florida, USA

10:00 - 11:00 Statistical Theory (I) Physics LT B

Chair: Torborn Ergon

(2587) Do not use multimodel averaging to understand multifactorial systems
Benjamin Bolker - McMaster University, Canada

(2320) Is Bayesian identifiability really a problem?
Diana Cole - University of Kent, United Kingdom

(2466) Accounting for Matching Uncertainty in Automated Photo-Identification
Amanda Ellis - Eastern Kentucky University/University of Kentucky, United States

(2423) Sampled posterior p-values as tools to criticize statistical models: mathematical results and application issues
Frédéric Gosselin - IRSTEA, France

(2307) Estimation of negative binomial parameters using clustered occurrence data
Wen-Han Hwang - National Chung Hsing University, Taiwan

11:00 - 11:30 Tea/Coffee MSB & Physics Cafe/Foyer

11:30 - 12:30 Abundance Estimation (II) Physics LT C

Chair: Tiago Marques

(2565) Forecasting population abundances at multiple locations: do hierarchical models perform better than several simple
models fiitted to each population?
Mathieu Chevalier - Swedish University of Agricultural Sciences, Sweden

(2438) Aerial survey estimates of polar bears and their tracks in the eastern Chukchi Sea
Paul Conn - NOAA Alaska Fisheries Science Center, United States

(2428) Accounting for uncertainty in species reporting when modelling seasonal abundance
Emily Dennis - Butterfly Conservation, United Kingdom

(2613) Estimating cetacean densities using slow-moving autonomous ocean vehicles
Danielle Harris - Centre for Research into Ecological and Environmental Modelling, University of St Andrews, United Kingdom

(2625) Comparing methods for estimating abundance from passive acoustic monitoring data using the example of bowhead
whales
Cornelia Oedekoven - University of St Andrews, United Kingdom

11:30 - 12:30 Capture-Recapture Modelling (I) Physics LT A

Chair: Andy Royle

(2316) A spatially explicit capture recapture model for partially identified individuals when trap detection rate is less than one
Soumen Dey - Indian Statistical Institute, Bangalore Centre, India

(2313) Regularization techniques for covariate selection in capture-recapture models
Olivier Gimenez - CNRS, France

(2449) Continuous-time spatial capture-recapture with animal movement
Richard Glennie - University of St Andrews, United Kingdom

(2508) On the reliability of N-mixture models
Richard Barker - University of Otago, New Zealand

(2457) A spatially explicit mark-resight model of eastern barred bandicoots, Perameles gunnii, using multiple data types
Rebecca Groenewegen - The University of Melbourne, Australia

11:30 - 12:30 Spatial Modelling (I) Physics LT B

Chair: Leah Johnson

(2654) Black swans in space: modelling spatiotemporal ecological processes with extremes
Sean Anderson - Fisheries and Oceans Canada, Canada

(2311) Spatial dimensions of pelagic diversity in a geodiverse offshore marine park
Phil Bouchet - University of Western Australia, Australia

(2597) Sparse models for multivariate log-Gaussian Cox processes, with an application to multi-species modeling in ecology
Achmad Choiruddin - Aalborg University, Denmark

(2516) Mapping prehistoric forest composition and its uncertainty: identifying regions of change, stability, and high uncertainty
Andria Dawson - Mount Royal University, Canada

(2623) A spatio-temporal simulation framework for assessing the ability of fisheries-dependent data to support mixed fisheries
management
Paul Dolder - GMIT, Ireland

12:30 - 14:00 Lunch MSB & Physics Cafe/Foyer

12:50 - 13:50 British Ecological Society Workshop: How to Get Published MSB Exhibition Lab

14:00 - 15:30 Invited - Movement Physics LT A

(2328) Multistate step-and-turn movement models in continuous time
Alison Parton - University of Sheffield, United Kingdom

(2302) Animal movement models for recharge dynamics
Mevin Hooten - Colorado State University, United States

(2343) A multi-scale modeling framework for the feedback between movement and body condition of Merino sheep
Vianey Leos Barajas - Iowa State University, Germany

14:00 - 15:30 Invited - New Data Physics LT B
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(2572) Emerging opportunities and challenges for passive acoustics in ecological assessment and monitoring
Kate Jones - University College London, United Kingdom

(2644) Big data on the move: Challenges and solutions for animal biologging data
Luca Borger - Swansea University, United Kingdom

(2397) Automated Birdsong Recognition as a Source for Abundance Estimation
Stephen Marsland - Victoria University of Wellington, New Zealand

15:30 - 16:00 Tea/Coffee MSB & Physics Cafe/Foyer

16:00 - 18:00 Poster Session (I) MSB SR 1

(2585) Estimating conservation limits for Atlantic salmon stocks in Scottish rivers using Bayesian hierarchical methods.
James Ounsley - Marine Scotland Science, United Kingdom

(2452) Spatial models for marine visual survey data: abundance estimation and sampling design for monitoring programs
Nicholas Perkins - University of California Davis and California Department of Fish and Wildlife, United States

(2342) ‘TIMES – THEY ARE A-CHANGIN’ – Movement Ecology Approach for Tiger Conservation in India
Bilal Habib - Wildlife Institute of India, India

(2637) Indiana Bat Migration Patterns
Giovanni Petris - University of Arkansas, USA

(2514) Changes in demographic structure along the population cycles in rodents
Viktoriia Radchuk - Leibniz Institute for Zoo and Wildlife Research, Germany

(2579) Using meta-population models to assess risk to population viability of freshwater fishes from water resources
development
Norbert Menke - Department of Environment and Science, Australia

(2658) Predicting the population consequences of disturbance in a data-poor scenario
Leslie New - Washington State University, USA

(2297) Causal model for biological impacts of flow regimes of the Murray River, Australia–integrating deterministic models into
probabilistic models for predictions
Chi Le - La Trobe University, Australia

(2420) Dynamics of small fish populations: a natural experiment from irrigation ponds on the Sundays River, South Africa.
Sanet Hugo - South African Institute for Aquatic Biodiversity, South Africa

(2289) Leaping Forward in Assessing Amphibian Dynamics Using Multistate Occupancy Models
William Gould - New Mexico State University, United States

(2594) Addressing heterogeneity in snow leopard density within a large landscape in Nepal sampled using fecal DNA
Madhu Chettri - Inland Norway University of Applied Sciences

(2274) Is the degree of spatial aggregation of Calluna vulgaris regulated by nitrogen deposition or precipitation?
Christian Damgaard - Aarhus University, Denmark

(2400) Spatio-temporal modelling of canopy-forming algae in relation to its monitoring program
Adrien Ickowicz - CSIRO, Australia

(2426) Analysis of elephant carcass locations in Etosha National Park using the new, and improved, CReSS with SALSA model
selection.
Lindesay Scott-Hayward - University of St Andrews

(2489) A Preferential Sampling Model for Spatially Differing Sampling Processes
Thomas Neyens - University of Hasselt, Belgium

(2582) Advances in the Assessment of Diversity and Similarity with Overdispersed Counts Data
Salme Kärkkäinen - University of Jyväskylä, Finland

(2522) The development of an FTIR function for tracking bud dormancy in kiwifruit
Denny (Denise) Meyer - Swinburne University of Technology, Australia

(2282) Ecological modeling to guide Everglades restoration efforts
Ruscena Wiederholt - Everglades Foundation, United States

(2433) Rarefaction techniques and temporal change in species richness
Hideyasu Shimadzu - Loughborough University, United Kingdom

(2511) Evaluation of novel approaches to modelling dolphin distribution using long-term presence-only Citizen Science data
Chandra Salgado Kent - Curtin University / Oceans Blueprint, Australia

(2349) n2kanalysis: a framework for automated and reproducible statistics from long-term ecological monitoring
Thierry Onkelinx - Research Institute for Nature and Forest (INBO), Belgium

(2418) Do humans and machines think alike? – A study in the logic of benthic macroinvertebrate taxa identification
Johanna Ärje - University of Jyväskylä, Finland

(2521) Evaluation of the disturbance effect of vessel noise on harbour porpoises based on static acoustic monitoring data
Benno Woelfing - University of Veterinary Medicine Hannover, Foundation, Germany

(2595) The importance of being random! Fully accounting for random effects in nonlinear hierarchical Bayesian models does
matter
Ugoline Godeau - IRSTEA Nogent-sur-Vernisson, France

(2377) Hierarchical model-based estimation of population body growth curves for redfish (Sebastes mentella and S. fasciatus) off
the eastern coast of Canada
Noel Cadigan - Marine Institute of Memorial University of Newfoundland, Canada

(2618) Likelihood free methods for animal movement
Juan Manuel Morales - Laboratorio Ecotono-INIBIOMA-Crub Universiadad Nacional del Comahue-CONICET

(2474) Effects of spatial aggregation of nests on population recruitment: the case of a small population of Atlantic salmon
Mathieu Buoro - French National Institute of Agronomic Research (INRA)
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16:00 - 18:00 Poster Session (II) MSB SR 2

(2547) An ABC framework for parameterising physiologically structured population models
Alison Parton - University of Sheffield, United Kingdom

(2617) Fire interval distributions in landscapes with alternative stable states
Juan Manuel Morales - Laboratorio Ecotono - INIBIOMA, Universidad Nacional del Comahue – CONICET

(2391) Quantifying behavioural responses of minke whales to sonar activity during Navy training exercises.
Catriona Harris - University of St Andrews, United Kingdom

(2403) Hierarchical Bayesian Modelling of Xylella fastidiosa spread in southern Italy and mainland Spain
Joaquín Martínez-Minaya - University of Valencia, Spain

(2462) On the model checking of the single index model.
YIH-HUEI Huang - Tamkang University, Taiwan

(2567) Identifying fishing behaviours of inshore fishing vessel
Sophie Smout - Centre for Research into Environmental and Ecological Modelling

(2366) Large scale monitoring of grassland biomass dynamics with Sentinel-2 satellite images
Franck Jabot - Irstea, France

(2268) Migrating distance sampling projects from Distance for Windows to the Distance R package
Eric Rexstad - University of St Andrews, Scotland

(2325) Measuring species aggregation from species accumulation curves: a scale-free alternative to ß-diversity
Robert Szava-Kovats - University of Tartu, Estonia

(2628) Estimating marine megafaunal species diversity from the discovery record by means of mixed models using surrogates
for historical scientific effort.
Charles Paxton - University of St Andrews, United Kingdom

(2415) Estimating tree height for a given girth
Els Lommelen - Reseach institute for nature and forest, Belgium

(2485) Applications and new developments of NIMBLE software in ecology
Perry de Valpine - University of California, Berkeley, United States

(2424) Model-based hypervolumes for complex ecological data
Susan Jarvis - Centre for Ecology and Hydrology, United Kingdom

(2560) Acoustic signalling predicts surface behaviour in common bottlenose dolphins (Tursiops truncatus); implications for
habitat use and marine spatial planning.
Simon H. Elwen - Mammal Research Institute, Department of Zoology and Entomology, University of Pretoria, Private Bag X20,
Hatfield 0028, Gauteng, South Africa. C/O Sea Search Research and Conservation NPC, 4 Bath Road, Muizenberg, Cape Town,
7945, South Africa.

(2616) Valuing information for sustainable fisheries
Caitlin Allen Akselrud - University of Washington, United States

(2416) Improved inference in point-transect models: application to Hawaiian forest birds
Richard Camp - University of St Andrews, Scotland

(2513) Estimating the population of a social animal from camera traps
Nilanjan Chatterjee - Wildlife Institute of India, India

(2543) Assessing the suitability of hidden Markov models for identifying potential behavioural states of the European lobster.
Kirsty Lees - Newcastle University, England

(2394) Changing the perspective: a different time scaling in capture-recapture models, the age.
Blanca Sarzo - Valencia University, Spain

(2382) Mixture of Poisson point pattern processes as a tool to check on species misidentification.
Emy Guilbault - Newcastle University, Australia

(2439) Modelling detection probability using a new link function in interval-censored detection
Guido Alberti Moreira - UFRJ

(2570) GLMMs disentangle the relative importance of niche and neutral processes for the assembling of bird communities in
tropical fragmented landscapes
Melina de Souza Leite - University of São Paulo, Brazil

(2558) Global effects of land use on zoonotic host communities
Rory Gibb - University College London, United Kingdom

(2475) Comparing biophysical and economic impacts of climate change on biodiversity.
Simon Kapitza - University of Melbourne, Australia

(2456) Sampling-Based Approaches to Maximum Likelihood Estimation for Latent Variable Models
Chun Yu Hong - UC Berkeley Department of Statistics, United States

18:30 - 21:30 British Ecological Society Movement Ecology SIG social event Madras Rugby club

4 July (Wednesday) Location

09:00 - 09:45 Plenary Physics LT A

Chair: Richard Barker

(2267) Model selection and evaluation for hierarchical models
William Link - USGS Patuxent Wildlife Research Center, United States

09:45 - 10:00 Break On Site

10:00 - 11:00 Distance Sampling Physics LT C

Chair: Cornelia Oedekoven

(2586) Incorporating distance sampling within an integrated species distribution modeling framework
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Matthew T. Farr - Michigan State University, United States

(2659) Evaluating measurement error in 3D animal location from pairs of 3D bearing arrays and its propagation to estimates of
animal density
Tiago Marques - University of St Andrews, Scotland

(2299) Reliable variance propagation for spatial density surface models
David Miller - University of St Andrews, United Kingdom

(2640) Log-linear models applied to mark-recapture line transect sampling
Matthew Schofield - University of Otago

(2359) Modeling sound attenuation in heterogeneous environments for improved bioacoustic sampling of wildlife populations
Andy Royle - USGS Patuxent Wildlife Research Center, USA

10:00 - 11:00 Movement Ecology (III) Physics LT A

Chair: Marie Auger-Méthé

(2406) New tools for combining telemetry data and resource variables in the study of wildlife interactions: The wildlifeDI R
package
Jed Long - University of St Andrews, United Kingdom

(2580) The application of continuous-time Markov Chain models in the analysis of choice flume experiments
Evalyne Muiruri - Cefas, United Kingdom

(2473) Modelling and Inference for the Movement of Interacting Individuals
Jordan Milner - The University of Sheffield, United Kingdom

(2614) Joint species movement modelling: linking behaviour to species’ traits and phylogenetic relatedness.
Juan Manuel Morales - INIBIOMA-CRUB, CONIECT

(2386) Markov chain Monte Carlo as a model of animal movement and space use
Théo Michelot - University of Sheffield, United Kingdom

10:00 - 11:00 Spatial Modelling (II) Physics LT B

Chair: Enrico Pirotta

(2643) Conservation reserve design under climate uncertainty: risk & reward trade-offs
Mitchell Eaton - US Geological Survey, United States

(2592) Extending the toolbox - dropping the linearity assumption for complex spatial models fitted with INLA
Janine Illian - University of St Andrews, United Kingdom

(2484) Estimation and application of ecological memory functions in time and space
Malcolm Itter - University of Helsinki, Finland

(2584) Modeling  spatial and spatial-ontogenetic structure of old-growth boreal forests by random point process models with
hierarchical interactions
Pavel Grabarnik - Institute of Physico-chemical and Biological Problems of Soil Science, Russian Academy of Sciences, Russia

(2504) Shared latent fields for mark-location dependence in a log Gaussian Cox process
Charlotte Jones-Todd - NIWA, New Zealand

11:00 - 11:30 Tea/Coffee MSB & Physics Cafe/Foyer

11:30 - 12:30 Genetics and Stream Networks Physics LT C

Chair: Stacy De Ruiter

(2315) An asymmetric measure of population differentiation based on the saddlepoint approximation method
Louise McMillan - University of Auckland, New Zealand

(2405) Generalized Additive Models for estimating plant protection product occurrences and related effects in streams
Andreas Scharmüller - University Koblenz-Landau, University of Strasbourg, Germany

(2306) Estimating Salmonid Escapement Across a Stream Network using PIT Tags
Kevin See - QCI, United States

(2490) Modelling flooding levels in a wetland with partially missing rain gauge data
Gordana Popovic - University of New South Wales, Australia

(2345) Incorporating ecology into authentication of manuka honey
Claire McDonald - Ministry for Primary Industries, New Zealand

11:30 - 12:30 Population Dynamics (II) Physics LT A

Chair: Olivier Gimenez

(2612) A spatially-explicit abundance-based metapopulation model for count and occupancy data
Paige Howell - University of Georgia, United States

(2557) A demo-genetic model for spontaneous forest establishment
Dominique Lamonica - University of Hohenheim, Germany

(2421) Multidimensional Hidden Markov Model with Data Feedback : new framework for estimating dynamics of species with
dormant stage.
Sebastian Le Coz - INRA, France

(2611) Density dependent habitat selection during the eradication of invasive American mink
Ewan McHenry - University of Aberdeen, Scotland

(2512) Environmental variables driving phytoplankton population dynamics
Louise Lindroos - Åbo Akademi University, Finland

11:30 - 12:30 Species Distribution Modelling (II) Physics LT B

Chair: David L. Miller

(2515) Can simple envelope ensembles improve transferability of non-native species distributions?
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Matt Hill - CSIRO, Australia

(2318) Modelling presence-absence response curves in the ecological niche theory framework
Leire Citores - AZTI - BCAM, Spain

(2413) Hierarchical Bayesian models reveal the habitat characteristics of Arctic marine mammals
Jussi Mäkinen - University of Helsinki, Finland

(2541) A simple canonical method for fitting nonlinear environmental gradients to community data.
Russell Millar - University of Auckland, New Zealand

12:30 - 14:00 Lunch MSB & Physics Cafe/Foyer

14:00 - 18:00 Excursions Default Location

5 July (Thursday) Location

09:00 - 09:45 Plenary Physics LT A

Chair: Mark Kery

(2971) Why don't we ask: can citizen science improve ecology and conservation?
Kerrie Mengersen - Queensland University of Technology, Australia

09:45 - 10:00 Break On Site

10:00 - 11:00 Capture-Recapture Modelling (II) Physics LT B

Chair: Russell Millar

(2661) Estimating size-dependent mortality rates in competing risks situations using mark-recapture-recovery data
Chloé Nater - University of Oslo, Norway

(2549) A hidden Markov model to estimate prevalence of hybrids in free-ranging admixed populations
Nina Luisa Santostasi - Centre d'ecologie fonctionelle et evolutive, France

(2385) Species distribution modelling from a camera-trap survey of leopards in the Kruger National Park, using spatial capture-
recapture methods.
Nakedi Maputla - African Wildlife Foundation, South Africa

(2414) Modelling spatial patterns of migratory connectivity and survival using a REML-like approach
Saskia Schirmer - University of Greifswald, Germany

(3046) Joint estimation of growth and survival using capture-mark-recapture data.
David Miller - Penn State University, United States

10:00 - 11:00 Movement Ecology (IV) Physics LT A

Chair: Peter Henrys

(2411) Modelling movement patterns of sharks using acoustic detections
Theoni Photopoulou - University of St Andrews, United Kingdom

(2277) Central place foragers and moving stimuli: a hidden-state model to discriminate the processes affecting movement
Enrico Pirotta - Washington State University, United States

(2404) Making sense of ultra-high resolution animal movement data
Jonathan Potts - The University of Sheffield, United Kingdom

(2538) Selecting the number of states in hidden Markov models - practical challenges and pragmatic solutions
Jennifer Pohle - Bielefeld University, Germany

(2379) Accounting for phenology in the analysis of animal movement
Henry Scharf - Department of Statistics, Colorado State University, United States

10:00 - 11:00 Statistical Theory (II) Physics LT C

Chair: Hideyasu Shimadzu

(2365) Selection of the most favourable clones of Populus x canescens in the context of breeding
Ivy Jansen - Research Institute for Nature and Forest, Belgium

(2446) Identifying the characteristic scales in hierarchical signals
Leena Pasanen - Research Unit of Mathematical Sciences, University of Oulu, Finland

(2441) Mixtures with Negative Components
Shirley Pledger - Victoria University of Wellington, New Zealand

(2445) Hierarchical modeling in ecology
Matthew Schofield - University of Otago, New Zealand

(2672) Statistical models of gendered patterns of citation and authorship in ecology
Michael McCarthy - The University of Melbourne, Australia

11:00 - 11:30 Tea/Coffee MSB & Physics Cafe/Foyer

11:30 - 12:30 Multi-species Modelling & Community Dynamics Physics LT A

Chair: Theoni Photopoulou

(2392) Inferring species interactions from time series using autoregressive models and causal approaches
Frederic Barraquand - CNRS, France

(2367) Neutral models with environmental stochasticity: rationale, inference and perspectives
Franck Jabot - Irstea, France

(2642) Using topic models to describe disturbance and quantify responses to environmental change in palaeoecological time
series
Gavin Simpson - Institute of Environmental Change and Society, Canada
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(2395) Joint species distribution models with interactions and imperfect detection
Marc Kery - Swiss Ornithological Institute, Switzerland

(2480) Spatial covariation of competing species in a fluctuating environment
Aline Magdalena Lee - Centre for Biodiversity Dynamics, Norwegian University of Science and Technology, Norway

11:30 - 12:30 Spatial Modelling & Statistical Theory Physics LT B

Chair: Allan Clark

(2470) The epidemics of a wild plant pathogen obey the laws of graph theory
Elina Numminen - University of Helsinki, Finland

(2296) Efficient MCMC for Spatially Explicit Capture-Recapture
Daniel Turek - Williams College, United States

(2281) Accounting for spatial autocorrelation in deforestation modelling
Ghislain Vieilledent - Joint Research Center of the European Commission, Italy

(2497) Not all information is equal: Understanding the data drivers behind spatial conservation priorities
Heini Kujala - The University of Melbourne, Australia

(2378) Maximum likelihood estimation with data from a response-selective stratified sampling design, with application to fish
growth curve estimation
Noel Cadigan - Marine Institute of Memorial University of Newfoundland

11:30 - 12:30 Survey design, statistical theory & Species Distribution Modelling Physics LT C

Chair: Diana Cole

(2361) Statistical properties of a new method based on point-to-plant distances to record and monitor plants in herbaceous,
terrestrial vegetation
Hans Van Calster - Research Institute for Nature and Forest, Belgium

(2525) Design and implementation of a monitoring scheme to assess habitat quality of European protected habitats in Flanders
(Belgium)
Toon Westra - Nature and Forest Research Institute (INBO), Belgium

(2604) Penalized Estimation of Hidden Markov Models for Behavioral State Switching
Meridith Bartley - Penn State University, USA

(2412) Spatio-temporal species distribution model to detect outbreaks of coral consuming Crown-of-thorns starfish in the Great
Barrier Reef
Jarno Vanhatalo - University of Helsinki, Finland

(2301) A comparison of joint species distribution models for occupancy data.
David Wilkinson - School of Biosciences, The University of Melbourne, Australia

12:30 - 14:00 Lunch MSB & Physics Cafe/Foyer

12:50 - 13:50 British Ecological Society Workshop: How to be a Good Reviewer MSB Exhibition Lab

14:00 - 15:30 Movement Ecology (V) Physics LT A

Chair: Ali Johnston

(2492) Inference for advection-diffusion models of collective movement: what are the drivers of the Serengeti wildebeest
migration?
Elaine Ferguson - University of Glasgow, United Kingdom

(2330) Accounting for animal-specific variation in habitat selection studies: efficient estimation of mixed effects models
Johannes Signer - University of Goettingen, Germany

(2494) Don't get it wrong: safely selecting sub-sets from tracking data.
Emiel van Loon - University of Amsterdam, Netherlands

(2553) Continuous-time resource selection analysis for moving animals
Yi-Shan Wang - University of Sheffield, United Kingdom

(2486) Detecting long-term effects in animal movement
Anna-Kaisa Ylitalo - Natural Resources Institute Finland, Finland

(2498) Density-dependent analysis of intertidally foraging Oystercatchers by integrating individual tracking data, dynamic food
landscapes and optimality models
Adriaan Dokter - Cornell Lab of Ornithology, Cornell University, United States

(2529) Grey seal behaviour in relation to environmental variability and commercial fishing activity – an analysis using
multivariate hidden Markov models
Sina Mews - Bielefeld University

14:00 - 15:30 Occupancy Modelling (II) Physics LT C

Chair: Catriona Harris

(2294) Using time-to-detection models to quantify biodiversity patterns across multiple taxa in a landscape threatened by shale
gas development
Dominic Henry - University of Cape Town, South Africa

(2348) How can the score test be consistent?
Natalie Karavarsamis - The University of Melbourne, Australia

(2660) CUSUM residual plots for assessing fit of occupancy models
Darryl MacKenzie - Proteus, New Zealand

(2539) Developing a multispecies dynamic patch-occupancy model to infer poaching in Southeast Asia.
Lucile Marescot - CNRS Center of Functional and Evolutionary Ecology, France

(2671) Pairwise species misidentification in community occupancy models
Brittany Mosher - US Geological Survey and Pennsylvania State University, United States
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(2630) An auxiliary variable approach to false-positive, multi-species models
Viviana Ruiz-Gutierrez - Cornell Lab of Ornithology, United States

(2583) Finding Africa’s rarest rabbit: camera clusters and occupancy modelling of the riverine rabbit (Bunolagus monticularis).
Zoe Woodgate - University of Cape Town, South Africa

14:00 - 15:30 Population Dynamics and Species Distribution Modelling Physics LT B

Chair: Lindesay Scott-Hayward

(2491) Spatiotemporal capture-removal model for estimating and predicting population dynamics of invasive predators
Dean Anderson - Manaaki Whenua - Landcare Research, New Zealand

(2355) Modelling species diversity in joint species distribution models with flexible multivariate Gaussian process priors.
Marcelo Hartmann - University of Helsinki, Finland

(2526) Quantifying the vulnerability of seabird populations to potential anthropogenic mortality
Julie Miller - University of Glasgow, United Kingdom

(2417) Spatial variation in local abundance of the Glanville fritillary butterfly in a heterogeneous landscape
Torsti Schulz - University of Helsinki, Finland

(2455) Bayesian multistate open robust design mark recapture reveals expression of individual heterogeneity in reproductive
traits is amplified by population size
Janelle Badger - Department of Biology and Wildlife, University of Alaska Fairbanks, United States

(2389) N-mixture, site-occupancy and spatial capture-recapture models in a large applied project: the Swiss Breeding Bird Atlas
2013-2016
Jérôme Guélat - Swiss Ornithological Institute, Switzerland

(2550) Habitat Models Accurately Predict Population Change in Nature
Jason Matthiopoulos - University of Glasgow, United Kingdom

15:30 - 15:45 Break On Site

15:45 - 16:45 Fisheries Research (II) Physics LT C

Chair: Leslie New

(2636) Estimating individual- and population-level variation in the space use of white sharks off Cape Cod, Massachusetts, from
passive acoustic telemetry data
Megan Winton - School for Marine Science and Technology, University of Massachusetts Dartmouth, United States

(2581) An EM algorithm to estimate inter-annual variation in fish growth from length-frequency data
Luke Batts - Marine and Freshwater Research Centre, GMIT, Ireland

(2646) A spatiotemporal model for combining survey and fishery data
John Best - University of Washington, United States

(2638) A spatially varying coefficient model to help stock assessment for data-poor species: a case study with skates (Raja sp.)
population trends.
Thomas Cornulier - University of Aberdeen, UK, United Kingdom

(2563) Global reconstruction of life-history strategies for data-limited populations
Cat Horswill - University of Glasgow, United Kingdom

15:45 - 16:45 Multi-species Modelling (I) Physics LT B

Chair: Ben Stevenson

(2569) Modelling hierarchical functional relationships with Markov random field tensor products
Eric Pedersen - Fisheries and Oceans Canada, Canada

(2546) A general framework for combining ecosystem models
Michael Spence - CEFAS, United Kingdom

(2648) What drives the distribution of eucalypt trees?  Lessons from trait-based species distribution models.
Peter Vesk - University of Melbourne, Australia

(2339) Novel applications of the Monte-Carlo EM algorithm in ecology
David Warton - UNSW Sydney, Australia

15:45 - 16:45 Spatial Modelling (III) Physics LT A

Chair: Janine Illian - Senior Lecturer in Statistics, University of St Andrews

(2641) Analysing telemetry data using spatial point process models
Esther Jones - University of South Wales, United Kingdom

(2632) Describing Southern Resident Killer Whale Habitat Use in the Salish Sea using Multiple Sources of Data.
Ruth Joy - Simon Fraser University; SMRU Consulting, Canada

(2568) A spatio-temporal model for fishing effort displacement due to area closures using INLA and SPDE: The scallop dredge
fishery and offshore wind farms in Scotland
Andronikos Kafas - University of Aberdeen & Marine Scotland, United Kingdom

(2620) A flexible and efficient spatiotemporal modeling strategy for trend analysis of North American bird count data
Tim Meehan - Audubon Society, USA

(2556) Achieving depth and breadth in spatial models of vector-borne diseases: An integrated framework for active survey and
passive surveillance data
Luca Nelli - Univertsity of Glasgow, United Kingdom

16:45 - 17:15 Tea/Coffee MSB & Physics Cafe/Foyer

17:15 - 18:00 Abundance Estimation (III) Physics LT C

Chair: Emily Dennis

(2566) Understanding snow leopard distribution and their spatial ecology through Spatial Capture Recapture Analysis
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Koustubh Sharma - Snow Leopard Trust, Kyrgyzstan

(2609) Integrating spatial capture-recapture and point count data to estimate bird density
Rahel Sollmann - UC Davis, USA

(2589) Estimating Animal Abundance from Passive Acoustics: A Real-world Test Using a Bottlenose Dolphin Population of Known
Size
Len Thomas - University of St Andrews

17:15 - 18:00 Capture-Recapture Modelling (III) Physics LT A

Chair: Ruth King

(2503) Putting the `spatial' in `spatial capture-recapture'
Ben Stevenson - University of Auckland, New Zealand

(2374) Novel Application of Adaptive Sampling Principles to Spatial Capture-Recapture
Alec Wong - Cornell University, United States

(2633) Modelling the recruitment of grey seals to the breeding population on the Isle of May
Hannah Worthington - University of St Andrews, United Kingdom

(2372) Maximum likelihood estimation for latent multinomial models using the saddlepoint approximation method
Wei Zhang - Department of Statistical and Actuarial Sciences, Western University, Canada

17:15 - 18:00 Multi-species Modelling (II) Physics LT B

Chair: Mark Brewer

(2605) Using joint species movement modelling to infer the role of frugivory on structuring plant communities
Teresa Moran Lopez - Laboratorio Ecotono, INIBIOMA, CRUB, Univ. Nacional del Comahue,, Argentina

(2578) Efficient estimation methods for generalized linear latent variable models using TMB
Jenni Niku - University of Jyväskylä, Finland

(2272) Analysing community assembly processes with hierarchical modelling of species communities
Gleb Tikhonov - University of Helsinki, Finland

19:00 - 23:59 Banquet and Ceilidh Old Course Hotel

6 July (Friday) Location

09:00 - 09:45 Plenary Physics LT A

Chair: Rachel Fewster

(2253) Monitoring the biodiversity of regions:  principles and pitfalls
Steve Buckland - Univerisity of St Andrews

09:45 - 10:00 Break On Site

10:00 - 11:30 Capture-recapture and Integrated Modelling Physics LT B

Chair: Hannah Worthington

(2358) Estimating annual survival from combined live/dead encounter data using species-level random effects: a case study with
North American wood warblers
Todd Arnold - University of Minnesota, United States

(2376) Spatial Capture-Recapture for Categorically Marked Populations with an Application to Genetic Capture-Recapture
Ben Augustine - Cornell University, United States

(2338) Spatially explicit capture-recapture: The “tweenage/teenage” years
Ruth King - University of Edinburgh, United Kingdom

(2606) Estimating density for species conservation using camera traps, unmarked individuals, and spatial count models.
Joanna Burgar - University of British Columbia, University of Victoria, Canada

(2590) Non-homogeneous Markov modulated Poisson processes for capture-recapture data
Rémi Choquet - CEFE, CNRS, France

(2651) Model projections in model space: Multimodel inference beyond model averaging
Jose-Miguel Ponciano - University of Florida, United States

(2656) Inferring processes from dynamic abundance time series
Jose Miguel Ponciano - University of Florida

10:00 - 11:30 Movement, Spatial and Multi-species Modelling Physics LT A

Chair: Ben Bolker

(2540) Processing of acceleration and dive data on-board satellite relay tags to investigate diving and foraging behaviour in free-
ranging marine predators
Sam Cox - CNRS, France

(2635) A simulation study to assess performance of Mahalanobis distance based metrics for dimension reduction and change-
point detection in animal behavior time-series
Stacy De Ruiter - Calvin College, United States

(2548) Boat avoidance as a source of capture heterogeneity in Heaviside’s dolphins (Cephalorhynchus heavisidii) in Namibia – a
learned behaviour?
Simon Elwen - University of Pretoria and Sea Search Research & Conservation, South Africa

(2524) Modelling the Collective Movement of Reindeer.
Fay Frost - University of Sheffield, United Kingdom

(2469) Estimating interactions between individuals from concurrent animal movements
Ulrike Schlaegel - University of Potsdam, Germany

(2444) Dynamic factor analysis to investigate coherency in growth patterns across multiple fish species in the Northeast Atlantic
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Olga Lyashevska - Galway Mayo Institute of Technology, Ireland

10:00 - 11:30 Population Dynamics (III) Physics LT C

Chair: Perry de Valpine

(2369) Open population maximum likelihood spatial capture-recapture
David Borchers - University of St Andrews, United Kingdom

(2280) Beyond the proportional frailty models: Bayesian estimation of individual heterogeneity in mortality parameters
Fernando Colchero - University of Southern Denmark, Denmark

(2596) Using citizen science data in integrated population models to inform conservation decision-making
Orin Robinson - Cornell Lab of Ornithology, United States

(2496) The best of both worlds: Combining strengths of wildlife and fisheries statistical models for estimating survival probability
from age at harvest data
Christopher Rota - West Virginia University, United States

(2544) Integrated population modelling of fuliginator beetle data with two temporal dynamic scales
Byron Morgan - University of Kent, United Kingdom

(2669) Local nest-boxes deployment creates a source population impacting large scale population dynamics
Rémi Fay - Swiss Ornithological Institute, Switzerland

(2461) Model validation in state-space fish stock assessments models
Anders Nielsen - Technical University of Denmark, Denmark

11:30 - 12:00 Tea/Coffee MSB & Physics Cafe/Foyer

12:00 - 13:30 Invited - Distance Sampling Physics LT A

(2323) Historical Perspective of Distance Sampling Development
Jeffrey Laake - None, United States

(2337) Distance Samplers and Other Animals
Rachel Fewster - University of Auckland, New Zealand

(2647) Application of structured surveys and distance sampling to conservation science – a key statistical contribution
Stephen Baillie - British Trust for Ornithology, United Kingdom

13:30 - 14:15 Awards Ceremony Physics LT A

14:15 - Lunch and Conference End

ISEC 2018 is
sponsored by:

 

   ISEC 2018 organising team | isec2018@st-andrews.ac.uk |

01334 463 000
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Joint modeling of multi-scale animal movement data using hierarchical hidden 
Markov models 

 
Timo Adam1, Christopher A. Griffiths2, Vianey Leos-Barajas3, Roland Langrock1, Paul 

Blackwell2, David Righton4 

1Bielefeld University, 2University of Sheffield, 3Iowa State University, 4Centre for 
Environment, Fisheries and Aquaculture Science 

 
Abstract ID: 2559 

Movement Ecology (I)/1 
Oral - Student Competition 
 

Hidden Markov models (HMMs) are prevalent in the field of animal movement modeling, 
where they can be used to infer behavioral modes from various types of telemetry data. A 
basic HMM comprises an observed movement process that is driven by a hidden state 
process, the latter of which is typically linked to behavioral modes such as resting, foraging 
or traveling. In ecological applications, it is of particular interest to model the effect of 
individual and environmental covariates on state occupancy. In order to allow for meaningful 
inference, the observations need to be equally spaced in time (or otherwise regularly 
sampled). As a consequence, the corresponding temporal resolution strongly affects what 
kind of behaviors may be inferred from the data at hand. 
 
However, recent advances in bio-logging technology have led to a variety of novel telemetry 
sensors which often collect data from the same individual at different time scales. Typical 
examples are step lengths obtained from GPS tags every hour, dive depths obtained from 
time-depth recorders once per dive or overall dynamic body accelerations obtained from 
accelerometers several times per second. This offers the opportunity to jointly model 
observations from different data sources at multiple temporal scales, in particular to minimize 
the effect of the often arbitrarily chosen time intervals between consecutive observations. 
 
To account for the differing temporal resolutions across multiple variables, we consider 
hierarchical HMMs (Leos-Barajas et al., 2017), where we regard the observations as 
stemming from several hidden state processes, each of which operates at the time scale at 
which the corresponding variables were observed. The suggested approach is illustrated by 
modeling horizontal and vertical movements of an Atlantic cod outfitted with a GPS tag and 
a pressure sensor, where we demonstrate how the proposed framework can be used for joint 
inference at multiple temporal scales, which may ultimately yield a more comprehensive 
picture of an animal's behavior. 
 
Reference: 
Leos-Barajas, V., Gangloff, E.J., Adam, T., Langrock, R., van Beest, F.M., Nabe-Nielsen, J. 
and Morales, J.M. 2017. Multi-scale modeling of animal movement and general behavior data 
using hidden Markov models with hierarchical structures. Journal of Agricultural, Biological 
and Environmental Statistics, 22: 232-248. 
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Logistic modelling of point process: a Bayesian approach for presence-only data 

 
Guido Alberti Moreira, Dani Gamerman 
Universidade Federal do Rio de Janeiro 

 
Abstract ID: 2288 

Species Distribution Modelling (I)/1 
 
Oral - Student Competition 
 

Species distribution models (SDMs) are extremely useful for determining preferences and 
habitats for different species. Appropriate estimation of species distribution depends on the 
adequate random sampling scheme which isn’t always available. Instead, data is frequently 
composed of georeferenced locations where the species has been observed, which is 
commonly referred to as presence-only (PO) data. 
  
The statistical modelling of PO type data through Inhomogeneous Poisson Processes (IPP) 
was proposed by Fithian and Hastie (2013). As has already been noted (Fithian et al, 2015), 
PO type data presents bias in its sampling pattern, which must be addressed. A natural way 
to model this bias under IPP is through thinning of the process, which is easily performed 
using pertinent covariates and a logistic function. 
  
A different model for the intensity is proposed. It maintains the already established flexibility, 
while adding extra flexibility in the choice of covariates. Therefore, it is possible to have 
correlated and even the same covariates in the intensity and thinning components of the 
model. This is shown through simulated results. Additionally, it provides computational 
advantages for handling integrals that appear in the likelihood without resorting to 
approximations. 
  
Finally, all the inference is based on the Bayes paradigm, which provides a way to consider 
the uncertainty inherent to the unknown components in the analysis. 
  
References: 
Fithian, W.& Hastie, T. (2013). Finite-sample equivalence in statistical models for presence-
only data. The Annals of Applied Statistics, 7, 1917–1939. 
Fithian, W., Elith, J., Hastie, T., Keith, D. A. (2015). Bias correction in species distribution 
models: pooling survey and collection data for multiple species. Methods in Ecology and 
Evolution, 6, 424–438. 
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Modelling detection probability using a new link function in interval-censored 
detection 

 
Pamela Massiel Chiroque Solano, Guido Alberti Moreira 

UFRJ 
 

Abstract ID: 2439 
Poster Session (II)/22 

 
Poster - Student Competition 
 

Although Species Distribution Models (SDMs) are already well developed, much care has to 
be taken in proper treatment of data sampling. This work is based on the ideas found in 
Ferreira et al (2016) which deals with interval-censored detection of a species. Their model 
deals with data where detection isn't collected as a specific point in time, but up to a time 
interval. 
 
This work reviews the model they used, specifically the part that incorporates the time 
intervals. As the model only includes these intervals to describe a number between 0 and 1, 
we modify this by allowing additional transforms. 
 
To do this, we observe that the species detection probability is modeled in that work by 
assigning a log linear relationship between the survival rate of detection and covariates. This, 
in practice, leads to a complementary log log link of the probability of detection with those 
covariates. In turn, we explore other link functions, and the predictions that they yield, 
comparing it to the referenced work. 
 
Special attention is drawn to the fact that what we are proposing is another way to model 
detection probabilities. They are important as a way to consider detection uncertainty in the 
prediction of the SDM. As such, the logistic link is a natural way to model probabilities with 
the use of covariates. As a further way to incorporate the uncertainty, all analysis is done 
under the Bayesian framework. 
 
To validate our work, we use simulated data to validate parameter estimation. We also use 
the same fish data used in the referenced work for comparison. 
 
Reference: 
Ferreira, M., Filipe, A.F., Bardos, D.C., Magalhães, M.F., Beja, P. 2016. Modelling stream 
fish distributions using interval-censored detection times. Ecology and Evolution, 6(15): 5530-
5541 
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Bayesian Inference for Animal Movement in Continuous Time 
 

Hajar Alkhezi, Prof. Paul Blackwell 
University of Sheffield 

 
Abstract ID: 2561 

Movement Ecology (I)/3 
 

Our goal is to develop a new method that allows exact Bayesian inference for animal 
movement in continuous time, which will make modelling animal movement in continuous 
time more widespread because the new method will be more realistic and efficient.  
  
One idea is to estimate the boundaries of unknown habitat regions, using animal movement 
to learn about the environment. It is natural to regard the regions as corresponding to 
observable features of a habitat. If the boundaries of the region are unknown, we can estimate 
them by assuming the number of behavioural states is equal to the number of regions, with 
each region corresponding to one state. Moreover, a shift in behaviour means the animal has 
encountered the boundary of the next region. We use the exact Bayesian statistical analysis 
for movement models with behavioural switching in continuous time, without need for time-
discretisation error. To make the estimated boundary idea work with the exact method, we 
must assume that the transition rate has an upper boundary, which means that instantaneous 
changes in behaviour do not occur when the animal moves from one region to the next. We 
enable inference for the boundary by adding an extra MCMC step to vary the boundary. 
  
Another development is a more flexible model for animal behaviour by replacing the Markov 
process of behavioural states with a semi-Markov process. A semi-Markov process for 
behaviour allows the transition rate to depend on the time since the most recent transition, 
which allows the time spent in the behavioural state to have a distribution other than 
exponential, using a more elaborate Markov method. If one of the states does not follow an 
exponential distribution, we can divide it into multiple states. For example, the feeding state 
could be divided into two states, representing two levels of hunger. The time in each of these 
states would have an exponential distribution with a different rate, and the sum of the times 
in the two states is similar to the real distribution. This allows more flexible modelling of the 
length of time spent feeding. The difference between feeding in the two sub-states would not 
be observed in the field. By choosing the extra states and the transition rates between them, 
we can control the distribution of the time spent in a behavioural state. 
  
We illustrate these extensions by presenting re-analyses of two movement data-sets from a 
radio-tracking experiment on ibex (Calenge et al, 2009) and the other one on bison. 
  
 References: 
Calenge, C., Dray, S. and Royer-Carenzi, M. (2009). The concept of animals' trajectories 
from a data analysis perspective. Ecological Informatics 4(1), 34-41. 
Langrock, R., King, R., Matthiopoulos, J., Thomas, L., Fortin, D. and Morales, J.M. (2012). 
Flexible and practical modelling of animal telemetry data: hidden Markov models and 
extensions. Ecology 93(11), 2336-2342. 
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The reliance on data that comes only from fishers can lead to biased or very imprecise 
estimates of fish populations. This, in turn, can lead to management measures that are overly 
cautions, overly risky, or simply wrong. Scientific and independently-gathered data is crucial 
to reducing bias and imprecision in fish population estimates. Before managers can move 
forward with fishery-independent data gathering, they need some mechanism in which to 
assess the risks, rewards, and costs of investing in a scientific population survey. 
 
This project develops an estimator for which managers can assess the value of fishery-
independent data, and is applied to an example fishery: California market squid (Doryteuthis 
opalsecens). The fishery for California market squid is the highest grossing commercial 
fishery in California, but current market squid harvest is limited to a fixed annual maximum 
catch limit. There is no adaptive management of market squid, which are known to exhibit 
large annual fluctuations in biomass (eg. Dorval et. al, 2013), and are sensitive to 
environmental variation, performing poorly in El Niño years (eg. Koslow and Allen, 2011). 
 
The methods examine the precision different survey types would add to the population 
estimates through simulation. The monetary value of fishery-independent information is 
assessed via a comparison of the cost to implement each survey type versus potential 
increase in fishery revenue from more precise population estimates. The risk of over-
exploitation by maintaining the status quo versus improvements to long-term sustainability 
measures due to improved population estimates are also presented. 
 
References: 
Dorval, E., Crone, P.R. and McDaniel, J.D. 2013. Variability of egg escapement, fishing 
mortality and spawning population in the market squid fishery in the California Current 
Ecosystem. Marine and Freshwater Research, 64.1:80-90. 
Koslow, J.A., and Allen, C.I. 2011. The influence of the ocean environment on the 
abundance of market squid, Doryteuthis (Loligo) opalescens, paralarvae in the Southern 
California Bight. California Cooperative Oceanic Fisheries Investigations Report, 52:205-
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Climate change appears to affect body size of animals whose optimal size in part depends 
on temperature. However, attribution of observed body size changes to climate change 
requires an understanding of the selective pressures acting on body size under different 
temperatures. We examined the link between temperature and body size in a population of 
mountain wagtails (Motacilla clara) studied in KwaZulu-Natal, South Africa, between 1976 
and 1999, where temperature increased by 0.18°C. The wagtails became lighter by 0.035g 
per year. Partitioning this trend using mixed effect models, we found that only a quarter of the 
effect (0.009g / year) was due to individuals losing weight and three quarters (0.027g / year) 
was due to lighter individuals replacing heavier ones. Only the latter component was 
statistically significant. Apparently, the wagtails were reacting to selection for reduced weight. 
Analysing capture-mark-recapture data, we found that survival was lowest in winter and 
higher during the other seasons. In addition to seasonal variation in survival, we found that 
survival selection was temperature-mediated, i.e. lighter individuals survived better under 
high temperatures whereas heavier individuals survived better under low temperatures. 
Hence, we found clear evidence for temperature-dependent selection on body mass of 
mountain wagtails and that the observed change in mass is due to turnover of individuals. 
Both lines of evidence are consistent with climate change being a driver of this observed body 
mass change. It remains to be seen, however, whether the observed temperature-dependent 
survival selection was due to direct effects of temperature through thermodynamic 
mechanisms or indirect effects via resource availability. 
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Hierarchical modelling of species community data has been recently proposed to facilitate 
the connection between community ecology theories and statistical methods (Ovaskainen et 
al, 2017) . Covariance matrix estimation arises in this type of hierarchical models and, more 
generally, in multivariate problems including multivariate normal sampling models and 
regression models where random effects are jointly modeled, e.g. random-intercept, random-
slope models. 
 
A Bayesian analysis of these problems requires a prior on the covariance matrix. Here we 
compare an inverse Wishart, scaled inverse Wishart, hierarchical inverse Wishart, and a 
separation strategy as possible priors for the covariance matrix. The objective of this study is 
to understand the impact of these prior choices on the posterior inference of the covariance 
matrix. We select some of the proposed prior models in the literature and first run a simulation 
study to assess the impact on posterior, then we apply each model to a real data set 
consisting of bird counts in national forest in the Great Lakes. 
 
Generally all priors work well with the exception of the inverse Wishart when the true variance 
is small relative to prior mean. In this case, the posterior for the variance is biased toward 
larger values and the correlation is biased toward zero. This bias persists even for large 
sample sizes and therefore caution should be used when using the inverse Wishart prior. 
 
References: 
Ovaskainen, O., Tikhonov, G., Norberg, A., Guillaume Blanchet, F., Duan, L., Dunson, D., 
Roslin, T. and Abrego, N. (2017), How to make more out of community data? A conceptual 
framework and its implementation as models and software. Ecol Lett, 20: 561–576. 
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Capture-removal trapping is a ubiquitous environmental management practice for 
problematic invasive animals. However, statistical methods are lacking for using capture-
removal data from such operations to make inference on multiple population processes, such 
as population size, population growth, immigration rate, and habitat selection. In this 
presentation we describe and demonstrate a spatiotemporal capture-removal model for 
making inference on populuation dynamics of controlled invasive predators in New Zealand 
to protect native birds and lizards. We used6 years of weekly capture-removal records of 
feral-cats, ferrets, stoats and hedgehogs. A Bayesian hierarchical model was specified that 
incorporates biological and observation processes and takes advantage of prior information 
on the individual species. The model builds on methods developed for distance sampling and 
spatially-explicit-capture-recapture modelling to estimates parameters describing habitat 
selection, home-range size, and the probabilities of capture of 16 different trap-bait 
combinations. Results indicate large seasonal fluctuations in population size for all species, 
which was influenced much more by immigration from adjacent areas than from in-situ 
population growth (up to 20 times more). Stoats tended to avoid cats and ferrets, but all other 
inter-specific interactions were independent. Subsequently, we used the estimated 
parameter distributions and the same hierarchical model structure to temporally forecast 
predator-population sizes in response to plausible alternative management scenarios. The 
modelling provides critical insight on the dynamics of the system and guidance to managers 
on optimal spatiotemporal trapping strategies. 
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In ecological systems, extremes can happen in time, such as population crashes, or in space, 
such as rapid range contractions. However, current methods for joint inference about 
temporal and spatial dynamics (e.g. spatiotemporal modelling with Gaussian random fields) 
may perform poorly when underlying processes include extreme events. Here we introduce 
a model that allows for extremes to occur simultaneously in time and space. Our model is a 
Bayesian predictive-process GLMM (generalized linear mixed-effects model) that uses a 
multivariate-t distribution to describe spatial random effects. The approach is easily 
implemented with our flexible R package glmmfields. First, using simulated data, we 
demonstrate the ability to recapture spatiotemporal extremes, and explore the consequences 
of fitting models that ignore such extremes. Second, we predict tree mortality from mountain 
pine beetle (Dendroctonus ponderosae) outbreaks in the US Pacific Northwest over the last 
16 years. We show that our approach provides more accurate and precise predictions 
compared to traditional spatiotemporal models when extremes are present. Our R package 
makes these models accessible to a wide range of ecologists and scientists in other 
disciplines interested in fitting spatiotemporal GLMMs, with and without extremes. 
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Benthic macroinvertebrates are an important indicator group in the biological monitoring of 
waterbodies. Taxonomic experts play a key role in the process but the expensive and time-
consuming identification of samples has become a bottleneck of the biomonitoring process – 
especially as the funding continues to decrease. To overcome this issue, there have been a 
lot of studies on automated taxa identification for macroinvertebrates in recent years. 
 
Even though the results for automated identification of benthic macroinvertebrates have been 
very promising, biologists remain doubtful. The general opinion seems to be that in order to 
implement machine based identification in practice the accuracy would need to be close to 
100 %, and the machine should preferably operate with the same logic as taxonomic experts 
in the identification process. 
 
Though there have been plenty of comparisons between different classification methods and 
their accuracy rates (Ärje et al, 2017), and studies on auditing taxonomic experts (Haase et 
al, 2010), to our knowledge, there exists no comparisons between taxonomic experts and 
machines in the identification of benthic macroinvertebrates. 
 
In this study, we explore the difference in decision making by human experts and automated 
classifiers. We utilize the results from a proficiency test for taxonomic experts, organized by 
the Finnish Environment institute. For automated classification, we work with a large image 
database which has multiple images per specimen. With these data, we study do the 
identification processes of automated classifiers follow the logic of the taxonomic hierarchy 
developed by humans. We also explore whether automated classifiers are best suited for a 
certain level of the taxonomic hierarchy. 
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The effect of automated taxa identification errors on biological indices. Expert Systems with 
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Age-specific survival probabilities are critical components of population projection models, 
but for many species of interest, too few encounter data are available, or available data are 
fraught with analytical complexities. These complexities can include: 1) mixtures of live and 
dead encounters, which have different likelihoods during encounter years, 2) re-encounters 
that occur at the original marking sites, where survival and encounter probabilities are 
confounded by site fidelity, and 3) individuals that were not aged or sexed at time of marking, 
and are therefore often discarded from analysis. 
 
I addressed these issues in a combined analysis of mark-recapture-recovery data for 45 
species of North American wood warblers (Aves: Parulidae). I estimated true survival (S), 
fidelity to marking site (F), dead recovery (r) and live encounter (p) probabilities for juvenile 
and adult males and females for all 45 species by treating species identity as a random effect 
on intercepts, age and sex effects for each parameter, similar to combined analyses of 
occurrence or count data in multi-species occupancy or abundance models (e.g., Kery and 
Royle 2009). Birds of unknown age or sex at marking were handled using finite mixture 
models (Pledger and Schwarz 2002), which estimated latent proportions of juveniles and/or 
females among cohorts of unknown age or sex at time of banding. 
 
This analysis revealed several noteworthy findings. Analyses based on live encounter data 
have historically underestimated female and especially juvenile survival, due to greater 
probability of breeding and natal dispersal, respectively. Population modelers have often 
assumed that survival of juvenile birds is 0.5-times adult survival, but I found that juvenile 
survival averaged 0.70 times adult survival, with substantial variation among species (SD 
0.25). Even dead recoveries are affected by site fidelity, because a large proportion of 
recoveries are obtained from the marking site, and failing to account for site fidelity when 
analyzing dead encounter data also leads to biased survival estimates. Mixture models 
provided an effective means of utilizing data from birds of unknown age or sex at time of 
marking, and allowed more data to be retained for analysis. This was especially important for 
historical data, when aging and sexing methods were less refined. If marking occurs during 
multiple time intervals per year (e.g. spring and fall), the model can be readily adapted to 
estimate seasonal survival and encounter probabilities (i.e., breeding and nonbreeding 
survival), and the model can also accommodate fixed effects thought to affect species-
specific survival and/or encounter probabilities (e.g., body mass or migration distance). 
 
References: 
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Movement data have become essential to understand the ecology and behaviour of animals. 
However, due to physical constraints, tracking the movement of many species is limited to 
the use of very inaccurate technologies. The tags that collect light-based geolocations have 
the advantages of being small, compact and of working underwater. Thus, light-based 
geolocators can be used on species that do not surface regularly (e.g. fish) and on small 
species that cannot be tracked with heavier technology (e.g. small/mid-size birds). However, 
the location estimates returned by light-based geolocators are often extremely inaccurate 
(mean error ≈ 200 km). Animals that are tracked with light-based geolocators can also be 
tagged with one of the systems that collects detection data (e.g. acoustic and radio telemetry). 
Such data provide a record of the time when tagged individuals come close to a receiver. 
Here, we show the advantages of using auxiliary detection data to help the prediction of an 
accurate geolocation track. To do so, we develop three state-space models that explore 
various ways of incorporating detection data. Using movement tracks from Atlantic salmon 
(Salmo salar), we compare these new models to one-another and to two already established 
state-space models that do not take advantage of detection data. We also perform a 
simulation study to illustrate how detection data can improve both the predicted movement 
tracks and the parameter estimates. We discuss in which circumstances each of these new 
models is likely to be advantageous. 
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Recently introduced unmarked spatial capture-recapture (SCR), spatial mark-resight (SMR), 
and 2-flank spatial partial identity models (SPIM) extend the domain of SCR to populations 
or observation systems that do not always allow for individual identity to be ascertained. 
These models share the feature that they probabilistically resolve the uncertainty in individual 
identity using the spatial location where samples were collected. Spatial location is 
informative of individual identity due to two key ecological concepts, population density and 
home range size, which we use to produce a metric describing the expected magnitude of 
uncertainty in individual identity for any given population density and home range size, the 
Identity Diversity Index (IDI). We show that the performance of latent and partial identity SCR 
models varies as a function of this index and produces imprecise and biased estimates in 
many scenarios when data are sparse. We then extend the unmarked SCR model to 
incorporate partially identifying identity covariates, which reduce the level of uncertainty in 
individual identity, increasing the reliability and precision of density estimates and allowing 
reliable density estimation in scenarios with high IDI values. We illustrate the performance of 
this “categorical SPIM" via simulations and by applying it to a black bear data set using 
microsatellite loci as categorical covariates, where we reproduce the full data set estimates 
with only slightly lower precision using fewer loci than necessary for confident individual 
identification. The categorical SPIM offers an alternative to using probability of identity criteria 
for classifying genotypes as unique, shifting the “shadow effect", where more than one 
individual in the population has the same genotype, from a source of bias to a source of 
uncertainty. We then discuss how the categorical SPIM can be applied to other wildlife 
sampling scenarios such as remote camera surveys, where natural or researcher-applied 
partial marks can be observed in photographs. Finally, the categorical SPIM can be added to 
SMR, 2-flank SPIM, or other future latent identity SCR models. 
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Understanding the processes behind change in reproductive state along life history 
trajectories is a salient research program in evolutionary ecology. Two processes, state-
dependence and heterogeneity, can drive the dynamics of change among states. Both 
processes can operate simultaneously, begging the difficult question of how to tease them 
apart in practice. The Neutral Theory for Life Histories (NTLH) holds that the bulk of variations 
in life history trajectories is due to state-dependence, and is hence neutral: once previous 
(breeding) state is taken into account, variations are mostly random. Lifetime Reproductive 
Success (LRS), the number of descendants produced over an individual’s reproductive 
lifespan, has been used to infer support for NTLH in natura. Support stemmed from accurate 
prediction of the population-level distribution of LRS with parameters estimated from a state-
dependent model. We show with Monte Carlo simulations that the current reliance of NTLH 
on LRS prediction in a null hypothesis framework easily leads to selecting a misspecified 
model, biased estimates and flawed inferences. Support for the NTLH can be spurious 
because of a systematic positive bias in estimated state-dependence when heterogeneity is 
present in the data but ignored in the analysis. This bias can lead to spurious positive 
covariance between fitness components when there is in fact an underlying trade-off. 
Furthermore, neutrality implied by NTLH needs a clarification because of a probable 
disjunction between its common understanding by evolutionary ecologists and its translation 
into statistical models of life history trajectories. Irrespective of what neutrality entails, testing 
hypotheses about the dynamics of change among states in life histories requires a multi-
model framework because state-dependence and heterogeneity can easily be mistaken for 
each other. 
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Increasing population density can reduce the amount of food resources that individuals can 
invest in reproduction. Individual heterogeneity in fitness components can create a ranked 
population structure in which “robust” individuals are consistently more successful than 
others, or are more robust to changes in resources. We tested for heterogeneity in 
reproductive performance using 30 years of mark-resighting data on female grey seals 
(Halichoerus grypus) at Sable Island, Canada. We used Bayesian generalized linear mixed- 
effect models and hierarchical multi-state open robust design mark-recapture models to 
investigate if population size negatively influences annual and lifetime reproductive success 
and if this effect is variable among females. Sighting histories of 2278 known-aged females 
with a total of 22561 pupping events were used for analysis. After accounting for effects of 
female age, parity, offspring sex, and random year effects, we found that population size was 
a positive predictor of both annual pupping success and longer-term reproductive rate. 
Among- individual variance in reproductive traits (pupping success: σα2 credible intervals 
(CRI) = [0.468,0.540], reproductive rate: σα2 CRI = [0.334,0.339]) and among-individual 
variance in their response to population size (pupping success: σβ2 CRI = [0.322,0.546], 
reproductive rate: σβ2 CRI = [0.281,0.354]) showed considerable individual reproductive 
heterogeneity in this population. Previous breeders had a higher transition rate into a 
reproductive state than previous non-breeders (ψBB CRI: [0.883,0.965], ψNB CRI: [0.796, 
0.862]). Previous successful breeding is also a significant and positive predictor for pupping 
success. Robust females responded to increases in population size better than their more 
“frail” conspecifics (pupping success: ⍴α, β CRI: [0.347,0.464], reproductive rate: ⍴α, β CRI: 
[0.233,0.355]). This inertia indicates individual quality is more influential to consistent 
reproductive success than costs associated with rearing pups. Assessing individual-level 
reproductive success in varying conditions provides insights into the evolution of life histories 
and population responses to environmental change.  
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Rapidly developing threats to wildlife populations during the latter half of the 20th century 
coincided with an increasing realisation that ecologists would need robust statistical 
information to quantify changes in populations and assemblages, to demonstrate their 
ecological causes and to test and apply management solutions. Here I outline the contribution 
of one leading ecological statistician, Prof Steve Buckland, to addressing these problems. I 
focus particularly on large-scale surveys of bird populations, an area close to Steve’s heart 
where developments in structured surveys and distance sampling have been particularly 
influential. 
 
Building on efforts of some far sighted bird ringers, a BTO working group developed the 
concept of Constant Effort bird ringing in the early 1980s. This involved the collection of 
standardized mark-recapture data on abundance, productivity and survival at a network of 
sites. There are now over 500 such sites across Britain and Europe while the North American 
equivalent, Monitoring Avian Productivity and Survival, operates some 400 stations. These 
developments led to more structured approaches elsewhere. By the early 1990s increasing 
awareness of rapid declines among many farmland birds raised concerns that surveys 
lacking formal sampling structure might not provide robust trend estimates. This led to the 
development of the UK Breeding Bird Survey which applied a random sampling design and 
also incorporated distance sampling to account for variation in detectability. The other key 
component of assessing trends is the analysis and presentation of results. A smoothing 
approach based on Generalized Additive Models was developed as a robust framework for 
assessing long-term trends while avoiding assumptions of linearity or giving excessive weight 
to annual fluctuations. This development still forms the basis of annual UK trend reporting 
(http://www.bto.org/birdtrends) and provides a key input to the multi-species indicators that 
have had a strong influence on government policy. 
 
Incorporation of distance sampling within the Breeding Bird Survey generated many research 
opportunities. Clear patterns of variation in detectability between species and habitats were 
established, leading to improved national population estimates and better measures of 
assemblage composition. Historically population estimates have measured number of pairs 
or individuals holding breeding territories, while detectability corrected estimates make better 
allowance for the presence of non-breeding individuals. Understanding the use of different 
habitats by particular species provides crucial information for the planning of agri-
environment schemes and other large-scale land management initiatives. Most recently we 
have seen substantial advances in studies of communities and assemblages, with 
detectability corrected abundance estimates providing robust diversity metrics and facilitating 
improved studies of species turnover. As we seek solutions to national and global 
conservation issues in the face of rapid environmental change these assemblage-based 
approaches provide a vital complement to the detailed species-based approaches that can 
only be applied to a minority of species. While most of my examples come from European 
birds the application of distance sampling extends across many groups from cetaceans to 
primates. Developments of well-designed surveys and of distance sampling not only 
represent excellent statistical science but also demonstrate methods that make a real 
difference for practical conservation. 
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Prediction of pathogen persistence and the design of effective interventions to reduce 
infectious disease prevalence and work towards disease elimination are key goals in 
epidemiology. Yet, disentangling the extent to which regional persistence depends on local 
transmission or metapopulation dynamics (spatial coupling of populations) remains a 
challenge.  
    
The European fox rabies epidemic has been brought under control by immunizing foxes using 
baits containing vaccine. Currently, the European Union (EU) co-finances oral rabies 
vaccination efforts to eliminate rabies in EU member and border states and to maintain 
freedom via a cordon sanitaire. Understanding the role of regional connectivity and the 
effectiveness of vaccination campaigns has immediate application to the rabies situation in 
Europe.  
   
We fit a hierarchical Bayesian state-space model to fox rabies case data and oral rabies 
vaccination (ORV) campaigns from 5 federal states in Eastern Germany for the period 1982-
2013 to explore local and regional transmission dynamics and to evaluate the impact of ORV 
on monthly records of rabies incidence. We find that (i) localized patterns of mixing drive 
transmission dynamics; (ii) external incursions play a key role in sustaining 
epidemics/supporting regional persistence; (iii) herd immunity achieved through bi-annual 
vaccination campaigns is short-lived due to population turnover, highlighting the need for 
regular and sustained vaccination efforts.   
  
Together, our findings have important implications for ongoing vaccination efforts in large 
parts of Eastern and Southern Europe. More generally, our work demonstrates that biological 
understanding, precise, long-term prediction and both strategic guidance and real-time 
adaptive management can be gained from inference from partially observed data on wildlife 
diseases. 
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N-mixture models describe count data replicated in time and across sites in terms of 
abundance N and detectability p.  They are popular because they allow inference about N 
while controlling for factors that influence p without the need for marking animals.   
 Using a capture-recapture perspective we show that the loss of information that results from 
not marking animals is critical, making reliable statistical modeling of N and p problematic 
using just count data.  We are unable to fit a model in which the detection probabilities are 
distinct among repeat visits as this model is overspecified.  This makes uncontrolled variation 
in p problematic. 
 
By counter example we show that even if p is constant after adjusting for covariate effects 
(the `constant p' assumption) scientifically plausible alternative models in which N (or its 
expectation) is non-identifiable or does not even exist as a parameter, lead to data that are 
practically indistinguishable from data generated under an N-mixture model.  This is 
particularly the case for sparse data as is commonly seen in applications.  We conclude that 
under the constant p assumption reliable inference is only possible for relative abundance in 
the absence of questionable and/or untestable assumptions or with better quality data than 
seen in typical applications.  Relative abundance models for counts can be readily fitted using 
Poisson regression in standard software such as R and are sufficiently flexible to allow 
controlling for p through the use covariates while simultaneously modeling variation in relative 
abundance.  If users require estimates of absolute abundance they should collect auxiliary 
data that help with estimation of p. 
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Uncovering interactions between species or functional groups from temporal measurements 
is both a statistical challenge and a crucial task for trophic ecology and competition studies. 
Several methods have been put forward to infer causal links between ecosystem components 
from time series, but their applicability to ecological studies is currently debated. 
 
We show how multivariate autoregressive models and Granger causality techniques, 
borrowed from econometrics and neurosciences, can help ecologists infer linkages and 
feedbacks between ecosystem components, as well as how they compare to alternative, 
nonlinear methods of network inference. 
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Interactions between social animals provide insights into the exchange and flow of nutrients, 
disease, and social contacts. We consider a colony level analysis of trophallaxis interactions 
between carpenter ants (Camponotus pennsylvanicus) over 4 hours of second-by-second 
observations.  The data show clear switches between fast and slow modes of trophallaxis; 
however, fitting a standard hidden Markov model (HMM) results in an estimated hidden state 
process that is overfit to this high resolution data, as the state process fluctuates an order of 
magnitude more quickly than is biologically reasonable.  We propose a novel approach for 
penalized estimation of HMMs through a Bayesian ridge prior on the state transition rates 
while also incorporating biologically motivated covariates. This penalty induces smoothing, 
limiting the rate of state switching that combines with appropriate covariates within the colony 
to ensure more biologically feasible results. We develop a Markov chain Monte Carlo 
algorithm to perform Bayesian inference based on discretized observations of the contact 
network.  
 
Keywords: Hidden Markov Models, Bayesian Estimation, Ant Trophallaxis, penalization, or 
Bayesian ridge regression. 
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Fish growth is a fundamental component of many commonly used fisheries stock assessment 
techniques. Obtaining accurate estimates of growth parameters can be key to the reliability 
of these assessments. Analysis of length frequency distributions from surveys is one well 
known method for obtaining growth parameter estimates and is often used where other 
methodologies are not practical or feasible. 
 
Length frequency distributions were modelled using mixture models, where the means of the 
components (normal distributions within the mixture model) were constrained to follow a re-
parameterised von Bertalanffy growth function (Schnute & Fournier, 1980).  An Expectation- 
Maximisation (EM) algorithm with an adapted M step was used to find maximum likelihood 
parameter estimates iteratively (Dempster et al., 1977).  Two versions of the methodology 
have been developed.  The first version estimates a single set of growth parameters that 
produce one set of component means and standard deviations that best fits all years over all 
surveys.  Thus no inter-annual variation is modelled.  However, this modelling approach does 
allow input of multiple years, multiple surveys and intra-annual variability in survey timings, 
which enables the user to incorporate relevant information into the parameter estimation 
process. The second version of the methodology incorporates bivariate random effects into 
the model.  This allows for inter-annual variation in the first and final components for each 
year, accommodating some of the natural variation that occurs in spawning and growth of 
fish. Cohorts of fish are then grown through the years, according to the cohort specific random 
effects on the means of the first and final components and an overall growth rate. 
 
Testing on two fish species, haddock (Melanogrammus aeglefinus) and white-bellied 
anglerfish (Lophius piscatorius), we were able to successfully model and identify cohorts, as 
well as obtaining reasonable estimates of growth parameters.  As often found, estimation is 
sensitive to starting values. Unrealistic parameter values (that give reasonable component 
means) are occasionally estimated - methods used to treat these cases are discussed. 
 
References: 
Dempster, A.P., Laird, N.M. and Rubin, D.B., 1977. Maximum likelihood from incomplete data 
via the EM algorithm. Journal of the royal statistical society. Series B (methodological), pp.1-
38. 
Schnute, J. and Fournier, D., 1980. A new approach to length–frequency analysis: growth 
structure. Canadian Journal of Fisheries and Aquatic Sciences, 37(9), pp.1337-1351. 
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Sustainable fisheries management requires the best stock assessments available in order to 
determine the current state of a stock and its trend over time. These estimates are typically 
based on fishery-independent surveys conducted specifically to address this need. However, 
there is potential to improve abundance estimates by combining fishery-independent and 
fishery-dependent data. Additionally, tracking changes in the spatial distribution of both 
abundance and fishing effort are important aspects of a stock assessment. Now that spatially-
explicit catch and effort data is increasingly available, it seems natural to combine these data 
sources in a spatiotemporal model. The results of a simulation study that looks at the 
abundance estimate improvements that can be expected in such a model will be presented, 
as well as an application to fishery data. Including fishery data in stock assessments has the 
potential to improve abundance estimates and better inform the managers that use these 
estimates. 

 
  



59 
 

 
Fast, flexible inference for continuous-time movement models 

 
Paul Blackwell 

University of Sheffield 
 

Abstract ID: 2554 
Movement Ecology (I)/5 

 

Fast, flexible inference for continuous-time movement models 
Models of animal movement that are defined in continuous time are increasingly being 
recognised as important, for both theoretical and practical reasons. However, the statistical 
task of fitting continuous-time models to movement data can be computationally demanding, 
especially when the models incorporate switching between different behaviours. In addition, 
practitioners are not always comfortable with formulating or interpreting such models. 
 
In this talk I will look at a new method for fitting continuous-time models with behavioural 
states, based on the highly efficient algorithms that are widely used to fit discrete-time Hidden 
Markov models (HMMs) in many applications, including movement ecology. This approach 
speeds up the fitting process substantially, as well as shedding additional light on similarities 
in the formulation of discrete- and continuous-time models, and on the advantages and 
disadvantages of the discrete-time models that are more typically used. 
 
The method builds on the ideas in Blackwell et al (2016) and is exact, in the sense that it 
avoids the usual kinds of approximation due to discretisation. It can be applied to the same 
wide range of spatially and temporally heterogeneous models as in that paper. In the spatially 
homogeneous case, more commonly assumed in the applied literature, further acceleration 
can be achieved by also using the idea of Kalman filtering to integrate out some of the latent 
variables. 
 
While the full method is exact, it also opens the way to the implementation of improved 
approximations that are fast enough to be directly competitive with conventional HMM 
inference, yet retain the advantages of working in continuous time. In particular they are 
applicable to unevenly sampled observations, whether by design or due to missing data, and 
they increase the scope for direct ecological interpretation. 
 
I'll illustrate the ideas with some critical re-analysis of one or more examples from the 
literature, as time permits. 
 
Reference: 
Blackwell, P. G., Niu, M., Lambert, M. S. and LaPoint, S. D. 2016. Exact Bayesian inference 
for animal movement in continuous time. Methods in Ecology and Evolution, 7:184–195. 

 
  



60 
 

 
Determining the phenology of marked and unmarked seabirds from a very large force 

sensor data set 
 

Philipp Boersch-Supan1, Helen Peat2, Phil Trathan2 
1British Trust for Ornithology, 2British Antarctic Survey 

 
Abstract ID: 2471 

Citizen Science and Big Data/1 
 

Matching energy requirements during the annual reproductive cycle with resource availability 
is of paramount importance to the survival of animals and their offspring. Behavioural 
plasticity may allow for adaptive responses to variable timing in resource availability, caused 
by environmental stochasticity and/or long-term directional trends due to climate change. 
 
We used an automated weighing system to monitor the movement of macaroni penguins 
(Eudyptes chrysolophus) into and out of a colony of c. 400 breeding pairs of at Bird Island, 
South Georgia between 2008/09 and 2016/17. The weighing system recorded over 530,000 
crossing events during this period, made up of over 400,000,000 force measurements. 
 
Under ideal circumstances, i.e. a marked single penguin crossing at a steady pace, the 
identity, movement direction, and body weight can be determined with high precision from 
the force sensor data captured by the weighing system (Afanasyev et al. 2015).  
However, about 30% of the recorded crossings resulted from two or more penguins crossing 
simultaneously or in very close succession, or one or more penguins stopping on the 
weighbridge. Enumeration of penguins, their direction of travel and the estimation of body 
weights in these cases is not trivial, especially given the size of the data set. 
 
We used a supervised learning approach to classify sensor traces against a reference 
database of crossings with known characteristics. Classification was based on a highly 
optimized time-series similarity search using a dynamic time warping distance measure 
(Rakthanmanon et al. 2012). Classification results were then used to derive total counts of 
both unmarked and marked birds for each crossing. We provide an Rcpp implementation of 
the search and classification algorithm in the R package rucrdtw. 
 
To assess the colony-level variability in the timing of crossing events within and among 
breeding seasons we used hierarchical non-linear regression models to fit phenological 
curves to daily aggregated counts. Model parameters were estimated in a Bayesian 
framework using stan. 
 
The timing of breeding varied little between seasons, indicating rigidly canalized behavioural 
patterns. Post-breeding movements, however, were more variable among years, and 
revealed a previously unrecognized period of central-place foraging after the completion of 
moult. Participation rates in and duration of this activity varied among years and appeared to 
be linked to late-season prey availability. 
 
References: 
Afanasyev, V. et al. 2015. Increasing Accuracy: A New Design and Algorithm for 
Automatically Measuring Weights, Travel Direction and Radio Frequency Identification 
(RFID) of Penguins. PLoS ONE 10(4): e0126292.  
Rakthanmanon, T. et al.. 2012. “Searching and Mining Trillions of Time Series 
Subsequences Under Dynamic Time Warping.” In Proceedings of the 18th ACM SIGKDD 
International Conference on Knowledge Discovery and Data Mining, 262–70. 
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In multifactorial analyses, also known as the method of multiple working hypotheses, we 
acknowledge that many different processes are operating to shape ecological patterns. Our 
goals are to determine which effects can be distinguished from noise; evaluate the relative 
strength of different patterns; and understand their interactions. Information-theoretic (IT) and 
multi-model averaging (MMA) approaches are widely used but suboptimal tools for pursuing 
a multifactorial approach in ecology. Conceptually, IT approaches encourage ecologists to 
test a series of straw-man hypotheses by inventing a series of discrete sub-models where a 
subset of the processes are assumed to be absent. It is well-known that simple post-selection 
inference - i.e., naively computing p-values or confidence intervals based on a single model 
chosen by IT (or other) methods - is misleading. Evaluating variable importance by comparing 
summed IT weights has little grounding in theory, and is harder to interpret than simply 
comparing the scaled parameter estimates and confidence intervals from the full model. MMA 
improves on simpler IT approaches by implementing a simple form of shrinkage estimation 
(a way to improve parameter estimation and prediction by "shrinking" small parameter 
estimates toward zero). An unappreciated disadvantage of shrinkage methods is that post-
shrinkage confidence intervals (CIs) are at best difficult to derive and at worst no better than 
the CIs obtained from the full model. In addition, newer approaches to shrinkage estimation 
are faster and have clearer statistical underpinnings than MMA. If researchers want accurate 
estimates of the strength of multiple competing ecological processes along with reliable 
confidence intervals, their best hope is to use full (maximal) statistical models after making 
principled, a priori decisions about which predictors to include. 
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Royle (2004) introduced the framework of N-mixture models to provide estimates of 
abundance from simple count surveys repeated in space and/or time. General belief prior to 
this was that abundance information could only be obtained with more complex forms of data 
(e.g., mark-recapture) and that counts could, at best, be considered as indices of relative 
abundance under strict assumptions about detection. N-mixture models have been applied 
widely to study a broad number of species since the release of Royle’s paper. Further variants 
of the original model have been developed, and the paper has been cited more than 400 
times to date according to the publisher’s website (http://onlinelibrary.wiley.com/).  
 
The method has not been without controversy, however, and Barker et al (2017) questioned 
the identifiability of the N-mixture model. In particular, they showed that estimation of 
abundance in the model based on a Poisson mixture distribution for N depends critically on 
the constant-p assumption and, even then, is only weakly identifiable when counts are small. 
They return to the earlier belief concluding that “count data under imperfect detection can 
only be reliably used as indices” without further information from, say, marked individuals 
(Barker et al, 2017).  
 
We will describe a new model that combines information from both counts of unmarked 
individuals and captures of marked individuals when surveys are repeated at each sampling 
site and only a portion of the animals caught on each occasion are marked. We present 
results from simulation studies from the new model to explore the identifiability issue with the 
N-mixture model, examining the relative importance of the data from both the marked and 
unmarked individuals, confirming the concerns when marking does not occur, and providing 
guidelines for balancing the two. We also demonstrate the importance of the data from 
marked individuals for assessing the constant-p assumption and for estimating abundance if 
this assumption is not satisfied. Further to this, we consider the application of these models 
to data collected to estimate effects of urbanization on the abundance of painted turtles 
(Chrysemys picta) and water contamination on the abundance of several species of 
salamanders.  
 
References: 
Barker, R. J., Schofield, M. R., Link, W. A. and Sauer, J. R. (2017), On the reliability of N-
mixture models for count data. Biom. doi:10.1111/biom.12734 
Royle, J. A. (2004), N-Mixture Models for Estimating Population Size from Spatially 
Replicated Counts. Biometrics, 60: 108–115. doi:10.1111/j.0006-341X.2004.00142.x 
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Open population capture-recapture models are widely used to estimate population 
demographics and abundance over time. Bayesian methods exist to incorporate open 
population modelling with spatial capture-recapture, allowing for estimation of the effective 
area sampled, population density and demographic parameters, but maximum likelihood 
methods have been lacking. We formulate open population spatial capture-recapture models 
as hidden Markov models with basic states being “unborn/not-yet-arrived”, “alive-in-survey-
region” and “dead/left-survey-region”. The hidden Markov model formulation allows efficient 
inference by maximum likelihood. Our formulation accommodates both Cormack-Jolly-Seber 
and Jolly-Seber models. Interval estimates are obtained by parametric bootstrap, sampling 
from the asymptotic distribution of the maximum likelihood estimators. The methods are 
implemented in the R package openpopscr (https://github.com/r-glennie/openpopscr). 
 
We illustrate the Jolly-Seber spatial capture-recapture method by analyzing a twelve-year 
survey of male jaguars (Panthera onca) in the Cockscomb Wildlife Sanctuary Basin, Belize, 
to estimate the apparent survival and population abundance over time. We consider models 
with and without time-varying camera encounter rate, detection range, survival probability 
and arrival rate. Our formulation provides a foundation for developing efficient maximum 
likelihood inference with more complex models than we use in this application. We briefly 
discuss extensions to the basic models, and note how the hidden Markov model approach 
could also be used to provide an efficient Bayesian method for open population spatial 
capture-recapture models. 
 
The hidden Markov model approach is compared with Bayesian data augmentation, and 
shown to be much more computationally efficient. A simulation study shows maximum 
likelihood inference to be negligibly biased and to have coverage probabilities close to their 
nominal values, for small sample sizes and recapture rates. 
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Rapid advances in biologging technology and software over the last few years allow now 
researchers interested in animal movements and behaviour to collect unprecedentedly large 
and complex datasets on individual animals, vastly exceeding the detail and information 
content offered by even the most advanced GPS systems. I hence first briefly explain the 
type of data collected, with advanced biologging tags comprising tri-axial accelerometer 
sensors, recording sub-second information on activity, posture, behaviour, speed, individual 
state and energy expenditure; tri-axial magnetometers, providing information on body 
orientation and behaviour; and environmental sensors, recording temperature, elevation or 
depth, light levels. Such tags may be further complemented with sensors measuring internal 
body temperature or heart rate, stomach temperature or mandible opening (to measure 
feeding events), etc.  
  
The first data analysis challenge presented by these large multi-channel datasets lies in 
devising new visualisation methods to aid biologists in making sense of the data, even for 
example discover new behaviours. I present recent developments and current challenges. 
Secondly, most existing methods for quantifying and analysing animal movement data, or for 
identifying behavioural sequences, were not developed for multi-million records datasets 
sampled at subsecond temporal scales and become prohibitively slow or fail altogether when 
deployed on such datasets. I present recent developments for behavioural analyses as well 
as for movement path analyses. Finally, the dominant, most advanced statistical framework 
for modelling animal movements rests on hidden-state Markov models (HMM). The aim of 
HMM is to identify, from location-only data as obtained from GPS data, the underlying 
behavioural states driving the observed movement patterns, thereby starting to understand 
why the individual made certain movement decisions. On the contrary, with data-rich 
biologging data the behavioural states can be observed and quantified and are not hidden 
anymore. Hence I discuss the opportunities and challenges for markedly changing the 
statistical modelling approach with such animal movement data. 
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iodiversity data is more and more available, but sampling heterogeneity challenges the 
estimation of species geographic distribution and ecological preferences from them. 
Specifically, presence only data is the most available type of data on biodiversity at large 
spatial scale, especially since the raising of mobile devices in citizen sciences programs, 
which open the participation of a broader range of contributors. Often, presence data is 
sampled by numerous independent observers without a consistent sampling protocol. The 
observation duration, detection capacity and reporting interest of each observer is unknown, 
heterogeneous in space and time, and can be strongly correlated with environmental 
variables (distance to coasts, elevation etc.). Consequently, sampling heterogeneity biases 
the estimation of the influence of environmental variables in species distribution models 
(SDMs). We propose a novel approach to estimate the influence of environmental variables 
while acknowledging sampling heterogeneity and we compare the performance of the 
approach to existing methods. 
 
We propose to model species occupation in space with inhomogeneous poisson processes 
(IPPs) whose intensities depend on environmental variables and represent contributors 
observations by a thinning process: Multiple species are reported by multiple independent 
observers with their own prospection intensities in space. We show the asymptotic conditions 
for approximating the global process with IPPs, study the identifiability conditions of species 
distributions from those IPPs and show that a reference method called Target Group 
Background (TGB) leads to a biased approximation of environmental variables influence. We 
propose an asymptotically unbiased inference approach jointly estimating the species and 
observers model, using all species observations. The sampling effort is approached with a 
step spatial function, and the inference method is based on an approximation of the IPPs with 
a generalized linear model. Finally, we test this methodology on controlled simulated data. 
Simulation results show that the proposed method allows estimating the true species 
distribution model when the number of observations per species increases. It is not the case 
for the TGB method, especially when the total abundance over all species has a concentrated 
mass in the environmental variables space. 
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The conservation of marine biodiversity is firmly embedded in national and international policy 
frameworks, but its implementation demands a robust knowledge of species distribution 
patterns. The difficulties associated with conducting broad-scale surveys of oceanic 
environments, however, restrict the evidence base available for on-ground management in 
pelagic waters. For example, the Oceanic Shoals Australian Marine Park (AMP) was 
established in 2012 in a part of Australia’s continental shelf where unique topographic 
features are thought to support significant levels of biodiversity, yet where our understanding 
of pelagic biogeography remains very limited. 
 
We deployed midwater baited video cameras (stereo-BRUVs) in the Oceanic Shoals AMP to 
provide the first baseline assessment of pelagic vertebrate communities in the area. We used 
these observations and seabed physical attributes derived from high-resolution multibeam 
swaths as a basis for building spatial predictive models of both species diversity (S) and 
abundance (N). We then combined predictions of S and N to map pelagic hotspots inside the 
park boundaries. 
 
We documented 32 vertebrate species across three sampling areas (ranging from small 
baitfish to large sharks and rays), and estimated that up to twice as many taxa may occur 
within the region as a whole. This highlights the Oceanic Shoals AMP as a reservoir of 
biodiversity comparable to other documented offshore hotspots. Our results also confirm the 
AMP as a possible distant foraging destination for IUCN-listed sea turtles, and a potential 
breeding and/or nursing ground for a number of charismatic cetaceans. 
Model outputs indicate that both S and N increase in proximity to raised geomorphic 
structures such as submerged banks and pinnacles, and that pelagic hotspots are 
heterogeneously distributed throughout the AMP. 
 
We demonstrate how a combination of limited non-destructive sampling techniques and 
predictive models successfully provides new opportunities to support decision-making under 
data shortage. Importantly, our study provides a foundational understanding of spatial 
patterns in pelagic wildlife communities throughout a little studied region, which will help guide 
its future management. 
 

 
  



67 
 

Bucking the trend: Exploiting the strengths of different data sources to assess the 
status of an endangered deer in southeast Asia 

 
Diana Bowler1, Erlend Nilsen1, Richard Bischof2, Robert O’Hara3, John Linnell1 

1Norwegian Institute for Nature Research, 2Norwegian University of Life 
Sciences, 3Norwegian University of Science and Technology 

 
Abstract ID: 2552 

Integrated Modelling (II)/1 
 

Despite its value for conservation decision-making, we lack information on population 
abundances for most species. Because establishing large-scale monitoring schemes is rarely 
feasible, one promising research area is the development of statistical methods that combine 
multiple data sources, maximizing the use of all available information. Combining different 
source of information on species’ abundances may improve the precision and accuracy of 
population estimates. Such approaches may be especially useful when information on a 
species is scarce and large-scale high-quality data is lacking, which is especially the case for 
tropical species. Eld’s deer – a cervid of southeast Asia - is now classified as endangered 
due to hunting and habitat loss. Reliable estimates of the population size, and its recent 
trends, are generally lacking. However, in Shwesettaw Wildlife Sanctuary (SWS) in Myanmar, 
line transect distance sampling have been used to estimate local abundance trends over the 
past 20 years while camera trap data have been used to infer the large-scale presence of the 
deer throughout the sanctuary. We show the benefits of combining both sources of data to 
estimate population size in a hierarchical model that combines a common state process sub-
model with two observation sub-models for each data type. We estimated that the current 
population size of Eld’s deer in SWS is 1800 individuals, which suggests that this is the 
world’s largest population of this species remaining in the wild. Deer were more abundant in 
open forest and within a military area. Line transect surveys and camera traps are common 
survey methods that have complementary strengths for the intensity and spatial coverage of 
survey effort. Because of trade-offs between survey effort, standardized population 
abundance survey data are more often available over small scales, while less informative 
presence or presence-absence data are more often available over larger scales. Our 
analytical approach, which integrates and exploits the strengths of different survey methods, 
can have widespread use for estimating species’ abundances, especially in information-poor 
regions of the world. 
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Close-Kin Mark-Recapture (CKMR) is a powerful new technique for estimating abundance, 
survival rates, and other demographic parameters. The underlying idea is that each offspring 
“marks” its two parents genetically. By collecting samples from many animals (alive or dead) 
and making pairwise comparisons between their genotypes, we can find parent-offspring and 
sibling pairs; the number of “recaptures” (i.e. kin-pairs found), and the sample covariates 
(age, sex, time, place, etc) can be then be embedded systematically in a mark-recapture 
framework, allowing estimation of the demographic parameters (Bravington et al., 2016a). 
CKMR is being applied to previously-intractable problems in fisheries (Bravington et al., 
2016b), game management / hunting, and marine endangered species. 
 
To get precise estimates, it is necessary to have enough “recaptures”. All else being equal, 
to reach a desired total of say 50 or 100 kin-pairs will require a sample size proportional to 
the square root of adult abundance, but the “constant” of proportionality varies substantially 
depending on biology and sampling stratification. While CKMR can be perfectly feasible and 
cost-effective for large populations (certainly up to tens of millions of adults), it does require 
large sample sizes (e.g. 14,000 Southern Bluefin Tuna genotypes in Bravington et al. 2016b) 
and consequent expense. Thus, to avoid disappointment and major financial embarrassment, 
it is essential to carefully design the sampling strategy (e.g. numbers by body-size, location, 
year, …), using whatever prior knowledge is available, before embarking on a full-scale 
CKMR project. 
 
The underlying demographic model required for a valid CKMR application can be more 
complex than is commonly seen in mark-recapture (though largely familiar in fishery stock 
assessment). There are invariably several parameters to estimate, not just “N”, and partial 
confounding can be substantial. Consequently, design is quite a subtle problem, amounting 
to much more than just making sure that say 50 or 100 kin-pairs can be expected overall--- 
though even the latter is not a trivial task. 
 
This talk shows how to tackle sampling design for CKMR. Specifically, we present an 
algorithm that computes expected precision for any quantity-of-interest in a CKMR model, 
under any proposed sampling scheme, and without needing any simulation or estimation. We 
also show how “optimal” designs can be found automatically--- though of course they should 
not be interpreted too literally. The statistical and computational ideas involved are powerful, 
and may have application to other mark-recapture settings. 
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Annual reproductive rates of individuals are a form of count data (e.g. number of fledglings 
from a bird nest or number of seeds from a plant). The discrete distributions that are typically 
fit to this type of data include the Poisson, negative binomial, and zero-altered versions of 
these. However, annual reproductive rates are commonly underdispersed compared to the 
Poisson distribution (i.e. the variance is smaller than the mean) and the negative binomial 
and Poisson are not able to model this underdispersion. Kendall and Wittmann (2010) 
suggested using the generalized Poisson distribution because it can handle both 
overdispersion and underdispersion. Lynch et al. (2014) found that another generalization of 
the Poisson distribution, the Conway-Maxwell-Poisson, is often an even better fit to fecundity 
data.  
 
We can use generalized linear models (GLMs) or generalized linear mixed models (GLMMs) 
to test for patterns in fecundity data (e.g. rainfall increases the number of fledglings or forest 
fragmentation changes the flowering rate of plants). When models don’t allow for 
underdispersion in the error distribution, then statistical tests will be overly conservative and 
fail to detect patterns. We introduce a new R package, glmmTMB, that makes it easy to fit 
GLMMs with under- or overdispersed distributions (i.e. generalized Poisson or Conway-
Maxwell-Poisson). We apply glmmTMB to two test cases and show that the Conway-
Maxwell-Poisson is a good choice for modeling fecundity. In one test case of warbler 
fecundity, the underdispersed GLMMs detect a pattern that ecologists hypothesized should 
exist but which was not statistically significant in GLMMs with Poisson distributions. We also 
deal with the issue of zero-inflation in these test cases, meaning that the counts contain more 
zeros than would be expected from the typical distributions. 
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In this project we developed new context-aware movement analytics methods to identify 
seasonality patterns in habitat use of maned wolves (Chrysocyon brachyurus). Maned wolf 
is an endangered South-American predator in need of a management plan for its 
conservation. An efficient management plan for the conservation requires in-depth 
knowledge of the habitat use of the animal, which is often linked to feeding habits and prey 
availability. The maned wolf is omnivore; its diet consists of vegetable and animal sources. 
The proportion between these sources depends on their respective availability in the habitat, 
which is directly related to the seasonal changes. Our hypothesis is that the seasonality of 
feeding sources of this predator is reflected as patterns in the data on movement and 
environmental conditions within which the movement took place. We propose that these 
patterns can be identified through an exploratory data science approach consisting of a 
combination of remote sensing, movement analytics and data mining. Our study used data 
from thirteen maned wolves in the Serra da Canastra National Park, Brazil, which were GPS 
tracked in the period of 2007-2015. 
  
The challenge of this approach are the different spatial and temporal resolutions at which 
remotely sensed and tracking data are collected (Brum Bastos et al. 2017). To address this 
challenge, we first developed a novel approach that uses daily coarse spatial resolution 
MODIS data to perform temporal downscaling of data from medium resolution satellites 
(Landsat series, ASTER, CBERS and ResourceSat). These medium resolution satellites 
collect images at 30m spatial resolution with a temporal resolution of 14 days, while MODIS 
collects images daily at 250m spatial resolution. Our new approach takes combined satellite 
data and produces daily images at 30m spatial resolution. In particular, we created the daily 
NDVI (Normalizes Difference Vegetation Index), a radiometric index that quantifies the 
concentrations of green leaf vegetation. We then annotated GPS trajectories of maned 
wolves with the downscaled NDVI information and used a data mining approach on the 
annotated trajectories, the multichannel sequence analysis (Gauthier et al. 2010), to identify 
groups of individuals with similar movement patterns. The groups were validated using 
internal cluster validation indices and interpreted through expert biological knowledge to 
investigate the link between the movement and the state of the vegetation. 
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Convention for Biological Diversity targets have focused attention on how trends in the 
biodiversity of regions should be measured.  We look at principles that should underlie 
monitoring schemes:  representative monitoring sites;  adequate sample size;  sufficient 
detections of target species;  representative sample of species if all species within a 
community cannot be surveyed;  and an appropriate temporal sampling scheme.  We 
illustrate some common pitfalls, when these give way to practical constraints.  We consider 
the remarkable potential for wide-scale biodiversity monitoring offered by technological 
advances and by the rise of “citizen science” and “crowd-sourcing” 
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In natural populations, individuals are often distributed in such a way that aggregation 
increases at some places, and decreases at others (Hoare et al. 2004, Broly et al. 2012). 
Aggregation may modify ecological processes acting at individual level such as breeding 
interactions or competition, and affect population demography (Chesson & Neuhauser 2002, 
Murrell et al. 2002). Including aggregation data into stock-recruitment relationships is 
expected to improve estimations of recruitment, but also to test the effects of aggregation on 
population recruitment.  
  
Spatial aggregation of Atlantic salmon (Salmo salar) nests is expected to diminish recruitment 
through density-dependent mortality unless females aggregate in the best breeding sites 
(Hendry et al. 2001, Tentelier et al. 2016), and leads to steadier recruitment under hypothesis 
that females select safest breeding sites (Gauthey et al. 2017). 
  
Yearly nest mapping in the small Atlantic salmon population of the Nivelle (France) was used 
to compute spatial aggregation under different scales (Lloyd 1967). This aggregation was 
incorporated in different stock-recruitment models, linking egg density to juvenile density over 
a 30 years period. Heteroscedastic hierarchical models without stock were also fitted to check 
whether accounting for the stock is important when testing the effect of aggregation on 
recruitment. We found that population recruitment was not impaired by aggregation of nests, 
whereas aggregation diminished the variability of population recruitment. In addition, stock-
recruitment models provided better estimates than models ignoring the stock. 
  
The originality of this work was to use local distribution to compute aggregation at different 
scales and add it in different stock-recruitment relationships. Altogether, our results indicated 
that salmon females select breeding sites on environmental risk and on habitat quality. In 
addition, our results suggest that females first aggregate in best sites increasing aggregation 
at a low number of breeders, but spread out in sites of low quality when population size 
increases. These results are consistent with previous studies on salmon (Hendry et al. 2001, 
Gauthey et al. 2017). Finally, we demonstrated that incorporating ecological data in stock-
recruitment models is relevant to improve our understanding of demographic processes. 
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Evolutionary trade-offs are considered one of the most critical factors in the evolution of life-
history traits and therefore play a key role in the life-history theory. However, empirical studies 
often show positive or non-significant correlations among life-history traits, rather than 
negative trade-offs as expected. These unexpected results may occur when variation among 
individuals in resource acquisition is high relative to variation in allocation between traits. As 
a consequence, trade-offs operating at the individual level are likely to be masked when their 
identification is based on inter-individual comparisons. To circumvent the difficulty of 
identifying trade-offs using empirical data, we argue that their analysis should be based on 
approaches considering the proximate mechanisms responsible for trade-offs at the 
individual level. To do so, we look at trade-offs conditionally on sources of variation that 
confuse trade-offs identification. 
 
We propose a Bayesian hierarchical modelling approach for analysing empirical data 
including a proximate mechanistic model explaining both life history variation and trade-offs. 
We demonstrate the relevance of our approach for statistical inference by undertaking the 
estimation of the model unknowns from simulated data. Then, we illustrate our approach with 
a real case study on stream-dwelling juvenile Atlantic salmon in the Scorff River (Southern 
Brittany, France). We show that our approach reveals underlying trade-offs that would remain 
concealed if underlying mechanisms are not modelled. Our model opens up interesting 
prospects for the study of life history evolution using observational data. It allows to explore 
major evolutionary processes such as phenotypic plasticity and evolutionary trade-offs at 
once. It is a generic tool that could be applied to a wide range of taxa and to different life 
cycles. 
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Conservation of species at risk requires sound scientific data to create an ecological 
understanding of the causes of decline, as well as to inform effective decision-making. This 
is especially true for threatened boreal woodland caribou (Rangifer tarandus caribou; 
hereafter caribou). Whereas there is reasonable data to describe caribou population sizes 
and growth rates, there is limited data describing the key species interacting to affect 
woodland population declines: wolves (Canis lupus), black bears (Ursus americanus), 
coyotes (Canis latrans), lynx (Lynx canadensis) moose (Alces alces), and white-tailed deer 
(Odocoileus virginianus). Camera trap surveys are increasingly being used to collect cost-
effective data on multiple species within a community; tandem advances in statistical analysis 
provide models that could be applied to camera trapping to allow concurrent density 
estimation of multiple species. We used camera trap survey data of unmarked individuals in 
the boreal forest of Alberta, Canada, and spatial count models to estimate densities of 
multiple species: black bears, coyotes, lynx, moose, white-tailed deer, and wolves. Spatial 
count models are an extension of spatial capture-recapture models that used only unmarked 
detections of individuals to estimate density. We compared the estimates from these models 
with estimates from aerial ungulate surveys  and observed densities previously reported. We 
succeeded in estimating ecologically plausible density estimates comparable to other 
estimates, although generally with wide confidence intervals. Models were sensitive to the 
number of sites (cameras) in an array, the shape of the area sampled, and number of 
detections of unmarked animals. Models were computationally intensive, taking anywhere 
from <1 to >30 days; model run time was dependent on camera array sampling design, choice 
of algorithm and model specifications. We suggest that camera traps can be used to 
effectively monitor densities of multiple boreal mammal species over space and time, 
provided that (1) surveys include a minimum of 40 but preferably upwards of 60 cameras, (2) 
that are clustered relatively closely (≤ 3 km) together, (3) with the overall state-space (camera 
array plus buffer) encompassing between ~2500 – 5000 km2 and (4) operate continuously 
for at least 60 days. In summary, camera traps can be used as an inexpensive and effective 
long-term monitoring technology to simultaneously estimate seasonal and annual changes in 
multiple species densities provided the sampling designs are fit for purpose and models 
informed by space-use data for the species monitored. 
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Population viability analysis (PVA) is the use of a mathematical or statistical model to forecast 
future population sizes, based on assumed or estimated demographic rates (survival and 
productivity), either under prevailing circumstances or as a consequence of some 
perturbation to the system. PVAs have been used extensively to inform policy including, 
within Scotland, to evaluate the likely impact of offshore renewables upon the viability of 
protected seabird populations. This application is of particular interest both because it is of 
high policy relevance, and because it is methodologically challenging – data coverage is 
highly variable, with data being sparse for many populations. 
 
Despite the widespread use of PVAs in practice there have been a number of criticisms of 
their use in informing management decisions, including criticisms of how estimates of 
uncertainty are calculated and utilised. Predictions from PVAs are rarely tested against 
empirical data in the future to establish how well models actually performed (although there 
are exceptions; e.g. McCarthy et al. 2001), so there is a need to determine and understand 
how accurately PVAs can predict change in population size.  
 
In this talk, we compare and evaluate methods for conducting PVAs within the context of 
protected populations of UK seabirds. We compare a range of different statistical approaches 
to PVA, of varying levels of complexity, ranging from Bayesian state space models through 
to much simpler demographic models based on matrix population models. Within each 
approach we also consider different ways of pooling information from a wider region where 
local data are insufficient to base the PVA solely upon data derived from the population of 
interest (“regional PVA”; Hernández-Camacho et al. 2015). The use of regional data should 
improve precision, but may also introduce bias (if the regions are specified inappropriately), 
so the choice of appropriate regional boundaries is likely to be crucial in achieving good 
performance. 
 
We use population count data from the UK Seabird Monitoring Programme for the evaluation; 
models are fitted to data from a training period, and evaluated during the subsequent test 
period. We initially consider the last five years (2013-2017) as a test period, but we explore 
the impact of varying this. Our evaluation focuses not only upon the discrepancy between the 
predicted values and the observed counts during the test period, but also upon the extent to 
which the observed counts are consistent with the uncertainty assessments associated with 
the predicted values from each method. 
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We define a population body growth curve as the relationship between the distribution of size 
and age. We present a hierarchical random effects model that includes between-individual 
variation to estimate growth curves for 10 Northwest Atlantic redfish (Sebastes mentella and 
S. fasciatus) stocks and for males and females separately. These growth curves are required 
to develop age-based catch-at-length stock assessment models. Generalized Von 
Bertalanffy growth model parameters are estimated using the marginal maximum likelihood 
method. External estimates of the response variable measurement error in length and the 
covariate variable measurement error in age are included in our model to separate these 
sources of variation from the population growth curve variability. The hierarchical approach 
leads to more realistic growth curves than if each stock and sex are modelled separately. 
Model results indicated that S. mentella usually grow to larger sizes than S. fasciatus and 
that females of both these species grow to larger sizes than males. There was little evidence 
of a change in growth rates over time. 
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We first demonstrate that the common estimation method of a fish body growth model can 
be highly inaccurate when data are collected using length-stratified samples for age 
measurement. We derive an exact likelihood for data collected using such a response-
selective stratified sampling (RSSS) design. We derive the asymptotic properties of the 
corresponding maximum likelihood estimators, and extend the so-called empirical proportion 
(EP) likelihood approach to provide consistent and efficient estimation. We propose a 
“common sample principle" to support the generality of our exact likelihood approach as well 
as the improved EP likelihood approach, and also enhance the robustness of these likelihood 
approaches for dealing with the complexity of some realistic sampling designs. Our simulation 
studies show that these two approaches we propose perform better than existing estimation 
methods in RSSS. The approaches are illustrated with a case study involving American plaice 
off the east coast of Canada. This application also involves between-individual variation in 
growth and covariate measurement error in age. 
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Distance sampling is widely used to estimate wildlife population density. Point-transect 
distance sampling is particularly useful for surveying birds, and over the last four decades it 
is the standard method employed in Hawaiian forest bird monitoring. Accurate and precise 
estimates are essential to understanding how populations change across space and through 
time, particularly in response to conservation efforts and management actions. For 
widespread, common species distance sampling model assumptions are generally met and 
recommended numbers of detections for reliable detection probability modelling obtained. 
Achieving adequate detections is problematic however for rare, endangered and range-
restricted species resulting in uncertainty estimates that are biologically unrealistic and 
useless for conservation and management purposes. Population densities can vary 
considerably over small areas, which further inflates estimate uncertainty. We explore two 
methods to decrease variance in density and trend estimates. 
  
Trend in densities across a time series is usually evaluated at the stratum (i.e., forest) level. 
Point-transect sampling, however, involves recording distances to individually detected birds 
at samplers located along transects. Capitalizing on the sampler-level data we calculated 
density estimates and evaluated the trend in densities for each sampler. Accounting for the 
sampler-level trends better predicts spatially restricted regional or local trends than what can 
be observed at the stratum-wide averaged trend, which reduces trend variance. 
  
Recently developed and demonstrated is a protocol to estimate population density from 
single automatic sound recorders for Hawai`i `amakihi (Chlorodrepanis virens). The protocol 
uses cue rates from the target species and an estimate of the distance from individuals to the 
recorder based on the power of the sound. Measurement error in the estimated distances, 
however, precluded applying the protocol to other bird species. We account for measurement 
error using methods developed by Borchers et al. (2010) to minimize estimator bias and 
correctly account for estimator uncertainty. Incorporating methods to correct for 
measurement error makes this protocol useful for collecting large scale and long-term 
information on animal populations, particularly those that are rare or that live in remote areas 
that are difficult to access. 
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Precise estimate of population statistics is indispensable for conservation and long-term 
management of endangered species. It is one of the long-standing challenges of ecological 
studies lacking pivotal data from elusive and rare animals. With the advent of technical and 
analytical advancement, camera trapping has facilitated studies of abundance, distribution, 
and behavior of elusive animals. Nevertheless, population density estimates of uniquely non-
identifiable animals from several methods are still in development. 
  
In this study, we aimed at developing a model for the population estimation of an endangered 
social carnivore, Dhole (Cuon alpinus) from camera traps. A hierarchical clustering 
framework based on the capture locations of the species was used to estimate the number 
of packs. Thereafter, the number of individuals in each pack was considered with the 
probability of missing individual from subsequent captures in camera-traps. We used 
simulation approaches with different scenarios to test the effect of number of photographs on 
detection probability and pack size. Using a further simulation, the efficiency of our model 
was evaluated by varying the radius of the pack-operating area with the distance between 
the home-range centers. 
  
We estimated seven different Dhole packs from the study area. The estimated population 
was 44 individuals with an average pack size of 6.21. The simulation study showed that the 
model performs well until the ratio of the radii of the pack operating areas and distance 
between the home-range center of two packs remain below 0.8. 
  
This model holds promising scope for adding to the commendation of use of camera trapping 
techniques in the field of wildlife research, especially for population estimation of group living 
territorial animals which are otherwise difficult to study. With relatively fewer assumptions, 
this model can potentially aid in field studies of several other animals which were hitherto 
unexplored. 
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Snow leopards Panthera uncia are sparsely distributed over the mountainous regions of 
twelve countries in Central Asia. Although abundance estimates have a strong bearing on 
the conservation status of a species, less than 2% of the global snow leopard distribution 
range has ever been sampled systematically for estimating abundance. The Bishkek 
Declaration 2017 endorsed by governments of all the 12 snow leopard range countries 
identifies the need to estimate global snow leopard populations as a priority. Recent 
developments in analysis of genetic data and spatial capture-recapture analysis that allows 
variability in effort, detectability and density within sampled sites are promising in their ability 
to sample large areas with substantial inherent heterogeneity. Nepal is one of the 12 snow 
leopard range countries with nearly 20-30% of its entire territory representing snow leopard 
habitat. The country’s snow leopard habitat has been broadly divided into three conservation 
landscapes. The central Annapurna-Manaslu landscape lies in the rain-shadow of the Trans 
and semi-Trans-Himalayas and adjoins the vast Tibetan plateau. We collected 347 putative 
snow leopard scats from 246 transects positioned on trails, mountain ridges, river beds and 
mountain passes covering all snow leopard habitat features. From 182 confirmed snow 
leopard scats, 81 were identified as belonging to 34 individuals; the remaining were discarded 
for their low (<0.625) quality index. The sampling represented an entire integration area of 
nearly 15,000 km2, for which we developed spatial covariate data such as terrain ruggedness, 
altitude and vegetation index to study its potential effect on the snow leopard density. Using 
maximum likelihood based spatial capture recapture analysis, we developed candidate model 
sets to test effects of various covariates on leopard density and detection of scats on 
transects. The best models chosen using AIC described the variation in density as a quadratic 
function of altitude and detection as a linear function of topography. The 95% of the AIC 
weights were distributed across five of the total models run, therefore we used model 
averaging to estimate snow leopard density surface and abundance from the entire 
landscape. The density of snow leopard varied from 0.5 to 1.9 per 100 km2, thus highlighting 
the inherent heterogeneity in densities as a function of habitat types. Our results are the first 
ever estimates of snow leopard populations using spatial capture recapture sampling on 
genetic data from a landscape of this size. Apart from abundance from a vast landscape, the 
exercise provides us with useful protocols to achieve global snow leopard population 
estimates by allowing sampling in large landscapes. 
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The number of studies forecasting population trajectories has dramatically increased over the 
past decades because of the need to improve our ability to predict species responses to 
climate change. Recently, the ability of statistical models to forecast such changes has been 
questioned by studies showing that (i) equation or mechanism-free models had better 
forecast performance than more complex models and (ii) forecast accuracy might be low 
given the uncertainty surrounding climate change scenarios as the forecast horizon 
increases. 
 
Forecasting population abundances is particularly relevant because it can be used to derive 
forecast for other type of responses (e.g. species range evolution) and because populations 
are the basal unit upon which conservation actions are usually applied. However, an overall 
issue when forecasting abundances is that populations can display large spatial variations 
(e.g. due to variations in ecological conditions) implying that forecasts obtained from one 
population cannot be applied to others.  
 
Previous research addressing the question of spatio-temporal variations in population 
abundances have usually fitted one statistical model to each population, first to estimate the 
drivers of local population abundances, and then to relate the estimated parameters to some 
spatially-related variables (e.g. latitude). The alternative has been to use hierarchical models 
incorporating all populations for inference. Although similar in their objectives, these two 
approaches are likely to yield different outcomes. For instance, the former approach might 
be more efficient in describing and forecasting local abundances because model parameters 
are specific to each population. In contrast, the latter approach might be more efficient in 
capturing the large-scale determinants of population abundances but less accurate in 
forecasting local abundances because model parameters are less population-specific. 
Alternatively, this approach might better forecast abundances for populations for which we 
lack information (e.g. due to sampling issues) because information can be shared across 
populations in this case. 
 
Here, we aim to identify which of the two approach best predict population abundances at 
multiple locations for several bird species. For this purpose, we used time series of count 
data extracted from the Swedish Breeding Bird Survey and considered four types of models 
of increasing complexity: random walk, intercept only model, linear model with a long-term 
trend, and state space model accounting for measurement errors. These models were fitted 
either to each time series or to multiple time series at the same time as well as with or without 
climate covariates. We then evaluated the forecast accuracy and forecast horizons of each 
model using a hindcasting procedure. Specifically, models were fitted within a Bayesian 
framework using data collected from 1996 to 2012. Forecasts were then made for years 2013 
to 2016 and were compared to observed values using different measures of accuracy. 
 
Our results point to large variations in forecast accuracy across models. We discuss the 
implications of our results with respects to time series features, model structure and forecast 
horizon. Our results provide insights about the determinants of variations in abundance and 
could be used to forecast population responses to climate change at scales relevant for 
management actions. 
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Biodiversity/1 
 

Landscape ecology has a long history of documenting the effect of roads on the maintenance 
and conservation of biological populations and the reduction of diversity that comes with 
habitat fragmentation and decreased connectivity between patches.  However, what has 
received far less attention is how the development of transport infrastructure, by increasing 
accessibility of the landscape to human activities, indirectly affects biodiversity through 
changes in land use.  Land use change is a critical component of the reduction in many 
species ranges and so, in order to fully encapsulate the total effects of road building and the 
concomitant urbanisation on biodiversity it is important that we incorporate these land use 
effects in our models of biodiversity change. 
 
In order to assess these indirect effects of road network development on biodiversity, we 
develop a two-stage hierarchical model that describes both the link between road network 
topology and changes in land cover, and the direct effects of land cover and habitat 
connectivity on species richness.  In order to model the former process, we describe an 
extension of the INLA (Integrated Nested Laplace Approximation) modelling software to link 
network topology covariates and spatial random effects to categorical response 
variables.  Moreover, we extend this methodology further to allow investigators to formulate 
regression models for state-transitions and assess how road network topology affects the 
probability of transitioning from one land use type to another.  We implement this modelling 
approach in the PaGAn (Palaeo-Geographical Analysis) package for the R statistical 
platform. 
 
We demonstrate how the above statistical framework can be implemented with existing 
biogeographical methods such as species distribution models (SDMs) to provide integrated 
predictions of how certain aspects of transport network topology affects species 
richness.  We show how, through the application of numerical integration of the predictive 
distribution of land cover types, to incorporate uncertainty in the predictions of land cover 
covariates in the SDMs to ensure that a robust estimate of species richness and its attendant 
uncertainty is garnered. This provides a method whereby the direct effects of road 
development through habitat fragmentation and indirect effects through land use change on 
biodiversity can be isolated and their relative contributions assessed.  Finally, we outline the 
development of new software to aid the planning and development of transport networks to 
help mitigate the negative consequences for biodiversity. 
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Studies regarding biodiversity in tropical rainforest ecology are conducted using large data 
sets containing locations of thousands of trees for each of hundreds of species. Questions 
usually posed in such studies are: spatial distribution of each species in the observation 
region, species dependence on the environment, intra-species interaction (i.e., between 
individuals of the same species), and inter-species interaction (i.e., between trees of different 
species). To analyze such data, the statistical methodology based on spatial point processes 
is commonly used where the pattern of tree locations for each species is regarded as a 
realization of a spatial point process. One of the most common types of point processes 
considered for plant ecology is the Cox process which is useful for modeling intra- and inter-
species interactions as well as spatial inhomogeneity due to environmental factors. Research 
in multivariate Cox processes, nevertheless, has to a large extent focused on the bivariate or 
trivariate case, while the extension to the highly multivariate case does not seem so 
straightforward. 
 
In recent years, works attempting to extend the methodology for bivariate to multivariate Cox 
processes have been conducted. These works obtain encouraging results. However, when 
the number of species is large, the main challenge is in the computational burden, mainly 
due to two reasons: (1) complex optimization problem and (2) large number of parameters to 
estimate. In this study, we focus on a multivariate log-Gaussian Cox process and extend the 
study by Waagepetersen et al., (2016) to propose a faster and a more stable method. To do 
this, we modify the objective function previously considered by Waagepetersen et al., (2016) 
and make a link with the well known penalized least squares methods (e.g. ridge, lasso, and 
elastic net), so we encourage to have sparse models for easier interpretation. We also study 
the properties of the algorithm we develop. Finally, we implement our method to analyze 
tropical forestry data in Barro Corrolado Island, Panama. 
 
Reference: 
Waagepetersen, R., Guan, Y., Jalilian, A., & Mateu, J. (2016). Analysis of multispecies point 
patterns by using multivariate log‐Gaussian Cox processes. Journal of the Royal Statistical 
Society: Series C (Applied Statistics), 65(1), 77-96. 
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Recently Choquet (2018) has proposed a new framework for analyzing capture-recapture 
data based on Markov-modulated Poisson processes (MMPP). Because MMPP are 
continuous with time, MMPP is a good candidate to model capture-recapture data when the 
protocol of individual detection is not standard. This is for example the case with opportunistic 
data collected inside a season, bringing additional information on the status of the individual, 
for example during the season of the reproduction. But homogeneous MMPP may lack to 
describe non-homogeneous time processes occurring in the wild. When available the use of 
additional covariate information may be possible to model variability with time. However the 
effort of capture by fieldworkers is sometimes not constant with time and unfortunately often 
unknown. Avoiding taking non-homogeneous capture intensity into account can lead to 
strong bias when estimating the demographic parameter like survival and transition.  In this 
talk I will present several alternatives to replace time-covariates assuming that the time-
dependent parameter is locally constant. In particular I will compare histogram and kernel 
estimator which have been used for a long time to estimate density (Reynaud-Bouret et al. 
2014). I will discuss the potential of each approach across several cases, using both 
simulated and real data sets.  
  
  
References: 
Choquet, R. 2018. Markov-modulated Poisson processes as a new framework for analyzing 
capture-recapture data. Methods in Ecology and Evolution. In press 
Reynaud-Bouret, P., V. Rivoirard, F. Grammont, and C. Tuleau-Malot. 2014. Goodness-of-
Fit Tests and Nonparametric Adaptive Estimation for Spike Train Analysis. The Journal of 
Mathematical Neuroscience 4:3. 
  

 
 

  



85 
 

 
Modelling presence-absence response curves in the ecological niche theory 

framework 
 

Leire Citores1, Leire Ibaibarriaga2, Dae-Jin Lee3, Guillem Chust2, Mark Brewer4 
1AZTI - BCAM, 2AZTI, 3BCAM, 4BIOSS 

 
Abstract ID: 2318 
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According to ecological niche theory, a species’ fundamental niche presents a unimodal 
relationship with respect to environmental gradients. This means that only optimal conditions 
generate high abundances. When the environmental conditions become less favorable 
various stages of the life cycle are affected resulting in a lower presence of the species 
(Helaouët and Beaugrand, 2009). This fundamental niche is usually influenced by biotic 
processes and species competition, resulting in the so called realized niche.  
  
Ecological-based niche models can be built using different methods such as Generalized 
Linear Models (GLMs) and Generalized Additive Models (GAMs), based on observed 
abundance or presence-absence data. GLMs, using second order polynomials for this study, 
can be too restrictive as response curves are forced to be symmetric. GAMs are very flexible 
to adjust non-symmetric shapes but can result in implausible shapes. As a result, these 
approaches could not match the ecological niche theory. The objective of this work is the 
identification and the application of statistical modelling within the framework of the ecological 
niche theory. 
  
A simulation study was used to evaluate the performance of GLMs, GAMs, Shape 
Constrained GAMs (Pya and Wood, 2014) and boosting methods to fit species distribution 
models in agreement with the ecological niche theory. In addition, these methods were 
applied to two real data sets: sardine egg data in the Bay of Biscay collected in the BIOMAN 
survey and zooplankton abundance data in the Northeast Atlantic. 
  
Both the simulation study and the real data applications showed the potential of shape 
constraint methods to fit species distribution models. The imposition of concavity for response 
curves, as a shape constraint to achieve unimodal curves, with a single optimum at most, 
resulted in a good balance between the goodness of fit and the agreement with the ecological 
niche theory. 
  
References: 
Helaouët, P., and Beaugrand, G. 2009. Physiology, Ecological Niches and Species 
Distribution. Ecosystems, 12: 1235-1245. 
Pya, N., and Wood, S. N. 2014. Shape constrained additive models. Statistics and 
Computing, 25: 543-559. 
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Occupancy models (MacKenzie et al, 2002) are an important statistical technique that has 
been developed to infer the probability that a species under investigation occupies a region. 
The modelling framework is useful in determining/predicting the range dynamics of species 
and can also be used to assess the biodiversity of species in a region. A Bayesian analysis 
of these models can be undertaken using statistical packages such WinBUGS, OpenBUGS, 
JAGS and more recently Stan, however, since these packages were not developed 
specifically to fit occupancy models, one often experiences long run times when undertaking 
an analysis. We develop a Gibbs sampling algorithm to obtain posterior samples from the 
posterior distribution of the parameters of various occupancy models when logit link functions 
are used to model the regression effects of the detection and occupancy processes focusing 
specifically on the single-season-, restricted spatial regression- as well as multi-species- 
occupancy models. Additional methods that use variational Bayes (Clark et al, 2006) and 
parallel computing have been developed to reduce the time taken to undertake analyses. 
All analysis is undertaken using an R package we created (RcppOccupancy2) and can be 
downloaded using the following URL, https://github.com/AllanClark/RcppOccupancy2. We 
apply our methods to data extracted from the 2nd Southern African Bird Atlas Project and 
report on the findings of various analyses. 
 
References 
Clark, A. E., Altwegg, R., and Ormerod, J. T. 2016. A variational Bayes approach to the 
analysis of occupancy models. PLoS ONE, 11(2):e0148966. 
https://doi.org/10.1371/journal.pone.0148966. 
MacKenzie, D. I., Nichols, J. D., Lachman, G. B., Droege, S., Royle, J. A. and Langtimm, C. 
A. 2002. Estimating site occupancy rates when detection probabilities are less than one. 
Ecology, 83(8): 2248-2255. 
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Understanding how individual heterogeneity (i.e. the individual frailty level) affects mortality 
in natural populations is key to understanding the mechanisms that drive survival and ageing 
rates. Finite mixture models and mixed effects models have been proposed, however, in all 
cases they assume that individual heterogeneity influences mortality proportionally (i.e. by 
scaling the baseline mortality). This assumption limits the possibility to test hypothesis on the 
influence of individual heterogeneity on ageing rates. Here we propose a Bayesian modelling 
approach that builds upon the mixture models previously developed but that facilitates 
estimating the effect of individual heterogeneity on mortality parameters other than the 
baseline mortality. We provide results of a simulation study where we show that the model 
appropriately retrieves the real parameters. We then applied the model to a dataset on 
captive chimpanzees and show how model selection can be carried out. Our modelling 
framework can provide a starting point to test hypotheses that are at the core of ageing 
research. 
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Lindley (1971) noted that identifiability does not present any difficulty when a Bayesian 
approach is used, because prior distributions can be used to provide extra information on 
non-identifiable parameters.  However, it can be shown that identifiability can still be an issue 
when a Bayesian approach is used, and therefore must be considered. Using simple 
occupancy and mark-recovery models that are known to be non-identifiable, we illustrate the 
potential for bias a non-identifiable model presents, especially when using informative prior 
information. If a model if non-identifiable it should only be used in its current format if there is 
reliable prior information for non-identifiable parameters. 
  
It is therefore important to know whether or not a Bayesian model is non-identifiable. There 
are several established methods that can be used to check for identifiability including data 
cloning (Lele, et al, 2010) and comparing posterior and prior overlap (Garrett and Zeger, 
2000, Gimenez et al, 2009). However these methods are not always accurate.  We provide 
mark-recovery and integrated population model examples when either data cloning or 
examining the prior and posterior overlap leads to the wrong conclusion.  
  
We also show how symbolic methods for classical models (Cole et al, 2010) can be adapted 
to a Bayesian framework.  The advantage of the symbolic method is that it is accurate; 
however it involves utilising a symbolic algebra package such as Maple. The alternative is to 
use a hybrid symbolic-numeric method (Choquet and Cole, 2012) which again was developed 
for classical formation of models, but can be adapted to a Bayesian framework. This hybrid 
symbolic-numeric method is easier to use, in particular it can be used in R as well as Maple. 
  
References:  
Choquet, R. and Cole, D. J. (2012). A hybrid symbolic-numerical method for determining 
model structure. Mathematical Biosciences, 236:117-125. 
Cole, D. J., Morgan, B. J. T.  and Titterington, D. M. (2010). The parametric structure of 
models. Mathematical Biosciences, 228:16-30 
Garrett, E. S. and Zeger, S. L. (2000). Latent class model diagnosis. Biometrics, 56:1055-
1067. 
Gimenez, O., Morgan, B. J. T. and Brooks, S. P. (2009). Weak Identifiability in Models for 
Mark-Recapture-Recovery Data. In D. Thomson, E. Cooch and M. Conroy (eds.), Modeling 
demographic processes in marked populations, 8-48, Springer series. 
Lele, S. R., Nadeem, K. and Schmuland, B. (2010). Estimability and Likelihood Inference for 
Generalized Linear Mixed Models Using Data Cloning. Journal of the American Statistical 
Association, 10: 1617-1625. 
Lindley, D. V. (1971). Bayesian Statistics: A Review. SIAM. 
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Polar bear populations are of conservation concern worldwide but are difficult to study 
because of large ranges and low densities. In spring of 2016, we used instrument-based 
aerial surveys in an attempt to detect and estimate the abundance of polar bears on sea ice 
in the eastern Chukchi Sea. These surveys used a combination of thermal imagery to detect 
heat signatures of animals on sea ice and digital photography to confirm species identity. 
 
In total, we obtained 3 thermal detections of polar bears during ``on effort" portions of flights 
that photographed 5830 km2 of sea ice habitat; human observers detected an additional 6 
bears. We used spatio-temporal statistical models to relate bear detections to different 
combinations of covariates (e.g., sea ice, resource selection functions derived from satellite 
tags, and relative density of bear tracks) and to predict the abundance and spatial distribution 
of polar bears in our study area.  In particular, we jointly modeled the distribution of polar 
bears and their tracks, integrating over spatio-temporal random effects when these were 
included in the model. 
 
Using fly-overs of visually detected bears to estimate detection probability of our thermal 
cameras, we compute model-averaged estimates of polar bear abundance and generate 
maps of predicted bear distribution.  Our estimate is considerably lower than multi-state mark-
recapture models applied to data from a previous mark-recapture study of polar bears in the 
region. We caution that our estimate may be biased low if moving bears have a higher 
detection probability than stationary bears because most human detections cued on 
movement.  
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Fisheries biologists have a long history of estimating and monitoring absolute fish abundance 
at sea, using standardized scientific surveys, coupled with stock assessment models. These 
well-established and tested methods form the gold-standard approach currently in use to 
inform management policies, such as setting fishing quotas, in order to restore or maintain 
stocks of commercially fished species in a favourable status. 
  
State-of-the-art stock assessment methodology does however require a large amount of both 
scientific and fisheries-generated data, each of which inform different components of the 
models. Careful independent calibration is also required in order to convert age-specific 
captures per unit-effort into absolute age-specific biomass. As a consequence, data-poor 
species – species that are rare or have low capture rates using standard survey methods – 
may not lend themselves to such quantitative assessments. Devising alternative methods to 
help stock-assessment is therefore an urgent priority for these stocks, which include mixed 
fisheries species as well as many species with unfavourable or uncertain conservation status.  
  
Here, we propose an approach to overcome these difficulties by estimating spatial variation 
in short-term (~ 6 years) trends in relative abundance, using Spatially Varying Coefficient 
regression (e.g., Gelfand et al, 2003). This enables the identification of areas of stock declines 
or increases, which are respectively suggestive of over- or sustainable exploitation, locally. 
We make the most of the available data, by combining several types of scientific and 
commercial fisheries data in our analysis. Working on relative, rather than absolute 
abundances, enables to perform the cross-calibration of the capture rates per unit-effort 
across data from different sources and fishing gears within the model, directly informed by 
the data. Identification of the relative capture efficiencies across data sources requires partial 
mixing of the different observation processes over space. 
  
We apply our approach to a French dataset comprising several species of commercially 
harvested skates (Raja sp.) in the Northeast Atlantic, which represent a gradient of data 
scarcity. We find very strong evidence of local hot- and cold-spots of species abundance, as 
well as clear evidence of contrasting trends in catch-per-unit-effort among the population hot-
spots. Our results suggest the presence of both over- and sustainable fishing locally over the 
area and may warrant spatial management of fishing effort. 
  
The amount of smoothing required for the spatial random fields of the model is informed by 
the data. This useful property of the model implies that the spatial resolution of the estimates 
(and of management recommendations), is self-adjusting to the richness of information 
available for each species.  
  
References: 
Gelfand, A. E., Kim, H.-J., Sirmans, C. F., & Banerjee, S. (2003). Spatial modeling with 
spatially varying coefficient processes. Journal of the American Statistical Association, 
98:387–396. 
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Observing and studying animals in their natural environment is challenging, particularly for 
those marine species that spend long periods of time at sea ranging over vast distances.  The 
field of biologging aims to address this through the animal attachment of miniaturised devices, 
capable of recording measures of an individual’s movement, physiology and/or surrounding 
environment.  However, because device retrieval is typically required to access the high 
resolution data collected, use is generally restricted to those animals that predictably return 
to land. Data abstraction, performed via on-board processing, aims to address this and can 
be used to produce simplified representations of large volumes of data, which can be later 
transmitted via satellite systems.  However, currently such techniques are limited in scope 
and do not incorporate, for example, acceleration measurements which can quantify animal 
behaviours and movement patterns over fine-scales. 
 
In this study, we present a new method for the collection, abstraction and transmission of 
accelerometer data from free-ranging marine predators via the Argos satellite system.  We 
test run the technique on 20 juvenile southern elephant seals Mirounga leonina from the 
Kerguelen Islands during their first months at sea following weaning.  Using retrieved archival 
data from nine individuals that returned to the colony, we compare and validate abstracted 
transmissions against outputs from established accelerometer processing 
procedures.  Deployment periods exceeded several months to almost a year, during which 
information was received from over five dives per individual per day.  Abstracted 
transmissions included estimates, across five segments of a dive profile, of time spent in prey 
catch attempt (PrCA) behaviours, swimming effort and pitch.  These were then summarised 
and compared to archival outputs across three dive phases: descent, bottom and 
ascent.  Correlations between the two datasets were variable but generally good (dependent 
on dive phase, marginal R2 values of between 0.45 and 0.6 to > 0.9) and consistent between 
individuals.  Transmitted estimates of PrCA behaviours and swimming effort were positively 
biased to those from archival processing. 
 
Data from this study represents some of the first remotely transmitted quantifications from 
accelerometers, and the methods presented and analysed can be used to provide novel 
insight toward the behaviours and movements of free-ranging marine predators, such as 
juvenile southern elephant seals, from whom logger retrieval is challenging.  However, whilst 
outputs from data abstraction techniques were generally comparable to those from post hoc 
archival processing, future application could benefit from some adaptation/improvement.  In 
particular, positive bias in transmitted PrCA behaviours and swimming effort should be 
reduced, for which this study provides useful insight. 
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Most plant species display a certain degree of spatial aggregation that may play an essential 
role in plant community dynamics, e.g. in regulating the importance of interspecific 
competitive interactions. It was hypothesized that the degree of spatial aggregation may be 
regulated by environmental drivers such as nitrogen deposition or precipitation. The degree 
of spatial aggregation of Calluna vulgaris was investigated using spatial pin-point cover data 
from 3797 Danish dry heathland plots. The pin-point cover data was analyzed using the 
Pólya-Eggenberger distribution, where one of the parameters measure the degree of spatial 
aggregation. The degree of spatial aggregation was found to covary positively with nitrogen 
deposition and negatively with precipitation. The degree of spatial aggregation was found to 
decrease with time. The observed patterns of spatial and temporal covariation need to be 
followed up by more mechanistic cause and effect studies of the effect of environmental 
drivers on spatial aggregation. 
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Oral - Student Competition 
 

Freshwater wetlands are often dynamic and complex in their relation with the climate, 
landscape, and species inhabitants, and, as a result, serve as crucial habitat for a variety of 
organisms. A major determinant of community structure in freshwater wetlands is hydroperiod 
(i.e., length of inundation), which can range from highly ephemeral wetlands that remain 
inundated for short periods of time to permanent wetlands. Species occurrence is driven by 
tradeoffs between the abiotic constraints of wetland hydroperiod and the life history 
characteristics (e.g., fecundity, dispersal ability, development time) of individual species. 
Thus, the ability to predict how climate influences wetland hydroperiod and how that 
relationship changes across systems is key to forecasting responses of wetland biodiversity 
to climate change. Intensive instrumentation and measurement of weather variables and 
water levels at a fine scale are the ideal approach for predicting responses in wetland 
dynamics to changes in climate. However, these methods cannot be cost-effectively 
replicated on a large-scale due to resource constraints. Instead, ecologists typically rely on 
proxy variables, such as wetland area or depth, that are often correlated with wetland 
hydroperiod, but previous studies have also shown that the correlative relationship between 
wetland size and hydroperiod does not hold for all systems. 
 
We integrated multispecies occupancy and structural equation modeling frameworks to 
estimate wetland hydroperiod, a variable that is difficult to measure, yet which plays a critical 
role in structuring freshwater communities. We used long-term data on community, 
landscape, and wetland dynamics from St. Marks National Wildlife Refuge, FL, USA to 
validate this approach. Sixty coastal freshwater wetlands of short, intermediate and long 
hydroperiod were monitored from 2009 to 2016, a period of time characterized by extreme 
environmental variation and, as a result, changes in species occupancy and community 
composition. Using our integrated framework, we estimated direct and indirect relationships 
between amphibian occurrence (n = 19 species), and metrics of landscape characteristics 
(e.g., topography, wetland connectivity), water quality (e.g., pH, percent dissolved oxygen), 
and wetland hydroperiod (e.g., basin size, soil texture). In addition to improving our 
understanding of community dynamics, our approach provided a mechanistic representation 
of how species interact with their environment and how those interactions were affected by 
local climate. Moreover, the estimated correlations between hydroperiod and all other 
variables (i.e., water chemistry, wetland size, landscape characteristics, species occurrence) 
can provide recommendations on what variables might serve as the best proxies for wetland 
hydroperiod in the field. 
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Terrestrial ecosystems play an important role in Earth systems processes, yet we still do not 
understand how they respond to changes in climate. While it has been argued that terrestrial 
ecosystems were fairly stable (by Quaternary standards) in the millennia before major 
anthropogenic disruption, others have emphasized vegetation response to environmental 
variability during this time. These competing perspectives are not necessarily in conflict, but 
argue for a quantitative assessment of forest ecosystem variability over the last several 
millennia. 
 
Here we reconstruct maps of forest composition for the last two millennia, with uncertainty. 
To do this, we use a network of fossil pollen records - the most reliable paleoecological proxy 
for forest composition. We link the fossil pollen records to public land survey forest 
composition using a Bayesian hierarchical spatio-temporal model which accounts for key 
processes including pollen production and dispersal (Dawson et al., 2016; Paciorek et al., 
2009). To improve computational tractability: (i) Gaussian processes are approximated using 
modified predictive processes, and (ii) a variant of the Hamiltonian Monte Carlo sampler is 
used for posterior sampling. The model is calibrated using data from the pre-settlement time 
with the hope of minimizing anthropogenic impacts. Process parameters are estimated in the 
calibration phase, and are subsequently used in the prediction phase to generate spatially 
explicit maps of relative species composition across the upper Midwestern US over the last 
5000 years, with robust uncertainty estimates.  
 
Estimates of forest composition and uncertainty improve the spatio-temporal resolution of our 
previous understanding of past forest change in the upper midwestern US. First, results show 
significant increases in hemlock composition within the established hemlock range in 
Wisconsin. Second, results indicate little movement in ecotone position (between temperate 
hardwood forests and northern mixed hardwood/conifer forests), predominantly as a result of 
changes in pine composition. Third, significant increases in elm and ash indicating the 
emergence of the distinct Minnesota Big Woods region at approximately 500 years before 
present. These changes are significant in both a statistical and ecological sense, but the scale 
of these changes is small relative to changes in the early Holocene. Our novel spatio-
temporal composition estimates will be used to improve the forecasting capabilities of 
ecosystem models. 
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High resolution multi-sensor animal borne tags can yield long time-series of animal behaviour 
data, but the observed data streams are often dependent on one another in complex 
ways.  These rich datasets present analytical challenges: it can be difficult to summarise data 
effectively and efficiently while accounting for non-independence of observations, and even 
trickier to detect changes in behaviour in response to an experimental or environmental 
stimulus.  While state-space models offer one sophisticated way to approach the problem, 
there are few simple, straightforward analytical methods to identify such change-points in 
dependent multivariate time-series.  We describe using Mahalanobis distances to reduce 
multivariate tag data to a univariate time-series while accounting for correlations between 
data streams, providing a summary of overall behaviour and facilitating change-point 
detection. As part of a simulation study to validate these methods, we have developed 
software to simulate high-resolution multi-sensor cetacean tag data (including data derived 
from depth sensors, accelerometers, and magnetometers) based on summary statistics 
derived from real tag recordings of species of interest. Data are simulated by first generating 
a sequence of dive types from a first-order Markov chain, for a user-specified number of 
dives; dive types are characterized by differences in dive duration and maximum dive depth. 
Within each dive, the durations of dive phases (descent, bottom, ascent, and surface) are 
then simulated based on dive-type-specific multivariate normal distributions. Finally, within 
each dive phase, individual data streams (depth reconstructed from first difference in depth; 
tri-axial acceleration; pitch, roll and heading reconstructed from sine and cosine 
decompositions; normalised overall dynamic body acceleration (ODBA); and normalised 
minimum specific acceleration (MSA)) are generated by simulating from a first-order 
multivariate auto-regressive process. The code to perform these simulations will be publicly 
available as part of the tagtools R package (currently at 
https://github.com/stacyderuiter/TagTools), with examples for Cuvier’s beaked whales and 
long-finned pilot whales (although other species could be readily simulated given training 
data from real tag deployments). Using the simulation strategy outlined above, we simulated 
tag time series including baseline data and disturbance responses of two types: cessation of 
foraging, and spatial avoidance of the (point) source of disturbance.  Two species (Cuvier’s 
beaked whales and long-finned pilot whales) were considered. The characteristics of the 
disturbance responses for each species were determined by a panel of experts with 
experience studying behavioural responses of these species to acoustic disturbance. 
Simulation results illustrate the effectiveness of the Mahalanobis distance metrics at 
collapsing multivariate time-series to univariate. They also allow us to compare the 
performance of several Mahalanobis distance metrics and analysis approaches for change-
point detection of simulated behaviour changes of varying type, severity, and duration, thus 
determining the most valid and reliable analysis approach for different situations. These 
results should provide guidance for the application of Mahalanobis distance based methods 
for assessment of cetacean behavioural responses to disturbance. 
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Poster Session (II)/12 
 

NIMBLE is relatively new software tool for hierarchical statistical models that builds on 
conventionally used platforms such as WinBUGS, OpenBUGS, and JAGS by making the 
modeling language extensible and customizable.  This poster will present an overview of 
NIMBLE, new features since ISEC 2016, and some performance comparisons in a manner 
to invite discussion with the two authors (P. de Valpine and D. Turek) who plan to attend.  
 
NIMBLE allows users to customize MCMC configurations and write new samplers, functions, 
and distributions. In ecological examples such as multi-state capture-recapture, occupancy 
models, spatial capture-recapture, integrated population models, zero-inflated models, and 
others, NIMBLE can enable alternative ways to write the models and sometimes achieve 
much more efficient MCMC sampling. For example, in simple capture-recapture and 
occupancy models, an analyst can provide a custom probability function for the capture or 
detection histories. With multi-state capture-recapture and dynamic occupancy models, an 
analyst can provide a custom probability function for the hidden Markov model embedded in 
such applications. This kind of model extensibility allows users to avoid MCMC sampling of 
potentially large numbers of latent states. An analyst can also customize choice of MCMC 
samplers, including blocking of slow-mixing dimensions and writing new samplers that take 
advantage of particular model structures. Together, these kinds of improvements over 
previous software enable large gains in performance and ability to share methods.  Some 
performance results from case studies will be shown. 
 
NIMBLE is more than just another MCMC engine. It provides a programming system so that 
researchers developing good computational methods for general or specific models can 
easily disseminate those methods without writing their own software framework for models. 
The NIMBLE developers have implemented methods for maximum likelihood estimation, 
model assessment and model selection such as by reversible jump MCMC, cross-validation 
and calibrated posterior predictive p-values, and sequential Monte Carlo methods, but these 
are just some examples of what is possible. The poster will cover how such work can be done 
and invite discussion of projects of interest to ISEC attendees.  Finally, a nimbleEcology 
package is under development, and we invite participation at all levels. 
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Abundance Estimation (II)/3 
 

Butterfly populations are undergoing changes in abundance, distribution and phenology. The 
UK Butterfly Monitoring Scheme (UKBMS) provides a vast source of count data for UK 
butterflies, and is used to derive abundance indices which form one of the UK government’s 
biodiversity indicators. 
 
UK populations of both Small and Essex Skipper have shown significant long-term declines, 
despite increases in range. These two species are very similar in appearance, with 
overlapping flight periods, and are only distinguishable by the undersides of the antennae. 
Consequently many UKBMS counts are submitted as an unknown Essex/Small Skipper 
rather than separate, identified counts of each species. 
 
Butterflies have multi-stage life cycles and hence count data fluctuate within each year in 
response to their emergence as adults. A generalised abundance index (GAI) approach 
(Dennis et al., 2016) was recently developed for producing robust butterfly abundance 
indices, providing parametric descriptions of seasonal variation and using efficient 
computation due to concentrated likelihoods. 
 
We present a new extension of the GAI approach that accounts for uncertainty in species 
reporting. The model estimates species-specific phenology parameters, which indicate time 
variation, as well as a mixture parameter to assign a proportion to the unknown-species 
component. We incorporate covariates to consider spatial variation in the phenological and 
mixture parameters. Comparisons are made with the current system where the counts 
without species identification are not included in annual reporting. 
 
Improved models for species that are difficult to identify have the potential to improve our 
understanding of the processes that are underlying population declines in order to aid 
monitoring and conservation. The new modelling approach could also be relevant for a variety 
of other seasonal taxa where species are difficult to distinguish. 
 
References: 
Dennis, E.B., Morgan, B.J.T., Freeman, S.N., Brereton, T.M. and Roy, D.B. 2016. A 
generalized abundance index for seasonal invertebrates. Biometrics, 72:1305-1314. 

 
  



99 
 

A spatially explicit capture recapture model for partially identified individuals when 
trap detection rate is less than one 

 
Soumen Dey1, Mohan Delampady1, Arjun Gopalaswamy1, K. Ullas Karanth2 

1Indian Statistical Institute, Bangalore Centre, 2Wildlife Conservation Society 
 

Abstract ID: 2316 
Capture-Recapture Modelling (I)/1 

 

Spatially explicit capture recapture (SECR) models have gained enormous popularity to solve 
estimation problems in ecology. The inferences which are obtained by using a SECR model 
are essentially drawn from data emanating when animals pass through a spatial array of 
detectors chosen in the study. Current SECR models do not account for the fact that detectors 
often perform imperfectly, i.e.,  an animal passing through a detector (the state process) do 
not necessarily lead to a perfect recording of this event by the detector (the observation 
process). A failure to recognize this distinction will mislead inferences about the ecological 
process of animal movement and distribution. 
 
In this study, we develop a novel Bayesian SECR model that disentangles the process of 
animal movement through a detector from the process of recording data by a detector in the 
face of imperfect detection. We integrate this complexity into an advanced version of a recent 
SECR model involving partially identified individuals (Royle, 2015). We assess the 
performance of our model over a range of realistic simulation scenarios and demonstrate that 
estimates of population size N improve when we utilize the proposed model relative to the 
model that does not explicitly estimate trap detection probability (Royle, 2015). We confront 
and investigate the proposed model with a spatial capture-recapture data set from a camera 
trapping survey on tigers (Panthera tigris) in Nagarahole, southern India. Trap detection 
probability is estimated at 0.489 and therefore justifies the necessity to utilize our model in 
field situations. We discuss possible extensions, future work and relevance of our model to 
other statistical applications beyond ecology. 
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Model-based analysis of species composition provides many advantages for hypothesis 
testing and model evaluation.  One is that these approaches explicitly model the relationship 
between mean and variance of abundance.  However, producing a plot that provides an 
overall summary of changes in multivariate species composition has been difficult.  Most plots 
focus on individual species, although mixture models can be used to provide plots that show 
certain changes in multivariate species composition.  I develop a mostly model-free approach 
to plotting multivariate species composition.  This approach retains the variance-to-mean 
relationship and data-distribution from a model-based analysis but makes no additional 
assumptions about the mean structure.  
  
The variance-to-mean and data distribution models define a new likelihood-based distance 
between each pair of observations.  nMDS is then used to portray those distances.  The 
approach can be extended to overlay model-based predictions of multivariate species 
composition on an nMDS plot of the raw data.  This approach is illustrated using the temporal 
trend in bird abundance on Skokholm Island and liming effects on pasture composition in the 
Park Grass study. 
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Foraging distributions are thought to be density-dependent, because animals not only select 
for a high availability and quality of resources, but also avoid conspecific interference. Since 
these processes are confounded, their relative importance in shaping foraging distributions 
remains poorly understood. 
 
Here we aimed to rank the contribution of density-dependent and density-independent effects 
on the spatio-temporal foraging patterns of eurasian oystercatchers. In our intertidal study 
area, tides caused continuous variation in oystercatcher density, providing an opportunity to 
disentangle conspecific interference and density-independent interactions with the food 
landscape. Spatial distributions were quantified using high-resolution individual tracking of 
foraging activity and location by GPS and accelerometer. We developed a Bayesian 
modelling framework that included a realistic reconstruction of both the tides and the benthic 
food, and tested a family of behaviour-based optimality models against these tracking data 
using MCMC parameter estimation. 
 
Density-independent interactions affected spatial distributions much more strongly than 
conspecific interference, even in an interference-prone species like oystercatchers. Spatial 
distributions were governed by avoidance of bill injury costs, selection for high interference-
free intake rates and a decreasing availability of benthic bivalve prey after their exposure. 
These density-independent interactions outweighed interference competition in terms of 
effect size. We suggest that the bottleneck in our mechanistic understanding of foraging 
distributions may be primarily the role of density-independent prey attributes unrelated to 
intake rates, like damage costs in the case of oystercatchers foraging on perilous prey. At a 
landscape scale, above the finest inter-individual distances, effects of conspecific interaction 
on spatial distributions may have been overemphasised. 
 
References: 
Dokter, A.M., Loon, E.E., Rappoldt, C., Oosterbeek, K., Baptist, M.J., Bouten, W. and Ens, 
B.J., 2017. Balancing food and density‐dependence in the spatial distribution of an 
interference‐prone forager. Oikos 126, 1184–1196. 
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Mixed fisheries, where more than one species are caught together during the same fishing 
operation, are the predominant type of demersal fishery worldwide. Fishers exploit 
populations that are heterogeneously distributed in space and time without full knowledge of 
species distributions and with fishing gear that is not fully selective. The ability to change 
catch composition is limited by species mix at a particular location and time and the capture 
characteristics of the fishing gear. Models capturing the dynamics of the fisheries (‘fleet 
dynamics’ models) are often simplistic due to a lack of knowledge of the processes driving 
these catches, which occur both at large and small scales.  
 
We develop a simulation framework to allow investigation of the importance of scaling on the 
interactions between fish populations and fisheries dynamics. The framework provides both 
i) a realistic but tractable biological model of fish populations in space and time, including 
daily population processes (mortality, growth and recruitment) and population movement 
implemented as a combination of diffusive density-dependent processes based on simulated 
Gaussian Random Fields (Lindgren et al., 2011) representing directed ontogenetic niche 
shifts and migrations;  and, ii) a realistic fishing simulation model to capture how fishers may 
exploit heterogeneously distributed fish populations with uncertain knowledge about the 
underlying spatial processes. 
 
We generate a model system where we investigate the consequences of scaling and data 
aggregation within a framework where the true dynamics are fully known. We validate this 
simulated data against data collected on fisheries operating in the Celtic Sea and used for 
research into mixed fisheries (Gerritsen et al., 2012). The simulation allows for a more in-
depth understanding of factors important when using fisheries-dependent data to develop 
fleet dynamics models, from the micro- to the large-scale and individual to population 
processes, not otherwise possible due to the limitations in ‘real-world’ spatiotemporal data on 
fish distributions. Thus, the framework supports development of methods for predicting how 
fishing effort may change in response to management interventions and how such changes 
might affect future catches and exploitation patterns. 
 
References: 
Gerritsen, H. D., Lordan, C., Minto, C., & Kraak, S. B. M. (2012). Spatial patterns in the 
retained catch composition of Irish demersal otter trawlers: High-resolution fisheries data as 
a management tool. Fisheries Research, 129, 127-136. 
Lindgren, F., Rue, H., and Lindstrom, J. (2011). An explicit link between gaussian fields and 
gaussian markov random fields: The stochastic partial differential equation approach. 
Journal of the Royal Statistical Society. Series B: Statistical Methodology, 73(4):423–498. 
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Integrated Modelling (II)/2 
 

State space models are widely used for integrating ecological data with dynamical models in 
order to estimate the system state and parameters. Many such dynamical models are 
stochastic with strong nonlinearities, and observations are frequently non-Gaussian. The 
consequence is that sampling based inference must be used for many realistic state space 
models. The fundamental building blocks for doing this are sequential Monte Carlo methods 
such as the particle filter, which provides the basis for likelihood based methods (like multiple 
iterated filtering) as well as Bayesian approaches (like particle MCMC). Unfortunately, basic 
particle filters do not scale well as the dimensionality of the state space increases, requiring 
exponentially larger sample sizes. In practice, this means that time-dependent ecological 
models have been emphasized, and the spatial aspects often ignored or approximated. In 
this talk, I present work on the extension of state space models so that spatio-temporal 
dynamic ecological systems can be effectively treated. The approaches involve 
approximations, along with the design of novel sequential Monte Carlo approaches. The 
problems that motivate, and are used to illustrate this work, are the marine plankton models 
used in biological oceanography (the so-called PZND- phytoplankton, zooplankton, nutrient, 
detritus - class of models). These time-dependent models are generally embedded within 
ocean circulation model that provide the spatial context. Here, we will consider both one- and 
three- dimensional ocean models.  
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Classification or identification (for example, of a species, an individual, or a behavior) is a 
common task when working with ecological data, often involving researchers manually 
labelling their data. As technology develops and the amount of data being collected 
increases, manual classification is increasingly difficult and time-consuming. Machine 
learning offers a number of methods that have proved excellent at classification tasks across 
a range of application areas, and offer exciting opportunities to increase the speed and extent 
to which we can analyse and gain insight into ecological systems. 
 
In this talk we focus on the classification of video data, collected for example from drones, or 
from animal-borne or in situ cameras. The approach we use combines convolutional neural 
networks (CNNs), a type of neural network architecture that exploits spatial dependencies in 
images, with recurrent neural networks (RNNs), a type of architecture that exploits the 
temporal dependencies between the images. We first split the video data into discrete frames 
or images, and then construct a CNN to classify individual images into a number of predefined 
classes (e.g. behaviours). The CNN produces various outputs for each image: in its output 
layer, a vector of probabilities over the set of possible classification classes; and in its 
intermediate layers, compressed and abstracted representations of the images. Sequences 
of these outputs form multivariate time series, which are used as inputs to a long short term 
memory (LSTM) RNN that, once fitted, classifies each sequence of images into the same set 
of classes used to classify images. 
 
We illustrate the approach using two examples drawn from marine environments: detecting 
seal visits to wild salmon nets in the Moray Firth, Scotland from an array of underwater 
cameras mounted around the nets, and classifying the behavior of African penguins around 
the Cape Peninsula of South Africa, from animal-borne cameras. For each of these examples 
we assess the ability of the CNN/RNN approach to generalize across different contexts (to 
different animals in the case of penguins; to different environmental conditions in the case of 
salmon nets). We also assess the impact of various practical implementation details, such as 
the selection of frame rate and sequence length, and image preprocessing, on model 
accuracy. 
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Systematic conservation planning is considered the most robust approach for reserve design 
and other prioritization decisions (Bode et al, 2011).  Central to systematic conservation 
planning are the ideas of biodiversity representativeness and persistence, both of which are 
met by separating elements of biodiversity from the processes threatening their 
existence.  However, climate change-induced uncertainty regarding the future conditions of 
important conservation landscapes suggests greater risk for biodiversity than was recognized 
in the past.  Thus, the reliance on diversification as a mediator of this risk may be insufficient 
to protect conservation resources.  Modern Portfolio Theory (MPT; Markowitz, 1952) is an 
alternative approach, borrowed from the field of economics, in which the expected return 
derived from a portfolio of assets is balanced by its associated risks.  This investment theory 
is predicated on the idea that a portfolio can be evaluated not only on its composite benefits 
but by the risk of each pair of assets in the portfolio co-varying positively as market conditions 
fluctuate.  In the case of reserve design under uncertainty, ‘asset’ refers to an individual land 
parcel and ‘market condition’ is represented by parcel habitat composition predictions under 
a given climate scenario.  Portfolio risk is then evaluated using the cumulative covariance 
between asset pairs across scenarios of climate uncertainty.  Portfolios with strong positive 
correlation are considered of greater risk than those with neutral or negative correlation; the 
latter representing bet-hedging strategies to contend with unknown future habitat 
dynamics.     
  
We demonstrate these principles using multi-criteria decision analysis (MCDA) and efficient 
linear integer programming (IP) algorithms to identify Pareto-optimal reserve designs for a 
large, coastal conservation network in the southeastern U.S. threatened with sea-level rise 
and urbanization.  We describe our approach for solving a computationally demanding IP 
problem (N = 1244 available parcels) using two exact and one heuristic algorithm. We expand 
the use of MPT for conservation planning by formulating the algorithm also to consider 
divestments from currently held assets to increase the available budget for purchasing higher 
reward or lower risk parcels.  For any stated level of risk and fiscal constraint, the 
conservation investor can identify the optimal portfolio among all possible reserve designs. 
 
References: 
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Photographic identification has become a more popular method for tracking animal 
populations in recent years and has been applied to study species from tigers to whale 
sharks. The advantages of photographic identification are that it is non-invasive (individuals 
never have to be handled) and allows researchers to collect large data sets quickly, and 
cheaply, particularly through the development of citizen science studies. The disadvantage 
of this approach is that identifications from photographs, as opposed to, say, numbered tags, 
are not immediate and often difficult to discern. Identities must be derived by visually 
matching photographs, which is a very time-consuming process for large data sets, or with 
the aid of automated computer matching algorithms. In either case, the final identities of 
individuals may not be perfectly clear. 
  
We present a hierarchical model that allows for uncertainty in identities derived from 
photographs by considering the capture histories as latent variables. In particular, we focus 
on pairwise data obtained from pattern recognition algorithms. Such algorithms rarely 
generate binary yes/no answers regarding the matching of pairs of photographs and instead 
produce continuous scores measuring the likelihood that the same individual is represented 
in both which must be interpreted by the researcher. Fixed capture histories may be 
generated by simple thresholding, but this approach ignores the inherent uncertainty in the 
scores that might lead to falsely labelling two photographs as a matching pair or missing a 
true matching pair. Our model treats the pairings of photographs from which the capture 
histories are constructed as latent variables using data from a subsample of curated 
photographs with known identities to determine the distribution of scores produced by the 
pattern recognition algorithms for both matching and non-matching pairs.  
  
We fit the model utilizing a Bayesian framework and applying Markov chain Monte Carlo 
sampling to obtain inference. One important consideration in this work is the complexity of 
the sample space of the underlying capture histories and the computational time required to 
conduct the MCMC sampling. To reduce the runtime, we incorporate methods from record 
linkage of human health databases to identify matches and non-matches a priori, within a 
given error tolerance.  
  
We assess the properties of the new model through simulation and show that our method 
presents estimates which are similar to estimates from models that treat the capture history 
as fixed when the true identity of individuals in the photographs is known and outperforms 
these models when the true capture histories are uncertain. We also apply the methods to a 
sample subset of data obtained from a long-term, citizen science study of whale sharks 
(Rhincodon typus) that has collected more than 40,000 photographs over a fourteen-year 
period.  
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Structured population models, in which individuals’ traits affect the likelihood of different fates, 
are arguably the core modeling framework in both theoretical and applied population biology. 
But they are also useful as models for ecological communities, and as models for individuals. 
I will review some recent work on community- and individual-level applications of continuous 
trait models, including: quantifying species coexistence mechanisms in a computational 
framework that avoids the small-variance approximations of analytic approaches; modeling 
the spread of pathogens in multispecies communities; and partitioning out the contributions 
of trait variation versus luck to variation in lifetime outcomes. Similar to the human wealth 
distribution (where the top 1% hold roughly half the total) many animal and plant populations 
have extreme variation in lifetime reproductive output, and the role of luck can be surprisingly 
large. 
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Heaviside’s dolphins are endemic to the Benguela ecosystem of south-western Africa but to 
date, no assessment of the population size or conservation status of this species has been 
made in Namibia. Photographic mark-recapture provides a low-impact method to collect data 
on the abundance and survival rates of cetaceans, but is subject to several key assumptions 
including the equal capture probability of all animals. Due to patterns observed in the field 
and during data processing, we developed a simple method to investigate boat avoidance by 
more distinctive and presumably older animals using an existing photographic-identification 
data. Data were collected in two study sites 400km apart; a site with high levels of boat traffic 
(Walvis Bay, 25 tour boats operating) and a second site with low levels of boat traffic, 400 km 
to the south (Lüderitz, 2 tour boats operating). Analysis of fin height in images allowed 
distance from the boat to be calculated,  revealing a clear pattern of boat avoidance by the 
most distinctive Heaviside’s dolphins in Walvis Bay but not in Lüderitz. Huggins closed 
population ‘mixture’ models provided the best fit for the low-traffic site resulting in an 
estimated population size of 494 (403 – 607; 95% CI) animals in Lüderitz. Inclusion of 
individual distinctiveness as a covariate substantially improved model fit for the high impact 
site producing an abundance estimate of 508 (461-833; 95% CI) dolphins using Walvis Bay, 
with the most distinctive dolphins showing a substantially lower capture probability compared 
to less distinctive animals. As fin injuries and distinctiveness only increases with age, these 
results suggest that older, more distinctive Heaviside’s dolphins in Walvis Bay may have 
learned to avoid boats as a possible behavioural adaptation to high levels of boat traffic in a 
key habitat. 
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The repertoire of sounds used by highly social animals can be diverse. Although sounds can 
be adventitious, many serve a distinct function such as the acoustic signals utilized in 
communication or prey manipulation. Understanding the link between acoustic signaling and 
animal behaviour may provide useful information on habitat utilization within a population's 
range. Our overall aim is to develop models which can reliably predict group behaviour of 
bottlenose dolphins from acoustic data collected from static passive acoustic devices which 
monitor acoustic activity 24 hrs per day. Ideally models would operate on acoustic data only, 
without auxiliary group information. Here we used a supervised learning approach, i.e. 
Random Forrest Classification, to predict bottlenose dolphin behaviour from ground-truthed 
data collected when both group surface behaviour and acoustic behaviour were documented. 
Acoustic data were collected at 3 minute samples from freely interacting groups of common 
bottlenose dolphin (Tursiops truncatus) inhabiting Walvis Bay, Namibia. Dolphins were 
recorded during focal group follows under different behavioural contexts and social grouping 
dynamics (n = 373 samples from n = 63 encounters). Classification was conducted using the 
presence or absence of 7 acoustic signals which represent the vocal repertoire of this 
population and the overall repertoire richness during the sample as predictor variables. An 
overall out-of-sample correct classification rate of 59% was achieved, a 44% improvement 
over a random classification. Correct classification rates varied by behaviour, performing well 
for predicting socialising behaviour but poorly for travelling. The addition of group size 
information slightly improved classification success (overall classification success 65%, 52 % 
better than random). Further development of this method would enable predictions of group 
behaviour in the absence of visual data, allowing inference of habitat use from static passive 
acoustic devices. Such information can assist in decision making within a marine spatial 
planning process. 
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Occupancy sampling surveys typically involve detection of multiple species (e.g. a number of 
species may be identified by a specific method). One may also, with little extra effort, record 
species observations from several detection methods in a survey. For example, when 
checking traps, one may detect species at the sites from tracks or direct observations (visually 
or by sound), and it will be advantageous to also use information from such detections in the 
analysis of the data. When the aim of the study is monitoring of a community of species, one 
may choose to employ a set of methods to ensure a high detectability of all species of interest. 
  
Some methods may provide unspecific information about the species being present. For 
example, tracking tunnels may provide unambiguous information that a small mammal is 
present at a site, but it may be impossible to determine the species. From such methods it 
may also sometimes be impossible to exclude the possibility that detections are caused by 
something that is not of interest in the study, i.e., false-positives. Such false detections may, 
even at low rates, induce strong bias in estimates of occupancy probabilities when they are 
not accounted for. 
  
Methods that provide reliable detections of specific species are obviously preferable. 
However, these methods may be expensive in terms of sampling effort (or other costs), and 
it may not be possible to employ such methods on many sites. On the other hand, methods 
that do not provide exact information about what species that have been detected may be 
relatively inexpensive (e.g., tracking slides). In such cases, the “cheap” unspecific methods 
may first be employed at all sampling sites, followed by more “expensive” methods that 
provide exact species identity, targeted at the sites where “something” has been detected. 
  
We present a paper formalizing a modelling framework for analysing multi-method-multi-
species occupancy data. We further explore the benefits of a two-phase adaptive sampling 
approach that combines cheap unspecific detection methods with a more expensive method 
that provide exact species identity. We also show how this framework naturally extends to 
handling false positives (i.e., detections of something that is not of interest in the study), and 
compare this approach to existing approaches for handling false positives, which may be 
seen as a special case of our model. Finally, we use the modelling framework to analyse data 
from a small mammal community of five species, sampled during the low phase of the 
population fluctuations. 
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Successfully establishing captive breeding programs is a priority across diverse industries to 
address food security, demand for ethical laboratory research animals, and prevent 
extinction. Empirical studies of diverse species have found conflicting evidence for 
differences in reproductive success as a result of birth origin (wild-born or captive-born), 
which may threaten the long-term sustainability of these initiatives. Determining the effect of 
birth origin on reproductive success is challenging due to variation within, and between, 
contexts (commercial aquaculture, laboratory research and conservation), diverse species 
biology, and the types of data collected.  
 
We performed a systematic review and meta-analysis using multi-level hierarchical models 
to examine birth-origin effects in captivity using 115 effect sizes from 44 species of 
invertebrates, fish, birds, and mammals. Overall, captive-born animals have a 42% 
decreased odds of reproductive success in captivity relative to their wild-born counterparts, 
with the largest effects seen in commercial aquaculture relative to conservation or laboratory 
settings, and in key fitness traits such as juvenile survival. 
  
We account for the non-independence of effect sizes, such as the shared evolutionary history 
among species, by incorporating phylogeny in our meta-analysis, although this effect was not 
important in our models, suggesting our results are generalisable across species. We also 
used multiple imputation to show that our findings are unlikely to be influenced by missing 
data, and discuss limitations and areas of improvement in the reporting of statistics across 
these industries. The results of our analysis have important implications for the current 
management of diverse industries and species, and reveal targets for the urgent 
improvement of captive breeding. This research provides the foundation for future 
investigation of non-genetic and genetic (evolutionary) drivers of change in captivity. 
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Many species are monitored by more than one program leading to multiple but disparate data 
types, such as presence only data, occupancy data, mark-recapture data, and distance 
sampling data, to estimate distribution, abundance, and dynamics. The use of multiple 
sampling schemes provides a wealth of information but creates difficulties in analysis 
because of differences in data structure and the ecological processes being described. 
Integrated modeling has been used to combine multiple data types with separate observation 
processes. Additionally, modeling data within an integrated framework improves the precision 
and accuracy of parameter estimation by utilizing a joint-likelihood that standardizes the error 
structure between datatypes, and the framework can allow for estimation of parameters that 
are unidentifiable in a non-integrated framework. 
  
Integrated species distribution models (ISDM) were developed to combine multiple datatypes 
to estimate species’ spatial distributions and relationships to landscape variables. These 
models combine presence only data with structured data (e.g., detection-nondetection data, 
count data), to better estimate species distribution by minimizing the biases produced by each 
datatype and by using all available data. We extend the current ISDM framework to include 
distance sampling data. We describe species’ spatial distribution, the latent state process, 
with a point process model. We combine distance sampling data with presence only data by 
specifying a joint likelihood for the latent state process and connecting hierarchically to each 
observation process, which varies accordingly to distances sampling and opportunistic 
surveying. We develop our ISDM in a Bayesian framework and evaluate the data 
requirements and utility of our model through a simulation study. We also compare the 
accuracy of parameter estimates for distance sampling and presence only models with our 
ISDM. 
  
We apply our model to a case study of black-backed jackals in the Masai Mara National 
Reserve, Kenya. A portion of the reserve is exposed to a variety of anthropogenic 
disturbances due to passive management enforcement, which may affect the distribution of 
jackals. Distance sampling was conducted to estimate jackal distribution within a limited 
range of the reserve; thus, data on jackals is sparse and limited in its spatial extent. Yet, 
presence only data on jackals from opportunistic surveying within the reserve is abundant 
and exists at a large spatial extent. By combing distance sampling and presence only data, 
our model allows us to gain more precise estimate of the spatial distribution of black-backed 
jackals and how management enforcement affects their distribution within the reserve. 
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The integration of the spatial dimension in population dynamics studies is an important issue 
in ecology. A key concept to understand population dynamics at larger scale is the source-
sink system. In a heterogeneous landscape, source populations are net exporter of 
individuals whereas sink populations are net importer. A growing number of studies attempt 
to determine the source–sink status of local populations but a recent review indicated that 
few of them have considered the whole demographic process (Furrer and Pasinelli 2016). 
The main difficulty lies in the estimation from the same population of all require demographic 
rates such as fecundity, survival, emigration and immigration. Here we assess the source 
status of a Common Kestrel population breeding in nest-boxes in Switzerland. The local 
deployment of nest-boxes since 15 years is assumed to explain the strong increase of the 
species throughout the country. Using an integrated population model we combine capture-
recapture, breeding monitoring and population count data to estimate formally the net 
migration (emigration/immigration) rate of this population. We also investigate the temporal 
correlation between the demographic rates and the population growth rate at the national 
scale. Results indicate that the Kestrel population breeding in nest-boxes was a source over 
the 15 years of the study duration. Moreover, the temporal variability of the growth rate of the 
whole population was strongly related to local fecundity, but only slightly to juvenile and adult 
survival. 
 
References:  
Furrer, R. D. and Pasinelli, G. 2016. Empirical evidence for source–sink populations: a review 
on occurrence, assessments and implications. Biological Reviews, 91(3):782-795. 
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Collective movements are widespread in ecological systems.  Potential drivers of these 
movements include interactions between individuals and responses to environmental 
gradients, which may be generated externally (e.g. by weather patterns) or by the organisms 
themselves (e.g. through depletion of a resource).  Determining which mechanisms are 
influencing collective movement in a particular system is an important step in designing 
strategies for controlling or preserving these movements.   
  
We developed a range of candidate models, based on advection-diffusion partial differential 
equations (PDEs), that described spatio-temporal changes in the distribution of animals 
through a range of movement mechanisms.  Using monthly data on the distribution of the 
wildebeest population in the Serengeti ecosystem, we then sought both to estimate the 
parameters of these models and to use model comparison statistics to infer the mechanisms 
most likely to be driving the observed movement patterns.  The most commonly used 
approach to fitting models of this type involves solving the PDEs numerically for many 
parameter combinations, and using the solution to calculate a likelihood or 
posterior.  However, these numerical solutions are computationally costly and include 
sometimes substantial amounts of numerical error.  Therefore, we instead implemented an 
inference approach, known as gradient matching, that bypasses the need for numerical 
solution.  This was a two-step process that involved first using the data to obtain a smooth 
interpolation of the state variable (wildebeest density) in time and space, and then optimising 
the PDE model parameters such that the difference between the gradients in the state 
variable with respect to time obtained from the interpolant and from the PDE was 
minimised.  The best candidate model for wildebeest movement was then selected using 
AICc and BIC. 
  
Based on the selected model, we drew a number of conclusions about wildebeest movement 
behaviour.  First, wildebeest move preferentially up environmental gradients in grass nitrogen 
concentration and their green grass intake rate, where green grass intake is impacted by 
local grass depletion through grazing.  Second, attractive and repulsive interactions between 
wildebeest are important in explaining the observed distribution patterns.  Third, there is 
evidence that wildebeest movement behaviour varies temporally.  Finally, wildebeest are able 
to perceive information about their environment over an estimated radius of 50km. 
  
We conclude that gradient matching is a promising approach to inference for advection-
diffusion models of collective animal movement, allowing conclusions about movement 
behaviour to be drawn in cases where numerical solution-based approaches are 
computationally infeasible.  The resulting insights into movement behaviour have the 
potential to inform management decisions, for example to mitigate risks to the continuance 
of important migrations like that of the Serengeti wildebeest.  
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Long ago - way back in the 1990s - a small colony of Distance Samplers became established 
in a Scottish coastal location somewhere near a golf course. From its humble beginnings, 
and having determined beyond all possible doubt the number of golf tees in its immediate 
surrounds, the colony grew in abundance and in statistical power. Soon it began sending 
migrants to all corners of the earth, merrily surveying creatures in every imaginable biome, 
and enticing numerous flocks of international distance samplers back to Scotland to 
exchange wit, wisdom, and laser rangefinder binoculars. All these happenings took place 
under the dedicated leadership of chief colonist, Steve Buckland, who evolved countless 
strategies for resource exploitation (also termed "research funding"), and who monitored the 
abundance and productivity of the colony with flawless confidence intervals. I will talk about 
the St Andrews research group as it was then, when I was one of many research students 
working with Steve, and how it has evolved and grown into a thriving example of 
interdisciplinary statistics at its best: an enduring tribute to Steve's wise and far-sighted 
leadership. 
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Estimating inter-annual trends in population abundance is a major goal of many monitoring 
programs, because these trends play central role in tracking population health and assist in 
understanding the processes that limit and regulate populations. Trend information from all stages 
of the annual cycle across a species’ entire range is vitally important for determining where and 
when population limitations occur. However, most of the observational data used to estimate 
trends is only collected during the breeding season and sampled across spatial extents that only 
partially cover many species’ ranges. 
 
Citizen science projects have been successful engaging a broad constituency to collect data 
across large spatial and temporal extents. However, using these data to estimate inter-annual 
trends in relative abundance for different stages in the annual cycle creates three important 
modeling challenges: 1) the inter-annual variation in project participation rates, 2) the large 
proportions of zero counts that lead to zero-inflated count data, and 3) estimating potentially 
complex relationships between species’ abundance with large sets of environmental predictors. 
Using data from the citizen science project, eBird (http://www.ebird.org), we develop and evaluate 
models to meet these challenges. eBird provides a unique source of count data, with year-round 
coverage across continental extents for a large number of bird species. 
 
To control for inter-annual increases in eBird data volume, we used spatially balanced samples 
of training data, stratified by year, and restricted the maximum per year sample size. To address 
challenges 2) and 3) we compared two classes of Zero-Inflated (ZI) Poisson regression models: 
the non-parametric Boosted Regression Trees (ZI-BRT) of Johnston et al. (2015), where all 
predictors are allowed to interact, and semi-parametric Generalized Additive Models (ZI-GAM), 
where predictor effects are constrained to be smooth and additive. These classes represent a 
bias-variance tradeoff. The greater flexibility of the ZI-BRT is advantageous for generating 
accurate predictions but can result in imprecise predictor effect estimates, including inter-annual 
variation estimates, whereas the additional ZI-GAM structure favors precise predictor effect 
estimates. To improve ZI-GAM prediction accuracy we also considered a hybrid approach. First, 
a ZI-BRT was used to construct a single predictor that encapsulated the complex effects learned 
from a large set of land cover predictors. Then the ZI-BRT derived predictor was included as a 
smooth additive effect in a ZI-GAM.  
 
Simulations were constructed to evaluate the models’ ability to estimate trend direction and 
magnitude, and validation tests using actual data were used to evaluate prediction accuracy. We 
found that the ZI-BRT generated more accurate predictions but had less power to detect trends 
compared to the ZI-GAM. Including the ZI-BRT derived predictor improved prediction accuracy of 
the ZI-GAM while preserving its power to detect trends. All models generated conservative 
estimates of trend magnitude, i.e. estimated magnitudes were less than true magnitudes. Finally, 
we estimated trends for a number of species to highlight how citizen science data can be used to 
monitor trends where structured monitoring programs may not exist. 

 
References:  
Johnston et al. (2015). Abundance models improve spatial and temporal prioritization of 
conservation resources. Ecological Applications, 25(7), 1749-1756. 
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With the recent evolution of GPS tracking systems, animal movement models are growing in 
accuracy and more interesting biological and ecological questions can be answered. High 
resolution data can now be accessed remotely and lighter, less obtrusive tags lead to the 
individuals moving more naturally. In addition, the ability to have mass tagging of individuals 
allows us to generate large data-sets of simultaneous locations. 
  
Learning about animal interactions with the environment can have significant practical 
applications for conservation, food and disease spread, as well as important socioeconomic 
implications such as the detrimental effect predation of reindeer can have on the traditional 
reindeer herding districts of northern Europe. 
 
However, many current movement models and statistical techniques are inadequate, 
especially when considering the collective movement of a species. Most techniques focus on 
individual-level behaviour without a coherent model of movement across all individuals. 
Another, more natural, approach to animal movement modelling would be to consider 
movement in continuous time rather than the more conventional discrete-time basis. 
  
One method of particular interest is demonstrated in the Niu et al. (2016) paper. Here the 
authors develop the abstract notion of a “black dot”, originally put forward by Langrock et al. 
(2014). This movement model assumes a hypothetical point, the “black dot”, which moves 
with a Brownian motion and to which all individuals are attracted to with some degree.  
 
I will discuss these methods with relation to the real location data of reindeer (Rangifer 
tarandus) obtained from Anna Skarin (Swedish University of Agricultural Sciences). 
  
References: 
Niu, M., Blackwell, P. G., and Skarin, A. (2016). Modeling interdependent animal movement 
in continuous time. Biometrics, 72(2):315–324. 
Langrock, R., Hopcraft, J. G. C., Blackwell, P. G., Goodall, V., King, R., Niu, M., Patterson, 
T. A., Pedersen, M. W., Skarin, A., and Schick, R. S. (2014). Modelling group dynamic animal 
movement. Methods in Ecology and Evolution, 5(2):190-199. 
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Study design is an important component of ecological research, but is often challenging due 
to unexpected field conditions, difficultly observing species in nature, limited resources, etc. 
These conditions contribute difficulties in deriving inferences on population demography at 
appropriate scales due to limited data. There has been an increasing use and development 
of statistical models to integrate multiple data sources across what were previously 
considered methodological boundaries to improve demographic parameter estimates. 
Despite the increasing use of models to integrate disparate data sources, there has been 
relatively little focus on study design including: sampling schemes, data requirements, and 
best management practices for studies interested in data integration techniques.  
 
We describe two models to integrate data from repeated counts into distance sampling or 
spatial capture recapture studies.  Spatial capture recapture data can often be field intensive 
and expensive to collect.  To expand the spatial or temporal scope of a study, other data 
sources might provide useful information for parameter estimation.  We examine, through a 
simulation study, the trade-offs of collecting single verses multiple sources of data on the 
precision and accuracy of demographic estimates for different spatial configurations of 
detectors and different detection levels.  Similarly, we examine different levels of detection 
for distance sampling and number of repeated count surveys to evaluate the effects of 
integrating data sources.  
 
Results from both simulation studies suggest that repeated count surveys can add important 
information to spatial capture recapture and distance sampling surveys. However, these 
results are highly depending on the quantity and quality of data collected. For the distance 
sampling example, results further indicate that multiple sampling methods were beneficial for 
studies interested in different levels of detection and hence different measure of abundance 
(e.g., present versus detected populations). Thus, there is a need to assess the costs and 
benefits of collecting multiple data sources in relation to overall study objectives. Our results 
can assist researchers in designing efficient sampling protocols to meet a variety of goals 
typical of ecological studies. 
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Land use change is increasingly recognised as an important driver of human zoonotic 
disease. Ecological community changes associated with land use can affect disease risk by 
elevating contact rates between people and reservoir hosts, disrupting community parasite 
transmission dynamics or exposing naïve hosts to novel parasites. Such community changes 
may predictably affect zoonotic disease risk if reservoir host species are systematically more 
likely to persist under human disturbance (i.e. if ecological communities in modified habitats 
generally have a higher zoonotic potential). Such a phenomenon has been observed in 
specific disease systems, but with high rates of global land use change projected for this 
century, assessing its global and taxonomic generality would shed light on an important future 
ecological driver of disease burden. We combine data on hosts of human-shared parasites 
and pathogens ('hosts') with a global database of local ecological communities and 
associated land use data (collated from published studies). We use hierarchical regression 
models in a Bayesian inference framework (Integrated Nested Laplace Approximation) to 
analyse the effects of land use on host diversity, across over 9000 sites globally, controlling 
for disease-related research effort and differences in survey methods.  
 
We show that ecological communities in anthropogenic land uses (managed ecosystems and 
urban) contain consistently higher richness and abundance of host species than communities 
in nearby primary land sites. Overall, this suggests that future global patterns of land use 
change have potential to drive increasing contact between people and ecological 
communities with increased zoonotic potential (i.e. more potential hosts and possible 
opportunities for transmission). However, among mammal orders we find considerable 
taxonomic variation in host responses to land use, with rodent and bat host abundances 
generally increasing and primate and carnivore hosts declining in modified landscapes. This 
variation suggests that land use-driven community changes are unlikely to affect all diseases 
consistently, and supports arguments that, rather than expecting a single consistent 
biodiversity-disease relationship, in practice policies aiming to simultaneously conserve 
biodiversity and reduce human disease must be disease- and context-specific. 
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Capture-recapture models are widely used in statistical ecology for estimating demographic 
parameters with imperfect individual detection. These models allow covariates to be 
incorporated to try and explain variation in vital rates like, e.g., survival or dispersal.  
When dealing with several covariates, one often faces two issues: first, incorporating many 
covariates in a model can result in a loss of power in detecting a significant effect as well as 
a decrease in the precision associated with its magnitude; second, correlation among the set 
of covariates, usually referred to as multicollinearity, may alter reliability and interpretation of 
parameter estimates.  
 
Here, we explore regularization techniques to perform covariate selection in capture-
recapture models. First, we implement the lasso to select a subset of the covariates for use 
in the inference. The lasso works by maximizing the likelihood, which is penalized via some 
constraints on the covariate parameters. Second, we investigate the elastic net, an extension 
of the lasso that deals with multicollinearity by amending the penalization. We provide a 
number of criteria to judge the bias-variance tradeoff.  
 
The performance of both approaches is analyzed by conducting simulation studies in which 
different scenarios are considered in terms of the number of covariates and the level of 
collinearity in covariates. We also illustrate these approaches with real case studies including 
the impact of climatic conditions on bird survival.  
 
Overall, the performances of regularization techniques are promising when compared to 
standard information criterion methods (e.g. the AIC), with the advantage of being able to 
conduct inference on all kinds of parameters at once (vital rates and detection probabilities). 
Our methods require relatively minor modifications to the likelihood and could be 
implemented in standard capture-recapture software. 
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In many spatial capture-recapture surveys (e.g. camera trap or acoustic surveys), detectors 
placed in a study area can record the exact time of each detection. Continuous-time spatial 
capture-recapture methods can be used to estimate population density from exact detection 
times. Existing methods assume detections of an individual are independent given the 
individual's activity centre and do not account for the spatio-temporal correlation in detections 
induced by animal movement. Furthermore, they discard the information detection times 
provide on individual animal movement. 
 
Here, a method is presented that incorporates continuous-time animal movement models 
with continuous-time spatial capture-recapture. Individuals move along an unobserved path 
and their detection depends on the distance separating the individual and the detector. The 
model is fit by Markov Chain Monte Carlo with a semi-complete data likelihood. A marginal 
likelihood is computed by averaging over all possible paths an individual could have travelled 
during the survey given each individual's activity centre. This is achieved by approximating 
the integration over all paths by a spatial hidden Markov model. Bayesian data augmentation 
is used to average over all possible activity centres. The modelling framework is flexible: 
detectability and movement can be related to boundaries, landscape features, environmental 
conditions, and temporal covariates. Furthermore, the framework can easily include collected 
telemetry data, allowing for joint inference on movement and density. Additionally, the method 
can provide insight into animal space use: the Viterbi algorithm is used to estimate where 
individuals spend their time during the survey. These inferences can be related to resource 
selection and step selection functions. 
 
The method is applied to a camera trap survey of male jaguars (Panthera onca) in the 
Cockscomb Wildlife Sanctuary Basin, Belize. Jaguars are assumed to move around their 
activity centre according to an Ornstein-Uhlenbeck process. Telemetry data collected on two 
jaguars in the survey region is also incorporated into the analysis. A model is considered 
where jaguar movement is related to rivers and an existing trail network, which they move 
along preferentially. 
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In ecology, the statistical analysis of data based on hypotheses constitutes a large part of the 
work and makes it possible to understand the relationships between biodiversity and the 
environment. Among the different available methods, Bayesian methods are increasingly 
used because of their great flexibility and because they can easily handle complex analysis, 
including nonlinear or hierarchical random-effects models for example. Random effects are 
latent variables used to capture the structured part of variability, e.g. between groups. 
Random effects in curve-based models are usually only incorporated on the intercept. Their 
applications on the other parameters of the curve, especially in nonlinear curves, is little 
studied in ecology. However, this kind of application is of great interest, allowing a real 
variation of the shape of the curve over space (geographical or ecological) between groups.  
  
Our study aimed at developing a model linking the local quantity of dead wood to the local 
species richness of saproxylic beetles in French forests. Our hypothesis was that this 
relationship is structured between forests and that it was important to account for this variation 
to better estimate the relationship. We looked at different link functions and applied various 
settings of random effects based on the forests, in a Bayesian framework. 
  
We first found that models without random effects were the worst, but the best model was 
not necessarily the one with random effect incorporated on the intercept, as usually done in 
ecology. Secondly, we found that the most complete model – with random effects on all 
parameters of the function and correlation between them – performed better than or as well 
as the other models, in terms of WAIC. In conclusion, we are convinced that in future studies, 
ecologists should consider a more complete use of random effects in their models so that 
more robust conclusions can be drawn. A comprehensive approach would consist in a 
complete consideration of all the possible combinations of random effects in the model, but 
this can be long and tedious. Thus, based on our results, we recommend either this complete 
approach, or a direct use of the complete models - with application of all random effects and 
correlations. 
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General purpose MCMC software packages like WinBUGS, JAGS, and STAN enable users 
to define and fit almost any statistical model without having to worry about implementation 
details. These tools have enabled significant progress in applied ecological modelling, and 
underpin several other software packages for ecological statistics. However these existing 
tools are largely unable to make use of recent advances in hardware and software for high 
performance computing, meaning they scale poorly to large datasets. The need to specify 
models using a compiled, software-specific language is a significant hurdle to potential users. 
These tools are also very hard for anyone other than the core developers to extend, or to use 
within other statistical software. 
 
greta is a new software package for flexible statistical modelling that aims to overcome these 
limitations. greta uses Google's TensorFlow high-performance automatic differentiation 
library, so it scales well to massive data sets (millions of observations), can run across many 
CPUs or on GPUs, and can use efficient gradient-based MCMC samplers like Hamiltonian 
Monte Carlo. greta models are written directly and interactively in R, so greta is easy to learn 
and simple to extended with new modules or use as a backend for more specific software. 
  
I will demonstrate greta, show how easy it is to build upon, and provide some examples of 
the bigger and better ecological models it allows us to fit; such as inference of population 
dynamics from spatial occurrence data and fitting joint species distribution models to massive 
datasets. If you want to know more now, see the website: https://goldingn.github.io/greta 
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Goodness-of-fit (GOF) p-values are tools that ecologists sometimes use to criticize the 
statistical parametric models they develop. The most common ones are the plug-in p-value 
for frequentist models and the posterior predictive p-value in Bayesian settings. Practitioners 
often do not know that these tools can reveal difficult to interpret because the reference 
distribution to which the p-value should be compared is in general unkwown - and can be 
very different from the uniform distribution. We here present a new GOF p-value that does 
not have this drawback since its reference distribution is asymptotically uniform between 0 
and 1. This is to our knowledge the only general method that allows double use of the data – 
once to fit the model and once to criticize it. It is based on the introduction of a layer of 
randomness, by sampling only one instance value of statistical parameters. We show 
simulations that indeed indicate that this p-value is superior over previous ones in terms of 
interpretability, generality and power. We also discuss its use in an ecological setting - namely 
to diagnose generalized non-linear mixed models. We in particular discuss the use of an 
individual p-value vs  groups of such p-values and the choice of metrics to be used to 
diagnose the link function. These two last points are illustrated on ecological case studies. 
The use of this type of p-value justifies a thorough use of data (using data twice!). It will give 
more power to ecologists to criticize their statistical parametric models and improve them. 
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The Greater Yellowstone Monitoring Network has consistently surveyed amphibians in 
randomly selected catchments in Grand Teton and Yellowstone national parks since 2006. 
Within monitoring catchments, all wetlands with standing water are surveyed for the presence 
of breeding amphibians by two independent observers.  The main objective is to estimate 
and explain trends in amphibian breeding occurrence across these large park units.  We used 
multistate multiseason occupancy models to jointly describe ephemeral drying of wetlands 
and breeding occupancy of two anuran species with different life histories.  Typically, 
multistate occupancy models have one unoccupied state and two or more occupied 
states.  Our models have two unoccupied states: sites with no water and perfect detectability 
and sites with water but no breeding activity.  Covariates for describing system dynamics 
included site characteristics (i.e., wetland depth, area and vegetation cover), and climate 
drivers such as runoff, evapotranspiration, and precipitation.  The estimated percentage of 
dry wetlands varied between a low of 13% in 2008 to a high of 30% in the preceding 
year.  Wetland dynamics were best explained by a year-specific model, however models 
including early season (April to June) evapotranspiration were also supported.  Columbia 
Spotted Frogs (Rana luteiventris) only rarely colonized previously dry sites (probability <5%) 
or previously wet sites without breeding (probability <10%). In contrast, breeding probabilities 
for Boreal Chorus Frogs (Pseudacris maculata) in previously dry sites were higher (>15%) in 
years with above average runoff and precipitation, however no colonization of previously dry 
sites occurred in years with below-average precipitation/runoff . Chorus frogs and spotted 
frogs had high probabilities (>80%) of using the same breeding sites in consecutive years, 
but were less likely to breed in years with below average runoff and precipitation.  Climate 
drivers such as runoff and evapotranspiration were useful in explaining spatial differences of 
wetlands in breeding state transitions.  By explicitly incorporating wetland dynamics into our 
models along with the climate drivers, we provided less biased occupancy estimates, 
estimated wetland drying, determined predictors of breeding and identified areas of highest 
conservation importance for park managers.  
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Spatial relationships between trees play a fundamental role in forest ecosystems and their 
dynamics, governing together with other factors interaction, growth, mortality and 
regeneration processes in a plant community. The study of spatial relationships is of great 
interest in community ecology because it allows for advancing our understanding of 
underlying ecological processes by testing hypotheses in a more refined way. However, the 
consideration of spatial dependencies is comparatively new and only recently advances in 
point process statistics and modelling allow us to explore this field of quantitative ecology in 
full details. 
 
When studying a forest or plant community, spatial and demographic aspects are tightly 
coupled: Spatial patterns are the result of past ecological processes and demographic 
changes of plant community.  Both, temporal and spatial relations between trees can be 
captured under modelling by hierarchical interactions (Genet et al., 2014). We considered a 
hierarchical structure of interactions to account for the fact that competition between trees of 
different ontogenetic states is size-asymmetric. Unlike previous approaches, the new spatial 
model has the advantage of allowing a straightforward interpretation of its parameters in 
terms of inter-tree competition. According to the analysis, the random point process models 
with hierarchical interactions have the required flexibility to capture complex spatial tree 
patterns. We discuss the models with hierarchical interaction by an analysis of the spatial 
structure of the old-growth boreal tall-fern forest. 
 
Reference: 
Genet, A., Grabarnik, P., Sekretenko, O. and Pothier, D. 2014. Incorporating the mechanisms 
underlying inter-tree competition into a random point process model to improve spatial tree 
pattern analysis in forestry. Ecological Modelling, 288: 143-154. 
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The Arctic is undergoing rapid environmental change; it is warming at twice the global 
average and could be ice-free as early as 2050. While these perturbations will likely result in 
widespread impacts, the consequences of reductions in ice cover on ecosystem function 
remain poorly understood. As the most abundant pinniped in the North Atlantic and a 
seasonal migrant between subarctic and Arctic waters, harp seals (Pagophilus 
groenlandicus) provide an excellent indicator for climate change impacts. Harp seals rely on 
sea-ice for breeding and foraging, and spend much of the year in association with the ice 
margin. In this study, we track the migration of harp seals using Satellite Relay Data Loggers 
and investigate the link between harp seal migratory behaviour and summer sea ice retreat. 
Bio-loggers allow highly detailed information on the movement and behaviour of animals to 
be recorded, but observing the location of individuals via satellite is obscured by 
measurement error. Traditional Bayesian state-space methods to analyse these data are 
computationally slow, making it impractical to estimate the influence of environmental 
parameters on movement patterns and difficult to incorporate ancillary data collected by the 
device. In contrast, Template Model Builder offers the flexibility of Bayesian state-space 
models while allowing estimation via maximum likelihood, offering gains in computational 
efficiency with minimal reduction in accuracy (Auger-Méthé et al. 2017). We use this 
approach to estimate the influence of satellite-derived sea-ice data on harp seal migratory 
behaviour, providing insights into the future effects of climate-change driven reductions in 
sea-ice cover on a key Arctic marine predator. 
 
References: 
Auger-Méthé, M., Albertsen, C.M., Jonsen, I.D., Derocher, A.E., Lidgard, D.C., Studholme, 
K.R., Bowen, W.D., Crossin, G.T., Mills Flemming, J. 2017. Spatiotemporal modelling of 
marine movement data using Template Model Builder (TMB) Marine Ecology Progress Series 
565: 237-249. 
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Estimating population size is a crucial aspect of population management. One important 
limitation of traditional capture-recapture methods is that density cannot be explicitly 
estimated. Bias in N also arises from unmodelled heterogeneity in capture probability. 
Spatially-explicit capture-recapture (SECR, Borchers and Efford 2008) models are 
increasingly used for monitoring animal populations worldwide and have been shown to 
produce more precise estimates than conventional mark-recapture methods. 
 
However, not all species are individually identifiable or logistical and ethical restrictions may 
constrain managers to estimating population sizes using unmarked individuals. Here, we use 
data from an intensively monitored translocated population of the eastern barred bandicoot, 
Perameles gunnii, to test methods which have been developed in response to these 
challenges. 
 
Australian mainland eastern barred bandicoot populations exist only in fenced areas or fox-
free islands. Trap saturation caused by high-density populations or non-target captures 
prevents accurate identification of important population parameters such as imbalanced sex 
ratios and age specific mortality. Through combining multiple data types, we aim to address 
these important knowledge gaps, inform the ongoing management of the species.   
 
A SECR model will be used to analyse cage-trapping data. Trapped animals will be 
temporarily marked using black, infrared reflective patches for identification on cameras. 
Camera data will be analysed using spatial mark-resight and count data models (Chandler 
and Royle 2013). Additionally, using auxiliary data (radio telemetry and temporary markings) 
we will investigate the importance of informative priors on detection parameters for model 
precision. The outcomes of our study will be used to construct integrated population models 
for the species, optimise monitoring and minimise animal handling. These methods can be 
used as a framework for monitoring other challenging species. 
 
 
References: 
Borchers, D.L. and Efford, M.G. 2008. Spatially explicit maximum likelihood methods for 
capture–recapture studies. Biometrics, 64: 377-385. 
Chandler, R.B. and Royle, J.A., 2013. Spatially explicit models for inference about density in 
unmarked or partially marked populations. The Annals of Applied Statistics, 7: 936-954. 
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The Swiss Breeding Bird Atlas 2013-2016 is a large project aiming at documenting the current 
abundance, distribution and national population sizes of all 214 Swiss breeding birds. More 
than 3000 ornithologists contributed fieldwork, which consisted in 2-3 repeated surveys in 
2318 randomly chosen square kilometres and in species lists collected opportunistically 
anywhere in the country. For analysis, we opted whenever possible for methods that account 
for imperfect detection to produce maps of abundance and occupancy for the whole country 
(ca. 42,000 km2). For 114 common species we used only the repeated surveys to produce 
abundance maps with binomial N-mixture models which included about 30 environmental 
covariates and accommodated spatial autocorrelation using 2d penalized splines. For rarer 
species we used site-occupancy models to formally combine the repeated survey data with 
the species lists; we accounted for environmental covariates and spatial autocorrelation in 
the same way as in the N-mixture models. We used Bayesian inference implemented with 
JAGS, which allowed us to obtain both maps of point predictions and of prediction uncertainty. 
We validated maps informally using independent monitoring data but plan to explore 
improved validation measures for models that account for imperfect detection. 
  
Using N-mixture and occupancy models, it is hard to obtain national population size estimates 
because the effective survey area is unknown. Depending on the species territory size and 
the survey route, the effective sample area may be larger or smaller than the nominal area 
of 1 km2 of the survey square. To solve this problem we fitted a spatial capture-recapture 
(e.g. search-encounter) model to the point locations of all bird detections in the 2318 survey 
quadrats. The estimated densities were then interpolated for the whole country, and 
subsequently summed to get the national population size. 
  
Comparing the dynamics of species richness between two atlases can be difficult, especially 
when the survey effort massively increased. We thus used multispecies occupancy models 
to get a better estimate of species richness while accounting for the different effort. 
  
Using modern techniques accounting for imperfect detection and spatial autocorrelation 
allowed us to get better estimates of occupancy, abundance and species richness for a large 
set of species. To our knowledge this is the first large-scale application of such models for a 
breeding bird atlas. 
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Species distribution modelling is a valuable tool for the study of species and community 
abundance and for conservation issues. Many species distribution modelling methods have 
been developed in the last 10 years in order to better consider ecological processes that are 
relevant to species distribution like community composition, species co-occurrence and their 
pattern of distribution. Most methods assume certainty about species identity, but there are 
many practical situations in which this may not be the case, such as when data are on groups 
of species difficult to identify or when taxonomists split a species into multiple distinct species. 
We consider the latter case, in which the species identities of records prior to the taxonomic 
change are confounded. For our project we use point pattern processes, a promising and 
flexible toolbox for ecologists that allows users to address issues such as sampling bias and 
spatial structures of species (Illian & Burslem 2017).  By combining Poisson point process 
models and finite mixture models (McLachlan & Peel 2000) we propose a statistical tool able 
to make use of records with known species identity to characterise the species distribution, 
and use this to assign species labels to confounded records. For our model we have used a 
dataset of 7 species of native Australian frogs that belong to the genus Myxophies including 
several considered as “endangered” on the IUCN red list. Among those species, 2 were newly 
described in the northern range of the genus distribution and thus confounded previous 
identification in this area. We demonstrate our mixture point process model approach using 
available genetic information for a subset of records after 2006 to assign species labels to 
the other records.  
 
References: 
Illian, J.B. & Burslem, D.F.R.P. (2017). Improving the usability of spatial point process 
methodology: an interdisciplinary dialogue between statistics and ecology. AStA Advances 
in Statistical Analysis, 101, 495-520. 
McLachlan, G.J. & Peel, D. (2000). Finite mixture models. John Wiley & Sons, New York. 
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The understanding of animal movement and its associated field (Movement Ecology) has 
grown rapidly in recent times due to advances in technological and analytical aspects of 
tracking animal movement. There have been advances in the conceptual framework that aim 
to amalgamate research in animal movement and incorporate movement into ecological 
research for meaningful decisions related to conservation. Movement is key to many 
evolutionary processes and essential for various ecological functions. An understanding of 
the causes, patterns, mechanisms, and consequences of animal movement is central to 
managing and conserving wildlife in fragmented landscapes. Over the last few years, the 
Eastern Vidarbha Landscape (EVL) in Maharashtra, India has shown a rise in tiger 
populations because of suitable protection measures. Today, tigers are dispersing across 
landscape dominated by human settlements in search of habitats and mates. The aim of our 
research is to understand the movement of tigers in a rapidly changing landscape.  
 
The intensive study area is the EVL, which include five PAs and one Forest Division are 
mainly mixed dry deciduous and mixed moist deciduous forests. The extent of study area is 
51,336 sq. km. with human population of over 11,754,434 in the landscape. 10 tigers (6 males 
and 4 females) were fitted with collars (Vectronics GPS/Vertex Collar) as a part of research 
in the EVL. The movement parameters were calculated based on life history trait such as 
established or dispersing individual across age and sex categories. We also evaluated the 
effect of life history trait and land use pattern on movement of tigers. The radio-collared data 
of 10 tigers yielded a total of 22,000 fixes. Distance travelled per hour was significantly 
different (P= 0.008) between resident and dispersing individuals. For dispersing individuals, 
the distance travelled per hour varied significantly (P=0.06) during pre and post dispersal 
period. We tested various models like Brownian Bridge Model, First Passage Time and 
Bayesian Partitioning of Markov Model to understand movement characteristics of animals.  
 
Fine scale telemetry data offers exciting opportunity to study movement ecology of large 
predators for informed decision making at large landscape. Movement ecology has opened 
up new avenues of research and holds promise to influence policy makers to make e better 
informed decision for effective conservation and management. Research in movement 
ecology is generating knowledge of species movements that enables managers to implement 
actions that are flexible in space and time. As a result, managers have begun to link the 
movement ecology of a species with management planning, resulting in targeted 
management actions that incorporate species movements or specific areas where threats 
are located. The knowledge of movement ecology will help in understanding the effect of 
fragmentation on animal ecology and will go long way in dealing with challenges of conserving 
large carnivores in human dominated landscapes. Other than tiger the movement parameters 
of other carnivore species namely Dhole (N = 5), Wolf (N = 7) and Leopard (N = 6) will be 
discussed in details. 
  

 
  



132 
 

Zigzag transect sampling with equal coverage probability 
 

Alf Harbitz 
institute of marine research 

 
Abstract ID: 2434 
Survey Design/2 

 

We consider a two-dimensional area with a well-defined border within which our goal is to 
estimate the abundance of an animal population based on transect sampling. It is assumed 
that the width of the sampler, perpendicular to the moving direction, can be considered to be 
a constant. A randomized zigzag design is developed that guarantees equal coverage 
probability (per unit area) everywhere within a circular sector. Thus, any domain within the 
circular sector will also experience equal coverage probability. The cost of this approach is 
the unwanted, straight line transport from the point where a transect lag leaves the study area 
to the point where the next transect lag enters. The equal probability transects are curved, 
and exact analytical expressions for the transects are developed. Thus, there is no need for 
any iterative procedure to proceed from one point to the next along the transect. Cases where 
it is more natural to enclose a study area by a rectangle rather than a circle sector can be 
considered as a special case of a circle sector with infinite radius, and in this case the equal 
probability zigzag transects become straight lines. The survey design is demonstrated for an 
actual curved sampling area for minke whale surveys in the Antarctic region, as well as a 
range of different actual sandeel areas in the North Sea. The efficiency of the zigzag design 
is compared with the efficiency of a parallel design with equal coverage probability, in terms 
of how much time is needed for unwanted transport between succeeding transect lags for a 
given sampling time within the study area. 
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Occupancy models are a widespread and powerful tool for understanding a fundamental 
component of population status: how environmental variables are related to a species’ 
occurrence across the landscape, given imperfect detection of the species.  Desert tortoise 
(Gopherus agassazi), a federally-listed threatened species in the Mojave desert in 
southwestern USA, are long-lived and exhibit highly variable rates in above-ground activity 
both within and among years in response to weather and vegetation conditions.  In standard 
occupancy modeling, this leads to wide swings in apparent annual occupancy and frustrates 
attempts to model the relationship between environmental features and the latent true 
occupancy state.  To resolve this issue for desert tortoise and other species, we developed 
a new Bayesian state-space model that incorporates multiple detection methods, accounts 
for variability in detection both within and among years, and allows for direct inclusion of 
environmental covariates associated with the latent true occupancy state.  
 
We found that detection probability was highly variable among years for multiple methods of 
detecting desert tortoise occupancy (here, both live desert tortoises and active burrows).  We 
modeled the latent true occupancy state in relation to landscape predictors and found that 
desert tortoise were encountered more frequently at sites that were farther from roads, had 
lower topographic roughness, had lower areal coverage of creosote (Larrea tridentate), and 
higher areal coverage of white bursage (Ambrosia dumosa).  The predictive surface validated 
well both internally and externally with an independent radio-telemetry dataset.  Specific to 
desert tortoise, these results provide spatially-explicit guidance for habitat restoration within 
the study area.  In general, the model provides a flexible framework for modeling the latent 
occupancy state for species with high intra- and inter-annual variability in detection 
probabilities (due to variable crypticism or high rates of temporary emigration), species with 
low detection probabilities (via inclusion of multiple methods), and species where site 
occupancy is stable over short time periods (e.g., long-lived or strongly-territorial 
species).  We present full model specification and testing using our study species. 
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Many marine mammals rely on sound for foraging, maintaining group cohesion, navigation, 
finding mates and avoiding predators.  Hence, they may be profoundly affected by the 
introduction of anthropogenic noise, such as naval sonar, into the marine environment.  One 
research approach to investigate the potential impact of noise is to conduct controlled 
exposure experiments, where the reaction of free-swimming wild animals is observed to 
randomized exposures from experimental sound sources.  An alternative is an observational 
approach, where metrics of animal behaviour are monitored in the context of real-world 
variation in sonar activity.  Although this lacks the randomization associated with a pure 
experimental protocol, observational studies offer the potential for greatly increased sample 
size and also, importantly, allow observation of animals under real-word operational 
conditions.  There are broadly two types of observational study, those that focus on 
population-level responses and those that focus on individual-level responses. We focus here 
on the latter using tracks of individual whales derived from passive acoustic monitoring (PAM) 
on the Pacific Missile Range Facility (PMRF), Kauai, Hawaii. 
   
The research has two components. First, we are working to establish baseline behaviours for 
multiple baleen whale species, leveraging automated processing capabilities to process 
existing large datasets from PMRF. Outputs include individual animal acoustic tracks for 
some species. Second, we are extending and adapting methods for quantifying behavioural 
responses to sonar that were developed in an earlier project specifically for data from 
controlled exposure experiments.  We are using data from periods of Navy training to 
compare against baseline behavioural data. 
 
For initial development work we have extracted 31 minke whale tracks from a period spanning 
a training exercise on PMRF in February 2014, as well as 29 baseline tracks from two weeks 
prior to the exercise.  We have fitted splines to these tracks and extracted a suite of kinematic 
and acoustic metrics as well as aligning the tracks with relevant contextual variables 
(environmental, ship-related and sonar-related).  Initial analysis efforts have included fitting 
univariate regression models (Generalized Estimating Equations) to each metric as well as 
multivariate change-point detection methods (Mahalanobis distance analysis).  The clearest 
result so far relates to the spatial variables (latitude and longitude of track), whereby there is 
a significant difference between baseline tracks and exposure tracks when sonar was 
on.  This apparent change in spatial distribution during sonar activities has prompted us to 
investigate methods for analyzing the data in a spatially-explicit framework along the lines of 
Russell et al. (2016) using the MRSea package developed by Scott-Hayward et al. (2017). 
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Autonomous underwater vehicles such as ocean gliders and vertical profiling floats have the 
potential to play a key role in future marine mammal monitoring efforts. When equipped with 
hydrophones, these vehicles can collect passive acoustic data, providing both broad spatial 
and temporal coverage of a survey area due to their slow movement.  While a variety of 
methods have been developed to estimate animal density from acoustic data collected by 
fixed or moving platforms, estimating cetacean density from autonomous ocean vehicles 
requires investigation. 
  
Here, we present results from a project with the primary goal of goal of estimating cetacean 
density from data collected by ocean gliders and profiling floats, taking into account species’ 
acoustic and behavioral differences and environmental variation.  There are four broad 
objectives: (1) evaluate whether glider data can be analysed using design-based density 
estimation methods; (2) quantify glider/profiling float survey effort and evaluate encounter 
rates of example cetacean species; (3) estimate the probability of detecting cetacean 
vocalizations on gliders/profiling floats; (4) estimate animal densities of example species 
using glider data. 
  
Results are presented from the first three objectives using Blainville’s beaked whale 
(Mesoplodon densirostris) as the primary study species.  Realised glider tracks were used in 
simulations to assess bias in density estimates obtained assuming design-based 
inference.  Of the glider tracks analysed, gliders could deviate up to 20.2 km from a planned 
track (median: 1.6 km).  Simulation results suggested that up to 9% bias in density estimates 
may occur if these glider deployments were used in a density estimation survey. 
  
The probability of detecting a Blainville’s beaked whale on a glider was estimated using a 
field trial at a US Navy testing range that is equipped with bottom-mounted hydrophones, 
where it was possible to localise Blainville’s beaked whales.  Localised whales were used as 
detection trials for a glider, which was concurrently deployed.  Detection probability as a 
function of perpendicular range from the glider was modelled using logistic regression with a 
Generalised Additive Model.  Depth of the glider was included as covariate, which was 
retained in the model through AIC-based model selection.  Results suggest that detection 
probability at zero perpendicular distance from the glider is not certain and detection 
probability increased with glider depth.  Both of these results correspond to the acoustic 
behaviour and foraging ecology of Blainville’s beaked whales (e.g., Tyack et al., 2006).      
  
References: 
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Occupancy models are a widely used technique to answer questions related to species’ 
distribution and habitat associations.  A standard assumption of these models is that the 
population is closed and occurrence does not change during the period of interest. However, 
when we want to look at seasonal patterns in occupancy (e.g. within a year), this assumption 
is often violated. To address this challenge, (Johnson et al. 2017) proposed a seasonal 
occupancy model that assumes closure within short temporal windows and models seasonal 
variation between temporal windows in both occupancy and detectability using un-penalized 
splines. This approach is attractive because its familiar semiparametric form can adapt to a 
wide variety of seasonal patterns and is easy to interpret.    
 
However, the (Johnston et al. 2017) seasonal occupancy model has two important 
drawbacks: 1) the un-penalized splines are prone to overfitting often resulting in lack of 
convergence. 2) in periods in which a species is absent, the model is unidentifiable and 
cannot separate occupancy and detectability. This seasonal identifiability problem can lead 
to edge effects that bias estimates of occupancy and detectability during periods when the 
species enters or exits the study area.  
 
To address these drawbacks, we extend the seasonal occupancy model of Johnston et al. 
(2017) to accommodate the use of penalized splines. The model fitting algorithm is similar to 
the work of (Hutchinson et al. 2015), but uses Expectation-Maximization wherein occupation 
expectation is iteratively updated and used to update the model coefficients. Penalized 
splines are implemented as regularized IRLS. In addition, we explore the use of a minimum 
detection bound within the model fitting algorithm to deal with the seasonal identifiability 
challenge. This provides a lower bound for detectability of some value greater than zero, 
which enables better estimation of occupancy when the species is absent. This step is 
Implemented with Stochastic Gradient Descent. We test our approach using both simulations 
and bird data from the citizen science program, eBird (www.ebird.org). 
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Today, practical data analysts regularly employ hierarchical statistical models, including 
generalized linear (mixed) models, occupancy models, or other multi-level models. While the 
benefits of these modeling approaches have been abundantly discussed, one disadvantage 
is the lack of general and consistent residual diagnostics, which raises concern because 
model misspecification may easily be overlooked.  
 
A possible solution to this problem is to create scaled residuals based on simulations from 
the fitted model. This idea has surfaced in several variations, for example in the form of 
randomized quantile (aka Dunn-Smyth) residuals, which mainly address the issue of creating 
smooth residuals for integer-valued distributions, or in the form of posterior predictive 
simulations and Bayesian p-values in the Bayesian literature.  
 
In this contribution, I provide a summary of these ideas and assemble them into a general 
framework for Bayesian and frequentist residual diagnostics of hierarchical statistical models. 
I discuss various technical details that are important when implementing this framework, 
including details on how residuals should be simulated (repeated, conditional / unconditional 
on lower hierarchical levels), their expected sampling distribution, how they are most 
effectively visualized, and how appropriate tests for various model misspecification problems 
can be constructed. Regarding the latter, I stress that common sense from linear regression 
models transfers to these more general residuals, in particular that p-values are not effect 
sizes, and that omnibus tests (e.g. distribution of residuals or residuals vs. predicted) must 
be complemented with a set of more specific model diagnostics to reliably detect model 
misspecifications.  
 
Many of these methods are implemented in the DHARMa R package, from which I show 
various examples and benchmarks of different residual diagnostics for Bayesian and 
frequentist models. 
 
I conclude that residual diagnostics based on simulated data from the fitted model currently 
provide the most general framework for detecting model misspecifications in hierarchical 
statistical models. The DHARMa R package supports a large range of these methods and 
will hopefully be useful to make them more readily available for the applied analysis of 
ecological data.  
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A central goal in ecology is to determine species diversity in response to environmental 
filtering, biotic interactions and observed spatial patterns. To reach this goal, species 
distribution models (SDMs) are used to infer the functional relationship between those 
attributes from species observations and information about the associated environment. 
These models aim at explaining and predicting variation of species diversity as a response 
to a suite of environmental factors and interspecific interactions. 
 
Traditional SDMs are built for each species separately and cannot account for species 
interactions nor shared responses to their environment. For this reason joint species 
distribution models (JSDMs), which can model also interspecific interactions, have gained 
much interested in recent years (Ovaskainen et al, 2010). The JSDMs introduced this far rely 
on the classical framework of hierarchical generalized linear models and, hence, may lack 
flexibility to describe a species’ response to its environment. In single species context, there 
has been increasing interest towards Bayesian nonparametric models, which alleviate 
parametric assumptions related to the functional form of the regression (Golding and Pursue, 
2016). In this case, the regression function is replaced by a Gaussian stochastic process 
(GP), which allows more flexible species responses to environmental filtering, improves 
species spatial patterns prediction, and potentially account for high-dimensional interaction 
between environmental predictors. 
 
We will present how the state-of-the-art JSDMs and the nonparametric GP based approaches 
can be combined. In the first stage of the model building, we assume that multivariate co-
occurrence data are independent given a fixed, but unknown realization of a multivariate 
stochastic Gaussian process (mGP).  In the second stage of the hierachy, we assume a 
specific form for the mGP, which is of easy interpretation and creates the dependence 
between species thus allowing the share of information between them to account for possible 
co-occurrences in a similar manner as in current JSDMs (Ovaskainen et al, 2010). 
 
As an example of our statistical methodology, we illustrate it in the context of environmental 
monitoring of birds via acoustic recordings. Birds have been widely used as biological 
indicators, they quickly respond to environmental changes and can be used to infer the 
presence of other organism. However, traditional methods to sample data are costly and 
sometimes hazardous for birds. Here we use our model to identify the diversity of species 
(presences/absences) from ten-second spectrogram recordings collected in the Andrews 
experimental forest, Oregon, United States. We show that our JSDM outperforms single 
species distribution model (SDM) via measures of predictive accuracy. 
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Animal dispersal is crucial for the viability of wildlife populations and has thus become a 
popular target for conservation measures. The ability of an individual to move between 
suitable habitat patches, however, is notoriously difficult to estimate. Arguably, the best 
solution for quantifying the connectivity of such patches is to understand animal movement 
decisions from movement observations, and project these on a landscape (functional 
connectivity). 
 
In this study, we use VHF movement data (127 radio-tracked little owl fledglings) from a little 
owl (Athene noctua) population in south-western Germany to calibrate a spatially explicit 
Individual Based Model (IBM). Using Generalised Additive Models (GAMs), we first estimate 
little owl habitat suitability from the utilisation distribution derived from the Biased Random 
Bridges (BRB) method. We then calibrate the habitat suitability based IBM using Approximate 
Bayesian Computation (ABC). Finally, we generate dispersal movement from the calibrated 
model to analyse the potential of little owls to disperse from thriving local populations in south-
western Germany to formerly used habitat patches in northern Switzerland. 
 
The predicted functional connectivity shows that a (re-)colonisation is generally possible. Yet, 
the estimated dispersal range over time suggests that this will not happen in the near future. 
The analysis also reveals distinct inter-individual and inter-sexual differences in movement 
behaviour during natal dispersal.  
 
Our study displays existing, yet narrow dispersal corridors, which may require enhancements 
to facilitate a (timely) recolonisation of little owl habitat patches in northern Switzerland. We 
further believe that the presented analysis - because it embraces species- and individual-
specific behavioural responses to the landscape and allows likelihood-based calibration, 
despite an irregular sampling design - conceptualises a sensible workflow to assess dispersal 
connectivity across species and ecosystems. 
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Conventional analyses of beta diversity focus on two main approaches: estimating the rate 
of change in species composition along an ecological or spatial gradient (species turnover) 
and assessing the total variation in species composition for a given area (species variation). 
Extensive research on the topic has resulted in an abundance of methods to analyse beta 
diversity and while many of these methods prove to be effective tools, issues remain. In the 
analysis of species turnover, distance-based measures do not account for lack of 
independence of between-site dissimilarities; species variation studies often rely on non-
parametric methods. In an attempt to address these issues, we apply a likelihood-based 
multivariate spatial factor analysis (SFA) within Template Model Builder (Thorson et al., 
2015). Using simulations, we explore the versatility of using an SFA to deconstruct beta 
diversity. In addition, we revisit the canonical correspondence analysis of the oribatid mite 
dataset (Borcard et al., 1992) to make comparisions between the SFA method and a variance 
partition study of species variation. 
 
SFA directly fits raw species counts to parametric models; this allows for simultaneous 
parameter estimation, variance partitioning, and multi-species distribution predictions. Model 
selection tools such as AIC or BIC will be used to determine the most optimum number of 
orthogonal spatial factors, and one-step predition residuals for model validation. Results will 
compare and contrast SFA estimates to species turnover methods using simulations and 
variance partition estimates from previous results reported from Borcard et al., 1992. 
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A fundamental question during the outbreak of a disease or invasion of an exotic pest is: at 
what time and location was it first introduced? Scientists have access to a wide array of 
statistical tools to map the spatial distribution of diseases and invasive species, but lack 
similar tools to estimate the location and time of introductions. We use a dynamic statistical 
model to capture the initial stages of outbreaks that incorporates scientific knowledge of the 
introduction process. Within a hierarchical Bayesian framework, we propose using a latent 
point process to capture novel introductions. We illustrate our approach by estimating the 
location and time that white-nose syndrome--an exotic and devastating disease that 
threatens many species of bats--was introduced into the United States. Our results suggest 
that white-nose syndrome was likely introduced into the United States seven years before 
discovery and in an area approximately 150-250 km east of the location where the disease 
was discovered. 
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As the practice of shale gas extraction using hydraulic fracturing expands across the world 
there are concerns over the threats posed to biodiversity and the maintenance of ecological 
processes. A vast area of approximately 125 000 km² has been earmarked for shale gas 
exploration in the semi-arid Karoo region of South Africa. Historically the Karoo has been 
understudied and our understanding of biodiversity patterns remains limited. The South 
African National Biodiversity Institute has initiated a project to address this knowledge gap by 
undertaking multi-taxon biodiversity surveys across the region. We use this biodiversity data 
to model distribution and richness patterns of multiple species within four taxa using an 
occupancy modelling framework. Traditional occupancy models rely on data that come from 
repeat surveys, multiple observers or spatial subsampling to effectively model the detection 
process. A recent and relatively less well-known framework, called time-to-detection (TTD) 
models, is based on data collected during a single survey. In this sampling protocol the time 
at which a species is encountered after the start of a survey is recorded, which provides 
information on the detection process. We applied multi-species TTD models within a 
hierarchical Bayesian modelling framework to butterfly, reptile, mammal, and bird survey data 
collected across 50 Karoo study sites. We modelled occupancy as a function of several 
environmental (e.g., mean precipitation and elevation) and survey (e.g., weather conditions) 
covariates. We illustrate the output of the models with respect to various species distribution 
and richness patterns across the study area as well as quantifying biodiversity hotspots. We 
also discuss the environmental factors that drive the occurrence and distribution of species 
and show that these are not necessarily consistent across different taxa. Applied to novel 
taxa and study region, our results indicate that TTD models offer a promising and cost 
effective alternative to traditional occupancy model survey protocols.  
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Traditionally, assessments of agri-environment schemes, and specific options therein, have 
focussed on experimental studies that can expose potential effects whilst attempting to 
control for the high number of confounding factors that are possible over large regions (eg 
Kleijn et al., 2001). Such experiments are not necessarily representative in the context of a 
national scheme and true experimental controls are very difficult to obtain. Due to these 
limitations, survey-based approaches have become increasingly popular. Assessment of 
agri-environment scheme effects such as that conducted by Baker et al., (2012) are, 
however, focussed on a very limited number of potential outcomes and indicators due to the 
focus of the survey on a specific taxonomic groups.   
  
Here, I describe an integrated, full ecosystem monitoring programme across Wales designed 
to be nationally representative whilst able to capture changes and effects of specific agi-
environment options. The rolling survey and integrated aspect across multiple endpoints 
meant that power to detect change varied considerably across environmental indicators. It 
was therefore important think about how to estimate the power of the survey under different 
assumptions in a quick and efficient manner, responsive to policy needs. Our approach to 
this was a large simulation study, which enabled us to investigate power under a range of 
scenarios and also an ability to model power itself.  
  
I will present the design of this integrated survey and the development of a power model and 
illustrate how this has been used throughout the survey. 
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Interests in modeling multivariate abundance data in ecology have been rapidly expanded. 
In recent years, model-based techniques have been developed for, e.g., multivariate 
inference about environmental effects, ordination, clustering, predictive modeling, and 
studying correlation across species. One of the main challenges is the increase of the number 
of parameters to estimate, especially when the number of species is relatively large. One 
strategy to deal with such data is to introduce latent variables in the models. The inclusion of 
latent variables leads to the reduction in the number of parameters to estimate, as long as 
the number of latent variables is set to be smaller than the number of species. Furthermore, 
coefficients related to these latent variables are able to give many important interpretations.  
Generalized linear latent variable models (GLLVMs) offer a general framework for analyzing 
such data. This can actually be regarded as an extension of generalized linear models 
(GLMs) by adding a term involving latent variables. Similar motivation has recently been 
proposed in spatial point process framework. To do this, locations of each species are 
regarded as multi-type spatial point patterns and assumed to be realizations of multivariate 
log-Gaussian Cox Processes. By incorporating latent fields in the random intensity, the model 
has a similar structure to the ones in GLLVMs. In this paper, we study the strengths (and the 
potential limitations) of both methods for multi-species modeling in ecology. We also discuss 
their computational implementation. Furthermore, we show under some conditions that the 
two methods share similarities. Finally, we demonstrate the application of real datasets in 
ecology: the abundance of tree species in the tropical rainforest in Barro Colorado Island, 
Panama. 
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Current human actions both lead to communities with different species composition and to 
increased habitat fragmentation. Numerous studies have explored the impact of these two 
processes on ecosystem functioning separately, such as classical Biodiversity-Ecosystem 
Function experiments showing the profound impact of biotic composition on functioning. 
However, studies combining the effect of both habitat fragmentation and species composition 
on multiple ecosystem functions and across trophic levels are currently rare. 
 
Here, we gathered a dataset of 25 ecosystem functions measured across different trophic 
levels (vegetation, arthropods, birds and pathogens) for 53 forested plots varying both in tree 
species composition and in fragmentation level. We used multivariate models under a 
Bayesian framework to contrast the relative importance of tree composition versus habitat 
fragmentation on multiple ecosystem functions. Additional models were built to derive the 
contribution of individual tree species and their interactions on ecosystem multifunctionality. 
In a subsequent step we used desirability functions to map the predicted level of functioning 
onto a single index of overall multifunctioning using two different perspectives: from a forest 
manager and from a nature conservation perspective. 
 
We show that the relative importance of tree diversity versus habitat fragmentation is variable 
between ecosystem functions. The probability that tree diversity effects are larger (in 
magnitude) than fragmentation range from 12% for leaf herbivory up to 80% for seedling 
germination success. In addition, the residual covariation between the functions after taking 
diversity and fragmentation effects into account provides unique insights on the inherent 
coupling of at first sight unrelated functions across trophic levels.  
 
We here thus developed a framework to determine multifunctionality across trophic levels in 
a real-world landscape and provide a first step towards better predictions of future ecosystem 
state under both biotic and landscape structural changes. 
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Predicting the novel ranges of non-native species is critical to understanding the biosecurity 
risk posed by pests and diseases. Species distribution models (SDMs) are typically employed 
to predict the potential ranges of non-native species in novel environments and geographic 
space. The SDM literature has largely focused on improving the statistical fit of models when 
projecting into novel geographic space. Specifically, by understanding how background size 
and extent may influence model transferability, and how best to select absence, pseudo-
absence or background points for modelling. These investigations are coupled with 
considerable examination of how model evaluation methods and test scores are influenced 
by these choices. An area that remains challenging and under-discussed is methods to 
choose predictive variables that will result in models that transfer between regions. This is 
challenging as non-causal variables may still show significant associations with distributions. 
 
Here we propose methods to finesse this problem by using multiple simple models to search 
for the most appropriate variables from a given set, and then apply them as two variable 
envelopes in an ensemble approach. We apply these methods to both virtual species and 
real species data, and find that our method generally performs well against conventional 
approaches for statistically fitting numerous variables in a single model. While our methods 
only consider simple ecological relationships of species to environmental predictors, they 
allow for increased model transferability as they largely avoid over-fitting, background 
selection and collinearity issues. We transform a model selection problem, for which there is 
no true correct answer amongst the typically distal covariates on offer, to one of model 
uncertainty, which appears more tractable. We argue that increased model transferability at 
the expense of model interpretability is perhaps more important for effective rapid predictions 
and management of non-native species and biological invasions. 
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The data used to fit occupancy models are typically collected using structured protocols that 
include repeated observations made at each site to insure identifiability. However, these 
stringent sampling protocols are hard to scale across broad spatiotemporal extents. For this 
reason, researchers have begun to investigate ways to make use of the extensive, though 
less-structured data collected by citizen science projects. Many of these projects collect data 
in the form of checklists, lists of all species seen and identified during observation periods. 
Two approaches have been taken to create sets of repeated observations from such 
checklists: (1) identifying subsets of locations with repeated counts, and (2) using space-for-
time substitution to create sets of pseudo-repeated counts. In both cases, additional care 
need be taken to account for the relatively unstructured nature of citizen science data. We 
investigate both of these approaches using data from the eBird citizen science project. We 
discuss potential sources of bias and suggest approaches to mitigate their impact on model 
results.    
  
Method (1) uses only subsets of checklists from locations with repeated observations, 
reducing sample sizes and potentially biasing data towards popular sites with high bird 
diversity. In the United States for the month-long time periods we considered, roughly 30% 
of eBird locations were visited by the same observer two or more times. We investigated 
whether this sample of sites could be supplemented with checklists from sites that were 
visited only once. For some species, model estimates differed when data from single-visit 
sites were added to data from repeatedly visited sites. This occurred despite the similarity of 
habitats surveyed at multiple- and single-visit sites, and after controlling for known sources 
of variation in detection probabilities. The changes in estimated detection probabilities tended 
to be consistent within a species both between seasons (summer and winter), as well as 
between widely-separated regions (California and New York state).  We recommend 
conducting preliminary analyses to determine whether it is appropriate to augment data from 
repeatedly-visited sites with data from single-visit sites for any specific use. 
  
Using method (2), for which “sites” must be larger geographical areas, space-for-time 
substitution can create large samples of sites with large numbers of observation periods per 
site. This is achieved by gridding a spatial region and treating all checklists that fall within 
each grid cell as repeated visits. However, analysis and interpretation are complicated by the 
non-random choices of habitats visited by birders; for example differences in habitat among 
sites can bias estimates (Kendell and White 2009). We illustrate how these biases can be 
mitigated by filtering the raw data to create a data set with data points coming from known 
suitable habitats; parameter estimates still must be interpreted as conditional on the 
distribution of habitats present.  
  
References: 
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In the study of biological, ecological, or environmental dynamical processes, many theoretical 
models have been developed but it is not common practice to estimate theoretical model 
parameters using statistical functions of observed data. In this talk we present an overview 
of methods that have been proposed to enable statistical inference for parameters of 
dynamical models such as ordinary differential equation, continuous-time Markov chain, and 
stochastic differential equation models. A challenge for statisticians is to develop methods to 
address the issue of the computationally intensive or intractable likelihoods required for these 
problems. The focus of this talk will be applications in disease ecology but the ideas and 
techniques are applicable to many problems in ecology. 
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Movement is a pervasive ecological process that influences most facets of animal life. Studies 
investigating the environmental drivers of movement have increased in abundance in recent 
years (Long and Nelson 2013), with numerous studies applying a statistical approach to 
model the relationship between the moving object and the movement space. However, the 
definition of the moving object and movement space are subject to a number of conceptual 
and methodological challenges. Laube (2017) recently described seven semantic levels of 
quantifying movement that ranged from a local time-stamped location to a global aggregation 
demonstrating the probability of space use. Subsequently, how movement is defined can 
have substantial implications for inferences made from analysis. For example, Holloway and 
Miller (2018) found that the area of landscape that was accessible to simulations of 25 brown 
hyenas over a year period was over 60,000km2 larger when movement was measured as 
‘moves’ compared to ‘fixes’. Moreover, the definition of the moving object cannot exist 
independently of the movement space. The environment is inextricably linked with movement 
(Nathan et al. 2008), and with spatial statistics increasingly using environmental covariates 
to infer movement-environment relationships, we need to revisit how define the environment 
relative to the moving object.  
  
In this study, I use step-selection functions (SSF - a spatial statistic that analyses movement 
patterns in relation to the underlying environment compared to alternative movements that 
the animal could have taken - Fortin et al. 2005) to investigate how the choice of 
representation of movement in relation to the movement space affects animal-environment 
inferences. By systematically altering the conceptualisation of movement for a number of 
species, I found that these decisions strongly influence the results of the SSF and subsequent 
inferences about animal movement and environmental interactions. Significant differences 
were consistently found for relationships investigating a directional persistence (e.g. towards 
or away from a landscape feature), with movements defined as ‘moves’ or ‘vectors’ often 
finding a significant relationship. Differences were found amongst almost every definition of 
the moving object and movement space used in the analysis. The results of this research 
should foster discussion across a multitude of disciplines including movement ecology, 
ecological modelling, GIScience, and spatial statistics.  
 
References: 
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In ecology, latent variable models (LVMs) are increasing popular due to their ability to capture 
complex relationships in the data. Bayesian analysis via computational tools such as Markov 
chain Monte Carlo (MCMC) has become the main practical path for analysis. Researchers 
may often be interested in finding the maximum likelihood estimate (MLE) (or maximum a 
posteriori (MAP) in a Bayesian framework) of model parameters, but there is no method for 
MLE estimation of comparable generality and computational practicality as MCMC. The 
challenge lies in the analytically intractable integral over the latent variables in the marginal 
likelihood of parameters. 
 
A variety of methods have been proposed for MLE estimation of general LVMs. The most 
popular ones are the Expectation Maximization (EM) algorithm and its stochastic variants, 
such as Monte Carlo EM (MCEM), stochastic EM (SEM), stochastic approximation EM 
(SAEM). Other methods include Monte Carlo Newton Raphson (MCNR), data cloning or 
State-Augmentation for Marginal Estimation (SAME), and Monte Carlo Kernel Likelihood 
(MCKL). Each of these leads to one or another computational challenge.  
 
We place several of these methods into a common framework, show how they are related to 
stochastic gradient descent methods, and give examples showing efficiency gains of 1-2 
orders of magnitude from using state-of-the-art stochastic gradient step-size methods. In 
essence, the computational challenge of maximum likelihood estimation for LVMs can be 
viewed as similar to that of gradient descent. In gradient descent of a (non-latent variable) 
model with a large data set, the cost of computing a gradient from all the data is not worth 
the precision. Stochastic gradient descent methods take advantage of the realization that 
some noise in the gradients due to using only a subset of data is worth the computational 
benefit of faster steps. These methods have gained much recent attention since the 
resurgence of interest in neural networks; the training requires optimizing a loss function that 
is the sum of a large number of component functions, and the computation of the exact 
gradient is costly. We believe that the ideas used in this field can also be applied in the context 
of LVMs. In maximum likelihood estimation of LVMs, large Monte Carlo sample sizes (rather 
than data sets) and precise optimizations (in the case of MCEM) during each iteration are 
similarly not worth the computational cost. 
 
Our numerical results show that the accelerated stochastic gradient methods not only provide 
faster convergence than the commonly used methods, but they are also robust to boundary 
constraints, poor initialization, and reasonable choices of MCMC sample size. We implement 
all of these methods in NIMBLE, an R package that allows for flexible hierarchical model 
specification and writing algorithms such as MCMC or the methods proposed here that can 
adapt to different model structures. The implementation provides automated algorithms for 
general LVMs and makes them accessible to users. 
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The field of animal movement modeling has exploded with options for statistical models using 
telemetry data.  Such models have provided a way to obtain inference for dynamic resource 
selection, behavioral clustering of trajectories, and interactions among individuals.  New 
modeling approaches for animal trajectories to infer space use patterns and behavior are also 
starting to accommodate additional data sources, such as depth/altitude and accelerometer 
data.  These methods allow researchers to investigate the relationships among movement 
and true behavioral processes.  Auxiliary data may not be available in many ongoing studies 
where movement processes contain signals corresponding to recharge dynamics (e.g., 
energetics, memory, thermal retention).  In the context of food webs and trophic cascades, 
ecological energetics has been a vibrant area of research during the past several 
decades.  Similarly, critical vital rates such as survival and recruitment have always been 
important in the study of population and community ecology.  While it is commonly known 
that vital rates and population-level characteristics are tied with individual-level animal 
movement, most statistical models for telemetry data are not equipped to provide inference 
about these relationships because they lack the explicit, mechanistic connection to recharge 
dynamics.  We present an individual-based framework for modeling telemetry data that 
explicitly includes a recharge process associated with movement in heterogeneous 
environments.  We show how our approach can be formulated in discrete- and continuous-
time to provide direct inference about vital gains and losses associated with movement.  Our 
approach can also be extended to accommodate auxiliary data when available.  We 
demonstrate our model with simulated data and apply it to infer vicuna (Vicugna vicugna) 
recharge in San Guillermo National Park, Argentina. 
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Current rates of species extinction greatly outstrip our ability to directly monitor individual 
populations and detect declines. Managing data-limited species that provide food and 
economic security or inhabit areas targeted for commercial or infrastructure development, is 
particularly problematic because, by definition, the scientific evidence necessary to develop 
effective management and policy action is missing. Failure to prevent population collapse in 
these instances has the potential to violate conservation legislation and inflict substantial 
long-term environmental and economic costs. Here, we describe the development of a 
hierarchical, Bayesian approach that imputes missing vital rates using multivariate life-history 
trade-offs to statistically share information between closely related populations and species. 
The method was tested globally, using a group of threatened and commercially important 
species, the principal market tunas, for which some traits are difficult to measure empirically 
due to asynchronous migration to spawning grounds and unfixed fecundities prior to 
spawning. Our approach offers new perspectives on missing and disputed life-history data 
without requiring additional data collection. The presented framework is applicable to a wide 
range of taxa, facilitating demographic-based assessment of data-limited populations and 
species across the plant and animal kingdoms. 
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In metapopulations, dispersal and population growth rates are thought to be influenced by 
patch quality and local density. Recently developed spatial metapopulation models have 
made it possible to account for distance effects on dispersal, but these models often greatly 
simplify the problem by focusing on patch occupancy rather than abundance. This 
simplification makes it impossible to study demographic processes such as density-
dependent population growth, emigration and immigration. Our objective was to develop an 
integrated abundance-based spatially-explicit metapopulation model to estimate 
metapopulation abundance using count and presence-absence data. We applied the model 
to data from an 11-year study of the federally-threatened Chiricahua leopard frog (Lithobates 
chiricahuensis) in the Buenos Aires National Wildlife Refuge (BANWR), southern Arizona, 
USA. Our results indicated that semi-permanent ponds had the highest carrying capacity, 
relative to other hydroperiods. Pond-specific population growth was influenced by pond 
hydroperiod and pond-specific density, such that semi-permanent patches with low densities 
of adult frogs experienced the highest annual population growth. Emigration rate was not 
influenced by pond hydroperiod and immigration rate declined as the distance among ponds 
increased. Given the importance of the relatively rare semi-permanent and permanent 
hydroperiod ponds in this arid landscape, human intervention may be necessary to restore 
ponds with limited hydroperiod or prevent semi-permanent and permanent ponds from drying, 
particularly as drought conditions become more severe over time. The proportion of occupied 
ponds has increased initially from the reintroduction of tadpoles into three ponds on BANWR 
in 2003 to 18 (95% CI; 12, 33) of the 274 available ponds and 1225 (95% CI; 1001, 1526) 
adult frogs in 2017. Our study extends existing statistical models of metapopulation dynamics 
by focusing on abundance and making it possible to test hypotheses regarding the influence 
of population density on local dynamics and colonization. 
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The single-index model is a popular semiparametric model. It has the flexibility as 
nonparametric regression does and avoids the curse of dimensionality by adopting a single-
index, instead of all covariate, as the predictor in the regression model. It has been widely 
used and a few of diagnostic tools are available for model checking. But there could be 
drawbacks to the conventional goodness of fit tests. Existent tests may be designated for 
certain alternative hypotheses in order to be powerful or require quite an amount of 
computations. The computation complexity is in the order of square of sample size (Stute and 
Zhu, 2005). In this talk, I will introduce a test based on the inner product of residuals with 
functions of covariates. The construction of our test is straightforward. It could be omnibus 
and is much less computation demanded. It is also preferable regarding the performance of 
power through our simulation study. 
 
References: 
 Stute, W. and Zhu, L. X. 2005. Nonparametric checks for single-index models 
The Annals of Statistics, 33:1043-83 
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South Africa is a hotspot for invasion of freshwater fishes that threaten endemic fish species, 
invertebrates and amphibians. Conversely, many fish species (e.g. native and invasive tilapia 
species, Oreochromis spp.) are socio-economically valuable, contributing to recreational and 
subsistence fishing and an aquaculture industry that is being promoted nationally for 
economic development and food security. Population dynamics modelling can be used to 
examine the ability of fish species to form self-sustaining populations that are robust to 
environmental variability and harvesting or control measures. Such research could contribute 
to developing effective management strategies for both undesirable invasive fish populations 
and important freshwater fisheries. 
 
 A complex irrigation canal system on the Sundays River (Eastern Cape Province of South 
Africa) comprises irrigation ponds that are continually being built and abandoned. This 
dynamic system of habitats of varying ages provide a natural experiment to study the 
colonisation and population dynamics of fish species. Woodford et al. (2013) previously 
identified four species that consistently colonise and breed in these ponds, namely, the 
invasive mosquitofish (Gambusia affinis) and Mozambique tilapia (O. mossambicus), and the 
native river goby (Glossogobius callidus) and estuarine roundherring (Gilchristella aesturia). 
 
 Ongoing research on these four dominant species examines fish fecundity, aging, predator-
prey interactions and functional response. Additionally, a long-term fish abundance dataset 
is being built: catch-per-unit-effort has been seasonally sampled since the year 2011, and 
research in the Sundays irrigation system is aimed for the next 15 years. Taken together, 
data from these studies can be used in Bayesian integrated population analyses (Maunder, 
2004). Various population viability scenarios can be tested and the models can be continually 
adapted and refined as data collection and knowledge of the system evolves.  
  
Here we present some early findings examining whether the sampled populations are self-
sustaining regardless of consistent immigration from the irrigation network. We also provide 
a glimpse of future planned research based on this system, such as manipulative 
experiments (e.g. harvest rates).  
  
References: 
 Maunder, M. N. 2004. Population viability analysis based on combining Bayesian, integrated, 
and hierarchical analyses. Acta Oecologica, 26: 85–94. 
 Woodford, D. J., Hui, C., Richardson, D. M. and Weyl, O. L. F. 2013. Propagule pressure 
drives establishment of introduced freshwater fish: quantitative evidence from an irrigation 
network. Ecological Applications, 23: 1926–1937. 
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The negative binomial distribution has been widely used for modeling count data in biology 
and ecology. In many applications, we may only have species occurrence data rather than 
complete frequency count data. Clearly, the two parameters of the negative binomial 
parameters (aggregation index and mean) are unidentifiable if only independent occurrence 
data are available. We propose collecting a random sample of clustered, correlated Bernoulli 
random variables and develop a model under which the negative binomial parameters are 
estimable. We propose maximum likelihood and composite likelihood estimation methods 
under the new model and investigate their theoretical properties including the asymptotical 
distributions of the estimators. We investigate the performance of the proposed models on 
simulated data and give an example using a forest plot. 

 

 
  



157 
 

Spatio-temporal modelling of canopy-forming algae in relation to its monitoring 
program 

 
Adrien Ickowicz, Geoff Hosack, Keith Hayes 

CSIRO 
 

Abstract ID: 2400 
Poster Session (I)/13 

 

  
In Australia, the state of Victoria completes a five-yearly “State of the Bays” report to monitor 
the environmental health of Port Phillip Bay (PPB) and Westernport. As part of this process, 
the Department of Environment, Land, Water and Planning identified and ranked 79 
ecosystem indicators across eleven “headline values” that represent the ecosystem 
components, processes and services that the community values. 
 
Canopy forming algae have been identified as one of the highest priority indicator for hard 
sublittoral substrates in relatively low-energy environments in Port Phillip Bay. Observations 
for these in the area have been made by the Reef Life Survey (Edgar and Stuart-Smith, 2014) 
and the Subtidal Reef Monitoring Program (Edmunds et al., 2010), starting in 1998 at 15 
locations. 
 
In this study we use a Bayesian hierarchical spatio-temporal model to analyse how canopy-
forming algae communities within PPB respond to a range of stressors including indices 
associated with urchin grazing pressure (an important predator), proximity to urban sources 
of nutrients and turbidity, and climatological signals that impact temperature stress and 
precipitation. 
 
Funds for sustained environmental health monitoring programmes are typically limited and 
vulnerable to changes in government priorities. We therefore explored the effect on inference 
that would occur if the effort of monitoring programmes conducted within PPB was reduced 
by sampling only every other year instead of every year. Our results show the importance of 
maintaining annual effort to ensure adequate coverage of important annual environmental 
changes linked to the Southern Oscillation Index and the Indian Ocean Dipole 
 
References: 
Edgar, G. J. and Stuart-Smith, R. D. 2014. Systematic global assessment of reef 
fish communities by the Reef Life Survey program. Scientific Data. 
Edmunds, M., Stewart, K., and Pritchard, K. 2010. Victorian Subtidal Reef 
Monitoring Program The Reef Biota at Port Phillip Heads. Technical Report 3. 
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Recent years have seen an increasing use of INLA (integrated nested Laplace 
approximation) for model fitting, combined with the SPDE (stochastic partial differential 
equation) approach to approximating Gaussian random fields (Rue et al 2017). These have 
been used to fit complex spatial and spatio-temporal models in ecology and beyond. 
Specifically, in the context of ecological surveys an integrated modelling approach for 
distance sampling data was developed in Yuan et al. 2017. However, one of the limitations 
of that approach has been that it assumes linear relationships for all latent terms – a limitation 
that can for example be rather restrictive when detectability and hence flexible detection 
functions are being considered. 
 
This talk presents an iterative approach that allows us drop the linearity assumption while still 
benefiting from the computational efficiency of INLA and the flexibility of the SPDE approach. 
We illustrate that the generality of the approach not only extends current methodology to 
flexible detection functions but also provides a general model fitting and estimation tool for 
many spatial and non-spatial data structures. This includes the estimation of functional 
summary characteristics for spatial point pattern data, the fitting of complex marked point 
process models and of models to data structures resulting from other types of ecological 
surveys. The approach has been implemented in the package inlabru. 
  
References: 
 Rue, H., Riebler, A., Sørbye, S. H., Illian, J. B., Simpson, D. P., & Lindgren, F. K. (2017). 
Bayesian computing with INLA: a review. Annual Review of Statistics and Its Application, 4, 
395-421. 
Yuan, Y, Bachl, F. E., Lindgren, F., Borchers, D.L., Illian, J.B., Buckland, S.T., Rue H., and 
Gerrodette T. (2017), Point process models for spatio-temporal distance sampling data from 

a large-scale survey of blue whales, Annals of Applied Statistics, 11(4):2270– 2297.  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We describe and explore a novel Bayesian approach for combining annual indices of wild 
species’ abundance into an aggregate trend, widely described as a biodiversity index or 
indicator (Buckland et al., 2005). Such aggregates are now widely adopted to inform policy 
decisions, yet there is little consistency in their underlying derivation (Hill et al., 2016). 
 
A Bayesian approach, beginning with an assumption about the distribution of species-specific 
annual growth rates about some ‘average’ level is easily adopted and has a number of useful 
properties. It is robust to the sporadic unavailability of data on rare (or rarely detected) species 
(i.e. ‘missing years’). It incorporates variation between years and species in the precision with 
which the individual constituent species’ trends are estimated. We demonstrate how the 
headline indicator can be smoothed in situ to remove the ephemeral effects of weather. 
Approximations to the second derivatives of the smoothed trend allow immediate 
identification of years of significant change. Our methodology is applicable equally to data 
initially in the form of site-specific annual counts or to data on species presence-absence 
(‘occupancy data’). 
 
We illustrate the method using simulated data along with survey data for UK Moths, Butterflies 
and Dragonflies. Fitting is via bespoke JAGS code throughout and implemented in an R 
package. 
  
References: 
 Buckland, S.T., Magurran, A.E., Green, R.E. & Fewster, R.M. (2005) Monitoring change in 
biodiversity through composite indices. Philosophical transactions of the Royal Society of 
London. Series B, Biological sciences, 360, 243–254. 
Hill, S.L.L., Harfoot, M., Purvis, A., Purves, D.W., Collen, B., Newbold, T., Burgess, N.D. & 
Mace, G.M. (2016) Reconciling Biodiversity Indicators to Guide Understanding and Action. 
Conservation Letters, 9, 405-412. 
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A common goal in quantitative ecology is the estimation or prediction of ecological processes 
as a function of environmental drivers (i.e., covariates). Frequently, the ecological process of 
interest and associated covariates vary in time, space, or both. Theory indicates many 
ecological processes exhibit delayed, persistent, and cumulative responses to local, past 
environmental conditions. Despite such theoretical understanding, few methods exist to 
integrate observations of environmental conditions from the recent past or within a local 
neighborhood as drivers to ecological processes. We build upon recent methodological 
advances in ecology (Ogle et al., 2015) and spatial statistics (Heaton and Gelfand, 2012) to 
develop a Bayesian hierarchical framework to estimate so-called ecological memory 
functions; that is, weight-generating functions, which specify the cumulative effect and 
relative importance of local, past environmental conditions on current ecological processes. 
Memory functions are estimated using spline basis functions in time and/or space, allowing 
for flexible ecological memory based on a reduced parameter set. Ecological memory 
functions are entirely data driven under the Bayesian hierarchical framework—no a priori 
assumptions are made regarding functional forms. Memory function uncertainty follows 
directly from posterior distributions for model parameters allowing for tractable propagation 
of error to predictions of ecological processes. 
 
Key properties of the framework are highlighted through its application to simulated spatio-
temporal datasets generated using memory functions of varying complexity. Further, the 
framework is applied to annual tree growth data from contrasting regions of the Canadian 
boreal forest to demonstrate decadal-scale ecological memory to local, past water availability 
and insect defoliation outbreaks. Consistent with ecological understanding of boreal forest 
dynamics, memory to past water availability peaks in the year previous to growth and decays 
to zero within 5-7 years depending on the region; memory to past insect defoliation attack 
ranges from 8-10 years and results in persistent and cumulative defoliation impacts, which 
increase as a function of insect outbreak duration. Finally, the framework is applied to 
compare the ecological memory to local, past water availability of white spruce trees that 
survived versus perished following a recent drought event in the boreal forest. The Bayesian 
hierarchical framework has applicability to a broad range of ecosystems allowing for 
increased understanding of ecosystem responses to local, past environmental conditions and 
improved prediction of ecological processes. 
 
References: 
Ogle, K., Barber, J. J., Barron-Gafford, G. A., Bentley, L. P., Young, J. M., Huxman, T. E., 
Loik, M. E., and Tissue, D. T. 2015. Quantifying ecological memory in plant and ecosystem 
processes. Ecology Letters, 18(3):221–235. 
Heaton, M. J. and Gelfand, A. E. 2012. Kernel averaged predictors for spatio-temporal 
regression models. Spatial Statistics, 2(1):15-32. 
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I will present ongoing works to use the novel Sentinel-2 satellite images for grassland 
biomass monitoring at the plot scale with unprecendented temporal resolution (up to 2 days). 
Tests of the precision of the biomass estimates are currently performed with field references. 
I will present the results of these tests, as well as a comparison of several data imputation 
methods to estimate missing data that are frequently linked to cloud masks. Potentialities of 
these novel massive data will be discussed with special reference to 1) feeding 
phenomenological models of grassland growth as a function of pedological and climate 
forcings; and 2) assessing agricultural practices at large scales. 
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Neutral theory has had an immense impact on community ecology, while it only focuses on 
a very specific type of (demographic) stochasticity. Some recent works have evidenced the 
dominating roles of other types of stochasticity in the dynamics of tropical tree communities 
(that have inspired this neutral theory), calling for a broader treatment of stochasticity within 
neutral theory. I will briefly review recent works on neutral models incorporating 
environmental stochasticity (sometimes coined ‘time-averaged neutral models’). I will explain 
their biological grounding and associated limitations. I will then focus on two recent 
contributions on the statistical inference of such models (Jabot and Lohier 2016), and on their 
use to study coupled seed bank – vegetation dynamics (Jabot and Pottier 2017). I will finally 
discuss some perspectives related to the study of correlations between individual species 
population dynamics. 
 
References:  
Jabot F. & Lohier T. (2016) Non-random correlation of species dynamics in tropical tree 
communities. Oikos, 125, 1733-1742. 
Jabot F., Pottier J. (2017) Macroecology of seed banks: the role of biogeography, 
environmental stochasticity and sampling. Global Ecology and Biogeography, 26, 1247-1257. 
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Increasingly, diverse individual-level datasets are available for cetacean (whale and dolphin) 
species, including capture-recapture data from photo-identification studies, movement 
patterns from tagging studies, and body condition data from photogrammetry. These data 
provide valuable information that is rarely included in cetacean population assessments.  In 
the present study, we develop an integrated model combining aerial survey, mark recapture, 
and historical hunting data for a population of beluga whales (Delphinapterus leucas) in Cook 
Inlet, Alaska.  We use this integrated model to estimate abundance, trend, and survival rates 
for this population. 
 
Cook Inlet beluga whales (CIBW) are a geographically isolated population of beluga whales 
and are listed as endangered under the U.S. Endangered Species Act.  CIBW declined in the 
late-20th century due to unsustainable levels of hunting.  Although the Alaska Native 
subsistence hunt has been regulated since 1999, the CIBW population has not 
recovered.  Abundance estimates for CIBW are based on systematic aerial surveys, which 
have been conducted annually or biennially since 1994.  Additionally, annual mark-recapture 
data are available from a photo-identification project that started in 2005.  Estimates of the 
minimum number of animals killed were collected through surveys of hunters in some, but 
not all, years between 1950 and 2005. 
 
We use an integrated Bayesian model framework to combine three submodels: 1) a multi-
state mark-recapture model to describe the individual mark-recapture data; 2) a state-space 
Poisson regression model to describe the historical hunting data; and 3) a state-space 
population process model to describe the abundance estimates from aerial survey data.  Prior 
distributions for life history parameters, including survival and fecundity, were taken from the 
literature when available.  Some life history parameters are shared across submodels; thus, 
the estimation of these parameters is informed by multiple datasets.  
The model results in posterior estimates of annual abundance and number of animals killed 
from 1950 to the present, calf and adult survival, and fecundity.  Preliminary results indicate 
a current (2016) population size of 312 (95% CI 278-340); this estimate is lower and more 
precise than the abundance estimate calculated from aerial survey data alone (328, 95% CI 
279-386).  This work demonstrates the value of integrating different types of data to assess 
a cetacean population. Additionally, the estimation of life history parameters will allow 
researchers to investigate possible mechanisms for the lack of recovery and will inform 
conservation and management of this population.  
 
We plan to use this integrated population model in a forward simulation framework to conduct 
a population viability analysis for CIBW, to identify factors that may be contributing to lack of 
recovery, and to quantify extinction risks under different hypothetical scenarios.  While we 
have used the CIBW as a case study for the development of this model, these methods will 
be applicable to other small, discrete cetacean populations and to other taxa for which 
multiple data types are available.   
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In the years 2003 to 2008 17 different clones of gray poplar (Populus x canescens) were 
planted at seven different locations, 932 trees in total. Some clones are present at each 
location, others only in 2 or 3. Each planting contains at least 8 different clones. The research 
question is whether there is a difference between these 17 clones, based on a range of 
characteristics measured in 2015 on all trees (circumference, diameter in two directions, form 
of the stem, presence of forks at several heights, angle and thickness of branches, number 
of heavy branches). Additionally, circumference was remeasured in 2016 to evaluate the 
growth. 
 
To evaluate all characteristics at once, a multivariate analysis is preferred. However, trees in 
the same plantation are expected to be correlated and the response variables need to be 
modelled with different link functions (identity, log, logit, cumulative logit). This requires a 
complex multivariate generalized linear mixed effects model. Instead, we choose a simpler 
two-step solution. 
 
First, to take correlation between trees into account, a univariate mixed effects model will be 
fitted to each outcome variable separately. For each separate analysis the clones were given 
rankes based on the random intercepts of the specific model, which can then be summed to 
obtain a first ranking of the clones. In this way, however, we do not consider the fact that 
certain variables are correlated (different fork variables), or that certain variables are less 
important (angle of branches). 
 
To address this shortcoming, in a second step, we perform a principal components analysis 
(PCA) on these ranks to find a set of uncorrelated variables with an intuitive interpretation. 
On top of this, a k-means clustering can split the clones into several groups to give more 
insight in which clones are good and which are not. 
 
Since working with ranks constitutes loss of information (no absolute differences between the 
clones), we also carry out the above PCA and k-means clustering on the random intercepts 
itself from the separate mixed model analyses. 
 
Finally, we will compare the so-obtained results with those from the MCMCglmm R package. 
 
References: 
Hadfield, J. 2010. MCMC Methods for Multi-response Generalized Linear Mixed Models: The 
MCMCglmm R package. Journal of Statistical Software, 33(2): 1-22 
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Hypervolumes are increasingly commonly constructed in ecological research to investigate 
multivariate phenomena. The majority of applications so far have focused on species traits 
with the constructed hypervolume taken to represent the species niche, however 
hypervolumes could be applied to address other ecological questions. For example, 
hypervolumes could be constructed to represent the range of ecosystem services provided 
by a habitat to answer questions surrounding resilience and restoration.  
  
One existing approach is to assume multivariate normality of the data used to construct the 
hypervolume and to use the covariance matrix of the data to define a multidimensional 
ellipsoid. Previous work has shown how uncertainty in this estimated ellipsoid can be 
introduced through estimation of the covariance matrix within a Bayesian framework 
(Swanson et al, 2015). We seek to extend this approach to consider data sources with 
structure, for example from a nested design or time series. In certain cases it will be important 
to account for this structure in estimation of hypervolume space and we introduce a ‘model-
based’ hypervolume concept whereby non-independence of observations can be accounted 
for in the estimated covariance matrix. We term this approach ‘model-based’ as it is 
essentially an extension of the linear mixed effects model to high dimensional space. 
  
We have evaluated the suitability of this approach on simulated data and also present an 
exemplar using real, structured, ecological data to construct hypervolumes to represent 
varied ecological properties of two common British habitats (coniferous woodland and 
heathland). We discuss the assumptions behind the method and the conditions in which it is 
and is not suitable for application in context of other available methods e.g. non-parametric 
approaches.  We demonstrate how application of model-based hypervolumes can provide 
additional insight into complex data sources and allow novel questions to be asked of existing 
data. 
  
References 
 Swanson, H. K., Lysy, M., Power, M., Stasko, A. D., Johnson, J. D. and Reist, J. D. 2015. A 
new probabilistic method for quantifying n-dimensional ecological niches and niche overlap. 
Ecology, 96: 318–324. 
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To reverse biodiversity loss we need to understand the environmental and demographic 
causes of changes in distributions and abundances. Several independent studies and models 
exist that allows us to estimate demographic parameters, such as survival rates. However, 
the results of these separate analyses may be sometimes inaccurate, misleading or 
incomplete. 
 
Since the introduction of integrated population models by Besbeas et al. (2002), their 
popularity has rapidly increased. There are now many implementations and advancements 
for these models. However spatial information has been considered only at large population 
scales (Robinson et al, 2014). 
 
Through the use of integrated population models incorporating detailed spatial information, 
such as geographical coordinates and/or habitat type data, we can cover wider areas of a 
country, and obtain robust spatial results that can explain demographic changes in 
populations. 
 
We incorporate spatial information in integrated population models involving mark-recovery, 
and census data. We address the problems of sparse and missing data, as well as, the 
differences in scales of the various types of data, that arise with the addition of spatial 
information. We illustrate our models using Starling data collected in UK by the British Trust 
for Ornithology. 
 
References: 
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recapture-recovery and census data to estimate animal abundance and demographic 
parameters. Biometrics, 58: 540-547. 
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Vector-borne diseases (VBDs) are infections that impact a broad variety of organisms, 
including plants. Because most VBDs are spread by small ectothermic arthropod vectors, 
such as insects, when and where transmission will occur is strongly linked to environmental 
conditions such as temperature. Huanglongbing (HLB, or citrus greening), is a bacterial 
pathogen of citrus trees that is spread by the Asian citrus psyllid. Both the psyllid and the 
disease have been spreading away from their native range, and are decimating the citrus 
industry in the new world. Understanding which temperatures tend to allow transmission of a 
disease verses those that inhibit transmission (i.e., the fundamental thermal niche of the 
disease) should allow us to predict what places are currently suitable, in terms of transmission 
potential, for a HLB outside of the current home range. This will allow design of better 
monitoring, control, and prevention programs. 
 
Often the niche of an organism is quantified through a correlative approach - i.e., inferring 
what environments are suitable based on where an organism is currently. However, as biotic 
and abiotic factors that determine current ranges are often correlated, the marginal effect of 
particular conditions, such as temperature, are much more difficult to isolate. Here we take a 
mechanistic trait-based approach to the problem. We fit functional responses to data on the 
thermal traits that determine vector survival and transmission of the pathogen by the vectors 
collected in the lab. We combine the individual thermal responses together through a model-
based transmission measure specifically the basic reproductive number of the infection, in 
order to quantify the thermal constraints on transmission. By taking a Bayesian approach, we 
are able to incorporate our uncertainty in each trait into the overall uncertainty in the thermal 
niche. We can quantify which traits contribute the most to the uncertainty in the thermal niche, 
and how sensitive are our predictions of which locations are suitable depend on the traits. 
We validate the model using data on the historical and invasive range of HLB and examine 
likely risk where HLB is not currently established but where citrus is currently grown. Although 
applied here to a specific VBD, the method we describe is more generally applicable. 
 
 
 

 
  



168 
 

Seasonal occupancy models: Estimating seasonal variation in occupancy and 
detection within closed occupancy models 

 
Alison Johnston1, Daniel Fink1, Wesley Hochachka1, Viviana Ruiz Gutierrez1, David 

Harris2, Steve Kelling1 
 

1Cornell Lab of Ornithology, 2Indpendent consultant 
 

Abstract ID: 2588 
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Occupancy models were designed for data from repeated surveys during a period in which a 
population is assumed closed. As a consequence, single-season inference is often restricted 
to a relatively short temporal window. In this paper, we introduce ‘seasonal occupancy 
models’. These models assume closure within short temporal windows, similarly to dynamic 
occupancy models. However, rather than estimating the rates that drive changes in 
occupancy between these temporal windows (i.e. extinction and colonisation parameters), 
splines are used to aid the explicit estimation of seasonal variation in occupancy and 
detectability. The splines constrain the change in occupancy and detectability between 
adjacent time periods. These models fit within the structure of a closed occupancy model and 
do not require the explicit estimation of colonisation and extinction. The seasonal occupancy 
models therefore do not require as much data as dynamic occupancy models. 
 
We fit seasonal occupancy models to simulated data to demonstrate the ability to separate 
seasonal variation in both occupancy and detectability. For many scenarios, the models 
accurately reproduce the seasonal variation in the simulated occupancy and detectability. We 
also fit models to eBird citizen science data. For some species we see substantial changes 
in detectability throughout the season and for others substantial changes in occupancy. 
However, there are some situations in which these models are not robust. For example, for 
some migratory species the model can not separate occupancy and detectability. 
 
Overall these models are a natural and efficient way to estimate intra-annual variation in both 
occupancy and detectability for species that are present all year around. 
 
References:  
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expertise improve species distributions from citizen science data. Methods in Ecology and 
Evolution 9:88-97. 
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Spatial Modelling (III)/1 
 

Deploying telemetry tags onto animals has become an increasingly common way of collecting 
detailed information on animals and covariates in the surrounding environment. These 
generate a large amount of information, including describing how animals move through their 
environment. Characterising species distribution maps is a fundamental insight of ecology, 
fulfilling both applied and conservation objectives. Substantial amounts of location data have 
been collected on top predators because they are often protected charismatic megafauna of 
interest to conservationists. Predator species can be sensitive to changes at lower trophic 
levels in the ecosystem and can act as indicators of environmental change in some 
ecosystems. However, location information generated by tracking data are presence-only 
and habitat selection models generated from these data are typically subject to several 
issues: (1) Where predictions over space and/or time are required, they must be dealt with 
carefully and usually pseudo-absences are generated to allow this. The selection of pseudo-
absences can in themselves be subjective and their selection can influence model outputs; 
(2) spatial resolution of model predictions; (3) autocorrelation; and (4) problems with model 
convergence due to data limits of the software.  
 
An integrated framework was developed using a 2D spatial random field to implement flexible 
and computationally efficient Bayesian spatial models. The approach addresses the issues 
outlined by using an Integrated Nested Laplace Approximation – Stochastic Partial 
Differential Equation (INLA-SPDE) approach to fit spatial point process models to telemetry 
data. We demonstrate this modelling approach using two case studies of grey seals 
(Halichoerus grypus) in the Netherlands, and black eagles (Aquila verreauxii) in South Africa. 
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Wild nature and natural ecosystems are declining rapidly as humans use more of the earth’s 
resources and change climate patterns. Thanks to the boom in new sensor technologies such 
as animal movement tags and camera traps, there is a growing data deluge about our 
changing environment and declining wildlife populations. Passive acoustic sensors in 
particular have filled an important gap in the ecological survey toolbox, providing efficient, 
non-invasive and taxonomically-broad means to assess and monitor the responses of wildlife 
populations and communities to environmental change. However, their applications, 
especially at large scales, have to date been limited by the complexity of extracting and 
analyzing ecologically-relevant data from large audio datasets. Here, I critically evaluate the 
current opportunities, challenges and research priorities for passive acoustics in ecological 
assessment and biodiversity monitoring, with a focus on ultrasonic monitoring of bat 
acoustics. Statistical methods for automated wildlife call identification, environmental sound 
analysis and population modelling are advancing rapidly, particularly around the application 
of innovations in machine learning to acoustic signal recognition. However, their potential 
breadth of applications remains hindered by a lack of ground-truthed reference audio, 
especially for the tropics, and poor reporting of the limitations of many current analytical tools. 
With emerging low-cost and open-source acoustic sensors rapidly increasing access to this 
technology, future work to improve prospects for global passive acoustic monitoring 
programmes should focus on the development of community data and metadata standards, 
methodological transparency, and the coordinated collection and sharing of verified wildlife 
sound libraries for reference material and training data. 
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Point patterns comprise locations of objects or events in space, and understanding the 
processes that drive a point pattern's spatial structure is often of primary interest. Considering 
additional information associated with the points, the 'marks', may provide an  
improved understanding of these processes. Additionally, the process generating the marks  
themselves may exhibit spatial structure. This structure may be of interest, as might the 
relationship between the marks and the locations. Here, the spatial structures of both the 
point locations and their marks, along with the relationship between them, are relevant and 
interpretable in the context of the application, rather than being characterised by 'nuisance 
parameters'. This talk considers a marked spatiotemporal log-Gaussian Cox process that 
accounts for the dependence between the spatial structures driving the point locations and 
their marks. In particular, this talk will focus on the flexible use of this process to model a 
range of ecological data sets that exhibit different data analysis challenges. 
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Animals are social beings, and as such, understanding their collective behaviour is key for 
both modelling and managing the ecosystems where they develop their movement. 
Collective behaviour can be produced at large group scales (flocks, colonies, schools) but 
also at small group scales (triads, dyads). A common pattern in collective behaviour is what 
we call here ‘joint-movement' behaviour, where individuals move together during the total 
duration or a partial segment of their path. 
 
In movement ecology, dyadic joint movement has been poorly studied, and mostly in a data-
driven approach, due to the tracking technology available. A few works have applied and 
compared several metrics assessing joint movement. However, the theoretical properties of 
such metrics have never been throughly studied. 
 
In this work, we make an extended review of a series of metrics that are proposed in the 
literature for assessing joint-movement dyadic interaction. We investigate their relevance 
using three criteria corresponding to the desirable properties of metrics for assessing dyadic 
joint movement: practical use, degree of parametrization and computational cost. Moreover, 
joint movement can be linked to proximity (closeness in space-time) and coordination 
(synchrony). However, those properties are often difficult to dissociate. Through the 
description of the theoretical properties as well as the practical analysis of simulated case 
scenarios, we examine the association of the metrics to both components. We derive a 
graphical representation of the metrics in terms of their “distance” to proximity and 
coordination . We also discuss the assumptions and parametrization needed to be made on 
each one of the metrics for practical use in characterizing dyadic joint-movement in ecology.  
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The Southern Resident Killer Whale (SRKW) population is listed as Endangered under the 
Canadian Species at Risk Act and the American Endangered Species Act because of their 
small population size, low reproductive rate, and the existence of a variety of anthropogenic 
threats. It is vital to monitor key areas of SRKW habitat known to be important for foraging in 
the Salish Sea, a stretch of water whose management is shared by indigenous Coast Salish, 
provincial, state, and federal governments. The 2017 Canadian Department of Fisheries and 
Oceans Action Plan highlighted the need to better understand the fine-scale spatial-temporal 
distribution of SRKW. The question of how SRKW use designated and newly proposed 
Critical Habitat in British Columbia is considered the fundamental piece of information that is 
needed to effectively assess risk from all anthropogenic stressors. Currently, there are no 
systematic cross-boundary US-Canadian surveys that could be used to describe the 
distribution of SRKWs in the Salish Sea. Instead, the available datasets vary in data type and 
in spatial effort. The core area of summer habitat is described largely by opportunistic 
sightings, while an area important for returning Chinook salmon (a key prey species), has 
both boat effort tracks and sightings; additionally, there are data from passive acoustic 
monitoring and satellite tracking efforts. This project aims to synthesise these disparate 
datasets within a spatial-temporal Gaussian random field model using R-INLA, with a 
hierarchy of dependence structures. Data from the different datasets are combined in a 
hierarchical structure with individual measurement error models, and transformations of the 
latent random fields to allow for joint estimation of SRKW habitat use. Connections between 
the stochastic partial differential equations and Markov random fields are used to obtain 
sparse matrices for the practical computation of posterior samples. Here, we describe the 
methods used to obtain the spatial temporal estimates of SRKW habitat use and associated 
uncertainty estimates. 
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Spatial overlap between emerging offshore renewable energy developments in Scotland and 
commercial fishing activity impedes access to traditional fishing grounds. Consequently, 
fishermen may re-allocate (displace) their fishing effort to alternative sea areas with lower 
profits and/or less reliability in catches. The potential for fishing effort displacement is of 
concern amongst stakeholders and has a range of economic, social and environmental 
effects on individual fishers and coastal communities. Understanding how emerging uses, 
such as the development of a new offshore energy site, can affect other existing activities, 
such as fisheries, through partial or full exclusion from an area, including the knock-on 
impacts of displacement, is essential for making sound planning and licensing decisions and 
developing effective mitigation strategies. 
 
The case of the King Scallop (Pecten maximus) dredge fishery and offshore wind farms in 
the East coast of Scotland is explored. To explain fishing effort patterns in the study domain, 
this study develops a hierarchical spatio-temporal Bayesian model for fishing effort 
distribution. Multi-year spatio-temporal data (2007-2016) for Scottish fishing vessels (VMS 
data) are used. A range of static (fixed in time; incl. depth, slope, distance from coast, and 
sediment type), dynamic (time-varying; incl. wind and tidal speeds), constructed covariates 
(e.g. potential energy anomaly), and marks (vessel properties) are included in the model, 
based on literature. Then the model is used to predict the reallocation patterns of fishing effort 
due to area closures. We use a spatial point process model that contains a Gaussian Markov 
Random Field (GMRF), approximated through the Stochastic Partial Differential Equations 
(SPDE) approach, to account for autocorrelation that covariates cannot explain. The model 
is fitted with the Integrated Nested Laplace Approximation algorithm (INLA). 
 
The model accurately explains fishing effort patterns and predicts changes in space (approx. 
5 km2) and time (annually) in response to area closures from offshore wind farms. The study 
helps evaluate economic impacts on the fishing fleet and environmental impacts from 
different layout options and as a result can aid commercial fisheries mitigation. The model 
can be easily transferable to other fisheries management interventions resulting in area 
closures, hence providing a powerful analytical tool for fisheries management. 
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West Nile virus (WNV), a vector-borne pathogen of birds, is a model system for studying 
vector-borne disease transmission and virulence evolution, and has important wildlife and 
human health implications. While past research has focused on the survival and reservoir 
potential (competence) of many different bird species infected with WNV, the diversity of 
North American bird communities makes it difficult to make clear predictions for the spread 
of WNV in, and spillover potential (into the human population) from, a given bird community. 
As part of a broader effort to combine the existing knowledge base on WNV into an integrated 
eco-evolutionary model, here we use phylogenetic relationships among bird host species to 
improve estimates of virus load and survival in measured species and predict virus load and 
survival in host species that have not been tested in the lab. To this end, we use a new 
function in the lme4 R package that incorporates phylogenetic correlations as a Gaussian 
process, and allows for correlated evolution of multiple traits. Using these predictions, we 
calculate aggregate community competence of the bird community in Cook County, IL, USA 
throughout the year and measure the strength of the dilution or amplification effect as a 
function of community diversity (as species are gained and lost throughout the year due to 
migration). 
 
We model bird infection profiles and mortality probabilities using data from experimental 
infections of 45 bird species collected from 28 publications containing 109 individual infection 
experiments, and a bird phylogeny from Prum et al. (2015). We predict mosquito biting 
preferences using data on mosquito blood samples and bird proportions from Hamer et al. 
(2009) and bird proportions from ebird, a citizen science database from the Cornell 
Laboratory of Ornithology.  
 
We have two primary results. First, we use leave-one-out cross-validation to show that mixed 
models incorporating phylogenetic signal provide unbiased and precise estimates of 
measured infection profiles and survival. Second, we find a lack of evidence for a strong 
correlation between the abundance of a given bird species and competence for WNV. Since 
a positive correlation between host abundance and host competence is one of the premises 
of the dilution effect, we can conclude that loss of biodiversity such as local extirpation of rare 
species will have little effect on spillover potential. That is, either a gain or loss of species in 
Cook County, IL has little predictable effect on community host competence. 
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How the dynamics of the world economy affect species and ecosystems is poorly understood 
and therefore difficult to predict and manage. Variations in the supply and demand of 
economic commodities inevitably lead to changes in global land use, which in turn affect the 
availability and quality of species habitat. Previous studies have focussed on only subsets of 
this system, but understanding how these drivers interact is critical to facilitate predictive 
trade and land-use policy analysis and mitigate negative biodiversity outcomes. 
 
We developed a comprehensive multidisciplinary analytical framework to integrate economic 
dynamics, land-use change and species distributions across large spatial scales. First, we 
use computable general equilibrium (CGE) models to simulate global patterns in trade, 
production, and consumption of commodities. Second, we link economic demand trajectories 
with a new spatially explicit fine-scale land-use model. Third, predicted land-use time series 
are linked with species distribution models. Our framework enables prediction of biodiversity 
outcomes under competing economic scenarios, whilst retaining information about habitat 
changes of individual species. 
 
We applied this framework to explore the direct (biophysical) and indirect (via commodity 
demand and land use change) impacts of climate change under three alternative 
Representative Concentration Pathways on bird habitat availability. We compared medium-
term predictions (2017-2050) between 220 bird species in Vietnam and 400 bird species in 
Australia, exemplifying our methodology in two distinct socio-economic settings. This new 
research takes advantage of recent advances in CGE modelling by explicitly quantifying the 
impacts of climate change on the global economic equilibrium. Results show a significant 
impact of indirect effects on habitat suitability across all species, highlighting the need to 
incorporate economic dynamics into biodiversity modelling. Further results suggest that direct 
impacts of climate change on habitat suitability exceed indirect impacts by approximately one 
order of magnitude, pointing at the importance of integrated, multidisciplinary methodology 
to adequately identify and prioritize mitigation efforts. 
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The score test statistic using the observed information is easy to compute numerically. Its 
large sample distribution under the null hypothesis is well known and is equivalent to that of 
the score test based on the expected information, the likelihood-ratio test and the Wald test. 
However, several authors have noted that under the alternative this no longer holds and in 
particular the statistic can take negative values (Freedman, 2007; Morgan et al., 2007; 
Verbeke and Molenberghs, 2007). Here we examine the score test using the observed 
information in the context of comparing two binomial proportions under imperfect detection, 
a common problem in ecology when studying occurrence of species. We propose and 
evaluate a modified rejection rule that restores the power of the test. We demonstrate through 
a combination of simulations and analysis that a modified rule that rejects the null hypothesis 
when the observed score statistic is larger than the usual chi-square cut-off or is negative 
has similar power to the other tests. 
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Statistical measures of diversity and similarity are fundamental in the assessment of biodiversity 
and in monitoring of environmental statuses. They are based on the sampling estimates of 
proportions related to the distribution of a biological population of interest in taxonomic categories, 
as species for instance. Commonly, these estimates are the empirical relative frequencies 
(observed counts divided by the total sampling abundance) obtained through the maximum 
likelihood method under the Multinomial model. 
Despite this assumption, in many application ecologists can observe that the taxonomic 
composition of interest presents unexpected sampling variability across the environmental 
domain where observed. In general, this lack of homogeneity may be due to the action of latent 
factors which are not under control of the experimental design and affect the compositional counts 
data, introducing significant bias and noise in the inferential results. 
For instance, in aquatic monitoring, the composition of freshwater in terms of benthic species is 
an important tool to assess and control the quality of rivers and lakes. In this framework, the 
estimates of species proportions across distinct samples of the same aquatic environment often 
exhibit higher variation than what expected by the Multinomial model. This phenomenon is well 
known as overdispersion (e.g. Xekalaki, 2014).  
An interesting approach to control for the overdispersion is the compound method (Mosimann, 
1962). The idea of compound models originated during the 20s and it concerns the possibility to 
combine a reference model of interest with a mixing probability measure. In this way, the mixture 
resulting by the integration generates a new model that allows to account for larger variation than 
that one included in the reference model. A well known application of this approach is the Gamma-
Poisson compound model that generates the Negative Binomial model. 
 
In this paper we propose a Bayesian approach with empirical Bayes inference to estimate the 
proportions of the composition in taxonomic categories when the observed multivariate counts 
are affected by overdispersion. The Bayesian inference is based on the conjugate Dirichlet-
Multinomial model with the parameters of the Dirichlet priors estimated by the maximum marginal 
likelihood of the respective compound model derived as Multivariate Polya distribution. 
 
In the present setting we do not consider the use of covariates, we propose a basic statistical 
framework appropriate and coherent to control for the overdispersion when the composition of the 
population concerns a large number of taxonomic categories in order to assess diversity and 
similarity. This is particularly relevant when the research interest concerns the species distribution 
of micro-organisms as the macroinvertebrates which populate aquatic ecosystems or bacteria 
populations living in particular environments of interest. 
 
Results from an extensive simulation study will compare the Dirichlet-Multinomial model with the 
reference Multinomial model with respect to the assessment of diversity and similarity indices. 
 
References:  
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Spatiotemporal patterns in biological communities are naturally modeled by stacking models 
for all species in the community. Two important considerations in such multi-species or joint 
species distribution models (JSDMs) are presence/absence measurement errors and species 
interactions. Virtually all recent JSDMs have included either one or the other, but not both 
features simultaneously, even though both may be essential for achieving unbiased 
inferences about communities. We developed two JSDMs for modeling pairwise species 
interactions while accommodating imperfect detection; one with a latent variables and 
another with a multinomial probit approach. We conducted three simulation studies to assess 
the performance of our new models and to compare them to earlier latent variable JSDMs 
that assume perfect detection. We illustrate our models with a large Atlas data set on 62 
passerine bird species in Switzerland. Under a wide range of conditions, our new latent 
variable JSDM with imperfect detection and species interactions yielded estimates with little 
or no bias for occupancy and associated covariates and of the species correlation matrix. In 
contrast,  the multinomial probit model was unable to estimate correlation for datasets with 
greater than about 10 species. A latent variable model that ignores imperfect detection 
consistently produced correlation estimates with a negative bias. We found that the number 
of latent variables required to adequately represent the species correlation matrix may be 
substantially greater than previously suggested, namely around N/2, where N is community 
size. The analysis of Swiss passerines illustrated well that caution has to be exerted when 
interpreting residual occupancy correlations as a result of direct interactions, since correlation 
can also be caused by missing covariates. Not accounting for imperfect detection will lead to 
negative bias in occupancy estimates and to attenuation in the estimated covariate 
coefficients in JSDMs. In addition, any covariate affecting detection only may cause spurious 
patterns in the estimated species correlation matrix. Our new JSDM, which addresses these 
problems, therefore represents an important extension of current approaches to community 
modeling to the common case where species presence/absence cannot be detected with 
certainty. 
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The seminal papers of Efford (2004; Oikos), Borchers and Efford (2008; Biometrics) and 
Royle and Young (2008; Ecology) laid the foundation of spatially explicit capture-recapture 
(SECR) and led to a new generation of capture-recapture models. SECR involves explicitly 
modelling the spatial component of captures and recaptures using the known locations of 
traps/cameras. Captures at nearby traps are correlated and this is accounted for in the 
models by the introduction of an individual-level random effect, corresponding to an activity 
centre or “home range centre” for each individual in the study. Maximum likelihood estimation 
is performed by forming the observed data likelihood, integrating out the individual random 
effect terms; alternatively a Bayesian data augmentation approach may be taken forming the 
complete data likelihood, or using a “semi-complete data likelihood” that integrates out the 
random effect term only for unobserved individuals. 
 
There is a variety of ways that one could formulate the same SECR model. For example, a 
multi-occasion discrete-time model with traps of infinite capacity can be modelled as a 
conditionally independent individual latent process model or as a competing risks survival 
model with random effects. The model-fitting process (including whether a classical or 
Bayesian paradigm is used) may influence the preferred formulation. In this talk we will go 
“back to basics” and re-consider SECR in context of other statistical models. In particular, we 
will describe the relationship between SECR and some standard statistical models. We will 
also discuss some implications that emerge from these observations, including, for example, 
the potential for considering additional memory akin to spatially explicit behavioural effects 
within the SECR model at minimal additional computational expense. 
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Spatio-temporal modelling is explored for estimating population mixture over space and time. 
This study is inspired by the fact that migration patterns of multiple populations of marine 
species can change over years, which implies that their spatial mixture patterns can also be 
dynamically altered. This is also motivated by another fact that understanding of spatial 
population structure is one of key factors for better resource management especially to 
allocate allowable catches over space appropriately. Here, use of genetic data is assumed 
as a primary source of information for estimating the spatial and temporal population mixture. 
However, since marine species tend to be weakly differentiated, other sources of information 
like morphometric data can also be used to increase the information on the mixture. A 
composite likelihood function consisting of the all types of observations is constructed with 
fixed effects for spatial component and other possible covariates (e.g. gender and life stage) 
as well as random effects accounting for spatio-temporal residuals in mixture probabilities. 
As an extension, spatial components can also be treated random effects to incorporate 
smoothing effects. Here, parameters of primary interest is those describing the population 
mixture, but other many population specific parameters such as genetic allele frequencies 
and population’s mean and variance of morphometric characteristics are also to be estimated 
simultaneously. To handle random effects, an integrated likelihood function is employed for 
estimating parameters and model selection. As a computational algorithm, software 
implementing a Laplace approximation with automatic differentiation such as ADMB-RE and 
TMB is used. The estimation performance for this approach is investigated via simulation. 
Also, the practicability is discussed through an application of the method to actual data for 
cetacean species.  
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We fit a multi-state open population model to a large mark-recapture dataset to test the 
hypothesis that somatic growth rates regulate the abundance of non-native rainbow trout 
(Oncorhynchus mykiss) in the first 25 km of the Colorado River downstream of Glen Canyon 
Dam (GCD), Arizona, USA. Over seven years we captured approximately 200,000 trout by 
boat electrofishing, tagged more than 90,000 individuals, and recaptured more than 9,000 
previously-tagged fish. The model fit these data well and predicted that growth rates declined 
dramatically due to food limitation. This in turn led to lower survival rates for post-emergent 
fry and larger size classes, as well as reduced rates of sexual maturation, which ultimately 
led to a severe population collapse. In a separate analytical effort, we fit linear and non-linear 
mixed effects models using maximum likelihood and Bayesian approaches to predict growth 
in length and weight from observed individual growth increments and abiotic and biotic 
covariates from five reaches distributed over 125 km in the Colorado River between GCD 
and the confluence with Little Colorado River (LCR). Cross validation and parameter 
estimates were used to identify the covariates which explained the most variation in growth, 
which included fish size and water clarity (turbidity) followed by dissolved oxygen, water 
temperature, and prey availability. Individuals recaptured more than once did not show 
consistent variation in growth rates over time. We compare maximum likelihood and Bayesian 
state-space estimation approaches and show that the greater computational demands of 
increasingly popular Bayesian approaches can substantively slow rates of learning. We 
suggest that the ‘juice’ from Bayesian state-space models many not always be worth the 
squeeze, and that ancient ways of maximum likelihood estimation should not be lost. 

 
Growth models were used to demonstrate that the flow regime from GCD can be modified to 
reduce impacts of rainbow trout on endangered humpback chub (Gila cypha) near the LCR. 
High flow experiments (HFEs) scour fine sediment from the bed and deposit it on channel 
margins in an attempt to improve terrestrial habitat and expand the area of beaches used by 
recreational boaters in Grand Canyon. We show that these flows have the unintended 
consequence of increasing water clarity following the HFEs which leads to better growth for 
rainbow trout. This in turn sustains periods of high trout abundance near LCR which increases 
their impact on survival and growth of juvenile humpback chub. This example demonstrates 
how partial restoration of a natural flow regime (floods) in a regulated river can have 
unintended negative ecological consequences when effects on non-native fish are not 
considered.  
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Spatial conservation prioritisation, where priority areas for conservation actions are identified, 
is a critical step in conservation planning. How priorities are formed depend on multiple 
factors, including: i) the attributes of candidate locations, such as the species and other 
biodiversity values present, cost of acting, current condition and risk of loss; ii) how 
information of different types are combined across species and habitats, costs etc., and; iii) 
what is the general objective against which priority of a site is evaluated. 
  
Uncertainties in input data and how these affect prioritisation solutions are of great interest 
to both conservation scientists and practitioners. Particularly, gaps and uncertainties in 
ecological data and model outputs (e.g. species distribution models), but increasingly also in 
the economic and socio-political data, have been studied. Yet, their behavior and relative 
importance in multi-species prioritisations are poorly understood.  
  
In this presentation I will explain how basic mathematical restrictions can be used to 
understand the ways different data types, and hence uncertainties in them, influence 
conservation outcomes. I will also show how the spatial characteristics of species 
distributions play a role in the way priorities are distributed in space.  
  
In simple scoring based approaches, information on costs, threats, and habitat condition 
quickly dominate prioritisation solutions, particularly when done for large number of species. 
Here, spatial correlation between and relative differences in the range of values within 
different data play a role. When more sophisticated, complementarity based prioritisation 
approaches are used, the solutions become more sensitive to the type of included species. 
In such optimisations, priority patterns are driven by the distributions of intermediately rare 
species that occupy species poor areas. The most important and least important areas also 
behave differently to changes in ecological data.  
  
Understanding how spatial priorities are driven by different data types is useful as it improves 
the transparency of prioritisation results, provides clarity to species weighting, and can guide 
data improvement efforts.  
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Over 80 years have passed since R.T. King suggested a method to account for animals 
missed during line transect surveys. Various theoretical developments were proposed by 
Hayne, Yapp, and Skellam during the next 30 years but the modern era of development didn’t 
begin until the seminal publications of Gates in 1968 and Burnham and Anderson in 1976.  I’ll 
review the development of line transect and point count sampling and their integrated 
development as distance sampling over the last 40 years.  I will focus specifically on the last 
3 decades of both theoretical development and application led mostly by Prof Stephen T. 
Buckland. Prof Buckland is the senior author on four texts covering introductory, advanced 
and applied distance sampling that are widely read and cited in the literature. His theoretical 
work included development of the key-adjustment fitting of detection functions and 
incorporating mark-recapture concepts to weaken the assumption about movement and 
perfect detection at distance zero. In addition to his many theoretical developments, his drive 
and passion for writing and teaching has promoted the worldwide use of distance sampling 
which has improved the science, management and conservation of wildlife. 
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Europe has experienced a steady growth of forest area over the recent decades. Abundance 
of new forests increased in many European regions, partly due to the reduction in farmlands 
and livestock (1). Forests that result from natural regeneration on former farmlands are 
typically small but numerous, and often not or little managed. Together with remnants of 
ancient and semi-natural managed forests, they form a network of more or less connected 
patches of habitats that can act as stepping stones for biodiversity conservation and 
associated ecosystem functions and services. Nearly 30% of the EU territory is moderately 
to very highly fragmented (2). In this context, there is little doubt that spontaneous forest 
establishment (SFE) can represent a very cost-efficient tool for creating or reinforcing a green 
infrastructure across many rural landscapes in Europe (3,4). Extricating the full potential of 
SFE in landscape management requires a thorough understanding of forest establishment 
and its underlying ecological mechanisms within the landscape context. 
 
We are developing a demo-genetic model for SFE to answer the two following questions : i) 
how do new forest patches establish within fragmented landscapes and ii) which 
consequences does the establishment process have for the genetic and phenotypic diversity 
of new forest patches. For that, a modelling framework that allows projecting the population 
dynamics of forest patches and includes effects of tree demography and genetics, patch 
properties is required. In order to meet these requirements, the following processes are 
represented by the model: heritable phenotypic variation in individuals’ demographic rates, 
demography interlinked with the size structure of the forest stand, effects of abiotic conditions 
at the stand level and effects of patch characteristics (size, age, isolation), external seed (and 
pollen) input. In the spatially explicit individual-based simulation model, all established 
individuals are characterised by the continuous variables: size, location and genotype. 
Demographic rates are described as functions of size, phenotype and neighbourhood effects. 
For now, we used simulated data to estimate model parameters within the Bayesian 
framework using Approximate Bayesian Computing methods and explored various 
assumptions on the different modelled processes, and their impacts on the population 
dynamics. 
 
References:  
(1) Fuchs, R., Herold, M., Verburg, P. H., and Clevers, J. G. P. W. 2013. A high-resolution 
and harmonized model approach for reconstructing and analysing historic land changes in 
Europe. Biogeosciences, 10:1543-1559 
(2) Jaeger, J. A. G.,  Soukup, T., Schwick, C., Madrinan, L. F., and Kienast, F. 2011. 
Landscape fragmentation in Europe. Joint EEA-FOEN report, Copenhague 
(3) Benayas, J. M. R., Bullock, J. M. and Newton, A. C. 2008. Creating woodland islets to 
reconcile ecological restoration, conservation, and agricultural land use. Frontiers in Ecology 
and the Environment, 6: 329–336 
(4) Prach, K., Pyšek, P. 2001. Using spontaneous succession for restoration of human-
disturbed habitats: experience from Central Europe. Ecol. Eng. 17:55–62 
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One of the central interests of movement ecology is relating movement characteristics to 
behavioural characteristics. The traditional statistical tool for inferring unobserved behaviours 
of an animal from observed movement data is the hidden Markov model. While the hidden 
Markov model is an important and powerful tool, sometimes it is not flexible enough to fit an 
appropriate model to data. Analyses for marine animals often exhibit residual autocorrelation 
that the hidden Markov model cannot account for. Using a marine animal dataset as an 
archetypal running example, we motivate the need for the Markov-modulated movement 
model, which is a generalization of the hidden Markov model designed specifically to handle 
residual autocorrelation. 
 
In the running example, autocorrelation present in the residuals shows that the hidden 
Markov model does not give an adequate fit to the observed data. The Markov-modulated 
movement model, however, does give acceptable residuals and is deemed to accurately 
describe the data. Based on the discrepancies between the hidden Markov model and the 
Markov-modulated movement model, we argue that the hidden Markov model fails at 
accurately inferring characteristics of the underlying behaviours. When appropriate, we 
augment our running example with simulation studies. 
 
A strong emphasis will be the impact of the Markov-modulated movement model on inference 
concerning the underlying biology. We give interpretations of classic ``foraging” and 
``transiting” behaviours in terms of the model parameters. Then we show that, in comparison 
to the hidden Markov model, several key biological quantities of interest are  significantly 
different. For example, the expected behavioural residency times are shorter and the 
expected activity budget emphasizes different behaviours. 
 
References: 
Douc, R., Moulines, E., Ryden, T., et al. 2004. Asymptotic properties of the maximum 
likelihood estimator in autoregressive models with markov regime. The Annals of Statistics, 
32(5):2254–2304. 
Whoriskey, K., Auger-Methe, M., Albertsen, C. M., Whoriskey, F. G., Binder, T. R., Krueger, 
C. C., and Mills Flemming, J. 2017. A hidden markov movement model for rapidly identifying 
behavioral states from animal tracks. Ecology and Evolution, 7(7):2112–2121. 
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American alligators (Alligator mississippiensis) are a species of ecological, economic, and 
cultural importance in the southeastern United States. Alligators influence both prey 
abundance and behavior, which has cascading effects on landscape structure and function. 
Though several states within their distribution have successfully implemented sustainable 
harvest and nuisance management programs for over two decades, management decisions 
are often executed despite broad demographic uncertainties. Alligator demographic 
parameter estimates are difficult to obtain due to their large body size and long lifespan (up 
to 80 years), coupled with their highly wary behavior towards monitoring methodology (truck- 
or boat-based spotlight surveys), which can hinder reliable abundance and detection 
probability estimates. Here, we synthesized mark-recapture, telemetry, and repeated count 
data from South Carolina to develop the first-known integrated population model (IPM) for 
alligators. 
  
We used data from a long-term mark-recapture study (1981-present, n=795 individuals) in 
coastal South Carolina to create a Bayesian multistate modeling framework that included six 
live stages (stratified by size class) and allowed for dead recoveries (n=39). We used a growth 
model from our study population (Wilkinson et al. 2016) to create sex-specific time constraints 
on time-in-residency within each size class to improve model convergence. We investigated 
a suite of environmental covariates and temporal constraints, and selected the most 
parsimonious model structure using the Bayesian Information Criterion. We then integrated 
the top multistate model with a series of repeated spotlight count surveys conducted on rivers, 
lakes, and artificial wetlands on South Carolina’s coastal plain from May–September of 2013–
2016. Within the count component of our IPM, we used a modified Dail and Madsen (2011) 
N-mixture model.  We expressed expected abundances partly as functions of state-transition 
probabilities from the multistate model.  The added structure made possible through 
integration provided more stable inference on population abundance than had the N-mixture 
model been conventionally applied to the count data in isolation of other data sources. 
  
Alligator spotlight count data is highly variable (even within short time periods) due to errors 
in the detection process and temporary emigration. In the detection modeling process, we 
included environmental covariates that are known to influence submergence patterns, survey 
covariates (e.g., boat speed), and time-specific movement covariates that quantified 
movement rates from a GPS-based telemetry study that spatially overlapped the population 
counts. In previous, non-integrated, modeling attempts using the count data alone, our 
models failed to converge due to high variability in counts among survey occasions that 
resulted in highly variable parameter estimates (e.g., survival, recruitment, detection) among 
model runs. Alligator detection probability estimates from other studies range from 0.02–0.15; 
therefore, including both mark-recapture data and covariates that account for temporary 
emigration greatly enhanced our ability to obtain reliable parameter estimates. Imperfect 
detection is practically universal in monitoring of wildlife populations and recent analytical 
advances, such as IPMs, have greatly expanded the opportunities to provide accurate and 
precise abundance and demographic parameter estimates. Here we will present the results 
of our integrated modeling efforts and discuss future research directions and applications, 
potentially to other populations or cryptic species. 
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Many species have a dormant stage in their life cycle: seeds for plants or eggs for certain 
crustaceans (e.g Daphnia). The dormancy stage influences the specie’s dynamic but is often 
undetectable, which makes the dynamics difficult to estimate. Applying a metapopulation 
model to a species which undergoes dormancy may lead to wrongly declare a local 
population as extinct. Indeed not including the dormancy stage tends to overestimate 
colonization rates and extinction rates as extinction can be declared in a patch when dormant 
forms can still be present. Some models have been proposed which include the dormancy 
stage. They often rely on a Hidden Markov Model framework (HMM) where the hidden 
variable is the dormant population. However, these models suffer from limiting hypotheses: 
a dormancy stage survival limited to one year ; colonization modelled as a seed rain instead 
of explicitly modelling spatial colonization from neighbouring patches ; or presence/absence 
modelling of the populations.  
 
We define here a particular type of Multidimensional HMM with data feedback (MHMM-DF), 
which extends previous models to overcome these limits. Our model describes the local 
(within patch) and regional dynamics (between patches) of species which can undergo 
dormancy, with a potentially time-infinite dormancy. Dormant and non-dormant populations 
are described with abundance classes. Our model defines the colonization process, the 
dormancy process, the influence of a non-dormant population on a dormant population within 
a patch and the awakening process from dormant populations to non-dormant populations. 
The colonisation process is described as the undistinguishable contribution of non-dormant 
population states in neighbouring patches to the dormant population in a patch. A parametric 
model is used to measure the influence of these different processes on the species dynamics, 
such that a species dynamics can be characterized by a set of parameters. While estimation 
in multidimensional HMM is often of exponential time complexity in the number of patches, 
we demonstrated that for the particular structure of our MHMM-DF, exact estimation using 
the Expectation Maximisation algorithm (EM) is achievable with a linear time complexity. We 
are also able to recover the specie's dormant population states for all time steps with the 
same time complexity, by deriving a dedicated version of the Viterbi algorithm. We are as 
well able to predict the specie's non dormant population's next states. 
 
We are currently analysing the framework and the EM algorithm on simulated data according 
to different survival strategies of weeds in crop fields. The MHMM-DF framework will be useful 
to estimate such dynamics from field data, in particular to identify the most influent 
colonisation process (long distance, short distance, following farm tractors trajectories, …). 

 
  



189 
 

Causal model for biological impacts of flow regimes of the Murray River, Australia–
integrating deterministic models into probabilistic models for predictions 

 
Chi Le1, Warren Paul1, Ben Gawne2, Phil Suter1, Lin Crase3 

1La Trobe University, 2University of Canberra, 3University of South Australia 
 

Abstract ID: 2297 
Poster Session (I)/8 

 

We aim to explore and predict macroinvertebrate spatiotemporal patterns associated with 
flow regime changes under various climate and development scenarios for the River Murray, 
Australia. The idea is to combine a statistical model, derived from long-term data on 
macroinvertebrates and environmental variables, with an existing deterministic rainfall/runoff 
and salinity model (MSM-BIGMOD) in a graph theoretical structural equation model (aka 
piecewise SEM). By nesting the MSM-BIGMOD within the causal diagram as a “black box,” 
we aim to build and test a causal model that will enable us to predict the shifts of 
macroinvertebrate communities under different scenarios. In this poster, we will present the 
statistical model developed for macroinvertebrates using ordination analysis (distance-based 
redundancy analysis), and outline the process for integrating it with MSM-BIGMOD. This 
approach has the potential to increase the value of monitoring data by linking it with existing 
models to provide a valuable decision-making tool for managers.  
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Stochastic environmental effects have huge impacts on the dynamics and distribution of 
natural populations. For example, the spatial scaling of environmental fluctuations influences 
the synchrony of population fluctuations, thus affecting population extinction risk. The extent 
to which the environment can synchronize population fluctuations depends on intrinsic 
characteristics of the populations, such as dispersal rate and distance, and strength of density 
regulation. Understanding how stochastic fluctuations in the environment influence 
populations is essential for successful management and sustainable harvesting. However, a 
number of complicating factors have made it difficult to accurately model the population 
dynamic consequences of different levels and scales of environmental noise.  
 
One important factor that has often been overlooked is that species do not live in isolation. 
Interspecific interactions and different species’ movement in space must influence how they 
respond to environmental variation. However, we lack knowledge of how species interactions, 
coupled with patterns of dispersal, influence responses to stochastic fluctuations in the 
environment, a question that is further complicated by intraspecific density dependence.  
  
Here, a new model for understanding patterns of covariation in space between interacting 
species will be presented. This model has allowed us to formulate the covariance function 
between two competing species with density dependence within each species and species-
specific dispersal rates and distributions of dispersal distance. Thus, we were able to explore 
how two competing species covary in space under different conditions. Future extensions of 
the model will focus on other types of species interactions (e.g., predator-prey) and the 
inclusion of different types of harvesting. 
  
Results will be presented showing how the covariance between two competing species 
changes given different patterns or scales of environmental noise and different demographic 
responses to the environmental conditions experienced by individuals of each species. It will 
also be shown how these effects of environmental noise on the covariance depend on the 
nature of the competition between the two species, as well as their demography, density 
dependence and dispersal.  
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Homarus spp. lobsters are some of the best researched benthic marine organisms, however, 
despite their commercial importance knowledge gaps still exist regarding their movement 
patterns. Increased mobility of Homarus spp. has been correlated with increased trap 
exposure, and catchability. If movement rates vary between demographic groups it could 
have important implications for fisheries management. A popular approach to categorising 
unobserved behaviours assumes different behavioural ‘states’ characterised by differences 
in step length and the directionality of movement; straight continuous paths are considered 
as ‘transiting’ behaviour and more tortuous movements are indicative of area-restricted 
searching or ‘foraging’ behaviour. Acoustic transmitters were fitted to European lobsters H. 
gammarus caught off the Northumberland coast, England (n = 44, 2013). High-resolution 
spatially-explicit data were gathered on their movements using a VEMCO Positioning System 
(Amirix Systems Inc., Halifax, Canada) consisting of twelve hydrophone receivers covering 
an area ca. 1.5 km. Although movement rates can be highly variable among individuals there 
is currently no definitive evidence of dichotomous behavioural states in H. gammarus and the 
influence of sex, body size, or reproductive state on movement rates is unclear. This study 
assesses the suitability of hidden Markov models to correctly identify behavioural states of 
H. gammarus given its shelter-seeking behaviour within highly heterogeneous benthic 
habitats. Hidden Markov models were built using the R package momentuHMM (McClintock 
and Michelot, 2017) to investigate the relationship between movement patterns and 
environmental covariates, and the variability in movement patterns between individuals. 
 
References:  
McClintock, B.T. and Michelot, T. (2017) momentuHMM: R package for generalized hidden 
Markov models of animal movement. arXiv:1710.03786. 
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A key topic in community ecology is how to disentangle the relative importance of niche and 
neutral processes in community assembly. Here we demonstrate how Binomial GLMMs and 
a model selection approach can be used to quantify the relative influence of niche and neutral 
processes assembling bird communities in tropical fragmented landscapes. The general idea 
is that niche processes can be translated into fixed effects whereas neutral processes are 
translated into random effects. The relative importance of each process is then measured by 
R2. Given that forest loss and fragmentation might act as an environmental filter by selecting 
species with specific traits to cope with more degraded habitats, we may expect that bird 
communities in forest remnants embedded in landscapes with low forest cover and a high 
contrasting matrix (which impacts species dispersal) will present stronger filtering effects. 
 
We surveyed forest birds in forest remnants within 23 focal landscapes (1,256 ha) in the 
Brazilian Atlantic Forest spanning a gradient of forest cover (9-60%) and varying in terms of 
matrix composition (high-quality – coffee plantations; low-quality – cattle pastures) 
surrounding habitat patches. Each landscape comprised 4 forest patches were birds were 
surveyed using the Point Count method, with 4 replicates each. We split the data in 4 groups 
of focal landscapes in respect to matrix quality and forest cover (above and below the 
theoretical fragmentation threshold of 30%). We used bird records in each point count as 
response variable and the species identity, the landscape and the interaction between 
species and landscape as random effects. We choose three categorical species traits - 
known to be related to fragmentation/habitat loss effects - and the forest cover within a 800m 
radius as fixed effects. We built different models combining different fixed and random terms 
and proceeded with the model selection based on AIC. 
 
In general, the selected models in each group of focal landscapes had the interaction of 
species traits and local forest cover, suggesting a possible trade-off: traits that favor the 
occupancy of landscapes with higher forest covers preclude the occupancy of landscapes 
with lower forest cover. The total R2 of the models were higher in datasets with landscapes 
below the fragmentation threshold (R2 = 40% for the low quality matrix data and 31% for the 
high quality matrix) than in the landscapes above the threshold (29% for both datasets). The 
R2 for random effects were almost the same for all datasets (22%), so the differences in total 
R2 were due to the increase in the variance explained by the fixed effects in more fragmented 
landscapes. The influence of neutral processes (related to the random effects) did not change 
among landscapes; however, the fragmentation/habitat loss process (niche filtering) did 
influence the outcome of community assembly in less forested landscapes. Moreover, we did 
not find marked differences regarding matrix quality. We believe that further improvements 
of this approach, such as the inclusion of imperfect detection and spatial correlations, are 
promising tools to better understand the effects of anthropogenic drivers assembling natural 
communities. 
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A long-sought goal is to connect movement with population dynamics. For many species, and 
especially for ungulates, there is a known link between condition (e.g. fat reserves) and the 
probability of survival and reproduction. Assuming a particular genetic makeup and 
physiology, condition reflects the history of behavioral decisions, including movement and 
habitat use. However, the condition of an animal can also have a direct implication on the 
types of movements that it performs and the habitats that it visits. An animal in good condition 
can move in a manner that is biologically optimal while an animal in poor condition may not 
be able to afford migration or may have to venture into areas of higher predation risk in order 
to forage. We aim to explicitly model the connections between condition, movement and 
space use. We used GPS as a measure of behavioral-based movement data, with behaviors 
inferred via the use of a hidden Markov model. For the condition process, we used the 
unobserved levels of body fat (as an indicator of body condition) that were inferred via a state-
space model. In order to account for the interaction between the two latent processes, we 
present a single modeling framework to account for the latent feedback structure between 
movement and condition using Merino sheep as a case study. The model also accounts for 
the difference in temporal resolution between movement and condition data, as the former is 
typically collected at a much finer temporal scale than the latter. We perform all inference 
using a Bayesian framework.  
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Analyses of the traits and distributions of many species within a community must allow for 
similarities among species that are determined by their shared evolutionary history: this area 
of ecological/evolutionary statistics has been termed phylogenetic comparative analysis. In 
particular, when we estimate the effects of species traits on their probability of occurrence in 
a particular site, we must allow for correlation due to phylogenetic relationships. The primary 
approaches to this problem, phylogenetic generalized least square regression (PGLS) and 
phylogenetic generalized linear mixed models (PGLMM), have been widely and effectively 
used. Nevertheless, these methods still have constraints in both computational efficiency and 
the range of models they can handle that limit the size and complexity of systems we can 
analyze. Here we propose an alternative method that incorporates phylogenetic correlations 
as a Gaussian process, modelling the evolutionary changes along each branch of a 
phylogenetic tree as independent (possibly multivariate) random Normal deviates. This 
approach is an order of magnitude faster than existing implementations, and allows us to 
model some processes (such as the correlated evolution of multiple traits) that have 
previously been neglected because they do not fit simply into existing analytic frameworks. 
We demonstrate the method with simulated phylogenies and evolutionary models of varying 
complexity, as well as real data from several previous studies. Although our algorithmic 
approach is general and could be implemented in a wide range of computational platforms, 
we implemented our approach using the lme4 R package (the most widely used package for 
fitting mixed effect models). We compare our results against two existing R packages (gls in 
nlme and communityPGLMM in pez) to explore the limitations of different methods and 
quantify simulation accuracy and computational efficiency. 
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The timing of annual cycle events, i.e. phenology, is usually closely tuned to the seasonality 

and climate. For this reason, phenology has attracted much attention in the last decades, 

providing evidence for organisms responding to ongoing climate change. Variations in the 

seasonal patterns of occurrence or detectability, may lead to bias in long-term studies if data 

are sampled heterogeneously along the season or if there is truncation in the seasonal record. 

This is fairly often the case, as data may originally have been collected for other purposes. 

Here, we present a group of hierarchical models, which simultaneously model between-year 

variation in phenology and abundance, as well as within-year variation. At simplest annual 

phenology can be modelled using a Gaussian function, which may vary between years in its 

mean, standard deviation and height (or area under the curve). All these annual parameters 

of the Gaussian function can on one hand be explained with covariates, on the other hand 

display random annual variation, modelled as random effects. Also the variation among within-

year samples can be explained with covariates, such as daily weather variables, which may 

affect e.g. detectability. 

 

These models can be used for studying long-term trends and drivers of phenology, effectively 

making use of all available data, while accounting for the between-year variation in 

abundance. Likewise, the models can be used for studying long-term trends and drivers of 

population dynamics, adjusting for patterns and annual variation in phenology and sampling 

time, and accounting for correlation between phenology and abundance. 

 

We illustrate the usage of our models by analysing temporal trends of phenology and 

abundance in: i) a bird species trapped at a ringing station in SW Spain during migration, ii) a 

phytoplankton taxon sampled for monitoring purposes in the Baltic Sea. We compare our 

results with analyses done on sample statistics (mean timing and total numbers) from raw 

data, and with analyses on estimates from phenological functions fitted separately for each 

year. Our models both help to reduce biases and make more effective use of the available 

data. Naturally, sensible two-step analyses would require skipping some years with too scarce 

data. Whenever the focus is on studying annual variation, which in ecological datasets often 

implies 20–40 years, each year skipped implies a relevant reduction in sample size. 
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The marine environment is strongly impacted by human induced pressure; the temperature 
is slowly rising in the Gulf of Finland, while days with ice cover and salinity are decreasing. 
Phytoplankton are at the base of the food web and environmental changes affecting their 
populations may, therefore, have ecosystem level consequences. Since previous long-term 
studies on natural populations in the area have mainly used trend analyses, merely 
describing the changes, we here connect time-series of potential exogenous drivers to 
fluctuations in biomass abundances of 25 phytoplankton taxon. While many studies focus on 
data at the class-level, we wanted to investigate the effects on a finer taxonomical scale, 
acknowledging that many effects can be species-specific. 
  
Our aim was to evaluate the effects of temperature, salinity, inorganic nutrients and winter 
harshness on annual fluctuations in phytoplankton abundances. We use plankton time-series 
data from 1979 to 2016, originating from several different sources, with two main methods of 
collection. We used a two-step approach, where we first fit a GAMM as our observation 
model, to model phenological patterns and differences between data collection methods and 
sites. We also used the GAMM to study the influence of wind conditions on the observation 
process. Subsequently, we extracted estimates of relative annual biomasses and their 
variances from the GAMM, and used them in state-space models (SMM) for population 
dynamical analyses. We used the MARSS package in R to fit the full SSM. Multiple models 
with different combinations of covariates were fit for each individual taxon, and compared 
using AICc. 
  
Five out of 25 investigated taxon were affected by wind conditions during sampling. Some of 
our results on population dynamic drivers supported hypotheses from previous work; e.g., 
the cyanobacterium Aphanizomenon spp. was positively affected by temperature. Generally, 
half of the taxa investigated, showed specific responses to one or several of the 
environmental covariates. Still, in the light of our analysis, many environmental variables, 
known to affect plankton when experimentally manipulated over large ranges of treatments 
in the lab, do not necessarily translate into environmental effects in annual population 
dynamics. The results also demonstrated species-specific responses to environmental 
drivers, which may be masked in any analysis grouping the data into biomasses of higher 
taxonomic levels. This illustrates that depending on the question, only looking at classes 
might not be sufficient. 
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Our ability to fit models has outstripped our ability to evaluate them. 
 
Forty years ago, analyses of wildlife data typically involved some variety of general linear 
model for which there were standard tests of assumptions, and standard methods of model 
comparisons. 
 
Today, with large and complex data sets, fast computers, and an abundance of readily 
available software, hierarchical models have great appeal. Statistical analysis has gone 
beyond the examination of noise in estimating parameters to describing stochastic processes 
governing parameters; modeling involves descriptions of ecological processes. 
We are armed to the teeth with machinery for fitting our models. Indeed, statistical analysis 
may boil down to listing a set of assumptions, many of which may involve arbitrary choices 
based on historical mathematical convenience rather than biological considerations. 
Describe the model, apply the MCMC hammer, and out pops the results. The ease with which 
hierarchical models can be fit may lead to excessive optimism about the inferences we can 
drag out of a small data set. 
 
Every statistical analysis involves a certain amount of art and judgment on the part of the 
analyst. There are decisions to be made which could be questioned, ad infinitum. Is our 
measurement error normally distributed? What about heavier-tailed alternatives? What about 
non-symmetric alternatives? At some point, the analyst's judgment is needed to say 
"Enough!'' In our judgment the alternatives are not likely to affect our inference; we present 
our results, taking care to present them as conditional on the model. 
 
Statisticians working in wildlife and ecological applications need to give thought to how to 
choose hierarchical models. Some of this consideration should be done before data are 
collected: are the models we intend to use adequate for our goals; do they rely heavily on 
untestable and potentially fragile assumptions? I illustrate by considering the effects of slight 
model misspecification in a widely used family of ecological models. 
 
Next, I describe tools for selecting among models and evaluating their fit after collection of 
data. I will focus on leave-one-out cross validation (LOOCV) in which we are use all of the 
available data except a single, set-aside observation to fit the model, then compute a 
predictive distribution for the set-aside value. This predictive distribution describes the range 
of values one might anticipate for the set-aside value, based on the model, the rest of the 
data, and any covariates associated with the set-aside value. We can repeat this procedure 
for all of our observations, thus obtaining a predictive distribution for each observation, and 
comparing the realized values to their predictive distributions. Conditional predictive ordinates 
are the values of the predictive distribution, evaluated at the value of the set-aside 
observation. 
 
Use of LOOCV allows the examination of model fit at the scale of individual observations, or 
collectively over subsets of observations, to evaluate inadequacies of particular features of 
models. 
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When selling standing timber, it is informative to give an estimation of the timber volume.  This 
requires measuring tree girth and tree height.  Measuring tree girth is easy, but measuring 
tree height in a forest is difficult and time-consuming.  When enough measurements of girth 
and height are available, however, measuring height could be replaced by height estimations 
based on a model using tree girth. 
 
We developed an R-package ‘dhcurve’ (in Dutch) which allows users to fit and validate 
models starting from a dataset of tree measurements.  As tree growth depends on tree 
species and location, separate models are fit for each tree species with location as a random 
factor.  To obtain a reliable mixed model for a species, we recommend having at least 6 
locations and each location should have 50+ observations. 
 
We added two alternative models for species-location combinations to deal with insufficient 
data: 

• If a tree species can not have a mixed model because fewer than 6 locations have 
50+ observations, a simple model without random factor location can be fitted for each 
species-location combination with 50+ observations. 

• If a species has a reliable mixed model and a location has fewer than 50 observations, 
a location-specific model can be fit, based on a vertical shift of the fixed factor of the 
mixed model. 

 
After fitting the models, a validation step can be executed, which includes a validation of the 
data and of the model.  The validation function marks data as possibly incorrect if their 
distance to the model is larger that 2.5 times the Root Mean Square Error (RMSE), which is 
calculated by 6 fold cross-validation of the dataset.  Possibly incorrect models are detected 
after calculating curve shape characteristics.  After validation by the user (and a refit of the 
model after data-correction), the user can obtain the results either as model parameters or 
as an estimated height for each girth class in a relevant interval (i.e. interval in which data 
were available). 
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Recent advances in wildlife tracking technology are opening up new opportunities for 
studying the behaviour of wildlife and their use of landscapes. Many studies now track 
multiple individuals simultaneously, which facilitates new opportunities for analysis of joint 
movement behaviour – termed interactions. At the same time, contextual variables can be 
used to describe resource conditions (e.g., topography, land use/cover, weather), and are 
readily available at appropriate spatial-temporal scales due to the prevalence of remotely 
sensed data. Existing methods used for the statistical analysis of movement interactions are 
simplistic and do not facilitate the inclusion of contextual resource variables. In this paper, we 
develop and apply new techniques for the statistical analysis of movement interactions from 
wildlife telemetry data, whilst taking into consideration resource covariates. A statistical 
technique is proposed to derive an estimate of the distance at which interaction between 
individuals occurs. Further, a statistical framework is developed for incorporating resource 
covariates with the telemetry data into the analysis of interaction events by testing for 
differences in behaviour before, during and after interactions, and against random times. 
Methods are implemented as part of the wildifeDI package in R to take advantage of 
established classes and methods for handling telemetry data in a statistical environment and 
to facilitate use by other researchers. Two case studies are used to highlight how these tools 
can be implemented and what insights can be gained from this analysis. The first case study 
investigates interactions between female white-tailed deer tracked via GPS collars during two 
tracking seasons. The second studies the response of male white-tailed deer tracked via 
GPS collars to human (mock) hunters (carrying GPS units) during a synthetic hunting 
experiment conducted during two hunting seasons. Preliminary results demonstrate that 
interactions between female white-tailed deer occur more frequently in forested areas. It was 
also found that male white-tailed deer were displaced farther, had more linear movements, 
and exhibited greater movement rates for approximately 45 minutes during and immediately 
after the encounter with hunters. However, selection of vegetation resources remained 
relatively unchanged before, during, and after interactions with hunters. Given the limited 
body of literature linking environmental and resource covariates with interactions between 
individuals, this research presents an exciting new area of analysis for the growing field of 
movement ecology. 
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Species distribution models (SDMs) are a family of statistical tools for ecologists to 
understand and predict species range by correlating occurrence data and environmental 
covariates to produce maps of where species occur and do not occur. SDMs suffer from 
several limitations including the difficulty i) to incorporate ecological theory like, e.g., dispersal 
and ii) to account for imperfect species detectability. Ignoring these issues can lead to bias 
in inferring species distribution. While multi-season (aka dynamic) occupancy models allow 
for inferring species range dynamics with imperfect detection, these SDMs do not explicitly 
incorporate spatio-temporal processes in a mechanistic framework.  
 
 Here, we adopt the theory of ecological diffusion that has recently been introduced in 
ecological statistics to incorporate in ecological models spatio-temporal processes like 
dispersal or invasion. As a case study, we focus on wolves (Canis lupus) that have been 
recolonizing France through dispersal from the Apennines since the last 20 years. 
Understanding the mechanisms leading to the expansion of wolves in France can help 
mitigating conflicts with human activities (attacks on livestock). 
 
 We developed a Bayesian hierarchical model to combine a mathematical formulation of the 
temporal dynamics of species distribution with data collected in the field. The observation 
process led to detection/non-detection data that were modelled with the Royle-Nichols 
approach to estimate occupancy while accounting for heterogeneity in detection due to 
variation in abundance. Detection was mainly driven by the sampling effort which we 
measured as the number of observers per sampling unit. To include ecological theory of 
population colonization, we used differential equations for modelling species diffusion and 
growth in a fragmented landscape. We incorporated forest cover and human density as 
covariates for explaining variation in dispersal and growth.  
  
 We found that our model accurately described the recolonization process of wolves in 
France. With the objective to implement an adaptive management strategy, we also explored 
the ability of our model to forecast wolf colonization in the future. 
 
 The Bayesian framework was particularly useful to quantify parameter uncertainty in the 
observation and the ecological processes, and to propagate this uncertainty in the forecasting 
step. The approach was implemented in OpenBUGS. We also introduce the R package 
mecastat that allows fitting mechanistic models to ecological data in a Bayesian framework 
with JAGS. 
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Problem statement: Do fish species display synchronous changes in growth and are these 
changes indicative of a common response to broad scale environmental drivers? 

Fish growth rates fluctuate in response to environmental conditions (primarily food abundance 
and temperature) and are influenced by intra and interspecific competition and by size-
selective effects of fishing. Modelling temporal growth patterns across multiple fish species 
can help to disentangle the various drivers of change and to detect synchronous responses to 
broad scale ecosystem change.  

This study uses dynamic factor analysis to determine the extent to which weight-at-age time 
series display synchronous changes across multiple pelagic (herring, mackerel, blue whiting) 
and demersal (cod, haddock, plaice, sole) fish species in the Northeast Atlantic. Generalised 
additive mixed models are fit to the data for each species with age modelled as a spline and 
year of birth and year of capture as random effects. Extracted random effects and their 
variance-covariance matrices for each year are then modelled using dynamic factor analysis 
to identify common trends. Relationships between the resultant trends and various potential 
drivers are examined. Drivers of change examined include: estimates of recruitment from the 
annual stock assessments to account for density-dependent changes in size at the species 
level; and the influence of density-independent environmental effects (e.g. temperature, 
zooplankton abundance, wind patterns and climatic indices) is also to be examined. The 
possible impacts of the observed trends on productivity and ecosystem resilience are 
discussed. 
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Graphical diagnostics such as residual plots are very useful methods to assess the fit of a 
wide range of models where the response variable is directly observed (e.g., regression 
applications). They can be particularly useful for investigating whether there is a systematic 
relationship between model residuals and predictor variables. Until recently, no graphical 
diagnostics have been developed for occupancy models that account for imperfect detection, 
in part due to occupancy being a discrete-valued latent variable. 
 
In this talk an approach is presented using a form of Pearson-residual that can be defined for 
both occupancy and detection variables. Systematic relationships between the residuals and 
predictor variables can be identified by plotting the cumulative sum (CUSUM) of the residuals. 
The CUSUM residual plots can be useful to identify whether a predictor variable should be 
included in a model, and a suitable functional form. This approach could also be used for 
assessing the fit of mark-recapture models. 
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So far the remoteness of the Arctic has limited the number of biological surveys in the region 
and thus, estimates about distributions and abundances of Arctic marine mammals (AMMs) 
are missing in many areas. A better knowledge about distributions of AMMs would improve 
the assessment of their sensitivities to the impacts of climate change and increasing human 
actions. We present how this data shortage can be tackled by combining several 
(heterogeneous) data sets within a single spatiotemporal Poisson point process framework. 
We demonstrate our approach with a study on distributions of polar bears, walruses and 
ringed seals in the Kara Sea. We combined species observations from multiple studies which 
had differing survey methods. Based on the data we estimated how species respond to the 
habitat covariates and created a hindcast of species relative densities in the study area. 
  
Our data set was mostly based on survey cruises where researchers had made species 
sightings with varying effort. The novelty of our modelling methodology is in taking into 
account the survey bias and spatiotemporal autocorrelation, which come as downsides of 
utilizing an extensive but poorly controlled data (Fithian et al. 2015). We built a hierarchical 
Bayesian framework, which allowed us to model observations as a Poisson point process 
and to formulate an additive regression model for the species density process (Warton and 
Shepherd 2010). In the additive model we assigned fixed effects for covariates and random 
effects for survey specific observation bias and spatiotemporal autocorrelation. 
  
According to our results, the (relative) density of polar bears was mostly explained by the 
relative density of seals. As apex predators polar bears are dependent on prey abundance, 
which has not been considered in earlier estimates of polar bears’ habitat suitability. Hence, 
the response of seals to shrinking ice cover may be an important feature for the future of the 
polar bear distribution. Seal density was highest in areas with ice cover around 70 % and 
walrus density was highest relatively near coastal regions (shallow water areas), which 
support that they are both dependent on access to prey. Moreover, there was strong variation 
assigned to both random effects. The spatiotemporal effect explained variation caused by 
unmeasured environmental covariates and possibly by spatiotemporally structured survey 
bias. 
  
Our model structure could treat the heterogenic sampling protocols, which came with the cost 
of predicting only the relative densities instead of absolute ones. Anyhow, this did not have 
an effect on the estimates of species’ habitat characteristics. The novel methods in SDM field 
proved their efficiency in our study and created quantitative knowledge and new 
understanding about the Arctic ecosystem. 
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By modelling the relationship between density and spatially-referenced drivers of density, 
spatial capture-recapture (SCR) methods provide a means of obtaining species distribution 
models. Flexible modelling methods for using SCR data to do this have existed for some time, 
but the overwhelming majority of SCR applications incorporate a constant-density model, 
which obscures spatial relationships. 
 
We use a large-scale camera-trap survey of leopards (Panthera pardus pardus) conducted 
at 14 study sites in the Kruger National Park of South Africa from February 2010 to December 
2011 to investigate how leopard density varies in space, and what variables drive variation in 
density. 
 
Using regression splines to model the dependence of density on spatial covariates, we find 
a strong non-monotonic relationship between a habitat suitability variable constructed from 
an eco-zone classification of the landscape, a non-monotonic relationship between density 
and distance from water source, and a monotonic relationship between density and bovine 
tuberculosis intensity region in the park. 
 
We found no relationship between a spatially-explicit index of lion density and leopard 
density. Although leopard densities were lowest in the region of highest lion density, this can 
be explained by the habitat suitability variable. 
 
We considered models with sex-specific density and movement as well as combined-sex 
models, and found only small differences between the sexes but two distinct kinds of animal 
within each sex: those that appeared to be resident and a small fraction of what may be 
transient animals. The ability to distinguish between the home range sizes of each sex was 
compromised by a trap design that had most inter-trap distances much larger than typical 
home range radii of either sex. 
 
One implication of the study is that a large heterogeneous reserve is important for leopard 
conservation. 
 
The study illustrates the power of SCR methods for spatial distribution modelling and we 
suggest that practitioners can make better use of this power by considering SCR models with 
spatially varying density as a matter of routine rather than having constant-density models as 
the default. 
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Determining the range dynamics of co-occuring species is crucial to understand the effects of 
interspecific interactions on the extinction risk of species threaten by poaching, predation, 
competition and other factors unrelated to species interactions. MacKenzie et al. (2004) 
developed a patch-occupancy model to examine distribution patterns of two species or more 
while accounting for imperfect detectability. However, this single-season model assume that 
the occupancy status of sites does not change between sampling occasions (closure 
assumption) allowing to only determine whether two species avoid or attract each other in 
certain habitats. To explicitly describe interspecific interactions, the model needs to be 
parameterized in a multi-seasonal framework to consider not only the occupancy and 
detection probabilities of the two species but also the extinction and colonization probabilities 
of a species conditional on the presence or absence of the other. The extension of multi-
species patch-occupancy models to a multi-season setting has been conceptually formulated 
in MacKenzie et al. (2006) but has not been used yet in real life applications, nor its 
performances has been explored using simulations.  
 
Here we fill these gaps by conducting a simulation study and applying the model to a case 
study on poaching in Southeast Asia.  
 
First, we simulated the presence/absence of two fictive species, co-occuring across 500 sites 
during 10 primary occasions, each of which was sub-structured into 3 secondary sampling 
occasions. We fitted a multi-season patch-occupancy model for two-species to the simulated 
data and obtained maximum-likelihood estimates for all parameters. The results of our 
simulations indicated that the model did not lead to any bias in the estimation of occupancy, 
detection, colonization, extinction or replacement probabilities of one species by the other 
species.  
 
Second, we applied the model to real data obtained from the SMART data base 
(http://smartconservationtools.org/) of the World Wildlife Fund to study the distribution 
dynamics between the banteng (Bos javanicus) and poachers in Cambodia. Results from our 
multi-species dynamic patch-occupancy model allowed us to predict the occurrence of illegal 
activities and their dynamics in response to environmental factors and protection strategies 
(such as ranger patrols).  
 
The knowledge gained from such predictions will further be implemented in an adaptive 
management framework for the conservation of this endangered species in Southeast Asia. 
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Scottish uplands are highly attractive and important for economically significant recreational 
activities such as hill walking and red deer stalking. This can lead to conflict between land 
use activities as hill walkers can alter red deer behaviour and space use. The ability to study 
human-wildlife interaction is explored here using a citizen science. Recently, volunteer citizen 
science has expanded greatly in ecology and conservation because it allows increasing 
potential for observations in space and time (Dickinson, Zuckerberg, and Bonter 2010). With 
this aim, we explore the use of questionnaires and GPS tags with volunteer hill walkers to 
study where and when red deer are observed. The questionnaires are used to collect 
information about wildlife observation such as species, distance, and timing of the 
observation along the hiking trail. GPS tags are used to collect detailed movement data of hill 
walkers. Our study is located at a popular hill walking trail located in Glen Lyon in the Scottish 
uplands on an estate managed for deer stalking and other economic activities. 
 
Together, questionnaires and GPS tags, provide all the information necessary for the 
application of distance sampling, which is commonly used to estimate density and size of 
population along transects (Buckland et al, 2001). The transects here are the hill walkers’ 
movement paths and the observational data is from the questionnaires. This method provides 
preliminary information about the coexistence of hillwalkers and red deer along the hiking trail 
and information about hillwalker off-trail behaviour.  
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There is growing awareness of underwater noise in a variety of marine habitats, and how such 
noise may adversely affect marine fauna. This is of particular concern for acoustically-specialised 
species, such as dolphins. In order to ascertain the potential impacts of anthropogenic noise on 
these animals, baseline information is required for defining the soundscapes of dolphin habitats. 
This is of particular relevance as underwater noise levels increasingly become considered as an 
indicator of habitat quality. 
 
The Swan River in Western Australia flows through the state capital of Perth, and experiences 
numerous anthropogenic activities.  Despite this, the river system is home to a resident 
community of Indo-Pacific bottlenose dolphins (Tursiops aduncus). This study aimed to: (1) 
identify prominent soundscape contributors; (2) describe temporal patterns in the occurrence of 
these contributors; and (3) describe temporal patterns in broadband noise levels within the Swan 
River.  Acoustic data were collected using autonomous underwater recorders, deployed for 2 – 8 
week periods at five sites. In total, over 7,000 h of acoustic data were collected over a two-year 
period. 
 
To identify prominent sound sources, data from one site were sub-sampled to select hourly 
recordings of 10-min duration. These were manually inspected to identify the presence of 
individual sound sources, which were recorded in a binary fashion for each sound file. Temporal 
variation in the presence/absence of these sound sources was examined for hour of day, day type 
(weekday or weekend), and week of deployment. As multiple temporal scales were being 
considered and since it was possible that sound sources remained within the study area for 
several hours, it was necessary to use an analytical technique which could disentangle such 
temporal variation whilst accounting for temporal autocorrelation. As a result, the use of 
generalised estimating equations (GEEs) were applied. For the remaining four sites, broadband 
noise levels were calculated as the root-mean-square sound pressure level over the duration of 
each acoustic recording. Temporal variation within each site was examined in terms of hour of 
day, day type, and month of year, again using GEEs to account for temporal autocorrelation. 
 
The soundscape was found to be strongly influenced by wind, snapping shrimp, and vessel traffic, 
with the sounds of bridge traffic, waves, fish, machinery, dolphins, and precipitation also 
contributing to the acoustic environment. Furthermore, within one site, three of these sound 
sources (boats, waves, and fish) were found to vary at a range of temporal scales. Consideration 
of the wider Swan River system revealed that sites were characteristic in their prominent sound 
sources, showing clear among-site variations. GEEs also identified variation in broadband noise 
levels within sites at a fine temporal scale, although sites differed in the significance of temporal 
variables. 
 
These results take a vital step in characterising the acoustic habitat of this river system, 
highlighting the need to consider temporal patterns when assessing the composition of 
underwater soundscapes. Such variations should be quantified when assessing dolphin acoustic 
habitat, as they may provide significant clues to dolphin behaviours. 
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In recent years the estimation of cetacean density has seen a marked increase in the use of 
bottom mounted sensors and passive acoustic density estimation techniques. Nonetheless, 
most of the surveys have leveraged on existing Navy ranges, with dedicated surveys both in 
terms of design or sensor deployment not being common. Within DECAF-TEA, a US Navy 
Living Marine Resources program funded project, there are plans to estimate the density of 
beaked whales and fin whales using dedicated purpose built sensors. The sensors will be of 
two types: (1) simple sensors capable of detecting sounds of interest and (2) pairs of 3D 
bearing sensors capable of localising sounds of interest, allowing estimation of detectability. 
To estimate detectability both distance sampling (primarily for beaked whales, considering a 
virtual sensor located half way through the two 3D bearing sensors) and spatially explicit 
capture recapture (primarily for fin whales, using recaptures across sensors) approaches are 
envisaged.  

In the absence of measurement error, two 3D bearings would cross at a single point in 3D, 
leading to a location for the sound source known without error. However, in the presence of 
measurement error in the 3D bearings, the two 3D bearings will not cross, and the position 
of the whale needs to be estimated. We present the geometry involved in estimating the 
location of a whale in the presence of independent measurement error in the pair of 3D 
bearings. We begin by introducing a way to formulate errors in bearings. We investigate what 
is the distribution of the error in the estimated 3D position as a function of the error in bearings. 
Using a simulation exercise, we evaluate how errors in 3D bearings propagate to errors 3D 
location, and from this into 2D location projected onto the sea bottom - the distance that would 
be used in a conventional distance sampling approach. Finally, we look into ways of 
incorporating the measurement error into density estimates obtained via distance sampling 
using the measurement error models introduced by Borchers et al 2010.  

This work is currently based on first principles and simulations under assumed plausible 
scenarios, since there was no to date dedicated data collection. Pending on a successful 
sensor trial deployment scheduled for in Spring 2018, we will investigate empirically what 
reasonable realistic measurement error models might be used for errors in 3D bearings, and 
will evaluate in practice what are the consequences of the error magnitude and how it 
propagates all the way into animal density estimates.  
 
References 
Borchers, D. L.; Marques, T. A.; Gunnlaugsson, T. & Jupp, P. E. 2010 Estimating distance 
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Abundance estimates of cryptic birds typically require using calls as a proxy for presence. 
There are well-recognised methods of performing such surveys by humans, such as the 5 
minute call count, but they are time-intensive, and potentially error-prone. Technology has 
provided a partial solution to this problem in the form of passive acoustic recorders that record 
the soundscape around them. These can routinely collect data at pre-specified times, 
providing many megabytes of potentially informative recordings. However, turning these 
recordings (which are usually corrupted by significant amounts of noise) into data that can 
assist in abundance estimates is far from trivial, and to date it is often performed by humans, 
another time-consuming and subjective task.  
 
In this talk I will provide an overview of the computational analysis of such recordings. I will 
survey the methods from machine learning and signal processing that are used to identify 
species based on their calls, and discuss their benefits and disadvantages. This will include 
some considerations of the risks of false positives and false negatives and their different 
impacts, and the necessity of keeping the human in the loop in order to maintain accuracy. 
Following this I will demonstrate our AviaNZ software (http://avianz.massey.ac.nz), which we 
are developing to enable practitioners to provide ground truth identification for training of the 
machine learning methods, and then to provide feedback to the trained system. I will end the 
talk by considering areas for future research in this area. 
 
Reference:  
Automated birdsong recognition in complex acoustic environments: A review. N 
Priyadarshani, S Marsland, I Castro. To appear, Journal of Avian Biology, 2018. 
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In the last years, numerous epidemiological studies have been carried out to understand 
disease spread in humans, animals and plants. Epidemiological modelling may help to 
prevent, eradicate or contain disease spread under different scenarios. Here, we focus on 
diseases caused by the bacterium Xylella fastidiosa which was recently detected in the 
Mediterranean Basin. The olive quick decline, caused by X. fastidiosa subsp. pauca, has 
devastated extensive areas in the Salento peninsula, south east Italy. An outbreak of almond 
leaf scorch, caused by X. fastidiosa subsp. multiplex, was detected in 2017 in Alicante 
province, eastern Spain. The introduction and spread of X. fastidiosa in other regions could 
cause potential negative consequences, including yield losses and costly control measures, 
not only in olive or almond but also in other economically important crops such as grapes, 
citrus, or stone fruits. In this work, we present an analysis of the prevalence of X. fastidiosa 
in southern Italy and mainland Spain using species distribution modelling (Martínez-Minaya 
et al., 2018). These models may assist to associate the prevalence of these diseases 
(georeferenced data gathered from official surveys) with different climate variables based on 
monthly average data from 1970 to 2000 obtained from the WorldClim database. In particular, 
we present different Hierarchical Bayesian spatio-temporal models in order to better 
understand the epidemiological factors driving disease spread. As obtaining the posterior 
distribution of the parameters governing the models is not straightforward, we used Integrated 
Nested Laplace Approximation methodology (INLA) (Martins et al., 2013). The spatial effect 
was implemented in the models using the Matérn covariance family, approximated as a weak 
solution to a Stochastic Partial Differential Equation (SPDE) (Lindgren et al., 2011). As 
previous modelling studies on the same topic (White et al., 2017), results will assist risk 
managers to limit further disease spread in the European territory and to minimize the impact 
in the areas where the pathogen is no longer eradicable. 
 
Funding: POnTE, XF-ACTORS, MTM2016-77501-P, VALi+d ACIF/2016/455. 
 
Keywords: Bayesian inference, Hierarchical models, Prediction, Xylella fastidiosa. 
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Although the existence of the relationship between habitat quality and animal population 
fitness is undisputed, its function remains unquantified. Recent advances in the modelling of 
habitat selection, have demonstrated theoretically how habitat composition in a population’s 
domain, could predict its growth or decline, but their  efficacy in natural populations remains 
untested. These approaches distinguish between apparent habitat suitability and the true, 
underlying contribution of a habitat to fitness, allowing the statistical coefficients of both to be 
estimated from multiple observation instances of the species in different environments and 
stages of numerical growth. Hence, it is possible to leverage data from both historical 
population time series and snapshots of species distribution to predict population 
performance under environmental change. Here, we use house sparrows as a model to 
investigate the utility of this approach for capturing natural population fluctuations. We find 
that the resulting, habitat-sensitive, population models explain a remarkable 95% of observed 
variation in population rates of change. Further, as an optimisation exercise, we predict the 
ideal habitat composition for each study colony and conclude that species such as the house 
sparrow could see substantial benefits from only moderate changes in habitat structure. This 
first robust quantification of the link between habitat and population change opens the way 
for ecologists to provide guidance on practical habitat manipulation for conserving species or 
controlling pests. 
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This study examined patterns of citation and authorship in ecology based on a sample of 
2835 papers from seven leading ecology journals published over the years 2007-2013. We 
identified the apparent gender of 8143 individual authors of these papers based on the 
names and web searches. We also characterised the connectedness of each author in our 
sample by the PageRank, a network metric that increases as an author publishes more 
papers in our sample with more co-authors who themselves are more connected to other 
authors.  

 From this sample, we built a statistical model (based on Poisson regression with over-
dispersion) of how citations vary among authors due to various fixed effects (identity of the 
journal, gender of the first author, gender ratio of all authors, number of authors, number of 
countries from which the authors came, time since publication, length of paper, length of 
title) and random effects (author identity, country of the author). The random effects of 
individual authors were modelled as a function of the PageRank of the author 
(connectedness), and these random effects (and those of country) were averaged over the 
authors for each paper.  

We also built statistical models of how the proportion of authors on a paper who are female 
(a model for each of first author, last author, and all authors combined) varied among 
countries, and with the same bibliometric measures of the paper using a binomial model with 
a complementary log-log link function.  

Finally, we built a statistical model about how the propensity of authors to co-author with 
women varied among people, including a quadratic term for PageRank with a 
complementary log-log link function. All statistical models were fit in OpenBUGS, using 
vague priors. Averaging over the random effects of authors tended to lead to slow sampling 
from the Markov chains. 

Citations increased with the length of paper, the number of authors, the number of countries 
from which the authors came, and time since publication. Citations decreased when the first 
author was a woman and with the length of the title. The overall gender ratio of the authors 
had little apparent effect on citations. Citations varied among authors and journals, varied 
little among countries, and with clear over-dispersion (unexplained variation among papers). 

The proportion of authors who were female varied substantially among countries; overall, 
27% of authors were women. Women had their highest representation in papers as first 
authors (33%), and lowest as last authors (20%). Bibliometric aspects of papers correlated 
little with the proportion of authors who were female. The proportion of authors who are 
women varied substantially among journals, with women less commonly represented in the 
more highly-cited journals. 

Women were more likely than men to co-author with other women, and authors with 
intermediate values of PageRank had the highest propensity to co-author with women (i.e., 
the least and most connected authors had a lower propensity to co-author with women). 
There was substantial unexplained variation among authors in their propensity to co-author 
with women. 
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Discrete-time hidden Markov models (HMMs) have become an immensely popular tool for 
inferring latent animal behaviours from telemetry data. While movement HMMs typically rely 
solely on location data (e.g. step length and turning angle), auxiliary biotelemetry and 
environmental data are powerful and readily-available resources for incorporating much more 
ecological and behavioural realism. However, complex movement or observation process 
models often necessitate custom and computationally-demanding HMM model-fitting 
techniques that are impractical for most practitioners, and there is a paucity of generalized 
user-friendly software available for implementing multivariate HMMs of animal movement. 
Here we introduce an open-source R package, momentuHMM, that addresses many of the 
deficiencies in existing HMM software. Features include: 1) data pre-processing and 
visualization; 2) user-specified probability distributions for an unlimited number of data 
streams and latent behaviour states; 3) biased and correlated random walk movement 
models, including “activity centres” associated with attractive or repulsive forces; 4) user-
specified design matrices and constraints for covariate modelling of parameters using 
formulas familiar to most R users; 5) multiple imputation methods that account for 
measurement error and temporally-irregular or missing data; 6) seamless integration of 
spatio-temporal covariate raster data; 7) cosinor and spline models for cyclical and other 
complicated patterns; 8) model checking and selection; and 9) simulation. After providing an 
overview of the main features of the package, we demonstrate some of the capabilities of 
momentuHMM using real-world examples. These include models for cyclical movement 
patterns of African elephants, foraging trips of northern fur seals and southern elephant seals, 
loggerhead turtle movements relative to ocean surface currents, and grey seal movements 
among three activity centres. momentuHMM considerably extends the capabilities of existing 
HMM software while accounting for common challenges associated with telemetry data. It 
therefore facilitates more realistic hypothesis-driven animal movement analyses that have 
hitherto been largely inaccessible to non-statisticians. While motivated by telemetry data, the 
package can be used for analyzing any type of data that is amenable to HMMs. Practitioners 
interested in additional features are encouraged to contact the authors. 
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Manuka honey produced in New Zealand is a high-value export food and as such, is inevitably 
threatened by the potential for fraud and mislabelling in the market place.  Although there are 
several industry approaches for marketing manuka honey, until recently, no scientifically 
robust definition has been available to ensure authenticity from a regulatory perspective. 
 
An extensive science programme that incorporated a high of understanding of ecological 
factors has resulted in scientifically robust definitions for monofloral and multifloral manuka 
honey produced in New Zealand.  The programme involved: selecting appropriate markers 
to identify honey sourced from Leptospermum scoparium (manuka), establishing plant and 
honey reference collections, developing test methods to determine the levels of the markers 
and analysing the data generated to develop the definitions. 
 
The suitability of 16 markers (chemical and DNA-based) were evaluated for use in a 
regulatory definition for manuka honey.  Plant samples were collected from two flowering 
seasons representing both manuka and non-manuka species from both New Zealand and 
Australia. Honey samples, also representing manuka and non-manuka floral types, were 
sourced from seven New Zealand production seasons.  Additionally, honey samples were 
sourced from another 15 countries to enable comparison.  All samples were tested for the 
markers being evaluated using the developed test methods. 
  
We evaluated candidate markers by taking into account the ecological variability in which the 
honey was produced so each marker could be traced from the honey to the source plant. 
This also ensured a definition for manuka honey that was suitable for honey produced 
throughout New Zealand and under different local environments. Marker evaluation included 
testing for: the difference in concentration of each marker in the nectar between plant species 
and between honey types; regional and temporal variability; differences in marker 
concentration between manuka plants growing in different habitats and the stability of each 
marker in honey over increasing temperature and storage period.    
 
The method of CART (Classification and Regression Trees) was then used to develop the 
monofloral and multifloral manuka honey definitions. The CART outputs were further 
processed using a simulation approach to determine the sensitivity and the robustness of the 
definitions.  The definitions use a combination of 5 markers (4 chemical and 1 DNA) at set 
thresholds to classify a sample as manuka honey or otherwise. 
We discuss the importance of an ecological approach in developing the definitions and the 
pragmatism needed to apply those definitions within a regulatory context. 
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Many modern technologies, such as digital photography and high-resolution video, yield 
gigabytes of information in a short amount of time for little cost. Yet, these gigabytes of 
information must often be read and interpreted by humans to produce detections or counts, 
and this interpretation step drastically diminishes the efficiency and utility of the technologies. 
Digital photographs taken from low-flying drones searching for small objects on the ground 
fit this description because hundreds of photographs can be produced from even short flights. 
Advances in automated object detection, object classification, and artificial intelligence over 
the past several years have made it possible for ordinary ecologists to develop customized 
automated detection systems. The main challenge for ecologists is usually extremely small 
sample sizes relative to classic social media applications. In this talk, we describe how 
statisticians and ecologists with little training in computer science can train a neural network 
to detect any object in digital photographs. Specifically, we describe training of a partially-
pre-trained tensorFlow network as well as a customized resNet network to detect bird 
carcasses in photographs taken by consumer-grade drones searching short-grass prairie in 
eastern Wyoming, USA. We compare setup difficulty, training needs, positive, false-positive, 
and false-negative rates between the two neural network architectures. We end with 
robustness and accuracy recommendations for the types of network architectures useful in 
ecology. 
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The Bering Sea-Aleutian Islands groundfish fishery is composed of many economically 
important species, including pollock, Pacific cod, and yellowfin sole. The fishery is subject to 
several major constraints, including a 2 million ton cap on catch of all species combined and 
catch limits on bycatch species.  Previously, some catch limits for bycatch species were 
specified as a single, arbitrarily-chosen number based on historical bycatch levels and with 
no relation to the status of the bycatch species. However, consideration is being given to 
specifying catch limits for bycatch species as a function of their abundance. A modeling 
framework was developed that accounts for these constraints using linear programming and 
a feedback-control loop and explores implications of a range of alternative methods for 
specifying bycatch limits based on bycatch species abundance. We will discuss implications 
of an abundance-based catch limit for bycatch in this system, including performance metrics 
such as which methods are most likely to minimize variation in catches of target species over 
time and which methods maximize catch or net revenue of target species. 
 
Simultaneously, a cooperative field project was conducted whereby miniature data loggers 
were deployed on nets in the groundfish fleet year-round for two years to collect information 
temperature, salinity, and depth at the time of fishing. These data were then linked to data 
collected by on-board observers on biomass of each species caught in each haul to analyze 
what species are caught together under various environmental conditions. A multi-species 
spatio-temporal modeling approach was used to analyze species groupings and 
corresponding linkages to environmental variables. We will discuss relationships between 
temperature, salinity, depth, and species composition of catches found in the BSAI mixed-
species groundfish fishery. We will then discuss efforts to incorporate these linkages into the 
modeling of catch composition and fishery targeting behavior in the mixed-species 
management strategy evaluation framework for the purpose of investigating biological and 
economic implications of future climate pathways. 
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Understanding the factors influencing the spatial distribution of wildlife populations through 
periods of population increase or reduction is vital for effective management. Density-
dependent habitat selection theory predicts that, at low density, territorial individuals occupy 
only high quality habitat, and that variation in the quality of occupied habitat will be greater at 
high density as individuals must then occupy poorer territories. This prediction is supported 
by long-term studies of expanding populations, however evidence is lacking as to whether 
the process is reversed for invasive species subjected to eradication efforts. This is 
particularly important as funding often becomes limited towards the end of eradication 
campaigns and it is increasingly vital to deploy control effort to areas were the detection and 
removal of individuals is most likely. Prediction of habitat attractiveness and the uncertainty 
around those predictions is also required to inform the extent to which management might 
create “ecological traps” by focusing control to areas attractive to dispersing individuals. 
 
Here we examine data collected during a four year eradication operation during which a 
programme of systematic trapping and removal led to a major decline in the density of the 
non-native American mink from the Outer Hebrides, Scotland. We augment a base GAM, 
with a cyclic smoother to model the seasonal effects and an unconstrained smoother to model 
long-term trends in trapping rates, in a variety of ways to explore habitat specificity that 
occurred during density reduction. We modelled the main effects of habitat on trapping rates 
using GIS-derived variables that define the effect of the landscape on trapping locations, and 
interactions with time. We use the model selection process to assess the robustness of 
inference about density dependent habitat selection. 
 
Our analysis highlights the importance of accounting for seasonal effects of habitat specificity, 
which is reduced during dispersal while highly mobile juveniles seeking habitat suitable for 
settlement made up a high fraction of the population. Our results provide support for density 
dependent habitat selection during control operations and can be used to guide decisions 
regarding changes to the spatial distribution of control effort to maximise management 
efficacy through all stages of the eradication process. 
 

 
  



218 
 

An asymmetric measure of population differentiation based on the saddlepoint 
approximation method 

 
Louise McMillan, Rachel Fewster 

University of Auckland 
 

Abstract ID: 2315 
Genetics and Stream Networks/1 

 
Oral - Student Competition 
 

In the field of population genetics there are many measures of genetic diversity and 
population differentiation. The best known is Wright's FST (Wright 1951),  later expanded by 
Cockerham and Weir, which is very widely used as a measure of separation between 
populations. More recently a multitude of other measures have been developed, from GST to 
D, all with different features and disadvantages. One thing these measures all have in 
common is that they are symmetric, which is to say that the FST between population A and 
population B is the same as that between population B and population A. Following my work 
on GenePlot, a visualization tool for genetic assignment (McMillan and Fewster, 2017), I have 
developed an asymmetric measure, where the fit of A into B may not be the same as the fit 
of B into A. This measure enables the detection of scenarios such as "subsetting", the 
relationship between a large, diverse population A and a smaller population B that has 
experienced genetic drift since being separated from A. The measure has several features 
that distinguish it from existing measures, and is constructed using the same saddlepoint 
approximation method underlying GenePlot, and which is used to approximate the multi-locus 
genetic distributions of populations. I will also talk about a randomisation test method that 
can be used with genetic diversity measures to assess whether the two populations show a 
significant level of separation. 
 
References:  
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Analysis of long-term data from the Audubon Christmas Bird Count and North American 
Breeding Bird Survey provides trend estimates used by wildlife managers to understand the 
conservation status and needs of North American birds.  
  
The current standard modeling approach uses a hierarchical Bayesian model, where count 
circles or survey routes (hereafter, sites) are binned into discrete spatial strata each year, an 
abundance index is estimated per stratum and year, and trends are estimated per stratum 
across years. Using this strategy, spatial stratum is the finest level of granularity for 
abundance and trend information. Spatial relationships between counts within or across 
strata are not considered, or are modelled as continuous autoregressive structures at the 
stratum scale (Bled et al., 2013). 
  
We have been experimenting with a different model structure that incorporates a spatially 
varying coefficient (SVC) component. This complementary approach considers spatial 
structure across individual counts, and utilizes borrowing strength across neighboring sites. 
Random effects are included that allow abundance and trend estimates to vary at the site 
level. 
  
Experimental models are specified with stochastic partial differential equations (SPDE) and 
estimated using integrated nested Laplace approximations (INLA) (Lindgren et al., 
2011).  This computing approach yields accurate approximations of posterior distributions in 
a fraction of the time taken by Markov chain Monte Carlo (MCMC) approaches, making 
analysis of spatiotemporal models over hundreds of species, across continental and decadal 
scales, a more tractable proposition. 
  
We present the details of this experimental approach, along with possible extensions, and 
ask for feedback on implementation and overall value to consumers of trend analyses. 
  
References: 
 Bled, F., Sauer, J., Pardieck, K., Doherty, P. and Royle, J.A. 2013. Modeling trends from 
North American Breeding Bird Survey data: a spatially explicit approach. PLoS ONE, 
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 Lindgren, F., Rue, H. and Lindström, J. 2011. An explicit link between Gaussian fields and 
Gaussian Markov random fields: the stochastic partial differential equation approach. Journal 
of the Royal Statistical Society: Series B, 73:423-498. 
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There is increasing interest in the use of citizen science, i.e. information reported by non-
experts, to inform ecology and conservation. In the context of our field, this involves elicitation 
of information that can be used to inform statistical models. There are many forms that this 
information can take, from identification of important predictors to quantitative estimates of a 
response. Similarly, there are many ways in which it can be elicited, from standard surveys 
to virtual reality. While there are obvious advantages to the use of citizen-derived 'data', there 
are many concerns. These range from potential biases in the citizens and the elicited 
quantities to ways in which this additional insight can be combined with data. In this 
presentation, we explore these issues and consider some Bayesian approaches to 
addressing the concerns. We focus on a number of current conservation studies in which we 
are attempting to use citizen science, including mapping koalas in Queensland Australia, 
monitoring the Great Barrier Reef and the creation of a jaguar corridor in the Peruvian 
Amazon. 
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Sustainable management of water resources requires assessment of the impacts of water use on 
freshwater-dependent fauna.  In the Australian state of Queensland, this is carried out through the 
comparison of water management scenarios, typically based upon risks to identified environmental 
assets under modelled pre-development and development hydrological scenarios. The fish Golden 
Perch (Macquaria ambigua, Percichthyidae) is of particular interest as an environmental asset, as 
it is valued by fishers, and affected by compounding interactions of multiple impacts of water 
resource management, namely loss of persistent waterhole habitat in intermittent rivers, reduction 
of flow pulses which are serving as triggers for spawning movements, and loss of connectivity 
between residual habitat patches due to reduced flow and increasing in-stream barriers. 

As part of the review of the Condamine-Balonne basin Water Plan, we assessed population 
viability of Golden Perch using age-structured meta-population models to simulate the impacts of 
alternative water management scenarios on populations, and make recommendations for less 
damaging management approaches.  This catchment has strong climatic gradients and is 
dominated by intermittent flow regimes.  Intermittency drives the dependence of population 
dynamics on the availability of persistent waterhole refugia, and connectivity during flow events. 
The meta-population process models are built from combined habitat and population observations 
from multiple sources, with critical parameters like density and survival parameters derived from 
regional surveys. Spatial and temporal model resolution was informed by the spacing of waterhole 
refugia of about 20 km, and the annual pattern of floods driving recruitment, movement and 
survival. Calibration was carried out with emphasis on reproducing observed densities and age 
structures.  The quality of models was assessed by sensitivity testing of all model components, 
peer assessment of model heuristics and projections, validation of dynamics with long-term 
monitoring data, and documentation of model uncertainty through confidence intervals. Sensitivity 
testing found barriers to movement, loss of carrying capacity from habitat reduction, dispersal 
participation, and reduction of spawning cues to be most influential.  

The simulations indicated clear population reductions under the current management scenario 
compared to the pre-development scenario. We formulated thresholds of concern of population 
viability related to minimum viable population size, the temporal disappearance of fish from whole 
stream reaches, and the loss of resilience of sub-populations, here their ability to reclaim habitat 
which was affected by local extinctions.  The sensitivity of these thresholds to water management 
ranged from weak to high. Measuring local impacts from development at the scale of the typical 
range of fish dispersal yielded a very sensitive assessment metric. Reduced resilience, as 
measured by lags of population recovery after perturbation, is the most interesting metric. The 
model indicated reduced population abundance for periods up to 40 years under the development 
scenario, which is so far unconfirmed in the field. 

While we are satisfied with the model calibration, a more streamlined model building process is 
desirable. This would include integrating the currently separate components of the spatial and 
matrix model approach with empirical model fitting, to achieve more direct parameterisation and a 
more realistic meta-population model 
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Seals in the Baltic Sea are recovering after a population decline in the late 20th century. The 
increase in seal numbers has led to notable financial losses to commercial fisheries due to 
e.g. damaged nets and loss of income. Lack of information on different aspects of the 
interactions between seals and coastal fishery aggravates seal-fishery co-existence, and a 
stronger regulation of the seal population has been called for in some areas of the Baltic.  
 
We use a large data set on grey seal dive and horizontal movement data to investigate the 
animals' behavioural patterns in relation to various static and dynamic environmental 
covariates, and specifically with regard to fishing activity. The multivariate time series 
considered includes the dive-by-dive summary statistics maximum depth, dive duration, 
surface duration, as well as horizontal step length and turning angle. The raw data were 
downsampled to avoid artifacts in the modelling resulting from very strong autocorrelation, 
with a robustness check being conducted to investigate the consequences of this reduction 
in the data to be analysed. 
 
Using a multivariate hidden Markov model (HMM) with covariate influence on the state 
transition probabilities (cf. DeRuiter et al., 2017), we find strong effects of several 
environmental variables on the seals' behavioural patterns. In particular, seals were much 
more likely to be in an HMM state indicative of foraging behaviour when close to fishing nets. 
Our results provide detailed information on grey seal movement behaviour and, moreover, 
can be used to quantify hotspots of seal-fishery conflict so as to better focus mitigation 
attempts. 
 
References:  
DeRuiter, S.L., Langrock, R., Skirbutas, T., Goldbogen, J.A., Calambokidis, J., Friedlaender, 
A.S., Southall, B.L. (2017), "A multivariate mixed hidden Markov model for blue whale 
behaviour and responses to sound exposure", The Annals of Applied Statistics, 11, pp. 362-
392.  
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Many deciduous, perennial fruit crops require winter chilling for adequate budbreak and 
flowering and these chilling requirements may be exacerbated in many growing regions by 
warmer winters associated with long term global climate change. This problem of low winter 
chilling may be partially overcome by use of the dormancy-breaking chemical, hydrogen 
cyanamide (HC), however, the hazardous nature of this chemical makes it desirable that a 
reduced rate of application be used, or that alternative more environmentally friendly 
chemicals are discovered. A wide variety of environmental and chemical factors can break 
dormancy in plants. In the case of kiwifruit, HC increases proline concentrations, while in 
grapes HC increases peroxidase activity and hydrogen peroxide levels. Recent research 
shows that sugars may also have key roles in the release of buds from dormancy in peaches 
and in kiwifruit.  
  
This research was initiated to address these issues by exploring the chemical changes 
occurring in developing buds prior to budbreak. We examined time series of excised 
meristems using Fourier Transform Infrared (FTIR) spectroscopy involving 600 wave 
numbers to characterise these changes in kiwifruit. Random forest analyses identified the 
important wave numbers in the FTIR spectra for differentiating between four orchards, 
sampling period and Control/HC treatment. After extracting 12 principal components 
explaining 99% of the variation in the FTIR spectra, a canonical variate analysis was used to 
identify a bud development function independent of orchard and HC effects. This function 
has been validated using data from two seasons and four orchards, and by monitoring the 
effects of HC application, sugar concentrations and soil temperatures. Ten wave numbers of 
the FTIR spectra were sufficient to characterise this function and these wave numbers appear 
to be associated with carbohydrate, pectin and cellulose levels in the meristems.  
  
The results have suggested that HC application should be timed to coincide as closely as 
possible with the upturn in the bud development curve that has been developed. This FTIR 
function could also be used for the rapid testing of new management techniques (eg new 
dormancy regulators) and for the modification of standard procedures (eg HC application) for 
new crops or cultivars, where little is known about the phenological development. This could 
make extensive testing over several sites and seasons unnecessary, providing a major 
advantage in terms of both the speed and the cost associated with the introduction of new 
strategies for growers. 
  
This study suggests that the application of multivariate analysis to FTIR spectra has the 
potential to create a reliable and fast method for detecting structural and compositional 
changes in fruit crops in response to changes in environmental conditions. It is expected that 
such FTIR signatures could be used to advance our understanding of the influence of the 
various environmental and physiological factors on the breaking of bud dormancy, shoot 
outgrowth and fruit production more generally. 
  
References 
 Judd, M.J., Meyer, D.H., Meekings, J.S., Richardson, A.C. and Walton, E.F. 2010. FTIR 
analysis: associations with induction and release of kiwifruit buds from dormancy, Journal of 
the Science of Food and Agriculture, 90(6):1071-1080.  
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Biodiversity is facing numerous spatially-extensive and –intensive threats across the globe. 
Identifying and responding to threats at continental, hemispheric, or global scales requires new 
tools and technologies. To meet the big challenges facing birds, their habitats, and their 
communities, National Audubon Society is merging the latest technologies with proven monitoring 
protocols. For over 100 years, the National Audubon Society has been enlisting volunteers in bird 
monitoring efforts that span North America and beyond. Today, Audubon utilizes big data 
collected by citizen scientists along with powerful algorithms deployed on cloud computing 
platforms to answer important questions for avian conservation. Here we present four case 
studies of Audubon’s efforts merging big data, citizen science, and quantitative ecology to inform 
avian conservation. 
 
The Audubon Christmas Bird Count (CBC) is one of the oldest avian citizen science datasets in 
the world, dating back to 1901. We employed a hierarchical Bayesian model to generate winter 
population trend estimates for 551 species of birds during 1966-2017. At the regional level, 
aggregate trends were positive in all but a few areas. Negative population trends were evident in 
lower latitudes, whereas the largest increases were at higher latitudes; moreover, bird range 
centroids have shifted north by >40 miles. 
 
To further evaluate avian response to climate and land cover change, Audubon scientists used 
data from eBird, a citizen science platform with >400 million bird observations, along with other 
datasets to characterize the vulnerability of grassland birds to climate change. We modelled 
relationships between grassland bird relative abundance and environmental covariates such as 
climate, landcover, and topography today and projected under future climate change scenarios. 
We found that 63% of North American grassland bird species have moderate to high vulnerability 
to climate change under the Paris Agreement, but that this could be reduced to 40% with further 
emissions reductions. 
 
To evaluate the degree to which birds are tracking climate change, Audubon developed a new 
citizen science program that involves citizen scientists in hypothesis-driven science. Climate 
Watch tests predictions of climate-driven range expansion in bluebirds and nuthatches developed 
by National Audubon Society scientists. We model relationships between occupancy and climate 
suitability using dynamic occupancy models, and have found that Western Bluebirds appear to 
be tracking climate change, while Eastern Bluebirds have remained in increasingly unsuitable 
locations. 
 
Finally, we developed a novel community composition Essential Biodiversity Variable (EBV) 
quantifying resilience of bird communities. The Avian Ecological Resilience Index combines 
citizen science data with remote sensing data and quantitative methods and algorithms to 
evaluate community composition and resilience. The index consists of four components: 
abundance estimates; conservation weighting; a functional diversity metric to incorporate 
resiliency of bird communities and their ecosystems; and a standardized scoring system to control 
for interannual variation caused by extrinsic factors (e.g., climate). 
 
These case studies utilizing big data, citizen science and quantitative ecology to inform avian 
conservation suggest that merging networks of mobilized volunteers with emerging technologies 
will greatly improve our ability to address avian conservation challenges in the future. 
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Resource selection functions (RSFs) and step selection functions (SSFs) are commonly used 
to estimate animal-habitat associations. RSFs directly link the utilisation distribution of the 
animal (or population) to the distributions of some environmental variables, whereas SSFs 
model the local effect of such variables on the displacements of an animal. Because they 
incorporate a spatio-temporal dependence between the observed locations, SSFs are 
increasingly popular to estimate local habitat preference from animal telemetry data. 
However, it has been shown that the equilibrium distribution of a SSF model is not the 
utilisation distribution of the animal. Thus, SSFs cannot be used to predict global space use, 
which poses a serious challenge for their interpretation. 
 
We propose a new approach, based on an analogy between the movements of an animal in 
geographical space and the movements of a Markov chain Monte Carlo (MCMC) sampler in 
its parameter space. By construction, a MCMC algorithm defines movement rules which, in 
the long term, give rise to a given target distribution. Choosing the target distribution to be 
the utilisation distribution, we can then model both the animal's movement and its long-term 
space use. This framework combines the strengths of RSF and SSF models. 
 
I will describe a wide family of MCMC algorithms which capture important features of real 
animal movement and habitat selection. I will explain how this approach can be used to 
simultaneously estimate parameters of the movement process and of the utilisation 
distribution, and will illustrate the method using simulations and real data. 
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Canonical analysis of principle coordinates (PCOs) is a popular distance-based  
technique for relating species assemblage data to environmental data. The canonical 
analysis applies appropriate linear multivariate methods to relate the PCO vector at each site 
to the environmental variables at that site. It is shown here that this type of linear analysis 
can be used to fit semiparametric nonlinear environmental gradients by using a canonical 
correlation analysis between PCOs and an environmental spline-basis. This methodology is 
applied to an example where community structure changes with habitat maturity, and to a 
second example where community structure is altered by a habitat transition. Sequential 
biplots are developed to aid in the interpretation of the nonlinear gradient. This approach is 
simple and fast, requiring just three lines of computer code. 
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Growth is an important, but under-studied, component of demography in wild populations. 
This is especially true within animals that display indeterminate growth, including most 
ectothermic fish, amphibians, and reptiles. In these animals, rate of growth and asymptotic 
size can determine age of first reproduction, age-dependent fecundity, and survival. 
However, measuring growth in wild populations is difficult. It requires measuring individuals 
repeatedly across time and rate of growth varies by age, which is unknown in most cases. 
Thus, despite its demographic importance, studies of growth in wild populations are much 
rarer than for other demographic components such as fecundity and survival.  
 
I developed a joint estimator to simultaneously estimate growth and survival using mark-
recapture data. Growth is modeled using a standard von Bertalanffy growth function that 
allows for individual variation in rate of growth and asymptotic size. The growth function does 
not require age to be known. It instead includes age-at-first-capture as an estimated 
parameter. This is combined with a mark-recapture estimator to estimate age-dependent 
survival, where age-at-first-capture is a shared parameter in the formulation of the two 
likelihoods. As a case study, I show how the estimator can be used to estimate rates of 
demographic senescence for painted turtles using a long-term mark recapture data set where 
true age is unknown for the majority of animals in the population. Models were fit using MCMC 
using JAGS. Among different functional forms considered, the best fitting model for survival 
was a Gompertz function truncated to begin at 6 years of age and including a Makeham 
adjustment. Both male and female turtles showed a significant amount of individual variation 
in both growth rate and eventual size. Mortality rates increased with age, but at a rate much 
slower than typical of other vertebrate populations. Estimates were more precise than 
previous estimates using an estimator that does not account for growth and size for females. 
In the case of male turtles allowed us to recover estimates of age-dependent survival, which 
was not possible using the estimator that did not include growth. This demonstrates the utility 
of the joint estimator approach for improving our understanding of aging in wild populations. 
Other extensions, including the ability to estimate life-history trade-offs and improve 
estimates of recruitment using similar approaches will be discussed.  
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Two-stage models of animal distribution can be used to estimate a correction for detectability 

before fitting a spatial model. A criticism of these models is that variance from the two stages 

of the model is not correctly included in final uncertainty estimates. Here we investigate a 

two-stage modelling approach where first detectability is addressed using distance sampling 

approaches, and a generalized additive model (GAM) is then used to build a spatial model of 

distribution as a function of environmental covariates (known as a density surface model; 

DSM). We show how to formulate a DSM so that the uncertainty in detection probability is 

captured as an additional random effect in the GAM, this random effect acts as a quadratic 

approximation to the detection probability centred at the point estimate of detectability, 

effectively fitting the detection function at the same time as the spatial model. We also 

propose a new model to account for spatial variation in group size, when group size also 

affects detectability, and show how the new formulation captures the uncertainty in this new 

model. We illustrate these models using line transect survey data of minke whales and 

harbour porpoise from the SCANS-II survey in northern Europe. 
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The balance between economic growth and wildlife conservation is of critical concern for 
many governments as anthropogenic activities may risk the persistence of wildlife 
populations. Assessment of population level impacts requires continued appraisal of how 
uncertainty is addressed in theoretical approaches. Population Viability Analysis (PVA) is a 
commonly applied tool to investigate population vulnerability, but outcomes of PVA are highly 
sensitive to assumptions about density-dependence and immigration rates. Current practice 
in assessments is to use unrealistic but precautionary models that assume no density-
dependence and no immigration. Parameter uncertainty can inflate or underestimate 
outcomes. If it were possible to quantify, using empirical data, the range of this uncertainty 
there would be an associated increase in precision in PVA.  
 
Using Bayesian state-space models fitted to population time series from three seabird 
populations selected for their diverse life histories, we first quantified the extent to which their 
dynamics are driven by environmental stochasticity and density dependence. The posteriors 
of our models were used to define plausible ranges for the strength of intrinsic and extrinsic 
regulation for each study species.  
 
The widespread but simplistic assessment tool Potential Biological Removal (PBR), applied 
along a sliding scale of precaution, was used to determine different levels of anthropogenic 
mortality on each of the three study species. Using our fitted state-space models, we 
conducted an exhaustive PVA across the entire space of credible scenarios for intrinsic and 
extrinsic population regulation. Populations were first modelled as a closed system and then 
as a re-seeded system that prevented permanent extinction, introducing a theoretical rescue 
effect.  
 
Population change after application of additional mortality highlighted vulnerability of decline 
in populations exposed to higher density-dependence strength and higher environmental 
variation. Declines were greater under closed population scenarios, compared to more 
realistic scenarios where populations were re-seeded by immigration. Identifying vulnerability 
of populations under empirically derived ranges of intrinsic and extrinsic regulation 
realistically identifies conditions that exacerbate risk, reducing uncertainty. The resulting 
comparison between the closed versus re-seeded models showed a large divergence in 
outcomes, indicating that current practice of employing models lacking density-dependence 
or immigration is inadvisable. Population impact assessments should seek to explore the 
uncertainty around population dynamics to avoid minimal or over-precaution and misleading 
predictions. 
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Improvements in tracking technology mean that it is now often possible to monitor the 
movements of several individual animals in a wild population simultaneously, using GPS tags 
or collars, or similar devices. This creates exciting opportunities to learn about the way in 
which animals interact, and so improve our understanding of social structure, reproductive 
behaviour, potential transmission of disease, etc. Currently, however, these opportunities are 
largely unexploited, as typically the analysis of movement data is carried out separately for 
each animal. Existing models of collective movement are largely theoretical and are generally 
not directly fitted to real data. 
 
Moreover, animal movement modelling is typically carried out in discrete time, despite 
limitations with how discrete time models account for missing or irregularly recorded data. 
Continuous time models on the other hand do not have such problems and are not limited by 
the particular time intervals of a movement dataset (Langrock et al., 2012). 
 
This talk will present the continuous time approach being developed to realistically model the 
ways in which animals influence each other’s movement and the statistical methods to fit 
these models to data. That is, the movement of each animal is modelled as an Ornstein 
Uhlenbeck diffusion process with continuous time behavioural switching. The approach uses 
a combination of Markov chain Monte Carlo (Niu, Blackwell and Skarin, 2016) and Kalman 
filtering to carry out the inference. 
 
A dataset of wild boar movement collected by the National Wildlife Management Centre 
(NWMC), part of the UK government’s Animal and Plant Health Agency, is used to illustrate 
an application of the methods developed. As well as the general scientific interest, 
understanding wild boar behaviour is important because of the need to monitor and control 
their wild population. 
 
References: 
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Niu, M., Blackwell, P. G. and Skarin, A. (2016) ‘Modeling interdependent animal movement 
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One of the most striking evolutionary developments in the history of life on Earth was the 
invention of large, complex organisms.  This invention is captured in the fossil record by the 
sudden appearance of immobile Ediacaran macro-fossils ~580 million years ago. The 
anatomy of these Ediacaran organisms is fundamentally different from that found at other 
time periods, making it difficult to resolve their phylogenetic relationships or ecology (Liu et 
al. 2015).  However, their preservation in large in-situ bedding-plane populations means that 
their spatial positions reflect the biological and ecological processes that they were subject 
to in life.  As a result, statistical analyses can reveal key insights into the ecological dynamics 
of these early communities (Mitchell et al. 2015; Mitchell and Butterfield 2018).  
 
The ‘E’ surface at Mistaken Point, Newfoundland, Canada and Bed B in Charnwood Forest, 
UK (~565 million years old), host two of the most abundant and diverse Ediacaran 
communities known.  While there are similarities in community composition (Wilby et al. 
2011), the Charnwood Forest community has a conspicuously higher abundance of very 
large specimens coinciding with the more extensive population of smaller individuals.  We 
used spatial point process analyses to identify inter-specific interaction networks of these 
communities.  Species networks were compared to size networks to assess the extent to 
which these Ediacaran communities are size-structured, and the effect that the Charnwood 
Forest giants had on the rest of the community. These analyses illuminate the impact of body 
size on these first communities of macroscopic organisms. 
 
References: 
Liu, A. G., Kenchington, C. G., & Mitchell, E. G. (2015). Remarkable insights into the 
paleoecology of the Avalonian Ediacaran macrobiota. Gondwana Research, 27(4), 1355-
1380. 
Mitchell, E. G., Kenchington, C. G., Liu, A. G., Matthews, J. J., & Butterfield, N. J. (2015). 
Reconstructing the reproductive mode of an Ediacaran macro-organism. Nature, 524(7565), 
343-346. 
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Mistaken Point. Paleobiology. In press. 
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Recent advances in joint species distribution modelling have enabled researchers to move 
from species-level analyses to community-level analyses, leading to more efficient and 
ecologically informative use of data. Here we propose joint species movement modelling 
(JSMM) as an analogous approach that enables one to infer both species- and community-
level movement parameters from multi-species movement data. The species-level movement 
parameters are modelled as a function of species traits and their phylogenetic relationships, 
allowing to estimate how species traits influence movements, and whether phylogenetically 
related species are similar in their movement patterns. We illustrate the performance of the 
modelling framework with bird movement data in a heterogeneous landscape in Brazil. The 
movement data are based on binocular observations of birds moving within a 600 x 600 m 
landscape, which we divided into a regular 10 x 10 m grid with 3600 cells. We model the 
movement of birds going from cell to cell as a function of distance from current cell and habitat 
features of potential destinations. Species-level movement parameters are assumed to be 
sampled from a multivariate normal distribution whose expected values are obtained from a 
linear regression of species’ traits such as body size and diet preferences. The variance-
covariance of the multivariate normal (which needs to be estimated), models the species-
specific deviations around the expectation based on species traits and the strength of the 
phylogenetic signal. To fit the model to the data, we developed a Markov chain Monte Carlo 
scheme. As expected, the JSMM approach reduced the uncertainty around species-specific 
movement parameters especially for those species with limited data. At the community level, 
we found both specialisation to forest habitats as well as movement distances to be greatest 
for large birds and for frugivorous birds. Our results show that JSMM provides an efficient 
framework for analysing multi-species movement data, facilitating a synthetic understanding 
of the causes and consequences of variation in movement behaviour across species. 
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The way in which animals move is of fundamental importance in ecology. The study and 
analysis of animal movement can be framed as state-space models, allowing to contemplate 
both the process of intrinsic movement of the animal and the observation process. Several 
models have been proposed which differ primarily in the temporal conceptualization of the 
movement process, namely continuous and discrete time formulations. 
 
The continuous-time approach has the advantage that the inference analysis is (in principle) 
not affected by the choice of scale of observation. In addition, these kinds of models tend to 
be computationally efficient. In contrast, discrete-time models describe movement as a series 
of steps and turns (or movement directions) that are performed at regular occasions. These 
models are often viewed as more intuitive and interpretable than the continuous ones. It is 
easier to conceptualize the movement process as a series of steps and turns sampled from 
particular distributions than to deal with partial differential equations. However, animal 
movement occurs in continuous time but we observe it at fixed time intervals. 
 
As a compromise between the interpretability of models based on steps and turns and the 
realism of continuous time models, we use a random walk where movement decisions (steps 
and turns) are made in continuous time. The movement process is then observed at regular 
time intervals. Defining the likelihood function of such model is problematic because several 
or no directional changes could occur between observations. However, we show that under 
certain conditions it is possible to fit this model using likelihood free methods such as 
Approximate Bayesian Computation and synthetic likelihood. The applicability of these 
methods depends critically on the ratio between the temporal scale of the observation 
process and the mean time between changes of movement direction. Roughly, values 
between 0.3 and 3 of this ratio generate scenarios where it is possible to make inference 
using likelihood free methods. Further studies are needed to explore the possibility of using 
these methods for more realistic movement models, for example including changes in 
behaviour. 
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The relationship between flammability and time since fire modulates feedback mechanisms 
between fire and vegetation which in turn give ecosystems different resilience to climatic 
variability and fire regime shifts. Fire frequency analysis (or survival analysis), give us a 
framework to assess changes the flammability of landscapes along post-fire age. In these 
analysis, fire intervals are employed to fit distributions from which a flammability function can 
be derived describing the chance of burning with increasing time since fire. Originally, the 
flammability function was derived from a Weibull distribution following the idea that 
flammability would either increase exponentially with time or remain constant. But, there are 
other distributions that describe relationships among flammability and time since fire that are 
biologically more plausible. For example, distributions where flammability increases with time 
since fire up to an asymptote or where it initially increases but then decreases. One important 
assumption of these analysis is that aging elements are part of the same statistical 
population, meaning that the landscape is composed of the same vegetation type that 
changes its flammability as it ages. In heterogeneous landscapes displaying alternative 
stable states this assumption is not met, as different states are dominated by different 
vegetation types that may have contrasting age-flammability relationships. Thus, in these 
landscapes the derived flammability function cannot be attributed to a given vegetation type 
(or state), it will either represent the most abundant vegetation type, the vegetation that 
dominates the fire regime, or may be an average of both. Our main objective was to fit 
flammability functions to landscapes of NW Patagonia composed by alternative stable states: 
pyrophytic shrublands with heliophyllous fast-growing species which produce a rapid fuel 
buildup due to their sometimes multi-stemmed architecture, and pyrophobic forests 
dominated by colonizer, fire-sensitive species that create closed canopies with moist and 
dark understories as they age. 
 
Using a Bayesian approach, we fitted fire interval distributions to landscapes composed of 
different proportions of shrublands and forests using censored and not censored data. 
Moreover, to evaluate the ability of survival analysis to detect the flammability functions in 
landscapes with alternative states, we fitted fire interval distributions to fire histories simulated 
in landscapes with different proportions of pyrophobic and pyrophytic vegetation types and 
different fire frequencies with known flammability functions. Our results show that in 
heterogeneous landscapes the pyrophytic vegetation determines the relationship between 
flammability and time since fire even when it is not abundant in the landscape. When the 
landscape had shrublands of heliophilous fast-growing species, flammability increased with 
time since fire, whereas only when it was almost exclusively dominated by closed-canopied 
forests flammability increased the first decades after fire and then decreased. This suggests 
that when landscapes are heterogeneous the pyrophytic vegetation dominates de fire regime 
regardless of its abundance and, that the pyrophobic vegetation’s flammability is in 
consequence overestimated.  
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The way frugivores move and which species they select to forage determines the composition 
and spatial configuration of the seed rain, which may have long-standing consequences for 
plant communities. Usually, many species are involved in the seed dispersal of plants and it 
is important to characterize their behaviour. This is a challenge because often we do not have 
sufficient data on all the fruit-eating species in a local community. To overcome such 
difficulties, we combined the recently proposed joint species movement modelling framework 
(JSMM) with an agent based model. By means of JSMM we estimated frugivorous species 
decision parameters integrating information at the community level. In particular, we 
assessed how the characteristics of frugivores affected their movement and foraging 
decisions and quantified similarities due to phylogenetic relatedness. This approach allowed 
us to infer frugivorous decisions at the community-level in tropical and temperate forest 
communities. Subsequently, we used the fitted model to simulate bird movement and 
foraging in spatially-explicit landscapes. To evaluate the performance of our model, we 
compared predicted values of plant-animal interactions, flight distances, and seed rain 
composition to those of field data. 
 
Our results show that frugivores decide where to move based on travel costs and fruit reward 
(number of fruits and type). Movement decisions are modulated by species traits, mainly body 
size. In contrast, fruit choice does not seem to follow a consistent pattern among species and 
-in our model- was governed by species’ phylogeny rather than traits. Finally, our work shows 
that the role of frugivorous species in structuring the early regenerating community emerges 
from the interplay among mobility, fruit choice behaviour, and the composition of plant 
communities.  
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The size of most populations of species with birth pulse life-cycles varies both within a 
breeding season and between seasons. However, the  majority of population dynamics 
models ignore the former and assume that a population can be characterized adequately by 
a single number within a season, viz abundance, perhaps stratified in some useful way, such 
as by age. However, many cases exist where there is simply too much within-season 
dynamics, so that  the short-term dynamics cannot be ignored when modelling the longer-
term dynamics between seasons. Typical examples are insect populations or migratory 
animals at stopover sites.  
  
Several models for only the within-season dynamics have explained the numbers at any 
given point in time as a function of total population size in a season and parameters for the 
mean and the spread of arrival and for survival. There are numerous models for only 
between-season dynamics, such as matrix projection models. However, hardly any model 
has combined dynamics at both temporal scales. One notable exception is the class of 
models of Dennis et al (2016)  for population dynamics in butterflies. They allow multiple 
generations per season, but assume a generation time that is less than 1 year.  
Here we extend these models in two ways: we adapt them for a generation time that is  longer 
than 1 year and we fit them as an integrated population model (IPM) for several data types, 
by maximizing a joint likelihood for multiple time-series of population counts of unmarked 
individuals and time-series of capture-recapture data from a smaller sample of sites with 
marked individuals. The additional information introduced  by the latter data type makes our 
population model more robust and in addition enables true, rather than relative, abundance 
to be estimated. 
  
We analyse data resulting from a study of the rare and endangered flightless 
beetle Iberodorcadion fuliginator in 17 populations in the Upper Rhine Valley (France, 
Germany, Switzerland) between 1998-2016, with a 2-year life cycle. In particular we fit a 
dynamic stop-over model which allows the estimation of survival and phenology parameters, 
as well as productivity, and demonstrate how productivity is affected by temperature. Model 
fitting and comparison are done using standard tools of classical statistics, and efficiency 
follows from adopting  a concentrated  likelihood approach. 
  
We believe that the main interest in our work is the focus on the two temporal scales at which 
perhaps most animal populations vary: in the short-term, a population is seldom ever truly 
closed even within a season, and in the long term (between seasons) it never is. 
Hence models such as ours may serve as a template for a very general description of 
population dynamics in many species. 
 
References: 
 Dennis, E. B.,  Morgan, B. J. T.,  Freeman, S. N.,  Roy, D. B. and Brereton, T. (2016) 
Dynamic models for longitudinal butterfly data. Journal of Agricultural, Biological and 
Environmental Statistics, 21, 1-21. 
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Species richness and community turnover are two commonly used metrics for prioritizing land 
for conservation efforts and evaluating impacts of management actions or disturbances. 
Hierarchical occupancy models have historically been used to estimate species richness, 
which can then be used to infer community turnover. Recent advances in single-species 
occupancy modeling can account for false positive detections, however, these advances 
have not been incorporated into community models. We investigate a special case of 
misidentification where pairs of species present in a community are likely to be confused with 
one another. This scenario is common where pairs of species with similar morphology (e.g., 
cryptic life stages) or vocalizations (e.g., similar echolocation patterns) are present at a single 
site. Accordingly, we developed a multi-species occupancy model that accounts for pairwise 
misclassification of species by utilizing a subset of confirmatory data where species can be 
identified without error. We evaluated the model using both simulated data and a case study 
of a larval amphibian community where certain pairs of species are difficult to differentiate as 
tadpoles. Our model outperforms classical hierarchical community models that ignore 
misclassification error, and yields unbiased estimates of species richness. Our work will be 
relevant to monitoring and research programs seeking to quantify species richness and 
identify the environmental drivers that structure ecological communities. 
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An important role of statistical ecology is to develop our understanding of animal behaviour, 
improving our ability to evaluate animal responses to climate and anthropogenic change. 
Such assessments are relevant in aquatic ecology where choice flume experiments are 
increasingly used to determine species’ preference or avoidance of water with specific 
chemical properties. However, associated statistical methods that can account for stochastic 
movements of animal groups through time and concurrent dynamic changes in water 
chemistry are lacking. 
 
Here, we develop and apply a model to a choice flume experiment designed to assess the 
preference or avoidance response of seabass (Dicentrarchus labrax) to chlorinated seawater. 
A series of eight trials were performed where chlorine produced oxidant levels were 
measured at intervals (as the total residual oxidants, TRO) during each trial. 
 
Using an inhomogeneous continuous-time Markov Chain, we modelled the movement of 
seabass between the chlorinated and untreated chambers, applying a stochastic process to 
describe the chlorine level over time. We fit our model to records of fish numbers in the dosed 
chamber using Bayesian methods, adopting a mixed-effects modelling approach to account 
for differences between trials. 
 
Our model allows us to calculate the probability of seabass avoiding chlorine dosed seawater 
and, simultaneously describe their shoaling behaviour during the experimental period. 
Moreover, the application of our method not only overcomes the need to track individuals but 
also circumvents temporal autocorrelation and any violations of independence that might 
arise. Thus, our model surpasses current recommended methods in preference/avoidance 
studies that largely ignore group-level dynamics and fluctuating chemistry. 
 
We thank EDF Energy for funding the BEEMS project and Colin Taylor and Stephen Roast 
for supporting this work programme and for their advice and input to the studies 
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Oral - Student Competition 
 

Mark-recapture data are frequently used to estimate animal survival in wildlife studies. In 
some cases – particularly when populations are subject to harvest – such data is extended 
by including not only live recaptures but also dead recoveries of marked individuals. For the 
latter, it is often possible to determine the cause of dead, and making distinctions between, 
for example, individuals dying from natural causes as opposed to harvest or other human-
related interference. Despite that, traditional approaches to the modeling of mark-recapture-
recovery (CMRR) data estimate overall survival, lumping together various sources of 
mortality. The usefulness of this overall survival may be limited in cases where one is 
interested in the proximate causes for changes in survival and, consequently, population 
dynamics, and when there are differences in the susceptibility of individuals to the risks of 
dying from different causes. In recent advances, multistate mark-recapture models have been 
used to account for cause-specific mortality by estimating transition probabilities of individuals 
in “alive” states to various “dead due to cause X” states. The transition probabilities thus 
represent cause-specific mortality probabilities. As the risks of dying from different causes 
are competing, however, different mortality probabilities are intrinsically linked, making it 
difficult to draw conclusions about drivers and covariates of each one separately, but also 
about the relationship between the two (e.g. additive versus compensatory mortality). We 
here present how to circumvent this problem by parameterising the cause-specific CMRR 
model with mortality hazard rates instead of probabilities, and highlight the advantages of 
doing so. We then apply an extended version of the re-parameterised model to a unique 50-
year time series of harvested Brown trout to quantify size-dependent mortality due to natural 
causes, recreational fishing and passage of a large dam built for hydroelectrical power 
production.  
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Common approaches in spatial epidemiology are based on the use of empirical-models of 
the relationships between environmental predictors and disease incidence rate. This can be 
observed either via localised active surveys or via passive case surveillance collated at health 
centres. By measuring multiple aspects of a disease’s spread and their drivers, active 
sampling generally achieves deep monitoring with high levels of explanatory power, but it is 
unlikely to provide large-scale extrapolations to areas where covariates are not directly 
measurable. Passive case detection commonly allow data collection across a broader spatial 
extent, promising the generation of wide-ranging spatial predictions, but with limited 
explanatory power, due to the lack of detailed aspects of the disease and its covariates. Here, 
we aimed at achieving the best of both worlds by developing an analytical framework capable 
of dealing with these two types of data simultaneously. 
 
We developed a Bayesian latent point approach, incorporating a combination of active data 
collection in some points, where the all covariates were measured, and passive cases 
detection, where an important covariate (insecticide resistance) was unavailable. Our two 
main aims were to test how well our model reconstructed the underlying simulated effects of 
data on incidence and the latent distribution of insecticide resistance. We validated our 
approach on a wide range of synthetic but realistic dataset, by generating some hypothetical 
scenarios of reported malaria incidence as a combination of both an ecological process 
(malaria infection cases as a function of some environmental covariates, including insecticide 
resistance in mosquitoes) and an observation process (probability of people reporting malaria 
cases as a function of their distance from health centres). 
 
Our results showed that models considering active sampling sites only, generally succeeded 
in describing the biological relationships between the environmental predictors and malaria 
incidence but failed to generate full predictions of incidence in space. Using passive detection 
data only, we obtained similar results and we were also able to estimate the probability of 
reporting and generate full predictions of incidence in space, but we couldn’t infer the latent 
variable. When jointly considering active and passive cases as response data, we obtained 
the best estimate of coefficients describing the biological and the observation processes, 
together with full spatial prediction of both incidence and the latent variable of insecticide 
resistance. 
 
We provide a simple solution to a widespread problem in spatial epidemiology, combining 
latent process modelling and spatially autoregressive modelling. The strength of our 
analytical approach lies in its ability to use these solutions in a fully integrated framework, so 
that different parts of the model can glean information from different (and sometimes 
ostensibly unrelated) types of data. By combining active sampling and passive case 
detections in a complementary way, we achieved the best-of-both-worlds, as an effective 
calibration of spatially extensive data by some localised high-quality data. 
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The growing scope of human impacts on the ocean has resulted in a need to expand research 
from coastal to offshore species and regions. While a great deal of research has been done 
on coastal dolphin populations around the world, 47% of delphinid species are considered 
data deficient by ICUN. Given large heterogeneity in encounter rate and group size (i.e., 
hundreds of individuals) of pelagic dolphins, there is low power to detect declines in even the 
best studied stocks of pelagic dolphins in waters under US jurisdiction.  
 
Sublethal effects of human activities on these abundant species tend to be poorly handled in 
management, but abundance and widespread distribution make these species exposed 
frequently to noise-generating activities offshore. Project iPOD (Iterative PCoD for Oceanic 
Dolphins) took advantage of a sparse, but long-term (26-year) photo-ID data set of Pacific 
white-sided dolphins to better understand the effects that anthropogenic activities may have 
on pelagic dolphins. The capture-recapture data set provided us with new, empirical 
estimates of the population’s vital rates, and allowed us to investigate a link between 
interannual variability in adult survival and the density of three candidate prey species. These 
results were used in the Population Consequences of Disturbance (PCoD) framework to 
explore the potential impact of reduced foraging opportunities on the population’s dynamics.  
 
We collected scan sample data of the dolphins’ activity state while the research vessel’s 
engine was turned off and on for 15 min blocks. This allowed us to use Markov chains to 
estimate the transition probabilities between behaviors, especially foraging, in the presence 
and absence of the noise from the research boat. In parallel, effects of disturbance on 
foraging were inferred from echolocation click trains recorded from C-PODs. One of the goals 
of this study was to investigate the effectiveness of the C-PODs for this purpose, which we 
found to be limiting given difficulties in differentiating between different broadband 
echolocation clicks of dolphins and killer whales, and between the depth sounder of a boat 
and the narrow-band echolocation clicks of porpoise. This left us with the scan sampling data 
to determine the transition probabilities in the presence and absence of human activities. Our 
other goal was to re-examine the use of Markov chains in the analysis of behavioral response 
data, which was made popular in the marine mammal literature by Lusseau (2003). While 
many aspects of Markov chain analyses have remained the same, there have been more 
recent developments, which would be advantageous to introduce to the ecological literature.  
 
References: 
Lusseau, D. 2003. Effects of tour boats on the behavior of bottlenose dolphins: Using Markov 
chains to model anthropogenic impacts. Conservation Biology, 17:1785-1793. 
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Long-term monitoring designs range between never revisiting a sample site to always 
revisiting a sample site, with compromise designs that retain some sites and drop others, 
such as rotating panel and split panel designs. While there are general rules for selecting one 
design over another depending upon the inference objective, it would be convenient to have 
a relatively simple quantitative procedure for comparing the performance of designs.  An 
elementary, but flexible, time series model for observations, where the strength of 
correlations can be readily manipulated, has been constructed for that purpose.  Maximum 
likelihood estimates of either average population values in the case of a relative stable 
population or population trend parameters in the case of a growing or declining population 
are easily calculated. 
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Data, collected by citizens, are becoming an increasingly important source of information 
within the analysis of species abundances. One of the pitfalls in modeling crowd-sourced 
data, is that they typically suffer from problems such as incompleteness and non-random 
sampling designs. Preferential sampling points to the scenario, in which the choice of 
sampling locations and the spatial process of interest are stochastically dependent, e.g., 
when data collectors visit places where they are more likely to find specific outcomes. In the 
province of Limburg (Belgium), LIKONA (Environmental Study Group Limburg) is the 
umbrella organization of volunteers observing and studying the biodiversity in the province. 
They have been collecting data since 1960, which can play an important role in assessing 
the effect of global change on species distributions within Limburg. However, a lot of data 
collection has been undertaken without a randomized sampling plan and choices of sampling 
locations have most likely been driven by preference. 
 
Diggle et al. (2010) proposed a shared latent process model to adjust for bias due to 
preferential sampling. At the first stage, the outcomes are modeled as a function of a spatial 
stationary Gaussian process, allowing for a geographical trend. At the second stage, the 
sampling process is modeled using a log Gaussian Cox process, with the spatial process 
included as a spatially varying predictor. Pati et al. (2011) proposed a model related to the 
previous model, in which the intensity is first modeled using an underlying spatial process, 
which is then included in the model for the outcome variable next to an additional spatial 
random-effects term. 
 
Both models are relatively straight-forward to apply in the analysis of species abundances, 
but note that they assume the dependence between the outcome – the species abundance - 
and the sampling process to be the same at every location. However, in practice, the 
sampling process can be different for different sub-regions, and different observations might 
be collected in a different way (e.g. some volunteers collect data at random locations, 
whereas other volunteers collect data at preferred locations). In this study, an extension of 
the previous models is presented to allow an interaction between the intensity of sampling 
and the location. This interaction model is applied to LIKONA invertebrate data and simulated 
examples. It is shown that the interaction model provides a method to correctly model 
geostatistical data that were sampled preferentially, but with intensities that change 
throughout the map. 
 
References:  
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Fish stock assessment is a field where the combination of large non-linear (mixed) models 
and the need to provide answers has always forced the model developers to push the limits 
of existing statistical methods and to develop new ones. Increasingly state-space models are 
used in place of full parametric or (semi-) deterministic procedures. With this update in model 
paradigm, it is important to evaluate if the standard set of model validation techniques need 
to be updated as well. 
 
The standard model validation techniques for assessment models include simple (Pearson 
or raw) residual analysis, leave-fleet-out consistency check, retrospective consistency check, 
and simulation studies. 
 
For state-space assessment models, the standard validation techniques remain useful, but 
the simple residuals should be replaced by one-observation-ahead prediction residuals 
(Thygesen et al, 2017). Further, the set of standard validation techniques should be extended 
to include single-joint-sample process residuals (Thygesen et al, 2017) and a validation of 
the Laplace approximation (Kristensen et al, 2016). Finally, it should be validated that the 
short term predictions are as accurate as the model suggests. 
All of these validation techniques will be illustrated in the context of full fish stock assessment 
models, but are equally relevant to state-space models in other applied fields.  
 
References: 
Kristensen K., Nielsen, A., Berg, C.W., Skaug, H.J and Bell, B. 2016. TMB: Automatic 
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In many studies in community ecology, multivariate abundance data are often collected. Such 
data are characterized by two main features. First, the data are high-dimensional in that the 
number of species often exceeds the number of sites. Second, the data almost always cannot 
be suitably transformed to be normally distributed. Instead, the most common types of 
responses recorded include presence-absence records, overdispersed species counts, 
biomass, and heavily discretized percent cover data. One promising approach for modelling 
data described above is generalized linear latent variable models. By extending the standard 
generalized linear modelling framework to include latent variables, we can account for 
covariation between species not accounted for by the predictors, species interactions and 
correlations driven by missing covariates. 
 
The main challenge with using GLLVMs is computationally efficient estimation and inference. 
Since the responses are not normally distributed and the marginal likelihood involves 
integrating out the unknown latent variables, the likelihood does not possess a closed form. 
However, the most well-known methods for overcoming this issue like Gauss-Hermite 
quadrature, Expectation Maximization method and Bayesian Markov Chain Monte Carlo 
estimation are computationally very intensive, especially with multiple latent variables or with 
large number of responses. We show how estimation and inference for the considered 
models can be performed efficiently using either the Laplace (Niku et al., 2017) or the 
variational approximation method (Hui et al., 2017) implemented using R package TMB. We 
use simulations to study the finite-sample properties of the two approaches. Examples are 
used to illustrate the methods. An R package gllvm for fitting the models is also introduced. 
 
References: 
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The ecology and evolution of any pathogen is always notably influenced by the availability 
and dynamics of its host. Thus knowing the relevant landscape and the transmission barriers- 
and highways it induces is a prerequisite for good epidemiological inferences. In our study, a 
densely sampled longitudinal genomic dataset is analyzed in order to assess the features 
driving spatio-temporal diversity- and transmission dynamics of a fungal plant pathogen, 
Podosphaera plantaginis, in the natural metapopulation it occurs in. We utilize modern 
Baysian inference techniques and a tiny bit of graph theory to show how the road network 
governs the spread of this wind-dispersing pathogen, a result which consistently holds both 
when analysing either the year-to-year transmission dynamics, or the spatial distribution of 
pathogen genotypes. Our study represents an elegant example of epidemics on networks, 
as the transmission network is actually known, and reveals the use of statistical inference 
tools that can handle complex spatial dependency structures and large datasets. 
Simultaneously, we gain biological insights as we now can better explain the pathogen 
diversity hotspots, as well as its dispersal potential and the recent increase in its prevalence.  
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Recent developments in analysing passive acoustic monitoring data have demonstrated that 
various methods for estimating abundance from visual data can be extended to be applicable 
to acoustic data. These include distance sampling (DS) and spatially explicit capture 
recapture (SECR). For acoustic data, additional challenges exist in that we typically do not 
detect individual animals or groups of animals but the cues (sounds) that the animals 
produce. Furthermore, determining the location of the detected animals using acoustic data 
is often difficult and in some cases, impossible. Distance sampling methods, for example, 
rely on accurate measurements of the distance between the animals producing the cues and 
the detector. SECR relies on being able to detect the same cues on more than one detector 
and matching them between detectors. Here we summarise various methods available 
including direct census, DS (using estimated distances from triangulation), and SECR, and 
compare the performance of these methods applied to bowhead whale call data collected 
with Directional Autonomous Seafloor Acoustic Recorders (DASARs) in the Beaufort Sea. 
 
We analysed whale call data from five sites with 3–13 acoustic sensors each spanning eight 
years with the three methods. A comparison of 40 site-year combinations revealed that in 
some cases results were similar between analysis methods while in other cases they differed. 
To determine which method provided the more accurate result we conducted a simulation 
study in which we assessed what type of error may have caused the bias. We investigated 
the effects of false positives and false negatives, disassociation of individual calls detected 
on multiple detectors, clumping of calls detected on one or more detectors, uneven 
distribution of calls within the detection range, heterogeneity in detection probabilities, fitting 
the wrong detection model and error in the distance measurement between calls and 
detectors. 
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Analysing the spatial synchrony in the dynamics of several populations allows for separating 
out the factors susceptible to synchronize the dynamics of large groups of populations from 
those that affect populations more locally.  
 
We investigate the drivers and mechanisms that could explain the widespread decline in 
abundance of Atlantic salmon (Salmo salar) populations observed in the North Atlantic Ocean 
over the last four decades. Specifically, we investigate the mechanisms that can affect A. 
salmon populations during their marine migrations and susceptible to synchronize large 
groups of populations over a wide spatial scale.  
 
We developed a hierarchical Bayesian life cycle model for the collective analysis of the 
dynamics of all 13 A. salmon stock units (SU) from the North American (NA) and Southern 
European (SE) continental stock groupings (CSG) over the period 1971-2014. The model is 
designed for estimating time series of two key parameters associated with the marine phase 
of the life cycle: (i) the marine survival during the first summer-autumn spent at sea; and (ii) 
the proportion of fish maturing the first winter at sea. Those time series are estimated for each 
of the 13 SU within multivariate hierarchical structures that allow for quantifying the 
covariation in a hierarchy of spatial scales between the two CSG and between any pairs of 
SU within each CSG. We also test for the influence of marine environmental conditions to 
explain those variations. Specifically, we use hierarchical decomposition of time series to 
quantify how much variance is explained by the Sea Surface Temperature (SST) (i) 
considered on space-time domains supposedly shared by all populations within the same 
CSG during their sea-migrations (common feeding grounds); and (ii) on domains where 
different populations are supposedly separated during their migrations.  
 
Results provide evidence of a decline in the marine survival together with an increase in the 
proportion of early maturing fish, common to all SU. The decomposition of the variance 
between spatial scales shows that the common trend shared by all SU of the two CSG 
explains 15% of the variance. When considered separately between the two CSG, common 
trends explains 50% of the variance, and residual specific trends for each SU explain the 
remaining 50% of the variability. Interestingly, variations in SST accounted for 40% of the 
time variations in survival for populations from the NA CSG, but only 1% for SE CSG.  
 
Our findings support the hypothesis of a response of salmon populations to large scale 
bottom-up environmentally driven changes in the North Atlantic susceptible to simultaneously 
impact several populations reproducing in distant continental habitats. Results also suggest 
that drivers and/or mechanisms could be different between NA and SE populations in relation 
to partially different migration routes at sea. 
 
Key words: Spatial covariation, hierarchical Bayesian model, stage-based life cycle model, 
marine survival, maturation probability, Atlantic salmon, environmentally driven changes, 
bottom-up, SST. 
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The main goal for long-term ecological monitoring is to describe the current status and trend 
of the subject being monitored. Since new data becomes available at regular intervals, the 
statistics need periodical updating. Automated analyses help to speed up the analysis and 
make it reproducible. 
 
The resulting statistics provide useful input for policy makers and other stakeholders. 
Sometimes the statistics mismatch the perceptions of the policy makers or stakeholders, 
which results in questions or even doubts on the statistics. Potential issues can be due to the 
monitoring design, the data analysis or even tampering of the results. Although everything 
stands or falls with the monitoring design, this is outside the scope of this talk. Computational 
reproducibility is the ability to redo exactly the same analysis with the original data. The 
original data and the code can be scrutinized by third parties for strange things or mistakes. 
Calculating "fingerprints" with cryptographic hashing functions and reporting these 
fingerprints alongside the statistics make it hard to tamper with the data and results. These 
measures help increase the credibility of the statistics. 
 
The R package n2kanalysis (https://github.com/inbo/n2kanalysis) provides a framework to 
create reproducible statistics. The goal was to support the reporting for the EU Habitat 
Directive and the EU Bird Directive. The package creates self-contained analysis objects 
which contains the raw data, the metadata and, when computed, the resulting model. The 
metadata include the definition of the selected raw data, the definition of the model, all used 
R packages with version information, the operating system, the file fingerprint, the status 
fingerprint, ... The file fingerprint is a SHA1 hash based on all parts which won't change during 
the analysis. The status fingerprint is a SHA1 hash based on the file fingerprint and all things 
that do change (e.g. the fitted model, status, ...). 
 
Every single step should be available as a script. This is required to automate the analysis 
and make it reproducible. Although a single script could do, we recommend to create R 
functions in a custom R package for more complex monitoring. It should be placed under a 
version control system like git. The data-sources itself are often not controlled by the data 
scientist. Therefore we convert the external data into a set of text files which are placed under 
version control. 
 
In case of multi-species monitoring, a similar model has to be fit for each species. While 
creating the objects doesn't require much CPU time, fitting the models potentially does. 
However, since each object is self-contained, it is easy to spread the workload over a large 
number of machines. We created a Docker image inbobmk/rn2k to simplify the set-up of such 
machines. Docker allows to spin up a virtual machine with all required dependencies fixed at 
a specific version. 
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Wild Atlantic salmon (Salmo salar) have experienced a long term decline in abundance over 
the last few decades, both across their range and in Scottish rivers. Good quality abundance 
estimates and effective management of fisheries are crucial in ensuring the sustainability of 
Atlantic salmon stocks. Stock recruitment relationships provide a valuable tool for the 
identification of density dependence in the population dynamics of the freshwater phase of 
the salmon life cycle and for the estimation of conservation limits that can be adopted by 
managers to safeguard against over exploitation. Whilst stock recruitment relationships 
provide the basis for fisheries management throughout much of the salmons range a variety 
of different model formulations have been used. 
 
We fit a range of stock recruitment models to data from a number of index rivers throughout 
Scotland. Time series of egg to egg relationships are constructed for each river, ranging in 
length from less than 10 years to over 40 years. Estimates of egg numbers are derived using 
information on sex ratio and fecundity together with abundance estimates from traps and fish 
counters. A Bayesian hierarchical framework is adopted to allow for partial pooling of data 
across rivers when estimating parameters of the models. We compare derived conservation 
limits from a range of classical two and three parameter models, incorporating P-splines to 
account for variability in stock recruitment relationship over time. We then use the model to 
transport conservation limits to data-poor rivers around Scotland by identifying key 
geographic covariates through cross validation. 
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A key question in community ecology is to identify and quantify those processes that 
determine the assembly and dynamics of species assemblages at different spatiotemporal 
scales. To facilitate the integration between conceptual and statistical approaches in 
community ecology and conservation biology, we have developed Hierarchical Modelling of 
Species Communities (HMSC) as a general, flexible framework for modern analysis of 
community data. HMSC belongs to the class of joint species distribution models, and it makes 
it possible to derive simultaneously species- and community level inference from data on 
species occurrences, environmental covariates, species traits, and phylogenetic 
relationships. HMSC applies to a wide variety of study designs, including hierarchical data, 
spatial data, temporal data, and spatio-temporal data. I describe the general HMSC 
framework and discuss with examples how it helps making more out of community ecological 
data. 
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Physiologically structured population models (PSPMs) allow the life histories of individuals 
and the resulting population dynamics to be modelled by linking the processes underpinning 
individual variation to resource competition. An important class of PSPMs is based on a 
dynamic energy budget (DEB) which outlines the relationship between an individual’s 
resource acquisition, growth, development, maintenance, and reproduction. By aggregating 
individuals through their competition for a shared resource, the DEB can be scaled up to the 
population process. Often, PSPMs are evaluated against data in an informal way by selecting 
‘reasonable’ parameters from literature and comparing observed patterns. Here, we aim to 
infer the parameters of the PSPM in a robust way, based on observations. Solving this inverse 
problem is challenging, and we approach this by implementing approximate Bayesian 
computation (ABC) to avoid the need to evaluate an explicit likelihood. We demonstrate this 
using observations and a DEB for the Soay sheep of St Kilda.  
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This talk covers the modelling of animal movement paths given observed GPS locations. With 
observations being in discrete time, mechanistic models of movement are often formulated 
as such. This popularity remains despite an inability to compare analyses through scale 
invariance and common problems handling irregularly timed observations. A natural solution 
is to formulate in continuous time, yet uptake of this has been slow, often excused by a 
difficulty in interpreting the `instantaneous' parameters associated with a continuous-time 
model. 
 
We will discuss the development of a continuous-time model with parameters similar to those 
of popular discrete-time models that use turning angles and step lengths. Movement is 
defined by a continuous-time, joint bearing and speed process, the parameters of which are 
dependent on a continuous-time behavioural switching process, thus creating a flexible class 
of movement models. Further, we allow for the observed locations derived from this process 
to have unknown error. MCMC inference is presented for parameters given irregular, noisy 
observations. The approach involves augmenting the observed locations with a 
reconstruction of the underlying continuous-time process. 
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Research questions involving the use of spatial and temporal (time series) data are common 
in ecology. The complex signals contained in these type of data are often hierarchically 
structured, meaning that they carry information at different temporal or spatial scales. For 
instance, time series signals may contain oscillations on several frequencies and satellite 
images may contain pixelwise variation, variation at the landscape level emerging from 
different human land uses, and larger scale gradients due to latitudinal variation in climatic 
conditions.  
 
Such structural complexity can be better analyzed and understood by decomposing the signal 
into scale-dependent components, and focusing on the variability patterns at each particular 
scale separately.  Importantly, in addition to analyzing these scales and the consequent 
scale-dependent variation, sizes of the features in the separate scales may carry important 
information on the patterns themselves, and for linking the observed pattern to the underlying 
processes. Hence, our goal is twofold: 1) decompose the signal into scale-dependent 
components 2) determine the characteristic scale of each extracted component. 
 
To achieve the first goal, we apply the scale space multiresolution analysis (Holmström et al, 
2011), that decomposes a signal into scale-dependent components using differences of 
smooths. That is, the scale-dependent components are extracted by subtracting a smooth 
with a higher smoothing level from a smooth with a lower smoothing level. The choice of the 
smoothing levels is crucial for proper extraction of the scale-dependent components. A 
subjective, judicious choice is one possibility. However, Pasanen et al. (2013) have 
developed an objective approach where the smoothing levels are selected by an optimization 
algorithm using the local minima of the norm of the ‘scale-derivative’ that refers to the 
derivative of the smooth of the signal with respect to the logarithm of the smoothing level.  
 
For the second goal, we propose a novel method where the characteristic scale of each 
extracted component is determined using the maximum of its scale-derivative norm.  
We demonstrate the application of the proposed methods using both temporal and spatial 
datasets. As our main example, we consider a spatial dataset on the occurrence of two co-
dominant tree species, in two landscapes and we demonstrate how the proposed approach 
for extracting the hierarchical variation and feature size estimation may give insight into the 
dynamics of natural, old-growth forests, and the way co-dominant trees may persist in these 
landscapes. 
  
References: 
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analysis of random signals. Computational Statistics & Data Analysis, 55: 2840-2855. 
Pasanen, L., Launonen, I., Holmström, L. 2013. A scale space multiresolution method for 
extraction of time series features. Stat, 2: 273–291. 
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Line transect sampling is a widely used method to estimate abundance of wildlife populations. 
In the simplest case, one observer records perpendicular distances to an individual or group 
then fits a detection probability, assuming that detection decreases as a function of distance. 
Among other assumptions, the “g(0)” assumption states that there is a distance at which the 
observer is capable to detect all animals, usually at distance 0 (i.e., on the trackline). It is then 
possible to rescale the detection curve to obtain an absolute population number. 
  
To circumvent this restriction, mark-recapture line transect surveys have been a standard 
choice to estimate abundance of cetaceans, in which there is no guarantee all animals 
available on the transect line are detected. The idea is that two observers are able to detect 
animals and collect their information independently and then build a capture history 
considering four exclusive outcomes: i) detected by first observer; ii) detected by second 
observer; iii) detected by both observers; iv) detected by neither observer. 
  
We offer an approach to analyse mark-recapture line transect data based on log-linear 
models developed for mark-recapture data (Cormack, 1989). The model allows relaxing the 
independence assumption between detections of observers in a simple way by changing the 
parameters of the probability of being detected by both observers (iii), which is related to the 
conditional detection probability of the first and second observer in regards to each other. 
  
We consider the detection history of observers as a multinomial outcome using data 
augmentation to build a complete data likelihood. Detection probability is estimated as a 
function of perpendicular distance and other covariates at individual or transect level. 
Inference is carried out by implementing a Metropolis within Gibbs algorithm. 
  
We illustrate the log-linear model by applying it to a humpback whale aerial survey off the 
Southwestern Atlantic Ocean. We consider different levels of dependence between 
observers to highlight the capabilities of our approach. 
  
References: 
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A variety of methods have been implemented to estimate total species diversity from the 
discovery/description record. If a naïve fit of a simple asymptotic curve function is made to 
the cumulative species diversity over time, then fluctuating search effort and non-
independence in the data are not accounted for, biasing the end prediction and 
underestimating the variance respectively. So here I fit a variety of mixed models to a 
cumulative marine megafauna description curve along with different surrogates of historical 
scientific effort, to determine the total number of giant (> 2m in length) marine animals 
awaiting discovery by science. The results are compared to those from other available 
methods.  
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The ongoing development of generalized additive models (GAMs) has substantially improved 
our ability to build flexible statistical models of ecological processes, by using high-
dimensional smooth terms with quadratic penalties to fit nonlinear functional relationships 
without overfitting. GAMs have typically been used to fit a single set of functional relationship 
between predictors and outcomes. However, data in community ecology often comprises 
discrete groups with hierarchical among-group structure, such as species with varying 
degrees of phylogenetic or functional relatedness, or multiple patches observed on the same 
landscape. When estimating functional relationships for each grouping level, such as 
relationships between abundance and environmental covariates for different species in the 
same landscape, it rarely makes sense to fit a single functional relationship for all groups, but 
fitting separate functional relationships for each group level risks using up valuable degrees 
of freedom when functional estimates for related groups (such as phylogenetically related 
species) might be very similar.  
 
We show how a recent addition to the GAM toolbox in the mgcv R package, Markov Random 
Field (MRF) smoothers, can be used to model general hierarchical relationships in ecological 
data including phylogenetic relatedness, functional similarity between species, and general 
spatial graph structure. Tensor product interactions between smooth functional terms and 
MRF smoothers can be used to penalize functional relationships for similar groups toward 
one another, or toward a common trend, while still allowing for among-group functional 
variation. We illustrate how this approach can be used on community data by using these 
MRF tensor products to model environment-abundance relationships from a long-term 
spatiotemporal groundfish community data set from the Newfoundland shelf. Our results 
show that this approach can be used to test hypotheses about ecological relationships, such 
as determining whether functional or phylogenetic relatedness better predict synchronous 
spatio-temporal dynamics, and can be used to predict dynamics of species or groups not 
included in the original sample. 
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Visual survey methods are increasingly being used for abundance estimation of nearshore 
species in the marine environment. Large spatial areas can be surveyed and the location of 
individuals recorded with high precision. For example, strip transects conducted with a 
Remotely Operated Vehicle (ROV) have been extensively utilized in the baseline 
characterization of California’s Marine Protected Area network beyond SCUBA depths. The 
majority of California’s nearshore rocky reefs, have also been mapped with multibeam sonar 
providing a rich source of habitat and bathymetry derived variables with which to relate the 
distribution of species. Gaining accurate estimates of abundance for key indicator species is 
essential for the ongoing monitoring of this network in order that changes due to protection 
from fishing pressure can be detected over time. Previous research has shown that models 
utilizing data from visual surveys and gridded bathymetry derived variables can provide 
predictive maps of species distributions and estimates of abundance over large areas. 
However, previous work has not accounted for spatial autocorrelation, which may be 
significant in these data sets. Also, the majority of species of interest in deep water surveys 
tend to be relatively rare, resulting in a lot of zeros when observations are mapped to gridded 
covariates. We explore spatial models for estimating abundance from data collected along 
transect lines with an ROV and compare these to non-spatial models. We argue that spatial 
models offer advantages as incorporating spatial dependence allows improved predictive 
performance at unsampled locations, providing more accurate estimates of abundance and 
associated uncertainty. We also demonstrate how these models can be used as a framework 
for exploring sampling design for ecological monitoring programs. By simulating projected 
changes through time, we utilize these models to explore the level of sampling that may be 
required to achieve high statistical power to detect change. 
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Survival of migratory animals moving through migration corridors has long been estimated using 
standard Cormack-Jolly-Seber (CJS) capture-recapture models (Burnham et al, 1987).  This 
study design modifies the standard application of CJS models from temporal to spatial sampling 
occasions by recapturing marked animals as they move past fixed sampling locations along the 
migration pathway.  The classic application involves estimating survival of juvenile salmon 
between discrete recapture locations along a river corridor as marked fish migrate from natal 
tributaries to the ocean.   
  
In such models, interest often centers on estimating effects of temporally varying environmental 
covariates that depend on when individuals pass a given sampling location.  However, covariate 
values are unknown for uncaptured individuals.  Consequently, researchers often use covariates 
averaged over release groups even though individuals within these groups often experience 
different environmental conditions as they migrate at different rates and spread out in space over 
time. 
  
To accommodate time-dependent covariates in space-for-time capture-recapture models, we 
developed two approaches that jointly model the migration process along with the capture-
recapture process.  In both approaches, modeling the travel time distribution between recapture 
locations allows for integrating the joint likelihood over missing covariate values. 
  
In the first approach, we used time-varying individual covariates applied to acoustic-tagged 
juvenile Chinook salmon (Oncorhynchus tshawytscha) emigrating to the ocean through the 
Sacramento-San Joaquin River Delta in California, U.S.A (Perry et al, in press).  We jointly 
estimated travel time and capture-recapture parameters, and integrated the joint likelihood over 
missing covariate values by imputing travel times of undetected individuals and assigning 
covariate values based on imputed arrival times in each river reach. 
  
For the second approach, we used daily covariates applied to juvenile Chinook salmon implanted 
with Passive Integrated Transponder (PIT) tags that were emigrating to the ocean from the Snake 
River, Idaho, U.S.A.  Here, days were treated as states within a multistate model with transition 
probabilities representing the probability of arriving at sampling location t on day i conditional on 
passing the sampling t-1 on day j.  We then modeled the transition probabilities as arising from a 
lognormal travel time distribution. 
  
Both models were fit in a Bayesian framework, which allowed us to fully explore both fixed and 
random effects and to estimate effects of covariates on travel time, survival, and detection 
parameters.  By modeling the migration, survival, and detection process simultaneously, our 
models allow us to draw inferences about both migration dynamics and the effects of time-
dependent covariates on survival of migrating individuals. 
 
References: 
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Indiana Bat (Myotis Sodalis) is an endangered species found over most of the eastern half of 
the United States. Indiana Bats hibernate during winterin caves or, occasionally, abandoned 
mines and, after hibernation, they migrate to their summer habitat. In this paper we develop 
families of continuous time state space models to study migration patterns of Indiana Bats. 
The data we use were collected on radio-tagged bats hibernating in Tennessee. Taking a 
Bayesian approach, we are able to develop flexible families of hierarchical models which 
allow inference to be made at an individual-bat level, but also at the bat population level. 
 
A basic version of the model can be used to answer relatively simple questions about bat 
movement, such as nightly distance traveled, direction, travel speed, number and duration of 
foraging bouts. 
 
More sophisticated refinements of the proposed family of models allow, through the inclusion 
of additional explanatory variables, to study, among other aspect of the migration, how 
weather patterns and landscape features affect bat behavior. In particular, among weather 
related behaviors, we will assess the minimum migration temperature threshold and the 
existence of wind and/or rain thresholds for bat activity. Among the interactions of landscape 
feature with migration patterns, we will analyze the kind of habitat that bats utilize on the 
migration route, their use of lanscape features, the type of habitat in foraging areas and their 
diurnal roosting habitat. In view of the Indiana Bat status of endangered species, the study 
could inform policy decisions - such as the location and viability of new wind farms - affecting 
the survival of the bats. 
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Detections of marine animals by stationary acoustic receivers often present a sparse and 
fragmented picture of animal space use and movement patterns. When acoustic signals are 
produced by a tag attached to an animal, we cannot use detections to estimate density 
because only tagged animals can be detected. However, such data can be used to make 
inferences about animal movement patterns and habitat use. Stationary receivers generate 
a time series of georeferenced detections for each tagged individual. This makes it possible 
to use multi-state time series methods to infer the location of the animal between detections. 
We have developed a method for estimating animal location in discrete space and time from 
acoustic detections. We use a hidden Markov model (HMM) in a maximum likelihood 
framework to estimate the location of individual animals on a grid, taking into account the 
differing number of acoustic receivers in each grid cell. Cells correspond to the hidden states 
of the HMM (which are observed when animals are detected, but not otherwise) and 
transitions between cells are influenced by the distances between them and by spatially 
referenced covariates. Instead of using geographic distance to scale the transition probability 
matrix, we use the "least-cost distance", calculated as a function of an underlying, static 
environmental covariate. The method can be viewed as a kind of spatial capture-recapture 
model in which animal movement is modelled explicitly. We illustrate the method with a case 
study of great white shark data from False Bay, South Africa, in which the covariate used to 
scale the probability of transitioning between cells is ocean depth. 
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Human activities can influence the movement of organisms, either repelling or attracting 
individuals depending on whether they interfere with natural behavioural patterns or enhance 
access to food. To discern the processes affecting such interactions, an appropriate 
analytical approach must reflect the motivations driving behavioural decisions at multiple 
scales.   
  
In this study, we developed a modelling framework for the analysis of foraging trips by central 
place foragers. By recognising the distinction between movement phases at a larger scale 
and movement steps at a finer scale, our model can identify periods when animals are 
actively following moving attractors in their landscape.  
  
We applied the framework to GPS tracking data of northern fulmars (Fulmarus glacialis), 
paired with contemporaneous fishing boat locations, to quantify the putative scavenging 
activity of these seabirds on discarded fish and offal. We estimated the rate and scale of 
interaction between individual birds and fishing boats and the interplay with other aspects of 
a foraging trip. 
  
The model classified periods when birds were heading out to sea, returning towards the 
colony or following the closest boat. The probability of switching towards a boat declined with 
distance and varied depending on the phase of the trip. The maximum distance at which a 
bird switched towards the closest boat was estimated around 35 km, suggesting the use of 
olfactory information to locate food. Individuals spent a quarter of a foraging trip, on average, 
following fishing boats, with marked heterogeneity among trips and individuals. 
  
Our approach can be used to characterise interactions between central place foragers and 
different anthropogenic or natural stimuli. The model identifies the processes influencing 
central place foraging at multiple scales, which can improve our understanding of the 
mechanisms underlying movement behaviour and characterise individual variation in 
interactions with a range of human activities that may attract or repel these species. 
Therefore, it can be adapted to explore the movement of other species that are subject to 
multiple dynamic drivers. 
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Finite mixture models have been used to good effect in ecology. In capture-recapture they 
may be used to allow for heterogeneity in capture probability and other parameters; the 
animals are clustered into two or more classes with shared parameters. This is a better 
approximation to reality than the assumption of equal parameters for all animals, and 
substantially reduces the bias in estimates of other parameters (Pledger 2000, Arnold, 
Hayakawa and Yip 2010). In another application, finite mixtures enable the detection of 
patterns in ecological communities; species are clustered by the sites at which they are 
abundant, and sites are clustered by their respective species compositions (Pledger and 
Arnold 2014). The density of a species (number per unit-area quadrat) may have a Poisson 
distribution if individuals are located at random, or perhaps negative binomial if they are 
spatially clustered. 
 
The opposite phenomenon of underdispersion occurs less frequently, but still requires 
modelling for model accuracy and in order to reduce biases in parameter estimation. There 
are various ad hoc methods of building these models. We will show how a simple extension 
of finite mixtures to generalized finite mixtures, which may have some negative components, 
provides a unified solution to modelling data which are truncated, zero-depleted, 
underdispersed or have spatial patterns more regular than random. Definitions, properties 
and ecological examples will be given. With pictures. 
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Oral - Student Competition 
 

Over the last couple of years, hidden Markov models (HMMs) have emerged as an 
increasingly popular statistical tool for the analysis of ecological time series data. For 
example, in case of an HMM fitted to animal movement data, the states can intuitively be 
interpreted as proxies for behavioural states such as resting, foraging or traveling. The 
primary interest then usually lies in identifying the internal and external drivers of behavioural 
processes. Therefore, in the ideal case, an HMM applied to animal movement data can yield 
a deeper understanding of behavioural patterns within a population. 
 
In principle, when a maximum likelihood approach is taken then it is conceptually 
straightforward to use information criteria (e.g. the Akaike Information Criterion, AIC, or the 
Bayesian Information Criterion, BIC) to select between models with different numbers of 
states. However, especially in the ecological literature it has often been claimed, and 
sometimes demonstrated, that model selection criteria in general, and especially the AIC, 
often lead to the selection of larger numbers of states than expected (see, e.g., Langrock et 
al. 2015). 
 
We discuss the notorious problem of selecting an adequate number of states, highlighting 
typical pitfalls and practical challenges arising when analysing real data. In particular, we 
demonstrate why well-established formal procedures for model selection, such as those 
based on standard information criteria, tend to favour models with numbers of states that are 
undesirably large in situations where states shall be biologically meaningful entities. We also 
offer a pragmatic step-by-step approach together with comprehensive advice for how 
practitioners can implement order selection. Our proposed strategy is illustrated with a real 
data case study on muskox movement. 
 
References: 
Langrock, R., Kneib, T., Sohn, A., DeRuiter, S.L. 2015. Nonparametric inference in hidden 
Markov models using P-splines. Biometrics, 71:520–528. 
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Time series data of animal abundances at different spatial and temporal scales inform 
ecologists about the drivers of fundamental population dynamics processes. Arrivals and 
departures to particular locales, births and deaths, invasion and extinction, have all been 
modeled as simple stochastic processes whose trajectory is shaped by biotic and abiotic 
forces. We generalize a little-known discrete-time stochastic process to model time series of 
counts of individuals in a location and generalize it as a spatio-temporal model with sampling 
error and covariate effects. The proposed approach is applicable to any scenario where the 
objective is to understand how the processes of arrival and departures to and from a location 
influence abundance variability across time. Through simulations, we demonstrate that the 
model has good statistical properties and performs well under a wide variety of scenarios. 
Although the model is developed as not spatially explicit, we show that the use of spatially 
autocorrelated variables can be incorporated in the model to gain insights about the spatial 
dynamics across the landscape. Interestingly, our model can separate residence times in 
local spatial units from migration events at regional scales in the population of interest. The 
model can be applied to many biological systems like identifying good stopover sites for 
migratory organisms, fitting birth-death processes. It can also be used as an alternative to 
resource selection functions. 
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Information criteria have had a profound impact on modern science. They allow researchers 
to estimate which of a set of model is closest to the generating process. Unfortunately, 
information criterion comparison does not tell how good the best model is. Nor does 
practitioners fully test the reliability (e.g. error rates) of model selection using information 
criteria. In this work, we show that these two shortcomings can be resolved with a key 
observation: in a standard analysis it is ignored that there is an estimable divergence 
relationship amongst all of the models, as well as divergences from each model to the 
generating process. We then show that using both sets of divergences, a model space can 
be constructed including an estimated location for the generating process. Thus, not only an 
analyst can determine which model is closest to the generating process, she/he can also 
determine how close to the generating process the best model is. Properties of the generating 
process estimated from these projections are more accurate than those estimated by model 
averaging. Model projection is an evidential alternative to model averaging for incorporating 
information from many models in a single analysis. Model projection, because it more fully 
utilizes the information in the structure of model space, is able to estimate several very 
important quantities that are not estimated by model averaging.  
 
Some of the advantages of the method we present here are: first, heuristically, the simple 
ability of being able to visualize model space will aid in the development of new models. 
Second, the estimated generating model projection is less constrained by the configuration 
of the model set than is the model average. Third, ``Sgg’’ the neg-selfentropy of the 
generating process itself is estimable. It has long been assumed that this is unknowable, but 
it can be estimated and is estimated as part of our procedure. In the example presented here 
it is estimated quite precisely. Sgg as a measure of the dispersion of the generating process 
is itself of great interest. Fourth, the distance of the generating process from the (hyper)plane 
of the estimated model space can be estimated. It has long been a complaint of scientific 
practitioners of model identification through information criteria that they can tell which of their 
models is closest to the generating process, but they can’t tell if any of the models in their 
model set are any good. Now, discrepancy is statistically estimable. Fifth, the strain between 
a priori and post hoc inference is vacated. The study of the structure of model space corrects 
for misleading evidence (chance good results), accommodation (over-fitting), and cooking 
the models. Theoretically, the more models are considered the more robust the scaffolding 
from which to project the location of the generating process.  
 
We conclude our presentation with fully illustrated examples in ecology and evolution of how 
Model Projection in Model Space (MPMS) works. 
  

 
  



267 
 

Modelling flooding levels in a wetland with partially missing rain gauge data 
 

Gordana Popovic, Justin McCann, Rachel Melrose, David Warton, Richard Kingsford 
University of New South Wales 

 
Abstract ID: 2490 

Genetics and Stream Networks/4 
 

Australia has the most variable rivers in the world, with high flooding years separated by long 
dry periods when rivers are often dry. During flood years, rivers inundate wetlands, critical as 
waterbird habitat. There are also increasing development pressures on access to river water 
for irrigation. Predictive modelling of such highly variable systems is challenging. Much of 
current modelling of rivers and hydrology is based on mechanistic models. 
 
In this talk we discuss a wetland where we have remote sensing data of the spatial extent of 
a wetland and river flow data over several decades. Analysis is complicated by several 
properties of the data. There is a large proportion of missing data for river flows, close to the 
wetland, the most important variable driving wetland inundation. Both predictors and 
response variables have strong temporal autocorrelation and non-constant variance. The 
response variable is the proportion cover of the wetland, which for long periods can be 
completely empty or full, hence the need to account for a truncated response. We address 
these properties using multiple imputation of flow data and fitting a truncated normal time 
series model for wetland cover. 
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Recent advances in biologging have resulted in animal location data at unprecedentedly high 
temporal resolutions, sometimes many times per second.  Whilst this is a great opportunity 
for better understanding of animal behaviour, it also presents a challenge of how to process 
such large datasets and extract key information.   Many existing methods for analysing 
animal movement were developed with lower-resolution data in mind.   They often do not 
scale well to sub-second resolution data for various reasons.  First, they are frequently too 
slow to process millions of data points in a reasonable time-frame.  Also, many are based on 
movements between successive location fixes.  Yet when these locations are a fraction of a 
second apart, this is clearly too fine a scale to infer behavioural decisions. 
  
In this talk, I will detail methods for extracting important information from such data.  The first 
involves rapid identification of turning points in long streams of high-resolution data.  Although 
techniques exist, they tend to be prohibitively slow, and sometime fail altogether on large 
datasets.  Our method, based on examining the circular standard deviation of bearings 
across a sliding window, can process millions of data-points in a few seconds and gives 
results of similar accuracy to previous best methods.  We demonstrate its accuracy and 
speed on both simulated and real data (Arabian oryx; Oryx leucoryx). 
  
I will also briefly mention a new technique to identify intensively-used patches, and so split a 
long data-stream into a simple schematic, representing decisions of the animal to switch 
location and/or behavioural mode.  This is based on a previous site-fidelity algorithm of 
Benhamou and Riotte-Lambert (2012) but adapted to be used with large sets of high-
resolution data. 
  
Together, these two methods constitute fundamental building blocks to enable practitioners 
in making sense of modern, high-resolution biologging data. 
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Although population cycles received much research interest, we still poorly understand how 
the demographic structure of the population, i.e. sex ratio and age structure, is changing 
along the cycle. This is partly because in rodents, which became models for studying 
population cycles, the field data are typically collected at the coarse yearly resolution. Another 
question that remains unanswered is whether the dynamics of demographic structure 
contributes to the emergence of population cycles, or, the other way around, demographic 
structure is changing because of the population cycling. To address these research gaps we 
used a previously developed model that depicts the mechanisms of predator-prey population 
dynamics at fine weekly temporal resolution and was previously demonstrated to reproduce 
the realistic patterns of vole population cycles. 
  
To understand how demographic structure changes along the population cycle we divided 
the cycle into four phases: increase, peak, decrease and trough (low) phase and monitored 
three demographic descriptors: sex ratio, proportion of weanlings, and mean population age. 
We show that the proportion of females is highest during the peak, and lower during the 
decrease and increase phases, corroborating previous field findings. Additionally, we 
demonstrate that the proportion of females is lowest during the trough, a result that was not 
possible to demonstrate with the field data because of their low temporal resolution. In 
accordance with field data we also show that the proportion of weanlings is highest during 
the peak, lowest during the decline and intermediate during the increase and low phases. 
The dynamics of mean population age reflects similar pattern: during the increase-peak 
phase the population is youngest and it becomes older during the decline.  
  
We applied the Granger causality test to assess whether adding a time series of any of the 
three demographic descriptors to explain population time series improved predictive ability of 
the model compared to the model with previous values of the population time series itself, 
i.e. whether each demographic descriptor Granger-causes population time series. And, vice 
versa, we tested whether population time series Granger-causes the time series of each of 
the three demographic descriptors. By applying Granger analysis to 50 simulated population 
time series we showed that in 80% of the cases the population time series Granger-caused 
the time series of sex ratio, but not vice versa. We do not have enough evidence to reject the 
absence of Granger causality between proportion of weanlings and population time series. 
Interestingly, we show that both population time series and mean population age Granger-
cause each other, although the latter is observed in a higher proportion of time series. This 
later finding renders support to the ’senescence-maternal effects hypothesis’, which was 
formulated to explain the population cycles.  
  
Our findings shed light on the dynamics of demographic structure along the population cycles 
in rodents and provide predictions that can be tested in the future by specifically designed 
field experiments. 
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Understanding the global environmental context of human health is of key current concern 
(e.g. The Rockefeller Foundation–Lancet Commission on planetary health, The Wellcome 
Trusts’ priority area Our Planet, Our Health). While there is an increasing discussion 
regarding the need to consider the interplay between poverty, human health, land-use 
conversion and climate change, there are few tools available to undertake system dynamic 
analyses of disease burden. Improving the understanding of how zoonotic diseases will 
respond, as a whole, to global change represents a vital component of setting future, 
sustainable global development policies. 
 
Here, we use recently developed techniques, at a continental scale, to understand the 
expected responses of a wide set of zoonotic diseases to major drivers of change. Using a 
novel, grid-cell based, environmental-mechanistic model, we combine a correlative 
distribution model of host niche suitability, with a mathematical model of pathogen spill-over 
and a compartment model of zoonotic disease infections in humans. These models are 
parameterised across space using remote-sensed input data, while also incorporating 
poverty-health relationships and simulating human behaviour across empirically-based 
human contact and transportation networks. We apply these models to historical, present day 
and future conditions, validate against case data, and, finally, combine burden estimates 
across all diseases to calculate a net response for each time period in each grid cell. 
 
Zoonotic diseases display a varied response to different drivers of environmental change. 
Some animal-borne diseases show a low sensitivity e.g. to climate change (Rabies), while 
others show a stronger response e.g. to land-use change, with both increases in prevalence 
(Lassa) and some reductions (e.g. Ebola). The patterns are spatially heterogeneous, with 
many disease seeing both increases and decreases across their endemic areas. 
 
Recent outbreaks of Zika, Ebola and SARS have cause widespread public concern by emerging 
into novel geographic areas. Our results allow a better understanding of the conditions that 
precipitated such changes and then allow us to predict, in the future, how ongoing climate, land-
use and socio-economic changes will likely alter these risks. 
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Distance sampling software "Distance" has been in use since the early 1990's and has 
evolved through seven major versions. For the past 12 years, some of the analyses were 
performed by analytical engines written in R. The graphical user interface shielded users from 
working directly with R. Over time, the user community for Distance has become more 
comfortable working with R and a set of wrapper functions to the mrds detection function 
package was released in 2012. This made possible the analysis of conventional distance 
sampling directly in R. 
 
Projects stored within "Distance" contained information regarding the survey, data, models 
and results of analyses. The R package "readdst" was developed to port data and analyses 
contained within Distance projects into R. This package can serve at least three groups of 
users. 
 
- Users wishing to bring legacy datasets into R. Datasets that have been stored in Distance 
for years can be archived as R objects for redundancy or made available for additional 
analyses. 
 
- Users wishing to learn how to analyse distance sampling data in R. The "readdst" package 
also translates many types of analyses stored in Distance projects into R code. This creates 
the possibility of performing enhanced analyses in R founded upon analyses originally 
performed in "Distance." 
 
- Users wishing to scrutinise difficult datasets using multiple optimisation routines. The 
optimisation routines in "Distance" were specifically designed for fitting detection functions, 
while optimisation done in R relies upon more general purpose routines. Occasionally 
different parameter estimates are produced by the two pieces of software. Such challenging 
datasets aide our understanding of optimisation behaviour. 
 
This presentation highlights features of the "readdst" package for each of these groups of 
users. We demonstrate the ability to import and generate code for the analysis of 
conventional distance sampling and multiple covariate distance sampling engines with simple 
survey designs. We also show output produced when contrasting parameter estimates, 
model selection and goodness of fit measures for analyses performed in R and in "Distance." 
Finally, we highlight additional functionality we intend to include in future versions of "readdst" 
and encourage others to use the package in search of "problematic" datasets that may point 
out differential performance of optimisers. 
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In order to direct and evaluate management actions, information on population status and 
change is vital. Population count or index data from structured surveys provide the 
information required to estimate changes in populations over time. These data have been 
shown to be increasingly more valuable when combined with other data sources (e.g. 
banding) using integrated population models (IPM). These models allow researchers to not 
only know the direction of a species’ population trajectory often with increased precision, but 
the mechanisms that may be responsible for it.  Thus, integrated analyses are becoming a 
powerful tool in informing conservation.   
 
Tricolored blackbirds (Agelaius tricolor) are a species of conservation concern and recent 
surveys have suggested that the California population (~99% of the global population) has 
declined by as much as 63%. Tricolored blackbirds have low site-fidelity and are challenging 
to accurately count across their range, even through state-wide survey efforts. To improve 
our estimates of changes in abundance of tricolored blackbirds, we used relative abundance 
data from eBird to evaluate the population trend. These data are collected opportunistically 
throughout the range of the species, and have a more comprehensive spatial coverage than 
surveys with fixed points, since the latter are likely to miss individuals and colonies at fixed 
points due to known low site fidelity for the species. These data, however, have the issues of 
spatial bias, temporal bias, and class imbalance that may make their analysis more difficult 
than survey data from fixed point surveys.   
 
We used eBird data with a zero-inflated generalized additive model (ZI-GAM) to estimate the 
trend of the California tricolored blackbird population from 2007-2016. This model provided 
estimates of relative abundance for an IPM. The IPM included data from 64,129 
banded/ringed tricolored blackbirds, nesting data from 10 sites and the population trend data 
from the eBird ZI-GAM. We used the IPM to estimate adult survival, juvenile survival, 
fecundity, and population trajectory for tricolored blackbirds. This IPM would not have been 
possible without the population trend estimates from eBird. 
  
The trend analysis from the ZI-GAM estimated a population decline of 53% during the study 
and the IPM estimated a 32% decline (CI = +8%, -71% ). Although the credible interval 
overlapped zero, 94% of the iterations resulted in a growth rate below zero. Fecundity and 
female survival are the vital rates most strongly correlated with growth rate, suggesting that 
these should be the target of future research and conservation action. 
 
For species that are challenging to monitor through more traditional schemes, or not covered 
at all, data in eBird can be used to estimate large-scale population trends. Here we used 
eBird to conduct an integrated analysis of demographic rates and population trends that 
would not have been feasible without these trend estimates. Data integration and rapidly 
growing citizen science databases are poised to become powerful tools in conservation 
science.  
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Integrated population models combine multiple sources of data to yield improved precision 
of parameter estimates and insights into demographic and environmental drivers of 
populations. However, it remains unknown how sample size and variation affect overall power 
to detect trends or environmental effects in integrated population models. Our goal was to 
quantify the power of integrated population models with different trends in vital rate 
parameters (survival and reproduction) and population sizes of a simulated data set and an 
existing study on tree swallows (Tachycineta bicolor) in North America. Our simulated data 
was developed for a hypothetical songbird population with mark-recapture, nestbox, and 
population count information. We ran scenarios with different strengths of vital rate trends 
and population sizes in each data set. We quantified the proportion of times the trend effect 
sizes differed from 0 based on 95% BCIs, and defined “sufficient” power as the ability to 
detect a trend different than 0 in ≥ 80/100 simulations.  
 
With an initial population size of 1000 juveniles and 1000 adults and a total sample size of 
1000 individuals in each of our three data sets over a 10-year study period, we did not have 
sufficient power to detect a 10% or 50% increase in adult survival, but did have sufficient 
power to detect an 80% increase in adult survival (from adult survival = 0.18 to 0.81). The 
power to detect trends in changes in reproductive rates was similar, and we detected an 80% 
increase in fecundity (from 1.8 to 8.5 young per female), but not a 10% or 50% increase. 
When simulating simultaneous changes in adult survival and reproduction, power decreased 
for adult survival, and we were unable to detect even an 80% increase in adult survival, 
though we were still able to detect an 80% increase in reproduction. Our results indicate that 
power analyses for a given data set may provide important insights into the ability to detect 
trends using an integrated population model, and prevent incorrect inference from a 
perceived lack of significant change in vital rates. Understanding the relative importance of 
sample size and detection probability relative to the total population size is likely an important 
aspect of power within the modelling framework that we discuss further. Power to detect 
trends would likely be further reduced when considering individual heterogeneity in vital rate 
parameters and effects of environmental variability on populations. 
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Age at harvest data is regularly collected by fish and wildlife managers for a variety of 
taxa.  For example, wildlife agencies often record age of harvested deer, and fisheries 
managers often obtain large samples of fish, which they sort by age (i.e., catch-curve 
data).  This often represents a substantial proportion of data for a given species and can be 
used to obtain estimates of survival and mortality rates in the absence of other data. 
 
There are several methods in both the wildlife and fisheries ecology literature for estimating 
survival probabilities from age at harvest data.  Development of these techniques has largely 
occurred independently between fields, and developments in one field have not often been 
adopted in the other.  For example, accounting for the effects of population growth (λ) has 
been well developed within the wildlife ecology literature, while accounting for unequal 
capture probability among stage classes has been well developed within the fisheries 
literature.  Surprisingly, neither tradition has a history of using age at harvest data to model 
survival probability as a function of covariates or for allowing stage-structured populations. 
 
We propose a model for estimating survival rates from age at harvest data that combines 
developments from both fields in a novel manner, and includes additional advancements.  We 
simultaneously account for the effects of λ and unequal capture probability, while 
accommodating stage-structured populations.  We adopt a Bayesian approach, and account 
for uncertainty in λ and capture probability by assigning prior distributions to those 
parameters.  Finally, we allow survival probability to vary by stage class and as a function of 
environmental variables.  Our approach allows flexible definitions of the likelihood, and we 
demonstrate models with both Dirichlet and Multinomial likelihoods.  
 
We demonstrate the utility of this approach by estimating survival probabilities from Bobcat 
(Lynx rufus) and American Paddlefish (Polyodon spathula) age at harvest data.  Bobcats are 
a species of conservation concern throughout West Virginia, USA, but there are no regional 
estimates of basic demographic rates.  Biologists with the West Virginia Division of Natural 
Resources obtained carcasses of 524 legally harvested bobcats between 2014 and 2015, 
which were aged using cementum annuli deposits on their teeth.  Paddlefish are a species 
of conservation concern throughout the Mississippi River basin, USA, but also have limited 
demographic data.  Biologists with the Missouri Department of Conservation captured 424 
paddlefish with gill nets, which were aged using dentary bones. 
 
We found that bobcat annual survival probability was greater in 2014/2015 relative to 
2015/2016.  We also found that annual survival probability was greatest for the youngest 
stage classes, and declined as individuals aged.  Paddlefish annual survival probability was 
greatest in the upper Mississippi river relative to the middle and lower reaches.  We also 
found the greatest survival probability in adult stage class (10 – 12 year olds) relative to other 
stage classes. 
 
Estimating survival from age structure data is important when other data (e.g., mark-
recapture) are lacking.  Our approach combines desirable properties of previously developed 
techniques, and allows scientists estimate demographic rates for otherwise data-poor 
species. 
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Acoustic sampling methods are becoming increasingly important in biological monitoring. 
Sound attenuation is one of the most important dynamics affecting the utility of bioacoustic 
data as it directly affects the probability of detection of individuals from bioacoustic arrays and 
especially the localization of acoustic signals necessary in telemetry studies. Therefore, 
models of sound attenuation are necessary to make efficient use of bioacoustic data in 
ecological monitoring and assessment applications. Models of attenuation in widespread use 
are based on Euclidean distance between source and sensor, which is justified under 
spherical attenuation of sound waves in homogeneous environments. In some applications 
there are efforts to evaluate the detection range of sensors in response to local environmental 
characteristics at the sensor or at sentinel source locations with known environmental 
characteristics. However, attenuation is a function of the total environment between source 
and sensor, not just their locations. I develop a model of sound attenuation based on a non-
Euclidean cost-weighted distance metric which contains resistance parameters that relate to 
environmental heterogeneity in the vicinity of an array. Importantly, these parameters can be 
estimated by maximum likelihood using experimental data from an array of fixed sources, 
thus allowing investigators who use bioacoustic methods to devise explicit models of sound 
attenuation in situ. In addition, drawing on analogy with classes of models known as spatial 
capture-recapture, I show that parameters of the non-Euclidean model of attenuation can be 
estimated when source locations are unknown. Thus, the models can be applied to real field 
studies which require localization of signals in heterogeneous environments.  Finally, I note 
that the model can be applied directly to modeling non-Euclidean distance effects in classical 
distance sampling, allowing for heterogeneity in detection as a function of habitat in the 
vicinity of a point or transect. 
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Multispecies monitoring frameworks are currently considered efficient and cost-effective 
approaches to examine the influence of environmental change on biological communities and 
ecosystems. In contrast to traditional single-species efforts, multispecies techniques focus 
on collecting presence-absence data for all species in a defined community, often at varying 
spatial and temporal scales. The increasing popularity of occupancy models as a tool for 
understanding changes in patterns of species abundance and distribution has prompted 
model development to simultaneously examine species-specific and community-level 
processes. To satisfy the growing need for the application of these types of models in applied 
ecology and related fields, flexible model structures must be developed to accommodate 
additional levels of complexity, such as species misidentification errors (e.g. false-positive 
errors). Currently, multi-species occupancy models are able to account for known sources of 
bias related to heterogeneity in false-negative errors, or detection probabilities. However, 
these models have not been extended to correct for false positive errors, even though rates 
as low as 0.02 have been shown to result in up to 67% bias in the number of estimated 
occupied sites for a rare species (Ruiz-Gutierrez et al. 2016). In addition, some individuals 
will be more likely to be misidentified in the presence of individuals with similar calls or 
morphology, highlighting the need for these errors to be modeled in a multi-species 
framework. 
 
We developed a multispecies occupancy model that can account for known sources of 
heterogeneity in detection probabilities (e.g. habitat type) and false-positive errors (e.g., 
observer expertise scores) across species. We modeled latent auxiliary variables associated 
with probabilities of occupancy, detection and false-positive errors using a probit regression 
technique to improve the computational efficiency of Bayesian inference of our model 
(Johnson et al. 2013). . We used simulations to explore the performance of our model across 
a range of scenarios, varying sampling effort, number of species, community-level patterns 
of occupancy, detection probability and false-positive error rates. We also applied our model 
to draw inference on habitat relationships of bird species in the Northeastern US, using citizen 
science data in eBird (www.ebird.org). We generalized the model to correct for false-positive 
errors (Ruiz-Gutierrez et al. 2016) using an additional data source composed of independent 
online bird identification trials. 
 
The application of our model to bird observations allowed us to explore the effect of including 
false-positive probabilities on the accuracy of inferences on occurrence patterns and habitat 
associations of bird species using citizen-science data. Our model performed well at 
estimating patterns of occurrence, and provided insight into sampling effort requirements for 
communities with low species richness and overall detection probabilities. The increased 
flexibility of our multispecies model will ultimately improve our ability to address more complex 
ecological hypotheses, as well as meet current information demands of multispecies 
conservation and restoration efforts.  
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Citizen science provides a powerful platform for obtaining large long-term datasets that 
otherwise would be too costly to collect. Dolphin Watch 
(https://www.riverguardians.com/projects/dolphin-watch/), a citizen science program in the 
Swan Canning Riverpark in Western Australia, is a prime example of this with over 1034 
citizen scientists trained, and over 22,500 dolphin monitoring surveys completed over a 
period of 8 years. Citizen science dolphin monitoring surveys report on information that is 
relatively easy to observe, including dolphin presence/absence, group size, calf presence, 
behaviours, search effort, location, and date and time. For most species distribution citizen 
science programs like Dolphin Watch, presence-only information is the most reliable data 
available, and often it is the only information available. Over recent years, the limitations in 
such datasets have been the focus of statistical ecology studies to improve the information 
we can extract for reliable species distributions. In this study, we compare the performance 
of regression-based modeling, Support Vector Machines (SVM) and MAXENT approaches 
using Dolphin Watch as a case study for long-term citizen science species distributional data, 
identify limitations, and make recommendations for future developments. The models 
included rainfall, dissolved oxygen, pH, salinity, tide, turbidity, and monitoring area as 
environmental covariates. Preliminary results indicate that SVMs may outperform more 
traditional approaches to presence-only models, and results are comparable to expected 
dolphin occurrence patterns in the Swan Canning Riverpark. Evidence for the utility of a range 
of tools for reliable distributional assessments, such as in this study, will improve our ability 
to obtain key knowledge cost effectively for successful management of critical species and 
their environments 
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The study of hybridization has increased over the past decade due to its important implications in 
evolutionary and conservation biology. Natural hybridization, now recognized as a common 
phenomenon, provides an important opportunity to study evolutionary mechanisms. Moreover, 
anthropogenic hybridization and introgression are increasing worldwide and represent a threat to local 
wild populations, possibly leading to genomic extinction. 
 
 Quantifying hybridization rates is key for investigating hybridization dynamics, assessing 
hybridization-related extinction risk, and informing conservation management. Quantifying 
hybridization in natural populations entails estimating the proportion of admixed individuals (i.e., 
prevalence of hybrids) and monitoring its dynamics. There have been scarce attempts to formally 
estimate prevalence of hybrids in wild populations, often approximated as the proportion of admixed 
individuals in the sample (i.e., naive prevalence). However, two sources of bias may undermine naive 
prevalence. First, imperfect detection of both parentals and hybrids is ignored, leading to biased 
estimates of abundance of the two classes. Second, there is often uncertainty related to the 
assignment of admixed individuals, with the misclassification of backcrosses as parentals being the 
major uncertainty associated to Bayesian clustering methods. 
 
 Here, we propose a hidden Markov modelling of capture-recapture data to estimate the prevalence of 
hybrids while simultaneously accounting for both imperfect detection and state assignment uncertainty. 
We defined three states (‘alive and hybrid’, ‘alive and parental’, ‘dead’) and allowed for uncertainty in 
state assignment through the observation process. We then re-constructed the uncertain states with 
the Viterbi algorithm to estimate prevalence. We carried out a simulation study to i) assess the model 
performance in terms of bias and precision as a function of samples size and ii) compare naive and 
model-based estimates of prevalence.  
 
 To illustrate our modeling approach, we refer to wolf x dog hybridization in Italy as a case study, 
addressing one conservation threat for wolves in Italy and elsewhere. We collected wolf scats in the 
northern Apennines over a 10 months period (Aug-May),  extracted DNA to score individual wolf 
multilocus genotypes. We then used Bayesian clustering analysis to assign genotypes to genetic 
clusters corresponding to wolves, dogs, or admixed individuals. We considered as uncertains those 
individuals whose assignment value was intermediate between simulated genotypes of pure wolves 
and wolf x dog backcrosses.  
 
 We show that prevalence of hybrids can be estimated while accounting for both detectability and 
uncertainty, demonstrating that naive prevalence is a biased estimator. Specifically, model-based 
prevalence was higher than the naive estimate, indicating that relying on the latter would likely produce 
misleading results and management provisions. Based on simulations, we also show that the precision 
of model-based prevalence estimates increases by enhancing detection probability proportionally 
more than increasing the number of sampling occasions. This suggests that a cost-effective sampling 
strategy should maximize detectability within capture occasions, instead of sampling more frequently. 
 
Our methods for estimating prevalence in presence of imperfect detection and uncertainty in state 
assignment has vast applications in many fields of population biology, from the estimation of sex ratios 
in monomorphic species to the number of infected individuals in epidemiology. 
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Starting in the 80's, there has been an important development of capture-recapture models 
in Ecology. These models let us to estimate biological parameters crucial for the 
understanding of the dynamics of animal populations: population size, survival and recapture 
probabilities and breeding parameters (among others). 
 
One of the most common statistical methods that allow us to estimate recapture and survival 
probabilities are the Cormack-Jolly-Seber models. These models can be formulated in terms 
of state-space models and also be interpreted as partially observed Hidden Markov models 
(King, 2012). When dealing with them, we must choose which time scale work with: age or 
calendar time. The usual one is the calendar time, in which age is modelled by means of a 
matrix indicating the age at each year for each individual. 
Here we consider another temporal scale, the age, in order to analyse the CJS models. This 
scale is the usual one in survival studies. Our statistical approach to these models is the 
Bayesian one, as it allows to deal with uncertainty and it provides a flexible approach to 
analyse complex data.  
 
In order to discuss differences and similarities among both scales, we present three examples 
of Bayesian CJS models in both notations: CJS models with constant, fixed and age effects. 
Specifically, we model annual survival and recapture probabilities of the largest colony of a 
seabird species, the Common guillemot (Uria aalge) in the Baltic Sea (Stora Karlsö, Sweden). 
The breeding population was 15700 pairs in 2014, about 2/3 of the Baltic Sea population 
(Olsson and Hentati-Sundberg, 2017). In 2006-2015, 28930 chicks were ringed and in 2007-
2016 a total of 7625 individuals has been resighted corresponding to 5493 unique individuals.  
In this work we show how the results are the same in both scales, but the interpretation of 
parameters changes. In addition, with the use of age scale we simplify the models, particularly 
CJS with age effects where we do not need artefacts as matrices to establish age categories. 
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Predicting population responses to environmental conditions or management scenarios is a 
fundamental challenge for conservation. Proper consideration of demographic, environmental, 
and parameter uncertainties is essential for projecting population trends and optimal conservation 
strategies (Duarte et al, 2017). Bayesian approaches to population viability analysis (PVA) have 
primarily been pursued in the context of occupancy and mark-recapture modeling, but recently 
developed integrated population modeling (IPM) offers a unique opportunity to merge parameter 
estimation using multiple data types (e.g. census, mark-recapture, telemetry) with projection in a 
Bayesian framework. 

We developed a coupled integrated population model – Bayesian population viability analysis 
(IPM – BPVA) to assess the (i) impact of demographic rates (survival, fecundity, immigration) on 
past population dynamics; (ii) population viability 10 years into the future; and (iii) efficacy of 
possible management strategies for the federally endangered Great Lakes piping plover 
(Charadrius melodus) population. Our model synthesizes long-term population survey, nest 
monitoring, and mark-resight data, while accounting for multiple sources of uncertainty. We 
incorporated latent abundance of eastern North American merlins (Falco columbarius), a primary 
predator of adult plovers, as a covariate on adult survival via a parallel state-space model, 
accounting for the influence of an imperfectly observed process (i.e. predation pressure) on 
population viability. 

Mean plover abundance increased from 18 pairs in 1993 to 75 pairs in 2016, but annual population 
growth (λt) was projected to be 0.95 (95% CI: 0.72 – 1.12), suggesting a potential decline to 67 
pairs within ten years. Without accounting for an expanding merlin population, we would have 
concluded that the plover population was projected to increase (λt = 1.02; 95% CI: 0.94 – 1.09) 
to 91 pairs by 2026. We also compared four conservation scenarios: (1) no proposed 
management; (2) increased control of chick predators (e.g. Corvidae, Laridae, mammals); (3) 
increased merlin control; and (4) simultaneous chick predator and merlin control. Compared to 
the null scenario, chick predator control reduced quasi-extinction probability from 11.9% to 8.7%, 
merlin control more than halved (3.5%) the probability, and simultaneous control reduced quasi-
extinction probability to 2.6%. 

Piping plover recovery actions should consider systematic predator control, rather than current 
ad hoc protocols, especially given the predicted increase in regional merlin abundance. Our 
extension of the IPM-BPVA incorporating latent abundance as a covariate on key vital rates can 
also be used to model other imperfectly observed processes that may impact population growth 
and viability, such as prey availability or competitor abundance. As a whole, this approach of 
combining integrated population models with Bayesian population viability analysis to identify 
limiting components of the population cycle and evaluate alternative management strategies for 
conservation decision-making shows great utility for aiding recovery of threatened populations. 
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27:1761-1775. 

 
 



281 
 

Accounting for phenology in the analysis of animal movement 
 

Henry Scharf1, Mevin Hooten2, Ryan Wilson3, George Durner4, Todd Atwood4 
 

1Department of Statistics, Colorado State University, 2U.S. Geological Survey, 
Colorado Cooperative Fish and Wildlife Research Unit, Department of Fish, Wildlife, 
and Conservation Biology, Department of Statistics, Colorado State University, 3U.S. 

Fish and Wildlife Service, 4U.S. Geological Survey 
 

Abstract ID: 2379 
Movement Ecology (IV)/5 

 
Oral - Student Competition 
 

The analysis of animal movement is an important source of scientific understanding and 
discovery in ecology. Observations of animal trajectories using telemetry devices provide 
researchers with information about the way animals interact with their environment and each 
other. For many species, specific geographical features in the landscape can have a strong 
effect on behavior. Such features may correspond to points (e.g., dens or kill sites), or to 
higher-dimensional spaces (e.g., rivers or lakes). Features may be relatively static in time 
(e.g., coastlines or home-range centers), or may be dynamic (e.g., sea ice extent or areas of 
high-quality forage for herbivores). We introduce a novel model for animal movement that 
incorporates active selection for dynamic features in a landscape. 

Our approach is motivated by the study of polar bear (Ursus maritimus) movement. During 
the sea ice melt season, polar bears spend much of their time on sea ice above shallow, 
biologically productive water where they hunt seals. The changing distribution and 
characteristics of sea ice throughout the late spring through early fall results in constantly 
shifting habitat. We develop a model for the movement of polar bears that accounts for the 
effect of this important landscape feature. We introduce a two-stage procedure for 
approximate Bayesian inference that allows us to analyze over half a million observed 
locations of 279 polar bears from 2008–2016. We use our proposed model to illustrate an 
approach that can be used to cluster polar bears into discrete management units. 
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Plant protection products (PPP) including fungicides, herbicides and insecticides are 
amongst other factors an important stressor in aquatic ecosystems. They can contribute to 
local and regional losses of freshwater biodiversity and ecosystem services. We analyzed 
their seasonal occurrence patterns and possible related adverse effects on aquatic 
organisms including algae, insects, molluscs and fish in small streams. The data was 
collected in the course of German wide federal monitoring programs between 2005 and 2015. 
To date the data set represents the most holistic compilation on PPP in aquatic systems in 
this region. As PPP are applied during different periods of the year we hypothesized (i) to find 
increased in-stream occurrences of such compounds during months of increased application. 
Likewise we hypothesized (ii) adverse effects on aquatic organisms to peak during, or shortly 
after periods of application. Furthermore we hypothesized (iii) to find a long-term decrease in 
occurrences of compounds, whose authorization has expired during or shortly before the 
monitoring period. 

We defined the occurrence of PPP as the number of detections per compound per month. In 
order to quantify the magnitude of adverse effects on different aquatic organism groups we 
used Toxic Unit (TU) metrics, which are calculated by dividing in-stream compound 
concentrations by endpoints of experimental toxicity tests. Such test data was obtained 
through large publicly accessible data bases. As we expected nonlinear response-predictor 
relationships, we used Generalized Additive Models (GAM) to explain seasonal patterns and 
long-term trends (Wood, 2017). The number of detections of individual compounds was 
modeled as resulting from Poisson distributions, whereas continuous TU values for individual 
compounds were modeled resulting from Gamma distributions. Smoothing functions using 
cyclic cubic regression splines were used to fit compound-specific models. Point-wise 95% 
confidence intervals of the first derivate of the fitted smooth helped to determine periods of 
statistically significant changes. 

For several individual compounds we were able to plausibly trace occurrence and long-term 
patterns and estimate periods of increased adverse effects to different groups of aquatic 
freshwater organisms. The study showed GAM to be a useful modeling tool for seasonal non-
linear environmental data. Inhomogeneous sampling characteristics hindered plausible 
conclusion for all compounds. 

References: 
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Migratory connectivity describes the extent to which different geographical areas are linked 
by migratory animals throughout the annual cycle. From a breeding population perspective, 
the extreme ends of the phenomenon may be described i) by individuals of a given population 
migrating to (many) different wintering areas, and ii) by individuals from several different 
populations all migrating to population specific disjunct wintering areas. The strength of the 
connection between the breeding area and the specific wintering area is measured by the 
proportion of the individuals of a breeding population moving to a specific wintering area. 
Wintering areas may vary by the conditions they offer to individuals staying during the non-
breeding season. In turn, variable conditions may lead to differential mortality directly on the 
wintering grounds (possibly producing dead-recoveries of marked individuals) and result in 
wintering area specific survival probabilities. Based only on dead-recovery data the outlined 
quantities – migratory connectivity and survival – can be estimated by our fully stochastic 
mark-recovery model.  
 
Our approach is based on the multinomial reencounter model (e.g. Thorup & Conn, 2009) 
and the method of the division coefficient (Busse & Kania, 1977). The multinomial 
reencounter model is a simple stochastic model in which all individuals found in one wintering 
area survive according to the Markov property year by year with a wintering area specific 
survival probability and might be found with a wintering area specific recovery probability. 
The model takes the random variation in the data into account, but separate parameter 
estimates can only be obtained by numerical integration. The method of the division 
coefficient uses a system of linear equations allowing for explicit formulation of the 
parameters, but ignoring stochasticity. 
  
We extend these approaches by presenting a fully stochastic model for the data and by using 
a Restricted Maximum Likelihood (REML)-like approach for estimation. The estimation 
process is composed of four steps using different conditioned and grouped versions of the 
overall multinomial distribution. As a result, we can formulate explicit maximum likelihood 
estimators (MLEs) for i) the proportions of individuals of multiple populations migrating to the 
different wintering areas and wintering area specific ii) recovery and iii) survival probabilities. 
The MLEs can be used to investigate the estimation process analytically and by simulations, 
which might be helpful to assess the behaviour of the model with different parameter 
combinations. Due to the stochastic formulation by multinomial distributions, we are also able 
to use and analyse Bayesian methods. The reliability of the results, e.g. when data is 
generated by a process that violates certain assumptions of the model, can be evaluated 
using the insights into the estimation process by the MLEs. 
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Observed animal movements arise from complex interactions of individuals with their 
environment. Next to landscape features, an important part of the environment are other 
animals, including both conspecific and heterospecific individuals.  On the one hand, animals 
may be attracted to each other for mating, social foraging, or information gain. On the other 
hand, individuals may keep at a distance from others to avoid aggressive encounters related 
to, e.g., interference competition or predation. With modern tracking technology, more and 
more data sets are emerging that allow to investigate fine-scale interactions between free-
ranging individuals from movement data. However, few methods exist to disentangle the 
behavioural responses of interacting individuals. We present an approach based on step-
selection functions (Forester et al., 2009) and kriging (Fleming et al., 2016) to analyze how 
individuals respond during their movements to the dynamic space-use of other individuals. 
Using simulated data, we demonstrate the method’s ability to identify various combinations 
of attraction, avoidance, and neutrality between individuals. Additionally, we showcase the 
methods' applicability with telemetry data from concurrently tracked bank voles (Myodes 
glareolus), for which responses depend strongly on the sexes of the involved individuals. Our 
approach is flexible and can be combined with conventional uses of step-selection functions 
to tease apart the various drivers of movement, e.g. the influence of the physical and the 
social environment. In addition, the method is particularly useful in studying interactions when 
responses vary between and towards different individuals, thus allowing not only single-
species or pairwise but also multi-species analyses. 
  
References: 
 Forester, J.D., Kyung, H. & Rathouz, P.J. 2009. Accounting for animal movement in 
estimation of resource selection functions: sampling and data analysis. Ecology, 90, 3554–
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Estimating where and how animals travel: an optimal framework for path reconstruction from 
autocorrelated tracking data. Ecology, 97, 576–582. 
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Hierarchical models are widely used in the ecology.  Our ability to specify and fit hierarchical 
models has outpaced our capability for checking the robustness of the models, particularly 
as the hierarchical structure deepens.  Hierarchical approaches are broad and include a wide 
range of models.  At one extreme we have models that include structure to include partial 
pooling and regularization.  At another extreme are models that include latent variables that 
cannot be without multi-level probability structure.  Using examples, we will consider the 
aspects of the hierarchical models that are well supported by data, as well as the variables 
that are likely to be sensitive to modeling assumptions.  This has implications for how we 
interpret model output and distinguish between different hierarchical specifications.  
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Spatial variation in population size is affected by a multitude of factors, which makes it hard 
to evaluate the appropriateness of statistical models of population size. To complicate 
matters further in dynamic and spatially structured populations – such as metapopulations – 
dispersal, local extinctions and colonizations confound the effects of environmental factors. 
While a wealth of "coarse" environmental data are available for most terrestrial ecosystems 
it is difficult to know whether such data are adequate for explaining abundance or is more 
detailed habitat and demographic data neccessary for meaningful estimates and predictions. 
The acquisition of such detailed data is costly and might not be available in reasonable time, 
but can at the same time be crucial for useful modelling outcomes. 
 
In our case study we were interested in the performance of models incorporating different 
environmental and demographic data. We analyzed sixteen years of population surveys of 
the Glanville fritillary butterfly (Melitaea cinxia) in the Åland Islands archipelago in Finland. 
We concentrated on the role of landscape heterogeneity and habitat quality in population 
dynamics of the butterfly as contrasted to the spatial configuration of habitat; the relative 
importance of these factors an issue of some contention between landscape and 
metapopulation ecology. For landscape effects we used habitat land use as well as distance-
based and multi-scale measures of surrounding land use and topography. Habitat quality 
incorporated different measures related to the larval environment of the butterfly. 
 
To quantify the role of different sources of variation we grouped explanatory variables into 
(meta)population, habitat quality and landscape structure -related variables. We then 
assessed their relative importance by comparing spatiotemporal random effects models 
incorporating permutations of these variable groupings as covariates. The models were 
implemented using R-INLA. We compare models in terms of information criteria, variance 
and length scale of the spatial random fields, and posterior predictive summaries. To mimic 
situations where only less detailed demographic data are available, we also analyzed all 
groups of models with presence–absence data instead of population sizes as dependent 
variables. 
 
Models incorporating both measures of habitat quality and spatial configuration of the habitat 
had better information criteria scores and lower variance of the spatial random field than 
combinations with landscape structure, though the model incorporating all classes of 
covariates still performed best. These results further confirm that for species with short 
generation times and life stages involving specialized habitat, some data on habitat and 
demography is essential. From the viewpoint of metapopulation ecology, our results show 
that large scale occupancy patterns and abundance are predicted well by metapopulation 
theory even in a highly heterogeneous insular environment. All in all, the inclusion of 
landscape structure in spatial population models improves the predictive capability of simpler 
models, but might not be sufficient to explain spatial variation in abundance. 
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This analysis is motivated by the MIKE dataset (Monitoring of Illegal Killing of Elephants; 
https://cites.org/eng/prog/mike) in Etosha National Park (ENP).  The dataset comprises 320 
carcass locations over 18 years from 2000 to 2017.  We use this dataset to show the 
development of an improved selection method for regression models to replace the model 
averaging used in the original CReSS paper (Complex Region Spatial Smoother; Scott-
Hayward et al 2014).  We have enhanced SALSA 1D (Spatially Adaptive Local Smoothing 
Algorithm; Walker et al 2011) for use in a two-dimensional smoothing alongside the original 
CReSS basis function to allow the selection of knot number, location and effective range of 
each basis. Additionally, there is now an option for a Gaussian basis function alongside the 
existing exponential function and the existing choice of Geodesic (“as the fish swims”) or 
Euclidean (“as the crow flies”) distances.   
 
We present results of analyses using the old CReSS method and the new SALSA-based 
CReSS method using both basis types and both distance functions.  All code to use the new 
method is readily available in the MRSea package in R (github.com/lindesaysh).  The 
methods were compared using 10-fold cross-validation. Not only is the new method much 
faster, computationally, but it is also able to identify surface features that we would otherwise 
have missed using the old method.  For example, in a simple model containing only a two 
dimensional smooth of space, the new method identifies strips where carcasses are found 
along roads.  The old, model averaging method, smooths through these areas.  
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A key concept in the study of animal population dynamics is to understand how deterministic 
and stochastic processes interact to shape the abundance of animals over time and space. 
An emerging tenet from terrestrial macroecological studies has demonstrated both positive 
(temporal variation in climate) and negative (spatial variation in food resources) relationships 
between environmental stochasticity and the strength of direct density dependence in 
populations. However, these relationships are yet to be tested in marine systems for higher 
trophic level species. We developed Bayesian state space Ricker population models for 11 
species of breeding seabirds in UK waters using time-series of colony counts dating back to 
the 1960s from the Seabird Monitoring Program. These models estimated both the intrinsic 
rate of population increase and the strength of direct and delayed density dependence in 
each population. We then correlated the relative strength and spatial pattern of density 
dependence with different sources of environmental stochasticity such as temporal variation 
in climate, spatial variation in resources, synchronicity of resources and community structure. 
We identify some striking spatial patterns in the strength of direct and delayed density 
dependence in UK waters, which are consistent across several of the species studied. We 
also demonstrate the complex nature of potentially counteractive forces of environmental 
stochasticity on population dynamics in these species. Our results have important 
implications for understanding how climate change is affecting population dynamics of 
seabirds, and how characteristics of the marine environment may help to buffer the impact of 
climate change on these iconic species.  
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Estimates of adult salmonid escapement are crucial to evaluating the status of depleted 
populations and the success of programs to recover them. Unfortunately, estimates of 
escapement and uncertainty in those estimates can be difficult and/or expensive to obtain, 
especially in remote locations. To address this, we have developed a branching patch-
occupancy model within a Bayesian framework to estimate adult abundance at multiple 
spatial scales (e.g., tributary, population). This methodology relies on a sample of fish being 
implanted with a Passive Integrated Transponder (PIT) tag at a mainstem dam of which a 
portion is then subsequently re-detected along a network of observation sites during their 
upstream spawning migration. We use a state-space model to estimate the probability of fish 
moving past each detection point as well as the probability of detection at each site. We can 
use the movement probabilities, along with an estimate of total fish past the initial marking 
site, to estimate escapement at a variety of spatial scales across the entire river network. We 
have applied this model to systems within the Columbia River basin for both Chinook salmon 
(Oncorhynchus tshawytscha) and steelhead (Oncorhynchus mykiss), and have validated it 
through simulation studies, as well as with comparisons to traditional methods (e.g., redd 
counts, weirs). Our model overcomes several limitations of these commonly used methods. 
Recently, we have automated many of the data processing steps and developed a version of 
this model that can be deployed in nearly real-time to help managers better direct fishery 
harvest to avoid impacts to depleted populations. To implement this model, we have 
developed three R packages. The STate-space Adult Dam Escapement Model (STADEM) 
package is used to estimate the number of unique fish crossing the initial marking point (e.g., 
a dam) using multiple sources of data. PITcleanr then processes the observations of PIT 
tags, and prepares the data for input into the final package, DABOM. The Dam Adult Branch 
Occupancy Model (DABOM) estimates movement and detection probabilities to estimate 
adult escapement at the tributary or population scale.   
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Accurate estimates of ecological state variables such as population density provide key 
metrics for monitoring population changes over time in response to changes in environmental 
conditions or protection regimes. These changes can be defined in terms of habitat use, 
abundance or distribution. One can define habitat use as a hierarchical process in terms of 
species distribution, home range placements within the distribution range, and space use 
within the home range. Snow leopards are known to have large home ranges that can be 
several hundreds km2 in size. They also have strong spatial preferences for certain habitats 
where patches of suitable habitat can often be smaller than individual home range sizes. 
Snow leopard density is often strongly correlated with the habitat quality and with availability 
of prey, whereas individuals’ movements and hence detection are associated with availability 
of markable sites or sites with critical resource such as water bodies. 
  
We investigate the effect of environmental variables and protection regimes on snow leopard 
populations in three sites with different regimes and somewhat different environments, using 
camera trap data. We present estimated density surfaces based on ecologically relevant 
covariates and investigate similarities and differences in how density depends on these 
across the three sites. While we find differences in average density per site, our results 
indicate that density depends on ruggedness covariate in the same way across the sites 
irrespective of their protection regime. Differences in the average density of each site can be 
explained by differences in the amount of suitable habitat in each site.  
 
As regards individuals’ habitat use, our best model included ‘compensatory heterogeneity’ 
(Efford and Mowat 2014) between range and intercept parameters of detection functions, 
suggesting that animals moving in larger ranges were less likely to be detected at their activity 
centres and vice-versa. Our results also suggest that animals with activity centres near water-
bodies had smaller ranges and higher detection probabilities, but this relationship varied 
between the three regions. Similarly, traps in canyons were more likely to have detected snow 
leopards compared to those on ridgelines or steppe. Estimated snow leopard density ranged 
from nearly 0 to 5 per 100 km2, depending on location. Camera traps are often placed at 
locations where encounter rates are expected to be highest, and often not placed where they 
are expected to be low. This results in over-sampling of high density regions and positive bias 
in density and abundance if the spatial variation in density is not taken into account in 
analysis. Our results show that in the hierarchical order of habitat selection, availability of 
suitable habitat governs abundance of snow leopards, where they tend to be robust in their 
selection at the level of their activity ranges, but are more sensitive to differences at the level 
of space use within activity ranges. 
 
Reference: 
Efford, M.G. and Mowat, G. (2014) Compensatory heterogeneity in spatially explicit capture–
recapture data. Ecology 95: 1341–1348 
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The improved understanding of temporal change in biodiversity is becoming a crucial 
challenge in environmental and ecological sciences. A range of biodiversity indices has been 
used to delineate such temporal shifts in biodiversity over different ecological communities. 
In particular, the number of species, known as species richness, has long been a common 
indicator to quantify the state of biodiversity but is also one of the difficult indicators to deal 
with. To overcome technical difficulties, standardisation methods, called rarefaction, have 
been developed and widely adopted to undertake a fair comparison of the richness observed 
at different times or locations. 
 
This talk begins with asking a question, whether utilising different rarefaction methods attains 
comparable results when investigating temporal changes in species richness. The study 
discusses the statistical nature of two commonly used rarefaction methods: size-based and 
coverage-based rarefaction. A key finding is that the rarefied richness results calculated by 
these two different rarefaction methods reflect different aspects of biodiversity change, the 
temporal shift in community size and/or composition. This fact illuminates that richness 
analyses based on different rarefaction methods can reach different conclusions that may be 
contradictory. As such, special care is required when evaluating biodiversity change using 
species richness as an indicator. 
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Catchability estimation is a key component in the assessment of fishing impacts on non-target 
species. In this context, catchability expresses capture and retention efficiency of the 
commercial fishing gear, as determined by gear performance and species availability. In this 
project we developed a model-based approach for estimating catchability for non-target fish 
species in multiple fishery groups. Model development and testing was performed in a case 
study using fishery-independent (trawl survey) and fishery-dependent (observer) data from 
eight fishery groups distinguished by target species and gear type. 
 
Two types of models were developed that can be fitted to individual units of fishing effort (tow 
by tow) or cell-aggregated effort information at a chosen grid cell resolution.  Sensitivity to 
choice of grid cell resolution was investigated. Trawl survey data were used to calculate 
species density in each cell as the ratio of total catch weight to total area swept. The product 
of tow or cell area swept and local species density was taken to represent the population 
available for capture by commercial fishers. A delta-logNormal model was applied to observer 
reported catch weights and available population to estimate fishery group specific 
catchability. 
 
Both models were able to recover signals seen in the raw data and provide realistic estimates 
of catchability with uncertainty, for the species and fishery groups considered. A number of 
simplifying assumptions were made for the purpose of methods development, especially with 
regards to the density estimation process. Recommendations are made that will assist with 
relaxing such assumptions in future work and refine the models. 
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Habitat selection of animals has been of interest to researchers for a long time. Popular 
conceptual frameworks used to study habitat selection include resource selection functions 
(RSFs) and step-selection functions (SSFs). Both frameworks compare environmental 
covariates associated with locations that animals visit with environmental covariates at a set 
of locations assumed available to the animal. The main difference between these approaches 
is that SSFs condition available points on the current location of the animal, resulting in a 
stratified data set, whereas RSFs pool all location data assuming the animal can move 
anywhere in its range between successive observations. Currently it is not clear how to best 
account for animal-specific variation when fitting RSF or SSF models to data from multiple 
animals. 
 
We briefly review the importance of including random effects, and in particular random slopes, 
when modeling habitat selection using both RSF and SSF modeling frameworks. Maximizing 
the conditional logistic likelihood induced by SSF designs is particularly challenging when 
using traditional frequentist methods for fitting mixed effects models to fit. We propose to rely 
on a reformulation of the model as a (likelihood-equivalent) Poisson regression, where 
stratum-specific intercepts are approximated as a random effect with a large prior variance. 
Finally, we illustrate how both RSF and SSF models can be fitted conveniently in a Bayesian 
setup via integrated nested Laplace approximations (INLA). 
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In the face of cumulative impacts from climate change and other anthropogenic disturbances, 
successful management of ecosystems requires a sound understanding of how they respond 
to forcing over long time periods. Palaeoecological time series provide one of the few ways 
with which ecologists can track ecosystem responses to environmental change in relatively 
high temporal resolution over long periods of time. However, the irregular temporal spacing 
and highly multivariate nature of the data have resulted in tools that are not especially suited 
to addressing these questions. The dimensionality of the problem is often addressed via 
ordination methods, which break the data into components of variation that need to be 
reassembled a posteriori, whilst hierarchical clustering methods are generally used to group 
species into associations that tend to co-occur. These approaches either assume gradual 
change or threshold-like responses, not both, and further analyses are required to interpret 
the fitted models to elucidate the effects of environmental change on species composition or 
community dynamics. 
 
Here we illustrate Latent Dirichlet Allocation (LDA), one of several topic models introduced to 
the field of computational learning in the last decade. Topic Models categorise documents 
into groups on the basis of the topics found within them. The words that are most associated 
with each topic, as well as the number of topics, are learned from the data. When applied to 
palaeoecological data, the documents are the sediment samples and the words are the 
species, whilst the topics can be thought of as associations of species that tend to co-occur. 
In LDA the relative frequency of species associations in each sample and the relative 
frequency of species in each association are described by Dirichlet distributions. LDA 
therefore achieves dimension reduction via the identification of a set of associations that is 
much smaller in size than the number of species in the original data. Likewise, each sample 
is grouped probabilistically in terms of the proportions of each association in the sample. 
 
We apply LDA to published palaeoecological time series and compare the results obtained 
with those reported in the original source. In Foy Lake (Montana) LDA recovers the main 
periods of change in the 7000-year diatom record and distinguishes between periods of 
gradual and rapid compositional change with a single model, capturing the period of instability 
prior to a regime shift in the diatom community at c. 1300 years BP. The resulting species 
associations simplify the description of the major compositional changes and allows an 
assessment of the degree to which the associations present post regime shift are novel or 
previously observed in record. 
 
We subsequently explore the output from the LDA using Dirichlet regression and generalised 
additive models to quantify temporal variation in the expected proportions of association 
throughout the Foy Lake sediment record to quantify changes in community resilience to 
environmental change. 
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Periodic outbreaks of spruce budworm (Choristoneura fumiferana) affect the forests of 
northeastern North America, and their associated bird communities. The super-abundant 
caterpillars create a pulse of food for insectivorous birds, defoliate spruce and fir trees, and 
eventually change the vegetation composition of forest canopies. The local abundance of 
some forest birds increases, and some species can more than double their annual 
reproductive output during an outbreak, so we hypothesized that forest bird abundance could 
respond positively at local scales by tracking the presence of budworm in a given year, when 
selecting breeding territories, and with a temporal lag, at regional scales through the 
increased reproductive success. Previous work hypothesized that the long time since the last 
major outbreak (1970’s and 80’s) might partly explain severe population declines of, Canada 
Warbler (Wilsonia Canadensis), which is now listed as Threatened in Canada. We developed 
a hierarchical Bayesian model to assess correlations between counts of eight warbler species 
from the North American Breeding Bird Survey with the local and time-lagged regional 
presence of spruce budworm. Our model allowed us to estimate the population-level 
responses to both local and regional effects for three species previously known to have local 
responses. The model also allowed us to determine that five other species, including Canada 
Warbler, do not have consistently strong responses to budworm at either local or regional 
scales. The hierarchical Bayesian framework allowed us to easily model the multiple spatial- 
and temporal-scale effects, generate alternative population trajectories, to visualize the 
effects of historical spruce budworm outbreaks on our understanding of the warbler species 
population status and trends, and to show that the status of the threatened Canada Warbler 
population will not improve with the next spruce budworm outbreak. This model and the 
flexible hierarchical Bayesian framework provides a base-model that can be easily modified 
to account for these budworm-effects in modeling other drivers of change, such as forest 
management and climate change.  
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The distribution of fishing activities is an important element in marine spatial planning for 
sustainable management of marine systems. The activities of small coastal vessels are often 
neglected, although they are numerous and can have substantial impacts on local stocks and 
habitats. Small-scale fisheries may also be of real economic importance in rural communities. 
Within the SIFIDS project we aim to use boat tracking data (GPS) to establish a methodology 
that could be used to map fishing grounds around the UK. This requires us to distinguish 
fishing activities such as the hauling or shooting of creels from ‘commuting’ or travelling 
states. We present the initial results of a study in which observers present on fishing boats 
record their fishing activities, whilst GPS data are simultaneously collected.  
  
We develop modelling approaches that are based on the location data, and tests if the models 
(i) correctly infer fishing state at evenly-spaced points in time (ii) adequately reproduce the 
corresponding spatial patterns of fishing. We compare a very simple ‘speed threshold’ model 
with a more computationally expensive Hidden Markov method (HMM) that also takes turning 
angle into account. Starting values for HMM model fitting are estimated automatically within 
our algorithm based on boat and engine size. We develop some further simple modifications 
to these models that impose simple restrictions on the predicted values of fishing state e.g. 
vessels are unlikely to be fishing very close to their harbour of origin. Results suggest little 
improvement in correct assignation of behaviours when using HMMs compared to using a 
simple speed threshold. This may be due to the complexity of the true speed distribution 
corresponding to each fishing state, which we can characterise from the observer’s data. 
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Statistical models that integrate multiple data sources can improve demographic parameter 
estimation and provide more feasible study design options, such as combining small-scale 
collection of high-resolution data (e.g., individual encounters) with larger-scale collection of 
low-resolution data (e.g., species level detections or counts; Chandler & Clark, 2014). Despite 
the increasing use of models to integrate such disparate data sources, little work has been 
done on identifying situations where collecting additional low-resolution data is most 
beneficial. Here, we explore under which conditions the inclusion of point count data improves 
spatial capture-recapture (SCR) density estimates of songbirds from spot mapping surveys.  
  
Our data come from an intensive study of wildlife response to forest fuel reduction treatments 
in an experimental forest in the Sierra Nevada, California (Knapp et al., 2012). Spot mapping 
surveys were conducted at approximately 1300 locations/year covering the entire study area 
at 30-m intervals, and were used to construct annual individual-level spatially explicit 
encounter histories. Point count surveys were conducted at 97 locations, with 2 5-minute 
repeat visits to each point. The high sampling intensity and multi-species focus of this study 
provide a unique opportunity to explore the benefits of collecting additional data types under 
different abundance and sampling scenarios with a real-life data set, complementing more 
controlled yet less realistic simulations studies.   
  
We fit standard SCR and integrated SCR with point count models to spot mapping data for 
12 bird species with varying amounts of SCR data. We tested the following hypotheses: (1) 
Including point count data will reduce the coefficient of variation of density estimates; (2) that 
reduction will be stronger for data-sparse species, and when reducing the spatial extent of 
the spot mapping surveys; (3) we will observe a similar pattern for estimates of density-
covariate relationships. 
 
Point counts contributed between 21 and 362 records per year and species to the integrated 
analysis. Initial results suggest that density of the 12 studied species tended to be negatively 
associated with canopy closure, and positively associated with controlled burning. Owing to 
the high spot mapping intensity, point counts did not improve density estimates for full SCR 
data sets. Their contribution varied based on the quantity of SCR data available when 
subsetting the SCR data sets. Our findings suggest that the benefits of additional data are 
asymptotic, highlighting the need for study design in management and conservation studies 
that plan to implement data integration models. 
  
References: 
Chandler, R. B. and Clark, J. D. 2014. Spatially explicit integrated population models. 
Methods in Ecology and Evolution, 5:1351–1360. 
Knapp, E., North, M., Benech, M. and Estes, B. L. 2012. The variable-density thinning study 
at the Stanislaus-Tuolumne Experimental Forest. In M. North (Ed.), Managing Sierra Nevada 
forests. USDA Forest Service, General Technical Report GTR-PSW-237. (pp. 127–139). 
USDA Forest Service, Pacific Southwest Research Station. 
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When making predictions about ecosystems, we often have available a number of different 
ecosystem models that attempt to represent their dynamics in a detailed mechanistic way. 
Each of these can be used as simulators of large-scale experiments and make projections 
about the fate of ecosystems under different scenarios in order to support the development 
of appropriate management strategies. However, structural differences, systematic 
discrepancies and uncertainties lead to different models giving different predictions. This is 
further complicated by the fact that the models may not be run with the same functional 
groups, spatial structure or time scale. Rather than simply trying to select a `best' model, or 
taking some weighted average, it is important to exploit the strengths of each of the models, 
while learning from the differences between them. To achieve this, we construct a flexible 
statistical model of the relationships between a collection of mechanistic models and their 
biases, allowing for structural and parameter uncertainty and for different ways of 
representing reality. Using this statistical meta-model, we can combine prior beliefs, model 
estimates and direct observations using Bayesian methods, and make coherent predictions 
of future outcomes under different scenarios with robust measures of uncertainty. In this talk 
we present the modelling framework and discuss results obtained using a diverse ensemble 
of models in scenarios involving future changes in fishing levels. These examples illustrate 
the value of our approach in predicting outcomes for possible strategies pertaining to climate 
and fisheries policy aimed at improving food security and maintaining ecosystem integrity. 
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On spatial capture-recapture (SCR) surveys, detectors are deployed at fixed locations across 
a survey area. They collect spatially correlated detection data from each individual: detectors 
located near where an animal lives are more likely to make a detection than those that are 
further away. Existing SCR methods model this spatial structure in a simple way: data 
collected by different detectors are considered independent, conditional on the location of a 
latent activity centre, which represents the animal's average location over the course of the 
survey. There are a range of scenarios for which this approach is too simplistic, chiefly due 
to the conditional independence assumption, which can result in poor estimators of animal 
density and other parameters of interest. In this talk I extend the spatial dependence structure 
in SCR models, providing a more robust animal density estimator. I discuss potential 
applications to various commonplace SCR surveys, from camera-trap surveys of large cats 
to acoustic surveys of frogs. 
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Population diets are frequently presented as averages with individuals of a given age, sex or 
morphology treated as ecologically equivalent. However, individuals within a population can 
vary substantially in their resource use even when factors such as age, sex or morphology 
are accounted for. Such individual specialization in resource use has the potential to 
significantly affect the structure and dynamics of populations and their communities. Grey 
seals are an abundant, long-lived and wide-ranging marine predator. The grey seal 
population in the Northwest Atlantic has increased from an estimated 15,000 individuals in 
1960 to 424,300 individuals in 2016. There is considerable interest in the potential impacts 
of this growing population on the structure and function of the ecosystem, particularly in 
relation to the dynamics of commercially important fish species. By measuring the 
repeatability in the diets of individual grey seals, we can gain a better understanding of the 
degree of individual specialization in resource utilization and how changes in factors such as 
population density and/or prey availability may influence specialization.  
 
Repeatability is commonly estimated by the intraclass correlation coefficient (ICC) and, in the 
univariate setting, widely accepted formulae are available to estimate this quantity.  In the 
case of estimating repeatability in the diets of grey seals, the situation is more 
complex.  Repeatability is estimated from diet estimates acquired through quantitative fatty 
acid signature analysis (QFASA), a popular approach for estimating the diets of seals and 
other marine animals.  QFASA yields an estimate of the proportion of each prey species in a 
predator’s diet.  QFASA diet estimates can be relatively lengthy compositional vectors and 
usually contain many zeros which precludes the use of conventional methods for the analysis 
of compositional data. 
 
In this work, an extension of the measure of repeatability used in the univariate setting is 
proposed which utilizes the mean squares obtained from the non-parametric multivariate 
analysis of variance developed by (Anderson, 2001).   The method requires an appropriate 
measure of distance for compositional data containing zeros and we have consequently 
chosen the chi-square measure of distance which was analyzed in relation to QFASA data in 
(Stewart, 2017).   Confidence intervals via nonparametric bootstrapping are constructed 
which take into account both the sampling and measurement error, where the latter error 
arises because the diet of the seals are estimated by QFASA.  
 
Results of a simulation study will be presented along with two real-life data examples.  While 
in the first example a measure of seasonal repeatability is desired, analysis of the second 
data is more intricate as it involves a relatively small sample of female grey seals which were 
sampled repeatedly over a 5 year period and contain missing data.   
 
 
References 
Anderson, M.J. 2001. A new method for non-parametric multivariate analysis of variance. 
Austral Ecology, 26: 32-46. 
Stewart, C. 2017. An approach to measure distance between compositional diet estimates 
containing essential zeros. Journal of Applied Statistics, 44(7): 1137-1152.  
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In spatially structured populations, dispersal is context-dependent and related both to local 
conditions (within patches) and to the metapopulation as a whole (Clobert et al, 2009). 
Density-dependence experienced at different scales likely plays a role in initiating dispersal 
and determining dispersal success. Such ‘multi-scale’ density-dependence has hitherto 
received little attention despite its potential to produce spatiotemporally heterogeneous 
dispersal rates and fundamentally alter predictions about metapopulation dynamics and 
persistence.  
  
Spatially explicit metapopulation models that incorporate demographic information such as 
local population size and structure (Sutherland et al, 2014) offer a general statistical 
framework for investigating drivers of metapopulation persistence, colonization-extinction 
dynamics, and network connectivity. 
  
We developed a spatially explicit metapopulation model to quantify dual-scale density-
dependence using data from a metapopulation of water voles to provide novel empirical 
evidence of both positive local and negative regional density-dependent dispersal. The 
potential for multi-scale density-dependent dispersal to induce increased variability in 
metapopulation dynamics and hence increased extinction risk is offset by increased dispersal 
success in low occupancy years. Thus, negative density-dependent dispersal at the 
metapopulation scale partly counters the heavily destabilising impact of positive density 
dependence at the local scale. These opposing forces result in increased metapopulation 
resilience. 
  
References 
Clobert, J., Le Galliard, J.F., Cote, J., Meylan, S., Massot, M., and Galliard, L. (2009).  
Informed dispersal, heterogeneity in animal dispersal syndromes and the dynamics of 
spatially structured populations. Ecology Letters, 12(3), 197–209. 
Sutherland, C. S., Elston, D., & Lambin, X. (2014). A Demographic, Spatially Explicit Patch 
Occupancy Model of Metapopulation Dynamics and Persistence. Ecology, 95(11), 3149–
3160. 
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Ecologists have invested decades trying to discern spatial patterns of biodiversity and their 
underlying processes.  This objective requires quantification of the spatial variation in species 
composition among communities.  One often-used metric with which to quantify variation in 
biodiversity is β-diversity, the mathematical link between local (α-diversity) and regional 
species richness (γ-diversity).  Typically, α-diversity is the mean of the species richness in a 
set of local sites and γ-diversity is the species richness in the composite of the local sites.  The 
basic premise of β-diversity is to quantify the degree of “differentiation” among communities, 
i.e., to measure to what degree species tend to aggregate, which is then related to 
environmental or spatial gradients.  Although this premise seems straightforward, how best 
to derive β-diversity is a contentious issue and the literature contains a vast multitude of 
proposals.  
 
Despite the common use of β-diversity indices, their application has been the subject of 
concern owing to the confounding effects of the inherent relationship between β-diversity and 
α- and γ-diversity, i.e., changes in β-diversity can arise through changes in α- or γ-
diversity.  This relationship ensues from the principal that species richness increases with 
sampling intensity with respect to species accumulation curves (SACs), along which the rate 
of species accumulation decreases with increasing sampling effort until all species present 
have been accounted for.  As a result, measurements of α- and γ-diversity (and consequently 
calculations of β-diversity) are a function of both the shape of the SAC and the sampling effort 
or intensity.  Therefore, β-diversity indices and their resultant spatial patterns may reflect 
factors other than the degree of species aggregation. 
 
Methods have been proposed to mitigate the effect of the relationship between β-diversity 
and α- and γ-diversity. Two types of methods – based on randomization of individuals or 
forms of rarefaction – seek to generate a null-model value of α-diversity from which a null-
model β-diversity is calculated which is then compared to the observed β-diversity. 
 
We examine here the use of an aggregation index (AI) with which to quantify species 
aggregation among communities.  Rather than relying on a measure of β-diversity, AI 
quantifies the degree of curvature of a SAC-like function derived from observed abundance-
based α- and γ-diversity.  Unlike methods based on randomization or rarefaction, AI does not 
depend on γ-diversity representing the size of the species pool; accurate measures of 
aggregation result even when γ-diversity is considerably less than the size of the species 
pool.  Furthermore, AI is scale independent, inasmuch as AI maintains the same value for any 
given degree of species aggregation regardless of the sampling effort or species pool size. 
The AI model is suitable for individual-based data, site-based data, or (for vegetation surveys) 
species abundances normalized by areal coverage or biomass. Application of AI is 
demonstrated on a global-scale dataset of tree species.  The results suggest that species 
aggregation (and analogously β-diversity) tends to increase with increasing distance from the 
equator – the opposite trend typically resulting from β-diversity. 
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The status of the Pacific walrus (Odobenus rosmarus divergens) population has been of 
particular recent interest.  It is an arctic species confronted with rapid loss of sea ice habitat, 
and was a candidate for listing under the United States Endangered Species Act until the 
October 2017 decision not to list.  However, determining the population’s status has always 
been problematic, and has mainly been based on population size surveys conducted at 
roughly decadal intervals.  These surveys suffer from low precision, and unquantified 
detection bias in surveyed areas or large areas of unsurveyed habitat.  In addition to 
population size surveys, age-structure surveys have been conducted during three periods 
over the past four decades, but have only once been used in a walrus population model.  We 
developed Bayesian, density-dependent integrated population models to estimate walrus 
population trend and demographic rates over four decades (1974–2015) and to quantify the 
sensitivity of walrus population size estimates to detection bias.  We included data from the 
population size and age structure surveys in our joint likelihood function, and our population 
matrix model accounted for different timing of data collection among years.  Primary 
parameter priors were weakly informative, and designed to preclude values that were well 
outside ranges consistent with previous knowledge of walrus population dynamics.  Derived 
priors on annual population sizes also accounted for annual age-specific harvests.  We 
explored models that allowed for temporal variation in some or all vital rates, as well as 
density dependence or density independence in reproduction and calf survival. The two best 
models indicated that the population underwent a multi-decadal decline, which began 
moderating in the 1990s, and that annual reproductive rate and natural calf survival rates 
rose over time in a density-dependent manner. However, these models were equivocal 
regarding whether the natural juvenile survival rate was constant or decreasing over time. 
Depending on whether juvenile survival decreased after 1998, the population growth rate 
either increased during 1999–2015, or stabilized at a lesser level of decline than seen in the 
1980s. The probability that the population was still declining in 2015 ranged from 45% to 
87%. 
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Many animal species (e.g., forest elephants and birds, anurans, bats, gibbons, and many marine 
species) are relatively hard to see but easy to hear.  This makes passive acoustics an attractive 
modality for population surveys.  Passive acoustic monitoring (PAM) is particularly well suited to 
remote data collection and automated post-processing for detection, classification and (if 
required) localization; continuous monitoring can be undertaken over long time periods and (to 
some extent) regardless of season or weather conditions.  PAM has long been used to derive 
population indices; however, excepting aural point transect surveys of forest birds by human 
observers, estimation of absolute population density or abundance has only been achieved in the 
last decade, following concerted methods development (see review by Marques et al. 2013). 
Although there are now a substantial number of case studies demonstrating various statistical 
techniques for abundance (or density) estimation, to our knowledge none has been performed on 
a population where population size is known. 
  
We present a case study of passive acoustic abundance estimation using a well-studied 
community of bottlenose dolphins (Tursiops truncatus) in Palma Sola Bay, a small inlet with easily-
monitored entrances within Sarasota Bay, Florida.   Each day between June 14 and August 10, 
2013, three acoustic recorders were deployed at an adjacent subset of 66 sampling locations, 
while a concurrent visual census of the Bay was maintained.  Subsequent acoustic processing 
extracted detections of a particular type of vocalization, signature whistles, thought to function as 
an animal-specific identifier.  Focal follows of individual animals were also undertaken to estimate 
vocalization rates, and to enable estimation of detection probability as a function of distance. 
  
We compare 6 methods, in two categories.  In the first category, the unit of analysis is detection 
of an individual animal; here we compare “standard” capture recapture, spatial capture recapture, 
and an approach using the focal follow-derived detection probability.  In the second category, the 
unit of analysis is detection of an individual vocalization; here we compare spatial capture 
recapture, where detection probability is incorporated as a function of transmission loss instead 
of Euclidean distance, point transect sampling, and a method where detection probability is 
derived from the signal-to-noise ratio of simulated whistles based on acoustic propagation models 
and noise measurements.  Note that the methods differ in the “abundance” estimated: super-
population size, daily total population size or average instantaneous population size. 
  
We found that the methods generally performed well, apart from capture recapture, which 
underestimated abundance (despite our using a model that accounts for between-individual 
heterogeneity in capture probability) and the acoustic modelling approach, which produced 
estimates with very wide confidence intervals.  We discuss practicality of the different methods 
for large-scale implementation. 
  
References: 
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Spatial capture-recapture (SCR) has recently gained popularity as a method for incorporating 
spatial information into capture-recapture models.  By explicitly modelling individual centers 
of activity and movement, SCR provides more accurate estimation of population density and 
information about movement patterns and space use.  Recently, SCR has been extended to 
incorporate primary and nested secondary sampling occasions (“robust design” data), which 
disentangles inferences of emigration and mortality (the non-identifiability of which are 
fundamentally unsatisfying in traditional capture-recapture).  However, even for modest-sized 
datasets, fitting these models using Markov chain Monte Carlo (MCMC) can have 
prohibitively large computational requirements, requiring weeks or longer to achieve 
convergence.  In this talk, we present approaches to efficient MCMC sampling of traditional 
and robust design SCR models in ways that can be applied quite generally.  These include 
analytical integration over discrete latent states to reduce the dimensionality of the MCMC 
sampling, formulating the model for efficiently batched computations, and applying 
customized samplers that take advantage of the model's structure.  These techniques are 
possible using the MCMC engine of the NIMBLE package for R. Using real data examples of 
varying complexity, we show performance gains of one or more orders of magnitude relative 
to common MCMC engines such as WinBUGS and JAGS. 
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We present a new method to record and monitor the plant species in a community based on 
a sample of bounded point-to-plant distances (shortest horizontal distance from a sampling 
point to the nearest shoot of the species up to a maximum search distance) (Van Calster and 
Damgaard, 2017). With these measurements the species’ occurrence probability (OP) can 
be estimated in any circular plot area (up to the area defined by the maximum search 
distance) and combined into an integral occurrence probability (IOP). The IOP for a plant 
integrates species’ presence-absence patterns in all circular areas centered around a sample 
of points and up to a maximum search distance. It discriminates among a wide range of plant 
spatial distribution patterns and allows easy aggregation across species to obtain either 
expected species richness patterns (as a function of the area searched) or (I)OP for a species 
group. We will show that, after transformation of the point-to-plant distances to relative search 
areas or its complement, the data can be flexibly modeled assuming a zero-and-one inflated 
beta distribution in a distributional regression models framework (Bürkner, 2017). 
 
Using both field and simulated data we show how IOP compares to more traditional 
abundance measures such as visual estimation of cover classes. 
  
With data from a field trial in Nardetea grassland we show how the measurements can be 
unbiasedly aggregated across species belonging to a species group (as opposed to 
aggregation for visually estimated cover values) and discuss some important sampling design 
aspects of the method (sample size considerations, time requirements, reproducibility, …).  
  
Next, we compare visual estimation of cover, and IOP in terms of their performance to detect 
the spread of a plant species through time. It will be shown that IOP detects spread earlier 
than cover. This is important to monitor the recovery of target species, or to trigger 
management actions when unwanted species, that are able to outcompete target species, 
start spreading.  
  
We end with a discussion of pros and contras of the new method, compared to more 
traditional field methods, and highlight some applications where we believe the method will 
be most useful.  
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In many tracking studies, data is collected by tagging individuals for an open-ended period 
whereby proper controls (either selected subjects or environmental conditions) as well as 
randomisation are absent, and where the foreseen treatment effects are often beyond control. 
The majority of the research questions are often posed after data collection has been 
completed. By selecting a subset from the complete data set (e.g. containing relevant or 
suitable individuals or tacks) a quasi-experimental design is constructed which allows to 
answer the questions through e.g. statistical models. 
 
In this study we investigate the effect of the data selection procedure on parameter biases 
and support for an erroneous model when investigating time budgets and space use, using 
an artificial data set created by an agent-based model as well as a field data for central placed 
foragers. 
 
It turns out that considerable biases as well as erroneous model selection arise rather easy 
when using small sample sizes and selecting data without using a neutral model. However, 
a neutral model which matches the expectations under the selection criteria provides relevant 
context for interpreting the analysis results. Examples of these conditioning neutral models 
in combination with different selection criteria are provided for both time budget and space 
use models. 
 

 
  



308 
 

Spatio-temporal species distribution model to detect outbreaks of coral consuming 
Crown-of-thorns starfish in the Great Barrier Reef 

 
Jarno Vanhatalo1, Geoffrey Hosack2, Hugh Sweatman3 

1University of Helsinki, 2CSIRO Marine Laboratories, 3Australian Institute of Marine 
Science 

 
Abstract ID: 2412 

Survey design, statistical theory & Species Distribution Modelling/4 
 

Gaussian latent variable models are commonly used to build species distribution models 
(SDMs). Such models can be written as log-Gaussian Cox process where the Gaussian latent 
field is used to define a prior for the intensity of a Poisson point process [1]. These models 
can be used to study and predict the spatial (and/or spatio-temporal) occurrence or 
abundance pattern of species and to identify the environmental variables that best describe 
these patterns. This information can then be used to, e.g., aid environmental managers in 
spatial planning. 
 
We present a case study from the Great Barrier Reef (GBR) where we use a spatio-temporal 
SDM to study fluctuations in the abundance of coral consuming Crown-of-thorns starfish 
(COTS) [2]. COTS cause considerable coral mortality on the GBR. We analyze COTS 
abundance and outbreaks with a novel spatio-temporal log Gaussian Cox process including 
both spatial and spatio-temporal random effects. We apply the model to a unique, reef–wide, 
long term survey (1985–2014) and show how the spatio-temporal component of the model 
can be used to define a novel operational classification for COTS outbreaks in terms of 
relative increase in COTS abundance beyond that explained by the location of a reef and 
explanatory covariates. The spatial component of the model indicates previously unidentified 
areas of high average COTS abundance. Results also support hypothesis that the 
abundance of COTS may have decreased on reefs protected from fishing after an expansion 
of protected areas within the GBR Marine Park in 2004. 
 
References: 
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Spatial data are among the most susceptible to a curse of sample size. Often, either sample 
sizes are too small to estimate covariance parameters well (sample sizes have been 
recommended to be greater than 125), or too large to invert matrices (required for kriging, or 
fitting models that assume a normal distribution) that are on the order of the sample size 
(iteratively inverting matrices with dimensions greater than several thousand is 
computationally infeasible). When sample sizes are large, an old idea is to use subsampling, 
or pseudo-likelihood, to estimate covariance parameters. Spatial prediction can then be done 
locally, using as data only sampled locations (say only several dozen) near the prediction 
location. However, ecologists are often interested in regression coefficients in the spatial 
linear model, which has received much less attention than prediction. I show how 
subsampling can be used to estimate the regression coefficients, and obtain appropriate 
confidence intervals, for large data sets. Predicting spatial averages (block kriging), rather 
than predicting values at specific spatial locations, is also of interest to ecologists. I show how 
subsampling can be used for block kriging. Block prediction is approximated over a grid, and 
that grid can be iteratively sampled to obtain the desired precision. For examples, I used 
simulated data to demonstrate the efficacy of the subsampling approach, and I compare it to 
the predictive process (also called reduced rank) approach. I then apply subsampling ideas 
to real temperature data on a stream network from the Pacific Northwest of the US, with 
nearly 10,000 data locations and hundreds of thousands of prediction locations. For this data 
set, I estimate regression coefficients, make point-wise predictions, and also use block kriging 
to predict average conditions throughout the network. 
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Warming due to climate change has increased the frequency and intensity of mass coral 
bleaching and mortality, resulting in the collapse of many coral reefs. Other consequences of 
climate change, however, such as changing weather systems remain largely unquantified yet 
are potentially important within the time frame of reef recovery. Understanding the effects of 
multiple disturbances on population dynamics is challenging and requires a large amount of 
data over a broad-spatial scale to encompass all of their potential interactions. Here, we 
couple measurements of kilometre scale changes to coral cover proportions using an 
automated image recognition technique, remote sensing environmental data and, 
hierarchical Bayesian modelling to quantify the contribution of the three most recent 
disturbances to the loss of the Great Barrier Reef corals as well as their cumulative stress 
from 2012 to 2016. Our result show that the cumulative effects of disturbances on corals is 
additive and that the combined effects of cyclones and thermal stress is twice that of the 
effect of the thermal stress alone. We also found that the cumulative effects contribute to 
increasing the risk of large-scale coral cover loss due to the dependence in their impacts, 
their large intensities and an unusual high frequency. Therefore, considering the effects of 
cumulative stress in management strategies is important to the future of coral reefs under 
anthropogenic climate change.  
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A key concern of functional ecology is the capacity to explain and predict species responses 
from their traits. New trait-based multi-species distribution models allow us to quantify 
functional trait-environment relationships. They offer both: a route to incorporate some 
ecological mechanism into correlative statistical models and; a capacity to generalize or 
transfer knowledge across species. We have been employing trait-based generalized linear 
mixed models to learn about the role of plant functional traits in the (niche) response of 
species along environmental gradients. Submodels of species responses are linear functions 
of traits. Formally, traits of species interact with environmental covariates of sites. 
Inferentially, we understand coefficients as reflecting the role of functional traits in modulating 
species responses to environmental gradients. 
  
We previously showed that each of specific leaf area, seed mass and maximum height 
influenced occurrence responses of 20 species of trees in Eucalyptus in a dataset of about 
450 plots in a gradsect design to (different) environmental covariates across mountain range 
in an area of about 103 km2 (Pollock et al, 2012). How are inferences and model performance 
influenced when we move to new and larger regions with different and sometimes greater 
numbers of species? In this talk, we report on experience in a different, semi-arid landscape 
of ~104 km2 and also first steps with a plot dataset of some 20 000 plots across ~ 105 km2.  
  
We find that decisions (often implicit or inadvertent) about sampling design influence 
coefficients. Design criteria include spatial configuration of sites, spatial grain and extent and 
number and growthforms of species. These can greatly influence the inferences drawn about 
how traits modulate species responses environmental gradients. Thus, they need close 
attention if we are to contemplate predicting to new species and new situations.  
  
References: 
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Deforestation models are useful tools in landscape ecology. They can be used to identify the 
main drivers of deforestation and estimate their relative contribution. When spatially explicit, 
models can also be used to predict the location of future deforestation.  
 
Deforestation forecasts can be used to estimate associated CO2 emissions responsible of 
climate change, prioritize areas for conservation and identify refuge areas for biodiversity 
(Vieilledent et al. 2013). Most of spatial deforestation models includes landscape variables 
such as the distance to forest edge, the distance to nearest road or the presence of protected 
areas. Such variables commonly explain a small part of the deforestation process and a large 
spatial variability remains unexplained by the model. 
 
In the present study, we show how the use of an intrinsic conditional autoregressive (iCAR) 
model in a hierarchical Bayesian approach can help structure the residual spatial variability 
in the deforestation process and obtain more realistic predictions of the deforestation 
(Dormann et al. 2007). We take Madagascar as a case study considering deforestation on 
the period 1990-2010 and forecasting deforestation on the period 2010-2050. We show that 
accounting for spatial autocorrelation increases substantially the percentage of explained 
deviance of the deforestation model in Madagascar and greatly improves the accuracy of the 
predictions. We also illustrate the use of the newly developed 'deforestprob' Python module 
to rapidly estimate the numerous parameters of a deforestation model including an iCAR 
process and efficiently forecast deforestation on large geographical areas at high spatial 
resolution. 
 
We advocate the use of such models to obtain more accurate land-use change predictions. 
Such an approach could be used to estimate better the impact of future deforestation in the 
global carbon cycle and define more efficient strategies for biodiversity conservation in 
tropical countries. 
 
References: 
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Reineking, B.; Schröder, B.; M. Schurr, F. and Wilson, R. Methods to account for spatial 
autocorrelation in the analysis of species distributional data: a review. Ecography, 30: 609-
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tropical developing countries facing demographic expansion: a case study in Madagascar. 
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Resource selection functions (RSF) are widely used to answer a variety of key ecological 
questions such as the space use of animals. The implementation of RSF models has been 
enhanced by techniques incorporating movement data, which defines movement ability and 
provides an intrinsic constraint on the availability of resources. However, such methods (e.g. 
step selection functions) often assume that observations are made regularly in time and 
movement decisions match the scale of observation. Both assumptions may not be true in 
real cases.  
  
In this project, we develop a Markov Chain Monte Carlo (MCMC) algorithm based on 
Blackwell et al (2016) to parameterise RSFs using a switching Ornstein-Uhlenbeck process, 
modelling movements in continuous time. A continuous-time model allows the analysis of 
data irregular in time and time-scale invariance (McClintock et al, 2014). Our algorithm also 
takes into account the fact that animals can make a decision to move at any time. We test 
our method on both simulated trajectories, where parameters involved are known, and some 
real data on mule deer. 
  
We apply our method on three types of simulation models, including migration between 
patches, foraging between patches and in a rasterised landscape where resource qualities 
change depending on the presence or absence of an animal. The posterior distributions of 
applying our algorithm on these simulations are able to capture the real values of parameters 
to a good degree of accuracy.  
  
As such, our inference method proves to be reliable at inferring resource selection in 
continuous time for a wide range of scenarios.  
  
References 
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The Monte Carlo EM (MCEM) algorithm, originally introduced by Wei and Tanner in 1990, 
offers a simple and powerful means of model-fitting for complex models.  This talk is an 
overview of a few recent methodological advances exploiting the MCEM algorithm, including 
general algorithms for fitting measurement error models and for covariance modelling of 
discrete data, and a new approach to multiple imputation model selection motivated from the 
MCEM framework.  We also discuss simple importance schemes that can be quite effective 
in this framework. 
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The Habitat Directive requires Member States of the European Union to take measures to 
maintain and restore European protected habitats and species at a favourable conservation 
status. To evaluate these measures, Member States have to monitor the conservation status 
of habitats and species and report on it to the European Commission (EC) every six years. 
For habitats, this reporting requires information on both habitat area and habitat quality (i.e. 
structure and functions of habitats). 
 
We present our  approach to monitor habitat quality of European protected habitats. We 
designed a monitoring scheme that consists of a random sample of permanent plots in which 
vegetation composition and habitat structure is measured. These measurements are used to 
estimate the amount of habitat in an unfavourable condition based on a set of indicators. The 
Generalized Random Tessellation Stratified (GRTS) method (Stevens and Olsen, 2004) was 
used to select a spatially-balanced sample for each habitat type. Sample size calculation was 
performed to find a good balance between precision and survey costs. In total the monitoring 
scheme consists of approximately 4000 sample locations which will be measured within a 
cycle of 12 years. Field work is organized in such a way that every three years a random 
subset containing 1/4th of the total set of sample points is completed. These subsets can be 
used to make intermediate assessment of habitat quality. 
 
Implementation of the habitat quality monitoring scheme started in 2014 and for most habitat 
types the first subset of sample locations has been completed. The collected data is being 
analysed in preparation of the next reporting to the EC which takes place in 2019.  
 
For several habitat types the sample frame from which the sample was drawn was inaccurate 
or outdated. This resulted in a large amount of samples that did not lay within the target 
habitat type. However, since the GRTS method ranks all elements in the sample frame, you 
can easily select a number of additional sample locations based on its ranking. Also when a 
more precise sample frame became available, it was straightforward to adjust the sample to 
make it better correspond with the target population. Therefore we highly recommend the 
GRTS approach for long term ecological monitoring.    
 
References 
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The greater Everglades region in Florida, USA, is an area of freshwater wetland, estuary, and 
littoral ecosystems that has been highly altered and reduced to 50% of its original area. The 
Everglades ecosystem is threatened by a variety of factors including drainage, development, 
invasive species, climate change, pollution, and changes in regional hydrology.  Ecological 
restoration of the Everglades is a complex federal-state partnership involving billions of 
dollars, and multiple groups of stakeholders. Assessing ecological impacts under different 
restoration scenarios is critical for guiding management efforts, as well as understanding how 
these scenarios may vary by species and across space.  
  
We used an array of ecological tools to evaluate the performance of Everglades restoration 
scenarios. These tools included species responsive to various landscape characteristics and 
flow regimes, and covered multiple habitats and trophic levels including fish, wading birds, 
oysters, seagrass, crocodilians, pink shrimp, apple snails, and various vegetation types. Our 
toolset included individual-based models, species distribution models, occupancy models, 
vegetation dynamic models, habitat suitability models, growth and reproductive models, and 
hydrological metrics. Restoration scenarios varied in several aspects of hydrology including 
amounts of water storage, decompartmentalization, seepage barriers, and Lake Okeechobee 
regulation schedules. Evaluation results of these scenarios were compared to an “existing 
conditions” baseline with no management actions beyond those performed in 2005. To 
standardize our output between indicators, we estimated the percent change for each 
restoration scenario from the baseline condition. 
  
In general, our results showed positive trends from restoration compared to the baseline, with 
some indicators showing substantial improvement. However, there were tradeoffs, and 
certain indicators decreased under restoration, while other species exhibited spatially 
variable responses. Larger amounts of water storage were beneficial for most ecological 
indicators, along with a moderate amount of decompartmentalization. Our results will inform 
management and restoration efforts, and can be used to guide policy for the greater 
Everglades area.  
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Oral - Student Competition 
 

One of the fundamental goals of ecology is to identify the drivers of species’ distributions. 
These distributions are driven by a combination of abiotic factors (e.g. temperature) and biotic 
factors (e.g. species interactions). The standard correlative species distribution model 
quantifies the relationship between a species and the environment, but does so without 
explicitly considering the effect of species interactions. The community ecology discipline, on 
the other hand, has focused on using information on species interactions to answer questions 
about species co-occurrence and community structure, but without considering co-
occurrence due to shared environmental responses.  
 
Joint species distribution models (JSDMs) are a relatively new modelling method that has 
emerged as an extension of correlative species distribution models. These models let us 
simultaneously model the occurrence of multiple species while accounting for both 
environmental responses and species interactions. Multiple different JSDM methodologies 
have been published in the literature, but the use of different and/or conflicting nomenclature 
and statistical notation has meant that identifying the differences between them can be a 
confusing venture. We facilitate this comparison by describing existing JSDMs for occupancy 
data in a clearly-defined, singular notation. This will allow ecologists to make informed 
decisions about the choice of JSDM that best suits their objective, and enable wider uptake 
of the methods in the community. 
 
In addition to a lack of singular notation, each JSDM was originally published with different 
datasets which has prevented direct comparisons of performance. We have fit seven different 
JSDMs to six datasets to perform this comparison to evaluate performance for several 
computational and statistical metrics. We found that there are clear differences in 
computational metrics between JSDMs in terms of computational efficiency and memory 
limitations. In contrast, we found that the coefficient estimates of different JSDMs are 
moderate-to-strongly, positively-correlated. 
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Spatial management practices for coastal shark species are often based on trends in space 
use inferred from data collected using passive acoustic telemetry arrays. Most acoustic 
telemetry studies seek to answer population-level questions related to trends in occurrence 
and abundance, which ideally requires the random distribution of tag deployments in 
proportion to the population’s underlying demographic structure. However, this is rarely 
feasible in practice; logistical constraints often result in tags being deployed in an 
opportunistic fashion. There is typically also a large degree of variability in residency and 
space use even among individuals of the same sex and size class; this results in a 
disproportionate number of detections logged by certain individuals, which can bias 
population-level estimates of space use and associations with environmental covariates.  
  
Here we develop a model to identify relationships between species’ occurrence and 
environmental covariates from acoustic telemetry data that directly accounts for differences 
in the spatial distribution of tagged individuals. The approach extends the generalized linear 
modeling framework often used to infer trends from acoustic telemetry data by accounting for 
individual heterogeneity through spatial random effects. Conceptually, the model treats 
acoustic detections as the realization of a continuous latent spatial process (i.e. the 
distribution of individuals in space) which is biased as the result of the observation process 
(i.e. the location and detection range of individual acoustic receivers). We use simulation 
testing to compare the performance of the proposed models with spatial models that do not 
account for individual effects, as well as with the non-spatial generalized linear modeling 
approaches most frequently used.   
  
We apply this approach to quantify the relationship between environmental covariates and 
the distribution of white sharks, Carcharodon carcharias, in the coastal waters off Cape Cod, 
Massachusetts. The region has emerged as the only known aggregation site for the species 
in the western North Atlantic over the course of the past decade. The growing presence of a 
large predator in close proximity to popular swimming beaches has raised concerns regarding 
public safety, which in turn have prompted research to gain a better understanding of white 
shark movements and habitat use. We fit the models developed to acoustic detection data 
collected from 30 tagged white sharks during the summer of 2015 and demonstrate how the 
models can be used to quantify the relationship between environmental covariates and 
predict both individual- and population-level space use.  
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High efficiency of underwater sound propagation allows marine mammals to largely rely on 
sound as a means to gain information about their environment, identify potential threats and 
communicate. Moreover, toothed whales use echolocation clicks to orient as well as to detect, 
localise and discriminate prey. Vessel noise is the most important anthropogenic input of 
noise to the marine environment with growing evidence that it constitutes a source of 
disturbance for coastal cetaceans. So far, the impact of vessel noise on toothed whales has 
mainly been studied based on visual observations. 
  
We use long-term time series of harbour porpoise echolocation clicks to gain insight into 
harbour porpoise presence and behaviour at fixed monitoring sites around an offshore wind 
farm in the North Sea. Data on vessel passages and noise is obtained from automatic 
identification system shipping data and measurements of environmental noise at the 
monitoring positions. 
  
Static acoustic monitoring of echolocation clicks allows to study non-captive harbour 
porpoises in their natural habitat, is not limited to a few study individuals and does not depend 
on observer vessels with their inherent confounding effect. Despite the fact that inferences 
on behaviour based on static acoustic monitoring are indirect and spatially confined, our 
dataset therefore complements existing studies based on visual sightings. We discuss 
analysis strategies for this dataset. 
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Rare species present inherent challenges to data collection, particularly when the species is 
spatially clustered over large areas, such that the encounter frequency of the organism is 
low. Sampling areas where the organism is absent consumes resources, and offers relatively 
low-quality information which are often difficult to fit using standard statistical methods. These 
challenges can be ameliorated by the use of adaptive sampling, whereby a probabilistic 
sampling method is employed first, and additional effort is allocated in the vicinity of sites 
where some measured index variable – assumed to be proportional to the local population 
size – exceeds an a priori threshold. We applied this principle to the spatially explicit capture-
recapture (SCR) analytical framework in a Bayesian hierarchical model incorporating 
capture-recapture information, and index information from unsampled sites to estimate 
density. We assessed the performance of the adaptively sampled SCR model (AS-SCR) by 
simulation. For comparison, we also evaluated the informative sampling scenario (AS-SCR 
sampling procedure, discarding index information), a standard SCR implementation at all 
sites as a reference baseline (F-SCR), and standard SCR applied at a simple random sample 
of an equal number of sites as AS-SCR (SRS-SCR). Capture-recapture data were simulated 
and analyzed using the aforementioned models and sampling scenarios. Under AS-SCR, we 
observed minimal bias and comparable variance with respect to parameter estimates 
provided by the standard F-SCR model and sampling implementation, but with substantially 
reduced effort. With AS-SCR, the data were drawn from approximately 50% of the sites 
sampled in F-SCR, in expectation, indicating significant cost-saving potential by applying 
adaptive sampling. This represents the first application of adaptive sampling to SCR sampling 
methodology. 
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The monitoring of rare species’ distributions is important in light of rapid anthropogenic 
environmental change. However, such species are often cryptic and difficult to detect using 
conventional methodologies. In this study we explore the efficacy of camera traps deployed 
in different sampling arrays at detecting the presence of the critically endangered riverine 
rabbit (Bunolagus monticularis) within the Sanbona Wildlife Reserve in the Klein Karoo, South 
Africa. The first array was extensive and comprised 146 camera traps placed at 2km intervals 
covering an area of 540km2. The second array was intensive with 150 cameras placed in 
clusters of 5 camera traps within 15ha areas, conforming to the mean home range size for 
the target species and covering a total area of 108km2. The extensive array detected a total 
of 42 species but no riverine rabbits. By contrast the intensive array detected a total of 33 
species and 57 independent recordings of the riverine rabbit. Single season occupancy 
analysis of detections from the intensive array revealed that the best predictor of riverine 
rabbit presence (Ψ=0.5) was the absence of hares (Lepus saxatilis and Lepus capensis) and 
proximity to degraded land. Additionally, we investigated using a multispecies occupancy 
model (Rota et al, 2016). This approach provided improved estimates without the assumption 
of asymmetric interactions between the two species. These findings represent an important 
step toward understanding the fine scale predictors of presence for one of the world’s rarest 
mammal species which is essential for effective future conservation efforts. 
 
References: 
Rota CT, Ferreira MAR, Kays RW, Forrester TD, Kalies EL, McShea WJ, Parsons AW, 
Millspaugh JJ (2016) A multispecies occupancy model for two or more interacting species. 
Methods in Ecology and Evolution 7(10): 1164-1173. 
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Current population models for grey seals generally do not include any cohort effects though 
these have the potential to substantially influence population dynamics e.g. risks to 
extinction.  As a result, differences between cohorts of seal pups born in different years have 
not been explored.  Grey seals can start breeding from the age of 3 years, however, for the 
Isle of May colony the average age at which individuals are captured for the first time as a 
breeding adult appears to be much greater.  It is of particular biological interest to explore 
any differences in the recruitment behaviour of the cohorts to the breeding population and to 
try and identify reasons for the apparent delay in first-time breeding.   
 
Stopover models estimate capture and survival probabilities whilst also explicitly modelling 
the arrival of individuals into the population of interest within the likelihood expression.  By 
constructing a multiple-cohort stopover model all of the available capture-recapture data can 
be analysed within a single likelihood expression rather than analysing each cohort 
independently.  This offers a parsimonious approach through the option to share parameters 
across all cohorts.  For example, previous studies indicate a constant survival probability for 
adult seals in the Isle of May colony; this parameter could be shared across all individuals 
regardless of their cohort.  By allowing the distributions of age at first breeding to be 
dependent on the cohort, differences between seals born in different years may be 
identified.  We consider age at first breeding distributions that consist of mixtures of Poisson 
distributions to capture any apparent bi- or multi-modality in the arrival behaviour of each 
cohort.  We construct the multiple-cohort stopover model within the hidden Markov model 
framework. 
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Animal movement modellers have recently begun to incorporate the influence of memory on 
movement decisions, but this far mostly using simulation models that are not amendable to 
statistical inference (Schlägel and Lewis, 2014). Meanwhile, statistical methods for analyzing 
long-memory effects have been developed in the context of eye-movement modelling (Ylitalo, 
2017). An example of long-memory effect is a tendency to favor or avoid areas that have 
already been visited. 
  
In this study, exploratory methods proposed by Ylitalo (2017) are applied to GPS telemetry 
data on grey wolves (Canis lupus) within their established home range in order to reveal long-
memory effects in the movements. The data set contains 50 territorial individuals among the 
total of 138 wolves that were equipped with GPS collars between years 2002 and 2017. The 
temporal resolution of transmitted locations is typically 4 hours, but some periods of intensive 
monitoring with 30 min resolution are also available.  
  
Presence of significant long-memory effects is tested using the spatio-temporal 
inhomogeneous K-function, and spatial and temporal scales of such effects are explored 
using the corresponding pair correlation function. The estimated functions are contrasted 
against those obtained for simulated realizations from a reference model fitted to the 
observed locations. The reference is a conventional movement model taking into account 
movement restrictions, home-range behavior, and habitat selection, but not any long-memory 
effects. 
  
Earlier simulation studies have revealed that inferences of long-memory effects may be highly 
sensitive to spatial heterogeneity in movement preferences (Ylitalo 2017). This explorative 
study compares the results obtained with different assumptions about the heterogeneity. In 
particular, we consider (i) homogeneous intensity of locations, (ii) similar response of all 
individuals to habitat variables, and (iii) individual non-parametrically estimated intensity 
surfaces. 
  
References 
 Schlägel, U. E. and Lewis, M. A. 2014. Detecting effects of spatial memory and dynamic 
information on animal movement decisions. Methods in Ecology and Evolution 5: 1236-1246. 
 Ylitalo, A.-K. 2017. Statistical inference for eye movement sequences using spatial and 
spatio-temporal point processes. University of Jyväskylä, Department of Mathematics and 
Statistics, Report 160 http://urn.fi/URN:ISBN:978-951-39-7064-2. 
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We investigate the problem of parameter estimation under a class of latent multinomial 
models (Link et al, 2010), which is of widespread interest in various fields, including capture-
recapture, epidemiology, and social sciences. For models in the class, observed data are 
obtained from a linear transformation of a latent (unobservable) vector of counts arising from 
a multinomial distribution with unknown parameters. We wish to estimate the parameters 
from the data. In this context, the density of the random variable underlying the observed 
data is unknown, and is no longer multinomial.  
 
Currently, inference under these models relies primarily on Bayesian methods, which involve 
long computation times and often require expert implementation. In this talk, we will present 
a novel likelihood-based approach which is suitable for all models in the latent multinomial 
class, using likelihoods constructed by the saddlepoint approximation method. We validate 
the method by applying it to specific capture-recapture models for which exact or approximate 
likelihoods are available, by comparing it with other estimation approaches, and by 
simulation. The saddlepoint method consistently gives accurate inference while being 
considerably faster than Bayesian methods and more general than other alternative 
estimation approaches. We show the generality of the proposed approach by applying it to 
two new models for which no existing likelihood-based approach has been proposed, for 
estimating the prevalence of diabetes from medical records distributed across several 
partially-reconciled administrative lists, and for estimating cell entries of a multi-way 
contingency table given subsets of marginals.  
 
References: 
Link, W. A., Yoshizaki, J., Bailey, L. L. and Pollock, K. H. 2010. Uncovering a latent 
multinomial: Analysis of mark-recapture data with misidentification. Biometrics, 66: 178-185. 
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As the spatial and temporal scale of ecological research expands, there is increasing need 
for methods that integrate multiple data types into a single analytical framework. Current work 
on this topic primarily focuses on combining capture-recapture data from marked individuals 
with other data types into integrated population models. Yet, studies of species distributions 
and trends often rely on data from unmarked individuals across broad scales where local 
abundance and environmental variables may vary.  
 
I will present a modeling framework for integrating detection-nondetection and count data into 
a single analysis to estimate population dynamics, abundance, and individual detection 
probabilities during sampling. This dynamic population model assumes that site-specific 
abundance changes over time according to survival of individuals and gains through 
reproduction and immigration. The observation process, which differs by data type, assumes 
that individuals present at a site have equal probability of being detected during sampling. I 
will present a series of simulations illustrating the relative value of count versus detection-
nondetection data under a variety of parameter values and survey configurations. I will also 
discuss an empirical example of the model by combining long-term detection-nondetection 
data (1995-2014) with newly collected count data (2015-2016) from a growing population of 
barred owls (Strix varia) in the U.S. Pacific Northwest to examine the factors influencing 
population abundance over time. Model results show that the barred owl population grew 
substantially over the course of the survey period from approximately 0.13 (95% CI: [0.06, 
0.48]) territorial owls per site in 1995 to 7.5 (95% CI: [4.26, 11.53]) in 2016, an increase that 
can be attributed to a positive density dependent effect of recruitment and immigration.  
 
This talk will also discuss emerging issues in data integration including spatio-temporal 
mismatch, nonstationary in parameter estimation, and unequal quality and/or quantity of 
different data types. Data integration techniques are increasingly important as the scope of 
inference expands and determining underlying population dynamics becomes crucial for 
informed management. Unified modeling approaches can facilitate the incorporation of many 
different data types, including historical and citizen science data, into analyses focused on 
understanding how demographic rates drive population abundance. 
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