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About DEB2021

DEB2021 is the seventh edition of a series of tele-courses, schools, and symposia which take place
every two years and for the first time (virtually) in North America.

Dynamic Energy Budget (DEB) theory aims at unifying commonalities of metabolic or-
ganization between all types of organisms (animals, plants, bacteria). The theory is based on a
restricted number of assumptions, written out as mathematical formulas, which allow quantifying
growth, development, reproduction of an organism during its life cycle as a function of available
food and temperature. It also enables modelling the effects of stressors such as contaminants,
pathogens, oxygen, and pH.

In the current context of biodiversity erosion, better understanding the relationship be-
tween physiological traits and organism performance is recognized as a crucial step in preserving
structurally and functionally healthy ecosystems. Such a goal may only be achieved through
interdisciplinarity. DEB theory emerged in 1979 in the context of improving environmental
risk assessment, at the crossing of toxicology, physiology, and theoretical biology. Over the
last 45 years of Research and development, the theory has been useful to simulate biological
systems using parameters extracted from data. With more than 900 publications, DEB the-
ory illustrates and promotes the positive feedback between experimental and monitoring data
acquisition, and methods for the interpretation of data such as modelling, which is supported
through interdisciplinary research. Aside from comparisons of species functional traits, appli-
cations comprise studies predicting effects of global change, understanding changes in species
geographical distribution, quantifying and interpreting effects of environmental stressors, opti-
mizing bio-production, aiding management of exploited resources, and more. What unifies these
diverse applications is the need to quantitatively model the metabolism of living systems in a
variable environment.

The theme of the 2021 edition is "Forecasting in a changing world". With an increased
awareness of the threats posed by a changing climate and human impacts on the biosphere,
numerical modelling is a tool on the rise for scientists, managers, and stakeholders. But the
naturally dynamic characteristics of the biological, chemical and physical aspects of our world
constitute a challenge that must be considered. DEB theory is rooted in a mechanistic de-
scription of the individual metabolic processes, which is crucial to connecting functional traits
to predictive variables, therefore, ensuring the adaptability of models to changing conditions.
Many applications of DEB theory have already demonstrated this aspect and been used to in-
form decision-making. This symposium will include the latest advances of this field of research
and contribute to the emulation of ideas that will help forecasting in a changing world.

With the Covid-19 pandemic, travel restrictions and health safety guidelines in Canada made
an in-person meeting impossible to organize this year. Instead, we are relying on online confer-
encing tools to hold the School and the Symposium virtually. This is new territory for all of
us and this year’s edition will be different than previous ones. But we hope that the usually
fascinating, creative, and friendly interactions we all enjoy within the DEB community during
these important bi-annual meetings will take form in one way or another.

The DEB2021 Organizers
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Monday, May 24th, 2021

Welcome and opening

Session 1: Populations and Ecosystems in a Changing Climate

KEYNOTE
Ben Martin , University of Amsterdam, Netherlands

Understanding the e�ects of climate change on animal populations through the lens of organismal energetics

Jean-Pierre Desforges , McGill University, Canada

Individual and population response to climate change in Arctic muskoxen

Break

Lola De Cubber , Laboratoire d'Océanologie et de Géosciences, France

Investigating population dynamics, traits and shore distribution of two sympatric lugworm species...

Wissam Barhdadi , Ghent University, Belgium

Extending DEB-IBM towards an eco-evolutionary modelling framework

Ines Haberle , Ružer Bo²kovi¢ Institute, Croatia

Can an individual tell us something about its population?

Lynda Bradley , Emory University, United States

Predicting the e�ects of resource pulses on snail and human schistosome dynamics using a DEB-IBM

General Discussion
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Tuesday, May 25th, 2021

Session 2: Theoretical & Methodological Developments and New applications

KEYNOTE
Michael Kearney , University of Melbourne, Australia

What is the status of metabolic theory one century after Pütter invented the von Bertalan�y growth curve?

Charlène Guillaumot , Université de Bourgogne Franche-Comté, France

Simple or hybrid? The performance of next generation ecological models to study the response of Southern Ocean..

Break

Tom Martin , University of New York, United Kingdom

Modelling e�ects of variability in feeding rate on growth a vital step for DEB-TKTD modelling

Juan Francisco Robles , Universidad de Granada, Spain

MultiCalib4DEB: a toolbox bringing multimodal optimization for DEB parameters calibration

Eleni Livanou , University of Crete, Greece

Modelling nano�agellates � bacteria interactions in the oligotrophic Eastern Mediterranean Sea

Konrad Matyja , Wroclaw University of Science and Technology, Poland

The larvae, which eat polystyrene: growth, development, and survival analysis

General Discussion
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Wednesday, May 26th, 2021

Poster session

Break

Marko Jusup , Tokyo institute of Technology, Japan

Let the concept of trait be theoretical

Tin Klanj²£ek , Ružer Bo²kovi¢ Institute, Croatia

DEB theory should not be a dead Christmas tree

Joaquim Tomàs-Ferrer , Laboratori d'Investigacions Marines i Aqüicultura, Spain

Bayesian estimation of DEB parameters using STAN

Gonçalo Marques , MARETEC Universidade de Lisboa, Portugal

Direct greenhouse gas emissions in livestock production

General Discussion
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Thursday, May 27th, 2021

Session 3: E�ects of anthropogenic and environmental stressors

KEYNOTE
Cheryl Murphy , Michigan State University, United States

The complexity of mixture toxicity and multiple stressors:how incorporating suborganismal processes

Benoit Goussen , ibacon GmbH, Germany

A DEB egg-laying module for birds exposed to pesticides

Break

Kim Rakel , Research institute gaiac, Germany

Alive and kicking? - Earthworm cocoon test for TKTD Modelling in soil risk assessment of chemicals

Tiago Domingos , MARETEC Universidade de Lisboa, Portugal

DEB modelling and IPCC accounting methods: a bridge between frameworks

José Moreira , MARETEC Universidade de Lisboa, Portugal

Impacts of climate change in temperate and sub-tropical �sh species

Sandrine Charles , Laboratoire de Biométrie et Biologie Evolutive (LBBE), France

Towards a facilitated use of Modelling in Environmental Risk Assessment

General Discussion

15:00

16:00

16:20

16:30

16:50

17:10

17:30

17:50

18:00

Friday, May 28th, 2021

Session 4: Evolution & Biodiversity

KEYNOTE
Sabrina Russo , University of Nebraska-Lincoln, United States

Applying the Dynamic Energy Budget approach to models of plant resource allocation

Sylvie Gaudron , Laboratoire Océanologie et Géosciences (LOG), France

Inferring functional traits in a deep-sea wood-boring bivalve using dynamic energy budget theory

Break

Emilien Pousse , NOAA NEFSC, United States

Projecting the e�ect of ocean acidi�cation and warming on two Atlantic surfclam...

Isabel Smallegange , University of Amsterdam, Netherlands

Unusually paced life history strategies of marine megafauna drive atypical sensitivities to environmental change

Charlotte Récapet , Behavioural Ecology and Fish Population Biology Laboratory, France

Intra-speci�c variation of life-history traits in Atlantic salmon: environmental and genetic factors

Joany Mariño , Memorial University, Canada

Resource and seasonality drive interspeci�c variability in the Dynamic Energy Budget model

Conclusion and Closing
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Understanding the e�ects of climate change on
animal populations through the lens of

organismal energetics

Benjamin Martin *

Assistant professor at University of Amsterdam, Amsterdam, Netherlands.Department of Theoretical
and Computational Ecology

Predicting how animal populations will respond to a warming climate is one of the central
challenges for applied ecology. Temperature directly a�ects how animals are coupled to their
environments through the exchange of energy and materials, and thus thermal stress can be nat-
urally understood through the lens of organismal energetics. The energetic impacts of elevated
temperatures on organismal energetics can then be scaled to the population level using math-
ematical models. Thus DEB-theory based approaches that connect organismal and population
levels are a natural choice for predicting the e�ect of a changing climate of animal populations.
However, this approach is currently limited by our understanding of the mechanisms that reduce
organismal performance at elevated temperatures; in many cases the energetic mechanisms of
thermal stress remain poorly understood and are not covered by core DEB theory. I review
several case studies where accurate predictions of thermal stress required the development of
new mechanistic theory at the organismal level. More generally, I argue that while energy bud-
get models will be an important tool for predicting the impacts of climate change on animal
populations, the usefulness of these tools will depend on better resolving mechanisms of thermal
stress.

* Corresponding author: tm604@york.ac.uk
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Individual and population response to climate
change in Arctic muskoxen

Jean-Pierre Desforges* 1, Gonçalo Marques2, Larissa Beumer3, Marianna
Chimienti 3, Lars Holst Hansen3, Stine Pedersen4, Niels Martin Schmidt5,

Floris Van Beest3

1 McGill University � 21111 Lakeshore Road, Canada
2 Marine Environment and Technology Center [Lisbonne] (MARETEC/IST) � Instituto Superior

Técnico, 1049-001 Lisboa, Portugal, Portugal
3 aarhus university (AU) � Frederiksberg 399, Roskilde, Denmark

4 University of Alaska [Anchorage] � 3211 Providence DriveAnchorage, AK 99508, United States
5 Arctic Research Centre and Department of Bioscience � Aarhus University, 4000 Roskilde, Denmark

Species conservation in a rapidly changing world requires an improved understanding of how
individuals and populations respond to changes in their environment. Increased warming in
the Arctic puts this region at particular risk for rapid environmental change, with potentially
important impacts on resident wildlife such as the muskox (Ovibos moschatus). Here we use a
dynamic energy budget linked individual based model (DEB-IBM) to explore two broad questions
on how muskoxen respond to harsh Arctic conditions: 1) what are the energetic and �tness
consequences of over-winter heterothermy? and 2) how do populations respond to temporally
dynamic winter and summer forage availability? We show that the relatively small drop in
overwinter body temperature observed in wild muskoxen (0.8°C) equates to meaningful �tness
bene�ts in terms of reduced daily energy expenditure and overall body mass and energy reserve
loss, but bene�ts depended largely on whether ingestion rates were temperature regulated. Using
continuous year-round environmental data (snow depth and normalized di�erence vegetation
index (NDVI)) as proxies for food availability, we show how both winter and summer food
availability as well as density-dependence drive seasonal dynamics of energy storage and thus
life history and population dynamics of Northeast Greenland muskoxen. Speci�cally, winter
forage accessibility (snow depth), more than summer forage availability (NDVI), was the primary
determinant of muskox population dynamics through impacts on calf recruitment and longer-term
carry-over e�ects of maternal investment. Impacts on recruitment were the cumulative result
of condition-driven reproductive performance at multiple time points across the reproductive
cycle (ovulation to calf weaning) as a trade-o� between survival and reproduction. Altogether,
results from these two studies reveal that muskoxen are indeed vulnerable to changes in climate
parameters that in�uence their access to forage throughout the year, particularly during winter
months when they rely heavily on stored energy reserves for survival and reproduction.

Keywords: Arctic, climate change, muskox, mammal, population dynamics, environmental condi-
tions

* Speaker
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Investigating population dynamics, traits and
shore distribution of two sympatric lugworm

species over a latitudinal gradient with a
Dynamic Energy Budget - Individual-Based

Model

Lola De Cubber*„ 1;2, Daniel Scha�er3, Sébastien Lefebvre4, Hubert
Loisel3, Sylvie Gaudron3;5

1 UMR 8187 Laboratoire d'Océanologie et de Géosciences (LOG) � Univ. Lille, Univ. Littoral Côte
d'Opale, CNRS � F-59000, France

2 Écologie et Modèles pour l�halieutique (EMH) � Institut français de Recherche pour l'Exploitation de
la Mer � Ifremer, rue de lÍle dÝeu, 44311 Nantes Cedex 03, France

3 UMR 8187 Laboratoire d'Océanologie et de Géosciences (LOG) � Univ. Lille, Univ. Littoral Côte
d'Opale, CNRS � F-59000 Lille, France

4 UMR 8187 Laboratoire d'Océanologie et de Géosciences (LOG) � Univ. Lille, Univ. Littoral Côte
d'Opale, CNRS � F-59000 Lille, France

5 UFR 918 UFR 927 � Sorbonne Univ. � 75005 Paris, France

Dynamic Energy Budget models coupled to Individual-Based Models (DEB-IBMs) allow simu-
lating both individual and population characteristics under an in�nite variety of environmental
conditions, constituting promising tools for ecologists. In this study, we have developed such
models to investigate the environmental e�ects on two intertidal sympatric ecosystem engineers,
Arenicola marina and A. defodiens (Annelida Polychaeta) that inhabit galleries within soft-
sediment foreshores from the Mediterranean to the Arctic. Published DEB parameters were
used forA. marina and a speci�c calibration was undertaken forA. defodiens using an abj-DEB
model, combining literature data and new experimental andin-situ data. DEB-IBM simula-
tions allowed following super-individuals' growth and reproduction while they were colonizing,
migrating and dying over a simulated foreshore displaying speci�c characteristics. Migration and
density rules were set according to the literature. Spawning was triggered by a combination of
Sea Surface Temperature (1°C decrease in 2 weeks and SST� 10 °C) and gonado-somatic index
(10% trigger threshold). Recruitment happened when individuals reached the juvenile life-stage.
Density constrained the number of recruits. Mortality (0.008 ind.d� 1) was adjusted according to
real in situ observations in various locations. Simulations were ran three times over 18 years for
28 sets of monthly values of planktonic chlorophyll-a concentrations (chl-a, 1 km2 resolution :
www.hermes.acri.fr) and daily values of SST (4 km2 resolution : www.cersat.ifremer.fr) extracted
from satellite data, corresponding to areas where lugworms were formerly recorded. Combina-
tions of most extremes values of chl-a and SST were also used to explore the relative e�ects of
these parameters over populations' dynamics. Population density, biomass, total reproductive
output, maximum length, and length at puberty were then compared. Chl-a appears to display
a key role to sustain lugworm populations. Further use of this model under climate change
scenarios should lead to better insights on the populations' evolution over the next decades.

* Speaker
„ Corresponding author: lola.decubber@gmail.com
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Keywords: DEB, IBM, Arenicola marina, Arenicola defodiens, Population dynamics, Spatial dis-
tribution, Traits
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Extending DEB-IBM towards an
eco-evolutionary modelling framework

Wissam Barhdadi*„ 1, Aisling Daly 1, Jan Baetens1, Bernard De Baets1

1 Department of Data Analysis and Mathematical Modelling (KERMIT) � Coupure links 653, B-9000
Ghent, Belgium

Ongoing environmental changes are signi�cantly impacting population dynamics in ecosys-
tems across the globe. Considering the importance of individual life histories to the vital rates
of a population, the impact of a changing environment is signi�cantly mediated by an individual
organism's biology. The DEB-IBM framework has therefore proven to be an intuitive approach
to model population dynamics facing changing environments by extrapolating the DEB-based
life-history trait-environment relationship to the population level.
Mechanistic population models incorporating abiotic drivers, such as temperature or pH stress,
often resort to a set of key demographic and physiological mechanisms to be included. Over the
past years, the inclusion of evolutionary processes in ecological models has also gained popular-
ity as modellers are increasingly acknowledging the potential of populations to adapt to novel
environments, even on ecological time scales. This ability may have profound impacts on popu-
lations' long-term persistence and resilience. Among individual-based models (IBMs), a variety
of approaches have been developed to integrate evolutionary mechanisms. However, DEB-IBMs
have largely ignored genetic adaptation as a mechanism in�uencing population dynamics.
We propose an extension of the DEB-IBM framework to include genetic adaptation of heritable
traits using a quantitative genetic approach in a two-dimensional environment. This extension
allows for the modelling of spatially explicit eco-evolutionary dynamics of populations confronted
with changing climate conditions. Using next-generation IBM analysis techniques, we analyze
the behaviour of the extended DEB-IBM framework. With this proposed extension, we aim to
contribute to improving structural realism of individual-based population models.

Keywords: eco, evolutionary, DEB, IBM, individual, based modelling, quantitative genetics, adap-
tation, micro, evolution, population

* Speaker
„ Corresponding author: wissam.barhdadi@ugent.be
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Can an individual tell us something about its
population?

Ines Haberle*„ 1, Lav Bav£evi¢2, Tin Klanj²£ek…1

1 Ružer Bo²kovi¢ Institute (IRB) � Bijenicka cesta 54, 10010 Zagreb, Croatia
2 University of Zadar (UNIZD) � Ul. Mihovila Pavlinovica, 23000 Zadar, Croatia

E�ective decision-making in wildlife management relies on accurate estimates of the current
population status, as well as on predictions of its dynamic. The population dynamic is determined
by vital rates of individuals, which depend on energy investment into growth and reproduction.
The investments depend on the individual's energy budgets that can be estimated by observing
weight and length of individuals. Translating such individual-level measurables to population
dynamics, however, is confounded by ecological and environmental feedbacks.
We use a DEB-IBM model of European pilchard to look at how environmental conditions �
including �shing � a�ect the relationship between population size and individual-level status.
We model how �shing pressure and environmental food availability a�ect size, reproduction,
energy reserves, condition index (CI) and abundance. As expected, both average energy content
and average �sh condition increase with food availability. Increased �shing mortality results in
lower population levels, followed by an increase in energy reserves and CI. Counterintuitively,
this implies that very good condition (high CI) of the �sh could indicate over�shing.
Our results, therefore, suggest that CI may re�ect the state of the population. Since CI is a
simple metric calculated from commonly available biometric data, it has a great potential of
becoming a very simple but powerful addition to existing tools in management of �sheries. We
also discuss some limitations of the approach, and applicability to other wildlife.

Keywords: DEB IBM, condition index, population, �sheries, �shing mortality, carrying capacity

* Speaker
„ Corresponding author: ihaberle@irb.hr
…Corresponding author: tin@irb.hr
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Predicting the e�ects of resource pulses on
snail and human schistosome dynamics using a

DEB-IBM

L. M. Bradley *„ 1, David Civitello 1

1 Emory University � 1510 Clifton Rd 2006, Atlanta, GA 30322, United States

Resource pulses are ubiquitous and have cascading e�ects on population, community, and
ecosystem dynamics. Predicting how resource pulses a�ect aquatic ecosystems is critical for
basic ecological understanding and management. For example, agricultural runo� and nutrient
pollution are implicated in increasing schistosomes produced by freshwater snail hosts because
they increase the total number of snails as well as the per capita production of cercariae, the
human-infectious life stage. DEB-based models could improve predictions of resource pulse
e�ects on transmission potential because they naturally accommodate how hosts grow, reproduce,
transmit, and survive in variable resource environments.

We conducted a simulation study of the e�ects of resource pulses on the population dynam-
ics of snails and their schistosomes using a DEB-based individual based model (DEB-IBM). We
simulated seasonal transmission scenarios in which a small number of founders (drawn uniformly
from a realistic size distribution [4-16 mm]), consume logistically growing algae or nonrepro-
ductive detritus throughout a 120-day transmission season in daily time steps. We separately
investigated two dimensions of detritus pulses: timing (one single pulse per simulation occur-
ring on di�erent weeks) and frequency (holding total input constant, adding resources every 1,
3, 7, 14, or 28 days). We hypothesized that resource pulse scenarios that substantially elevate
host reserves will stimulate transmission potential, because well-fed hosts produce many par-
asites. Results from the timing simulations indicate that total transmission potential peaked
when the single pulse occurred mid-season. The frequency simulations show that transmission
potential increases with pulse frequency. Both �ndings can be explained through observing the
DEB reserve density over time, which predicts when a pulse will �rescue� a snail population
from starving�and if the population is mature, then also abundantly produce parasites. We are
currently testing these hypotheses further with a mesocosm experiment, and will compare these
results to the DEB-IBM simulation results.

Keywords: DEBIBM, IBM, disease ecology, resource pulses, water management, schistosomiasis

* Speaker
„ Corresponding author: lbradl8@emory.edu
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