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About DEB2025

Welcome to DEB2025, the ninth in a distinguished series of tele-courses, schools, and symposia
dedicated to the Dynamic Energy Budget (DEB) theory for metabolic organization.

The theme of the DEB2025 Symposium is "Stress ecology and biodiversity under climate change".
As we enter the anthropocene and are now crossing critical planetary boundaries, numerical mod-
elling is an indispensable tool for scientists, managers, and stakeholders. DEB theory provides
a framework for constructing families of related models, rooted in a mechanistic description of
the individual metabolic processes. This mechanistic approach is essential for linking functional
traits to predictive variables, ensuring that models remain adaptable to shifting environmen-
tal conditions. A key challenge in model applications is the assessment of parameter values.
Many applications of DEB theory have demonstrated the capacity to extract meaningful pa-
rameters from data, enabling models to inform effective decision-making. This symposium will
showcase the latest advancements in DEB theory and its applications, fostering cutting-edge,
cross-disciplinary developments to address the pressing ecological challenges of our time.

With more than 1,250 publications incorporating DEB theory and nine special issues dedicated
to its development and applications, it has become a cornerstone in an era defined by data
abundance and interdisciplinary collaboration. In conjunction with this 2025 course and sym-
posium, we are now organizing the https://deb2025.sciencesconf.org/resource/page/id/34 10th
special issue, a testament to the continued growth and vitality of the DEB research commu-
nity. DEB provides a common quantitative language that connects scientists across fields and
ecosystems. The thematic school held in advance of this symposium reflects this spirit: offering
early career researchers training, mentorship, and tools, while also serving as a platform for expe-
rienced scientists to refine techniques, explore new directions, and shape their research questions.

This year’s event includes 75 participants from 22 different countries (Argentina, Australia,
Brazil, Canada, China, Croatia, Denmark, France, Germany, Greece, Italy, Israel, Netherlands,
Poland, Portugal, Saudi Arabia, Slovenia, Spain, South Africa, Sweden, UK, USA). The pro-
gramme includes four keynotes speakers, 31 contributed talks and 21 posters.

We hope this symposium offers valuable insights, collaborations, and fresh inspiration for your
work with DEB theory.

The DEB2025 Organizers
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Keynote Session 1: Stress ecology and ecotoxicology

Navigating the puzzle: Dynamic energy
budget models for assessing environmental

risks and efficacy of pesticides

André Gergs ∗ 1

1 Bayer AG, Germany

The registration of plant protection products requires comprehensive assessments of both
efficacy and environmental risk, necessitating a careful balance between optimal performance
and minimizing ecological impact. A mechanistic understanding of chemical behavior is vi-
tal for making accurate predictions in untested scenarios, such as extrapolating results from
laboratory settings to field conditions and accounting for varying exposure situations. This com-
plexity involves multiple levels of biological organization and the distribution and degradation
of active ingredients in the environment as well as their uptake and metabolism in target and
non-target organisms. Additionally, understanding life history traits and population dynamics
of both pests and non-target species is crucial for effective assessments and management. In this
context, toxicokinetic-toxicodynamic (TKTD) modeling, particularly Dynamic Energy Budget
(DEB) modeling, plays a key role in enhancing our understanding of these interactions. (1)
This presentation will first elucidate how DEB-based TKTD and population models can opti-
mize application timing for insecticides. By integrating formulated product interactions with
environmental factors, these models provide insights that enhance sustainable pest management
strategies. (2) Secondly, I will illustrate the utility of DEB-TKTD models in environmental risk
assessments. Through several examples, I will demonstrate how these models can be applied to
address the uncertainties typically associated with those assessments.

∗Keynote speaker
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Keynote Session 2: Theoretical and methodological developments
and new applications

The Evolution of how life harnesses energy and
elements, from the big bang to biodiversity

Gonçalo Marques ∗ 1

1 University of Lisbon, Portugal

Life emerged on our planet, which remains the only known place where its existence is
confirmed. The integration of Dynamic Energy Budget (DEB) theory and Big History offers a
comprehensive framework for exploring the evolution of energy use and the role of key atomic
elements in shaping life on Earth. DEB theory is based on strong first principles, providing
quantitative models of how organisms acquire, allocate, and utilize energy. These models can be
used to link individual metabolic processes to broader ecological and evolutionary dynamics. In
contrast, Big History contextualizes these biological developments within the grand narrative of
cosmic, planetary, and life evolution. Here I will examine how life’s energy strategies have evolved
in response to shifting environmental and biochemical constraints. Starting from the origins
of essential elements in stellar nucleosynthesis to the metabolic innovations that transformed
Earth’s biosphere. Key milestones such as the emergence of photosynthesis and the rise of
multicellularity, will be explored through the lens of the same first principles that sustain DEB
theory, providing insights into the adaptive mechanisms that have shaped biological complexity.
By synthesizing these perspectives, I will highlight the deep interconnections between energy
flow, elemental cycles, and evolutionary processes.

∗Keynote speaker
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Keynote Session 3: Metabolism across levels of biological
organization

Decoupling the dynamic duo: Examining
whether and how symbiosis regulates

metabolic resilience in an era of global change

Randi Rothan ∗ 1

1 Boston University, USA

By definition, DEB Theory is inherently dynamic, embracing the flux and flow of energy
acquisition and exchange between organisms and their environment. Symbiotic organisms pose
additional challenges because their energetic exchange is governed by the metabolic demands
and constraints of both themselves and their partners. Corals are a classic mutualism between
an animal host and a photosynthetic symbiont, with reciprocal nutrient and energy flow between
partners. However, this energy flow is increasingly disrupted (dysbiosis) due to drastic and ex-
treme environmental perturbations, resulting in coral bleaching and often, mortality. In these
unprecedented times, a relatively diminutive Northwest Atlantic coral is fast-becoming an impor-
tant experimental system to probe the fundamentals of basic coral metabolism. This temperate
coral has a facultative association with photosynthetic symbionts where the coral host can live
with - and functionally without - symbionts in multiple energetic states. After a decade of study,
we have found that this coral challenges long-held assumptions about coral biology, compelling
us to ask (and answer) fundamental questions about symbiosis, metabolism, physiology, and
evolutionary ecology with lab, field, and modeling studies. We are using the quantitative and
empirical values from these studies in application of DEB theory, which has the potential to
transform our holistic understanding of facultative symbioses. This talk will explore the poten-
tial of DEB theory to help understand and predict trophic flexibility of symbiotic partners under
environmental stress, and how symbiosis does (or does not) contribute to metabolic resilience.

∗Keynote speaker
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Keynote Session 4: Traits, evolution, and biodiversity

Marine ecosystems in the Anthropocene:
functional aspects and ecological challenge

Ioannis (Yannis) Karakassis ∗ 1

1 University of Crete, Greece

Life emerged in the sea and for more than 85% of the evolutionary time it had remained an
exclusively marine issue. However, there are more species in the terrestrial environment than
in the oceans mainly due to the spectacular speciation of insects. On the other hand, there are
more marine phyla (i.e. major differentiation life plans) in the sea, almost half of them endemic
to the marine realm. Differences between terrestrial and marine ecosystems involve differences
between the ambient fluids but also differences in variability and predictability of marine and
terrestrial ecosystems. Marine biodiversity comprises organisms with numerous functional traits
resulting in multidimensional matrices showing patterns similar to those of species by samples.
Furthermore, the use of traits, as opposed to species, allows comparisons among different bio-
geographic provinces which harbour different faunal elements. A large-scale study comparing
response of benthic taxa to disturbance across ocean provinces is discussed.

∗Keynote speaker

8



Abstracts for oral presentations alphabetically

9



Modeling the Spatiotemporal Impacts of Ocean

Warming and Acidification on the U.S. Atlantic Sea

Scallop to Guide Adaptive Fisheries Management

Halle Berger∗1, Samantha Siedlecki1, Shannon Meseck2, Emilien Pousse3, Dvora Hart4,
Felipe Soares1, Antonie Chute5, and Catherine Matassa1

1University of Connecticut, Department of Marine Sciences – 1080 Shennecossett Rd, Groton, CT

06340, USA, United States
2NOAA Northeast Fisheries Science Center, Milford Laboratory – 212 Rogers Ave, Milford, CT 06460,

USA, United States
3Océanopolis – Océanopolis [Brest] – France

4NOAA Northeast Fisheries Science Center, Woods Hole Laboratory – United States
5NOAA Northeast Fisheries Science Center, Woods Hole Laboratory – 166 Water Street, Woods Hole,

MA, 02543-9998, USA, United States

Abstract

The Atlantic sea scallop (Placopecten magellanicus) fishery is one of the most valuable
fisheries in the U.S. However, changing ocean conditions driven by climate change and ocean
acidification (OA) may cause declines in scallop availability, harvest, and revenue. Scallop
habitats in the Northeast and Mid-Atlantic already experience suboptimal temperature and
carbonate chemistry conditions episodically. Regional oceanographic models predict that
these conditions will continue and worsen in the future under the most severe emissions
scenario, projecting that most scallop habitats will experience chronic stressful conditions by
2100. Here, we project the e↵ects of OA and warming on sea scallop growth historically and
over the next century using a dynamic energy budget (DEB) model coupled to a regional
ocean model. The model was able to simulate observed patterns in scallop growth based
solely on temperature, food, and pCO2 conditions. Under combined end-of-century OA and
warming, scallops grew slightly faster but reached smaller maximum shell heights in most
areas, with mortality largely confined to the southern Mid-Atlantic. While OA contributed
to sublethal impacts on growth uniformly across the region, warming had a more variable
e↵ect, ranging from positive in the north to lethal in the south. Notably, the cold pool
area and deep Gulf of Maine emerged as thermal refugia and simulated scallops there did
not experience net negative impacts on growth despite OA, making these areas potential
candidates for rotational management. Altogether, our findings demonstrate the utility of
the spatially coupled DEB model as a tool to inform adaptive fisheries management.

Keywords: Bivalve, climate change, multiple stressors, future projections, fisheries management

∗Speaker
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