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ARTICLE INFO ABSTRACT
Keywords: This systematic review examines the use of the mizer R package, a tool for multi-species size-spectrum modeling
Bibliometric analysis of marine ecosystems, over the past decade. We analyzed 43 publications, including peer-reviewed articles and

Trophic interactions
Size-spectrum models
Ecosystem functioning

academic theses, to highlight its contributions, strengths and limitations across various research domains. We
grouped studies into five categories: fisheries management and policy, ecosystem dynamics and species in-
teractions, methodological advances, climate change projections, and broad-scale ecological studies.
Geographically, the majority of studies were concentrated in marine ecosystems, particularly in the North Sea
and Haizhou Bay, China. Our visualizations, including maps, timelines, Sankey diagrams, and a scientific
collaboration network, revealed strong international collaboration, with the UK, Australia, and the USA
emerging as central hubs in the global research network. The mizer package has evolved through various ex-
tensions such as therMizer, MizerShelf and MizerEvo, broadening its application in studying climate impacts and
eco-evolutionary dynamics. Overall, mizer has proven to be a valuable tool in advancing our understanding of
aquatic ecosystems and informing sustainable management practices. Despite its widespread use in theoretical
and exploratory studies, direct applications of mizer-derived strategies in real-world fisheries management
remain limited, underscoring the challenges of integrating complex models into decision-making frameworks.
We identify several opportunities to enhance mizer’s practical relevance, including the development of valida-
tion datasets and benchmarking protocols, comparative evaluation with other ecosystem models, structured
sensitivity and uncertainty analyses, and incorporation of socio-environmental feedbacks. We also highlight key
technical limitations, such as the absence of automated parameter optimization and the reliance on equilibrium-
based model structure, which currently constrain its use in dynamic or data-limited contexts. Addressing these
challenges will be critical for advancing the integration of size-spectrum modeling into ecosystem-based man-
agement and policy.

1. Introduction ecosystem structure and function (Holt et al., 2014; Trebilco et al.,
2013). Advancements in computational ecology have led to the devel-

Understanding the intricate dynamics of aquatic ecosystems remains opment of mizer (Multi-Species Dynamic Size Spectrum Modelling in R),

a significant challenge in ecology. Size spectrum models (SSMs) have an R package designed for implementing and analyzing size spectrum
emerged as essential tools in this context, as they characterize the dis- models (Scott et al., 2014). Mizer offers a robust and versatile framework
tribution of biomass across different organism sizes, providing critical for modeling size-based interactions and energy flows in marine eco-
insights into energy transfer and trophic interactions that underpin systems, supporting both theoretical research and practical applications
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in fisheries management.

The conceptual foundations of size spectrum models date back to the
seminal works of Sheldon et al. (1972) and Dickie et al. (1987), who
demonstrated the regularity of size distributions in aquatic communities
and established the principles of allometric scaling. Their research
revealed the inverse relationship between organism size and abundance,
leading to the widespread adoption of size spectrum models in marine
ecology (Andersen et al., 2009; Law et al., 2012). This concept, known as
allometric scaling, refers to the predictable relationship between an
organism’s body size and its biological rates—such as metabolism,
growth, and reproduction—typically following a power-law function (e.
g., metabolic rate scales with body mass to the 3/4 power; West et al.,
1997). Over recent decades, these models have been refined with ad-
vancements in metabolic theory, trophic dynamics, and ecosystem
modeling (Pethybridge et al., 2018).

SSMs are based on the premise that ecological processes such as
growth, predation, and mortality are intrinsically linked to organism
size (Travers-Trolet et al., 2019). The biomass spectrum, which plots
biomass distribution against organism size, generally follows a
power-law distribution, reflecting size-dependent metabolic rates and
energy transfer efficiencies. Mizer builds on this theoretical foundation
by offering a comprehensive and user-friendly platform for simulating
size-based interactions in aquatic ecosystems. Key features of mizer
include: (1) modeling populations as continuous size distributions rather
than discrete age classes, providing a more accurate representation of
growth and mortality processes; (2) incorporating detailed formulations
of energy acquisition, assimilation, and allocation to capture the ener-
getic constraints driving trophic interactions and population dynamics;
and (3) allowing users to customize model parameters and structures to
fit specific ecological contexts and research questions. Additionally,
mizer supports the integration of empirical data and other ecological
processes, such as nutrient cycling and habitat effects.

One of the key aspects that sets SSMs—and particularly mizer—apart
from other food web or community models is their mechanistic structure
based on individual body size, rather than relying on predefined trophic
levels or static predator-prey matrices. This differentiates them from
frameworks like Ecopath with Ecosim, which are grounded in trophic
compartments and mass-balance assumptions, or trophic niche models,
which often rely on empirical diet matrices. In contrast, SSMs explicitly
link body size to the fundamental drivers of population and community
dynamics—growth, reproduction, and mortality—through size-based
metabolic scaling. Growth results from energy acquisition via size-
structured predation, reproduction emerges from surplus energy once
maintenance costs are met, and mortality is governed by size-dependent
predation and background processes. Mizer operationalizes these prin-
ciples by simulating populations as continuous size distributions,
enabling more flexible and biologically realistic dynamics. Moreover, its
modular structure allows for extensions incorporating temperature ef-
fects (therMizer), eco-evolutionary change (MizerEvo), and complex
benthic-pelagic shelf ecosystems (MizerShelf). These features make
mizer especially well-suited for investigating emergent ecosystem
properties, policy scenarios, and cross-scale ecological questions under a
unified, size-based modeling framework.

Since its introduction in 2014, mizer has been widely adopted in
fisheries science and marine ecology for its capacity to model the im-
pacts of fishing, climate change, and other anthropogenic pressures on
marine ecosystems (Hyder et al., 2015). By simulating the size structure
and biomass distribution of fish populations, mizer aids in assessing
ecosystem health and resilience, informing sustainable management
strategies and conservation efforts. Furthermore, mizer provides a solid
framework for exploring theoretical questions about the stability and
dynamics of size-structured communities, enhancing our understanding
of ecological and evolutionary processes.

This paper presents a systematic review of the literature on the use of
the mizer package over the past decade, highlighting significant studies
and their contributions to the field. By synthesizing findings from
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various applications of mizer, this review seeks to provide a compre-
hensive understanding of its capabilities and the insights it has gener-
ated regarding aquatic ecological dynamics. As marine ecosystems face
increasing pressures from human activities and climate change, the need
for robust and adaptable modeling tools like mizer is more critical than
ever. This systematic review will emphasize the notable contributions
made by mizer-based research and identify gaps and future directions for
further development and application of this valuable tool. Through a
thorough analysis of existing literature, we aim to underscore mizer’s
role in advancing our understanding of marine ecology and informing
sustainable management practices.

2. Materials and methods

We conducted a systematic review following the PRISMA 2020
guidelines to synthesize peer-reviewed literature using the mizer R
package. The search was performed on 18-19 June 2024 using the Web
of Science and Scopus databases. We applied combinations of keywords
such as "mizer" and "size spectrum models". The goal was to identify
original research articles or theses that explicitly employed the mizer
package as a central modeling framework.

The search yielded an initial pool of 89 records. After removing
duplicates and screening titles, abstracts, and full texts, we retained a
final set of 43 studies for detailed analysis. Although screening was
conducted at both the title/abstract and full-text levels, we did not
systematically document excluded records, as our main objective was to
characterize the literature that effectively used mizer. This selection
process is transparently depicted in the PRISMA flow diagram (Sup-
plementary Fig. S1).

We extracted the following metadata from each included study: (i)
year of publication, (ii) journal name, (iii) author affiliation country
(ies), (iv) geographic area of application, and (v) primary research topic
(s). Articles were grouped into five broad research themes: “applications

LLITS

in fisheries management and policy”, “modeling ecosystem dynamics

LTS

and species interactions”, “methodological advances and model vali-
dation”, “climate change and environmental impact projections”, and
“broad-scale ecological and theoretical studies”. When articles fit more
than one category, multiple assignments were allowed; accordingly,
results are presented in relative proportions ( %).

These five categories were identified through an iterative coding
process during the full-text review. Each study was evaluated based on
its research aims, methodologies, and main findings. The resulting
themes reflect both the major areas of application of the mizer frame-
work and the evolution of the package itself. Our goal was to capture the
full range of uses, from applied management tools to theoretical model
development, in a structure that balances comprehensiveness with
interpretability.

To enrich our synthesis, we additionally recorded whether each
study (i) calibrated the model to empirical data, (ii) employed any
official mizer extensions (e.g., therMizer, MizerEvo, MizerShelf), and
(iii) focused on a specific ecosystem type (e.g., shelf, open ocean, estu-
ary, or inland system). This information is compiled in Supplementary
Table S1.

Results were visualized through maps, bar plots, and Sankey dia-
grams to illustrate article frequencies and thematic trends. We also
constructed a country-level collaboration network, where nodes repre-
sent countries and edges indicate co-authorship relationships. The
network layout was optimized using the Fruchterman-Reingold algo-
rithm to spatially group countries based on collaboration intensity.

Finally, we applied snowballing techniques (reviewing citations
within the included studies) and examined conference materials and
academic theses to capture additional relevant works.

All analyses and visualizations were performed in R version 4.2.0 (R
Core Team, 2023), using the packages: “ggplot2” (Wickham et al.,
2016), “mapdata” (Deckmyn, 2018), “networkD3” (Allaire et al., 2017),
and “igraph” (Csardi & Nepusz, 2006).
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All R-code used for the analysis is openly available at: https://github.
com/graziapennino/A-Decade-of-Mizer-A-Systematic-Review-.git

3. Results

In this section, we provide the results of the bibliometric analysis of
miger-related literature (section 3.1) and an overview of the key con-
tributions of this literature by research topic (section 3.2).

3.1. Bibliometric analysis

A total of 43 studies were retained for review, all published between
2014 and 2024 (see Supplementary Material, Table S1). Among them,
one was a master dissertation and two were doctoral theses that used
mizer as primary tool for their studies (Supplementary Material,
Table S1). The number of publications has increased steadily over the
decade, with an average of approximately four articles per year, peaking
in 2022 (Fig. 1).

The majority of studies focused on applications in fisheries man-
agement and policy (23 %) and modeling ecosystem dynamics and
species interactions (23 %). These were followed by research on meth-
odological advances and model validation (19 %), and climate change
and environmental impact projections (19 %). Broad-scale ecological
and theoretical studies comprised 16 % of the articles (Fig. 1).

Geographically, most studies concentrated on marine ecosystems,
with only three focusing on freshwater realms. The North Sea (Northern
Europe) emerged as the most studied region (n = 9), followed by
Haizhou Bay, China (n = 5) (Fig. 2).

The Sankey diagram (Fig. 3) illustrates the distribution of research
topics across different countries, providing insights into international
collaboration and research focus areas. Notably, the United Kingdom
(UK) and Australia are prominently involved in multiple research cate-
gories, particularly in “Applications in Fisheries Management and Pol-
icy” and “Methodological Advances and Model Validation”. China and
the United States also exhibit substantial contributions, especially in
“Modeling Ecosystem Dynamics and Species Interactions” and “Climate
Change and Environmental Impact Projections”. Other countries, such
as Denmark, Sweden, and Canada, show more specialized involvement,
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. Climate Change and Environmental Impact Projections
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Fig. 1. Yearly and cumulative number of publications applying the mizer R
package, categorized by primary research focus. The cumulative curve repre-
sents the total number of studies published from 2014 through each year.
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often contributing to specific categories such as “Broad-Scale Ecological
and Theoretical Studies” and “Applications in Fisheries Management
and Policy”. This visualization highlights both the diverse geographical
scope of research in these fields and the overlap in research categories
across different countries. Countries with a broader scope of collabora-
tion, such as the UK and Australia, are involved in a wide array of
research topics, suggesting leadership in interdisciplinary research
within ecosystem management and environmental studies.

The collaboration network included 22 nodes (countries) and 104
unique edges (collaborations) (Fig. 4). The average node degree was
9.45, indicating that each country collaborated with about four others
on average. The edge density was 0.45, suggesting a moderately con-
nected network. The global clustering coefficient was 0.72, indicating a
moderate tendency for countries to form collaborative clusters. The
diameter of the network was 3, reflecting the longest minimum path
between any two countries. Together, these metrics indicate a moder-
ately cohesive and collaborative global network of researchers using the
mizer package. In particular, the UK, Australia, and the US emerged as
central nodes in the network, demonstrating the highest number of
collaborations and contributions to literature. These countries are con-
nected by numerous edges, reflecting repeated co-authorship across
multiple publications. China, Denmark, and Canada also play significant
roles in the network, particularly in collaboration with larger hubs such
as the UK and the USA. The size of the nodes represents the number of
publications from each country, with the UK, Australia, and the USA
contributing the most. The edge thickness corresponds to the frequency
of collaborations, highlighting strong links between the UK and
Australia, as well as between the USA and China. This network visual-
ization underscores the global and collaborative nature of research using
size spectrum modeling, with several countries playing pivotal roles in
advancing the field.

Mizer was utilized in publications across 23 different journals. The
journals Fisheries Research, Fish and Fisheries, Ecological Modelling,
and Marine Ecology Progress Series each had the highest number of
publications (n = 4). Several journals, including Journal of Applied
Ecology, ICES Journal of Marine Science, and Canadian Journal of
Fisheries and Aquatic Sciences, featured two papers each, while others
like PLoS ONE, Marine Policy, and Ecological Indicators each published
one paper. This distribution highlights a preference for journals
specializing in fisheries science and marine ecology (Fig. 5).

3.2. Migzer contributions overview

An overview of the main literature contributions by research topic is
provided in this section. First, contributions related to “fisheries man-
agement and policy applications” are reviewed, and then key aspects of
the literature on “modeling ecosystem dynamics and species in-
teractions” are discussed, followed by a review of the literature on
“climate change”. Next, relevant contributions from the literature clas-
sified as “broad ecological and theoretical studies” are also described.
Finally, an overview of methodological advances and model validation,
along with a summary of major updates to the mizer package, are
provided.

3.2.1. Applications in fisheries management and policy

The application of mizer in fisheries management and policy has
proven its utility across various decision-making contexts (Fig. 6).
Blanchard et al. (2014) were pioneers in demonstrating how mizer could
evaluate trade-offs between fisheries yield and conservation goals. Their
work emphasized the potential conflicts between different management
objectives and highlighted the value of size-spectrum models in
balancing these competing interests. Expanding on this, Zhang et al.
(2016a) utilized mizer to assess the long-term implementation of
Maximum Sustainable Yield (MSY) in an ecosystem-based framework.
By incorporating trophic interactions and uncertainties, they revealed
that traditional single-species MSY strategies might be inadequate for
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sustainability in complex ecosystems. In a related study, Zhang et al.
(2016b) showed how fisheries closures, implemented within a
size-spectrum model, could successfully rebuild depleted stocks.
Jacobsen et al. (2017) further extended the use of mizer by investigating
fisheries efficiency at the ecosystem level, finding an increase in effi-
ciency, which raised concerns about its effects on ecosystem resilience.
Likewise, Zhang et al. (2018) explored the destabilizing impact of
intensive fishing on fish communities, particularly when top predators
are removed, further demonstrating the ecosystem-wide implications of
fishing pressure. Spence et al. (2018) proposed a general framework that

integrates different ecosystem models, including mizer, to enhance
ecosystem-based management. Their approach enabled more robust
predictions, improving the quality of fisheries management decisions.
Robinson et al. (2022) introduced a novel concept of managing fisheries
for maximum nutrient yield, rather than focusing solely on biomass,
proposing that this method could promote more holistic management
strategies aligned with human health objectives.

In the context of mixed fisheries, Wo et al. (2022) advocated for a
multispecies Total Allowable Catch (TAC) strategy, showing how
size-spectrum models can address the complexities inherent in
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multispecies fisheries. De Juan et al. (2023) applied Mizer to Mediter-
ranean mixed demersal fisheries to examine how improving selectivity
and reducing discards could benefit both ecological sustainability and

Journal
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economic outcomes. Finally, Wo et al. (2024) proposed the use of spe-
cies portfolio schemes as a strategy to mitigate the risks of over-
exploitation, highlighting the importance of diversifying fisheries
portfolios to enhance stock resilience.

3.2.2. Modeling ecosystem dynamics and species interactions

Equally prominent is the use of mizer for modeling ecosystem dy-
namics and species interactions (Fig. 7). Studies have shown that mizer
effectively captures the complexities of consumer biomass, size struc-
ture, and production across global marine ecosystems (Jennings &
Collingridge, 2015). This broad applicability is further supported by
Zhang et al. (2015), who emphasized the role of uncertainty in multi-
species models, underscoring the importance of incorporating un-
certainties in predictions. Andersen et al. (2016) provided a theoretical
foundation for size spectrum models, which Datta and Blanchard (2016)
extended by highlighting the impact of seasonal variability on size
spectrum dynamics. Spence et al. (2016) addressed parameter uncer-
tainty, offering insights into improving model accuracy, while Zhang
et al. (2016¢) demonstrated mizer’s adaptability in data-poor environ-
ments. Additionally, empirical studies by Szuwalski et al. (2017) and Wo
et al. (2020) revealed the model’s capacity to analyze trophic cascades
and regional fisheries dynamics, respectively. Sensitivity analyses by
Benoit et al. (2021) further refined our understanding of influential
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Fig. 7. Timeline summarizing studies that applied mizer to model ecosystem dynamics and species interactions. Dashed lines indicate non-consecutive years to
accurately reflect the temporal distribution of publications.

parameters in ecosystem models, and Lindmark et al. (2022) highlighted dynamics, revealing potential shifts in species maturation sizes and
the implications of climate change on fish physiology and resource reproductive strategies. Reum et al. (2020) further assessed future
abundance. Collectively, these studies illustrate mizer’s robust ability to climate impacts on the Eastern Bering Sea food web, identifying po-
model complex ecosystem interactions and environmental impacts, tential shifts in species composition and biomass distribution under
while also acknowledging challenges such as parameter uncertainty and different climate scenarios. Lindmark (2020) contributed to under-
data limitations. standing how temperature affects growth rates and size structures,
emphasizing the need to consider these changes across trophic levels.
3.2.3. Climate change and environmental impact projections Hansen et al. (2023) explored the effects of dam removal on fish com-
The application of the mizer model to study the impact of climate munities, highlighting varying impacts based on environmental condi-
change on marine ecosystems has provided valuable insights into how tions and species characteristics. Ortega-Cisneros et al., 2025 developed
future environmental changes may influence fish communities and an integrated approach for simulating climate change impacts at both
ecosystem dynamics. Woodworth-Jefcoats et al. (2019) highlighted the global and regional scales, bridging the gap between broad-scale pro-
significance of considering cumulative stressors, such as warming tem- jections and local management needs. Finally, Reum et al. (2024)
peratures and overfishing, in predicting future ecosystem states. Reum underscored the sensitivity of climate impact projections to
et al. (2019) demonstrated that species-specific diet shifts due to temperature-dependent assumptions, stressing the importance of care-
warming could mitigate some negative impacts of climate change by fully considering these factors in model projections.
potentially lengthening food chains and buffering trophic cascades.
Forestier et al. (2020) investigated the interplay between predation, 3.2.4. Broad-scale ecological and theoretical studies
fishing pressures, and climate-induced changes in predator-prey Mizer has been employed in broader ecological and theoretical
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studies, constituting 16 % of the reviewed articles. These studies,
including those by Hyder et al. (2015) and Canales et al. (2020), explore
fundamental ecological questions and theoretical dynamics, expanding
our understanding of long-term ecosystem changes and fisheries man-
agement. Theoretical studies by Forestier (2021) and Audzijonyte et al.
(2023) explored eco-evolutionary dynamics and sea floor productivity,
respectively. The integration of fleet dynamics by Novaglio et al. (2022a
and 2022b) represents a novel approach, offering new perspectives on
mixed fisheries management.

3.2.5. Methodological advances and model validation

The methodological advances and model validation efforts in the
application of mizer have substantially enhanced its accuracy, applica-
bility, and utility in ecosystem modeling. Edwards et al. (2017) and
Edwards et al. (2020) have made significant contributions by refining
techniques for fitting size spectra to empirical data, improving the
precision of model estimates and addressing biases associated with data
bin structures. Fu et al. (2019) advanced the development of ecological
indicators tailored for management purposes, ensuring that these in-
dicators are sensitive and specific enough to capture ecosystem re-
sponses effectively. West (2019) provided a comparative analysis of
mizer and Ecopath models, offering insights into their respective
strengths and limitations for different management scenarios. Clements
et al. (2019) utilized mizer to identify early warning signals of ecosystem
recovery, contributing to proactive management strategies for over-
exploited systems. Spence et al. (2021) demonstrated through ensemble
modeling that sustainable fishing practices could significantly improve
marine ecosystem health, supporting the case for ecosystem-based
fisheries management. Benoit et al. (2022) extended the application of
size-spectrum models to freshwater ecosystems, broadening their rele-
vance and demonstrating their versatility. Falciani et al. (2022) linked
size-spectrum models to blue carbon management, illustrating how
these models can integrate fisheries management with climate change
mitigation efforts.

3.2.6. Mizer evolution and extensions

The core mizer package was introduced as an R package for imple-
menting size-spectrum models in 2014, allowing for the simulation of
marine ecosystems by modeling size-based predator-prey interactions
and the impacts of fishing (Fig. 8). In 2016, significant updates were
made to the mizer package, refining its capacity to model multiple spe-
cies and size classes, thereby improving the accuracy and flexibility of
ecosystem simulations. In 2019, Woodworth-Jefcoats et al. (2019),
developed the therMizer extension that integrates the effects of tem-
perature on metabolic rates and, consequently, on the growth and sur-
vival of marine species. This addition is particularly relevant in the
context of climate change, as it allows researchers to model the impacts
of varying temperature regimes on marine ecosystems.

In 2020, Forestier et al. (2020) developed the MizerEvo extension to
incorporate eco-evolutionary dynamics into the mizer framework. This
extension enabled the modeling of evolutionary changes in species

2016

Enhancements
to Core
Functionality
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traits, such as maturation size, in response to selective pressures like
fishing and predation. In the same year, Edwards et al. (2020) contrib-
uted to methodological improvements by addressing biases related to
the bin structure of data within size-spectrum models, enhancing the
accuracy of model fitting processes. Forestier (2021) further developed
MizerEvo, emphasizing the importance of eco-evolutionary processes in
size-structured ecosystems, and demonstrated how this extension could
be applied to study species’ traits evolution. The MizerShelf extension
was developed as part of the study by de Juan et al. (2023). This
extension allows for the application of size-spectrum models to shelf
ecosystems, which are characterized by high species diversity and
complex food webs.

4. Discussion

The review of the literature on the use of the mizer R-package reveals
a substantial and growing body of work that underscores its versatility
and impact across various ecological and fisheries management con-
texts. A total of 43 studies published between 2014 and 2024 demon-
strate a steady increase in the application of mizer, with peaks in
publication frequency highlighting its rising importance in research.
Mizer has been widely adopted for various applications, including fish-
eries management and policy, modeling ecosystem dynamics and spe-
cies interactions, and climate change impact projections.
Geographically, the majority of research has concentrated on marine
ecosystems, with notable contributions from regions such as the North
Sea and Haizhou Bay, China. International collaboration is evident, with
the UK, Australia, and the US emerging as central nodes in the research
network, reflecting their significant roles in advancing the field. The
wide range of journals publishing mizer-related research further un-
derscores its broad applicability, particularly within the domains of
fisheries science and marine ecology.

In light of this growing body of work, and in response to recent ad-
vances in ecological modeling, we contextualize our review within the
landscape of individual- and size-based approaches. We position our
work in contrast to complementary studies such as those by Woodson
et al. (2024) and Duskey (2023). While Woodson et al. developed an
individual-based model (IBM) to explore population and stock dynamics
at fine physiological and behavioral resolution, and Duskey integrated
metabolic modeling to simulate fish responses under hypoxic stress, our
work takes a broader, synthetic approach. We offer a systematic review
of the mizer R package, a tool specifically designed for multi-species
size-spectrum modeling at the population and community level. This
allows for efficient simulation of trophic dynamics, energy flow, and
anthropogenic pressures across aquatic ecosystems, offering insights at
spatial and temporal scales relevant to ecosystem-based management.

Unlike IBMs, which capture individual variability and physiological
detail, size-spectrum models like mizer rely on mechanistic rules linked
to body size and metabolic scaling to model emergent patterns in
community structure and function. This makes them particularly suited
for exploring general ecological principles, projecting ecosystem
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Fig. 8. Timeline of methodological developments and extensions of the mizer package over the past decade. Dashed lines indicate non-consecutive years to

accurately reflect the temporal distribution of publications.
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responses to external drivers, and informing fisheries and conservation
policy.

Furthermore, our review highlights the evolution of mizer through
recent extensions, such as MizerEvo and therMizer, which incorporate
eco-evolutionary processes and temperature dependence, respectively.
These developments illustrate how size-spectrum modeling is progres-
sively bridging the gap between individual-based physiology and
ecosystem-level dynamics. We also identify opportunities for integrating
mizer with IBMs and physiologically structured models, such as those
explored by Duskey (2023), to enhance ecological realism and improve
the prediction of complex responses to climate and anthropogenic
stressors.

Finally, we align our synthesis with the conceptual gaps outlined by
Jakeman et al., (2024). Our work contributes directly to the research
agenda proposed in Section 4 of that publication by showcasing how
structured literature reviews can support model transferability, good
practices, and cross-disciplinary dialogue.

The review of the mizer package highlights its significant strengths
and limitations across various applications, including fisheries man-
agement, climate change impacts, and theoretical studies. One of mizer’s
key strengths is its flexibility and robust theoretical foundation, which
enable detailed modeling of size-based predator-prey interactions and
energy flows within marine ecosystems. This versatility allows mizer to
simulate the impacts of fishing, environmental changes, and other
anthropogenic pressures effectively (Hyder et al., 2015; Scott et al.,
2014).

In fisheries management, mizer has proven its utility by evaluating
trade-offs between yield and conservation goals, assessing Maximum
Sustainable Yield (MSY) strategies, and managing fisheries closures to
rebuild depleted stocks (Blanchard et al., 2014; Zhang et al., 2016a,
2016b). The model’s adaptability extends to ecosystem-level consider-
ations, with applications exploring fisheries efficiency and the impacts
of fishing pressure on fish communities (Jacobsen & Andersen, 2017;
Zhang et al., 2018). However, challenges persist, particularly in man-
aging multispecies interactions and integrating innovative approaches
such as nutrient yield management and species portfolio schemes
(Robinson et al., 2022; Wo et al., 2022; Wo et al., 2024). The model’s
complexity can hinder its use for tactical advice in stock status assess-
ment and management actions, indicating a need for further integration
and validation efforts. The insights generated by mizer are invaluable for
conditioning operating models (OMs) within Management Strategy
Evaluations (MSEs), where they can inform the development of more
robust and resilient management strategies (Edwards et al., 2020; Reum
et al., 2020).

The category of modeling ecosystem dynamics and species in-
teractions benefits from mizer’s ability to predict consumer biomass,
size structure, and production across diverse environments (Jennings &
Collingridge, 2015). The model’s ability to incorporate uncertainties
and adapt to data-scarce environments enhances its reliability (Zhang
etal., 2015, 2016c). However, challenges such as parameter uncertainty
and environmental variability continue to pose limitations (Benoit et al.,
2021; Spence et al., 2016). Addressing these issues through ongoing
refinement is crucial for maximizing mizer’s effectiveness in under-
standing complex ecosystem interactions.

In terms of climate change projections, mizer excels at integrating
multiple stressors and providing nuanced predictions of ecosystem states
under various climate scenarios (Reum et al., 2019; Woodworth-Jefcoats
et al., 2019). The model’s flexibility in exploring species-specific re-
sponses and scaling relationships under climate pressures further dem-
onstrates its utility (Forestier et al, 2020; Lindmark, 2020).
Nonetheless, projections can vary significantly based on assumptions
and environmental conditions (Hansen et al., 2023; Reum et al., 2024),
emphasizing the need for careful consideration of model inputs to ensure
accuracy. Future work could focus on incorporating more detailed
climate models and exploring a wider range of climate scenarios (Reum
et al., 2020). This will enable researchers and policymakers to better
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understand and anticipate the impacts of climate change on marine and
freshwater ecosystems.

Theoretical studies employing mizer have advanced our under-
standing of fundamental ecological dynamics and long-term changes,
providing valuable insights into eco-evolutionary processes and species
interactions (Canales et al., 2020; Forestier, 2021; Hyder et al., 2015).
The integration of novel concepts like fleet dynamics (Novaglio et al.,
2022a) illustrates mizer’s adaptability to new research questions. How-
ever, integrating complex variables and translating theoretical ad-
vancements into practical applications remain challenges that require
further validation and refinement.

Methodological advances, including the development of extensions
like MizerEvo and therMizer, have enhanced mizer’s utility by addressing
biases, refining parameter estimation, and integrating temperature ef-
fects (Edwards et al.,, 2017, 2020; Forestier et al., 2020; Wood-
worth-Jefcoats et al., 2019). Despite these improvements, challenges
persist in model calibration and data quality, which can impact pre-
diction accuracy (Edwards et al., 2020). Future research should focus on
expanding mizer’s applications, integrating emerging technologies, and
fostering interdisciplinary collaboration to address complex ecological
and management questions.

Looking ahead, several promising and actionable directions for
future research emerge from this review. First, applying mizer to un-
derrepresented systems, such as tropical marine and freshwater envi-
ronments, should not be viewed as a simple spatial extension, but rather
as a critical strategy for testing the model’s transferability, robustness,
and adaptability across contrasting ecological contexts. Exploring
biogeographic variation allows researchers to evaluate how the model
performs under differing environmental regimes, trophic structures, and
life-history traits, thereby identifying both its strengths and potential
limitations in generalization. Second, integrating emerging technolo-
gies, including environmental DNA (eDNA), satellite remote sensing,
and high-resolution environmental monitoring, could enhance the ac-
curacy and resolution of model parameterization and validation.
Another priority is the development of standardized libraries of life-
history traits and feeding parameters for key ecosystem types, which
would facilitate model comparability, transferability, and reproduc-
ibility across studies. Finally, coupling mizer with complementary
frameworks, such as individual-based models, trophic network models,
or spatially explicit approaches, offers an opportunity to capture cross-
scale ecological dynamics and improve the ecological realism of
simulations.

There is also potential for developing new features and extensions to
address specific ecological and management questions, including the
impacts of invasive species and habitat degradation. Increasing inter-
disciplinary collaboration will be essential to tackling complex envi-
ronmental challenges. By combining expertise from fields such as
economics, biology, sociology, and climate science with ecological
modeling, researchers can develop more holistic and effective strategies
for managing and conserving ecosystems. Countries such as the UK and
Australia, which are central to mizer research, can lead these efforts by
facilitating international collaborations and expanding the model’s ap-
plications beyond traditional fisheries contexts.

Opportunities for model improvement and testing

In addition to the research directions discussed above, our review
identifies several actionable opportunities for improving and rigorously
testing the mizer modeling framework. First, there is a clear need to
develop standardized validation datasets and evaluation protocols that
enable benchmarking of model outputs against empirical observations.
Such efforts would enhance transparency and foster comparability
across studies. Second, conducting systematic comparisons between
mizer and other well-established ecosystem modeling platforms, such as
Ecopath with Ecosim or Atlantis, could help assess relative performance,
clarify model assumptions, and identify complementary strengths.
Third, further efforts are required to quantify uncertainty propagation
and assess model sensitivity to both biological parameters and scenario
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assumptions. Implementing structured sensitivity analyses across tro-
phic levels and environmental gradients would provide valuable insights
into the robustness of predictions. Lastly, future extensions of mizer
could benefit from the inclusion of feedback mechanisms, such as those
linking environmental drivers or socio-economic processes to species
dynamics and fishing effort. These improvements would not only
enhance the model’s ecological realism but also increase its relevance
for management applications under real-world complexity.

One important technical limitation of the current mizer framework is
the lack of an automated optimization routine for estimating model
parameters, even in single-species contexts. Currently, parameters such
as feeding rates, reproductive efficiency, or mortality must be manually
specified based on literature or expert knowledge, which can limit
reproducibility and calibration quality, especially in data-limited sys-
tems. Ongoing development efforts are working toward implementing
optimization procedures that allow users to estimate unknown param-
eters, while fixing others, by fitting model outputs to empirical obser-
vations of biomass and yield. In parallel, a second key limitation is that
mizer is currently structured as a static equilibrium model, which con-
strains its ability to explore transient ecosystem dynamics and temporal
responses to perturbations. While dynamic implementations are
reportedly under development, further work is needed to make them
broadly available and tested. These technical enhancements would
substantially improve mizer’s flexibility, facilitate model calibration,
and extend its utility for simulating real-world ecological dynamics.

In conclusion, this systematic review provides a comprehensive
synthesis of how the mizer package has been applied and evolved over
the past decade. By identifying five core research domains and outlining
key methodological and conceptual developments, we highlight mizer’s
versatility as a tool for ecosystem-based modeling. As environmental
and policy challenges grow increasingly complex, advancing size-
spectrum modeling through interdisciplinary integration, technolog-
ical innovation, and broader application will be crucial. Our review
offers a roadmap for future research and practical implementation,
contributing to more effective and adaptive management of aquatic
ecosystems.
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