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ABSTRACT
Neuroscience thrives on diversity—not only in the questions it asks but also in the models it uses to explore them. Across the 
field, different animal models have played pivotal roles in uncovering the principles governing brain function, development, and 
disease. Yet, the choice of model organisms remains a subject of debate. This editorial highlights the importance of embracing a 
wide range of animal models in neuroscience research. Each model offers unique strengths aligned with particular experimental 
approaches and scientific questions, contributing complementary insights that no single species alone can provide. By leveraging 
this diversity, we can achieve a more comprehensive understanding of the brain across levels of organization, from molecular 
pathways to behavioral outputs at the organismal level. Beyond the scientific advantages, we also discuss ethical and practical 
considerations: A diverse approach can promote responsible animal use by tailoring species choice to specific research goals. It 
can also foster environmental sustainability by avoiding unnecessary duplication of effort and resources. We call on neurosci-
entists to reflect on the value of integrating insights across species and experimental approaches. By moving beyond entrenched 
preferences and disciplinary silos, the field can unlock new opportunities for discovery. In championing the use of diverse animal 
models, we aim to inspire a more inclusive, efficient, and impactful neuroscience that rises to the complexity of its subject.

1   |   Introduction

Neuroscience thrives on diversity—not only in the questions it 
asks but also in the models it uses to explore them. Across the 
field, different animal models have played pivotal roles in uncov-
ering the principles governing brain function, development, and 
disease. Yet, the choice of model organisms remains a subject of 
debate. This editorial highlights the importance of embracing 
a wide range of animal models in neuroscience research. Each 
model offers unique strengths aligned with particular experi-
mental approaches and scientific questions, contributing com-
plementary insights that no single species alone can provide. By 

leveraging this diversity, we can achieve a more comprehensive 
understanding of the brain across levels of organization, from 
molecular pathways to behavioral outputs at the organismal 
level. Beyond the scientific advantages, we also discuss ethical 
and practical considerations: A diverse approach can promote 
responsible animal use by tailoring species choice to specific 
research goals. It can also foster environmental sustainability 
by avoiding unnecessary duplication of effort and resources. We 
call on neuroscientists to reflect on the value of integrating in-
sights across species and experimental approaches. By moving 
beyond entrenched preferences and disciplinary silos, the field 
can unlock new opportunities for discovery. In championing the 
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use of diverse animal models, we aim to inspire a more inclu-
sive, efficient, and impactful neuroscience that rises to the com-
plexity of its subject.

2   |   Contribution of Diverse Animals in Different 
Areas of Neuroscience

2.1   |   Cellular and Developmental Neuroscience

Cellular and developmental neuroscience, which flourished in 
the 20th century, has been shaped by a variety of model organ-
isms. The development of neural circuits—segmentation, pat-
terning, neurogenesis, differentiation, guidance, connectivity, 
and plasticity—has been elucidated by complementary contri-
butions from various models. Examining key discoveries can 
illuminate how diverse models enable a comprehensive under-
standing of neuroscience.

Neurulation and segmentation, early neural patterning steps, 
are regulated by Hedgehog, Wnt, and Notch pathways, discov-
ered in Drosophila (Nüsslein-Volhard and Wieschaus 1980), and 
further studied in Caenorhabditis elegans and mice (Whangbo 
and Kenyon  1999; Aguirre et  al.  2010; Conlon et  al.  1995; 
McMahon and Bradley  1990; Echelard et  al.  1993). Hox tran-
scription factors, key in patterning, were found in Drosophila 
(1995 Nobel Prize) and further explored in the zebrafish nervous 
system (Akimenko et al.  1994; Lewis 1978). Xenopus research 
advanced knowledge on neural tube formation by BMP signal-
ing, previously discovered in mice (Sasai et al. 1995; Urist 1965).

Neural cell birth relies on asymmetric cell division via neuro-
blast stem cells and proneural genes discovered in Drosophila 
(Doe and Bowerman  2001) and on the roles of nerve growth 
factor which was discovered in mouse studies (Cohen and 
Levi-Montalcini  1956) (1986 Nobel Prize). Otherwise, neural 
crest cell migration contributing to neural cell differentiation 
benefited from studies in Gallus chick embryos (Nakagawa 
and Takeichi 1995). Recent studies uncovered how radial glial 
cells control neuronal birth in the mouse while they were first 
suggested as neural precursors in songbirds. Moreover, current 
studies in human iPSCs and organoids model early neurogene-
sis for studying disorders and drug discovery (Pasca et al. 2015). 
Adding to embryonic neurogenesis, adult neurogenesis was iden-
tified in songbirds (zebra finches) (Nottebohm 2002) and then 
examined across vertebrates (Kuhn et  al.  2018). Programmed 
cell death, also essential for neurodevelopment, was genetically 
dissected in C. elegans (2002 Nobel Prize) to then prove con-
served across models (Ellis and Horvitz 1986).

Neural cell fate specification ensures circuit complexity. C. 
elegans studies revealed that diversification is driven by tran-
scription factor codes (Hobert  2008) and microRNAs (2024 
Nobel Prize) (Lee and Ambros 2001). Powerful lineage-tracing 
methods in chick-quail interspecies chimeras revolutionized our 
understanding of neural crest development and cell fate in the 
nervous system (Le Douarin 1973). Sea urchins contributed to 
understanding gene regulatory networks, with mouse studies 
integrating these insights into stem cell division and cortical lay-
ering (Cui et al. 2014; Molyneaux et al. 2007). Recent work also 
uncovered diversification mechanisms in glial cells (Kriegstein 

and Götz 2003), the often-overlooked half of the nervous system, 
nowadays an emerging frontier.

Neural morphogenesis and formation, driven by axon guid-
ance and synaptogenesis, are essential for circuit functional-
ity. Guidance cues like Netrin and Robo/Roundabout were first 
identified and mechanistically dissected in invertebrates C. el-
egans and Drosophila and mouse studies for their pathfinding 
roles (Kidd et  al.  1999; Hedgecock et  al.  1990; Kolodkin and 
Tessier-Lavigne 2011). Xenopus and Gallus helped characterize 
additional guidance factors (Ephrin and Semaphorin) (Frisén 
et  al.  1998; Weinl et  al.  2003). Studies also revealed synapto-
genic roles for the guidance cues Netrin and Ephrin in C. ele-
gans, Xenopus, Danio (Manitt et al. 2009). Synaptic architecture 
is also dependent on Neurexins and SynCAMs—discovered in 
rodents and studied across species. Other molecules driving 
synaptic architecture—LRRTMs, (proto)cadherins, neuroli-
gins, and neuropilins—were first studied in vertebrates (De 
Wit and Ghosh  2015; Yamagata et  al.  2003). Nervous system 
development culminates in connectome assembly. C. elegans 
produced the first mapped connectome (White et al. 1986). This 
complements recent connectomes that reveal neural network or-
ganization, individuality, plasticity, and sex-dimorphic features 
(Cook et al. 2019; Witvliet et al. 2021). Ongoing connectomics 
studies in Drosophila, zebrafish, and mice aim to map com-
plex networks and enable cross-species comparisons (Kasthuri 
et al. 2015; Hildebrand et al. 2017; Zheng et al. 2018; Dorkenwald 
et al. 2024; Schlegel et al. 2024).

Synaptic function and plasticity rely on neurotransmitter recep-
tors. While most were discovered in rodents (e.g., receptors for 
acetylcholine, dopamine, histamine, GABA, glutamate, glycine, 
adrenergic, and purinergic signaling), serotonin receptors were 
first identified in Drosophila (Saudou et al. 1992) and nicotinic 
acetylcholine receptors in the electric ray Torpedo (Changeux 
et al. 1970). Studies in frontier models also deepened our under-
standing of synaptic function in vivo, including the discovery of 
how neurotransmitter release modulates synaptic efficacy and 
affects learning habituation and sensitization by research in the 
sea slug Aplysia (2000 Nobel Prize) (Kandel 2001).

The continued use of diverse models advances frontier re-
search areas, including neural regeneration and glial biol-
ogy. Regeneration studies in Danio and planarians provide 
insights into stem cell proliferation and repair. Glial studies in 
Drosophila (in synaptic development and whole-organism be-
havior circadian rhythms), C. elegans (glia–neuron signaling), 
Xenopus and Danio (glial roles in neurogenesis/myelination), 
and rodents (glial contributions to plasticity and psychiatric dis-
orders) further highlight the value of comparative models (Fields 
and Stevens-Graham  2002; Rapti  2023; Singhvi et  al.  2024). 
Together, these organisms remain essential for unravelling how 
neural circuits form, function, and adapt.

2.2   |   Evolutionary Neuroscience

Research across a wide array of animal species has been piv-
otal in advancing evolutionary neurobiology and ecology. By 
comparing the nervous systems and behaviors of diverse or-
ganisms, we can uncover how ecological pressures shape the 
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evolution of brain structure, function, and plasticity—and how 
these adaptations support survival and reproduction in distinct 
environments.

Insects like Drosophila melanogaster have been central to under-
standing the evolutionary conservation and divergence of neural 
circuits (Perry et al. 2017). For example, comparative studies be-
tween D. melanogaster and other drosophilids have shown how 
ancestral neural circuits can be co-opted to produce novel behav-
iors in different species (Seeholzer et al. 2018; Ding et al. 2016; 
Sato et  al.  2020). Work in nematodes, such as C. elegans and 
Pristionchus pacificus, has allowed researchers to trace the evolu-
tion of neural circuits by comparing connectomes across species 
(Cook et  al.  2024). This approach reveals how small modifica-
tions in wiring patterns or neuron types correspond to behavioral 
innovations, shedding light on how neural complexity scales with 
ecological specialization. From a more evolutionarily distant per-
spective, cephalopods represent an independent experiment in 
large-brained, behaviorally complex animals. Their radically dif-
ferent body plans and neural architectures allow us to test which 
aspects of cognition and brain organization are convergent—of-
fering rare comparative leverage on the evolution of intelligence 
outside the vertebrate lineage (Albertin and Katz 2023).

Among vertebrates, D. rerio (zebrafish) and related teleost 
species provide a powerful platform to examine how gene 
duplications—such as those resulting from whole-genome du-
plication events—can lead to the diversification of brain regions 
and functions. Avian models have also been key to evolutionary 
neuroscience. In migratory birds, the hippocampus is expanded 
as a product of enhanced neurogenesis that is associated with 
long-distance navigation (Pravosudov et al. 2006). Hence, com-
parative analyses across species with different ecological niches 
(e.g., migratory vs. resident birds) provide insights into how spa-
tial memory and navigation circuits evolve in response to life-
history demands. Similarly, songbirds offer another evolutionary 
window: Vocal learning, a rare trait in animals, has evolved inde-
pendently in different lineages of birds and mammals (Nowicki 
and Searcy  2014). Neuroanatomical and genetic comparisons 
across vocal and nonvocal learners allow us to trace convergent 
evolution in brain regions and gene expression underlying com-
plex communicative behavior (Johnson and Whitney 2005). More 
recently, single-cell transcriptomics has provided insights into 
the evolution of different brain structures in amniotes (Tosches 
et al. 2018; Hain et al. 2022). In mammals, studies of the evolu-
tion of neocortex development help us understand the molecular 
and cellular mechanisms underlying the emergence of the mam-
malian brain with its salient sensory, motor, and cognitive ca-
pacities (Franchini 2021). Finally, nonhuman primates have also 
provided critical insights into the neural basis of vocal communi-
cation, with comparative studies across species shedding light on 
the evolution of vocal learning, voice perception, and the circuits 
underlying these complex behaviors (Petkov and Jarvis 2012).

By drawing on these diverse models, evolutionary neurosci-
ence reveals how ecological, genetic, and behavioral pres-
sures shape the nervous system across deep evolutionary time 
(Konstantinides and Desplan 2025; Roberts et al. 2022). These 
studies not only highlight the adaptive diversity of brains and 
behaviors but also clarify the conserved principles that underpin 
neural function across the animal kingdom.

2.3   |   Systems Neuroscience

Understanding how neurons organize into networks that allow 
them to perform different functions is a difficult challenge. For 
example, the human brain is an extraordinarily complex system. 
With about 100 billion neurons and over 100 trillion synapses, 
it outcompetes even the known universe in complexity (Vazza 
and Feletti 2020). Exploring the function of such a system has 
been of interest to humans for thousands of years, and yet we 
are still far from even estimating how close we are to a compre-
hensive understanding. Along our journey in understanding the 
brain, we have come to appreciate the evolutionary advantage 
of any nervous system, giving organisms the ability to inter-
act with their environment in an adaptive manner. One of the 
key aspects is that the fundamental principles of the function-
ality of neural networks are conserved across species (Barron 
et al. 2021; Banerjee et al. 2023). Simpler neural circuits provide 
a far more manageable system to study, allowing researchers to 
focus on specific interactions and processes without the over-
whelming complexity of the human brain. By studying these 
basic mechanisms, we can then identify and understand similar 
processes in the more complex human brain.

Each model has its own strengths and limitations. Model or-
ganisms such as fruit flies, zebrafish, and worms offer well-
characterized systems for behavioral, genetic, and genomic 
research that can be applied to humans. These animals allow for 
robust genetic modifications, helping us to determine the roles 
of genes and proteins in brain function, as well as offering evo-
lutionary perspectives that can illuminate neurological mecha-
nisms pertinent to human brain development. Simpler circuits 
can also be more easily linked to specific behaviors, aiding in 
understanding neural control of behavior and improving the 
development of therapeutic strategies by accounting for genetic 
and environmental variability. Animals with faster generational 
turnover and maturation also allow researchers to study long-
term neurobiological and evolutionary processes that otherwise 
would be hard or impossible to investigate.

Meanwhile, perception and cognition remain at the forefront of 
scientific inquiry and pose questions that cannot be addressed 
with species that have very different neural systems compared to 
humans. While noninvasive techniques allow the study of these 
brain functions directly in humans, they still lack the power of in-
vasive methods such as electrophysiology, calcium imaging, and 
manipulation methods, such as optogenetics or gene therapy. Mice 
have been at the forefront of behavioral and systems neuroscience 
research due to these techniques, which are now increasingly 
being applied to other rodents and non-human primates. Studying 
species that are closely related evolutionarily allows researchers 
to examine how small differences in brain structure and function 
lead to distinct cognitive and behavioral abilities, providing in-
sights into the neural basis of complex traits. Other than the appar-
ent relationship between humans and nonhuman primates, small 
animals such as rodents can also, in many cases, serve as effec-
tive models for studying such processes. While they are generally 
thought to be far from the cognitive capabilities of humans, they 
present similarities in cognitive processing that should be system-
atically investigated and harnessed. In the face of their distance to 
human cognition, nonhuman primates remain indispensable for 
understanding complex brain functions, offering unique insights 
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into human physiology, particularly in areas like perception, cog-
nition, and communication (Janssen et al. 2023).

Therefore, utilizing a diverse array of models enables cross-
species validation that ensures a more robust and comprehen-
sive understanding of brain function in health and disease. This 
facilitates technological and methodological advances that can 
then be applied to more complex systems and ultimately allows 
us to better serve humanity.

2.4   |   Preclinical Neuroscience

Animal models have been fundamental in advancing neuro-
science research for the last half century, including for under-
standing brain function and developing preclinical strategies 
for treating neurological disorders. From neurodevelopmental 
to neurocognitive disorders, studies primarily using rodents 
and, to a lesser extent, primates and other species have provided 
valuable insights into disease mechanisms. These insights, at 
multiple scales and granularity, from individual neurons to mi-
cro- and meso-scale circuits, are crucial in developing strategies 
for potential therapies. However, despite their contributions, 
the use of animal models in preclinical neuroscience remains a 
topic of debate due to issues of translational failure, ethical con-
cerns, and the emergence of New Approach Methodologies that 
are proposed to better reflect human neurobiology.

Research using animal models has been crucial in identifying 
neurobiological mechanisms underlying altered neural circuit 
function. Many fundamental discoveries, such as the role of 
neurotransmitters in mood regulation and the neural circuits 
involved in learning and memory, were made possible through 
animal studies. The biological similarities between humans 
and certain animals, particularly in brain structure and genetic 
pathways, have allowed researchers to model diseases and test 
interventions under controlled conditions. Some aspects of the 
diseases can even be studied in simpler organisms (while others 
may not), that is, many genes for axonal development, circuit 
formation, or glial biology that are linked to neurological and 
neuropsychiatric disorders are conserved and function mecha-
nistically similarly—even in invertebrates (Rapti 2023).

While animal models have provided invaluable insights into 
neuroscience and remain essential for understanding physiology 
and pathophysiology, the translation of these findings to effective 
human treatments remains a major challenge. This should not 
be viewed as a failure of animal research but rather as a reflec-
tion of the immense complexity involved in modelling human 
brain disorders. One prominent success example is the develop-
ment of deep-brain stimulation (DBS) for Parkinson's disease 
(PD), which was developed based on decades of basic electro-
physiology and anatomy studies of basal ganglia circuits in NHP, 
showing that lesions of the STN mitigate the core motor symp-
toms of PD (Bergman et al. 1990). Neurological and psychiatric 
disorders in humans are influenced by a complex interplay of 
genetics, environment, and individual experiences—factors that 
are difficult to replicate in animal models. While rodent mod-
els can display behaviors resembling human disease symptoms 
(e.g., anxiety-like or depression-like behaviors), and there are 
some prominent recent examples of success in translating basic 

scientific research into drug discovery (Banerjee et  al.  2019; 
Neul et al. 2023), in many cases, they fail to capture the full spec-
trum of complex human cognitive and emotional experiences. 
This complexity is especially apparent in areas like Alzheimer's 
disease, where many drugs that successfully reduce amyloid 
plaques in rodent models failed to demonstrate clinical benefit 
in humans. However, this discrepancy may reflect not just inter-
species differences but also early assumptions about amyloid pa-
thology as a therapeutic target—assumptions that, in hindsight, 
may have been overly simplistic, even within the preclinical con-
text. Likewise, disorders such as schizophrenia involve uniquely 
human social and cognitive dimensions that are difficult to rep-
licate in animals, despite useful mechanistic insights.

The high attrition rate in neurological drug development—often 
cited as exceeding 90%—must therefore be interpreted with cau-
tion. It reflects not only species differences but also the broader 
difficulties in disease modelling, biomarker identification, and 
outcome measure alignment across preclinical and clinical re-
search. Drugs may fail for many different reasons at different 
stages of the drug development process, but often thanks to 
preclinical testing using animals, many potentially harmful 
or ineffective drug candidates are rejected. In fact, the major-
ity of drugs that make it to human clinical trials fail not on the 
grounds of safety concerns but because the effect of the new 
drug is not as good as was hoped—or are only marginally better 
than existing drugs (Ineichen et al. 2024).

Recognizing these limitations, coupled with ethical concerns, 
should not be viewed as undermining animal research but rather 
as an opportunity: Integrating emerging technologies with tra-
ditional models may allow for a more nuanced understanding 
of neurological disorders and, therefore, offer a more effective 
and humane path for preclinical neuroscience research while 
leveraging the advantages of each model organism in a com-
plementary manner. For example, human iPSC-derived brain 
organoids and assembloids now enable researchers to model 
disease-relevant developmental trajectories and circuit dysfunc-
tion in vitro, capturing human-specific features. These simpli-
fied neural circuits provide a powerful platform for pinpointing 
key disruptions and identifying potential therapeutic targets. 
Crucially, such findings can then be validated in living animal 
models, where full body–brain interactions, complex behaviors, 
and systemic responses can be studied, including the rescue of 
behavioral phenotypes. In this way, organoid-based approaches 
and animal research form a complementary pipeline: Organoids 
generate initial mechanistic insights with direct human rele-
vance, while animal studies provide the integrative context nec-
essary to assess functional outcomes and translational potential.

3   |   The Complementary Nature of Diverse Models

Scientific discoveries in neuroscience necessitate a wide-ranging 
approach, leveraging the strengths of diverse model organisms. 
Each species offers unique conceptual and technical opportuni-
ties to address specific scientific questions, with its own advan-
tages and limitations. Integrating insights from multiple models 
is not only complementary but also essential for constructing a 
holistic understanding of the nervous system across scales, from 
molecules to behavior.
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Certain models have short life cycles, simple genomes with human 
homologs, and advanced genetic tools, providing unparalleled 
tools for high-throughput genetic manipulation and the study of 
conserved neural mechanisms. Their simplicity allows research-
ers to dissect fundamental processes, such as neural development, 
synaptic function, and plasticity, in ways that are often impractical 
in more complex organisms. These discoveries frequently inform 
and guide studies in vertebrates. Transparency and externally de-
veloping embryos are also key advantages of certain models (e.g., 
C. elegans and Danio rerio), enabling single-cell resolution studies 
and producing large numbers of offspring for statistical power.

Invertebrate organisms also provide genetic and physiological 
insights with broader impact without the ethical and regulatory 
burdens associated with vertebrate research (Box 1). They offer a 
powerful alternative to vertebrate models while aligning with the 
principles of Replacement, Reduction, and Refinement (3Rs). Their 
use reduces reliance on vertebrates (Replacement), minimizes 
animal numbers needed due to their high-throughput potential 

BOX 1    |    Ethical considerations.

The use of animals in neuroscience research provides inval-
uable insights into brain function that cannot be ethically 
or effectively obtained from human studies alone. As re-
searchers, we rely on animal models to study complex neu-
ral mechanisms, disease processes, and potential therapies, 
contributing essential knowledge that informs treatments 
for neurological and psychiatric disorders. However, to jus-
tify the use of animals, we must demonstrate that no viable 
alternatives exist and that the scientific benefits of the re-
search are significant and outweigh the ethical cost of ani-
mal use. This justification involves rigorous ethical review, 
adherence to the 3Rs principles (Replacement, Reduction, 
and Refinement), and a commitment to minimizing ani-
mal distress. To that end, using a diverse set of animals can 
further align with these ethical considerations to an even 
greater extent; excluding specific mammalian models, such 
as non-human primates, would itself be ethically problem-
atic, as their unique closeness to humans makes them indis-
pensable for probing the highly complex neural mechanisms 
with maximal translational relevance.
Moreover, alternative methods are gaining traction, which 
include some of the approaches described in detail in other 
sections of this review. Advances in human cell line-based 
research, such as induced pluripotent stem cells (iPSCs), 3D 
brain organoids, and computational modelling, offer prom-
ising avenues for studying neurological disorders without 
the ethical and translational limitations of animal models. 
iPSC-derived neurons allow researchers to study human-
specific disease mechanisms at the cellular level, while 
brain organoids provide a more accurate representation of 
human brain development. Additionally, artificial intelli-
gence and machine learning are revolutionizing neurosci-
ence by analyzing large-scale patient data to identify new 
therapeutic targets. We believe that while some of these 
ex vivo approaches can be suitable and even preferred de-
pending on the questions being studied, mammalian models 
are still indispensable in preclinical studies to investigate 
intact in  vivo neural circuit function probed using neuro-
technology tools, findings from which can be faithfully com-
pared to cross-species human studies.

BOX 2    |    An emerging need to establish more frontier organisms.

As neuroscience progresses, researchers are looking beyond 
traditional models into frontier species for unique insights 
into brain function, plasticity, and evolution. Models like 
mice, Drosophila, and C. elegans have driven fundamental 
discoveries and still do. Yet, some nonmodel organisms can 
reveal different evolutionary perspectives or neural adapta-
tions inaccessible to conventional systems. For example, the 
large neurons of Aplysia californica were pivotal in discover-
ing synaptic plasticity and memory formation (Kandel 2001). 
The distributed nervous system and RNA editing of Octopus 
vulgaris reshaped our understanding of intelligence and 
plasticity (Garrett and Rosenthal 2012). Social insects (ants, 
honeybees, termites) serve as models for collective cogni-
tion and social behavior (Frank and Kronauer 2024), while 
naked mole rats, resistant to pain and hypoxia, offer insights 
into neuroprotection and aging (Hadj-Moussa et  al.  2021). 
In neuroregeneration research, Ambystoma mexicanum 
axolotls can regrow brain regions (Amamoto et  al.  2016), 
informing stroke recovery studies. Hydra and tardigrades 
demonstrate stem-cell-based nervous system regeneration 
(Holstein  2023). Ciona tunicates and ctenophores provide 
different views to brain evolution (Burkhardt et  al.  2023); 
(Mazet et  al.  2005), while sea anemones Nematostella 
vectensis with their simple but plastic nerve nets advance 
our understanding of neuronal evolution and neuropeptide 
signaling (Thiel et  al.  2023). Organisms from extreme en-
vironments also offer new perspectives; the blind cavefish 
Astyanax mexicanus models sensory compensation and 
sleep regulation, while crustaceans like mantis shrimp, with 
their advanced vision, offer insights into color perception 
and visual processing (Marshall 1988). Torpedo electric rays 
helped isolate nicotinic acetylcholine receptors (Changeux 
et al. 1970), laying the groundwork for modern neurophar-
macology. Aging and neurodegeneration studies also benefit 
from frontier models. The African killifish Nothobranchius 
furzeri, with its short lifespan, aids brain aging and neuro-
genesis research (Tozzini et al. 2012), while the sea urchins 
Strongylocentrotus purpuratus contribute to understanding 
neural gene regulatory networks (Paganos et  al.  2021). As 
neuroscience expands beyond conventional species, these 
organisms offer evolutionary and ecological insights that 
in the long-term future may uncover novel mechanisms 
with environmental or therapeutic potential. Importantly, 
new frontier organisms cannot replace established model 
organisms, due to the lack of standardization, background 
knowledge, established tools, and resources of anatomy, 
genome, and physiology annotations. Moreover, caution is 
needed to avoid fragmentation. While championing model 
diversity, relying solely on distinct, single, or distant frontier 
organisms without cross-species investigations that include 
organisms with widely characterized physiology presents 
the risk to increase result variability and hinder our ability 
to identify broadly applicable principles of nervous system 
biology. Science thrives on replication and the cumulative 
building of knowledge, which depends on the integration of 
findings across organisms. Therefore, while frontier species 
enrich our perspectives and reveal unique biological mech-
anisms, they should complement—rather than replace—the 
foundational role of established model organisms. Striking 
this balance is crucial to maintaining both innovation and 
cohesion within the neuroscience community.
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(Reduction), and eliminates concerns about invasive procedures 
(Refinement). Embracing invertebrates as complementary to 
vertebrate models can advance biomedical discovery while align-
ing with ethical and sustainable research.

On the other hand, rodents and other mammals produce fewer 
offspring and are less accessible for large-scale genetics and im-
aging studies but have greater genetic and physiological similar-
ity to humans, making them more suitable for disease studies 
and modelling. Rodents, particularly mice and rats, have been 
instrumental in uncovering the cellular and circuit-level dy-
namics of the brain. With their well-characterized genomes and 
advanced tools for imaging and genetic modification, they serve 
as a bridge between basic molecular insights and more complex, 
translational questions.

Furthermore, integrating frontier organism research (see Box 2) 
with established model organism research may reveal new prin-
ciples of nervous system biology in diverse ecological and evolu-
tionary levels, while providing the tools to dissect mechanisms in 
detail. These nontraditional models, such as songbirds for vocal 
learning or bats for spatial navigation, show how species-specific 
adaptations illuminate broader principles of neural function and 
evolution. Marine species like zebrafish and octopuses, as well as 
unique mammals such as naked mole rats, further exemplify the 
breadth of questions that can be addressed by exploring animals 
adapted to diverse environments. Frontier species may inspire 
hypotheses, but model organisms are still required to validate, 
dissect, and mechanistically expand upon them. By combining 
biological diversity, from C. elegans to nonhuman primates and 
humans, with established experimental systems, neuroscience 
can move toward an integrative and comprehensive view of the 
nervous system.

The complementarity of diverse animal models lies in their abil-
ity to bridge the gap between findings across different species, 
each contributing critical pieces to the puzzle describing how 
neural circuits form, function, and adapt. Neuroscience stands 
to gain the most when researchers move beyond disciplinary 
silos and adopt a truly integrative perspective, recognizing that 
understanding the brain's complexity requires insights drawn 
from the full spectrum of life.
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