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Summary
Although the diversification of species has fascinated researchers for centuries, we know remarkably little about how behavior 
influences niche adaptation and the genetic mechanisms through which behavior evolves. In their recent study, Sommer-Trembo 
et al. (Science, 384, 470-475, 2024) demonstrate a critical role for the regulatory gene cacng5b in modulating phenotypic vari-
ation in exploratory behavior in one of the most exceptional adaptive radiations: the African cichlid fishes of Lake Tanganyika.
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A longstanding central question of evolutionary biology is how new 
species evolve. Speciation is a key component of adaptive radiation, 
a phenomenon in which an ancestral species rapidly evolves into 
new descendent species via their diversification into novel ecologi-
cal niches. The importance of ecological and morphological traits 
in promoting adaptive radiation has been investigated extensively, 
and in recent years, the advent of sophisticated bioinformatics 
and transcriptomic analyses has enabled researchers to examine 
the genetic underpinnings of adaptive radiation. By comparing 
the sequences, structures, and expression of genetic transcripts, 
studies have revealed that minute changes in these features can 
have monumental impacts on life-history and physiological traits,  
which can ultimately promote the evolution of new species.

But what drives this variation in genetic material? One pos-
sibility that is relatively understudied is behavior. In nature, there 
is considerable variability in behavior across taxa, and behaviors 
can differ substantially among closely related species, different 
populations of the same species, and even within a population. 
The mechanistic complexity of behavior, from physiologi-
cal processes to neural circuitry, provides numerous avenues 
through which natural selection can act to produce differences 
in behavior. Importantly, many behaviors directly affect repro-
duction and survival, such as courtship displays, parental care, 
territorial defense, foraging, and predator avoidance and, thus, 
are essential to an animal’s fitness. Behavior is also critical for 
macroevolution by facilitating processes such as reproductive 
isolation, interspecific competition, and speciation. Although 
researchers have speculated about the significance of behavior in 

adaptive radiation, its functions in diversification and ecological 
niche specialization, especially within such a rapid evolutionary 
timescale, have yet to be experimentally tested.

To address these outstanding questions, Sommer-Trembo 
et al. (2024) integrated behavioral, genomic, and gene editing 
approaches to examine how variation in behavior and its underly-
ing genetic mechanisms contribute to niche adaptation in African 
cichlid fishes. Cichlids (family Cichlidae) are a geographically 
widespread group of teleost fishes consisting of over 1,700 spe-
cies divided across African, Neotropical, and Malagasy/Indian 
clades that show exceptional diversity in their life-history strate-
gies, social structures, and reproductive systems (Maruska et al., 
2022). Sommer-Trembo and colleagues specifically focus on 
the cichlid species inhabiting Lake Tanganyika, a large fresh-
water lake located in the Great Rift Valley. The oldest of the 
East African Great Lakes, Lake Tanganyika was formed 9–12 
million years ago and is exceptionally speciose, consisting of 
genera from 22 different teleost families, including perhaps the 
most phenotypically diverse cichlid assemblage in the world. The 
cichlid fishes of Lake Tanganyika are comprised of ~240 species 
that evolved from a common ancestor over 10 million years ago 
and, thus, constitute one of the largest extant adaptive radiations 
(Ronco et al., 2021). Additionally, this group has been widely 
studied in the fields of ecology and evolutionary biology, ena-
bling the authors to map behavioral measures onto ecomorpho-
logical and genomic datasets to uncover potential relationships 
between genotype and behavioral phenotype across species.

In this remarkable series of experiments, Sommer-Trembo 
et al. quantify a single behavior, exploratory behavior, in over 700 
wild-caught individuals from 57 different cichlid species using 
semi-natural ponds on the shore of Lake Tanganyika. The authors 
specifically chose to measure exploratory tendency, or a willing-
ness to explore novel environments, because it is easily and readily 
quantifiable, has established experimental procedures, is heritable 
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across generations, and shows a high level of individual consist-
ency and repeatability, referred to as a behavioral type or “animal 
personality” (Munson et al., 2020). Notably, exploratory behavior 
has been linked with cognitive performance (e.g., learning, problem 
solving) and fitness in field and laboratory studies of fishes, birds, 
and rodents, including mate choice, courtship behaviors, habitat and 
territory selection, and dispersal, suggesting it may be an impor-
tant driver of macroevolutionary events. Sommer-Trembo and col-
leagues used a standardized open-field test to show that exploratory 
tendency (defined as the relative proportion of pond area visited 
by the focal fish over a 15-min period) is variable across species. 
The authors also used previously collected environmental and mor-
phological data and statistical modeling to show that more benthic, 
deep-bodied species have a higher exploratory tendency than more 
pelagic, slender-bodied species, suggesting that niche specialization 
involves both morphological and behavioral traits.

To investigate the genetic basis of species variation in explora-
tory tendency, the authors used published genomic data to deter-
mine allele frequencies at single-nucleotide polymorphisms (SNPs), 
or variants at a single base position in a DNA sequence, and then 
examined potential relationships between exploratory tendency and 
genetic variants by combining statistical, phylogenetic, and data 
simulation methods. Sommer-Trembo and colleagues found that, 
of the nearly 1,200 highly associated genetic variants, one SNP in 
particular, which is located in the promoter region of the regulatory 
gene calcium voltage-gated channel auxiliary subunit 5b (cacng5b), 
is strongly correlated with exploratory tendency. The authors further 
confirmed this association using available transcriptomic data and 
showed that cacng5b expression in the brain is negatively correlated 
with exploratory tendency in 43 cichlid species. Sommer-Trembo 
et al. validated the phenotypic effects of this locus by generating 
mutant cichlids (Astatotilapia burtoni) containing a genetic dele-
tion immediately after this SNP via CRISPR/Cas9 gene editing and 
quantifying exploratory tendency. They determined that mutants 
have a higher exploratory tendency than control fish, demonstrating 
a causal relationship between this SNP and exploratory behavior. 
While the role of cacng5b in controlling behavior is unknown, this 
gene encodes a protein that regulates AMPA glutamate receptor 
density and distribution and, thus, has been implicated in synaptic 
plasticity and MAP kinase signaling in other vertebrates (Milstein 
et al., 2007). Additional research is needed to further explore the 
functions of cacng5b and to identify other candidate genes that 
modulate exploratory tendency, as cacng5b is likely part of a larger 
network of genes that regulate this behavior.

Collectively, the results of this impressive study provide promis-
ing evidence that behavior promotes speciation and evolutionary 
diversification. It is important to note, however, that exploratory 
behavior is one aspect of an animal’s complex, diverse behavio-
ral repertoire. Moreover, while exploratory behavior is associated 
with reproduction and survival, it is not the most direct behavioral 
correlate of fitness. The authors’ rationale for studying exploratory 
behavior is warranted, especially given the relative simplicity of its 
behavioral paradigms and the expansive nature of their experiments. 

Yet, this choice overlooks what I, as a behavioral neuroendocrinol-
ogist, view to be a major strength of the African cichlids: their 
remarkable diversity in reproductive strategies and social systems 
across species and their dynamic variation in social behaviors, such 
as courtship, reproductive tactics, parental care, and social learning 
and cognition. In this regard, the authors miss an opportunity to 
harness this rich aspect of these species to provide unprecedented 
insight into how these behaviors that are so critical for fitness have 
evolved. While further studies are necessary to identify additional 
behavioral traits and genes that contribute to macroevolution, 
Sommer-Trembo et al. shed light on the importance of behavior in 
contributing to niche adaptation. Furthermore, their work suggests 
that the diversification of a behavioral phenotype, a willingness 
to explore novel environments, greatly impacted the evolution-
ary trajectory of one of the largest and most fascinating adaptive  
radiations on Earth: the African cichlids of Lake Tanganyika.
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