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DESCRIPTION

Behavioral fever is a thermoregulatory strategy observed in
ectothermic animals, including fish, in which individuals actively
seek warmer environmental temperatures following infection or
immune challenge. Unlike endothermic fever in mammals and
birds, this response does not rely on internal heat production
but on behavioral movement within thermal gradients. Over the
past several decades, experimental and ecological studies have
demonstrated that this temperature-seeking behavior is not
incidental. Instead, it represents an adaptive physiological
response that influences pathogen resistance, immune cell
function, and survival. Recent research has increasingly focused
on how behavioral fever interacts with adaptive immunity in
fish, particularly through its effects on T lymphocyte activity.
These findings offer a deeper understanding of how temperature
regulation and immune defense became integrated during
vertebrate evolution.

Fish inhabit environments where temperature fluctuates spatially
and temporally, allowing them to regulate body temperature
through habitat selection. When exposed to bacterial, viral, or
parasitic agents, many fish species display a consistent shift
toward warmer waters. This response is initiated by conserved
immune mediators such as cytokines and prostaglandins, which
alter neural signaling and drive changes in thermal preference.
The resulting elevation in body temperature, though modest
compared with mammalian fever, has measurable effects on
physiological processes. Enzyme kinetics, membrane fluidity, and
cellular signaling pathways all respond to temperature changes
within the ranges typically selected during behavioral fever.
These systemic adjustments create conditions that influence
both innate and adaptive immune mechanisms.

T cells play a central role in adaptive immunity by recognizing
antigens, coordinating immune responses, and eliminating
infected cells. In fish, the T-cell system shares many structural
and functional features with that of higher vertebrates, including
thymic development, Twcell receptor diversity, and antigen-
specific responses. However, the efficiency and regulation of
these processes are strongly influenced by environmental

temperature. Experimental studies using thermal gradients have
shown that fish experiencing behavioral fever exhibit enhanced
T-cell proliferation following antigen exposure. Increased
expression of genes associated with T-cell activation,
differentiation, and cytokine production has been observed in
warmer-selected individuals compared with those maintained at
baseline temperatures.

Temperature elevation during behavioral fever appears to
influence T-cell responses at multiple stages. Antigen-presenting
cells display improved processing and presentation efficiency at
higher temperatures, which improves T-cell priming. Signal
transduction within T cells, including calcium flux and kinase
activation, is also temperaturesensitive. Warmer conditions
support faster cell cycle progression, leading to increased clonal
expansion of antigen-specific T cells. In addition, cytokine
secretion patterns shift toward profiles associated with stronger
cell-mediated responses, enhancing the capacity of the host to
control intracellular pathogens.

The evolutionary implications of these
substantial. Fever is widely regarded as an ancient defense
strategy, conserved across a broad range of taxa. In endotherms,
internal heat generation supports this response,
ectotherms rely on environmental heat sources. The fact that
behavioral fever improves adaptive immune performance in fish
suggests that the association between elevated temperature and
lymphocyte efficiency arose early in vertebrate history. Rather
than being a later refinement tied exclusively to endothermy,
likely predates the

observations are

whereas

fever-associated immune enhancement

divergence of major vertebrate lineages.

From an evolutionary perspective, the integration of fever and
adaptive immunity may have been driven by selective pressures
imposed by pathogens. Individuals capable of exploiting warmer
microhabitats  during  infection  would  have  gained
immunological advantages, leading to higher survival and
reproductive success. Over time, neural and immune signaling
pathways supporting this behavior would have been reinforced.
As vertebrates transitioned to endothermy, internal temperature
regulation may have replaced environmental thermoregulation,
but the underlying immune benefits of elevated temperature
were retained.
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Climate change introduces additional complexity to this topic.
Rising water temperatures and altered thermal landscapes may
influence the expression and effectiveness of behavioral fever. In
some regions, baseline temperatures may already approach or
exceed optimal ranges for immune function, reducing the
capacity for beneficial
variability expand  opportunities  for
thermoregulation in certain habitats. Understanding how
behavioral fever interacts with adaptive immunity under these
shifting conditions is important for predicting disease dynamics
in wild fish populations.

temperature selection. Conversely,

increased could

At the cellular level, ongoing research continues to explore the
molecular mechanisms by which temperature modulates T-cell
biology in fish. Heat shock proteins, transcription factors, and
epigenetic modifications all respond to thermal changes and
influence gene expression patterns. These mechanisms provide a
means by which transient environmental cues can produce
lasting effects on immune responsiveness. The conservation of
many of these pathways across vertebrates further supports the
idea that temperature-dependent immune regulation is deeply
rooted in evolutionary history.
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The integration of behavioral fever and adaptive immunity also
challenges traditional distinctions between innate and acquired
defense strategies. Behavioral responses are often classified as
part of innate immunity due to their rapid and nonspecific
nature. However, their impact on highly specific T-cell responses
blurs this boundary. By shaping the conditions under which
antigen-specific lymphocytes operate, behavioral fever acts as a
bridge between immediate defense and longterm immune
adaptation.

In conclusion, behavioral fever in fish represents more than a
simple reaction to infection. It is a coordinated physiological
strategy that enhances T-cell responses and improves disease

resistance. Through its effects on antigen presentation,
lymphocyte  activation, and effector function, elevated
temperature supports adaptive immunity in ectothermic

vertebrates. These interactions offer valuable perspectives on the
evolutionary origins of fever and its enduring association with
immune defense. By examining how behavior, environment,
and cellular immunity intersect in fish, researchers gain insight
into fundamental principles that continue to shape vertebrate
health across diverse ecological contexts.
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