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Abstract

Snake reproduction is a diverse and adaptable system integrating behaviour, physiology, and hormones. Unlike mammals,
snakes breed episodically, aligned with environment and energy. This review synthesises knowledge on snake reproductive
behaviour and physiology, highlighting energy storage, thermoregulation, and chemical communication. The hypothalamic-
pituitary-gonadal axis coordinates reproduction via hormones like oestrogen and testosterone. Seasonal cycles, sperm storage,
and oviparity/viviparity evolution are explored. This article highlights snake reproduction's remarkable plasticity and adaptive
significance, providing insights into reptilian biology and vertebrate evolution. Snakes' unique strategies offer valuable lessons

for understanding evolutionary dynamics.
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Introduction

Reproductive strategies in snakes are characterised by
remarkable diversity and flexibility, reflecting their
adaptation to a wide range of ecological conditions (Shine,
2003) 2, Unlike many vertebrates, snakes do not reproduce
continuously but instead exhibit seasonal or episodic
reproductive cycles (Brown and shine, 2006) . These
cycles are tightly regulated by environmental cues such as
temperature, photoperiod, and food availability. A defining
feature of snake reproduction is the close integration
between behaviour and physiology. Observable behaviours,
including mate searching, thermoregulation, and feeding,
are underpinned by complex hormonal mechanisms
(DeNardo, 2021) ™. This interplay allows snakes to
optimise reproductive success in often unpredictable
environments. Consequently, snake reproduction can be best
understood as a dynamic system shaped by ecological
pressures, energy constraints, and endocrine control.
Behavioural Foundations of Reproduction

Feeding Behaviour and Energy Allocation

Snakes typically consume large prey at infrequent intervals,
leading to the accumulation of substantial energy reserves.
These reserves, primarily stored as lipids, are essential for
reproduction, particularly in females that rely on a “capital
breeding” strategy (Soulsbury, 2019) 81 In this system,
reproductive processes are fuelled by stored energy rather
than continuous feeding. As a result, reproduction may not
occur annually, especially if energy reserves are insufficient.
During vitellogenesis, elevated oestrogen levels redirect
metabolic resources towards yolk formation, often resulting
in reduced feeding activity. This shift highlights the trade-
off between survival and reproduction, a central theme in
snake ecology.

Thermoregulatory Behaviour
Being ectothermic, snakes depend on external heat sources
to regulate body temperature. This reliance becomes
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especially critical during reproduction (DeNardo, 2021) [,
Gravid snakes exhibit precise thermoregulatory behavior,
selecting microhabitats with optimal temperatures for
embryonic development. This behavior is influenced by
hormonal changes, particularly increased progesterone
levels. By maintaining suitable body temperatures, females
directly impact embryo development rates, offspring
viability, and phenotypic traits, highlighting
thermoregulation's critical role in reproductive success.

Chemical Communication and Mate Searching

Chemical signalling plays a central role in snake
reproduction. Using the vomeronasal organ, snakes detect
pheromones released by conspecifics. During the breeding
season, females emit chemical cues indicating reproductive
readiness. Males respond by increasing locomotion and
actively tracking these signals. Testosterone enhances both
sensory perception and activity levels, facilitating efficient
mate location. This chemically mediated system ensures that
mating occurs when both sexes are physiologically
prepared.

Reproductive Anatomy and Functional Adaptations
Male Reproductive System

Male snakes have paired testes producing sperm and
testosterone. Sperm mature in the epididymis, then move to
the cloaca via the vas deferens. Paired hemipenes enable
internal fertilization. Testicular size and activity vary
seasonally, peaking during breeding season to sync with
female readiness.

Female Reproductive System

Female snakes have paired ovaries producing eggs and
hormones. Eggs develop in follicles, then move to the
specialized oviduct with regions for fertilization, egg
formation, and embryo development. Some snakes store
sperm for delayed fertilization. In viviparous species, the
uterus supports internal embryo development.



Structural Adaptations

The elongated body plan of snakes necessitates a linear
arrangement of organs, optimising space for reproductive
structures. Asymmetry, with the right organ positioned
anteriorly, further enhances spatial efficiency. The cloaca, a
multifunctional chamber, plays a critical role in both
copulation and egg-laying.

Endocrine Regulation of Reproduction

The Hypothalamic Pituitary Gonadal Axis

The HPG axis is the central regulatory system controlling
snake reproduction. Environmental cues stimulate the
hypothalamus to release gonadotropin-releasing hormone
(GnRH), which in turn triggers the pituitary gland to secrete
gonadotropins (Krohmer and Lutterschmidt, 2011) [, These
hormones act on the gonads, leading to the production of
sex steroids. This hormonal cascade regulates gamete
production, reproductive behaviour, and physiological
changes, ensuring synchronisation with environmental
conditions.

Female Reproductive Physiology

Vitellogenesis and Oestrogen

Vitellogenesis is a critical phase in which oestrogen
stimulates the liver to produce vitellogenin, a yolk
precursor. This process results in follicular growth and
increased metabolic  activity. Behavioural changes,
including reduced feeding and enhanced thermoregulation,
support this energy-intensive stage.

Progesterone and Gestation

Progesterone is essential for maintaining pregnancy,
particularly in viviparous species. It stabilises the uterine
environment, supports embryo development, and inhibits
premature contractions. Its levels remain elevated
throughout gestation and decline prior to birth.

Corticosterone and Energy Mobilisation

Corticosterone plays a dual role as a stress hormone and
metabolic regulator (Lakusi¢ et al., 2020) [l. Moderate
increases during late gestation help mobilise energy
reserves, although excessive levels may negatively impact
reproduction.

Hormonal Control of Birth

The transition from gestation to oviposition or parturition is
marked by a decline in progesterone and coordinated
hormonal signaling (Hamburg-Shields and Mesiano, 2024)
B, This ensures that offspring are produced under
favourable environmental conditions.

Male Reproductive Physiology

Testosterone and Spermatogenesis

Testosterone is the primary regulator of male reproductive
function. It stimulates sperm production and influences
behaviours such as mate searching, aggression, and
courtship.

Seasonal Reproductive Patterns and Behavioural Effects
of Hormones

Male snakes exhibit diverse spermatogenic cycles, including
prenuptial, postnuptial, and continuous patterns (Aldridge et
al., 2020) [, These variations reflect adaptation to different
ecological conditions and breeding opportunities.
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Testosterone  enhances locomotion and pheromone
detection, facilitating mate location (Perker and Mason,
2014). Interestingly, some species display mating behaviour
even when testosterone levels are low, indicating partial
independence between hormonal and behavioural processes.

Reproductive Strategies and Mating Systems

Courtship and Copulation

Courtship involves tactile and chemical interactions, often
culminating in prolonged copulation. The use of hemipenes
ensures efficient sperm transfer and internal fertilization
(Pervez, 2022) (14,

Sperm Competition and Storage
Multiple mating is common in shakes, leading to sperm
competition. Female sperm storage further increases
reproductive flexibility, allowing fertilisation to occur long
after mating (Levin e, 2021). This strategy enhances genetic
diversity and reproductive success.

Oviparity and Viviparity

Snakes exhibit both egg-laying (oviparity) and live-bearing
(viviparity) reproductive modes (Neill, 1964) 1. Viviparity
has evolved multiple times, particularly in colder climates
where internal development offers survival advantages.

Environmental Influences on Reproduction
Environmental factors play a decisive role in regulating
snake reproduction. Temperature affects metabolic rates and
embryonic development, while photoperiod influences
hormonal cycles (Cooper et al., 2011) I, Food availability
determines whether sufficient energy reserves are available
for reproduction. In temperate regions, reproduction is
strongly seasonal, whereas tropical species may reproduce
year-round, albeit still influenced by ecological factors such
as rainfall.

Conclusion

Snake reproduction is a complex system combining
behaviour, physiology, and hormones. Hormones regulate
every stage, while behavioural adaptations like
thermoregulation and chemical communication ensure
optimal conditions. Snakes show flexibility in strategies like
sperm storage and seasonal breeding, highlighting their
adaptability. Understanding this helps us learn about
reptilian biology and broader evolutionary dynamics.

References

1. Aldridge RD, Siegel DS, Goldberg SR, Pyron RA.
Seasonal timing of spermatogenesis and mating in
squamates: a reinterpretation. Ichthyology &
Herpetology,2020:108(2):231-264.

2. Brown GP, Shine R. Why do most tropical animals
reproduce seasonally? Testing hypotheses on an
Australian snake. Ecology,2006:87(1):133-143.

3. Cooper CB, Voss MA, Ardia DR, Austin SH, Robinson

WD. Light increases the rate of embryonic

development: implications for latitudinal trends in

incubation period. Functional Ecology,2011:25(4):769-

776.

DeNardo DF. Behavioral biology of reptiles. In

Behavioral Biology of Laboratory Animals. CRC Press,

2021, 361-375.



10.

11.

12.

13.

Hamburg-Shields E, Mesiano S. The hormonal control
of parturition. Physiological Reviews, 2024.

Krohmer RW, Lutterschmidt DI. Environmental and
neuroendocrine control of reproduction in snakes.
Reproductive biology and phylogeny of
snakes,2011:9:289-346.

Lakugi¢ M, Billy G, Bjelica V, Golubovi¢ A,
Andelkovi¢ M, Bonnet X. Effect of capture, phenotype,
and physiological status on blood glucose and plasma
corticosterone levels in free-ranging dice snakes.
Physiological and Biochemical
Zoology,2020:93(6):477-487.

Levine BA, Schuett GW, Booth W. Exceptional long-
term sperm storage by a female vertebrate. PloS
one,2021:16(6):20252049.

Neill WT. Viviparity in snakes: some ecological and
zoogeographical ~ considerations. The  American
Naturalist,1964:98(898):35-55.

Parker MR, Mason RT. A novel mechanism regulating
a sexual signal: the testosterone-based inhibition of
female sex pheromone expression in garter snakes.
Hormones and Behavior,2014:66(3):509-516.

Pervez A. Courtship. In Reproductive strategies in
insects. CRC Press, 2022, 119-142.

Shine R. Reproductive strategies in snakes. Proceedings
of the Royal Society B,2003:270(1519):995-1004.
Soulsbury CD. Income and capital breeding in males:
energetic and physiological limitations on male mating
strategies. Journal of Experimental
Biology,2019:222(1):184895.

154



