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Figure2 Structure of neuromasts in teleost fishes. (a) Schematic representation of neuromasts in the cyprinid (Hybopsis aestivalis) showing a super-
ficial neuromast with ciliated hair cells in epidermis and much larger canal neuromast with ciliated hair cells (support cells and mantle cells not illus-
trated). Modified after ref. [22]; (b) four hair cells occur at the center of a schematic depiction of a single neuromast. Modified after ref. [23]; (c) the
microstructure of a neuromast located within the trunk line on a 22 days old pufferfish (Takifugu obscurus); (d) the microstructure of a cilium bundle of
the hair cells within a neuromast on a pufferfish (Takifugu obscurus) (body length 12.5 cm)
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Figure 3 Schematic diagram showing the mechanism and characteri-
zation of the responses of afferent fiber. (), (b) Stimulus transduction
pathway in the lateral line system showing the different possible levels
of biomechanical/hydrodynamic filter action and signal processing.
Modified after ref. [28]; (c) diagram illustrating the deflection direction
of the hair cell’s ciliary bundle (towards the longest stereocilium and
cause the opening of a transduction channel); (d) two different types of

firing pattern of afferent fiber in two types of the neuromasts respectively,
tonic firing pattern (top) and phasic-tonic firing pattern (bottom)
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Figure 4 Schematic the development of lateral line system and the deposit of neuromasts. (@) Illustrating dorsolateral placodes (Stage 36 Sturgeon
embryo): AD, anterodorsal placode; AV, anteroventral placode; M, middle placode; OT, otic placode; P, posterior placode; ST, supratemporal palcode,
Modified after ref. [1]; (b) schematic the development of the posterior lateral line system of zebrafish (Danio rerio), the first and second primordium

has deposited primary neuromast (1°) and secondary neuromast (2°) respectively, which oriented parallel and perpendicular to the body axis respec-
tively, axons (red) and glia (blue) of the lateral line nerve also lie along the horizontal myoseptum. 1°i: interneuromast cell clusters formed a neuromast

(1°i). Modified after ref. [35]
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Structure and function of the mechanosensory lateral line
system in fish and biomimetic

LI Chao, WANG XiaoJie & SONG Jiakun’
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* Corresponding author, E-mail: jksong@shou.edu.cn

As an adaptation to their environment, fishes and some aguatic amphibians have developed a hydrodynamic receptor system,
the lateral line mechanosensory system, which enables them to detect minute water motion, and provide information that can
apply for feeding, avoidance, schooling, navigation, and intraspecific communication. This system consists of individual
sensory receptors, neuromasts, that either lie within lateral line canals along the body (canal neuromasts, CNM) or occur
freestanding on the surface of the skin (superficial neuromasts, SNM). These CNM and SNM act as acceleration (higher
frequency response, 60120 Hz) or velocity receptors (lower frequency response, 2060 Hz), respectively, which can aso
provide the signal location and fluidic direction to the central nervous system (CNS). The neuromast consists of discrete
clusters of sensory hair cells, support cells and mantle cells. On the apical of hair cell, a bundle of several stereocilia and one
kinocilium that protrudes from of the hair cell into a gelatinous cupula. The cupula covers entire neuromast apical and connects
the ciliary bundles with surrounding water. Deflection of the cupula induces the directional movement of the hair bundles that
results in opening or closing of the transduction channels on the kinocilium, affecting the release of neurotransmitter that
conveys the hair cell’s relative excitation to the afferent neuron (in the latera line ganglion), then, travels to the target areas in
the CNS. Between CNM and SNM, there are several morphological differences such as diameter of sensory epithelium, number
of hair cells, orientation of axis, and peripheral innervation pattern. They also demonstrate with different biomechanical
properties in detecting different types of hydrodynamic signals and play different roles in responding to the various water
motion patterns (including micro fluid). All the peripheral information that is integrated at different levels of the CNS centers
before guiding the proper behavior of fish. The CNM appears to provide information about fine spatial details that lead to the
ability of fish to segregate the fine turbulence signal in near field while towards discrete sources or under rapidly changing
water motions surrounding. SNM appears to provide periphera spatial information of large-scale stimuli, such as rheotaxis to
slow motion currents.

As a delicate hydrodynamic detector system, a well functioned lateral line system that only consists of two types of
peripheral receptor plus their architectural design of arrangement and canal pattern modifications that is far advanced than, up
to date, any of the man-made underwater detector in the world. Even more, the system provides a high efficient computing
model that is from the peripheral innervation pattern designed for major collection of temporal and spatial hydrodynamic
information, the integration of data processing structure, and to the action assignment in the CNS. The mechanosensory lateral
line system in fish is starting attracted by research approaches in biomimetic, mathematics, physical and computing sciences, in
addition to the biology and neurosciences. The participating of integrative study on the lateral line system, that is not only help
developing of new applications but also enhanced biological understand of the system. The biologists have been speculated the
function of the CNM, the co-relationship of the canal morphology and fish habits over decades. Until recently, the mathematic
model and the device of artificial lateral line receptor established by Klein and Bleckmann (2015), demonstrate that “it is
possible to change the transfer function of an artificial line by changing its canal shape, dimensions and pore pattern”.
Moreover, their research evident indicate that the lateral lineis able to “detect and localize vibrating sources, detect and monitor
vortices, localize upstream objects, discriminate between upsteam objects (size and shape), estimate bulk flow velocity in
turbulent environment, and measure small amounts of liquid” (Klein, 2016 personal communication).

This review paper intends to introduce the fish mechanosensory latera line system from severa aspects that include the
studies of morphological characteristics, biological origin of the system, development of the pattern formation, functional
properties, behavioral neurophysiology and neural control mechanisms, finally, the biomimetic application and perspectives.
We combine both of our knowledge in lateral line and recent research results in the non-cana latera line system with broad
collections of the references in the lateral line studies, especialy, the new publications. We hope to provide information to
readers across different disciplines, not only for theoretical consideration but also for the application in biomimetic, civic
engineering, and the aquatic animal protection /biodiversity program.

lateral line system, mechanor eceptor, neuromast, artificial lateral line system, biomimetic
doi: 10.1360/N972016-00706
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