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Abstract
Chemically ablating the lateral line system is a useful tool to temporarily and non-invasively inactivate this sensory
system, so that the role of this sensory system can be revealed in behaviors relying on flow sensing. Here we determined
species-specific lateral line ablation treatments for two freshwater fishes, bumblebee gobies (30 µM gentamycin for 24
hours) and silver hatchetfish (200 µM neomycin for 10 hours in Ca2+ free water), for future behavioral experiments. We
recommend that investigators fully vet lateral line ablation treatments prior to behavioral experiments, especially for non-
model species.

Figure 1. 4-di-2-ASP staining verified chemical ablation of canal and superficial neuromasts of the lateral line
system in two freshwater fishes, bumblebee goby Brachygobius doriae and silver hatchetfish Gasteropelecus sp.:

Lateral and dorsal views of a normal, untreated bumblebee goby (A) and a silver hatchetfish (B) show metabolically
active neuromasts as bright yellow dots. Representative photomicrographs of a bumblebee goby treated with 30 µM
gentamycin for 24 hours (C), and silver hatchetfish treated with 30 µM gentamycin for 24 hours (dorsal view not
available) (D), 0.1 µM CoCl2 for 3 hours (E), 0.1 µM CoCl2 in Ca2+ free water for 3 hours (F), 500 µM neomycin sulfate
for 8 hours (G), 500 µM neomycin sulfate for 12 hours (H), 200 µM neomycin sulfate for 10 hours (I), or 200 µM
neomycin sulfate in Ca2+ free water for 10 hours (J). Examples of large canal neuromasts are indicated with red arrows
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and patches of superficial neuromasts are indicated with orange arrows. Olfactory tissue is indicated by white arrows in
silver hatchetfish (not visible in views of bumblebee gobies). Note partial fluorescence in neuromasts (>10%) in D-G and
I, and fluorescence caused by visible implant elastomer tag in B and J beneath the dorsal fin. Abbreviations: e, eye; m,
mouth.

Description
The mechanosensory lateral line system in fish is comprised of hair cell-based neuromasts on the surface of their bodies in
stereotypic patterns and it is used to detect surrounding water flows and pressure changes (Mogdans, 2019; Webb, 2023).
Neuromasts located on the skin surface are called superficial neuromasts and detect water velocity, while neuromasts
located in bony canals on the head or in specialized trunk canal scales along the body are called canal neuromasts and
detect water acceleration (Coombs et al., 1989). The role of the lateral line system in various behaviors is often explored
in behavioral assays in which experimental fish have an intact or a deactivated lateral line system, so that the outcomes of
these experiments can reveal this sensory system’s function. Several studies have physically damaged or chemically
ablated the lateral line system to explore this sensory system’s role in many behaviors including, feeding (Schwalbe et al.,
2012; Schwalbe & Webb, 2014; Carrillo & McHenry, 2016), escape responses (Mirjany et al., 2011; Stewart et al., 2013),
communication (Butler & Maruska, 2015), locomotion (Liao, 2006), rheotaxis (Newton et al., 2023) and schooling
(Partridge & Pitcher, 1980; Mekdara et al., 2018, 2021). In addition, this sensory system can serve as an excellent model
system to screen for pharmacological and environmental ototoxicity and mechanisms of hair cell death and regeneration
(Buck et al., 2012; Monroe et al., 2015; Barrallo-Gimeno & Llorens, 2022; Cirqueira et al., 2024).

The lateral line system can be temporarily disabled by exposing fish to low concentrations of aminoglycoside antibiotics
(Song et al., 1995; Harris et al., 2003; Owens et al., 2009; Van Trump et al., 2010) or heavy metal ions (Hernández et al.,
2006; Faucher et al., 2008; Butler & Maruska, 2016; Stewart et al., 2017; Hardy et al., 2021). It is good practice to select
an appropriate ablation agent, dosage, and exposure time to avoid any unwanted side effects when investigating the role of
the lateral line system in various behaviors, and there are tradeoffs with the ablation treatment options. For example,
exposure to cobalt chloride will ablate the lateral line system in three hours (Karlsen & Sand, 1987), but over-exposure to
cobalt chloride can lead to negative, whole-body side effects (Janssen, 2000) and the alteration of non-target sensory
structures, especially olfactory tissue (Butler et al., 2016). Exposure to aminoglycoside antibiotics is generally safer for
fish but requires longer treatment durations (Mekdara et al., 2022). Several ablation treatments and their effectiveness are
reported, especially for commonly studied fish species and life stages (Karlsen & Sand, 1987; Harris et al., 2003;
Murakami et al., 2003; Coffin et al., 2009; Van Trump et al., 2010; Stengel et al., 2017; Stewart et al., 2017; Mekdara et
al., 2022). Hair cells in superficial and canal neuromasts regenerate quickly regardless of the type of chemical ablation
treatment, with regeneration occurring within three days for superficial neuromasts and up to seven days for canal
neuromasts (Thomas et al., 2015; Schwalbe et al., 2016; Hardy et al., 2021; Mekdara et al., 2022). Normal and
regenerating hair cells in neuromasts can be visualized with vital fluorescent stains, including 4-di-2-ASP, DASPEI, and
FM1-43 (Van Trump et al., 2010; Nakae et al., 2012), making fluorescent microscopy a useful tool to visualize normal,
successfully ablated, or regenerating hair cells in superficial and canal neuromasts.

Here, we tested several ablation treatments using two freshwater teleosts, bumblebee gobies (Brachygobius doriae) and
silver hatchetfish (Gasteropelecus sp.), in preparation for behavior experiments linking the structure and function of their
lateral line systems. These fishes have different lateral line system morphologies and present unique flow sensing
behaviors. Bumblebee gobies have a reduced lateral line canal pattern with proliferation of superficial neuromasts on the
head, trunk, and tail (for description, see Nickles et al., 2020), and this pattern likely aids in the detection and capture of
prey (Chhetri et al., 2025). Silver hatchetfish have a narrow lateral line canal pattern that is enhanced by hundreds of
superficial neuromasts distributed on their head and body and this arrangement may help detect approaching predators,
which triggers them to ballistically jump out of the water (Wiest, 1995; Levin et al., 2025). We selected a lateral line
ablation treatment for these two species based on previous studies for its efficacy and safety before we began behavioral
experiments. We hypothesized that an ototoxic treatment of 30 µM gentamycin sulfate in tank water for 24 hours would
effectively disable the lateral line system in both species and without negative side effects after treatment.

The lateral line systems of normal, untreated bumblebee gobies and silver hatchetfish were easily visualized with strong
positive fluorescent staining of hair cells in superficial and canal neuromasts (Fig. 1A & 1B). All fish treated with lateral
line ablation agents survived at least seven days post treatment and showed no signs of stress in their recovery tanks,
unless otherwise noted. Neuromasts on treated bumblebee gobies were identified on the head and along the trunk and tail
in the same location as those on untreated fish, and hair cells within these neuromasts lacked positive fluorescent staining
(Fig. 1C) and were identified as nonfunctional, and thus chemically ablated. This ablation treatment in silver hatchetfish
did not yield the same results. Silver hatchetfish exhibited partial staining (defined as >10% of hair cells fluorescing in all
neuromasts) and the decrease in fluorescence was inconsistent in neuromasts located in various regions on the fish’s body
(Fig. 1D). Further, extending the exposure to 48 and 72 hours (same concentration and solutions changed daily) did not
lead to the complete loss of fluorescent staining in neuromasts. Thus, we concluded that these gentamycin treatments did
not chemically ablate the lateral line system of silver hatchetfish.
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We tested other lateral line system ablation protocols on silver hatchetfish to identify an alternative ablation treatment for
this species, which involved cobalt chloride (CoCl2) (Schwalbe et al., 2012; Mekdara et al., 2022) and neomycin sulfate
(Harris et al., 2003; Coffin et al., 2009). Silver hatchetfish exposed to 0.1 µM CoCl2 in either tank water or calcium-free
water (DI water with salt composition following Karlsen & Sand, 1987) for 3 hours exhibited partial fluorescent staining
in hair cells compared to untreated individuals (Fig. 1E & 1F), and thus was not fully ablated. Further, silver hatchetfish
treated with 500 µM of neomycin sulfate for 8 hours had reduced fluorescent staining compared to untreated individuals
(Fig. 1G). Extending the treatment to 12 hours at this concentration resulted in a complete loss of fluorescent staining in
hair cells (Fig. 1H) but fish did not survive beyond 12 hours post-treatment. Silver hatchetfish treated with 200 µM
neomycin sulfate for 10 hours yielded near complete loss of positive staining (Fig. 1I) and healthy post-treated fish, and
200 µM neomycin sulfate for 10 hours in calcium-free water led to the complete loss of positive fluorescence in hair cells
(=chemically ablated; Fig. 1J) and healthy fish seven days post-treatment. Thus, we selected this treatment, 200 µM
neomycin sulfate for 10 hours in calcium-free water, as the ablation treatment prior to behavioral experiments.

This study affirms the importance of systematically evaluating lateral line system ablation protocols prior to behavioral
experiments, especially with non-model fish species. Our results demonstrate that common lateral line ablation treatments
do not result in the same desired outcome in all fish species. Aminoglycoside antibiotics and heavy metal ions are
effective at ablating the lateral line system because they interfere with hair cell function and cause hair cell death at certain
concentrations and exposure durations (Becker, 2013; Monroe et al., 2015). Calcium ions can alter their ablation efficacy,
as high levels of calcium can protect hair cells from these ablation agents (Karlsen & Sand, 1987; Coffin et al., 2009). In
addition, hair cells in neuromasts regenerate within days once removed from an ablation treatment (Pinto-Teixeira et al.,
2015; Schwalbe et al., 2016; Hardy et al., 2021; Mekdara et al., 2022). Thus, it is important for investigators to confirm
the ablation treatment and the time course of hair cell regeneration in their fish species with additional fluorescent
staining, so they are confident that their fish have a fully deactivated lateral line system during behavioral experiments.

Variations in lateral line morphology found in bumblebee gobies, silver hatchetfish, and other bony fishes more generally
likely influence the success of certain chemical ablation treatments. For example, the number of canal and superficial
neuromasts on a fish’s body, as well as their size and shape, cupula properties, and the number of hair cells within a
neuromast, may influence the efficacy of certain ablation treatments. Hair cell properties may also contribute to ablation
treatment effectiveness, and it is not clear if or how hair cell properties vary across closely and distantly related fish
species. Connecting why some chemical ablation treatments are more effective than others at disabling lateral line systems
in certain fish warrants further study.

Monitoring the fish after the ablation treatments and fluorescent microscopy was important for future behavioral
experiments. The gentamycin and neomycin treatments were safe for their respective species, as fish did not appear
stressed and they ate and swam normally in their recovery tanks for at least seven days post-treatment. A mismatch in
ablation methodology can lead to confounding variables in behavioral experiments, including incomplete hair cell
ablations, loss of other sensory modalities, toxicity, and reduced survivorship (Janssen, 2000; Butler et al., 2016), as well
as misidentifying regenerating neuromasts (Song et al., 1995; Van Trump et al., 2010). Thus, confirming that the ablation
treatment did not compromise the health or survival of the treated fish gave us confidence that any differences in the
behavior of normal versus treated fish were due to the loss of the lateral line system and not other factors.

Methods
Animals

We obtained bumblebee gobies and silver hatchetfish from a local commercial supplier (Fish Planet, Deerfield, IL). Fish
were housed by species in conditioned tap water (="tank water," pH adjusted and treated for chloramines) and in small
groups (≤5/tank, 38 or 151 L) following standard laboratory conditions under 12:12 h light/dark cycles and were fed daily.
Some silver hatchetfish were implanted with a visible implant elastomer tag (Northwest Marine Technology, Inc.,
Anacortes, WA) for identification (visible in Fig. 1B & 1J). All experiments in this study were conducted in accordance
with the guidelines and approved protocols for animal care and use at Lake Forest College (protocol #2023-001).

Lateral Line Ablation Treatments

We tested established lateral line ablation protocols on two different fish species in preparation for behavioral
experiments. Individual fish experienced only one ablation treatment and were randomly assigned to their treatment.
Bumblebee gobies (n=5, TL=23-29 mm) were untreated or treated with 30 µM gentamycin (10 L) for 24 hours. Silver
hatchetfish (n=10, TL=40-50 mm) were untreated or treated with one of several ablation protocols (10 L), as established
dosages and treatment durations were either ineffective or lethal to this species. We tested some ablation agents in
calcium-free water (Karlsen & Sand, 1987), as the lack of calcium in treatment water can alter the calcium channels in
neuromast hair cells and ensure the chemical ablation (Coffin et al., 2009). DI water for the calcium-free water was
generated by a Barracuda RO/DI System (AquaFX, Winter Park, FL) that filtered municipal tap water, and filtered water
was regularly monitored for several parameters, including presence of calcium.
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Lateral Line System Visualization

We assessed the effectiveness of the lateral line system ablation treatments by comparing fluorescence staining results
from normal, untreated and treated fish. Vital fluorescent stains, such as 4-di-2-ASP, DASPEI, and FM1-43, enter
mitochondrially active cells and are a useful tool to visualize active hair cells in neuromasts. Thus, we assumed the lack of
any positive staining of hair cells in a treated fish was due to the inactivation of hair cells in the neuromasts (Van Trump et
al., 2010; Schwalbe et al., 2016) and the fish’s lateral line system was chemically ablated. Partial (>10%) or normal
fluorescence of neuromast hair cells in a treated fish indicated that some or all hair cells remain functional and thus the
lateral line system is not chemically ablated.

Individual fish were stained with 63 µM 4-di-2-ASP in conditioned tap water (≥250 mL, tap water treated with API
StressCoat) for five minutes. For imaging, fish were anesthetized with buffered tricaine (0.01%) and were positioned on a
Sylgard-lined petri dish filled with 0.01% buffered tricane. Some fish were euthanized with an overdose of buffered
tricaine (0.02%) for high-quality images. Hair cells in superficial and canal neuromasts were imaged under a stereo
microscope (Leica M165F) with a green fluorescent protein blue emission filter (wavelength = 425/60 nm excitation
range). Fish were illuminated with a fluorescent lamp (NightSea, SFA-RB, 440-460 nm excitation) and all images were
taken with a digital camera (Accu-Scope, Excelis 4K) mounted on the microscope. For select fish, images were stitched
and blended together (using Adobe Photoshop CS, V. 23.5.1, Ottawa, Canada) for a complete (or mostly complete) view
of the fish. Anesthetized fish were quickly revived by placing them in fresh tank water and were monitored in a recovery
tank (19-38 L) for at least seven days following this procedure.

Reagents
Table 1: fluorescent dye, anesthetic, and lateral line ablation agents used in this study

Chemical Source Catalog # CAS

4-(4-Diethylaminostyryl)-1-methylpyridinium iodide (4-di-2-
ASP) Avantor 102989-

614
105802-46-
8

Tricaine methanesulfonate (MS-222) Avantor 200000-
440 886-86-2

Cobalt Chloride Hexahydrate Avantor 89230-012 7791-13-1

Gentamycin Sulfate Avantor 97061-370 1405-41-0

Neomycin Sulfate Hydrate Thermo Scientific
Chemicals J61499-14 1405-10-3

Acknowledgements: We thank members of the Schwalbe Lab for their assistance with fish husbandry.

References
Barrallo-Gimeno A, Llorens J. 2022. Hair cell toxicology: With the help of a little fish. Frontiers in Cell and
Developmental Biology 10: 10.3389/fcell.2022.1085225. DOI: 10.3389/fcell.2022.1085225

Becker EA. 2013. The distribution and ontogeny of neuromast receptor organs and a comparison of methods for chemical
ablation of the lateral line system in two cichlid fishes [MS thesis]. [Kingston (RI)]: University of Rhode Island. (Becker
2013)

Buck LMJ, Winter MJ, Redfern WS, Whitfield TT. 2012. Ototoxin-induced cellular damage in neuromasts disrupts lateral
line function in larval zebrafish. Hearing Research 284: 67-81. DOI: 10.1016/j.heares.2011.12.001

Butler JM, Field KE, Maruska KP. 2016. Cobalt chloride treatment used to ablate the lateral line system also impairs the
olfactory system in three freshwater fishes. PLOS ONE 11: e0159521. DOI: 10.1371/journal.pone.0159521

Butler JM, Maruska KP. 2015. The mechanosensory lateral line is used to assess opponents and mediate aggressive
behaviors during territorial interactions in an African cichlid fish. Journal of Experimental Biology 218: 3284-3294. DOI:
10.1242/jeb.125948

Butler JM, Maruska KP. 2016. The mechanosensory lateral line system mediates activation of socially-relevant brain
regions during territorial interactions. Frontiers in Behavioral Neuroscience 10: 10.3389/fnbeh.2016.00093. DOI:

 

10/2/2025 - Open Access

https://doi.org/10.3389/fcell.2022.1085225
https://doi.org/10.1016/j.heares.2011.12.001
https://doi.org/10.1371/journal.pone.0159521
https://doi.org/10.1242/jeb.125948


 

10.3389/fnbeh.2016.00093

Carrillo A, McHenry MJ. 2016. Zebrafish learn to forage in the dark. Journal of Experimental Biology 219: 582-589.
DOI: 10.1242/jeb.128918

Chhetri S, Anderson V, Jovanovic D, Schwalbe MAB. 2025. Bumblebee gobies use vision and their reduced lateral line
canal system to find prey. Integrative And Comparative Biology, 65(Supplement_1), S93. DOI: 10.1093/icb/icaf004

Cirqueira F, de Figueirêdo LP, Malafaia G, Rocha TL. 2024. Zebrafish neuromast sensory system: Is it an emerging target
to assess environmental pollution impacts? Environmental Pollution 344: 123400. DOI: 10.1016/j.envpol.2024.123400

Coffin AB, Reinhart KE, Owens KN, Raible DW, Rubel EW. 2009. Extracellular divalent cations modulate
aminoglycoside-induced hair cell death in the zebrafish lateral line. Hearing Research 253: 42-51. DOI:
10.1016/j.heares.2009.03.004

Coombs S, Görner P, Münz H (Eds.). 1989. The Mechanosensory Lateral Line: Neurobiology and Evolution. Springer-
Verlag.

Faucher K, Fichet D, Miramand P, Lagardère JP. 2008. Impact of chronic cadmium exposure at environmental dose on
escape behaviour in sea bass (Dicentrarchus labrax L.; Teleostei, Moronidae). Environmental Pollution 151: 148-157.
DOI: 10.1016/j.envpol.2007.02.017

Hardy K, Amariutei AE, De Faveri F, Hendry A, Marcotti W, Ceriani F. 2021. Functional development and regeneration
of hair cells in the zebrafish lateral line. The Journal of Physiology 599: 3913-3936. DOI: 10.1113/JP281522

Harris JA, Cheng AG, Cunningham LL, MacDonald G, Raible DW, Rubel EW. 2003. Neomycin-induced hair cell death
and rapid regeneration in the lateral line of zebrafish (Danio rerio). JARO - Journal of the Association for Research in
Otolaryngology 4: 219-234. DOI: 10.1007/s10162-002-3022-x

Hernández PP, Moreno V, Olivari FA, Allende ML. 2006. Sub-lethal concentrations of waterborne copper are toxic to
lateral line neuromasts in zebrafish (Danio rerio). Hearing Research 213: 1-10. DOI: 10.1016/j.heares.2005.10.015

Janssen J. 2000. Toxicity of Co2+: implications for lateral line studies. Journal of Comparative Physiology A: Sensory,
Neural, and Behavioral Physiology 186: 957-960. DOI: 10.1007/s003590000148

Karlsen HE, Sand O. 1987. Selective and reversible blocking of the lateral line in freshwater fish. Journal of Experimental
Biology 133: 249-262. DOI: 10.1242/jeb.133.1.249

Levin J, Kapoor H, Azevedo A, Lassen K, Zheng J, Silva A, Schwalbe MAB. 2025. The role of vision and the lateral line
system in the jumping behavior of silver hatchetfish. Integrative And Comparative Biology, S1–S590.
https://doi.org/10.1093/icb/icaf004

Liao JC. 2006. The role of the lateral line and vision on body kinematics and hydrodynamic preference of rainbow trout in
turbulent flow. Journal of Experimental Biology 209: 4077-4090. DOI: 10.1242/jeb.02487

Mekdara PJ, Nasimi F, Schwalbe MAB, Tytell ED. 2021. Tail beat synchronization during schooling requires a functional
posterior lateral line system in giant danios, Devario aequipinnatus. Integrative and Comparative Biology 61: 427-441.
DOI: 10.1093/icb/icab071

Mekdara PJ, Schwalbe MAB, Coughlin LL, Tytell ED. 2018. The effects of lateral line ablation and regeneration in
schooling giant danios. Journal of Experimental Biology : 10.1242/jeb.175166. DOI: 10.1242/jeb.175166

Mekdara PJ, Tirmizi S, Schwalbe MAB, Tytell ED. 2022. Comparison of aminoglycoside antibiotics and cobalt chloride
for ablation of the lateral line system in giant danios. Integrative Organismal Biology 4: 10.1093/iob/obac012. DOI:
10.1093/iob/obac012

Mirjany M, Preuss T, Faber DS. 2011. Role of the lateral line mechanosensory system in directionality of goldfish
auditory evoked escape response. Journal of Experimental Biology 214: 3358-3367. DOI: 10.1242/jeb.052894

Mogdans J. 2019. Sensory ecology of the fish lateral‐line system: Morphological and physiological adaptations for the
perception of hydrodynamic stimuli. Journal of Fish Biology 95: 53-72. DOI: 10.1111/jfb.13966

Monroe JD, Rajadinakaran G, Smith ME. 2015. Sensory hair cell death and regeneration in fishes. Frontiers in Cellular
Neuroscience 9: 10.3389/fncel.2015.00131. DOI: 10.3389/fncel.2015.00131

Murakami SL, Cunningham LL, Werner LA, Bauer E, Pujol R, Raible DW, Rubel EW. 2003. Developmental differences
in susceptibility to neomycin-induced hair cell death in the lateral line neuromasts of zebrafish (Danio rerio). Hearing
Research 186: 47-56. DOI: 10.1016/S0378-5955(03)00259-4

Nair A, Changsing K, Stewart WJ, McHenry MJ. 2017. Fish prey change strategy with the direction of a threat.
Proceedings of the Royal Society B: Biological Sciences 284: 20170393. DOI: 10.1098/rspb.2017.0393

 

10/2/2025 - Open Access

https://doi.org/10.3389/fnbeh.2016.00093
https://doi.org/10.1242/jeb.128918
https://doi.org/10.1093/icb/icaf004
https://doi.org/10.1016/j.envpol.2024.123400
https://doi.org/10.1016/j.heares.2009.03.004
https://doi.org/10.1016/j.envpol.2007.02.017
https://doi.org/10.1113/JP281522
https://doi.org/10.1007/s10162-002-3022-x
https://doi.org/10.1016/j.heares.2005.10.015
https://doi.org/10.1007/s003590000148
https://doi.org/10.1242/jeb.133.1.249
https://doi.org/10.1242/jeb.02487
https://doi.org/10.1093/icb/icab071
https://doi.org/10.1242/jeb.175166
https://doi.org/10.1093/iob/obac012
https://doi.org/10.1242/jeb.052894
https://doi.org/10.1111/jfb.13966
https://doi.org/10.3389/fncel.2015.00131
https://doi.org/10.1016/S0378-5955(03)00259-4
https://doi.org/10.1098/rspb.2017.0393


 

Nakae M, Asaoka R, Wada H, Sasaki K. 2012. Fluorescent dye staining of neuromasts in live fishes: an aid to systematic
studies. Ichthyological Research 59: 286-290. DOI: 10.1007/s10228-012-0274-2

Newton KC, Kacev D, Nilsson SRO, Saettele AL, Golden SA, Sheets L. 2023. Lateral line ablation by ototoxic
compounds results in distinct rheotaxis profiles in larval zebrafish. Communications Biology 6: 10.1038/s42003-023-
04449-2. DOI: 10.1038/s42003-023-04449-2

Nickles KR, Hu Y, Majoris JE, Buston PM, Webb JF. 2020. Organization and ontogeny of a complex lateral line system in
a goby (Elacatinus lori), with a consideration of function and ecology. Copeia 108: 10.1643/cg-19-341. DOI:
10.1643/CG-19-341

Owens KN, Coffin AB, Hong LS, Bennett KOC, Rubel EW, Raible DW. 2009. Response of mechanosensory hair cells of
the zebrafish lateral line to aminoglycosides reveals distinct cell death pathways. Hearing Research 253: 32-41. DOI:
10.1016/j.heares.2009.03.001

Partridge BL, Pitcher TJ. 1980. The sensory basis of fish schools: Relative roles of lateral line and vision. Journal of
Comparative Physiology A 135: 315-325. DOI: 10.1007/BF00657647

Pinto-Teixeira F, Viader-Llargués O, Torres-Mejía E, Turan M, González-Gualda E, Pola-Morell L, López-Schier H. 2015.
Inexhaustible hair-cell regeneration in young and aged zebrafish. Biology Open 4: 903-909. DOI: 10.1242/bio.012112

Schwalbe MAB, Bassett DK, Webb JF. 2012. Feeding in the dark: lateral-line-mediated prey detection in the peacock
cichlid Aulonocara stuartgranti. Journal of Experimental Biology 215: 2060-2071. DOI: 10.1242/jeb.065920

Schwalbe MAB, Sevey BJ, Webb JF. 2016. Detection of artificial water flows by the lateral line system of a benthic
feeding cichlid fish. Journal of Experimental Biology 219: 1050-1059. DOI: 10.1242/jeb.136150

Schwalbe MAB, Webb JF. 2014. Sensory basis for detection of benthic prey in two Lake Malawi cichlids. Zoology 117:
112-121. DOI: 10.1016/j.zool.2013.09.003

Song J, Yan HY, Popper AN. 1995. Damage and recovery of hair cells in fish canal (but not superficial) neuromasts after
gentamicin exposure. Hearing Research 91: 63-71. DOI: 10.1016/0378-5955(95)00170-0

Stengel D, Zindler F, Braunbeck T. 2017. An optimized method to assess ototoxic effects in the lateral line of zebrafish
(Danio rerio) embryos. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology 193: 18-29. DOI:
10.1016/j.cbpc.2016.11.001

Stewart WJ, Cardenas GS, McHenry MJ. 2013. Zebrafish larvae evade predators by sensing water flow. Journal of
Experimental Biology 216: 388-398. DOI: 10.1242/jeb.072751

Stewart WJ, Johansen JL, Liao JC. 2017. A non-toxic dose of cobalt chloride blocks hair cells of the zebrafish lateral line.
Hearing Research 350: 17-21. DOI: 10.1016/j.heares.2017.04.001

Thomas ED, Cruz IA, Hailey DW, Raible DW. 2014. There and back again: development and regeneration of the
zebrafish lateral line system. WIREs Developmental Biology 4: 1-16. DOI: 10.1002/wdev.160

Van Trump WJ, Coombs S, Duncan K, McHenry MJ. 2010. Gentamicin is ototoxic to all hair cells in the fish lateral line
system. Hearing Research 261: 42-50. DOI: 10.1016/j.heares.2010.01.001

Webb JF. 2023. Structural and functional evolution of the mechanosensory lateral line system of fishes. The Journal of the
Acoustical Society of America 154: 3526-3542. DOI: 10.1121/10.0022565

Wiest FC. 1995. The specialized locomotory apparatus of the freshwater hatchetfish family Gasteropelecidae. Journal of
Zoology 236: 571-592. DOI: 10.1111/j.1469-7998.1995.tb02733.x

Funding: This work was supported by Lake Forest College to M.A.B.S.
 

Author Contributions: Hridey Kapoor: data curation, investigation, visualization, writing - original draft, formal
analysis. Jeremy Levin: data curation, investigation, visualization, writing - original draft, formal analysis. Anais
Azevedo: investigation. Shrija Chhetri: investigation. Kyle Lassen: investigation. Jia Zheng: investigation. Margot A.B.
Schwalbe: conceptualization, funding acquisition, formal analysis, methodology, project administration, resources,
visualization, writing - review editing.

Reviewed By: Anonymous

History: Received August 13, 2025 Revision Received September 12, 2025 Accepted September 30, 2025 Published
Online October 2, 2025 Indexed October 16, 2025

Copyright: © 2025 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

 

10/2/2025 - Open Access

https://doi.org/10.1007/s10228-012-0274-2
https://doi.org/10.1038/s42003-023-04449-2
https://doi.org/10.1643/CG-19-341
https://doi.org/10.1016/j.heares.2009.03.001
https://doi.org/10.1007/BF00657647
https://doi.org/10.1242/bio.012112
https://doi.org/10.1242/jeb.065920
https://doi.org/10.1242/jeb.136150
https://doi.org/10.1016/j.zool.2013.09.003
https://doi.org/10.1016/0378-5955(95)00170-0
https://doi.org/10.1016/j.cbpc.2016.11.001
https://doi.org/10.1242/jeb.072751
https://doi.org/10.1016/j.heares.2017.04.001
https://doi.org/10.1002/wdev.160
https://doi.org/10.1016/j.heares.2010.01.001
https://doi.org/10.1121/10.0022565
https://doi.org/10.1111/j.1469-7998.1995.tb02733.x


 

Citation: Kapoor H, Levin J, Azevedo A, Chhetri S, Lassen K, Zheng J, Schwalbe MAB. 2025. Comparison of chemical
treatments to ablate the lateral line system in two freshwater fishes, bumblebee goby Brachygobius doriae and silver
hatchetfish Gasteropelecus sp.. microPublication Biology. 10.17912/micropub.biology.001798

 

10/2/2025 - Open Access

https://doi.org/10.17912/micropub.biology.001798

