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Auditory signals are commonly used by vertebrates to communicate with one another.  

While not all vertebrates communicate in this way, vocal communication is an essential 

part of defense, courtship, and social cohesion in several taxa.  Among the amphibians, 

frogs are well known for their vocalizations, some of which are used by males to attract 

females at breeding pools.  The other extant amphibians (salamanders and caecilians) are 

generally regarded as mute.  Despite this widespread assumption, there are numerous 

anecdotal reports of both aquatic and terrestrial salamanders that vocalize.  Very few 

studies have attempted to put these sounds into any sort of behavioral context, despite the 

potential utility (e.g., mate attraction) such sounds may have.  While salamanders are 

extremely limited in their ability to detect sounds transmitted through air, they are able to 

detect water-borne sounds.  I placed Smallmouth Salamanders (Ambystoma texanum) into 

19L plastic tanks containing aged tap water, and used hydrophones in an attempt to 

document underwater sound production in this species.  Each tank contained one of the 

following combinations of salamanders: Isolate male, Isolate female, Male/Female pair, 

and Female/Female pair.  I investigated a possible social context for the production of 

sounds by comparing the number of sounds produced in each tank.  Although sound 



 

 

production was rare, it was recorded at least once in 86% of tanks.  No social grouping 

tested promoted sound production significantly differently from any other, but verifying 

that sound production occurs in this species at all is an important step in studying the 

behavior of Small-mouthed Salamanders and non-anuran amphibians. 
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INTRODUCTION 

 Auditory signals are commonly used by vertebrates to communicate.  Among the 

most vocal vertebrates are the birds and amphibians (e.g., Rand and Ryan 1981, 

Ballentine et al. 2004), but members of most vertebrate classes are known to generate 

sound signals (examples: Colson el al. 1998 [bony fish]; Gans and Maderson 1973 [non-

avian reptiles]; Palacios et al. 2007 [mammals]).  These signals serve a variety of social 

functions, including group cohesion, aggression/conflict, alarms, and courtship displays 

(Bradbury and Vehrencamp 2011).  Knowledge of an organism’s sound-signal repertoire 

is therefore essential in understanding its natural history (Kroodsma 1983), recognizing 

threats which may interfere with effective communication (e.g., Bee and Swanson 2007; 

Crovo et al. 2015), as well as increasing our knowledge of the diversity of 

communication systems in different taxa (Bradbury and Vehrencamp 2011).   

Among amphibians, frogs produce the most easily observed vocalizations.  Not 

surprisingly, frogs are common test subjects in studies of vocalization (Gerhardt and 

Huber 2002).  Their calling behavior is typically observed in breeding aggregations, and 

the most commonly heard vocalizations are “advertisement” calls, which are used by 

males to attract females and warn away competitors (Pough et al. 2004).  In addition to 

general advertisement, specific information on individual identity (e.g., body size) is 

often conveyed (Bee and Gerhardt 2001).  Many other vocalizations are used in situations 

involving conspecifics or potential predators (Cardoso and Heyer 1995; Emerson and 

Boyd 1999; Cooper 2011). 

In contrast to frogs, the vocalizations of other amphibian groups have received 

very little study (Vitt and Caldwell 2009).  Salamanders and caecilians, as well as some 
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frogs, lack external ears (Wever 1985), and therefore it is commonly assumed that they 

cannot hear with sufficient sensitivity to make auditory communication feasible.  Many 

amphibians and reptiles that lack external ears are, nonetheless, able to transmit sounds 

through alternative pathways to the inner ear (Narins et al. 1988; Hetherington 2001).  

Earless frogs of the genus Atelopus have low and high frequency hearing comparable to 

that of eared frogs, which is presumably accomplished by transmitting vibrations along 

the opercularis muscle (Jaslow and Lombard 1988), although the exact coupling 

mechanism is unknown.  The inner ear of salamanders (Wever 1985) and caecilians 

(Wever and Gans 1976) is also able to detect external sounds. 

Wever (1985) documented the inner ear sensitivities to aerial sounds in a wide 

variety of amphibians.  Salamanders are well represented in this account, and most show 

optimal hearing sensitivities between 200 and 1000 Hz.  Specific examples include: 

Ambystoma maculatum (optimal hearing range from 400-600 Hz), A. texanum (200-500 

Hz), and Taricha torosa (500-1000 Hz).  Wever admits, in the same study, that his 

measured sensitivity ranges may not precisely match the sounds that salamanders are able 

to respond to behaviorally.  More recent research indicates that airborne sounds are 

largely detected via the vibrations they induce to the substrate and the body of the animal, 

which is a relatively insensitive mechanism for audition (Christensen et al 2015).   

In water, salamander ears should behave similarly to fish ears.  In both groups 

there is no specialized tympanum present or necessary, since sound is able to propagate 

easily from water into living tissue (Bradbury and Vehrencamp 2011).  The inner ears of 

fish contain three or more otoliths, dense masses that respond to sound vibrations more 

slowly than the surrounding tissues do, and thus allow detection of the resulting 
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difference in motion between otolith and sensory cells.  In amphibian ears the tectorial 

masses within the amphibian and basilar papilla serve an analogous function (Wever 

1975).  This method functions best when sound sources are nearby and of high amplitude 

relative to background noise (Schellart and Wubbels 1998).  To detect sound vibrations 

from far-field sources, most fish make use of the secondary vibrations of their swim 

bladder or similar air-filled sacs reacting to the sound vibrations (Schellart and Wubbels 

1998).  With the exception of Plethodontids, similar air-filled sacs are available to 

salamanders in the form of lungs.  Fish without swim bladders are still able to hear, 

however, although their sensory bandwidth and sensitivity is greatly reduced (Fay and 

Popper 1974), so it is possible that even lungless salamanders can perceive underwater 

sounds. 

The majority of behavioral research that has been conducted on auditory 

communication in salamanders has been conducted on aquatic species.  Evans and Ding 

(2005) detected a variety of vocalizations in the Chinese Giant Salamander (Andrias 

davidianus).  The specific sounds the authors examined were used during territorial 

behavior and agonistic interactions between males, although they suggested that the 

salamanders also emitted other sounds outside of the formal trials.  Davis and Brattstrom 

(1975) documented three distinct sounds produced repeatedly by California Newts 

(Taricha torosa).  These sounds seemed to be used primarily in conspecific recognition 

and exploration of the salamanders’ immediate surroundings, and all three were 

performed by both sexes. Large, aquatic salamanders such as mudpuppies (Necturus spp.) 

and amphiumas (Amphiuma spp.) produce “barking” noises when handled (Conant and 

Collins 1998), although these vocalizations have not been the subject of any particular 
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study.  Terrestrial Marbled Newts (Triturus marmoratus) use the breeding choruses of 

Natterjack Toads (Bufo calamita) to locate pools suitable for their own breeding activities 

(Diego-Rasilla and Luengo 2002).  It is worth mentioning that this level of terrestrial 

hearing is well beyond what Wever (1985) predicted to be within the capabilities of any 

salamander ear.  Lesser Sirens (Siren intermedia) respond to playbacks of sounds 

produced by conspecifics by orienting and swimming toward the source (Gehlbach and 

Walker 1970).  A commonality of all of these studies is that they were conducted using 

almost entirely aquatic salamander species. 

In contrast to aquatic salamanders, terrestrial salamanders have been the focus of 

very little behavioral research regarding sound production.  There have, however, been 

numerous observations of sounds produced by either fully or mostly terrestrial species.  

Such incidental observations are surprisingly common, considering how little study has 

been done on the functions of these behaviors.  Members of the families Plethodontidae 

and Ambystomatidae are both well represented in these accounts (Maslin 1950; Neill 

1952; Marshall 1997; Smith and Barichivich 2001; Hossack 2002; Milanovich and 

Trauth 2005).  However, while a variety of clicking and squealing noises have been 

observed, their potential behavioral significance (e.g., mate attraction, predator deterrent) 

has usually been dismissed out-of-hand as being minimal or nonexistent (e.g., Hossack 

2002; Gehlbach and Walker 1970), or otherwise not elaborated upon. 

Wyman and Thrall (1972) reported the only documented aquatic sound 

production in a mostly terrestrial salamander. The salamander they examined was the 

Spotted Salamander (Ambystoma maculatum), a species that only enters water briefly in 

the early spring to breed.  While sound production was rare, they detected two distinct 
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types of sound, one of which was only made during the breeding season immediately 

preceding and following mating.  Although both sexes vocalized, they did so more 

frequently when in groups with other members of their sex (e.g., females vocalized more 

often in groups of other females).  Furthermore, the recorded sounds were all of relatively 

low frequency (500-1500 Hz), which are more readily transmitted underwater 

(Hetherington 2008).  Wyman and Thrall (1972) is the only published study on 

Ambystomatid sound production, and it hints at the potential for these largely terrestrial 

salamanders to utilize sound as a part of their aquatic courtship and mating behaviors.  

Christensen et al. (2015) provided further support for this by showing that larval and 

adult A. mexicanum are capable of detecting sounds underwater at biologically relevant 

levels. 

I have personally observed Small-mouthed Salamanders (Ambystoma texanum) 

produce sounds above water.  When held in hand, individuals periodically inflate their 

buccal cavity with air and then quickly expel it, producing a “clicking” noise.  Handling 

seemed to be the primary motivator for producing this noise.  I conducted a study (AWC, 

unpubl. data) to detect any effect social context might have on the number of sounds a 

salamander produced when an attack was simulated via handling (i.e., whether 

salamanders were more likely to vocalize when a group was “attacked,” as opposed to an 

individual).  I hypothesized that the sound could function as an anti-predator mechanism, 

either by startling the predator or alerting conspecifics in a densely packed breeding 

aggregation, and was thus elicited in response to an apparent attack.  No difference in the 

number of vocalizations was detected, but sample size was low (n=9), and the possibility 

remained that the salamanders were also vocalizing underwater or in untested social 
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contexts.  My present study was designed to address this possibility and gain further 

insight into what prompts the behavior. 

 The objectives of my study were to: 1) determine whether or not Smallmouth 

Salamanders (Ambystoma texanum) produce sounds underwater, 2) examine the influence 

of conspecifics on the number of sounds produced by recording salamanders in isolation 

and the presence of another individual, 3) examine the influence of gender on the number 

of sounds produced by varying the gender of both isolated and paired individuals, and 4) 

determine whether perceived predation threat will elicit underwater sound production.  I 

hypothesized that sound production does occur while these salamanders are underwater, 

and that these sounds are used as a part of courtship and predator avoidance.  Certain 

sounds should, therefore, be elicited more often in the presence of a member of the 

opposite sex than in other social situations, while others increase in the presence of a 

predator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

 

MATERIALS AND METHODS 

Collection and Maintenance. – Ambystoma texanum were collected in eastern 

Kansas, USA, on rainy nights (~2100-0100 hrs) from mid-February through late March 

of 2013 when salamanders were migrating to breeding pools.  Most salamanders were 

collected in or near a known breeding pool near the town of Neosho Rapids, KS 

(38.372658
o
N, 95.982703

o
W; WGS 84).  Additional specimens were collected at a 

known migration site near the city of Emporia (38.404845
o
N, 96.135200

o
W; WGS 84), 

approximately 14 km from the Neosho Rapids pool.  Breeding pools at both sites were 

flooded ditches alongside rural roads.  In total, 56 A. texanum were captured for use in 

this project, of which 48 were used in data analysis (the remaining 8 were males which 

did not fit into one of my four social contexts).  Individuals were sexed and separated into 

same-sex tanks containing only moist paper towels until they could be placed into their 

trial tanks. 

 Trial tanks were 19L Sterilite® containers, filled with aged tap water (1+ days) to 

an approximate depth of 15cm.  Rocks, bricks, dead leaves and sticks were added to 

approximate a natural breeding environment.  In each tank, one of the rocks or bricks was 

not completely submerged, providing the salamanders a place to leave the water.  During 

an exploratory study in 2012, these mesocosms were sufficient to induce the deposition 

of spermatophores and viable eggs (many of which eventually hatched).  While breeding 

activity within tanks did not approach the levels observed in 2012, two instances of 

spermatophore and egg deposition occurred, indicating that these tanks were acceptable 

for breeding behavior.  I changed water and cleaned all tank materials once per week for 

the duration of the study (March-July).  A single earthworm was provided for each 
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salamander once per week.  All salamanders remained in these tanks for at least 24 hrs 

before testing commenced. 

Salamanders were rotated between trial and holding tanks as needed to 

accommodate treatments for all experiments.  After a trial was completed, the residents 

of that tank were placed in temporary holding containers.  Holding containers were 

circular plastic crispers 18.5 cm in diameter and 8 cm deep.  Each container had a thin 

layer of water as well as three wadded paper towels to allow salamanders to avoid sitting 

directly in the water.  All salamanders rotated between the trial tanks and holding 

containers twice over the course of the study. 

Experimental Design. – Salamanders were assigned into four treatment groups: 

Isolate Male, Isolate Female, Male/Female Pair, and Female/Female Pair.  Each treatment 

group contained eight replications, and each individual or pair was kept separate from 

other salamanders for the duration of the study.  This was done to allow for detection of 

any possible social (e.g., courtship) function of sounds produced, should they be detected.  

The number of males collected was insufficient to allow for a Male/Male Pair treatment 

containing the full eight replicates, so that treatment was omitted from analysis. 

All salamanders went through four recording sessions (spring trial, summer trial, 

predation trial, and no-predation trial).  Each recording was accomplished using an H1 

Zoom digital recorder (Zoom Corporation, Tokyo, Japan) was connected to a SS03-10 

model hydrophone (Cetacean Research Technologies, Seattle, WA) placed within a trial 

tank approximately 10cm below the waterline, resting flat on the bottom of the tank.  A 

Nikon P90 digital camera (Nikon Corporation, Japan) placed above the tank recorded 

movements of the salamanders during each recording.  A single recording session 
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consisted of two hydrophones placed in two different trial tanks (chosen randomly among 

replicates), and one placed in an empty control tank.  Rocks/bricks were removed 

immediately before each recording so that salamanders were confined to the water.  

Recordings were conducted no earlier than 1 hr after sundown, and new recording 

sessions were conducted until I had worked through all trials tanks (typically after 

approximately 4 hrs).  All recorders were switched on within 5 sec of each other, as was 

the camera suspended over the two tanks with salamanders present.  Tanks were 

illuminated with a single red incandescent light suspended directly above the tanks to 

provide illumination for the video recording.  This design did not allow sounds produced 

by different individuals in the same tank to be traced to their source, so pairs of 

salamanders were treated as one sound-producing “unit” in these sessions.  Once I left the 

room, all equipment was allowed to run for 30 min.  After all recording sessions were 

completed in an evening, I rotated new salamanders into the trial tanks and moved the old 

ones into holding containers.  Trial tanks were washed with bleach between occupants. 

Spring trials were conducted from late March to early May.  This time frame 

encompasses the late stages of the breeding season as well as the time immediately after 

it.  I hoped to capture any sounds produced in relation to courtship and egg deposition (if 

present).  Summer trials were conducted in July, well after the end of the breeding 

season, when A. texanum is not normally aquatic, but were otherwise identical to Spring 

trials.  By comparing these recordings to the Spring trials, I hoped to detect an effect of 

season on sound production.   

Predation trials were completed immediately (<24 hrs) after the Summer trials, 

and salamanders were placed into tanks in the same way.  Two tanks containing the same 
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social groups were tested at the same time (e.g., Female-Female and another Female-

Female tank).  One of the tanks was randomly designated the “predation” tank, and the 

other the “no predation” tank.  As before, an empty tank served as a control for external 

noise during these trials.  The salamanders in the predation tank were handled roughly 

(e.g., flipped over, held by the tail, chased) for approximately 20 sec before any recording 

commenced.  Salamanders in the no predation tank were left unmolested.  Recordings 

lasted for 15 minutes but otherwise were identical to the spring and summer trials.  All 

treatments and replicates were tested in this way. 

All recordings were examined using Raven Pro 1.4 sound analysis software 

(Cornell Lab of Ornithology, Ithaca, NY).  Recordings were run in Raven, and all sounds 

that could not be ascribed to random noise were noted.    Each recording was then 

compared to its associated empty-tank recording.  Any sounds from the trial tanks 

recorded within 5 seconds of a sound from the empty tank were disregarded as external 

noise.  This wide buffer was created to be certain that I did not count any stray echoes as 

sounds originated from the salamander(s).  Also disregarded were any sounds produced 

when a salamander was seen on video brushing against the hydrophone or nearby objects.  

Such sounds were fairly distinct in the Raven Pro window (Fig 1) and were generally 

discarded on sight.  Any sounds remaining were used for analysis.  Sounds were 

characterized based primarily on dominant frequency and secondarily on amplitude 

(which could vary based on the position of the salamander relative to the recording). 
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Figure 1.  Waveform of external sounds recorded in an empty tank.  Time is shown on 

the x-axis and sound pressure on the y-axis.  Notice the extremely high sound pressure 

and very long, messy “tail”, neither of which were characteristic of sounds produced by 

salamanders.  Waveforms with this appearance were discarded from consideration on 

sight. 
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  Statistical Analysis. - All sounds recorded were isolated and characterized in 

Raven Pro 1.4 sound analysis software (Cornell Lab of Ornithology, Ithaca, NY).  The 

number of sounds recorded was counted for each trial, and any tank which contained a 

pair of salamanders (MF and FF) had its total number of sounds recorded divided by two.  

This was done to allow comparison of the tanks with two salamanders to those that only 

had one.  The mean rank number of sounds in these counts were compared between the 

four social groups using a Kruskal-Wallis test.  This test was conducted once for the 

summer trial, once for the spring trial, and once each for the “predation” and “no-

predation” groups.  A non-parametric test was used in this case because count data were 

not normally distributed, and I sought to decrease the chances of a Type I error as much 

as possible.  After the Kruskal-Wallis tests were performed on the spring and summer 

trials, the average number of sounds detected in each season was compared using a Two-

way ANOVA (with “season” and “social group” as factors).  The same test was applied 

to the predation trials (with “predation” and “social group” as factors).  The use of a 

parametric test in this case is not ideal, but since no nonparametric equivalent to a Two-

Way ANOVA exists, this was used as a low-power alternative.  Finally a t-Test was 

conducted comparing the dominant frequency of the sounds produced by males and 

females.  This test was conducted using only data obtained from isolated males and 

females, since I could not determine which salamander in a pair had produced a specific 

sound.  For all tests significance was declared at P<0.05. 
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RESULTS 

Sounds were detected in 118 of the 137 recordings taken (86% of tanks).  These 

sounds all take the same form, that of three to four initial peaks in pressure (Mu) 

followed by a descending tail of lower peaks until fading into the background noise (Fig 

2).  These sounds are extremely short, typically lasting approximately 1 ms or less.  The 

number of these sounds detected per tank ranged from 0-33 (mean 6.2±0.608) across all 

tanks, trials and recordings which contained salamanders.  All sounds had a wavelength 

of approximately 350 Hz, were sinusoidal, non-periodic and sounded like a sharp “click” 

of varying amplitude (64.6-71.6 dB).  No differences were detected between the 

dominant frequency of sounds produced by individuals of different sex (t-Test: T = 0.12, 

P = 0.9). 

The spring trial showed no significant difference in the mean rank number of 

sounds produced by different social groups (Kruskal-Wallis: H = 2.96, P = 0.397; Fig 3), 

nor did the summer trial (Kruskal-Wallis: H = 4.37, P = 0.224; Fig 4).  The interaction 

term between social group and time of year, however, was marginally significant (Two-

way ANOVA: Fseason = 1.478, P = 0.229; Fsocialgroup = 0.878, P = 0.458; Finteraction = 2.703, 

0.054), suggesting some function of time of year on the number of sounds recorded.  The 

likely candidate for this interaction was Isolate Males, which produced more clicks in the 

summer recordings than in the spring. 

The predation trial tanks also showed no significant difference between social 

groups in “predation” and “non-predation” tanks (Respectively, Kruskal-Wallis: H = 6.23 

& 2.95, P = 0.1 & 0.40; Figs 5 & 6).  No significance was suggested for the interaction 

term of predation on social group (Two-Way ANOVA: Finteraction = 0.505; P = 0.681). 
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Figure 2.  The waveforms of sounds produced by two female Smallmouth Salamanders 

(Ambystoma texanum) in separate trials.  Wavelength and amplitude did not vary 

substantially between recordings.  Time is shown on the x-axis, and sound pressure is 

shown on the y-axis.  Note that amplitude is shown here in terms of absolute pressure 

(Mu), rather than decibels. 
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Figure 3. The mean number of clicks recorded are presented (±SE) for each of the 4 

social groups tested in mid-late April, 2014.  Abbreviations are as follows:  FF = 2 

Females, MF = 1 Male and 1 Female, IsoM = Isolate Male, and IsoF = Isolate Female (n 

= 7 FF, 8 MF, 8 IsoM, and 8 IsoF).  All tanks that contained two individuals (i.e., FF and 

MF) had their number of recorded sounds divided by 2 before means were calculated. 
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Figure 4. The mean number of clicks recorded are presented (±SE) for each of the 4 

social groups tested in mid-July, 2014.  Abbreviations are as follows:  FF = 2 Females, 

MF = 1 Male and 1 Female, IsoM = Isolate Male, and IsoF = Isolate Female (n = 7 FF, 8 

MF, 8 IsoM, and 8 IsoF).  All tanks that contained two individuals (i.e., FF and MF) had 

their number of recorded sounds divided by 2 before means were calculated. 
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Figure 5. The mean number of clicks recorded are presented (±SE) for each of the 4 

social groups tested following a mock predation event.  Abbreviations are as follows:  FF 

= 2 Females, MF = 1 Male and 1 Female, IsoM = Isolate Male, and IsoF = Isolate Female 

(n = 7 FF, 8 MF, 8 IsoM, and 8 IsoF).  All tanks that contained two individuals (i.e., FF 

and MF) had their number of recorded sounds divided by 2 before means were 

calculated. 

 

 

 

 

 

 

 

 

 



18 

 

 
Figure 6. The mean numbers of clicks recorded are presented (±SE) for each of the 4 

social groups not exposed to the mock predation event of Figure 4.  Tests were conducted 

at the same time as those of Figure 4.  Abbreviations are as follows:  FF = 2 Females, MF 

= 1 Male and 1 Female, IsoM = Isolate Male, and IsoF = Isolate Female (n = 7 FF, 8 MF, 

8 IsoM, 8 IsoF).  All tanks that contained two individuals (i.e., FF and MF) had their 

number of recorded sounds divided by 2 before means were calculated. 
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DISCUSSION 

 I was unable to isolate any specific context for sound production in A. texanum.  

However, I did record relatively frequent sound production in a species that is typically 

thought of as being mute.  Such recordings are extremely rare in the literature on 

terrestrial salamanders (and only slightly less so for aquatic species), the most recent 

being Wyman and Thrall (1972).  Smallmouth Salamanders in my study produced far 

more sounds during my trials than did Wyman and Thrall’s Spotted Salamanders 

(Ambystoma maculatum).  Although possibly representing some courtship or 

physiological difference between the two species, it seems more likely that my 

hydrophones were more sensitive to the faint sounds produced by these salamanders than 

the microphone and tape recorder used by Wyman and Thrall.  Unlike Wyman and 

Thrall, I only observed one type of sound, and it was not unique to, or used preferentially 

by, any sex or group, nor was it used more or less often in the context of predation. 

 Despite my inability to establish firm context for these sounds, the data are 

nonetheless valuable.  With data on salamander sound production so scarce, and 

completely nonexistent for A. texanum, even the somewhat ambiguous results obtained 

here are valuable in directing future research.  My results do highlight that these sounds, 

having a frequency of approximately 350 Hz, are in the range of maximum auditory 

sensitivity for A. texanum (Wever 1985).  Although this does not necessarily mean that 

the sounds have behavioral significance, it is suggestive of it. 

 I observed that when held in hand, A. texanum will occasionally produce loud 

clicking sounds not unlike the ones detected in the present study.  On visual inspection it 

became apparent that the sounds were always accompanied with a swelling of the buccal 
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cavity far beyond that which they normally employ for respiration.  The floor of the 

buccal cavity was then rapidly brought back to normal size, at which point the “click” 

was heard.  Presumably air is being forced back into their lungs rapidly to produce the 

sounds, and the same mechanism should be available to them underwater, via air stored 

in the lungs.  Future studies should focus on isolating the sound producing mechanism, as 

this would provide clues to the environments where these sounds could be most easily 

transmitted and received.  Ambystoma texanum has not been the subject of any research 

concerning alternative auditory pathways.  To further our understanding of this 

phenomenon, we need to understand how exactly they perceive the sounds they are 

capable of hearing, especially in air.  Studies modeled after Hetherington (2001) could be 

particularly useful, as the lungs and body wall seem to be the most likely candidate for an 

alternative auditory pathway, and one that would work very well underwater. 

 During my preliminary study I noticed that most salamanders would produce loud 

clicks outside of the water while held in hand (this was the way I originally noticed sound 

production occurring).  It is worth mention that during the present study, sounds 

produced in air were quite rare, completely unlike the behavior of the salamanders from a 

year before.  The experimental designs were very similar between studies, but in the 

earlier project I housed the salamanders in much larger groups.  Whereas the most tank-

mates any salamander had in this study was one, salamanders in the previous study could 

have up to four tank-mates at a time.  The aquaria were the same size as those used in the 

present study.  It is therefore possible that these sounds are in some ways prompted by 

audience or network effects. 
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 Network effects are those that arise during communication involving multiple 

senders and/or receivers of information (Bradbury and Vehrencamp 2011).  This can take 

the form of a large group of many receivers and senders (a true network) or a single 

individual observing the interactions of others (an audience or eavesdropper).  In either 

case, emergent behaviors will often become apparent as the numbers of individuals 

involved increases, as has been shown by Plath et al. (2008) with Molly’s (Poecilia spp.).  

Such an audience effect has even been observed in A. texanum during the mating process.  

McWilliams (1992) showed that the presence of another male during courtship will cause 

the courting male to alter the time he spends in different stages of courting.  In particular, 

courting males spend less time in positions where they are more vulnerable to attack by 

an aggressive competitor.  While more data are required to be certain, a similar effect 

could be on display with A. texanum sounds, where the above-water sounds I heard serve 

as indicators of some sort, but are only provoked in the presence of a group. 

 The communicative abilities of salamanders have been extremely understudied, 

and most of the research there is has focused on chemical communication (Duellman and 

Trueb 1986).  Future research should strive to determine conclusively what functional 

significance the sounds produced by salamanders may have.   In A. texanum sounds are 

readily emitted with little to no apparent human provocation, though it remains to be seen 

whether the above-water sounds are at all different from the underwater sounds I 

monitored in the present study, and the salamanders have shown themselves willing to 

engage in many behaviors in the lab that are otherwise difficult to detect in situ.  Field 

work should also be undertaken to determine whether the same sounds are detectable in 

breeding pools.  These behaviors have the potential to be enormously important to the 
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organisms using them, and our knowledge of their ecology and natural history will 

remain conspicuously incomplete until this hole in our understanding is filled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

 

LITERATURE CITED 

Ballentine, B., Hyman, J., and Nowicki, S.  2004.  Vocal performance influences female 

response to male bird song: an experimental test.  Behavioral Ecology 15(1):163- 

168. 

Bee, M.A., and Gerhardt, H.C.  2001.  Neighbor-stranger discrimination by territorial 

male bullfrogs (Rana catesbeiana): 1 acoustic basis.  Animal Behaviour 62:1129-

1140. 

Bee, M.A., and Swanson, E.M.  2007.  Auditory masking of anuran advertisement calls 

by road traffic noise.  Animal Behaviour 74: 1765-1776. 

Bradbury, J.W., and Vehrencamp, S.L.  2011.  Principles of Animal Communication (2
nd

 

edition).  Sinauer Associates Inc. Sunderland, MA. 

Cardoso, A.J., and Heyer, W.R.  1995.  Advertisement, aggressive, and possible seismic 

signals of the frog Leptodactylus syphax (Amphibia, Leptodactylidae).  Alytes 

13(2):67-76. 

Christensen, C.B., Lauridsen, H, Christensen-Dalsgaard, J, Pedersen, M, and Madsen, 

P.T.  2015.  Better than a fish on land? Hearing across metamorphosis in 

salamanders.  Proceedings of the Royal Society B 282:20141943. 

http://dx.doi.org/10.1098/rspb.2014.1943. 

Colson, D.J., Patek, S.N., Brainerd, E.L., and Lewis, S.M.  1998.  Sound production 

during feeding in Hippocampus seahorses (Syngnathidae).  Environmental 

Biology of Fishes 51:221-229. 

Conant, R., and Collins, J.T.  1998.  The reptiles and amphibians of eastern and central 

North America (3
rd

 edition, expanded).  Peterson Field Guide Series, Houghton 



24 

 

Mifflin Company, New York, NY. 

Cooper Jr., W.E.  2011.  Escape strategy and vocalization during escape by American 

bullfrogs (Lithobates catebeianus).  Amphibia-Reptilia 32(2):213-221. 

Crovo, J.A., Mendonca, M.T., Holt, D.E., and Johnston, C.E.  2015.  Stress and auditory 

responses of the otophysan fish, Cyprinella venusta, to road traffic noise.  PLoS 

ONE 10(9): e0137290.doi:10.1371/journal.pone.0137290 

Davis, J.R. and Brattstrom, B.H.  1975.  Sounds produced by the California newt 

(Taricha torosa).  Herpetologica 31:409-412. 

Duellman, W.E. and Trueb, L.  1986.  Biology of Amphibians. Johns Hopkins University 

Press, Baltimore, MD.  

Emerson, S.B. and Boyd, S.K.  1999.  Mating vocalizations of female frogs: control and 

evolutionary mechanisms.  Brain, Behavior and Evolution 53:187-197. 

Evans, W.E. and Ding, W.  2005.  Underwater sounds and associated behavior of the 

Chinese giant salamander (Andrias davidianus).  Acta Biologica Sinica 

29(5):545-549. 

Fay, R.R. and Popper, A.N.  1974.  Acoustic stimulation of the ear of the goldfish 

(Carassius auratus).  Journal of Experimental Biology 61:243-260. 

Gans, C. and Maderson, F.A.  1973.  Sound producing mechanisms in recent reptiles: 

review and comment.  American Zoologist 13(4):1195-1203. 

Gehlbach, F.R. and Walker, B.  1970.  Acoustic behavior of the aquatic salamander, 

Siren intermedia.  BioScience 20(20):1107-1108. 

Gerhardt, H.C., and Huber, F. (editors).  2002.  Acoustic communication in insects and 

anurans.  Common problems and diverse solutions.  University of Chicago Press, 



25 

 

Chicago, IL. 

Giles, J.C., Davis, J.A., McCauley, R.D., and Kuchling, G.  2009.  Voice of the turtle: the 

underwater acoustic repertoire of the long-necked freshwater turtle, Chelodina 

oblonga.  Journal of the Acoustical Society of America 126(1):434-443. 

Hetherington, T.E.  2008. Comparative anatomy and function of hearing in aquatic 

amphibians, reptiles, and birds. pp 183-209 in Thewissen, J.G.M. and Nummela, 

S. editors. Sensory evolution on the threshold: adaptations in secondarily aquatic 

vertebrates.  University of California Press, California. 

Hetherington, T.E.  2001.  Laser vibrometric studies of sound-induced motion of the 

body walls and lungs of salamanders and lizards: implications for lung-based 

hearing.  Journal of Comparative Physiology A 187:499-507. 

Hossack, B.R.  2002.  Ambystoma macrodactylum krausei (Northern Long-toed 

Salamander).  Vocalization.  Herpetological Review 33(2):121. 

Jaslow, A.P., and Lombard, R.E.  1996.  Hearing in the neotropical frog, Atelopus 

chiriquensis.  Copeia 1996(2):428-432. 

Kroodsma, D.E.  1983.  The ecology of avian vocal learning. Bioscience 33(3):165-171. 

Marshall, J.L.  Plethodon mississippi (Mississippi Slimy Salamander). Vocalization. 

Herpetological Review 28(3):145. 

Maslin, T.P.  1950.  The production of sound in caudate amphibia.  University of 

Colorado Studies: Series in Biology 1:29-45. 

McWilliams, S.R.  1992.  Courtship behavior of the small-mouthed salamander 

(Ambystoma texanum): the effects of conspecific males on male mating tactics. 

Behaviour 121(1/2):1-19. 



26 

 

Milanovich, J.R., and Trauth, S.E.  2005.  Plethodon albagula (Western Slimy 

Salamander).  Vocalization.  Herpetological Review 36(3):295-296. 

Narins, P.M.  1990.  Seismic Communication in Anuran Amphibians.  BioScience 

40(4):268-274. 

Narins, P.M., Ehret, G., and Tautz, J.  1988.  Accessory pathway for sound transfer in a 

neotropical frog.  Proceedings of the National Academy of Science USA 85:1508 

-1512.  

Neill, W.T.  1952.  Remarks on salamander voices.  Copeia 1952(3):195-196. 

Palacios, V., Font, E., and Marquez, R.  2007.  Iberian wolf howls: acoustic structure, 

individual variation, and a comparison with North American populations.  Journal 

of Mammalogy 88(3):606-613. 

Plath, M., Blum, D., Schlupp, I., and Tiedemann, R.  2008.  Audience effect alters mating 

preferences in a livebearing fish, the Atlantic molly, (Poecilia mexicana).  Animal 

Behaviour 75:21-29. 

Pough, F.H., Andrews, R.M., Cadle, J.E., Crump, M.L., Savitzky, A.H., and Wells, K.D. 

2004.  Herpetology (3
rd

 edition). Pearson Prentice Hall, Upper Saddle River, NJ. 

Rand, A.S., and Ryan, M.J.  1981.  The adaptive significance of the complex vocal 

repertoire in a neotropical frog.  Zeitschrift fur Tierpsychologie 57:209-214. 

Schellart, N.A.M., and Wubbels, R.J. 1998. The auditory and mechanosensory lateral line 

system. pp 283-312 in Evans, D.H. editor. The Physiology of Fishes (2
nd

 edition), 

CRC Press, Florida. 

Smith, K.G., and Barichivich, W.J.  2001.  Plethodon jordani (Jordan’s Salamander). 

Vocalization.  Herpetological Review 32(4):246-247. 



27 

 

Vitt, L.J., and Caldwell, J.P.  2009.  Herpetology: an introductory biology of amphibians 

and reptiles (3
rd

 edition).  Academic Press, San Diego, CA. 

Wever, E.G., and Gans, C.  1976.  The caecilian ear: further observations. Proceedings of 

the National Academy of Sciences 73(10):3744-3746.   

Wever, E.G.  1985.  The amphibian ear.  Princeton: Princeton University Press. 

Wyman, R.L., and Thrall, J.H.  1972.  Sound production by the spotted salamander 

(Ambystoma maculatum).  Herpetologica 28(3):210-212. 

 

 

 



 

 

 

I, Andrew W Coleman, hereby submit this thesis/report to Emporia State University as 

partial fulfillment of the requirements for an advanced degree.  I agree that the Library of 

the University may make it available to use in accordance with its regulations governing 

materials of this type.  I further agree that quoting, photocopying, digitizing or other 

reproduction of this document is allowed for private study, scholarship (including 

teaching) and research purposes of a nonprofit nature.  No copying which involves 

potential financial gain will be allowed without written permission of the author.  I also 

agree to permit the Graduate School at Emporia State University to digitize and place this 

thesis in the ESU institutional repository. 

 

 

 

 

 

 

 

________________________________ 

Signature of Author 

 

 

________________________________ 

Date 

 

 

 

Sound Production in the Small-mouthed 

 Salamander (Ambystoma texanum)____ 

       Title of Thesis 

          

 

________________________________ 

         Signature of Graduate School Staff 

       

 

  ________________________________ 

        Date Received 



 

 

 

 

 

 

 


