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Dear Colleagues;

We are currently working on the echolocation of a bird- AND insect-eating bat, Nyctalus lasiopterus. That bat emits shallow FM calls over a wider range than other Nyctalus species. Frequency of max energy varies from 12 to 17 kHz. Although many things remain unclear, the lowest frequency (12 to 13 kHz) calls are emitted in circumstances where we believe that bats are foraging for birds rather than for insects. Conversely, higher frequency (15 to 17 kHz) search sequences were recorded in areas and seasons where potential insect prey was abundant. From a physical point of view, the lowest frequency calls should be more efficient in detecting large and distant objects. However, they could be much more conspicuous to birds.

I have been unable to find clear and general data about bird auditory sensitivity. Species of interest belong mainly to the genera Erithacus, Phylloscopus, Sylvia etc. Does somebody here know if the auditory sensitivity of those species drops significantly more between 12 and 15 kHz than between, e.g., 10 and 12 kHz?

Thanks a lot for your answer(s),

 Jean-Francois Julien

Centre de Genetique Moleculaire
Dear Jean-Francois,

Your group of bird species is almost certainly totally deaf at >6 kHz. The only investigated species that is known to have a hearing range of (slightly) >10 kHz is the barn owl.

For references, you might like to make use of the publications of Geoff Manley and Christine Köppl.

-Martin Braun
Neuroscience of Music

S-671 95 Klässbol

Sweden

Hi folks,

The earlier works of J.C. Saunders (and I recall Manley and Gleich too) might be helpful resources as well for finding information regarding the perceptual limit of bird hearing...  

I believe that the top perceptual limit for most bird hearing was around 8.5 kHz (from an older Saunders review article).  When I was doing a pilot project (never completed) on high-frequency phase-locking ability of n. magno neurons in zebra finch (with Sue Volman), I don't recall finding a lot of scientific evidence of folks actually TESTING this limit in songbirds.  Individual species might have a small number of hair cells/magno cells that can track sound up to the barn owl limit, I just don't recall people testing frequencies higher than 2.5 kHz. Regardless, it might not be behaviorally relevant even if they do.

Of course, the last time I poked my head in that area was in the late 90's, so advances might have been made in the interim.

-Gerald Hough, Ph.D.

Assistant Professor, Dept's Biological Sciences and Psychology Rowan University

Dear Jean Francois,

I am unaware of any bird audiograms that suggest an auditory sensitivity above  ~8kHz except or the Tyto alba that has and audiogram indicating sensitivity up to ~14kHz. Most of this work has been done by Bob Dooling at University of Maryland. That being said, I believe that some birds can perceive sound well above the frequencies revealed by behavioral audiograms. This belief is stimulated by the fact that quite a few birds have a lot of energy in their vocalizations that exceed 5 kHz, and in one case a mockingbird (Mimus polyglottos) was able to mimic the sound of an ultrasonic garage-door opener and amused itself with opening and closing the door throughout the day.

My suspicions are that these higher frequency sounds may stimulate autonomic nervous system responses in certain birds that would be hard to tease out with behavioral audiometry (and be buried in the noise floor of ABR).
-Michael Stocker

Ocean Conservation Research

Dear All,

Much work on avian audition has been done by Bob Dooling at Univ. Maryland. ( see www|bsos.umd.edu/PSYC/DOOLING/intro.htm) His behavioral audiometry work confirms that few of his song birds tested hear much above ~6kHz. Nonetheless some birds have rich tones in their vocalizations that are above 10kHz, so I would not rule out the possibility that these birds might also perceive sound in these higher frequencies. While hearing in these higher

frequencies might not be supported by a "hair cell count," there may be other ways that birds can discriminate signals in a shorter time domain than the frequency limitations would indicate.

While human sound perception is typically limited to 20 - 17kHz (or so) we can discriminate time domain information well up to 20uSec. (1/50kHz). We use this information to inform us about our surroundings and warn us about changes to our surroundings that may prove pernicious. It could stand to reason that while certain birds may not be able to discriminate pitches in the realm of the Nyctalus vocalization range, that their prey species might have evolved some hearing sensitivities or sound processing to avoid predation.

In a related framing; unlike humans that have only 3 types of cones in our eyes - roughly translating to red, green and blue sensitivities, many birds have 4 types of cones. This may account for a visual acuity that we would not have the vocabulary to describe.

It's great to know that we have much more to learn.
Regards,

-Michael Stocker

Thank you Mr. Stocker for pointing out Bob Dooling's extensive research (much of which is on budgerigars, to be sure) and other important points. The literature on this topic is not thin or hard to find.

 I would like to add that there are species of nearctic/neotropical Dendroica warblers whose songs extend above 6 and even above 9 or 10 kHz, as can be readily seen in the classic Robbins et al. guide published by Golden Books. These are different species from those in question, of course, but they certainly are songbirds. The target listeners are probably conspecifics. 

-Ron Larkin

University of Illinois at Urbana-Champaign

Hello all:

We have been studying alarm communication in birds, and at least two species of small passerine respond by fleeing to cover after playback at natural amplitude of aerial alarm calls with a mean peak frequency of 9.1 kHz. Both white-browed scrub wrens and superb fairy-wrens fled after playback of either species' alarm call. The scrub wren's calls has a mean perk frequency of 7.1 kHz and the fairy-wren 9.1 kHz.

As Michael says, it would be surprising if birds couldn't hear biologically salient vocalizations.

Details of the alarm calls playbacks are in:

Magrath, R. D., Pitcher, B. J. & Gardner, J. L. 2007. “A mutual understanding? Interspecific responses by birds to each other's aerial alarm calls.” Behavioral Ecology, 18, 944-951.
Cheers,

-Rob Magrath

School of Botany and Zoology, Australian National University.

Hello Bioacousticians

A large number of bird species especially hummingbirds have very high frequencies, reaching up to 17-19 kHz.

Other examples which I studied are some finches in the genus Haplospiza and Acanthidops whose higher frequencies are almost 13 kHz. If you want a copy of this paper let me know

Saludos

-César Sánchez M.
Escuela de Biología
Universidad de Costa Rica

Dear friends,

It is not possible to infer from the sound spectrum of the calls of a species anything about the hearing range of this species.

-Martin Braun

Dear Martin (et. al)

Perhaps not, but it would be biologically expensive to have all of that energy dedicated to high frequency vocalizations and not be able to hear it. We could infer that they do use these sounds for something which involves their being able to perceive them - but at the moment it may not be indisputably proven. 

-Michael Stocker

Michael,

Why do you assume that energy is being expended to express it.  It could be a byproduct of other activity.  Furthermore, vocal production in birds is not energetically expensive - expensive in time used possibly. Most recent literature search on Slater.

-Sandra Gaunt

Borror Lab of Bioacoustics 
Ohio State University

Hello Sandra,

Expense is perhaps just a manner of speech. I have seen chickadee twittering away while foraging completely out of "earshot" of conspecifics - "whistling while they work" I suppose. This casual attitude toward singing would indicate that they are not particularly "put out" by vocalization energy. Nonetheless there is a cost associated with evolving a complex vocalization mechanism that permits an array of sound productions which are above the producing animal's hearing threshold.

If there are data gaps here - I would suggest that we are not testing these animal's hearing in ways that would reveal their ability to perceive in these frequency ranges, not that their "ultrasonic" vocalizations are an artifact of some other activity that we have not quite pegged but that does happen to agree with the pedagogy of our testing paradigms.

We must keep slashing away at the frontiers of our collective ignorance; otherwise we will never understand anything!

Best wishes,


-Michael Stocker

Hi everyone:

So , Ok it's clear , birds produce sounds that form part of a gamma. So I have more questions that have an answer (sic) that will explain the waste of energy:
¿Do Birds have fundamental frequencies that help them recognize mate among populations (preventing inbreeding)?, sometimes (in mammals) these frequencies are not audible.
¿Do these frequencies [modulate] frequencies that the voice apparatus produces before reaching the audible ones?

Interesting Topic.


-Mario Rivera

Michael Stocker wrote:

"We could infer that they do use these sounds for something which involves their being able to hear them ...."

This may not always be true. Imagine the following scenario:

A bird is deaf above 6 kHz. If this bird has sound components around 10-12 kHz in its calls, it cannot hear these components and it is thus unable to influence its voice organs to reduce or even eliminate them.


-Martin Braun

Martin,

By "deaf" do you mean auditorially damaged or physiologically unable to perceive signals above 6kHz? If it is the later, then I believe that we are missing something important about a correlation between vocalization and hearing abilities, as it does not make sense that an animal would have a concentration of vocalization frequencies in a range in which they were unable to perceive.


-Michael

Hi Michael,

Yes, I meant "physiologically unable to perceive signals above 6 kHz". And it now dawns to me that I seem to have stepped on some people's toes. This surprises me. For example, we do not correlate the horse power of cars with the racing ability of their drivers, do we?

And the economics argument surprises me endlessly, as well. There is affluence and waste of energy in biology all over the place. And I thought that this was well understood in the singing of birds.

I got private emails telling me that also humans and dolphins have spectral components in their voiced sounds that no conspecific can hear. I would expect that biology is full of examples like that.

You see, the voice organs may often work most efficiently in a mode that produces inaudible sound components as byproducts.

If we want to know what an animal hears and which sound components are relevant for behavior, we have to measure and test. After that we can look at the voice data and describe correlations. We can never start with the voice data and calculate from them the possible correlations with hearing and behavior.

Would this make sense?


-Martin.
The challenge here Martin is that the "measure and test" paradigms are occasionally framed by incomplete assumptions. If we observe animal behaviors that indicate facilities or capabilities outside of what is indicated by our test results, it is consistent with our jobs as scientists to not dismiss the behavior but rather to question the testing assumptions.

It seems that most of the audiograms that indicate that "birds" can not hear sounds above 6 kHz are trained behavioral audiograms that often use sinusoidal signals. Some questions that might be used to test our assumptions are:

Are the subjects autonomic or sympathetic nervous systems stimulated by frequencies outside of the frequencies that invoke a voluntary response?

Are the subjects less responsive to simple sinusoids than to other types of signals?

Do the subjects respond to signals differently in habitat and among conspecifics or predators than in the lab?

And perhaps the etiological question: What would the purpose of these "extra-audiological" signals and/or hearing capabilities?

As you may recall, this inquiry was opened up by a question about differences in vocalizations of the bird predator Nyctalus while hunting birds and hunting insects. This setting is much different than what is typically produced in the lab.

It was by dint of this line of questioning that the American shad (fish) which was thought to have a similar limited hearing range (200Hz - 6kHz determined by behavioral audiograms) were later found to be able to hear up to 80kHz. This was inadvertently discovered when ichthyologists were looking for a way to scare schooling shad away from power plant cooling intakes decided to use signals that mimicked the hunting vocalizations of their dolphin predators. The signals worked - but did not agree with the previous orthodoxy. Fortunately the ichthyologists had the imagination to not assume the previous measurements and tests were irrefutable. 
Something I keep close to my heart: "Never say 'never'"

Regards,


-Michael Stocker
OK, Michael, I see what you mean. Many scientists miss a lot. But "measure and test" includes, of course, extra-auditory sensation of sound. If a bird species is hunted a lot by a bat species, it is not a far-fetched question if this bird possibly has extra-auditory sensation of bat sonar.

I would not, however, recommend that an investigator cares much about the spectrum of the bird's calls in such a case.

Thanks a lot for the hint on ultrasonic hearing in fish. I looked it up and found that it apparently is based on an additional suborgan within the known auditory organ.

Best regards,


-Martin

Martin, imagine this scenario:

A bird can't hear above 6 kHz but it produces sounds above that frequency in its calls. There should probably be other costs the bird "wants" to cut out other than hearing the sounds. Costs of producing them (energy, motor coordination at syrinx, etc.) so probably they are "taken away" in evolution. But even if they are produced as a "side-effect" by some individuals (are, in a certain way, "neutral" 

to them in terms of costs), why if a predator locates those individuals using the above 6 kHz frequencies?

So, I agree that we have to have factual proofs of the audition range of a species, because speculation could be right or wrong in any of the "two" senses we are discussing about. But, my guess is that in most cases individuals of any species can hear AT LEAST the frequency range of their own emissions.

Cheers

-Gabriel

Dr. Gabriel Francescoli

Sección Etología - Facultad de Ciencias

Iguá 4225, Montevideo 11400
Hey Michael and Martin

Another good example of signal elements that may extend above the frequency range that is actually perceivable to the sender might be dolphin echolocation signals. Measured on-axis, these sharp transients may have sound energy extending above more than 200 kHz, and likely not at all perceivable to the dolphin itself. However, in this case, this is likely a consequence of the sound generation mechanism and the fact that a very short transient is needed and the majority of sound energy is of course focused within the hearing range of the dolphin (and the evolutionary pressure of this is of course very big, as the more energy is wasted in inaudible frequencies, the smaller is the range of the bio-sonar and the more hungry the dolphin...).

While I do not know much about bird vocalizations (or their hearing for that sake), I would presume that similar byproducts of the vocalization could arise, i.e. perhaps birds are not able to hear all harmonics of a whistle.

Still, the evolutionary pressure for a sound to be used as a conspecific signal would drive the majority of the energy into audible frequencies, provided of course the sender has a limited amount of energy available and provided that the signal is not metabolically "free". Following this logic, if a bird emits sounds with primary components within 10-12 kHz, there are strong indications that the bird would also be able to hear these sounds - in-so-far that the sound is indeed used as a signal to conspecifics!

In my (albeit limited) mind, it all consequently comes down to whether or not the sound is actually associated with some sort of conspecific communicative function, right?

Just a few thoughts from a bewildered fellow bioacoustician...

Respectfully,

-Frants Jensen, Ph.D. Student

Department of Biological Sciences

University of Aarhus, Denmark

Frantz,

These sharp transients may not be perceivable as "pitch" to the dolphins, just as humans can not distinguish frequencies much above 17-20kHz. But we can distinguish the differences in time-domain information up to 20uSec (1/50kHz). In this context, harbor porpoises can avoid obstacles as fine as 0.8 mm wire which is less than 1/3 the wavelength of their highest frequency vocalization signals. If we start looking at sound perception in the time domain we are likely to learn a thing or two.

Thanks for your input!


-Michael Stocker

Hey Frants,

"if a bird emits sounds with primary components within 10-12 kHz, there are strong indications that the bird would also be able to hear these sounds - in-so-far that the sound is indeed used as a signal to conspecifics!"

If it has been observed that the components within 10-12 kHz have behavioral effects, yes. Otherwise I would not take it as an indication for anything, except perhaps as a weak indication that these components might possibly be unavoidable side effects of the most efficient mode of sound production.

Thanks for the dolphin example. If you can give a reference, many readers on the list will appreciate to have it.

Best wishes,


-Martin

