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Abstract: Across vertebrates, the observation that lower-pitched vocalizations are typically
associated with larger and/or higher quality males has lead to the widespread belief that inter-and
intra-sexual selection will produce male calls with low fundamental frequencies (F0). Here we
investigated the response of oestrous red deer hinds to playback of re-synthesized male roars
characterized by either higher than average or lower than average FO. We found that hinds prefer
higher rather than lower 'pitched’ roars, providing, to our knowledge, the first evidence of such a
bias in nonhuman mammals. Our findings can be interpreted in relation to previous observations
that the minimum FO of roars is positively correlated with male reproductive success in free-
ranging red deer stags, and that across Cervids the FO of male mating calls shows extreme
variability. Females showing preferences for higher-pitched roars might derive genetic benefits
through more competitive male offspring. Our results emphasize the need for further
investigations of female preferences in mammals in order to better understand the extreme
variation of FO values observed in male sexual calls.
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Abstract: Background: Models of honest advertisement predict that sexually selected calls
should signal male quality. In most vertebrates, high quality males have larger body sizes that
determine higher social status and in turn higher reproductive success. Previous research has
emphasised the importance of vocal tract resonances or formant frequencies of calls as cues to
body size in mammals. However, the role of the acoustic features of vocalisations as cues to
other quality-related phenotypic characteristics of callers has rarely been investigated.



Methodology/Principal Findings: We examined whether the acoustic structure of fallow deer
groans provides reliable information on the quality of the caller, by exploring the relationships
between male quality (body size, dominance rank, and mating success) and the frequency
components of calls (fundamental frequency, formant frequencies, and formant dispersion). We
found that body size was not related to the fundamental frequency of groans, whereas larger
males produced groans with lower formant frequencies and lower formant dispersion. Groans of
high-ranking males were characterised by lower minimum fundamental frequencies and to a
lesser extent, by lower formant dispersions. Dominance rank was the factor most strongly related
to mating success, with higher-ranking males having higher mating success. The minimum
fundamental frequency and the minimum formant dispersion were indirectly related to male
mating success (through dominance rank).

Conclusion/Significance: Our study is the first to show that sexually selected vocalisations can
signal social dominance in mammals other than primates, and reveals that independent acoustic
components encode accurate information on different phenotypic aspects of male quality.
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Abstract: Here we present the first description of the vocal behaviour of the Tyrrhenian
subspecies of Red Deer, the Corsican Deer. Vocalisations from calves, hinds and stags were
recorded. Their acoustic characteristics were analysed in order to contrast these with published
data characterising central European Red Deer hind and calve contact calls and Scottish Red
Deer stag mating calls. We found that the vocal repertoire of Corsican Deer was very comparable
with that of central European and Scottish Red Deer, with the exception of one call type, the
harsh roar, absent in the Corsican Deer repertoire. Because Corsican Deer are the smallest
subspecies of Red Deer, we expected calls to be characterised by higher spectral components.
However, while male roars did have higher vocal tract resonances, consistent with a shorter
vocal tract, we found that the fundamental frequency (FO) was much lower than predicted, in fact
the lowest recorded in any studied Red Deer subspecies. We also found a strong sexual
dimorphism in FO, with male calls approximately twice as low as female calls, suggesting that
the low FO observed in Corsican male roars is a result of sexual selection for lower-pitched
males. The results of this study emphasise the phenotypic originality of Corsican Deer, and
strengthen the case for its conservation. We also argue that future studies should compare the
vocal behaviour of Corsican Deer with that of other circum-Mediterranean populations.
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Abstract: Acoustic cues present in the reproductive calls of many animal species potentially
encode important information about the caller. Here, we test the response of a free-ranging
population of peri-oestrus red deer hinds to variation in a specific acoustic cue to body size in the
male roar, the formant frequencies. Our results revealed: (1) that hinds showed greater overall
attention (judged by longer looking responses and lower response latencies) to roars simulating
males of sub-adult body size than to those simulating a large adult male and (2) that hinds
without dependent offspring had greater looking responses to male roars and lower response
latencies than hinds with dependent offspring to roars simulating sub-adult males. These findings
indicate that free-ranging red deer hinds may use formants as acoustic cues to gauge the body
size and maturity of males in their natural environment, possibly to facilitate earlier detection
and avoidance of young stags that are known to harass them.
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Abstract: Studying female response to variation in single acoustic components has provided
important insights into how sexual selection operates on male acoustic signals. However, since
vocal signals are typically composed of independent components, it is important to account for
possible interactions between the studied parameter and other relevant acoustic features of vocal
signals. Here, two key components of the male red deer roar, the fundamental frequency and the
formant frequencies (an acoustic cue to body size), are independently manipulated in order to
examine female response to calls characterized by different combinations of these acoustic
components. The results revealed that red deer hinds showed greater overall attention and had
lower response latencies to playbacks of roars where lower formants simulated larger males.
Furthermore, female response to male roars simulating different size callers was unaffected by
the fundamental frequency of the male roar when it was varied within the natural range. Finally,
the fundamental frequency of the male roar had no significant separate effect on any of the



female behavioral response categories. Taken together these findings indicate that directional
intersexual selection pressures have contributed to the evolution of the highly mobile and
descended larynx of red deer stags and suggest that the fundamental frequency of the male roar
does not affect female perception of size-related formant information. (c) 2008 Acoustical
Society of America.
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Abstract: Little is known about the role of specific acoustic cues in mammal vocal
communication systems. In the current study, we used resynthesized male red deer roars in a
habituation-discrimination paradigm to determine whether female red deer are sensitive to shifts
in formant frequencies corresponding to the natural variation between the vocal tract lengths of a
small and large adult red deer male. Hinds habituated to a given size variant showed a significant
dishabituation when they were presented with roars in which the formants had been modified to
simulate the other size variant. The signficant reduction in behavioural response to final
rehabituation playback showed this was not a chance rebound in response levels. Our results
suggest that formants are salient for red deer hinds and that hinds can detect a shift in formant
frequencies that may have biological significance. We discuss the possible functions of formant
perception in female red deer and more generally in nonhuman mammals.
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Abstract: Surprisingly little is known about the role of acoustic cues in mammal female mate
choice. Here, we examine the response of female red deer (Cervus elaphus) to male roars in

which an acoustic cue to body size, the formants, has been re-scaled to simulate different size
callers. Our results show that oestrous red deer hinds prefer roars simulating larger callers and



constitute the first evidence that female mammals use an acoustic cue to body size in a mate
choice context. We go on to suggest that sexual selection through female mating preferences
may have provided an additional selection pressure along with male-male competition for
broadcasting size-related information in red deer and other mammals.
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Abstract: Mammals are able to distinguish conspecifics based on vocal cues, and the acoustic
structure of mammal vocalizations is directly affected by the anatomy and action of the vocal
apparatus. However, most studies investigating individual patterns in acoustic signals do not
consider a vocal production-based perspective. In this study, we used the source-filter model of
vocal production as a basis for investigating the acoustic variability of fallow deer groans. Using
this approach, we quantified the potential of each acoustic component to carry information about
individual identity. We also investigated if cues to individual identity carry over among the two
groan types we describe: common and harsh groans. Using discriminant function analysis, we
found that variables related to the fundamental frequency contour and the minimum frequencies
of the highest formants contributed most to the identification of a given common groan.
Common groans were individually distinctive with 36.6% (53.6% with stepwise procedure) of
groans assigned to the correct individual. This level of discrimination is approximately six times
higher than that predicted by chance. In addition, univariate ANOVAS showed significant inter-
individual variation in the minimum formant frequencies when common and harsh groans were
combined, suggesting that some information about individuality is shared between groan types.
Our results suggest that the sound source and the vocal tract resonances act together to determine
groan individuality and that enough variation exists to potentially allow individual recognition
based on groans.

Times Cited: 15

Record 9 of 12

Reby, D; Andre-Obrecht, R; Galinier, A; Farinas, J; Cargnelutti, B. 2006. Cepstral coefficients
and hidden Markov models reveal idiosyncratic voice characteristics in red deer (Cervus
elaphus) stags. JOURNAL OF THE ACOUSTICAL SOCIETY OF AMERICA 120 (6): 4080-
4089..

Author Full Name(s): Reby, David; Andre-Obrecht, Regine; Galinier, Arnaud; Farinas, Jerome;
Cargnelutti, Bruno

KeyWords Plus: BOTTLE-NOSED DOLPHINS; INDIVIDUAL RECOGNITION;
TURSIOPS-TRUNCATUS; SIGNATURE WHISTLES; NONHUMAN-PRIMATES; RHESUS-
MONKEY; ACOUSTIC CUES; VOCALIZATIONS; COMMUNICATION; IDENTITY



Abstract: Bouts of vocalizations given by seven red deer stags were recorded over the rutting
period, and homomorphic analysis and hidden Markov models (two techniques typically used for
the automatic recognition of human speech utterances) were used to investigate whether the
spectral envelope of the calls was individually distinctive. Bouts of common roars (the most
common call type) were highly individually distinctive, with an average recognition percentage
of 93.5%. A "temporal” split-sample approach indicated that although in most individuals these
identity cues held over the rutting period, the ability of the models trained with the bouts of roars
recorded early in the rut to correctly classify later vocalizations decreased as the recording date
increased. When Markov models trained using the bouts of common roars were used to classify
other call types according to their individual membership, the classification results indicated that
the cues to identity contained in the common roars were also present in the other call types. This
is the first demonstration in mammals other than primates that individuals have vocal cues to
identity that are common to the different call types that compose their vocal repertoire. (c) 2006
Acoustical Society of America.
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Abstract: A permanently descended larynx is found in humans and several other species of
mammals. In addition to this, the larynx of species such as fallow deer is mobile and in males it
can be retracted during vocalization. The most likely explanation for the lowered retractable
larynx in mammals is that it serves to exaggerate perceived body size (size exaggeration
hypothesis) by decreasing the formant frequencies of calls. In this study, we quantified for the
first time the elongation of the vocal tract in fallow bucks during vocalization. We also measured
the effect of this vocal tract length (VTL) increase on formant frequencies (vocal tract
resonances) and formant dispersion (spacing of formants). Our results show that fallow bucks
increase their VTL on average by 52% during vocalization. This elongation resulted in strongly
lowered formant frequencies and decreased formant dispersion. There were minimal changes to
formants 1 and 2 (-0.91 and +1.9%, respectively) during vocal tract elongation, whereas
formants 3, 4 and 5 decreased substantially: 18.9, 10.3 and 13.6%, respectively. Formant
dispersion decreased by 12.4%. Formants are prominent in deer vocalizations and are used by
males to gain information on the competitive abilities of signallers. It remains to be seen whether
females also use the information that formants contain for assessing male quality before mating.
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Abstract: While vocal tract resonances or formants are key acoustic parameters that define
differences between phonemes in human speech, little is known about their function in animal
communication. Here, we used playback experiments to present red deer stags with re-
synthesized vocalizations in which formant frequencies were systematically altered to simulate
callers of different body sizes. In response to stimuli where lower formants indicated callers with
longer vocal tracts, stags were more attentive, replied with more roars and extended their vocal
tracts further in these replies. Our results indicate that mammals other than humans use formants
in vital vocal exchanges and can adjust their own formant frequencies in relation to those that
they hear.
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Abstract: This study provides the first evidence of pronounced temporary laryngeal descent in a
bovid species. An elaborate acoustic display is prominent in male courtship behavior of
polygynous Mongolian gazelle. During rut, rounding up of females is accompanied by
continuous head-up barking by dominant males. Throughout the rut their evolutionarily enlarged
larynx descends to a low mid-neck resting position. In the course of each bark the larynx is
additionally retracted toward the sternum by 30% of the resting vocal tract length. A geometric
model of active larynx movements was constructed by combining results of video
documentation, dissection, skeletonization, and behavioral observation. The considerable
distance between resting position and maximal laryngeal descent suggests a backward tilting of
the hyoid apparatus and an extension of the thyrohyoid connection during the retraction phase.
Return to the resting position is effected by strap muscles and by the elastic recoil of the pharynx
and the thyrohyoid connection. An intrapharyngeal inflation of the peculiar palatinal pharyngeal
pouch of adult males is inferred from a short-time expansion of the ventral neck region rostral to
the laryngeal prominence. The neck of adult dominant males is accentuated by long gray guard
hairs during the rut. The passive swinging of the heavy larynx of adult males during locomotion
gives the impression of a handicap imposed on rutting males. Apparently, this disadvantage
becomes outweighed by the profits for reproductive success.
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Abstract: Acoustic cues present in the reproductive calls of many animal species potentially
encode important information about the caller. Here, we test the response of a free-ranging
population of peri-oestrus red deer hinds to variation in a specific acoustic cue to body size in the
male roar, the formant frequencies. Our results revealed: (1) that hinds showed greater overall
attention (judged by longer looking responses and lower response latencies) to roars simulating
males of sub-adult body size than to those simulating a large adult male and (2) that hinds
without dependent offspring had greater looking responses to male roars and lower response
latencies than hinds with dependent offspring to roars simulating sub-adult males. These findings
indicate that free-ranging red deer hinds may use formants as acoustic cues to gauge the body
size and maturity of males in their natural environment, possibly to facilitate earlier detection
and avoidance of young stags that are known to harass them.
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Abstract: The acoustic features of vocalizations have the potential to transmit information about
the size of callers. Most acoustic studies have focused on intraspecific perceptual abilities, but
here, the ability of humans to use growls to assess the size of adult domestic dogs was tested. In
a first experiment, the formants of growls were shifted to create playback stimuli with different
formant dispersions (Delta f), simulating different vocal tract lengths within the natural range of
variation. Mean fundamental frequency (FO) was left unchanged and treated as a covariate. In a
second experiment, FO was resynthesized and Af was left unchanged. In both experiments Delta
fand FO influenced how participants rated the size of stimuli. Lower formant and fundamental
frequencies were rated as belonging to larger dogs. Crucially, when FO was manipulated and
Delta f was natural, ratings were strongly correlated with the actual weight of the dogs, while
when Delta f was varied and FO was natural, ratings were not related to the actual weight. Taken
together, this suggests that participants relied more heavily on Delta f, in accordance with the
fact that formants are better predictors of body size than FO. (c) 2008 Acoustical Society of
America.
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Abstract: Studying female response to variation in single acoustic components has provided
important insights into how sexual selection operates on male acoustic signals. However, since
vocal signals are typically composed of independent components, it is important to account for
possible interactions between the studied parameter and other relevant acoustic features of vocal
signals. Here, two key components of the male red deer roar, the fundamental frequency and the
formant frequencies (an acoustic cue to body size), are independently manipulated in order to
examine female response to calls characterized by different combinations of these acoustic
components. The results revealed that red deer hinds showed greater overall attention and had
lower response latencies to playbacks of roars where lower formants simulated larger males.
Furthermore, female response to male roars simulating different size callers was unaffected by
the fundamental frequency of the male roar when it was varied within the natural range. Finally,
the fundamental frequency of the male roar had no significant separate effect on any of the
female behavioral response categories. Taken together these findings indicate that directional
intersexual selection pressures have contributed to the evolution of the highly mobile and
descended larynx of red deer stags and suggest that the fundamental frequency of the male roar
does not affect female perception of size-related formant information. (c) 2008 Acoustical
Society of America.
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Abstract: The involvement of the unique saiga nose in vocal production has been neglected so
far. Rutting male saigas produce loud nasal roars. Prior to roaring, they tense and extend their
noses in a highly stereotypic manner. This change of nose configuration includes dorsal folding
and convex curving of the nasal vestibulum and is maintained until the roar ends. Red and fallow
deer males that orally roar achieve a temporary increase of vocal tract length (vtl) by larynx
retraction. Saiga males attain a similar effect by pulling their flexible nasal vestibulum rostrally,
allowing for a temporary elongation of the nasal vocal tract by about 20%. Decrease of formant
frequencies and formant dispersion, as acoustic effects of an increase of vtl, are assumed to
convey important information on the quality of a dominant male to conspecifics, e.g. on body
size and fighting ability. Nasal roaring in saiga may equally serve to deter rival males and to
attract females. Anatomical constraints might have set a limit to the rostral pulling of the nasal
vestibulum. It seems likely that the sexual dimorphism of the saiga nose was induced by sexual
selection. Adult males of many mammalian species, after sniffing or licking female urine or
genital secretions, raise their head and strongly retract their upper lip and small nasal vestibulum
while inhalating orally. This flehmen behaviour is assumed to promote transport of non-volatile
substances via the incisive ducts into the vomeronasal organs for pheromone detection. The
flehmen aspect in saiga involves the extensive flexible walls of the greatly enlarged nasal
vestibulum and is characterized by a distinctly concave configuration of the nose region, the
reverse of that observed in nasal roaring. A step-by-step model for the gradual evolution of the
saiga nose is presented here.
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Abstract: Little is known about the role of specific acoustic cues in mammal vocal
communication systems. In the current study, we used resynthesized male red deer roars in a
habituation-discrimination paradigm to determine whether female red deer are sensitive to shifts
in formant frequencies corresponding to the natural variation between the vocal tract lengths of a
small and large adult red deer male. Hinds habituated to a given size variant showed a significant
dishabituation when they were presented with roars in which the formants had been modified to
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simulate the other size variant. The signficant reduction in behavioural response to final
rehabituation playback showed this was not a chance rebound in response levels. Our results
suggest that formants are salient for red deer hinds and that hinds can detect a shift in formant
frequencies that may have biological significance. We discuss the possible functions of formant
perception in female red deer and more generally in nonhuman mammals.
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Abstract: Surprisingly little is known about the role of acoustic cues in mammal female mate
choice. Here, we examine the response of female red deer (Cervus elaphus) to male roars in
which an acoustic cue to body size, the formants, has been re-scaled to simulate different size
callers. Our results show that oestrous red deer hinds prefer roars simulating larger callers and
constitute the first evidence that female mammals use an acoustic cue to body size in a mate
choice context. We go on to suggest that sexual selection through female mating preferences
may have provided an additional selection pressure along with male-male competition for
broadcasting size-related information in red deer and other mammals.
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Abstract: Mammals are able to distinguish conspecifics based on vocal cues, and the acoustic
structure of mammal vocalizations is directly affected by the anatomy and action of the vocal
apparatus. However, most studies investigating individual patterns in acoustic signals do not
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consider a vocal production-based perspective. In this study, we used the source-filter model of
vocal production as a basis for investigating the acoustic variability of fallow deer groans. Using
this approach, we quantified the potential of each acoustic component to carry information about
individual identity. We also investigated if cues to individual identity carry over among the two
groan types we describe: common and harsh groans. Using discriminant function analysis, we
found that variables related to the fundamental frequency contour and the minimum frequencies
of the highest formants contributed most to the identification of a given common groan.
Common groans were individually distinctive with 36.6% (53.6% with stepwise procedure) of
groans assigned to the correct individual. This level of discrimination is approximately six times
higher than that predicted by chance. In addition, univariate ANOVAS showed significant inter-
individual variation in the minimum formant frequencies when common and harsh groans were
combined, suggesting that some information about individuality is shared between groan types.
Our results suggest that the sound source and the vocal tract resonances act together to determine
groan individuality and that enough variation exists to potentially allow individual recognition
based on groans.
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Abstract: Laryngeal air sacs have evolved convergently in diverse mammalian lineages
including insectivores, bats, rodents, pinnipeds, ungulates and primates, but their precise function
has remained elusive. Among cervids, the vocal tract of reindeer has evolved an unpaired
inflatable ventrorostral laryngeal air sac. This air sac is not present at birth but emerges during
ontogenetic development. It protrudes from the laryngeal vestibulum via a short duct between the
epiglottis and the thyroid cartilage. In the female the growth of the air sac stops at the age of 2-3
years, whereas in males it continues to grow up to the age of about 6 years, leading to a
pronounced sexual dimorphism of the air sac. In adult females it is of moderate size (about 100
cm(3)), whereas in adult males it is large (3000-4000 cm(3)) and becomes asymmetric extending
either to the left or to the right side of the neck. In both adult females and males the ventral air
sac walls touch the integument. In the adult male the air sac is laterally covered by the
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mandibular portion of the sternocephalic muscle and the skin. Both sexes of reindeer have a
double stylohyoid muscle and a thyroepiglottic muscle. Possibly these muscles assist in inflation
of the air sac. Head-and-neck specimens were subjected to macroscopic anatomical dissection,
computer tomographic analysis and skeletonization. In addition, isolated larynges were studied
for comparison. Acoustic recordings were made during an autumn round-up of semi-domestic
reindeer in Finland and in a small zoo herd. Male reindeer adopt a specific posture when emitting
their serial hoarse rutting calls. Head and neck are kept low and the throat region is extended. In
the ventral neck region, roughly corresponding to the position of the large air sac, there is a mane
of longer hairs. Neck swelling and mane spreading during vocalization may act as an optical
signal to other males and females. The air sac, as a side branch of the vocal tract, can be
considered as an additional acoustic filter. Individual acoustic recognition may have been the
primary function in the evolution of a size-variable air sac, and this function is retained in
mother-young communication. In males sexual selection seems to have favoured a considerable
size increase of the air sac and a switch to call series instead of single calls. VVocalization became
restricted to the rutting period serving the attraction of females. We propose two possibilities for
the acoustic function of the air sac in vocalization that do not exclude each other. The first
assumes a coupling between air sac and the environment, resulting in an acoustic output that is a
combination of the vocal tract resonance frequencies emitted via mouth and nostrils and the
resonance frequencies of the air sac transmitted via the neck skin. The second assumes a weak
coupling so that resonance frequencies of the air sac are lost to surrounding tissues by
dissipation. In this case the resonance frequencies of the air sac solely influence the signal that is
further filtered by the remaining vocal tract. According to our results one acoustic effect of the
air sac in adult reindeer might be to mask formants of the vocal tract proper. In other cervid
species, however, formants of rutting calls convey essential information on the quality of the
sender, related to its potential reproductive success, to conspecifics. Further studies are required
to solve this inconsistency.
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Abstract: Bouts of vocalizations given by seven red deer stags were recorded over the rutting
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period, and homomorphic analysis and hidden Markov models (two techniques typically used for
the automatic recognition of human speech utterances) were used to investigate whether the
spectral envelope of the calls was individually distinctive. Bouts of common roars (the most
common call type) were highly individually distinctive, with an average recognition percentage
of 93.5%. A "temporal” split-sample approach indicated that although in most individuals these
identity cues held over the rutting period, the ability of the models trained with the bouts of roars
recorded early in the rut to correctly classify later vocalizations decreased as the recording date
increased. When Markov models trained using the bouts of common roars were used to classify
other call types according to their individual membership, the classification results indicated that
the cues to identity contained in the common roars were also present in the other call types. This
is the first demonstration in mammals other than primates that individuals have vocal cues to
identity that are common to the different call types that compose their vocal repertoire. (c) 2006
Acoustical Society of America.
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Abstract: A permanently descended larynx is found in humans and several other species of
mammals. In addition to this, the larynx of species such as fallow deer is mobile and in males it
can be retracted during vocalization. The most likely explanation for the lowered retractable
larynx in mammals is that it serves to exaggerate perceived body size (size exaggeration
hypothesis) by decreasing the formant frequencies of calls. In this study, we quantified for the
first time the elongation of the vocal tract in fallow bucks during vocalization. We also measured
the effect of this vocal tract length (VTL) increase on formant frequencies (vocal tract
resonances) and formant dispersion (spacing of formants). Our results show that fallow bucks
increase their VTL on average by 52% during vocalization. This elongation resulted in strongly
lowered formant frequencies and decreased formant dispersion. There were minimal changes to
formants 1 and 2 (-0.91 and +1.9%, respectively) during vocal tract elongation, whereas
formants 3, 4 and 5 decreased substantially: 18.9, 10.3 and 13.6%, respectively. Formant
dispersion decreased by 12.4%. Formants are prominent in deer vocalizations and are used by
males to gain information on the competitive abilities of signallers. It remains to be seen whether
females also use the information that formants contain for assessing male quality before mating.
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Abstract: While vocal tract resonances or formants are key acoustic parameters that define
differences between phonemes in human speech, little is known about their function in animal
communication. Here, we used playback experiments to present red deer stags with re-
synthesized vocalizations in which formant frequencies were systematically altered to simulate
callers of different body sizes. In response to stimuli where lower formants indicated callers with
longer vocal tracts, stags were more attentive, replied with more roars and extended their vocal
tracts further in these replies. Our results indicate that mammals other than humans use formants
in vital vocal exchanges and can adjust their own formant frequencies in relation to those that
they hear.
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Context, J. A. Feighny, K. E. Williamson, and J. A. Clarke, Journal of Mammalogy, March
2006.

Full Bugle, Norman Strung, Field and Stream, 1992.

The bugle boys, Gary Turbak, National Wildlife, 1998.

Elk Bugling, http://www.estes-park.com/go/elkbugling.html, 2008

Elk, http://fen.wikipedia.org/wiki/Elk, 2008

Wikipedia

Elk Rituals- This Month in Yellowstone National Park. Bob Landis. www.
nps.gov/archive/yell/tours/thismonth/oct2004/elkspar/index.htm




DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

Social Behavior of Elk, Cervus canadensis nelsoni, in Jackson Hole Area of Wyoming. M Altman-
Behaviour, 1951. ingentaconnect.com

Long A.M., N.P. Morre, T.J. Hyden. 1998. Vocalization in red deer (Cervus elaphus), sika deer
(Cervus nippon), and red x sika hybrids. Journal of Zoology. 244: 123-134

Reby D., K. McComb, B. Cargnelutti, C. Darwin, W. Tecumseh Fitch, T. Clutton-Brock. 2005. Red
deer stags use formants as assess ment cues during intrasexual agonistic interactions. Procedings of
The Royal Society B. 271: 941-947.

McComb K. 1987. Roaring by red deer stags advances the date of oestrus in hinds. Letters to Nature.
220: 648-649.

Reby D., K. McComb. 2002. Anatomical constraints generate honesty: acoustic cues to age and
weight in the roars of red deer stags. Animal Behaviour. 65: 519-530.

Reby D., M. Hewison, M. Izquierdo, D. Pepin. 2001. Red deer (Cervus elaphus) hinds discriminate
between the roars of their current harem-holder stag and those of the neighbouring stags. Ethology.
107: 951-959.

Reference: Verheyden-Tixier H., N. Morellet, J. Jamot, J.M. Besle, and Dumont B. 2008. Selection for
nutrients by reed deer hinds feeding on mixed forest edge. Oecologia 156: 715-726.

: Bailey, D. W., J. E. Gross, E. A. Laca, L.R. Rittenhouse, M. B. Coughenour, D. M. Swift, and P.L. Sims.
1996. Mechanisms that result in large herbivore grazing distribution patterns. J. Range Manag. 49:386-
400.

Cervus elaphus (elk); University of Michigan Museum of Zoology;
http://animaldiversity.ummz.umich.edu/site/accounts/information/Cervus_elaphus.html

North American Mammals: Cervus elaphus; http://www.mnh.si.edu/mna/image_info.cfm?species_id=33

Red Deer Behavior and Ecology of Two Sexes - T.H. Clutton-Brock, F.E. Guinness, S.D. Albon; The
University of Chicago Press, 1982.

"Effect of combined source and filter variation on red deer hind responses to male roars". Journal of the Acoustical Society of
America. Charlton, B.D.;Reby, D; McConb,K. 2008

Social Behavior Of The Elk http://www.huntingnet.com/staticpages/staticpage_detail.aspx?id=155

Keck, Stu. Elk Behavior and Habits; North American Game Species
http://www.bowhunting.net/NAspecies/elk3.html

This Month in Yellowstone Ritualized Elk Aggression. Yellowstone National Park. National Park
Service. U.S. Department of the Interior.
http://www.nps.gov/archivel/yell/tours/thismonth/oct2004/elkspar/index.htm

Bowyer, R. Terry and David W. Kitchen. 1987. Significance of Scent-Marking by Roosevelt EIk.
Journal of Mammalogy, 68:2. 418-23.

Clutton-Brock. T.H. et al. 1979. The logical stag: Adaptive aspects of fighting in red deer (Cervus
elaphus L.) Animal Behaviour, 27. 211-25.

10



DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

The British Deer Society. Red Deer, (Cervus elaphus). http://www.bds.org.uk/red_deer.html. 2008.

Brockway, JM; Gessman, JA. Energy-cost of Locomotion on Level and on Gradients for Red Deer
(Cervus-elaphus). Quarterly Journal of Experimental Physiology and Cognate Medical Sciences. 62
(4): 333-339. 1977.

Carney, Anne. Red Deer: The European Elk, Wapiti: The American Elk.
http://www.suwanneeriverranch.com/reddeer.htm. 2002.

University of Sussex. Why Female Deer Like A Stag To Be A Big Noise In The Forest. ScienceDaily.
June, 20. 2007. http://www.sciencedaily.com /releases/2007/06/070619194453.htm. 2008.

Woollard, TH; Bullock, DJ. Effects of Headfly (Hydrotaea-Irritans Fallen) Infestations and Repellants
on Ear-Flicking and Head-Shaking Behavior of Farmed Red Deer (Cervus Elaphus). Applied Animal
Behaviour Science. Volume: 19, Issue: 1-2, Pages: 41-49. Dec, 1987.

Verheyden-Tixier, H; Renaud, PC; Morellet, N; Jamot, J; Besle, JM; Dumont, B. Selection for nutrients
by red deer hinds feeding on a mixed forest edge. Oecologia. 156(3): 715-726. Jun, 2008.

Carranza (1995) Experimental shifting from harem defense to territoriality in rutting red deer. Animal
Behaviour. Val. 49 (2) pp. 551-554

Clutton-Brock et al. (1982) Red Deer: Behavior and Ecology of two sexes.

Thouless & Guiness (1986) Conflict between red deer hinds: the winner always wins. Animal
Behaviour. Vol. 34 (4) pp. 1166-1171

Charlton, Reby & McComb (2007) Female perception of size-related formant shifts in red deer, Cervus
elaphus. Animal Behaviour. Vol 74 pp. 707-714

Charlton, Reby & McComb (2007) Female Red Deer prefer the roars of larger males. Biology Letters.
Vol 3 (4) pp. 382-385

Relationship between Serum Testosterone, Dominance and Mating Success in Pére David's Deer Stags
by Li Chunwang, Jiang Zhigang, Zeng Yan & Yan Caie

1) www.worlddeer.org/sexualselection/ornaments.html

2) Costs of Sexual Selection in Natural Populations of Mammals

Animal Behavior: Anatomical constraints generate honesty: acoustic cues to age and weight in the
roars of red deer stags by David Reby and Karen McComb

Animal Behavior: Mother species—father species: unidirectional hybridization in animals with female
choice by Peter Wirtz

Animal Behavior: Female choice for high roaring rates in red deer, Cervus elaphus by Karen E.
McComb

Journal of Zoology: Vocalizations in red deer (Cervus elaphus), sika deer (Cervus nippon), and red x
sika hybrids by A.M. Long, N.P. Moore, and T.J. Hayden

11



DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

Journal of the Acoustical Society of America: Cepstral coefficients and hidden Markov models reveal
idiosyncratic voice characteristics in red deer (Cervus elaphus) stags by David Reby

(Journal of Ethology, Kumi Matsuno and Misako Urabe)

"Elk call and calling elk", Unknown. Elkhunter2. Tripod.com/elkcalls. JHVN, 2008

"Elk calls, vocalizations, and communication"”, T.R. Michels, www.trmichels.com/ElkCommunication,
Trinity Mountain Outdoors Magazine, 2008

Respones of bull elk to simulated elk vocalizations during rut, N. Walsh, G. White, D. Freddy, J. WildI.
Manage. 55(3):396-400, 1991

Sex and age-class differences in vocalizations of Roosevelt elk during rut, R.T. Bowyer, D.W. Kitchen,
American Midland Naturalist. 118(2):225-235, 1987

North American elk bugle vocalizations: male and female bugle call structure and context, J.A. Feighny,
K.E. Williamson, J.A. Clarke, Journal of Mammalogy. 87(6):1072-1077, 2006

Charlton, Benjamin D. Female perception of size-related formant shifts in red deer,Cervus
elaphus.2007

Clutton-Brock, T.H. Wildlide Behavior and Ecology - Red Deer: Behavior and Ecology of Two
Sexes.1982.

Charlton, BD; McComb, K; Reby, D. 2008. Free-ranging red deer hinds show greater attentiveness to
roars with formant frequencies typical of young males. ETHOLOGY 114 (10): 1023-1031..

Charlton, BD; Reby, D; McComb, K. 2007. Female red deer prefer the roars of larger males. BIOLOGY
LETTERS 3 (4): 382-385..

Fluctuating asymmetry of red deer antlers negatively relates to individual condition and proximity
to prime age

Animal Behaviour, Volume 75, Issue 5, May 2008, Pages 1629-1640

Concha Mateos, Susana Alarcos, Juan Carranza, Cristina B. Sanchez-Prieto, Juliana Valencia

Ungerfeld, R.; Gonzalez-Pensado, S.; Bielli, A.; Villagran, M.; Olazabal, D.; and Pérez, W. 2008.
Reproductive biology of the pampas deer (Ozotoceros bezoarticus): a review. Acta Veterinaria
Scandinavica 2008, 50:16, no page numbers. (re. chivying)

Elk Vocal | Cornelius, C. (2002, September 18). No Bull: Broad Vocal Range Rewards Mate-
Seeking Elk. Denver Post, p. B1.

Red Deer | Geist, V. (1998). "Deer of the World: Their Evolution, Behavior and Ecology."
Behavior | stackpole Books.

Red Deer | Clutton-Brock, T. H., Guinness, F. E. & Albon, S. D. (1982). "Red Deer: Behavior and
Behavior | Ecology of Two Sexes." Chicago: University of Chiago Press.

12



DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

Red Deer | Schmidt, K.T., Seivwright, L.J., Hoi, H. & Staines, B.W. (1998). The effect of depletion
Aggression | and predictability of distinct food patches on the timing of aggression in red deer
stags. Ecography, 21, 415-422.

Red Deer | Senseman, R. 2002. "Cervus elaphus" (On-line), Animal Diversity Web. Accessed
Nursing December 02, 2008 at
http://animaldiversity.ummz.umich.edu/site/accounts/information/Cervus_elaphus.html.

(Pepin et al., 2006).

Seasonality becomes even more pertinent to resting time when deer reach sexual maturity (Willisch &
Ingold, 2007).

(Gude et al., 2006).
(Perez-Barberia et al., 2001).

(Cameron, 2007).

North American Elk Bugle Vocalizations: Male and Female Call Structure and Context, Journal of
Mammology[0022-2372]; Feighny; yr. 2006; vol. 87; iss. 6; pg. 1072

Red Deer (Cervus elaphus) Hinds Discriminate Between the Roars of Their Current Harem-Holder Stag
and Those of Neighbouring Stags, Ethology [0179-1613]; Reby; yr. 2001; vol. 107; iss. 10; pg. 951,
published online: 7 Jul 2008

Sexual coercion in animal societies, Animal Behaviour [0003-3472]; Clutton-Brock; yr. 1995; vol. 49; iss.
5; pg. 1345-1365

The Function of Antlers, Behaviour [0005-7959]; Clutton-Brock; yr. 1982; vol. 79; iss. 2; pg. 108-124

Early determinants of lifetime reproductive success differ between the sexes in red deer, Proceedings of
the Royal Society B: Biological Sciences [0962-8452]; Kruuk; yr. 1999; vol. 266; iss. 1429; pg. 1655-
1661

Clutton-Brock T.H., Guinness, F.E. & Albon S.D. 1982. Red Deer: Behavior and Ecology of Two Sexes.
University of Chicago Press, Chicago. Pp. 378.

Carranza & Valencia. 1999. Red deer females collect on male clumps at mating areas, Behavioral
Ecology 10(5): 525-532

Carranza J., Garcia-Munoz A.J. & De Dios Vargas J. 1995. Experimental shifting from harem defence to
territoriality in rutting red deer. Animal Behavior 49:551-554.

Appleby M.C. 1982. The consequences and causes of high social rank in red deer stags. Behaviour 80
(3-4):259-273

Clutton-Brock T.H., Green D. Hiraiwa-Hasegawa M. & Albon S.D. 1988. Passing the buck: resource
defence, lek breeding and mate choice in fallow deer. Behavioral Ecology and Sociobiology 23: 281-296

(de Bourcier P. & Wheeler M. 1997. The Truth is Out There: the evolution of reliability in aggressive
communication systems. Fourth European Conference on Artificial Life)

13



DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

"North American EIK". <www.hww.ca/hww2.asp?.id=98> Tefler, E.S. 1990

"EIK" <www.bowhunting.net/Naspecies/elk3.html> Keck, Stu

"Red Deer" <www.red-deer.org> 2001

"behavioral responses of Rocky Mountain EIK"
<http://ir.library.oregonstate.edu/dspace/handle/1957/1609> Naylor, Leslie. 2006

"EIK" <http://en.wikipedia.org/wiki/elk> 2004

Unpacking "Honesty": Vertebrate Vocal Production and the Evolution of Acoustic Signals. Fitch,
Tecumseh W. Dept. of Organismic and Evolutionary Biology and Hauser, Marc D. Dept of Psychology
In press: In: Acoustic Communication (Springer Handbook of Auditory Research) ,A. Simmons, R. R.
Fay, & A.N. Popper, Eds., New York: Springer.
http://www.wjh.harvard.edu/~mnkylab/publications/animalcommunication/unpacking. pdf

Female perception of size-related formant shifts in red deer, Cervus elaphus

Benjamin D Charlton, David Reby, and Karen McComb. Oct. 2007. ANIMAL BEHAVIOUR. Publisher:
Academic Press LTD Elsevier Science LTD, 24-28 Oval Rd, London NW1 7DX, England. Vol. 74(4):
707-714.
http://www.sciencedirect.com.ezproxy.tamu.edu:2048/science?_ob=ArticleURL&_udi=B6W9W -
4PJD9V4-

2& user=952835& rdoc=1& fmt=&_ orig=search& sort=d&view=c& version=1&_urlVersion=0&_userid
=952835&md5=ac5bfbh0a3bdf0da8862d90567df783a8

Vocal communication and reproduction in deer. Reby D, McComb K. 2003. Advances in the Study of
Behavior. Academic Press Inc, 525 B St, Suite 1900, San Diego, CA 92101-4495 USA. Vol. 33: 231-
264
http://books.google.com/books?hl=en&lr=&id=mMwTntJ8EOIC&oi=fnd&pg=PA231&dq=%22Reby%22+
%22V ocal+Communication+and+Reproduction+in+Deer%22+&ots=wPcBW-
l0AO&sig=Inl_8nrBKWnhR45 DSFEdIAATOQ#PPA225,M1

Mobile Larynx in Mongolian Gazelle: Retraction of the larynx during rutting barks in male Mongolian
Gazelles (2008); Frey, Roland; Gebler, Alban; Olson, Kirk; Journal of Morphology 269 (10): 1223-1237

Benjamin Charlton; Karen McComb; David Reby; Free-Ranging Red Deer hinds show greater
attractiveness to roars with formantfFrequencies typical of young males; Ethology 114 (10): 1023-1031

Heather E. Johnson, Vernon C. Bleich, Paul R. Krausman and John L. Koprowski. 2007. Effects of antler
breakage on mating behavior in male tule elk (Cervus elaphus nannodes). European Journal of Wildlife
Research 53:9-15. Only the abstract and first part of introduction was available free of charge. Found
through google scholar search engine, http://www.springerlink.com/content/21423x7132722787/

14




DEER VOCALIZATION REFERENCES FROM WEB OF SCIENCE AND SEARCHES BY STUDENTS

NOTE: THIS IS NOT A DEFINITIVE LIST AND SHOULD ONLY BE USED FOR KEYWORDS/AUTHORS TO DO
YOUR OWN SEARCH USING GOOGLE SCHOLAR AND WEB OF SCIENCE.

Morrison, John A. 1960. Characteristics of Estrus in Captive Elk. Behaviour 16:84-92. Publisher: BRILL.
Abstract only found through google scholar search engine,
http://www.ingentaconnect.com/content/brill/beh/1960/00000016/F0020001/art00005.

T.R.' Tips: Elk Biology & Behavior. http://www.trmichels.com/ElkArticles.htm#_Toc109868462

Cornelius, C. 18 Sep 2002. No bull: Broad Vocal Range Rewards Mate-seeking ElIk. Denver Post
Northern Colorado Bureau

U.S. Fish & Wildlife Service National Elk Refuge Elk Biology Brochure.
http://www.fws.gov/nationalelkrefuge/Documents/Brochure_ElkBiology. pdf

Hebblewhite, M. 1995. Wolf and Elk Preditor-Prey Dynamics in Banff National Park. M.S. Thesis.
University of Montana

Ronald C. Squibb.1985. Mating Success of Yearling and Older Bull EIk. The Journal of Wildlife
Management 49:744-750. Only page one of the 7 pages was available. Published by: Allen Press.
Found through google scholar search engine. http://www.jstor.org/pss/3801705

Heather E. Johnson, Vernon C. Bleich, Paul R. Krausman and John L. Koprowski. 2007. Effects of antler
breakage on mating behavior in male tule elk (Cervus elaphus nannodes). European Journal of Wildlife
Research 53:9-15. All seven pages available for download as a PDF from TAMU Library Web of
Science.

Riede, T and Titze, IR. 2008. Vocal fold elasticity of the Rocky Mountain elk (Cervus elaphus nelsoni) -
producing high fundamental frequency vocalization with a very long vocal fold. Journal of Experimental
Biology 211: 2144-2154. Entire PDF article from TAMU Library Web of Science

Clutton-Brock, T.H., Guinness, F.E. and Albon, S.D. 1982. Red Deer: Behavior and Ecology of Two
Sexes. Univ. Chicago Press: Chicago.

Noyes, JH; Johnson, BK; Bryant, LD; Findholt, SL; Thomas, JW. 1996. Effects of bull age on conception
dates and pregnancy rates of cow elk. Journal of Wildlife Management 60:508-517. Entire PDF article
from TAMU Library Web of Science

Creel, et al. "Predation Risk Affects Reproductive Physiology and Demography of Elk." Science
Magazine. Vol. 315, p.960. 16 February 2007.

T. H. Clutton-Brock. 1985. Sci Amer. 252

15




	Refdeervocal
	refreddeer.pdf

