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Abstract
The segregation of an individual sound from a mixture of concurrent sounds, the so-called cocktail-party phenomenon, is a
fundamental and largely unexplained capability of the auditory system. Speaker recognition involves grouping of the various
spectral (frequency) components of an individual's voice and segregating them from other competing voices. The important
parameter for grouping may be the periodicity of sound waves because the spectral components of a given voice have one
periodicity, viz. fundamental frequency, as their common denominator. To determine the relationship between the representations
of spectral content and periodicity in the primary auditory cortex (AI), we used optical recording of intrinsic signals and
electrophysiological mapping in Mongolian gerbils (Meriones unguiculatus). We found that periodicity maps as an almost circular
gradient superimposed on the linear tonotopic gradient in the low frequency part of AI. This geometry of the periodicity map may
imply competitive signal processing in support of the theory of `winner-takes-all'.

Introduction
The analysis of sound periodicity, whilst yielding results equivalent
to spectral analysis in the case of pure tones, becomes an important
and independent source of information in the case of spectrally
complex periodic signals. This aspect is particularly relevant for the
retrieval of such signals from a sound mix. Relevant correlates of
periodicity analysis in the auditory system have been identi®ed in
terms of `comodulation masking release' (Hall et al., 1984; Klump &
Langemann, 1995; Nelken et al., 1999), `modulation detection
interference' (Yost et al., 1989), and analysis of the fundamental
frequency of voiced phonemes as a potential basis for speaker
recognition in acoustically rich environments (the `cocktail party
effect' described by Cherry, 1953; von der Malsburg & Schneider,
1986; Yost & Sheft, 1993). Neuronal mechanisms re¯ecting
periodicity are found throughout the auditory system (Hose et al.,
1987; Schreiner & Langner, 1988; Pantev et al., 1989; Jen et al.,
1993; Heil et al., 1995; Langner et al., 1997; for review see Langner,
1992) and in primary auditory cortex (AI) neurons respond selectively to both speci®c tones and periodicities (Schreiner & Urbas,
1988; Eggermont, 1994; Gaese & Ostwald, 1995; Bieser & MuÈllerPreuss, 1996; Schulze & Langner, 1997, 1999).
This study investigated whether the two aspects of sound,
frequency and periodicity, have different spatial representations in
AI of the Mongolian gerbil. Because AI is de®ned by a geometrically
precise linear tonotopic gradient (Scheich et al., 1993; Thomas et al.,
1993) it seemed relevant to determine the geometric relationships, i.e.
dependence or independence, between the representations of these
two parameters superimposed in one cortical area. Therefore, a
particular design of amplitude-modulated (AM) tones was used to
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distinguish between responses to frequency and periodicity. AI was
mapped using optical recording of intrinsic signals (ORIS) and
microelectrode recording.
Parts of this study have been presented in abstract form (Schulze
et al., 2000).

Materials and methods
Preparation
The left auditory cortex of 16 adult male Mongolian gerbils was
exposed by craniotomy under deep halothane (Hoechst, Frankfurt
a.M., Germany) and local tetracain (Gingicain; Hoechst) anaesthesia
leaving the dura intact. A 2.5-cm-long aluminium bar was ®xed to the
frontal bones with dental acrylic and served as a head anchor for
stereotactic ®xation. Electrophysiological experiments were performed immediately after preparation, ORIS experiments after one
day of recovery. In one animal in which the methods were combined,
electrophysiology was carried out immediately after the last ORIS
experiment. During the course of experiments anaesthesia was
maintained by application (s.c.) of a mixture of ketamine (Ketavet,
50 mg/mL; Pharmacia & Upjohn, Erlangen, Germany), xylazine
(Rompun 2%; Bayer, Leverkusen, Germany) and isotonic NaCl
solution (mixture 9 : 1 : 10) at a rate of 0.06 mL/h. Body temperature was maintained at 37 °C by a remote-controlled heating pad. For
ORIS, a stainless steel recording chamber was cemented over the
trepanation area, ®lled with silicon oil and sealed with a glass
coverslip. Animals were examined by extracellular microelectrode
recording of single- and multiunit responses (n = 6), by ORIS
(n = 9), or by both methods in combination (n = 1).
Handling and care of animals were approved by the ethics
committe of the State of Sachsen±Anhalt, Germany.
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Auditory stimulation
All recordings were made in an anechoic, sound-attenuated chamber.
Stimulation was with pure tones and 100% sinusoidally AM tones, in
which the amplitude of the carrier frequency (fc) was modulated by a
modulation frequency (fm; see Fig. 5, top). Note that the spectrum of
AM stimuli consists of the fc plus two sidebands, fc ± fm and fc + fm,
where fm exists only in terms of periodicity of the AM signal and is
not a separate spectral component (Fig. 5, middle). For a convincing
demonstration of periodicity preference in electrophysiological
experiments, fc had to be high enough to exclude spectral activation
of the neurons. Then neurons tuned to low-frequency pure tones that
also show tuning to AM tones with low fm but with fc above their
pure-tone sensitivity are responding only to periodicity in the signal
(cf. Schulze & Langner, 1997). All stimuli were presented free-®eld
with 5-ms rise and fall times and 60 6 5 dB SPL at the animal's ears.
ORIS
Optical records were obtained from the auditory cortex using
illumination through two ®bre-optic light guides with 605 6 10 nm
band-pass ®ltered light (DC-regulated tungsten lamp), which gives
maximal difference in absorption between oxygenated and deoxygenated haemoglobin (Frostig et al., 1990). Acoustic stimuli
consisted of either seven pure-tone bursts (0.5, 1, 2, 4, 8, 12 and
16 kHz) or eight AM tones (8 kHz fc) modulated at 0 (= 8 kHz pure
tone), 200, 400, 500, 600, 700, 800 or 1600 Hz (n = 4 animals) or at
200, 283, 400, 566, 800, 1131, 1600 or 2263 Hz (n = 6 animals).
The ®rst set of AM stimuli provides a high-resolution coverage of
the octave of periodicities that most units in gerbil AI are tuned to
(Schulze & Langner, 1997). The second set of AM stimuli covers the
entire range of periodicities in AI with equal spacing (half octave).
In each stimulus presentation eight single consecutive cortical
ORIS images (referred to here as `frames') were collected. Each
frame integrated activity over 400 ms. Stimulus onset was triggerd at
the beginning frame 2, frame 1 being used to estimate the basic
cortical actvity (`reference image' activity R). For each stimulus
(500 ms duration) this mode of presentation was repeated four times
(repetition rate 1 Hz, starting after the reference image). Different
stimuli were presented in a randomized order at regular intervals of
12 s with 50 repetitions. This represents the standard protocol for
optical recording of the slow haemodynamic response (Bonhoeffer &
Grinvald, 1996). Data from all repetitions were averaged.

reconstruction of recording sites. For the combined methods,
electrode penetrations were made radially and penetration sites
were marked on an image of the cortical blood-vessel pattern relative
to surface vasculature to allow superposition on the ORIS data
(Fig. 3D). In all experiments, AM stimuli with an fc of 8 kHz and fm
ranging from 50 to 3000 Hz were presented randomly at a rate of
2.5 Hz with 200 ms duration. Best periodicities (BPs), i.e. periodicity
of the AM tone that elicited the highest discharge rate, were
determined from these responses.
Data analysis
In order to obtain baseline-corrected single-condition maps
(Bonhoeffer & Grinvald, 1996; Hess & Scheich, 1996), the activity
in each frame (Fi, i = 1, ¼, 7) was corrected for the activity (R) in the
reference image by applying (Fi ± R)/R for each frame and all
repetitions. Very rarely frames occurred containing measuring
artefacts; these were excluded from further analysis. To improve
signal-to-noise ratio, the image resolution was binned at a bin width
of 4 3 4, yielding a resolution of 159 3 141 pixels (pixel size
17 3 17 mm). Images were smoothed by convolution with a 9 3 9
kernel (weighing factor 1). Finally, for each stimulus all frames and
all repetitions were averaged, resulting in one image per stimulus.
Because the activity (pixel values) in these images is not normally
distributed, we subtracted the median value of all pixels within such
an image from each single-pixel value. This type of normalization
leads to a better comparison of the activity evoked by different
stimuli. Maps of best-stimulus representations were computed by
determining which stimulus produced the highest activation at each
pixel. When the value was < 0, indicating increased oxygen
consumption, the pixel was mapped with the colour coding for the
best stimulus, otherwise (value > 0) it was coded black. It should be
noted that the area activated by a particular stimulus in a singlecondition map is larger than the corresponding area in the map of
best-stimulus representations, i.e. the area which is activated by the
given stimulus more than by any other stimulus in the set.
Nevertheless, both types of area measurement correspond with
respect to their relative spatial organization in the stimulus map. The
latter can be characterized by the spatial pattern of centre of gravity
values for each area.

Results
Spatial relation between tonotopic and periodicity ORIS maps

Electrophysiology
Responses were recorded extracellularly from single neurons or a
small cluster of 2±5 neurons using parylene-coated tungsten
microelectrodes (WPI, TM33B10, 1 MW; Berlin, Germany) aligned
tangentially to the cortical surface (except for the combined-methods
animal; see below). Positioning of penetration tracks was measured
relative to an anatomical landmark (lambda) to allow topographic

In the ORIS experiments (10 animals), AM stimuli with different fm
(periodicity) but constant fc activated different coherent areas in AI,
which formed a map with an orderly representation of BP (Fig. 1). A
circular gradient with a discontinuity (horseshoe-like gradient) of
periodicity was revealed by connecting the centres of gravity of the
areas representing different frequencies. The maps were located at the
dorso-caudal extreme of AI, which is the area where the low-

FIG. 1. Circular topography of periodicity maps in gerbil AI. Panels A±D show horseshoe-like periodicity maps of best stimulus representations from four
animals obtained using ORIS with AM stimuli with 8 kHz fc and different periodicities (fm, lilac to red codes for increasing periodicity). The maps are
superimposed on an image of the cortical surface. Geometry of the topographic organization of these maps was analysed by computing the centres of gravity
for each colour patch (white rhombi). White lines connecting the centres of gravity of best-stimulus representations reveal the horseshoe-like gradient of the
periodicity map. d, dorsal, c, caudal. Scale bars, 0.5 mm.
FIG. 2. Topography of coincident periodicity and tonotopic maps in gerbil AI. Tonotopic (top panels) and periodicity ORIS maps (bottom panels) are
depicted for two animals (A and B), superimposed on an image of the cortical surface. Lilac to red codes for increasing pure-tone frequency f in the top
panels, and for increasing periodicity fm in the bottom panels. Analysis of map geometry as in Fig. 1. Whereas tonotopic maps revealed a linear tonotopic
gradient, periodicity maps were characterized by circular gradients of periodicity representation. v, ventral, c, caudal. Scale bars, 0.5 mm.
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frequency range of pure tones is represented in the tonotopic maps
obtained with ORIS (Fig. 2). However, the total extent of the two
maps differed individually: in six animals the periodicity map
extended a few hundred microns more dorsally than the tonotopic
map but did not include the rostral, high-frequency area of AI (cf.
Fig. 2B); in the other four animals the periodicity map overlapped the
high-frequency area, which represents the spectral content of the AM
stimuli (cf. Fig. 2A).
The orientation of the periodicity gradient was clockwise in 13 out
of 16 animals (cf. Fig. 1) and counter-clockwise in the rest (cf.
Fig. 3B±D). The rotation of the periodicity maps relative to the stable
rostrocaudal tonotopic gradient varied between individuals. Thus the
two maps in the same neural substrate seem to be relatively
independent. In some animals, the periodicity map had anomalies in
its topographic organization, e.g. the locations of two adjacent BP
representations within the gradient were inverted (Fig. 2B, lower
panel) or an area of BP formed two separate subareas (e.g. Fig. 3D).
Therefore, in contrast to the great interindividual stability of all
spatial aspects of the tonotopic map, the only stable aspect of the
periodicity map appears to be its circular geometry.
Electrophysiological maps
These results are consistent with electrophysiological mapping of the
periodicity of the AM tone that elicited the strongest responses

(periodicity tuning) from each neuron (seven animals; Fig. 3A±C).
The spatial organization can be determined from these plots by
interpolating between the recording positions at which the BP of each
neuron was determined. The horseshoe-like circular geometry of the
ORIS periodicity map was con®rmed by connecting the centres of
gravity of areas comprising consecutive octave bands of BP
determined electrophysiologically (insets Fig. 3A±C). Because electrophysiology produces a map with coarser spatial resolution than
ORIS, other methods of interpolation (cf. Schulze & Langner, 1997)
may support a linear gradient model for some maps; however, our
method revealed a horseshoe-like organization in all the maps. The
clockwise (Fig. 3A) or counter-clockwise (Fig. 3B and C) orientations of the periodicity maps and their varying degrees of rotation
provided further con®rmation of the ORIS results.
Comparison of methods
Because ORIS and electrophysiological mapping measure different
correlates of neuronal activity (see Materials and methods), the
question is whether their results can be superimposed in a stencil-like
fashion in individuals. Using both methods in one animal (Fig. 3D) it
was found that all BPs except one (550 Hz in the light-blue patch)
were within half an octave of the fm identi®ed by ORIS. Outside the
region identi®ed in the ORIS experiments, the AM stimuli did not
evoke discharges, although these neurons were responsive to pure

TABLE 1. Statistical analysis of geometries of functional gradients

Tonotopy data

Periodicity data

Linear model
(r = a + bl)

Quadratic model
(r = a + bl + cl2)

R2 = 0.84
DF = 42
F = 209.81
a = 0.03 6 0.03, t = 0.93, P = 0.360 (n.s.)
b = 0.74 6 0.05, t = 14.48, P = 0.00

R2 = 0.85
DF = 42
F = 109.23
a = 0.00 6 0.04, t = 0.0, P = 0.99 (n.s.)
b = 1.01 6 0.19, t = 5.4, P = 3.0 3 10±6
c = ±0.27 6 0.18, t = ±1.5, P = 0.14 (n.s.)

R2 = 0.23
DF = 66
F = 19.04
a = 0.14 6 0.03, t = 5.04, P = 4.0 3 10±6
b = 0.19 6 0.04, t = 4.36, P = 4.7 3 10±5

R2 = 0.77
DF = 66
F = 105.76
a = 0.00 6 0.02, t = ±0.03, P = 0.97 (n.s.)
b = 1.24 6 0.09, t = 13.9, P = 0.00
c = ±1.05 6 0.09, t = ±12.2, P = 0.00

Analysis of the ®ts (e.g. Press et al., 1988) of the linear model and the quadratic model to both the tonotopy data and the periodicity data. The linear model provides
a good ®t to the tonotopy data (R2 = 0.84) but not to the periodicity data (R2 = 0.23). The periodicity data require at least a quadratic model for the ®t. For further
explanations refer to the Results. R2, coef®cient of determination; DF, degrees of freedom; F, F-value from ANOVA; a, b, c, model coef®cients; t, t-value of each
coef®cient; P, attainable signi®cance level for each coef®cient.

FIG. 3. Electrophysiological maps of periodicity in AI and their correspondence with ORIS mapping. Panels A±C show locations of responses from
extracellular single- and multineuron records (cf. Schulze & Langner, 1997, 1999) from three animals (rhombi). Numbers refer to best periodicities (BP,
periodicity of the AM tone that elicited the highest discharge rate). Dashes indicate recording locations where no response was evoked by AM stimuli. Black
lines and colours separate octave bands of BPs. Data in panel B are replotted from a previous study (Schulze & Langner, 1997). In panel D combined ORIS
and electrophysiological mapping in one animal is shown. Numbers referring to BPs at the recording sites are superimposed on the ORIS map (coloured
patches). Insets (top right of each diagram) show the periodicity gradient obtained from centres of gravity for each BP±octave band (coloured dots). Scale bar,
0.5 mm.
FIG. 4. Quantitative analysis of the geometry of the tonotopic and periodicity maps. (A)Schematic drawing of a functional topographic (tonotopic or
periodotopic) gradient illustrating the parameters used to analyse geometrical map properties: P0, P1, ¼, Pn±1 are centres of gravity for best stimulus
representations connected by bold lines representing the functional gradient along a contour C; d1, d2, ¼, d n±1, interpoint distances; ri, Euclidean distances
between Pi and P0 (dotted lines). For a linear geometry (B, blue contour) plotting the values ri vs. the arc length (see eqn 1) results in a straight graph (C,
blue line). For a cyclic geometry (B, red contour) the same analysis results in a curved graph (C, red line). Note that this graph would only curve back to
zero if the gradient showed a closed topography. (D)Similar plots for the tonotopic data (blue, dashed lines) and for the periodotopic data (red, dashed lines).
Bold lines show the results of the statistical ®ts of the tonotopic (blue) and periodotopic (red) data to a linear and a quadratic model, respectively. The
tonotopy data (dashed blue lines) are well ®tted by a linear equation (solid blue line), whereas at least a quadratic equation (solid red line) was needed to ®t
the periodicity data (dashed red lines). See also Table 1.
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tones (dashes in Fig. 3D). One anomaly in the periodicity map was
detected with both methods (extra yellow patch in the ventral part of
the map; BP = 1450 Hz).
Quantitative analysis of map geometries
In order to scrutinize the geometric interpretation of the tonotopic and
periodotopic maps they were compared to each other by parametric
modelling the geometrical properties of the centres of gravity of best
stimulus representations. The analysis was as follows.
For each ordered set of n stimuli S0, S1, ¼, Sn-1 (viz., ascending
pure tone frequency in tonotopy experiments or ascending periodicity
in periodicity experiments, respectively), the centres of gravity P0,
P1, ¼, Pn-1 for each stimulus representation formed a series of
corresponding points with interpoint distances d1, d2, ¼, dn±1 along a
contour C on the cortical surface (Fig. 4A). For each point Pi along C,
the Euclidean distance ri between Pi and the ®rst point on C (P0) was
plotted vs. the arc length
li 

i
X

dj for i  1; : : : ; n ÿ 1

j1

from P0 to Pi along the contour. Both Euclidean distances ri and arc
lengths li were normalized to the total length of C. If stimuli S0, S1,
¼, Sn±1 were mapped along a straight contour (Fig. 4B, blue) this
plot should result in the linear function r = l (Fig. 4C, blue). For any
curved contour, this plot should indicate smaller distance values ri for
corresponding arc lengths than those that lie on the linear function
r = l. In particular, if the curvature is such that C curves back into the
geometrical neighbourhood of P0 (Fig. 4B, red), the Euclidean
distances ri should converge to values near zero as the normalized arc
length li approaches the value 1.0 (Fig. 4C, red). The data pairs (li,ri)
obtained in tonotopy as well as periodicity experiments were ®tted to
both a linear (af®ne) function r(l) = a + bl and a quadratic function
r(l) = a + bl + cl2. Parameters a, b and c were chosen to minimize
the residual sum of squares between data and model. Experiments
were compared on the basis of the ®tted parameters a, b and c and the
goodness of the ®ts.
The results of this analysis are shown in Fig. 4D in which plots of
Euclidean distances ri vs. arc lengths li are illustrated for both the
tonotopy (blue) and periodicity (red) experiments. Measured data are
shown by dashed curves; the linear ®t for the tonotopy data (blue) and
the quadratic ®t for the periodicity data (red) are shown as continuous
curves. Table 1 summarizes the results of the statistical analysis of
both ®ts to both tonotopy data and periodicity data. For each ®t, the
values given are the coef®cient of determination R2, which provides a
®rst means to estimate the goodness of ®t, the F-value and the
degrees of freedom of a statistical comparison (ANOVA) of the model
with a model involving only a constant term, as well as estimators of
the model's coef®cients (a, b, c), together with their corresponding tvalue and attainable signi®cance levels (e.g. Press et al., 1988). It is
obvious from this analysis that the linear model provides a good ®t to
the tonotopy data (coef®cient of determination R2 = 0.84) but not to
the periodicity data (R2 = 0.23). The inadequacy of the linear model
for the periodicity data can also be inferred from a statistical
comparison (ANOVA) of the linear model with a model involving only
a constant term. This comparison yielded an F-value (F66 = 19.04)
much smaller than the degrees of freedom (66), a result which is
indicative of the inadequacy of the linear model for the periodicity
data. Also, the meaningful result of a constant term close to zero was
only yielded by the linear model and not by the quadratic model. The

FIG. 5. Scheme of spectral and temporal representations of AM tones in the
gerbil AI. Top, waveform (amplitude over time) and spectrum (amplitude
over frequency) of an AM signal. The modulation frequency fm,
corresponding to the envelope of the waveform (dashed red line), is not
found in the spectrum. Below, diagram of the auditory ®elds in gerbil
cortex (adapted from Thomas et al., 1993) with a schematic drawing of the
circular periodicity map superimposed on the linear tonotopic map
illustrating the topographic representation in AI of an AM stimulus used in
our study (high fc, low fm). Note that the periodicity map is bigger than
sketched in this ®gure (cf. Figs 1 and 2). The spectrum of the stimulus is
represented rostrally as isofrequency contours in the high-frequency part of
the tonotopic map (blue bands), whereas the periodicity of the stimulus (red
sector) is represented in the periodicity map, which is centred in the
dorsocaudal low-frequency region. The geometry of the linear tonotopic
gradient is denoted by the blue dashed arrow and the horseshoe-like,
circular periodicity gradient by red dashed arrow. AAF, anterior auditory
®eld; AV, V, D, DP, and VP, secondary auditory ®elds; d, dorsal; r, rostral.

periodicity data were successfully ®tted by the quadratic model as
indicated by the variance analytic comparison with a constant term
model (F66 = 105.76). The model was able to reproduce the vanishing
constant term a and yielded estimates for b and c, signi®cantly
different from zero. As the tonotopy data could be ®tted already by
the linear model, the quadratic model consequently was also
appropriate to ®t these data (F42 = 109.23), but with the quadratic
factor c not signi®cantly different from zero. Hence, this analysis
demonstrated the appropriateness of the linear model for the
tonotopic organization and the requirement of at least a quadratic
model for the periodotopic organization of the maps in AI. Whilst the
®rst result is in agreement with earlier data (Thomas et al., 1993;
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Hess & Scheich, 1996) the latter result revealed a circular, horseshoelike topography of the periodicity map which was previously not
revealed.

Discussion
In this report we describe the superposition of the representations of
two important parameters of sound, frequency and periodicity, in the
primary auditory cortex of the gerbil (cf. Fig. 5). Although AM with
only one fc was used to describe the circular map, it is likely that
periodicity is indeed the stimulus parameter represented. Earlier
electrophysiological studies (Schulze & Langner, 1997, 1999)
showed that changes of BPs by variation of fc are only small and
nonsystematic. Speci®cally, it was found that across units the BP
could increase or decrease with increasing fc, and that the direction of
BP change varied nonsystematically among closely neighbouring
units. In extrapolation of these data no qualitative changes to the
overall map organization as revealed by the ORIS technique are
expected.
The circular geometry of the periodicity map is unexpected
because the parameter represented is not cyclic. The functional
explanation for such a map may lie in the geometry of the
topographic stimulus representation which, it is generally postulated,
affects the neuronal computations that can be carried out within a
map (Nelson & Bower, 1990; Scheich, 1991; Goodhill & Sejnowski,
1997). If so, our results indicate that the optimal algorithms required
to process periodicity information differ from those optimal for
spectral analysis. Given suitable connectivity between neurons, a
horseshoe-like, circular arrangement of best-stimulus representations
could facilitate several types of interaction that are not possible in a
linear map. For example, the proximity of best-stimulus representations across the centre of the map would allow neurons representing a
certain value of a stimulus, such as periodicity, to make equivalent
interconnections with neurons representing all other values of that
parameter. Such a pattern of interconnections could facilitate
computational algorithms for which synchronous interactions between arbitrary distances in the parameter space are critical (see
below).
On the basis of these considerations we put forward the hypothesis
that one possible functional interpretation of the circular geometry of
the described periodicity map may be that such a map geometry could
provide a pattern of interconnections that facilitates the extraction of
a particular value of the represented parameter from a mixture of
other values by a neuronal implementation of a `winner-takes-all'
algorithm (Haken, 1991; Schmutz & Banzhaf, 1992; Waugh &
Westervelt, 1993). This would be in addition to the lateral interaction
mechanism thought to operate in linear topographic maps, where only
the contrast between neighbouring neurons (and stimulus representations) is enhanced. In this sense, the map of amplitudes composed
of two facing half-cycles of amplitude representation in the auditory
cortex of the mustached bat (Suga, 1977) and the pinwheel-like
arrangement of the iso-orientation domains in the visual cortex
(Bonhoeffer & Grinvald, 1991) may also be substrates for a winnertakes-all computation, a hypothesis that to our knowledge has not
been tested.
The identi®cation of individual signals from a mixture is a
common task for the auditory systems of all vocalizing species
(Bodnar & Bass, 1999). Gerbils are social animals living as family
groups in elaborate burrows, with many such groups in the vicinity
Ê gren et al., 1989). They have a rich
(Thiessen & Yahr, 1977; A
repertoire of vocalizations, including a group of alarm calls one of
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which is characterized by harmonic spectra with periodicities in the
range represented in the map reported here (Yapa, 1994). There,
harmonics are in a narrow band (20±26 kHz) with a periodicity
around 2 kHz, very similar to the AM stimuli we used in our study.
A `winner-takes-all' algorithm operating in a circular, horseshoelike periodicity map as suggested above that extracts a stimulus with
one particular periodicity out of a mixture of stimuli with different
periodicities might therefore already be useful for the gerbil to
distinguish between different individuals vocalizing within a group.
Analogously, the same mechanism might be used by humans to
extract the periodicity (fundamental) of a speaker's voice out of a
mixture of different speakers (cocktail-party effect; Cherry, 1953;
von der Malsburg & Schneider, 1986; Yost & Sheft, 1993). Whether
a secondary area in human auditory cortex which was shown to be
involved in foreground±background decomposition (Scheich et al.,
1998) uses a similar map for extracting the periodicity (fundamental)
of a speci®c speaker's voice in noisy situations remains to be seen.
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