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undulatus): Effects of tone duration and tonal context
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Studies of frequency resolving power in budgerigdglopsittacus undulatysave shown that this
species has excellent discrimination abilities for both simple and complex sounds falling in the
region of 2 to 4 kHz—the frequency range of their contact call. In four experiments, frequency
discrimination by budgerigars of short tones similar to elements found in the contact call was
examined. Frequency difference limgfLs) for simple pure tones at 2.86 kHz were constant for

tone durations above 20 ms but higher for shorter tones. Budgerigars generally showed larger FDLs
for shorter duration 1-, 2-, and 4-kHz pure tones. FDLs in budgerigars for 20-ms tones embedded
in a sequence of six other tones were similar to FDLs measured for tones of the same frequency
presented in isolation. Moreover, there was no effect of introducing trial-by-trial variation in the
location of the frequency change in the seven-tone complexes for budgerigars, a condition for which
humans showed a large decrement in performance. Taken together, these results suggest budgerigars
possess enhanced spectral resolving power for short duration pure tones when they are embedded in
contact call-like tonal patterns. @000 Acoustical Society of Amerid&0001-4966)0)00505-]

PACS numbers: 43.66.Gf, 43.80.[[WA]

INTRODUCTION guences of tones within patterns. By studying these factors in
a particular frequency discrimination paradigm, we hoped to
BudgerigargMelopsittacus undulatysre small Austra-  determine whether budgerigars have a particular species-
lian parrots that show remarkable vocal plasticity and vocakpecific advantage in perceiving small frequency changes in
learning throughout life. The dominant vocalization in their stimuli that closely resemble their contact calls. In a first
repertoire is a highly stereotyped, frequency modulated conexperiment, frequency difference lime6DLs) for pure
tact call about 150-200 ms in duration with most of thetones at 2.86 kHz were measured at durations ranging from 5
spectral energy concentrated in the region of 2-4 Btzol-  to 160 ms. In a second experiment, FDLs were measured for
ing, 1986; Farabaugh and Dooling, 199&everal experi- very short tones at three additional frequencies between 1
ments have described the important features that budgerigagad 4 kHz. Although FDLs for simple pure tones have been
use when listening to and discriminating among contacteported for budgerigar€Dooling and Saunders, 197&nd
calls. These features are primarily spectral and include peagther birds (Gray and Rubel, 1987; Kuhret al, 1980;
frequency, rate of frequency modulation, and concentratiom_angemann and Klump, 1992; Quine and Konishi, 1974;
of spectral energyBrown et al, 1988; Doolinget al, 1987.  sjnnottet al, 1980, the relation of FDL to duration has yet
Budgerigars maintain nearly perfect performance on an ideng pe systematically examined in birds. In humans, there is
tification task involving contact calls even when these callsyy, increase in EDL with decreasing tone duration for tones
are temporally or spectrally distorte@Park and Dooling, pelow 4—5 kHz(e.g., Moore, 1978 These results suggest
1985, 1986, just as humans can recognize speech soundgat FDLs for low-frequency tones may be determined by
under adverse condition¢French and Steinberg, 1947; temporal factorgfor a review, see Moore, 199.7Since bud-
Miller, 1981). These results on the perception and recogni-gerigars excel in some aspects of temporal processing, they
tion of contact calls are supported by a variety of other exyight show an enhanced ability to detect frequency changes,
periments using simple sounds, which show that these birdéspecially for tones of shorter duratihmagaiet al, 1997;
have excellent frequency resolving power in the spectral repentet al, 1999: Lohr and Dooling, 1998
gion of 2—4 kHz(Dooling and Saunders, 1975; Okanoyaand  Finally, the third and fourth experiments examine audi-
Dooling, 1987. tory pattern perception by budgerigars. In an approach mod-
The experiments reported here further explored the abilg|eq after a series of human experiments using word-length
ity of budgerigars to discriminate spectral changes in simplggyn g patternéWatsonet al, 1975, 1976, we examined how
pure tones and contact call-like stimuli am_j cor_np_ared thesgg| budgerigars could “hear out” a small frequency change
results with those from humans tested with similar procey, specific temporal locations of contact call-length tonal pat-
dures. In humans, a number of stimulus factors influencgs ns. Watsoret al. (1979 reported that human listeners’
frequency discrimination abilities, and many of these stimuiscrimination of a small change in one tone embedded
lus characteristics are present in the budgerigar contact calitnin a sequence of other tones was affected by the target
These include differences in durations, frequencies, and sgse's frequency and temporal position within the pattern,
and the listener's knowledge of when the changes would
dElectronic mail: dooling@psyc.umd.edu occur. Specifically, frequency changes in targets low in fre-
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guency relative to the surrounding components, and in tarthese experiments to ensure that stimulus levels remained
gets occurring at the beginning of the tonal pattern, wereconstant and the entire system was functioning appropriately.
harder to discriminate than other target tones. Equally as
important to discrimination performance, however, was the
degree of the listener's knowledge about the target and thg'
tonal pattern. High levels of uncertainty as to when the  The birds were trained by a standard operant autoshap-
change in the target pattern would occur resulted in pooing program to peck at the left microswitch kégbservation
target-tone frequency discriminatidiVatsonet al, 1976.  key) during a repeating background. After a random time
Espinoza-Varas and Wats¢1989 discussed the importance interval of 2—-7 s, a new stimulus was presented alternately
of central processes in the auditory-perceptual representatiomith the background sound. If the bird pecked the right mi-
of sounds. They suggested that, for complex patterns, peripleroswitch and LED(report key within 2 s ofthis alternating
eral receptors probably do not impose the greatest limitationpattern, the food hopper was activated for 2 s. A failure to
on performance. Rather, central processes such as attentigreck the report key withi 2 s of sound alternation was re-
learning, and memory capacity play large roles in these diseorded as a miss and a new trial sequence was initiated. The
crimination abilities. Such central capacities may shed somdependent variable in these experiments was the percent cor-
light on auditory processing that differs between humans andect responses on trials involving an alternating sound pat-
birds. tern. Thirty percent of all trials were “sham” trials in which

In the present experiments, we compared budgerigarthe target sound was the same as the repeating background
and humans on the discrimination of call-length tonal patsound. A peck to the report key during a sham trial was
terns under several conditions. First, tonal patterns were comecorded as a false alarm, and the lights in the test chamber
structed where each tone was 2.86 ktze frequency of were extinguished while the repeating background contin-
best hearing for the budgerigaNext, tonal patterns were ued. The length of this time-out period was normally 5 s, but
constructed with component frequencies varying from 1—4varied (up to 9 9 according to the bird’s behavior. Longer
kHz assembled in a random order. Subjects were tested utime-out periods were instituted if the birds began develop-
der conditions in which the temporal location of the fre-ing higher false alarm rates. Sessions with a total false alarm
guency change was the same from trial to tflalv uncer- rate of 16% or higher were discarded. About 10% of all
tainty) and conditions where the location of the frequencysessions across birds were discarded for this reason.
change was randomized on a trial-by-trial basigh uncer- Stimuli were presented according to the Method of Con-
tainty). Comparing the performances for budgerigars and hustant Stimuli(Dooling and Okanoya, 199%n 5-Hz (experi-
mans in the low uncertainty and high uncertainty conditionaments 1 and Ror 10-Hz stepgexperiments 3 and)4with
provides some indication of the degree to which attentionfrequency values selected to bracket the presumed threshold.
like factors contributed to the thresholds reported here. At the conclusion of testing, psychometric functions were
constructed and thresholds were defined in several ways, in-
cluding the frequency difference that the bird detected 50%
of the time (unadjusted thresholdthe frequency difference
I GENERAL METHODS detected 50% of the time adjusted by the false-alarm rate
A. Testing apparatus (adjusted threshold; Hierat al,, 1977; Sinnotet al, 1980,

The birds were tested in a wire cag@8x25x16 cm and the frequency difference resulting irda of 1.5 (Dool-
mounted in a sound-isolation chamiléndustrial Acoustics ing and Okanoya, _1995;_ Green and Swets, .1966; Penner,
Company, IAC-3. A response panel consisting of two mi- 1999. There was little difference between adjusted, unad-

croswitches with light-emitting diodeé EDs) was mounted justed, andd’ threshold yalues, so adjusted thresholds were

on the wall of the test cage just above the food hopper. Thé'sed for all data analysis.

microswitch was tripped by the bird pecking the LED. The

left microswitch and LED served as the observation key||. EXPERIMENT 1

while the right microswitch and LED served as the report i )

key. The behavior of the animals during test sessions was N the first experiment, FDLs were measured for pure

monitored by a video camera systéBony HVM-322. tones of dlffe_rent_ durations. The frequency of aII_tones was
An IBM 486 computer controlled test sessions. Pure?-86 kHz, which is the frequency of best hearing in budgeri-

tones were generated digitally at 20 kHz and output throug9ars-

Tucker-Davis modules to a speak@EF Electronics, Hol-

liston, MA, model 80¢ mounted 36 cm above the perch in A- Methods

the testing cage. Tones were output at an intensity of 65 dB .

SPL at the location of the bird’s head. Stimulus calibration® Subjects

was performed using a General Radimodel 1982 sound- Three adult budgerigaréwo males and one female

level meter. Stimulus intensities were measured with the miwere used as subjects. The birds were kept on a normal day/

crophone(1/2 in attached to the sound-level meter via a 3-mnight cycle correlated with the season at approximately 90%

extension cablein front of the response keys in the approxi- of their free-feeding weights. Three humaiome male, two

mate position occupied by the bird’'s head during testingfemale$ were also tested in this experiment, to allow com-

Stimulus intensities were calibrated several times duringarison with earlier studies using humans. None of the sub-

Training and testing procedures
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FIG. 1. Mean FDLs for three budgerigafslosed trianglesand three hu-
mans(closed circles for 2.86-kHz pure tones of different durations. Error using different procedureg&reyman and Nelson, 1987; Hall
bars are standard errors. Each data point represents 200 trials and is plottggld Wood. 1984: Hartmanet al. 1985 Henning 1970
as Weber fractionF/F x 100) by duratior(ms). The gray area represents . ' ' ' ' N
the range of data on humans from previous experiments using slightly dif-Moore’ 19_73’ Turnbull, 194)4}The results folr t_he humans in
ferent stimuli and procedurdsee text for referencis our experiments at all durations fall well within the range of

results in other experiments on humans. For both humans

jects reported a history of hearing disorders, and all werénd budgerigars, FDLs are relatively constant for tone dura-

researchers at the University of Maryland working in thetions longer than 20 ms but worsen considerably as tone
laboratory at the time of the experiment. duration decreases below 20 ms. A two-way repeated mea-

sures analysis of variance shows no differences between the

FDLs of budgerigars and humahg(1,5)=0.37, p>0.05].

For both species, there was a significant difference among
All stimuli in this experiment were 2.86 kHz pure tones durations[F(5,25)=27.73, p<0.05] with higher FDLs oc-

with 2-ms rise/fall times(shaped with a cosine functibn  curring at shorter tone durations. The interaction between the

The tones were 5, 10, 20, 40, 80, and 160 ms in duratiofyo factors was not significarfiF (5,25)=1.65, p>0.05],

(including the rise/fall times FDLs were measured for a and there were no differences between the budgerigars and
minimum of 300 trials at all durations in a random order, andthe humans at any of the specific tested durations.

a different random order was used for each bird. In a first set

of tests, the tones were presented at a peak sound pressuile EXPERIMENT 2
level of 65 dB SPL as measured by the General Radio sound-
level meter. In asecon(_j set of tests,.the intensities of the pure: 1 ast hearing, budgerigars exhibit FDLs that worsen as a
tones of different durations were adjusted to be of equal eMin

ding to the budaeriaar’s lint tion f ction of decreasing tone duration below 20 ms. Experi-
€rgy according to the budgengars temporal INNegration tunC,q 5 tested whether this result was typical of other fre-
tion (Dooling and Searcy, 1985b

; - uencies within the budgerigar’s range of hearing.
Humans were tested with similar procedures as theq geng 9 9

birds, except that they listened to the stimuli over earphoneé. Methods

(AKG type K-240 ,D,F) and pressed keys on a hand-helq CON- The specific methods and procedures were similar to
trol rather than hitting the LEDs attached to mlcroswnchesthoSe used in experiment 1. Two of the three budgerigars
on the birds’ response panel. Human subjects were tested fﬂrom experiment Lone male and one femalevere used as

100 trials at all tone durations. Tones were presented at é‘ubjects. The stimuli in this experiment were 1-, 2-, and
comfortable listening levefabout 65 dB SP).as measured 4-kHz pure tones. FDLs were measured for a minimum of

by the General Radio sound-level meter. 300 trials at each duration. The tones were 5, 10, and 20 ms
. . in duration (including the 2-ms rise/fall timgsFDLs were
B. Results and discussion measured in a random order and a different random order

The data from the constant SPL and the energy-adjustef@S used for each bird. The tones were presented at a peak
SPL experiments were not significantly differert(42) sound pressure level of 65 dB SPL as measured by the Gen-
—2.02,p>.05, by a two-tailed pairetitest, so the results for ©€ral Radio sound-level meter.
both tests were combined for all subsequent comparisons,
Figure 1 shows the mean FDLs as a function of tone duratio
for three budgerigars. These results are compared with the Figure 2 shows mean FDLs for two budgerigars at three
results from our humans tested using similar procedures usatlrations and three frequencies. In general, FDLs at 1 and 4
to test the birds and with the range of published data reportekHz are worse than FDLs at 2 kHand 2.86 kHz, see Fig.
on humans tested by other investigators in other laboratoriek), consistent with previous results from this spediesol-

2. Stimuli and procedure

The previous experiment showed that at their frequency

. Results and discussion
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ing and Saunders, 19Y.5As tone duration decreases from 20 Constant Ereguency Pattermn '
to 10 ms, FDLs increase at all three frequencies, similar to 293 adency =
the results of experiment 1 for 2.86 kHz. For the 5-ms tone 5 29 =
burst duration, however, the situation is somewhat more\E/ 291+ =
complicated. At 1 kHz, the mean FDL for the 5-ms tone is z 2.90 ==
much worse than it is for the tone duration of 10 ms. For the § 2.89 | — |
2-kHz tone burst, however, the mean FDL for the 5-ms tone qg)- 288 L —
is similar to the mean FDL at 10 ms. Surprisingly, for the T ,g7] —_ |
4-kHz tone burst, the mean FDL at 5 ms is much lower than ;oo 0 o o e — —— —
the mean FDL for the 10- or 20-ms tone burst durations. In , . , , ,
other words, FDLs improve with increasing frequency for 0 50 100 150 200
short duration tones. Time (ms)

In humans, the effect of frequency on FDLs has been the . . . : . . .
subject of considerable investigation over.the.ye.(aeg, for a5l Blzg%gﬂggf; ég‘?soag}f  fure }g;g)) { e
example, Moore, 1973 In general, the discrimination of ® Humans >
pitch may involve time-based mechanisms for frequencies 3.0 -0 Budgerigars 184 g
below 5 kHz and place-based mechanisms at higher frequen 2 25} 170 2
cies, with some perturbations evident in the transition from E 20| lss S
time-based to frequency-based mechanisWsore, 1973. L 15l ¢ ° lao E
In addition, there is the possibility that loudness cues influ- < ] T
ence FDLs measured at high frequencies where absolute ser 10 ;wo_\_o_; 8 =
sitivity is decreasing at a rapid ratelenning, 196& In bud- 05 114

gerigars, for instance, the budgerigar audiogram shows a los:

4 5

of sensitivity of about 50 dB/octave at frequencies above 4
kHz. Finally, for very short duration tonés ms where the
rise/fall times(2 mg are a significant fraction of the stimulus Fg. 3. The top panel is a schematic of a frequency-constant tonal pattern
duration, there is always the possibility that small amounts ofvith examples of seventh position changes. The closed rectangles represent
spectral splatter could influence thresholds differentiallythe constant frequency pattern. During a session measuring the FDL for the

. . . 7th position, the 7th tonal element is randomly replaced with one of the
across fr_equenmes_. Smce_mUCh less is known about the pSNi_gher tonal element®pen rectanglgon any given trial. The bottom panel
chophysics of hearing in birds compared to humans, some Ghows FDLs for a 2.86-kHz frequency tonal pattern. The mean of two birds

all of these factors may be relevant to the differences irfopen circles and two humangclosed circlesis represented by frequency

EDLs across frequency at 5 ms for our birds in Hz (right axi9 and Weber fractionfleft axis). The dashed line represents
| L th h. th Its for bud s I Fudgerigar FDLs for a 200-ms pure tone of the same frequency in isolation
n general, ougn, € results 1or puagerigars paralie from Dooling and Saunders, 1975

those reported for humans at durations above about 10 ms.
These re;ults are |mportant for understanding the design ‘}f Stimuli and procedure

the following experiments, where FDLs of short tones are o i )

measured in an acoustic context of other short tones—  The stimuliin this experiment consisted of a sequence of
mimicking a natural contact call produced by this species. S€ven 2.86-kHz pure tones, each 24-ms Ingluding 2-ms
rise/fall timeg, with a 5-ms intertone silent interval. The
birds’ FDLs were measured for each tone in the seven-tone
pattern. The patterns were presented at 65 dB SPL. Figure 3

The previous experiments showed that for durations(tOp) shows a schematic diagram of the fixed-frequency tonal

above 10 ms, budgerigars and humans show roughly simildrattern and an example of one tone selected as the target. In

patterns of FDLs across durations and across frequencies. JAiS €xample, seven target patterns are shown in which the

experiment 3, we explored the effects of a surrounding tonalf€duency of the seventh component was changed in 10-Hz

context on discrimination of frequency change if24-mg ~ StePS: FDLs were obtained for one compongaussition in
tone burst. In this experiment, the FDL was measured fthe pattern before another component was tested. This pro-

short pure tones embedded in a pattern whose total duratidfgdure was followed until all seven positions of the pattern

was 198 ms. This is about the duration of naturally producedVere tested in a random order.
tonal contact calls of budgerigars. Humans were tested with similar procedures as the

birds, except that they listened to the stimuli over earphones

and pressed keys on a hand-held control rather than LEDs on
the birds’ response panel. The humans were tested on three
positions of the fixed-frequency tonal pattern.

Target Tone Position

IV. EXPERIMENT 3

A. Methods

1. Subjects

Two adult budgerigargboth maley and two humans
(one male, one femalavere used as subjects. Neither of the
human subjects reported a history of hearing disorders, and Mean FDLs for the two budgerigars are shown for all
both were working in the laboratory at the time of the ex-seven temporal positiond=ig. 3, bottom. FDLs for these
periments. short tones embedded within a sequence of like-frequency

B. Results and discussion
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tones are as good as FDLs for simple tones of the same

Variable Frequency Pattern Variable Frequency Pattern —

overall duration(i.e., 200 m$ (Dooling and Saunders, 1975 4.0 - Low Uncertainty == -| [ High Uncertainty -1
Weber fractions AF/FX100) for the budgerigar have a § 350 - {t— = .
mean of 0.7 across all positions. In fact, Weber fractions for < 30 | e - _

1]

20-ms pure tones of the same frequency presented in isoIa§ 25l
tion (see experiment)lare the same as those for the 20-ms 2
tones embedded in the patterns used in this experiment. The¢2
results for the humans differ from those of the budgerigars,

ue
0

20}

LI
I
|

=
15+ -—

—=

but the trends are similar to those from earlier experiments. 10 ¢, ) , - A L s . . ]
Watson and his colleagues found that thresholds for dis- 0 % 100 180 200 0 80 100 150 200
crimination of tones earlier in émixed-frequencytonal pat- Time (ms)

tern were higher than those occurring later in the patte”l‘—'lG. 4. Schematic of a variable frequency tonal pattern in the low uncer-

(Watsonet al, 1975. Here, humans tested on tonal patternstainty (left pane) and high uncertaintyright pane) conditions(closed rect-
had Weber fractions ranging from 1.6 to 2.3, depending orangles. During a_Iow uncertainty session measuring the 2nd position FDL,
the position of the Change Experiment 1 showed that FDnge second tone is replaced by a tone of higher frequéney of the open

) . . ectangles During the entire low uncertainty session, changes will occur
for humans tested O.n tones OT 2.86 kHz with a duration of 2 nly at that position. Examples of seven possible changes in a high uncer-
ms had Weber fractions ranging from about 0.3 to 1.2. FDLSainty session are shown by the open rectangles in the right panel. Here, the
for tones embedded in the tonal patterns were higher thaghange can occur in any of the positidepen rectangles, right panéfom
those for simple pure tones for humans but not for budgerif@ to trial in the session.

gars.
dition. Thresholds for each frequency were obtained by av-

eraging across all three variable tone patterns.

In the low uncertainty conditior(Fig. 4, lef), FDLs

The previous experiment showed that budgerigars wergere measured for a single component within the pattern in
as good at discriminating frequency changes in pure tonegach session. By repeatedly testing the bird with the stimulus
embedded in complex tonal patterns as they were at discrimthange occurring in the same temporal and spectral location,
nating frequency changes in tones presented in isolationhe bird could know “where to listen” for a frequency
This experiment measured FDLs for pure tones embedded ighange in the repeating tone pattern. In other words, since
tonal patterns again, but this time the tonal patterns wergial-to-trial changes occurred in the same location in the
further modified to mimic some of the spectral characteristonal pattern, the birds should be able to focus on a particular
tics of the contact calls of this SPECiES. That iS, the CompOSegment and a particu|ar frequency_ Humans |istening in a
nents of the patterns were now varied in frequency, and thgimilar low uncertainty stimulus condition are thought to use
target tone to be discriminated was embedded within thisheir knowledge of the target location to focus their auditory
varying-frequency pattern. Further, FDLs were measured fogttention and reduce interference from surrounding tones
each component of tonal patterns where the position of thewatsonet al, 1976. On the other hand, in the high uncer-
target tone varied from trial to trial to assess the role oftainty condition(Fig. 4, right the location of the frequency
experimental uncertainty and possible attentional factors ighange in the pattern varied on a trial-by-trial basis. Watson
these experiments. et al. (1976 suggested if a listener cannot know from one
trial to the next where in a multitone pattern a change is

V. EXPERIMENT 4

A. Methods . . s
going to occur, they cannot focus attention on a specific lo-
1. Subjects cation within the pattern, and instead must distribute atten-
The budgerigars and humans in this experiment were th#on across all components. A comparison of FDLs in low
same as those used in experiment 3. and high stimulus uncertainty conditions should reveal the
role of “attention” in complex pattern perception in these
birds.

2. Stimuli and procedure . o
Humans were tested with similar procedures as the

The stimuli in this experiment consisted of a sequence Ofjrqs except that they listened to the stimuli over earphones
seven pure tones, each 24-ms ldigluding 2-ms rise/fall = 54 pressed keys on a hand-held control rather than LEDs on
times, with a 5-ms intertone interval. The seven-tone Pat-the birds’ response panel. The humans were tested on all

terns were constructed so that each tone was of a differenf,itions of one of the variable frequency patterns under
frequency, ranging from 1 to 4 kHz, in 500-Hz steps, andy gy the low and high uncertainty conditions.
arranged in a random ordé&ee Fig. 4. The frequency spac-

ing of the tonal components exceeded the critical bandwidt% Results and discussion

of the budgerigars at all frequenci€Booling and Searcy, '

1979; Saunderst al,, 1979. Each bird was tested on three Discrimination of the variable-frequency tonal patterns

different variable tone patterrigo account for positional and was more difficult than discrimination of the fixed frequency

frequency effects of the tonal componentach with a dif-  patterns for both birds and humans, under both low and high
ferent random temporal ordering of the seven tones. FDLsincertainty conditions. For birds, Weber fractions were

were measured for each tone in these patterns in randosomewhat larger below 2 kHz and relatively constant be-
order, in both a low uncertainty and a high uncertainty contween 2.5 and 4 kHZsee Fig. %, which is similar to the
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Homans T T ' ' ' ' short tones was in the region of 2—3 kHz for budgerigars,
m  Low Uncertainty and similarly in humans, the lowest FDLs were at 2 kHz
6 O High Uncertainty b (Moore 1973

5| -'“—gge—t%ﬁncenaimy i Experiment 3 showed that as the complexity of the ex-
O High Uncertainty perimental situation increases, humans showed decrements
‘8 al i in performance while the birds were much less affected. In
= this minimal uncertainty pattern perception task, the context
E 3t . of the components being measured did not change from trial
< to trial (all tones were the same duration and frequernd
2r . neither did the temporal position of the target. In budgerigars
tested under these conditions, FDLs for pure tones embedded
1+ 7 in a sequence of like-frequency tones were the same as FDLs
for simple short tones presented in isolation.
10 15 20 25 30 35 40 Humans, on the other hand, may have experienced some

temporal masking in this situation because they were not
able to discriminate changes in these tones embedded in the
FIG. 5. Mean FDLs for the variable frequency tonal patterns are plotted apatterns as well as they could for the same tones presented in

Weber fractions by frequencikHz) for two birds and two humans. The jsq|ation. There is evidence that considerably less masking
budgerigars ran on three different variable frequency tonal patterns under

both the low uncertaintyclosed circlesand high uncertaintyopen circleg ~ OCCUIS for bUdg.e”garS in nonsimultaneous masking experi-
conditions. The humans ran on one variable frequency tonal pattern undénents where birds demonstrate a much greater frequency

both the Iovy_uncertainw(closed squargsand high uncertainty(open selectivity than humangDooling and Searcy, 198%5aAl-
squares conditions. though these experiments involved detection, the same
mechanisms may also be affecting discrimination abilities
results from Watsoet al. (1979 in humans. The humans in and this may explain why the budgerigars were not as af-
this study had Weber thresholds that were generally largefiected as the humans were by the complexity of this fre-
than those of budgerigars with thresholds that were relativelyjuency discrimination task.
constant at the lower frequencies but somewhat higher at 4 Experiment 4 added another level of task complexity.
kHz (a result opposite of that reported by Watsenal,  This experiment tested birds and humans on tonal patterns
1975. consisting of tones of different frequencies. This increased
A two-way repeated measures analysis of variance comhe uncertainty levels but only slightly increased the thresh-
pared results from humans and budgerigars at the low anglds compared to experiment 3. The similar thresholds in
high uncertainty conditions. Both the species factorexperiment 4 clearly show that the context of the tones has
[F(1,52)=15.82,p<0.05 and the level-of-uncertainty fac- only a minor effect on frequency discrimination in budgeri-
tor were significanfF(1,52)=4.54,p<0.09]. That is, bud-  gars. When the surrounding context varies along the same
gerigars were significantly different from humans and thedimension as the dependent variable, budgerigars have only
low uncertainty condition was significantly different from sjightly more difficulty ignoring the context. Moreover, the
the high uncertainty condition. A subsequent two-tailed,tasks in experiment 4 ranged from low uncertainty, where
paired Sample-test on the individual SPECieS at each Condi'the FDL being measured was a|WayS in the same position
tion showed that budgerigar FDLs between the low uncerfrom trial to trial, to high uncertainty, where the FDL being
tainty and high uncertainty conditions were not significantlymeasured could be in any position from trial to trial. Surpris-
different [t(13)=0.74, p>0.05], while the human FDLs ingly, the budgerigars, in contrast to humans, were com-
were significantly different between the two conditions pletely unaffected by the manipulations of uncertainty level.
[t(13)=4.28,p<0.05]. Thus not knowing where the change  One interpretation of the present results is that budgeri-
was going to occur from trial to trial affected a human’s butgars can listen in an analytic mode even under high uncer-
not a.budgerigar's ability to discriminate frequency changeqainty conditions where humans cannot. For instance,
in a single component of these complex tonal patterns. Espinoza-Varas and Wats¢1986 suggest that one effect of
increasing the level of uncertainty in humans is that they
switch from an analytic mode of listeniri@pcusing attention
on specific components while ignoring othets a synthetic
Experiments 1 and 2 showed that the frequency dismode of listening(a multiple-channel mode of listening
crimination abilities of budgerigars for simple pure toneswhere the listeners focus on how the components are re-
were similar to those found in humans. The FDLs were relalated. Perhaps budgerigars do not switch listening modes in
tively constant for long duration pure tones above 20 ms anthe same way as humans.
increased as tone duration decreased below 20 ms. The FDLs Another interpretation for the species differences in
reported here for both budgerigars and humans fell withirthese experiments comes from results of several studies on
the range of data from humans previously tested using difhumans, which suggest that different processes mediate fre-
ferent proceduregFreyman and Nelson, 1987; Hall and quency discrimination in low- versus high-frequency re-
Wood, 1984; Hartmanet al, 1985; Henning, 1970; Moore, gions. Temporal coding may be more important at low fre-
1973; Turnbull, 194% The best frequency discrimination for quencies, while tonotopic organization is more relevant at

Frequency (kHz)
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higher frequenciegsee Proseret al, 1989 for a review Dent, M. L., Dooling, R. J., and Leek, M. R1999. “Perception of har-

Coding in birds is somewhat less certain than in mammals, monic complexes in budgerigatdlelopsittacus undulatys’ J. Acoust.

; oc. Am.105 1319.
but recent experiments suggest that some aspects of tempoE)%?oling, R. J.(1986. “Perception of vocal signals by budgerigdidelop-

processing in birds may be_ better than that found in humansgacus undulatus’ Exp. Biol. 45, 193-216.

(Dooling et al, 1999. For instance, budgerigars show an pooling, R. J., Leek, M. R., and Dent, M. (1999. “Temporal resolution
enhanced ability to discriminate between two harmonic com- in birds and the perception of complex sounds,” J. Acoust. Soc. ¥08,
plexes with identical envelope shapes that differ only in tem-_1109.

] Dooling, R. J., and Okanoya, K1995. “The method of constant stimuli in
poral fine structuréDentet al, 1999. As another example, testing auditory sensitivity in small birds,” iiMethods in Comparative

in discriminating silent temporal gaps in sinusoidal markers, psychoacousticedited by G. M. Klump, R. J. Dooling, R. R. Fay, and W.
budgerigar performance was relatively unaffected by a fre- C. StebbingBirkhauser Verlag, Basel, Switzerlangp. 161-169.
quency change in the tonal marker following the gap, whilePooling, R. J., Park, T. J., Brown, S. D., Okanoya, K., and Soli, S. D.
humans show large decrements in performance as the sep 1987). _Perceptual organization pf acc?’ustlc stimuli by budgerigars
. .. . Melopsittacus undulatysll. Vocal signals,” J. Comp. Psyci01, 367—

ration between the markers exceeds the critical bandwidthyg,
(Amagai et al, 1997. Finally, both budgerigars and zebra Dooling, R. J., and Saunders, J.(@975. “Hearing in the parakeeiMelop-
finches are much better than humans at detecting the mistunsittacus undulatus Absolute thresholds, critical ratios, frequency differ-
ing of single components in a harmonic complé&ohr and ence limens, and vocalizations,” J. Com‘|‘o. Phy5|ol: Psycﬁ&l.l—zq._
Dooling, 1998. If the transition from temporal to tonotopic Dooling, R. J., and Searcy, M. H1979. "The relation among critical

1 g_’ e X i p P ratios, critical bands, and intensity difference limens in the parakeet
coding is different in budgerigars, and they do have better (velopsittacus undulatog' Bull. Psychon. Soc13, 300—302.
temporal resolution than humans, then perhaps this may a®ooling, R. J., and Searcy, M. H19853. “Nonsimultaneous auditory

count for their superiority in discriminating complex pat- masking in the budgerigaiMelopsittacus undulatus’ J. Comp. Psych.
terns 99, 226-230.

. . . . . Dooling, R. J., and Searcy, M. K1985h. “Temporal integration of acous-
Yet another interpretation of the species differences in yic signals by the budgerigaMelopsittacus undulatyg’ J. Acoust. Soc.

these experiments comes from auditory perception experi-Am. 77, 1917-1920.
ments in humans. Speech sounds represent extraordinarfigpinoza-Varas, B., and Watson, C.(3988. “Temporal discrimination
familiar complex sounds with which humans have had ex- Z’;]Sg‘g'i 6205”“1%’;3”5 of nonspeech auditory patterns,” J. Acoust. Soc.
tensive experience from an garly age. Slmllar context sffect]gspmoza_\,aras’ B., and Watson, C.(8989. “Pattern perception by hu-
have been reported in the visual domain as well. The “word mans,” in The Comparative Psychology of Auditjetited by R. J. Dool-
superiority effect” refers to the fact that humans are better at ing and S. HulséLawrence Erlbaum, Hillsdale, NJpp. 67-94.
visual letter perception when letters are presented in contex@rabaugh. S. M., and Dooling, R. (1996. “Ecology and evolution of

f a word (for examples, see Johnston and McClelland acoustic communication in parrots: Laboratory and field studies in par-
0 . ples, . : ' rots,” in Ecology and Evolution of Acoustic Communication in Bjrds
1980; Reicher, 1969; Wheeler, 1978irds could be hearing edited by D. E. Kroodsma and E. H. MilldCornell University Press,
these tonal patterns as a whole, perhaps like humans heatthaca, pp. 97-117. _ o
words. If this is so, then the species differences reported her@?gﬁ%{ Nf- R, an: Stelr;jbe’r’gj JA 094t7)-s“Fa<iC£ %%velrzgﬁg the intelli-

. . . giollity or speecn sounds, . ACoust. >0c. A - .

may be due. to the rol.es of leamlng strategies or dlffel'enceéreyman, R. L., and Nelson, D. A1987. “Frequency discrimination of
in the focusing of auditory attention. Such factors have been ghort versus long duration tones by normal and hearing-impaired listen-
shown to be important contributors to human performance in ers,” J. Speech Hear. Re30, 28—36.
similar Iistening taskgLeek and Watson, 1984, 1988-ol- Gray, L., and Rub_el, E. W(l_98?). “_Deve_lopment _of auditory threshold_s
lowing the lead of work on complex pattern perception in 29 frequency difference limens in chickens,” ifeasurement of Audi-

. ) tion and Vision in the First Year of Postnatal Life: A Methodological
humans, these results SUQQGSt a Usef_ljl fUture. _d”ecnon TorOverview edited by G. Gottlieb and N. Krasneg@hblex, Norwood, NJ,
experiments on the perception of species-specific vocal sig-pp. 145-165.
nals in birds. This direction would be to move beyond stud-Green, D. M., and Swets, J. A1966. Signal Detection TheoryWiley,
ies of the limits of resolution and begin to focus on atten-_NeW York.

. | h . in th Hall, J. W., and Wood, E. J1984. “Stimulus duration and frequency
tional and memory processes that are recruited in the SPeClaliscrimination for normal hearing and hearing impaired subjects,” J.

processing of complex acoustic communication signals. Speech Hear. Re&7, 252—256.
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