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Steller sea lion(Eumetopias jubatysmothers and pups establish and maintain contact with
individually distinctive vocalizations. Our objective was to develop a robust neural network to
classify females based on their mother-pup contact calls. We catalogued 573 contact calls from 25
females in 1998 and 1323 calls from 46 females in 1999. From this database, a subset of 26 females
with sufficient samples of calls was selected for further study. Each female was identified visually
by marking patterns, which provided the verification for acoustic identification. Average logarithmic
spectra were extracted for each call, and standardized training and generalization datasets created for
the neural network classifier. A family of backpropagation networks was generated to assess relative
contribution of spectral input bandwidth, frequency resolution, and network architectural variables
to classification accuracy. The network with best overall generalization acc(ifdé used an

input representation of 0—3 kHz of bandwidth at 10.77 Hz/bin frequency resolution, and a 2:1
hidden:output layer neural ratio. The network was analyzed to reveal which portions of the call
spectra were most influential for identification of each female. Acoustical identification of
distinctive female acoustic signatures has several potentially important conservation applications for
this endangered species, such as rapid survey of females present on a rook2002 &coustical
Society of America.[DOI: 10.1121/1.1474443

PACS numbers: 43.80.Ka, 43.80.Lb, 43.64[V¥A]

I. INTRODUCTION where opportunities for mistaking identity and misplacing
competitive, breeding, or parental resources are less frequent
Steller sea lions were selected for this study becausand therefore less consequential.
biological theory predicts that colonially breeding individu- Sea lions and fur seal®tariidg typically demonstrate a
als will possess refined means of individual identification inpolygynous breeding system, with females gathering in
order to invest finite resources in a manner most likely todense congregations to give birth and to copu(®edman,
enhance their reproductive succe@sivers, 1972. Indi-  1990. Mothers alternate between nursing their pups on land
vidual identification is potentially possible for any individual and feeding at sea, sometimes leaving the pup unattended for
of any species; however, evolutionary theory predicts that theeveral days(Riedman, 1990 Acoustic mother-pup call
need to reduce confusion over reproductive investment wiltecognition appears to be the primary means of initiating
result in more obvious and consistent communication of incontact and orienting searching behavior after a period of
dividual identity in colonially breeding specig®eecher, separation(Insley, 1989, 1992; Gisiner and Schusterman,
1982. The task of developing a mathematical means of dis1991; Schustermaet al, 1992a; Phillips and Stirling 2000,
criminating amongst individuals is thus more likely to suc-2001). Playback experiments have provided additional evi-
ceed with a colonially breeding species than with a speciedence to support the existence of mother-pup acoustic recog-
nition systems. Studies on both the subantarctic fur @eat
dportions of this work were presented in “Acoustic identification of female tocephalus  tropicalis and Galapagos fur seal(A.

Steller sea lions,” Proceedings of the 140th meeting of the ASA/Noisedalapagoensishave suggested that mothers and pups react
Congress, Newport Beach, CA, November 2000, and “Neural networkpositively to recordings of each others’ calls but not to those

classification of individual female Steller sea liofilSumetopias jubatys’ of strangers(TriIImich 1981: Roux and Jouventin 19}37

Proceedings of the 14th Biennial Conference on the Biology of Marine . L. ..
Mammals, Vancouver, BC, Canada, November 2001. While individual call recognition among Otariids appears to

PElectronic mail: gcampbel@sonofsun.sdsu.edu be common, few studies have used acoustical and statistical
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analysis techniques to evaluate call stereotypy. Only studieSurrently, individual identification is done visually by com-
of the northern fur seaCallorhinus ursinus(Insley, 1989, parison of photographs or drawings of distinctive markings
1992, South American sea liofFernadez-Juricicet al, (Gisiner, 1985; Miletteet al, 1999. However, the accuracy
1999, and South American fur sedlrctocephalus australis of this identification method depends on the observer’s ex-
(Phillips and Sterling, 2000have classified known females perience and can lead to misidentification. Markings may be
based on the acoustic structure of their calls. small and inconspicuous and only visible from one side, ani-
The Steller sea lion ranges along the North Pacific Rimmals in the water usually cannot be identified visually, and
from Japan to Central California, with centers of abundance&rowded conditions make it difficult to single out and main-
and distribution in the Aleutian Islands and the Gulf of tain visual contact with an identified individual. As an alter-
Alaska (Loughlin et al, 1984; Riedman, 1990In response native, call identification has the potential for reliable dis-
to population declines in Alaska since the 1970s, the Stellegrimination of individuals based on acoustical parameters.
sea lion was listed in 1990 ahreatenedunder the U.S. Since females call whenever they move and whenever they
Endangered Species AQNMFS, 1992. Genetic and distri- depart to and return from the sea on feeding trips, acoustic
bution information subsequently led to the classification ofidentification may be preferred in conditions where direct
two separate breeding stocks of Steller sea lions: a “westvisual observations may be difficult.
ern” stock, which included sea lions in the Gulf of Alaska, Campbellet al. (2000 demonstrated that female Steller
Aleutian Islands, and Bering Sea, and an “eastern” stocksea lions can be discriminated by call characteristics. They
which included sea lions from Southeast Alaska to Californiaevaluated a set of classifiers including linear discriminant
(NMFS, 1995; Bickhamet al, 1996; Loughlin, 199% In  analysis and three artificial neural network architectures
1997, the western stock of Steller sea lions was relisted agackpropagation, learning vector quantization, and adaptive
endangeredunder the U.S. Endangered Species Act. Thisresonance using standardized training and generalization
reclassification was in response to a dramatic population detatasets of calls from 14 females. The backpropagation ar-
cline during the past 30 years, estimated at over 80%hitecture clearly provided the highest classification accu-
(Brahamet al,, 1980; Merricket al, 1987; Loughlinet al, racy on the novel generalization data.
1992; Trites and Larkin, 1996; Seaseal, 2001). During Here, we advance development of a robust neural net-
this same time period, Steller sea lion numbers have rework to classify females based on their mother-pup contact
mained stable or increased in Southeast Alaska and througBalls. Average logarithmic spectra were extracted for calls
out most of the range of the eastern staG@alkinsetal,  from 26 females, and standardized training and generaliza-
1999; Seaset al, 2001. tion datasets created. A family of backpropagation networks
The causes of the decline in the western stock of StellefBPNg was generated to assess relative contribution of spec-
sea lions are not known, though poor nutrition is currently aral and architectural variables to classification accuracy. The
leading hypothesis. Undernutrition resulting from changes iBPN with best overall generalization accuracy was analyzed

the abundance or appropriateness of Steller sea lion prey reveal which portions of the call spectra were most influ-
items may lead to reduced birth rates and increased mortalityntial for identification of each female.

through starvation, disease, or predatigoklerrick and
Loughlin, 1997; Calkin®t al,, 1999. Considerable research
on Steller sea lion population dynamics and energy require-
ments is currently being conducted in an effort to better un-
derstand the factors influencing the population decline in thel, MATERIALS AND METHODS
western stock and the stability of the eastern stock. A. Study site and data collection
Between May and July, Steller sea lions gather on off- ~
shore rookeries for reproductive activities. Females give Our study site was Sugarloaf Island58°53"N;
birth to a single precocial pup, and for one week following 152°02"W), one of numerous offshore locations in the Gulf
parturition, mothers fast and suckle their pups on land. N®f Alaska that serve as rookery/haul out sites for the western
allomaternal behavior has been reported. Following this peripopulation of Steller sea lion§ig. 1). Prior to the current
natal period, mothers begin a cycle of feeding at sea fostudy, 70 females were visually identified and photographed
approximately 24 hours and then returning to the rookery folat Sugarloaf during the breeding seasons of 1994 — 997
approximately 24 hours to suckle their young and to restette et al, 1999.
(Higgins, 1984; Riedman, 1990; Milettt al., 1999. When During the breeding seasons of 1998 and 1999, acoustic
Steller sea lion mothers return from foraging trips, they mustecordings were conducted with a two-channel Sony
repeatedly find their pups on the large crowded rookeryTCD-D8 DAT recorder connected to a Sennheiser M-60 Di-
Acoustic mother-pup recognition appears to be the primaryectional Microphone. One channel was devoted to sea lion
means by which female Steller sea lions achieve this essegalls and the second channel was used for observer narration.
tial task (Higgins, 1984; Miletteet al, 1999. A typical recording contained a repetitive series of female
Monitoring the arrival and departure activities of indi- calls with the name of the vocalizing individual stated after
vidually identified mothers within and across breeding seaeach call. We catalogued 573 contact calls from 25 females
sons is one method that can provide important informationn 1998 and 1323 calls from 46 females in 1999. Nine known
on maternal care, energy transfer, site fidelity, patterns ofemales were recorded in both years, yielding a total of 62
rookery usage, and philopatry or dispersion of matrilinesidentified individuals.
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a set of 26 females, each of which was represented by more
than ten calls. Backpropagation is a supervised learning al-
gorithm that requires a set of exemplars to be compiled into
a learning set, and generalization ability can be tested using
additional sets of novel exemplars. For this study, a standard-
ized training set of calls was generated by drawing ten calls
for each female at randorm¢E 260), using Q1 calls and
supplementing with Q2 calls where necessary. All remaining
Q1-Q3 calls (=1281) were placed into a generalization
set. The data are summarized in Table I.

Each call was represented by an average logarithmic
spectrum on the BPN input layer. We evaluated the effects of
spectral and architectural variables on the generalization ac-
curacy of the BPNs. Two spectral variables were manipu-
lated. Frequency resolution was set at 5.38, 10.77, 21.53, or
43.07 Hz/bin, and bandwidth was set at 2 or 3 kHz. The BPN
processing architecture was manipulated by modifying the
ratio of hidden layer elements to output layer elements, using
settings of 2:1, 4:1, and 6:1 hidden:output ratios. The output
layer always had 26 elements, one for each female. Thus, for
example, a BPN with a 3-kHz input bandwidth, a 10.77-Hz/
bin frequency resolution, and a connectivity ratio of 4:1
would have 280 input elementgorresponding to the first
280 spectral bins, which span 0 to 3 KiH204 hidden layer
elements, and 26 output layer elements.

The BPNs were fully interconnected and used standard

cumulative-delta learning propagated across the bipolar tanh
FIG. 1. The study site at Sugarloaf Island, Alaska. The top panel gives atransfer function. Each BPN was trained to a rms error cri-
overview of the western Gulf of Alaska region. The box and arrow indicatetarion of 0.05. which corresponds to approximately 95% cor-

the location of study site, with a detail presented in the bottom panel. ' .. R e .

rect across the training set. After training, the classification

_ accuracy of each BPN for novel exemplars was tested using

B. Acoustical analyses the generalization dataset. The overall generalization percent

Acoustical analyses were limited to nonagonistic callscorrect for each BPN was used to select the most accurate

directed by mothers toward their pups while on the rookeryn€twork. A detailed analysis of the relative importance of
The digital data were transferred from DAT to PC with a €ach frequency band in the input spectra was conducted. For
Zefiro Acoustics ZA-2 digital sound card over a Sony POC-€Very _caII in the generallzan_on set_ that the_ BPN correctly
DA12P fiber optic cable. Transfer was managed via Soungclassified, the _value of each input bin was dithered by 20%,_
Forge 4.5 multimedia editing software. Raw data preserve@nd the resulting percent change on the output neuron acti-
the 44.1-kHz sampling rate and stereo format in PCM WAvaUon strength was measurgd. Dlthermg the values pf input
files. The stereo WAV files were scanned using the narratioRinS that had strong connection weights would result in large
channel, and each call was segmented using a SoundForEi?angeS on the output neuron, thereby providing insight into
“region.” Each of the 1896 calls was labeled according to an_t e spectral characteristics that were most useful in classify-
individual female and one of four possible call quality rat- INg the females.
ings. Quality 1(Q1) calls were vocalizations that had excel- || ResuULTS
lent signal to noise conditions with no little or no ambient
noise. Quality 2(Q2) calls were degraded by ambient noise
(e.g., wind, rain or sujf Quality 3(Q3) calls were degraded Female calls ranged in frequency from 30 to 3000 Hz
by other sea lion sounds and/or weather conditions, whickyith peak frequencies from 150 to 1000 Hz. Typical call
made segmentation of the calls ambiguous. QualiQ4)  duration was 1000 to 1500 ms. Call structure varied across
calls were samples in which female identity was uncertainfemales, illustrated in Fig. 2. Some individuals typically pro-
and were not analyzed. duced tonal calls, demonstrated by a call from Amatuli in the
left column of Fig. 2, while others typically produced pulsed
calls, demonstrated by a call from Ethel in the right column.
Calls containing both mixed and pulsatile portions were also
After all recordings were segmented, a batch processommon in our data set. Note that the tonal call was charac-
low-pass filtered(4 kHz) and decimated each call to an terized by clearly defined harmonic structure, which gives
11.025-kHz sampling rate, and extracted the call to an indirise to the rippled spectra and harmonic lines in the spectro-
vidual WAV file. The calls were cross-tabulated by femalegram. In contrast, the pulsed call lacked strong harmonic
and call quality. Q1 and Q2 calls were pooled, which yieldedstructure and little spectral rippling.

A. Female call characteristics

C. Backpropagation architectures
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TABLE I. The sample dataset. Data for each of the 26 females are broke@ABLE Il. Comparison of the generalization accuracy of the backpropaga-
out by quality factor within the training and generalization subsets. Eachtion networks. The first column is the frequency resolution of the spectral

female was represented by ten calls in the training set, and by unesjiral input representation in Hz. The second column is the connectivity ratio
the generalization set. between the number of elements in the hidden layer to the output layer. The
third column is the average percent corré&PC) (with standard deviation,
Training Generalization s.d) computed over all 26 females, using a 2-kHz bandwidth spectral rep-
resentation. The fourth column is average percent correct using a 3-kHz
Female Q1 Q2 Q1 Q2 Q3 bandwidth.
763Girl 1 9 0 0 19
Amatuli 10 0 7 s 4 Frequency resolution APC (s.d) APC (s.d)
Bellow 6 4 0 9 6 (Hz/bin) H:O Ratio 2 kHz BW 3 kHz BW
Breeze 3 7 0 12 38 5.38 21 61.7722.26  68.8119.50
Bubbles 1 9 0 23 57 10.77 2:1 64.69420.23  70.6917.19
Chamille 10 0 7 45 82 21.53 211 62.5818.54  69.1918.99
Cher 10 0 1 82 9 43.06 21 58.5019.03  69.1920.39
Clover 1 9 0 . 3 5.38 41 64.5421.20  69.1917.88
Crunchie 2 8 0 25 40 10.77 4:1 63.3820.89  69.8417.72
Carcy 3 7 0 7 13 21.53 41 64.5417.70  68.3817.37
Demera 3 7 0 4 26 43.06 4:1 60.0020.22  58.9620.61)
Dice 2 8 0 12 50 5.38 6:1 64.1920.5)  68.4617.9
Ethel 4 6 0 9 53 10.77 6:1 66.3120.09  70.6217.39
Flo 9 1 0 12 28 2153 6:1 65.7318.43  68.9418.93
Fungus Ear 0 10 0 0 65 43.06 6:1 60.6418.99  59.7319.45
GooGoo Doll 3 7 0 23 46
Jay 2 8 0 0 8
Jessica 7 3 0 9 5
II\_/Iuocgs 11% % Z_) Aé(i ie; 2:1 hidden:output layer connectivity. The results are summa-
Pebbles 5 5 0 3 12 rized in Table Il. The accuracy of BPNs with 2-kHz band-
Pinky 4 6 0 1 5 width was significantly lower than those with 3-kHz band-
Sasha 4 6 0 4 5 width [t(22)=2.74, p=0.012], with mean percent correct
§ﬁf’cﬁ¥ Doo ;1 f g 115 2;‘ of 63.07 vs 66.99, respectively. Analysis of variance revealed
Zigay 0 10 0 33 66 that manipulating frequency resolution also resulted in sig-

nificant differences in accuracy[F(3,8)=148.16, p
<0.01]. Scheffe’s post hoc comparison of means o
=0.01) demonstrated that accuracy of networks using a
43.05-Hz/bin resolution was significantly lower than that of
All BPNs learned to classify the set of 26 females with the networks using 21.53-, 10.77-, and 5.38-Hz/bin. No sig-
100% accuracy on the training dataset. Overall generalizanificant effect of manipulating hidden:output layer connec-
tion accuracy ranged from 58.5% on the BPN with 2-kHztivity ratios was observed.
bandwidth, 43.07-Hz/bin frequency resolution, and 2:1 hid-  On the basis of these evaluations, the BPN with 3 kHz
den:output layer connectivity to 70.7% on the BPN with of input bandwidth, 10.77-Hz/bin frequency resolution, and
3-kHz bandwidth, 10.77-Hz/bin frequency resolution, and2:1 hidden:output connectivity was selected for further study.

B. Neural network evaluation

— {._-‘-—: e )
= e e——————— _ = ?
—— E e e = -
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Vi - N{/ \;ww o
v Adw AR A Uy v J\w?f v
- LV 0 v ey Wiy o T Vv

FIG. 2. Sample call types. A tonal call from Amatuli is presented on the left, and a pulsatile call from Ethel is presented on the right. The top panels are
spectrograms and the bottom panels are average log power spectra. Duration of the calls were approximately X seconds. Frequency ranges from 0 to 3 kHz
on both the spectrograms and power spectra; amplitude is in relative dB.
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TABLE lIl. Confusion matrix for the optimal BPN on the generalization dataset. Actual female identity is in
rows, and predicted identity is in columns. To facilitate comparison, values are percent classification, which
normalizes across the unequal sampling. Percent correct is on the major diagonal.
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No difference was observed between the 2:1 and 6:1 archrange(bipolan. An output neuron with activation of 1 in-
tectures, so the simpler 2:1 network was chosen. The confidicates strong “confidence” of correct classification. An out-
sion matrix for this network is presented in Table Ill. Calls put neuron with activation of-1 indicates no confidence of
were correctly classified 70.69% of the tifie17.15, with correct classification. Therefore, strong positive-going
zero errors for some subjects. Interindividual variability in changes in the activation levels indicate that those frequency
percent correct classification suggests that the BPN can di®ands made important contributions to confidence in cor-
tinguish some females more readily then others, though allectly classifying the female. Strong negative-going changes
individuals had scores that were well above what would ben the activation levels indicate that those frequency bands
expected by chancéi.e., 26 females 1/26=3.8%). The  made important contributions to confidence in classifying the
most notable degradation in classification was observed fazall asnot coming from that female. Small changes indicate
Flo (40% and Jay(38%). The pattern of errors was not weak areas of frequency differentiation.

related to distribution of Q1 versus Q2 samples in the train-  The overall picture suggests that most of the highest
ing set nor to the distribution of samples across quality levelsrequency weightings lie below about 2 kHz, which is sup-
in the generalization set. Also, the pattern of errors could noported by an approximate 5—15-dB rolloff in sound energy
be attributed to the female call tygtonal versus pulsatije  above those frequencies. However, recall that the generaliza-
Further analysis of errors would require a larger generalization accuracy of BPNs with 2-kHz bandwidth was signifi-

tion set to justify more complex statistical treatment. cantly poorer than those with 3-kHz bandwidth. Thus, al-
though the frequency weightings were attenuated in the 2—3-
C. Representation of call features within the BPN kHz range, they added about 10% improvement in

classification accuracy. Visual comparison of the weightings
X i indicates a diverse set of positive- and negative-going pat-
frequency band in the input spectra was conducted. FOr €\g s that defy straightforward summary. However, note that
ery call in the generalization set that the BPN correctly Clas'the percent changes for Flo and Jay are attenuatgzecially
sified, the value of each input bin was dithered by 20%, angyqqe for jay—these are the two females for which gener-
the resulting percent change on the output neuron activatiogyi;asion accuracy was poorest. Dithering the input represen-
strength was measured. Dithering the values of input bln?ation resulted in very little percent change in the output

that had strong connection weights WOUld_ r_esu_lt n Ia_rgeneuron, suggesting that the network could neither identify
changes on the outpu'_[ neuron, thereby providing |_nS|ght ”_m?eatures for positive attribution nor features for positive re-
the spectral characteristics that were most useful in Class'nﬁ'ection of these females

ing the females.
The results of this analysis are summarized m_Flg. .3’|V. DISCUSSION
one female per panel. The data are percent change in activa-
tion of the output neuron assigned to that female, ranging  Acoustic signature recognition requires low intraindi-
between+60% change. The results can be interpreted asidual call variability and high interindividual call variabil-
follows: The BPNs represented data orato +1 full-scale ity. Our analyses suggest that female Steller sea lions have

A detailed analysis of the relative importance of each
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FIG. 3. Relative importance of spectral regions for neural network classification accuracy. Spectral frequency liesaxistfrem 0 to 3000 Hz in 10.77
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those frequency bands made important contributions to confidence in classifying the calls as coming from that female. Large negative-goimgtichanges i
activation level indicate that those frequency bands made important contributions to confidence in rejecting the call as coming from that férlzdagema
suggest that the network could identify features neither for confident attribution nor rejection of that female.

evolved sufficient vocal stereotypy to differentiate betweenl969; Trillmich, 1981; Roux and Jouventin, 1987; Insley,
individuals. The BPN was relatively accurate, and clearlyl989, 1992; Gisiner and Schusterman, 1991; Hanggi, 1992;
able to consistently differentiate females based on their caBchustermaret al, 1992b; Fernadez-Jurisicet al, 1999;
parameters. The results of this research are consistent witPhillips and Stirling, 2000, 2001

other studies on colonially breeding pinniped species, which  In this study, the best BPN yielded an overall percent
have suggested the existence of acoustic mother-pup recogerrect classification of 71% on novel ddfid®0% correct on
nition systems facilitated by individually distinctive vocal the training data In contrast, Phillips and Stirling2000
signatures(Bartolomew, 1959; Peterson and Bartholomew,reported that linear discriminant analysis resulted in 55%

J. Acoust. Soc. Am., Vol. 111, No. 6, June 2002 Campbell et al.: Acoustic ID of female Steller sea lions 2925



" ‘GOOGOO DOLL " JAY ° JESSICA]
20 20 20
° [) WWHMM" 0 NWM
e ES EY
“ P “
”0 ' ' 560 o ‘1*0 ‘|$Wv ’ m ' ‘st’ ’ 3000 >m0‘ ’ 5&0 o ‘1*0 ’ “m‘ ’ ’m’ ' vm‘ ’ 3000 mov ' 560 o .10’00 ' ’1500’ ’ vm. ’ .stv ’ 3000
0 0 0
o ‘Cucy] " “Moss] o PEBBLES
» 2 2
-] [ o
20 -20 0
“ 4 40
o 500 1000 1500 000 2500 3000 et 500 1000 1500 00 2500 3000 ot 500 1000 1500 00 2500 3000
© ©
. FRRT] . o05e7500]
» P
] 0
2 »
«0 w0
'”0 500 1000 1500 ‘m‘ 2500 3000 ‘wﬂ 500 1000 1500 m 2500 3000

o’ " s0 0 1s0 200 200 3000

FIG. 3. (Continued)

correct on novel daté&70% on the training dajefor a set of istics across years, and varying signal-to-noise conditions in
15 female South American fur seals. Neural networks clearlyhe recordings.

outcompeted LDA on our Steller sea lion data as well Implementing an autonomous acoustic recognition sys-
(Campbellet al, 2000. Though our BPN analyses of female tem in the real world faces several challenges. For example,
Steller sea lion calls demonstrated the existence of individuahe deployment of the acoustic sersbmeeds to optimize
acoustic signatures, the system was still prone to decisiothe desire for maximal signal-to-noise ratio for female calls
errors. The fact that classification rates were not higher overand the desire to survey as many females as possible. In the
all may be explained by a number of factors. First, the speeurrent study, calls were recorded by a field technician using
cific acoustical parameters that pups use to identify mothera directional microphone, which provides both for intelligent
are not known and our inability to discern what variables aresurvey of females, and best possible recording quality. An
most important for identification may have limited the sys-affordable autonomous system is not likely to be mobike,
tem’s discriminatory power. In addition, recognition may oc-robotic), but an array of fixed microphones could be de-
cur in two ways, either by discrimination of only one indi- ployed which enclose the female haul-out site within their
vidual (i.e., mothey but not of others, or discrimination aperture. Beamforming would then substitute for the ability
among a number of related individua(8eecher, 1982  of a field technician to isolate a specific female and maxi-
Moreover, we do not understand the degree to which othemize signal strength by manually orienting the handheld di-
factors may have contributed to variability in call structure.rectional microphone.

These factors include changes in motivational state within  The recognition system must be robust with respect to
and between call bouts, effects of physiognaieyg., female signal quality and the presence of distractors such as male
size and conditiop stability of female vocal tract character- calls, pup calls, other types of female calls, and other discrete
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ambient biotic soundée.g., songbirds Moreover, the signal allow us to determine site fidelity of females, interannual
processing system must be able to extract female calls frorpatterns of rookery usage, and philopatry or dispersion of
the real-time acoustic data stream. Finally, the recognitionmatrilines.

system must be able to form new output categories for new

females, ideally without supervision. We speculate that the

signal processing issues might be solved as follows: The syéAfCK’\]OWLEDG'vIENTS
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