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" ABSTRACT:

s ;‘Inceréétions‘between' harbour seal (f;hoca vitulina cnrgu;la;' ‘mothers ‘and’

fti_nd

pups were obseived, and recn‘:rdings w‘eré‘madé of pup vocalizatiqn‘s‘. 9i1 the

'f-r- i

near soitheaste! diand, Canada. Pup vocalizitions were;

y mdmdunlly dmunet on n bnsis of sgvm‘il phys‘ic bp;innvxbters‘, most importantly
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. CHAPTER ONE: INTRODUCTION

«

‘The purpose of this Qt\ldy was to investigate the possibility that female -
hnrbum seals (Phacn vitulina éoncolor) can- distinguish their pups from others'
based on- call structure snd to examine how females use the eall to monitor the:r’
pups’ movements . ) .l toL A, o %

§ Phoelds gwe bn-}h on lnnd or-ice'to offspring which, in mnny specles, remnm~

there unnl they are wenned The ‘cows whmh lenve the nunery m-eu, on thelr

return, are l'nced with' f.he tns& ol relocnung thelr pups Hnrp senls (Phacn

graenlandlcua Terhun et nl 1979), rlbbon senls (Pho

sciata; Burns, 1981), p

Bmknl seals (Piua nbncn) Annd nnged senls (Phaa hi. :d Frost and Lowry,

3981) give bmh on sea icé to yonng w:th wlme pela;e Thesg well cnmoul’lnged 5

o pups are frequenlly Ief} nlone on the ice while thelr mothers .go to sen Upon
’ “return the cows mu ( relocate their young and prnbnb[y do. so on zhe basis ‘of
reatnres or tlxe birth place rather than thoge.of the pup lTerhune et al., 1979)
%= , Other seals, sfh as southern- (Mraungnogonmu, Ling nnd Bryden, 1981) nnd\
6‘ - northern: (Mrnunyn angustiroitris; Le Boeu! et al., 1972) elephant seals nnd grey
2 . “seals (Hul/ hoerus grypus; Bonner, 1981) cong’regate on beaches.or mcky shores

in lnrgAerds for parturmon nnd these Jcovs must be able to d)shngulsh the £ 1

offspring from the mnny “others in the herd. The. female nmthern elephant senl‘
- rélies, in’ part, on-the call of Ler young to do this. When she wmhu to reunite
/ with her pup after a sepnrauon she emlts a "pup amacmon call* (PAC) to Which
il / l‘Bnedmg southern” elephant”seals also occur-on land-fast ice in.their most mnlherly ranges

(Ling-and Bryden, 1981) and-breeding grey seals are also found"on pack ice in the Baltic Sea
(Curry-Lindabl, 1975) and in the Gulf of St. Lawreace (Manaled and Beck, mn St




the young responds vocﬁll)' (Bartholomew and Qolﬁa

'demonsm;ted that l'emale northern élephant sehls

: o(fsprmg lrom others on the bnsl! of their calls. " Usi mg plnyback techmques, he

found fhat mothers emmed the PAC slg‘mﬁcantly more often “to theu- own pups

cries than to those uf alien_young. Similar bebavio

“‘thnt Galdp:

ur has been_dqcumented in

Otariidae., Trillmich (1081) d
galayngaens-a) pups rupond vocally w the PAC of

‘been sugges!ed I'or South Amencan sea. llons (Olarm

i seal ( halus,

jhwucens Vaz-Fenen'n and

Achuvnl 1019) Theretore it nppears that the vocauzmons uf the young lay a

rolé in

'or “f g moth

pmmpeds whxch h{e been studxed

Unhkwmost other ,phocxds the barbour seal Py

into the water soon after'birth. The pair spends a relatively small amount of time .

-on beaches or rock »Iedges where they nurse or sleep,

spent in the vw\ater.. Since .they travel togéther the
with_the task of relocating ;wr; pup, but must inste
The waters s_urre\lvnding ‘the )iaul-_out sites often
) currénts aind high amblent soise levels which dould §

- [for the mother and her‘ymmg. .’l‘o_ma‘intain contac

pair must e able to monitor the movemvenfs‘o'[ the
done visually. The- mother us\lnlly ﬁpvc;- in fron
cannot cﬁnhnuously wntch nt ,Further, both mo
resmcud by the turbxdxty of the water. - - '1

Hubour aenls emit’ nmmwe growls and un

or- offsprmg contact for Lhose

P re‘gulnrly'i'ollows its mother

' their remaining time being

mother is not usually faced
Bave poor iiisiliility, strong
, at least one member of the

ther. This cannot ‘nlways beé

of her pup -and, ‘therefore,

hers and pups are visually

derwster clicks (Renouf and

m‘sz) Petrinovich (1974)"

are a.ble to distinguish thelr‘

heir ino!heis: The same has”

ad maintain contact with it. .

perease the. risk of separation




(SR

" Davis, 1982; Schusterman; et al,’ 1970), but females. apparently have no

‘ccur’:t‘erpar’t to the FAC of othér species. The ol{épring, on the other hand, are

quite vocal, emlmng bne[ sheép— ike bleats: They make thns ery until they are’

—weaned when lt dlsappears from zhelr repermne which snggesls lhat it serves .

some function in the nurturunt relauonshlp The frequ‘xt calling of the, young

mnght prov:de a cue Ry wlnch the n\other could monitor the movemenls of her .

pup ll’ras is often the case, pups.are vocahzmg in close proximity it would. alm

be useful if females could, mgulsh their .own o{rsprmgs calls. There is some ]

evndence to suggest ths& this mlght be $0." Renouf (1984) suggested tlmt, calls ol‘

d ol s

pups dlffered enongh infi to enable d

lnterval duratlon' of the call; nnd rate and. range o{ l'requency modu'
However, thesevresults were obtained from a smgll number gf pups. Renouf’
(1985) r-ecenl!ly demonstrated that a cnpti‘ve,‘ adult female harbour seal was able.to, -
discriminate between recordéd cal]s of different pups.” Even if the mother co\lld
putentlally COTIfIISe héer pup's’ ery wnh those ol others, she normnlly has. an’
additional  cue it What: the call of her pup would be the elosest one smce the

‘youngster- is predisposed to l'ollow its mother (Lawsou. 1053) However, in

.. situations “such-as when i dlsturbed herd l’lees inta_the water. pmxlmity is an

ot a S AR
Y

\mrellable mdxcntor of pup identity. " In such oi

calls wanld b yonant in" helping separated mothers and pups’ reunite.

Renouf (1984) also. found lhat pups can transmit cnlls slmullnntollaly in air .

rhere is mdence to luueu tlm some captive lmbonr seals occzllnmlly conunue o vocahu a
alur weaniing(Ralls et al,, 1985). i

/




nnd lmderwater She found that fizations differed in fund 1

:nd hsrmomc dusmbuuon bezween the two, media. If these preliminary results

" are’ ngliable then s|n3ullnneous versions of the call could provide valuable_

information to the mother, " For_example, if a female could ot to hear the
- airborne cries of her pup due to Mgh ambien't noise levels she could rely on the
. \ﬁi‘derwn@er version. Further, A compsnson ol' the bma\lral arrival - time~

‘. differences beti veen- the aerial and nnderwater vocnhzauons could supply preclse

£
duta.nce mrormahon to lhe mother t.o help her Iocate her ca}.lmg ol‘fsprmg

Thlx study wag dulgnéd

est Ior the exlstence ol‘ physlcnl dll’ferences




CHAPTER.TWO: METHODS

Preliminary work for this thesis was carried dut during the summer of 1983
and the data described herein were gathered. during Lhe‘ Summer of 1084.

. Obgervation methods and.apparatus

’ : . . By 2

Betwgen May and Augus!, 8 herd of mote than 800 harbour seals congregnle

¥

is -a large tidal" lagoon wnth s snndbank in the center ‘which becomnes exposed a3 o

_ the tide ebbs. " The senls hanl out on the smdbank as the water falls‘and- Ienve‘ ¥

again when the nde rises. . L
" The seals haul out on this ‘three.square kilometers, of sand in four discrete
grou[)& One gfoup, the nursery (Figure 1), forms during. the-last two weeks of.

May and is composed-of approximately. 40 pairs of mothers and pups. Thongh

{kilomy from zhe j ' coast. of ¢ foundland Cnnpda. The achois:

m Lhe Grand Ba:acho\s of Mlquelon (45“ 45'N and 56" M‘W), a French qlnnd 19 5

many of these animals were unidentified during this study, ‘the 10 that were ~

,recog‘nizable, on the ‘basi‘s of pelage mnr*i‘ngs, ﬁged this nuisery si@e,exclusively

“during 2ll observed haul outs o A

A bhnd was erected on, the nursery approxz{'nately l\mebers from the

z
“water’s edg’e at low tide (see Figure 1). It faced a shallow channel which the seals.

used to enter nnd leave the nurdery The blind conslsted of & rectnnzular canvas

sqlm&meter base mounted on. four szeel Iegs 15 meters long (F|g||re 2) Tire

rims welded to’edch leg were bune in- the sand to mctease the bhnd '8 ulnblhty

e
housing placed over'an alummmm l‘rnme, L5 meters in height, secured o8 one-




-

enlmgemenl. showmg dctmlx nl the Grand Bamclmls :md thv

Iocnhon ol the nursery blmd;













J- m’

Then were three 0.6 by 0.6 meter ‘vinyl windows in the blind- which could be

ta

openeql This blind had been in place during three consecuhve breeding seasons
(1981-1983) and there was no evidence um it was dlsr\lpylve to the seals. During
this study, mother-pup pairs often passed dlrectly under ke blind when travelling
across the sand flats. r

. The observer entered‘ the blind prior to peak high tide anduset up equipment

before the seals began to haul out. Tape recordmgs ol the: neml and undervmhr

. verslons of p\lp ulls were made between commencement of the haul out and

- reversnl of the hde Cslls were. recorded usmg s four-channel Uher 4400 Repnrt

» model reel to-reel tnpc recorder ~The neml mgnals were recerved by a Dan 53

Grbson "P200°p ic micfophone’and the derws calls by. 8 Gould cmw
P hydrophune The pnrnbohc mxcrophone 'was mounted ona tnpod in the blmd lnd

the hydmphone was permnnenzly anchored in 2he mxddle of the ahnnnel near-the!

blmd The' tmnsdneer was flosted in the: wnter b})a cork, 10 centlmeters in
drametar, sp'thiat it was one meter “above the bottom and one meter below the
surface at ‘low tide (Figure 3). A 70 meter length of shielded cable connected the

hydrophone to the Uher r;é(_rrder and was buried 20 centimeters below the sand to

" reduce acoustic noise or disturbances created by the movemient of seals’ across the

sand.. A L g . . aa
“% L Underwuter sounds were monitored using Realistic miniature Nova 35 stéreo

hendphones to detecc the begrnmn; of calling bouts originating underwater.

Aerral calls- also could be heard while the-headphopes were in use.

" started rmmedmely when a cnll was heard jn air or underwater. At the‘sxrne

l.|me the pup: was mrgned an rdentlﬂcutron number and the followlng contexhlal

; dntawerecollected . 8 3 A

PR =




.:'Flgnre 3 Di'awiné of underwater ,h‘j"dmphone‘ recording station set upin.

= the shallow gixungl in front of nursery area.
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1. The approximate distance (in-m) of the pup from its mother at the
time it was calling (Figure 4)A When a pup did not seem to be
accompanied by its mother, and when the pup's-approaches were
‘ repeatedly rejected by any nearby females, it was designated as a lone
iy hy\

2. The position of the mother's head relative to the surface of .the water
during the calling bout. The three categories were: completely visible .
above the surface of the water, pamally submerged, and submerged
(Figure 5). |

_ 3. The occurrence of any. ngse-bnhose contact, betweep the mother and'

" pup. ? e ® [t 3 4 wponily,

" 4:The ‘mother's, response. to-her p\IL s calls as measured by "changes in
her direction of- movement, either boward herdpup, avay| from her, Ppup,
or no movemeit, N

rSon-’ynphl‘e in'a‘\yt'eu: W

i

A call was d to be 'one vocalization; calling bouts d from

one to 26 consecutive, calls. fhe first call in & sequence was considered to be the

startof a calling bout and the bout ended when, the pup either stopped calling or

dbank 1 i

I'ollowed its mother onto the thus pr ing si

The calls were analyzed with a Kay 6061B Spectrum Analyzer nsmg the
wide bnnd filter setting. The Irequency scale was calculated in 20 Hz mtervals
The. following variables (illustrated in' Figure 6) were .measured from.the
;onngrnphs: i '

1. Duration of eall; the distnn;e between the onset. and temination of
the longest harmonic within the call (to Ihe‘ nearest 0.1 seconds).
2. Inter-call inbrvnl the time ‘interval between calls measured ‘l‘ror‘n

the termination of one call to the onsec of the next call (to the nea.rut
0.1 seconds).










.,

" "““Figure 5:' Schematic disgrar showing the ibree categoriés of the position'of X .’ .t

the mother's head.
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matic &iagazil of & b of pnp cries illustrating the

variables estimated on each aall., -
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3. Number of harmonic bands within each call.

4. Number of harmonic ‘bands missing in a call; in the airborne
call, any harmonics which were missing between-the fundamental and - £
3 highest band. For underwater calls, those bands absent when
compared with their aserial versions plus the missing hnrmomu
common to both. <

s,, ajor harmonie- of each cnl] the most intense harmonic band
A was d at the mid-point of the major harmonic at its”
pesk). B

, .6, le-onle ‘Interval; the intérval separiting the mld-pomt nt lbe
penk of two adjacent lurmomc bmds wnhm a call.

i lemonle rise; the range of l‘uquency mudulntxon within each

hafmonic band measured: between fhe: lowest mid-point and the mid-

. point at- the peak-of the harmonic. *The average hnmbnlc rise was
cllculltbd for each call.

- 3

8. F a rate calculated foF each call by dmdlng

- the lvenge harmonic rise by the time interval between the onset and
the peak of the harmonic bands.

A i ly 250 bouts of simultan aerial and underwater calling were

recorded: From thiese,-all calls that were not clearly recognizable as comiing from
.identified pups were eliminated from the analyses. The. remaining 72 separate
bouts were collected on 19.different days. - A total of 848 calls were analyzed, of

. 9 " which 425 were ruc_‘ordgd in air npd/ﬂs . Sinee it was i ible to

. avoid recording the same’pups on different days and pups could not_b; identified
= S over-.days, it was necessary to treat each observation 'dn)" sepnatel};; all.
"c‘ump‘nriso’qx between pups were conducted for each ‘dlny. Every day ‘the pups
were consecutively numbered as they were recorded and their locations c‘onst&ntly
‘monitored so that the_y would not be recorded as different individuals on that day.

All m’n.lyl‘;u were run using the' SPSSz (1983) statistical packages. -
-
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CHAPTER THREE: RESULTS
Description of pup calls
The' Pups called in bouts which contained from one to twenty-six individual

calls (%=5, s=4.03). The duration. of each call yaried about a mean of 0.31 sec.

(s_o 14) thh an average inter-call interval ol‘ 2,29 sec. . (s=2. 10) Each cx‘\ll

contmned rmm one to twelve parallel harmomc bands (x—dd 5—2 33) occurrmg. £

betweeP,SO and 4,1§D Hz, all baving the same basic inverted *v® ‘shape (Figure 7).:

Qo‘m"puluon of aerial and underwater calls

There were a n_umber. of significant differences, over all pups, between the
silhnultanheously emitted aerial and underwater calls (f?:r examples, see Figuie 7 ’
statistics are summarized in Table I). Ti:g duration of the aerial calls (2=0.34
sec) was s'ig'n"_lﬁcuntl;' greater than the underwater versions (2=0.28 sec). The
mean * mnjor’ harmonic frequencies of airborne\ cills (8=420.9 Hz) were

signjficantly lower than the under t’er calls (2=927.2 Hz). . A significant number_

ol‘ e lower harmonic ‘bands .ppésent in aerial. calls. (3=0.50) were mis‘sing from
_ thelr underwater versions (3=2.63) Ien\dmg toa lower number of harmonics in
those _recorded underwater. ' "The average hatmonic .interval ‘was, therefore,
greater in underwater calls (air, 8=459.4 m £=534.7 Hz). The nverage
harmonic mp was higher in aerial calls (air, 2-2145 Hz, w:te;, £=183.3 Hz).

Frequency modulation within- the. calls. and inter-call inlerval were the only

. variables which did not differ slgml’cnntly between the two media.




S
'
B WA T W 1 W v
Figure 7:- Typical: sonagraphs of two differént pups' cries emitted
G =y * o
*\._simultaneously in air and underwater.
N
. e )
| "
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TABLE I: - OVERALL COMPARISONS OF AERIAL-AND UNDERWATER FUP
e .+ .GALLS ON SIX CHARACTERISTICS
e e g i mmu. > 5 yHDER'_ATER LSS, 0F
CALL CHARACTERISTIC ' -/~ .MEAN- ' ".'MEAN ' ... ' VARIANCE :
" Mafor narsontc () 4090 Cemat. U F “3-231 38
* ' Nusber of Harnonics B2e . 3 Fy pes=134.07% O
Harmonic Tnterval (Hz) 469.41 534.68 F, 5472656 *
Number of Missing Harmonics = - 0.659 2.63 F,  59,°223.004
Average fiarmonic Rise (He) . 2449 183:28 F,1’"0=14.21 * '
S Average Frequency 3 1417.93. 1420.86 Fl '“o=b.oo
S l(odnlatiqn (Hz/sec.) :
‘Duratdos of Call (ss) . -0.34 . 0.28 Fy gys=30.98 ¢
‘ 2 Inter-call Interval (se¢) ~ 2.16 . . 2.43 Fy go=1-78
* represents a sigpificante level of p < 0.05. g f 2 _
)
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Comparisons among pups

As menti’oned previously, it was necessary to analyze each day separately
since pups could not be identified from day to day and, therelo;-z, it was
impossibfe to discern whether animals had been recorded from in-an earlier
session. In order to ascertain whether the voices of the pups were mdmd\mlly
dlsl.mct, physwal call chnractensucs were cnmpared amohg pups-on each dny, for
each medmm Analysis: o! variance (ANOVA) was used to tes'. differences
between pups for '.hose vmables whlch had real number values (cnll durntxon, :

i mter-cn.ll mterval mn]or I;srmomc. harmonic mterval harmonic ,nse, _nnq :
<frequency modulation) while the count ,vanables, which probably had a skewed ‘
distribution. (nnﬁ\be; of harmonics and number of missing‘ harmonics), were tested
using Chi-squared. These analyses revealed the following differences (Table II;
refer to ‘Appendices for daily mean values and summaries of statistics for each
variable in s"epmie media for all pups).

Pups differed most on the basis of their mean major harmonic frequencies in
both sair and underwi;te; (on si.s percént of the days pups’ were significantly
different on v’the basis of th‘i; characteristic in air; on.50:0 percent of the days for
the underwater calls). Duration of the aerial calls differed significantly on 62.5
perceiit of the days While this variable differed on 438 percent of the days in
underwater calls. The number of hnrmqnics present if the airborne calls was
significantly different among: 'pups on 37.5 percent of tie days while the number

. ~_
present in the underwater versions was different on 56.3 percent of the days. b




TABLE II: PERCENTAGE OF DAYS ON WHICH AMONG-PUP COMPARISONS

OF CALL CHARACTERISTICS WERE SIGNIFICANTLY

i DIFFERENT IN EACH MEDIUM

26

wr g MEDIUM
CALL CHARACTERISTIC % 'AIR WATER
Major innan:e (Hz) :62.5 60.6
Durat ‘on-n! Call L 8?.5 438
Nuober. of Harmonics . 37.6 66.3 -
r of Missing Harmonics 4.8 313
erage Harmonic Rise (Hz) a8 - 31.3
verage Frequency T - 438 31.3
Modulation (Hz/sec) ﬁ 4
. Harmonic Interval (Hz) 4.8 25.0
Inter-call Interval 31.3 18.8
¥
—
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The number of missing harrmonics, the average harmonic rise and the frequency .
modulation were different for the same number of days for airborne and
underwater calls (air, 43.8 percent; water, 31.3 percent). Pups were significantly
dirferént on the basis of harmonic interval in air (43.8 percent of the days) and
water (25.0 percent of the days). Inter-call interval for both media was found to

. be significantly different on few days (air; 31.3 percent; water, 18.8 percent).

Post-hoc isons (see Appendi 'for Scheffé s) revealed that on S
each day not.all pups were significantly-different from each other on a consistent

“combination of variables, Therefore- the relat'gv’e‘ importancé of a pax:h‘culnr

.. variable ‘or combination ‘of them was “difficult togassess.. For this reason a
-¢_»discriminant -analysis was run usiné all variables but inter-call interval and call
leirstion. The former proved to be unimportant by the ANOVAs and the latter ,

because differences il the durations were thought to Telate to_behavioural

and, therefore, could confound individual voice diff

A discriminant analysis was run on six pup call characteristics (major

. - . . 2.
harmonic, number of harmonics, number of missing harmonics, harmof® interval,

rise and fr dulation), ly for each medium, enc'h day,

to determine if the call characteristics could be used in combination to distinguish

between. pups. The s{@iﬁcant discriminant functions, with.the sixrremnining _v
1 variables, were consistently able to account for a minimum of 78 percent (T_nble ‘7
. ) of the variation among pups; !hese; functions performed as well as or better
i than the major, harmonic used alone. The ofly days en.whieh a relisble” /-
discriminant function could .not be generated were those on which there were

three or fewer pups or when there was an average of less than five calls per pup. -




' :mu II3: RESULTS OF DISCRIMINANT ANALYSIS INCLUDING POOLED WITHIN-GROUPS
CANONICAL DISCRIMINANT FUNCTIONS AND DISCRIMINATING VARTABLES.

&

[

CORRELATIONS BETWEEN

k . X . VARTABLES

FUNCTION EIGEN - PERCENT | MAJOR NUMBER"OF MISSING - HARMONIC HARMONIC  FREQUENCY

-DAY NUMBER  VALUE VARIANCE | HARMONIC HARMONICS HARMONICS: - INTERVAL MODUALTION MODULATION
AR 10 g £ 3.13¢ . 41.74 | 0.564 0.876 -0.169 0.263 0.198
2 2,736 36.42 | 0.601  -0.424 0.040 [ -0.081 -0.008
13 1 87.769  96.90 | 0.914  -0.011 -0.040 0,091 0.161 0.043
14 1 0.994  82.69 | 0.456 0.045 | 0,032 0:811 0.370 0.247
G 1 5.121 62.24 | 0.860 0.300 0.176 - .. 0.224 0.029 -0.308
; 2 2.723 33,09 | 0,610 0.136 0.175 0.067 0.600 0.930
17 1. 7 7624 93.88 | 0.367 ' -0.270 - 10.203 0.228 0.324
WATER 10 -1 2.722° 68.92 -| 0.241 ' 0.526 -© 0086 0.272 0.085
2 1.074 23.26 | 0.378  -0.489 ©'-0:.183 0.461 0.415
13 1 11.116  64.21 | -0.027 ' -0.816 0:154 0.208 0.326

2 3.485  20.13 | 0.761 0.127 0.086  -0.232 0.432

14 1 2.472  '89.84 | 0.811  -0.161 - “0.309 .. 0.323 0.300
16 1 13.942° 79.00 | -0.350.  0.460 © 0.023  -0.005" -0.140
17 51 109 91.87 | 0.689  -0.520 . 0:042 0.021 0.061

8Z




The pooled within-groups correfations between the ical discri

and discriminating variables indi that the major harmonic of bthe

airborne calls was weighted most heavily in four of the seven discriminant
functions (see Table I). The discriminant functions describing the'underwuler
cries correlated with either major harmonic or the number of harmonics in the
calls. In both fedia the remaining variables were used to a lesser extedt in

creating the functions and none failed the tolerance tests (p < 0.01).

-
Behaviour

‘Pups started to call when they were on average 1 meter

=1 meter) from

theif mothers. Mt;thel's most frequently approached or stopped and waited for

‘their calling pups (81 percent of the time), initiated: nose-to-nose contact (99

percent of the tim¢) and then continued to the haul-out'site. Typically, pups then.
stopped crying (87 percent of the time) and followed their moth.ers ane} a nns;xu:v
nose contact. Where no nose-to-nose contact'occurred the pup was equally likely
to continue cniling, as not, while following its mother. ‘

Pups were Qsepm;ted into’ two groups on the basis of distance lr‘om‘their
mothers at the time of ca]lfng. Those pups less-than two metex:s were categorized

as near to their mothers while the remaining young, composed almost entirely of

. lone pups excé];t for one which was three meters from its mother and another five

meters from its mother, were far (two meters or more). The near pups had a
significantly higher aerial major harmonic, inter-call interval and number of

higher mlj(‘rr b ic and

missing harmonics. The far pups had 4 si
number of harmonics in their underwater calls and significantly more harmonics
missing £&me‘w airborne cries (Talilé lV) e




TABLE IV: SUMMARY TABLE OF MEANS AND STATISTICAL TEST RESULTS

e CALL

ISTICS OF PUPS GROUPED

ACCORDING TO DISTANCE FROM THEIR MOTHERS AT THE

TIME OF. CALLING

30

CALL . +'DISTANCE FROM MOTHER TEST =
"~ CHARACTERISTIC NEAR FAR STATISTIC
: ‘(<2 m) G2m %
AR ST
MAJOR HIARMONIC 499.1 378.1 Fy 415713.38 ¢
| INTER-CALL INTERVAL 2.7 19 5 Fy 53,77.69 »
2 X
NUMBER OF HARMONICS 4.7 5.6 x2=13.63 »
N N=425 - -
NUMBER OF MISSING 0.8 0.5 x*6.49  *
: HARMONICS ’ N=347
WATER 2 N
MAJOR HARMONIC 807.1 992.9 Fy 40579.63 *
. B i .
NUMBER OF HARMONICS 32 3.7 x’=4.86 o
: =423
.

& *+ represent‘a significance level.of p < 0.05
3 A .
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Pup calls were then g'ro:lped according to the position of their' mothers’

heads (refer to Figure 5, page 16) at the time of calling. The underwater cries of

' pups calling to completely submerged mothers had a significantly higher ;xlqjor
harmonic, harmonje rise and number of harmonics than those of pups calling to
mothers in posmon 2 (Table V). They also had a significantly lower harmonic

interval than pups callmg to mothers in position 1 and 2. The aerial calls of these

pups had signi more missing h ni than the pups calling to posilion 2
mothers. v ‘
The final grouping of pnps was on the bnsu of mnthers responses to their -
calling pups (approachmg the pup, stoppmg to wait for the pup, or 0o apparent
response). In the gerial calls. there were significantly more harmonics for the
group whose mothers stopped and waited for thei than for those whose mothers
ignored-them (’i‘able'w). There were significantly more harmonics missing umi; .
the harmonic interval was higﬂer in the underwater calls of pups whose mothers
stopped and waited vfor them than for those whose, mothers ignored them.

Significantly more harmonics were present in the underwater cries of pups whose

mothers approached them than ignored them.
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TABLE V:  SUMMRY TABLE 0P MENG ARD STATISTICAL TEST RESULTS
KR ITICS OF PUPS GROUPED .
i ACCORDING TO T restrioe OF THE M * HEAD AT THE
TIME OF CALLING L ;
i‘ =5
POSITION OF MOTHERS HEAD - TEST . - . .
4 2. 3", STATISTIC-.. -SCHEFFE
¥ LonTele o el el :
AR ¥, "0-3 R S
WUMEER ‘OF MISBIHG, 1.1 x2=11.62
. HARMONICS . Netsy, . oolE
WATER g s .
MAJOR lwmnnn‘z 72008 612.7 9941, F, . .=16.88 3> 2

o J o 5
‘,HMI_I]DII'IC IIITERVAL 763.1 . 692.6 463.3. F, ;,,8.06 31,2

HMKDIIIG RISE . 179.4 186.7 196.9 Fy, w.,='3‘66 352

3.6

3.9, xP=13.92

IIIM!ER DF HAKI(UIIICS
gin Ayl ) H—ZOS

igoificant ntf p < 0.06




TABLE VI: SUMMARY TABLE OF MEANS -AND STATISTICAL TEST

RESULTS-COMPARING CALL CHARACTERISTICS ‘OF PUPS
GROUPED ACCORDING TD MUTHERS® RESPONSE TQ CALLING

RESPONSE OF MOTHERS TEST

CHARACTERISTIC A W 3. STATITIC
. - . h ;
AR ] . St j :
NUMBER ‘OF HARMONICS , 4.7 5.4. 4.0 x%=7.53 N=204
& WATER e v
' HARMONIC INTERVAL ~ 496.9 607.0 446.1 .F, ,,,=3.69 .
*NUMBER OF HARMONICS 3.9 _ 3.4 2.9  x%=6.50 N=217
NUMBER OF. MISSING 1.9 3.9 1.6 x%=14.44 - N=169
- HARMONICS' i

NOTE: all ol\ the above compu-uon- were uignuscnr. at p < U ‘o5
level \ . A

KEY TO RESPONSES: i
11umza APPROACHED -CALLING PUP
D D 70 WAIT FOR CALLING PUP'
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CHAPTER FOI:VR; bISCUSSION

Unlike those pinnipeds which -give birth -to their pups on land, Phoca
vitulina concolor regularly follow their mothers into the water for the first few
weeks of life. The i)recocity of the yo;lng permits this species to use haul-out sites i

* which are often only accessible at low tide. It also enables mother-pup pairs to
escape disturbances, such as vehicle and boat traffic, which occur frequently at
many pupi;i‘ng sites (Vennhles and Venables, 1955; Curry‘-l;indahl' 1075~ Renouf et

., 1081). However, this moblllty requlres that at Ieut one member of the pair
’ must recognize. the. other to remain .in :ontact _during_the’ four week nurslng-
period. Ma_inmning contact could be particularly difficult when: the pair is in. the '
water due to the increaaeﬁ motility of the young combined with poor vvisibiliéy in
turbid waters, strong currents and the masking effects of high ambient noise levels
(Renouf, 1080). : )

The pups sh‘o.v'v a strong tendency to follow their own mothers (Lawson,
1983) and Renouf (1984) has suggested that a méther might be able to monitor
her pup's movements behind her by localizing its calls Thus, she would know *
when’ her ofl‘spnng was not followmg as it should and could then respond

. appropriately. Although ‘the closest pup should be her own, '.hgn are accaslons,
= such as during disturbances, when many young can be calling at once from very
similar position:_z.‘ At these times, it woul_d’ i:e adcantageous for .the mother to
recognize ‘her offspring's voice. ' If the mother could distiuguisl; her offspring’s »
-calls from those ol nearby young, the time necessary for her to locate h;r own pup
would be reduced. Thu could be crueul when factors, such as the ever presenl

strong currents, nlm‘mcreue the hkehhmd of sepuntlon
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Individual variation

Mother-infant vocal recognition has been postulncd for most of the ommd
species of pmnlpeds (Marlow, 1975; Ono, 1972; Petersau and Bnrtholomew 1969;

Stirling and Warneke, 1971; Trillmich, 1981; Vaz-Ferreira and Achaval, 1979).

Ve(al‘r:&gnition has also been suggested to occur in several phocid pinnipeds,

such as Qorthe}n elephant seals. (Petrinovich, 1974), grey !en‘ls (Fogden, 1671), and
possibly hfp seals (Terhugeet lll ibﬂl) and harbour seals (Renouf, 1084)

-The.results of the present study conhrm Renoul" 11084) finding that pups

vdll'fered primarily ‘on’ the basls of their Iundnmentnl frequency (referred t-as .

major haimonif: in this work). The discriminant analysis, similar to that used i)y
Antonelis and York (1985) to identify individual male northern fur seals by their
vocalizations, indicated. that the number of harmonics, frequency of major
Hions, Naviois IabAvAl BUmbeP ol ibing bironis, iverige harmonic rise

fraeiarics Julati P b

in ¢

and average

could reliably di
among all pups (except on those days wl;en less than three pups were inélhded in
the analyses). The pooled within-groups correlations between the canonical

discriminant functi and the discriminating variables signiiy that the major

harmonic of the airborne calls was consistently important in distinguixhin;\ :

between calls of different pups. Dlscnmmnhon among pups on the basis o(
underwater cries was most strongly influenced by either the major harmonic or
the rgumber of harmonics present in the calls. The remaining variables fluctuated
in their rvelative iml;ort'ance to the daily discriminant functions. However, none of

-~

N
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them fgiled the tolerance test and, therefore, were not eliminated from the
N .

_ analysis. This suggests that all of the variables contributed to the differences

between pups. That'is, pups appear to have-unique voices which the mothers
could l:u to distinguish their offspring from others. Renouf (1985) was able to
demonstrate that a captive, adult female harbour seal cdu'1d distinguish between

several different pup calls. It is possible this female was using the aforementioned

physicgl call charactéristics to make this di

Comparison of aerial and @nde.rvlnter calls

Rénonr (1984) found that pup calls ‘were'transmitted simultaneously in' air
and underwater when' the pup's head was in air. The present study found that

there were significant differences in the physical characteristics of the aerial and

. underwater versions of these calls. Typically, lower harmonigs in the underwater

call were missing, luding- to a greater harmonic interval, and the major harmonic
frequency was higher than in the nrizl'nlls.

_ There are no other reports of simultanéous call productio? in two media by
pups of other phocids. Howevfx, there are several studies cdinpuin; adult
vocalizations in the two media. The California sea lion emits barks and clicks

simultaneously in both media when its body is submerged and its head is out of

L "
" the water. Schevill, Watkins and Ray (1963). found na»’p)jysienl differences

between these two versions when they examined calls from captive Zalophui As

_they suggested, the holding tanks were reverberating concrete pools which could

havé caused behavioural changes in sound production. Sufficiently loud \

rufordingx ‘were only ol;uined ‘when the snimals were within tw;; meters of the.

‘N.'-.
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hydrophone which might have lead to a cross over of the signal, from air to water,
a problem which could Jecur in .any of the work with ;:sptive animals.
Schusterman and Balliet (1969) found no diff?rence in thu’mnle Cnlifornin. sea lion
bark when simultaneous aerial and underwater phonations were compared
[comparing calls produced when the head was in air and the throat (propagator)

was submerged]. Slight differences between aerial vocalizations of male pups and

underwater calls of adult male hooded seals (Cystophora cristata) were suggested -

by Terhune and Ronnld (1073) Unfortunately, they were unable to compare cnlls .
"produced- by the same. mdmduals in each medmm One m:ght expect to ﬁnd
'dlf[erences in frequencles between animals. of such dl[ferent sizes, sxmply on the
basis o_l (disparity in size-of the sounq gengrntxng organs and. air passages.

The diﬂere,nce: in aerial and yfderwatep vocalizations re‘ported)in’ the
present study are not likely to solely reflect differences in. transmission properties |
of the two media. It is likely that the distance belweo;n' any of the young and the ’
hydrophone (three:to ten meters) was Atno small to allow for frequency and
amplitude changes in the cries as-they passed through water. Normally, one,
would expect higher frequency bands of ux?derwater calls to be‘m’os_t affected by’

* the reflective properties of the surface of the wuter‘and to be attenuated more
rapidly than lower frequency bands. ~Since air and water have different
impedance ci:aracteristiés the interface would serve as alarge obstnc‘le,“ﬁés sound '
waves propagate near tvlie air/water interface, some high frequency bands with
short wavelengths would. reflect and cance} while oti’nem ’wo!xl;i be reinforced -

_ (Wiley-and Riéﬁﬁrds,— 1078). Instead, the present study l‘onn‘d more:lower PLan

‘were missing in underwater cails. “The channel in which recording took place was




shallow (mlfimn'lm depth) of three n;eters) which could prevent transmission of the
lower, longer-waveleugth, “frequencies because the wavelengths could be longer
than the surfaceto-bottom distance. However, one might expect the major
harmonic to be eliminated if this occurred. The shift of emphasis to higher
frequency bands in the underwater calls is difficult to explain. Perhaps it was a
product of some type of resonance effect of the seal's lung cavity, like those

rod\lced by the phuyn{ed pouches in the wnlnu (Odabemu ‘rosmarus) on lhelr

‘& bell-like soundl (Fay, 1060b; 1079; . Schevill, . et al., lDBB) If ‘the usonlnt

through the chesl Thu same effect mlght cause a ‘shift in emphas\s lrom one
i - frequency in ur to lnother underwner if the rollte of proplgntwn were dll'[erent
between the medn (pmmg alnlght into the air from the sound genemtm; organs

compared to passing dovu,n through the lungs and into the water).

Siley, Jower hm}on‘g iiny have been filtered as the sound passed

through the thick blubber and skin into the water. Perhaps these laym act as

high-pess filters which selectively allow high‘_‘_ ies to pass unaffected while

reducing the amplitude of the low-frequency harmonics. Therefore, the potential
augmenting resonance ‘effect of t&;l ‘cavity and the filtering properties of the

:iiﬂ‘argneu in pup calls between the two

blubber m.y explnm the _siguil

media.

Thg discriminant analysis indicated that pups had unique calls in air \lnd

underwner Therefore, mothers could dmtmgmsh the cries ol l.heu' young from

other yups on the basis of emur vemon The masking efl’eeu of lngh unblent

\

!requency ‘of Ihe lung cavity were such that.it equnlled .| pamculnr lurmomc ot 5

i the. vocalnznlon then tha amplitude ¢ of that bund mnght be enhanced as'it pmed_ .
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noise levels could make it difficult for a mother to hear her ol'lsprin‘g's aerial calld.
Since seals sr;a on average 15 dB more sensitive to sounds underwater than in air
(Mghl, 1968) she could rely on the simultaneously produced underwater cries, in‘
this situation, to recognize her pup. In sny case, wilth two renditions of the call
available to t,he mother, she could theoretically attend to the call in the quieter
medium. : . ~ '

The. physical differences between the airborne ;nd underwater calls give the
mothers» two different ‘pieces of ix;l‘oimnion. Like all ‘binnun_;l‘ animals, harbour
d seals- ate able to. localize sound s'o{l‘rc_e; By comparing ‘differences in, time of 3

'karri;rql,»nnd i)ossibli.intenpit& a;:d 'phsée; of ‘a'sound to each ‘ear they éan‘vdetgct‘

an angular separation of two sound Sources in air (minimum:audible angle [MAA])-

as small as 3% (click stiﬁulus; Terhune, 1974). This is only siightly less accurate
than humans who have a MAA of 1° in air (M_ills, 1958). Hence, & mother seal
would normally_be able to locate her offspring on the basis of airborne calls. A
calling pup should be more difficult to locate underwater since sea!s have a MAA
of 9° (clicE stimulus; Terhune, 1974) in ihnt medium. However, seala Are‘hener
able to locate an underwater sound source than untramed humans who have &
MAA of 11° (pulsed white noise sumulus Feinstein, 1975)

The harbour seal receives nenal information through the audltory meatus
while underwuer signals are recewed just ventral to the meatal onﬁce and pass
to the inner ear through a vertical bar of tissue approxnmately seven centimeters
in length (Mghl and Ronald, 1975). It seems likely then, that the female harbour
seal would be able to hear both the 'n'ex:isl sndll.mde‘rwstei call at the same time if
her head is élnéed such that the water line is:just t"entul to the meatal orifice, as

suggested by Renouf (1084). .




5

.40

Since sound travels four times faster through water thanair, the underwater
calls of the pups would arrive at the mothers' ears before the airborne ones.
‘Thus, as a pup fell further behind its mother the difference in time or_ arrival
between.the air and vfuter esik would increase, informing the mother of the
increasing distance between herself and her pup“ Furthermore, a mother could
detect differences of intensity, phase and time of arrival simultaneously within air
“oF underwsur cnlls thereby uddmg & fourth dimension to the binaural
compumon Therefore, it mlgM be pombk ror the mothers to mtegnte the
lOC&thlﬂn cues prowded}lzya‘x{nnd underwater calls slmultnneously to locate

ﬁ?elr young in thie three-dinfensional environment they qccupy Wh,ll! swimming.

- s
Behaviour

Analysis of variance of physical call characteristics between pups calling in
different behavioural contexts indicated that the distaace of ‘the pup from its

mother, the position of the mother's head at the time of calling, and the nnl;ther's'

‘1, response ‘were important variables. The mean serial IllAi?l' harmonie, inter-call

interval and number of missing harmonics were h{gher for pups close to their
mothers while the number of harmonics was significantly less than for pups 2
meters or more from their mothers. pps v.:llli-qg far from ;heir miothers had
a significantly higher underwater major harmonic and more harmonimhnn the
near pups Thae findings mlght reflect the motivational stlte of the pups at the,
time of cnllmg It appears that 2 mun (lpproxlmntely 1.3 seal lengths) might be
a cnnc-.l dl?'.lm.‘l for the young. It is possible that at this distance, and beyond,
- pups are unable to recognize their mothers from othel: seals' with certainty and,
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therefore, are unsure of their mothers' location. ‘Perhaps this would be stressful
"and cause the pups to put more energy into their cries which should lead to more

harmonic bands being present in the calls and might also account for the higher

major h ics. These dist lated differences might serve to inform the
mother of her pup's confusion or stress which should encourage her-to approach
her pup and reassure it-of her identity through nose-to-nose contact.

There were also significant differences in the call characteristics between ~

'; pups calling to completely sub;nerged mothers and those calling to mothers with
) then heads vnslble at the surface. The mean aeml hnrmomc interval was less.
whlle there Were more Imrmomcs mlssmg in the cries of pups cslllng to submerged ’
vmothers than mothers thnt were pamally visible. The mean underwgter major
harmonic, harmonic rise and number of harmonics were al.s‘o.higher -for: pups
ciying to sibmerged mothers than for pups calling to partially visible mothers.
Also, the former had a simifx’cnntl)" lower harmt‘)ni’c interval than the pups calling
. to either partially or -cml;plebely visible mothers. Again, these differences might-
reflect the stress level or motivational state of the young at the time of calling. It
is likely that a pup at the surface would be more stressed when it. was unable to
see its mother thanif it could. Overall, these differences in_cnlls‘migh!'serve to
inform the mother that, firstly, her offspring had surfaced and, secondly, it
needed to see her in order to’continue following. .
Analysis of variance of call characteristics among pups, grouped nccordinﬁ to
their mothers’ responses revealed several aigniﬁc;;nt differences. In air, the mean
number of harmonics of pups whose mothers stopped bo wait for them was higher *
than for those pups whose mothers appeared to ignore their calls. The pups

’,
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whose mothers stopped to wait for them also had a higher harmonic interval and

rmore’ missing harmonics in their underwater cries than the apparently ignored

pups. The pups whose mothers approached them had significantly more

bands than the calls of pups whose mothers waited for, or ignored, them. It is

dimcul‘t to clearly d ine the causal relationship in these groupings.
Presumably the pups who were ignored should be more stressed than those whose
'mnzh,ers waited for.them. The physical ;all differences between pups whose
mothers ignnred them and those wicse mothers responded (either by approacixing o
or ‘stopping to wait for, the pups) might. indicate that . the ignored pups ‘Were
‘un;ertnin as'to which seal was mother s‘n’d, therefore, were unsure to‘ward’ whonyx‘ i
they. sﬂnu!d-di;eet their calls. A response i:y a's/eal, most likeiy mother, could -,
serve to encourage a pup to direct and emphuizg its calls. However, it seems
more probable that the differences in calls might in!or;n the mother as to the
well-being of her pup-such that cries with fewer harmonics might be produced by
 less stressed pup which doesn’t require immediate nt‘tention from its mother.

" These findings support Lawson's (1983) suggestion that b;t’h members of th’e
pair take ap AclJive role in maintaining contact with the p':her, but when in danger

of separation the mother takes overt control over keeping the pair together. This

study presents the possibility that it is the infc i iﬂ‘ihe izations of the

pup which ﬁ!orm the mother of an increasing risk of seyaution“

Conclusions
a

in various

A ati ination of pup

pinnipe}d species indicates that there are differences between tl‘le otariids and the
“ 5 f
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phocids. Most species of otariids, which have extremely long nursing periods
(Galdpagos sea lions will nurse as long as three years; Trillmich, 1081), must leave
the young unattended, often for several days, while they search for food. Upon
return, the mothers can locate their offspring by waiting for the offsprings’

individual vocal responses to their PACs, - The phocids have relatively short

N
lactation periods (there is evidence that hooded seal young are weaned in four ' "

e
days; Bowen, et al., 1085) which reduces the total amount of time over which
mothers must Ieav‘e their offspring alone. Also, many of them birth in groups

'ties than those of otariids. Smce it is difficult to study many of

the phcclds, httle is known about their: pup—yecogmtlon mechnmsms althongh

Terhune et -al. (1979) suggest that a: vocal mechanism |s.unhkely in harp seals,’

Perhaps ‘the pupping site density differences provide an explanation” for the

poorly P d voeal r ition in the.ice breeding species. This

becomes evident when grey seals and elephant seals are conside}qd. These sir;cies,
compared to” atixer phocids, have equally short nursing periods (approximately
three weeks) but they maintain the hiihest density groups, among-phocids, at
, pupping hme and the l'emules do make use of PACs. It is possible that there are
selective pressures to develop vocal recognition in, species with™ high densny
rookeries, This suggestion could be tested by examining the walrus which also has
dense\nursing groups and is thought to nurse for two years (Fay, 1982). _ There
are /ﬁm which indicste that walrus calves have distinetive bark trains (Mifler,
1985) but ‘vocal recognition has yet to be studied. The résults of this study
lndic:je that harbour seals, whichr pup in higher del‘uitiee than icabreeding

phoqids, but more dis’pef:ed than grey seals and elephAnt‘sealj, have developed a
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i | 2
recognition mechanism to ensure mothers and pups stay jtogether despite the

presence of other‘ pairs nearby.

Harbour seals gather into rookeries and have short 'l‘nhtim} periods. The
;d\llvs’do not have a PAC, but the pups have a vocal signatare which their
mothu‘n can recognize.. Fur&l‘ler. harbour seal mothers can rely on different
_upec'.; of their pups' behaviour to ensure that the pair stiays together. In fact,
the Iu_l‘bonr seal is unusu‘l in that the youpg follow their| mothers in}.n the sea
!;o’m birth. Therelore: it is important that the mql‘he‘n recognize the cry of their
‘oﬂspring and be able to use the continual calling as a meansi to locate them: The
upiduen&s 6! the calls facilit‘atu both rAet;g'r.nition and Iocali‘zxzion.

Earlier work Im' indicated that mothér-pup. pairs are able to remain
together, dﬂe the mobility of the young and the diménll,en\}ironmenul
factors, through ;\fol\lg:vin; tendency olAthe pups. * Evidence indicates that

maternal effort is increased when .l.he ‘risk of separation is great, such as when

" pairs are in the water, through obvious efforts to minimize tile ii:trnplir distance.
Differetices in physical features of lhe ‘vocalizations were found to occur in
conjunction with distance from mother, position of the mother's hnd at the time
of calling and lh; mother’s ruponu This implia»lhlt some ol‘i‘the onus was on
~pupa'lonlen' their mothers u;’potential danger of separation tll{‘ough differences
in their calls as a result o!vlncreas'ed stress. _'l‘hua, a mother c({uld decrease the
danger of sepn’n‘ion when she was informed By her pup that zh% youngster could

not follow as it should, thereby ensuring that the pair remained i“n close contact.




Future Considerations

While this study includes extensive call data and behavioural measures not
previously documented, there are several potential improvements which could be

implemented. Firstly, and of greatest importance, a marking program would

greatly enhance the lation of )'xserul ization data. This would allow
for & comparison of " call charae&e’ristics over the nursing period for known
i;idiv;iduvnls to determine if thereare developmental changes'in calling as wenning‘
approaches. Secondly, a taggipg program would make playback studies possible,

We have been extremely wary of approaching mothers with newborns as tpé .
likelihood of separation miéht be high. - Thus, ‘;IE carinot t; mothers early
enough to have w;mrkea indivi1dunl§ thrcughouf the short, four w;ek nursing .
“period. Thergfore, playback studies have been impgssible. If adult females could
be marked after their offspring hi‘ve been weaned. we would have known
individuals to work with in the following year., This would facilitate the collection
of calls from known pups which could be played back to their mothe:: as well as
strangers. . ’

A Unfortunately, there_{would‘be the added pwblef;l of interpreling‘ mothers”
responses to re’corded csll; in a playback study/‘,S_ince “females do not vocalize-in
res&nse‘ to their p|/|f>5' cries it V:vonld be necessary to meuu:'e their reactions to
the sound sourge. Responses to calls from a speaker in 0 unexpected location
might not include the behaviours of waiting or approaching normally ‘seen
between mothers and pups.

Recordings-of pup vocalizations from the surface of the young's body would .




48

assist in determining the physical effects of the body on the underwater calls,
: Reueuch*l»,pf this ‘nture wouldtllow for more certainty as to whethér the
" variation in bhy{icsl call characteristics betwgen the media are a result of

‘transmission properties of water, or-the pup’s anatomy.
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Appendix 1a: Mean major harmonic value of AIR calls for individual pups on each day.

5 PUP NUMBER ; s T F Schefté
2 3 4 5 6 7 8. 8 10 |
382.8 1.7 0.33
. 612,56 781.8 297.65- e : 2,26 7.48 »
183.3. 426.0 675.0 -200.0 770.5 675.0 657.8 272.5 7,41 3.16 ¢
437.5 337.5 260.0 212.5 . : 4,9 -21.21 ¢
676.0 : Ty M1 osooe

237.5 1164.6 668.3 485.0 262.5 '325.6 1120.0 283.3 25421’ 9,68 9.32 ¢+ 3 and B differ
" from 1,6,7,9,10

272.92 + 1 diffe

216.7 375.

o 2.9 from 2,3
391.7 686.0 | 2,9  1.18 - py
262.5.1043.8. 226.0 233.3 237.5 6,22 376.12 + 3 differs from all
326.0 229.2° 600.0 ad 3,33 2.88
307.5 316.7 .377.3 297.9 5.30 0.91
791.7 226.0 227.5 2,24 9.04 # 2 differs from all
248.4 315.6 2,18 3.66 * 2 differs from 3
"660:0 237.5 2,18 3.48
216.7 " 6 0.02

1. .
' 276:0° 187.5 2,11 11.13 + 3 differs from 1,2

ats p < 0.05 ] ) ~ k . . 5




PUP MAEER . I ar F Schot1d

PSR S | A 6 7 8 9 101
DAY
.4 387.57363.0 11,12 0.56
2.7.369.4 1295.8 1292.7 1.2,19  7.40 + 1 differs from 2,3
3 1347.2 743 8 1081.3 968.3 1450.0 1012.6 946.9 1226.0 1121.2 | 8,62 2.77 «
"4 -1336:0. 975.0 1087.5 1111.1 1200.0 14,32 0.84
5 .810.0 1250.0 { 11,6 1.27
'8 1450.0 |
10 450.0" 760.0- 266.1 291.7 753.1 662.5 6503.4 691.7 '716.7 640.9 | 9,60 3.46 *
11.1393.81226.0:1700.0 .. 12,4 0.87
12\500 0 1476.0 1737.5- - . 129 374 -
13 12!5 0:2800.0 1825.0 1726.0 1407.1.1831%3 ; 1. 5,20 6.16 * 2 differs from 1,6
47 . - 409:4 242.2 1026.9 '1'2,22 19.86 + 6 differs from 3,4
16 '983.3. '187.5 754.2° 475.0 800.0 350.0 | 6,13 '5.73 ¢ 1 differs from 2
16 414.3 |
17 102_:7 1016.7 1176.0 - 219.6 | 3,12 23.46 ¢ 4 differs from all
18 - 518.2 396.9 691.7 12,22 0.38
19 1184:4 7260 378.1 1 2,16 "5.19 * 1 differs from 3
20 72831 . | C
211360.0 1412.5 ; 11,7 '0.02
22 '2100.0 1833.3 ° 409.4 128 3.9

* re) nts p < 0.05
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Appendix 3a: Mean frequency modulation of AIR calls for individual pups on each day.

PUP NUMBER 1
6

\ .

dr ¥ Scheffé
¥ 1 2 3 4 5 7 8 9 10 |
" DAY 2 =
6700.0 1666.7 ° 1 1.7 143.40 »
1694.3 1643.4 1169.5 12,29 2.83
1750.0 2482.7 1312.5 1000.0 1223.3 583.3 1867.4 1396.9 17,37 1.49

933.4 937.5'1207.5 666.7 691.8 . 14,10 1.08

976.2 1304.9 11,11 0.87
8 -1344.5 - s o
10 1468.6 867.1 1436.8 1275.0 1044.8 712.6 1097.7 1841.8 1624.0 15648.0 | 9,68 2.18
11 1314.3 503.5 1828.7 - e - l29 3.83 . N
12 492.9 1440.1 2202.8 i - - 12,9 26,13 » 1 differs from 2,3
13 1486.2 1632.2 1960.2 1869.8 668.3 838.5 = gy AHR = | 6.21 ,2.85 *
14 1270.9 1921.7 1613.9 1777.6 T o183t f0:43 2 s
16 1296.3 875.0 1687.0 1050.0 1829.3 2700.2 B 1.6.30 5.38 * 6 differs from 1,2
16 1362.3° = 1 w8
17 1799.4 2350.6 1030.0 931.4 . 3 1 3,24 7.31 s 2 differa from 4
18 1226.7 1446.4 1682.3 12,17 0.3
19°1239.2° 875.0 1053.7 12,18 0.78
20 888.6 : 1 -
21 '866.6 638.9 . 11.6. 0.82
22 1637.65 1664.4 708.3 ® | 2,11 9.93 * 3 differs from 1,2

s
* represents p < 0.05 !
~ .‘ 5
\ -
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Appendix 3b: Mean h’--qun:y modulation of WATER calls Tor individual pups on each day.

L., 2 3

785.8 1460.7
1425.0

3295.8 - 897
1226.0 703.
1310.5 1220.9
. 1685.6

10 1439.6 1187.
1114323 944,
12 892.6 1979
13.3225.0 3408.

DARBN Y
]

14 1000.0 908.
16 1281.3 333.
16 1219.0°

.6 1013
19 947.9 1000.
20 864.6
21 1630.8 1516.6
22 1833.3 791

1675.
‘4 1787.
6 1266.

5 '789.
b 2375.
.2 2776.
3 1065.

3 867.
3 1395.

.0 750.0
g
0 B12.5

PUP NUMBER
4 5 6
6 1276.4
7 972.2 1500.0

7 1712.8 1383.6

7 1088.5
0
7
6 2133.4 868.4 1020.8

2 1669.6
8 1333.3 1666.7 1187.5

702.4

* represents p < 0.05

1016.2 2864.8 1852.6

cowown

979.8 920.9 843.4 695.8 1611.7 1207.3

-
Ramo

* 1 differs from 3,6.6
2 differs from 3,56.6

-

coa

9s



Appendix 4a: Mean harmonic interval in AIR calls for individual pups on each day.

PUP NUMBER ) | = F Schetfh
1 2 3 4 5 6 7 8 9 10 |
% DAY
1 400.0 472.8 . i 11,7 . 7.43 ¢
L 2 418.8 481.0 425.4 . : | 2,29 | 3.32
3 433.3 480.0 368.8 425.0 476.3 420.0 521.4 518.8 | 7.41 0.79
‘4 450.0 1231.3 516.1 425.0 410.4 - | 4,10 6.86 + 2 differs fzgm all
6 437.5 420.5 11,11 o0.14
& 8 362.5 . |
) 10 672.0. 466.7 437.0 426.0 452.7 404.2 432.3 347.3 475.4 429.7 | 9,67 3.43 » 1 differs from 8
11 673.6 416.7 529.2 d . 12,9 4.33 + 1 differs from 2
12 390.6 B616.5 498.7 ' 12,9 5.53+
13 603.3 374.4 576.3 415.5 418.8 439.6 | 6,22 6.00 ¢ 3 differs from 4,6
14 442.5 427.8 410.2 476.8 " 13,33 4.03 ¢ 3 differs from 4
16422.4 449.2 515.0 422.2 478.0 638.8 | 6.30 2.05
16 404.8 . i |
17 389.0 439.8 424.8 378.5 \ 13,24 272
18 616.8 '440.9 439.6 " | 2,18 2.00
5 10 487.4 458.3 452.7 s 1'2,18 0.68
20 634.4 L R { |
21 426.7 443.1 11,6 0.05
£ 22 458.9 412.6 327.4 12,11 3.

* Tepresents p < 0.06 ~
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individual

Appendix ba: Mean number of harmonicse in AIR calls for
: | Pups.on each day. E
PUP NUMBER Py 2
: 1 2 3 4 3 [ 7 8 l
* DAY: =

5.0 4.6 I 9' o0.76
3.9 6.8 3.1 % 132 16.62
S 1.0 270 5.8 % 5.0 4.0 4.2 6.0 3.5 | 50 25.63
A 2.0 3.0 20 30 3.8 <116 9.37
2.6 3.8 113 . 3.32

7.7 I
10 31 40 63 30 46 20 3.1 9.8 | 69  52.54
11 4.2 33 33 ! ' 112 3.04
12 43 3.0 4.8 ° 112 3.68
13 -3%6 65 53 7.3 58 5.0 | 28 B.56
14 7.0 5.0 68 6.8 137 6.68
15 48 3.4 3.2 57 3.3 5.2 136 13.20

18 737 ¢ 1
17 8.7 8.2 9.3 108 128 13.08
18 6.6 6.0 5.6 121 0.77
19 6.1 4.7 4.6 121 1.84

20 5.3 |
21 8.6 4.7 | 8 272
22 84 6.3 6.5 1'14  6.18

¢ represents

p < 0.05




Appendix“6b: - Ilun nulblr ol llmnicl in, IATEI cllll tor udlvldnl
. Pups on ‘each dly :

- e “‘m R 3 ¥l b i 42
2 3 4 5 8504 ) 9 0]
36, 6.3 10 9.95 +
4.0 . 5.3 23 19.02 ¢
. 2.6 4.5 3.8 72 41.02%
2.8 8.5 3.5 38 11.26 ¢
4.8°.4.0 . <7 0.86 -
0
.9..74.0 A3 71°122.86 *
‘2.4 6.0/ 3.0 ‘8. 3.4
-2.3 2.8/ 3.8 14 B.84-e
13 - 2.2 4.6/ 1.7 .- 207 4. & 1277 20,42 ¢
14 °:3.0 2,8 2.6 2.5 , ) e o L WS IR
46 - 2.7 1.8 -'3,00 2.3°-1.7 .2.5. s |2o 5&?9»
16 B - ’ SE, ey
N\ 2 udisie 2o - . T |19 12.19 »
‘187 . 4.6 2.0 2.0 : 1 26°,11.63 +
19 2.1 1.6 2.3 " y | 18- 1.62
20 2.0 " . y : = 2y :
2 7.6, | (R0 10,02
‘22 2.0 3.8 - 111 3.89.
# represents p < 0.06 ~

\\‘v/// .\ ) - ‘f,.' ” X ' S :
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Mean ‘number of missing harmonice in AIR calls for

“-individual pups on each day.

Appendix 6.

PUP. NUMBER

| 87 26.82

1

0.0

0.3

0.0. 0.0 |

1.3

0.08
3.91

112

126 10.77 »

0.8

29 4.8
| 23 -6.60
|

0.6
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