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Prolonged observation’ froa unusually close

Tange prov(ded dau on

interactions between mother and pup Farbour seald, mouumun.

concolour, on Miqueldn (45° ¥6* N, 56° 14°

southeast -of Newfoundland, Canad.

:lmuu. nursing bouts, zupan. 8 to

_— ~cnn(u:t

Records

pup vocalizationms,

ulmexgencas vere --ulymL qunti:ulvely to

W) located 19 kilometers

of intcapats” distance

“Pose-to-noss

haul-outs  and txltl froﬂ the'mlrlaty and’ enexgem:el md

certain the Qannrﬂbutlolu

.of the mether ‘and her pup to the minnlunc- and tv.nr_ul dlhnlpll’.iun

£ the  murturant  relationship. .

adaptations which reduce

, smphibious ‘lifestyle and the extreme precocity of the pups.

remain ﬂ:l;h their lor.h.r- cmnunlly ll a rmll

pmmwnuon to follow which saims to devélop scon after birth.

Both animals exhibit

h!havl.ulltll

the risk -of separation arising from theif -

The pups.
of a specific
The -

-al:heu also establish a specific bond to'their pups:and adliify thetr

. .
beh-vtnu—mh—th-t they are most -tcmﬁ.’n F the pups 'hen in  the

vater and ~daring periods: of s

This

d.v:renu prior to wéaning a8 the mothers ;show fever nuraing intciations

and more frequent rejfections of pups’ mursing solicitatdons.
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The Barbour seal, Phocd vitultne concolor, *is difficult’to approach -, . .° '

in” the ‘wild héul;u'. of 4 -nun nrln-u and -phibloul .ufenty),e. e

In plﬂ:’.r,ullr, there hds been a-paucity of ri

‘s N.. 56, 14°, u) ofs -

 data ‘on’ the' beh.vlour-l 1numumu b-men mothers ‘and pups. which

xuow.d some - u-uuent o£ the ‘Foles pluyad hy nr_h —-bL_oE t.he pait L

in lnlurlng :ng puP s unedl ‘ds ST

. The uhuon-up betvéen\an'hcur seal mothers and pups 15 pmh,uy . 3
. B S i ‘that - found -in auy sther pirniped. In-spectes 1:21 the Klaskan . | o ..

F\lr seal (,Bltl:hnlmv, 1959)," Stellar '_Sel-mn (Marlo 1975), the

. | e e F et - % g
. nonhzm, mgplun: seal (Petrinovich, 1974; Ch stenson and Le peuf, 4 :

* 1977; 1e Boeuf and Briggs, 1977 Reiter et arn 1973), thy Grey.- seal .

(siu.En', 1968‘ l’ogﬂ-n, 1971- o hnasl\lnd James, 1971.). the un-p seal’ | '
(Tekhune ‘et .1., 1979;. Hnrdlny et Mn, mq&m ‘Dougan, s1982)
and the eddell -eu (Tednn and ‘Bryden, 1979) the ‘pupa dwot normally’

enter the vates puor toqveaning. “The mothers go'to sen ,nd ‘retura: to
. 7 g S I oy o '

nurse their young on r:ngy-’u:h nilk (Jelliffe Jelliffe, 1976). - In ;
> - . £ E, s




-
' nursery  ate

\ uobillty .

,/in’ locations

: Accompany - their.

o . v N . N '

several of these '“'“3' the pups are 1 n rookery nurseries after
. i L

.each nursing s¥out, (Blrtholmev. 1959;  Fogden, 1971;: LeBoeuf and

Briggl, 19’7- lllnlch 1951) and when feullel later re!ul‘l\ to the
§

* Peach they muet. diltinguuh el ups HEToR. nmnng“n large group of °

cuhon’.l, lny of which would ‘lnclsle 1if  permitted (Ml‘lhol.mu".' 1959'

Tednan and Brydzn,A 1979).0&:-”“,‘ the mothets nhould be able to-
e-u\:lm: conuct with their oim pups relatively easily uuu the. latter -

dn not leave che :euedlhl ’nursery.; and cnnbeiound ln ths same

ganeul location for mming e-ch u-e I’.he -nr_hern return from the sea. -

'D\e quulnn Ihrbo\n' seal’ pllpl f:ce an entitely different

o #*
.m..mm. AL rquelon ‘the nur-:ry area 1. e,&o;ea twice per 24 hour

‘per!od by the :hhln@ !ldel (Poupin,; 1981). As a :enulg buth uther\\tnd

‘pup are forced back into the water as the tide returns to flood the

sands, and“during duturhlm:el. u-tbnu:‘uag- “are able to' use 'such..’

because ‘pups are -ua to £llow, their mothers into

water imédiatelf- following binh (ﬂlnkhlu, 1967;- Ne-hy; 1973»

kmdl’.lon. 1971). Giving hirth tn an extteﬂelype:nclll wumllun-

offapritg resuits in greatly reduced dav:lopmznt me and “hlgh pup

Dun the fetul 1- upa\le of ‘swimaing. (uevhy. 1966). and_pups

are ot upduly stressed by cold water (Miller et al., 1976). Thus even

“where Mul—out 'beacie:

“are “dlvays available, the pups

0 herl tn sea each day (Bmllvl and Kelaren, 1979).

. Some controveray. Inmn-i-en as to whether the mother'. or pup’ ls'

lccqﬂnr_lble for el\nur&ns thll‘. the !ui! does not become lepnrlled. ‘l'h:

dif[icul:lu .the pair face in this endeavor include strong cul‘rents,

poor under‘utc! Viulblll:y and mod!tate levels of albienl‘. noise
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" mother (Fogden, 1971).

Early studies by Vemsbles and Vemsbles (1955) in Shetland of .a

- . % -
breeding . group - of . Harbour seals produced primarily qualitative

v g 8 : ;
-descriptions of what-behaviour could be (Joen through ‘binoculars fronm

di? s of 100 meters atop ne-rhy cliffs. In a study of Harbour ‘seal

mofhers and pups (P’hﬂcn vftullnu vitulina) on the conlt of Ireland,

/
sitdon (1974 concluded, as the Venables’ work had implied, that the
~

mothers were primarily fesponsible for maintaining contact.. But, like

Ehe Venables, Wilson' was' ‘Forced to study the Irlih colony from some

d!.stnnce and’ zutrlcterl 'ez .observations . primarily to' aquatic

1n:erl|:r.lonn. LAt Hiquelon, prior to this sendy, it ‘has’ been suggested

inlte.d that pups ‘are lnsr.ﬁuuental 1n kaaping contact wi:h :heir mothers

()lenouf and Diemand, 1983° Fenouf et nl., 19!3). Although Renouf and.

mmnd/(w’ used_ similar menﬂurul o those which Wilgon mployed the

fornel‘ recntded hehlvlou!ll 1nterucl!ans on 1um'l ion:d the end of the

pupping season whenn :he latter oburved the animals 1n the’ _water.

‘ate behavioural disfThctions betwien ‘the euu:ern nn{ wu:emx Atlnnth:

- Barbour seal groups. nnuevu, thé differences: agen in the mother’s ‘role

in ke:ping track of the pup may have-beed a

faces a differeat set of problems when the p.n- ate-in the water.
_One might expect the mothers to sssime Srestar: "m-ponnbux:\y for

“'intrapaiz propinquity in the water where :*.a pracncill pups have much

on land ' the mothers can afford to be less o\'ertly attentive since the

exacerbated by thé possibility that the pup does not recogmize its own

mroughou: the nnr:prun: peried., These two studtes Buggelted that. n\ue

fepult of the fact that she
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. "pups stey relatively still. ®Also, Tenout and  Dlensnds ubuﬁxvquon-'
vere ‘made near the time of veaning, vhen, dg predicted (Trivers, VL4), ) v

and as is the case wi[h othex‘ mnmm;ll (e.g. Hinde and Al:kinlon, 1970),

the-mother might be exp!cted to thﬁl less concern nho\\t her offapring.

Btnmlf etal. (1983) addressed some of 'these pr%bleul in their -

‘second study and-found that throughout the nursing season, régardless of
whether the patrs were on latd of at sed, the pups were lnstrmﬁc&l in
mnlntaining contact vuh the motheu, I’.huugh the latter. took control
‘vhen necessary. The patfern seen was unlike that observed in other
‘nskaele. yhetein ‘the oius of Tesponsibllity skifts from mether £5 young
{"as veaning drawe near. oo . o
. There hag been some controversy ' about the Vit Easep -in
u'a:bouz sealsy unch (1966), using J.nfomuon gained from ohservnuonn 5
*on two 'upt!.ve nolher/p\l}\ pairs in c-ufnmu r.‘u;mluded that the pups
establish thelr. own' independence at weaning vith the mother exhibiting
06 ‘behavioural changes dve£ :the lactatfon period. This'is contrary ‘to

the ‘normal ‘mammalian pu:tan\ in which the mother gradually weans the

offepring by inftiating Fewer sickling bouts and increasingly , rebuffing 4

isitiation by the young (Hinde and Spencer-Booth, 1971). Vilson (1974)

corroborated Finch’s conclusions while Lawson (1982), Renouf and Diemand

(1983). and: Renouf ‘et al. (1983) suggested that though weaning was a

{

sudden  #rocess), it. was determined by the mother’s rejections of her pup. ; ! N
"Hovever;  in’ the case of vl@‘m‘mf'a studies, these —— ver;qr:vn - 2
“primarily fron data which vere liaited to initiation of distance changes. :
between” 'the -mother and pups.' Other indications of the processes i

invelved in the relationship between - females and their young should ; .

-




include observations of nursing, immediate postpartum behavicur and
other measures of-interaction such as responses to vocalizations and

tactile Contacts, haml-buts and exits from the nursery, emergences and !
subnergences, and play. o . .
. This thesis Firat jresents adescription of the events from birth
“to weantng vhich includes novel observations made possible by the élose .
- observation disgances. Th{n“éun:iz_u:ve analyses of the ““ interactions |

between mothers and pups will rectify the discrepancies in. the

Literature whith Thve led to the controversies described above.
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Study Site !

| In 1981 and 1982, from late May (to early auly, T studfed one

lubgroup nf a herd of more than 600 Barbpur seals. The hgtd unng!'ega[el

evary\ year e large, ul\dy tidal bay, the Grand Barachois, on the

" island of Miquelon located approximately 19 kilometers southeast of’

Nevfo\mdlund Canada’ at 45° LS’ N and 56° 14’ ¥ (Figure 1). Dntlng the

second and third. veeks ‘of May, the nusbef of Harbour seala in the Grand
Barachols began to'increase £rom the 50 Ehu were present’ at my arrival.s
These .50 had in all probability ovgtwintered there (Poupin, 1981). The
seals hauled out 1n lerge groups in the middle of the Bazackots " on -a

three !qu«ll‘e kilometer sand flat which became exposed as the tide ebbed.

- A nursery srovp’ of 40 to 50 mothers and their pups returned to.a

specm.: Lodition on the southern side of the sand' flats (311 ‘In Figure
1 dnrxng the final week of Miy. The nursery area ‘was. not the only
1_ac-mm in which pups were born since there was more than 200: adult
females in the entire ' Barachods, mo.: of whieh " produced omyspmg.,
However , the nursery group v_{ua the lurgen regular congregntion of
mothers and:pups. )v;' .

’ Haul-outs occurred as the sand be.can.a exposed during ebb tides  and
the uulll.:r.zl‘ed in large discrete groups as shown in Figure 2.

() ey




Observation Procedures

. I used two methods to observe' the behaviour of the mothers and pups

during the summer of 1982: A) tbe hun of an 1t blind
B <

positioned on ghe nursery two veeh before the deals arriyed §+ in
Figure 1), and -B) observation. of behaviour in the water from an elevated
“.vantage point on shore (cabin ‘in Figure 1). )
', .The ‘observation blind was a small, rectangular davvas tent 1.5

\ie:er- in height ,with a one—m:er—-qu.n wooden £1oor -na nmm‘ud on

‘four dngle-iron legs 1.5 matars.iong (Pigure 0. Baen 1-5 had an.

"sand for increased stability. - Three removable transparent vinyl windows,

vere '-m..mx on the’ front aid *.two wide of  the. blind to allow
Shsarvation regurdhu of the exact location Gf the nursery herd

relative to the blind. In gemeral the ‘seals did not seem to be

disturbed by the presence of the stationary blind or the sounds of the -

\ i
camera motor wind asd 1 2ting by the They -rarely

glanced at the blind, even duun,; periods of disturbance, and sometises

pairs would actually .crawl past, or under, the blind on the way to
- I

‘another location. In fact, a number of times ‘pups crayled -

their own accord. | v 7 s

The blind was placed in a position on the ~sand '

corresponded * to’ the' uppér center of the nursery as déternined by
. o 5 i

- repeated monitoring of the herd and from experience during previous

years. At full ebb tide the blind was 35 meters’ from th 3

wtomobile tire rim welded to its end; the four rims were burted ‘in the *




facing the narrow tidal channel running parallel to the beach (see
&

m;ure\ 1. i s e i
. SO . entezed the blind at-high tide prior to the start of the seals’ %

BadE-otb o eamyre Wiiinal dterdpion of ‘the settling mothers and theif
pups. in all m a few.cages I left the biind after the nursery had

’ : eaptied gs a result of external. disturbance or the feturning :Ue.x
. . Dnt%ng these ohurvltien periods in the bls.na which e‘x:eerl:d ‘SQO
hours , I|vas equipped with a pair of 7X35 binoculars, three 35mm cameras
with ‘telephoto-lénses, s portable taps recorder’asd an Sum . color- movie

camera. - 'The resultast phot a for the dlary

oo Aoora St bebuviait that! I kept all seagon. They flna ‘corroborated’ the .
‘following ' specific records of the’ bepavioural interactions betwaen
‘' mother/pip pairs:

1) Intrapair Uretahice reductiqgg in both lapd and watep (with, records.of,
events u.m; to - thesé ructions). The initiators of as vell as
responges to the distancé reductions, were recorded.

2) Intrapair dfstahce iicreases _iA: both lai nd ‘and water’ as .above. o
nitiators’ of these increases and the response: of the other seal wvas
fecorded.

. " .“- 3) Which member of the pair led haul-out and exit to and fron the .
© nursery. leading ‘could have been by mothers, or by pups or the two &
seals could have moved side by side (“together").

¢ . " 4) Which member of .the .palr led’ emrgence and submergence at -the;
s surface. - "Piggybacking” by the pup when the pairs were in the water .
0 as also recorded, : . :
3 # oW g 3 b o P . .
. 5).'Short unge contacts nose= or body tmlchll\g i .

(with any resulting distance changes or pup vocalizatioms). The
‘identities of the - initlators,” as well as the responses to  the
contacts, vexe recorded.

6>_Nure£u initfations and terminations with lddi[lou,l datd

- 1ng
time of -day@time in relation to haul out and difation, Reéjections
. of nursing solicitations by ¢lther member vere also recorded.




_observer’s naximun | posnible mlmber of contlnuonl hehlvloutll 8

¥ x 9

7) Numbers of incidents of approach, purguit or acceptance .of a foreign

‘female by pups.  Acceptances vere taken as those:situations in which

4 pup allowed a strange female to approach and actively responded to

i\\the Jatter’s nosé-to-nose contacts, either by initiating its own

nose—to-nose contacts or by crawling,closer to the incorrect femal}
Acceptances of foreign pups by females’were also recorded.

8). Play within or between ‘pairs with fecords of the - identitiea of
initiators . and terminators of the b¥haviour. Play included climbing
(one meaber of the pair climbing onto, the other), chasing (one member
chasing the other), pldy biting (one member lightly biting and/or
slapping the other with its fore. flippers)and _sparring (one member
thrusting its nose tovards the others face and meck without growls or
an.open nmlt.l\)

i \ /
To obtain these detailed behavioural accounts ‘eywas mecessary to

limit the number of pairs ‘observed to'five to ten at)eny one time., A

“focal _subgroup. vas choseit, intng the irreguler, ssepling “techaiqus

‘(Altmann, 1974) luch :hnt_che pairs chu’ n .were -distinctive and

contlnuously observable during the initial haul-out, and usually for the
entire low tide period., ‘To ensufe a larger number of observations,
addttional pairs'vere selected after the initfal paize either settled to

sleep or returnied to the vater. The dats collected thus rapteumted the

uences:’

During all observation I malutained a regular account of time,

weather, tide ‘state, total. mmber of seals on the nursery and

descriftiine; ‘sining shd’Sonsequenchs; of inruptive disturbancis:

lmuvmml pairs were usually dlfflcult to racognize . over

subsequent observation days, ge to thetr fairly uniforn peu{ narkings,

the iarge tuberof pat¥s preseat and the obacirring effect of the.

populous nurgery group which prevented me ‘from viewing some of the more
distant seals. The-generally consistent number of pairs seen ‘on the
nursery, and -my ability to recognize a small,mumber of ind#viduals, for

/
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Data Analysis ¢ | i T e i

f, ., Twagditlon to traditionsl compsfative stattstical freatment of the
daga,\the £ollowing more esoteric analyses vere employed.

13

44K pistance: Chdnges -

‘Initiai data analysts used a..Hinde (inde and *Atkidaon, ' 1970)
coefficent to detéraine . thch menber of the pair as responsible for
maintatning contiguity, 1f this r:lp,onuiblllty~ shifted - during the
.initial period medlatelg -poltpnr:\m and Srer :l@e course of the le.lson,

.and £ thére verd'aty stgnificent differences beskeea patr menmon- &
—————w laad or {i fh water. A coefficlent was ealdulated, For:wsch

’ gother/pup pair per day., In total 371 pairs vere recorded on land, nine’

& - pairs " of ‘which vere mothers who had fust given bireh, ‘and 252 pairs in

the water. The fum.x.‘ for Hinde’s coefficient 1s:

/J N . petcentue disuﬂce 5 . percentage dlounce
- CHe= *DECREASES - .| . 1NCREASE gt
« " o initiated. by mnther g 5 initiated by mthgt L
T . .. vhere the mother’s respective dlstance changes ‘are ‘caleilated as.a

proportion. of the total distance -chanmges for both members and the
- coefficient has percentage values ranging from —100 to +100. 1In this &
L ‘




al
; |

appllcatlon, a negative value 1nd\1catei that the pup is actively I.rylng
‘3“ %emain near its mother; a positivé Hinde cootfietent vould mean the
cohverse, ‘thatsthe mother followed ‘the pup’s movements (Hinde and

\ : ‘

The existence of trends in behaviour ° recorded over the nursing

Atkinson, 1970). %

" season was detected using a conservative, nonparametric statistical test

known as "yag“‘ s L (Page, 1963 Sokal'and Rohlf, 1969).: A erdtjeal
acceptance '1eve1 g 95 percent. (p < .05) was addpud as
dignificant 1\1 all blu: two cnses.‘ Tage § L is robust b\lt 15 subjecc to’
decreased reliubﬂit? pmmiﬂ: uhew a large number o tien axist in the

ranked data;: the effects, if any, Jf a'small numher of  ties! can be

countered by cnaoj;ng' a 'p ¢ .0i-level of lnceptnnce/a'a/un d‘one with

-/

plggybacking daily frequencies and tﬁe data for pursing. N
a critical level of

. In other ‘statistical g

not -less than 95 ‘percent (p < ‘\.os) was' adopted as significant.
: ¥ .

Comparisons between certain response types were made with consideration

that dependancy . bgtween the ca:egl‘,ma possibly existed. Since'the

sample sizes were large, resulting in the ‘Chi test statistic’s
3 4

’dxs:ntwuon approximating that\ of the T-test's, -gtatisticlans .

reconend:d that the latter test be uud under these conditfons (Drs.

Grnhln Sknnes lnd Michael Sherrick, ptrlonnl communications). T-tests =

vere completed ustng the HINITAB ataunlicul packsgt (Ryanm ‘et ol.,

1980). '_ \ i . R

i (B) Nursing' | c

5




‘ " .
Harbour seal pair vas acting.to prolong suckling throughout the nursijig
season, - This modified coefficient. 'was calculated susing  daily

b percentages of initiations and termitations fronf312 observed nursing,

bouts. The formula for the coefficient ig:

percéntage nursing percentagé nursing, 5
B = INITIATIONS |- = TERMINATIONS

by the mother . by the mother
. from ~100 to +100. A negative ‘value indicates that’

Values rang

the pup is actively,trylag to continue suckling; a positive value would
indicate. that the mother, was primarily accountable  for- nursing
contiruation,  As’ with the ummodified coefficient, a'check for the
presence of a trend over the pursing season was carried out using a
Page’s L test: L ) ¢ -
= : U ot 4 p
\
‘ 2
L} > ‘
. .
. ] .
) . \
.
. P ~
C 3

L
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CHAPTER THREE: RESULTS .
Ohservations of the Byents From BiTth to Wesning ¢

ey lin:h_.}& G 2

Mogt of the pups were : born over s -hon ln;erul durinn thc\hu:

week of May ' lnA th- first \unk of Jun- dthough lher: 1l ome lnnu.l

vnrln:ion in’ the onset of the pupping _period at Miquelon (rmlpin. 1981)

. oaly :hm single incidents of parturition have beey witnessed “prior, to

this study and from much greater * duup:e-. (Klinkhare; 19675 . le_vby,»

1973;  KaudEsom, 1974)., I vas’ sble to record nife births, and the'

lsbours of five other females, vhich occurred as little as ten meters

froa my bli ¥ L c:

AL1 of the birchs'that I'reéordes el 'on spoeed sand_ . betveen
0627 and 1625h but the preséace of several afterbirths on the mursery
ares st firse Light suggested that femsles. also whelped duriog lov tide
conditions at g, T Samatis e to pup.were easily élstinguished

fron those which were fot pregnant by their -conspicuously larger,

romded body shape, increased alertness and higher levels of appareatfy

alaless movement. A musber of seagulls vere also ususlly present. pear

the former to consuse the afterbirth Though Ringed ‘seals prapfhn
area for the birthe (Mamstield, 1963; Frost and w-xy. 1981), and L -
Northern Fur sesls (Beftholosew, '19%9) dnd Norther:. Elephant seals

1s from the . immediate

(cirtstensen and leBoeuf, 1977) exclude other

viciaity, the Harbour seal mothers did neither. g d



The precide onset of contractions was-difficult fo detemlne but as

Labour. ', they became S endugh to be visible. In most

cases, the femsles adopted s charactertatic postufe durlng, contractions

in vhich they lay on their bellies with r.l\: vaginal slil and base of I.ht, '

<
hiad flippers s1ghtly aised (rigure 3). - i

e’ bisth prosess wi rapid, The births seen in 1982 hil & sem

/latency from -the agset of obviou"contractLons!to. birth of 3.5 mtnstes,

nd a paximn Of 2l.mimtes.  In seven

. with a'minfam of 38 seconds 2
. births, * theppp jenerged head first. still wi thin the. antotic sac. .o
. whe reasiflfg two" tnstances, the 'pup o' btod -£i1ppers energed. frst while'

the other entailed: the pup’s left Bldﬂ Appaaﬂu flrlt\follmt!d by the

rest of its body With the heud -and -the h!nd. fMyperl togethn»

(trasverse). * The reax—ﬂippst-firit presentation wvas of approximatelf
the same duration as the nomal deliveries althouh . 1t sppeared that the

" pup had to pull its own head out from thé vagiml slit, All nine pups

were born alive and seemingly heslthy, {espite two of the mothers
4 : R, %

vigorously thrashing thedr hindquxters fron side to side just after the

pups’ beads hed emerged. The placent

wag always passed separately ' and

" usually within 10 nimutes a: birsh, : Unlike Newby (1973), at 1o time did
T see the mothers attempt to groo the pupi despite their béing: coveddd

with sand , fluid: and remnants of the amaiotic. sac. “

i dumbed. the Labouring fenales seened to be dble to delay
deliv:ry of their pups. In thrae Cof the 1ongen birthu and five
" separite incidents of lnbwr, Funsles. retisgted: tinputls’ head back into
the btreh: cAnnl. Thédie socturrences a0k plll:e during s, dtstusbmee ad

-are the £irst noucrele cvidmcd to support suggestions thit fenleu can




. voluntaril: {;y the birth of thetr young.
KR TR " newborn pups #appested to be ikt but  capsble\, of "awkward
. ; ; < :
< logomstion.. The mthers remathed close by at'all tises, sud for the . ** }

‘first few hors after birth the pain‘ engiged’ in very frequent P
~— - 5

nose-to-nose contact wlth open. nnnr_rlla rand protneted Vibrlslu (Figurs

4). These cantncts were a cansluenr. feature nf mo:he’l;/pup 1nurnctxonu

N roughout the nur{uun: period i they ‘are fot Northein Elephant seals

S . '(Bax'tholmngv, 1952) aud Bearded mu !*(Burns’, 1981), - “but .vere “most '

’frequen: during the 1muu-:e pautpartuﬂ pertod. mgupl ndc m o~ j

gudible voceluatlonu shortly  after theif buﬂm canpared”. to 1; ué B

durisg . the season when ‘they vocalize almost continuously 16+ ot urstns ” © B g

or _sleeping..

Within mil\u:ec -of. birth, pupd lpptouhed nea:by ubjacu,

s :_lfmxblx:h, o m:cuionully folloved strange fmiu “that p
nearby, Bovuver, by the time :h; tide ‘began to relurn, lnd the uah'(

vere fnn:ed ito enter the vater, the newlmtn pups uayed with lhglr own oy

o e 5 ‘1; behavLour has atio been noted by ’[‘tud:ln (1976) with, Phoda

« ]
- land lnd through the aften r.rnwded \u:ers near

,ene nussery cmonly
2 " = rldln; on zheu mnthzra blcks in the water, the hner often tiltlne
' 5 thelr ViedE ek 166 ANk mse—:n-noua contact (Figure U5yt mis. 4-\'(

"piggybuck.tm\",iwhich occurred :hrnugh“: zhe nut-xu; periud,

¥ Antelally described by Venables ‘and Venabler (1955). o .




- Y

1
{
i

N— females changed

" seen i which two females accompanied a single, pnp (Figure. 6)

a shallow pool bordered by a newly-expose

(B) Weeks One and Two

With the arrival of jhe pups the nature of the interaction -among

dtd che structure 6f the nursery group. Mothers with

. pups became extremely, aggressive tovard othei” paifs, tecssititing &

doubling or tripling of the usual’ distatices between seals and an,
; . 5 a 3
increase in the area ueup(:d by the group.:

Vormally, mothers aggréssively re]ac(ed nurstog atteapts by,strange

: pny-. ‘Early in the season, these -u-pn vere made no-:.gfteu) by the

few abapdoned pu a. Rarely, houevu, hitn ‘wore wxsestions to Phe

mothers’ -pmfxc attraction. to ' their o pm.p..' In 1982 a triad was. -

etk
_the mmp and exhibited no overt aggression towards each

was pri

other. The tri nt in_the nursery during the entire pupping
¢ - 5

season. 3 § e At
. If ‘there vas a disturbance such as tourists, boat traffic, or low

d2d’ the pups into the, safety of the vater.

flying ‘atrcraft, tbe mothers
“Usually the pups \n_;u 5 beside their sothers and"hed to'be avakened
with nudges or slaps: However they would follow her without hesitation
since’ they had becose more. froficient in the sdult mode of lotosotion on
land. Jhe seals apppared to be sensitive to the'meed for adequate

esca;

nursey sité as the tide ebbed. In 1982, éach time the tide approached

full-ebb, the fursery becane separated from.the deeper tidal charnel ~by

the situstion during early, haul-out when the tide vad just beglining to_

Toutes affd were responsive to changes. in the ‘topography of the -

nd bar'(Figure'7). Unlike




12 Furcher support fnr this Iuhw(rlte sel\sldvlty arose from the fxc( ch-r.,

i ,,.m were r

“ two week- pnupuum. ’.It vas llao 1n(eteuc1ng to nnte that ‘the pupu

:nch nunxn; Yot and vei e Able “to' buxee in lncreluingly .avem bt L

fall, this ebb tide configuration greatly increased thé time required by

the ‘mothers and their pups, to Teach the ufgty'of the water. Perhnps

_\-uponaxng/:o these uhangen, most of the mothers left the mn‘sery prior * |

o ebb tide. and took their Pupi to a sand hn further alonk ‘the outer

tidal ‘channel ( A ‘in Figure 7) which possessed a- steep slope. leading i
: . & P . .

atreBly 1fnto the deep water.'. The mothers would not take their pups’ to

this "alternate nuuery ds’ the r.lde flxlt hegpn to. ebh as it was no:

exposed until m? vater level in the Barachois had dropped cannldetnhly. ;

in 1981, the nurnery .sloped more directly lnto the tldnl channel ;

allowing: tlpld ‘escdpe .: all tlnu dntlng the tide cycla' the maternal *

1y seen to-leave for .n alternate site during ‘the course

b

of g flllln§ ide v R

. .l .
4 B

b

i

.

“."'.' . " . i

tncreastngly lndtp:ndznt:. Thzy fqun-za their mot s at Azreur.er
3

dtstance 4u the vater .m! \)esln to mxcun .p1-y, The - im:idzncc n£

pigeybacking decreased, n.a. pups - vere  capable of | folloving their,

mothers at ‘greater apeeds 'nd spent more, tine widervater.’ o land ;he S

ully al} of the plly “They mére’ aEees 1ad \‘

;lu pau-a mnvementu ce and from the sand flats than * during the first )‘\_.

pups . began to mxcﬁze .

lpent 1:-- ‘time lelrching Eor r.hzh' mu\er ’ nipples at "the 'utarr._ of
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situations. i?gr.éxmpip, it-was not unusual to see three- and four-week '
old pups nursing while WS SN Govered e nursery to a depth of 25
centimeters; this required. the pups to suckle . from the ' submerged
nipples while brdcing themselves against the sand. The p\'ap_a nuratd only
during the haul-out period with an average: bout duration of 3.2 minutes.

The duration’ of nursing bouts ranged from five seconds to 21.1 minutes

with gréat variation, - The pups seemed most urgently hungry during the'

Anitial, rmu—m.z .as" the sand flats first _became exposed. Seventy *
~

percent of -11 recorded nunlng bouts occurred vuMn five minutes of

the mothers. bringing their pups ashore.

2 P

‘ (D)"Weaning E .

The' final stage of mother/pup interaction occurred, dunns the

“fourth and fifth weeks afl.gr hirr_h in which the mothers Appelred lu wean

. :\\eu pny!. m nothers x.mm.ed feWdr nursing bouts and increasingly

b rd
b7 ju:tz'H the “pups? rursing lttemptn. Rejettions were normally eady to

obnerve as the lothers either rolled.slovly .avay from the soliciting

. pups, ineil they ¥eré.facing avay from them, o they swung their muu

- laterally nuy.- The peralltsnr. pups vere- then forced to cravl armmd to

the ‘aothers” . betlies, after which the mothers usvally moved avay again,

hers extiibited increased aggression toward all pups including 'their

own "if /the latter were exceptibnally pertinacious in trying to nurse
when the mothers vere reluctant to do so. : b

The pyps tried to initfate nursing more frequently than earlier in

season, but.'were generally unsuggessful. There was also a dramatic
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h;craxuz in the amount of pup voca‘lizntlnn heard on the nurséry.
In other Karbour seal breeding groups the pups have been reported
to have doubled their birth vethhts by veaning (Mansfield, 1963; Bgs,
1969; Boulva, 1975) so it seems probable that the Miquelon pups had
done 80 as well. The pups were lethargic and reluctant to return to the
vater during slight disturbances. Often five to ten pups were left
sleeping on the nursery each day while their mothers, 1e_fL for periods
that often extended po the tige ihat ‘:h_e tide began :o return.
Veaned pups began to appear on the nursery during the fourth and
fifth weeks after birth. Newly ;;puuud pups_ initially npan;‘huch of
“ their time during haul-out perinds““ vandering sabout: tie nursery and
SisreiRting VAteRe, NG | SRLy LAy NGEL WitiveRcd B Vel tnanfaste
objects such as seaveed fronds or‘debris on the nursery. Vocalizaiions

\Qu frequent but did not seem to be directed toward any particular

Tadividuals. A nimber of these vegned - pups tried “to approach " lone

females or maternal pairs but Were vigorously rejected: However, the' -

following exceptions to :m\ did occur. One weaned pup was -able to

"steal' nilk from femsles still nuralng their own pups.’ This pup, a

male, adopted & strategy vhereby he would . quietly approach 'a nursing

Lpl.lt fron the rear and displace thé suckling pup (.Figure 8). Du’ring the
*week that this pup vas present he was able to nufse fof an average of 42
seconds from at least 15 females before they diScovered the inposter and

3 %" geeve b off. The females usually only did this after nosing both
their own pups and “ the stranger. In a second \.musu‘al case a single

female was seen to nurse two pupp for, several hours (Figure 9). She

treated both pups as her own during this time and did not apparently

8
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AHEsEGE e Nt Chi. eviir GEERE TRNTOUs HORESYobRE CoUEIGER
with both. - s
Eventually, after several.days of independence, the weaned pups
became virtually silent during haul-out and in the m’(e'r. They rarely
interacted with adults except ih an aggpessive manner such as when an

adult approached too closely. Due'to their smaller size, these pups

lost out on such encounters and were thus forced to the periphery of the

dwindlthg nureery group. The nursery itself became less populated and

exhibited decreased dispersion as the mothers of wearied pups either left

* or became more toleranmt l{f the presence of -other l‘ll_lts close by. By

early July the nursery had rapidly disintegrated and ' the females and '

lone pups began to haul out with the main adult hierds elsewhere in the

‘Barachois.. ’ ’ .

Quantitative Anal

(&) Distonce Changes. . r

‘ ¢
Mean daily frequencies of each category of distance change were

i . 2
calculated using ohntvauon\l of approach and withdrawal gver the enmtire-

nurturant period. ‘The total proportions, as , of
each type of distance change were derived by comparing the total
frequencies in each mediun (Table I). Both on land and in'the vater the

mothers movel away from their pups significantly mo¥e often than the

pups from their mothers {t=8.269, d.f.=37, p=0.0000 (land) and t=8.655,

d.£.=36, p=0.0000 (water)}. On-land the pups initiated significantly

o




but two days (June 6 and 11) the Hinde!values were negative. o

more distance decreases (t:

.a?s. d.f.=47, p=000000) than their mnr./h):\rn’.
In the' water mothers were as liKely as puLu to approach one another
(t=1.194, d,£.%55, p=0.2375). On land and in the water. mothers were
more likely to increase the intrapair spacing than decrease it {t=8.172,

dof.=

» P=0.0000 (land) and t=6.757, d‘.f.-ba,‘p-o.uono (water)}. _In
contrast, the ‘pups were more dispgsed to distance reductions than
increases in both media (:-7.102,/d.i.;bk. p=0.0000 (land) and t=3.558,
d.£.=47, p=0.0004 (wafer)}.

s, :

Mean Hinde coefficients vere calculated on land and .in water for
each day and are lmGFIKEH in Tables II and III, The ovérall mean
finde coefficients for the season were derived by summing the :Hinde

index. values. for every pair over the entire ‘season and dividing by the

total nunber of pairs recordedgfor each medium (land o water). ' In all

coefficients over days became increasingly negative over the season

.until the pups were weaned. This would suggest that the pups displayed

an. increasingly strong propensity to . follow their mothers.. The

III) significantly to a ingl;

g1 trend (1=12,803,
ek

distance increases (Figure 13) but rather the pups initiating a greater

=1, ks35,%p < .05). ' This trend vas not due to mothers. initiating

proportion of distance reductions as weaning approached (Figure 12).
The daily average Hinde values for water did not significantly match any
predicted order (L=6103, =1, k=29, p < .05). L

The overall mean for land was significantly moPe negative tham that

i

Page’s L was used to determirie 1f in the two media the' mean Hinde il

-

' terrestrial Hinde coefficients (the daily coefficients in Tables II and .
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E = 3 B
-
N
TABLE 1: Overall percentage and mean daily
requencies of mothers’-and pups’ R
dlstance changes.
- \
. 2 ?
2 i LAND WATER
N =35 days | N = 28 days
- Mother Incredses perc. 84.3% | 789% T o e
. Intrapair Distance freq 37.4 101 N A
AN
. . 2 ) J .
‘* Pup Increases pere. 15.7% | 212 % s
Intrapair Distance freq - . 6.54 2,24 i & \
. e . b 2o g " .
. Mother Decreases perc. 24.6 % | " 48.6 X /(O- " i
Intrapair Distance freq  6.66. | 3.62 " &
‘Pup Decreases. pere. 75.4%| 5L4 % y
Intrapair Distance freq 21.6 s . ; i
! ’

Overall season perceritages denoted by "perc.”

- Mean daily frequencies of ‘distance change

denoted by "freq"




TABLE II:

Pairs

2 akkRx
2
8
PR
74 5
4
4
0

Hrkwn

!
23 .
AT
13

R
9 wkaax
8

9

3 akwka
-

3

4

100 .

35 =

17

20

22 krxas

B

5 Geadan,

LAND: Mean Daily Hinde
Coefficients
Date Mean
Hinde
Coefficient
_237 =51
244 =h.
25 =50
M2 -63
A 27 -40
Y 28 -59
29 , =54
30 /[ -83
31 =42 "
1" =70
3 =44
4 =76
-6 -72- 3
7 =42
8. -l
9 =72
10. -49
12 -67
iy 13 -69
U -40
N 16 -7
B -74
18 -67
19 =13
20 =54
21 -81
22 =52
23 -63
26 =19
26 -87
27 ~-66
28 \{ -87
.29 -58
J N
u l\ =91
¢ ) ~44
¥ .
S @y

Mean H = -61.9

Standard Deviltion- 17.8

TABLE II1:
WATER: Mesn Daily Hinde
Coefficients

1
Date Mean Pairs

Hinde
Coef ficient
23 -15 z
26 -47 5
29 -39 © 12
.30 -2n 5. .8
ETRE T I 14
1 -4 .9
1 =25 14
4 -37 13
6 -33 6
7 + <12
8 -33 6
-43
10 -17 9
1 +3 11
12 <2 8
13 20 < s
T4 =10 7
16 -11 16
17 -12 13
! -30 11
l/: -40 6
20 -2 12

22 11
23 12
5

Mean H = =29.. A N= 252
- Standard Mlltion- 19:2

Periods of major nursery disruption sre indicated by "-mn-{

23
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in water (te6.981, d.f.=62, p=0.0000). This. suggests that the pups

spent more time following the mothers on land than in water. The Hinde
indices for land and water vere further examined after first subdividing
then nco six blocks, che fLzat five’ blocks wich seven ‘days each and the
sixth hAvlng tiio wo_days(th e x-u two days of the nursery’s extstenceds

Hinde naefficient neans for each of these blocks were then compared for
-

land and water to determine 1if the trend 1fi ‘the land coefficients -

effected the difference in overall 'meanss between the two media. A

umpariaon of the veekly Hinde coefficl;nti h\ ‘both media revaaled thlt

the’ coefflc&entn were 5igniﬁannt1y different in all bur. the ﬂrs( ueek

_.(see Table ). Thlu ainlllrity in the first week’s hnd and water

coéfficients, obscured | by the nm:ul comparlsun of the overall season

mennl, sugguta that, for. the first veek nf life (he nar_hera were

“significantly; more involved in keeping the pairs together dhanr B
nurgery than they were later on. This involve'ment decreased over the -

* season (wm\ a concurrem‘. 1ficrease 1in :ha pup- responsibility) .for

terrestrial emcounters, bnt aidn’t increase in water. - §

(B) é1ons 1y

Using the data gathered , from the nine observed births, Hinde -

. '
movement . coefficients were calculated for, the pe}'iod»-{t,nmedi‘ately
postpartum at.five minute intervals (Table V). The initial five minute
value was positive after which the coefficient became increasingly

negative. , A Page’s L test, calculated for the" first forty minutes

postpartun, foind thig increasingly megative trend iimediately following




TABLE 1V:'Comparisoh of six weekly mean Hinde coefficients
on land and in water.

. L.
BLOCK NUMBER/ ~ N HINDE COEFFICIENTS- N  °  STATISTICAL
/ DATE (L) W) MEASURES
- % LAND WATER (T-tests)
1) May 23- 27 =508 . = -44.5 19 t=0.47 d£=33°
May29 . - . P=0.64
2) May 30- “73 -6l3 > -24.3 76 t=5.01 df=135
. dne 7 s : P=0.00
3) June 8- 470 =580 *>. =15.1 - 53 t=4.66 dE=96
“~=June 14 » p=0.00
Q - o
4) June 16- 131« -69.9 *> -22.01 69 t=7.45 df=129
June 22 . - p=0.00
5) June 23- 69 =70.3 %> -51.2 29 t=2,02 df=48
June 29 . - . $=0.02
6) July 1- 1 -73.90%> -25.0 6 t=2,51 df=8
July Pe0.02
Significantly greater weekly means’ indicated by "*>" i . L.

Not significantly different weekly means indicated by "
" Nusber of daily hinde indices (each from'a single puh') used
o derive block mean value: indicated.by i’

4 -
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TABLE, V: Hinde coefficients immediately postpartum
. Ry

= s X

. . AR | & -
5 D g . Age (mid) 0 5 10 15 2025 30 35 40 i

Hinde C:eff +22| -6 -15 =33 =15 -17| -14| -48|

. No. Pairs of of of of o of of 9|7 i
-Observed . . }
-~ N n
N . The mean Hinde coefficients for all pairs in each interval i
are denoted by "Hinde Coeff." - 3




birth to be significant (L=1550, r=9, k=8, p < .05).

. Concurrent observation revealed that in most cases there were a
larger number of nose-to-nose dontacts pey’ unit time between mothers and
their pups during this period than LiEeS e ke weaRG (qie sEhNE aoEed
her pup 39 times during the third minute after its birth). '

. ’

(C) Behaviour During Periods of Nursery Disturbance i ¥

On 29 pércent of the days of robservation, a dajor flush .of seals

from ‘the nursery occurred following the approach of vehicles, low-flying -

N ' i = 7
aircraft and, weather conditions - such _as' sudden, rain squalls.

Occasionally the mothers and pups were flushed from thé mursery by .the

approach - of _thick, localized’ fog. bamks on otherwise suany days.

. Following . these disturbances the mothers and their pups rarepy returned

to the original nursery site {disturbed days are labelled in Tables II

and IIT (kawx)},
by

The effe‘ct of on pair e vas
conparing Hinde coefficients for movemeat on normal and.disturbéd days.
00 land the overall mean Hinde value for normal days, (-69.26; 24 days)
was significantly ‘more negative than for disturbed {(-45.82; 10 days)
(£3.864, d.£.m14; pm0:0009)) . "Similarly, the’ mess Minde  value for

normal days (-36.00; 18 days) in water was significantly more megative

than on disturbed days {(=17.40; 10 days)(t=2.977; d.f.=23, p=0.0034)}..

The overall® average Hinde . indices for land were still significantly

greater than those for water during disturbed periods on the nursery

p=0.0008) despite the fact that-there were lower land

(t=4.020, d.£.=18,

8

e



28
Hinde valies during the early portion df the season (section A; page
21). When the nursery waé disturbed mothers remained closer to their
pups and were more likely to wait for or return to them 4if ‘they fell

behind during a rapid escape to the sea.

(D) Responses to Distance Changes,, Nose-to-nose
Contacts and Vocalizations

: |
The responses of mothers -and pups to the others’ S‘w.m changes,
nose-to-nase . contacts and pup vocalizations ugr‘. also measured. These
responses were:recorded as either increasing or d:cx:lling, the diatance

aeparat{ng the two -niul-, or no movement.

(1) Distance changes
—_

THe overall percentages of ‘the mother’s respomse to distance
" increases of non-following by pups in both medis, as well as the mesn

daily frequencies, are summarized in Table VI, - On the nursery a mother

was more likely to follow than to stay in one place (t=1.954, d.f.=49,

E i
moved away from her. The mothers also had a significantly greater

propensity \<ouov,vnen the pups moved away than ‘when they did not
follow as their' mothets led the way through the mursery (teS.385,

d.f.-]ﬂ, p=0.0000). If the pup did : not follow -its mother (a ‘rare

\

even:), she no t tesponse (as’ by the

lack of lu:lidcllly significant différences between the me\ daily

/~ ‘. 5 Coa

0.0282) or move away (t=6.660, d.f.=34, p=0.0000) from the pup if ‘it -




. TABLE VT Responses of mothers to their pups’

\distance increases or nom-following

RS . n
i L /i : T _'H.m;l 7
Ne yii " 3 g M= 28 days * -
Pup Tncreades: | Pup Stays .| Pup Increases Pup sny- e
] m'nn; o Mot | mde we Mt W e
Woi 133 11 93 .°26 20 Aarlis 2o s @
P 3.8950.03¢43.0  0.7-0.6e1.2 | 1.8430.1¢A03 0.7 #> 0.06
i | e N R e AR
T S04 40.6 36 23 47| 80 3. 17
v y L2 & I g o .
; 3

Iﬂ Mother decreases Mi: )bdler !.m:rane- 'l*

1gai greater

iHothér stays

by "

Yot Iigniﬂcun!ly different xe-penl- indicated LA =
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. frequencies of each response type). If the pup began to move away when

!
! *  the pair,was in the ‘water the mother was again more likely to approach
§

W © her pup cathér than stay (t&6.458, @.E.mb4, pa0.0000) or ‘move avay
; . (t=6.025, d.£.=31, p=0.0000). . If she did not follow hér pup she usually
i : " rematied stationary Tather than svin avay on her own (t=8.043, d.f.=30,

r 7 pe0.0000). This vas sintlar-to the situation - and vhere the mothar

. A
was' much more likely' to follow her suay pup (mother decuueu 59

pa:cen:) uhere it, vas _subject/ to' nr.mckn by other fmleo.

Pups Tesponses to' dlsunce :hungen lnltiuzd hy zheir mothers were

divided 1into two catagories; pupu could respond to un_LheH moving away

/ ;
11y frequnciés,' are found in ‘Table VIL. If the mothers mived avay,

both o the nursery and vhile lwiu!nln‘, the pnp. were more 11k;1y’ to

10,679, d.£.%29, pm0.0000 (vater)] or move'in the: ‘opposite’ ‘direction

Lo oL (eaten)). ‘the pups (here more Likely  to. ‘not -mave . move 'in ‘an

oppollte directinn on land (tv6. 4y, difm3s, B do0gy. IF' the mother

i ovai avay from {ts p\ly, and £t d4d not follow, the .pup vas as ltkely to

cthwl l\my » tovltdl hnlr mthen (z

or/c‘o mothers y \Thege i "as  overall’ mean ..

4&116" their nothel'l than ltly still {t=7.807, d.f.=39, p=0. DDOO (1lnd).»

[:-9.913, du£4m34,p=0 ooco (Land); =il 209. | defim28, $=0.0000"
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g : | Table VII: Responses of Pups to Mothers’ Dfstance i e
. Changes. on Land and 1 Water * .
~ ) ¥ . G i
B . “(N=35 days) .
. . _Yother<Increases - Mother Decreasés T Dl
o0 m R Est R O
3Lz 0.3 x5 | 023 = 0.26 <k 6030 T B
; P R il bl i i v ; .
& B e g
- ~ B ¢ fa ) .
# f . - o
. P 4 g WATER (N=28 days) G . » wi Be |

SRR B pet

3
MotheT' Increases Mother Decreases,’ .- . . ]

s - N
9.7 > 0.03 = 0.34 1.9 *> 0.07'¢<+ 1.2‘\
* — = —
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p=0.0583). Both staying still and approaches were ~more - probable
occurrences than swimming away (t==1.971,.d.f.=30,p=0.0000 and t=6.754,
d4.£.=29, p=0.0000). | g “

Co- & » 4 : "
A : ¥

(14) -Nose-to-nose -contacts

+ . .Nose-to-ngse contact between mothers and their pups.vas one of .the

most comnon “types of interaction . observed on the nureery and in the

':wuer. “Ivén. though the pairs .were in 'close proximity a distance

8.
"denteaae could occur after a nose-to-nose contact (the actual contact

vas no;t recorded as a | decrease). In.many casés the initiator, had -

-stretched, its neck ot to:make the contact (Figure 3). Thé recipient

could thén approach by' crawling -in " front of, of alongside, - the

initiator,  ‘Also, in: the water, a nose-to-riose contact.by the mothers

usually resulted in“the pups swimming onto the others’ backs or under

their chins. ' Cl S
/ Data on _the mothers’ and pups’ responses to their partuers’
" ‘iie-toddae TEAMEtE. “THELatIs . are ' summarized as overall tofals,
percentigesiand mean daily ’ frequencies in Table VIII. A test for
seasonal ‘order was not carried out as'it as apparent that there were no

trends in these behavioural responses.:

Hoghers mosed their pups significently.more than vice versa both on
land (£%6.957," d.f.=37,. 'p=0. ouoo). and in the water (t=3.052,d.f.=40,
" ps0. oueu). 0d land, mothérs vzre more )*kel' to stay in dmsponse to &
: nose-to-nose conuct by their pups than:approach (tr4.450, df.=39,

=0.0000) of move away t=3¢864, d.£.x35, p=0.0000). The pups were also
3 (T B . )

Yot » s



t

)

TABLE VIII: Distance changes due to nose-to-nose contacts

.
‘

LAND No.

- Freq

z

b WATER No.

. . Freq

z

Pd:Pup decreases; - Pi:Pup increases Pst:Pup stays

&
Mother Noses Pup
pd VP Pst | Total
254 17 570( 841
7.9%>0,5¢*16.8.  24.7
—c—J

30 2 68 84

M P Pet | Total
123 2 s 179
4u4%>0.1<*1.9
L——
@ 1 30|77

-

6.39'

+ Pup Noses Mother

M ML Mst
34 10 121
1.0450.3¢# 3.5
—ct—
,20 6 73
I TR
21 6" 26
0,8%50.2¢%0,9
|
W0 11 -4

Total

53

1.89

23

iMother decreases Mi:Mother increases Mst:Mother stays

+A significafly greater response is indicated by "*>"

& ) ;
Not significantly different response are indicated by '

33
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more likely to remain following & nosing bout initiated by their mothers

than, to apprémh (t=4.025, d.f.-jd,‘ p=0.0001) or move away, (t=8.361,
x d+£i33, p=0.0000). Nnn:the/}elis‘, if the pups did, respond with N
duunce chlnse. th:y would appxnn:h their motherl more Efequ:ntly 'thln
. / . they vould move avay (t=7.184, d.f.=33; P=0; oooo).' ‘

/ The situation vas different: in the water where the pups were more

/ N
. 1likely to npprnlch their mothers folloving - noue—tn—nan contact rather _

than tb stay or moye avay (= .m. d.

51, p=0.0025, nnd t=7.219,
< d.f.'lZG. P=0.0000) . If’ the pnpu dld nbt apprnlch Lhzh’ mathgrs they

“were nore'likely \to' rems,

t the same distance than move away (&=3.118,

~ d.f.=26, p=0.0022).

P i
(111) Responses to vocalizations
o Al Y .
Quantitative records of theé mothers* responses to their pups’
L ‘uum were recorded during 1982. The mothers could eithér approach,
remain still or move away in response to a call.. Overall percentages

£or each of the three categories of movement by the mother following her

pup's cries vere calculatd by dividing the sus of the . daily ayerage :°

percentages by the total numbér of simple days (35 on llnd afd 28 tn
ater). The pemnuss s Cokas sy thageicies “of maternsl
responses to pup SFEE durtng che season are contatned in Table IX. On

. land the pups’ cun 41 wot. produce a’reltable diotance change from the
mothers. The mothers . vere - as Itkely" to stay or decrease (e=0.069} '
d.£.053, p=0.3885) a8 they wite: to mave avay (£=0.503, duf =51, p=0. 6168 -

(mother incresses = nn:\m -ny-) and t=0. 869, d. f.-s:, p-o ma (mo:her

'
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i .
.
‘Distance changes by mothers in responses to’ pups’
cries 6n land and in the water.
LAND WATER
W Mt M " Mat
No. ' 60 81 T 62 25 - Y
Freq 1.7 '= 2.3 ‘= 2.1 2.2 % 0.9 = 0.6
[} | 1 *> |
b ~ 2
X323 333 - 344 47.0 30.2 22.8
N=362 Pairs N=262 Paits -
)
: -
L .
; @, 0 5 4
Total numbers of each distance chinge.are denoted by "No."
Md:Mother decreases Mi:Mother increases ~Mst:Mother stays
T ease Y

Significantly greager values indicated by ot

Not significantly different values indicated by "="
Mean daily frequencies of response typés demoted by "Fregq"
i A 5 FYPES.

g
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SR
increases T mother decreases)}. In the water, -the mothers were more
1ikely to approdch the pup in response o its cry than to stay (t=4.04k,

dif.=35, p=0.0001) br move P (£-3.047, d.fimi2, pr0.002).

(E) Entries and Exits to and From the Nursery . . \—/

-~
buminacion of data 1gvolving ha\nl—out and exit to and . from the
nursery  showed that' the mther was leading during most pair movements

between water and land (Table X). Sellunal gean daily frequencies and -~

overall - percentage values of nothers ‘leadtng, pup! Leading or 55
moving together showed'that during haul-out onto the nursery ihe wotissa

mx significantly more often than the pups, (t-7 909, d £.=34, p=0. ono)

{htch occurred aore often than mothers and pups coaing out together

(t-7-160. d.£.435, =0.0000). Hothers and. their Fyps hauled out.side by

side more frequently tham pups ' led the pair (t=2.438, d.f.=60, .°

P=0.0089).  There.were no changes in this haul-out pattdrn during the
four-week nursing period: The smame was true for leaving

£

“mothers led more often than the pups did (t=7.977, du

the nursery, the pairs vere as 11ke1y to leavesside by uide l" with the ,

pup leading (t=1.373, d.£.=67, p=0.1742).

(F) Tnteiactions buring Swiming

P . ]
The mothers were also the leaders when swimming with their pups.

e




L3
i e N v . )
8 TABLE X: Leading during haul-outs nnd :xita from the
nuzsery. - s
. . 3
¢ o haul out Exit
No. % 'Freq | No. X  Freq
- other leads |.278 82 7.9 2w 79 7.4
: ) ™ x v
: . i ]
Pup leads T2 6 0.6% 2 8  0.8%
. AV AY
S IPRRACH
Kove together | 42 127 1.2 % 13 13
'

Total. n\mbqr of leadings and hlul—outn are denoted by "N

signlflcnntly grester mean values are 1nd1ul:ed by

e
Mean daily frequenciéd ‘of luding are denoted by "Freq"'

overall seasonsl percentsges’are indicated by "'

@ .
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The pups’ Mesponses were catagorized as pups following, pups staying and

(f ewtming. avay froh thetr mothers, ("inctessin

+ A comparison of/
overall season means .for surface submergence and ‘energence shows _that

=35, p=0.0000), ‘with the

the mothers initiited most dives (t=7.281, d
pups  typlcally follofing r‘nr.h:r ‘s x:m;n‘iu at the surface (t=8.409,
d.£.=29, p=0.0000). In only one case during 1982 did 2 pup svin away
rather than follow its mother of remain at the surface. Statistically,

.pups were more likely to follow or. stay at the surface after their
.

nothers dove than'to swin vy’ {t=0.563, d.£.=27, p=0.0000\(pup

=30, p=0:0000 (pup’

following > pup increasing) and t=3.973, g

> pup increastig)}l. If the pups submerged flrst their mothers would
* dlye after them more “often than they wvould remain at .the' surface
2962, Vd.f =33, p=0.003). The mothers alsc®led during ‘emergences
ol

VO J— (:-3 767, d.£.438, pe0.0003). (.;:mie x1).

Piggybacking w

seen most ‘eften’ during the early part of. the
\nﬁng season (see Table XIn. There was a slgnlﬁclnt decreasing
,trend in the Erequency/of ptggyhacking over the course of the season

with the pups carricd most frequently during their first week of life

and tapering, off tovards weaning (L=7964, k=28

12). Slightly more than 68 percent of piggybacking occurred during the

first two Meeks of the pups’ lives. -

(6) Mursing Behaviour
=1 vas able to record 512 nursing bouts. Both mothers and pups

could initiate snd -terninate nursing., - Mothers initisted nursing by

Z15p0< .01; Figre
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TABLE X1: Overall ehergence and submergence data

“Mother Emerge

g . Resp. PE aoow )
A T .. ‘80
Freq.. 5.0 % 2.8
. fa 6.3 32.7-

Overall Daily Mean

Pup Emerge ﬁn:he’rs_umrge  Pup Sub,

Pf Pst P M Mst ML
257 17 % 50 16 0
9.1‘)0-6‘)0.04‘ - 1.7%3>0.6 :

B ety .

93 7° -0 1 2 0

9.8 x> 2.4

Frequencies (submergence)® ;

M=Mother " P=Pup

f=follovs

Fiesrays  imincreases

significantly greater values are indicated. by."+>"
* 2]

Respanse to partners’ emerge or sulggrge denoted by "xesp."

Number of occurrences for ¢ach response denoted by "No."

Meap daily frequencies of leading are denoted by MF.".

N
- . Overall percentages for leading are denoted: by

1 -




TABLE XII: Frequencies and:daily ratios of aquatic
pigéybacking

. MAY
DATE 23 26 29

N= 2 3

12

30 31 1 3 4 6

49 1413 6

JUNE
78779 10 Y

. e 1.9

Freg 3 [ 2N

8 11 5 4 &

3 2.1 2

“Prop 1.5 1.0 .33

50,57

1.2 .36 .31°.67

+25 .33 .14 .22

2 JUNE (Cont.) :
1112 13 14 16 17 18" 19 20 22 23 26 23 29~
1n 8 5 716,13 Il 6 12711 12 5 7 5
3 6 4%y 2 3 2 11 11

0.0 0.0

43 38 .31 .27 .33 .25 .18

per day. -

in a single day

«08 .20" .14 .20

. "Freq" = number of Nnyblckin; bouts recorded

= the number of pairs observed in the water

»
"Brop" = rumber of piggybacking bouts / umber

3

of patra recorded.

40
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rolling onto their sides with their nippJes, seén to protrude

approximately one centimeter, close to the pups” faces. While watching

the pups they would then swing thedir hindquarters (and nlppleﬂ)' tova
the pups. Ifathe pups moyed avsy from the mothers, or did ot seen
avare of the initial nursing ‘solicitation, the mothérs would Iightly pat
ad push the pups’ heads tévards the nipples with their foreflippers.
Pups initiated nursing bouts by pressing their noses repeatedly into the
sgthers’” sides yatil she. rolléd over to expose the nipples. Lf females
Wil mor ispeddately .comply vith the pups’ atcempts the 1‘;::&:‘ vould
often ery. Rejection’ by the mothers was pzevlausl}' described in page
18. . : S - .
Fron cbservations of the puips suckling, a-:-Aug-raxng ‘the number
of m.irllng Anitlacions and terminations for mothers and pups were used
to :alcnhte a modified Hinde index. This hurl:x' pruvided 2 means Eor/
determining whether the dother of the pup wis responsible for prolonging
suckling, A negative valve indfcated that the pup sas the member of a
pair primarily inferested +in nursing. Table XIIT contains these
. ot

nodified Hude indices for the major portion of the nursing peixaa. THE

Hinde index for hursing rzvealed that the pup )\uu 1ncteuln51y

resporisitle for mnumng numng bouts prior to complete weaning by
initiating, a greater.proportion of nursing boits  and a saller

proportion of the terminati A Page’s L test for predicted order

indicated that. there' vere increasingly megative values for the {ndex

ofbr the season (w/. k-ZJ.\r‘-], B O A Wesnsis approschdd

the ' mothers ui:hud fewer nunLng bouts' and"began td reject the pup:

efforts.
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TABLE XIII: Modified Hinde Indices For Nursing 7¢hw1wr
N
S

MAY
\DATE 23 26-25 26 27 28 29 30 31 1 3

1
Mi/43 20 O 59100 ,30 mo !o 67 56 7
1 Pif 57 80100 4l 0.2 33 44 2
1Mt 33 100 O 91 75100 100 75 100 100 7
1 Pt 67 0100 925 0 ©0.25 O 0 3

HeN. "410 =80 0 -32425-20 O =25 —33 -44 +5 -

N= 2 2 2 8°%4 4 4 4 1023 91& 6|9

o Rej..? 2 2:0.0 0 0 0' 0 I 0}

" J0E (cont.)
DATE '8 9 10 12 13 14 16 17 18 19 20 21| 22 23

N = 8- 9 13 341025.172022 1821\Bl6

- 'zMi 50 57 29 50 67 33 31 12.44 11 17 8 \13 5
ZPi 50 43 71 50 33 67 69 88 56 89 83 92 187 95
IMc 75 93 65 86100 83 94 85 84 91 .90 .81 100 76
1Pt 25 73 1 0 17 6 1516 9 10 19 0 24

7 BN. =25 =36 -36 —36 =33 +16 =63 =13 -90 -80 —73 -73 —é\7 -1

R:.OODIID'ISZOZI!SIEZZ
3 e

& . Juy ’, » ' X

DATE 24 2627 28°29 1 2 Number of pairs for.

: each day denoted by
e

N= 1308 7. s 9's

5 - #
ML 3 03 0 2 3 9 v "REL" dentes th

I PL 97100 9 100 98 97 91 £requency of nursfng *
i 1ME 8 58 .86'. 67 Bl 89 86 rejections by mothers
TPt 13°42 1 3319 11 .

s H/N. -84 =58 -80 —67 =79 =86 -77 ' mursing index is

* The nodified n.tnT
denoted by "n.N.'(

P
Rej. 10 8371026 10 4.
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, L New
. e daily proportion of nursing njeqc}on‘a (refused nursing
solicitations) ‘by the mthers, derived by dividing the nmbef of
observed maternal nuraing refectios by the totsl nimbbe be %uckling
bouts, cve{chg nureing season nggiﬁunc matchdd a ’predil:ti_efl

incressing value; that is, the mothers rejecfed their pups’ nursing

attenpts more frequently as weaning approached (1~13,681, k=35, r=1, p <

rejections. 'Tobserved pups Tejecting heir mothers’ solicitations only

* four tinesd\(by ignoring their mothers or cravling away slighgly).

(¥) Inagpropriste respnses | . B

Mthough pups were only rarely obeerved to (oﬁw,’ ap}mch or
accept the attentions of strange females, there were enough data’ to
compare the overall seagonsl means. Approsching -still, or following
oving stragers were squally likely” to joceur ' (£x0.905," dferd2,
p=0.1120) and both were significantly more probable than pups sccepting
advances of fenales other than their mothers (:;3.117. »d.f.-’zl. $=0.002
and 13,187, d.£.m25, peD.00I9 réspectively). Stxty-six pereent of
these éplsodes . dudr:_g perfids of dsturbince.

(I) Play ' '

The comparison of mean play bouts. initiated by mothers or pups
! P

" throighout the season revealed' that the pups initiated significantly

A : g

.01). In fgt, the aothers accounied for 97.8 % of .the recorded nursing '




4 f

4 |
*mofe play during ‘the., s

on . than their. mothers' (t=5.763, d.f.=30,
P=0.0000). The pups initiated 84 pereent of the'play bouts whereas they
:Er;-fiiu:;q only 37 percent. Alsb, over 70 percent of all play occurred -

_‘during the last halfJof the nursing period (From two weeks of age-uatil ) i

earttng). , R = ﬁ

w
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* CHAPTER FOUR: DISCUSSION -
A

i e

. Dibeussion .

An anphibicus 1ifeatyle confers both advantages and_problems on the

Hl!bour seal. A problem Arises fl'nrl the fact that, llke all pinnipeds, !

*Harbour seal mothers must return to land to give. birth to' apd nurse

.their pups (Peferson, 1968). Atypically, however, ‘the pups spend as

much time in water as on land prior'to weaning. The ability .of ' the;

mothers ‘and pups to remain.together in both places is advantageousyeince
iv permits this species to Gccupy environments from which' other seals

with- land-bound pups are excluded by tidal flooding. As well, the fact'

that the Harbour seal pups follow their mothers’ movements in and out of

water provides a. better means of: escape from predators or diuznryama
than in, theé case -, of udg}.t.ry young. However the cost of these
advantlge: 1-\uu: the ', mothers -nd _pups nost recognize and remain in
constant contact with each othér during the . buef four to five week
nursing period-in order for the pups to cutvive. This must: be -cmeved
in spite of the fact that the ml_rseriu ate often crowded and

featureless with nearby waters ‘préviding podt visibility, stromg

currents and problenatic noise levels (Reriouf, 1980). . Data from this
thesis ' suggest that Harbour seal.mothers and: infants i:ehuve in vays' to
ensure that separation.doj /- 3 nét. oceur er envlrnnunt. The study
indicates.. um, gonu.rno suggestions\in uu ature, pups not only
récognizé’ their untherq_ bide L nodi e gtar Bleeh, dhow e strong 'E‘enden;y. to

follow and nurse from only their ‘own mothers. It remains for the
. y, he " ;
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mothers to ensure that these pnunpo.m:m on the part of her pup are

fum'.(.ioning until shié decides to terntnate the reiationship. Thgs then

implies the ‘extstence of a bilateral lbond bétveen the pair which exists’

uncil weaning.

K11 biit two of the Hinde'corfficienta for land and water (Tables I¥
and IIT) ‘were  negative indicating that the pups were Tesponsible for
actively staying sithy theix mothers’ for the entire nurturant . period.
rarely 'seen to approach other females, even during weaning. However, it

was not only the pup unmi was responsible for kéeping thie pair together

* since’ other measures 1nd1cated that . the macheu played a role shich

became ‘obvious during periods wheh the ltkelthood of separation
incrdased, that is, when the pairs were swimming and during commotions.

An fhdication of the mothers’’ increased .concern 'while swimming

\derives from the fact that the mothers  vere as likely to initiate

distance decreases in r.he vat.er where the pups’ were more mobile and

r.he rlsk of leplrntion gralter. l' the ‘pups (Table 1). -on llnd uitl\

the pups’ mobility reduced compared’ to water, the pup - irstituted s

x e
‘majority of the decreases; the mothers only initiating 8‘8.6 percent.,

This difference between land and water yas further evident fn \the fact

' that regardless. of whether or not ‘the data were snalyzed in’cnme week

blocks or as overall means, the Hinde indices,/although negative in both

media, ‘weré less so. in water (Tables II-IV). That is, the pups were '

responsible for staying with th)i: mothers in both places, but there was

‘a lignificll\! shift towards overt utemll intervent: while the pairs

- ere -wlmlng .

.Thé .pups wvere . specifically attracted to. their own mothers and vere’
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The negative Hinde values in water are contrary to Wilson's (1974)

.
findings, whith were positive. This might be explained

ply on the
basis of my shorter observation range and greater ssmple size.
Alternatively, her positive Hinde coefficients could be a result of some
need for increased maternal control and attentivemess in the waters
around the Shetland Islands.

On Land, wothets displayed grestest concsin for thelr offapring /

dllr!llg the elrly stages of 1ife after which they pr}euunbly relled on

)
the pups’ 3 nrength and experience to \ ty. It

might be expeeieﬂ that up to one - age the pups required as much

attention from their mothers on land as they did for most of the season '
when in the varer. Consistent with this suggestion is the fact tig the
Hinde indices for the- first week ofWthe pups’ 1ives were not
significantly different in land and water. .
Apart ‘Erom the diiﬂqultiesjof t;taying together in water, anothes

potential "source of. separation was the many disturbances near the

nursery which resulted in' panic-driven rushes to th’e water and frequent
mixing of pups. The Barachois is located bat‘ueen two French settlements
popular’ to ‘tourists, and is itself a local attraction when the seals are
pupping, so there were frequent disturbances of the nursery and
surfGunding ared. During extreme comotions the mothers led their pups
from .the nursery out to the deeper waters ,““r the Goulet de Langlade
(Figure 1) or to another haul oup area wich-had not been disturbed. If
J tnetr pups feil behind, the mothers would usually return 'to then and
encourage following. Hinde index values during these tines of upheaval

wers wigaificeotly. less usgative than during ‘ndletuibed pebiods,
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suggesting -that the pups were proportionately less involved fn
s !
mafjtatning proxiaity with their mothers diring ‘such, disruptYons.
Increased involvement by the mothers in keeping the pairs together

becane obvious in that they would Feturn to their pups if they fell

behind, nosing them frequently when swiming avay from the disturbed

nursery. This may have been in part a response to the fact that

sixty-six percent of the recorded inappropriate .)pn,a_che. and following

by pups occurred during periods of turmoil on, or mear, the nursery.

The mothers’ behaviour probably made it ‘easier for the,pupu‘ to keep . up.
3

I made . six underwater a

ches to the nursery while snorkeling and
caused the mothers to, interpose themselves betveen their' pups and me.
1% noenc e tiusaaty, el epaiyed “IRicedt gudtueca ton it ragedly
guided their pups avay with nudges of their flippers and™noses.

okher terrestrial and aquatic comparisons support the hypothesis
that . there are modifications of mother and pup behaviour in lityuom
in nm:h the hazard of -epantion 1- greatest. The mothers were nwre
responsive to pups’ cries in the water ss they vera sigaificantly nore
likely to return to crying pups than they were fo svin avay oy maintain
the ssme distance (Table IX). By con:ru‘b, on the n‘ur‘lery the mothers
exhibited no overt reaction to their pups¢ ‘cries. Presumsbly the
greatly reduced mobility of the young. on land and the concurrent,
reduction 1n the risk that the pups could become separated from their

« This

mo.then réduced - the need for active maternal reponses to

supports Hart et al.’s (1965) contention that the mothers’ care-giving

" patterns are adupted to the limited 1ocomocox abilitiés of the

of}aprmg. Howevér, in vater, frequent - cries y act as locational
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“beacons" since they are propagated in ajir and water simultaneously and
appear to have features which make them umique to.the pup which is
vocalizing (Remouf, personal communication).
fal
Mothers usually led during haul-out or exit to and from the.nursery

(Table X) at which times there might be incressed chamce of becoming

because of -inte with others as yet unsettled at the

water/shore interface. The females were alert and responsible for

leading the pups to a locatfon on the beach and thereafter dqfending the

pups.  Statlarly, they usvally led their offspring during submergence _

and. emergence vhile swimming (Table XI) also presumably times of
Tnnreanud “.kelihoud of separation bttanle of poor vhibillty \mder\utu
and across the.air/water interface. The nn:hsn perhaps ' also ensured
chat their -pups d1d not stray by freguently plggybncking the*

initially-weak neonates which y in ontil |

the pups were He;uned (Table XII; Figure 11).

{ Though mothers and pups could mot be obsérved, when they wemt to
sea, it seems likely that (tl\ey stay :og_e_':hu at all times, considering
the: short maturation period of this species to weaning,” the dynamic
nature of the haul-put site and the specificity of the mothera’
attentions. ' Lonepups vere rarely seen, A mechanisn Vhereby mothers

C . y 7
and ' their "pups could recognize and stay in close proximity with each

" othier would be highly r.hw and could involye the foyﬁz‘ion of - some
v 5

* form of bond. w- or not.the*mother bonds to the, young, ot vlce’

versa, of both, depends‘on the social structure of the breeding group
N

and the: degree of ufflpting Inbill:y. v

The probability of mat¢rnal bonding is greatest when the young ‘ are
g B
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. single, precoctd ighly mobile and the social structure (at least
" - during breeding) is gregafTous (Ewer, 1968; Gubernick, 1981)i Phoca

vitulina precisely fit these criteria with perhaps the most precocial

young and autonomous maternal diads. ‘Strong behavioural bonds on the

part .of ‘the mothers forged at birth have been proposed for Grey seals

- ’ (Saith, 1968; Fogden, 1971), Elephant sesls (Petrinovich, 1974) and

\ Weddell seals (Tednan snd Bryden, 1979). Such a mstexnal bond would be |
of obvious importance to the covs returning to nurse.their pups in the

Eookartes, ‘Bowwvar” efiice’ Barnour seals pups are never far from :neuf

mothers, the need for a mateinal bond likely stems from the  precariouss

positiof the pair finds itself in in vater. The _pup also bondlng to its

mother would help for the' pup’

sobility in vater.
The behavioural records - presented ‘in’ this thesis indicate the

existence' of, and some of the properties of some form of ‘mutual bond.

- The mother.had & clear preference for her own pup-since she would nurse

only it and - launched attacks on any othet”seals, particularly pups,
which might inadvertently -ppzmh too close.” The main reason for  this

specificity is probably Fnergy-r:lat:d. Mothers Tejecting lpprnncl\en by

other pups prevent these unrelated offspring -ueuuu ‘and consequeéntly i

depriving their own young of milk. The milk, with its extremely high

fat content (43 percent; ' Jelliffe and Jelliffe, 1976); 4is undoubtably’

‘costly for the mothers to produce. Even with a single pup nurstig, by'
the tine the pups were tuo vecks oldthelr mothera had taken on a; guunt
appearance with protruding hips. Slngle feialen were never observed to

accept the atcentions of a strange pup .and ‘1a only ome’ unique case

amgigst, more than 200 Harbour lnl materdal dlldl were two females



observed to nurse the .same pup (page 16 and Figure 6).

1)
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to p:efer one fzmnl'e over the other but W seen tu‘iuckl&‘bat!\.
Perhsps the tuo fenales ‘gave birth in close spatisl and temporal

proxinity and both became convinced of their-owership of the one’ pup.
\

In one incident, two Harbour seals wete observed to whelp within inches =

of each other umuuﬁew.ly (Ben Davis, personal communication).

The 'mothers prevcnud the approach of"’mm— adults as well.

.
Keeping - other bellicose fzmllel avay probably ainiatzed the number of

potential attacks on the pup. Aggression directed -at pups may be a

potential source of 1nJury and may even result in a pup becﬁl(ng
sepnuea ‘Erom u- mother nnd perhaps orphnned. Several of :heu
attacks  caused 'the recip(ent pups to filef 'to ' the water in panic
necaslltlt’lng pursuit by their own lnthart %o nni.ev: them. -

'me development of the pup’s bond to ita mother is evident in the

lunde coefficients calculnted for the first forty ninutes ‘postpartun

(Table V) which revealed a significant transition from-initial  positive

‘values (the mothers actively maintaining proximity with their newborn

Pups) to the negative values common on n‘m’ nursery - subsequently (the

Pups . sustatning proxinity with their dothers). The pq‘um valués
durivg this early period were ot siuply due’to the immobility on the
part of the pups since they could, and usually did; approach virtually

any object, such as afterbirth. Three of ‘these newborns even followed

.strange females that. happened to move past in front of the pups.
9 - ~

- However, by the age of thirty minutes, before which the pups’ own

mothers bel the of other seals and

tinually initiated - contacts, the pups; oriénted -towards
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afd stayed with their own mothers. From this point on the pups would
rarely approach or follow strange females,

\These events suggest early formatlon of a bond by the pup to its
own ‘mother which was rapidly acquired and analogous in some respects to
l;nprim’.ing characteristic of many nudifigous bird young (Lorenz; 1937)
and the rapld J55nds Formed by goats (vithin five minutes after birth;
Klopfer et 4965). Inherent

condition prior to the critical' period at ‘which the bond is formed
i 2

anprlntlng models 15 an "unbonded"

(Lorenz, .1937; " Hess, 1973; pnzudron_i_:-_l‘.,'lq79). The.éarly positive
Hinde' valugg and’the pups’ indiscriminate interest in objects other than
their own mothers indicate that this might also be occurring vith the
Barbour seal pups prior to their develdping a strong filial bond. After
approximately 15 minutes the pups began. to react moticeably to' the

attentions of their own mothers as indicated by their A;tizntltlon and

active to _contacts. By the time that the tide

returned to flood the tursery, the pups would follow their mothers

-

It 1s possible that, at least early.in the pups’ life, instead of a

reliably.

specific bond pups responded to generalized stimull shch as mothers’

bouncing hindquarters ias she crawled on-land, or the mothers’ head while

swinming, ‘regardless of whether or not the hindquarters or head belonged

to the pups’ own mothers. In this event, the onus vould be on the

mother to enl\lre‘ that she vas the closest individual to her pup. This
notion is supportéd by the' fact, vhat at least during thé first few days
following birth pups "vere oceastonally obsérved to approack or i
nearby females other than their mothers. From the second week of :'uf;

4



|
- aggressive attacks.
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the; pups would infrequently tolerate a stranger’s attentions, ,/emp.

having learmed that approaching other mothers always resulted in
| A bilateral bond he:ueen Harbour seal mothers and their young is a
Ittwtzgy by which the mothers and pups could emsure necessary contact

and [reduce idenlﬂlcatinn errors which might result in attacks on the

_pups.  This bond would also act in conjunction with the media-dependent

hehuLllounl modifications by the n*.heu to even further reduce ‘the risk

| . |
of separation’™ . g |

jrevicusly described for' Phoca itilina, 'An important behavioursl
% _ I

change occurred slowly during the season in which the mothers becaie

decreasingly solicifous’ tovards their pups by initiating fewer nursing

bouts, plggybacking the puds less and' increasingly rebuffing their

attempts to suckle. The pupk responded by becoming increasingly imtent

on nppmchxng (indicated by the -1gnmcm tncreastagly negative value',
for | the terrestrial Hinde coefficient; Table II). This is contrary to
a study of another phocid, the Weddell seal (Leptomychotes weddelli), by

Tedman and Bryden (1979) in which the pup gradually initiated more
i /

-"haul-outs, and exits and maintained a greater Jutrapair distance as

nnnlng Apprnlched.‘ This may stem from the uedaeu-' sz.ne birthgand

'haul—our_ sites where the nothcru remin after the pups are ue.ned. ‘ The

Harbour ' seal pups’: behaviour ln more -akin to the normal ! uamllan

pu(‘ern. This contention is supported by omottfied Hinde coefFictent
; 2

(Table XIID) which' became increasingly hegative from birth until the

pups were weaned at four to five weeks of age, suggesting that the pups

| i : ; i -

| Data regarding weaning provide a somewhat different picture than’
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assuned an increasing responsipility for nursing.  The- pups were
J

certainly initiating a greuer_’i;roporuon of nursing bouts, and had' to
tolerate increasing rejections by the mothers (Table -XITI). hia
pattern differs from that reported by Wilson (1974). In her Irish group
mothers never rejected the approaches by pups and continued to inictate
all nursing bouts until weaning. -

These findings by Wilson corroborated a captive pair study by Finch
(1966), -which suggested that Harbour' seal pups wean themselvess
Contrary to these studies, Lawson (19325, Renouf and nwd (1983) and

. Remouf et al. (~1983‘) postulated ‘that the mothers verecr:synnsible for
H:lning the pups, ‘and"that it was an abrupt event rather ‘than ghe normal
mapmalian pattern in.which the mother grndunlly weans its oif'pring
through increasing aggressive rejections to nur-lng initiations (e.g.

Hinde and Atkinson, 1978; Barash, 1974; Clark, 1977) and the young .

strive to maintain the maternal relationship (Rosenblatt and Lehrman,

1981). The apparent abruptness of weaning ém‘:cluded

1963; Boff et a

from these earlier Miquelod works, compared to' this 1982 study, was

provably a function of the smaller sample size and use of primarily o‘j:r

-euure-(dhnm:e l:hlngel). The data in this thesis, which encompass a

wider range of behavioural measures and contain more detatl, provide
yetrons evidence .that; 1ike most other pznnx_plea species (LeBoeuf and
" Briggs, 1977; Relter et al., 1978;  Ronald and Dougan, 1982), the
¢ navbaut seal nm{.h,ers’li‘zaned et} piipes, Rurther) this wednlig process

" parallels the aforementioned mammalian pattern.

It is probable that lactation is followed shortly by ovulation ..,f

mating with delayed implantation until several mopths:later:(Fisher, .

- .
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1954; Bigg and Fisher, 1974; Bigg, 1981). Since this is the case, why
are the pups weaned after such a short nurtyrant period 7 There are two
possible explanations.

:The mothers may wish to wean [heit‘pupn during wid summer so *that
they can take advantage of the' relative-ghundance of food in the sea at
this time to recover the significant amount of fae that they ‘have lost

durisg nursing. Fat stores accunulated for the folloving vinter provide

. & crucial insulating layer, emergy for warmth and development of . the

‘ fetus for the following spring. Secondly, if the pups are weaned so

rapidly, they can also take advantage of the summer abundance to learn

to feed for themselves. It is thought that pups'feed on bottom-dwelling

crustaceans for ome and one-half to three months  after weaning (Bigg,

1973); these, and caplin, are plentiful in the'Barachols during July

and August, Both mothers and pups can’ rnpidiy develop fat stores during

Ats own future reproductive success. - - 3

the varm air and water temperatures of late summer.

The Barbour seal weaning' pattern conféras to that predicted by - the

parent/infant conflict model developed by Tivers (1974). Teivers .~

proposed that there would be conflict between an infant and 1fs parent

during weaning if the - offspring’s ' behaviour demanded more parental

‘investment than that which the parent was selected to give in terms of

The costs to the mother of. feeding her pup, gauged by si’gniflcant[ L
hody fat loas, nay be augnented by the assinption that she did not feed
during the lactation period (Boulva and Meldren, 1;79). 'Selection may: -

have produced a strategy such that mothers terminated nursing rapidly in

.order to minimize this energy expenditure for her own sake, and as



mentioned prefously, to provide energy for the, development of her mext
Gftisiing, Wik, oUEKs OtheE Haod, Gay hava evelved. behaviceE o
AECeipe: Eolongl Wicklthg (CUEtisP |GETSAEEY Laveatesit).bu cidel b
further fmprove their chances of a&w;v'xng their critical first winter.
These opposing strategies rgg-(dlngj\ further * parental care may have
caused the veaning conflict I observed, as predicted by Trivers’ model.

) .

Conclusions ) .

As would be expected. there are’ differences in the Rirbour .seal

mothers’ and pups’ behavioural responses to the dissiimilar demands of~
A <

land and.vatep. [The behavioural adaptations unique to this spectes’
maternal interaction ar? linked to the unusually precocious offspring
and the environmental necessities forcing these pups to remain with
[ T — L‘zn’linunlly during an extrenely short mursiog period. By
assuaing greater (or more overt) vigilance and control during periods of
 disturbance, and when the pairs ate in the vater, Marbour seal mo:hen
:.n reduce the risk that .they wul become separated fru- neu pups.
Pups too can modify their behaviour - by beconhy more repponsive to
rosestosnose dontbets 1n'the waper and “by emitting almost constant’
vogalizations with - Which-their mothérs can locate and pechaps 1dentify”

them. By eatablishh\g a mmmx bond mother and pups furzher enhance the

likelfhood of thelt remaining GogiEtNE Git0 BN §P, e Atae
sufficient: veight to survive after the short nurturant period.
It appears that the Harbour seal mothers -become d:creluingly

solicitous towards the pups as the latter mature lnd become proﬂcicnt
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in the water. Despite protests by the pups, their mothers vean them at

a time when it is presumably easiest for the pups to learn to feed and »
£or both nothers alil pups to establish sufficient fat stores to ‘survive
the following winter. .

% &e key, ‘then, to successful raising of pups rests with 'cnnunuau's
propidquity while living on land and 1in the water to ensure rupld

el

maturation and weaning at a propitious time. The Harbour seal, has

evolved mechanisms which ‘ensure this. g

Future Considexations
While extensive observation lLas provided a wide vardety of  *
behavioural measures to assess the roles of the Harbour seal mothers and

pups during the lactation period, there are several field. manipulation

studfes which might yleld further infornation. Of primary value vould :

be

rking program such that individual nol:her/pllp diads could JE‘ )

repeatedly : menuned during the entire nursing Jeabon:  Atteapts at

marking the Miquelon seals in wsz failed as the substances tested - did
-

not adhere .to the seals’ wet fur . for gulongld pertods and it vas

virtually impossible to approach the gr}n(‘:hn ennugh to udm1n1.¢n

fhe harking golution. 1 did mot attempt toVehrow marking materigls fron -

the blinds for fear m;ldng the seals avoid these observation poim'.s
2

thereafter. With marked seals - mfnmnon about  site muu;y and

mmpnxr behavioural dszexenu could be gaffied. +This kmkxng _program

-~Would™ nila be a vlluable precnrno#’ {to any phyllcnl nlniplllnlons‘

designed to study the .sensory -nd-nty(-) used by rhe mothers dnd . pups
¥ : ) & . G
R . s B - v




2 ~fo 1dentify each 5}.

Harbour seal mothers searching: for ‘thelr pups cften approached

. © " _various ymm.mn before finding their own. Since Lone pups vere’
usually erying, the ‘mothers may have been able :a distinguish l:h:lr m\
pnpl’ cries lr— others’, -vdl 1ike t.lle lco\lltl: cues Used by female

¢ . horseshoe bats to.find their nlf.yrinl in crowled caves (Matsumura, o

1979) o the cal} calls used by female relndaer t6 locate young in demse

herds (nvrl, 1971). Mltm’y lign.lll undwbtnd].y wn!.d hlve

vantages: ovér visual cues on, the cmnm _mursery where the pups veu HE W

g often obscured. by other ;\hrby pii

o the water vhere !lle bnl‘

o e the pups’ ‘bodies were below the v e.,

he - yupl calls 1ikely did not have ‘an ‘attraction fihctisn per “'\
on land as' the -n:hgn were'as 11kély to rematn, otill e “to ‘sove -)ly or: :
e Approlch fﬂlloulu arcall (fable TX).” mu.xmy sonbgraphic analyses .

suggest that pup cilla display indtvidual mnqm. shich the_mothers

could use to identify their offspring (Renou, perlml comabinicatiion).
: Purther collection of. s large. nuaber of individual pub crles, piesiraly | .
. from sarked lpupl, would enable stati op; igons of the T y
oy oo i) of - call to deternine 1f mn are perhaps vml sigeatetes®. "1 e b

trg s Allhnngh uth-:. nosed mu— p-p- more fuqm:u nmn v(u versa
p (Table - VIII) while_ .on land, bor.h mothers rna their pups were NOT
: % " pudhpo ed lo approach e-ch other as a re'ulv of nose-to-nose cunuct.’

Only in _the unr’ were na e—lo—non contacts “likely to result’in the -

- pups. wt-ing closer ;o ohnr no:hen. Hnln; rn-:hnd a yup,‘ theu

ened to mm_;gum’(

enh;r olhctnry .. of tactile
W =

w: . mothers’ nnn :mnn.unn o n‘menhip




. information might have beew exchgngé. -Since nasal con

: VIID, it is likely that\tht- behaviour might be vsed primarily

’ ( 59

B

ts rarely

- resulted in distance changes on the part of either * mothers or thetr

.pups, excApt’ when' the mothers nnlzd :\.eu pups in the water (Table

an

afd. to identliicltlun on landi, By rendering mother Harbour seals

temporarily lnmlmic (techniques for uhui\ are well developed), the role’
of oifaction 1n pup dentification night be better dssessed. ' .
_South ‘of Miquelon, on the' rocky cpast of Langlade (Figure 1), there
“ie asvsERL ‘other, folonies of Harbour Caatis The seals whelp in these
Tocations #fd ‘can be‘;c‘b’newed for ex:eédedlpauoas of time (alfett not
a6 closely as in the Grand Barachole). * The substrate and yave jn:!,nn of

these other locntianl are: sinilar to tho.e del:rlhed for Wilsod's (1975)

. stndy group. . A qu-nunuve study of the Llngllde( colontes, using some

" of the, some cechnsqun as ‘presentéd in this thgsil, might provide

evidence t6 suggest whetherror no\: the behavioural “differences seen on °

opposite sides of the Atlantic are lubltnte-relnt:d.
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Figure 1:

Amap of the islandd of Miquelon 'and Lamglade with an

enlargement showing 'details of\ the Grand ‘Barachots and:

nursery haul-out sites\ The nursery area is denoted by the

lxipled area. _ The I.oeluxn of the oblervl{lon blind ( -)- )

and elevated oblervution point (clbin) are indicated.
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Riguu 2:  Discrete haul-out groups on the sand flats of ‘the Grand

approximately half-ebbed at the time

Mrnchol‘n. The tide wi

this - photograph - was ' taken and the = groups ' were

well~established.
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Figure 3: Characteristic posture adopted by Harbour seals about to give
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: .Figire 4: A mother and her pup involved in nose-to-nose ‘contact. ~The .. . - i
nostrile of both ars dilated and thejr vibrisme are, | \ i
. protracted. a * T " S
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Figure 5: Diagram'of the typical. position occupled by a
3 & - . 3 z
"piggybacking” on 1its mother while swimming.

foreflippers were. seen .to tlasp the mothers’ backs.

f

pup while

The pu’ps‘ ’
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“Hdal ‘channel. and sand bar configuration ndar the pirsery fn

mz. The -, nutlery 4, indicnced hi L “m/:he altérnate
7 3 G
nnnery sand bar to vh!cq --ny of l.h= noth:ru "took 'their

at low tide, is lndxcnted by . The -) indiuzu'

the acertary escape route takia to reach duper vater dmng
v
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Figure 8| A pub (male; indtcated by a ). about to attempt to
: ) . @ ) 4 o < ) N
nurse from avAfnlle already suckling heffown pup:(indicated

i . ~ ]
by N).  The "sneaking" pup| u’.uuy—uppmnm the pussize

il fe(ulel from bekiind thes lnd did not cry. The 1ntrud1ng pup.’

“ would tl\en pﬂnh the rlgh:ful pupy

from its mol‘:her & ‘nipple and

hegl.n suckling.
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Figure 9: A female with two pups she had 'luckled\fr‘zluently for sevefal
f with *

hours. She had initiated

" female eventually.left the mursery accompanied by. the smaller

of the two'plips (irdicated by S ).
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: b
both pups, -Note the disparity i’ the ;dyg\f ‘sizes; - the "
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Figure 10: Elevated.canvas ob'l.erv_lilnn blind.
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“Pigure 11:> Graph of daily, veiglited frequencies of .qmic Pigkybacking

belmrlnur. Indiyidual vertical scale uhul vere calculated

A
by divldiu the pumber of piggybacking bouts recorded n &

day ~by the 'tonl nuaber " of # pairs recorded that dly. ‘A

_Page’s L test nvnlzd -a lstnl.ﬂcnl dureuln; daily*

frequency over the .nursing season. A yelllo- li,ne has

been plotted onto the graph.
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Figure 12:°

’ —
- e C ot .
Graph of daily préportions’of distance decreises by, the pups = =
lisiog  enavautatog eedions  IUE shown, for clarity, ate the

proportions of digtance decreases by the mothers (since’

: ; A
their values are such that'they-sum with the pups’ décreases,
.to equal 100 percent)y. - s o e
R g, & ' ¥
L § « F f
: . o
S B - g 3 )
. " : 7 B
\ 8 : . .
iy ¥ ¢ i
ety




D:PUP
' DECREASES

20 25

15
JUNE

10

x Lo | T By
i e @ i l'e

B ) T
. SIDNVHO -3ONV1SIO:  IOVL

100

N X I v e N T s



s : ’
o 3 " »
. . ) .
|
E X . .4
K} . ) - .'
s ' . W . S ’
’ s " } . "
" L. % -
N : i
. Figure i3: Graph of daily proportions of distance dncreases b
) nothers -during the nursing semson. Not shown, for clarity,
, " are’the proportions of distancy increaseg by the pups (since
<-4 K their values are -such .that. they . -sum with the mothers’ ’ 4
e increas /to’ equal 100 percenty. e ¢ . ' i ;’
# . : LA 3 1
| | ol
’ -0
® [
] . |
: ) |




. \
=g

- - 6y

; 23

e ]

- -~ T

N3OY

e

H




v . Barash, D.P. 1974, ‘Social behavior of\t\hz Hoary ‘marmote (Mamotl

. caligata). Anim, Behav.,.22:257-262. A
‘Bartholomew, G.A.. 1952. Raprodu:nén and . soclal behavibr in the
" Wortherh Elephant Seal. Univ. Calif. Publ. Zobl., 47:369-472.

& > 1959. Mother-young relntlun: and the maturstion of.
Pup behavior in the Alaska Fur seal. Anin. Behav., 7:163-171:
- S i & T S
k Mgg, u A, 1969. The Harbour seal in British Columbia. Bull. Fish
A Bd. Can., 172:1-33. ., . i
3 Y 7 . 1973., ;Maprtations in the breeding “of the -Harbour sealy

Phoca yitulina{ J. ReE:d.\ Fert. Suppl., 192131—141.

". 1981, Varbour seal;" Phoca' vitulins (Linnaeus, }758) and
> . Phoca largha -(Pallas, 1811)." In landbook of Marine Mammals (Vol.
7. (.M. Ridgeway and R.J.- unruo-ﬁ_fn, 8.). Acadenic Press Inc.,
" <. - london.. pp.-.1-27. B

_Bigg, M.A, and H.D. Fishér. 1974, ‘The npmducuvA cycle of ‘the
ale Harbour . seal .off southeastern Vancouver. In Functional
- : atmnl of Marine Mammals, 2 (R.J. H:rrhun, Ed.).

Tnc,,. London. pp. PP 329-347, E

Boness, D.J. and H. James, 1980. Fap\'uéucllva behavior of the Grey

7-500. .

Zool. (lond.), ‘I

Boulva, Ju./ 1975, Temporal vuuuou in birth periods - and birth
i characheristics  of rewborn Harboyr seals. Rapp. P. v. Reuny
*~ Cons. JInt. Dtplor.. Yer., 169:405 408 : .

Boulva,,

tocar \vitupina, in “eastern’ Ci¥Ada. * Bull
‘%‘e‘x-za. =

Burns, J.J.. 198). ‘The Bearded seal (Erignathus ‘bnbnms, “Erxleben,
- 1777). . In Handbook of Marine Mammals (VolS 2)(5.H. Ridgeway and

Can.,

Ay

. < .

§ Christenson;.
e Northern
64:158-172.

E.

ind B.J. LéBosuf. V7. sggression in the femsle
Elcplunz seal, Mirounga® angustrostris. Beh.

v .

seal (Halichoerus grypus) on Sabld: Island, Nova Scotia, Cdnada. I

l.{l. Harrison, Eds.). Academic Press, Inc., lnndnn. PP. 145-170..

and 1A “Mclaren. 197 n)uogy o Harbonr a'e.l,‘




Ne

3 § = . -

1 '_ Clark, C.B.. '1977. A preliminary’répoit on veaning among Chimpanzees

gw of the Gombe National Park, Tanzentp. fm. J. Py, Mnthropol., !
47:123-124. e 2 2
. h

< 1 a N
. Espmark, Y. 1971, Individual recognition by voice in reindeer mother
young relationships: fleld observations and playback experiments.

; 46:295-301. : . )

14 . Ewer, R.Fi. 1968. Ethology of Mimpals. Plenum Press Inc., New York. kS

.~ -Fjach, V.A.. 1966. Maternal behavior in the Harbour seal. In Proc.
3rd.  Ann%  Conf. Biol. Somar Diving Mamm., (C.E. 'Rige, Ed.).
Stanford Res. ~Inst. Blol. Sonar Lab., Henlo Park, €aliforn

. 14541501 b R
ar l ¥ N o : N
v oy Fisher, H.D. 1954, Delayed implantation in the Harbour seal, . Phoca \
®: o vilullna. KNat., Lond., 173:879-880. . » ¥ e :
] W, : e
% . Fogderi, S.C.L.. 1971, Hath:r—ynung h\ehavlnr at - Grey seal breeding
L \ _beaches. ~J.! Zool.} Lond., 164:61-92 ¥ \\\
Ca. % . 4

Frult, K.J. and L.F. lowry. 1981 Ringed; Baikal and Casplan 'seals; @
hoca hispida (Schréber), 1775),Phoca sibirica (Gmelin,’1788) and

ph'_a caspica (Gmelin, 1788). In Handbook of Marime Msmmals ¢ (VoI.

2)(ScH:_ Ridgevay and R.J. Harrison, Eds.). Academic Press Inc.,

London. pp._-29753. . - :

J 198F.~ .Parental and infant attachment in mammals In
en Care in Mammals (D.. 1. Gubernick and P. n. Klopfer; m;.?.'
Plenua Pren Tac., New York.._ | 243-305.

\
&= v fart, T, e Newby and R.A. Arnold. 1965. m}uervauons on
* maternal behavior in the, llarbour seals- Amer. Zool.,"5:677.
G

. Mess, E.H... 1973 Inprintiig. Van Nostrand Presss—New York. v
Hinde, R.A. and S. Atkinson. ‘1970. Assessing the roles of social &

. < partners in maintaining nmutual proximity, as .exemplified by *
. mother-infant relltluns in rhesus monkeys. . Anim, “Eehav
Vo i 18:169-176. s .

Hinde, -R.A. and’ Y. Spencer-Booth. 1971. . Towards understanding -\
individual -differences:in Rhesus mother-infant.interaction, Anim.
5 ‘Behav., 19:165-173. 3

Hoff, M.P., R.D. Nnd!er and T:L. Maple. 1981. nevuapmnz of' infant
independance 'a captive group of lowland- Gorillas. Dev.
__ Psychobiol., u 251265 —

: , Jelliffe,"D.R. and E.F.P.’Jelliffe. 1976. Adaptive suckling. Ecol. t
X B, Food. llutx:itlon, s 289-253. () —

a0 ‘-;.‘ e



88

-

. i - -
kamu, E.G.' 1967. Birth of a Harbor seal pup.’ J. Mamm., 4B:677. .8
< i T, | Manh, ]

thpfer, “P.H., D.K. | Adams' and -M.S. Klopfer. 1964,  Maternal
- imprinting in s. Proc. 'Nat.: . Sel., 52:911-914. .

Knudtson, P.Ms.  1974.° Bir".h of a Hnrbor sehl. Nat. Hist., 33:30-37.

977. Observations on the breeding ‘hehuvlox of the

T Harbor !edl in Humbolt Bay, California, USA. Calif. Fish Game,

= 63:666-670. rd

during weaning - in the Har, seal, Phoca vitulina. Abstracts
« Proc.” Fourth Biemn. Conf. , University of Californi
San Fransisco, California, USA. page 73.

Lawson, J.. 1982, Behavloral 1E ction .between mothers and pups
Mar.

LeBoeuf, B.J. and K.T. Brigge. 1977, The cost of living in‘ a seal
harem, Mamm., 41:167-195% . o :

p o e o \ -
Lorenz, K., 1937. The'companion in’ the bird’s vorld. Adk, 54:245-273.

AHantlfleld, A.W.. 1963. Seals of -arctic and eallern Canada, Bull
. Fish. Res. Brd. Cam., 137:4-7. N 7

- 1975p~The comparative behavior of the ‘Au;n alian Sea

B Neophdca cinerea': and Phocarctos hookeri (Pinnipedia:
Otariidae)., Mamm., 39:159-230. , e

. s —

Matsumura, S.. 1979. her-infant

bat

a
(Rhinolophus fetrnmegllll\um nl.E_Enn t d:velopmen( of vocalization. .

Jo Mam., 60:76-84.

.
Merdsoy, B., W.R. Curtsinger and D. Renouf. 1978, Preliminary,
. of the ‘behavior of the Harp seal

(Pagophilus groenlandicus). J. Mamm., 59: 181-185.

Miller, Ky, M. " Rosenmann and P,  Morrison. 1976. Oxygen uptake and
température regulation in young Harbour seals (Phoca vitulina
‘. richardi) in water. Comp. Biochem, Physiol., 54: 105-107.
Neuby, 1' c.. 1966, Viability of a premature fetal Harbor seal.
t, 47:46. 2 .

= 1973. 6

on the g behavior of the l-ln'bot
seal in'the state of ‘Washington. ' J

Mamm., 56:540-543.

'
Page, E. B.. 1963, Ordered hypotheses for' multiple ‘treatments: A
significant™ teat for. linear ranks. J Amer. .Stat. Assoc.,
58:216-230.

J
4

v



89

. Peterson, R.5.. .1968. Soctal behavior in pimnipeds In The Behavior and
Physiology of Pinmipeds. (R.J. Harrison, R.C. tubbard, R.S.
Peterson, _ C.E Rice and R Schusterman, Eds.).
;pplemm-Cenmxy—::rofu, “New York. ‘pp. 3<53, E

h, L.. 1974, ition of pup vocalization by
Torthern Eléphant seal mothers. psychol., 34:308-312. ,

Poindron, P., G.B. Martin and R.D. Hooley. 1979, Effects of lambing
" induction on the sensitive period for the establishment of maternal
-behavior ‘tn sheep. Phl-iol. Behay., 23:1081-1087. s

Poupig, J. . 1981. Etude des populations de phuquet de Saint-Pierre et °

Hquelon: Pub. de 1'Institut Scleitifique et nchnxgne des Peches
Maritimes. ~Salnt<Plerre, France .

Reiter, J,, N.L. Stinson and B.J. LeBoeuf; -1978; Northern Eilephant,
+ seal development: . transition from weaning (to nutritional

indepéndence. Behav. Ecol. ' Sociobiol., 3:337-367

Rénouf, D.. 1980. Masked hearing mmnm. lebcux seals’ (Phoca
vitilina) in'air. J. Aud. » 20:263-269.
yitulina) 4.

'xanouf D.. and D. Dlemand. 1983, Behavioral interactions between
lhrbmlr-nznl mother and pupa during weaning, Mamm, r 85

Q Renouf, D., J.N. Lawéon and L. Guborko. 11983, - Aesachment betwien
. Harbour seal mothers and pups. Londs, 1993179-167.

Ronald, K. and J.L.. Dougan. 1982. The ice ' lover: hlalogy of the
Barp seal (Phoca groenlandica). Seience, 215:928-933.°

Rosenblatt, J.S.” and D.S, lehtman, 1963. Maternal behavior in the
laboratory rat In Maternal Behavior in Mammals (H.|  Rheingold,
Bi.). Wiley Publ, New York. page 8.

Ryan, T.A., B.L. Joiner and B.F. Ryan. 1980. MINITAB Reference
Manual, Pennsylvania: Penn. State Univ., pp. 53-61, 8

= ; - .

4 " v

Smith, E.A., 1968, Adoptive .suckling in the Crey seal. = Nature,

217:762-763. . : s wF

sokal, R R. and F. J. Rohlf. 1969, Blometry (2nd Ed.). San
Fransisco: W. .H. Freeman and Ccmp-ny. PPe 546-547.

Tedman, R.A. and M.M, Brydén. 1979. Cow-pup behavior of the .Weddell
‘beal, Leptonychotes veddelli (Pinnipedia), in MHeMurdo Sound,
Antarctica, A VAldl. Res.,-6:19-37.

Terhnne NJ.M:i, M.E Terhune and K. Rmmld. 1979. loca n-n\ and
mognmon of pups by adult female Harp seals. Apple Andm.
—gao. v




Trtdlmich, Fo. 1981, Mutual mother-pup recogniti Fur
seals and Sea Lions: Cues used .and’ \fnnctional ugnxﬂunca.

o - - Behavior, 78:21-4%% . | p .
il o . -mnn. R.L.. 1974, Parent-offspring conflict. er. Ql_.. s
14:249-264. L. -
Trudeau, M.. 1976, Behiavioral reactions of two female Harbor seals >
. S"‘I';;.l‘g;f“’a' 'cnneolonr) to' their d.e-d offspring. J. _H-EL 5
Venables, U.M. and L.5.U. Venables. {955, Dmdrontions on w Biseding N ! .

colony of the seal Phoca “vitulina in . shetllnd. Zool. Soc., lond,

Proc., 125:521-532.

f Wilson, S.. 1974, Mother-young interactions in the Comion seal -Phoca '
vitulina vitulina. Behav., 48:23-26.+ - T
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	007_Abstract
	008_Acknowledgements
	009_Acknowledgements iv
	010_Table of Contents
	011_Table of Contents vi
	012_List of Tables
	013_List of Figures
	014_List of Figures ix
	015_Chapter 1 - Page 1
	016_Page 2
	017_Page 3
	018_Page 4
	019_Page 5
	020_Chapter 2 - Page 6
	021_Page 7
	022_Page 8
	023_Page 9
	024_Page 10
	025_Page 11
	026_Page 12
	027_Chapter 3 - Page 13
	028_Page 14
	029_Page 15
	030_Page 16
	031_Page 17
	032_Page 18
	033_Page 19
	034_Page 20
	035_Page 21
	036_Page 22
	037_Page 23
	038_Page 24
	039_Page 25
	040_Page 26
	041_Page 27
	042_Page 28
	043_Page 29
	044_Page 30
	045_Page 31
	046_Page 32
	047_Page 33
	048_Page 34
	049_Page 35
	050_Page 36
	051_Page 37
	052_Page 38
	053_Page 39
	054_Page 40
	055_Page 41
	056_Page 42
	057_Page 43
	058_Page 44
	059_Chapter 4 - Page 45
	060_Page 46
	061_Page 47
	062_Page 48
	063_Page 49
	064_Page 50
	065_Page 51
	066_Page 52
	067_Page 53
	068_Page 54
	069_Page 55
	070_Page 56
	071_Page 57
	072_Page 58
	073_Page 59
	074_Page 60
	075_Page 61
	076_Page 62
	077_Page 63
	078_Page 64
	079_Page 65
	080_Page 66
	081_Page 67
	082_Page 68
	083_Page 69
	084_Page 70
	085_Page 71
	086_Page 72
	087_Page 73
	088_Page 74
	089_Page 75
	090_Page 76
	091_Page 77
	092_Page 78
	093_Page 79
	094_Page 80
	095_Page 81
	096_Page 82
	097_Page 83
	098_Page 84
	099_Page 85
	100_References
	101_Page 87
	102_Page 88
	103_Page 89
	104_Page 90
	105_Blank Page
	106_Blank Page
	107_Inside Back Cover
	108_Back Cover

