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Nova 'Soptis, Prince Edward Island, Quibec and the French islands of
Saint-Plerre ot Miquelon. About 13,000 harbour seals occur in sastern

Canada and are distributed in small populations. Vardations in the mmbers
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given. Myles are potant from early May to late July, poszibly earlier but
data are lacking for March apd April. Most adull females ovulate around
nid-June and implantation is delayed for shout 88 days. Active gestation
mhpmh,mﬁnt-r, the Sable Yaland population forms large herds
andhemmpohgle,incold%mther,tbuuﬂadcmtmny
beul-put on land at air temperatures below ~15°C. The large herds break
down 'just before whelping which starts in mid-Mey in most aress. The birth
seugon genarally lasts ona month. Preweaning pup nortditymragul‘lx .
dm'ingtbﬂmtmthoflifaonswlolshnd. Pups are weaned about 31
days after birth. Moulting takes during July and August and can be -
completed in about 20 dxys for dual seals. (n Sahle Island, seals
pmmkmmmmttm,mmmthdv,ﬂﬂhmtb
» hauling-out appsars more closely related to low tides. Females
Jinoldetthmulos(ngSnmoM)andmum%ofthm
aged 1 year old or more. Iife tables for females from a lunted and non-
hmted population sugpests that the age specific fertiliiyrates of the
former do not apply to the latter. The harbour -sesls in New Brunsdck,
Nova Scotia and Prince Edward Island were estimated to nmsber 12,000 in
1949 and 11,800 in 1972. These two estimates combined with known mnting
mortality and production rates psrmit a calculstion of an annual
mortality of O, and s realized ammual rate of increase of -0,03. The
oonsequences of maintaining or discontinuing the bounty sre sxamined, An
ammal sustainsble yield of 5% of the total postwhelping population could
be achisved with ths present population. The diet consists mainly of
berring, flounder and squid. There is no indication of a decrease in -
fuﬂngmtmiﬁmmmrmlt.mmutbemﬂﬁmw
of the seal in spring and swmer seems to parallel the drop in comdition
of & good proportion of the fish saten at that time. The quantitiss of
food found eaten in nature agres well with feeding rates of captive seals .

" of this Wﬂthmtmﬂnddioﬁ.xzokguﬂalmum;d

can live well on a dist of food equivalent respectively to 5¢ and 2.
their body welght per diem. An energy flow tshle is described for a *’

harbour seal population; it indicates an ecological afficlency of 68
ummttummmtummwma@.
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The barbour seal, Plioca witulina, Linné (Fi'g. 1), has a-wide

dilbr.lhnt occm'ﬂnsin coastﬂ. m&a of the north Ltlmtic and of
. the north Pasific, ranging {uouth to Ga.litornu -.nd north to Elle aﬁam i
rillnd :ln\tho Canadian mtﬁt(}hmﬁ.ldl 196]/)4)11//1 sedantary

is genor qu rsar,mnd? neu-/itn breeding sites. N
‘-Jj t uxt.ensi Moﬂyt.;lon or éhu harbour soal in Nor'bh
ca va

,x.‘

(1880) wbo rerioiad most of the
10 on, this specie* I.atar, studies have been,.

lit rature tbbil

published 1\!1 xurope‘and North America on iits general blology (Havinga,
s 193&; Dotrt-t\, 19k2; sehefrer and Sl:lpp, 19111& Imler and Sarber, 19475 ‘

us}sr, 1952 and J,bsh Sergeant, 1951) but \thsue were limited by the

ord taclmi.quu mmuemmmher (1960) | -
mmmahy ungmmmlmam

ot /eanim mm. Since then, thi'ea publicatioua (Biahop,
¥ Lssa; Bige, 1969:; Naito u&mhmu, 1%72) have presented results
of age dmn&.q.uon of sumlas from populations of harbour seals,
rhsra hu heen no gcneral account published of thds’ apeciaa in D
ontu'xg Canada and esstern United States other than Allents (13880) ’
extensive description. Information was published on local abundance
(Glipin, 187 Comeau, 194S; Fisher, MS 19493 Templeman; Squires and
Flewing, 1957; Mansfield, 196T> and 1967cs Caldwell and cmu,’:.’%yi \
Boulva, 1971), foeding (Fisher and Mackeuzie, 1955; Teapleman st al., -~
. 1957), pupping season (Bigg, 1969b chlu, 1973) and on the hportms
of these seals as the final host of the codworm (Scott, 1953; Fisher
aid Mackensie, 19555 Scott and Fisber, 1958).
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Fig. 1. Harbom"seals resting on the bo&\oh of Sable
Island, Nova Scotia.
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i In Nova Scotia, MBch and Prince

Lo +
referred to as the Maritimes for“ the Mari
been i{l effect dn the harbour seal since 1927 and since 1952 the
bounty 'has been extended to Newfoundland and Iabrador. Even though

* the numbers of seals killed for bounty bas been recorded from year

to year, there has bean no publication examining the consequences of
this hunt on the population, with the result that 1ittle has been '
inown on the mwbers of harbowr seals left in eastern Canada and on
the stability of the population., The-present study was initiated in
1971 for the Arctic Biological Station of the Fisheries Research Board
of Canada, in an attempt to cbbain information on these questions as
weﬁ as on th; .general biology ::of theoe seals and on’ their present

. int?ractions with man, ¢



MATERTAL AND METHODS ] @

-

. , .
Collection of samples and fisld cbservations !

.This study uses samples collected mainly by the Aretic Biological
Statsion of -the Fisheries Researchi Board of canada since 1968, eithor
by their ol personnel or by trained fishsymen. The aathor added to
this collection’ specimens obtained from the population whicl: B v
studied from 1959 to 1972 on Sable Island, Nova Scotia. o

Table'1 gives the monthlzr numbers of males and females aged one T
year old or more collect.ed in each locality of sampling. The localities - .
of sampling ire indicated on Fig. 25 the circied nunmbers on the map
refer to the map nuvbers in Table 1. Tt can be seen from the table that .
_ the sample is strongly biased towards sumer and fall months, the few

winiter samples conff.ng 'nainly from Sable Island. Thig 1is because

fishernen generally pull bheir boat out of the water for the winter

and because seals are seldom seen in cold weather on the islets and
°

ledges where they noma;ly haul out, thus making collection of winter
samples very difficult. v

", . Information noted in the field consisted of: locality and date of
t;aptnr;, nose~tail length measured in a straight line and not mmdng

body curvature, and sex. The following measurements, were baken

occasionallr blubber thickness measured throush a marrow incision over

‘bha postenor end of the sternum and not including the skin, the

maximse girth and the total weight with no allowance for blood loss, |
Formaldehyde was addad to the stomach content which was g;nemx;uy kept

for examination in the laboratory. (Ovaries, reproductive tracts and .

fostuses were preserved in a formaldehydé solution while tm

_—_—
-
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Table 1. Nuwbers of harbour deals aged one year or more, collected
for this study, per month and per lor.:a]it& of sampling, for males

(M) and females (¥). The map nuubers refer to the nurbers on Fig, 2.

e

) {
. . .
N tontk s

Map g F K & nm 4 4 A 5 0 W D Totals

m,  Ioeality FF iF WF 0 FF BF PP BF PP FF WE WP FF
3 Fourchu, M.S. . 3-12 713 511 B-5 Buk 846 34 38-62
2 Sab;e :Esland, 5. S 34 1-3 b3 11§ 2-1 -0 . 0-3 2-5 3-0 35-25

Beum Secom, N.S. . 11 11 2-1 20 1-0 i B-1 -4

I Fort Kouton, B.5. ) 34 ; . Y3

5 oramd patian, N.B, 30 244 26 2% T3 20 181y

- of St. Lawrence -0 W7, : 5-7
. "7 Escomins, qu. 110 3h 20 k2 10 1248

Totals 54 34 00 I3 11-16 2531 15-23 1b-16 2413 10-9 56 hd T15-13%
- ° '
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- - .
" = 3 -
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Fig. 2., Sampling localitids are l: Fourchu, Cape Bretonh;

2: Sable Island;

3: Bewn Secum; -k: Port Mouton; 5; Grand Mapan and Blacks' Harbour;
Magdalen Islands (left) and Saint-Plerre et Miquelon-(right) in the
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Gulf of St. Lawrence; 7: Escoumins,,
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_sections of one te_atia_ and, epididymis, about 1 cm in thickness, w;m cut
with a scalpel and })’resermd in M's solution.

Canine testh wers eactraeted from the boiled lower or upper jaw bone
and a note was made of the nmnbers of postcandine teeth present in some
specimens. Data on the numbers of postcanine teeth or tooth sockets were
also obtained from the lower jaw bones sulmitied in support of ’omnrby
¢laim. Canine teeth were also extracted from these aaws and allowad the
ageing of the seals killed for bount-y e - .

Information on the seals! activity tln'aughmxt the year waa noted
during the numerous field trips on Sable Island. The tegl&iques used

= for ageing and studying the pups from birth to weaning were desgcribed
elsewhere (Bou]jva, 1971 and ]:973).> Vieather data for Sable Isla.nd’ were
supplied by Maritime Weather Central of the Department of the .
Bnviromment of Ganada, ‘

_ Tmatment of samples ’ - X

&g_e_ determination - One of the two canines was cub longitudina.u}\ to
obtain a section sbout 0.k mm thick, dnd the annyal lines in the cementmn
were counted (Mansfield and Fisher, 1960; B:.s"!zop, MS 1968; Bigg, 1969a).
'rhis tecimique for ageing harbour seals was validated by Mma[ﬁeld and .
Pisher (1960) Each seal was given an age in years and tenths of :v'eura.

3

The starting date is'May 2) which comspande/. to the average birth dlte
fox' s;hle Island harbour seals (Boulva,,-1973); because of ths absence y
of adequate information on birth time elseshere 1n the area covered by i
this study and because of the need, to age each animal, 1t"is assumed that

the other sampled populations whelp at the same tine as the Sable

Island Seals. A possible exception might be in the estuary of the St.

Lavrence River where harbour seals are.said to give birth mainly in

-
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Reprodwative argans - Sections of the testis and of the epididymis
nra-onntadmdm-:lnoﬂu described by Smith (M5 1970). ovnr.'l.os were hand’

cut transverssly :ln slicea amomlmto];r 2 mm thick, For uch of thn '
two ovaries, the nusbers of follicules, di’rl\;dad in-three classes, lons -
than 3 mm, hctmnBandén, andmmthmeindimtermumted
as woll as the nusbers apd sises o:t thu eorpora_albicantis and of the

A ]

P o
id -

corpus luteim, / ! s p“: .2

Bxbryos nnd fostuses - Presemd mnatal aula were muured
utomae-hlllwgthandmighb The leng%hinmumm .
obta:[nodﬁy dr.d.ﬁg a ﬂmtm of tha embryo on paper as described by ™
Hewer and Backhouse {1968) forgrs,ranls; the hngthofthalim .
running Iral the nose throngh the eye and following npvaﬂmhly ths
vertebral column to the tafl was used as tha noaé-tail langth

Stomach contents - The food items found in the stomachs were
identifiad by comparison with skelstons of -fish kept in a collection N
st the Arctic Biological Station. Imei't%abrnus were keyed to species
ir poaslb‘:'l.e , except for caphaiclpo;l ra-ai%ns which were forwarded to
‘the Biologieal Station in St, Johns, Newfoundland, for 1dentdtication.
Stomach contents which could be 1dent1ﬁLd only as far as faxily were
distributed among the species :I.dantiﬂodx poaitival;:, sccording to the
mqmncy of ocgurrence of tbiaﬁﬁﬁa& species. For example, if only
cod and hako were identified in the atonnctnin a ratio of 2 to 1, and
-1f there was 30X umidentified gadids in the stomachs, theri 20% and 10%
were added respectively to the paro?ntageu Yor cod and.hake.
The atate of dipestion was subjectively coded as follows: O:

stomach empty; 1: 90% digested; 2: 50-90% digested; 3: 10-50% digested

©
&

I
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and k= 0-10% dipgested. The we:lghb of stomach contents given code 3 and

l; was generally noted. The volmetrie importance of each food species
found 1n a glven stomach was visually assessed and attributed a fraction
80 that the tm‘sal amount_ of food in the stomach would hmle a value“’of 1.
If only species A was found, 1tm givenavalue of 1,ifspec:|.aa A and
B were found in about equal quan’oiw, they were given each a valqe or

2

{.5. 2

o

-

Fopulation estimates

X b

Qmationnaims Were aent by the Arctic. Bilological Station to

P -

Fisheries Officers in ea.stern Canadaj to obtain information on ‘local
abundance, movements, diates of whelping and interference with fishing

. operations by the grey seals and harbour seals. These questiounaﬁfes .

v

provided the author with basic information on the digtribution aid
nmbem of the harbour seals in eastern Canada. Ipterviaws with .
ﬁahermn in most fighing conummlties of Nova Scotla, Bx-‘unsw:?ck, ' S
Prince Bdward Tsland and Québec provided additional data on nurbers and’
*distribution. ;. : - o “ \;,
These two sourcea qf information were completed by a study of the
data supplied by the bonnty‘ﬁﬂl, with the assumption that areaa where
dntense killing occurs comspond to0 areas where harbour seals are’ .
abundant. The Sable Tsland population was surveyed as des'cribed in an’

earlier paper (Boulvd, 1971). oo :
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. xrmm;emix;éaat;mcmmmﬁoupdinmcm
8 popnhtion, but are rather distributed in mnemus small populations

) appmntly iaolated ona .fron tHe'other. For mmplo, field counts, ®
?\ oolour patterna of the pelago and crmial ovidence suggest tlnt the

g 1,200 %o 1,500 harbour ssals inhabiting Sable iéland, located 90 miles

’Wa Scotia, are isolated from the mainland populations N
with ].'ittle no emigration or immigration taking: place (Boulva 1973
" and ﬂcIA;'en 1973). e

f‘ . The examination of the bounty kill euesmare in eastern Canada
slso Bmicatew\t the seals killed always come from cerbain specific
areas, while rcportiaf kil are never recsived fmn certain other
_aress also inhabited by ﬁshemen, thus indicating a probable e ’
- diacgntinuity in the Z.(stribution of these seais, The variation in the ' "~ .

. numbers of ;;est teath:(premolars. and malars) aﬁggasts farthermore *

}l

" that harbour seals from one population do not oomon]y mix with aoaln of a K
%aarby population, The norwal complement of these teeth is 5, vu'ying .
betwéen 3 and 7 in the lowe * jaws which I exanined. This variation is
fai.rly consistent in certain areas as can be ssen in Table 2,
} * Area no. 1 is geopraphically closest to area mo. 2, with the Bay  ©
f‘)of Fundy acting“as a barrier. No seal wit:h lsss than 5 post-c;x;i.ne
taeth on at least ons of the two.lower jaws have been found :I.n ares 1,
whlle 5% mtow:d in avea 2; there iz also a 50% decrease (butnot

aifgrxifieant) from area 1 to area 2 in the number of animals baving more

.\g
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Table 2., Varialions in the nmbers of vosb-canine teeth (premolars and

a -

¢ - L4 -
rmolars) -on the lower ju of har'our seals in seven areas of eastern (Canada,

. L Y, : . “
The area numhers’ refer to the circled pumbers on Fif, 3. There are three

ki

. B - Fl !',,:

classes of teeth in the tible: anim}lgx having either less than ;t;ive post-
A

canines on at least one of the iwo jaur Eones; Tive on both jaw bones;,l"“ .

e

more than five on at least one of tﬁ% bones. - .
= he —
Area Arven . 1éss than 5 5 mére, than 5 HNo. in
. o
o - st R
of 74 ’
10, M A N f‘a %] - . samp%%d’“’
1 Charlette Co., H.B. 0 86 1h } 5y
2 Dirby to Halifax, IL.:. 5 88 .7 111
[ -~ “ N
3  Halifax to Louisbours, ;.0. 6 PN 3 79
i Sable Island 39 - At > N0, 36
Prince Zdward Island R T J A 0 26
- N AN
6 Insular ilewfoundlnm, 2l ‘ \ Y ¢ 1 2 , 33
7  Labrador . g <9l 1 11k
J €
.-
- B ‘a )
k-9 i b4
> . . 4 e 1] *
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Fig. 3. Areas \of abundance of harbour aeals“fn Bastern Canada, indicated
by hatching. The estimated numbers of animals are given with the current

population. The trend is jndicated by a circled arrow:

reasing; pointing hordzontaly = stationary. A circled

X indicates an uéf. from which the harbour seal is reported to hawve
disappeared during\ he last 15 years. Question marks mean absence of

information, circl mxnbers refer to arved mnbefs in Ta!gle 2.
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than S5 post-canine teeth.

Similarly, Sable Tsland is closest to area-3; however, it has six
timos more seals with less than 5 post-canines (difference significant
at the 0.001 ievel) and no seal with more than 5 post-canines t.:mupared )
to 3% in' area 3. Areas 5, 6 and 7 have their own typical variations in -
nmibers of post-canines. Assuming that the number of post~canine teeth
is at 1aast. partly genetically controllnd, these variations supgest
thnt- gene exchmge between these small populations of harbour seals is
somewhat nestricted.

An examination of Abhe distribution of seals killed for bounty and
of questionnaires returned by Fisheries Officers in eastern Canada, ﬁs
well as my own conversations with fishermen in a11 areas coverad by
this study, with the exception of Newfoundland, Iabrador and the
north side of the Gulf of St. Lawrence, from Sept—Iles to the Québec—
labrador b?xlder, have supplied sufficient information for the
preparation of a map sl:ou:lng the distr.ﬂ;ution a.n:ll the estimated
mubers t;f seals in each of these populations (Fig. 3). Tha irend of
each popuglation, according to l;rcal residents, is also given, whether'
decreasing or ai:.ationny; nowhere are the harbour seals said to be
increasing, The x}isappearance of this species in an area during the
last 15 years is indicated by a circled X; absence of information from
-an area is sbown by a question mark.~

The estimates of number of seals can be grouped by prowvinces,
providing a total estimate of about 12,700 harbour sesls at pre;ant:
in the area.covered by this report: ‘

-~ @

New Brunswick > 978
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. Newfoundland (Iabrador excluded) ., 2015
” ' ova Scotia {including Sible Teland) 527
. Prince Bdward Ysland 478
- .. Sint-Plerre et Miguelon 300
Arvess visited " 1380
Estimate for areas mt'mitqd 2300°
\ Totsl for arsa covered by thls study 12698 .
PP . |

) Pu-rl'. distribution . , .
];t is likely that the pnaant diseentinuous distribution of the
harbour seal 18 & consequance of encroaching civilisation cosbined
with many decades of hulting for bounty, the apeciea having survived
only in the. most fnonrable areas, . ’
’ In the last century, for example, their rangs extended mch further .
. mttl%-natmnt.mudsmmmdinlmmtﬁém
hia Chemplain’ {Allen, 1880). In more recent times, a few have been seen
 n the Tadhine Rapids and in Beauharnois near Montreal (David Sergeant,
T ‘parm], commmication).

y o
P ° . Since 1960, there has been no report of their presence in areas

where ihey used to be killed for bownty: the lower St. Jjohn River in
< southern New Brunswick, from Picton to Georges Bay on the north coast -
of Nova Scotia and from mmerous localities of Newfoudland, mainly in
thé north-sastern regions. In most of the other areas, as Nentioned
above, they are reported by Fisharies Officers and fisherman to.be

decréasing in npumbers.’

Natural factors oomtrolling the distribution
Harbour seals are generally considersd to be animals of bays and

«
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inlets, Their absem from the north shore of the Gnspe Peninsula conld

be explained by the lack of bays along that coast; this area is alsopoor
in il_slsts and ladges. These seals also are .felry:ln bays which bave no
ledges or islets, On the other hand; they are found ircind guall
offshore 1slands such as Seal Island in south-western ‘Nova Seotia where
there are no bawhut whore numerous ledgee a.re available at low tide.

I have examined plvaical c!nraeteristics o!.’ the areas of Nova Scatia

" where harbour seals are concentrated and of the areas where they are few,

It is assumed that the total abundance of harbour seals :lnucountyisﬂ
proportional to the mmber of pups killed in that county, as pups are

easily captured and are general,yborninaﬁnd proportion to the mubér E
of adults present (Bige 19692 and Boulva.l973). The nmﬂaers of pups killed
per county in 1951, 1959, 1962 to 196han§11966to1971mm cumlated and

a count of ¥he nmbers of islets 50 yards in length or shorter per county,
was done from nautical s for the coa;t of Nova Stotia. The date are .
summarised in Table 3.0 Ths assumption is that areas with mmerous islets
offer good protection from seal lmntara hecause of i:hq navigation hazards
even with small oraft and also provide the seals with adequete areas to
hanl out, (Fig. h)s

a regression vas made of the mmber of pups killed on the number of
islets pex-county (Fig. 5). The regression cosfficient is highly
significant (P < 0,001), Most pbin%a are x:s\l{ti’fely close to the Iine
except the point marked A which represents data from Guysbarough County; in
this*case, 138 islets ave located in or at the entrance of Canso Harbour
where the perwanent, presence of man and an intense boat traffic help keep
the seals away, thus providing very few pups for the nuber of islets. If
point A is moved 138 mnits to the left on Fig. 5, it comes well in line

2



Table 3. Relation between the total number of pups ed during the
years 1951, 1959, 1962-6!;,' 1966-70 and the nwbers of islets, S0  yards
long or less, counted on hydrographic charts of Nova Scotim (excluding

Sable Island), Ths dats are illustrated on Fig. 5.

s

ot

County N;l:{::! of Hu;;: of 1;:;1
waorla;ld North < y 20
Golchaster ‘North 10 1
Plctou " 16 3
Antigonish i? 1
Inverness _ 56 12
vietoria = ' N 2
Cape Braton T sy Uc 138
Richwond, - 107 8
aysborough Yo 33 ‘
691 616 )
R ¢ SR |
h39 321
L6l . 39
785 6717
219 " 99 "
-9 17
5 T3
5
9 0 ‘
" \




Fig. 4. Harbour seals haul out mainly on ledges and sand
~ bars exposed at low tide.. - :
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1‘(&. 5, Relation between the mumbers of pups-killed for bounty per

-3

coastal county in Nova Scotia and the mmber of islets 50 yards
long or less, in the corresponding county, using the data in

, Table 3. The regression coefficient differs significantly from O
(p< o,\ooz,) while the intercept of the line with the ordinate does
not differ significantly from 0 (P> 0,05). Point A is data from

w

Guysborough Cownty (see text). : )

o




W

with the other points. |

-

There is therefore a strong relation suggesting that the availdibility
.of islets in Nova Scotia might affect the abundance of harbour sesls in
2 given area. In othv;-r regions svfch as the Miramichi est.'u;.ry' in eastern
New Brunswick, where rocky islets are fewer, the &va:ilability of sand

©

bars might in turn limit the abundance of the harbour seal.
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CROWTH :

The growth of the harbour seal is well documented for most areas
where the species occurx, For t;;e eastern Pacific, prowth bas beafr .
described by Scheffer and Slipp (19hl), Fisher (19’52); Bishop (Ms 1953") g
and Bigg (1969a); Nalto and Nishiwaki (1972) gave an sccount of the )

o

comparative growth of two species of harbour seals, Phocs largha and P.

stejnegeri (Surilensis and insularis) in the western Pacific. Whether
these two’ ;peciea dre races of ¥. vitulina is in dispute (ﬁcLaren}\ 1973).
For the eastern Atlantic, information on growth is given by Havinga -
(1933), Venables and Venablgs (1955) and Harrison (1960 and 1963). For
the northwest Atlantic, Boulva (1971 and 1973) has glven details on the
growth of pure from birth to weaning.

!

Information is presented here on the growth in size of the harbour
:eal in eastern Canada during gestation, nursing and after weaning, The
ape of the embryos and foetuses is calculated in days, thz; mean weaning
date June 2 being taken as day O due to lack of accurate data on the
mean date of fertilisation of the -oyum; this will be dicussed in more
details in the section 9::‘ the annual cycla. Pups were aged when tagged,
the age being estimated from the condition of the umbilicus as described

in Boulva (1973).

Prenatal growth
W "*gn_g}_l_g = Numerotis reproductive tracts obtained in August and two in
early September, were examined for the presence of embryos but even though

& new corpus luteum was abseﬁ’eLd in mest cases, no sign of pregnancy was
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visible. Thres females collected each on different days, September 15, 25

| and 26, had an implanting blastocyst located in 2 swelled knob on the
cornu while six out of seven females obtained during the first half of
October had a small erbryo presentd, thé seventh having a new corpus
Iuteum but showing otherwise no sign o? pregnancy, *Thns, in eastern
- Canada, the growth of the embryo begins in mid-September. ’
., ~ The increase in length of embryos and ;oetuaes is illustrated on
Fig. 6. ?he first measurable embryo, 7 mm in length, was found on
()ci:mx‘ni 18t, The yuation of the regression line for growth in length

" indicates that the embryo and foetuses increase at a rate of 0.36 cm per

day. ’I‘ﬁ regression line intercepts the 0 cm line on day 102 (October L),

The point of intercept with the line of mean birth date on May 2l
suggests a mean birth length of about BS cm. This differs by 9 cu from
7‘:{‘5113 mean birth length of ‘}6 cm for live pups (BouIVa, 1973); the
discrepancy may be aceonnbeni for by the fact that lzhre pups eontract
» themselves slightly when measuz;ed and by a po:ssible slowdawn of growth
during the few days preceeding and following birth, : .
Weight - The increase in welpht of the foet.us/ can be related to bime
with rectilinear regression;:.f the cubic root of 'ohe weight is:paired
with the ags of the foetus (Rupget and widdas, 1951). The regressian Yine
(Fig. 7) intercepts the 0 K line on day'97 (Sept 29) and indicates a .
mean birth weight, of 11.7 kg (22,73 g). The mean birth weight of live®
pups on’sable Tsland has been recorded as 10 kg (Boulva, 1973). The
difference between thesg two birth we:lght.s, if not 'a result of the sxnall
mmmber of foatuses availabla, is likely explained as for the difference
.’m birth lengbhs between foetuses and live ups, by a siowdown in growth
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‘,rhe re(gmssion equation descrlbes the daily increment of the
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Growth in weight of harbour seal foetuses in eastern

root of the weight, l‘he regressﬁ.on line intercepts the 0 ¢ line

* on day 97 after the mean weaning date (June 2l4). The diamonds
indicate for cmparison the :!ncrease in wa:lglrb of 1dve pups between

birth andvaaning -
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. Gmwbh rrom bi.rth to weaning o g .
\ Nursed Exp_g Following birth, the average rite of Mh in length

N W \;’f@' “du
¥
@

. mcmuea from the O.BGmprdayvﬂminutamtoo.Sﬂ mperdaw .
_P during mtrsing The differences in mean birth longblu and maan grmrbh v

| rates (Fig. 8) do not differ significantly between sexes (P 0,0‘5). At

. weaning, both ums are about 90 cm in length and the’ end of nursing
?multa in a slwdmm in grcmth at that time. ,
s 'rha increase in vaight is corresponding]y more upd.d frombirth ta

woamng than in utem. During pestation for exmp.a -t.hs fbetus doublos

“

v

1ts weight from 5 to 10 kg in about 55 days, after birth, the lmrsing pup

noti ab)s' at ﬂaaning as shown by maptured tagged pups (Fig. &0)

' .S

erted pups ~ It was observed on Sable Island that mumerous pups

,231'0 deserted by the female ab an early stage in life; Tfue pups lose
?might and death from starvation generally oceurs when thase starvelings
P reach 2 weight of 7 kg, the lowest weight recorded Tor a 1live starveling
’Ibei.ng 5 kg. . )
Oomarison of mm deserted pupu (Fig‘ 10‘3 suggests that a
?‘ﬁm.ul weight of about 1) kg must be reached for a pup to surviva. This.

]

- is jllustrated by one male which was weaned prematurely at 12 days of age,

weighingtmlh kg. His weight dropped to 11 Xz on day 21 but had
Muuedto 12 kgon day’31. He had bacome very active by then and was
Jten seen feeding in caln shallow water close to shore& However, snother
pup was desartqdat6damsotagc,weigldngatthattimalmtﬁkg.
"lost weight constantly and died 2l days later, These’ observations auggeat

=

. that, possibly, the condition for survival of pups in nature require an

&
El . ° -
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slope ;r position. The line for males is reproduced as a dotted 1ine
in the female section for comparison. Closed circles indicate nursed -
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rig. 10: Increase snd loss in welight of individual pups, nursed and
deserted; on Sable Island, Circles indicate males, triangles indicate
femalos and X indicate death. In the left portion of the graph,

eu-rd sysbols are of nursed pups and open sysbols of weansd pups.
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increasé inwo;@:b up to about 1lj kg combined with a minimm nursing

¥
- - kﬁ'f

- Growth lfter weaning

length - From one year of age on, males average longer than females

((lﬂ.g. li}.‘Hnilma length is reached in males when about seven years old

and in fenales when about five years old. Fully grown males average in
nose-tail length 159 cm and females 15 cm. ' :
ﬁ !e_i_.g_h_t - The increase in weight fol_lm a pattern similar to the

grovth in length, with males reaching their maximum weight when
awrm-ately seven ysars old, and females when aboub six years old

{Fig. 12). Fully grown males average 91 kg and females 72 kg, the males ‘
thus being on averapge 26% heavier than females,’

| Bigg (19692) obtained values for fully ‘grown males of 161 cm and
87 kg and for 'females, of 148 cm and 65 kg in harbour seals of ‘the.
northeast Pacific. Naito and Ni“sh:gmk;« (1972) give anmées for fully n
grown Fhoca largha of 170 es and 161 cm respactivel} for males and ©,
fenales and for P. stejneeri (3 knirilensis and insularis) of 186 o "

and 169 cii'respectively for males and females. ‘

, P .
Techniques to estimate weipht

It is often meful to o rapidly ueight of a‘eals in the ﬁ.eld

. when zcales and usans of liﬂ'.ing dead seals are seldm avaﬂ;ble. During

4

this study, data were collected on the 1eng£h, maadmm girth and waight .
of 43 saala and’ these mnmnts can be related with two equations.’
' Length-veipht relationship -.This is a standsrd technique used in

. fisheries to obtain weight from fish of knowm length, using an‘eqution

Pt «
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Fig, 11. Growth in nose-tail length of harbour seals in sastern
Canada, The vertical bars, solid for males and open for females, are
one standard devidtion and the vertical lines are range around the

>

mean (central horizontal line). Nusbers of animals in the sample are
given below the bar. Data is combined for ages 9-15 and 16 or more
nyyuquuh



o

o §
< Ay
L3 L) | ] L3 L l‘ L3 L] L] L] x L L] Ll
‘) -
- Hor E
s .
00 ,.‘
. 1
s0f °/\—~——. a
o .
a
p L 3 Y
EBO . / « A
¥ 3 AL o o
—T0¢. . /‘, A I o
A o0 28 e
=80 e -~ ° 9 1
2sof- o“"‘“' ° ° -
- .
;40. }g@m a B i
! 30& . 4
o
2OZ “
10 . .
i ] L ' A I} L 1 L [ 1. A 4 A ) i
5 0 15

Age (years) s

- /’ > ‘
in weight f harbour seals in eastern Canada.
#¥0a Sable Island, triangles from Fourchu,.

Fg. 12,
Jcirclau are specime -
Cape Breton. closcti synbols and solid line 1nd:lcate males, open
and dotted line 1r:dicata females. 1‘133 1ines are drawn through the
annual averagss, 7-9, 12-13 and 16 plus being combined for females,
and 8-9 being combined for malas.ﬂ

-



ﬁ'

31
, ‘ 1
of the type: W = aIP, a and b being constants determined for each spaciss
(Ricker, 1968); The paired uaigl;t’-length data for harbour sealu\ in “\
sastern Canada were transforned o 1og 10 and linear regressiop =~
was calculated, giving the constants for the equation: ;
Welght of seal (kg) = 0.000159 Length (cm)>~5%

The data are plotted on Fig. 13. The equation allows the calculdtion of ~
an estimate of the weight of ‘a harbour seal when only the nose-t?ﬁl
length is known, ;

‘ Iength-girth-velpht relationship - If the maximm girth is known, a
more precise estinate of the sealls weight may be obtained, using an
equation described by Poulter (MS 1965): W = (G°L)/K, where W is the '

weight of the seal, G is.the maximm girth, L is the nose~tail length
and K a constant determined for each species. An equation of this type
48 also described in more detail by Usber and Church (1969). Data from
22 male and 21 female harbour seals of euWMwm used to
caloulate the constants K Tor males is 20,59 cn/g and for females is
20.88 cn3/g. The difference between the two sexes is not significant
(P > 0.05). The average value of K is 20,735 cm/g; these values are
converted to inchi/ib if multiplied by 27.675.
Comparison of the two methods - The calculated weight was compared
to the cbserved weight and a correlation coefficient was calculated for
each of the two techniqoes to find which one provides the best estimste
off the seal's weight, The weight calenlated from length when compared
to the actual weight gives a correlation coefficient of 0.856 while
the weight cbtained from girth and length gives a corr;h:biog
coefficient of 0,973 (Fig. 14). The lensth-girth-weight equation should
" therefore be used in preference to the length-weight equation when both

girth and length are available.
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, anxl no sperm is produced (Fig. 15C). Therefore, to find out at what age

2

<
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REFRODUCTION

T Ve maty e e T e

U

o

Jnformation 18 glven here on tha age of sexual uatur.tty of ulo oo
and female harbour ssals in eastern Canada, on the xpe upeciﬂe : )
fertility rates ot fenalas and on the annual reproductive cyclo of
both sexes, The st.ructura.l ¢hanges in the reproductive ghrwa of emh
sex have baen found to be geénerally similar to thogg F/&/iiascribed by
Bishop (MS 1968) and Bipg (1969a) for the Pacific harbour seal. A detailed
description of the mcroacc;pfc and microacctpic change? of 1’;he testis - .
and of the ovary with age and.with the sexsons is given by Melaren (1958) -
for the ringed seal, Phoca (Pusa) hispida, “and similar changes have been ’ )
observed in harbour seals collected for this study even though the cyole
has a different annual schedule; the reader is refexed to the work by
McLaref® for more details. 1 ’ -
Age at’sexusl maturity

Males - The examination with a microscope of thin sections of
seal testis and epididymis yields information on the reproductive
condition of the animal from which the samples were obtained. In
manmals which have a 1imited breeding season such as harbour seals,
the testes m active only for a limited time dtn-ing the year. The
production of apern during the braading season is detected by the
proaenca of spernm vinible in the J.mnn of the testis and epididymis
tubules (Pig. 15B) while ontside that season the testeg are inactive

the mala barbonr seal becomes sexually matu;’e s Samples must be collected



s

n;. 15. Photomdcrograph of male testis (left),and epldidymis
(right) from a 3-years-old immature taken on July 3 (A), a 7-years-
old adult with sperm present in the tubules of both the testis and
the epididymis, taken on Jwe 6 (B) and ; 1k—yeax:’a-old adult with
mmerous spermatogenstic cells in the Iumen of the testis and

empty tubules in the epididynis, taken on Jamary 22 {(C). Horizontal
bars represent or tha left 0.1 mm and on the right 0,5 mm, -

L A .
o
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d\n'iugt}n hme&lng mmn thoscnﬂaproducingapeumha
distinguished easily from :h-utma (Fig. 158). ©.
S Male harbour seals in eastern Ganada bacoms sexually ntnr;”at
six yearsold, as indicated by the praaence of apemi; at least monf‘
the ten epididymis -tubules examinad during the breeding season, The
pnmeorabannceotapeminthapididymtuhuleaismdas ) s,
cnt?ribn for sexual maturity because this is where sperm complete
their matoration (Bishop and Walton, 1962). Of all the samples collected
. during tn; breeding season, no sperm were cbserved in the epididymis of
the 13 males aged one to three yearsold, soue was fouMiualé?ulong
four yeam old whils the ‘four remaining four yearsolds hid no spers. The

>

three five yeamolds exanimd were imeature while all animals six or more
¥years old n;m poten\ig,\ with the exception of two eight yea;solds collected,
according to the infornatichsupplied by the fishermen who shot the seals,
mear the island of Grand Manan in late May and early June; of thess two
seals, one shot. on 9 June had sperm in only the testis tubules while in
. the other ahot. on May 21;, no spefm was present. However, a twelve yearsold
.- collected t.hera on May 29 had its epididymal tubules filled with sperm.
An other jnd.ieatiaun of sexual maturity is obtained if the wean size of

o

the testi.s and epldidymis tubules is calculated, for,@:;ch age group. It -
is found tha'b therc is a wvery rapid increase 1nwtha diameter or these
tuiniles betwecn ages 5 and & (Fig. 16); at older apes, the diamster of
the tubnies remains fairly ew. :
This information’ indicatesthat generally male harbour seals in
. eastern Canada reach sexual maturity at six years of age (Table L),
Bishop (Ms 1968) and Bigg (1969a) found that, harbour seals in the eastern

Pacific also become sexusllymature at six years old., However, the male

a
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Z Table k. Age at maturity of male and age at maturiiy’with age dpacmj:

o

¢

E]

)

 fertdlity rates of female harbour seals in eastern Canadas, |
:: y o “%1‘
‘;" Age . Hales n Females
. No. u&/my‘d £ mature No. exam. 2 £ {utm'e No, exam., ¥ fertile
1 /8 R & 0 27 - 0
' e T3 o 8" . o 13 0
5 2 0 10 "3 9 0
N, g < 20 5 8o - 135 *33.3
"5 3 0 7 B _ - T.B %59
By g b wo 7' 10 10.m *8L3
7 2 100 7 100 7.87 %100
‘g 7 n 1 00 7.1 #100
9"5 10 100 2, 100 2h,98 * 92
Q adjusted for females of unknown ages (see text).p ]
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pegophilic harbour seal Phoca largha, appears to reach sexual maturity :
at three to four years of age (Tikhomirov, 1966; Naito and Ni.sm'.mgk/\
1972). o ’
Females - Sealu Jﬂ.lmct.her mammals have in their avaries ron:l.eles
_ which once a year enlarge near time of mating. In matin'e seals, one'of the
follicles releases an ovum. The atructure of the follicle then chmges - ‘ .
'Amd it becoussﬁl;rger and yallouiah-tan, taking the name of corpus
lutewn. This corpus is maintained until the end of lactation when it
degenerates and becomes a white scar in ’the ovary and is then called a
corpus, albicans (Pig. 17 and 18). It 1s not known in this species 1f the
corpus lutewmn persists in the absence of fertilization of the ovum. A
corpus lubewn will form, whether mating takes place or not, in the
gudnea-pig and in the pig, this lnteal phase is ¢alled pseudopregnanty
and occurs in moat species (Perry, 1971). e
In eastern Ganada, 304 of the female harbour seals ovulated for the
first time at three years of age, 50% at h, 6%.at S and 14% at - six years /
of age (’TaB’&Jawh), the evidence for a First ovulation being tfle pr;sence
eitheyf of a Zollicle with a digmeter of 6 m or more, or a corpus lutew -
and no corpus a{lbicané. However, as the corpus albicans (Fig. 17) is
retained generally for at least one year (Fig. 19) and up to 1l years
in the case of an eighteen-years-old non pregnant female from Sable Island, .
the four years olds with oné corpus albicans were added to the group
ovulating for the first time_al three years old while} :hhose ovulating
for the first time at fow years of age were added to the portion of
sezls not owmlating at three years old. This procedure was not mused on
“fivel yours old females as the corpus albicans of first ovulation might -

hn'; disappearsd by then,
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Fig., 17. Sections of left and right ovaries of a four-years—old

barbour seal collected on Jarmarir, 18, illustrating the corpus
. albicans (ca) in the left ovary and the corpus lutewm {cl) in

<

¢

. the right ovary. )
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- Bishop (MS 1968) found tiat fomals harbour seals from Alasks matare
. at 3 to | years of age wile Bige's (19691) results indicate that the
majority of females in Br.‘l;ﬁsh Colwbia ovulate for the first time at
“ s 2 to L-years of ag; In Phoca largha, sowe females ovulate at thres .
~Hidle most (93%) are mature at four (Tikhomirov, 1966; Naito and
Mishiwaki, 1972). C e ° ‘

Fertility of females - It is possible to say whether a seal is pregnant
during mast of the year, except during the period from oyulation to
:lnplantation, when a corpus lutewmm is present but when the fate of ths

. ovum, whether fertilized or not, is unlnwwn In harbour mseals of eastem
Canada, tids delwinimmtationhasbeenmpomdtomtahoutei
months (Fisher, 195k). Therefore the females collbcted dm'ing this

) period of delay were not used for the determination of ;‘ertiii\;,y rates
of each age growp. A problem also arc;se when teeth used for ageing were -
accidently destroyed; one milliparous female with folliclas, five
primiparous and two multiparous females were without age. Ignoring
these eight seals would have introduced & bias, thus underrepresenting
the propo:"tlon of pregnant females 1,;: the total teamle“’éanple.jl'o avoid-
the bias, the proportion of milliparous females with follicles,
primiparous and multiparous females in each age group was calculated-
and the samples without age were distributed in each age group
according to these pmportions. ‘rhis aplains the valuas with decimals
1n Table 1 where the age specific :rartnity rates are given. It is seen
from tils table that fertility increases steadily from 33% at"age four
to 100% at age seven and eight, with the 50% level being reached at five
years of age. The average fertility for the 25 seals aged rﬁne or more
years in the aalple, is 92%. Female ha.‘rbour seala in British mlmbia.

.
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are fertile about one year younger with the 50% fertile. :ggnﬂn level
being machéd at four yeara of age (Bigg, 1969a), o
A;n;m rephrodu;ctive cycle - Q { B

Males - The cga.nges in reproductive condition of the adult male
*owers i‘{llmmd by the examination of the testis and epididycis tubules
for presence or absence of aperm, and by measuring the diameter of
thase tubles. Only seals six-years-old or more were examined here.
The results are 11lustrated on Fipg. 20. .Ko data are available for
March-april and November-Decenber. The lines joining the monthly means
Andicate the major trend. .

As can be seen, sexual activity is at its lowest level in January
but slowly increases afterwards, with sperm first appe;rin& in the
testis in lateFebruary (closed symbols indicate the presence of sperm).
The diamster of the tubules becomes maximel in May-Juhe with sperm
then being pressnt in both the testis an:i the epi&idynis of most males
examined. From mid~July-to mid August, sexual activity in the testis is
almost complef(e;ly inhibited. However, in September and Qctober, the
‘festis becomes somewhat active, as indicated by the increase in the
dianeter of the tubules and by the.presence ouf sperm in one seal.’
Mten;ards s the activity probably decreases until mid-January when the
cycle r;smesr ' ]

Tt is not known certainly when harbour seals copulate as this is:
generally accomplishéd in the water in this specie; and is therefore
very seldom observed. I have seen what was withou}‘. qn“l)l "sex play"
between two seals as early as April 10 on Sable J;;land; this is six

weeks before the mean whelping date of May 2h. Harrison (1963) has

©

@
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fond that mulliperous fewalés in the Wash, England, can ovulate and
Mnmluomﬁnioskmksbemwm”thttm
likely are soms females in oestius at that tims. Mating on land was seen

’om, by D. Welsh (persommal comemication) on July 10, 1972 on Sable

Island, half an howr before a total aclipse of the sun; he describes
seaing numeroms pelvic thrusts of a male ;[mma\rudaatu’
meters from the waterts odgc.“lllﬁngonuuibm i.s also reported by
Harrison (in Vensbles and Venables, 1957). Because of the scarcity of
these sightings, %ha t;.ns when most matings take place remuins mlmwn.
0 Sabls Tsland, assumed pales are scen "eourting® assmsed females in
the water from sarly April until late July. The increased activity of
the testis in September and October described above might explain the
renewal of "sex play* noted by seal Iunters in August and September in
eastern Canada (Fisher, 195k). |

Fomales - The anmual cyels of the female is best described atarting
at the end of the lactation period, which on Sable Island ends about
tiree weeks after birth of the pups. On this island, most births occur
around May 2li; the mean,date for the end of lactation is approximately
Jmnlh.n.sériesotmmriuoonec@duqeaﬂymt;ohtemy
on Sable Island and in north-easten} Ilova Scotia where, according to
local seal lumters, the whelping season occurs at about the same time
#s on Ssble Island, supplies an approximate date of owvnlation. The data
{Table 5) suggest that noat‘omlation must take place betiween Jme 12
and 25, ¥id~Jme (median, Jme 19) is likely a good approximition of the
mean ovulation time of those females having ovulated in the past. Those
anvﬂ‘ata.ng for the first time might do so somewhat earlier in the season,
as suggested by specimen PV 107, a mulliparous female with a luteinising

- v



za

w

fable 5. Percentage of the follicle lubeinized in females collscted
in June and July in northeastern Nova Scotia. Percentage obtained
from m-imtion of, Lransverss se(ctiona.

Sample no.  Date £ luteinized Remarks
-, b . -
107 26 8 fivst ovulation
- 86 9-5 0 no mature folld:clo
Wi 12-6 0 mature Iolrliele\ prgaent
w2 126 5. fensle with lavgs puj .
226 23-6 80 post-partum i
227 23-6 % %0 " |
228 ~ 23-6 70 n
n 25-6 0 ’ no mature follicle
236 15-7 100 post-partun
‘138 227 80 Com
13 . 237 100 mil1iparous
158 . i 100 . post-partum
' 161 no 00 ¢ "
" 162 n 100 1 "o
239 2h~7 100 oo i
240 25-7 100 "
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follicle, captured on June 2. It vas mentioned earlier that young fomales
can ovulate .?erom the whelning seasan as depcribed by Harrison (1963);
Venables and Vensbles (1959) aliso describe some copulation befors whelping
in harbour seals ram;i in Shetland, England.

It doss appear that in north-eastern Nova Scotia, ovulationy(median
dates June 19) oceurs in parous females soon after the end of la t:l.on
(median datez Jnna 1h). This is suggested by specinun PY 09, a fomale 3
still with her pup shot on June 12; in one ovary, a 1argu ruptured
follicle just starbing to luteinize was found. Unfortunatély, the>pup
escaped and the condition of the mumary gland was not noteds'it is thus

~ unknown if the pup was still belng nursed or just accompanying the
female. One female {PV 371) shot on June 25 had an unruptured mature
follicle and no corpus Iutewn while the latest female (PV 135) without
a completely luteinized corpus lubel;i was c'ol;l'.ected on July 22; she had

8

probably ueamd a pup recently as sugpested by the large regressing
corpus lutema and had & new corpus 1ntemu 8oz luteinized‘
N These samples, and informetion publishad elsewhere refered to above
(Venables and Venzbles, 1959; Harrison, 1963) thus'indicate that ovulation
can oceur during a period extending from & month before parturition for
- young females, 1o a x_nonth~and a half after partwition for older females.

In north-eastern Nova Scotiay; ovulation ai)peara to take place géneral’]y
at the end of lactation, in mid-&me, or about thres weeks %o a wonth
after pupping, This agrees with earlier resulta by Fisher (195L) who
studied harbour seala in eastern t,:amda. Slightly different results were .

, .obtained by Harrison (1963) with harbom' seals in the Wash, England; he
found that ovulation ocours generally two £o three weeks after the end of,
lactation, or'six weeks after birth.
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Aftar ovulation, the corpus luteun is formed but no sign of
pregnancy 4s noted il sbout mid-Sepbenber when a small bulbous
swelling becomes Tnoticeable on the cornu. In sastern Canada, such
swellings have been found fron Septevber 15 omvard (Tible 6). Tt 1s
&ifficult to say from preserved specimens; when the blastocyst ddes
iwplant in the wterine wall. Tt is assumed heve that implantation
takes place when the bulbous swelling becomes noticeable on the cornuva.
If this assumption is correct, implantation of the blastocyst in
worth~eastern Nova Stotia is completed around September 15 or ox: the
average tiime months after ovulation, Fisher (1954) rep;rted a delay
of about three months in eaai:ém Canada; Harrison (1Wmd

the delay to last two to three months in the Wash while in British

Columbia, Bigg (19692) found two months. The data availsble for -
eastern Canada supgest an active gestatation'of elght months, The
anmnual cycle of the adult female barbour seal iz;,} nozth—eastern Nova
Scotia Is swmmarized in Table 7.

P i



Table . Presevce or tosence of an i;;nyﬂ antiny blastocysbt indicated’

by the presence or .hsence or = bulbons suelling on the gormu of

harbonr seals collected dirine Seolember and Cetover in northesstern
Nova jzobia. Seals without sweljed cornwa hal dvulated earlier in the

year as indicated by the ~resence of q corpus Iutewn {n one of the two

]

avaries, - _ \
Szile 80 ke § = Mrlbous swelling
3:%;-- . ‘ . sbgent d ©  vresent C
177 19 13- Z . .
. oA
22 303 b X . ‘ y
2% 170 37 \ X ’
38 719 " , 0 o x -
) 21-9 20 x
201 oz 17 X
292 2y - ( x - -
w2 - 299 - ° X n
273 1-19 - 3 . x J @
27h .1-10 d h I ¢ .
275 . 1—10\ 3 o T g
294 2-10 - * X
. 296 R T - X
301 - 12-10 - - X
3057 1i~10 - 4
” \
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Table 7. Anmal cycle of adult female harbour seal in northeastern -
uesa:,:eappmrlmte.
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Nova Scotia, from data obbained in this study. Val
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“  ANNUAL CYCIE OF THE POPULATION . .

»

pt
-~

- 'L'hc activit.ien 6f tha harbour seals in sastern Glnldl dunng
“the ”T depend largely on ‘the reproductive cycle described
previously, Envirommntal factors such as setecrologlcal eond:t.tiom,
availability 6f food and presence 'of predators also modify the
] beluviour of the seals during the year. Some of t’ﬁamﬁ:fectg of these.
snviromental factors are described in relation to the seasons. Unless

otl’nnrj.qe noted, tl‘aervgtions described below were ’made on Sable ] ':ﬁ:f
. Taland. ‘ ‘ - ' -
Winter = - :

Nwefaﬁs,iepprts from fishermén, Fisheriea Officers and scientists .
" contributed in the past to the belief that harbour seals disappear ’
Arom esstern Ganada during the winter months, although other works had
. clearly stated that tids species'is a permanent resident of the |
' " locallties wlﬁ.ch ‘44 Anhabits (AlIen, 1880 Templeman et al.; 1957). -~
l'l‘hi.a belief m based on the rarity of aightings of these seals along
the :coast during the cold season. Hansﬂeld {19670) stated that
hrbour seals disappear from Sable Island in the rdnter, after saoing
‘._.;r two seals there in January and February of four consecutive years, o
Si:ace then, more winter counta around the whole island have shown that
’tlﬂ.s species is ta be found regularly there during the cold season. From

t.heae winter obaemations s I came to believe that harbour seals would

on the beach ir the air temperaturd was below a certain
].ml. Weathsr data were obtained from the Snble Island
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weather station for those days when-counts were done, The data’
consisted of the mean air temperature and wind vel éities in morning
(07:00h, - 12:00h. A.S.T.); by using a formula pro::zed by the ' ;
Atmospheric Environment Service of Canada, ths air temperatnro was
corrected for wmdchﬂl rhe morning data were used as harbour sea:ls

on the island generally hauloutinoarlynorning The musbers of aeala
counted on the beach on winter days, the temperatures and the winds are
given in Table 8, Thess data suggest that when the air temparature -
corrected for windehill drops below ~15°C, harbour seals prefer to
stay in tiaeﬁwater' (Pig. 21). As this temperature often occurs in eastern
Canadi from Decemb;r t0 March, seals would rarely bes seen on tl;eir

normal hauling grounds during these months,
#

(1 Another factorresponsible for the rare sightings of harbonr

geals in winter is that most bays and inlets which they frequent during
spring, sumer and fall freeze up during the cold season. ‘As this species
does not, like the ringed seal, Pusa hispida, maintain a breathing hole
in the ice, the most likely assumption is that they move to areas of
open water as they do in the Arctic (Mansfield, 1967a). On mild winter,
days, they haul out on the ice,as sometimes noted in St Margarets Bay,
Nova Scotia (Dr. E, T. Garside, personal commnication).,;()n Sable Tsland,
herds of this species will rest for hours on anow,withozt a.pparentﬂ 9
disconfort from the cold substrate. ‘

The structure of herds is modified during the winter mnt}u. The

-

nimber of seals per haﬁ :lncreasea from an average of 30 in June to

(3; B

© an average of 160 ssals in January w‘fri.le the average number of herds

during the same months, decreases :ﬁ-om 4o to about 7 (Fig. 22y, ozten
during very cold weather very few seals are seen in the vater around
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Table 8, jumber< of seals bauled out on Jable Tsland, in winter, ‘
and weather conditions observed on the mornings of the counts. The

corrected air lermeratwre (/1) is valeulated fron a formmla incorpor- y

J

ating the observed air te'merature in °F (TA) and ‘the wind velocity in S
riles rer hour (}71): ) ‘I ‘o .
T/ = 91 - [(0,238 VIT+ 0.15 - 0,019 x Va) (9L.b - 7a)] . .
f— - = ——— - =1

bate Seals on  ican mornine (0700 - 1200h.)  Corrected

ke beach  Tew, ¢ Uind tien.le te-.\m.é o ‘

26- 1-1962 o (- . R 16,9}

2y1-12;1967 s (2) 2,50 26,6 -10.62 7=
19-11-1978  1000+¢P  ges Towe 0 =203

-z 2 3 o AP 4639 w
o~ 1Az W O e “ \, Q.1 ~ 515

2l- 11972 1032 (3) 3.7 0.0 ~1.22 ¢

25- 141972 120k ) 0,28 12,8 e ar]

28= 11972 o 3 -9,24%° ‘ 22,5 L ~25.TL ’ .
29-1-972 9 OV g 17.3 ~20.90)

122972 o (B 4 ‘19, -20.53

(1) papstield and Fisher, 15 1962 - ‘ o -

1

(2} fanstield, ms 1968

(3 Author ~

t‘li
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the island. For example, during a camplete ground cdensus of Sable

" I8land on a ;sold January 28, 1975, only 30 harbour seals were counted,

411 in the water, while 3 ya before on a wilder dq 120} seals
distributed in seven herds a11 on the beach, had been comted {Tabls 8).
Probably the seals often move offahore dur:].ng cold days, possibly to N
fesd on inshore fish which are aaid to n:lgrate to deepar warmer water
during winter months (Havinga, 19333 Leim and Scott, 1966; Sergeant, 1951);
also, when avoiding the colder inshore water, the seals would diminish -
their energy requirement f;ir the We of the body temperavture

by decreasing the heat loss, °

»
° -

4

Spring , L~

Movements of seals As m:mer dws return to eastern Canada in
April.and May, the lnrbour seals appear more otben in bays and inlets. \
Numerous fishermen :lntecrvimd stated that the seals disappear in M

winter and return in May to have their pup on sand bars and islets at
the head of bays. +

On-§able Ysland, the large herds are maintained until early to
wid-May vhen, eoinpident with the onset"?ff parturition, they break
down in mmerous swall herds (Fig. 22). At the saws time, muserous
“‘pregnant females cross tlfa’\a&uth beach of the island to thres brackish
lakes called the Wallace jakes, probsbly secking the calm waters .
where they can ssfely give birth and faise their pup avay from thé
heavy breskers (see also Nansfisld, 1967b),

Wheljing - Parturition appears to start.in mid-May throughout the
area covered by this study, with the exception of ‘the St. Lawrence
estuary where the First pups are born in late May (David Sergeant,

L
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personal communication), The time of birth can also change

from ysar to year in a locality; in 1971 on Sable Island, ths wean ~

date of birth was on ¥May 21 while in 1972, it was on May 26
b

I3

(Taple 9). " .

Abortions occur at times. During a 10 day visif. on the island
in late February 1571, two aborted foetuses were found, respectively
6 and 51 ca in nose-tall length. The former was still alive when
found and died half an hour later while the other one was dead, In

each case, a‘herd of seals’on the beach had been scared by ny approach

uud possibly the births were a result of the comotion created by the

disturbance, A similar si‘tuation acenred on April 11, 1972 when a six

i

thin and completsly covered with a ﬁm white coat called lanugo

week premature pup was found. It was fully developsd, 7Q cm long, but

(Fig. 23); vocalisation was as in the newborn pup, No Seal was seen

~‘a

waiting for the pup in the way that females often do during the whelping

season. The mip wandersd on the island f;i* two days, covering some &

distarice, and was the?t killed as gulls were attacking it. Newby

7 (1966)

obtained by caaaarean Bection A four week premature, hnugo covered

Pacific harbmu' aeal which appeared as healttw as normal nuwhom DUpS.

Sable Island was also visited by the author for twd weeks in late‘

» L]
Jameary 1972 but no aborted foetus was found at that time.

The pups can swim at birth but generally do mot attempt to escape

from approac!ﬁng hunans when newborn. However, some of the females with

a pup wi]l adapt to regular disturbance during consecubive Years by

carrying their pup to sea. After three years o.t‘ cont:l.nwus diaturbance

during pupping on Sable Island, caused mainly by the present study, I
saw in the third year, for the first time, females grabbing the pup with
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Table 9, Details of the

),97.‘!. and 1972 whelping seasons of harbour
o aa ofs

seals on Sable Ia]ané% J
Details L 1971 1972
Mean birth date (May) 21 26
-First birth_(May) oL no 7.
Last birth (June) 7 10
Prewhelping population 1329 1147
Mean birth length (om) 75.9 7.7
’ Tot::i pups born 35 359
Pup mortality (}“ month), % /) 21 13
Pups dying before weaning n - b7
’ Death due to: degsertion by mother (%), i 69 “
x ‘0| stilibivth (%) .10 29
“shark W11 (4) 1. 0
. \unlmown cause B(?S) 10 2
k
i K
o )
2
5 .
i
! -
g

1/— °

£l

59



Flg. 23. Six weeks premature pup, healthy and covered with
a firm lanugo. It swrvived for two days and was killed as
gulls were attacking it. ’ . ‘
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their mouth either by its fore or Kind flipper and towing it in the sea,

past thes breakers, where the water is cainer and where the newborn

pup can swim safely, often ridh;é on the back of its mother. In areas

where bomnty hmting has been taking place for many years, hunters )

uport ‘that often the tmle will tow ber pup unqpr water in try:lng

1o evade than. ‘ . R
L Lanugo and wmm = On 'Sable Island, mmerous or fewcpupa can

be born with a white co&b dapending on whather the birth season is early

or late (Boulva, 1973). In 1971, when the birth season was early, 25%

ot the pups were born with lanugo Most of these retained it for nine

days after which shedding at.artad (hg. 24). After the loms of the natal

:!'ur, ﬂn young pup has a pelage of a gray colour with varying apot.ted

patterns simllar to the pelage of the fheshly moulted adult. The wibilical
. cord in newborn pupa}s generally severed at sbout 3 cm from the umbilicus.
The rama:ms‘ of the cord on the pup dry up and shrink; in nursed pupe;, the
uﬁ)ﬂieus can heal cmplotely between four and nine da,ys with an average )
of six da:ys (Fig. 25). The condition of the umbilicus can be' used to-. O p
) | estisate the age of the pups wntil they are about five days old (Boulva,
1973)4 . - y‘.

~weaning mortality ~ In a previous paper (Bm:li:a, :f!.973) s I

indicated that, apparently, on Sable Tsland a higher mortality of pups- | ,r

-

prior to wean:lng was a.ssocxated mth an earlier mean birth date and that
+the types of mortality changed slighl:ly with different mean bit";h dates,
The nox'tanty and popu].a.tion size for 1971 and 1972 are glven in ‘Table 9,
There are three major causes of mortality in pups- desartion {the :
mobher, stillbirth and shark kill. It is difficult to asscs what
proportion of\ the degemon,shonld be attr?.buted to man disturbance;
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- their mother. post pups are weaned 31 days after bzrfh according- tq?

" to escape with the fleeing female as the observer approaches} ups still

T

! 8
it is asamd tmevar that this disturbancs !?s bean constant ﬁ'm
year tq year during this study. Ths major difference in nort.ality
pat.tems bmeen 1971 and 1972 was the almost threefold proporbional
:imreasa in stillbirths, mssibly related to a larper mean, size of.
pups at birth :ln the laitter year (Table 9). Bowever the overall :
mortality was significantly less (P < 0.01) in 1972 (13%2 vs 21% in

1971) possibly because the pups, being better developed at birth, .

were able to follow their mother more easily, thus decreasing the ° :

mortality due to accidental separation of pup and mother. The.toll taken '
by sharks might be nnderestimated as most ﬂpups attacked are prrobab]y
entire]y eaten; huuever, it is i‘elt that the cold water in May and June
probably keep most sharks away from the area of Sable Tsland until later
in the summer,

Weaning - Weaned pups are first solitary but rapidly associate
together forming small herds as the season progﬁssea and are then

easily toa:d\a from mrsing pups who generally are accompanied by

_field counts (Fig. 26). The data on the pups' growth in weight (Fig. “9) v

also sugpest that lactation ceases about 10 days befors weaning. As can .
be .seen on this figuroe, there are Rumerous recap’r;ms of nmursed p;xi:s

from age O to 20 days, very few recaptures between ages 21 and 30 days

* and a stbstantial increase in recaptures of weaned pups {open circles)

older than 30 days. These data combined uith oy obaezyationa of the seals
at the time of weaning are :lnte:preted as follows: nursed paps are ’ )
- slespy when dipesting a milk- feed and do not wake up rapidly enough '

4

. with their mother hetween age 21 and 30 are nob as sleepy, having Mttle
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rate of weaning is indicated by the éye-fitted line, = -
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'_ or no milk to digest; as soon as the femzle escapes to the water, the

\ﬂ

, . pup follows and is then aii‘i'icult to ca’och, when weaned; the pup 1osea
iclue to danger, having no mother to follow, and is more readﬂy

ht., I'b bas been seen that 20 days oi' nurs:.ng :ls sufﬁcient for the’

\avérage pup “to move than dotble its weight (Fige 9). This short nursing

J&piar:l.oozl is related to the hi fat content of the milk of the female, .

i5% in' the” harbour seal (H son, 196(1) as.compared to on.'ly 3.k% in
,bovines (Pilson and Kelly, 1962). ’ ) ) R

#

(S

s .

Mating « Tt has been mentioned that ovulation occurs a few days

: after the end of lactation (Table j?).k What the social structure of the

»pgwlat:.on is at that time and ‘Whether .territoriality and polygmy

‘e

\occur during the 'breeding season are dii‘i’icult to ascertain because

a3
d

*st of the sexual activity of the harbour aeal takes e in the Watera\

t

r’ac

iowaver, two small poirts of endence auggqst. that adult males may engage *

<

n gome form of 'Berriwrial behavioﬁr, 1= from earlar June on, numerous
-les are seen w:th bleédmg cuts on tke head and neck, suggestmg

1ghting; 'some of 'h}?ese cuts are quxte.deep and it seems unlikely ‘Bhe}t

/- Were made by femiles reluctant to’ copulate,, 2~ during June and fuly,

solated large males often }zith scarred@’head and neck are scai}tgred at .

3
* A

,fg‘alar intervals, %bout every balf mile, along the béach aftén in f.’he

@
& 13

‘mpany of one op mare females with r:up or with one ar two obther sma}:ler
2
ils oi‘ unknown sex. These males may oceupy the same area of beach ﬁor

. consécutive days,,,oftenam nlaces here -the seals do not noma.l}y

“1-out'at other times during @’he yaar. THis suggests -a rorm of <

¥

ritoriality but at this® poiﬁt, one éan oniy specula’de on the rola of ..

" scattered large males, Kven mt.houii f;ilrect endem:e for polym,

Y

- can be noted thgg, the average aﬁult na.‘l.e of Mﬁ.v species nuat rate :
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with almost two females for all to be impregnated, The ratip of mature

N

females to adult males is, in eastern Canada, 1.79 : 1.

. . /
Sumey and fall . ¢ { ’

.

> /

g Duri.ng“thelo two seasons which, because of the ma.zd.t:tme clinlate »
terd to be little differentiated in eastern (anads, Sable Tsland
harbour‘sem ppear to live a very quiet life, sunning themselves

or sleeping on the beach, They remain in numerous ;mall herds (Flg, 22)

_—

often ﬁth a few grey seals, Ealichoerus m,—&m\yﬁm There is’

l'mover a sma,ll reduction in Qnmnbers of herds An mid 4o late J\ﬂ.y,
possibly assoc:.a.ted with moulting which takes place at that tims.

7

Hoult The moult starts in early July °on\\8ab1e Island. A yearling

. capﬁured tbere on July 5 and: just starting to moult was fully moulted

on Ju]y 20. The onset of mmutingmgnt Start at different times eJ,sewhere°
as 9 of a sample of 13 harbour seals conected in mid-August on the :leand

or quuelon, Just. south of Newfoundland, had moulted, Harbour seals do
, ol

not appear 1o change their way of life during this moulting period and '

’,

_seem’ to feed normally: (see sect.ion on feeding).

" Predators - During late smnmer and early fall, predation by sharks
appearsto intensify, pousn.bly due to a greater number of sharks moving
nort}nvarq. becase of warmer waters. Most' kills of ha{c'bou- seals by
sha::ksgon Sable Island take place from late July to lat;e Octobe;' as
evidencad by the g:eater numbers of dead seais with shark bites found

3

on ths beach Mng these’ months (B. Beck and D. YWelsh, persanal

-

dommmication). Sharks anbear to be a regular‘ predator of aeala in -

eaatem Ganada, Fred Bruemmer (personal comunicatiom) examined breeding -
-grey seals on Sable Iaima #h 1972 *and foumi that aboit’108 of bhe ‘nales

-



’ season Sets in. . \% N

3

had deep crescent shaped scirs thal, were most: likely shark bites, .

»

'rempleman (1963) pives evidemea ‘of predation by the white shark,

Gharcharodon carcharias, on harbour seals in eastern Caxmda while Sergeant
(M5 1961) indicate that the killer uhale, Oreinus orca, may occasionaily

4

eat seals,
As the weather turns colder in November and Decenber, the harbour

seal starts forming larpe herd# and becomes more reluctant to come on

. the shore. Slowly, its way of Life becomej,mre pelagic as the winter

‘

"
. . \
.
-
&

Regional differences in diwcnal activity patterns .
&

¥

On Sable Isdand, harbour seals hawl out independently of the tides.
flumerous trips on the beaches at night indicite that almost no seals

- stay out of the water during the dark period, with the exception of some

of the fema.les mth pup during the whelping season. This was true in
winter as well a8 :ln sumnery- sugresting that these animils are more
ax:'bivendgring the’ nigh'a. The seals paul out at dasm when ths w?ather is
favmira:ngle. 'rhe,firstﬁserals penerally come out of the water some 30 to
50 minutes bam sunrise (Fig. 27). Berds on the beach are most often
well established two hours after sunmse eventhouph nmerous seﬁls are
seen in the water t!msuphmrh the. day. Exgeptr for some warm winter and
ear]y spring days, the whole population is never out of the water all at
once. An exenple of the except:.on is on March 26, 1972 when 95% o the
population was haulsd out on :&he' beaches of Sable Island:

Whether or not most feeding takes place at night ;'.s not ]movm;

[

vision is not essential for feeding as: healthy blind females with pup+ s

have been foﬂnd in Nashingbton State (Hewby et al., 1970) Day feading
. . \

1

»
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“h
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occurs: & large nale (PV hJ9) collected a;, 13:00h. on guly 9, 1971 had
a s};macl; fall or“ ﬁeshly/gim:ested flounders and gadidas; the seals are
often seen in mid-dayh being very active in shallow waters where terns
are taking small fish, and are probab]y also feeding However, it is
difficult to astahlish whether most setls feed a:b night or during the
day without an adequate sample from all hours of the day.

Tlsewhere in easterh Canads, bauling out is probably related to

L

low tides, as this is wben many ledges become exposed i'oir' the seals.

’beneﬁt frm nocturnal low tides. In numerous areaa, shermen report

Under these corxciitions » seals would be expected to ha\l out at night to
heamng growls during the night, commg from 1edpes "whnre harbour seais
.

aften haul out duriny the uays thase smmds are attributed by the
fishermen to seals snendin;; the mirht on the ledge.

.o -
) > o
P 3

€ #

ey

4

Y



¥

v - -
Ad [
(]

POPULATION DYNAMICS . L
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° In the section on distnbution, it was mentioned that the harbour® .

aeals in easf,ern Canada form small dlscrete populations, ‘J?heoretically,
separabe analysis should % made of each of these groups, but data are
not adequate i‘or this. However, it is passible to follaw the changes
of two typleal popxﬂ.a.i",ians by using data from the bognty returns, One
of tl*nesemfrorju]ztiops: is located in &he Fourchu ares ‘in southewn Cape
Breton and the other in Charlotte County in southern New Brunswick. These
o populations differ strongly, the former having been left relatively
unharmed until 1968 when sampling for this study was jinitiated; the L
latter population has been hunted intensively for bonnty during the last
ten years and before (Table 10). It w:Lll thus be possible to see how

constant Imnt-:l.ng modifies the age'”struc‘bure of a populatiorf of harhour

seals. Tlrls will be related to-the age structure of the overall pOpulat:mn ’

of these seals faund in Novv'a scot:.a, Hew Bnmsm.ck and Prince Edward

<

Isla.nd Estimates of papulat.ion size in 1950 and 1971 combined with known o

lnmting mortalities and fertility rates will allow caleulation of natura.l

mortality and permit determination of a sustainable yield.

A B
3
. .
) ¢ . ,
Sampling . ¢ %

The age distributions obtained from shot samples are assumed to

o

represent the age structure of the poptilation at the time, of sampling.
‘However as :l.x;ﬂca'bad by QCaughley (1966), :;hot samples tend, in most

wild manmal populations, to be Biased towards the younger age classes
which, being less aware oi‘ aanger, are mére eaa:ﬂy collected, Mhemore,

! L]
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Table 10. wior of seals verorted kilied for bomwniy in the Fourchu

area, Gape prelon and in Chirlolle Cowsty, soubhern. lew Rrunswick:

u A

:
.

_ . fron 1959 e 1971l. “heredre no data for 1060,

*

10681 and 198,

Year " gharlotte Gounty Fourchu ~
. ‘L adults . ,a:'ru'; § " pdulis s Puns
1549 14\3.6 BT 8 1
1532 A 1 11
1953 o 10 2 7.
196 I o 2 1
"1a%6 o s b
1947 R L S 1 h
1950 Bt 70 6 17
1949 fy T2 ¥ 0 5
1070 \L Th 23 | 1s? A g6
1971 €8 77 s 35
[ ! o s A
’ e’ ' R (,’f .
2 . P ’é; ‘
| , .‘ - ‘\~§ . . g ©)
- . ) . . > : 4
S L
, A, v 7 . ) )
\\ L‘,\




* the same with 'bim, theh a random sample from ¥hat, population will )

17 .

¥ N £y
L ’ »
J

+

\ “ S
a population should be sampled at a given time, as the age structure = .

changes during the year because of mortality. If the population is »
nmerically stable from year to year and if the age strueture remains

provide an age distrﬂmtion which para:llols that of a ccohort born at -
a given t-ime. If small aamples are taken from such a population at the
same time aacl; year, they can be added to provide a better estimate of
the acbual age composition. R

‘ such a, population 13 rare s bub-by lmowing that the pulation is "
not rapidly :l.ncreasing or deg:reasi.ng, one may derive a re: onable edtimata ‘

of 'a stable age d:lstr:!.'bution. In this study, "bhe raw data. fwere ob'bained

" from the bounty kill :L;xforma.tion of Fourchu and Charlotte \cmmty cduhiued

respectively from 1968 to 1971, and@ from the bounty kill of the three
maritime provinces of eastern Canada combinéd from 1966 to 1971, thus
providing two groups of data for individpal localities and one group of

%

data for the overall Maritimes, The young of the year are greatly '

~

ovgmpresent%d in tlg‘: :isaxgnple. Tyisni)rpﬁplem is eliminated by assuning that
the age distrj.butions are those of the population just at the onsét of the
pupping aeaaon. 'I‘h:!.s asaumption is reasonable as most Imnter,s operate h‘om
the beginning of the pupping season wntil 3-4 months after, with. few seals
being shot in late fall and almost none during winter. “. -

A theorética}. mumber of pups 'hom is calculated. from the h:mm pup
producﬁion of harbour sedls on Sable Island, where tield counts im:!.cate

that & population of 100 seals ab the onset ef pupping will produce 25.7

. ‘pups (Boulva, 1973) By adding tha total nmxber of seals aged ons year ar
- more in the mzpla and nmltiplying by o.f257, the theoretical pup o ‘., =

production is ealcula.ted and serves as the initial size of the cobort.
cLt " Tl .

2 3

&
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“rha mm:m and chl.rlotfe c&mﬁty samples are smll and the relation of

ths 1og 10 of ths mmber pment. in each ag&“"to\tlm comsponding age ‘
giwh an irregular lins which was mothad by lixw regression, m the |
overall sample frow the Maritimés, dne to x 1argex- sanple, the liwbocoma
imguhr only, m.r age 11, and Jinaar regmss:lon was then used to
obtain a smocth age distribution for older seals. This corrects the
aitmtiou for example where there would be 60 éninals of age 5 and 65

of age 6, an inpossible situdtion if ‘the age d.iatribut.ion is as.-mned tc

7

be equivelent to the .survivorship of a cohort.. 7 . .
It was rentioned earhar ‘that the bmmty,ld;llia. a_shot aampk
and 13 assmad to represent ’?he structure of the population alive at the
time of sampling, This differs from a sanple of anirals having died of
natar'al causea, ‘and constitutea a surnvoralrup series (), ulﬂ.le the *
latter is a death series (dx)s the two being treated d:u‘ferently in the
analysis, ’ﬂﬁs point is confused by Qui.ck (1963) andt otzlerg usmg hls‘
anggeated :tomat. brut is clariﬁed by Caughley (1966). oo ) .
* Because t.he sea.is irere shot by hmters mcemvjng a bounty

- ifidependent of age or size for animals over 1 year qf age, it is assumed
_ that ‘the age disfributions to be described weré obtained from samples

randanly collected. A3 mentioned earlier, them mighb he a bias towards

u

. the younger age classes but it ahquld be fairly small in anima.ls aged

one year old or more. The fertility‘ rates calctﬂ.ated in phe section on  °
rep:rodmtion are from samp]zs eolledpted mainly in Fourchu and on Sabla -

"Teland whers the populations have been 1ittle hud d prior to 1968. .

rtnmtora . thase :artility rates may not apply to othér amaa of mtam

. camda where bounty hmting has been d.ntenzive fbr ';vears, such as

E]

Gharlotte County, . # ; - g

| ! . v °

¢
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Sex ratio @
v Tlxe datd t“rom the bounty kill do not :an.lmie the sex oef the animals.
Howwer, the sex has been: noteﬂ. in the 26 seals aged one. year old or :
more colleated for-the biological study and 1t was(qfound that this 3ample
consistad of 523 females. M compares to the 53, females found by Bleg

w o f

(1969a) for harbour seals of same ages 4n Br:l:bish comnbia. The females |

e more, mm:erous in older ages and ho males Nblder than 25 years .wsra
S:und in aas’b«m: Ganada while one female aged 29 years ‘and anoth& aged
30 years were éollected The;”" decreasing proporbion of niales with a.ge is
i]lustrated in F:lg. 28 the- ﬁe;r;-ﬁttted line was used bo obtain age- v
specii'ic sex ratios which were. anﬁi:ed to the bounty k111 da’éa and thus
supplied di fferent male and i‘emale age structures. Tt is :importarit ’oo ;
take into account t.his changmg sex ratio with age as it will give a .-
nunber-of pups born to the pozmlat:.on difi‘erent. from the number calculated
if the sex ratio is assumed 10 be unity throughout the age distribution.
Bigg (1969a) obtained similar results wWith 'tihe, oldeést male reach:l.ng on:ty
20 years of age and the i‘emales ldving as old &s 39 years. Ik seems

unlilee]y that the differential rrtortality' of males and females notecl here

& #

. Popnlatj,on structure |

*rourchu Data .for popnla'bmn par 'bers, Kly,. klx, “‘x: ex,aﬂd %t

aam

are %iest presented in the form of a life takle ay’ deseribed by Deevey; .
(192;1). The data ‘for the Fourchu popula.tion are, given in Table 11. The o
obaemd nutber of amtmals in each age ¢class’ 1y are’ smoothed as eamlaine;l

. [P v ey
.

$

and in Bigg (1969a) m:.ght be the result-fof samnl:l.ng error unless old o .

«
'
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o, s . mﬂ.tiplj.ed by the comsponﬂingklx value will tm::efora provide the

w v from Fourchu and Sable Tsland. This valus o:t‘.”l;O?h 15 very elose to thé =

abuv:.\{ to obtan the vadjusted 1 \co:hnm. The total mmber of seals ‘d

 for s 1 to 23 is calculated (tota], of 85.2) and muw.pned by' 1
0.257 oY %ve an estima'be of the numbers of pups born (22). a‘he mmber

T ot pme stwnaetequaltol,oooangtlnot!wragerrmncieam I

£ adjusted proportionaly to the age class 0, giving the K1, colwm. Ths

N '“ . age specific sex ratips (Fig. 20) are then. 'gaed to caleulate g.he age w

‘ strocture of the female segman‘b of f.he popul\ation which is gnren in X IR

P
.

a klx aeries, The Kix series provsides the number of-seals in t}p age .
group alive halﬁaythmnghthe age periodwhﬂangis theagespeciﬂc L
. fecundity rate for the production of female pups only. This value -
. R rmmber .of female pups born (Klymy) while ey and qx are respectively the.
ea:pectation of further 1ife ror an animal maclﬂng ape x dand the

pmportion of ammals dying during the a,ge"‘ihterval x=to x+ I As can

be ;Qen trom the- table, suzning column Kighy will glve the 'botal fema;leL
pup productmn for one year, or 1,07h. This’ value ;,s,nb%aﬁ@f from %
ferbﬂity rates doduced from the D”mals originating mainly

1 @

"1,000" pups in ape class 0 which was calmﬁated from Jhe knmpup e
pa'odfuction in the stable ‘sable Isla.nd ation. Therefére these two

part]:y' ihdependent values (they both d:mm agsumed age -
. - deteminatian) are in good agreemnt and this Snfgeij;tW*ﬂ”fwcm ”

pulation is a‘lsn in a sta'ble state. — ° } ) .
charlotte Connty If this age frequency distributiun (13) is , "

e

treated as abWe, the pﬂp production, 755, is fmmd. 'bq /mll:‘"belaw
the 1,ooo pups empeétad fyom the. Sable- Island pup product,ion data (Table C
\*\3.2). There 4re t.hree pcss:.ble explanations for this low pup prodwtion.
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First, it is possible that the value of 25.7 pups produced for 100 older
seals present at the onset of whelping does not apply and that the
Charlotte Gounty value would be below 25.7 pups, a result of the change -
in age structure due to hunting; however, Bige's (1969a) study of a '
hnted population of harbom‘ seala in British Colwibia also provided a
valus of 25,7 which tends to refute the above argument. Overhmnting

might constitute @ second explanation if the fecundity rates are assumed
to be the same as in Fourchu. It can be, seen from Fig. 29 that 3nrvi'gil
is better in the younger age classes in Charlotte County (C), but
mortality higher in older age classes thanjin Fourchit {F); this results
in a shortage of rerroducing females in Charlotte County. The third and
nost likely explanation is that fecundity rates fram Fourchn do not
apply to Charlotte County if we consi:der the posgibility of females,
becoming sexually mature at 2 younger age in that county, as the
population there bas been Innfted fairly heavily for many dscaqaes. Sergeant;
(1966) has indicated a lowering of the mean age at which sexual rna{'.ur:u:.g?rj

takes place in the female harp seal, Pagophilus groenlandicus, following
a decrease in populabion size because of hunting. The same has be%n o
observed in the elephant geal, Mirounga leonina (Carrick, Csordas and

Ingham, 1962}, In British Columbia, the hunted female harbour seals
mature one year earlier than those in Fourclm, If the fecund:ity ratas
given by.Bigg (1969a) for the British Golunbia fema;les are applied to -
Charlotte County female harbour seals, the female pup production
becomes 1,011 animals, ﬁence, 'blfﬁ.s sugpests that if the fertility rates
of the GCharlotte Gownty population hava slﬁ.fted}‘ as ajoconsequence c;t\
‘hnting, from the Fourcim tyre of rates to the British Columbia rates,

a balanced population could be maintained, as a sufficient nmumber
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of pups would be born. ; )
The pOSs.’Lbﬂity that the pup production is lower in Charlotte
- County than on Sable Island as explained a‘bove should be retained, -
A ssmple of females from the county would indicate the age at sexual .
maturity and give fecundity rates for that area.and would allow ’a. better
comparison with the Fourchm a;xld Sable Island data. If this possibility |
were verified, it would be a ‘sign that the population is greatly
overhunted. ' i

Matitimes ~ Having looked at age structures in two d:i.frerex;t
situations, it is of interest to know what type of a‘ge structure the
overall Maritime population exhibits compared with the two well defined
cases just examined, Table 13 is a life table fof female harbour seals
in Nova Scotia, I:ew Brunstiick and Prince Edward Tsland. In this case,
the pup product:.on is slightly below 1,000, suggesting that for these
three provinces, the age structure of the population might not be very
~different from that of the Fourchu population. However, thera is still
a deficit in tha mnnber of pups-born from such a population, wh:v.ch can
be explained as with the Charlotte County population by either
overhunting or different fecnndity rates. Thg:_}gurclzg. population differs
from this more general model in having : higher mortality during the
first year of life, ~4 -

The age structure of males is given in Table 1}, The expectation of

.

life at birth, k.l in males,is less fhan the L7 years for females, This
is a consequence of the higher mﬁﬂktyorates of males as illustr in
Fig. 30. The combined male and female a_gée_*_frequency curve (Fig. 31) which
has not been smoothed by linear regression before age R sho'us ‘thai:.

mortality decreases from age 3 to 7, suddently increases at age 7 and 8

-~
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'rabla 13. 1ife table of temle harbmn* aeala from data
eumhted for the period 1956-1971 md obta:l.md from the
bounty Id1l in the Maritimes. '
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: Table 1h. life table of male harbour seals from data
cumilated for the period 1966-1971 and obtained from the
bounty kill in the Maritimes.

2 A

. Fales, only )
.
Mt x Mx w0 .
. 50 000 860 haL 261
, , 1 50 ny 63 b6 2 . -
- 2 5 W5 b9 L ’
’ ’ ’ 3 M W1 3 Sk .ss
4 A9 327 S22 .02
) 5 18 295 ha8 .05k )
. . 6 KT % 2@ k2 057
7 b7 64 22 3h .98
‘ - r o 8 £ ¥ BT ks 2w .
i . 9 a5 us w3 k8 .29 :
, b iv .!50 91 8L 5.0 220
4 *, MWJJ{ - n 6 5.2 85 ..
s y 12 A3 L 55 51 .67 - ;0
AP TR S 0 W S0 ap’ . ‘
1L J B 39 k7 86
s 20 3 33 kv a3 .
. 16 .39 % B w3 a6
w ' .38 % 2 k1l ag .
18 W37 2 2 38 a3
1 % B 16 A3 222 . -
20 3 1) 13 32 3
. . . 2 32 2 n 25 a6
' 22 2 10 9 Ly .20
N 23 .27 8 7 L3 .2
. 2k »23 é 3 0.5 1.000
’ ” 1 o
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to become afﬁarwards somewhat constant, If tha unadjusted age frequencies
o

{1;) of Fourchm and Charldtte County are ea:amimd, similar indreases in

. mrba]ity are found réspec;tively at agn h and 7. These are the ages amuixd

whtch most males and feulos nature‘ The increassd mortdlity then might
indicaxa that ftra.nsitiot\inbo adu.lthood is mrked by a noticeable dga’ch
tol1i-for the pepulation. Big_g‘s (196%9a) data show that ‘only males are

affected by a higher mortality at age of sexual maturity, possibly the i

result of fighting during.the breeding season. This explanation could
well apply to most of the Maritimes and to Charlotte County but not
to !‘ot/nctm whs;e the increased mrta”lity akes place at.age four (A .
colum, Table 11), when most females bear a pup for the first time. Other
evidence also suggest however that males mig!;t have a higher mortality
at age 7: the age specific lenpgths given on Fig. 11 show that males reach
a xnaximmi\lengt.h at 7 years of ape and become smaller on the{ ave‘f-aga
from age 8 to 12 even though the differences from year to year do not
@iffer significantly. If Bleg's data for age specific lengthé of males
are examined (1969a, p. 22), a peak is noted at age 5 which i also the
age befora male jwrtality starts increasing in British Columbia harbour
seals., The decrease in lengt:.h after age 7 and 5 reapectively‘in eastern
and western Canads is eo:pla:!.:led if the increase in mortality noted %o
occuwr at these two ages, affects mainly the large newly matured males,
perhaps the first to attempt ageressive encounbers with fully adult
males, o “ o
Population changes in the Maritimes
The bounty - Having examined kow Imnting affects the structure of

w e

harbour, seal populations, it is of interest to examine more closely ’

k1

-

v
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. what the conaaquences of ‘hha bounty have been on the overall population

of harbour seals in the Maritimes. The ‘bounty
was mplcuauted around 1927 “to reduce the\umbetjjof "seals" harassing,
i‘ishemen. Hmever, in the three maritime provinces, even though the
bounby was aimed at harbour seals, an unknown oport,ion of prey seals,
Halichoerus grypus, was killed eack year until 19)49 and included’in the -
catch. Before 1949, only the snouts were required to Justify the cla:im
and mmerous fishermen became very cl}eve‘r at manufacturing seal sno\tba
oub of the sicin. The catch of seals before 1949 is therefore considered-
useless for the purpose of analysing the changes in thé population of
harbour Seals in the Maritines. ) ‘ g
In 191;9,: the lo;ter jaws became the required proof of seal destruction
for bounty and ‘this change made it possible to verify the gspecieg’
identity and also to eventually agh the catch. Since that year, the
exach mnnber of harbour seal adults and pups reported killed annually for
bounty has been recorded and this provides the basis for examining- h
possible changes in the total populat:.on of harbour seals in New Brunswick,
Prince I:dward Island and’ Nova Scotia excluding Sable Island,
The number of adults reported killed each year needs to be corrected
as most Seal Munters stated that they always lose a few seals becayse of
sinking, Twelve of them gave an indication of the number of seals they
lose and which are assumed ’to’\die (Table 15)» :m é.(veraée of 65% of the
seals one~year-old or more s}iot were retrieved, The nurber of seals oner
year-old or nolder report.qd’ldﬁled was thus miltiplied by 1.54 (or
100/65) to correct for sinking, A1l hunters stated that few or no pups
ave lost as they are killsdashore or float well because of their thick
blubber layer. The corrected anmual bounty kill of harbour seals in the -

~
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Téb’].; 15. Calculation of a correction factor to account for adnlt

. seals likely kdlled for bounty but not. retrieved{ mainly due to .
sinking. All hunters agreed that nost pups were retrieved as they
float well after being killed, Thus no correction factor was X

caleulated for pups Corrected number of adults killed w number of

agults reported killed X I.5h; 1.5k ' 1/0.65." ) -
Adults Adults -
Hunter Jocality - shot : retrieved Y/x .
“ R .
1 Fourchu, N.S. | 10 5, .50
2 " Canso, N.S. R 5 s .
3 " Ecum Secunm, W.S. . 25 2l %6
Iy Sheet Harbour, N.S. 16 2 20
5 Port Mouton, N.S. ~ ' 32 - 27 <8k )
6 . q Jordan Bay, N.S. 10 ) 5 50
7’ Port Clyde, N.5. _ 3 ‘1070 100 '
8 Penfield, 'u.B.ﬁ_ 0 25 B -
9 Beaver Harbour, W.B. 10 g .0 1
10 Campobello Tsland, N.B. 38 .76
n Grand Manan Island, N.B. . 10 ©5 .50
12 Grand Manan Island, N.B. 10 . .5 .50
12 1ocalities v AVERAGE: .65
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P;pnlaﬁor;esﬁmtes Estimates ‘of the mmber of harbour seals in ,"

, the three provinces are available for 19h9 qniforﬁ}l..ﬁshep% ”‘”";”.“
@sﬁmﬁim to mmber between 10,000 and 15,000 lnﬂ)our
seals. My own estimate for 1971 is S,SOOinthe correspdnding areas

(data from Fig. 3), and it may be considered as an average value for that

. However, in a stable population of seals, the mxmber of animals

présent fluctuates amma.‘ny behieen a high valuwe just ai‘ter the pupping s

season and a low value just before that season. Gamparison 'of population
estimates for di:i‘f%rent years should be from the same moxrbh of ti® year;

he: nu;nber of seals present just before puppmg will provide a comparison.
of ‘the lowest mubers of seals present in the popﬁ;atién during the year. '
If an average vilue is avallable, then the size Of 1—.1.|a”presm.allc,'i’;:~

IS
o

is needed. Bigg (1969a) and Bovlva (1973) gave evidence that

100 parbour seals just befare whelping will yield about 26 pups. If the
. population is near stable, sbout 26 animals will die during the year.

Then the averape nusber“of seals in this popu]abion is (126 + 100)/2
= JJ3, and multiplying the average of 5,500 seals. for 1971-72 by
0.885 (or 100/3.13), will give the estimated size of, tbe pmwhelping
population for 19724!:‘ h,850. Assuming that Pisher's highest estimate of
15,000 seals was that of the postwhelping population, the -
prewhelping population size in 1950 ﬁonld have been 15,000 X (100/126)

" = about 12,000 harbour séals. Assming the above two population estimates

" to be relatiyely correct, the mmbers of harbour seals in New Brunswick,

*  Nova Scotia and-Prince Edward Island during eafly May would have dropped
from about 12,000 in 1950 to about 5,000 in 1972, ' )

i) J
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Table 16 , Huwsuer of bavhour seals willed Cor bounty in the Maritimes °
— ] K3 ~ 1 LY \
s between 1950 and 1971, corvected -'or adults (1-vear-old or more) by ' "
M » - - = . : ' e
tokine the product of ike nwisv cluyiced killed, and of 154 (Table 15 ).
- L S S S U 5
'" - . B . ¢ 3 . . o
., wter of Jumber  oft .
i Year a Tear
" SR » . duis Purr ' . Adults Puris ,
T 198 1120 . e 273 L3
N s T ' ‘¢
- [}
1651 590, 1962 230 550
< v 3 Q
. 199 - S 10963 275 - ho8
: A
S * ry
i 1953 -« W17 \} N b S 10 291 S
. 9% s ' o6 155 N9 .
i ul955 . ’m X %-—-—-"“‘ ALN&W/ 126 3?0 o, - ‘,
’ 1956 ' 233 HS ‘ 1377 7h 199
- 1957 101 £y . 1968 118 523
. . s 1958 &1 5 PR Ml 261 bk .
1959 330 51 W0 318 375
€ / ¢
1940 243 3% - 1971 251 276 )
v . )
. 4
- o
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. derived from the estimated population size in 1950 and 1972, the lmowii\

Na.‘l:ural mortality - If the reproductive rate of 25.7 pups per 100

seals present just be}ore whelping (Bige, 1969&, Boulva, 1973) is k

applied to harbour se;ls in the Har::h for the-last 22 years, and :L:t '

the ' hunting mrbal;ﬁy accountf for all the deaths during the year, tha"

+he population showld inewgase. o’tnimsly, there is an additional

natural mortality with animals dying of old age or.being abiacked by "

predators. For‘ aimp]icity, ~this Aatural mortality is assumed t.o be ,

coristant during these 22 years. EurtMrmore, it is assumed that most~

pups that dieds along thé shore before weaning were fouini by fishemen

or mnters and reported in the bounty ka,u this ),w suggesbed by some :
weathered jaw bones of pups inluded jn the ‘bounty returns. .° R

s ¢ A

The spup’ pfoduction, {nmting and natural morba:litiés i be related
1o the prewhelping populatzon size to obta:m the prevhelpmg population
size of the following year. An estimate of the natural mortality can be vt e

" hunting mortality during these 22 years and the Known ! pro'duct O c .

rate of 0,257, The following equatlon g:wes the muber of seals present
Jat the beginning of the next pupp:.ng seasan (n, + l) R us;r:g ‘the mzinber
present at the begining of the pupping season on year & (N;) and the-
total number of seals k111ed for bownty n that year (M): .
T mbaslaromn-ml o - o
s By starting with a N, value of 12,000 for 1950, 'and using the ’

» s

2

annual bounty kills,in ;I:a.ble 17, the equation was run by comp\rber first -
for a value of the natwural swrvivorship C; equal to- 1.0000 and then S
decreasing at each iteration by 0,0001 mrbil a i)rewhelping population in

May 1972 having between 4,800 and 14,900 seals was cbtained. A prewhelping

" population of 1,872 was produced on the 1636th iteration with a o

3
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h corresponding annual surdvorship to natural mortality of 0.8365; the

annual natural mortali\y is therefore 1 - 0.8365 = 0,1635. This i3 an .

‘ estg,mate of natufal mortality and is only as accurate as the 1950 and

19?2 population estimates and is dependent on several implicit assumptions
about: umhanging age structure and lack a;t seagonality and density
dupendenca ot survivorship rat-es. The annual numerical chanpges in the
population from 1950 o 1972 based on this estimate of natural mrta]ity

, are given in Tab}le, 17. When the future annual bounty mortalities become

available fropm/year to year, it will be possible to revise the population
size in the three mvinces.
. Rate of anrease = It is possible to forecast approximately ‘the

’

numerical changes which will take place if the mortality due to bounty
can be averaged. The mnualihunting morba]:ity, defined as the ratio of
the total mmbers of seals killed in a year to the estimated.postwhelping

_ population on that year, has declined since 1950 (Fig. 32). This drop

in hanting e.t‘fort is "probably a result of a lower return for the hnting

effort becauae of the diminishing population aize. Therefore if average
hmt.’mg morbal:.ﬁies specific to adults and to pups are calmﬂated, i‘b is
preferable to use the average of 1961 to 1971 rather tha.n the 22-year
mean to obtain a better approximation of tbe current hunting effort. The
ten-year average survivorship from mmbing mortality for adults (G,) and
for @xps (C3) can be obtained from th% formlas: )

6 =1 (£ adutts kidled/ FN,) = 0.965°

- Gz 1 - ( $'oups killeq/ F0.257 N,) = 0.760
The constants Cz and C3 can be related to the annual survivorship

£

°rrom natliral mortality, C1, and to the prewhelping population ai.:e (X,) to

calomlate the prewhelping papulati.on aize of ‘the following year (B + 1):
& L ¢ “

< P
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Fig. 32. Hunting mortality of harbour seals in the three maritime
provinces for the period 1950-197L, calculated from the number of
seals reported killed for bounty each year and corrected for sinking
loss and from the estimated numbers of seals in the postwhelping ’
population in the correspondfing year. Sustainable yiéld would be .
obtained with a hinting mortality of 0,0l9. The marked increase in
mmting during the period 1969-;@71 is attributec} to a greater reward

v

per seal to obtain scientific specimens. The eye~fitied line

indié¢ates the main trend. L T ——



- Table 17. Calewialed chamees 1 mnborg of harbour seals in the

o

shs T e . . -
Daritizes between 17°M and 1715 svarling with an eslimated

e

p

—_ M

=" prewhelning vo~lrtion A7 17,90 in 1950, The value of 0s8365 for the
- g

annuad survivorehin vas °<3bz.ainod by comuter iterations. The nuzber
of *¥ims born “as calaulavad by altirlvise the nu.ver of seals in the
\ I

~rreuhelnine porulabion eash year Ly 9,257, |

|

/

—

population  born pulation kill |¢ [swvivorship to |~

ll’ear Prevhelping Pups Postw}nlgmsi [notal r.aaés or annual

. I natural mortali
1950 ° 12,000 3,08} 15,084 1,458 11,398
1951 11,398 2,929 1,327 1,530 10,705
1952 ° 10,705 2,751 13,456 1,566 9,916
1953 9,946 2,556 12,502 *1,3h7 L 9,332
gm& 9,332 2,398 11,730 1,183 8,822
1955 . 8,822 025267 11,089 1,160 8,306
1956 . 8,306 . 2,130 Ww,h 7 8,114
1957 8,11k 2,085 10,199 - 1,003 - 7,693
1958 7,693 1,977 9,670 982 7,267

1959 7,267 1,867 9,135 818 6,932 .

1960 6,932 1,761 8,7k 637 6,796
1961 6,756 1,736 3,492 703 6,516
1962 6,516 1,674 8,191 760 6,191
1963 6,199 *» 1,593 7,792 633 5,946
196, 5,916 1,528 7,474 3n 5,926

“ 1965 5,926 1,523 . 7,Wh9 5oL 5,809 |
I 06 'y 1 y h93 7’302 h96 S’ 593
367 5,693 1,463 1,156 273 5,157
. .968 5,157 1,480 75237 508 5,629
. 4-969 » 9 l,hh'l s 79076 675 533511
1970 5,354 1,376 6,70 690 5,053
191 5,053 1,299 6,352 527 k,872
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. Ny 4 1 = Gy (CoN,+ 0.257 C3ly).
From this equation, a more general one is found, allowing calculation of
the number of seals present in tis population after t years (Ni) when the

size of the prewhelping-population on year 0 (N,) is known:

W = NGy © (Cp + 0,257 o)t
: - . _
N = 1, e [ca(ca + 0.257 63) ] 4, | | S
this equabion is idemtical to the equation of poplation‘growth,

vt e e N i N ert', where r is the realized intrinsic rate of increase, also
. called instax;taneous rate of increase, as def:l:ned in Wilson and Bossert
S (1971) and therefore: ' . .
r=ln C(Co% o.é% C3) = -0.030 ’ -
for ¢ cixrre:rb values of Cy, C2 au;d G3« Tt is now possible to examine
}he three provinges will inc;ease
or decrease if hmting conditions change and assuming that natural

mortality is constant and equal for adults and weaned pups.

“how the' populiation of harbour seals in

" v -

:Pmdiction c ,g
Case 1: bounty maintained - If the bounty is naintai;md, then the

average m;ivars}ﬁ.ps Yo hunting mortality, G2 and C3, can be used to

Imaéict in approximately how many years the following numbers of seals

. will ocemr:

T Nunber Years after
) wm ,
‘ 4,000 gt
" 3,000 : 16 ’

2,000 - 30
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1,000 S3
However, it is possible that at low population density, a female

in cestrus will not find a potent male; this would decrease the
reproductive rates and would accelerate the extinction of the species
in.an area. The nﬂ.nimal pemissible ropulatibn den.sity required to
maintain the prasent repmdnetive i-ate \ia unknown but it is felt that
if the pogulat;ion in the three provinces drops below the level of
2,000 scattered seals, it will face a serious ;ianéer of axtinctiol:t.‘

| Case Z: bounty discontinued ~ If }ﬁmt:i.ng is stopped entirely, the

e I
RS

P

intﬁnsicxate-efﬂcreméh"its maxi.mal “value for this species

in nature: i
r=1nfCi(1+ 0.257)] = 0.050.
This assumes that pnps before wea.ning suffer the same natural mortality-

as the adults because the population of harhour.seals in the Maritimes

. 5).3 considered to be at presént well below 1ts maximm size. However, as
the population increases, the rup mortality bLefore weaning would also
probably increase as reported for grey seals, Halichoerus prypus, in
England (Bonner and Hickling, 1971). On Sable Island, where the barbour
qseal population ia  remaining at a il‘airlyn constant laval}}wlg.ch is
assumed to be the maxﬁmm level, the mortality of pups during the first
month of life is 17.2% (Boulva, 1973), if the survivorship to this. early
mortality, 1 - 0.172 = 0.028, is included in the equation to replace the
mn’ﬁvorshj.g/ot pups fto/i:.; hmting mortality, we find that:

r = In C3(1+ (0.257 x 0.828)) = 0.01L,

which suggests a very slow growth of the population.

2

However, in the absence of information on the increase of preweaning
pup mortality with the density of the population, the maximm rate of



increase, r = 0.050, can be used to estimbte the mmber of years
required before the population reaches its 1950 size of 12,000 seals.
Byﬁransformingtlnequatlmﬂtsioe taﬁnat,myamwonidbe
needadfortlnpopnla:hontomn‘berm,om.%als Tlﬂadifi’arsbyh ‘

. yesrstrantheZZyeatsneedadfortlnpopﬂationtodroprrgnahm -

. * 12,000 to sbont 5,000 seals. The difference is explained by a rate of
increase after the suspension of the bounty higher than the rate of
decrease (natural mortality plus hunting) wiﬁ:l:e the bounty was in

JENE———— —~a -

effect. — e

Gase 3: sustainable yield ~ The mnbingwta;litquuimdto
5 maintain the population at its present level can be calculated from one

et it i

of the above formilas: :
My 4 7 = CyNg(Ca + 0.257 C3). ,
, If o distinction is made botween adults and pups, the swvivorship to -
C/"‘V tunting (Gy) will be, when Hy , y = Nos
I 6, = /(2.257 ;) = 0.951, - ‘
which corresponds to an anmal hunting mortality of 0.049. To illustrate,
300 seals would have to be taken from the 1972 postwhelping populktion of
4,872 + (4,872 X 0.257) = 6,124 seals, for the populat;.on to remain at
. its present level. Given constant natural mortality and birth rates, bhe

sustainable yield would be about 5% of any postwbelping population size.
:flese“ seals could be pups, adults or a combination of both.' If only pups

are taken, then 2hf of the pups born in one year would constitute the
sustainable yield.

Discussion ' -

Even though based on the overall population of harbour seals found
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* 4
in New Brunswick, Nova Scotia and Prince Bdward Island, the prediction
of the three ¢ases examined here are depeudeut on the accuracy of ‘the
maserous assumptions di.scusaed above. Fnrthernom, when it is renelberad
that, the seals :Ln thase three provinces are grouped in small discrete
populations, the danger is then great.er of having one small colmv'

e T TR gpnnnamiin

exterminated rather than seals in all areas destroyed at once, a3 the
lnmting pressure seems to be higher in some locilities depending on the
enthusiasm of the local seal hmter. Kowever, examination of the
overall catch of harbour see;]s, as dtma in this chapter, suppliés a
‘ uaeml knowledge of the’ general trends of ‘the population as a whola; for
the present time, this trend appears to be a decrgasing one with a ) ’
realized rate of increase of r = - 0.030.
 Should the bounty be discontimued, the age structure of mmerous

populations presently lumted would change oopsiderably. In thn:;e X .
populations, the age when sexual maturity occurs in the female would
probably increase but the overall pup production rate can be expected to
remain around 26 pups per 100 seals present at the onset of ,ptxmaiug;
it was mentioned that this rate is found in both a regularly huzted .
population in British Colwibia (Bigg, 1969a) and in an unhmted
population on Sable Island (Boulva, 1973). The mechanism which maintains
t:lﬁscrate ;t pup production in a heavily hunted population appears to
consist in a decrease in the age when sexual mni',m::i.'l;‘?r in females is
reached possibly because oi"‘ea more rapid prowth of individuals; this -
earlier maturity would counterbalance the diminution in numbers of older
females,

If the pup production rate is assumed constant and independent of .

the age structure in a large population of harbour seals, then the
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increasing population possibly limits itself thrabgh a higher aprewe"an:ing
. moriality of pups at high population density. Such a density—depend;nt

N
/

mrbality of pups has been described in the grey seal, Halichoerus
grypus (Bonner and Hickling, 1971) In }.he harbour seal, the availabﬂity
of sand bars or islets for females to haul-out undisturbed with their pPup

\ could control thergrowbh of the populatlon. Even though pups can swim at
: birth, they generally-have to come on Yand to be nursed. In large mursing
herds as found on Ssble Island, there is aahigher probability of a fexv;ale
losing her pup after a per:.od of da.sturbance because of the great number
2 of pups present and, as often seen, not accepting to nurse another
" ﬂ abandoned pup. At high population density, enough pups could become i
. ° deserted and die before j::ea.ning to stop the prowth of ;;he population as

“

seems to be the case on Sable Tsland,

’ -

RN

LR
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FREDING AND PRODUCTION

?
e

Sufficient qualitative and quantitative data o,v; the feeding of
wild mammals are necessary fo:' tha realisation of adequate studies
of mammal production. In seals, most paaqi? fe’eding studlies have
emphasized qualitative descriptions of stomach contents and on the
frequency of occurrence of the various foods withou!: attemptjng a’
- careful examination of the quantity of food being eaten per mea!l by
seals of known size in nature. This aspect is stressed in the present
atudy, using approximations to obtain an estimate of the feeding rates
of harbour seals under natural conditions. The results’thus cbtained
al:l.ow quantitﬁtive, estimations of energy flow tlm;ugh a theoretical |
population of harbour seals. /

2

Consumption in nature . B .

“

Foods consumed = Harbour ceals :}n ea\xstem Cahada rely mainly oh

fish for their diet, and to a lesser extent, on :I.mert;abrateq. Data

on 189 stomachs examined by Fisher (MS 1950 and MS 1951), on 61 .
., stomachs examined by the Arctic Biological Station (Mansfield, personal
communication) were added to my own data from 352 st,omachs; giving a
tob‘:ﬂ of 602 harbour seal stomachs-examined from eastern Canada. 0Of
these, 299 (49.7%) were empty, 2l contained milk and the remaining
279 (46.4%) con'bained food in various stages of digestion.

The rood species are listed“in their order of importance in Table
18 and probably give a pood indication of the food preferences of this -

seal in eastern Canada,even though there are doubtless some pgeographic

\
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Table 18. Percexﬂuta.sze of different food items found in 279 harbour
seals, ’ ~ ) ° '
Species \ % of Species % of
. dceurrence occurrence
Fish Th.8  Skate egg case, HypStremata 0.8
Hlerring, Clupea harenyus 2h,2 Ocean ‘pout:, Hacrozoarces
Flounder, Pleuronectld;e 1h.1 americanus 0.7
Alewife, Alosa pseudoharcnrus 6.3  Sea raven, Prionotus sp. 0.6
Hake, iHerluccius-sw, and “Joiffish, Anarhicas sp. 0.6
: Uroplycis sp. 6.0  Bass, Rocous sn. o4
Smelt, Oswerss mordax 3.7
Yackerel, Scomber szoribrus 3.6 Invertebrates . 2h.1
Sand lance, Aamodytes sp. 7.9  Squid, Illex illecebrosus  20.6
’ Capelin, 1llotus vill osnis 2.9 Srimp, Crustacea 2.2
’ God, Gadus sp 2.1 Crab, Crustacea ' "1.0
Redfish, Scbastes marinus 1.9 Limpet, secaliop and clam ' 0.3 °
Haddock, [felanoprawms
) B , acplefinus 1.3 Alpae ; 1.1

Pollock, Pollachins wvire.s 1.1

Cumner, Tautogolabrus alspersvs 0.9

Shad, Alosa sapidissima 0.8

¥
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and possibly temporal "gaﬁ:ations in sbundance of a glven food item.
For example, Fisher's: samples which cane predominently from the lower
Bay of Fundy, contained a much Migher propartion of squid (15%) than
my sample which originates mainly from Sable Island and south-
sdstern capa Breton (7%). Flomdcrs were mporbed by Fuhar to be

a comon food item (28%) in all areas while my data give them as —
répresenting on]y 2% of the diet. As there has been 20 years between
Fisher's work and this study, a ¢hanpe in abundance of this group

of fish during tha"‘b period o’f time could explain the change ‘::.n

frequency. . . . . .

Herring is the ;most comson species in the seal's diet (24%). It
is followed by squid (21%), the 6 specimens exsmined being identified |
as Tllex illecebrosus, then flounders (14%), nainly P;elidc‘pleuromctes
americanus, alewife (7%) and tiake (6‘5). These five types of fish

constitute the main part of the diet of the harbour seal in eastern

Canada. Other fishes have a percentage of occurrence below L%, The
last jtens on Table 13, limpet, scallop and clans, probably or:.gina'be
because of their small s:Lze, from the stomach of the fish ingested by
the seal. On the averape, the dlet of the harbour seal in eastern

Canada consists chiefly of>73% fish, 26% invertebrates and 1% alga °

The food of this species has been relatively well studied

elseuhere. In the eastern Atlantic, seals in Holland have been found

to feed mainly on flatfish, Pleuronectes flesus (30%), cod (17%) and
herring ‘\(15%) (Havinga, 1933‘)‘ In eastern Scotland, [1% of the stomachs
contained Gadoids, mainly Gadus virens and G. merlangus, 17% &ontained
flatfishes and 13% Clupeids {Rae, 1963). In the Wash, England, Sergeant
(1951) found the seals feeding largely on the whelk, Buccimm undatum

£

=
4 i
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(943 of diet). . . .
In the eaate; Pacific, harbour seals of Washington State '

. have been reported to eat miinly flounder, Padific herring and tomcod,
listed here in decreasing order (chafm and Slipp, 194k). British
Colugbia seals féedtgyi\eﬂi‘ on salmon (23%), octopus (208), aquid
(10%) and rock:f:l.sh (12%) (Spalding, 1961). In southesstern Alaska,
food consisted min:;y of gadids (22€), berring (16%), flounders (nz}
and shrimps (. a%) (Imler and Saber, 1947), while in the Aleutian area,
Atka mackerel and octopus are the main part of ‘the diet (Kenyon, 196l
‘and wilke, 1957). -.rlms, with the cxceyt:.on of the populabion in the
Hash, specialised on whelk, tbemt common food 1tem found :l.nharbour

. Seal stomachs aré herring, flatfish, axll either cod or cephalopods,

' Changes in feeding with age - - After weaning, the young harbour seal

-~ ﬁrst nibbles on small amphipods {one specimen from Sable Tsland aged

.t’:me weeks), then turns to the larger shrimps for ita subsistence, One
pup from Fourchu, Cape Breton, aged appraximately five Yeeka had in
its stomach 95% Decapads (73% Lebbeus groenlandicus and 22% Pandalus
sp.) and 5% wddentified amphipods. Interestingly, this seal was

g aheadyhostorﬁgacodmm, Porrocaccum decipiens, ranging in

length from 0.8 to 1.5 cm and their mouth was lipped, a characteristic
of worms having reached the final host stage; the}efm, they must have
boeen in the seal's stomach already for gome time (G. challanz personal
commmication). From Crustacea, the young seal eventually changes to

a fish and cophalopod diet which it retains into adult life.

How fish is eaten - sz&the examination of the food renains in
»' gbomachs, it was noteé\tlnt fish can be eaten in all possible ways:
swallowed whole, bitten in mouthfyls, swallowed without tail and head.
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The heads are probably seldom eaten as very few otoliths were found in
the stomachs. Small fish are swallowed under water but larger ones can

2

be taken to the surface and bitten in pieées while held with the fore '
flippers as I have seen it done op a few occasions. The largest intact
fish found in ~tomachs were herr;xs, up ﬁi 30 cm in length.

Seasonal cham;s in gondition - The deposition of blubber in saals
is probably related to the intake of food. GChanges in blubber thickness
can be momitored with the condition index which is (&alculated with the
formalas girth XA00 / nose-tail length. In this sméy, this index
{(rig. 33) is }‘ﬂ.gh in winter and early spﬁng;‘ variable and decreaging

in late spring and low from early sumser until late autumn. The percentage
of empty stomachs (Table 19) remains relatively congstant, from May to
Septenber, increasing sliphtly during the period October to dJamuary.

- No data are available for the period February to late April, but the

difference in blubber thickness in summer and winter appears not to be
caused by, a rednction in the frequency of feeding.

Sergeant (1973) published a similar curve for harp seals in the ¥
north-west Atlantic and the trends are almost parallel to those of the
harbour seal except that the rapid décrease ‘Phase following weaning and
nating occurs in late April. During this decrease phase in the harp seal,
there is a comsponding increase in feeding rates as iniic;ted by the
occnrrgnce of empty stomachs “which gradualiy drops from 73% in March
to % in May. ) .

A possﬂ:le explanation i'ox? tlns variation of the’ condition index .
nd.ght. be the change in condition of tte fishes following winter and
spawning. An gamﬁon of the seven species of fish which represent

61% of fhe normal diet of the harbour seal (Table 20) indicates that

I3
o
! o

53

~




, .
v ~ ’ ' o “
L ) ' ' ' w 1“
& ( 4 ‘
N . 4 / R I3
' N ' - . ) ;‘ ‘
\ .
. . . ) !
%,
2
Fig. 33, Monthly changes in the condition index (maximm
girth x 100)/nose~tail length, of harbour seals in e;atem
Canada. Solid circles arve 's, opex; are ‘fem;sles. ’
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Table 19 . Seasonal va"x;iutioni, in feeding intensity of harbour .

-4

} % stox;lachsﬁempﬁf "o

650 .

seals in eastern Canada.
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September w6
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Table 20. Spawning—t31

of the fish species regularly eaten by

the harbour seal in eastern Ganada. Spawning data from Ieim and .

Seott (1966).

AR

L —

. A%
o

=y

Species >

Spawning period

% of sealls diet <

Herring (inshore}——May——June —————— .°
" winter-flounder -

Silver 'hake
Alewife .
Smelt
Mackerel

Capelin \

April ~ May

April - May - .
June - Seﬁtember
te April -~ June

May =~ early July
June - July

212
B 11 R
6.0
6.8
3.7
3.6
2.9
Toi';al 61,3

—

4
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these fish spen from April to September with ;he mean spawning

occurring in late Nay. Following spaming, fish are generally ina’

vory lean condition and probably build up their fat reserves tiuring -

the swumer and fall moubhs, . ) . .
An exu:ﬂe of this is glven by IacKinnon (19725')' who has shown

that the energy content of the american plaice, Hippoglossoides

platessoides reaches a maximm in November and » then
’ decreases slowly until late April, representing at ¥hat time 79% of
* the maximmm late fallavalue. after this time, the energy content dincreases
rapidly for one month until early June when, following spawning, it
dfops sucdenly to a minimm (74% of maximm). The’condition of the
ﬁsh imrares arterward.s mrbil the maximm is reachad The curve for

" curve describing the seasonal chaﬁges of the con ion index oi‘ har'baur

"seals. u ; .
Animals relying on fish for their diet and keeping their .

congumption constant durmg spring and summer with respeit to stomach

ik ganacity, wmxl:l therefore be affected by a sharp drop o Hay and
June in the fo.od's czﬁoz{.ific value, The protable «corrective mechanism
for the seal would be to ﬁamw/on its accumlated blubber reserves
ant this would yield lower values of the condition .’mdex. Another
explanation would be a decrease in the average size of a meal, which is
very difficult to measure because of the scarcity of data. .

geentity of food inpested per meal ~ This weasurement is essential

in the atu:xy of enerpy flow in scals. During the exa.minatiéi of stomachs,
the weight of the content was noted when ii was estimated to be 307 or
Jess digested,‘ along with an estimate in percent of the amount of food
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e alveady digested, An esimate of the weight of the food conswed was |
caleylated: (weight of food as found in stomach / % not digested) X 100, -
' and thds weight was plotted against the seal's weight (Fig. 3h). In the’
{ absence of the latter inron‘.ﬁtion, the seal's weight was aﬁproﬁxnted

by means of the equation describing the 1eng€h-weight relationship ,(Fig.

, 13). 4 ldnear regression was fitted to the logy, transforned data and
an exponential equation was derived to predict the amount of food eaten
in one meal by a harbour seal of a given weights !
Welght of food (g) = 228.26' Weight of seal (kg)o‘w kb .

23

From this qequat.ion,‘ it is seen that the average meal of a 20 kg
seal represents 5% of its body weight, while for a 100 kg seal, it
m;;resents about 2,2% o:f‘(its body weight. . 5
L ) r
Consumption in captivity ! ‘
Replies to questionnaires distributed in Februagy 1973 to
ingtitutions keeping Mne manmals supplied information on the feeding
. rates of harbour seals in captivity. The answers received indicate two ,
. attitudes among seal keepers. Some give just enough food to satisfy the
‘ energy requirements of the moderately active seal. This type of-
controlled diet is more comm;m in research institutions where seal; fod’
the proper maintenance ration perform better ,than(when overfed. On the

v

other hand, mmerous public aquaria and zoological gardens are of'qmbus:y
overfeeding thair seals. The information from these latfer im;ti;utiona
18 therefore left out of this' analysis, as the aim here-is tc;é&jjbmim
the minimum ration required daily for a moderately.active seal.

Table 2% 1ists the information received from those institutions

glving a controlled diet to their seals. The seals are fenerally fed
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Table 21~ Feeding rates of harbour seals in captivity, The last two  °
columns before the references give meal weight calculated from the
equation on Fig. i, and the meal weight expressed as £ of body ,
woight. Asterisks in the first colum .:h;sdicate captive animals

surtiving on daily rations close bo thoss caloulated for wild animals.

'3
"

T

Sample  Seal No. of tivi From cnitzon (£2% Baierences
Yood * dsr day Foofda N

no,  welpit seals Ape  day V. {in nalure) oody Wt.

ke xr z ke % . g
1 o 3 g= L6h koo Yk 33 K. Konald, pers. com,
2 o 1 9m LM b.90 Ly 3.5 - .
3 38 1 9= 2,009 5.2% 1,319 3.6 -
b ¥3 -~ 5 Iy LS LI L3 ! 3.8 3. 3. Wright, pers, coms,
5% 7.1 1 Syr 2.0 2.0 1;56 2,5 T, Cu Foulter, pers. com,
& 318 1 9 R 2.555 P TR 1 4.0 = »
x 1 - w3 1519 338 Kltran and Bitteer (1958)
8 33 ° 2 2n 20m 5% .36 3.7 C.. L. Whoeler, pers. corss
9 33.1 27 1yr L3 5.7 2,287 Ly L. F. Brynfarsk, pers. com. if

o’ o



thawed fish, mainly berring or ,maclnerel. The data of those sample
pusbers in Table 21 marked with an asterisk indicate that captive
harbour seals can survive and be active on a daily diet consisting of
4.9% of the body weight for a 32 kg seal, of 3.2% of :bhe body weight
for a 50 kg seal and of 2.6% of the body weight in the em of a ;

71 kg seal.
- From the measurement of the weight of the stomach content described

-

2

above for wild seals, it seems possible that harbour seals in nature

eat on the average one meal per day and that the quantity eatén is a

function of the sealls weight as described by the equation in Fig. 3h.

This equation gives for the sbove three captive harbour seals, a

theoretical menl weig}:t which is close to, but si‘t,ighb]y smaller than

" their actua%“da.:!ﬁr food consmptio;l (Table 21).

) éro@uption

- Having obtained data.on the ape distribution of the population

of harbour seals in eastern Canada, on the growth in weight andlan

estimate of the dai]y ,;conswnpt.:.on rates for piven seal weights, it is

possible to at‘hemp‘b a detailed calculation of the flow of energy through

a seal population and simultaneously of the production from such a

paoulatzon. v e
Population model -4 model is built of a population of 1000 harbour

seals, w}n.ch is stable, has an assumed stable age distribution and wltleh
is isolated with no emtération or immigration. Data on age distribution
and growth in weight are takenrespectively from Table 13 and Fg. 12;
nm,begfrs» and welghts of ma.liaxs and females are averaped for each age and
only one model, independent of sex differences, is prepared. This model

4
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“is estimated to be typical of an average population of harbour s;ala
in eastern Canada, % h
With the population being assumed stable and having a stable age )

distribution, the biomass of that populabion at a given time each
year, for example, halfway between two .birth dates, ;lwuld be a constant
value from year to year. The only energy intake is the” food consumed
while the energy output-is threefold, consisting of rejecta (faeces
plus excreta), respiration (heat lost and enerpy dissipated through
activity) and production (P) which in this case copsi:;ts of the animals
dying because of 01d. age, 11lness or aceident, and consumed by i
decomposers, or be:ause of predaf.ors. This approach to est:im?.tikon of
production is desc;'ibed”t?y Mann (1969},

‘Description of terms vsed ~ The, following symbols and concepts

related to bilological production ‘are taken fron Ricker (1968): .
N Population size, in this case taken halfway between one birth period

, 3

and the nexb.

1
3

C Conswmtion, in this case the total intake of food during ong year.

F Fasces. 1 S

U Excreta,. incliding wrine and epidermal secretions.

UF Rejecta (= U+ F)

A Asgimilation (= C = F ~ U = P + R) the food absorbed less rejecta.

R l5{&’:sg:i.:t‘.at’!::i.cm (=C ~F - U ~P) that part of a'ssﬁnilatioxl which is
converted to heat or mechanieal energy and is used in life
processes, .

In this model, G, F, U, A and R will‘be expressed in Cal. or kgal,.,

or metric tons (m.t.). One Cal. equals 1,000 cal., one kCal. eguals 1,000

Cal. and one .m,t, equals ‘1,000 kg, Other concepts are also required:

-
-~
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Age specific pumber of seals in the population at a time baliway
between two birth periods. The Ly series used here is
calculated for a population of 1,000 animals, from the

L . .
"adjusted 1," series in Table 13. ’ N
Population size,‘ here 1,000 -seals (= N).

Age specific mean weight of the seals in a given age group, '
obtained fron the growth ourve for welght (Fig. 12).

Biomass ;if the aps group, ’

Fopulation biowsss.

Age specific daily fesding rates, expressed as proportion of
body welents r; = 0,22826 WO Uy y | 71 equation is the
. one und to calculate the weight of food (kg) consumed in

* nature, from the weight of the seal (Fig. 3h).

Consumption by age group during one year (= 365 LW, Fyp). -

Pbpulationﬂ consumption during one year (= G).

Basal metabolism, or minimal energy reguired to maintain in life ’
a resting animal in a neutral temperature envigoment and in

L]

s

a.post absortive state. .

Age. specific basal metabolism, in Calories per day, for one seal
without blubber (0.6l W,), the blubber constituting 36% of the
seal's weight (Dorofeev and Freimann, 19355 Slijper, 1958), The
equation ;t‘or basal metabolism is taken from Brody (]:9h5 )

Cal. = 70.5 kg -7k,
Basal metabolism of age group in kCal. per year (= 365 L.Mb,).
Bogulation basal metabolism in kCal. per year. . -

Seals dying in each age group per year. .
Biomagg’g geals dying in each age group per year.

)
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IBd, Total biomass of Seals dying per year (in this case, = P)

8 1
9

Energy ﬁw table -~ Having now defined the varisbles, we can
prepare an /emrgy flow table which is presented in a format similar to

the more comton life table. The energy flow table (Table 22) consists
of: _Age, Ix, Wy Bys Fxs Cys Mby, SMbe, Dy and Bdy; at the bottom of
the table are found £B,,.C (= zcx): ZSMo, and P (= £Bd,).

To prepare the.diagram of energy flow, we need to know also the
calorific value of the food cons;mneq by the population and the calorific
value of the dying seals. Approximations for these values are given by
Altman and Dittmer (1968). Table 23 gives the water content and the
calorific value of eleven species of fish eaten by the harbour seal in
eastern Canada., The calorific values are for the raw edible pozltion of
the fish and it is assumed that these values do not differ g;-aat]y
from those of the whole ﬁ.sh. A mean value is calculated for water and
calorde content and the value of 120.7 Cal. / 100 g (wet weight) of
Lish is used to convert the food consumption from metric tons to
calories, Squid is included in the fable and has a calorific comtent
comparable to those of fish.

The calorific value of seals which hajre 36% of their weight in
blubber, can be apnroximated by the mean calorific value of three
types of meat consisting of 63% lean and 37% fat (Table 2k); ; this
yalue' is 396 Cal./ 100 g (raw, wet weight), )

Also required for the diagram, is the assimilation efficiency of
the seals, As was the case for the calorific value of a seal, this
information is not avall¥hle for seals to my knowledge, and has to -
be appr?:d.mated with values’ from other mammals. Datd are available ,

’
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Table 22, Energy flow table for & population of 1000 harbour seals’
in eastern Canada. Ses taxt for details,

ST - N A W o AT e A R
. 0 I 276 S35k L% 83,25 573.6 1 So | 1,380
S 1 W 372 5.5 03 AR TR S2%60 35 1,327
2 109 L26  L&3 032 516 6L W6 2 0.3
3 87 50,9 L.L20 L0313 50.59 S0%.6 31756 10 0509
. b 7 6.9 LS8y 0286 18.95 1057.1 ., 22230 7 0426
. S M 650 5550 .0277 U600 10379 2951 5 0325
L 6 & w6 waw o8 1566 12029 23126 13 0.970
1 52 W9 3895 0057 %653 1066 19981 18 L8
. "8 % T8.0 2555 L0257 2397 12084 1201 8 0.600 ‘
' 9 % 67 LI .mé ITS3 1BT 0B85 00l .
‘ 10 21 765 1,606 L025h kB9 12269  glok L4 0.306
.. w1 o+ w3 s 1206 x %13 2 0453 -
. P T % - 7 2 015
. B 13 % 095 = g2 " sz’ 2 0153
1L 1 " 0.301 - 7.80 » L926 1 00’
) 13 W o« orE - 7.09 x W73 1.8 0.138
16 8,2 » 0.627 » 551 = 672 1.2 0,091
17 7.0 " 053 " ho? = T3S 0.9 ‘0.069
18 61 = 0.167 T om (9% 5 L 2731 0.9 0.05% .
19 52« 538 m 36 = C2pe 0.7 o.08L
2 0 L5 v 0.3 " n .19 ¢ 205 0.6, 0008 )
2 3 e 028 < 2% 16 05 0.03
22 3k v 9,260 " 2,41 ¥23 0.5 0,038 -
) 23 29 v 0.222 " 206 *  12%9 Ok 0.0%
- 2 25 = 0.191 " L7 120 0.2 0,153
T 25 2,3 = 0,175 " 162 = 100 0.4 0,031
e 26 Ly » o3 =« 23 80 0.3 0.023
27 1.6 = 0,122 ] 113 0« nr 02 0.53
‘ 28 L+ 07 v 09 @1 0.2 0.53
o % Lz « go;L v o8k ¥ s, 02 0153
» 1.0 « 0.016 » 0,0 7 0.1 0,07
n 09 = 0.068 " 063 w3 0.2 0,153
2 0.7 - 0,05k - 050 ¥ ] 313 . 0k 0,01
3 0.1 .02y 021 * 1B 0.3 0,023
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Table 23. Yater content and calorific walues of the edible portien
of various fishes eaten by the harbour seal {Lfrom Aliman and Ditimer,
1968)¢ o ¢

Species . Tater Food eneryy of raw sample‘
° £ Gal / 100 g vet weight
Haddock a0.5 79 °
Halibut 16,5 ' 160
Herring, Atlantic 69,0 . 176
Pacific 7.4 k . 98 I

Cod Lo 1.2 7
squia 0.2 3y “
Mackerel, Atlantic 67.2% ' 191

r Pacific  69.8 159
Shad ' 0. ‘ 170
S;nelt 79.0 ° ’ 93
Follock LT e "95 .
Mean e 120.7
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Table 2k-. Calorific value of( three tyres of raw meat (from Altman

ana Dittrer, 1963) ,'
Beef sieal 2 lean % fat i water Cal/100 g wet
. Porter house & 37 b8.3 3%0
" T Bone .62 *33 7.5 397 -

Rib & 3¢ 7.2 ho1
. .

Tiean 63 37 h7.7 396 .

. “ﬂ" . L.

o )
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for three carnivores, the’ dog, the weasel and the bobcat and for one’
herbivore specialised on- lipid-rich food (Table 25). The assimilation
efficiency is defined for Table 25 as follows: (C - ¥ - U)/ C, and the
mean efficiency for the four species is 8l.GZ. 15

Inergy flow diagram - The above information can be smmrj.sedin\
an energy flow diagram For the p;)pulation of 1,000 harbour seals (Fig. .
35). The value for rejecta is: ¢ (1 - assimilation efficiency), while
respiration is (C - rejecta - production), The metabolic ratio:
metabolism under active %ozqﬂition / basal metabolism, equivalent here _
to (R+ P)/ ZSMb,, can be a useful figure, for exauple to compare the
the enefg}" requirements of various species in their respective envirorment
or o establish the food ration for captive animals of known weight. In
this case, the metabolic ratio is 1.6, This compares to a ratio of 1.56
for a moderately active man, for example operating a desk calculator
(dsta from Aton and Grassé, 1966).

The information contained in the energy flow diagram also allows
the caleunlation of the ecolf:gical efficiency defined as px:oduction /
consunption (Petrusewicz and MacFadyen, 1970). Harbour seals tlm:-\hm

,~an ecological efficiency of 11,695 keal./ 70k,22) kgal. = 5.9%. This is

half the usual 10% value given for lowgr tropkic levels.
~ b ©

Discussion M ",
The values given in the predeeding sections mipght be modified

slightly in the future, as more refined data become available on '

the seasonal changes of the calorific values of the food specles taken

by seals, ;n the seasonal variations in ;}‘eeding, mainly from Jamuary

to May, and on the assimilation efficiency and energy content of seals.

2
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Table 25 . .ssinilation efficiency (AE) .in four mammals, AE )

o
(energy consuned - energy of faecces - ener

#

[

@

-
1

§

fy of urine)/ehergy consumed.

@

t

, Spec:'r.emd

e
X

Il

" AE

% of energy consumed

Reference

I3

Dog . ??.S Robinson et al. (1953)
_ Eobaat 83 Golley et al. (1965)
: Wez\zse:b 39,9 Colley (1960) K
‘ Squirrel 3 Smith and Follner (1972)
[ . ‘ \
:‘ i l o
s Mean Sheb .
\vm . ’ r/
i~
8o
&
¢ ° o
. .
=Y ’ é‘- !



CONSUMPTION
Food consumed per y:nr
by seal po}ulution:
75% Fish; 25% invertebraies

!
° 704,224 & Col.

f RESPIRATION

554,079 k Cal.

or

79% of consumpﬁ}m

(58345 mt)

°

-
-

F

“\
. w ) .
Fig. 35.. Diagram of energy flow in a population of 1,000 harbour

seals in eastern Canada. See text for details,
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PRODUCTION
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In the absence of this information, it is felt htl.lzt.t the above
caloulations give a fairly actfurate dascription of the flow of energy
throngh a seal pormlation. ’ ) .o
It does appear that segls are normally efficient food converters.
The wetabolic ratio of 1.6 indicates-that théy are as efficient as man n
:Ln- utilising the con.smneda enersy. This can be expected of an animal ’
which is well insulated against heat loss, which, because of its aquatic
life, is subjected to a reduced gravity force and therefors reduced -
muscular work, and which is specialised on one type of food, fish, in
the same way a land carnivore is. ’ R
The statement by Sergeant (1973) that harp seals, Pagophilus o
groenlandicus, are inefficient ;onverbers of fish flesh may be )
inexact. The calculations are based on the assuaption that wild harp
seal. pups eat 103 and, 109 kg adults 5% of their body weight per day.
The basis for this assumption was information received from two
mstltut:.ons feeding captive harp seals ad hbitm rations and two
highest ueigld;s of stomach contents from wild seals compared to thelr
estinated body weight, From the evidence presented in this study, it 13
possible that the feeding rates susngested for harp seals are twice the
rates of animals in nature, if wild ssals eat on tixe averape only one
meal, pexr day, Thi.s is an Irportant difference when at’oemptir% to assess
the quantity ai’ cormercial fish eaten by seals. Should wild seals feed
on tha mrage twlce daily, anmal cms\nuption would be doubled while
'production would remain the same; thus ecological efficiency for harbour
seals would bacome 3% instead of 67,
Having established the food conswmption of 1,000 harbour seals,
it is possible to extrapolate the amount of caunercial Iish eaten by ¥




W in the arex. nmrdd by this study, It is assumad tbat

+

Newf harbour seals, for which little information ia avaﬂahle,
have a :food preference sinh.lar to that of the seals ﬁ-om the areas

. e

which supplied the stomach aamples.

5

As an example, the_ a.mm:t of herring taken 'by the est:!mated .

12,400 harbour seals in the axea covered by this stm};nd.s calonlated

as follous:

(0.242 herring X 583.15- m.t./yr- X 12,400 seals)/ 1,000 seals

= 1,750 mit. of W ’

This quantity is doubled itfl%frbour seals feed on the average twice

daily For comparigon, ;LO0,00D tons of herrmo- re taken by commercial
rishenes in 1968 in thb GuLf of St. I.awrence (Anon., 1970).

2 H
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) APPRMDIX B "
- TEMPORAL VARIATIONS IN BIRTH PERIOD AND

CHARACTEXISTICS OF NEWBORN FARBOUR SEALS ~ °

Dalhousie miv-rl'

lk‘.liﬁx, N.S.
ABSTRACT »

From 1970 to 1972, the Sable Island harbour@ikL population showed
variation in the period of whelping. Fesvier and longer pupe, & .
less frequent occurrence of whitecoat pups and & better survival
ba‘buseuih:lrbhu;dwenﬂ.ngm associated with a later mean birth
date. Colder envirommental temperatures or possibly homan disturb-
ances could have caused the delay in whelping in 1972, g

%

D ' ] ¢ o
Paper presented at the Symposium on the Biology of the Seal held .
at Ouslph, Ontario, Canada, 1l to 17 Angust 1972. This paper is

now in press, and will be published in 1973.
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Few gquantitative data have“been published on anm:al ‘vardations in
mubers, birth period and characteriatics of newborn harbom seals,
Phoca vitulina, mainly bacause of the difficulty of finding a discrete
population of this species wh;ch can be studied easily, and accurately

counted at all times of the year, and whers the absence of immigration

or emipration can be assumed dm\-ing the period of study. Boulva {1971)

pave an account of such a population on Sable Island, located about

165 kn south of the neavest Nova Scobis mainland, and which he studied

from May 1 to June 19, 1970. The island is a vegetated sand bar,  °

37 km long, and seals on its continuous beach are easily surveyed from
% vehicle.’ Following this first study, T revisited the island mainly

from April 12 to July 12, 197L and from May 8 to June 13, 1972,

At -
« \.

- 4

METHODS

Ground censuses ;tere made regularly during the whelping period and
during shorter visits to the island at other times in the year. Counting
techniques were similar to that described earlier (Boulva, 1971). Duritg
the Whelping period, a constant daily effort was made to catch as many
pups as possible around the island. Captured pups were tagped with mumbered
cattle ear tefgs placed through the web between the hind Ilipper and 'tm
tail. Sex, nose-tail lenghth, weight, condition of the umbilicus, condiition
of pelage, and status of the pup wheter attendesd, deserted or weaned,
Mere recorded. The measurements were also taken on recaptured pups.

The wibilicus was classed in one of five categories : O = newborn;
1 = fresh, red wibilical cord with bloody tip = l-day-old; 2 = fresh,

red wmbilical cvord, bub extreusty whitiah and dried out = 3-day-old;
/

AN
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| 3 = dried out wmbilical cord z S-day-old; L = healed umbilicus = mo

age estimate. Thase ages corresponding to the condition of -the wabilicus
are aversges dotermined during the 1971 field sesson from reclpt\n'ad

tagged pupe. .

Each pup captured for the first time w:lth an wbilicus of category
thme or less was assigoed a birth date. Uai.ng this information, it was
possible to calculate the daily numbers of births for tagged pups.
Assuming that the birth rate recorded from tagging is proportional to
the overall birth rate on a given year, the'fagging data can be used to
caleulate the mean birth date, when 50% of the pups are born. In 1971
u and 1972, mors than 70% of the total pup production was’ tagge;l. )

The total number of pups barn-in ohe season ¥as estimated from the
tagging data, mmbers of tagged and nhtaéged animals captured after the
end of whelping, and from field counts. Notes were kept on pups found
dead, Post—can:lm teeth were eounted on dead seals. Other samples of
lower jaws Irun barbour seals shot in the Maritimes, in Iabrador and in .
“Fastern Arctic Canada were supplied by the Arctic Biological Station of
the Fisheries Research Board of Canada. L
The daily growth rate in weight and length was found to be relatively
constant during the first 20 days of 1ife in nursed pups (Boulva, unpublished
data). Therefore, linear regressions of weight and length on age for
captured apd‘ recaptured pups aged from 0 to 20 days were made to obtain
the mean !:sﬁ-tn weight and length, which respectively is the value where
the line crosses the Y axis., A1l regression coefficients were highly
significant (P 0,001). The po;sitions and slopes of the lines were
compared statisticaly as described by Mather (196&)@@&. any
differences be_h:een sex and between years of sampling,



Fopulation Size

The Sable Island harbour seals appear to form a discrete populatiou,.
with no evidence orgimtimoriﬂgraummingmm
Over 550 pups have been tagged and 50 branded in 1971 and 1972, and none
of these have heen reported from elsewhere in the maritime provinces where
a bounty on thin spacies is in effect. Animals branded in Jume 1971 have
beent seen on the isiand regnlarly during visits in January, April, May \
and June 1972. The population has remained relatively constant Guring the
last thres years, oscillating sround 1200 animals before whelping (Figure
1l). This likely peographic isol»atnion is supphorted also byya charcteristic of the
Sable Island harbour seals which is rarely noted elsewhere : there :
is a high proportion of animals having only four post-canine teeth on at
least one of the two mandibles instead of the normal complement of five.
I bave obtained values from the Maritimes, Labrador and Rastern Arctic
. Canada which are compared to those of Sable Island:

* e

P

Origin of Sample , No. examined " 4 of seals with only ki

post~canine teeth on at least
\ ] one of the two mandibles
Sable Tsland 2w |/ . )
Maritines 13 . 13% o
Labrador h2 " 2%
Eastern Arctic n og

°
<

the Maritimes having only four post-canine teeth
y Newfoundland, about 530 km to the north-east of
ding by McTaven (this meeting) of a significantly

o

The two individuals
cama from St. Mary!'s
Sable Island. The
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higher percentage of harbour seal skulls from Sable Island with testh
set straight, compared with samples Ifrom elsewhere inuluﬂnei”‘ad
eastern Arctic cuad; also suggests isolation of this population.

" or the tlwee yoars of study, tbe prevhelping populiticns and
the estimated nwsbers of pups born were respectively 1223 and 262 in
1970, 1329 and 331 in 1971, and 1147 and 359 in 1972. The average of
these tlree ysars gives a proportion of 20.47% pups in the total
postubelping population. This compares to the value of 20.L5¢ obtained
from Bigg's (1969) theoretical population of 308 westoosst harbour
peals at the closs of whelping, 'including 63 pups. The percentage of °
pups with respect to the prewhelping population would be from my data

and Bigg's data 25.7%. The valus of 32% given by Bishop {1967) for harbour

aeﬂsintmaultotuaalasemlﬂ.gh. ’

Moan Birth Dates
The mean birth date (50‘lbom)ocemedonm2hiu1970, onllay
21 in 1971 and on May 26 in 1972. Inl97(;, the birthperi?duas spraad
from approximately May 8 to June 8, or 32 days. In the following two
years, the spread was respectively from May 11 to June 7 or 28 days,
and from ¥ay 7 to June 10 or 35 days. The averages for the three years
are May 2l for the mean birth date and 31 days for the duration of the
birth period,

o (1)
Neonatal Pelage ) ¢
The difference in hean birth dates during the three years of study
was reflected by different frequencies of occurrence of lamugo in newborn

S ’

-
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pups. Flgure 28 susgests an inverse rélaticn between the percentage of
pups born with lanugo and the correspanding mean birth date. In 1571,
when there was the highest occurrence of whitedoat pups, 50% of those
born with ths lanugo, retained it for more than nine days, one individual
shedding. it only after 15 days. The leugth of the longest lamgo hair in

_8 sample obtained f;om these pups was 21 mm,

z

Neonatalm)Weigh'a and Length

The mean birth welght and mean birth lengthk in 1970, 1971 and 1972
both seen to be related to the corresponding mean birth dates asaillustrated
in Pigurs 2b and 2c, Although the differences are not significant, the
males were consistently heavier at birth (197L: 9.53 kg; 1972: 10.59 kg)
than the females (1971: 9.L9 kgs 19725 10.10 ke), and longer ab birth
(1971 75,94 om; 1972: 8,16 cm) than female pups (1971: 75.76 cms 1972:
77.27 cm). However, tbe" mean birth weight and length for 1971 differ
significantly at the 0,001 level from the corresponding values in 1972.

5
Mortality ‘
The effect of annual viriations of mean birth dates on pup mortality
prior to weaning was assessed in 1971 and 1972, The 127 mortality figure
for 1970 (Boulva, 1971) :}s consldered 133 llue ta & less complets coverage
of the ialand on that y;ear. A better survival of the pups which wers born
dater in 1972 is evident from Figure 2d. The average mortality before
weaning for ;;hgse two years is 17.2% of the total number of pups born.
Possibly due to the pups' larger mean birth size in 1972, stillbirths
accounted on that year'for 29% of the total preweaning mortality, as

compared” to only 107 in 1971, |



DISCUSSION
The grephic relations presented in these results would|benefit from
. further data, but are given hers because they may provids sowe orientation
in Puture studies of these and other seals.

The data seem to imply that in the three years of study, variations
.‘mt{:hne of implantation of the blastocyst were not reponsible for the
obssrved variations in the tims of birth. Had this besn 8o, we could baw
expected similar mean birth length and welght as well as a similar
occurrence t;f whitecoat pups, irrespective of the mean birth dates in
the three years of study. In.?taad, the later-horn pups were larger at
birth and thera were more whitecoats in 197L. It appears, rather, that
the length o gesta’d.on was longer in 1972. This of course sssumwes that
the average fet:a.l growth rate does not change from year to year.

This longer gestation time in 1972 is further supported by the

u difference of 1.85~ ert in mean birth length between the _1971 and 1972
pups. Using Bigg's (1969) graph for fetal growth of harbour seal, I
calculated an approximate prenatal growth rate of 0.40k cm per day.

At tids rate s the sl}orter 1971 pups. should have spent an average of

1.6 additional days in utero to average as large at birth as the 1972
pups, In view of the obsemd difference of five da.ys between the 1972
and 1972 mean birth dates, t}xere is here also a strong suggestion of

Jidentical mean implantatiqn dates during these two years.

What mechanism contrfbls the time of implantation with an appa~
rently high precision has yet to bo determined. Alr or sea water tem-
peratures are unlikely ég‘mmls as\they‘ﬂuctuate\ from year to year at
the time of implantation. Inconclusive exgeﬁmnts on the effect of

r .

I
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external temperatares on inplantation in the suropean badger (Meles
meles) have been reported by Notini (1948) and by Canivenc and
Bomin-Iaffargue (1933)-'Hawever, normal dates of implantation in the
marten have been modified by appropriate photo-perlod manipulation
(Pearson and Enders, 1944). A high regularity-in time of implantation
could be insured in a specles like the harbour seal by a photoperdodic
control mechanism, Such a regulatory mechanism at tima of implantation
aeems essential in this seal to reset the synchrony of the anmual cycle,
in view of its long mating season which appears to '.spread from prior whelping
to after the weaning of the pups (Yenables and Venables, 1957 and 19593
Rarrison, 1963; Boulva, personal observations), or over almost four months.
Two possible explanations are‘tsuggested for the later mean birth date
in 1972, For three consecutive years, the Sable Island harbour seals have
been, somewhat by beach traffic, disturbed during parturition. The seals
could have respended by delaying the onset of parbm:ﬂ.tion,' as observed in
lnmt;d. populationg of this species, where a delay of seven days was noted .
in two localities in Shetland, U.K., between 1962 and 1967 (Tickell, 1970);
this compares to the five day delay ohserved on &ab’ls Island between 1971
and 1972, Such a delay has also been reported in an e;sploited population
of elephant seals at South Georgia (Isws, 1956). However, the disturbance
' of the Sable Island soals started in"1970, and in 1971, the mean birth date
was earlier than on the previous year; it would have been later if the
above explanation Were correct. . ; | ”
The other explanation is a possible dependance of/ time of birthon .
.environmental conditions, in this cage air or sea wa 1 temperature. The
. latter data are not available, but mean monthly air tf ratures for Sable

¥
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Island have been obtained for May 1970, 1971 and 1972 from the Maritime
Weather Central of the Department of Enviromment o&' Canada and they are
~ompared to’ the corresponding mean birth dates on Figure 3. There seems

‘0 bs a relation botween these two variables, but again da -
wild be needed to verify its aigniﬂo:z:e. It should be red that
on a small island, alr temperatures closely fgllow the surrounding sea *

water temperatm'es.
- / ‘Finally, in view of its temporal varidtion, the high percentage of
' occurrence of whitecoat pups among the Sable Island harbour seals should
not be used as a taxonomic criter;.on, for exampla to link the Sable Island *
seal 36" Thoca ¥:\largha. The data presented here suggest that these '
Widtecoats could d§gppear completely, should the medn birth date be delayed -
) ‘increasingly in the future. Furtharmors, the lanugo of these whiteooat pups
is the same length as the prenatal lamigo -of Phoca V. rit;ha.rdi which in
. ‘tum is much shorter than the 30 mm long lanugo of P. v. largha
| (stuts, 1966). - ~

1
< - +
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