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14 INTRODUCTION

Harn seals, 2haca zroenlandicas in the northwest
Alantlc axive birth to tfelr youny on pack ice in the Gult of

Ste Lawrence and on the fFront off Newfoundland in late

February and early 4urcﬁ. At birth pups lack a substantilal:
blubber layer bgt thlis gapidly develops. Within hours, the
pup berins nursing on miflk which contains approximately 23%
llpli.‘ Fat content in tihhe milk increases ateadily to more

than 40% (Laviane gt aldy 1981) durina the lactation period
which lasts about Y day+f (Stewart & Lavigne, 1Ys0)e. Total
hody weight incresses rdapidly with the pup caininag
approximately 2¢35 kdZe peir duys 1«9 kye of which is
sub=cutaneous fat (Stewalrt & Lavimne, LY80)e At weaning the
pup, now about 33 kgy ilsf left to fend for itselt (Stewart &
Lavi=zne, 1930). Woultlnb occurs soon ufter weaning and s

uﬁually‘completed withinia few days (Stewart, perse comme)e

This moult reduces the passive insulation afforded by the

lanuzo (Frisch & Orltslu%d. 1963) and reduces the pup's

b
4

ability to utillze solariradiation as an external heat
source (Oritsleand, 1970;430citsland € Konald, 1973).

The moulted pup, orijheater, soun enters the watere. To
+

feedy the beater, which gay have already fasted several days

before entering the vate‘} must develoup lté swimming and

ki
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diving abilitles and learn to fo;aaeo This period of
learning to cope with the .aquatic¢c environment is initially a
period of negative eneryy balance and iIs probably one of the

most critical periods in the Life of a harp seale.

{t . has been previously assumed that harp seal pups rely
on the blubber layer as an energy source during fastinu.
The lidhtness andd h[qh‘enérny‘vleld relative tq carbohydrate
or protein makes it the favoured storape form of potenttal
eneray. in moﬂ"idnmali# ‘nother signiticant use of fat in
marine mammals ls as a thermal insulatore In a medium such
asq watery which transports heat away from the body twenty
times as fast as alr (Hart & Flsher, labéjoletfectlve
insulation is espacially neccssarQ. in Aurp geals, it
appears that the insulation ia critical slﬁce pos t-weaning
harp seal pups lnse weiuht trom the core as opposed to ttre
sculp (Stewart ¢ Lavizne, 1980). The objective of the
bresent Study was to lnvesflgate in greater depth the
response3 of beaters to fasting and their ability to recover

and grow when feeding becinse

2., MATERIALS AND METHODS

fwenty male harp seal pups, all in the early
ragued=_jacket aze category (Stewart t Lavigne 1980), were
collected by helicopter from the pack lce in the Gult of Ste
Lawrence on 17 March 1Y9R0. These animals 'fre flown to
Charlottetown, P.E.les und then transported to Guelph,
uﬁturlo by trucke Three additional animals were sampled in
the field on 17 March to provide a referepce point for

subsequent changes in morphometricse.

The animals arrived in Guelph on 20 March and were
welighea and tagzed tor fufure itentification. dlood samples
were taken for rout&n; examinution of hom¢folp%y ana blood
chemistry . The monitoring of blood levels of circulating
enzymes and metaholltc§. as well ag routine hematology lé an
indespensible part of maintaining animals in cuptlvlt;

(Hunter & dudin 1476, Englehardt 137Y, Ueraci gt al. 187%).
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in the oricinal experimental design, nine animals were
randonly selected to be fasted while the remaining eleven
were to be oftered fouode Two salt water tankhs, at 10 C,
were used tor each treatmenty and the animals within each

treatment wvere randomly assigned.

One corollary of Murphy®s Law states thut in & carefully
designed behavioural experiment; the well-tralned animal
does as it damn well pleases. [t followsy tﬁen. that several
seals in the present study had thele own ideas ubou¥
experimental desli4ne A number of animals assligned to the
tre;tment recelvinu'food re fused to eat, and this
necessl tated changes in the experimental protocol as the

experiment progressed.

Four treatments were eventually examinedo One group was
force-fusted for the duration of the study and three groups
were of fered, and accepted, food after differing durations
of fastinge The 'ted' uroup conslétéa of tlye anpimals which

were fasted for a period of 8 days prigr to helng offered

foode Recuvery usroup | consisted of three animals: two of
which bégan teeJlng after belnga force—(astéd for a period of
29 davs and one of which self-tasted }or 2% days before
bexinning to eates Recovery group 2 consisted of three
animals: one of which refused food for .J6 days , another
which refusci fonil for 44 daysy, end a third which was
force-ftasted for 29 days and then refused food for a further

15 dayse.

Food consis3ted of whole Pacific herring, Sluges nalasi
which was fnfltially cut into 25 ¢m plot:e.s, unce snimals
were feedlng regularly, vitamin and mineralisupplements were
tncluded as vart of the diet (Table ). Since the animals
vere in salt water, no NaCl supplements were givene Animals
wvere nf}ered a known weight of ftood twice dally. If an
animal did not eat all of the fish oiferedy, the remnants
vere weivhed and subtracted from the weekly total intake

record (Table 2) and discarded.
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"Each week, all anlimals vere weighed and blubber thickness
measured at 4 points along the mid-dorsum using an
ul tra~sonilc depth detector (Scanoprobe, [thaco;, Ithaca, New

York)e

Physical and chemical bleood properties were m;nltored
veekly throukhout the study to provide an indlcaticn of the
general 'health' of the animalse All blood snﬁplea vare
taken from the hind venous plexus of reuiralnud animels
using & V¢cgtuincr assehbly (Becton Dickinsun and Coaoey
Canaday Ltdey Clarkson, 6utarlo). Rloud was placed in
K=EDFA (potassiim ethylene diamine tetra—=acetic acid) and
Li-heparin tubes for routlne hematology and sodium and
votussium determinations and lnté serum tubes for blood
chemistrye. Samples for determination of blood glucose vere
placed in serum tubes containini sodium fluoride. All
tubesy except the K-EDTA tubes, were pentftfuged within one
hour of samplinz and the derum or plasma removed to dery ice
tfor future analyqls.‘rhe K=FDTA tubes were stored at 5 C and
the hematolory analydes vere portormed within J days ot

wampling (Geracl Y Englehardt 1974).

Packed cell volume (PCV) was obtauined usinu the
micro-hematocrit techniyue (Simmons 1976). Red and white
bluod cell counts were done electronically (Coulter Counter)
using "[soton' to dilute the saaple (Coulter Flectronics
Incy Hialeahy, Florida). *ZLaponin?® (Coulter Electrunics
Iince) was used to produce erythrocytolysis to facilitate
white cell counts, and for hemoglobin determinatione
Hemozlobin was measured on a Hemoglobinometer (Coul ter
Electronics Ince )o Mean cell volume (MCV), mean cell
hemoglobin (MCH), and mean curpuscular hemoglobin content
{MCHC) were calculated from the RVBC county, hematecrit and
‘hemoxzlobin values (Simwons 1976). Sodium und potassium
levels were measured on.a flame spectrophotoweter
(Radiometery, Copenhaxen) using heparinjzed plasmas Total

protein and blood glucose were measured using colorimetric
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techniques as outlined in technical bulletin noe®s 540 and
113 revupectively (Sitma Chemical Coey Ste Louisde Se rum
levels of calclumy phosphorus, blood urea nitrogen (HUND,
urlc acid, serum 3jlutamic = pyruvic transaminase ( SGPT),
serumn ~lutamic oxalg - dcqtlc transaminase ( SGOT),; lactate
dehydrocenase (LDH), creatinine phosphokinase (CPK),
alkaline phusphatase (ulke phoSe. )y, and creatinine leve}s
were measured on an auto-analyzer (KCA, American Monitory
‘Indianopolis; Ontario Veterinary Collegey, University of

Suelph)e.

At bl~weekly intervals, three animals; two fasted and
one ted, were selected at random for carcass analysis. At
this time all routine morphometrics were obtaulned (American
Society of Mammaloglists 1967)s (n addition blubber thickness
wvas measured at (U locations with the ultra-sonic depth
detector (4 mid-dorsally, 4 mid-ventrally and 2 laterally)s
These animals were usculped in sealing tradition to obtain
gsculp welaghts (welpght of skin with blubber attached) and
core weilghts, which were comparable with results obtained in
the fieldo Core veight was further divided intuv welght of

viscera and weight of the remainder of the carcasse.

Percen tage moisture was determlnedktor_the carcuss and
viscera by comparing the weluht of a ground and homogenized

freeze—~dried sample with its vet welghte

Coincident with the laboratory study, beaters were also
gum“(ed in the area of White Nay, Newfoundland on the lona
Liner, Cln.dy LElizabeth, fr&m 14 t& 23 Aprit 1650 (n = 1€y
and from Y to 20 day 1930 (n = 70)s Nust o0of these animals
were shoet in the watery, but sSume were shot on ilcee Total
hbody weight was neasured lumedieately to the neuarest
kilouramy, uncorrected for blood loss due to the bullet
‘wound., .During the first trip, standard morphometsic
measurements were taken from all specimens within 2 hours of
deathe Un the second frip this was also wenerally the casey

‘but on one occasion some animals were killed late vne day
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and could not be measured until the next day. in tﬁs tiald,
only the sl;ndurd sunraxyphysial blubber tﬁlckness
measurement was obtaineds Two intact carcasses, obtained
between‘lJ and iﬁ May 1930, were analyzed in the same manner

as the experimental animals described abovee

3. RESULTS

Jet GROWTH

Three animals sampled Jduring the collectioun ot the
experimental animals on 17 March weighed 33.80 1653 ( SeDo)
K;- On arrival In Guelphy, mean weight of the remainlng 2C
animals was 3214 Je28 kagy declinineg to 28.01 Jo.03 ke after
seven days in captivitye. This weight change amounted to a
decrease of 3.5 k= over seven days or 0.3 ke per daye If
this rate iIs used to extrapolate mean ;eignt at capture
theee days prior to arrival, the result is vlJ.64 kgy or
similar to that obtained for the three animals sampled at’
that time. lhese body welahts are witbln the confidence
intervals for both greycunt and raaued-%ackct age cateygorlies
(Stewart O Lavigne 1930) and suggest that aue ot capture wasg

about 12 days post-=partume

Growth of individuals in the four treatment groups is
summarized in Fige 1. Also shown are data from beaters
sampled on the Frunt between 14 and 23 April and Y and 20
May 19RU. The flield data are not siunificantly different ( P

= 0s05) from the non-feeding study animals at age 33 days

. (April 18) and recovery <roup 2 animals at age 7l days (May

i4), using Flsher's (protected) LSD procedure (Kleinbaum &

Kupper 18978).

An analysid of covariance ot weight versus age with
weiaht on arrival In Guel )h us the couvartate;, was performed
on the four treatment groups (Fige 2) (Statistical Analysis
Systemy verson 73.33 seneral linear models procedure).

Fisher’s (protected) L3D procedure (P = U.05) was used to
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test tor siunificant dltfereﬂces between treatments at each
ages At age 22 Aays, there were no significant differences
( P = 0eU3) between any of the treatments. The fed® erocup
was of fered food starting at this time and by age 36 days
there was a siunlflcmﬁt diftference hetween the %ted?® group
and the three other 3;oups thut were all fastin2 at that
time ( P < 0.05)e A seek atter food was introduced to
recovery croup | {age S50 days)y, the group was significantly
heavier than the two non-teealnn groups, but remained
sluanificantly Uighter than the *fad?® group ( P < 0.03).
Recovefy sroup 2 was siénlrkéantty heavier than fasted
seals, seven days (Qie 64 days) after It started feedinag ( P
< 0sU3)e Alse by aue 64 da&s. the uniwals of cecovery mgroup
i were not sicni ficantly different from the °fed’ mroupe Ry
age 73 daysy, there was no siunificant dlifference between the
two recovery aroups; althoupgh recovery group 2‘vas stitl
significantly lighter than the ‘fed? group ( P < 0.05)y and
all three feveding uroups were significantly heavier than the

‘fasted® group ( P < 0.05).

To compare the growth retes of the different feeding

groups. an analysis of covariance was done on weight versus

days after initial feeding, with welght at the cowmmencement
of feedinm as the cnvariate. Araln Fisher’s (protected) LSD
procedure ( P = Yo0)3) was used to test for §Lunificuht

di fferences between treutments‘(Flun J)e At L4, 21, and I35
fays after the commencement of feedlng, there vere no
Siunificant differences between the three feeding 2Zroups {( P
€ Q¢S )e There were, however, slgnificant dif ferences
between the two recovery gzZroups and the °fed’ zroup at 7 and
2% days post coamencement of feeding ( L € 0.03)s The
rdjusted mean wel tht of the *fed® vroup was always lower
than the adjusted mean weithts of the two recovery groups

(Fige J)e

letal weight of field beaters ranged from 16 to 33 kg in

Anril and trom 16 to 32 kg in Maye. The dlutribution of trese
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animals, with respect to totul weluht, did not chanwme
apprecliably hbetween asamples (Fige 1)o Fxperimental fastina

animals at same J6 days had total welghts between 20 and 214

ks ehile fed aniaals were between 25 and 29 hg. In contrast

the 'fasted’! group anlmals at age 71 days ranged from 15 to
194 kizy recovery group 2 animals were 20 to 24 kgo and
animals in both the °fed' group and recovery uroup | were

>30 Ko

The "ted? and ‘fasted’ groups and fleld animals were
also compared with respect to core weight, sculp weight and

total weight (Fize 5)¢ 4Yean core, sculp, and total welghts

of the animals sampled in the field were intermediate to fed
andlfuatinu aninals at age <J days (April 13)e At age 71
days mean sculp wel ght was slmilar but mean core and total
welghts werce higher In the field and 'ted® groups than in
the *fasted’ group (Fige S)e Due to the small numbers of
experimental animals involved, no tests of signiflcance were
performed on these datae Dlstribution ;f séulp welzhts for
April and May field beaters indicated a trend to a lighter

sculp (Fige 4)e The distributions of core wélghts remained

unchanaed (Fiuwe 4)e

Core welzht of the fasting animals declined 58% bhetween
the arevcoat stage (age Y9 days) and age‘43 days (Flue 5)3
from this point on core weight ( now appruximétely 8 kg) did
not change appreclably and approximated core weight of
newborn animals (Stewart & Lavigne IQHO). Percentage water
of the carcass and viicera did not chanse over the ént&re
study period (Fige 6 )e Sculp welyht 0f the fanting animels
declined to 50% of the urayc&at atace sculp velght by age 2Y-
daySe The welght of the viscera as a percentage of total
weight remained constant, but when carcass and sculp welghts
were expressed us a percentage of total welght there vas a
dramatic change in percentages hetween age 37 and 71 Jays
(Fige 7)e Up to age 57 days the sculp co@prlsed

approximately 33% of total -elzht and the carcass J}4%. After
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age 57 days, the wculp comprised approximately 46% of the

totalo

lnvun{malﬂ which were feediny, there was also an initial
lecl(ne in sculp welght (Fiue S) but after day <43 sculp
weiocht remained quite constante Core welzht of the feedinu
animals increased over time (Flz. 5)°‘ Sculp weight as a
percentage of total weight declined due to an increase in
core size and weight (Fige 7 tn a recovery groub i enimal
killed at aue 71 days vwhich had been feedlng since ape 44
days, the sculp comprised only 39.1% of the total welaght

(Fize 7)o

J.2 CHANGES IN BLUBBER IHICKNESS

The Scanoprobe’s accuracy and precision in measuring
blubber thickness was checked whenever animals were killed
by comparine with the standard €leld measurvument technique
(Americun Socliety of Mammalouists 1Y67)e Accuracy wawx

determined to be =lecl 2.2 mm ( Y5% Colo e

A covariate analysis of blubber thickness at each of the
four points monitored, using initial thickness as the
covarjiatey, and 3ubsequent comparison of adjusted means uslng
Fisher“s ( prutected) LSD procedure { P = 0.05), re;ealed
very few significant differences between treatuwents {(Flge
3)e The °fasted' group exhibited the largest decline in
blubber thickness at all four points, whereas the ?fed?®
group mainteined blubber thicknesse The two recovery
groups, especially recovefy,uroup 2, continued to show
declines ln blubher thlckness even after the onset of

feedlinge

Hlubber thlcknegsses obteined from fleld bevaters showed a
decline in mean thickness from Jl.0 SeU mm ( SeDo) in
mid=April to 26e¢3 $¢7 mn in mid-May. The distribution of
blubber thlcknesses indicated a definite tread to a thinner

blubber layer over time (Fige 4)o




=10 -
Jeo3 CHANGES IN BLQOD PARAMEIERS

Red and white cell numhers, hemoglobin and PCV pemalned
constant throuszhout the wtudy, regar&less of treatment
(Table J)e There lso yere.no sianiflcant differences
betveen treatmentd with respect t6 MCVy MCH or ¥CHC ( Table

J)e

In monitorinz the levels of creatinlne, BUNy, uric aclid
Qnd total Protelnsq no slunificant differences were noted (
P < VUe05) (Table 4)o Levels of uric acid of the non-feeding
animals often appeared higher than those o0i feeding animals
bu&faualn‘thege differences were not siunificant { p <

003,

The values of blood ;lucose also showed no significant
di fferences hetween treatmentis at any polnt in the'study ( p
< UedS)e The levels did show a decline over the initial
}hree wesks of the atudy, from a mean of 1731 mua/dl to a

level fluctuating around 150 mg/dl (Fige 9Y)o

Levels of sodium and potassium showed no siuniflcant
difterences between the four treatments (Table d)e In
contrast, howevar, the level of blood calcéium in the
Tfasted? uproup appeared to be reluted to the feeding regime,
with levels in the non-teeding animals siwgniticantly ( P <
0e05) Lower than thuse of the feeding ﬂnimuls (Fige 10)o
* The same relationship was noted for blood phosphorus levels,
althouzh not statistically simnificant ( p < 0-05}); the
levels of the 'fasted' «<roup animals were approximately 50%

of the fteeding animals at ame I35 days (Fiue LU

Alkaline phosphatase (alke phoses) levels In the teeding
animals remained constant, wvhereas those of the non-feeding
animals declined signiticantly ( P < 0eU3) (Flge 11)o When
animals commenced feeding glk. phose. levels rose into the

same range of levels as feedlng animalss

SGOUT shoved 3lanificant differences between treatments
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at aze 4J) days and hetween aues 57 and 35 days, with the
tted'" group always having the highest value ( P < 0.05)
(Fluo‘IZJ. SGPT also appeared to be related to feeding
activity. SGPT la;aln wvere alvays lower In the non-feedling
animals and increased upon 60mm;nccmont of feeding ( P <
0.05) (Fige 12)e CPK showed some slgnificant differences ( £
€ 0.05) (Fige 11), with the ‘fed’ group always having the

-

hirchest valuese. qagaln; there was an increase in the Level

of CPK with the commencement of feedinge

3.4 ENERGX IMTYAKE YERSUS GRQFIB

EFnergy intake was calculated by multiplying the welght
(2m) of fish insested over a one week pertiod by 2.6 kcal/um
(Lavigne 2t ale 1976y Keiver perss commnede This enerygy
intake was used to calculate assimilated energy by allowina
a fecal enerayFIUSR of 10% (of Intuke) and a urinacy enersy
loss of 3% (ot Intake) (Phillipson 1066, Lavigne g% ale.
1976)e Energy requirements for malntenance were estimated
usinz alelber?s equation (Kleiber (Y75, Gallivan thia
volume ):

0.7S
M= T0 W (1)

wh?re M is basal metabolic rate (kcal day ) and ¥ 1s body
welght in ke at the beglinning of the weeko Multiplication by
7 provided an estimate of BMR in kcal week ( Table 2).
This wus then Jdoubled fn account for the hivher metabolic
mctivlty of a young animal (RBrody 1945, Moen 1573, Kleiber

1975 ).

The difference between eneryy available (ussimilated
eneray ) (kcal) and the estimate of energy required (kcal)
vas plotted agalnst weiuht change (kg) (Fige 1J) and used to
obtain the nfedlction equation:

‘(eneruy availtl e= energy Eeq-)=4903168(wt- change)*1334.45 (2)

2 .
R 2 8153
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The inversejy or x on y, equatlon was?

weinht change = Ne.UUV02U(eneruy avalloe= enercy regs)=0e27 (3)

2
R = R1.53

4. D[SCUSSION

’At birth, newboarn harp seal pups are exposed to weather
conditions that are often &evere. Superficlally they would
apoear to be poorly adapted for survival with very little.
iqsulatlnu blubber present and a pelage that is a poor
insulator when wet (Blix gt al. 1975y Frisch & Oritsland
1968)s In reality, pups are able to compensate for the lack
of insulation during the tirst few day; of lifey, throueh
shivering thermogenesis and the utilizatlon of bprown fat
deposits beneuth the skin and in assoclatlop with venous
plexuses (Grav gt alo- 1372, Blix gt ale 1975)e Deposition
of the blubber layer i3 rapid with the onset of nursing

(Stewart € Laviagne 1980).

Weaning for the harp seal pup, unllké kﬁnt for most
mammals, i3 quite abrupt. The mother does not usually
initlate the pup into the water nor does she teach it to
swim or foragee Soon after weanling, moulting occurs and the
pup iIs generally forced into the water by the break—-up of

the pack idcee.

At this time the pup must contend with the thermal
properties.uf water in order to thermorcgulates. The thermal
conductance ol water i3 more than 20 tiﬁes that of ale (Hart
S Fisher 1Y64), meaninz in simole terms that heat
potentially will: be lost from the body at a much greater
rates The animal can compensate for this by having a
wel?-develoued insulative layery or by increasing its heat
production markedlyeo Harp seal pups enter the water with a
blubhgr Layer which is 4 to 5 cm thick and prelialnary
evidence suaucsted that priority was given to maintalnlinaz

this blubber layers. Stewart Y Lavigne (1980) reportecd trat
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‘beaters shéved a 10% decline in sculp velghf and a 33%
decline in core welght between the areycoat stage (age 9
days) and axe 30 dayse The results of the present 3tudy
_ahéued gimilar velght declines over the same perlode. Since
vater content of the core does not change appreclably, a
preferential useage of core material as en enerygy source i3
indicateds Genrge gt gl; {1971) have shown  that ;dulQ harp :
seal muscle has a low fat content and it has therefore been ‘
suguested that the prime source of eneray in these fasting
seals may be proteln (S(o'art‘s Lavigne 1980, Balley at ale
1980). From age J0 days until age 43 days (days 15-28 of
the tast), the animal continues to utilize core tissues

until the core approocheg lt; silze at birtho Durlag this
perlod, the sculp welght to body welght ratlc remalns

constante Blubber and core during this time are actually

used in a ratio which prevents the rapld depletion of
either, thus allowing the maintenance of an effective
insulative layer and at the same tiwe prolonging the useage
of the core musculature as an energy Sourcee By ace 57 days
(day 42 of the fast) the sculp weight to body welght ratio
changes, with the sculp cumprising less of the total body
welghto From axge 57 days on, the sculp was used
preferentlully. Since fat alone cannot support Life, at

least some core proteilns must still be utilizeds

There were no significant differences in blubber
thickness between any-ot the treatments until after age 49
dayse After this agey the 'fasted'! group exhibited a more
rapid decl ine in blubber thickness than did any of the other
three treatments, indicating a more extensive utilization of
blubber reservess The two recovery groups did not
demonstrate lncreases in blubber thickness after feeding
commenced, possibly indicating that the blubber present was
sufficleot to maintain theruoneutrﬁll%y in water. Gallivan ;
(1977) has, in fact, shown that temperatures between l.& and

282 C are within the thermoneutral zone of adult herp eeals
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in water.. lrving € Hart (1957) found no metabolic increasse
at 0 C in harp seals weighing 33.0-41.7 ke They did find
that the lower critical temperature of 4 h;rbour seals (
Phoca yituling) was 10 Cy and that in one -xtrcno}y thin
harbour seal the lower critical temperature was elevated to

20 Co Skin temperatures of fasted animals in Cthis study

reflected water temperature and rectal temperdturea were An
the normal ranage (335 to 37 C) ( Worthy unpuble. observe,
Gallivan = Ponald 1973) indicatine the presence of effective

insulatione.

The ueneral sequence of events in starvinz mammals
usunlly,lnvolvess (1) a depletion ut,uiycouen reserves in
the liver (1=-2 days lﬁto the fust) H (2)‘utillzut;un of core
proteins aé mluconaveenic precursers (tirst wveek of the
fast); (J) decreasing useage of nlucose as an enercy source
by tissues, excent the central nervous system and red hlood
cellyy, und increasing ketusis lndicating extensive tat
mobilization concommittant with decreasing g2rotein depletion
(J=~4 days and onward); and (4) when the‘trlsc&lglycerol
SQDply has been consumed, the final depletion of coure
proteins (Cahill 1978). Harp seal beaters during the
post-weanineg fast appear to follow this peneral segquence of
events, but_the duration of each stage difterse. Stage (2),
the utilization of core proteins, appears to last 6 weeks
rutheﬁ than l.week. Also, stage (4)y the final depletion of
core proteins may be rénched before all'ot the blubber is

consumed; because of the requirement of the blubber four

t :
itnsulatione !

Harp seul beaters, which are In u@ environment where
heat retention is critical to sSurvival, must malqtnln heat
balance either by mailntalning their Insulative byuhher layer
o; by increasing thelr metabolic rate. An increased
metabolic rate causes increased depletion of energy‘s'ures
aﬁd ;otentially increased heat Lloss. in reality these seals

atteapt to maintain their insulative layer, makinge the
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enerzy stored in the blubber generally unavellable to the
animal f&r energy, until the depletion of protelins becomes
critical. It appears that, at lLeast for the initial 4U-=S0
days of the la;t' beaters should not be lcoked upon as
animals with very large fat stores but as anlmals tﬁat are
actually quite lean, with a very effective insulative layer
around thems It is quitelfeasible that protein will be
irreparably depleted before all of the tat stores can be
usedy andy in facty, one animal which apparently died of
starvation on da? 5¢ of the fast, still had 1.7 cm of

blubber remalning.

Other lﬁvestlgatlwns indicate that protein may actually

‘be extensively utilized during fasting in several species of

animals not only to meet engrgy demands but also water
requlrements. Fastinz bottlenosed delphins, ITugsliops
truncatusy and Paclfic white-sided dolphins, Lageporbhynchus
nnligulﬁgng. lose muscle as fast as body fat and apparently
meet their glucose requirements from protein ( Ridgeway
1972). Fasting willow grouse, Lagopus Legopus, obtain 40% of
their energetic requirements from protein breakdown
{Grammeltvedt 1978) Animals that maintain bloed glucose

levels by utilizing protein as a precursor or alternatively

using protein directly as an ¢energy source, musat rid their
body ot nitrouenous wastese. Thiai can resgult In marked water
lossess The seals in this study 114 not becume dehydrated us
3hown by the maintenance of a normal PCYV, as well as
maintenance of water levels in the carcass and viscerae
Since fastinz sSeals have been Shown not to drink sSea-water
{(Depocas gt al. 1971)y these seals must be able to derlive
suff;cient water metabolically and from free water in the

tigsuese. -

Bintz gt ale (1979) found that thin Richardson®s
ground squirrels, Spermophilus plchaxdsonls, when starved,
ca tabol lzed skeletal muscle tissue preferentially. Starved,

vater-deprived KRichardson's mround squirrels catabolized
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even ureater quantities of skeletal muscle and recycled
ﬁltrouen to cunserve some of tha water thaf would be
required to cléar nitrogenous wastes (Bintz and Mackin

1979).

Musc}e tissuey belng approximately 72% water in both

feeding and }astlng animals (Worthy unpubl, results)o could
then serve not only as an energy source but as a source of
oreformad waters The catabolism of ﬁluhber. which resﬁlts in
1.07 x of water/x of fat cnfnboiized-(?roﬁner and Rrovwn
{961)y would also provide metabolic water. Thus 1t appsars
that these'f;éting'ségléAmafntaLn water balance and meet
caloric requirements by metabolizing blubber and core in &

ru§1o which prevents the rapld depletion of elthero

Several animals which were offered fouod staurting 8 days
atter their arrival in Guelph refused to eato Three of trese
aniwals eventunlfy st;rtéd feeding on thelr own; one after
2Y days of tustinzg, one after J6 days aud the other atter 44
dayse Another animal was force-fusted for 2Y days and fren‘
oftered foods This animal refused tood for another {5 dayso.
These animals pu3se an interesting question - why would trey
fast in the presence of food and other anlmals which were

feeding and what prompted them to start feeding?

Rrodie t Paache (in press) commented that a seal under
fasting cuonditions would not consume its propulsive tissue
to the point of eliminating Lte etfectiveness as a predatore
Qua;itative observations of fasted animals in this study did
not indicate a decline In seimming abillity, either in speed
or agilitys even In the final days of the studye These
animals did have difficulty in moving when on the haul=out,
but ﬂw;m as fast and as freguently as fed animals. The
occurrence of a large number of beutérs in the wild (up to
157% of the total number of unimals sampled in May) which
welghed Lless than 2) kuz Indicates that lndeed these smaller
a;luulu elso exist In naturees The ability of recovery group

animals to Increase in size rapldly upon commencement of
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feedingy, and the apparent lack of interest in food in scme
seals until thls weight range was reached, show®s that

animals of this =size are also qulte capable of recovering.

The rgcup?ratlve pavers af youns harp seals, once
feedinr does cnhﬁence. are impressivee. Qithln 4 weehsy,
recovery sroup I 3eals were not gicnificantly different in
total body weizht from anlmals which had been fteeding for Y
weekse Animals of recovery group 2 alsgso showed s rapld galn
of welizht snd by aie 7% days were not siunificantly
different from Eecovery Zroup 1 unlﬁ&ls«' Reaters sampled iIn
the wild during Aoril appearéd teo be in a condition similar
to non=feeding aniﬁﬂls uf this studye. Animals sampled in the
fleld during May reasembled the recovery group 2 animalse
This possibly indicates that the flelq beaters had started
teedihg durinz the preceeding two weeks; at about the same

time aa self-fasting seals of this astudy (Fige 2)e

" Rates of welght';aﬂnibf the two recovery groups were
vl;'gally identical, and:Q;ne always higher ( thouuzh not
A}Q&;s slgnif{cunfﬂy,) (hAhvfhe ffed' groupe There is some
lndic¢(ionb?ﬁuf there may bé“compenuntury #rowth, le
increased efficiency in food utilizationy, but this reguires

fuéfher investigatione

3lood analyses indlicated that perhaps fasting seals can
:maintaln homeostasis until they ure very near to dylng from
starvation. For most blood parameters, fasting seals in
this study maintalnedbtheir levels similer to other phoclids,
ex;npllfyinn this ability (Worthy £ Lavigne in prepne.)o.

Declines were noted in levels of calcium and phosphorus in

fasting seal’s over the Jduraution of the fast, consl4tent with
the etfects of long term fastinug (Worthy % Laviane, in
ur;n'u.). alke phose levels declined in the nun=fewding
animalsy considstont with observed trends in sheep ( Healey

1974) and chickens .(McDaniel and Oémpséy 1962 ), but

i

4 .
increased upon commencement of feeding, as dld SGPT, SCCT
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s ,
and CPK levels {which remained low in non-feeding snimals)

(Worthy ©© Laviusne in prep®nel.

The difference hetveén ussléilutéd energy and encrgy
ruauired‘by the anlm;l.‘if positive, ia that which is
available for zro;th-'lt.thﬂg.dllferance is nepative,. tre
animal loses weliht as It draws on its eneruy stores. The
equation that was developed relating this dlfferenc§ to
veight channe_(equatlon J) eﬁgbles calculation of the
minimum caloric Intake which will malntain body welght (or
the basal ene rqy requirement Je This equation could he used

to predict foud Intake required, and perhaps to calculate

food consumption for beaters (of known biomass) In the wild.-
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Table 2: The food intake, calculated caloric

observed weight change and the energy requirement
Kleiber) on a weekly basis for all animals that eventually-
did feed. Blank cells occur after an animal was sacrificed.,
Dashed lines refer to a week with no intake of food.

(1) fed group animal

(2

intake,

X

(2) recovery group 1 animal
(3) recovery group 2 animal
ACE ! ) 281 782 786 787 789 790 792 794 795 795 797
3) () (2) (1) 1) (1) 1) () (1) 6)) 1)
29 | food intake (gm) - - - - 200f 4615] 5255 - 3870} 3970 4155
caloric intake (kcal) - - - - 520] 11999 13653 - 10322} 10322| 10803
weight change (kg) °2.15) <1.65| -1.15} -1.35| -2.00 0 +0.40| -1.95] -C.60] -G.70| -0.25
predicted caloric requirement (kcal)| 12404 | 124841 12718 11976 10253 12294 13344 ) 12342 10090 | 11636 12404
36 | food intake (qm) - - - - - 8760 - 7885| 7383| 8769
caloriy intake (kcal) - - - - - 22776 - 20301 | 20301 22776
weight change (kg) =1.50 | -2.50| -2.50| ~1.40} -0.85| +2.10 =2.30] +1.10| +1.90| +0.50
predicted caloric requirement (kcal)| 12246 | 11688 11938 11526 99721 12952 11608 | 10460 | 12252 12420
43 | food intake (gm.)' - - - - - 10000 - 10000 | 10CO0| 1C0CO
caloric intake (kcal) T - - - - - 26000 - 26000 | 2€CC0| 25000
weight change {kg) ©3.75{ -2.15f -2.50] -1.80| -2.55| +2.50 =2.00] +0.25( +2.20] +0.95
predicted caloric requirement (kcal)| 11038 | 10990 | 11446 10940 8496 | 13722 10956 | 10344 | 12952} 12718
3 T
50 | food intake (gm) - 8965| 8265 - - 72501 9260) 9260| 14150
caloric intake (kcal) - 23309 | 21489 - - 18850 ) 24076 | 24075 36790
weight change. (kg) ’ =1.75 | +2.40| +2.65| -1.35) -1.50 +2.60| +0.15] -0.25| +2.25
predicted caioric requirement 10460 | 11768 | 12296 10496 | 8344 11800 10592 | 12874 13416
57 | food intake (zm) - 13250 | 14995 - 5600 11000 12000 13000
caloric ‘tntake (kecal) - 34450 38987 - 16560 28600 | 31200 . 33800
weight change (kz) =1.85]| +3.75] +3.40| -0.50{ +0.40 +2.15| +2.35 +2.40
predicted caloric requirement (kcal)| 9836 | 12952 13354 | 10666 | 8705 12484 | 11364 14143
64 | food intake (gm) 1300 | 11100 11100 10100 | 13000 13000 UOQ’O 13200
caloric intake (kcal) 3380 | 28860 28360 | 26200 | 33800 33800 33860 34320
weight change (kg) ~1.15 | 40.20| +0.30( +1.40 | +2.10 +2.50] +2.85 l.55
predicted caloric requirement G442 | 13014 13446 | 11120) 9440 13262 12278 1612
71 | food {ntake (gm) 10750 | 12600 | 12000 { 12009 | 11020 11000 | 11000 10750
caloric intake (kcal) 27950 | 31200 | 31200 | 31200 | 236C0 28600 | 23600 279592
weight change (k3) +2.10 { +2.10| +2.90 ) «2.45 | +1.50 +1.10) +1.35 +9.90
predicted caloric requirezent (kcal)| 10158 | 13662 | 14326 | 11912 ] $954 13600 | 12706 16380
" 78 | food tntake (gm) 12430 | 12357 12807 { 13000 13000 | 13000 12730
caloric tntake (keal) 32318 | 32318 33298 | 33800 33800 | 33800 33098
weight change (kg) +4.00 | +1.30 +3.10 | +1.60 +1.83| +0.75 +0.15
predicted caloric requirement (keal)| 11473 | 12056 12890 | 10456 14162 | 12936 16924
83 |food tntake (gm) 12000 { 12000 12000 | 12000 12000 | 12000 12000
caloric tncake (kcal) 31200 | 31200 31200 | 31200 31200 § 31200 31206
veight change (kg) +2.20) +1.90 +1.95 [+1.63 +1.05] +2.30 -0.29%
predicted caloric requirement (kcal)| 12184 | 14628 13496 | 11038 164787 13646 14330
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Table 3: The mean ( + S.D.) .and range for the pooled data
for packed cell volume (PCV), hemoglobin (HMG), red cell
count (RBC), white cell count (WBC), mean cell volume (MCV),
mean cell hemoglobin (MCH), and mean corpuscular hemoglobin
content (MCHC). Reported normal values are shown.

Observed Reported

Units n X + S.D. Range Range Source

RBC = (10 /mm ) 158 . 5.2 + 0.56 4.0.- 6.9 3.8 - 6.9 1,2,3,4
WBC  (/mm ) 158 10976 + 3974 3892 - 26104 3800 - 37565 1,2,3,4
HMG (g/dl) ‘158 20.0 + 1.92 15.4 - 24.1 15.8 - 28.8 1,34
PCV (%) 158 54.8 + 4.6 42.5 - 68.0 38.5 - 68.0 1,3,4
MCV (L h 158 106.0 + 11.3 77.5 = 1uiﬂ3 88.0 - 139.0 1,4
MCH () 158 38.7 + 4.8 28.5 - 54.8 30.0 - 56.0 1,4
MCHC (%) 158 36.6 + 2.0 33.1 - 43.2 33.0 - 47.0 1,4

1. Geraei, 1971, eens. ceeesss PUpPS up to 6 months old
2. Englehardt, 1979. ........ 3 month old pups
3. Ronald et gl.v 1969 ... captive young animals
4. Ronald et al. in press . pups up to 2 months old

Table u; The mean ( + S.D.) and range for the pooled data

Tor sodium, potassium, total proteins, creatinine, blood

urea nitrogen (BUN), wuric acid and lactate dehydrogenase

(LDH). Reported normal values are shown.

.Observed ~ Reported .

‘ Units n X + S.D. Range Range Ref .’
gggziins (mg/dl) 145 5.5 + 0. 46 4.1 - 6.8 5.5 = 7.9 1,2?"
BUN (mg/dl) 139 38.8 + 11.7 15.9 = 71.5 20 - 69 1,3
Uric Acid (mg(dl) 139 1.3 +0.39 0.5 - 2.8 0.3 - 2.6 1,3
Creatinine (mg/dl) 139 0.9 + 0.26 0.3 = 1.5 te1 = 1.7 1,4
LDH (IU/1) 139 159 + 47.4 57 - 294 134 - 187 1,4
Sodium (mEq/1) 159 153.5 + 8.1 135 =166 140 - 161 1,2
Potassium (mEq/1) 159 3.8 + 0.42 2.7 - 4.8 3.3 - 6.1 1,2

1. Geraci, 1970. .cceovccas ... captive adults
2. Englehardt, 1979. ..ccec0... 3 month old pups

. 10 month old pups *
3. Geraci et al. 1979. ...... captive young adults

(Phoca hispida).
4, Ronald et al. in press. ... up to 2 month old pups
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Fig.

1. Total weight (kg) versus estimated age (days) for
neonates ( + 95% C.I.) (Stewart & Lavigne 1980) and for
all of the treatment groups in this study ( + S.D.).

Comparable data are presented for beaters collected in

the field ( + S.D.).
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Fig. 2. A comparison of all treatments using adjusted means

(obtained using analysis of covariance with starting
weight as the covariate). Circled points are not
significantly different using Fisher's (protected) LSD
procedure ( P = 0.05). Comparable field data are also
shown, although no statistical test was done.
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3. A comparison of the rates of weight gain of the-
three feeding grcups wusing adjusted means of body

weight (obtained using analysis of covariance with body

- weight at the time of commencement of feeding as the

covariate). Circled points are not significantly
different using Fisher's (protected) LSD procedure ( P
- 0.05)-



- 28 -

s} torar woight

20 3-
a r
a0]4!
»
2
1] u
1w
.; 0 Legend
i [ a e
“ 5 8 ¢ 0 l y 6 w2
N 3 a 8 ¢ 0 ¢
® € e
K Waight  Roage lag) ® 0-38
oy
o
H
H
: ewof
&
E]
)
10
L4 9
a 8.¢C 0 ¢
woint
18) Coro weigne
104 (28] L fa9)]
.3 b
o0 [e9) - 3 o :»-
1 ; =
3 0% ; “ %03 _ '..-:
3 - 3 50139) 4
TR 3 o
3 -3
N 3 ; =
o4 30§ =
! i =
R 3l -
10 4 0 ":5
Lo | 217 HRED
L LN I ¢ & w L)
Worght  Renge (ugh Wowght  Ronge tagh
19} Bivtear Oedrn
e
i“’
2
$
e
1
R
]
H
€90
-

4 8 L 8 &8 6 B 4 & L8R Q P
Oepin Bongo lom)

Fig. 4. A comparison of beaters sampled in the field in mid-April and mid-May,
1980 with respect to the distribution of (a) Total weight, (b) Core

" weight, (c)

Sculp weight, and (d) Blubber depth.  The distribution of

total weights for experimental animals of this study are shown for the

same dates.

The numbers in the bars are the numbers of animals sampled

or are the number of animals in a particular feeding regime.
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5. Total weight, sculp weight, and core weight ( +
S.D.) expressed as a function of the estimated age of
the animal, for animals collected in the field 1in
March, April, and May, 1980 as well as animals
sacrificed from fed and fasted groups. Numerals

indicate sample size.
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6. Changes in the percentage water ( + S.D.) of the
carcass and viscera of animals sacrificed from fed and
fasted groups of this study and for carcasses collected

during 14-16 May,v1980.
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weight with respect to total weight for sacrificed

animals. Sample sizes are indicated.
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_significantly different using Fisher's (protected) LSD
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Fig. 10. The adjusted mean value for calcium and phosphorus

(obtained from an Analysis of Covariance, using the
initial value as the éovariate) for each treatment. R
Points joined by bars are not significantly different
using Fisher's (proteéted) LSD procedure ( P < 0.05).
The depression in the values of both calcium and
phosphorus of the feeding animals at age 57 days
occured after éhe animals were in fresh water for 14

days. Sample sizes are indicated.
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from an Analysis of Covariance, using the initial value
as the covariate) for each treatment. Points joined by
bars are not significantly different using Fisher's

(protected) LSD procedure ( P < 0.05). Sample sizes

are indicated.
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Fig. 11. The adjusted mean values for CPK and AP (obtained
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12.  The adjusted mean values for SGOT and SGPT
(obtained from an Analysis of Covariance, using the
initial value as the covariate) for each treatment.

Points joined by bars are not significantly different

‘using Fisher's (protected) LSD procedure ( P < 0.05).

Sample sizes are indicated.
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Fig. 13. An estimate of the energy available for groch

(assimilated energy minus energy requirement) versus

weekly weight change.
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