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T | Abstract |
Thrrty-erght black bears (Ursus amencanus) and forty three polar bears {
(U 'marmmus) were drssected to determme the most statxstrcally rehable equatrons
for predrctmg total body werght (TBW) and non fat body werght (NFBW)
Physrcal condmon was evaluated by calculatmg a fat-to-non—fat ratio, equallmg
(TBW NFBW)/NFBW Thrs ratio was mdependent of body srze and thus
comparable between sex and age classes
Measurements of marrow and mtramuscular hprd\content and
-, morphometnc measurements that can be obtamed in the freld were evaluated as .v
mdrcators of physxcal condmon TBW and NFBW were predrcted by multiple |

E}

regressxon equatrons usmg various combmatrons of measured vanables The neutra

lrpxd content of . marrow or muscle was not a relrable mdtcator of physrcal

L e

23 - condrtron - : TR ; _ o
\ B - " The fat to- non-fat ratio is begt applred in mtraspecrfrc comparisons of
"groups of black.or polar bears Compansons among. mdt\_ndual bears require the
development of more accurate techniques‘ |
. * | Anatomrcal and chemxcal mVestxgatrons were conducted on five black
| bears and snx polar bears to determme (l) d:strrbutnon of neutral lrprd by tissue;
(2) relatronshrps between physxcal condmon indices. and whole body ltprd content
</ ' and (3) relatronshrps between hpxd and energy content on a trssue and whole _A
| " body basxs S L | |

1

e Adrpose trssue was the major hprd stor e trssue for both specxes

: However, the lrpxd content of most t’issues was s' mftcantly related to whole body
lipid content Polar bears accumulated adrpose tns e hpxd in a posrtxve
allornetrxc pattern whrle black ‘bears drd S0 rsometncally ’l‘lus may reflect |
greater emphasrs on long-term hprd storage in polar bears relattve to black bears

Among physncal condmon mdrces, the fat -to-non- fat ratio -was the best

iv



-,

L. mdrcator of percentage whole body hprd content; percentAge lipid m marrow or
".-muscle dld not show srgmfrcant relatronshrps wntl’r"percentage \\.e body lnpld

S ‘_con?entl o S o ,

prrd and energy content were srgmf:cantly related m all trssues and the

 whole body in both species, although the relatronshxp;was strongest in adrpose

<y
J.“tnssue Approxrmately 60% of the whole body 8ross energy of black and polar

bears could . be accounted for by the energy content of all. neutral lipids in the

body, lrpnd in- adrpose txssue comamed most of thrs energy

.-
v
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TABLE 3.2. Constants for regression Of‘tissue lipid (Y)
on whoie body 1ipid (X) in black»bearé and polar béars

o

Tissue Species? Spé:igs a "~ Db#SE sign. R? ﬁ
effect L of
PN . ~ slope
K (Hg:b=0)

Adipose */P  Black =-0.336. i.oo;io.oss #%  0.994 4
|  Polar - -1.171 1.19130.017 - *** 0.999 5
skin ~ --=  Black -2.124 6,855¢0.345 n.s. 0.765 4
Bone . +/P  Black =-2.681 1.199+0.211 *. 0.942 4
. ."” Polar =-0.661 0.62810.05}> *k ,o.9?9v 5
Muscle */C Biack -2.105 .0.635+0.272 n.s. 0.731 4

. 'Polar -2.002 0.859:0.162 x  0.904 5
Viscera n.s. Pooled -3.429 v0.918i0.11$ Cwkk 0.904 9

S0

?

a Regression'linés compared betweeﬁ.species by a partial
-F-tést_fon parallelismi(P). If lines‘we:e parallel,
then the regression lines were compared betwgen

épeciés by.é parfial F-test g;rvcoincidence (c).
<Result§ dﬂ'éompariSbn tests are denotéd as ‘level of
Sighificance/P or C'.'If,ﬁéstsffOr‘parallelismvand .
.gaincidence wete'both'ﬁonfsighificaﬁﬁ,‘thén'résultsuéreA%;f
'. dénoted és ‘n.s.’, and regression was performed on daté ‘

,éooled»from both species.’

oy
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' TABLE 3.3. Constants for regression of three physicdﬁ

]

1"“4
condltlon 1nd1ces (Y) on percent who*ﬁﬁbody liﬁida (X)

for black bears and polar bears. . . o
‘ ‘M D . T 4: e
S 5 P EE
Index Species Species a : b+SEa Sign.. R . N . @
o . " . N L‘\’ g
(Y) effect . ; ‘ﬁgg
RN L8
o . ) i;-
. U
e
| E +
Fat-to-non-fat ratio :
. 'n.s.  Pooled -0.067 '1.685+0.204 *** 0.883 11
Percentage lipid in marrow C . o
Femur n.s. Pooled 1.090 0.000iO;OQO n.s. 0.000 9
Humerus n.s.  Pooled 1.079 -0.377+0.392 n.s. 0.116 9
Tibia- " n.s. Pooled 1.064 -O_.~&9_-&_—0.637 n.s. 0.125 9 ,
fibula . -
Radius #/P Black . 0.877 0.895+0.418 'n.s. 0.696 4
Polar  1.147 -1.252#0.478 n.s. 0.696 5
Ulna  n.s.  Pooled 1.115 -0.611+0.753 n.s. 0.086 9
scle ]
Biceps n.s. Pooled 0.034 0.015+0.059 n.s. 0.008 10
brach11 : T ’ I [

. Biceps.: nfs.'Q.lpooled 0.021 0.173+0.086 n.s. 0.337 10
femorls '

14

a Percent whole body llpid refers to ‘the percent lipid,

content Of the whole body on a wvet weight basis.
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N - ’ v.
\ : .
TABLE 3.4. Constants for regression of gnergyagCOntent

(Y) on lipid content? (X) of the'whole body.and tiséues

‘of black bears and polar bears

‘,‘L/ .

.. Tissue Species Species a;J}€;fhbiSE (Hg:b=0) R2 N
&;_ S veffect‘ . TR . - |
R - ) T e
Whole n.s. Pooled 9.935 0.887+0.033 *** 0.988 11
body ' 1' ‘
'Aqipose n.s.(/'pooled 9.217 ,o.gasio.oz4 *xx  0.996 9
skin  --- - Black dcf?.ggl 1.42240.162 *  0.975 4
Bone ‘n.s.. Pooled | 9.780 b.929i0,079 *kk 0.951“9j

Muscle n.s. Pooled 10.757 0.83740.205 #** 0.704 9 ‘

Viscera n.s. Pooled 9.997 0.832+40.150 *** 0.815 9

1‘3 Energy content ofﬁwholé’body and tissues measuréd'in.

" kilocalories. u
o | - . ,

b Lipid content of whole body and tissues measured in

kilogranms. v
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TABLE 3.5. Estimated percentage? of’whole body gross

58

energy‘aCCOunted_for,bygneutral lipid and distribution.

(%) of neutral liﬁid'energy by tissue in black bears and

e vr: polar bears
: T
Tissue - 'iﬁggk hE EQlQI ) Fmaxf vt-_vPooled
meaniLSD nv mean SD n , testP test® mean
| -feign;) (sign.) .
Whole = 60.3 19.4 5° 62.7.15.5 n.s. n.s. 61.6
body -
Adipose 72.6 3.5 4 62.9 14.4 | * n.s.. 66.9
" skin 9.0 2.9 4 .16.0 ==m- —— P —
Muscle 5.0 1.6 -4 8.5 2.7 5 n.s.  n.s. 7.0
Viscera 2.3 0.5 4 | 2.9 1.2 .n.s.  n.s. 2.6
‘Bone  11.6 2.6 4 287 6.9 5+ m.g. n.s.* 13.3

a Estimated percentage of bodngross Energy in neutral

’lipid calculated as totéI llpld content (g) of whole

body multiplied by 9.3 kcal/g, and‘then divided by t
gross energy content (kcal) of the whole body. The
average metabolizable energy of llpid is 9.3 kcal/g

(Hochachka and Somero 1973) N
4 . i : '

Fmax-test used to” test for homogenelty of variancesl

1
k]

between black and polar bears.

t-test used to test for significant differences

1"

between mean_values of black‘and;polar bears.

v
\
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FIGURE 3.1. Proportional distribution of lipid ambng tissues, of black and polar .

bears, as a percentage of the whole body lipid content.
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4. CONCLUDING DISCUSSION ‘ g
- . - The aspects of Vbhyé-ical 'conditidnvin black and polar bears are briefly . g
re&iewed here to provideA a suitable framework for discussing the contributions, -
irﬁpliéations, and shortcéfnings of this research to our currenf kno"wledg_e of biack
‘and polar Bears. ' |
:The first aspect explored was the déter'm‘inationi‘of methods_ for
' evaluéting physical condition of black and polar Bears from morphological .
measurements. _,‘fyeviéusly, body weight was considered i the best pfedictor
of physical cénditioq in bears. However, an inérea#ing un‘derstandingﬂ'pf the -
ecology of thesé species has made desirAeable a more sensitive, approach (Folk et
al.‘ 1970; Ramsay l§86). As an indicato'r/of physi_cai cohdition, the |
fat-to-_ﬁon-fat ratio is an improvement upon total body weight‘;cind reflects the
, quantity of stored fat maintained by a 'beér'. . This contrasts. with the few |
adYocated physiﬁal condition ihdices,»for Bears in which'the relationship betwéén
indevx and total"quy ffat i§ not kﬁo;vn (Schxfoeder 1986; Franzmann and Schwartz [
| 1988). | |
To be useful, the estimation of fat-to-non—f"at ratios requires
morphological measuremlgnts‘that are easy, rapid, .arvxd ‘inexpensive ‘to collect.
Most of these 'meas'u_rémer;ts. are routinely collected so that‘ evéiuaiion of | physicél ‘
condition in captured or killed‘ bear§ is often possible from previous 'yearé._‘ This
may behefit iong-term.popﬁlation studies of black or 'polz‘\r bears by cbntributing
valuable information to the fela'tionship‘# between survival, rep‘ro_ductive suécess,»
tﬁe effect of envivronmental disturba’hcé, and" physical éondition (Kirkpatrick 1980;
Robbins 1983)." | o |
| The possible shortcomings of estimating fat-to-non-fat ratios -4lso need
to be emphasizéd. | ‘The' ratio depends upon the measurements (or ﬁredictions) of

total body weight and the _piedictidh of non-fat body weight. In situations
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where total body weight cannot be directly measured, the fat-to-non-fat ratl‘o

" may lose much accuracy through the introduction 3f an additional error source

It is also 1mportant to realize gut content werght and to a lesser extent, blood

‘

- weigat may ‘sometimes severely bias “ratio estrmauon.

The errors and biases assocxated with estxmatmg the fat- to -non-fat ratio .

limits use of the ratio to intraspecific comparisons of groups of black or polar
bears or comparrsons of mdrvndual bears dxfferrng substantrally in physical
condmon Compansaps among mdrvrdual bears in similar physrcal condmon

requrre the calrbrauon and applrcatron of more accurate techmques, e.g. isotopic

techniques, nuclear magnetic resonance, bioelectrical impedance.

. The validity of quantifying the physical condition of black and polar

:bears, based on.the ;,duantity of measureable body fat, since the availability of

stored neutral lipid most direcy‘tly ,reflects _the plxysical_condition of a mammal.

The'chemical‘ composition of fat is variable and neutral lipid is not restricted in
distribution to adipose tissue suggesting that the relationship between measurable
body fat and phya‘ieal conditlon may. not .be as simple as is often assumed. )

Unl;ortunately some field ‘studiies have used physical condition indices without

L

attempting to determine whether an index chosen has even th‘e'slightest biological'

validity (Robbins 1983). »

Adioose tissue is the major't,issoe for lipid storage in black ar_\d polar
bears. However, in both species the lioio content of most tissues was
significantly rela'ted to the ~llpid coment of the w_hole 'body.' Thls suggests

further attention should be directed towards the sampling and meas_oring of 'lipid

"“content in non-adipose tissues as an indicator of physical condition in bears.

The major difficulty with this potential teclinique is the heterogeneous
distribution of lipid in the body tissues (Schemmel 1976; Pond and Mattacks

1985; Aguilar 1985). d
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’l'here were differenées between black and polar bears in the pattern of

lipid deposmon in some of the tissues of the body That was_ especxally true for

‘adlpose tissue. Assummg adrpose tissue functnons predommately as an energy
storage organ,' polar bears may be better adapted to long-term lipid storage than

black bears. " The possibility that the adipose tissue of black and polar bears may.

have other functional roles, in addition to _energetics,.should also be considered.
However, additional inforrnation regard{i'ng the distribu'tion_ and d»ynamic‘s of
adipose tissue are required to determine the functional significance of this tissue
in bears. -
' The fat-to-non-fat ratio provided a fairly accurate prediction of whole
body llpld content, and is therefore of some biological vahdxty if one. assumes

that neutral llpld is the major source of energy for black and polar bears That

assumptlon is strongly supported by the fmdmgs ‘of other researchers (Nelson et
: 2

21

al. l983 Ramsay 1986; Watts and Hansen 1987)( The lipid contents of marrow

' 'and muscle were not sngmflcantly related to whole body hp:d content and,

therefore. were not valid as indicators of physical condmon in black and polar

bears. This raises concern about the many studies that have advocart- 4 such

i

techniques for other mammals, few of which have detérmined any relationship

bet\yeen ‘whole body and marrow or muscle"'l'ipid content, e.g. elk (Carbyn 1983),
carlbou (Eide and Ballard] l982),‘ tnoose (Fpranzmann and Arneson 1976),
white-tailed deer (Kne et al l983), and possum (Cowan 1985)

. The relat:onshnp between neutral lxpnd and energy in black and polar

be'ars was'also explored. Changes in neutral lxprd- content were strongly related

&

‘to changes in the gross energy content of the vanous bady txssues m both .

S :
species. - However, lnpxd/energy relatronshnps differed consxderably among txssues

r"

This, emphasizes the xmportance m energetnc models of black or mfar bears of

B
v 3

establ_nshmg the effect- of weight gaxnv. or loss on each tissue.
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App'roxima;ely 60% of the whole body ‘gross‘ energy of black and polar
bears ‘could be accounted for by the energy content of all neutral lipids in the
body. Much of this potential energy e_xis;ed in the neutral lipid ’stdred in

adipose tissue. This gives further suppoft for use of the fat-to-non-fat ratio as

a reliab{e indicator of physical condition in black and polar bears.’

4



Table 3.3.;

e

Table 3.4.

.

Table 3.5.

.

[N

‘Constants for regression of three'bhysical

'conditionvindiCes (Y) on bercentdwhole

body lipid (X) for black bears and"bolar,

bears. ...;.....:‘ ----- ..‘;....'....'.‘.....'.‘;...5.6‘: g

Constants for regre551on of energy content

-

(Y) on| 11p1d content (X) ‘of the whole body

. and tlssues of black bears and polar.

bears; ....... s easscsssesssisscesssissaesed]

Estimated percentage of whole body gross

*genergy accounted for by neutral 11p1d and

;fdistr;bution (%?-ofvneutral lipid energy

by tissue in black bears'and'po%ar”'.‘

bearSO .'.......:.bv....-..“.._...-'.......".;-.;...58"

o

xii



Figure 2.1.

‘. N . .
' N . ~
o

Figure 3.1.

. List of figures = %

The predicted versus observed

e
_fat to-non-fat ratios of black .and

polar bears used this study Pﬂedicted
fat-to-non-fat ratios were calculated

u51ng observed total body weights and

-predicted>noh-fat body weights.

(A) black bears, (B) polar bears ........29

]

. Proportional distribution of 1ipid‘among
"tiSSues, of black bears and polar bears,
‘as.a percentage of the whole’body lipid

content ‘..‘..‘.‘.v.'............."'.....‘...5’9

xiii



1. INTRODUCTION
Few organisms. have a food supply S0 regular ‘and sufficient . that no
energy 'storage is necessary (Pond 1981). That is especrally true of black (Ursus
arrrericanus) and polar bears (U. nra'rilimus), two species ‘that 4experi.ence‘ one of

\

- the most pronounced ‘boom and bust’ annual feedmg cycles of any large

terrestnal mammals. Annually, members of both specres undergo prolonged fasts

lastmg from four to erght months in duratron (Strrlrng et al. 1977 Lunn and -

’Strrlmg 198S; Ramsay and Dunbrack 19§6 Rogers 1987). The length of time spent

' fastmg varies wrth species and locatrog, but rt is generally longer for more

- northerly populatrons (Johnson and Pelton 1980). | | ‘ |
Although mammals can cope wrth food scarcrty by several’ mechanrsms,

black and polar bears rely largely on stormg energy in the form of fat, and it

is not uncommon for members of both specres to- attarn body: fat contents rangmg

S

.:"from 30 45% of,total body ‘weight (Hock 1960 Lono l970 Watts and Hansen 1987).
4. vThe abrhty to obtarn and store food energy 1s of paramount rmportance to \these
| specres. and is a pnmary constramt on the survival and reproductrve success of
.4 mdmduals (Rogers 1987 Ramsay and Strr )gg 1988).
The consequence of body fat stores to survival and reproductrve
success is ‘not umque to black or polar bears, and is of vrtal srgmf:cance to
many mammals (McNab 1980 Ersenberg 1981 Lmdstedt and Boyce 1985) Thus,
physrcal condmon is. assumed to relate dnrectly to quantrty of st:)red fat, and
many mdrces of physrcal condr\tion use measurements ot' the various fat stores;”
of an animal (Krstner et al. 1980; Lmdstrom 1983 Austrn 1984 Prtcher 1986; eales
and Burton 1987). ' B |
lndrces of physncal condmon have not been developed for polar bears

and only recently, have been developed for black bears (Schroeder 1986

Franzmann and Schwartz 1988) However. the. utrhty of those indices are



questionable as relationships between indices and quant_ity of stored fati‘
were were not determined in either study. o

In ‘Chapter 2, 1 have; presented techniq‘uesvand multiple re'gression
eouationsfor predicting physical condition in b.lack and polar vbears. Physica_l'

+ condition was quantified by a ratio tha’t'represents the ratio of the amount of

 fat to the amount of non-fat tissue in the body of a bears 1 also explored the

v applrcabihty of the neutral Inprd content of marrow and muscle as mdrcators of
" physical condition in bears.-.Such indices ‘have been applied with varying’success
to other animals (Neiland 1'970; Hutch_inson 1984; Cowan lv§85_). _

'Th'e's'impl‘e linking ‘of physical condition with bodybl‘at qulantity does not
take mto account erther the vanable composmon of adipose trssue or the
distributron of neutral liprd in non-adipose tissue. - The chemlcal composition of
.fat can vary ,(Sc_hemmel 1976) and thus werght of fat"'mayA nOt be;,wholly .

- indicativ_e of lipid con’tent‘ As well neutral hplds are not only restncted to
adipose tissue and may be distributed among other tissues (Berg and Butterfreld
1976). '

In Chapter 3',,l ‘have’_‘determine'd the_ distribution_of neutral lipid by ‘body _
tissue and show how the lipid content of non-adipose tissues relate ‘to .the
whole body lipid content of -bear-s - As well, l have tested the usefulness of the ‘

’ physxcal condmon mdices from Chapter 2, as. mdrcators of whole body llpld
content It IS, after all the amount of stored lrpnd that ts important to the
survrval and reproductive success of a bear, and not the. weight of rts fat

Fmally, in Chapter 3 I have explored some of the relattonshrps between
the hpid and energy content of bears In few mammals has the assocration |
‘ between lipid and energy been 30 closely demonstrated as in black and polar
fbears (Nelson et al. l983 Ramsay 1986 Watts and Hansen 1987). Knowledge of the

some of the relationshrps between llpld and energy may further contnbute to

Tt



understanding the relative importance of lipids to the survival of individuals of

‘these ‘spécies. o
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2. EVALUATION OF PHYSICAL CONDITION IN BLACK BEARS AND

. POLAR BEARS BASED ON MORPHOLOGICAL INDICES!

2.1 Introduction
The body composition of most adult mammals shows seasonal changes m -
- the mass of exrstmg muscle, bone, and fat. These changes reflect the storage or
_ loss of nutnents and energy reserves assocrated wrth growth and metabohc
vresponses to envrronmental stressors Physrcal condmon is an aspect of body
composmon concerned prrmarrly with the amount of adlpose tissue and ‘stored
.llplds (collectrvely termed ‘fat) marntarl%bd by a mammal The abrlrty to |
L accumulate,.store, and use lxprds as a source of energy is important to free‘ hvmg‘

mammals when faced wrth uncertarn food avarlabrhty and enwronmental stress

_(»Young v l976).

inatiop of the physica_l condition of mammals within populations

. can provide val abl information concerning the survival, reproductive success';
and ‘well-being’ of populations in relatron to human caused and natural
venvrronmental drsturbances (Krrkpatrrck 1980; Robbms 1983).

Physrcal condition was quantrfred by Murray (1919) as’ the ratio of the
amount of fat to the amount of non-fat trssue in the Qody of an ammals ' Total
drssectron<§f mammals for the measurement -of physrcal condition is unsurtable as
:a -rout‘inemlethod. both because of the expense an‘d. labour invblved‘aqd the |
oractical broblems of field ‘conditions (Ringberger al. 1981). A large amount of -
research however. has been drrected towards predrctrng the physrcal

. . condition of mammals from eas:ly measurable indicators such as denvatrves of

'body werght and measures of mdxcator bone. muscle, and fat tissues (Berg and

~

" 1A version of this. chapter has been submrtted for
publrcatrom M. Cattet l988 Canadran Journal of Zoology



: Butterfreld l976)

The objectrve of this study was to determme the statrstrcally best
equatrons for the prediction of physrcal condmon in black bears (Ursus

amencanus) and polar bears (U maritimus Phrpps), two specres for ~which

e

knowledge of phys:cal condmon is hmrted Both specres are of interest because '

. of their marked seasonal body werght fluctuatrons between penods of hyperphagia

and extended l'astmg durmg wmter dormancy (Folk et al. 1970).

total body werght is determined by wergh scales However. »the large body"

Total body weight (TBW) and non- fat body werght (NFBW) can be

B combmed (TBW NFBW)/NFBW to calculate a l‘at to-non fat ratro Ideally, ‘

r

werght of some adult bears make direct measurement of body werght difficult in
the freld and in° such cases, an- rndrrect measure is unavordable S

In this study, predrctrons of total body werght and non- l‘at body wenght |

were determmed by usmg combinations ol' muscle and bone wesghts and

morphometrrc measurements that can be obtained in the field. ln‘.addmon, the

‘marrow - and- intramuscular lipid contents of some tissues were assessed as

indicators of _physical condition.

2.2 Materials and Methods

'2.2.1 Collections

Thirty-eightevblack bears and 43 'polar bears were cdllected from v

September, 1984, to November, 1986 Collections were mad‘e at various times of .

- the year to obtarn ammals representatrve of a wnde ‘range of physrcal condmons. '

.Black bears were collected between April and November wrnter denmng

.precluded collectrons between December and March. Polar bears were collected

i



during most seasons,. although: the greatest number was obtained between

N

( Collected animals were frw, sources; 41 polar bea_rs were collected

September _ajnd December.

~ from’ lnuit hunters in Coral-Harbour Eskin‘go Point and Resolute Bay, Northwest

‘ Terntorxes. 2 polar bears were collected as ‘bears killed m defense of human life. |

or property’ in Churchill, Manitoba by the Mamtoba Department of Natural »
..Resources and black: bears were collected as ‘bears krlled in: defense of human

’ lrfe or property throughout Alberta by the Fish and Wlldlrfe Dtv:sron of Alberta
' 'Forestry, ‘Lands and erdlrfe- Bears krlled from Churchnll and throughout Alberta
were- not atyprcal of most bears in therr feedmg habrts and - should not be
4 "confused wrth bears that rely heavrly on food scavenged from refuse dumps.

Prxor to dtssectron, morphometrrc measurements were made of each bear

these were strarght lme body length axrllary grrth and foreleg cucumference
".Smce foreleg c:rcumference rs not a standard measurement further descnptron is .
warranted With a bear in a dorsally recumbent position, the foreleg was
extended away from the body and a measuring tape was placed around the
circuimference‘of the foreleg, at‘t‘he area of articulation between the humerus and
the radius- and u_ln.a': (elbow). ,The“_ foreleg_ was then bent at the elbow until t‘he
upper and lower foreleg were at a right angle. At this point the foreleg |

crrcumference was recorded makmg sure the measurmg tape was across the .

' olecranon (point of the elbow)

A vestigial premolar tooth was extracted from all bears Extracted teeth

were. thnn~sectroned followmg methods- outlmed by Thomas ‘and Bandy (1973) and

b

Stirling et al. (l977a) and the age‘ determined from counts of cgmentum

'annulatr_Qn rmgs

Total body werghts of colleeted ammals were determrned by drssectmg

e

and werghrng all trssues. and subtractrng the contents of the gastro-mtestmal

*,

< . . ; . . -

&



o
bias to the measurement of total body weight Blood accounts for approximately

8% of body mass, regardless of animal srze (Calder 1984). However, residual
blood still remained 4n the tissues of dissected bears and, in cattle. may represent
up ‘to 50% of the 'total. blood volume ('Pe.arson et al. 1979) Thus \correction for
blood loss. was not made because weight of blood Ioss, relative to- total body
weight or non- fat body weight is small and a correction for blood loss would '
have little effect on the fat-to-non-fat ratio. |

Prediction equations for total body weight m polar bears are based -on
-data collected by the Canadian Wildlife Servrce (CWS) in the aréas of western
Hudson Bay and the Canadian Beaufort Sea between 1969 and 1987 From the
: Cws data, information was extracted for bears from which scale weights were
available The use of the CWS data was necessary as most polar bears collected_-_.
in this study had been prevrously skinned by Inuit hunters. tht;s preventing the

meas_urement of axillary girth.

‘2_.2.2. Dlssec_tlons:
o " All bears were kept frozen at -‘lS°C for up to six months after death_‘
before dissections were c_onducted.' During fre’ezi'ng,‘ previously-skinned bears were
wrapped- in plastic, and bears with the skin‘intact were left uncovered. By
N tepeated. weighing of some carcasses over a six month period water loss was
'determined to be small (< l%)

rDuring_ drssection, a bear w’as‘, skinned ‘such that minimal subcutaneous
fat adhered to the skin. 'l'he slt_in_ and fur were then »weiéh’ed to. 05 kg. This
‘hide’ weight -’inclu_ded the f"ore-}_and " hind-l'eet which were severed a_t‘-(he.,,. |
' radiusfvulna-caipal and tibia-fibula-tarsal articulations. o °

Only the right: halves (along the ntedian_ plane)‘of__skinned carcasses were



. dtssected unless tnssue damage lrmrted drssectron to the left half Dtssectrons of
the left half-carcass were necessary for two black bears only. Each carcass side
‘ ﬁras‘ separated rnto bone, muscle,,-a’nd fat The vrscera and adhermg adrpose
tissue could not be measured in -halyes Rather these tissues were’ separated and
,> werghed to the nearest Ol kg in thetr entrrety |

" Total muscle wetght was recorded to 0. 5 kg, after bemg separated from
'intermuscularr fat.' T.otal muscle werght' mcluded all muscular trssue tendons and
' ltgaments doubled from measures of the half -carcass. The brceps Brachu and b.

l‘emorrs were collected for lrprd extractrons (descrrbed below) These muscles-

'were selected as’ potentral indicators: of physrcal condmon because. ‘they ‘dre easrly

. . A
v

' xdentrl'red and drssected.

Total :bone\ weight was recorded to 0.5 kg, 'and‘included' _all bones,’_

_ cartilage, and the -brain and "spinal 'chord contained within .the-craniurn and spin.al
'column The werghts of all bones _except the skull and spinal column were
‘doubledv from half.«c‘arcasses. to estnmate total bone werght. The skull and spmal
-column were weighed in their entirety | The humerus, radrus,- ulna femur, and

tibia-fibula were collected for hprd extracttons of marrow. These bone; were

selected as potentral mdrcators of physrcal condition because of therr large size

-

and ease ol‘ drssectron

“° Dissectable adipose tissue was divided into five separate depots -

(subcutaneous. intermuscular,' thoracic, abdominal, and’ meSen'te'ric). A descript_ionr

of the anatomical differen'tia'tion of 'these' depots is provided in Appe'ndix l.‘ »
Only the subcutaneous and mtermuscular depots were drssected from half
carcasses and doubled in werght, other depots were drssected and werghed in therr
entxrety The combrned werght of these depots was" recorded as” the total
dtssect_able fat weight. - This - value was’ measured to the nearest Ol kg.

Al‘ter.dissecttons,:non-l'at, body. weights were estimated to 0.1 kg as

kR

Il
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combmed wetghts of the hxde, vrscera total muscle and total bone. A
. .. .

fat to- non fat ratno could then be determmed for each bear as the total

idrssectable fat welght dxvrded by the non l’at body wenght

2. 2 3 Llpld extractlons

1.

Bone marrow samples (10 - 20 g) were collected from the radrus. ulna,

v

: humerus femur and tnbra-l’nbula and muscle samples (20 - SO g) were collected
from the bxceps brachu and b femons -of all bears All samples were analyzed

for their neutral lnprd content Tr\e\se data were used to measure the assocratnon '
. ®

between marrow lnpnd content and fat to -non- t'at ratios, and mtramuscular lnpxd

'cnntent and fat-to -non-fat ratxos

Tlssue samples were v@apped m atr-txght plastrc bags and stored at

LN

-

'—15°C until lipids were extracted Two weeks pnor to hprd extractlons tnssues
. were homogemzed and dried to constant wexght in a convectton oven at 40°C
Neutral hpnds were extracted from samples in-a Soxhlet apparatus usmg petroleum

'ether as a solvent followmg the methods outlmed in AOA(} (l980) A blank and

»standard were mcluded dnnng some sets of extracttons to momtor vananon in’
vthe quahty of -the extractmg solvent and the effncnency of the extractlon

' techmque Two or three replrcate subsamples ‘were run from each sample to

momtor vanatlon Wlthln samples (Mean range between lowest and hlshest = o
- estxmate + standard error equals 3 46 t. 0 57 n= 43) By subjectmg subsamples
of muscle and bone to reflux penods of 2, 4, 6 8, and 10 hours, it was -
deterrmned that greater than 95% of neutral lipids were extracted wrthm a '

four-hour reflux penod Thus all subsequent -extractions were refluxed fOr a

'penod of four hours
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2.2.4 Statlstlcal methods
Data were analyzed using Statgraphics (STSC Inc. l986) and SAS (SAS
Institute Inc. 1985) Forward stepwrse multnple regressron was used to.predrct
. total body wenght and non-fat body weight (Y) from the measured varrables (X 1, _
- X9y . X i)- ‘Non-fat body weight-prediction equa_trons were developed to be
'applicable under two conditions; the first or restncted' condmon mvolves a bear
that is live- captured and physical condmon/ evaluatron is limited to external
morphological measuremetits,’ and. ‘the second or u‘nrestncted' condmon' involves a
. bear that has bee‘n killed and phys_ical"'condition evaluatiOn can“inclu_de internal
morphological measurements. |
A C.orrelation analysis .was used to Ia.ssess the significance of associations
v between percentage bone marrow hpid content and observed fat- to -non-fat ratios
and percentage mtramuscular lipid content and Qbserved fat-to-non- fat ratros .
To sathfy the assumptrons of . least squares regression and correlation
analysrs it was necessary that statistical analyses be carried out on transformed
data. Tran_sformatrons, usrng ‘the nat'ural log, were carried out on all: data except
thOse presented‘as percentages“or r'atios, l’or _.wh:ich arc-sine transformations were
 applied (Sokal and Rohlf 1981). BN
Final predic_tive equations.are presented ‘ivn their curvilinear form, (Y =
b0y lb) X.zbz...Xib"),r 'to facilitate the use of ar‘ithmetic vvalues for independent
'variabl'es Tran'sformation bias has been corrected by m‘ultiplying predictive
:'_equations by . esz/ ? where s is the resrdual sum of squares for the regression
" line (Beauchamp and Olson 1973; Miller 1984). PR V |
The effects of sex age class (subadults 0 - 4 years adults: 5 years and
greater), and specnes ‘were evaluated by a dummy-vanable ‘reglession model and

, partial F ~tests (Klembaum and Kupper l978) Inmally. the Fmax-test for

homogeneo.s variances was performed on the transformed data If homogeneity
& ' ‘ '

-
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of varlances existed, a par_tial F -test‘ was used to test for ‘parallelism.vv v If
parallelism"existed, a_nother partial F-test was used to test ‘for coinci’dence.
Finally, if coincidence existed, the data from both species were pocled and
regression' analysis was conducted on the" .pooled data. If the conditions of

' homogenecus variances, parallel slopes, or coincidence were not. met; then,

_ regression rrioclels were computed for each species. '

Descriptis'e statistics for all .variables used m this' study are presented in-

Appendices 2.and 3.'

2.3 R‘_esultsv S . . . ‘ , ',»

-2.3.1 Predicting total body weight ' ' A . v
In Table 2.1 stepwrse regressrons were calculated wnth"axnllary gxrth

(cm) straxght ~line length (cm) and age in years as potentral independent

' varrables The range of werghts described by the _black bear regressron lme ~,
represents the typlcal werght range of this spec:es from $-172 kilograms..
-polar bear wexght range, however,‘ is brased towards spbadult _ammals wrth(-\ only

16, vbears in'.\ the weight range from 250-410 kg. | ‘ , ol

,:‘Comparison of species-specific equations .showed no signif-icant el‘fect of

vsex in black bears (partxal F-test, p > 005), but a srgrﬁﬁcant effect ol‘ sex dld
voccur :n polar bears (partxal F- test, D < 001) Thrs necessrtatedy the calculatron

of sex-specrfxc equations for polar bears. | ‘ |

| Significant ef,fects pf{age class were not detected in black bears (partial
F-test, p >.50.(‘)5). Age class et'fects were also .not 'detected_‘ irt polar bears' (partial .
F-test, p > 0.05), but the assumption of homogenedus varlances was'im')t‘ met 'l'or

th’i’s-species' (F"max-test, p < 0.001). Species effects, also, were not tested due to

heterogeneous variances between species (Fpnax-test, p < 0.001).



2 3.2 Predlctlng non- fat body weight

Restncted stepwrse regressrons were calculated usmg the following

4

mdependent variables: foreleg c:rcumference (cm), stralght line length (cm) and

age in years (Table 2.2). Unrestncted regr ssions also were, calculated usmg these -

‘independent vvariables, -as well as the weigh )of five bones (radius, ulna,
‘humerus, femur, and tibia-t‘ibula) and two xnnscles (biceps brachii and b.
-fenroris).. The polar bear-v data txsed to predict non-fat body weight was'collec':ted
du.ring this study and is exclusive of the CWS’oolar bear data.

- The calculatéd _equations accounted.for 95 to 99% of the variance in
non-fat bady weight nsing either two or three independent ‘varia'bles. In both
species. a‘greater‘coefficie’nt of determination and smaller standard error of the
estimate occurred under conditions wlrere the tnys of rneasurements were not
restrrcted i | | |

T\;o predrctron equations are presented for polar bears under restrncted
condmons The second equation, although not as strong a predrctor as the first,
is mcluded tq enable researchers to predict non- l'at body werght from ‘hrstoncal'
polar bear déta The predictor variables of thxs equatnon age and straight- lme
body lengtlr. are standard measurements re_corded m_ many mammal studies.
Foreleg .circumfer_ence,*however, is a anasurement not commonly made.

' The calculation of snecies-specif'ic:'equations was necessary as the effect

o of species was significant ‘t'or conditions where the types of mea_suremen‘ts were
“both restricted»(par‘tial‘l?' -te'st',fp‘ < .0.0S)Zand unrestricted (partial F-test, p <
0.0, | N

For the species-specific equatio'ns' the effect of sex under both restricted

-'and unrestncted condmons was non- srgmﬁcant in black and polar bears (partral

F- tests p> 005) As well age class did not show significant effects for elther

s_peci_es under either condmon _(partral F—tests, p > 0.05).




2.373 Nentral lipid content of bone marrow and mnscle

" 'l‘he strongest correlation, betwe'en the fat-to-non-fat ratio and percent
- lipid in the ma'rrow of five indicator bones, occurred with the radius of 'black
bears and explained only 28% of the variance in the fat to-non- fat ratio (Table
2_.3). Slgmfncant correlatxons occurred with the ulna and femur m polar bears.

These correlations, however, were negative in contrast to the significant positive

correlations for the radius,_ulna. and femur of black bears.

In black bea'rs the association between the fat-to-non-‘fat ratio ‘and the .

percent lipid in the radius marrow was sngmf:cantly affected by sex (partnal
F-test, p < 0.01), but not age class (partral F-test, p > 005) However grouping
" the data by sex dxd not rmprove the association and, at most, only 45% of.v_the
variation was explamed when analyzed w:thm sex. |

The strongest correlatron between the fat-to-non- fat ratlo and percent
‘ ;ntramuscular- hp\xd of two»mnscles, occurred with the brceps brachii of black
bears (Table 2.4). However, only 25% of the variance in fat_g-to-non'-fat ra'tio
was e:tﬁlained_ by this association.

As with 'pe'rcent lib’id in radius n1a'rrow,> the association between the
fat-to-non-fat ratio and the percent lipid in the biceps brachii of ‘black bears '
was affected by' sex (partial F-test, p < 005), but not age class (partial F-test, p
> 0.05). However groupmg the data by sex dxd not |mprove the association and

at most, only 32% of the variation was explamed when analyzed by each sex.
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2.4 Discussion

2 4. 1 Predlctlng (otal body weight :
Several studies have reported correlations between total body weight and |
axillary girth m-black (Payne 1976, Swen;on et al. 1986) and polar bears (Stirling
et al. 1977b; Ramsay 1986; Kolenosky et al, 1988) In a study of interpopulation
' applicability of equations predtctmg total body weight in black bears, Swenson et
,al (1986) concluded that regressrons usmg axillary girth appear to be relatively
accurate in prednctmg the total body weight of .black bearS' however
mterpopulation and sexual variations in body measurement- weight relationships
make it mpossnble to derive a smgle equation for the species. Presumably, thev
same may be’ true for the applrcability of prediction equations for polar bears
Swenson et al. (1986) also concluded that regressrons usmg both axillary
girth and total length are limited in applicability for the same reasons as
. equations using axillary girth alone However, this conclusion is misleadingbas .
,the applicability of prediction equations using axillary girth and total length as
mdependent variables was not tested. Rather, what was tested was a > -
single—yariable'prediction equation using a‘bodybsi‘ze inden (total length times
axillary girth squared) as the independent vanable The combining of length and'
girth mto ) body size mde.t assumes that each’ measure has an equal effect on
._ total body weight Thus, for example. the change in the total body weight of a-
bear mcreasmg in length by 9 cm would be equivalent to the change in body
weight of a bear (of the same mmal length) mcreasrng in girth by 3 cm.
Multiple regressron equations enable a better predictiou of the depeudent
vanable than would be possible by any smgle independent vanable (Sokal and
: Rohlf 1981) Such equatxons allow for the independent contrrbutrons of two oryg

more mdependent variables towards explaimng the variance observed in the .
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Lependent variable. " The contribtition of nnmerous independent variables make
multiple-variable equations more i‘sensitive to interpopulation and' sexual variations ‘
in body measurement;weight relationships, thus inereasing the possibility of
- deriv_ing a single equatio'n for a species. |
The predictions of the multnple vanable equatxons caltulated in this
study were not affected by sex (in exther species) or age class (heterogeneous
yariances prevented testing in polar bears). lnterpopulatnon effects were not
‘measured. However, axillary girth and total body leng‘th quantif y the three
spatial dimensions of an animal' that is, length width-'and depth. Thus. it
seems likely that these equations can be used to make mtraspecrfnc comparisons
| among populations of either spec:es |
There is one caution to note 'v'vith regard to the prediction equation for
total body: werght of polar bears, and its apphcation m estimatmg fat-to- non fat
ratios. Total body weights of polar bears were determmed as the lrve body
wenght (from CWS data) which includes the contents of the gastro mtestmal tract
As well, live body weight is not biased by blood loss.” B'ecause“non-.fat body
weight predictidn‘xequations for polar'bears 'were based on empty guts and some
blood loss, the fat weight (TBW NFBW) estimated from predicted total body
~ and non- fat body werghts are mflated : ' v
A standard correctnon factor for this problem is not approprnate as gut
‘content weight and blood loss wexgh_t can be highly vanable between bears.
‘/.\ssumi_ng blood volume accounts for approximately 8% .o"f an animal‘-s_-body }
‘weight (Calder 1984) and residual: blood in tissue_s can account for up to 50% of_'
total blood weight (Pearson et al. 1979), a 50% blood loss - will increase the
estimated__fat v‘ve.ight_ (TBW“ - NFBW) by four percent. | |
o For polar'b_ears. the gtit‘con'tent weight can approach 15-20% of the

i_n-gesta-free_body weig‘ht (Best 1976); Thos, depending on gut content weight.



the eﬁimared' fat weight may be in error from 4% (empty gut, 50% blood loss)
' to‘Za% (f"ull gut, 50% blood loes) iT he potential magnitnde of this error could |
‘severely limit the accuracy of the estrmated fat-to-non- -fat ratio. Thus in some
srtuatlons a correctnon for gut content may be necessary. For a -bear with a full
gut the predrcted total body wexght may 4 crudely corrected by reducmg its
‘value by l9-24 percent. - In the case of a polar bear with an empty gut, a
cbrrection‘ of approximatei‘y 4% may be »app_lied.

.Finally, it is important to realize for both species, in situations where
‘total body weight must be efstimated, an additiohal- error factor 1is introdgced ‘to |
the fat-to-ndn-far ratio. -This error'may’be pomp_ounde& by def-inirlg body fat as

&

TBW - NFBW.

2.4.2 Predicting non-fat body welght

- The predictiqn equatiens for _'npn—fat body ‘Wei.gl‘rtvﬂin bhack ancf" bolarv
_ bears 'shew‘. stronger‘ predictive abrlity for conditions where nreasurements Iw'ere
,\rnresvtricted. These eqpations rely on: direct measures of .‘muscl'e and bonve,’
whereas restricted cbnditions irely'only on external. 'morpholegical meaeurerrxents
and age. vE‘xternal morphologieal measur,em_evntsilare less sensitive to clranges in
tissue composition, 0 two ani_mals.having. identical exte-rrial morphological
measurements may show significant differenc.ee in tissue eemposition (Berg and'b
vButterfleld 1976) | |

Age in years was selected as a prednctor vanable for all non- fat body

'wexght equations, ‘except the unrestncted' equation  for polar bears Age has
been shown to correlate well wnth body composmon in some specxes mcludmg
domestnc rabbits (de-Blas et al. 1977) and“sheep' (Donnelly -and Freer 1974), but
poorly in vo.t.he‘rs.» ineluding ‘w}rite-taile'd dee.r (Odoc}oi‘leus virginiaausl) ( Robbins et

al. 1974) and mule deer (O. hemionus) (Anderson et al. 1974). Age did appear |
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to correlate well with the body composition of black and polar bears in this

~study:

' 'The morphological measurements necessary for prediction of non-fat

- body weight in live black and polér bears are easy, rapid, and inexpensive to
collect. - The estimation of age of ‘polar bears by sectioning of teeth is more

difficﬁlt_and time-consuming, but accurate techniques have been developed'

(Thomas and Bandy l973;vat_irlir__lg ét al. ‘l977§)?‘
' ‘Predi;tio‘n of non-fat body Qeight in'blaclgv and polar bez_ir‘s'tvhét are -

found dead requires 'identification and d'issect'ion'bt" fhg bicebs brachii (and

femur, ‘if appiied to black ll)eérs), i_n_add'i.tion to'meésﬁreﬁient of straight-line |

body‘ length and age. -th‘e identification of the biceps brachii and femur is

) relatively easy and minimal effort would be req‘uired_.to train field-workers or

hunters to collect these tissues.

2.4.3 Neutral lipid conte'nt"’ of bone marrow and muscle

Neutral lipid content of marrow has been extensively used to indicate

ph"ysi'cal conditidn in unguiates (Cheatixm 19'4'9; Neiland 1970; Davis et al.' 1987).

- However, the applicability of this te's.t. is limited, in ‘that it is only a one-way

-

test- of condition (Mech and Delgiudice 1985). If the lipid content of marrow is

low, the animal probably is in poor condition. Howevek, if the lipid content. 'is

high, one cannot conclude that the animal is in good condition. . The marrow

lipid depot, relative to other lipid depots, is the only one. which can become

‘full’. When full, marrow lipid content becomes insensitive to increases in body’

‘fatness.

To a lesser extent, percentage lipid in marrow has been used as an .

-

indicator of physical condition in other groups of animals, including waterfowl

(Hutchinson 1984) and marsupials (Cowan 1985). The data from this_ study



'suggest_ that the technique 'cannot 'be effectively applied as a ’two:wayvtest of
physical condition of. black and polar bears. | '
In polar‘bears,’ percent lipid - in the ulna and femur showed a. weak

significant correlation with the fat-to-non-fat. ratio In contrast to black bears
. however, these correlatrons were neganve suggestmg lowA marrow. hprd content
was associated with a hrgh fat-to- non—fat ratro " Perhaps, m polar bears the -
dynamrcs of marrow lrprd stores drffer from the pattern observed m ungulates or
black bears. The marrow hprds,of ungulates are depleted later than other depot
lipids'as nutritional condition deterlorates (Dauphine l97l). o }

| Percent mtramn—s:nlar lrprd has been correlated to physrcal condition in

canbou (ngberg et al. l98l Hout and Goudreault 1984) Ringberg et al.
‘ (1981) found the chemrcally extractable lrprd of muscles to correlate well with
‘ total ‘body lipid for animals: across a wide range of conditions. In contrast, Huot
and'Goudreault“»(l984) found-intrar}luscul_ar lipid to'lcorrelate well_ with total body

‘lipid ‘only when cari_bou were. léan. Intramuscular lipid content showed weak

significant. correlations with the fat-to-non-fat ratio in black and polar bears, and. -

it was ine_f_fective for evaluating physical chdition ind_these speci’es..
- 2.4, 4 Appllcatlons and llmltntlons of predicting physical condltlon

" The- physrcal condmon of a mammal is generally equated with the
‘.quantity of its fat reserves This assocnatron relies on the assumptlon that fatness
provrdes some -measure of performance of a wrld animal and of its chance of
survival or potentral for reproductron ~(Huot and Goudreault 1984).

In this study, ‘fatness’ was expressed as the ratio of the werght of body
‘ :fat to the non-fat body wenght This ratio has the effect of adJustmg the total .
body fat werght for vanauon rn body size. It is advisable, however, to

‘ §
~distinguish between a farrly fat. but stunted specimen and an obese, large-framed

-’

21
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animal in equating fat stores with reproductnve potential (Verme and Ozoga 1980)
The fat- to -non- fat ratio for black and polar bears should only be used as an
.mdrcator of their probability of surviving through periods of uncertam food
avaxlabxhty or envnronmental stress lndrcatnon of reproductwe potentral in bears ‘
requrres equatmg the fat-to-non- fat ratio wnth some .measure of absolute body
| size, e.g. non- fat body wenght. “

| As stated above, ratiOs are used to remove the confounding effects of
body size. It is critical, however, that the calculated ratio is .independent of
body _size (Packard and Boardman 1988). Il‘ that is not‘so, the .use of ‘ratios rnay
lead investigators to draw incorrect conclusions. | Measurement of the association
Vbetween the fat to-non-fat ratio and non- fat body wenght showed non- significant
-associations for black bears (r = 0 ll p = 099, N = 33) and polar bears (r -
0 12 P = 099 N = 31) Thus, this mdex of condition rs sxze-mdependent and
may be used to compare between bears -of differ'ent sex and age classes.

Companson of the apphcabxlrty of the fat to non-fat ratio wrth indjces

of phlrcal ‘condition from other studies is hmlted as few studres of' physical

condition in bears have been completed. Schroeder (1986) concluded that the
ratxo of total body weight to stranght -line body length permnts objectwe physrcal\
_'condmon comparisons between sex and age classes ot‘ black bears However the
ratio of total body wexght to straxght -line body },léngth is size-dependent and,
when apphed to my data, shows strong pos;ﬁve associations wnth non-fat body
weight ‘9. both black bears (r = 0.94, p-< d@()l - 33) and polar bears (r =
0.93, p <« 0001 N = 31). Thns strong association severely limits the applrcatnon
of the wexght/length’ ratio as an index of physncal condition. ,

Physncal condmon of black bears has also been assessed through analysxs
of various blood parameters mcludmg tot_al protern.:albumm. 'tnglycende, glucosve,

and cholesterol (Erickson and Youatt 1961; Matula et al. 1977; Franzmann and
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'S‘ch'w'artz 1958) However the full potentral uses of blood analyses as mdxcators
of metabolnc status have not been reached and before mterpretatxons about
physical condition can be made, the effects of age, sex, season, 'reproductive‘
conoitio'n and methods of handling must be considered (LeReeche"et, al. 1974), as
well as, relatlonshrps between blood parameters and total .body fat. |

Evaluatnon of physncal condmon in polar bears.has recenved only hmnted
attention. ~ Watts (1983) concluded that backfat dep‘th,‘ as an index of total body '
. fat, -did not have good predictive value, possibly, hecause of a highly curvilinear
_. relationsh'ip‘,with total body. fat. An index’ must have a -linea_r or only a slightly
curvilinearrelation to the dependent variahle to be suitable for predictive
purposes (Robbms 1983) |

The use of dnsseatable adxpose tissue weight, as an index of physxcal
condltxon does not take into account the amount of hprd cantamed within’ the
adxpose tissue. Lrpxd content of adipose tissue in rats was found to vary from
56-90% (Schemmel .1976); similar variability was 'observed to occur in the hears
of thie .study." Low i»ipid content results from depleted storage' lipios coupled
with retention of the structural elements of adipos;e tissue (_Grande 1968). The
implications that _var'iahle lipid content ma§ have _f.o_r the‘ fat-.to-non-fat'ratio of
black hears‘and polar bears are discussed in the following chapter.
. Variation between the 'predicted and observed .f_at-to-non-fat ratios (Fig.
2.1), for bears ol’ this }study._ suggest that predictions can 'best be used in
intraspecific comparisons of groups of bears Comparieons among individual bears
- require the devel‘opmentf‘of- more accurate techniques. To illustrate this point, the .
predicted values used in Figure 2.1 are the best poésihle'predictions from - the
data of this study.' and are based onthe observed total body wenghts and the
predncted non-fat body werghts for bo‘k\p«nes under condmons where

measurements were not restricted. For both species, there is consxderable scatter

L€



about the line of expected values, scatter whnch only mcreases when predncted
total. body wenghts are used to calculate fat -to-non- fat ratxos Thus. it is .
xmportant to emphasxze that fat to-non- fat ratnos based on predncted as opposed
to observed total body weights are less accurate prednctors of physncal /condmon

and whenever possible, effort should be made to measure directly the wexghts of

bears.



" TABLE 2.1.’Mu1tiple?variable equations'for.pfedidting

total body weight'of black bears and polar bears

Species n ' Equation?® . ~ r2 SE(est.)
Blackb 34 Y = e'-8.16x'1.1.39‘x'21.-2-lx30.vo8 0.98 0.123
Pdlarc.

' Male 179 Y = e”8.87x,1.22x,1.55 0.99 0.124

‘Female 184 Y = e”9-77x,1.30x,1.66x,-0.06 0,99 0.120

2y is the predicted total body weight (kg), xl is the
'axillary girth (cm), Xy is the straight- 11ne body '
length (cm), and x3 is the.age in years
b- Effect of sex was non—51gn1f1cant for black bears:

C canadian W11dlife Serv1ce‘(CWS) polar bear data.
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TABLE 2. 2. Predictive equations for non-fat body weight
in black and polar bears under conditions where (A)
measurements are externally restricted ‘or (B)

measurements are unrestricted
3

Species n ‘_Equatioria . . - r2 SE(est;)
Co 1itior , ‘
Blaok‘bears 33. ¥ = e78.69%,2.52¢,0.17  5l9g 0,124
Polar bearsP | i |
(i) 28 ¥ = e77-88x,1. 51x2° 15x31 03 0.97 ‘0;655
(ii) . 28 ¥ = e™9- °7x12 63x2° 12 ;0.95:_0.125
Alcohdigiog B . S o , ) |

Black bears 31 Y

e"1.62x,0.29y%,0.685,0.10 - 5,996 0.053

{Polar bears 22 Y = e~3-60;4.69%,0.85 (.99 0,065

@y jis the predicted lean body weight (kg), Xl is theh
straight ~line body length (cm), X, is age ‘in years,.x3fb
is the foreleg c1rcumference (cm), X4 is the biceps R
‘ brachii weight (g), and X5 1s‘the femur weight (9).
'Twoﬂequations are prOVided for poiar bears under
Condition A. Equation (1) is the statistically best
'eguation for predicting non-fat body weight._
Equation (ii) is includead to enable researcherv to
predict non—fat body weight from ‘historical' R

polar bear data. The polar bear data~used to.caICulate
: : : ' o '
prediction equations were from this study. -

.



' TABLE 2.3. Associations bétweenvbone~marr0w lipid
percentage® and fat-to-non-fat ratio in black bears and

“polar bears

- ~
. Bone | _ICorrelationg(r)b n T Sighificandec
\ .
, | . 4
Black bears’ '
" Radius 0.526 28 *kk
. Ulna - - 0.420 -, 28 xRk
Humerus . 0.073 - 28 n.s.
' . Femur . 0.440 | 28 Axk

+*

- "ibia-fibula -~ 0.152° . ‘28 - ‘' n.s.

Pdlar;bears

Radius . f-0.215 .'  : 24 i_- - n.s. ‘
Ulna j vo-ou203 T ant "i - -
Humerus . . = -0.107 - 24 - n.s.
Femur . . . -0.322 2w
5‘Tibi§-fipu1§ ~0.113 24 N

- a Pércént”lipid based on dry.€issue weight.

Correlation analysis:- completed on arcsine-transformed

daﬁg,-
€ n.s. - non significant'(p >.Q.Q§{ o
* . - p < 0.05 e :"""
S\ %% - p< 0.0l . ‘%;;ué’
k% %~ p < 0.001 - - ’i\ﬁ;)’ o

¥ -
Y .
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 TABLE 2.4. Associations-betWeen‘intfamu5cular liﬁid»v

,percentage.and’fat-to-ndh—fat ratio in black bears and

polarvbears

[

MuScié ' - cOrréLation (f)_ ‘n Significance
ﬁiackAbearsﬁ‘
Biceps brachii' 0.495 ‘ _34"' -
Biceps femoris‘_ L0.119 - 34 n.s
Polar bears ,
Biceps'brachii-v 0.127 28 . n.s.
Bipeps femoris -0.46§ 28 s

ok
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FIGURE 2.lt -The predic{ted versus observed fat-to-non-fat ratios of biack and

polar bears used in this study. Predicted fat-to-non-fat ‘ratios were

" calculated hsin’g.observed total _bbdy weights.

~

(A) black bears, (B) polar bears

. -
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-3 RELATIONSHIPS BETWEEN LIPID PHYSICAL CONDITION

INDICES AND ENERGY IN BLACK BEARS AND POLAR BEARS2

3.1 Introduction

Lipids aré an important group of -organic compounds that show much

. . L . |
diversity of function in living animals.(Schemmel 1976; Hadley l985) One class:
’of ]lpldS the neutral- hpnds is the major form of stored energy in mammals, Its o

high energy yreld and anhydrous nature, re’latlve to_ protem or carbohydrate

‘ suggest why neutral hpnds are functxonal 4in an energetrc role (Young 1976; Pondv ’
¢ ) ' : : '

1978).
B ' The association between neutral hpnds ‘and energy has provnded the basns
for the development of many mdxces of phys:cal condmon Wildlife -ecologrsts
and managers have_attempted to develop physical condxtnon indices to relate
ultimately to survival' and 'reproductive success (Robbins l983v) and to provide
mformatron concermng the well bemg of mammal populatlons in relatron to
human caused and natural envnronmental disturbances (Krrkpatnck 1980). D
. 'However many researchers have not tested the relatlonshrp between aftrxndex of
- ‘physxcal condmon and -the total neutral lxprd coritent of an ammal (Kistner et al.
.'1980 Lindstrom 1983; Austin 1984 Pntcher 1986; Schroeder 1986; Gales |
and Burton l987 Franzmann and Schwartz l988)

In the prevrous chapter techmques were presented for prednctmg

: physxcal condmon m black (Ursus amencanus) and polar bears (U marmmus),
'-physncal condmon was mdrcated by the ratro of the total werght of dnssectable

-fat over the non-fat body werght Since the chemncal composmon of fat can

vary (Schemmel 1976), welght of adxpose tissue and stored hprds (collectwely ‘

2 A version of this chapter has been submitted. for
publication: M. Cattet. 1988. Canadian Journal of Zoology
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" termed ‘fat’) may not be wholly indicative of lipid content (ﬁerg and Butterfield

1976). As well, neutral lipids are not restricted only to adipose tissue and may be

distributed among other tissues (Berg and Butterfield 1976).
The. implications these observations have for physical condition indices of

black and 'polai'"bears are of- priméry concern. If the lipid content of adipose

tissue is variable and neutral lipids also occur in non-adipose tissues, relationships

between indices of physical t‘:ondi‘tion' and total vb.qdy.f‘at may not be adequate for
asSgssing the bhysi;:al.cohdition of bea_rs.‘ Th_e ol;jectives of this study were to -
detefmin‘e (1) the distribution of neﬁtral lipid by .body‘tissu‘e; and (2) vthe ‘.
rlelétioriships of kindices of bhys‘ical c_o’nd'ition to yx;hole bodyv‘libid éontent.
An,oiher area in;festigate'd ‘was the relatioﬂship be_tweeh_ lipid and energy content

of specific tissues and the whole body. The energy content of an animal 1s

affected by its chemicél_ domposition, especially the relative quantities of protein, = -

.cérbohydrate, and lipid.. Pérhaps in féw mammgls has the direct association
o betwc‘ee“n lipid stores and énergy bééh, So closely linked as ixi:the bears (Ur's‘.idae)
(Nelsdh o ai. 1983; Ramsay 1986; Wétts .z‘md Hansen '1987)._ |

Black bears are ‘unusual amorig mammals in t'hei"r; a‘bility to en‘dhré: '

.r-riohths, dgrin‘g wintef. with’f‘xo fQod and .wate;' and té meet énefgf requirements
by Iipi‘d; catabolism only, while cons_erving their lean body weight (Nelson 1973).
_Similar mefaboli;:'adaptations are though; fto occur in polar bbears (Ramsay .ei al.
l9§5). anwlédge ,of the lipid/ene;gyrelationships of black apd p_olaf ‘bears qhn
’.cor_it:ibute to further unde;standing the relative _importad'ce of lipids to the

survival of ,ind‘jviduals;
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3.2 Materials and Methods N

3.2.1 Collections .
The collectnon techmques and assocxated measurements of physrcal
vcondmon were descnbed in the prevrous chapter. From thirty-eight black bears -
and forty-three polar bears oollected between September, l984 ano November .

1986, frve black bears- and sxx polar bears were chosen for determmatnon of lipid
.and ‘energy content. . “ ‘ " o ) S ‘ ..
The bears.iwere .-chosen-to represent a broad ‘range. in weight an'd”
fat-to-non-fat ratio (Table 3. l) ’fhe broad weight range ensured ‘v'ariation'i'n the .
absolute hprd and energy content of bears from both species, whnle a broad range'
in fat-to-non- fat ratlos was . necessary to measure the relatxonshrp between varying
‘pro.portxons of dxssectable adipose tissue and lipid content, -mdepende‘nt of body
bsize .
Of the three physical condition in'dvices coansidered, the fat-to-non-‘fat " \
_ratio, calculated as the weight of dissectab-le adipose tissue divided by th'e non-fat
body. weight, 1s the only index that reflects the‘proportion of dissectat!e adipose
- tissue in a bear. The other two ghysncal condition 1ndxces, percentage hpld in
' marrow and muscle, showed only weak assocratrons wnth dissectable ad:pose tissue
and ‘were deemed unsuxtable as mdrces of physxcal condition -(see ‘Chapter 2).
The left halves (along the medxan plane) of skinned carpasses were
.dxssected mto three tissue composites: adrpose, muscle and bone Adrpou tissue
1ncluded all dxssectable adxpose t;ssue compnsmg the subcutaneous, mtermuscular.
thoracic, abdominal, and mesenteric depots (descnbed mﬂAppendnx B). The
musc_le ‘com'pos'ite included all muscular. tissue'. tendons, and ligament. The bone
comp__osite included all bones, cartilage, and the brain andkspinal cord contained

within the cranium and spin'alv column. A fourth tissue composite, the ‘skin’,



included the skin, fur, and fore- and hind-feet, severed at the radius-ulna- carpal
and tibia-fibula-tarsal ar_ticulatrons. “The skm was prepared such that mmrmal

- subcutaneous fat adhered. Skins were available for all black bear carcasses used

in chemical composition déterminations, but for polar bears, a skin could only be

_obtained l'rom one animal P2 | . The viscera, stripped. of theirlassociated adipose
tissue and ‘gastro- rntestmal contents, were: categonzed as a frfth tissue composrte
A srxth tissue composrte was the: whole body, the sum of the frve other tissues.
The lipid and energy content of ‘the whole body composxte wasncalculated from
the chemical composition results_ of the '_other five ,tissues and the proport_io‘nal
weight, relative to the total body weight, that each tissue contributed to the‘
vintactAcarCass. . - B | - S

: The v_tot_a‘l body weights of ‘black and po.lar bears were deterrnine'd as the'
~ bled body weight less ‘the contents .oif. _the,,gaStro-intestinal tragg. Thus, t‘he
determination-.of lipid and energy content of tissues only' took into account;
residual blood contained within the tissues. In white-tailed "c'leer (Odocoileus -
wrgmzanus boreahs). the contnbution of blood to_ the whole body hprd and
energy content rs small (<5%) (McCullough and Ullrey 1983) The same was
, assurned for bl'ack and polar bears and no attempt was made to correct for hlood

loss.

3.2.2 Lipid and energy determinations - . : . -

All tissues were wr_apped in plastic and kept frozen at ,'-15°C until
further. processing and chemical analysis. Processing involv_ed mincing the tissue
composites of each bear separately in a commercial meat grinder. The small size

'_of bears Pl and BI required that they be minced in their entirety, rather than as

“separate tissues, because some tissue -loss was accrued during each grinding, and

such loss could significantly bias tissue composites‘ weighing less than 1 kg. All

.
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tissues were minced two or three trmes and th%oughly mrxed A 500 8 sample
‘was collected from each ttssue homogenate and retained for chemtcal analyses

Each sample was‘subsampled and analyzed for hp\d,andve’nergy content,
Prior to li-pld e:ttractions, apprb_xima‘tely 10 g of each subsample was dried to
constant weight in a convection oven at 40°C.""ANeutral“ lipid content was
determined by extraction, from'approximatelyf3 8 sample_s. Extraction occurred m
a Soxhlet apparatus usi_ng_petroleum. ether as a solvent, following the methods
outlined in "AOAC (1-980) Lipid content was calculated as percentage lnprd in
ltxssue on a wet weight basrs and then multlphed by tissue or whole body
werght, in Aorder to estxmate absolute lipid content

- The calonc values of tlssue homogenates were determmed thh 1-2 g
'samples using an adiabatic bomb calonrneter Energy content was calculated as
. krlocalones per gram (kcal/g) of wet ttssue. and then multlplled by trssue or -
whole body wenght in order to estimate absolute energy content.

Each analysrs from each sample was done in duphcate or tnphcate. in
order to momtor vanatxon in. the analyses A statistical inveStigation of the
results (e.g. 2-3 subsamples per tissue homogenate per bear where N = 43)
showed the followmg mean ranges between lowest and highest estimates (mean i
standard error). llprd 346% 057 and energy 0.29 kcal/g + 0.05.

Determmatnon of whole body lipid and energy content of polar bears .
- .for.whtch -htdes were not avaxlable, was done by extrapolating the skin lipid and
energy content of the frve black bears and P& to the other four polar bears
Extrapolatton was based on calculating simple lmear regression lines to predict
percentage. lipid and energy content of skin based on the independent variable,
age. . Correlation analysis 'showed age to‘»have a strong‘negative associa‘tion with
per_cehtage lipid in skin (r = -0.86, p < 0.01).~and~ energy content of sltin' (r =

-0.97,‘;5 < 0.0001). These prediction equations were as follows:

e
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(1] % Lipid (dry weight) = -1.005(Age) + 21.29 (R? = 0.804, N = 6) .

[2] Energy (kcal/g) = -0.091(Age) + 3.50 ‘(_RZ =.0.941, N = 6)

The use of these predictive equations is based on the. assumption that
there are no srgmficant species differences in the relatronships between: ..age and
'skin hpid content, and between age and skm energy content, on a per. weight :
‘basis.. The fact that few differences seem to exist between black and polar bears
with respect to lipid and energy composition (see Resultsiand that black .”and ' )
polar bears mature at relatively similar rates (Sauer 1975; Kingsley 1979; Rogers |

1987) suggests this assumption is not unreasonable.

" 3.2.3 Statlstlcal methods
Data were analyzed using Statgraphics (STSC Inc. 1986) and SAS (SAS
Institute Inc. 1985) Simple linear regression was used to descnbe the ]
. | relationships between lipid content, energy content and physxcal condition indices.
It should be emphasized that. the regressnon constants were estimated from
* extremely s_mall samples and are of use only for descnptive purposes. ’ The
estimation of predictive equations requires con_siderably larger' samples and 15"
outSide the scope of this study. | | .
Prnor to regressnon analysxs, a dummy -variable regressxon model and -
partial F-tests were used to test for significant effects ot' specres (Klembaum and
Kupper 1978). Inmally. an Fmax-test was used fo test for homogeneity of
variance_ between the independent variables of both species. If homogeneity of
) ya'riance occurred, a partial F-test was used to test for parallelism. "If paralielism
existed, another partial F-test was used to test‘t'or coincidence. Finally, if ;

coincidence existed, the data from both species were pooled and regression =

aralysis was, then conducted on the pooled-data. If the ¢onditions of

.

. - \ - ’ : B ‘
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.homogeneous 'Qarﬁ:es, parallel slopes -or comcndent lxnes were not met then
regress:on lines were computed for each specxes
Tests of isometry were performed, on the relationships between tissue’
‘and whole .body:iipid content.’ using the null hypothesis, HO: b (slope) = l.' A ‘ '
t-statistic was calculated t = (b - ‘)/SEslopev and compared with the crmcal
values of the Student’s t- distnbution (Sokal and Rohlf 1981):
Compansons of vanances and means were made between species for the
estimated percentage  of gross body energy represented by neutral hpid and the
- distrlbution of neutral lipid energy by txssue Vanances were tested for
homogeneity vusmg the Fp . -test and -means were comp'ared for significant
, differences using a twov-_samp.le t-test. i
»To satisfy the ass-umptions of the above' parametric ‘statistical tests it was
_ necessary that analyses were camed out on transformed data Transformations. ‘
‘using the natural log, were camed out on all data except those presented as
percentag_es,or ratios‘. ‘ For those data, arc-sine transformations ‘were'applied, E |
! Descriptive statistics for all _variables measured in. this study are

presented in Appendices 2 and 3.

3.3' ‘Results .

o ‘;&il Distribution of Jipid by body tissue : o
WA
"péttern in the drstrxbution of lipid among tissues (Figures 3.1A. and 3 IB).

py .
Adipose tissue llpld accounts for approximately 40 80% of whole body llpld

content and itself contains more lipid than the other tissues-combmed. The
remaining tissues, in order of decreasing lipid content as a percentage of whole

body lipid content, are’ bone, skin, muscle, and viscera.
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.significant relationships, between who,lev“body lipid content andv the l'ipid.
content of individnal ‘ti‘ssu_es, occurred with all tissues except the skin and muscle
of "black bears (Table 3.2). Regreésion'constants were not calculated for polar
bear skin because the»-data were extrapolated. of the-other four tissues, vi;era
was the only tissue for which species differences were non—s«ignificant.

The adipose, boné, and visceraA lipid ot" black bears showed relationships
which were lisometric (t-test, p > 0.05) with whole. body lipid content. Thns,’the
lipid‘ content of these' tissues changed in constant,proportions with 'changes in
whole botiy lipid content. 6nly the -viscera and muscle iipid of polar bears
showed an isometric relationship (¢-test, p > 0.05). In contraet, polar_'bear_
adipose and bone lipid showed ailometric relationships in which adipose lipid had

.a slope sign'ificantly greater than 1 (s-test, p < 0.001), and bone ltpid 'had a slope

significantly less than 1 '(t-test p < 0.01). Therefore, the proportnon of adnpose

MA’{

’

.hpxd content of polar bears increased ‘wht‘ﬂ the proportxon of bone’ hpnd content
“decrease,d in relation to increases in whole body lipid conte_nt.
© 332 'Relationshlps of condition indtceé to percentage Iinid in whole'bodyA

'.For percentage lipid in rnarrow and rnuScl_e, specific tissues were used
from each species to evaluate physical condition. Percentage lipid in. marrow was
-base.d' on lipid analysis of the fem/tir, 'humerus, tibia;-f;ibula, radius, and .ulna .
marrow of black and polar bears Percentage lipid m muscle was based on lipid
.analysxs ‘of the biceps brachu and the blceps femons of both specnes. .

ln the analysis of relationships betweén.percentage lipid in the whole

body and the three condition indices in black and polar bears, significant'species

. e
dnfferences occurred only in the relatxonchnp wrth percentage 'lipid in the radius
marro,w (Table 3. 3) Howe ver, the slopes of the specxes -specific relatnonshxps were

[y

non-sxgmf icant,



Of the nine relatnonshxps analyzed only that between the fat to-non- fat
; l’u[lO and percentage hpnd in the whole body was statistically s:gmﬁcant

However, only 88% of the variance in the fat-to-non-fat ratio was explained 'by

the relationship.

3.3.3 Relationship between lipid and_' energy content ‘

Significant sp_eciesu differences in the relations_hips between lipid and -

energy content ‘were not detected for the whole body or any of the tissues (Table

3.4).. Extropolated data precluded the calculation/:)f a relationShip fot polar bear
skin., | | |
Significent‘ lipid/energy revlations‘hips occurred in all tissues and the

who”le body. From these regressions, it was possible 'Lto es‘tim.ate .th'e” net energy
chénge associated w'ith“atone‘ gram change in tissue or whole body\lipid ‘content.
Thus, ’for a one grom change in lipid content, the changes in the“net‘ energy '
content of the tissues and ‘whole body were as folloWst adipose -10.9 kcal.‘ skin -
1.1 kcal,‘bone - '28.9 kcal,‘r—nus;cle -144'.8‘_kcaji, yisc,era - 70.1 kcal, and whole
body - 45.1 keal. . o A
‘ Ass'uxning, the a.verage-me‘tabolizable energy of lipid is 9.3 keal/g
(Hochachka and Somero 1973), it -was possxble to estimate the percentage of gross
energy (as determmed 'by calorimetry) whnc‘h could be accounted for by neutral
hpxd for each bear. The c_alculatxon involved mult:pl))mg_ the total ‘lipid content
_ (g) for a tissue,‘or_ the wnole body, by 9.3 kcal/g.‘ di\;iding this v_dlue by the "
tissue or whole body energy content‘ (kcal), and multiplying by 100 to determbine
the pe'rcentaéé of gross energy evailable from neutt‘ari‘ lipid.'

‘ " Table 3. 5 presents the specxes -specific means and standard devnatnons for

,1‘“ “.,

_the esumated percentage of gross energy ayailable from neutral°lﬁpxd as well as

the percentage distribution of neutral hpxd energy by txs.'._ue. Pooled means wer_le,,.
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calculated where non-significant differences vof .means occurred between speciesl’
’I"h’e perCentage of gross energy ayailable from neutral lipid did not

sigmfrcantly differ between specxes nor dld the percentage distnbution of - neutral
lipid energy in the muscle, yiscera and bone tissues Polar bears did, however
vary significantly more than black bears in’ the percentage dnstribution of neutral
.hpid energy occurrmg in adipose tis;ue Percentage distnbution of neutral lipid
energy in skin was not compared between species because ._the sample size (n =1)
for polar' bearsh too small to permit statistical“analyses. l—loWever, the '
Apercen'tage 'lipid conte‘nt of the polar bea; skin did fall within .the range"Of bllack

bear values. o : o : : e

Svf'»‘l'{D’ls.cusslon

34.1 Dlstrlbutlon of llpld by body tlssue :
Consnderation of tissue lipid content as a percentage of whole body lipid

content Drovxded an mdication of .the relative importance ot‘ the tissues as

res'erves of stored energy. vNot" surprisingly, in, black and polar bears, adipose N

tissue w’as the major storage tissue for hpid and contained 43 79% of the total

body l?pld sFor most mammals. the mam function ‘of adipose tissue is as an |

energy ‘reserve (Emery l969 Po:rd;;l%l) which is especially important in

' allowmg ammals to survnve food shortages, gestation and lactation, and stresses

)z.
[

'.associated with competition for mates (Young l976)
! 4] :
Other tissues ﬁore neutral lipids where they serve as a local fuel reserve

-

and at the same @me perform 3 variety of functions of adaptive srgmficance to
oy " :

the ammal egg,‘ heat production and lubrication’ (Hadley 1985). However, the
A .

_lipid con}'efh‘t- of 'these tissues is consrderably less than that .of adipose tissue..

-;{tl‘ The "adipose- tissue lipid content of black and polar bears showed a
sd . ) . ‘

»
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highly slgnificant relationship with 'whole body lipid content su'ggesting that

adrpose tissue’ lrprd content is a potentlally good rndrcator of physrcal condmon in

the_se specres. The. problem anses, however as 10 how to measure adrpose lipid

_content wrthout drssectmg and homogenrzmg the full mass of drssectable adrpose‘
y 4 & :

trssue composmg a bea‘r Unfortunately. adtpose tissue offers senous samphng .“

A

" problems,ﬁas its compos:tron is nexther homogeneous nor its densrty constant’’
(Agurlar 1985 Lockyer et al. 1985).
~The lipid content of black bear skm was hrghly vanable and did not
srgmfrcantly relate to whole body lrprd content Thus. there was little potential

for the;use of skm lipid eontent as an indicator of physical ¢ondition in this
’ : . " . 4 L
N " ’ - £ ' s o . .. ‘ )
‘species. ' L S PE o -

There rs some evrdence to suggest that skin llprd content may have a -

»

) close relatronshrp to. new harr growth (Dolmck 1969) AAs‘ hatrs, grow, 'small
~ adipose cells surroundmg ‘the hair follxcle‘ have been observed to accumulate lipid
and eventually fill the dermns from the base of the harr follrcle to tlu:f lower

s : E ":_,
. ‘lrmrts of the dermal boundary . . o

ln black and polar bears much of the vanabrlrty in bone lipid content
was explamed by ltS significant relatronsl‘up to whole body lipid. The pnncrpal

(‘\
llptd depot of bone'is in the marrow and it is ygenera.lly belreved that. the .

P A
quantity varies with the state of n,'irtrition of the animal (Zobrisky 1969). The
results of this study, however drd not indicate that bone marrow Irprd content
has potential as an mdrcator of physrcal candition. More discussion concerning
the applrcabthty of marrow hpld content as an‘_mdex of physical condition'is N
provided below. | '

| The lipid content of muscle in’ black and oOIar_ bears showed little
variability and ranged from 4-11% of the wh[ole body lipid content.
Aporoximately 50% of the variability in .the muscle lloid content of polar'bear’s.‘

4

w5
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was explamed by its Sigmficant relationship with whole body Ilpld content
However. the relationship between muscle llpld content and whole body lipid
content, ,m black bears, was non-significant. This contrasts with observations in
other mammals where there is a strong' relationship between the lipid content of

muscle and the lipid content of the whole body; such mammals include steers

(Seebeck -and Tulloh 1968), caribou (Ringberg et al. 1981), and fin (Balaenoptera

" physalus) and sei whales (B. borealis) (Lockyer 1987). The significance of this

observation in black bears is not known. There is the. possibility that the lack of

significance ‘is a result of the small sample size (a Type 11 error), but that is also -

true for the results of most tests performed in this study

»ln both species, the lipid content of viscera a’ccOunted Ifor the smallest
percenta‘ge- of ‘whole 'body lipid.content',brelatiye‘ to other tissnes. The llpl(K .
. content of this tissue showed a significant relationship with‘whole ‘body lipid

content, but the heterogeneous lipid {.composition of viscera presents difficulties in
, . » :

sampling-for‘ indication of physical condition. In general, the heterogeneous lipid

composition of all tissues pyreclude' the possibility. of randomly sampling a tissue,

-, P

- and analyzing its lipid content as an index of physical condition.. Rat_he_r, it is
necessar-y to sample a tissue at a specific anatoniical location _and determine
whether or not the lipid content of the sample‘ yields any significant 're‘lationship
with whole body lipid content. | |

| Some sxgmficant differences did ocour betweerkblack and polar bears in
their relationships between tissue lipid content and whole body lipid content. In
general, nvt appears that as black bears ‘accumulated lipid, they did so by
allmating' lipid to .adipose,‘b‘one, and viscera in relatively constant proportions as
lw.hole body lipid‘content increased. In 'polar -bears. the lipid content of viscera

.\ and muscle also showed an isometric relationship with whole body lipid content.

In Fc_ontrast. polar bear adipose tissue and bone showed allometric relationships
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and polaf bears during periods. of food scarcity (Stirling- et al. 1976; Rogers

. .
" . ) : ‘a
'3 - ’ 6

with whole body lipid content such th'gt adipose lipid accuphulated in increasing
‘ ¢

proportions, while bone. lipid accumulated in decreasing proportions, as whole

‘body lipid content ‘increased. ’

.

The peréentage of total body energy explained by the neutrdl lipid :

- cytent of bone is relanvely small approximately 13% (from. Table 3 5). and a

@rf(erence bet’ween spectes in bone hpnd dynamics is expected to be of little y

‘energetxc sxgmfxcance Aside from energeucs the functional sxgmf:cance of hpxd

. -in: bone tnssue remains to be explored (Pond 1978).

The principal function of_ adipose tissue is as an energy reserve (Young

1976; Pond }978) and a difference between species in adipose lipid dynamics is

of importance in energetic considerations of black and polar bears. If the

differences between species in their pattern of lipid deposition in adipose tissue
is of biological”significénce, it may be suggested tﬁ_at polar bearsv place greater

importance on long-term lipid storage “than do black bears. This would ehable -

- polar bears to face the stress of food shortage and endure. longer periods of food -

scarcity than black bears. Both species are known to face unpredictable food
shortages and have been observed to be af_fected in similar 'Ways. Reproductive
‘rate and cub survivorship can decline by more than 50% for populations of black

-

1987)0*'Fhere is, however, no mformatxon avaxlable companng the relative
‘b

toleraa%e of black and polar bears to periods of food scarcnty

Ogher functions of adipose'tis‘sue, other than as an energy reserve, may

also influence the neutral 'lipid dynamics in polar bear adipose tissue. - Thermal

- or mechanical ‘protection of ‘organs, buoyancy, locoinotory mechanics, and

modification of body contours for social or sexual signalli‘ng have also been

3

shown to influence the distribution and dynamics of adipose tissue in numerous

wild vertebrates (Pond 1978). If adipose tissué in polar bears :is ‘important in
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0,
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functlons othei' than energetle’s it” 'is necessary that the dxstnbutnon and dynﬂmlcs ’
1

of the tissue are compatnble with su{gested functlons

N

A A % v
3.4.2 Relatlonshlps ‘of coadition indices to percentage lipid alﬁ“%‘vhole body

In thns study, three phys:éal condmon mdxces were evaluated as -
lﬁ

' predxctors of whole body llpxd q,onten,tﬂm black and .polar bears Only the

- development of more accurate techmques

9
fat-to-non-fat ratio’ showed a significant relatlonshxp to percentage lipid in the

whole body. ~ However, approximatelf 12% of the variance in the fat-to-non-fat

ratio was not explained b'y‘ this relationshipv.

A possnble factor contnbutmg to the unexplamed variance is the
chemical composttxon of adipose. txssue and the . effect it may have on the wenght '
of dnssectable adipose tissue used in the’ calculatxon of the fat—to—non fat ratxo
The chemical cornposition of adipos’e»tiss'ue can vary and .weighing of this tissue
may not accurately indicate itsllipid content (Berg and Butterfield l9l6) |
Furthermore, the. fat-to- non-fat ratlo only reflects the %pxd content of the
dissectable adipose tissue and not the lipid content of other txssues In fact, the
lipid content of the non-adipose txssues contnbutes to the measure of non- fat

).
body weight, the denominator of the fat-to-non-fat ratio.

Regardless of the unexplamed source(s) of- varnatlon, the strength of the

vrelatnonshxp between the fat- to non-l‘at ratio and percent whole body hpnd

' suggests that the fat-tofnon-fat ratio is best used 'm»mtraspecxfxc comparisons of

groups of black or polar .bears. Comparisons among individual . bears reqeire the

°

Percentage lipid in ‘bone marrow did not show a significant relatxonshlp v

wnth percentage hpxd in the whole body, and hence, was not a suntable mdlcator'

©

of physncal condmon for black or polar bears Thts contrasts wnth numerous .

‘'studies that have advocated this technxque to evaluate physical condition in

B
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mammajy, inc_ludin'g elkv (C;ervus‘ elaphn;) ‘(Carby‘n 1983), _caribou (i-:ide and |

. Ballard ‘1982),:rn<')ose' (AIces ‘alces)vl_(Franz‘mann and Arneson 1976), white-tailed
deer (Kie et al. 1933) and possum (Trichosurus yulpectda) (Cowan l985);
However; the data of these studies i?@fit based on equivalent' data and in no
case were relatignships shown to Iei'tist between rnarrow lipid depots and the lip‘id

content of the whole body

/

There is also some support for using marrow hprd content as a one way
test of physrcal condmon in whnch low marrow" hprd content. is mdxcatrve of poor
;physrcal condxtron but hxgh marrow liprd content does not n essanly mdrcate
good physxcal condmon (Mech and Delgrudxce pBS) As a%way tast of
physxcal condmon percentage hpxd in the marro‘w of some bones: may mdrcate
poor physical vcondition in black bears, but not in polar bears (see Table 23 in

Chapter 2).

v For percentage lipid in marrow to provide a two- -way mdrcatnon of

physical condition, it is" necessary @a significant relatronshrp exnst between the

~lipid contained within a specific bone and the lrprd contained within the whole
body. In thisv study, no such relationships were found, 'although the tipid content
of the total bone in the body showed srgmfxcant relatxonshxps with whole body
lipid ,content in both species. Perhaps instead of consrdermg only marrow hprd
content, analysis vof the lipid content of the.entxre bone may yneld a slgmfrcant
o relationship with whole body lipid content. Although the principai:‘lvipid depot of
-_ bone is in the marrow, significant qnantities of iipid may also exist elsewhere in
th'e' bone, jespecia’lly in the articular ends (Zobrisky 196.9' ‘Binford 1973)
Percentage lrpxd in muscle also failed to show a srgmfrcant relatronship
with the percentage hprd in the whole body ot‘ black or polar- bears. |
’lnt'ramuscular lipid content has been suggested as an 'index of physical -condition

in caribou (Ringberg et al. 1981; Hout and Goudreault 1984).” In this study, the

s
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} . ‘ 4 - . S : . .
sampling technique used for the intramuscular lipid analysis may have masked

N 3 . . ) LN S . .
r'any possible’ relationships. Muscle samples (20-50 g wet \,\(exght) were collected

from similac locations on the biceps brachii and biceps femoris-of each species
Slgmfnc :[éelauonshxps might have been established ad the entire muscles been

"sampled atmg the effects of heterogeneous lipid ﬁlstnbutnon within

muscles \ - ﬁ‘ . & A . . : k
s | k s PR - - |
oo Sumlar sanfpling difficultiss <Mt Lx ha\se Jeecurred for marr%pid o
ﬁ" ;o o .. *"'_
analysis, but madequa‘e Esamplmg techn)\quk may ‘hot id N nl)a provide any '
. *
' explanatnon as to why significant relatxonshlps dnd not*é ¢

t between percentage

lipid in marrow or muscle and ‘whole body‘ lipid content, SeVeral st-udies of

-
. caribou have relxed on similar tec.h{uques and found sxgmfxcant relamonshgs >

2

(Ringberg et al. 1981 Hout and Goudreault 1984). ThlS‘ suggests t‘hat marrow -

and mtramuscular lipid content of black and p®ar bears might be influenced by

other factors asxde from physncal condmo\
* I.. N \

————

3.43 ‘;Relatlo}nshlp ‘between l lip'id. and e'hergy content

§Calo‘rin~xetric. determination‘s sho(v that the energy derived fror: the
oxndatxon of lipid is more than tw:ce as high as from- the ox:datnon of ,
carbohydrate or protein (Hadley 1985). The high energy yleld of lipid, relative ' |

. . /
to carbohydrate and protéin, and the mean lipid content of the various tissues of

black and polar beara, ranging from 15.8% in.muscle to 84.6% in ‘-adivp0se explains’ ) |
the’signifjcant lipid’/energy' :elatiqnshipsvc,bserved in the: tissues and whole body | /
.of both Specnes l- o |
of pnme importance to the formulatxon of energetxcs models is the |

estimation of the energy content and composm of wexght gain and- lo‘_ss during

‘an animal's life (Robbins 1983; Price and/White 1985). From this study, it is

possible to estimate the energy content df weight change provided infomiation is



available regarding changes in the lipid content of the various tissues of black
and polar bears. GConversely, it is possible to estimate the lipid content of weight

change provided mformatron is avanlable regarding changes in the energy cont’
\)

of the vanous trssues
Changes in energy content affected by a one gram change in lipid
conte_nt showed the'energy contént of adipose to. change hy 10.9 kilocalories

This value is close to the value of 9.3 kcal the average metabolizable energy of

one gram of hprd (Hochachk‘x and Somero 1973). The drfference of 1.6 kcal may

be partly explamed by changes in the protem and phospholrprd content of
| féa%chpose trssue: assocxated thh changes in lipid content
Tissues varied greatly with respect to energy content changes resulting
from changes in lipid content. 'i'hat is best explained by ditferences between
tissues in their composition of weight change. Thus, muscle showed a Change in
energy content of 144.8 keal when the lipid content changed by one gram Since
'l g of lrprd on ave%ge, accounts for only 9, 3 kcal. it must- be assumed 135 5
' kcal of the energy change must be a result of changes in the content of other
\ components such as protein andv carbohydrate. ' | 3 "
The kmeasu're.of energy content change ef_fected by lipid content change
permits- ranking tissues7 vby.decreas'ing strength of association- between lipid and

energy Adipose tissue showed the strongest assocxatron between hprd and energy

because changes in' lipid content accounted for 85 3% (equals 9.3 kcal/g drvnded

" by 106 kcal/g) of the change in energy content. Bone. vrscera, and muscle were

the next tissues in order of rank; the'assocmtxon between lipid and energy in
muscle being weakest because changes_in-' lipid content accounted for only 6.4%
of the change in energy content. ,

The energy content change effected by lipid content change in skin

appears anomalous in that the change in energy content, 1.1 kcal/g of lipid, was

sp
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‘considerably less than the average metabolizable energy of lipid (9.3 kcal/g).

This may be explaine'd by evidence that suggests skin lipid content is cldselgl

-

related to the ontﬁ of new‘ hair growth (Dolnick 1969). In black: bears, niew

»

hair grqwth is associated with ‘the,shedding of old fur during late spring and

summer. Thus, although lipid may accumulate aro@nd new hair follicles and

change skin energy content in a positive 'direction, the shedding of old fur would

" result in loss of _protein and affect skin energy content in‘a ‘negative direction; -
~ the net energy gain~of 1.1 kcal/g of lipid being the result of these two opposing
. L ) ) \ _ . :

“energy fluxes. This idea is supported by the observation of a negative

association between skin lipid 'and skin”piotein gonteht (r = -0.83, p < '0.05, N =
“4) for blaek bears ir; this study | v
The change in wholé body °energy content,' assdciatéd with a change in
. lipid cohteht (45.1 kcal/g of lipid) indicafes 35.8 kcal is 5ccounted i'or by‘
combonents othér than lipid. However; that assumes the ch_anée in lipid content
occurs in all tissues in equal propc‘:ortiohs, which is not alwaysvthe éase. Changes
in the lvipi? content of one tissue are not necessarily associated wi_th: changes in
other tissues, and the rate of de;‘)osi’tivo_nﬂ and utilization of_ lipid can vary between
énd within tissue§ (Berg and Bu;ferfi‘eld 1976; Pond .'19814;" P;Jnd and Mattacks
.1985). - .

Differen¢e§ among tissues m their relatib'nsiﬁp between lipid and enérgy
V contqnt ‘emp_hasizes the importance, in energ.etic.models, of egtablishing the effect

of weight gain or loss on each tissue. Differences in effect will be la:g'gély‘

dépendent on the age and‘physical'condition of ‘an anilﬁal. For exahpie, weight ‘

changes in an adult animal with abundant adipose _lipid‘. stores will largely affect
the adipose tissue. However, weight change in a young growing animal, with -
minimal adipose lipid, will largely affect muscle and, to a lesser extent, bone.

b] .
# Another ‘way of viewing the relationship -between lipid and emergy is to

o
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convegy the wexght of lrprd mto units of energy, and then determme what

. percentage of the gross energy of the whole- body can. be accounted l'or by the
energy in neutral lrprd A mean of 61.6% of the whole body gross energy was .
explained by the whole body neutral lipid content of black and polar bears
(Table 3.5). The range of values for this mean was between 35 St‘and 804
’percent McCullough and Ullrey (1983) reported a mean of 52.7%,.for relatwely
fat whxte tarled deer, w:th a’ minimum and maximum of 43.1% and 6l 4%

: ‘respectrvely The mean pooled value l‘or black and polar bears, did not‘dfrfl‘er

N srgmfrcantly (t-test, p > 0.05) from those of whtte tailed deer. However
McCullough and Ullrey (1983) note that their study ammals were taken in the

@

fall and wmter of a high acorn crop year and were in .excellent physical
coﬁmon : . - - 'li‘ '

| 'l_n,thisl study,‘r black and polar bears ranged from poor 'to. good physical
condition, but are knoWn to be able to attain better‘ physical condition under
natural conditions. Watts (1983) completed carcass analyses on five female polar
bears with lipid contents rangmg from 20- 45% of the whole body, ‘wet werght
whtch is a higher range of values compared with the lrprd content range of
:‘6 32% of ‘animais’ used in this study This may be explained by the fact that '

the bears used in Watts® study were captured at an earlier stage of the fasting

‘,\.‘

" period of the annual feed/fast cycle R o
2 o -
355 ’
. ,,.:,n:.'lgn comparisons of white- taxled deer and black or polar bears of similar

physrcal condition, bears wou,ld have a. larger mean percentage of therr total

l“‘»

energy contamed wrghm hprd The greater potenual -energy storage of bears may,
TS 3‘

in part; be exaplarned as an adaptatron towards extended fastmg, greater potentral

energ!y storage allows longer survrval without food. However consrderatron must

also be given to differences in body size between genera. Pitts and Bullard

(1968) showed fatness (total extractable lipid) to be directly related to fat-free
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body weight. o -
Adipose tissue contained approximately 65% of the whole botdy grass
~energy accounted for by neutral lipid. This result was expécted given the major

function of adipose as an energy storage organ (Young .1976; Pond’ 1978): The

adipose_tissue of polar bears .varied' significantly more than that of black bears in

" its percentage neutral lipid energy contenf. This dift'eren’ce may reflect the
positii/e allometric patt®n of lipid depositio‘n observed in the adipose tissue of
polar bears. Asv'whole body lipid content _increased. polar bears deposited an
increasing proportlon,‘of lipid in adipose tissue.: Thus, in polar "bears, the
percentage neutral 'I_ipid ener;y content should also beco'm'e proportionately greater
with'increasing whole body lipid. In contrast the 1sometn§ pattern of adipose

‘txssue lipid deposmon observed in black bears suggests the percentage neutral '
'hpxd energy m thxs tlssue should remam relatxvely constant regardless o{ whole
body hprd content Thrs explanatxon is supported by the relatlve streng@hs of

' association, between ‘whole body lipid content and percentage neutral lipid energy

8

in adipose tissue, in black bears (r = 0.20, p > 0.05) and polar bears (r -QO.‘92, p

AL

s

omparison of the percentage distribution of neutral lipid energy by

tissue between black or polar bears and white-tailed deer (McCullough and Ulirey -

eﬂ% 1983) shows.the distribution of neutral lipid energy to be greater in. the skin and

4
“?%, f : bone andaless in the muscle and viscera, of bears. This- may relect. drfferences

-

‘:“{;‘.' ?"__.3_3«between genera m thenr pattern of lipid deposmon and mobthzanon between
s * E
s tissues. Unfortunately, little research has focussed on this aspect of lipid )
: F A . RS )

l,, "

metabo_lism.
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TABLE 3.1. General informatioh‘on‘biack béars £hdupo1ar

bears analyzed for lipid and energy content

[

'

i,

' No. Age Sex Weight

P6 14.8

a potal 1ipid content of body estimaféd from lipid

extraction results.

b rotal gnergy content of body estimated from bomb

calorimétry reSulgg.

54

97483

Date Qf Fat-te~ Total® Totalb"
(years) (kg) " death  non-fat. lipid energy
) ratio (kqg) (kcal)
Black béérs

B 0.5 F 5.0° July ‘86 0.05 o.37\Jvff9200
"B2 1.3 M 24.0 May ‘86 0.45 . 7.18 88806
B3 1.4 .M  26.4 ‘Juﬁe:faé_ 0.44  8.34 ‘
B4 14.6 M 156.0 August ‘86  0.36 28.15.f‘4o7793
B5 6.4 K ‘ 157.8 June_fes' 0.16 15.64 348007

_ Polar bears . <
P1 0.2 M 4.0 March ’83  0.002  0.25 6613
P2. 0.3 M 38,6 May ‘86 0523 8.59 , 119821
P3 s.?" M  114.6 May ‘86 0.17 17.88 292813
P4 6.3 F 15%,1 May ‘86 0.17  28.68 433227
b5 6.8 M 335.6  November ‘86 0n39; 87.52 1108359
_ﬁj 512.0 November '86.0.47 164.37 1948856
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Appendii 1. Description of adipose tissue depots defined

in black and polar bears 1

Depot:

Location

Subcutaneousv
Intermuscular
Thoracic

.. Mesenteric

Abdoﬁingl:

L3

71

included éli'adipose tissue located

between skin and surficial muscles

of bedy.

included all, adlpose tissue located
between the 1nd1v1dual muscles of
the body

1ncluded all adipose ‘tissue located

within the thomacic cavity.

largely associated with perlcardium:

and heart - .

included all adlpose.tiSSue
attached to the gastro-intestinal

. tract, 11ver and spleen

included all adipose tissue located
within the abdominal cavity and
pelvic channel, excluding the
mesenteric depot '
N 4
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Apé@ndix 2. Descriptive statistics for all black bear

~ variables presented in Chapters 2 and 3

[

Variable = : . Mean . Standard Sample

, deviatiqn- size

Age (years) 5.1.° 6.0 38
male } 5.9 6.7 23 .
female o 3.8 3.5 15

Foreleg circumference (cm) 34.3 - 10.0 33
male . 38.0 9.5 21
female ' - _ 27.8 7.5 12°

i N ' ’ ‘ - . * .

Axillary girth (cm) 82.3 .26.0 ’ 34
male - v 91.8 -.23.3 22
female _ ’ . 64.9 21.8- 12

Straight-line body len%th (cm) 131.7  35.1 36

' ‘male 140.7 ©32.3. 23
female - .//,115>8‘ - 35.6 13

gelat body_weight.(k%}‘ 53.9 34.8 . .35

. - C 64.7 7 37.9 *20

Ble , - 38.6. 23.5 15

v Tpbtal. body welght (kg) g 66.5  44.0 38
' male : : 78.6 46.8 23
female ‘ S , 47.1 31.5 - i5

Fat-to-non-fat ratio ., 0g23 - 0.17 - 35"

. male, - e 0427 0.18, = 20
female o - S Et 0.16 0.16 o 15;

Blceps brachii weightﬂ(g) - 160.4 ' 109.5 37 .
male . S 187..9  119.6 - 22
female - .- 120.0 -80.2 . , 15
% 11p1d dry weight," oo 3.04 4 1'91J . 36

. Biceps femoris welght (ké)f. 0.6 0.4 36 .
. male - . D ‘ . 0.7 0.4 21 -
female o ’ - 0.5, 0.3 - 15 ..
$ lipld, dry welght.i o : 5 59" 4.73 te38 ot
- \"Radius weight (9) ot 96,8 '57.0 . 367 7
- ‘. - 'male ° - ‘ - 114, 1 60.2. . 22
female . N ., 69.7  40.1 14
B % lipld dry weight .F -7 83.6 - ..8.5 29
l) K ' N o > . . ."."; \

(3 s
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> Appendix.2. continued

Ulna weight (g) S . 138.1 80.

&

Sy

‘male _ , - 163.4 "84

female 98.5 - 57

% lipidq, dry weight _ ¢ 81.4 . 13
LY .

Humerus weight (9) . ' 303.9 172
male . , _ ' 366.4 176
female '214.6 123

"% lipid, dry weight 78.4 12

Femur weight (g) : _ 317.2 181
nale 371.8 189
female o : 231.4 130
% lipiq, dry weight . 381.5. - 12

Tibia—fibula weight (g) . 226.8, ' 122
male _ ' 262.5"° 126
-female : 170.6 96.
% lipid, dry weight : .76.8 - 14

Tissue lipid content (% dry weight)

- adipose - _ '82.5, 8
muscle _ ' 13 8
bone - o 38,7 10
skin . “ : 31.1 - 12
viscera . o : - 25.3 10
whole body , . - 42.3 17

Tissue lipid content (kg)
adipose _ 10.7 7
-muscle: ‘ . 0.7 0
bone 1.8 1
“skin . 1.3 0
viscera : : . 0.4 0
whole body T ‘: - 11.9 19

Tissue energy content (kcal/g, dry weight)
‘adipose , . 8.14 0
‘muscle . ‘ T 5,73 0

. ‘bone. ° o o 5.26 ° 0

- skin B ' o '6.06 0
visceta ? . . ' - s.98 0
whole. body R ' - 6.52 -0

Tissue energy content (kcaf}~ T

pose - . : ,.-»107430 71022
scle o . . 52594 47067

- bone S e '34859" ()25928
»skin - ..« . 30201 722792 -

..., viscera . . . . - * . 10441 - 8199 '
whole body ‘ 1 190260.. 175897 .

36
22
14
29
34
20
29 -

36
22
14
29

36

22 .,

14

(SN
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Appendix 3. Descriptive’statistics.for all polar bear

variables presented in Chapters 2 and 3

‘Variable : ' PR Mean  Standard - Sample

.deviation size

" * ',"
Age (years) 6.2 5.7 41
male _ 6.7 6.4 25
- female : o 5.4 4.7 16
s Foreleg circumference (cm) ) ~54;4 ' 9.4 29
male : ; 4 B7.97 9.3 17 7
female Lo ; v L '~ 49.5 7.3 12
Ax1101ary glrth (cm) oY 138.30  42.3 4 .
male . - A : 138.3 . 42.3 4.
femal®& -~ [\ . C T me——— S meee 0
Straight-lire Rpdy leng BRLhn) 18601  45.0 - 34
.male . ¥, - 196.5 = 52.2 - 21
femalﬂp ‘ - 169.3 ., 23.0 : 13
Non-fat body we1ght (kg¥® 141.8 74.1 31
- ‘male K ‘ 169.2 83.5 18 ‘
- female f . 103.9 34.5 : 13
Total body weight (kg) ~  180.5 '  102.9 35
» e male ) fvﬁﬂ S 203.6:  121.5. .21
' female g ;[.L_ ' 146.0 -53.3 14
. : ‘ ’ . o g L T
o Fat-to-non-fat ratio T 0.29 0 0,140 7 31
male - ... ‘. .. T - ..8.26 - 0:13) ° 18
o female = .. © ., 7 0.32 - 0.15° 13
;;i ’ Biceps brachii weight (g) . 404.4 220.0 - 42
TV -male . 468.7  -246.0 . 26
: female Lo ’ _. ..299.9 - 112.7 16
<% 11pid dry weight ' . 4.86 . 1.99 L 30
Blceps femorls weight (kg) 1.6 g 1.0 40
male ' 1.9 1.1 C 24
; female S 0 B 0.5 .~ 16
s lipld dry weight Ao T 7.820 401129
| Radius welght (g) S ‘288,9 ' 132.1° . 38
. male. o o - 7 332.1 143 % .. .24 .
female: -* . . ..'214.9. . 61,3 S 14 -
3 lipid dry.weight . 78.6- 9.2 '26

-
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0.54 -

a, - Appendix 3. continued
Ulna weight (g) 477.4 233.8
male _ FS 557.8 -256.1
female - 343.4 94.8
% lipid dry weight 72.0 15.1
Humerus weight (9) 1038.9 523.4
male 1233.8 t573.0
female® : " 734.3 '207.3
% lipid dry weight 84.8 8.0
Femur weight (g) 1051.1 483.%
‘male 1205.9 519.2
female 763.8 213.8
% lipid dry weight 86.0 10.2
Tibia-fibula weight (9) 768.9 ¢ 354.8
-male , 888.9 378.0
. female 546.1 143.6
% lipid, dry weight 81 0 '10.3
. Tissue 1lipid content (%, dry weight) '
‘ adipose 86,3 6.5
muscle - 18.1 6.0
bone © 34.7 7.0
" skin . . 38.7 . m——
viscera ‘ 28.2 ‘9.3
whole body 45.6° 15.0
Tissue lipid content (kg) S
. -adipose L 45.6 . 53.7
muscle ' ST 4.7 5.3
.bone : . N - Y 4.7
skin ) ' o 1.4 —-—
visceta ' L "l.4 & 1.2
‘whole body Do . B1.2 '63.§,
Tissue energy content (kcal/g, dry weight)
adipose A © . -8.38 0.39
‘muscle °6.08 "0.18
~bone . 5.14
skin .6.50 ————
~ viscera’ : . 6.96 . 0.40 -
whole body e L e 6.40 0.64
i *’* [P . ' .

) Tissue energy content (kcal)

’ adipose. - 4331 7512892 .
muscle - 153 y 131899
bone . | 89383 58759 -

skin - 23226 mem—e

- .viscera " ‘- ... 27130 19364
- whole Body . ... -+-651615

+ ! . N

1743870

AN Ul oL,

oupruay

T ST NLRT)



