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The measurement of body composition in black bears (Ursus americanus), brown bears (U. arctos), and polar bears 
(U. muritimus) was investigated by means of isotopic water dilution and bioelectrical impedance analysis (BIA). The basic 
relationships between body lipid, water, protein, and ash were determined by direct chemical measurement of 13 black and 
6 brown bears. Body water and lipid content as a percentage are highly correlated (r2 = 0.98, standard error of the estimate 
(SEE) = 1.1 %) and inversely proportional. The dry, lipid-free mass averaged 83.5 -+ 1.6% protein and 16.5 -+ 1.6% ash. 
Either isotopic water dilution or BIA can be used to estimate body lipid content of healthy, uninjured bears ( r2  = 0.93, 
SEE = 2.7% and r 2  = 0.96, SEE = 2.2%, respectively). Isotopic water equilibrated with body water by 150 min. Abscesses 
and recent injuries (i.e., gunshot or snare wounds) produced erroneous body composition estimates when BIA was used, but 
only when the injury was in the conductor path between the BIA electrodes. Dilution estimates were not affected by injuries. 
Currently, neither method can be used on dead bears. 

FARLEY, S.D., et ROBBINS, C.T. 1994. Development of two methods to estimate body composition of bears. Can. J. Zool. 
72 : 220-226.- 

Des techniques de dilution B l'eau isotopique et d'analyse bioklectrique de l'impkdance (B'IA) ont servi B Cvaluer la 
composition corporelle chez des Ours noirs (Ursus americanus), des Ours bruns (U. arctos), et des Ours blancs (U. muritimus). 
Les relations de base entre les lipides, l'eau, les protCines, et les cendres ont Ctk dCterminCes par des mesures chimiques 
directes chez 13 Ours noirs et 6 Ours bruns. Le contenu en eau et le contenu en lipides (en pourcentage) sont en corrklation 
trks fortes (r2 = 0,98, estimation de l'erreur standard = 1,1%) et sont inversement proportionnels. La masse skche sans les 
graisses est constituke en moyenne de 83,5 -+ 1,6% de protkines et de 16,5 f 1,6% de cendres. Les deux mkthodes, la dilution 
B l'eau isotopique ou l'analyse bioklectrique de l'impkdance, peuvent servir B estimer le contenu en lipides du corps chez 
des ours sains sans blessures (premikre mkthode : r 2  = 0,93, erreur type sur l'estimC =2,7%; deuxikme mCthode : r 2  = 0,96, 
erreur type sur I'estimC = 2,2%). L'Cquilibre entre l'eau isotopique et l'eau du corps met 150 min B s'Ctablir. La prCsence 
d'abcks ou de blessures rCcentes (i.e., coups de feu ou blessures laissCes par des pikges) donne lieu B des mesures erronCes 
de la composition corporelle par la mCthode BIA, mais seulement lorsque la blessure se trouve dans la voie de transmission 
du conducteur entre les Clectrodes. Les estimations par dilution ne sont pas affectCes par la prCsence des blessures. Pour le 
moment, ni l'une ni l'autre de ces mCthodes ne peuvent etre utilisCes sur des ours morts. 

[Traduit par la Rkdaction] 

Introduction 
The development of fast, accurate methods to determine 

body composition of a living bear has implications for 
assessing habitat and population quality as well as identifying 
critical times or events in the animal's life cycle. Classically, 
bear biologists have used mass, morphometric measurements, 
visual scores, and various blood chemistries as indirect 
indicators of body condition (Poelker and Hartwell 1973; 
Franzmann and Schwartz 1988; Hellgren et al. 1989, 1993). 
None of these indicators have been validated using the 
animal's actual body composition, nor do they permit in-depth 
analysis of energy and matter balances. Cattet (1990) 
correlated morphometric measures an lipid content of specific 
sites (marrow and intramuscular) with dissectable fat and 
nonfat masses of polar bears and black bears. He concluded 
that such measures were unreliable and that more accurate 
techniques should be developed to assess the nutritional 
condition of individual bears. Thus, no method has yet been 
validated for accurately determining the body composition of 
living bears. 

The two most useful methods currently available to 
determine body composition of the living bear under field 

conditions are isotopic water dilution and bioelectrical 
impedance analysis (BIA). Other available methods are either 
very inaccurate (e.g., skin-fold thickness) or inappropriate for 
field use on animals as large as bears (e.g., total body electrical 
conductivity and densitometry; Coward et al. 1988; 
Heymsfield and Waki 1991). BIA and isotopic water dilution 
measure the animal's water content, which then can be used 
to estimate lipid, protein, and ash contents with equations 
developed from direct chemical analyses of homogenized 
animals. The use of water content measurements to predict 
body composition depends on the close inverse relationship 
between water and fat and the constancy of the protein and 
ash contents of the dry, fat-free mass in chemically mature 
animals (Robbins 1993). 

Isotopic water dilution has been available for at least 
30 years and has been used on many species (Richmond et al. 
1962; Nagy and Costa 1980; Torbit et al. 1985; Rumpler et al. 
1987). BIA is a newer, rapid, noninvasive method originally 
developed for determining human body composition (Lukaski 
1987). BIA measures the resistance to conduction (in ohms) 
of a low-level alternating current (800 pA at 50 kHz) in an 
organism. Because the conductivity of body lipids is 4-5% 
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that of lean tissue, body fluids, and bone, the resistance 
measured by BIA is an indicator of body water content 
(Fiorotta e t  al. 1987; Walsberg 1988; Hall e t  al. 1989). Thus, 
in this study the relationships between water, lipid, protein, 
and ash in bears were determined, and equations necessary 
for using isotopic water dilution and BIA to  predict the body 
composition of anesthetized black, brown, and polar bears 
were developed. 

Methods 
Validation by chemical assessment of hody composition 

Nineteen wild, problem bears scheduled for euthanasia were 
shipped to the Bear Research Facility at Washington State University 
for direct chemical determination of water, lipid, protein, and ash. 
These bears were of both sexes and included cubs and adults. All 
animals were held in captivity with food and water supplied 
ad libitum until normal intake could be ensured. Two animals were 
allowed to enter hibernation to determine if any major physiological 
changes would prevent the use of either BIA or isotopic water dilution 
on hibernating bears. 

Food was withheld from all bears for 24 h before they were 
anesthetized (Telazol, 5.0 mg/kg). Total body water was measured by 
isotopic water dilution and resistance measurements were made with 
a bioelectrical impedance analyzer (see sections on water dilution and 
impedance below for specific details). Each animal was then 
euthanized with an overdose of pentobarbital (Beuthanasia-D). After 
euthanasia all animals were weighed to IT200 g with an electronic 
load cell and shaved, and all ingesta within the gastrointestinal tract 
were removed. All bears were carefully examined for injury. All hair 
from each bear was collected and weighed, and a subsample was dried 
at 100°C to determine dry mass. The ingesta-free bear and the viscera 
were then triple-wrapped in plastic and stored at -20°C. 

The viscera and the frozen, shaved, ingesta-free carcass were 
homogenized in a commercial whole-body grinder. Complete 
recovery of all tissue was ensured by thoroughly cleaning the grinder 
between each homogenization. Subsamples from each animal were 
retained for chemical analysis. Total body water was determined by 
freeze-drying subsamples of the homogenate (0.5-1.0 kg) and 
correcting for mass changes during freezer storage. The dried 
homogenates were finely ground with dry ice in a Wiley Mill and 
used for all subsequent chemical analyses. Crude protein content was 
determined by the macro-Kjeldahl technique, total lipids were 
extracted for 24 h in a Goldfisch apparatus with a 1:2 
chloroform:methanol mixture (Folch et al. 1957; Spence and Wolfe 
1967), and ash or mineral content was determined by combustion in 
a muffle furnace at 440°C for 24 h. Chloroform-methanol was 
chosen over ether as the lipid solvent in order to extract both polar 
and nonpolar lipids. All assays were carried out in duplicate and 
means were used in all calculations. Hair subsamples (0.5-5.0 g) were 
analyzed for crude protein, ash, and lipid contents by the same 
methods used for whole-body homogenate. Although hair was 
analyzed separately, all body composition data include hair. 

Total hody water determination by isotopic water dilution 
Body water pool size was determined in vivo by isotopic water 

dilution (Pace et al. 1947). We performed 57 dilutions on 25 captive 
black bears, 35 dilutions on 15 captive brown bears, and 62 dilutions 
on 62 free-ranging polar bears. We considered the multiple measures 
on black and brown bears to be independent because they were taken 
either across periods of very active growth in young bears or during 
major seasonal mass changes (e.g., before and after hibernation) in 
older bears. Either tritiated (10 pCi/kg; 1 Ci = 37 GBq) or 
deuterated water (0.5 g/kg; 99.8%; Aldrich Chemicals) was injected 
intravenously into anesthetized (Telazol, 5.0 mg/kg) bears. Animals 
were weighed (+200 g) and blood samples collected at 30-min 
intervals for 4 h. Blood samples were centrifuged (IEC clinical 
centrifuge, 15 min at top speed) and serum was harvested. Tritiated 
serum samples were counted on a Packard Tri-Carb liquid scintillation 

counter. A quench correction was applied (sample channels ratio) and 
tritium activity was expressed in disintegrations per minute (1 dpm = 
0.167 Bq) per millilitre of water. All deuterated samples were vacuum 
sublimated and deuterium concentration was determined by infrared 
spectrophotometry (Byers 1979) using a Miran IFF fixed-filter 
deuterium analyzer (+0.05% photometric accuracy; Foxboro Co., 
Foxboro, Mass.). Body water pool size was estimated as the ratio of 
the amount of isotope injected to the isotope concentration measured 
in the animal when the injected isotope was completely mixed 
throughout the total body water pool (Pace et al. 1 947; Lukaski 1987). 

Equilibration determination 
Isotopic equilibration occurs when the injected isotope is 

distributed evenly throughout the body water pool, including blood 
and urine. We determined equilibration time in a subsample of bears 
(14 black and 9 brown bears) that were simultaneously used to total 
body dilutions and BIA. In addition to the blood samples taken every 
30 min, these individuals were placed in metabolism crates (Pritchard 
and Robbins 1990) and allowed to recover. All bears were provided 
with water ad libitum and fed a maintenance diet of dog food. Each 
bear was observed at least once a day for 6 days until urination 
occurred. The time of urination was recorded and a sample 
immediately collected. Urine samples were decolorized with activated 
charcoal and centrifuged (IEC clinical centrifuge, 15 min at top 
speed), and the supernatant was counted for isotope concentration. 
Channels ratio quench correction was applied and activity was 
expressed in disintegrations per minute per millilitre of water. For 
each animal we regressed the isotope concentrations in urine water 
against times of urination, then extrapolated to the concentration at 
time 0. Because some isotope is lost via urination and respiration 
during the equilibration period, this value at time 0 represents the 
concentration expected if equilibration had occurred instantaneously 
after injection. Blood water isotope concentrations during the first 4 h 
were then expressed as ratios of the extrapolated time 0 concentration. 
The time of equilibration was determined as the minimum time 
necessary for ratios to become relatively constant and to show 
variation that was not significantly reduced in later samples. 

Bioelectrical impedance analysis 
BIA measurements were taken simultaneously with all isotope 

dilutions on all bears (25 captive black bears, 15 captive brown bears, 
and 62 free-ranging polar bears). BIA resistance readings were made 
with the Model lOlA (RJL Systems, Detroit, Mich.) which reads 
0-1000 ohms with a resolution of 1 ohm and an accuracy of +0.5%. 
Bears were placed sternally recumbent in a standard position on dry 
ground, concrete, or a plastic sheet. The plastic sheet was used with 
wet bears to prevent loss of electrical current to the ground. Needle 
electrodes (21 g, 3.8 cm VacutainerB needles) were used with the 
short end inserted subcutaneously into the animal and the long end 
clamped to the impedance meter's cable. 

Because BIA readings are strongly affected by limb position and 
electrode distance (Kushner 1992), we used a consistent positioning 
of the bear and the electrodes. Most previous workers have measured 
whole-body resistance between limbs (Kushner 1992). Thus, we 
initially measured whole-body resistance between forelimbs and hind 
limbs for each bear (both contralaterally and isolaterally). When 
measuring bear forelimb to hind limb resistance, we mimicked the 
hand and foot electrode placements used by previous researchers 
working with humans. We minimized interobserver variance in 
electrode placement by defining anatomically distinct locations for 
the electrodes. Thus, during hind limb for forelimb measurements the 
anterior electrode pair was placed on the dorsal aspect of the forepaw, 
with the current-carrying electrode between the 3rd and 4th digits at 
a level between the metacarpals and proximal phalanges, while the 
current-detecting electrode was inserted proximal to the radial carpal 
and ulnar carpal bones and midway between the radius and ulna of 
the same animal. The current-carrying electrode of the posterior pair 
was on the lateral surface of the foot and just dorsal to the most 
posterior point of the foot pad. The current-detecting electrode was 
also on the lateral surface of the foot, but dorsal to the calcaneum. 
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&I 20 / 
I Brown bear 

- Black bear \ 
- - 
g o l p p  I I I I 

J 40 50 60 70 80 

& 
BODY WATER CONTENT BY FREEZE-DRYING (O/o) 

FIG. 1. Relationship between body water and lipid content from direct 
chemical analyses of 6 brown and 13 black bears. The two circled points 
were hibernating black bears. 

Finally, to determine the impcortance of standardizing limb position, 
the limbs were moved either closer to or farther from the body and 
new resistances and distances from the standard position were 
recorded. 

Another resistance measure that would use more easily identified 
electrode positions and would not require the rigid standardization 
necessary when using the limbs was sought. However, bears were 
always positioned sternally as previously described. The most 
promising of several measures that were tried was snout to tail 
resistance. This was measured with the anterior electrode pair 
clamped to the upper lip (needles were not used) at the level of the 
canines. Good electrical contact was ensured by wetting the lips with 
water. The posterior electrodes were placed 3 cm on either side of 
the junction of the sacrum and the first caudal vertebrae (e.g., base 
of the tail). The current-carrying electrodes were always on the 
animal's right side. Because this resistance measure was developed 
midway through the study, snout to tail resistance was measured on 
only 12 of the 19 euthanized bears. 

Because BIA resistance is a function of conductor configuration 
(Kushner 1992; Kushner and Schoeller 1986; Nyboer 1972), we 
measured the linear and circumferential dimensions of the head, ears, 
neck, trunk, and legs necessary to estimate total surface area and total 
body volume (Moen 1973). In addition, snout to vent length and snout 
to tip of tail length were measured following the dorsal contours. 

The change in BIA measurements from death to 5 h later was also 
determined on four bears. At the time of death, two of the animals 
were placed in a -20°C freezer and two were kept at room 
temperature (22°C). 

Simple linear and multiple linear regressions were used to develop 
predictive equations. Standard errors of the estimates (SEE) and 
coefficients of determination were used to compare predictive 
equations. ANOVA was used to test for species differences. 

Results 
Chemical assessment 

The methods used to measure water, protein, lipid, and ash 
accounted for 100.7 + 0.6% (x + SD) of the bear's mass. 
Lipid and water content (%) were inversely correlated, with 
no significant differences between black and brown bears 
(p  = 0.33) or between hibernating and nonhibernating bears 
(p  = 0.89) (Fig. I). The fat-free or lean mass averaged 73.4% 

TIME (rnin) 

FIG. 2. Isotope concentration in blood water at 30-min intervals after 
injection relative to the extrapolated time 0 concentration in urine water 
samples from 14 brown and 9 black bears. Increment values are the 
mean + 1 SD. An equilibration increment of 1 means that the isotope 
concentration in blood water and the extrapolated time 0 value are equal. 

r2 = 0.99; SEE = 1.6; n = 19 
F[l,j7~ = 5391; p < 0.005 

Brown bear 
Black bear 

Zi 
BODY WATER CONTENT BY ISOTOPE DILUTION (kg) 

FIG. 3. Comparison of body water content determined by isotope 
dilution and whole-body grinding-sublimation in bears. 

water (i.e., the x intercept of Fig. 1 at 0% fat). The dry, 
lipid-free residue contained 83.5 + 1.6% protein and 16.5 + 
1.6% ash. The oven-dry mass of hair (Y, g) increased 
curvilinearly with body mass (X, kg) and can be estimated by 
the equation Y = 47.9(X0.67) (r2 = 0.78; SEE = 221). The 
dry matter of hair contained 94.5 * 2.0% protein, 3.2 + 
0.4% ash, and 2.3 + 1.2% lipid. 

Equilibration times 
Equilibration of injected isotopic water occurred by 

150 min postinjection (Fig. 2). Slight variation in the timing 
of samples collected shortly before or after 150 min had a 
negligible effect on the measured isotope concentration. The 
150-min isotope concentrations were slightly higher than the 
time 0 value (1.044 + 0.008). Thus, samples taken at 150 min 
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Y =9685-1.33X 
r2 = 0.93; SEE = 2.7; n = 19 

F[1,171 = 237. p < 0.005 

Brown bear 
U Black bear 

BODY WATER CONTENT BY ISOTOPE DILUTION (%) 

FIG. 4. Relationship between body lipid content determined by 
grinding-chemical extraction and body water content measured by 
isotope dilution. The regression line is bracketed by 95% confidence 
intervals. 

50 r • 
I Snout to Tail Resistance 

Brown bear 
Black bear 

Y = 98 01 - 1.28X 
r2 = 0.96, SEE = 2.2; n = 12 
F[l,lol =213. p <  0.005 

Limb Resistance 

,' = 97.98 - 1.34X 
r2 = 0.78; SEE = 4.8; n = 19 
F,l,17~ = 61; p<0.005 

0 1 L ---- 

40 50 60 70 

BODY WATER CONTENT BY BIOELECTRICAL IMPEDANCE (%) 

FIG. 5. Relationship between body water content estimated by the 
multiple linear regressions from Table 2 and body lipid content 
determined by whole-body grinding-chemical extraction. 

were considered to represent equilibrated values and were 
corrected to time 0 by dividing by 1.044. 

Isotopic dilution and BIA 
Water dilution using the above correction, 1.044, 

overestimated body water determined by freeze-drying by 
3.7% (i.e., 1 minus the slope of the regression in Fig. 3). 
Because this correction contributes to the overestimate of 
3.7% from using serum samples collected at 150 min, we did 
not apply either correction to subsequent measurements of 
body water content, as the systematic error is reduced to less 
than 1 %. Isotopically determined body water content provided 

TABLE 1. Coefficients of determination and 
standard error of the estimate for simple linear 
regression between total body water (isotope 
dilution) and three morphometric measures 

and three resistance measures 

Species and 
predictive variablea r SEE 

Black bear 
BM 
TS A 
TBV 

Brown bear 
BM 
TS A 
TBV 

Polar bear 
BM 
TS A 
TBV 

Morphometric measures 

Resistance measures 

Black bear 
SVL~ISTAILR 
SVL~NEANLIMBR 
XED~NEANLIMBR 

Brown bear 
SVL~ISTAILR 
SVL~NEANLIMBR 
XED~NEANLIMBR 

Polar bear 
SVL2/STAILR 
SVL~NEANLIMBR 
XED~NEANLIMBR 

"BM, body mass (kg); TSA, total surface area (m2); 
TBV, total body volume (m3); SVL, snout-vent length; 
STAILR, snout to tail resistance; MEANLIMBR, mean 
limb resistance; XED, mean distance between forelimb 
and hind-limb electrodes. 

an estimate of body lipid content with an increase in error of 
1.6 units relative to direct chemical determination (i.e., SEEs 
from Fig. 4 minus Fig. 1). 

Five morphometric and 10 resistance measures were 
compared by simple linear regression to total body water 
measured from isotope dilution. The three best morphometric 
predictors were body mass (BM), total surface area, and total 
body volume (Table 1). Because surface area and total volume 
are time-consuming measures and are not better predictors 
than body mass, only body mass was used in multiple linear 
regressions. Snout to vent length combined with either snout 
to tail or mean limb resistance was the best resistance measure 
(Table 1). 

Multiple linear regressions combining BM and snout to tail 
or mean limb resistances improved the predictive capability 
relative to simple linear regressions. Snout to tail resistances 
and BM were equal or better predictors than mean limb 
resistances and BM in all three species (Table 2). Error was 
not decreased when data for each species were grouped by 
sex. The multiple linear regressions incorporating body 
resistances and masses estimated body lipid content with an 
increased error of 1.1-3.7 units relative to direct chemical 
determination (i.e., SEEs from Fig. 5 minus Fig. 1) .  
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TABLE 2. Multiple linear regressions for estimating total body water (TBW; kg) by dilution from body 
mass and snout to tail or limb resistance 

Equation r 2  SEE 

Black bear TBW = -0.224 + 0.197 (SVL2/STAILR) + 0.137 (BM) 0.98 4.0 
TBW = 1.588 + 0.249 (SVL2/MEANLIMBR) + 0.203 (BM) 0.98 3.7 

Brown bear TBW = 2.785 + 0.175 (SVL2/STAILR) + 0.186 (BM) 0.98 6.0 
TBW = 7.341 + 0.297 (SVL2/MEANLIMBR) + 0.146 (BM) 0.98 6.0 

Polar bear TBW = - 1.860 + 0.23 1 (SVL2/STAILR) + 0.074 (BM) 0.99 6.6 
TBW = 6.643 + 0.256 (SVL~MEANLIMBR) + 0.097 (BM) 0.97 10.2 

NOTE: For explanation of abbreviations see Table 1. 

. . '. : . .. .. I.. 8 .  . . . . . . . . . . 
0.0 

I 1 I I I 

100 200 300 400 500 

BODY MASS (kg) 

FIG. 6. Relationship between body mass and the change in resistance 
with various limb positions. 

Bioelectrical impedance analyses using the limbs were 
affected by any variation in limb or electrode placement 
(Fig. 6). The lack of rigid standardization in positioning the 
limbs affected resistance readings curvilinearly with bear size 
and had the greatest effect on small bears. Limb resistances 
were noticeably lower (i.e., by as much as 18%) on bears with 
abscesses or wounds (such as snare and gunshot wounds) 
when the injury was in the conductor path. For these bears, 
the resistance measurements on the injured limb were not used 
in calculating the mean, whole-body resistance. The gunshot 
wounds were from small caliber bullets and generally were 
not apparent from visual inspection of the unshaved bear. 
Lipid contents estimated by water dilution and BIA are highly 
correlated (Fig. 7), but when the two are directly compared 
the variance is larger than in previous equations because of 
the combination of error from both methods (Figs. 4 and 5, 
Table 2). The residuals of Fig. 7 are normally distributed and 
display no systematic trend associated with size. 

It was noted, but not quantified, that bears under light 
anesthesia had resistance readings that fluctuated with head 
and limb movements. Bears resting in standing water gave 
erroneously low readings. Resistance in dead bears increased 
within minutes of death, and 5 h after death it was 36% higher 

. 

Brown bear 
Black bear 
Polar bear 

u m 
BODY LIPID CONTENT BY BIOELECTRICAL IMPEDANCE (%) 

FIG. 7. Comparison of body lipid content in brown, black, and polar 
bears determined by isotope dilution (Fig. 4) and snout to tail resistance 
equations (Table 2 and Fig. 5). The line shows the 1 : 1 relationship, and 
the standard error of the estimate is calculated relative to that line. 

at -20°C and 14% higher at 22°C. Resistance had not 
stabilized by 5 h. 

Discussion 
The relationship between water and lipid contents of bears, 

the concentration of protein and ash in the dry, lipid-free mass, 
the water content of the lean mass, and the composition of the 
hair are very similar to values determined on many species 
(Sheng and Huggins 1979; Robbins 1993). Similarly, the 
initial overestimate of the body water pool by isotope dilution, 
3.7%, is within the range of overestimates commonly 
occurring in other studies, 2-5% (Sheng and Huggins 1979; 
Nagy and Costa 1980; Schoeller et al. 1980; Reilly and Fedak 
1990). 

Isotopic water dilution and BIA estimate in vivo body 
composition with equal accuracy under carefully controlled 
and standardized conditions. However, both methods have 
constraints or limitations. Free-ranging bears that have 
recently consumed a large meal may have a correspondingly 
large ingesta volume, which could produce erroneous 
estimates of body composition when either method is used. 
Water dilution requires injections of sterile labeled water, 
anesthesia of 150 min duration, blood samples, and sophis- 
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ticated laboratory analyses. The dilution method is not 
affected by depth of anesthesia, ambient temperature, or 
rainfall. Conversely, bioelectrical impedance analysis requires 
no injections or blood sampling and can be accomplished by 
experienced personnel in approximately 15 min. However, 
bioelectrical impedance analyses are greatly affected by depth 
of anesthesia, limb and electrode placement, and operator 
experience. The animal must be still and relaxed during BIA 
measurement. Because BIA readings taken with electrodes 
placed on the limbs are greatly influenced by limb and 
electrode position, we recommend using the snout to tail 
resistance method. Extremes of temperature and rainfall can 
affect BIA measurements and require precautions (e.g., 
warming the BIA meter in extreme cold and using 
ground-insulating plastic sheets). Researchers using BIA for 
quick field determinations of body lipid content should 
immediately estimate body water and lipid composition in 
order to check for illogical values (e.g., negative percent body 
fat) arising from improper application of the technique. 

Although both methods will be affected by an animal's 
hydration status (Brodie et al. 1991), rarely can this be judged 
under field conditions. While small abscesses, such as those 
commonly found on bears, will not inlluence water dilution 
values, even minor tissue trauma can affect BIA readings if 
the injury is located along the conductor path. Hence, every 
bear should be thoroughly checked for wounds and general 
condition prior to taking BIA readings. 

Accurate body mass measurements are critical because both 
isotopic dilution and BIA provide a measure of absolute water 
content which is then transformed to percent body fat. Any 
error in mass will be incorporated into the conversion from 
water to .fat content. Thus, these methods require the use of 
accurate, field-portable, electronic load cells when the bear's 
mass is measured. 

Neither method will estimate body composition post 
mortem, though BIA may be useful if equations specific to 
dead bears are developed (Raphael et al. 1991). Any 
additional work to develop these equations will necessitate 
controlling carcass temperature and time since death. 
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