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ABSTRACT: We compared weights and hematological pro61es of adult ( >3-yr-old) female black
hears (Ursus amerlcanus) during hibernation (after 8 January). We handled 28 hears one to four
times (total of 47) over 4 yr of varying mast and berry production. Mean weight of lactating bears
was greater (P < 0.0001) than that of non-lactating females. White blood cells (P < 0.05) and
mean corpuscular volume (P = 0.005) also differed between lactating and non-lactating bears.
Hemoglobin (P ~ 0.006) and mean corpuscular hemoglobin concentration (P =0.02) varied among

years; values were lowest during 1975, following decreased precipitation and the occurrence of a

second year of mast and berry crop shortages in a thr..,·year period. Significant

(P

< 0.05)

interaction between reproductive status (lactating venus non~lactating) and study year for he-

moglobin, red blood cells, and packed cell volume, and increased mean corpuscular volume,
suggested a greater nutritional challenge for lactating females compared to non-lactating females
during the 1975 donning season. Our data suggest that hematological characteristics of donning
hears may be more sensitive than weights as indicators of annual changes in nutritional status;
however, other inOuential factors. in addition to mast and berry crop production, remain to be
examined.
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INTRODUCTION

assess~

on fat catabolism. they burn approximateHematologic profiles of bears ( Ursus ly 4,000 kcal/day (Nelson, 1973. 1980).
spp.) have been used to examine seasonal Furthermore. cubs are born to gravid fepatterns of metabolism, nutritional con- males during the latter part of the denning
dition, and the inlluence of age. sex, and period. Thus, these females incur the addlocation (Seal et al., 1967; Pearson and Hal- ed energetic cost of lactation (Jonkel. 1978).
Between 1971 and 1976, Minnesota bears
loran, 1972; Matula et al., 1980; Nelson et
endured
four years (1972, 1974-76) of draal., 1983; Brannon, 1985; Schroeder, 1987;
matic
shortages
of mast (primarily COf'ylus
Franzmann and Schwartz, 1988; Hellgren
COf'nuta)
and
berries
(mainly Vacclnlum
et al., 1989). Specifically, hemoglobin (Hb)
and packed cell volume (PCV) may be spp., Prunus spp., COf'nus spp., and Rubus
used as sensitive indicators of seasonal spp.), which are important dietary comchanges in body condition of black bears ponents for black bears in the study area
(U. amerlcanus) (Schroeder. 1987; Franz- (Rogers, 1976a, b). Poor mast and berry
mann and Schwartz. 1988; Hellgren et al., crops have been associated with under1989). However, there is little information nutrition in black bears. Specifically, bears
concerning the hematology of black bears have shown insufficient weight gain prior
during hibernation, particularly relative to to denning. emaciation, and reduced recondition. Black bears in northeastern productive success rellected by depressed
Minnesota hibernate for 5 to 7 mo from growth. development, and survival of ct.bs
late September to April (Rogers. 1987). and yearlings (Hatler, 1967; Jonkel and
While denning, bears do not eat, drink, Cowan, 1971; Rogers, l976a, 1987). Our
urinate, or defecate, and relying primarily objective for the present study was to doc637
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ument weights and hematological profiles pared by two-way analysis of variance and coof lactating and non-lactating, adult, fe- variance, respectively. Year (1972to 1975) and
status (lactating, non-lactating)
male black bears during hibernation and reproductive
were tbe !acton in both analyses; age (years)
to determine if crop failures prior to den- was the covariate. We similarly analyzed hening were reflected by changes in weights matologic data by two-way analysis of covariance using weight as the covariate. Only nonand hematology.
STUDY AREA

This study was concentrated in a 300-km•

area of the Superior National Forest of northeastern Minnesota (Rogers, 1987). Vegetation
was 76% upland and 24% lowland; approximately 59!11; of the upland was mixed coniferousdeciduous communities (Peek et al., 1976).
Aspens (Populus spp. ). paper birch (Betula papynfero), red pine (Pinus reslnOSD), jack pine (1'.
bdnkrlaoo), white pine (1'. &lrobus), white spruce
(l'lceo glauco), and balsam 6r (Abie• """""""')

pregnan~ non-lactating females were compared
to lactating bears, and only data collected during a single handling of each bear per hibernation period were included in analyses. Multiple group comparisons were made by Tukey 's
studentized multiple-range test at P :S 0.05. Data
are presented as mean ± standard errors (SE).
The minimum acceptable level of significance
was I' :S 0.05.

Twenty-eight hibernating bears were
chemically
immobilized and handled one
rnDr11lno), balsam 6r, white cedar (ThujD occVIentalu), black ash (Fronnus nigra), and pa- to four times during the 4 yr study; 47
per birch were predominant on lowland~ (May- blood samples were collected. Approxicock and Curtis, 1960). The climate is cool- mately 79% of the samples were collected
temperate. During the study, average annual during March. There was no difference in
snowfall was 157 em. Snow cover is nearly con·
tinuous from mid-November to mid-April (Rog- age between lactating (8.9 ± 0.6 yr. range
ers, 1987). From April to September (bears' ac- = 5 to 14 yr, n = 19) and non-lactating
tive period), mean daily minimum ambient (7.7 ± 0.7 yr, range= 3 to 14 yr. n = 28)
temperatures ranged from -5 to 14.2 C; mean bears. Mean weight of lactating bears
daily maximum temperatures ranged form 8.3 (range = 56.4 to 85.0 kg) was 24% greater
to 27.9 C (National Oceanic and Atmospheric
Administration, 1971. 1972. 1973, 1974). Total (P < 0.0001) than that of non-lactating
precipitation during these months was 50, 63, bears (range = 30.5 to 68.2 kg) (Table 1).
64, and 40 em for 1971, 1972, 1973, and 1974, Mean age (8.2 ± 0.5 yr. n = 47) and weight
respectively (National Oceanic and Atmospher- (58.8 ± 1.8 kg, n - 47) did not differ
ic Administration, 1971, 1972, 1973, 1974).
among years (Table 2). Of the variables
examined, reproductive status (lactating
IIATIAIALS AND MEniODS
versus non-lactating) was most strongly reRadiC>-COIIared adult ("=3-yr-old) female bears lated to the variability of weight [Weight
were tracked to their dens between 8 January (kg)= 84.7 - 16.3%, :r- reproductive staand 18 April 1972 to 1975 and were injected tus, R' = 0.40). Age was a significant (P <
intramuscularly by pole syringe with 0.2 mg/
kg of phencyclidine hydrochloride and 0.5 mg/ 0.01) covariate; however. the relationship
kg of promazine hydrochloride. Induction of to weight was not clear. Of bears weighed
anesthesia occurred within 2 to 10 min. Im- during March, lactating bears were 27%
mobilized bean were eartagged, weighed with heavier (P < 0.001) than non-lactating
a spring scale to the nearest 0.45 kg, and phys- bears (68.8 ± 1.9 kg versus 50.1 ± 2.7 kg,
ically eumined. A 6rst upper premolar was e~o
tracted for age estimation by analysis of ce- n - 18 and 19, respectively).
Mean white blood cell (WBC) counts
mentum annuli (Willey, 1974). Ten to 30 min
alter induction, blood was collected from a fem- and mean corpuscular volume (MCV) diforal vein by venipuncture into a 5-ml ethylene- fered (P < 0.05 and P < 0.005) between
diamine tetraacetate vial. Blood samples were lactating (range = 4.5 to 11.0 10"h•l and
kept cool and analyzed within 72 hr. Hematologic analyses were conducted as described by 59 to 75 8, respectively) and non-lactating
(range = 3.9 to 18.8 10"I ,.1 and 51 to 72
Seal et al. (1967).
Mean ages and weights of bears were com- 8, respectively) bears (Table 1). The
were common on uplands. Black spruce (PU:ea
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TABLE 1. Signi6canl effects of lactation on weight and hematological characteristics of adult (~3-yr-old)
female black bears, Superior National Forest, northeastern Minnesota, 8 January to 18 AprU 1972 to 1975.
Lactating
Charact~rtstic.'s

f

SE

Weight (kg)
Whit• blood c•lls (10'/~1)
Mean corpuscular volume (0)

68.4•
6.7"
68.4•

1.6
0.3
1.2

Non-lactating

•

f

SE

•

19
19
19

52.2

2.0
0.6
0.7

28
28
28

7.5
63.1

• Lactating diftrrrd (P < 0.0001) from non-lactating.
• Lactating diff~red (P < 006) from non-lactating.
· Lactating dilftftd (P < O.()(l';) from non-laclating

greatest difference in MCV occurred in
1975. Mean Hb (P = 0.006) and mean
corpuscular hemoglobin concentration
(MCHC, P = 0.02) varied from 1972 to
1975. Mean PCV tended (P = 0.06) to differ among years. Hemoglobin and MCHC
were lowest during 1975. Hemoglobin was
lower (P < 0.05) during 1975 (16.9 ± 0.4
g/dl, range= 14.1 to 19.5 g/dl. n = 12)
than in 1974 (18.7 ± 0.3 g/dl. range =
16.5 to 20.8 g/dl, n = 14). Mean corpuscular hemoglobin concentration was lower
(P < 0.05) in 1975 (33.5 ± 0.3 g/dl, range
= 31 to 35 g/ dl, n = 12) compared to 1973
(35.5 ± 0.5 g/dl, range = 33 to 38 g/dl,
n = 10).
There was a significant interaction between reproductive status and year for Hb
(P = 0.04). red blood cell (RBC) counts (P
= 0.004), and PCV (P - 0.02) (Table 2).
Mean Hb, RBC, and PCV of lactating bears
were stable until 1975 when values decreased. In contrast, Hb, RBC"s, and PCV
of non-lactating females were diminished
during 1972. increased through 1974, then
decreased by 1975.
DISCUSSION

The greater weights of lactating bears
compared to non-lactating bears during
hibernation were consistent with the weight
disparity observed just prior to denning of
adult females that produced cubs (>80 kg)
versus those that did not ( <67 kg) (Rogers,
1976b). The mean weight of our lactating
bears during all 4 yr was <80 kg due to
weight loss during hibernation. Weight
losses of wild bears during hibernation

range from 16 to 37% (Tietje and Ruff,
1980; Hellgren et al., 1990).
Absence of significant variation in
weights among years demonstrated that
shortages of mast and berry crops were not
severe enough to diminish body mass of
adult females. However, these food shortages resulted in underweight cubs, yearlings, and subadults and starvation losses
in these age classes (Rogers, 1987). Hellgren et al. (1989) observed significant (P
= 0.03) seasonal variation in weights of
female black bears associated with dietary
changes, but the variation was primarily
attributable to subadults. Thus, it is apparent that young bears are less capable
of maintaining their weight during periods
of diminished availability of nutritious
foods.
With only a II% difference in mean
WBC counts of lactating and non-lactating
bears, values in both were similar to those
reported by Hellgrenet al. (1989) for wild,
female black bears (three lactating. one
non-lactating) during hibernation (7.1 ±
1.0 x 10'11•1); however, counts were considerably higher during non-denning seasons in that study. Matula et al. (1980) also
observed higher WBC concentrations (10.2
± 0.5 x 10'/l•l. n = 44) in non-denning
black bears. The larger MCV of lactating
bears suggests that they may have been
recovering from an anemia associated with
pregnancy (Benjamin, 1981, p. 133). Hematological values may decline 20 to 35%
in dogs (Canis familiaris) during pregnancy (Anderson and Gee, 1958; Tietz et
al., 1967; Concannon et al., 1977).
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Lowest Hb and MCHC values during
1975, indicated a hypochromic anemia
(Benjamin, 1981, p. 133). Matula et al.
(1980) suggested that a microcytic hy·
pochromic anemia in young, growing black
bears during non-denning seasons was re·
lated to greater iron requirements com·
pared to adults. The anemia evident in our
bears may have been a more sensitive in·
dicator than weight of either cumulative
dietary deficiencies, specifically of iron
and/or copper (Benjamin, 1981, p. 133),
by the end of the second year (1974) of
poor crop availability or simply, of more
severe deficiencies during 1974. Total pre·
cipitation during the bears' active period
(April to September) in 1974 was 20% less
than in 1971, and 38% less than in 1972
and 1973 (National Oceanic and Atmospheric Administration, 1971, 1972, 1973,
1974). The interaction between reproduc·
live status and year for Hb. RBC count,
and PCV, and increased MCV values in
lactating females, indicated that during
1975 the nutritional challenge was greater
for these bears than for non-lactating fe·
males.
In contrast, the influence of factors other
than mast and berry production on nutri·
tiona! status and hematology is suggested
by the low Hb concentrations, RBC counts,
and PCV's of denning, non-lactating bears
during 1972. These diminished values oc·
curred in bears after several years of mast
and berry crop abundance (Rogers, 1976a,
b).

Recently, studies have demonstrated that
during non·denning seasons Hb, RBC, and
PCV are sensitive indicators of the nutri·
tiona! condition of black bears (Schroeder,
1987; Franzmann and Schwartz, 1988;
Hellgren et al., 1989). Mean Hb (21.1 ±
1.0 g/dl), RBC (10.3 ± 1.3 x Hl'!l<l). and
PCV (61 ± 2.2%) of captive,denning black
bears in Michigan, previously maintained
on commercial dog food, were greater than
for our wild bears (Erickson and Youatt,
1961), and suggests poorer condition of the
latter. Seasonal changes in these hematological characteristics and significant (P <
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0.0 I) correlations with physical condition
indices have been observed in free-ranging
bears (Hellgren et aL. 1989). Denning females (n = 4) in that study, exhibited mean
Hb (16.9 ± 0.5 g/dl) and PCV (48.0 ±
1.4%) comparable to the lower values of
our bears (1972 and 1975). Franzmann and
Schwartz (1988) reported lower Hb concentrations for females in poor condition
(17.0 ± 2.0 [SD] g/dl) compared to those
in good condition (22.2 ± 4.1 g/ dl) during
the non-denning portions of the year. Denning females (n = 9) had mean Hb (18.9
± 1.4 g/dl) and PCV (51.9 ± 5.8%) values
similar to the higher values of our bears
(l'ranzmann and Schwartz, 1988).
Because black bear physiology changes
dramatically during hibernation, it seems
inappropriate to use hematological values
to assess and compare the condition of denning black bears to non-denning bears during the remainder of the year (Folk. 1966,
pp. 194-201; Franzmann and Schwartz,
1988). However, our data suggest that hematological analysis may be useful as a
sensitive means of evaluating annual
changes in the condition of denning bears
and for examining effects of lactation. We
have provided reference values for weights
and hematological characteristics of wild,
adult female bears during hibernation, following years of good and poor availability
of natural food supply. Assessment of nutritional condition based on hematological
indices may provide methods of comparison between the physiological status of
black bear populations and habitat quality.
However, supplemental feeding at garbage dumps by bears and availability of
seasonal food items other than mast and
berries may affect their nutritional status
(Rogers, 1987); therefore these factors
should also be examined relative to their
hematology. Results of such investigations
can clarify forest management options that
maintain or enhance diversity and abundance of mast producing species and productivity of bear populations within regions
susceptible to failures in forage production
(Rogers et aL, 1988). Younger bears have
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been more vulnerable to starvation during
years of food shortage (Rogers. 1987). Future research should focus on the relationship of food supply to weights and hematological profiles of denning cubs,
yearlings, and subadults.
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