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Abstract: We collected blood samples (n 5 49) from

43 Andean Bears (Tremarctos ornatus) in Ecuador

between September 1995 and May 2006 and

analyzed them for 11 serum biochemical and 13

hematological parameters. Results were grouped and

compared according to the bears’ life condition

(captive or free-ranging), sex, age, and body mass.

Free-ranging bears had higher serum glucose and

monocyte levels than captive bears, but slightly

lower mean cellular hemoglobin concentrations.

Male bears had higher serum protein levels than

female bears. Adult bears showed higher levels of

cholesterol, hematocrit, and hemoglobin than sub-

adult bears. In contrast, alkaline phosphatase and

phosphorous levels were higher in sub-adult bears.

Bears with a body mass .80 kg had higher levels of

serum proteins and blood urea nitrogen than lighter-

weight bears. Plasma triglyceride levels observed in

this study were very high in relation to those

reported for other bear species. Alkaline phospha-

tase levels were also high in comparison to those of

other bear species, except the giant panda (Ailur-

opoda melanoleuca). Observed mean values for

glutamic pyruvic transaminase, glutamic oxalic

transaminase, glucose, and calcium were low in this

study relative to those of captive Andean bears from

other countries, whereas the mean alkaline phos-

phatase value was comparatively high. Mean values

for glutamic pyruvic transaminase, glutamic oxalic

transaminase, glucose, calcium, mean cellular hemo-

globin, and mean cellular volume were lower relative

to other bear species. The data presented in this

paper will provide baseline reference values that may

prove useful in the diagnosis of disease and assess-

ment of nutrition in wild and captive Andean bears.
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Hematology and serum biochemistry are valuable

tools for evaluating health and physiological status

of captive and free-ranging wildlife. The limited data

reported in the scientific literature on Andean bear

(Tremarctos ornatus) hematology are restricted to

captive bears (Seal et al. 1967, Dierenfeld 1988,

Nassar et al. 1994, Teare 2002). Andean bears are

classified as vulnerable across their entire range

(International Union for Conservation of Nature

[IUCN] 2009), and endangered according to the Red

Book of Mammals of Ecuador (Cuesta and Suarez

2001). This classification is due to loss and fragmen-

tation of habitat caused by human intervention and

the high number of bears killed in human–bear

conflicts. Recent studies have begun to shed light on

the ecology of Andean bears, but there is much

about their biology that remains to be learned.

In this paper, we present data on hematology and

blood chemistry of captive, rehabilitated, reintro-

duced, and wild Andean bears. Our objectives were

to: (1) provide reference values for hematology and

serum biochemistry for the Andean bear in Ecuador,

(2) evaluate the variability in these parameters based

on life condition (captive or free ranging), sex, age,

and body mass and (3) compare these results to those

from other Andean bear populations and other ursid

species.

Methods
We collected 49 blood samples from 43 Andean

bears (24 males and 19 females) between September

1995 and May 2006. Samples were obtained as

follows: 30 samples from 28 captive bears (16 males

and 12 females) in zoos and rescue centers in

Ecuador; 9 samples from 7 (4 males and 3 females)

bears in our Andean bear reintroduction program

(Castellanos 2000), sampled at their release back to

the wild; 2 samples from 2 bears (1 male and 1

female) recaptured one year after reintroduction; 83armando@andeanbear.org
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from wild bears (4 males and 4 females) captured for

radiotelemetry studies of wild Andean Bears (Cas-

tellanos 2004).

Wild bears were captured in the Intag region,

Imbabura Province, in northwest Ecuador. This

region is part of the buffer zone of the Cotacachi-

Cayapas Biological Reserve that covers a total of

243,638 ha and consists of 3 vegetation zones: cloud

forest, high montane forest, and páramo that range

across an altitudinal gradient from 2,000 to 4,000 m

(Ministerio del Ambiente del Ecuador 2007).

Wild Andean bears were captured in Iznachi traps

designed by Castellanos (2002). The traps are

reinforced steel boxes (2 m long x 0.8 m wide x
0.9 m high) that can be disassembled into 10 panels

for ease of transport. One or two decomposing cow’s

feet were used as bait. Radiocollars were used as trap

beacons on each trap and were monitored hourly

from 0600 to 2230 because Andean bears move little

at night (Castellanos 2004). Radio signals from traps

were investigated immediately to avoid stress from

long capture.

The 30 samples from zoos and rescue centers

constituted the captive bear group, and the remain-

der formed the free-ranging group. Wild bears were

classified as either adults (.3 years of age) or sub

adults (,3 years of age), based on morphometric

values, body mass, and denture deterioration and

color. Zoo and rescue center registers were used to

determine the approximate age of captive bears.

Body mass of captive bears was obtained pre-

dominantly from zoo and rescue center registers,

although in some cases we had to estimate the body

mass. All bears in the free-ranging group were

weighed using a 150-kg scale, except for 3 wild male

bears whose body mass was estimated visually and

by comparing morphometric data to that of bears

that had previously been weighed. Bears weighing

.80 kg were classified as heavy and bears weighing

,80 kg were classified as light.

Results from bears sampled as sub-adults and

later as adults (n 5 4) or as captive and later as free-

ranging (n 5 2) following release were used for

calculations for both groups, according to their age

or life condition at the time of sampling. For bears

sampled more than once that did not change

classification during the study, only the first sample

collected was used in comparisons of blood para-

meters. Hematological comparisons were made

between bears of differing living conditions (captive

or free-ranging), sex (male or female), age (adult or

sub-adult), and body mass (heavy or light). All bears

appeared to be healthy at the time of sampling and

showed no obvious signs of disease or injury.

We anesthetized bears using immobilizing darts

following the protocol proposed by the Canadian

Association of Zoo and Wildlife Veterinarians

(Woodbury 1996) and Safe-Capture International

Inc. (1998). We used a blowpipe to deliver immobiliz-

ing drugs to wild bears captured in Iznachi traps

(Castellanos 2002) and an air pistol (TelinjectH,
Romerberg, Germany) for all remaining bears. Bears

were immobilized using a mixture of ketamine

hydrochloride (3–8 mg/kg, Ketamina 50H, Holliday-

Scott S.A., Buenos Aires, Argentina) and xylazine

hydrochloride (2 mg/kg, Xylazine HCl InjectionH,
Phoenix Scientific Inc, St. Joseph, Missouri, USA)

with yohimbine hydrochloride (0.1–0.25 mg/kg,

Reverzine S.A.H, Parnell Laboratories, Alexandria,

New South Wales, Australia) as the antagonist agent.

On other occasions bears were immobilized using

equal parts tiletamine hydrochloride and zolazepam

hydrochloride (ZoletilH, Virbac S.A, Carros Cedex,

France) at dosages of 3–5 mg/kg body weight. Blood

samples were drawn from the femoral artery 10–

15 minutes after immobilization. All samples were

divided into 2 vacutainer tubes, 1 containing EDTA

(ethylenediamine tetra acetic acid) anti-coagulant and

1 without. For the sample without EDTA, we waited

an hour for the serum to separate and transferred it to

a new container. All samples were immediately placed

in a cooler that maintained sample temperatures at

10uC, and were transported to LIVEX laboratories

(Quito, Ecuador) for processing within 24 hrs.

Samples that showed signs of hemolysis were not

considered for analysis.

Blood samples were analyzed on a Coulter T890

analyzer (Beckman Coulter, Fullerton, California,

USA) for hematocrit, hemoglobin, leukocytes, ery-

throcytes, segmented leukocytes, lymphocytes,

monocytes, eosinophyles, basophiles, band cells,

mean cellular hemoglobin concentration, mean

cellular volume, and mean cellular hemoglobin. A

spectrophotometer Clinicon 4010 (Roche, Nutley,

New Jersey, USA) was used for biochemical

analyses, including cholesterol, total proteins, trigly-

ceride, blood urea nitrogen, glutamic oxalic transa-

minase, glutamic pyruvic transaminase, alkaline

phosphatase, calcium, phosphorous, glucose, and

urea.

We followed the procedures of Huber et al. (1997)

and Kusak et al. (2005) for statistical analysis of

116 SHORT COMMUNICATION NCastellanos et al.

Ursus 21(1):115–120 (2010)



hematological and blood chemistry parameters.

Mean values, standard deviations (SD), and stan-

dard errors (SE) were calculated for each parameter.

Values that differed from the mean by .2.5 SD were
classified as an extreme outlier and excluded from

further calculations. Mean values, SD, and SE were

recalculated for each parameter after removal of

outliers. However, we did not exclude outliers for

monocyte, basophiles, and band cells because of

their rare occurrence in most samples. P , 0.05 was

considered statistically significant for t-tests. Statis-

tics were analyzed using the Statistica program
(StatSoft Inc., Tulsa, Oklahoma, USA).

Results
We calculated mean and range values for 11 serum

biochemical and 13 hematological parameters for

chemically immobilized Andean bears (Table 1).

Adult mean values differed from those of sub-adults

in 5 parameters: cholesterol (9.33 versus 6.99 mmol/
L; n1 5 14, n2 5 19, t 5 4.14, 31 df, P 5 0.0002);

alkaline phosphatase (78.11 versus 121.20 U/L; n1 5

17, n2 5 14, t 5 2.17, 29 df, P 5 0.037); phosphorous

(1.37 versus 2.05 mmol/L; n1 5 19, n2 5 16, t 5 3.25,

33 df, P 5 0.002); hematocrit (0.45 versus 0.43 L/L;

n1 5 22, n2 5 23, t 5 3.34, 43 df, P , 0.001);

hemoglobin (155.6 versus 132.8 g/L; n1 5 23, n2 5

23, t 5 4.41, 44 df, P , 0.001). Male bears had
higher mean serum protein levels (82.7 versus 68.1 g/

L; n1 5 17, n2 5 10, t 5 2.65; 25 df; P 5 0.013) than

females. Heavy bears had higher mean serum protein

(87 versus 72.4 g/L; n1 5 9, n2 5 18, t 5 2.54, 25 df, P

5 0.017) and blood urea nitrogen (5.74 versus

4.26 mmol/L; n1 5 10, n2 5 19, t 5 2.8, 27 df, P 5

0.009) than light bears. Finally, free-ranging bears

had higher mean serum glucose (4.26 versus
2.87 mmol/L; n1 5 9, n2 5 9, t 5 2.25, 16 df,

P 5 0.038) and monocyte levels (0.18 versus 0.09 x
109mmol/L; n1 5 30, n2 5 19, t 5 2.61, 47 df, P 5

0.012) than captive bears, but a lower mean cellular

hemoglobin concentration (315 versus 345 g/L; n1 5

22, n2 5 14, t 5 2.14, 34 df, P 5 0.038).

Discussion
There is very little information on Andean bear

blood chemistry and hematology with which to

compare data from this study. Consequently, we

used information on other bear species and carni-

Table 1. Hematology and serum biochemistry of captive and free-ranging Andean bears in Ecuador, from
samples collected during September 1995–May 2006. Units: mmol = millimoles/liter; U/L = 1 enzyme unit
(1 mmol min21)/liter; fl = femtoliter (= cubic micrometer); pg = pictogram.

Serum and blood parameters

All bears

n Units Mean Minimum Maximum SD SE

Cholesterol 33 mmol/L 7.98 3.32 11.66 1.97 0.34

Total protein 27 g/L 77.30 60.00 114.0 15.30 2.95

Triglycerides 34 mmol/L 7.33 4.88 10.88 1.64 0.28

Blood urea nitrogen 29 mmol/L 4.77 1.96 8.50 1.51 0.28

Glutamic oxalic transaminase 38 U/L 30.23 3.00 108.00 20.68 3.35

Glutamic pyruvic transaminase 39 U/L 21.43 3.00 79.00 19.41 3.10

Alkaline phosphatase 31 U/L 97.57 16.00 239 58.21 10.45

Calcium 32 mmol/L 1.87 1.40 2.58 0.29 0.05

Phosphorous 35 mmol/L 1.68 0.48 3.22 0.70 0.12

Glucose 18 mmol/L 3.56 1.11 7.66 1.46 0.34

Urea 38 mmol/L 9.85 2.75 20.35 4.48 0.73

Hematocrit 45 L/L 0.43 0.33 0.55 0.05 0.007

Hemoglobin 46 g/L 144.45 102.00 194.00 20.89 3

Leukocytes 44 x109/L 9.11 3.20 16.00 2.98 0.45

Erythrocytes 37 x1012/L 7.87 4.82 10.58 1.52 0.24

Segmented leukocytes 45 x109/L 6.47 4.28 8.11 0.94 0.139

Lymphocytes 44 x109/L 2.20 0.91 4.01 0.77 0.116

Monocytes 46 x109/L 0.13 0 0.55 0.13 0.0189

Eosinophiles 43 x109/L 0.16 0.00 0.82 0.22 0.033

Basophiles 43 x109/L 0.01 0.00 0.27 0.05 0.007

Band cells 40 x109/L 0.027 0 0.64 0.11 0.017

Mean cellular hemoglobin concentration 36 g/L 334.17 243.00 530.00 43.10 7.19

Mean cellular volume 38 fl 53.21 32.00 86.00 13.15 2.13

Mean cellular hemoglobin 38 pg 18.33 12.70 26.30 3.03 0.49
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vores to enhance the interpretation of these data.

The increased levels of glucose and monocytes in

free-ranging bears observed in this study may be

attributed to the fear, excitement, and stress of

physical capture in a restraint cage. Increased

glucose levels were reported by Brannon (1985a)

for grizzly bears (Ursus arctos) captured using snare

traps, indicating a relation between capture stress

and observed glucose levels. Additionally, increased

glucose (Marco et al. 2000) and monocyte (McCue

and O’Farrell 1987) levels were observed as induced

stress responses resulting from trapping procedures

for captive European wildcat (Felis silvestris) and

San Joaquin kit fox (Vulpes macrotis mutica),

respectively.

Although Andean bears in northern Ecuador have

food sources available year round, they are known to

experience periodic starvation. The year-round food

sources include various bromeliads (Puya spp.,

Greigia spp., Tillandsia spp.), bamboo (Chusquea

spp.), and palms (Euterpe spp., Prestoea spp.) that

are rich in fiber, though have little carbohydrate or

lipid content (Galasso 2002, Castellanos et al. 2005).

For this reason, Andean bears in these areas have to

search for wild fruit (Ficus spp., Nectandra spp.,

Ocotea spp.) to supplement their diet. These fruits

are available at only certain times of year, for

periods not exceeding 2 months. Critically, the fruit

trees are frequently deforested as they are good

sources of timber, leaving an ever-decreasing supply

of fruit each year (Ministerio del Ambiente del

Ecuador 2007). In the Intag region where we

radiocollared a total of 17 wild bears, 10 were

malnourished (capture times varied widely through-

out the year). This indicates that although Andean

bears in this area have a variety of year-round food,

their diet is frequently lacking important supple-

ments, leading to periodic starvation (Castellanos et

al. 2005).

Low mean cellular hemoglobin concentrations

among free-ranging bears observed in this study

could illustrate a periodic anemia, similar to that

documented in Brannon’s study (1985b) on grizzly

bears and that of Seal et al. (1967), who reported the

occurrence of periodic anemia in various bear

species. In contrast, higher mean cellular hemoglo-

bin concentration for captive Andean bears could

result from their regular food supply.

Andean bears are sexually dimorphic; adult males

are over twice the size and weight of females (Tirira

1999). This size difference between the sexes could

explain the higher serum protein levels observed for

male individuals in this study. Similarly Tryland et

al. (2002) reported significantly elevated serum

protein levels for obese polar bears (Ursus maritimus)

compared to lean individuals.

Higher levels of cholesterol in adult bears may be

because young bears are growing and are physically

more active. Thus, they have a more rapid fat and

lipid metabolism, and hence lower cholesterol, as is

observed in other mammal species.

We found that alkaline phosphatase levels de-

creased with age, conforming with observations

made by Brannon (1985a) on grizzly bears, Storm

et al. (1988) and Hellgren et al. (1989) on black bears

(Ursus americanus), and Tryland et al. (2002) on

polar bears. This is probably due to a reduction in

bone growth with age. As in this study, Brannon

(1985a), Storm et al. (1988), and Hellgren et al.

(1989) also found higher phosphorous levels in sub-

adult grizzly and black bears relative to adults, again

likely owing to skeletal development and bone

ossification in juveniles.

Kusak et al. (2005) and Seal et al. (1967) reported

elevated hemoglobin and hematocrit levels, respec-

tively, in adult brown bears and other bear species

compared to younger animals, which is similar to

our findings in this study.

According to Case et al. (1997), urea production is

directly proportional to the daily catabolism of

consumed and body proteins. We observed higher

blood urea nitrogen levels in heavy bears. This could

be a result of heavy bears having more protein-rich

diets, hence a higher urea production and therefore a

higher blood urea nitrogen level. Tryland et al.

(2002) also reported that protein levels were elevated

in heavy polar bears, which conforms with our

findings.

Comparing our blood chemistry and hematology

parameters for Andean bear with those of other bear

species, we found that Andean bear had higher

tryglyceride levels than all other ursid species

recorded in the International Species Information

System (ISIS; Teare 2002). Tryglyceride levels may

be elevated due to the carbohydrate-rich diet of

Andean Bears in captivity and the high intake of

plant protein by wild bears through the consumption

of suro (Chusquea spp.), a bamboo-like plant that

constitutes 53–73% of the diet of wild Andean bears

in our study region (Castellanos 2003, Castellanos et

al. 2005). Although Andean bears do not hibernate,

their high tryglyceride level could indicate that they
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need fat reserves to support the large distances they

cover and during shortages of the bears’ natural food

as reported by Castellanos (2004).

Mainka (1999) reported levels of alkaline phospha-

tase (125 U/L), blood urea nitrogen (5.36 mmol/L),

and mean cellular volume (59.4 fl) for the giant panda

(Ailuropoda melanoleuca). These are similar to the

levels found in the current study. These results could

reflect the largely vegetarian diet of both species.

The mean alkaline phosphatase value observed in

the current study was higher than the 53 U/L reported

for this species by Nassar et al. (1994) and 66.8 U/L

reported by ISIS (Teare 2002). Nassar et al. (1994) and

ISIS (Teare 2002) described mean glutamic oxalic

transaminase values for the Andean bear of 40 U/L

and 37 U/L, respectively. The mean glutamic oxalic

transaminase value from this study is relatively low

compared to these values. ISIS (Teare 2002) reported a

higher mean glutamic pyruvic transaminase level

(28 U/L) than that found in this study.

Nassar et al. (1994) and ISIS (Teare 2002)

described mean calcium values for the Andean bear

of 2.33 mmol/L and 2.18 mmol/L, respectively. The

mean calcium value from this study is relatively low

in comparison.

Mean values for glutamic oxalic transaminase,

glutamic pyruvic transaminase, calcium, glucose,

mean cellular volume, and mean cellular hemoglobin

concentration from this study are low compared to

those of other bear species (Teare 2002). These may

reflect typical values of the Andean bear.

The reference values in this paper are baseline data

that will be useful for future studies on Andean bears

throughout their range. They will also provide

valuable information for the diagnosis of disease

and malnutrition in free-ranging and captive Andean

bears.
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