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Wild Caucasian squirrels are commonly seen in the mountain forests of the northern
Iragi and are sometimes kept as pets. However, no hematological or physiological reference
values are set for these animals, even though they are often taken to private veterinary
hospitals in the region. So, setting these values is necessary. A selection of hematological
and physiological parameters is measured in 24 wild Caucasian squirrels (20 males and four
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females) in the mountain areas of Pshdar district, Sulaymaniyah, north of Irag. The
hematological parameters included the leukocytes, erythrocytes, hemoglobin, hematocrit,
platelets, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, and examination of blood smears stained with Giemsa. The vital
signs included the heart rate, respiratory rate, oxygen saturation (SpO), and rectal

temperature. The physiological parameters were scored, and blood was taken from the
animals without being sedated or anesthetized by immobilizing them using a specially
designed jacket. Most values were as expected compared to other rodent species, and no
significant differences were observed between the sexes. All squirrels are successfully
rehabilitated and released after the experiments are conducted.
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Introduction Armenia, and Greece, while S. anomalus syriacus is
distributed in the eastern Mediterranean, including Syria,

There are more than 365 species of squirrels worldwide, Jordan, Lebanon, and Palestine (3). The pet industry is

belonging to seven families. The three most prevalent types
are the ground squirrel, flying squirrel, and tree squirrel
families. Among them, the Caucasian squirrel (1) is a
member of the tree squirrel family, Sciuridae (2). It is a
medium-sized rodent with a chestnut grey to grizzled buff
dorsum, buff eye rings, and chestnut to buff-yellow ventral
fins. It is one of 28 Sciurus species in Middle Eastern and
southwestern Asian forests (3) and is subdivided into S.
anomalus pallescens, S. anomalus anomalus, and S.
anomalus syriacus. S. anomalus pallescens is found in
northern Iraq and the Zagros Mountains in western Iran (3).
S. anomalus anomalus is distributed in the Caucasus
Mountains, including Turkey, Azerbaijan, Georgia,
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booming due to globalization and the trade market business
(4). Increased ownership of exotic and non-domesticated
animals resulted in an increase in non-native pets, which
resulted in the expansion of invasive alien species in the
natural habitat (5). On the other hand, this phenomenon
harmed biodiversity, human health, and the economy.
Squirrels are allochthonous non-native pets introduced from
the wild into human habitats. The main known species of the
Sciuridae family in the Middle East is the Caucasian squirrel.
There are more of these rodents visiting veterinary clinics
now since people are starting to keep them as pets at home
(1,6). These rodents are a vast and charismatic category of
mammal species (5) whose attraction to people makes them
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commonly present in private houses and zoos (5). The
Caucasian squirrel has become one of the most common
exotic animals as companion pets in northern lraq. So,
increasing health status has become an essential tool in
health protection and a unique challenge for squirrel species
(7). It is crucial to ensure that animals have a high quality of
life. For many terrestrial animals, welfare evaluation is
relatively well established. In both human and animal
medicine, physical status average value measurement and
blood examination are carried out for various reasons,
including as a screening procedure to evaluate general health
or diagnose disease and as a tool for patient monitoring to
ascertain how they are doing with specific disease cases. The
vital organs' function assessment should be undertaken
without a sedative or anesthetic agent since anesthesia
significantly impacts the blood and physiological parameters
in lab animals and exotic species (8,9). However,
determining the average physical status values is challenging
in wild exotic animals, such as squirrels, without
administering a sedative or anesthetic agent, as these animals
are easily stimulated, resulting in abnormal heart and
respiratory rates. Therefore, establishing physiological and
hematologic parameters without sedating or anesthetizing
the animal is essential for evaluating the health status. Two
comprehensive  studies addressed several average
hematology values in Caucasian squirrels (2,10). However,
the examinations were under anesthesia or sedation, which
might give false data. Also, the data published in the previous
studies might not be used as a standard for all squirrels since
these values might change according to the wild animals'
environment.

The present study aimed to measure the normal
physiological and total hematologic values of Caucasian
squirrels without anesthetizing or sedating them and to
establish the physiological and hematological parameters
and morphological characteristics of the blood cells of
Caucasian squirrels in northern Iraq.

Materials and methods

Animals

Twenty-four healthy Caucasian squirrels (Sciurus
anomalus pallescens) were trapped in their rural natural
habitats, the mountain forests of Pshdar countryside in the
north of Iraq (KRG). Pshdar forest and mountain are situated
in the upper northeastern part of Iraq (36.18° N and 45.12°
E), ranging in altitude from 1,112 m to 3648 m, and are 128
km away from Sulaymaniyah. The natural diet of this
squirrel species is oak (Quercus calliprinos). The trapping,
handling, and management procedures of the squirrels were
under the permission of the Ethics Committee at the College
of Veterinary Medicine, University of Sulaimani (Approval
no. AUP-2021-19). After being collected, animals were
transported into veterinary care to examine for abnormalities
and infectious diseases. These include the overall health
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status, wounds and scars, external parasites, and skin
condition. Then, the healthy squirrels were housed at the
animal house of the Veterinary Teaching Hospital, College
of Veterinary Medicine, University of Sulaimani. The
housing procedure lasted approximately two weeks for
adaptation to the new diet and environment. The squirrels
were housed in a special design wooden atraumatic cage (3.5
x 1.5 x 2.0 m3). The cage was divided into three equal
compartments, and the ground in each compartment was
raised with wood flack and tree leaves to make the condition
similar to a natural habitat. Animals were nested in different-
sized handmade clay pots (20-50 cm) as a natural nest (11),
and embedded with cotton, leaves, and grass material.

The squirrels' diets and water were provided ad libitum.
The food was a balanced diet from a mixture of walnut, oak,
hazelnut, pinenut, peanut, pumpkin seed, sunflower seed,
almond, fiber source (wheat bran), minerals, and vitamins to
meet their nutritional requirements.

The squirrels included in this study were 20 adult males
and four females ensnared in the mountain areas of Pshdar.
Age was determined depending on the genitals and nipple
color, tail molt pattern and pigmentation, hair coverage,
color and dimension of the vulva, and position of the
testicles. During the experimental study, one female squirrel
(a companion pet) was introduced to the cage to decrease fear
and animal anxiety from handling. Because the Caucasian
squirrel is a naturally diurnal species, sunlight was used as
the natural source of light and temperature.

A routine daily check of the health status of squirrels was
performed, and the cage was cleaned three times a week.
Squirrels were placed in individual clear plastic animal
containers (30x19x20 cm?®) and moved from the housing
location to the designated examination room (approximately
25 °C).

Restraining procedures

Manual handling, controlling, and immobilizing exotic
wild animals encounter extreme difficulties because non-
companion squirrels are fractious, with powerful jaws and
agile feet, often requiring chemical restraint and sedation
procedures, while collecting blood samples before producers
require physical restraint only. As a result, we used a jacket
to control and restrain animals.

Physiological parameters

Vital signs were obtained from individuals at the resting
stage, including individual rectal temperature (RT),
respiratory rate (RR), oxygen saturation (SpO,), and heart
rate (HR). The measurements were taken on resting squirrels
without unnecessary excitements to provide accurate values.
Rectal temperature was measured by inserting the tip of a
thermometer probe 1 cm into the rectum and keeping in
touch with the rectal wall until it gives a maximum degree of
temperature (Figure 1). The rectal temperature value shown
on the screen display monitoring device was recorded as the
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rectal temperature. Respiratory rate was measured by Hematology
counting the number of exhalations per minute while The animal's middle arm was prepped by clipping and
monitoring the airflow after placing a blackbird's feather shaving it, then sterilizing it with 70% alcohol. The cephalic
against the nostrils of the squirrel. Simultaneously, the vein was occluded with digital pressure by an assistant to
device's respiration moment was counted to double-check visualize the vein. About 0.5 mL of blood was drawn from
the collected values. Heart rate was measured by counting one of the collateral cephalic veins using a 25-gauge needle
the duration of R-R wave intervals of ECG papers after and a 1 mL syringe. The pressure was applied with gauze at
placing ECG leads on animals' limbs valued as beats/minute. the needle exit site for hemostasis. Blood samples were taken
The heart rate was calculated as 3000 + numbers of small in a heparinized pediatric tube (0.5 mL with EDTA) to
squares between R-R intervals. preserve a small blood volume for longer (12,13). The blood
Oxygen saturation (SpO;) was recorded after securing sample was identified using dyes that equal numbers (each
the pulse oximetry clump on the tip of three fingers of dye equals a number), and the blood sample was then ready
squirrels. Parameters were continuously monitored with a for complete blood counting (CBC) with an automatic
monitoring device (Veterinary Monitor, type KM-12, hematology analyzer device (HTI MicroCC-20Plus, MCC-
Keebomed, USA), shown in figure 1. 2000-VO, high Technology Inc. Walpole, USA). The

following blood parameters were measured: total leukocytes,
lymphocytes, granulocytes, erythrocytes, hemoglobin (HB),
hematocrit (HCT), platelets (PLT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC)
(14,15). Morphological examination of differential
leukocytes was obtained with Wright-Giemsa stain of blood
smear under 1000x magnification power.

Results

The study included 24 squirrels (20 males and four
females), and the data of both sexes were combined since the
researchers could not obtain equal numbers from both sexes.
After physical examination, all squirrels appeared healthy,
depending on vital signs and their body condition. The
squirrel's weights ranged between 255 g and 410 g,

Figure 1: Measuring the vital signs of a squirrel after averaging 280.0+9.1 g. The average heart and respiratory
immobilization with a jacket (left) and collecting 0.5 mL of rates were 342.9 and 106.3, respectively, while the average
blood from the cephalic vein of a restrained squirrel with a rectal temperature was 38.9 °C, and the SpO, was 97.3%
jacket without sedation or anesthesia (right). (Table 1).

Table 1: Vital signs of wild Caucasian squirrels in the current study

Parameter Value (mean+SEM) Median Range (min-max)

Heart Rate (breaths/min) 342.918.6 301 286-423

Respiratory rate (beats/min) 106.3+2.1 107 85-125

Temperature (°C) 38.9+0.2 39.1 38.3-39.9

Oxygen Saturation (%) 97.3+0.2 97 95-99

Erythrocyte examination showed polychromatic and Platelets appeared light to dark purple smaller than

Howell-Jolly bodies (HIBs). Polychromatic cells are realized erythrocytes. Based on distribution, 32.0% of the platelets
as multicolored erythrocytes noted in 70.8% (17/24) of the appeared single, and 68.0% appeared as large clumps among
squirrels and were mildly and moderately distributed in erythrocytes and leukocytes. The average erythrocyte count
45.8% (11/24) and 25.0% (6/24) of the animals. HIBs were was 8.4 x 10%/uL, and the hemoglobin content was 13.3
recognized as dark blue to purple inclusion bodies peripheral g/dL. The hematocrit was 37.6%, with an MCV of 44.5 fL.
to the erythrocyte in approximately 41.7% (10/24) of the Also, the total leukocyte count was 4.6 x 10%uL, with
squirrels. The microscopic examination of leukocytes neutrophils accounting for 62.0% of the cells, while the
revealed different morphological characteristics of lymphocytes constituted 28.9% and the other cell types

neutrophils,  basophils,  eosinophils,  kidney-shaped added up to 9.0% (Table 2).
lymphocytes, and large granular monocytes (Figure 2).
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Figure 2: Different leukocytes in a Giemsa-stained blood
film. N = hypersegmented neutrophil; B = two segment
granules appear in the cytoplasm of a monocyte; L = large-
sized nucleus which occupied nearly all cytoplasmic content
of a lymphocyte; P = large clump of platelet appears light to
dark purple; M = kidney-shaped nucleus of a monocyte. The
red arrow indicates a polychromatic erythrocyte, and the blue
arrow indicates a dark blue inclusion body in the erythrocyte
(Howell-Jolly bodies).

Discussion

Measuring the physiological parameters of wild animals
has always been challenging since exotic species will
become stressed in their new environments. Hence, reducing
the stress factors affecting the data's accuracy is crucial when
a wild species' physiological parameters are scored. During
the current study, any source of stress was eliminated,
including olfactory, auditory, and visual. We also considered
animal restraint times during the physical examinations and
blood sample collections. The body releases adrenaline and
cortisol (stress hormone) during stress and physical
handling, and adrenaline causes an increase in heart and
respiratory rates (13,14). Also, a recent study evaluated
glucocorticoids in the feces of red squirrels and showed that
physical handling and keeping squirrels in captivity
increased stress hormone levels (15).

To the researchers' knowledge, this study describes the
average physiological parameter values (HR, RR, SpO;, RT)
in Caucasian squirrels without being sedated or anesthetized
for the first time. Using these agents probably causes
inaccurate results, and previous studies used sedatives or
anesthetics before collecting the physiological data.
Squirrels have been the subject of several studies to assess
their physiological condition when under general anesthesia,
but the process significantly affects the physiological values
regardless of the species.
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Table 2: Total hematological parameters of wild caucasian
squirrels in the current study

Parameter Meant SE Range
ERY (x108/uL) 8.4+0.5 6.5-10.4
LEU (x10%/uL) 4.6x0.8 2.6-7.9
HB (g/dL) 13.3£0.6 10.2-15.6
HCT (%) 37.6x2.4 26.2-44.0
PLT (x108/uL) 767.9+43.8 599.0-959.0
MCV (fL) 44.5+1.7 35.4-52.8
MCH (pg) 15.8+0.4 14.4-17.5
MCHC (%) 35.9+1.6 33.1-46.6
NEU % 62.0+2.8 34.6-79.7
LYM % 28.9+2.8 5.0-56.4
MID % 9.0+0.6 1.8-15.3
RDW-CV 15.5+0.8 13.0-20.6
RDW-SD 32.9+1.4 29.2-41.9
MPV 6.3+£0.2 5.4-6.8
PDW 8.2+0.3 6.4-9.2
PCT 0.5+0.1 0.2-0.7
P-LCR 8.8+£1.7 1.8-15.3

ERY = erythrocytes, HB = hemoglobin, HCT = hematocrit,
LYM = lymphocyte, MCH = mean corpuscular hemoglobin,
MCHC = mean corpuscular hemoglobin concentration, LEU
= leukocytes, MCV = mean corpuscular volume, MID
basophils, eosinophils and monocytes combined, MPV
mean platelet volume, NEU = neutrophils, PCT
plateletcrit, PDW = platelet distribution width, P-LCR
Platelet-large cell ratio, PLT = platelet, RDW-CV
reticulocyte distribution width coefficient of variation,
RDW-SD = reticulocyte distribution width standard
deviation, SEM = standard error of the mean.

A recent study calculated the basal value of the heart rate
of gray squirrels, which was lower than our results on
Caucasian squirrels and non-hibernating tree squirrels (red
squirrels and gray squirrels). The larger tree squirrels have
larger bodies and lower heart rates since there is a link
between resting heart rate and total body size (16).

Red squirrels and Siberian chipmunks with comparable
body sizes show similar HR results, but their heart rate is
slower than ground squirrels (Richardson's ground squirrel
and black-tailed prairie dog). These species hibernate, which
makes them physiologically unstable and subject to
fluctuating physiological and metabolic conditions.
Hibernation causes various physiological changes that help
animals endure seasons when resources are scarce. Torpor,
which lasts for many days, is characterized by severe
decreases in body temperature (down to -3°C in Arctic
ground squirrels), metabolic rate (2-4% of resting metabolic
rate), HR, and RR (17).

While showing a negligible difference in correlation with
other hibernating squirrels, the respiratory rate data seemed
relevant to the red squirrel. One study on the gray squirrel's
core body temperature was unrelated to our findings. As a
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physiological adaptation to ambient temperature, the
temperature of Sciuridae species varies with the season and
decreases during periods of food deprivation. Experiments
on the gray squirrel revealed oxygen saturation (SpO2)
values similar to our findings (18). The high percentage of
polychromasia and HJBs in erythrocytes in our squirrels
followed the Indian squirrel (Five-striped palm squirrels)
(19) and other rodents such as mice (20).

The total leukocyte count of our squirrel is similar to a
previously reported finding in Zagros Mountain (high
altitude) squirrels (2) but was higher than the squirrels of the
Tehran Zoo (low altitude) (10). Based on the hematological
study on squirrels, higher altitude areas where animals live
lead to higher production of erythrocytes due to a greater
demand for oxygen (21). Nonetheless, a variety of nutritional
factors and degrees of animal stressors, and various
homeostatic mechanisms affect erythrocyte production (2).
A similar profile is present in tree squirrels, whereas the
erythrocyte concentrations were higher than in ground
squirrels and lower than in chipmunks. This agreement with
habitat plays a significant role in the hematological profile
(21,22). Several changes in blood composition occur before
entering torpor or during torpor itself in hibernating
squirrels, and these changes may help torpid animals survive
low levels of oxygen and substrate delivery to the brain.
Blood volume is lowered during hibernation, and plasma
erythrocyte and leukocyte concentrations are also decreased,
which may partially explain how hibernating ground
squirrels can endure significantly decreased brain oxygen
and substrate supply. The persistence of circulating
leukocytes might trigger an inflammatory cascade that
results in cerebral ischemia, similar to what is seen after a
stroke or severe head injury if their concentrations are not
lowered (23).

The average HCT value of our adult animals was
different from Persian squirrels (same species), tree
squirrels, and chipmunks, but it was close to the HCT of
ground squirrels. Several factors might decrease HCT levels,
including age, as older individuals have lower hematocrit
values (24). The average platelet counting of our squirrels
was relatively higher than the captive Caucasian squirrel, but
a similar range was found with the five-striped squirrels.
Small mammals frequently exhibit thrombocytopenia in lab
tests, although this finding is sometimes erroneous due to
problems with blood collection and platelet clumping (25).
The average leukocyte count was close to other studies'
results, with similar results of total counting and percentage
of neutrophils and mid cells (basophils, eosinophils, and
monocyte), as well as lymphocytes. Moreover, our study is
the first to describe some hematological parameters in
Caucasian squirrels, such as the RDW-CV, RDW-SD, MPV,
PDW, PCT, and P-LCR.

The MPV, PDW-SD, and PDW were lower than the
result of eastern gray squirrels. Several factors are associated
with hematological parameter differences, including age,
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environmental conditions, diet, and sex (26). Specific
reference values in wild species may be influenced by stress,
handling, and restraint method with the compact effect of
anesthesia (27).

Conclusion

This study fulfills two goals. First, it provides the
common hematological reference values for wild Caucasian
squirrels without potential adverse effects associated with
anesthesia. These values may be a standard profile for
healthy Caucasian squirrels in captivity and the wildlife in
the north of Irag. Second, it also provides the average vital
parameters as a reference interval for diagnosing a clinical
disease of squirrels and indicates how those values differ
according to geographical locations and species variation in
parameters with other species of Sciuridae.

Acknowledgment

The University of Sulaimani financially supported this
study.

Conflict of interest
The authors declare that they have no conflict of interest.

References

1. Aghbolaghi MA, Ahmadzadeh F, Kiabi B, Keyghobadi N. The
permanent inhabitant of the oak trees: phylogeography and genetic
structure of the Persian squirrel (Sciurus anomalus). Biol J Linn Soc
Lond. 2019;127(2):197-212. DOI: 10.1093/biolinnean/blz032

2. Asadi F, Rostami A, Asadian P, Pourkabir M. Serum biochemistry and
hematology values and hemoglobin electrophoresis in Persian squirrels
(Sciurus anomalus). Vet Clin Path. 2007;36(2):188-191. DOI:
10.1111/1.1939-165X.2007.th00207.x

3. Koprowski JL, Gavish L, Doumas SL. Sciurus anomalus (Rodentia:
Sciuridae). Mamm Species. 2016;48(934):48-58. DOI:
10.1093/mspecies/sew004

4. Novék J, Kalous L, Patoka J. Modern ornamental aquaculture in
Europe: Early history of freshwater fish imports. Rev Aquac.
2020;12(4):2042-2060. DOI: 10.1111/raq.12421

5. Mazzamuto MV, Wauters LA, Koprowski JL. Exotic pet trade as a
cause of biological invasions: The case of tree squirrels of the genus
Callosciurus. Biol. 2021;10(10):1046. DOI: 10.3390/biology10101046

6. Akbari G, Gilanpour H, Babaei M. The arterial pattern of terminal
branch of the abdominal aorta in the male Persian squirrel (Sciurus
anomalus). Anat Sci J. 2016;13(2):119-124. [available at]

7. Eshar D, Beaufréere H. Anesthetic effects of dexmedetomidine-
ketamine-midazolam administered intramuscularly in five-striped palm
squirrels (Funambulus pennantii). Am J Vet Res. 2019;80(12):1082-
1088. DOI: 10.2460/ajvr.80.12.1082

8. Kim CY, Lee HS, Han SC, Heo JD, Kwon MS, Ha CS, Han SS.
Hematological and serum biochemical values in cynomolgus monkeys
anesthetized with ketamine hydrochloride. J Med Primatol.
2005;34(2):96-100. DOI: 10.1111/].1600-0684.2005.00097.x

9. Lugo-Roman LA, Rico PJ, Sturdivant R, Burks R, Settle TL. Effects of
serial anesthesia using ketamine or ketamine/medetomidine on
hematology and serum biochemistry values in rhesus macaques



http://www.doi.org/10.1093/biolinnean/blz032
http://www.doi.org/10.1111/j.1939-165X.2007.tb00207.x
http://www.doi.org/10.1093/mspecies/sew004
https://doi.org/10.1111/raq.12421
http://www.doi.org/10.3390/biology10101046
https://www.sid.ir/paper/687919/en#downloadbottom
http://www.doi.org/10.2460/ajvr.80.12.1082
http://www.doi.org/10.1111/j.1600-0684.2005.00097.x

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Iragi Journal of Veterinary Sciences, Vol. 37, No. 3, 2023 (637-642)

(Macaca mulatta). J Med Primatol.
10.1111/j.1600-0684.2009.00394.x
Khazraiinia P, Rostami A, Haddadzadeh HR, Nassiri SM.
Hematological characteristics and hemoglobin typing of the Persian
Squirrel (Sciurus anomalus). J Exot Pet Med. 2008;17(1):44-48. DOI:
10.1053/j.jepm.2007.12.008

Baldrey V, Stanford M, Bacon H. A comparison of the
pharmacodynamic effects of intravenous ketamine-xylazine with
alfaxalone in mute swans (Cygnus olor) presenting at a wildlife
veterinary hospital. Vet Anaesth Analg. 2021;48(5):716-724. DOI:
10.1016/j.vaa.2021.03.014

Mohammed 1A, Shaban KA, Albadrany YM. Hepato-renal and
hematological effects of flunixin and silymarin coadministration in rats.
Iraqi J Vet Sci. 2022;36:367-373. DOLl:
10.33899/ijvs.2021.130323.1800

Hameed HM, Maty HN, Hassan AA. Effect of dietary BHA
supplementation on certain physiological values in broiler chicken.
Iraqi J Vet Sci. 2022;36:815-819. DOI:
10.33899/ijvs.2022.132202.2068

Abdul-Majeed AF, Rahawi GA, AL-Chalabi AM. Effect of adding
nettle plant on some physiological and biochemical parameters of
broiler chickens. Iragi J Vet Sci. 2021;35:115-119. DOI:
10.33899/ijvs.2021.131844.2010

AL-Baker A, AlKshab A, Ismail HK. Effect of silver nanoparticles on
some blood parameters in rats. Iragi J Vet Sci. 2020;34:389-395. DOI:
10.33899/ijvs.2019.126116.1243

Broughton G. Hematologic and blood chemistry data for the prairie dog
(Cynomys ludovicianus). Comp Biochem Physiol Comp Physiol.
1992;101(4):807-812. DOI: 10.1016/0300-9629(92)90362-t

Dupont GP, Huecksteadt TP, Marshall BC, Ryan US, Michael JR,
Hoidal JR. Regulation of xanthine dehydrogenase and xanthine oxidase
activity and gene expression in cultured rat pulmonary endothelial cells.
J Clin Investig. 1992;89(1):197-202. DOI: 10.1172/JC1115563

Beerda B, Schilder MB, Bernadina W, Van Hooff JA, De Vries HW,
Mol JA. Chronic stress in dogs subjected to social and spatial
restriction. I1. Hormonal and immunological responses. Physiol Behav.
1999;66(2):243-254. DOI: 10.1016/S0031-9384(98)00290-X

Dantzer B, Santicchia F, van Kesteren F, Palme R, Martinoli A,
Wauters LA. Measurement of fecal glucocorticoid metabolite levels in
Eurasian red squirrels (Sciurus vulgaris): Effects of captivity, sex,
reproductive condition, and season. J Mammal. 2016;97(5):1385-1398.
DOI: 10.1093/jmammal/gyw095

Freeman R, Weiss ST, Roberts M, Zbikowski SM, Sparrow D. The
relationship between heart rate variability and measures of body
habitus. Clin  Auton Res. 1995;5(5):261-266. DOI:
10.1007/BF01818890

Carey HV, Andrews MT, Martin SL. Mammalian hibernation: Cellular
and molecular responses to depressed metabolism and low temperature.
Physiol Rev. 2003;83:1153-1181. DOI: 10.1152/physrev.00008.2003
Pereira ME, Aines J, Scheckter JL. Tactics of heterothermy in eastern
gray squirrels (Sciurus carolinensis). J Mammal. 2002;83(2):467-477.
DOI: 10.1644/1545-1542(2002)083<0467: TOHIEG>2.0.CO;2

Aroch I, King R, Biton B. Hematology and serum chemistry of free
trapped five-stripes palm squirrel (Funambulus pennanti). Isr J Vet
Med. 2017;72(2):28-39. [available at

Moore DM. Hematology of the mouse (Mus musculus). Baltimore:
Lippincott Williams and Wilkins; 2020. 1219-1224 p.

2010;39(1):41-49. DOI:

642

25. Barker JM, Boonstra R. Preparing for winter: Divergence in the
summer-autumn hematological profiles from representative species of
the squirrel family. Comp Biochem Physiol A Mol Integr Physiol.
2005;142(1):32-42. DOI: 10.1016/j.cbpa.2005.07.003

Hoff GL, McEldowny LE, Bigler WJ, Kuhns LJ, Tomas JA. Blood and
urinary values in the gray squirrel. J Wild Dis. 1976;12(3):349-352.
DOI: 10.7589/0090-3558-12.3.349

Boyer BB, Barnes BM. Molecular and metabolic aspects of mammalian
hibernation: Expression of the hibernation phenotype results from the
coordinated regulation of multiple physiological and molecular events
during preparation for and entry into torpor. Bio Sci. 1999;49(9):713-
724. DOI: 10.2307/1313595

cabicdl dygeally diaslommdll A jall ol
(b (bl (gl g) (g g3 Al A L8 )
) Jlads

Yoo (s g O ube sluh gy Mla e gl
i san) Lagis g

26.

217.

lall S i) o lall & 37 () gaall Julss ple 5 dal jall g 8
G ad) plaglid) Alagludl deals ¢ skl

-

AadAl

dlad lile (4 a5 gl e 4 5l 4 )8 ) caalind) sl g8
saa5 Al lld aa Al ) guaS Ay 31 g Jaind Ulaf 5 A liad) (31 2l
pe U e il iall 03] dun ol spudl) cilandl 5l aall Lyas ya o 4
s Ashaia) b dalal) i ) i) ) Ji L We Ll o
5 lia de pane Caus csle oLy ol 034 2385 5 ) 5 el (e (IS 5
L) A )8 Al il e Y€ (8 A sl spuadll 5 45 5el) el e
el Cilaay) ciled 31l Jlad 8 (G} £ 5 LsS3 YY)
adis yeall adll LA slacly (apdl adll Gl S jplee duEAl
paa b gia g 4 seall ildiall julaa s S silasedl 5 (sl saned)
Ol sasell S i dass gl g canddl (g sl sangll Jas e 5 iy SH)
Cilads (GBS ) 3 Aiay Arsad) a2l Cilaiss paniy o amdll
gty ol Janey il Gl g Jane Ll spudll Cllany)
A dn glgpadl) yuladd) cilale sl 50 a Aa 0y CpansY)
o @llag s nia ol Aidge ol g Leidae) (550 (e il gall (e p)
w2 Al gl Lanad deaas 3 jin pladiuly LS a J& Gk
o5l pe el o oy aBsia g LS aill) aline < jeds o) sl
O Atilan] AV 3 Gl 2eas Bad ol s LAY ()il
sl oal 2m ek Leal e Gl 5 calidl as Jiali vel Gpuiall
ol


http://www.doi.org/10.1111/j.1600-0684.2009.00394.x
http://www.doi.org/10.1053/j.jepm.2007.12.008
http://www.doi.org/10.1016/j.vaa.2021.03.014
http://www.doi.org/10.33899/ijvs.2021.130323.1800
http://www.doi.org/10.33899/ijvs.2022.132202.2068
http://www.doi.org/10.33899/ijvs.2021.131844.2010
http://www.doi.org/10.33899/ijvs.2019.126116.1243
http://www.doi.org/10.1016/0300-9629(92)90362-t
http://www.doi.org/10.1172/JCI115563
http://www.doi.org/10.1016/S0031-9384(98)00290-X
http://www.doi.org/10.1093/jmammal/gyw095
http://www.doi.org/10.1007/BF01818890
http://www.doi.org/10.1152/physrev.00008.2003
http://www.doi.org/10.1644/1545-1542(2002)083%3c0467:TOHIEG%3e2.0.CO;2
https://www.cabdirect.org/cabdirect/abstract/20173254735
http://www.doi.org/10.1016/j.cbpa.2005.07.003
http://www.doi.org/10.7589/0090-3558-12.3.349
http://www.doi.org/10.2307/1313595

