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Abstract

The present study was conducted
on Five apparently healthy wild gray
squirrel of different ages and sexes.
The various parts of the digestive
system of each animal were dis-
sected out and were weighed and
measured. The small intestine was
observed to have the highest mean
weight (5.86 + 0.8 g) followed by the
large intestine (2.98 + 0.49 g). Of all
the intestinal segments, the duode-
num was observed to have the
highest mean weight (2.49 £ 0.32 g)
followed by the jejunum (2.03 + 0.29
g) The mean length of the gastroin-
testinal tract (GIT) was observed to
be 136.10 = 10 cm with the small
intestine having a mean length val-
ue 90.73 + 10.31 cm and was ob-
served to have the longest segment,
followed by the large intestine
(31.54 + 2.25 cm). Out of all the in-
testinal segments (small and large)
the jejunum was observed to have
the longest segment (32.39 + 4.19
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cm) followed by the ileum (27.93 +
4.31 cm) and the duodenum (25.53
+ 2.67 cm), respectively. The liver
was observed to have the mean
weight (18.36 = 0.77 g) and had no
gall bladder. The caecum had the
least value of the segments of the
large intestine; the colon and rectum
had almost the same mean length
(14.64 £ 1.84 cm and 14.54 + 0.60
cm, respectively). The absence of
gallbladder will have a direct effect
on the emulsification of fats. The
short length of the colon and rectum
indicates that no digestion takes
place in those regions.

Keywords: Macrometric, Digestive
System, Gray Squirrel (Sciurus car-
olinensis)

Introduction

The squirrel is a member of the Or-
der, Rodentia, Family, Sciuridae,
Genus, sciurus (Andren, 1994).
They are either arboreal, ground-
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dwelling species or may possess
both. They can be distinguished
from other species by their size and
color. Male and female squirrels are
approximately the same size, typi-
cally weighing between 270 and 360
grams, but some of the species may
reach up to 720 grams Adams
(1976). The gray squirrel varies in
color from gray to brownish- gray
with a white underbelly and white
tips on the tail hairs.

Squirrels are known to having large
eyes, relatively small ears, short
fore limbs for grasping food materi-
als and long hind limbs adapted for
leaping. Their amazing ability to turn
their hind feet through 180° gives
them a strong grip and allows them
move down a tree head first (Flyger
and Gates, 1982a).

Squirrels are found in most wood-
land habitats, forests, around parks,
gardens and farmland.

In other to augment protein defi-
ciency, there is a need to enhance
food production in developing coun-
tries as most people live under de-
plorable conditions with shortage in
protein rich-rich food in African
countries, (FAO, 2002a). This ani-
mal is been hunted and sold as
bush meat which serves as delicacy
and steady source of income for ru-
ral dwellers (lbrahim and Abdu,
1992).
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Works done on the digestive system
of some rodents in this part of the
country include those of the African
giant rat (AGR) (Ali, et al., 2008;
Byanet et al., 2010, Nzalak et al.,
2010 and Nzalak et al., 2012) and
the Grasscutter (Byanet et al.,
2008),. However, there is deficiency
in the available literatures dealing
with the anatomy of the digestive
system of the squirrel. Our present
study is being carried out in order to
serve as a baseline data.

Materials and Methods
Experimental Design

Five apparently healthy wild gray
squirrels (Sciurus carolinensis) of
both sexes were captured using
metal traps around Giwa village,
Kaduna state, Nigeria were used for
this study. Sex difference was not
taken into consideration. The ani-
mals were transported to the De-
partment of Veterinary Anatomy,
Faculty of Veterinary Medicine,
ABU, Zaria, they were then trans-
ferred into a standard laboratory rat
cages and kept in the animal unit of
the Department, and allowed to stay
for two weeks to acclimatize. The
animals were later sacrificed ac-
cording to the methods of Adeyemo
and Oke (1990) and placed on a
lateral recumbency. An incision was
made on the skin and fascia at the
base of the ear and the caudal bor-
der of the mandibles, and the parot-
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id and mandibular salivary glands
dissected out. The mouth of each of
the squirrel was opened and a cut
was made through the muscles. The
articulating surfaces of the mandi-
bles were dislocated using a hand-
saw to show the complete tongue.
Each tongue was dissected out and
its weight and length recorded. An-
other incision was made from the
first cervical region up to the level of
the pelvic region with the rat lying
on a dorsal recumbency to show the
esophagus and the content of the
GIT. The entire GIT was exterior-
ized and the contents removed
starting from the esophagus and the
various segments of the stomach,
the small intestine (duodenum, jeju-
num and ileum), the large intestine
(caecum, colon and rectum), liver
were weighed and their lengths
measured and recorded.

Morphometric study

The value of both length and weight
of the digestive segments are rec-
orded in grams and centimeters,
respectively. All these measurement
were done using a Fatzun balance
(model P141 with a sensitivity of
0.01 gm.), a ruler, vernier caliper
and thread (in cm), respectively.

Statistical Analysis

Meantz Standard Error of Mean
(Mean % SEM) using Statistical
Package for Social Science (SPSS)
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Version 17 was used in finding val-
ues for weights and length. Values
P < 0.05 was considered significant.

Results

The mean body weight of the wild
gray squirrel was 380.04 + 46.00 g.
The mean weight of the GIT was
recorded to be 37.92 + 3.83 g which
constituted about 9.97 % of the total
body weight and the correlation was
significant with that of the total body
weight. The esophagus had a mean
weight of 0.50 + 0.08 g and ac-
counted for 0.13 % of total body
weight. The mean weight of the
stomach and small intestine were
1.59 + 0.36 g and 5.86 +0.86 g,
which accounted for 0.42 % and
1.54 % respectively. The mean
weight of the various segments of
the small intestine: duodenum, jeju-
num and ileum were observed to be
249 + 0.32 g, 2.03 + 0.29 g and
1.67 + 0.27 g respectively. The du-
odenum had the highest mean body
weight (0.66%) followed by the jeju-
num (0.53 %) and the ileum (0.43
%), (Table 1).

The mean weight of the large intes-
tine was observed to be 2.98 +
0.49g which accounted for 0.78 %
of the total body weight. The large
intestine consisted of the caecum,
colon and rectum with their mean
weights of 0.44 + 0.16 g, 1.76 *
0.30 g and 0. 61 + 0.09 g, respec-
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tively. The colon had the highest
percentage of 0.46 % followed by
the caecum, 0.12 % and rectum, 0.
16 % (Table 1). The correlation be-
tween weights of large intestine to
that of the body weight was signifi-
cant (Table 1).

The small intestine was found to
have the highest mean weight (5.86
+ 0.86 g) followed by the large intes-
tine (2.98 + 0.49 g). Of all the diges-
tive glands, the liver was observed
to have the highest mean weight
(18.36 £ 0.77 g) and accounted for
48.26 % of the total body weight
(Table 1). The correlation between
the weights of the liver and that of
the body was observed to be signifi-
cant. The mean weights of parotid
and mandibular salivary glands
were observed to be 0.19 + 0.05 g
and 1.09 = 0.24 g and accounted for
0.10 % and 0.05 % respectively.
The correlation between the spleen
and that of the body weight was ob-
served to be significant.

The length of the gastrointestinal
tract was observed to be 136.10 %
14. 74 cm, while the mean length of
the esophagus was observed to be
6.06 + 0.74 cm accounting for 5.45
% of the total length of the gastroin-
testinal tract. The length of the
stomach was observed to be136.10
+ 14.79 cm accounting for 2.94 % of
the total body length. The length of
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the small intestine was observed to
be 90.73 +* 10.31cm, this value ac-
counted for 66.18 % of the total
length of the GIT. The length of the
various segments of the small intes-
tine: duodenum, jejunum and ileum
were 25.53 £ 2.67 cm, 32.39 £ 4.19
cm and 27.93 + 4.31 cm. These
values accounted for 19.97 %,
24.80 % and 21.52%, of the total
large intestine length respectively.
The jejunum was observed to be the
longest segment followed by the
ileum and then the duodenum (Ta-
ble 2).

The length of the large intestine and
its segments (caecum, colon and
rectum) were observed to be 31.54
+225cm, 248 + 0.17 cm, 14.64 +
1.84 cm and 14.54 + 0.60 cm, re-
spectively. These accounted for
24.67 %, 2.86 %, 10.77 % and10.68
% of the total large intestine length
respectively. The colon and rectum
had similar length, while the caecum
was observed to be the shortest
(Table 2).

Discussion

In the current work the mean body
weight of the Grasscutter was ob-
served to be 380.04 £ 46.00 g. This
value was less than those of the
AGR (lbe, et al. 2010) and
Grasscutter (Byanet et al., 2008),
but greater than those of the labora-
tory rats (Rudolf and Stromberg

Vol. 8, No. 2, (2015) 59 - 68



Morphology of the GIT of Wild Gray Squirrel

1976). The whole digestive system
accounted for 9.97 % of the total
body weight and it consisted of the
esophagus, stomach, small and
large intestines and the accessory
glands.

The mean weight of the stomach
was observed to be 1.59 = 0.36 g
which accounted for 0.42 % contra-
ry to 0.5 % of the total body weight
that was observed in the laboratory
rat (Rudolf and Stromberg 1976).
Byanet, et al. (2010), in their study
reported a higher value of the stom-
ach of the AGR (28.81 + 0.93 g) and
consisted of two compartments
(glandular and non-glandular) at-
tached at a particular point by the
esophagus and duodenum, as op-
posed to one in the squirrel.

The mean weight of the small intes-
tine was observed to be 5.86 £ 0.86
g with the duodenum having the
highest mean weight (2.49 £ 0.32 g)
and accounted for 0.66 % of the to-
tal body weight. The mean weight of
the large intestine was observed to
be 2.98 + 0.49 g with the caecum
having the least mean value (0.44 +
0.16 g) and accounted for 0.12 %.
This in contrast with the findings by
Nzalak et al. (2012) on African giant
rat in which the rectum had the least
mean value.
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The mean weight of the liver ac-
counted for 48.26 % of the total
body weight. Reports by other re-
searchers have shown that the
weight of the liver is higher than
other accessory organs in domestic
animals. Correlation between
weights of the liver to that of the
body weight was significant at P <
0.05 which means that as the body
weight increases, there is a corre-
sponding increase in the weight of
the liver.

The whole length of the GIT of the
gray squirrel of this study was
136.10 £ 14.79 with the small intes-
tine accounting for 66.16 %. It was
observed to be higher than the val-
ue for large intestine. This finding is
in agreement with that of Nzalak et
al. (2012), where they observed the
small intestine to be longer than that
the large intestine in most rodents.
Byanet et al. (2008) observed that in
the Grass-cutter, the colon was the
longest of the intestinal segments
(small and large intestines).In the
present study, the jejunum was ob-
served to have the longest intesti-
nal segments. The mean length of
the blind-like end caecum in this
present study disagrees with those
reported by Ali et al. (2008) and
Byanet et al. (2010) for the AGR
and Cathy (2006) for the rabbit.
These may be attributed to their
feeding habits. While Grasscutter
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feed on elephant grass, rabbits are
said to be coprophage on their fae-
ces and they need a developed
caecum which will serves as a fer-
mentation vat. The length of the co-
lon and rectum are relatively the
same as opposed to other rats.
Nzalak (2010) observed the pres-
ence of gallbladder in the AGR con-
trary to what was observed in this
study. In the present study the
gallbladder was observed to be ab-
sent, this would affect the emulsifi-
cation of fat (Armand et al., 1994)

Conclusion

The current results recommended a
spotlight on some anatomical pa-
rameters of the digestive system of
the wild gray squirrel in Nigeria. We
reported that the lengths of colon
and rectum were relatively the
same, but the mean weight of the
colon was higher. This study was
able to report the absence of the
gall bladder in the squirrel.
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Table (1): Morphometry of the Digestive System of the Wild Gray Squirrel. n = 5.

Weights (g), Min. Max.Value Mean + SEM % Body
Value Weight
Body weight/ g 242.83 487.74 380.04 £ 46.00
Weight of GIT/ g 29.90 50.72 37.92 + 3.83* 9.97
Weight of esophagus 0.22 0.70 0.50 £ 0.08 0.13
Weight stomach 1.03 2.99 1.59 £ 0.36™* 0.42
Weight small intestine 3.90 8.78 5.86 + 0.86** 1.54
Weight duodenum 1.84 3.39 249 +0.32 0.66
Weight jejunum 1.06 2.84 2.03+0.29 0.53
Weight ileum 1.00 2.21 1.67 £0.27 0.43
Weight of large intestine 1.60 4.51 2.98 £ 0.49 0.78
Weight of caecum 0.90 0.81 0.44 £0.16 0.12
Weight of colon 1.06 2.63 1.76 £ 0.30 0.46
Weight of rectum 0.28 0.86 0.61 £0.09 0.16
Weight of tongue 0.61 1.94 1.25+0.22 0.33
Weight of parotid gland 0.25 0.53 0.39+£0.05 0.10
Weight of mandibular gland 0.10 0.39 0.19+£0.05 0.05
Weight of liver 15.88 20.20 18.36 £ 0.77 48.26
Weight of spleen 0.20 1.50 1.09 £ 0.24* 0.29

*; Significant Values, **; Non Significant Values, SEM; Standard Error of Mean
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Table (2): Morphometric of the Digestive System of the Wild Gray Squirrel. n=5.

Length (cm) Min. Max. Mean + SEM % body weight
value value

Length of GIT/ cm 87.69 173.19 | 136.10 £ 14.79 100
Length of Esophagus 3.90 8.14 6.06 £ 0.74 5.45
Length Stomach 2.33 6.01 4.00 £ 0.61 2.94
Length of Small Intestine 56.81 120.71 90.73 + 10.31 66.18
Length of duodenum 18.49 31.10 25.53 £ 2.67 19.76
Length of jejunum 20.47 46.20 32.39+4.19 24.80
Length of ileum 17.68 43.45 27.93 +4.31 21.52
Length of large intestine 24.61 38.27 31.54 + 2.25 24.67
Length of caecum 2.02 2.96 248 £ 0.17 2.86
Length of colon 9.01 19.20 14.64 + 1.84 10.77
Length of rectum 13.51 16.01 14.54 + 0.60 10.68
Length of tongue 1.21 4.45 2.86 £0.61*
Length of parotid gland 1.11 2.25 1.54 £0.23
Length of mandibular gland 1.01 1.95 1.27 £ 0.17**

*; Significant Values, **; Non Significant Values, SEM; Standard Error of Mean
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Fig (1): Ventral view of the opened abdomen of the wild gray squirrel showing: LV Liv-
er, ST Stomach, SI Small intestine, CE Cecum, BL Urinary bladder.
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