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Abstract

The present study investigated the morphometric measurements in 44 red foxes in two
developmental stages young and adult of different sexes male and female, from three localities of
Egypt Giza, Sohag, and Qena governorates, Egypt, during the period from February 2016 to April
2021 along all year's period except during winter to avoid stress and potential injury to pups and
adults. Foxes were immobilized using ketamine hydrochloride (25mg/kg) injected
intramuscularly in femoral or scapular body areas before the examination. Different
measurements were selected; head and body length (HBL), tail length (TaL), hindfoot length
(HFL), and neck circumference (NC) besides body weight. Results revealed that bodyweight,
head and body length, and tail length in adult male foxes were significantly higher than in adult
females. The results also revealed that all morphometric measurements besides body weight were
significantly higher in adult male animals than young males, also the same parameters were higher
in adult female animals than young females.
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Introduction

The Red Fox (Vulpes Vulpes) is the
most widely distributed carnivore in the
world and the most abundant carnivore in
Egypt, it is a very adaptable animal, being
able to live in a variety of habitats ranging
from the arctic areas to the barren temperate
deserts, and the crowded cities (Basuony et
al., 2005).

In Egypt, the Red fox holds a specific
role in zoonotic Medicine. World Health
Organization (WHO) reports point out that
rabies in red foxes is a public health
problem in the Middle East, including
Egypt (WHO, 1997).

Osborn and Helmy, (1980)
differentiated Red fox (Vulpes vulpes) from
Rueppell's Sand Fox (Vulpes rueppelli) in a
darker color, back of ear being black instead
of pale brown. The red fox has a blackish
venter instead of white, bearing a black
mark on the foreleg with larger average
dimensions. The ranges of V. vulpes and V.
rueppelli overlap only slightly. Rueppell's
Sand Fox is known to be desert-adapted,
probably due to its smaller size plus its
ability to survive in dry areas. Vulpes vulpes
aegyptiaca is a larger and darker race than
V. v. arabica and V. v. palaestina.

There is little literature available on
morphometric measurements of red foxes
worldwide except Cavallini, 1995 in Italy,
Voigt, 1987 in Canada, Mclintosh, 1963 in
Australia, Hatting, 1956 in the UK and
Zhan et al., 1991 in Japan) and in Egypt
(Osborn and Helmy, 1980) considered the
cornerstone source for this aspect. Hence,
the present work is aimed to present
morphometric measurements in 44 free-
ranging red foxes from different localities

in Egypt.
Materials and methods
Experimental Work

This study was performed from
February 2016 to April 2021 on forty-four
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(44) Red foxes (Vulpes vulpes) of two age
categories, young (< 1-year-old) and adults
(> 1 year old). Foxes were not captured
during the winter months which included
gestation and parturition periods to avoid
stress and potential injury to pups and
adults. Also, we did not sample during these
periods to avoid measuring pregnant
females which could have biased our
results.

The age is estimated by the number of
annuli in the cementum of the canine teeth
of the lower jaw (Jensen and Nielsen,
1968). Foxes with non-erupted molars on
the lower jaws (M3) were considered as
juveniles (< 0.5-year-old; Sasakawa, 1984),
and those with no annulus in the cementum
of their canines as sub-adults (>0.5-year-old
and < 1-year-old), Juveniles and sub-adults
were grouped as young (Fig. 1)

Adults were aged by the number of
annual layers on their canines. Since the
dark layers in the canine tooth cementum
are formed between April and August (Grue
and Jensen, 1979; Sasakawa et al., 1980),
the age of animals collected in this period
was determined by adding one to the
number of layers.

Sex was determined through the
identification of external reproductive
organs (22 females and 22 males). Foxes
weights ranged from 0.7 Kg to 5.4 Kg, the
weight of the sampled animals measured to
the nearest 0.1kg (Slavica et al., 2011).

Foxes were hunted by foot-held trap by
local hunters, purchased from three
governorates from Egypt (Giza, Sohag, and

Qena).

According to (Stocker, 2005), better
handling of animals is achieved by a typical
dog grasper with quick-release noose to
catch a fox and a stout pair of gloves used
to protect hands if exposed, scruffing a fox
then done to make it relax, rump supported
with the free hand (Fig. 1).
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According to (Canada Fox Breeders’
Association, 2013), animals were kept in a
well-ventilated room, housed in Pens of
sufficient size to meet the physiological and
behavioral needs of the foxes. Foxes were
fed various rich components including
poultry slaughter by-products, beef by-
products, fish Dby-products and small
amounts of fresh vegetables and fruits once
daily, water was available continuously all
the time especially in summer (Gugotek,
2011). Feed was withheld for 12 hours
before anesthesia.

1.1. Experimental design

The foxes were divided into 4 groups
from three locations from Egypt (Sohag,
Giza, and Qena) as follow: adult males,
adult females, young males and young
females.

1.1.1. Inspection of foxes.

Animals were immobilized using
ketamine hydrochloride (25mg/kg) injected
intramuscularly in femoral or scapular body
areas (Ramsden et al., 1976) before the
examination (Fig. 1).

Body measurements (Tail length TL,
Head & body length HBL, neck
circumference NC and hindfoot length HFL
were estimated according to (Foresman,
2012) Cloth tape measure was used to
measure the following:

- Head and body length (HBL): Measure
from tip of the nose to base of the tail at
the notch of the sacrum with the animal
lying recumbent on its back or stomach as
with total length.

- Tail length (TaL): Measure from the base
of the tail at the rump to the tip of the last
caudal vertebra (Fig. 1)

- Hindfoot length (HFL): Measure from the
end of the hip joint to the tip of the longest
digit, not including the claw

- Neck circumference (NC): Measure
around the smallest portion of the neck.

Statistical analysis
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Data processing and statistical analysis
were performed using PRISM software
(SAS Institute Inc., Cary, NC, USA).

Values determined for different sexes
and ages were compared using one-way
ANOVA (SAS Version 9.2). A level of
P<0.05 was accepted as statistically
significant.

Fig. 1. A. young red fox with non-erupted
molars on the lower jaws. B. adult red fox
with complete dental formula. C. proper
Handling of red fox according to Stocker,
(2005). D. Young red fox anesthetized by
Ketamine hydrochloride showing salivation. E.
Tail length; measured from the base of the tail
at the rump to the tip of the last caudal vertebra.

Results

The study was conducted for a period
of 62 months from February 2016 to April
2021 in 44 foxes of different sexes (22
females and 22 males) for the determination
of basic morphometric measurements and
ages from three localities of Egypt (Table
1).
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Based on this study results; head
&body length, tail length, hind foot length,
neck circumference and body weight in
adult male red foxes were (58.26+0.44 cm,
36.21+0.25 cm, 14.41+0.14 cm, 19.54+0.18
cm, 5.26x0.15 kg) respectively, while in
adult females were (55.73£0.48 cm,
34.67+0.32 cm, 13.92+0.21 cm, 19.14+0.14
cm, 4.66+0.15 kg) and these results were
illustrated in (Table 2).

Results of the same parameters in
young male foxes and young female foxes
also were illustrated in (Table 2).

Sex variations:

Regarding the sex differences in
morphometric measurements, animals were
categorized into four groups; adult males
and females, young males and females, and
the selected parameters were; Head and
body length, tail length,  neck
circumference, and Hindfoot length,
besides body weight.

Results showed significant sexual
dimorphism in body weight between adult
male foxes (5.26+0.15 kg) and adult female
animals (4.66+0.15 kg) with a male-female
ratio 1.13 (Table 2).

The same sexual dimorphism was
recorded in head and body length (in adult
males 58.26+0.44 cm) and (in adult females
55.73£0.48 cm with M/F ratio 1.05)
animals, and tail length (adult males
36.21+0.25 cm and adult females
34.67+0.32 cm) with M/F ratio 1.04 and
these results were illustrated in (Table 2 and
Fig. 2).

In the entire work, there were no
significant sexual dimorphism in adult
foxes regarding neck circumference nor
hindfoot length (Table 2).

On the other hand, there were no
significant difference between young male
animals and young female animals in all
morphometric measurements, and these
results were illustrated in (Table 2).

Despite the male/female ratio of head
& body length, tail length and bodyweight
in adult group (.05, 1.04, 1.13
respectively) is similar to that of young
group (1.02, 1.03, 1.02 respectively), there
were significant sexual dimorphism in adult
group not young group and these results
were illustrated in (Table 2).

Table 1: Distribution of locality, sex and age of animals involved in the study.

Governorate Giza Sohag Qena
Sex Male Female Male Female Male Female
Age Al Y A Y A Y A Y A Y A Y
Number 4 2 5 2 6 6 6 7 4 0 0 2

A: Adult animals, and Y: Young animals.

Table 2: Mean (xSE) of body weight and morphometric measurements of adult and young
red foxes (Vulpes Vulpes) from Egypt showing Sex variations.

Adult red foxes (n=25) Young red foxes (n=19)

Male (n=14) Female (n=11) M/F Ratio | Male (n=8) | Female (n=11) M/F Ratio
HBL (cm) | 58.26+0.44** | 55.73+0.48 1.05 45.44+0.18 44.55+0.66 1.02
TaL (cm) | 36.21+0.25** | 34.67+0.32 1.04 28.71+0.18 27.84+0.44 1.031
HFL (cm) | 14.41+0.14 13.92+0.21 1.04 11.48+0.15 11.16+0.16 1.028
NC (cm) | 19.54+0.18 19.14+0.14 1.02 15.6+0.14 15.2+0.28 1.026
BW (Kg) | 5.26+0.15* 4.66x0.15 1.13 2.68+0.13 2.64+0.11 1.02

* =pvalue is less than 0.05 ** = pvalue is less than 0.01 *** = p value is less than 0.001
HBL: Head and Body length  TaL: Tail Length HFL: Hind foot Length
NC: Neck Circumference ~ BW: Body Weight ~ M/F ratio: Male/Female ratio.
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Tail length and head & body length (Sex differences
in red foxes)
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Fig. 2. Sex differences of tail length and head & body length among male and female red

foxes from Egypt.

Age variations:

Regarding age  differences in
morphometric measurements, animals were
categorized into four groups; adult and
young males, adult and young females, and
the selected parameters were; head and

body length, tail length,  neck
circumference, and hindfoot length, besides
bodyweight.

The current work results revealed that,
the four morphometric measurements
besides body weight are significantly higher

in adult male animals than young male
animals and the adult/young ratio in head
and body length, tail length, neck
circumference, hindfoot length and
bodyweight were (1.28, 1.26, 1.25, 1.25,
1.96 respectively) (Table 3 and Fig. 3).
Also, the same parameters were higher
in adult female animals than young female
animals and the adult/young ratio in head
and body length, tail length, neck
circumference, hindfoot length and
bodyweight were (1.25, 1.24, 1.25, 1.26,
1.76 respectively) (Table 3 and Fig. 3).

Neck circumference, hind foot length, tail length
and head & body length (Sex differences in red

foxes)
AF mYM mAM
NC
HFL
Tal : TS |34.7
HBL : : : s | 55.7

10 20

30 40 50 60

Fig. 3. Age differences of neck circumference, hind foot length, tail length and head &
body length among adult and young red foxes from Egypt.
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Table 3: Mean (xSE) of body weight and morphometric measurements of male and female
red foxes (Vulpes Vulpes) from Egypt showing age variations.

Male animals (n=22)

Female animals (n=22)

Adult (n=14) Young (n=8)
HBL (cm) = 58.26+0.44 == | 45.44+0.18
TaL (cm) = 36.21+0.25 = | 28.71+0.18
HFL (cm) | 14.41+0.14 == = 11.48+0.15
NC (cm) = 19.54+0.18 »~ = 15.6+0.14
BW (Kg) = 5.26£0.15 **= 2.68+0.13

AlY Adult (n=11) Young (n=11) | A/Y
Ratio Ratio
1.28 | 55.73+0.48 »* 44.55+0.66 1.25
1.26 | 34.67£0.32 »* 27.84+0.44 1.24
1.25 | 13.92+0.21 **= 11.16%0.16 1.25
1.25 | 19.14+0.14 »*= 15.2+0.28 1.26
196 = 4.66+0.15 »* 2.64+0.11 1.76

* = pvalue is less than 0.05 ** = p value is less than 0.01 *** = p value is less than 0.001
HFL: Hind foot Length
AJY ratio: Adult/Young ratio

HBL: Head and Body length TaL: Tail Length
NC: Neck Circumference BW: Body Weight

Discussion

Sexual dimorphism in terms of body
mass and size occurs among some canids
and has been reported in the corsac fox
(Vulpes corsac, Linnaeus, 1768) and red
fox (V. vulpes, Linnaeus, 1758)

Based on this study results;
Bodyweight, head body length and tail
length in adult male red foxes were much
lower than the results of (Zhan et al., 1991)
in Japan, and results of (Kolb and Hewson,
1974) in Scotland, and also results of
(Mclntosh, 1963) in Australia, while results
of male head body length and tail length
were matching to (Osborn and Helmy,
1980) from Egypt (57.8 cm, 36.2 cm) and
resemble the results of (Lewis and Lewis,
1968) from Lebanon (59 cm, 37 cm). and
these variances could be related to
geographical  variations in  different
subspecies of red foxes.

In this work there were significant
sexual dimorphism in body weight between
adult male foxes (5.26+£0.15 kg) and adult
female animals (4.66+0.15 kg) with a male-
female ratio 1.13 and those results were
similar to (Takeuchi, 2010) in Japan
(female;4.39+£0.25 and males;5.11+0.19
with M/F ratio 1.16)
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The sexual dimorphism in head and
body length (in adult males 58.26+0.44 cm;
adult females 55.73+0.48 cm with M/F ratio
1.05), and tail length (adult males
36.21+0.25 cm; adult females 34.67+0.32
cm with M/F ratio 1.04), was in agreement
with (Takeuchi, 2010) and differs from
results of (Murdoch et al., 2009) who
recorded sexual dimorphism in tail length
only, the difference may be due to small
number of animals enrolled in (Murdoch et
al., 2009).

Sexual dimorphism in body weight and
morphometric measurements were in
alignment with (Hattingh, 1956; Mclntosh,
1963; Voigt, 1987; Zhan et al., 1991;
Cavallini, 1995 and Gortazar et al., 2000)
that were typically found heavier and larger
male than female red foxes.

In the entire work, there were no
significant sexual dimorphism in adult
foxes regarding neck circumference nor
hindfoot length which is matching with
results of (Takeuchi, 2010) in red foxes in
Japan, and (Murdoch et al., 2009) in
Mongolia.

Sexual dimorphism usually evolves
due to three mechanisms, including sexual
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selection (i.e., when characters that confer
an advantage in the competition for mates
or mate choice are selected for within one
sex), food competition between sexes, and
intrinsic ~ differences  between  the
reproductive roles of males and females
(i.e., the ‘dimorphic niche’ hypothesis)
(Hedrick and Temeles, 1989).

On the other hand, there were no
significant difference between young male
animals and young female animals in all
morphometric measurements, which is
disagreeing with the results of (Zhan et
al.,1997) on 9 — month Silver foxes
(subspecies of red fox in Japan) which
recorded significant variance in head
length, body length, depth of chest and all
measurements of long bones between male
and female animals and this may be due to
the sample selected by the author (9-
months of age) which is near the adults
values.

The clear significant differences in all
morphometric measurements and
bodyweight between adult and young foxes
either in female group or male group may
be referred to the obvious difference in age,
as the young group almost less than 7
months old.

Generally, terrestrial mammals finish
growing by the beginning of reproduction;
changes in body size after maturation are
slight (McNab 1971; Imaizumi 1986). In
the Red fox, growth is rapid during the cub
stage until 3-4 months after birth (Lloyd
1980; Sasakawa 1984). Cubs grow almost
to adult size by 6 months after birth (Fairley
1970).

Subadult males disperse further and
more often than females (Storm et al. 1976)
to obtain early reproductive opportunities at
as early as 9-10 months aged (Storm et al.
1976; Harris 1977). Not only an acquired

53

body character giving the visual impression
of largeness, but innate body characteristics
may additionally promote mating success.
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