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Abstract
The principal focus of this study was to describe how the coat characteristics could affect the heat exchanges in animals managed
in a hot environment. TheMorada Nova ewes were monitored once a month, during 10 consecutive months, in three commercial
flocks. Initially, an analysis was performed to measure the differences regarding the coat color in the thermoregulation mecha-
nisms. The animals were grouped into 4 different groups according to coat tonality, as follows: dark red animals (group 1, N =
23), intermediate red color (group 2,N = 27), light red animals (group 3,N = 30), and white-coated animals (group 4,N = 30). The
data were collected from 1100 to 1400 h, after the animals were exposed to 30 min of direct sunlight. The cluster analysis was
performed considering the hair structural characteristics such as coat thickness (CT, cm), hair length (HL, mm), hair diameter
(HD, m), and number of hairs (NH, hairs per unit area), after that these clusters were compared in relation to thermoregulatory
mechanisms that include rectal temperature (RT, °C), respiratory rate (RR, breaths min−1), cutaneous evaporation (CE, °C), and
respiratory evaporation (RE, W m−2). The groups were characterized and compared using mean and standard deviation, and the
differences between the clusters were compared using the Tukey test with a 5% probability of error. In relation to coat color, no
differences were found in groups 1, 2, and 3 regarding the activation of the thermoregulationmechanisms. Themost different was
observed in the totally white coat that presented different thermoregulatory responses as the highest sweating rate. White-coated
animals showed a non-pigmented epidermis, and the hair structure is responsible to promote skin protection as necessary, such as
a dense coat (1242.7 hair cm−2), long hair (14.2 mm), and thicker coat (7.38 mm). In red-coated animals, the hair structure
favored heat loss to the environment, such as short hairs, less thick coat, and less hairs per square centimeter. All evaluated
animals showed the rectal temperature within the reference limits for the ovine species, regardless of the coat color. In the analysis
of clusters related to the physical structure of hair, it was possible to observe that the animals with thick hair, short hair, and less
dense coat tended to have a higher capacity to eliminate heat through their respiratory rate and showed less intense heat loss by
cutaneous evaporation. We verified that coat color presents a direct influence on the hair structure and the activation of mech-
anisms related to thermoregulation.
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Introduction

The external traits of domestic animals’ coats, such as coat
color and physical characteristics of the hair, are determinants
of their adaptive capacity (Silva and Maia 2013). Changes
occur as a function of the animals’ environment; animals
raised in cold weather usually have specific characteristics
for such environmental conditions, like a thicker coat, for
example, which reduces heat loss from the animal to the en-
vironment. On the other hand, animals from regions with high
air temperatures and thermal radiation tend to exhibit
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characteristics that favor thermolysis. Maia et al. (2003)
showed differences in coat characteristics in cattle of the same
breed raised in the northern and southern hemispheres, as well
as differences in coat color, comparing totally white- and
black-coated animals, and stated the strong influence of the
environment on the formation of coat characteristics; their
findings can be verified in other species.

Most domestic sheep species have wool as a body surface
coating, and several studies have been conducted to evaluate
its importance in the processes related to thermal insulation
(McFardare 1968; Piccione et al. 2002; Suhair and Abdalla
2013). Holfman and Riegle (1977) verified differences in
shorn and unshorn sheep, reporting a higher rectal temperature
and respiratory evaporation, as well as a decline in the arterial
P(CO2), in animals evaluated under different air temperatures,
such as 20, 30, and 40 °C. Given these studies, it is possible to
suppose a high adaptive capacity to hot environments by the
external coat in hair sheep. In Brazil, domestic animals were
brought by the colonizers, and for many years, the use of wool
animals was predominant until new racial types were formed
by natural selection; some animals changed to grow a surface
covered by hair, as in the case of the Morada Nova breed,
which is locally adapted to the semiarid region of Brazil and
presents a skin surface covered by hair, as it occurs in cattle.
Information on the adaptive advantage of this type of coat in
sheep is not clear. McManus et al. (2011) evaluated differ-
ences in the physiological responses of sheep with wool and
hair coats and found that wool animals had characteristics that
were less favorable to their production under the natural con-
ditions of tropical environments, reflecting directly on their
rectal temperature, respiratory rate, and hematological
characteristics.

In an equatorial region, characterized by high air tempera-
tures and low humidity, the most efficient mechanism of heat
loss is evaporation, either cutaneous or respiratory, since it
does not depend on a temperature gradient between the sur-
face of the animal and the environment (Silva andMaia 2013).
In these conditions, sensitive thermolysis mechanisms may be
less expressive or even an additional source of thermal energy
gain from the environment (Maia et al. 2005). Thus, animals
that have high adaptability to a hot environment should have
low resistance to heat dissipation through evaporation, which
can be influenced directly by the ambient conditions, such as
temperature, humidity, and radiation, as well as the coat char-
acteristics, like a pigmented epidermis; coat color; and coat
morphological characteristics, such as hair length, thickness
and density (Bianchini et al. 2006; McManus et al. 2011), and
the functionality of the sweat gland activity (Costa et al.
2014).

Coat characteristics can be considered important phenotyp-
ic markers, capable of being introduced as criterion for the
selection of animals; however, it is necessary to know the
relation of these characteristics with the thermoregulatory

capacity and homeostasis of the animals (Acharya et al.
1995; Bertipaglia et al. 2008; Façanha et al. 2013). In the work
conducted by Bertipaglia et al. (2008), the authors found an
important relationship between coat characteristics and the
interval between calving in beef cattle, such that the
selection for animals with shorter hair was correlated with a
shorter calving interval. Leite et al. (2018) evaluated coat traits
in theMorada Nova sheep in order to select animals with more
favorable coat characteristics for heat dissipation, and found
that animals who presented greater difficulty in heat elimina-
tion, like longer hair and thicker coat, also showed a reduction
in T4 concentration. In this way, it is possible to verify the
importance of the hair structure for the adaptive capacity of the
animals. Thus, the present work was elaborated to verify the
relation between the coat characteristics, such as coat color
and hair morphological structure, and their influences in the
thermoregulatory mechanisms, such as cutaneous and respira-
tory evaporation, in hair sheep under a hot environment.

Materials and methods

The experiment was conducted in three commercial flocks in
an equatorial region (5° 09′ 02″ S), located in Ceará State,
Brazil, over 10 consecutive months, from March to
December. The climate type is BWSh according to the
Koppen classification (Alvares et al. 2014). The animals were
raised in an extensive system with the exclusive feeding of
Caatinga vegetation.

Environmental characterization

We recorded information about the thermal environment
which the animals were exposed. The thermal environment
was monitored once a month in each herd. Environmental data
were always recorded together with the physiological data and
hair sample. The data were recorded from 1100 to 1400 h. The
animals remained under direct sunlight for 30 min before be-
ing evaluated. The following parameters were registered: air
temperature (AirT, °C), wet-bulb temperature (Tw, °C) ob-
tained with a ventilated psychrometer, black globe tempera-
ture (TG, °C) was taken by a 15-cm-diameter copper black
globe positioned in the same location as the animals, wind
speed (w, m s−1) registered by a digital anemometer
(LUTRON AM-4201), and radiant heat load (RHL, W m−2)
measured according to Silva (2008). Average values of those
measurements are shown in Table 1.

Animal characterization

Animal care procedures throughout the study followed proto-
cols approved by the University Ethics Committee, CEUA-
UFERSA, number 23091003895/2014-71. Forty apparently
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healthy Morada Nova ewes were evaluated in each flock dur-
ing 10 consecutive months. The measurements were taken
always between 1100 and 1400 h after animals were exposed
to 30 min of direct sunlight. The animals were divided into
four groups according to coat color, as follows: group 1 (dark
red animals, N = 23), group 2 (animals with intermediate red
color; N = 27), group 3 (light red animals, N = 30), and group
4 (white-coated animals, N = 30) (Fig. 1). The animals were
monitored once a month, during ten consecutive month, in
three commercial flocks with a total of 971 observations.

Physiological measurement

The parameters evaluated on the ewes were rectal temperature
(RT, °C) using a digital clinical thermometer inserted into the
rectum of each animal, respiratory rate (RR, breaths/min) re-
corded by counting flank movements on 60 s, skin tempera-
ture (ST, °C) obtained by an infrared thermometer (MasTec
Dt 8550) on the flank region body, and cutaneous evaporation
(CE; W m−2) was measured with a ventilated capsule coupled
to a tube containing moisture absorbent according to Leite
et al. (2018). The data were recorded from 1100 to 1400 h.

As for the heat loss by respiratory evaporation (RE; W
m−2), the method described by Silva et al. (2002) was used:

RE ¼ λρ−1m ΨEXP−ΨAð Þ=A W m−2ð Þ ð1Þ
where A (m2) is the body surface area of animal, which is
estimated as A = 0.6265e0,013P; P is body weight of the animal
(kg); λ is the latent heat of vaporization of water (J g−1); ρ is

the air density (g m−3); ṁ is the mass flow rate (g s−1),

estimated as ṁ ¼ VRCρ RR
60

� �
(g s−1), where VRC is the tidal

volume, obtained according to Silva et al. (2002); and RR is
respiratory rate (breaths min−1). The absolute humidity of the
atmosphere (ΨA, g m−3) and of the expired air ( EXP, g m

−3),
are given, respectively by:

ΨA ¼ 2166:87PP TAf g=TA and ΨEXP

¼ 2166:87PS TEXPf g=TEXP ð2Þ

where PP{TA} is partial vapor pressure (kPa) of the ambient
air and PS{TEXP}is the saturation pressure of expired air; TA is
air temperature (°K) and TEXP is expired air temperature (°K).
The TEXP was determined according to Silva et al. (2002)
specifically for sheep.

Fig. 1 Coat color tonality in
Morada Nova breed. Group 1 is
formed by animals with darker
coat; group 2 is formed by
animals with red intermediate
tonality; group 3 consists of light
red animals; and group 4 is
composed of totally white
animals

Table 1 Means of environmental
variables of air temperature
(AirT), black globe temperature
(TG), wind speed (W), and radiant
heat load (RHL) in each herd
during the experimental period in
a semiarid region

Herd 1 Herd 2 Herd 3

Med Min Max Med Min Max Med Min Max

AirT (°C) 33.1 29.0 37.80 34.3 29.0 37.7 33.7 30.5 36.1

TG (°C) 46.1 30.4 55.8 42.6 30.9 50.1 47.5 35.0 56.0

PP 2.45 1.55 6.29 2.47 1.60 3.50 2.43 1.49 3.86

W (m/s) 1.06 0.36 2.88 1.38 0.38 4.40 0.94 0.35 3.10

RHL (W m−2) 797.8 510.2 1170.8 762.4 512.6 1069.3 800.9 563.2 1209.8

PP pluviometric precipitation index
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The rate of convective heat flow from the coat surface to
the surrounding air is given by the equation:

C ¼ ρ cp T s−TAð Þ
rH

W m−2 ð3Þ

where TA and TS are the air and coat surface temperature,
respectively, while rH (s m−1) is the boundary layer resistance
to convective heat transfer.

rH ¼ ρ cp d
k Nu

s m−1 ð4Þ

where d (m) is the characteristic dimension of the body that
was estimated as the square root of the body surface area,
determined from the body weight (kg) as AS = 0.171W0.503

after Bennett (1973); ρ (g m−3) is the density; cρ (J g
−1 K−1)

is the specific heat; and κ (W m−1 K−1) the thermal conduc-
tivity of the air (Silva and Maia 2013). The Nusselt number
(NU) was estimated as for a horizontal cylinder by Churchill
and Bernstein (1977) equation; Reynolds, Prandtl, and
Grashof numbers were obtained as given by Silva and Maia
(2013).

The heat exchange by radiation was estimated by follow
equation:

HR ¼ ρCP ST−MRTð Þ
rR

W m−2 ð5Þ

where ST and MRT are body surface temperature (°K) and
mean radiant temperature (°K).

rR ¼ ρcp
4εσTm3

ð6Þ

where ε is emissivity thermal radiation of animal surface, ε =
0.98. The σ is the Stefan-Boltzmann constant, σ = 567,051 ×
10−8 W m−2 k−1. The Tm = 0.5 (ST + MRT).

Coat characteristics

Coat thickness was determined in situ in the middle of the
thorax of each animal, about 20 cm below the dorsal line, with
a thin metal rule. Hair samples were taken from the same
region where coat thickness (CT, cm) was measured; hair
was removed using pliers (Silva 2008). The sample hair was
removed and stored in plastic envelopes and measurements of
hair length (HL; mm), hair diameter (HD, μm), and hair den-
sity (NH, hair/cm2) were recorded in the laboratory. Hair den-
sity was obtained by counting the number of hairs removed in
0.1399 cm2 using pliers, according to Lee et al. (1974), and
then converted into 1 cm2 (Maia et al. 2003). Hair length was
taken as the average length of the 10 longest hairs in the
sample, according to Udo’s method (1978). The number of
hairs per unit area was obtained by directly counting all hairs
in the sample. A digital micrometer (Mitutoyo model) with a

scale of 0 to 25 μm was used to measure the hair diameter
(μm); weremeasured in the same hair sample as those used for
the measurement of hair length.

Statistical analysis

Statistical analysis combined the multivariate approaches to
describe whole response of animals (principal component
analysis, discriminant analysis and cluster analysis), and gen-
eral linear model was used to contrast the hypothesis of the
effect of tonality on morphophysiological and thermoregula-
tion response of animals.

Principal component analysis (PCA) was run to evaluate
the relative influence of morphological and physiological var-
iables as explanatory factors of animal behavior. PCA allows
us to characterize and classify whole response of animals and
the relationship with different color coats through new and
synthetic variables (principal components as synthesis of orig-
inal variables). Influence of each variable is evaluated through
component matrix of the two first principal components that
show correlation between each original variable and each fac-
tor as measure of relative importance of each variable in re-
sponse characterization. KMO and Bartlett Sphericity tests
were used to prove analysis and sampling adequacy.

In order to identify variables that determines the differences
among animals grouped by coat colors (dark, intermediate,
light, and totally white) and how strong these differences
are, linear discriminant analysis (LDA) and hierarchical clus-
ter analysis (HCA) were performed with within-animal aver-
age of independent variables (average of repeated measure-
ments of each animal over time). The LDA model was
stablished through variable inclusion procedure based on
Wilks’ lambda test in order to simplify the model. Box’s M
test was applied to check the equality of variance-covariance
matrices. The relative importance of each independent vari-
ables was evaluated through standardized coefficients of ca-
nonical discriminant functions and the discriminant capacity
of these functions, through canonical correlations and ex-
plained variance. The HCA provided the most appropriate
number of clusters according to Ward’s method. The follow-
ing clusters were formed: hair diameter (HD, μm), cluster 1 ≤
4.3, cluster 2 > 4.3 ≤ 5.1, cluster 3 > 5.1 μm; hair length (HL,
mm), cluster 1 ≤ 11.5, cluster 2 > 11.5 ≤ 13.5, cluster 3 ≥ 13.5;
hair density (NH, number of hair per cm2), cluster 1 ≤ 950,
cluster 2 > 950 ≤ 1300, cluster 3 > 1300. Each cluster of hair
morphological traits was compared using the mean test
(Tukey test) in relation to cutaneous evaporation and respira-
tory rate.

Repeated measures general linear model was run. Months
(March to December) and coat color group (dark, intermedi-
ate, light, and fully white) were included as fixed factors and
morphological and physiological traits as dependent variables.
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Box-Cox transformation was applied to ensure normality and
homoscedasticity of residuals.

All statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS), version 20, 2010.

Results

The thermal environment in which the animals were managed
was characterized by high air temperature and levels of ther-
mal radiation (Table 1). The lowest air temperature recorded
was 29.0 °C and maximum of 37.8 °C. The radiant heat load
(RHL) was always high above the 500.0 W m−2. Regardless
of the month of data collection, in the year, the animals were
exposed to environmental conditions that could represent ther-
mal stress.

Initially, analysis was performed in order to determine the
differences in relation in activation of the thermoregulatory
mechanisms between the animals with different coat color in
the Morada Nova breed. Discriminant analysis showed the
differences between white and red coat color (Fig. 2). High
percentage of correctly classified animals, mainly due to to-
tally white animals (Table 2) and high canonical correlation of
first function (ρ1 = 0.945; 97.9% of variance) point out the
strong discriminant capacity of independent variables. White
coat animals showed negative value in canonical function 1;
therefore, they tend to have lower respiratory rate (standard-
ized coefficient: 0.371), coat surface temperature (standard-
ized coefficient: 0.363), and respiratory evaporation (stan-
dardized coefficient: 0.444) but higher hair length (standard-
ized coefficient: − 0.412), hair density (standardized coeffi-
cient: − 0.445), and cutaneous evaporation (standardized co-
efficient: − 0.371). The red coat animals (groups 1, 2m and 3)
did not show differences in physical hair traits and in activa-
tion of the thermoregulatory mechanisms, regardless of the
tonality.

A principal component analysis was performed to assess
the interaction between thermoregulation and hair character-
istics in each coat color group. In white sheep, the animals
tended to present hair characteristics that favor the protection
of the epidermis, like longer hair, and a thick and dense coat
(Fig. 3). No distinction was observed between the animals in
groups 1, 2, and 3. In these groups, the animals had short hair,
and a coat with less numerous and more seated characteristics
that may favor thermolysis.

The animals with totally white coats did not have a
pigmented epidermis. For this reason, they tended to present
hair characteristics that promoted a more intensive protection
of the epidermis, as well as a high-density coat (1242.7 hairs
cm−2), long hair (14.2 mm), and a thicker coat (7.38 mm). On
the other hand, animals with red coats had pigmented epider-
mis. They presented a greater heating of the coat, leading to a
necessity to elevate the respiratory rate (RR) as an immediate
heat loss mechanism to maintain homeothermic conditions
(Table 3). In this case, it is necessary that these animals present
a hair structure that favors heat loss to the environment; this
was verified in animals which had a short hair, less thick coat,
and less hairs per square centimeter. The important finding
was that, regardless of the color and hair structure, there was
no difference in the animals’ rectal temperature and all ani-
mals were able to maintain homoeothermic conditions, for
that, each group triggered different heat loss mechanisms.

In addition to the coat color, the morphological hair struc-
ture was also evaluated. The coat traits may be directly related
to the animal’s ability to lose heat; animals with thick, short,
and less dense hair tend to have a higher capacity to dissipate
heat through their respiratory rate and show less intense heat
loss by cutaneous evaporation (Fig. 4). The animals that pre-
sented the thickest hairs (clusters 2 and 3) tended to have a
lower respiratory rate, a coat composed by short hair (< 11.5
mm) and less dense coat (< 950.0 hairs per cm2), correspond-
ing to the animals with lower cutaneous evaporation (CE, W
m−2). These characteristics could facilitate the heat dissipation
from the animal to the environment.

Discussion

The environmental conditions were monitored during 10 con-
secutive months and indicated that the location where the
animals grazed could represent a stressful condition during
all months of the year. The minimum value of air temperature
(AirT) and radiant heat load (RHL) was 29 °C and 510Wm−2

(Cezar et al. 2004), respectively, which may represent a stress-
ful condition for the animals and create discomfort. When skin
temperature is close to the air temperature, the sensible mech-
anisms are impaired and heat loss depends directly on the
capacity of the animals to trigger latent mechanisms, such as
an elevation of the respiratory rate and cutaneous evaporation

Table 2 Percentage of assignment of animals based on linear
discriminant analysis model after inclusion procedure of independent
variables based on Wilks’ lambda test. Included variables are cutaneous
evaporation (CE, W m−2), respiratory evaporation (RE, W m−2), skin
surface temperature (ST, °C), respiratory rate (breaths min−1), and hair
traits like hair length (HL, mm) and hair density (NH, hair per unit area)

Tonality Dark red Intermediate red Light red Totally white

Physiological and hair traits (%)

Dark red 52.2 17.4 30.4 0.0

Intermediate red 13.8 69.0 17.2 0.0

Light red 17.9 32.1 50.0 0.0

Totally white 0.0 0.0 2.4 97.6

71.1% of the animals were correctly classified

The most expressive results in the table are emphasized in italics
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(Table 1). The minimum AirT registered during the experi-
mental period was higher than 25 °C, which is considered the
thermal comfort zone for sheep hair, according to Eustáquio
Filho et al. (2011). Macías-Cruz et al. (2016) observed that
animals exposed to an average AirT of 34 °C had an altered
physiological and metabolic status, with changes to the con-
centration of some blood metabolites and electrolytic adjust-
ments. These changes were also reported by Nardone et al.
(2010), who described the negative effects of heat stress on
ruminants, warning of the need to preserve breeds that are
more adapted to environments with high air temperatures.

Thus, under these natural environmental conditions, animals
need to present a good adaptive capacity, mainly when they
are managed under an extensive system with no access to
environmental improvements; thus, animals must have the
morphological and physiological structures to adapt to these
climatic conditions, such as a hair structure that may favor
heat dissipation to maintain homeostasis.

Table 2 classifies the animals according to the canonical
discriminant analysis, as a function of their thermoregulatory
and hair characteristics. The greatest misclassification was
observed between groups 1, 2, and 3, which represent the

Fig. 2 Discriminant analysis plot
of the four groups of coat color of
Morada Nova breed, evaluated
for heat tolerance in semiarid
region of Brazil. Independent
variables are (cutaneous
evaporation (CE, W m−2),
respiratory evaporation (RE, W
m−2), skin surface temperature
(ST, °C), respiratory rate (breaths
min−1), hair length (HL, mm), and
hair density (NH, hair per unit
area). Explained variance of two
first canonical functions: 99.7%
(first function: 97.9%; second
function: 1.8%). Canonical
correlation indexes are 0.945 and
0.365 for the first and second
functions, respectively, 1
represents dark red coat, 2 is
intermediate tonality of red, 3 is
light red tonality, and 4 represents
totally white sheep

Fig. 3 Principal component analysis based on thermoregulatory and hair traits in each group of coat color. a Score of each variable included in PCA
analysis. b Score of each animals according to coat color group included in PCA analysis. Abbreviations are explained in Table 3
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red variety of the Morada Nova breed. Some animals were not
classified correctly in their corresponding group due to
homogeneity in their hair characteristics, with the only
differences between them being coat color, which does not
affect the thermoregulatory mechanisms. The classification
error depends on the characteristics used in the analyses.
Correa et al. (2013) noted a higher misclassification when
considering few characteristics, like anatomical and physio-
logical characteristics; however, in the present study, we ana-
lyzed the thermoregulatory mechanisms and hair traits in each
group, and verified that red-coated animals did not show dif-
ferences in relation to their adaptive capacity to the environ-
ment in which they are managed.

There was a high difference in white-coated animals, with
most differences being with larger animals, denser coat, lon-
ger hair, and more heat loss by cutaneous evaporation; these
characteristics were different from the red-coated animals, in-
dependent of tonality (Fig. 3). The same results were reported
by Ferreira et al. (2014) that evaluated genetic diversity and
population structure of different varieties of the Morada Nova
hair sheep and concluded that the red and white varieties were
genetically different and can be considered distinct genetic
group. Castanheira et al. (2010) also evaluated the influences
of coat color in different genetic groups of sheep and
identified that black and brown animals were closest on the
tree diagram, probably due to the higher amount of melanin in
the skin and coat of these animals, separating them from the
white animals. McManus et al. (2009) evaluated the different

coat colors of sheep hair managed in a hot environment and
concluded that white animals were better adapted to heat
stress, with lower heart and breathing rates as well as lower
rectal temperatures, concluding that coat color was more im-
portant than skin color in terms of heat stress. In red Morada
Nova sheep, differences were verified among tonalities, which
does not justify discarding animals with darker coats, a prac-
tice that has been reducing the genetic variability of the breed
(Shiotsuki et al. 2016; Leite et al. 2018).

The assessment of characteristics related to the adaptive
capacity of the animals should consider physiological param-
eters, as measured frequently using the rectal temperature
(RT) and RR, as well as add evaluations of the mechanisms
of thermoregulation and the coat characteristics that aid with
thermal exchange; the joint evaluation of these characteristics
favors better clarification of the adjustments to unfavorable
environmental conditions and the adaptive capacity of the
animals in such situations (Façanha et al. 2013). Thus, we
verified that the main differences between the coat color
groups were in relation to weight, skin, and hair characteristics
and cutaneous evaporation, which were higher in fully white
animals. A thicker and denser coat, composed of longer hairs,
may have reflected in greater heat dissipation by CE, which
was important to maintain rectal temperature within a normal
range (Fig. 3). We observed that all tonalities of coat color
have the plasticity to adapt to a hot environment, and a change
in hair structure could help the formation of this naturally.
Correa et al. (2013) also evaluated the importance of adequate

Table 3 Mean and standard deviation of morphological and physiological traits measured in Morada Nova sheep

Tonality

Dark (N = 202) Intermediate (N = 259) Light (N = 262) White (N = 248)

Weight W (kg) 29.4 ± 4.1b 26.4 ± 3.4c 28.2 ± 4.7b 35.3 ± 6.2a

Coat thickness CT (cm) 7.0 ± 1.0b 6.9 ± 0.9b 7.0 ± 0.9b 7.38 ± 1.2 a

Hair length HL (mm) 11.5 ± 2.7c 12.4 ± 2.1b 12.5 ± 2.2b 14.2 ± 2.9 a

Hair diameter D (μm) 4.3 ± 0.7b 4.4 ± 0.7b 4.5 ± 0.7b 5.3 ± 0.7a

Number of hair NH (hair cm−2) 1123.8 ± 4.1b 1022.7 ± 3.6 b 1070.5 ± 4.1b 1242.7 ± 4.4 a

Rectal temperature RT (°C) 39.3 ± 0.5a 39.5 ± 0.6a 39.4 ± 0.5a 39.2 ± 0.5a

Respiratory rate RR (breaths/min) 92 ± 4.8a 93 ± 3.4a 92 ± 3.5a 65 ± 8.3b

Skin temperature (neck) STn (°C) 39.3 ± 4.2 a 39.4 ± 4.1a 39.4 ± 4.2a 36.9 ± 2.4b

Skin temperature (flank) STf (°C) 43.4 ± 4.9 a 42.3 ± 5.0a 42.6 ± 5.0a 37.6 ± 2.7b

Skin temperature (back) STb (°C) 42.2 ± 4.9a 41.6 ± 4.3a 41.6 ± 4.7a 37.6 ± 2.8b

Heat loss by convection HC (W m−2) 7.72 ± 13.1 7.2 ± 12.1 8.44 ± 14.6 10.2 ± 11.4

Cutaneous evaporation (neck) CEn (W m−2) 224.5 ± 8.3b 219.9 ± 7.5b 214.64 ± 7.8b 273.3 ± 8.6a

Cutaneous evaporation (flank) CEf (W m−2) 223.4 ± 9.1b 219.4 ± 7.6b 216.4 ± 7.7b 275.5 ± 8.8a

Cutaneous evaporation (medium) CE (W m−2) 223.9 ± 7.9 b 219.5 ± 7.6b 215.52 ± 7.4b 274.38 ± 8.7 a

Respiratory evaporation RE (W m−2) 26.7 ± 3.6b 28.16 ± 3.7a 27.3 ± 3.9 ab 25.6 ± 3.9c

Heat gain by radiation R (W m−2) 237.9 ± 14.1 241.0 ± 14.5 241.3 ± 14.3 230.3 ± 12.9

Means with different letter in each column represent difference statistically using t student test (P > 0.05)
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coat characteristics in relation to the capacity for heat toler-
ance in three genetic groups with different hair structures; they
reported that the animals that presented the thickest and dens-
est coats with the longest hairs were classified as less adapted

because they had more difficulty in releasing heat and failed to
maintain homeotermic conditions.

The coat characteristics of white animals promote the pro-
tection of the epidermis by blocking the ultraviolet short-wave

Fig. 4 Mean of cutaneous
evaporation (CE) and respiratory
rate (RR) in relation to different
coat characteristics relation to ca-
pacity of heat dissipation, like hair
diameter (HD), hair length (HL),
and hair density (NH) in hair
sheep managed under hot
environment

2192 Int J Biometeorol (2020) 64:2185–2194



rays, which is important due to the depigmentation of the
epidermis, leading animals to be prone to erythema, burns,
and neoplasms. Thus, the physical characteristics of white
coats, composed of long hair, and thick and dense coats, acted
as a barrier that reduced the absorption of intense direct solar
radiation, favoring their production in a hot environment
(Table 3). Gebremedhin et al. (1997) suggested that cattle with
no pigmented epidermis should have denser coat and long
hairs, characteristics that were also noted in white Morada
Nova sheep. On the other hand, the physical structure of the
hairs of red-coated animals presented differences related to the
greater absorption of thermal energy, leading to more heat on
the body surface; as such, the characteristics like short-haired
and less dense coat are favorable to the dissipation of thermal
energy to the environment through convective thermolysis
and evaporation on the body surface (Silva 1999).

The relationship between coat characteristics and the acti-
vation of the respiratory rate (RR) and cutaneous evaporation
(CE) suggests that animals with long hair and denser coat
presented greater difficulty in losing heat by convective
thermolysis and evaporation on the skin surface; this difficulty
on heat elimination can impair the adaptive capacity of ani-
mals (Fig. 4). The evaluation of the exterior characteristics of
the animals, such as the coat and hair structure, is very impor-
tant in animals that live in a tropical region; they need high
protection against intense solar radiation, as well as a good
capacity to eliminate body heat excess through the skin sur-
face, to avoid changes in the physiological characteristics that
may have an impact of the homeostasis conditions (Marai
et al. 2007). On the other hand, animals that exhibit different
hair characteristics than those considered ideal for this region
may present greater difficulty on dissipating heat. Thus, the
identification of coat characteristics that can help in the selec-
tion of animals with better adaptive attributes is of high im-
portance in animals that graze in equatorial regions, which are
constantly exposed to high AirT and RHL.

Animals that had a less dense coat showed less cutaneous
evaporation (Fig. 4), which may suggest a better adaptive
capacity, such that a less dense coat (DN) is ideal for animals
raised in environments with high air temperatures and thermal
radiation, since it is easier for wind to penetrate inside the coat
and remove air trapped between the hairs, which can favor
thermal changes.

McManus et al. (2011) evaluated differences in the external
coat characteristics of sheep and reported that animals with
long hair, and a thick and dark coat showed a higher
sweating rate, rectal temperature, and respiratory frequency;
however, even the animals that used latent mechanisms of
heat loss could not avoid elevations in their internal
temperature. Bertipaglia et al. (2008) evaluated the influence
of hair characteristics, together with reproductive indices, and
verified a high and positive genetic correlation between hair
length and the interval between deliveries (0.71) of Braford

cattle raised in a tropical environment; this study suggests the
inclusion of coat characteristics as a phenotypic marker of
adaptability to the selection of better adapted animals,
resulting in improved reproductive efficiency, such that ani-
mals with short hairs had smaller intervals between deliveries.
Thus, it is necessary to consider not only the color but also the
structure of the coat in the selection of animals with better
adaptive capacities to warm environments.

The influence of coat color and hair structure on the adap-
tive capacity of animals was verified. There was plasticity in
the maintenance of homeothermic conditions, even when an-
imals presented characteristics that were less favorable to be-
ing raised in regions with high air temperatures.

Conclusion

In the Morada Nova breed, differences in skin characteristics
are due to the pigmentation of the epidermis. In animals with a
fully white coat, the protection of the non-pigmented epider-
mis is necessary, whereas in the red variety, the external coat
characteristics promote heat dissipation to the environment.

Hair traits can be used as phenotypic markers in the selec-
tion of better adapted animals, mainly the length and number
of hairs per square centimeter, which are characteristics asso-
ciated with thermoregulatory mechanisms.
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