The Journal of Agricultural
Science

cambridge.org/ags

Animal Review

Cite this article: Santos JDCdos, Saraiva EP,
Pimenta Filho EC, Neta GCX, Morais LKC, Teti
HS, Fidelis SS (2023). Neonatal mortality of
lambs in production systems in a semi-arid
environment: main risk factors. The Journal of
Agricultural Science 161, 438-449. https://
doi.org/10.1017/50021859623000291

Received: 31 October 2022

Revised: 11 April 2023

Accepted: 17 April 2023

First published online: 24 May 2023

Keywords:
Homoeothermy; heat stress; newborn lambs;
radiant thermal environment; tropical areas

Corresponding author:
E. P. Saraiva; Email: edilson@cca.ufpb.br

© The Author(s), 2023. Published by
Cambridge University Press

CAMBRIDGE

7 UNIVERSITY PRESS

Neonatal mortality of lambs in production
systems in a semi-arid environment: main
risk factors

J. D. C. dos Santos!2, E. P. Saraiva%3 (), E. C. Pimenta Filho3, G. C. X. Neta%,
L. K. C. Morais?, H. S. Teti? and S. S. Fidelis®

*Animal Science Integrated PhD Program, Federal University of Paraiba (UFPB), Areia, PB, Brazil; 2Research Group
in Bioclimatology, Ethology and Animal Welfare (BioEt), Department of Animal Science, Federal University of
Paraiba (UFPB), Areia, PB, Brazil; >Department of Animal Science, Federal University of Paraiba (UFPB), Areia, PB,
Brazil; *Integrative Thermal Physiology Laboratory, Department of Animal Morphology and Physiology, Sdo Paulo
State University (UNESP), Jaboticabal, SP, Brazil and 5Laboratory of Animal Biometeorology, Sdo Paulo State
University (UNESP), Jaboticabal, SP, Brazil

Abstract

The sheep farming has economic and sociocultural importance in semi-arid regions world-
wide. Of the total of 1.2 billion sheep in the world, 0.4 are found in semi-arid regions. In
this review, we have discussed the main risk factors for neonatal lamb mortality and its asso-
ciation with the prevailing environmental conditions of tropical semi-arid regions. Over the
last decades, the average mortality rate of newborn lambs remained relatively constant
(~15%) around the world. This rate is reported to be higher (Up to 30%) in small-scale
sheep farming systems from developing countries. Overall, the main risk factors of neonatal
mortality include low birth weight, dystocia, adverse weather conditions, inadequate milk,
or colostrum supply, competition between siblings in multiple births, and poor expression
of maternal behaviour. In tropical semi-arid regions, recent findings revealed that newborn
lambs from hair coat sheep breeds are less vigorous to perform the first suckling when
even exposed to moderate cold conditions (18-20°C). On the other hand, the high radiant
heat load in these areas can also challenge the thermoregulation of ewes and newborn
lambs, especially if they are kept in areas without protection against direct short-wave solar
radiation. Under such circumstances, newborn lambs were reported to be hyperthermic.
The heat stress as risk factor for neonatal lamb mortality is a topic that deserves more inves-
tigation, particularly in tropical semi-arid areas, where is expected to be drier and hotter as
consequence of rapid advances in climate change.

Introduction

Sheep farmers produce meat, milk, wool/hair, and skins for national and international markets
(Morris, 2017). In the world, more than 1.2 billion sheep are being produced globally each year
and 0.40 of the effective sheep population is found in semi-arid regions, with greater concen-
tration in India, the Middle East, the highlands of East Africa and South America
(Zygoyiannis, 2006; IWTO, 2022).

In these regions, the systems used for raising sheep vary between and within different coun-
tries. There are three major sheep production management systems in the world, namely
extensive, semi-extensive and intensive production. Generally, the different breeding systems
can provide good results (Morris, 2017). However, to be efficient in the sheep production sys-
tem, a high survival rate of the lambs is necessary, which is influenced by the temperament of
the ewe, the vigour of the newborn, and other factors related to the environment, e.g. nutrition,
human-animal interaction, facilities and thermal environment (Costa et al., 2008; Silva et al.,
2013; Aratjo da Silva et al.,, 2020). The exit of the newborn from the uterine to the external
environment requires profound behavioural, physiological, and neurological adjustments in
the ewe and newborn (Lanfranchi et al., 2016). When compared to adult animals, newborn
lambs are more susceptible to the fluctuations in the thermal environment, as they born wet-
ted, and has a greater body surface area to volume ratio (Jones, 1997; Laburn, 2001;
Lezama-Garcia et al.,, 2022).

Semi-arid equatorial zones have marked daily variations in air temperature (e.g. 15 to
40°C), high levels of mean radiant temperature, and solar radiation (Fonséca et al., 2014).
In equatorial semi- arid areas, newborn lambs delivered at night can face with cold stress,
where thermal radiant conditions favour the transference of sensible heat loss to be greater
than the metabolic heat produced by metabolism (Fonséca et al., 2019). Newborn lambs
from hair coat sheep breeds were more lethargic (i.e. lambs took longer to perform the first
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suckling) when delivered at circumstances of air temperature
between 18 and 23°C (Fonséca et al., 2014). Indeed, the hypother-
mia and starvation are reported to account for 10% of neonatal
lamb mortality in tropical semi-arid regions (Riet-Correa and
Méndez, 2001; Nobrega Jr. et al., 2005).

Neonatal lamb mortality does not have one specific cause.
Primary risk factors include low birth weight, dystocia, competi-
tion between siblings in multiple births, adverse weather condi-
tions, and poor formation of mother-young bond (Riet-Correa
and Méndez, 2001; Medeiros et al, 2005; Nobrega Jr et al,
2005; McCoard et al, 2014). For example, cleaning the lambs
by the ewes after birth is crucial to prevent the rapid evaporation
of fluids and heat transference from the skin surface of lambs to
the surrounding environment. The thermoregulatory behaviour of
ewes also plays an important role, as it directly influences lambs’
motivation for seeking more favourable microclimate (e.g. seeking
shelter or shade) in order to avoid extreme cold or heat (Terrien
et al, 2011; Fonséca et al, 2014; Ferner et al, 2017; Lezama-
Garcia et al., 2022).

While several studies have evaluated the negative impact of
extreme cold weather on vigour of newborn lambs from wool
breeds in temperate regions (Steyn, 2022), the heat stress as risk
factor for neonatal lamb mortality has not received attention.
However, in equatorial semi-arid regions, where levels of solar
radiation are high and nearly constant throughout the year, new-
born lambs can absorb high amount of radiant heat and face with
challenges to maintain their thermal equilibrium (Fonséca et al,
2016). For instance, newborn lambs artificially exposed to radiant
temperature of 40°C kept their body temperature within narrow
range, but at a cost of excessive rise in respiratory rate (Mercer
et al., 1979). Recently, field studies conducted in equatorial semi-
arid regions reported that newborn lambs from hair coat sheep
breeds were moderately hyperthermic when exposed to high levels
(Up to 1000 W m™2) of direct solar radiation (Santos, 2020). In
this review, we aimed at investigating the following topics: (I)
Characterization of sheep farming systems in semi-arid regions;
(II) to discuss the main risk factors for neonatal lamb mortality;
(III) and aspects of thermoregulation of newborn lambs.
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Sheep production system in semi-arid regions

The sheep was domesticated over 10 000 years ago during the
Neolithic in Central Asia. Domesticated sheep underwent changes
from wild shaggy sheep to Mesopotamian fleeced and furred
domestic sheep. In Asia, Asian sheep, which originated from
the mouflon (Ovis Orientalis), lead to the divergence of ovine
genetic resources due to their recruitment from the wild several
times for domestication (Hiendleder et al., 2002; Bruford and
Townsend, 2006; Rezaei et al, 2010). Currently, there are
1.2 billion sheep in the world (IWTO, 2022; Figure 1). Asia
accounts for over 0.42 of all sheep in the world, followed by
Africa, Europe, Oceania, and the Americas with 0.31, 0.11, 0.08
and 0.07. (Pulina et al, 2018). Among countries, China leads
the ranking with 0.14, followed by Australia, India, Nigeria, and
Sudan, with 0.057, 0.050, 0.035 and 0.033, respectively (Toldra,
2022).

The utility of sheep farming in the world is multidimensional,
providing a variety of products (e.g. meat, milk, and wool) in a
wide spectrum of sociological and socioeconomic conditions.
Since its emergence, most production systems were linked to sub-
sistence, with creations in fragile lands. Over the years, this has
become multifactorial, as climatic conditions, stocking rate, avail-
able area, forage availability, and quality will determine the vari-
ation of production systems, which can be characterized by the set
of technologies and management practices, which lead to consid-
ering the type of animal, breed, the purpose of breeding and
region where the activity is carried out (Holanda Junior, 2006).
Currently, sheep farming has commercial objectives, which are
characterized by the production of food of high biological value
(Moraes Neto et al., 2003; Braga and Rodrigués, 2005). Despite
the expansion and evolution of systems, a large part of domestic
sheep farming is still done extensively and semi-extensively, which
is characterized by low reproductive performance, low level of
organization, poor use of husbandry techniques and zootechnical
bookkeeping, in addition to seasonality in the availability of water
and food resources (Costa et al, 2014; Simioni et al., 2014;
Table 1).
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Figure 1. Number of sheep in the world between 1990
and 2022.
Source: IWTO, 2022.
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Table 1. Percentage of total occupancy of the production system (% occupation) adopted in the different regions of the world as a function of the total number of

sheep herds

Production system % occupation Country References
Extensive 69 Brazil Costa et al. (2008)
90 Brazil Martinez et al. (2010)
70 Brazil Silva et al. (2013)
85 Chile Toro-Mujica et al. (2015)
60 Ethiopia Gizaw et al. (2008)
70 Mexico Hernandez et al. (2019)
Semi- extensive 29 Brazil Costa et al. (2008)
10 Brazil Martinez et al. (2010)
29 Brazil Silva et al. (2013)
38 Ethiopia Gizaw et al. (2008)
33 Mexico Hernandez et al. (2019)
Intensive 2 Brazil Costa et al. (2008)
0 Brazil Martinez et al. (2010)
1 Brazil Silva et al. (2013)
2 Ethiopia Gizaw et al. (2008)
6 Mexico Hernandez et al. (2019)

It is estimated that 0.43 of the world’s surface is arid, where
0.40 of the world’s sheep population is found (Kassas, 1975;
Harrington, 1981). Arid and semi-arid regions can be defined
as areas where precipitation, relative to the level of evapotranspir-
ation, is inadequate to sustain reliable agricultural production
(Meigs, 1953). Precipitation in these areas is generally low and/
or erratic. The vegetation consists of grasslands, shrublands,
savannahs, or woodlands, but may also be covered by desert
(Hill and Guerschman, 2020). Anatomical, behavioural, and
physiological characteristics reflect some specificities in the energy
balance of native sheep in arid and semi-arid areas (Fonséca et al,
2019). These animals deal with frequent challenges such as low
availability of water resources, supply and quality of food, high
levels of solar radiation, and seasonal and daily temperature
fluctuations.

Both in the extensive and semi-extensive systems, the animals
usually remain in pasture areas during the day and are collected
for installation at night, becoming more susceptible to environ-
mental weather conditions during the daylight. In conditions of
equatorial semi-arid environment, high solar radiation and
mean radiant temperature are the principal factors that affect
the thermoregulation of animals, especially when they do not
have access to shade (Maia et al., 2008; Baéta and Souza, 2010;
Turco and Aratjo, 2011). Under such circumstances, during
lambing seasons, the radiative properties are decisive in the
thermoregulation processes. In new-born animals, the pigmenta-
tion of the fur, characteristics of the covering layer, and body size
are decisive for radiant thermal changes. Studies with adult ani-
mals have observed that animals with a dark external surface
are more subject to heat stress than those of light colour, present-
ing greater absorbance of different wavelengths. In contrast,
lighter hairs show greater reflectance, absorbing smaller amounts
of thermal energy (Gebremedhin and Hillman, 1997; Silva et al.,
2003; Maia et al., 2005). The small body size and a relatively large
surface about its mass are striking characteristics in new-born ani-
mals, making them efficient heat sinks and more susceptible to
variations in the thermal environment, when compared to adult
animals (Cain et al., 2006; McManus et al., 2009).

Due to the economic losses generated by the sheep production
system, the survival of lambs has become a worldwide concern.
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However, attempts to reduce lamb mortality in recent years
(1970-2014) have not changed significantly, remaining at an aver-
age of 15% in many countries (Fig. 2). For example, in New
Zealand and Uruguay, neonatal deaths account for more than
30% (Sassi and McCosker, 1975; Aspin, 1997); whereas in
England and Australia, deaths vary from 2 to 21% (McFarlane,
1965; Stamp, 1967). In addition, in other semi-arid regions of
the world, mortality rates exceed 30% (e.g. Ethiopia, 46 to 51%,
Bekele et al, 1992; Morocco, 18 to 31%, and Ghana 33%;
Chaarani et al., 1991).

Considering neonatal mortality rates with animals reared in
semi-arid zones, the scenario is practically the same. In studies
with Santa Ines ewes with and without previous parturition
experience, Simplicio et al. (1982) reported mortality rates ran-
ging from 5 to 19%, respectively. Lima (1983), when working
with Santa Ines, Morada Nova, and Somalis sheep in the
Northeastern semi-arid region, mentions rates of 13, 18, and
9%. Girao et al. (1998) cite rates of 15% for Santa Ines lambs.
Nobrega Jr. et al. (2005) observed that 4% of deaths would
occur before birth, 30% in the first 24 h, 20% from the first to
the third day of life, and 35% after 3 days of life. Fragkou et al.
(2010) state that the optimal neonatal mortality rate should not
exceed 3%, with 5% being acceptable. However, such values are
not obtained in most sheep production systems in the world.
Thus, for the activity to be based on good management practices
and maintenance of acceptable levels of animal welfare, it is
extremely important to look at the aspects that interfere with
neonatal mortality, especially in production systems with a low
technological level.

Risk factors that interfere with lamb survival in the first
hours of life

Neonatal mortality is a complex problem in sheep farming, not
have a single specific cause (Oliveira and Barros, 1982). The
main causes of neonatal mortality are birth weight, dystocia, sib-
ling competition in multiple births, adverse weather conditions,
inadequate supply of milk or colostrum (e.g. starvation/hypother-
mia complex), infections, and poor ewe behaviour and/or lamb. In
diagnostic necropsies performed in new-born lambs around the
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world, from 1970 to 2022, several authors described the main
causes of perinatal mortality (Table 2).

Birth weight is a major contributor to neonatal mortality (Yapi
et al., 1990; Fogarty et al., 2000), e.g. lambs with low birth weight
and from twin births are more susceptible to hypothermia and
starvation (Scales et al., 1986; Ribeiro et al., 2002). In contrast,

Table 2. Main causes of perinatal mortality of necropsied lambs in the world

1
50 60 Figure 2. The average percentage of neonatal mortality in
the world between 1970 and 2014. The dotted line refers

to the average rate (Adapted from Dwyer et al., 2016).

heavy lambs from simple births may also be more susceptible to
mortality, especially due to dystocia (Dalton et al, 1980).
Dalton et al. (1980) described a correlation between birth weight
and mortality of new-born lambs, where the mortality rate of
lambs weighing between 2.0 to 2.5kg was 48%, while lambs
weighing between 4.0 to 2.5 kg 5.5 kg was 14%, and 22% for the

Country

Diagnosis/causes

References

Ireland
behaviour (18%); others (6%)

Climatic conditions (21%); predators (21%); accidents (16%); birth weight (18%); ewe

Shiels et al. (2021)

New Zealand
others (2.7%)

Dystocia (9,8); starvation-mismothering-exposure (37%); stillborn (45,5%); unknown (5%);

Thompson et al. (2022)

Australia Starvation-mismothering (25%); stillbirth (21%); birth injury (18%); dystocia (9%); death in Refshauge et al. (2015)
utero-prematurity (10%); predation (7%); cold exposure (5%); undiagnosed (4%); infection
(1%)

India Pneumonia (31.4%); digestive disorders (14.6%); starvation (9.6%); endoparasitism (5.0%); Mandal et al. (2007)
septicaemia and toxemia (10.1%); accidental (2.1%); others (27.2%)

Brazil Abortion (4%); starvation/hypothermia complex (9%); Neonatal infection (37%); malformation Nébrega et al. (2005)
(21%); predation (2%); others (27%)

Brazil Hypoterthermia starvation (46,8%); hypothermia exposure (17%); dystocia (12%); stillbirth Hancock et al. (2012)

(12,5%); others (10,7%)

United States
other (20%)

Starvation/hypothermia (27%); stillborn/dystocia (20%); abortion (16%); pneumonia (17%);

Rook et al. (1990)

United States

Starvation (35%); pneumonia (39%); trauma (3%); gastrointestinal problem (10%); respiratory
failure (3%); septicaemia (3%); navel infections (1%); other (6%)

Yapi et al. (1990)

United States

Starvation (58.3%); infections (28.3%); other (13.4%)

Huffman et al. (1985)

Brazil Climatic conditions (78.5%); dystocia (10.5%); predators (4.5%); stillbirth (2.5%) traumatism Oliveira and Barros (1982)
(2.5%); congenital defects (0.5%); other (1,0%)
Australia Starvation (46.4%); complex exposure (2.1%); dystocia (18.5); congenital defects (9.1%); Dennis (1974)

predators (2.7%); nutritional deficiency (0,5%); infections (13.9%); pathological conditions
(4.9%); others (1.9%).

New Zealand

Dystocia (32.3%); starvation (26.5%); infections (11.6%); uterine deaths (10.3%); others (19,3%)

Hight and Jury (1970)
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heaviest (i.e. >6.0kg). Similarly, in studies with Barki sheep,
Sallam (2019) observed a higher neonatal mortality rate in the
lighter animals (19%), followed by those of intermediate weight
(6%) and heavier (3%). Dwyer et al. (2016) determined a ‘U’ rela-
tionship between birth weight and the neonatal survival rate,
which shows the interval of 3 to 5kg as being of optimum
birth weight.

Worldwide, the overall proportion of lamb mortality attribut-
able to dystocia (pooled proportional mortality rate) is 47% (95%
CIL: 38%; 55%; Figure 3; Bruce et al., 2021) (Hall et al. 1995; Holst
et al. 1997, 2002; Sargison et al. 1997, 1998; Kerslake et al. 2005;
Everett-Hincks et al. 2014; Behrendt et al. 2019; Lockwood et al.
2019a, 2019b). Dystocia can be caused by hereditary, nutritional,
managerial, infectious, traumatic factors, or a combination of
these (Roberts, 1971). For example, in a study with Morada
Nova sheep, Fonséca et al. (2014) and Santos et al. (in prepar-
ation) observed that dystocia lambs were slower to get up and per-
form the first feeding; in addition, they received less intensity of
maternal care.

Another contributor to neonatal mortality is the number of
lambs born per birth. Refshauge et al. (2015) and Bruce et al.
(2021) Proportional mortality attributed to dystocia was higher
for singles (70%) than twins (54%) or triplets (59%). Girdo
et al. (1998) mention mortality rates of 14% for single lambs
and 30% for twin lambs. This is due to the smaller uterine
space in ewes with multiple births, causing lower birth weight,
in addition to the limited capacity of ewes to provide colostrum
and maternal care in adequate quantity and quality to the new-
born lamb (Medeiros et al., 2005). Colostrum represents a failure
of a passive immune transfer. Lambs are hypogammaglobuline-
mia animals (i.e. dependent on the successful transfer of colostral
immunoglobulins from ewe to lamb). Thus, success in feeding
depends on the ability of the lamb to lift and moves to the
udder, and the ewe’s role is to stimulate and guide her lamb
(Alexander and Williams, 1962; Dwyer, 2008a, 2008D).
According to Alexander and Peterson (1961), 15% of lamb
mortalities are the sole responsibility of the s sheep, 33% of
lambs and 52% are the results of their behavioural association.
The onset of maternal-filial behaviour after delivery is induced

Sargison er al(1997)
Sargison er al(1998)
Kerslake er a/.(2003)
Everett-Hinchs er al.(2014)
Hall er al(1995)

Holst et al.(1997)

Holst et al.(2002)
Refshauge er al.(2016)
Lockwood e al.(2019b)
Lockwood et al.(2019a)

Belrendter al.(2019)

Figure 3. Proportional mortality ratio due to dystocia as
a function of the number of animals born in studies with
newborn lambs. Adapted from Bruce et al. (2021).
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and characterized by olfactory and sensory cues provided by the
new-born as licking, low-intensity bleating, and postures that
facilitate the access of the lambs to the udder (Dwyer and
Lawrence, 2005). Negative behaviours of the sheep moments
after birth can be described as not looking for a safe place for
delivery, not being close to the lamb after birth, low intensity of
maternal care (e.g. grooming), and may also show indifference
or hostility to the new-born lamb. Factors such as maternal mal-
nutrition during pregnancy, the presence of predators and inad-
equate handling (human-animal interaction, space availability,
stocking rate) may be responsible for the appearance of maternal
behavioural failures shortly after delivery (Robinson et al., 1999;
Greenwood and Bell, 2003). For example, reduction in the food
supply in the final third of gestation resulted in lighter new-born
lambs, and poor maternal care, such as less time spent cleaning
the young (i.e. grooming), in addition to the appearance of
aggressive targeted behaviours to the neonate (Everett-Hincks
et al., 2005). The lack of maternal care right after delivery
makes it difficult to ingest colostrum and the new-born’s thermo-
regulatory capacity (i.e. the main cause of the starvation/hypo-
thermia complex).

Effect of the thermal environment on the thermoregulation
of new-born lambs

The external environment that surrounds the animal is composed
of climatic elements such as air temperature, solar radiation,
humidity and wind, which interact with each other, influencing
its thermal balance (Silva, 2000a). Sheep are animals that manage
to maintain their body temperature in narrow levels of variation;
this variation is a consequence of thermodynamic processes and
the balance of generation, input and output of thermal energy.
Figure 4 shows the representation of the heat balance in a new-
born lamb, being described by Eqn (1):

@Rc+M+He £R +£Cs- CR+K - Es - Eg =Aq (1)

where ()Rc is the short-wave irradiance, the amount absorbed on
the surface of an animal depending on the absorption coefficient

|
0.0 0.2 0.4

T
0.6 0.8 1.0

Proportional mortality ratio
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Longwave radiation emitted
from the ground (g)

Figure 4. Heat balance of new-born lambs. Source: personal archive.

(i.e. variable depending on the radiative properties of the surface),
e.g. new-born lambs in semiarid equatorial zones can be exposed
to high levels of radiation and have their welfare compromised; M
represents the amount of heat generated by the metabolism; e.g. in
new-born lambs the main reserves in the body for heat produc-
tion are brown adipose tissue (i.e. thermogenesis without tremor)
and muscle glycogen (thermogenesis with tremor); Heg, is the rate
of storage of thermal energy; e.g. due to low body weight, new-
born lambs have limited heat storage capacity; )Ry is the amount
of thermal energy exchanged between animal and environment
through long wave radiation; e.g. due to the high levels of average
radiant temperature found in semiarid equatorial regions, animals
almost always gain heat via long wave radiation; Cs is the rate of
heat exchanged per convection on the animal’s surface; Cy is an
index of heat eliminated per respiratory convection; Eg represents
a heat transfer by skin evaporation (can be represented by the rate
of evaporation of amniotic fluid shortly after delivery and sweat);
Er it is an elimination of heat through evaporation through
the respiratory tract; Lastly, Aq” it is a variation of the internal
thermal energy over time.

In newborn animals, the inefficiency of the thermoregulatory
system after birth makes them ‘immature’ homoeotherms, losing
and gaining heat more easily. This fact occurs because these
animals have less thermal insulation and a higher body

https://doi.org/10.1017/50021859623000291 Published online by Cambridge University Press
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surface/volume ratio than adult animals. New-born lambs are
born damp and have thin skin, scarce subcutaneous tissue and
more superficial peripheral circulation (Nowak and Poindron,
2006). In addition to the thermal gradient existing after delivery
between the uterine environment and the external environment,
e.g. the temperature inside the uterus with approximately 39°C
for an external environment with temperatures that can reach
negative values (Mercer et al., 1979).

In regions with a semiarid equatorial environment, high levels
of air temperature, solar radiation, and average radiant tempera-
ture can be challenging for new-borns in the first hours of life.
These animals can absorb an excessive amount of heat via thermal
radiation, especially when the farrowing occurs in a pasture envir-
onment and/or in management centres without providing shade
(Neves et al., 2009). On the other hand, even though it is an inter-
tropical region, cold nights (daily thermal amplitude of + 15°C) can
favour a rapid transfer of sensitive heat to the environment and
may even be greater than the amount of metabolic heat produced
by the animal (Fonséca et al., 2019). In addition, wind and rain can
make the heat balance more expensive, by recruiting optional
thermogenesis to replace the excess heat lost, if the animal does
not have the opportunity to find shelter (DeShazer et al., 2009).

To maintain thermal balance after birth, the new-born needs
‘fuel’ to increase its metabolic rate, in an attempt to match the
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inflows and outflows of thermal energy, especially when born at
lower temperatures. Studies with several species of mammals
have shown that new-born animals increase their metabolism to
a maximum rate (ie. summit metabolism), such as piglet
(Mount and Rowell, 1960; Noblet and Le Dividich, 1981); rats
(Taylor, 1970; Mortolla and Dotta, 1992); rabbits (Girard,
1990); calves (Okamoto et al., 1986; Steinhoff, 2010); goats (Celi
et al., 2008; Palenikova et al, 2014); and lambs (Alexander,
1962, 1970; Eales and Small, 1980; Slee et al., 1987; Plush et al.,
2016). The main energetic substrates for the metabolism of new-
borns are brown adipose tissue, muscle glycogen and colostrum
intake (Mercer et al., 1979). Lambs with lower birth weights reach
their maximum metabolic rate at higher temperatures when com-
pared to lambs born with higher weights. This greater susceptibility
in light animals occurs due to the lower supply of energy fuels.
Eales and Small (1980) observed that new-born lambs
increased their metabolic rate and rectal temperature when sub-
jected to cold conditions, however, as soon as the metabolism
reaches its maximum production, the rectal temperature drops
slowly (Fig. 5). In addition, the metabolic rate peak occurred
between 60 and 100 min; in this interval, if the new-born does
not obtain energy from the ingestion of colostrum, the body
reserves are depleted, which can lead to the death of the new-born
by starvation/hypothermia complex (Hamadeh et al., 2000).
Many studies have been conducted to verify the effects of the
thermal environment on the thermoregulation of new-born lambs

300 1
= Metabolic rate

250 4 =— Rectal temperature

200 - Water temperature

150 1

Metabolic race, W/m?

40,5 1

39,0 1

37,54

Rectal temperature, °C

36,0 1

42 4
391
36 1
331
304
27 1
24 1
21 1
184

Water tank temperature,®C

J. D. C. dos Santos et al.

(McCoard et al., 2014; El Hadi et al., 2016; Labeur et al., 2017;
Santos, 2020). Most of these studies were carried out in a temper-
ate environment. McCoard et al. (2014) state that in conditions of
a thermoneutral environment or mild cold stress, an adequate bal-
ance of internal heat generation, through the production of ther-
mal energy from brown adipose tissue and heat loss can prevent
hypothermia after birth. On the other hand, in more extreme cold
conditions, thermogenesis with tremors using muscle glycogen
reserves can be essential for maintaining the thermal balance of
new-born lambs (Plush et al, 2016). Hypothermic lambs have
greater lethargy, tend not to follow their mother, and may show
signs of distress, compromising their survival (Defra, 2004). In
our studies with Dorper, Santa Ines and Morada Nova lambs in
the semi-arid region, we observed that newborn lambs in colder
seasons (T, <25) took longer to carry out the first feeding
(Fig. 6; Fonséca et al, 2014; Santos et al, in preparation).
Dwyer and Morgan (2006) observed that lambs with a longer
time to perform the first suckle had a lower rectal temperature
at 1 h and 24 h after birth. Santos et al. (in preparation) observed
that coat surface temperature and rectal temperature correlated
positively with the mean radiant temperature pattern (Fig. 7).
In addition, dark-coated lambs tend to have higher coat surface
temperatures, which can generate greater absorption of radiant
thermal load.

Research has also shown the ability of new-born lambs to
maintain body temperature within narrow ranges under
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Figure 5. Metabolic rate, rectal temperature, and water tank temperature when measuring basal metabolic rate and maximum metabolic rate in a 4-hour-old lamb

with 4.60 kg of body weight (Adapted de Eales and Small, 1980).
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conditions of maximum fluctuation in air temperature. For
example, the body temperature levels of new-borns up to 24 h
old of the Dorper and Santa Ines breeds fluctuated from 36°C
to 41°C under temperature conditions ranging from 20.7 to 36°
C (Santos et al, in preparation). Likewise, Riesenfeld et al.
(1988) in a study with Merino lambs observed that rectal tem-
perature fluctuated from 38 to 40°C under temperature conditions
ranging from 25 to 37°C. However, these authors mentioned that
they allow normothermia to be achieved at the cost of excessively
increasing the rate of respiratory and cutaneous evaporation, refut-
ing a theory of ‘immature thermoregulators” for new-born lambs.
Faurie et al. (2004) found that the neonatal ability to maintain a
low body temperature, even during the hottest hours of the day, is
available with the ability to sweat and pant a few hours after birth.

Under conditions of high radiant thermal load, a large part of
the studies was carried out on adult animals, and there is still a
lack of data to understand the thermoregulation of lambs and
the factors that affect the heat balance of animals raised in
these conditions. Silva et al. (2010) tried to quantify the thermal
radiation absorbed by the surface in dairy cows raised on pasture
in semiarid. Maia et al. (2015) investigated the effect of coat col-
our on goats exposed or not to solar radiation; and noted that
black or white goats need protection from solar radiation to main-
tain thermal balance. In addition, when managed without this
protection from the sun’s rays, their physiological responses are
altered, especially in black goats, when the solar irradiance is
greater than 800 W/m?>. Likewise, Fonséca et al. (2019) evaluated
the effect of the radiant thermal environment on the bio-thermal
responses of Morada Nova ewes and observed that the minimum
body temperature for 24 h was correlated with the minimum tem-
perature of the environment, indicating that heat conservation
strategies were probably important for Morada Nova ewes when
the rates of sensitive heat loss exceed the heat generated by metab-
olism. Santos et al. (in preparation) in studies with lambs in a
semi-arid region, it was observed that the thermal radiation envir-
onment in an equatorial semi-arid region is a challenge for the
thermoregulation of new-born lambs. The authors observed that
the vigour and surface temperature of the coat were directly influ-
enced by the radiant thermal load, which could even generate
hyperthermia when exposed to solar radiation.

Conclusion and prospects

Information in the literature on the main survival risks of new-
born lambs is abundant; studies show that the world average of
neonatal-perinatal mortality reaches 15%. Mortality rates are
often attributed to various causes such as birth weight, dystocia,
adverse weather conditions, inadequate milk or colostrum supply,
sibling competition in multiple births, hunger/hypothermia com-
plex, and poor ewe or lamb behaviour. Most of the studies that
investigate the factors that influence the thermal balance of new-
born lambs were developed in laboratory conditions and temper-
ate climate regions, which almost always emphasized the effect of
cold as the greatest challenge to homoeothermy of new-borns in
the first hours after birth. Research on thermoregulation and fac-
tors that affect the heat balance of new-born lambs in equatorial
semi-arid regions is scarce. However, some studies already seek to
understand how these animals deal with conditions of high mean
radiant temperatures.

Acknowledgements. We are grateful to Empresa Paraibana de Pesquisa,
Extensdo Rural e Regularizagio Fundidria (EMPAER) for the infrastructure

https://doi.org/10.1017/50021859623000291 Published online by Cambridge University Press

J. D. C. dos Santos et al.

of the facilities for experimenting. The authors are grateful for the support
of the Study Group on Bioclimatology, Behaviour and Animal Welfare
(BIOET) at the Federal University of Paraiba, Brazil. In addition, we are
grateful for the financial support (grants) granted by the National Council
for Scientific and Technological Development (CNPq) and the
Coordination for the Improvement of Higher Education Personnel
(CAPES), Brazil.

Author contributions. José Danrley Cavalcante dos Santos: Contributed
substantially to the conception, and design of the article and to the interpret-
ation of the pertinent literature. She wrote the article.

Edilson Paes Saraiva: Contributed substantially to the conception and
design of the article. Oversaw the writing process. Critically reviewed the art-
icle for important intellectual content.

Edgard Cavalcanti Pimenta Filho: Critically reviewed the article for
important intellectual content.

Geni Caetano Xavier Neta: Contributed substantially to data collection and
writing.

Larissa Kellen da Cunha Morais: Contributed substantially to data collection.

Humberto da Silva Teti: Contributed substantially to data collection.

Sérgio da Silva Fidelis: Contributed substantially to data collection.

Financial support. The authors are grateful to the National Council for
Scientific and Technological Development (CNPq).

Conflict of interest. The authors declare there are no conflicts of interest.

References

Alexander G (1970) Summit metabolism in young lambs. Neonatology 15,
37-48.

Alexander G and Peterson JE (1961) Neonatal mortality in lambs. Australian
Veterinary Journal 37, 371-381.

Alexander G and Williams D (1962) Temperature regulation in the new-born
lamb. VI. Heat exchanges in lambs in a hot environment. Australian
Journal of Agricultural Research 13, 122-143.

Alexander RA, Hentges Jr JF, McCall JT and Ash WO (1962) Comparative
digestibility of nutrients in roughages by cattle and sheep. Journal of Animal
Science 21, 373-376.

Aratjo da Silva J, Saraiva EP, Bispo SV, Fonséca VFC, Gongalves dos
Santos SGC, Dos Santos JDC and Almeida MEV (2020) Maternal invest-
ment and growth performance of lambs in a hair coat sheep breed raised in
equatorial semi-arid environment. Biological Rhythm Research 53, 89-98.

Aspin M (1997) Best practice lambing survey and scientific review. New
Zealand Meat Research Development Council.

Baéta FC, Souza CF and Aratjo GGL (2010) Ambiéncia em edificacoes rurais
- Conforto animal, 2nd edn, Vicosa: UFV, 269 p.

Behrendt R, Edwards JH, Gordon D, Hyder M, Kelly M, Cameron F and
Thompson AN (2019) Offering maternal composite ewes higher levels of
nutrition from mid-pregnancy to lambing results in predictable increases
in birthweight, survival and weaning weight of their lambs. Animal
Production Science 59, 1906-1922.

Bekele T, Kasali OB and Woldeab T (1992) Causes of lamb morbidity and
mortality in the Ethiopian highlands. Veterinary Research Communications
16, 415-424.

Braga M and Rodrigués MT (2005) Diagndstico da cadeia produtiva da ovi-
nocultura do Estado de Alagoas. Macei6: SEBRAE, p. 28.

Bruce M, Young JM, Masters DG, Refshauge G, Thompson AN, Kenyon PR
and Jacobson C (2021) The impact of lamb and ewe mortality associated with
dystocia on Australian and New Zealand sheep farms: a systematic review,
meta-analysis and bio-economic model. Preventive Veterinary Medicine 196,
105478.

Bruford MW and Townsend SJ (2006) Mitochondrial DNA diversity in mod-
ern sheep. Documenting domestication. New Genetic and Archaeological
Paradigms, 306-316.

Cain JWC, Krausman PR, Rosenstock SS and Turner JC (2006) Mechanisms
of thermoregulation and water balance in desert ungulates. Wildlife Society
Bulletin 34, 570-581.


https://doi.org/10.1017/S0021859623000291

The Journal of Agricultural Science

Celi P, Di Trana A and Quaranta A (2008) Metabolic profile and oxidative
status in goats during the peripartum period. Australian Journal of
Experimental Agriculture 48, 1004-1008.

Chaarani B, Robinson RA and Johnson DW (1991) Lamb mortality in
Meknes province (Morocco). Preventive Veterinary Medicine 10, 283-298.

Costa RG, Almeida CC, Pimenta Filho EC, Junior EH and Santos NM
(2008) Caracterizagao do sistema de produgdo caprino e ovino na regiao
semi-drida do estado da Paraiba, Brasil. Archivos de Zootecnia 57, 195-205.

Costa JHS, Palmeira FQDQG, Silva RTS, Furtado DA, Dantas RT and Dos
Santos LDFD (2014) Caracterizagao do ambiente térmico e adaptabilidade
de reprodutores ovinos nativos e exoticos no cariri paraibano. Revista Verde
de Agroecologia e Desenvolvimento Sustentdvel 9, 350-355.

Dalton DC, Knight TW and Johnson DL (1980) Lamb survival in sheep
breeds on New Zealand hill country. New Zealand Journal of Agricultural
Research 23, 167-173.

Defra (2004) Improving Lamb Survival. UK: Department for Environment,
Food and Rural Affairs. [s.n.]. 24p. Disponivel em: <http:/archive.defra.
gov.uk/foodfarm/farmanimal/welfare/onfarm/documents/la.

Dennis SM (1974) Perinatal lamb mortality m Western Australia. Australian
Veterinary Journal 50, 443-453.

DeShazer JA, Hahn GL and Xin H (2009) Basic principles of the thermal
environment and livestock energetics. In Livestock Energetics and Thermal
Environment Management. American Society of Agricultural and
Biological Engineers, St. Joseph, Michigan, pp. 1-22.

Dwyer CM (2008a) Genetic and physiological determinants of maternal
behaviour and lamb survival: implications for low-input sheep manage-
ment. Journal of Animal Science 86, 246-258.

Dwyer CM (2008b) The welfare of the neonatal lamb. Small Ruminant
Research 76, 3141.

Dwyer CM and Lawrence AB (2005) Frequency and cost of human interven-
tion at lambing: an inter breed comparison. Veterinary Record 157, 101-104.

Dwyer CM and Morgan CA (2006) Maintenance of body temperature in the
neonatal lamb: effects of breed, birth weight, and litter size. Journal of
Animal Science 84, 1093-1101.

Dwyer CM, Conington J, Corbiere F, Holmoy IH, Muri K, Nowak R and
Gautier JM (2016) Invited review: improving neonatal survival in small
ruminants: science into practice. Animal: An International Journal of
Animal Bioscience, 1-11.

Eales FA and Small J (1980) Determinants of heat production in new-born
lambs. International Journal of Biometeorology 24, 157-166.

El Hadi H, Frascati A, Granzotto M, Silvestrin V, Ferlini E, Vettor R and
Rossato M (2016) Infrared thermography for indirect assessment of activa-
tion of brown adipose tissue in lean and obese male subjects. Physiological
Measurement 37, 118-128.

Everett-Hincks JM, Blair HT, Stafford KJ, Lopez-Villalobos N, Kenyon PR
and Morris ST (2005) The effect of pasture all owance fed to twin and
triplet-bearing ewes in late pregnancy one weand lamb behaviour and per-
formance to weaning. Livestock Production Science 97, 253-266.

Everett-Hincks JM, Mathias-Davis HC, Greer GJ, Auvray BA and Dodds
KG (2014) Genetic parameters for lamb birth weight, survival and death
risk traits. Journal of Animal Science 92, 2885-2895.

Faurie AS, Mitchell D and Laburn HP (2004) Peripartum body temperatures
in free-ranging ewes (ovis aries) and their lambs. Journal of Thermal Biology
29, 115-122.

Ferner K, Schultz JA and Zeller U (2017) Comparative anatomy of neonates
of the three major mammalian groups (monotremes, marsupials, placen-
tals) and implications for the ancestral mammalian neonate morphotype.
Journal Anatomy 231, 798-822.

Fogarty NM, Hoplins DL and Van de Ven R (2000) Lamb production from
diverse genotypes 1. Lamb growth and survival and ewe performance.
Animal Science 70, 135-145.

Fonséca VFC, Saraiva EP, Pimenta Filho EC, Furtado DA, Mariz TMA,
Silva AL and Pinheiro AC (2014) Influence of the climatic environment
and duration of labor on the mother-offspring interaction in Morada
Nova sheep. Journal Animal Science 92, 4123-4129.

Fonséca VFC, Saraiva EP, Arruda MF, Pereira WE, Pimenta Filho EC,
Santos SGCG and Silva JA (2016) Mother-offspring relationship in
Morada Nova sheep bred in a tropical semiarid environment: A perspective

https://doi.org/10.1017/50021859623000291 Published online by Cambridge University Press

447

on maternal investment and parental conflict. Applied Animal Behaviour
Science 183, 51-58.

Fonséca VFC, Maia ASC, Saraiva EP, de Melo Costa CC, da Silva RG,
Abdoun KA and Fuller A (2019) Bio-thermal responses and heat balance
of a hair coat sheep breed raised under an equatorial semi-arid environ-
ment. Journal of Thermal Biology 84, 83-91.

Fragkou IA, Mavrogianni VS and Fthenakis GC (2010) Diagnostic investiga-
tion of cases deaths of new-born lambs. Small Ruminants Research 92, 41-44.

Gebremedhin KG and Hillman PE (1997) Modeling temperature profile and
heat flux through irradiated fur layer. Transctions of the ASAE 40, 1441-1447.

Girao RN, Medeiros LP and Girdo ES (1998) Mortalidade de cordeiros da
raga Santa Inés em um nucleo de melhoramento no estado do Piaui.
Ciéncia Rural 28, 641-645.

Girard J (1990) Metabolic adaptations to change of nutrition at birth.
Neonatology 58, 3-15.

Gizaw S, Komen H, Hanotte O and Van Arendonk JA (2008) Indigenous
sheep resources of Ethiopia: types, production systems and
farmers preferences. Animal Genetic Resources/Resources génétiques animales/
Recursos genéticos animales 43, 25-39.

Greenwood PL and Bell AW (2003) Consequences of intra-uterine growth
retardation for postnatal growth, metabolism and pathophysiology.
Reproduction Cambridge Supplement, 195-206.

Hall DG, Fogarty NM and Gilmour AR (1995) Performance of crossbred
progeny of Trangie Fertility Merino and Booroola Merino rams and Poll
Dorset ewes. 1. Lamb birth weight, survival and growth. Australian
Journal of Experimental Agriculture 35, 1069-1074.

Hamadeh SK, Hatfield PG, Kott RW, Sowell BF, Robinson BL and Roth NJ
(2000) Effects of breed, sex, birth type and colostrum intake on cold toler-
ance in new-born lambs. Sheep e Goat Research Journal 16, 46-51.

Hancock SN, Oliver MH, McLean C, Jaquiery AL and Bloomfield FH
(2012) Size at birth and adult fat mass in twin sheep are determined in
early gestation. The Journal of Physiology 590, 1273-1285.

Harrington GN (1981) Grazing arid and semi-arid pastures. In: Morley FHW
(ed). Grazing Animals. Amsterdam: Elsevier, pp. 181-202.

Hernandez VD, Sanchez VE, Gomez DW and Martinez GCG (2019)
Caracterizacién productiva y socioecondmica del sistema de produccién
ovina, en un drea natural protegida de México. Revista Mexicana de
Ciencias Pecuarias 10, 951-965.

Hiendleder S, Kaupe B, Wassmuth R and Janke A (2002) Molecular
analysis of wild and domestic sheep questions current nomenclature and
provides evidence for domestication from two different subspecies.
Proceedings of the Royal Society of London, Series B: Biological Sciences
269, 893-904.

Hight GK and Jury KE (1970) Hill country sheep production: ii. Lamb mor-
tality and birth weights in romney and border leicester x romney flocks.
New Zealand Journal of Agricultural Research 13, 735-752.

Hill MJ and Guerschman JP (2020) The MODIS global vegetation fractional
cover product 2001-2018: characteristics of vegetation fractional cover in
grasslands and savanna woodlands. Remote Sensing 12, 406.

Holanda Junior EV (2006) Sistemas de produgdo de pequenos ruminantes
no semi-arido do Nordeste brasileiro. Embrapa Caprinos e Ovinos-
Documentos (INFOTECA-E).

Holst PJ, Fogarty NM, Hopkins DL and Stanley DF (1997) Lamb survival of
Texel and poll dorset crossbred lambs. In Proceedings of the Association for
the Advancement of Animal Breeding and Genetics. Dubbo, 313-316.

Holst PJ, Fogarty NM and Stanley DF (2002) Birth weights, meningeal
lesions, and survival of diverse genotypes of lambs from Merino and cross-
bred ewes. Australian Journal Agriculture Research 53, 175-181.

Huffman EM, Kirk JH and Pappaioanou M (1985) Factors associated with
neonatal lamb mortality. Theriogenology 24, 163-171.

IWTO (2022) International wool textile organization. In Dilworth J (ed.),
International Year Book and Statesmen’s Who’s Who, Consulted online on
12 December 2022 http://dx.doi.org/10.1163/1570-6664_iyb_SIM_org_38824.

Jones AM (1997) Environmental Biology. Routledge, New York, United States:
Psychology Press.

Kassas M (1975) Desertification vs potential for recovery in circum-saharan ter-
ritories. In Dregne HE (ed). Arid Lands in Transition, American Association
for the Advancement of Science, Michigan, United States, 123-142.


http://archive.defra.gov.uk/foodfarm/farmanimal/welfare/onfarm/documents/la
http://archive.defra.gov.uk/foodfarm/farmanimal/welfare/onfarm/documents/la
http://archive.defra.gov.uk/foodfarm/farmanimal/welfare/onfarm/documents/la
http://dx.doi.org/10.1163/1570-6664_iyb_SIM_org_38824
http://dx.doi.org/10.1163/1570-6664_iyb_SIM_org_38824
https://doi.org/10.1017/S0021859623000291

448

Kerslake JI, Everett-Hincks JM and Campbell AW (2005) Lamb survival: a
new examination of an old problem. Animal Production 65, 13-18.

Labeur L, Villiers G, Small AH, Hinch GN and Schmoelzl S (2017) Infrared
thermal imaging as a method to evaluate heat loss in new-born lambs.
Research in Veterinary Science 115, 517-522.

Laburn H (2001) Thermoregulation in th neonate. In Blatteis C (ed.)
Physiology and Pathophysiology of Temperature Regulation. Singapore:
World Scientific, Vol. 2001, pp. 145-160.

Lanfranchi M, Calabro G, De Pascale A, Fazio A and Giannetto C (2016)
Household food waste and eating behaviour: empirical survey. British
Food Journal 118, 3059-3072.

Lezama-Garcia K, Mota-Rojas D, Martinez-Burnes J, Villanueva-Garcia D,
Dominguez-Oliva A, Gémez-Prado J and Muns R (2022) Strategies for
hypothermia compensation in altricial and precocial new-born mammals
and their monitoring by infrared thermography. Veterinary Sciences 9, 246.

Lima FAM (1983) Desempenho dos ovinos deslanados no Nordeste brasileiro
e planos de melhoramento para o futuro. In: Simpésio Internacional de
Produ¢do Animal, 1, 1983, Ribeirdo Preto. Anais... Ribeirdo Preto:
Sociedade Brasileira de Genética, pp. 45-66.

Lockwood A, Hancock S, Kearney G and Thompson A (2019a) Reducing
mob size increases the survival of twin-born Merino lambs when
feed-on-offer from pasture is limited and ewes are supplementary fed dur-
ing lambing. Small Ruminant Research 173, 65-69.

Lockwood A, Hancock S, Paganoni B, Macleay C, Kearney G, Sohi R and
Thompson A (2019b) Mob size of single-bearing or twin-bearing Merino
ewes at lambing may not influence lamb survival when feed-on-offer is
high. Animal: An International Journal of Animal Bioscience 13, 1311-1318.

Maia ASC, Silva RG and Bertipaglia EA (2005) Environmental and genetic
radiation of the effective radiative properties of the coat of Holstein cows
under tropical conditions. Livestock Production Science 92, 307-315.

Maia ASC, Silva RGD and Loureiro CMB (2008) Latent heat loss of Holstein
cows in a tropical environment: a prediction model. Revista Brasileira de
Zootecnia 37, 1837-1843.

Maia ASC, da Silva RG, Nascimento ST, Nascimento CCN, Pedroza HP and
Domingos HGT (2015) Thermoregulatory responses of goats in hot envir-
onments. International Journal of Biometeorology 59, 1025-1033.

Mandal A, Prasad H, Kumar A, Roy R and Sharma N (2007) Factors asso-
ciated with lamb mortalities in Muzaffarnagari sheep. Small Ruminant
Research 71, 273-279.

Martinez PM, Costa JN, de SOUZA TS, Costa Neto AO and Pinheiro RR
(2010) Sistemas de criagdo de ovinos e ocorréncia de anticorpos contra
virus da Maedi-Visna na microrregido de Juazeiro, BA. Revista Brasileira
Satide e Produgio Animal 11, 342-353.

McCoard SA, Henderson HV, Knol FW, Dowling SK and Webster JR
(2014) Infrared thermal 389 imaging as a method to study thermogenesis
in the neonatal lamb. Animal Production Science 54, 1497-1501.

MCFarlane D (1965) Perinatal lamb losses: I. An autopsy method for the inves-
tigation of perinatal losses. New Zealand Veterinary Journal 13, 116-135.

McManus C, Paludo GR, Louvandini H, Gugel R, Sasaki LCB and Paiva SR
(2009) Heat tolerance in Brazilian sheep: physiological and blood para-
meters. Tropical Animal Health and Production 41, 95-101.

McManus C, Louvandini H, Paim TP, Martins RS, Barcellos JOJ,
Cardoso C and Santana OA (2011) The challenge of sheep farming in
the tropics: aspects related to heat tolerance. Revista Brasileira de Zootecnia
40, 107-120.

Medeiros JMD, Tabosa IM, Simées SVD, Nobrega Junior JED, Vasconcelos
JSD and Riet-Correa F (2005) Mortalidade perinatal em cabritos no
semi-arido da Paraiba. Pesquisa Veterindria Brasileira 25, 201-206.

Meigs P (1953) World distribution of arid and semi-arid homoclimates.
Reviews of Research on Arid Zone Hydrology. Paris: UNESCO, pp. 203-210.

Mercer JB, Andrews JF and Szekely M (1979) Thermoregulatory responses in
new-born lambs during the first thirty-six hours of life. Journal of Thermal
Biology 4, 239-245.

Moraes Neto OT, Rodrigues A, Albuquerque ACA and Mayer S (2003)
Manual de capacitagio de agentes de desenvolvimento rural (ADRs) para
a caprinocultura. Joao Pessoa: SEBRAE, p. 114.

Morris Stephen T (2017) Overview of sheep production systems. Advances in
Sheep Welfare. New Zealand: Woodhead Publishing, pp. 19-35.

https://doi.org/10.1017/50021859623000291 Published online by Cambridge University Press

J. D. C. dos Santos et al.

Mortolla JP and Dotta A (1992) Effects of hypoxia and ambient tempera-
ture on gaseous metabolism of new-born rats. American Journal of
Physiology-Regulatory, Integrative and Comparative Physiology 263,
R267-R272.

Mount LE and Rowell RG (1960) Body size, body temperature and age rela-
tion metabolic rate of pig in the first five weeks after birth. The Journal of
Physiology 154, 408-416.

Neves MLMW, de Azevedo M, da Costa LAB, Guim A, Leite AM and
Chagas JC (2009) Niveis criticos do Indice de Conforto Térmico para ovi-
nos da raga Santa Inés criados a pasto no agreste do Estado de Pernambuco.
Acta Scientiarum. Animal Sciences 31, 169-175.

Noblet J and Le Dividich J (1981) Energy metabolismo of the new-born pig
during the first 24 h life. Biology of the Neonate 40, 75-182.

Nobrega JED JR, Riet-Correa F, Nobrega RS, Medeiros JMD,
Vasconcelos JSD, Simées SVD and Tabosa IM (2005) Mortalidade
perinatal de cordeiros no semi-arido da Paraiba. Pesquisa Veterindria
Brasileira, 171-178.

Nowak R and Poindron P (2006) From birth to colostrum: early steps leading
to lamb survival. Reproduction Nutrition Development 46, 431-446.

Okamoto M, Robinson JB, Christopherson RJ and Young BA (1986)
Summit metabolism of new-born calves with and without colostrum feed-
ing. Canadian Journal of Animal Science 66, 937-944.

Oliveira AC and Barros SS (1982) Mortalidade perinatal em ovinos no
municipio de Uruguaiana, Rio Grande do Sul. Pesquisa Veterindria
Brasileira 2, 1-7.

Palenikova I, Hauptmanova K, Pitropovska E, Palenik T, Husakova T,
Pechova A and Pavlata L (2014) Copper metabolism in goat-kid relation-
ship at supplementation of inorganic and organic forms of copper. Czech
Journal of Animal Science 9, 201-207.

Plush K]J, Brien FD, Hebart ML and Hynd PI (2016) Thermogenesis and
physiological maturity in neonatal lambs: a unifying concept in lamb sur-
vival. Animal Production Science 56, 736-737.

Pulina G, Milan M]J, Lavin MP, Theodoridis A, Morin E, Capote J and Caja
G (2018) Invited review: current production trends, farm structures, and
economics of the dairy sheep and goat sectors. Journal of Dairy Science
101, 6715-6729.

Refshauge G, Brien FD, Hinch GN and Van De Ven R (2015) Neonatal lamb
mortality: factors associated with the death of Australian lambs. Animal
Production Science 56, 726-735.

Rezaei HR, Naderi S, Chintauan-Marquier IC, Taberlet P, Virk AT,
Naghash HR and Pompanon F (2010) Evolution and taxonomy of the
wild species of the genus Ovis (Mammalia, Artiodactyla, Bovidae).
Molecular Phylogenetics and Evolution 54, 315-326.

Ribeiro LAO, Gregory RM and Mattos RC (2002) Prenhez em rebanhos ovi-
nos do Rio Grande do Sul-Brasil. Ciéncia Rural 32, 637-641.

Riesenfeld T, Hammarlund K, Jonzon A and Sedin G (1988) Influence of
radiant heat stress on respiratory water loss in new-born lambs.
Neonatology 53, 290-294.

Riet-Correa F and Méndez MC (2001) Mortalidade perinatal em ovinos. In
Doengas de Ruminantes e Eqiiinos, 2nd Edn. Sao Paulo: Livraria Varela,
pp. 417-425.

Roberts SJ (1971) Veterinary Obstetrics and Genital Diseases, 2nd Edn. Arbr.
Michigan: S. J. Roberts, Publ., Distr. Edwards Bros., pp. 422.

Robinson JJ, Sinclair KD and McEvoy TG (1999) Nutritional effects on foetal
growth. Animal Science 68, 315-331.

Rook JS, Scholman G, Wing-Proctor S and Shea M (1990) Diagnosis and
control of neonatal losses in sheep. The Veterinary Clinics of North
America. Food Animal Practice 6, 531-562.

Sallam AM (2019) Risk factors and genetic analysis of pre-weaning mortality
in Barki lambs. Livestock Science, 103818.

Santos JDC (2020) Influéncia do ambiente equatorial semidrido nas respostas
comportamentais e fisioldgicas de cordeiros recém-nascidos. Dissertagio
(Mestrado em produgdo animal). Universidade Federal da Paraiba, Areia,
Paraiba.

Santos JDC, Saraiva EP, Pimenta Filhoa EC, Xavier Neta GC, Morais LKC,
Fuller A, Sejian V, Bicego KC, Pereira WE and Moura GAB (In prepar-
ation) Are newborn lambs delivered in an equatorial semi-arid environment
at risk of hyperthermia and/or hypothermia?


https://doi.org/10.1017/S0021859623000291

The Journal of Agricultural Science

Sargison ND, West DM and Clark RG (1997) An investigation of the possible
effects of subclinical iodine deficiency on ewe fertility and perinatal lamb
mortality. New Zealand Veterenary Journal 45, 208.

Sargison ND, West DM and Clark RG (1998) The effects of iodine deficiency
on ewe fertility and perinatal lamb mortality. New Zealand Veterenary
Journal 46, 72-75.

Sassi MJJ and McCosker PJ (1975) Consideraciones sobre mortandad peri-
natal en ovinos en el Uruguay.

Scales GH, Burton RN and Moss RA (1986) Lamb Mortality, birth weight,
and nutrition in late pregnancy. New Zealand Journal of Agricultural
Research 29, 75-82.

Shiels D, Loughrey J, Dwyer CM, Hanrahan K, Mee JF and Keady TW
(2021) A survey of farm management practices relating to the risk factors,
prevalence, and causes of lamb mortality in Ireland. Animals 12, 30.

Silva RG (2000a) Introdugdo a bioclimatologia animal. Sdo Paulo: Nobel,
p. 286.

Silva RG, Lascala N JR and Tonhati H (2003) Radiative properties of the
skin and haircoat of cattle and other animals. Transactions of the ASAE,
46, 913-918.

Silva RG, Guilhermino MM and Morais DAE (2010) Thermal radiation absorbed
by dairy cows in pasture. International Journal of Biometeorology 54, 5-11.

Silva APSP, Santos DV, Kohek L JR, Machado G, Hein HE, Vidor ACM and
Corbellini LG (2013) Ovinocultura do Rio Grande do Sul: descri¢do do sis-
tema produtivo e dos principais aspectos sanitdrios e reprodutivos. Pesquisa
Veterindria Brasileira 33, 1453-1458.

Simioni TA, Gomes FJ, Mousquer CJ, Teixeira UHG, de Castro WJR, de
Paula DC and Fernandes GA (2014) Modificacdes ambientais em
instalagbes para ovinos em sistemas de pastejo e confinamento. Pubvet 8.

Simplicio AA, Riera GS, De Figueiredo EAP and Nunes JF (1982)
Desempenho produtivo de ovelhas da raga Somalis brasileira no Nordeste
do Brasil. Pesquisa Agropecudria Brasileira 17, 1795-1803.

https://doi.org/10.1017/50021859623000291 Published online by Cambridge University Press

449

Slee J, Simpson SP and Woolliams JA (1987) Metabolic rate responses to
cold and to exogenous noradrenaline in new-born Scottish Blackface
lambs genetically selected for high or low resistance to cold. Animal
Science 45, 69-74.

Stamp JT (1967) Perinatal loss in lambs with particular reference to diagnosis.
Veterinary Record 81, 530-534.

Steinhoff J (2010) Energy metabolism in new-born calves during the first days
of life measured by indirect calorimetry. Proceedings of the Society of
Nutrition Physiology 19.

Steyn S (2022). Studies on the response of lambs and ewes to changes in ambi-
ent climate due to climate change. Dissertation (Master of Agricultural
Sciences) - Faculty of Agricultural Sciences. Stellenbosch.

Tayloy D (1970) The metabolism of actinum in the rat. Health Physics 19,
411-418.

Terrien J, Perret M and Aujard F (2011) Behavioural thermoregulation in
mammals: a review. Frontiers in Bioscience-Landmark 16, 1428-1444.

Thompson A, Campbell A, Glanville E, Trengove C and O’Handley R
(2022) Reducing foetal and lamb losses in young ewes.

Toldra F (2022) Lawrie’s Meat Science. Cambrige, United States: Woodhead
Publishing.

Toro-Mujica P, Aguilar C, Vera R, Rivas J and Garcia A (2015) Sheep pro-
duction systems in the semi-arid zone: Changes and simulated bio-eco-
nomic performances in a case study in Central Chile. Livestock Science
180, 209-219.

Turco SHN and Aradjo GGL (2011) Instalagdes. In Voltolini, TV (ed.),
Produgio de ovinos e caprinos no semidrido. Petrolina: Embrapa
semidrido, pp. 145-163.

Yapi CV, Boylan WJ and Robinson RA (1990) Factors associated with causes
of preweaning lamb mortality. Preventive Veterinary Medicine 10, 145-152.

Zygoyiannis D (2006) Sheep production in the world and in Greece. Small
Ruminant Research 62, 143-147.


https://doi.org/10.1017/S0021859623000291

	Neonatal mortality of lambs in production systems in a semi-arid environment: main risk factors
	Introduction
	Sheep production system in semi-arid regions
	Risk factors that interfere with lamb survival in the first hours of life
	Effect of the thermal environment on the thermoregulation of new-born lambs
	Conclusion and prospects
	Acknowledgements
	References


