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Abstract

Birth weight (BW) is frequently considered as an indicator to detect possible restrictions of intrau-
terine development. This study evaluated the effect of breeding season (BS) across year: spring
(SP), summer (SM), fall (FL) and winter (WT) upon the expression of BW. This meta-analysis
considered records (n = 1,084) collected from a commercial herd kept under intensive conditions
(22° NL, 1,835 m). The definitive statistical model for BW analysis considered the independent
variables kidding year, (KY), genetic group (GT), litter size (LS), gender (GN), breeding season
(BS), kidding season (KS) plus the interactions (KY*GT) and (GN*BS). BW expression was affect-
ed (P<0.05) by KY, GN, LS, KS, and KY*GT. Interestingly, while BW expression was not affected
(P>0.05) by kidding season, it was affected (P<0.05) by breeding season. The highest and lowest
BW values were observed in SP and WN (3.34 vs. 3.10 kg; P<0.05), respectively. This physiological
scenario could be the result of embryonic-fetal adaptive responses representing homeostatic adap-
tations due to alterations including doe nutritional status, available quantity and quality of food to
both the embryo and the fetus as well as to a changing external environment.
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From a biological point of view in all mammal species, goats included, there is
an optimal birth weight (BW) range within which normal physiological processes for
growth and development can occur, reducing the expression of health dysfunctions
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while maximizing neonatal survival (Perez-Razo et al., 1998; Mellado et al., 2000).
From a productive and economic viewpoint in small ruminants, BW expression is
a key phenotypic characteristic of paramount importance in kid-milk goat production
systems and their commercialization schemes (Meza-Herrera, 1986; Arechiga et al.,
2008). Both fetal growth and development as well as BW expression are affected
by genetic, placental and maternal cues (Meza-Herrera et al., 1987; Montaldo and
Meza-Herrera, 1999; Xita and Tsatsoulis, 2010; Mellado et al., 2011).

While exposed to an accurate gestational environment, fetus is able to reach an
adequate size according to its genetic potential. Nonetheless, perturbations at uterus
level, either intrinsic or extrinsic in nature, may potentially compromise both growth
and development of fetus, the BW expression as well as preweaning mortality
(Meza-Herrera, 1986; Gonzalez-Bulnes et al., 2011). Prenatal development and final
BW are both dependent upon a close relationship among the available nutritional
level and the secretion pattern of diverse hormones and growth factors (Funston et
al., 2010).

In addition, environmental fluctuations across year also determine different ex-
pressions on both BW and neonatal survival (Lincoln and Short, 1980). At the begin-
ning of the embryonic life, although the embryo’s nutritional requirements are low
because of a low rate in the absolute growth, the rate of the relative growth is quite
high. For this reason, several physiological, metabolic and genetic dysfunctions may
occur, compromising the future development of the main organs and systems, a syn-
drome known as intrauterine growth retardation. Therefore, both the fetal and the
birth weight relative to a gestational age, are frequently considered to measure and to
detect intrauterine growth restriction (Wallace et al., 2005). In addition, experimen-
tal animal studies suggest that the nutritional, hormonal and metabolic environment
afforded by the mother may permanently programme differentiating target tissues of
the offspring toward the development of the metabolic syndrome in adult life (Xita
and Tsatsoulis, 2010).

Such physiological scenario, which can be modified by environmental variations
throughout the year, may not only compromise the neonatal health status but can also
compromise fetal growth programming. Certainly, litters from mothers facing low
nutrition levels during pregnancy show not only a decreased growth rate and low
productivity, but can also significantly compromise their health status at preweaning
stages (Schreurs et al., 2010) as well as their productive performance in adult life
(Funston et al., 2010; Van der Liden et al., 2010; Xita and Tsatsoulis, 2010). The aim
of this study was to evaluate the influence of some environmental factors and more
specifically the breeding season upon the expression of birth weight considering the
goat as an animal model.

Material and methods

The study was carried out at the Center for Goat Breeding, in the state of San Luis
Potosi, Mexico, located at 22° 12" NL and 100° 55" WL, at an altitude of 1,835 m,
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and annual averages for precipitation and temperature of 271 mm and 17°C, respec-
tively. The Center initiated activities in 1993, importing 10 Boer bucks from New
Zealand, a set of 10 Boer females from the USA, and an elite herd of 230 Nubian
females. Does had free access to a mixed diet composed of alfalfa hay [14% crude
protein (CP), 4.7 net energy for maintenance (NEm MJ kg™')], corn silage (8.1%
CP, 6.7 NEm M1J kg ") and corn grain (11.2% CP, 9.9 NEm M1J kg), mineral salts,
fresh water, and shades. Diets were balanced to cover 120% of their nutritional re-
quirements according to physiological stage and gender (NRC, 1981). Animals were
kept under stall-fed conditions with an uncovered area of 610 m? per animal and
were physically allocated according to their physiological stage, gender and geno-
type.

Regarding the newborn kids, the umbilical cord was cut and disinfected at birth
and kids had direct access to colostrum from their mother. All kids were individually
identified while recording the information on gender, birth date, birth weight, doe
and buck identification number, and genetic group. On day 15 after birth, kids were
vaccinated against Clostridium and Pasteurella, received vitamins A, D and E (i.m.)
and were treated against internal and external parasites. All the management and
practices in this study were done in accordance with accepted international guide-
lines (FASS, 1999).

Birth weight was evaluated considering an ANOVA for unbalanced data in
a completely random design. The original model to analyse BW included the inde-
pendent variables: gender (GD, male, female), genotype (GT, Boer, 1/2 Boer 1/2
Nubian, 3/4 Boer 1/4 Nubian, 7/8 Boer 1/8 Nubian), litter size (LS, simple, twins,
triplets and quadruplets), breeding season (BS, spring-SP, summer-SM, fall-FL and
winter-WT), kidding season (KS, spring-SP, summer-SM, fall-FL and winter-WT)
and year of birth (K'Y, 1995, 1995, 1996 1998, 1999 and 2000) as well as first-order
interactions. In the event of significant differences among variables, mean separa-
tion considered the LSMEANS-PDIFF option of the PROC GLM. All the statistical
analyses were computed using the GLM procedures of SAS (SAS Inst. Inc., Cary,
NC, USA). While reported values are defined as least-square means + standard error,
the most conservative SE is presented.

Results

The once carried-out original model included all the main effects as well as first-
order interactions, and a second model included only those variables and their in-
teractions declared as significant upon BW expression, including KY, GT, LS, GD,
BS, KS, KY*GT and GD*BS. Thereafter, the definitive model included those vari-
ables which affected (P<0.001) the BW expression: KY, GT, LS, BS and KY*GT
(R?=39.56% and CV = 19.60%; Tables 1, 2 and 3).

The overall average for BW was 3.18 kg; both KY and GT affected (P<0.001)
BW expression, observing the highest BW in 1995 (3.73 kg) while the lowest (2.72
kg) in 1998, with an average value for the six years of study of 3.23 kg. The GT
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Boer represented the largest BW (3.65 kg), while the lowest BW was observed in
the Boer genotype (2.63 kg); the greater the percentage of Boer genes, the lower
the BW. Also, the KY*GT interaction affected (P<0.05) BW (Tables 1 and 2). LS
also affected (P<0.001) BW; while singles had the largest BW (3.44 kg), the lowest
BW occurred in triplets (2.85 kg), without differences (P>0.05) between triplets and
quadruplets (Table 1). Interestingly, while kidding season did not affect BW, BS
had an effect (P<0.001) on the expression of BW; kids born from does bred in SP
represented the largest BW, followed by FL without differences between these two
seasons, while the WT represented the lowest BW (Table 3).

Table 1. Least-square means + standard error for birth weight (BW, kg) according to year of birth and
goat genotype in Boer and Boer x Nubian kids

Variables N BW (kg) SE
Year of birth
1994 49 3.33b 0.49
1995 289 373 a 0.79
1996 171 334b 0.59
1998 341 2.72d 0.61
1999 143 3.0l¢c 0.69
2000 91 3.02¢ 0.82
Genotype N BW (kg) S.E.
1/2 Boer 1/2 Nubian 407 3.65a 0.73
3/4 Boer 1/4 Nubian 435 3.01b 0.68
7/8 Boer 1/8 Nubian 182 2.71¢c 0.65
Boer 60 2.63¢c 0.63

a, b, ¢, d — Values with different letters within column and main effect, differ (P<0.05).
SE = Standard error.

Table 2. Least-square means + standard error for birth weight (BW, kg) according to year of birth and
goat genotype in Boer and Boer x Nubian kids

Year of birth/ 12 Bogr 3/4 Boe.:r 7/8 B0§r Boer
Genotype 1/2 Nubian 1/4 Nubian 1/8 Nubian

1994 3.33 bed
1995 3.77b 2.82 def
1996 3.42 be 3.27 bed
1998 440a 282 f 2.44 def 249 f
1999 3.38ef 2.96 bed 2.69 cdef
2000 3.13 cde 2.70 ef

a, b, ¢, d — Values with different letters within column and main effect, differ (P<0.05).
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Table 3. Least-square means + standard error for birth weight (BW, kg) according to litter size
and breeding season in Boer and Boer x Nubian kids

Variables | N BW (kg) SE
Litter size
Singles 207 344 a 0.85
Twins 665 3200 0.75
Triplets 185 285¢ 0.73
Quadruplets 27 291c 0.73
Breeding season
Spring 85 334a 0.59
Summer 720 3.16b 0.68
Fall 203 3.22 ab 0.68
Winter 76 3.10b 0.73

a, b, ¢, d — Values with different letters within column and main effect, differ (P<0.05).
SE = Standard error.

Discussion

The hypothesis proposed at the beginning of the study stated differences for the
BW of kids born from does bred in different seasons throughout the year (SP, SM,
FL and WT), since at least one breeding season should differ from the others with
respect to the BW expression; such hypothesis is accepted. Several studies in differ-
ent ruminant species, and particularly in goats, have demonstrated the influence of
diverse fixed effects upon BW, including gender, litter size, year of birth, season of
birth, age of mother, parity number and goat genotype among others (Meza-Herrera,
1986; Meza-Herrera et al., 1987; Montaldo and Meza-Herrera, 1999). Nonetheless,
the evaluation of the effect of breeding season upon birth weight expression in goats
is really scarce. Therefore, the discussion of our results will mainly be addressed to
emphasize some physiological considerations regarding the effect that BS may have
upon the success of the organogenesis process. Certainly, in our database, BS was
defined as the most proximal environmental factor affecting organogenesis, which
in turn may negatively affect the expression of BW, and consequently, potentially
influence in a negative fashion productive, reproductive and health outcomes in adult
life.

Mammals perceive different external cues in order to anticipate and to exert com-
pensatory responses to face different environmental conditions throughout the year.
In this way, animals may accumulate body fat or grow their hair coats according
to each season (Meza-Herrera et al., 2007). In other species, seasonal reproduction
determines the most adequate time for reproduction in order to give birth to litters
in the best possible season of the year (Gonzalez-Bulnes et al., 2011). This evolu-
tionary approach is exerted in order to align their reproductive outcome to the most
favourable environmental conditions regarding temperature and food availability as
well as to assure the best conditions for growth and development of their offspring
(Lincoln, 1992).
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According to Bronson and Heideman (1994), seasonal breeding is regulated by
a complex relationship among physical factors such as photoperiod, food availabil-
ity, socio-sexual interactions, as well as other management practices. All of these
factors exert a close connection to define the phenotypic expression of BW, and
as previously mentioned, the combined effect of these factors may promote fetal
growth retardation affecting not only BW but also fetal programming, which in
turn may affect both productive and reproductive outcomes in adult life (Xita and
Tsatsoulis, 2010).

There are many situations in which the environment plays a critical role in the
health status of an individual, but none is more important than those the embryo face,
particularly at the time of organogenesis. This last process will significantly influ-
ence not only fetal and neonatal performance, but also metabolic and physiological
outcomes in adult life (Doyle and Andersen, 2010; Xita and Tsatsoulis, 2010). One
such environmental cue that highly affects embryonic and fetal growth is the nutri-
tional level of the mother during conception and pregnancy (Warner and Ozanne et
al., 2010).

During both the dry and cold seasons, forage and feedstuff quality is frequently
decreased being inadequate for the high nutritional demands observed during growth,
gestation and lactation; all of them are physiological processes that demand high
quality supplements regarding protein and energy content (Fontaneli et al., 2005).
Once pregnancy is established, a suboptimal nutritional status or maternal premature
malnutrition, along with restricted food consumption, may negatively affect both
growth and development at either the embryonic or the fetal stages (Vinsky et al.,
20006).

Without doubt, fetal growth retardation promotes a decreased BW as well as
a decreased number of myofibres, a physiological scenario that may not be compen-
sated during postnatal stages. Pigs with reduced BW show the lowest growth rates,
high fat deposition and poorest meat quality. The number of prenatally formed mus-
cular fibres is positively correlated to BW, and denotes a significant role in the re-
lationship between increased BW and meat quality (Rehfeldt and Kuhn, 2006). The
metabolic consequences of exposing mothers to a decreased protein supplementation
in early gestation may promote fetal stress, which may induce metabolic disorders in
adult life (Erhuma et al., 2007). Undoubtedly, disturbances in the supply of oxygen
and nutrients to the fetus during early pregnancy, when the embryonic nutritional
requirements are yet minimal, may not only promote adverse fetal growth patterns,
but also is associated with the development of the metabolic syndrome, and may
also compromise not only ulterior development but also competence of either the
endocrine or the vascular system in adult life (Doyle and Andersen, 2010; Warner et
al., 2010; Xita and Tsatsoulis, 2010). Certainly, with the advent of modern perinatal
and neonatal intensive care, most survivors of extreme prematurity which have as
a common link a reduced BW, have higher rates of adverse health scenarios such as
nutritional, cardiovascular, respiratory, motor, cognitive, psychiatric and functional
outcomes in adulthood (Doyle and Andersen, 2010).

A possible pathway through which BS could affect BW, may consider the fol-
lowing: environmental factors across the year determine quality and quantity of food
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resources, influencing oocyte quality, both growth and development at the onset of
embryonic life and organogenesis may also be affected, while uterine capacity, and,
in turn, size, architecture and function of placenta could be also compromised; all of
them may affect organogenesis, fetal growth and birth weight.

In conclusion, the highest BW was shown by those kids whose dams were bred
during spring, while the lowest BW occurred in kids whose dams were bred in win-
ter. This physiological scenario could be the result of embryonic-fetal adaptive re-
sponses representing homeostatic adaptations due to alterations including doe nu-
tritional status, organogenesis, available quantity and quality of food to both the
embryo and the fetus as well as a changing external environment. Further studies
addressing physiological and productive scanning of the offspring designed to evalu-
ate productive and reproductive performance in the adult life, are warranted.
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Wplyw sezonu rozplodowego na ekspresje urodzeniowej masy ciala w modelu kozim
STRESZCZENIE

Masa ciata przy urodzeniu (BW) czgsto stuzy jako wskaznik do wykrywania mozliwych ograniczen
w wewnatrzmacicznym rozwoju ptodu. W badaniach tych oceniano wptyw sezonu rozptodowego (BS)
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w ciagu roku: wiosna (SP), lato (SM), jesien (FL), zima (WT) na ekspresj¢ BW. W metaanalizie wzigto
pod uwage dane (n = 1084) zebrane z komercyjnego stada utrzymywanego w intensywnych warunkach
(22° szer. geogr. pohn., 1835 m n.p.m.). Ostateczny model statystyczny dla analizy BW uwzgledniat
nastgpujace zmienne niezalezne: rok wykotu (KY), grupe genetyczna (GT), wielko$¢ miotu (LS), ptec¢
(GN), sezon rozptodowy (BS), sezon wykotow (KS) z interakcjami (KY*GT) i (GN*BS). Na ekspresj¢
BW (P<0,05) wptynety KY, GN, LS, KS i KY*GT. Co ciekawe, na ekspresj¢ BW (P>0,05) wptywat nie
sezon wykotow, lecz sezon rozptodowy (P<0,05). Najwyzsze i najnizsze wartosci BW zaobserwowano
na wiosng i w zimie (3,34 vs. 3,10 kg; P<0,05). Ten fizjologiczny scenariusz mogt by¢ rezultatem
odpowiedzi adaptacyjnych zarodka/ptodu, bedacych homeostatycznymi adaptacjami spowodowanymi
zmianami w stanie odzywienia samicy, iloéci i jako$ci pozywienia dostepnego zaréwno dla zarodka, jak
i plodu oraz zmiennym $rodowiskiem zewngtrznym.



