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Abstract

Human and domestic animal epidemiological studies have shown that the early life
intrauterine environment can play a critical role in determining the development of
various organs and systems at the cellular level, and the lifetime health status and
productive performance of an individual. However, only sparse information exists for
sheep, regarding the effects of maternal feeding during pregnancy under New Zealand

grazing conditions on offspring growth and reproductive performance.

In this thesis, two paradigms were examined; (1) Dam size (heavy vs light; selected
based on extreme live weights from a commercial flock) and dam nutrition for a
prolonged period in pregnancy (ad libitum vs maintenance; P21-140), and (ii) Dam
nutrition during early P21-50 (ad libitum vs maintenance vs sub maintenance) and mid-
to-late pregnancy P50-139 (ad libitum vs maintenance) which are to the range of
nutritional treatments used by New Zealand farmers. Ad libitum was used to provide
unrestricted access to pasture forage, maintenance was to ensure total live weight gain
equivalent to the expected conceptus mass and sub maintenance was to achieve a loss in
total ewe live weight 0.1 kg/day. The growth and reproductive performance of the

offspring during both the pre-natal and post-natal periods were examined.

The results from this thesis indicated that it was possible to alter ovarian cell
development of the female offspring during fetal and adult life by varying dam size at
the time of conception. In male offspring, only minor effects of dam size on fetal
testicular cell development were observed. Maternal nutrition during pregnancy altered
female offspring fetal ovarian cell development but there was no effect on reproductive
performance as an adult. In fetal male offspring, maternal nutrition did not alter
testicular cell development, however, minor effects were observed on adult reproductive
performance. Overall, there was little effect of both paradigms on male and female

offspring lifetime performance.

Combined, the results suggest that farmers using similar grazing conditions to the
present studies do not need to take into account nutrition of the dam when selecting
male or female replacements. Future studies may consider more extreme underfeeding,
but this may not be relevant on sheep farming in New Zealand. Further studies are
required to further investigate the possible effects of maternal size on lifetime

performance of the offspring.
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gestation for each dam size, dam nutrition and dam size by nutrition

group.

Least square mean + standard error of the mean for total area
(x103pm) of follicle, oocytes and follicular cells for pre-antral and
antral follicles at Day 140 of gestation for each dam size, dam
nutrition and dam size by nutrition group.

Least square mean + standard error of the mean (x10%) per field
(250,000 pm?) for number of pre-antral, antral and total number of
follicles at 6 years of age for each dam size, dam nutrition and dam
size by nutrition group.

Least square mean =+ standard error of the mean for visual
observation (score 1 to 10) of anti Miilerian hormone (AMH) and
growth differentiation factor 9 (GDF9) staining intensity in primary,
secondary and antral follicles at Day 140 of gestation for each dam
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7.6.

8.1.

8.2.

8.3.

8.4.
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size, dam nutrition and dam size by nutrition group.

Integrated staining intensity (least squares means + standard error of the
mean) per um~ of anti Miilerian hormone (AMH) and growth
differentiation factor 9 (GDF9) in primary, secondary and antral
follicles at Day 140 of gestation for each dam size, dam nutrition
and dam size by nutrition group.

Ovulation rate and the proportion that ovulated after oestrus
synchronisation in daughters of dams that were fed ad libitum (A)
or pregnancy maintenance (M) during pregnancy, or were heavy (H)
or light (L) at the start of pregnancy. The daughters were of an
average age of 2050 days. Table shows least square means (+SE).

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad libitum
(A) vs pregnancy maintenance (M)) during pregnancy on the
lifetime reproductive performance (number of fetuses identified per
ewe at pregnancy scanning) for all daughters (Lifetime 2007 to
2011), for those daughters that had pregnancy data for each year
(Lifetime daughters present 2011) or only those daughters that had
at least one fetus each year (Lifetime daughters present with output
2011). Table shows least square means (+SE).

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad libitum
(A) vs pregnancy maintenance (M)) during pregnancy on (A) the
total lambs born, and (B) weaned all daughters (Lifetime 2007 to
2011), only those daughters that were present each year (Lifetime
daughters present 2011) or only those daughters that gave birth and
weaned at least one lamb each year (Lifetime daughters present with
output 2011). Tables show least square means (£SE).

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad libitum
(A) vs pregnancy maintenance (M)) during pregnancy on the total
weight of lambs weaned for all daughters (Lifetime 2007 to 2011),
only those daughters that were present each year (Lifetime
daughters present 2011) or only those daughters that had the weight
of lamb weaned at least one lamb each year (Lifetime daughters
present output 2011). Tables show least square means (£SE).

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad libitum
(A) vs pregnancy maintenance (M)) during pregnancy on daughter
efficiency (kg/MJME/year) from 2007 to 2011 for all daughters
(Lifetime 2007 to 2011), only daughters that had efficiency data for
each year (Lifetime daughters present 2011) or only daughters
whose efficiency data greater than zero (>0) each year (Lifetime
daughters present with output 2011). Table shows least square
means (£SE).
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9.1.

9.2.

9.3.

Effect of dam nutrition during early pregnancy (P21-50; either sub
maintenance (Sm;), maintenance (M;) or ad libitum (A;) nutrition)
and mid-to-late pregnancy (P50-140; either maintenance (M,) or ad
libitum (A,) nutrition) on the protein carbonyl content (nmol/mg) in
fetal ovaries at Day 140 of gestation (P140). Median and 95%
confidence limits (CL) data are provided

Effect of dam nutrition during early (P21-50; either sub
maintenance (Sm;), maintenance (M;) or ad libitum (A;) nutrition)
and mid-to-late pregnancy (P50-140; either maintenance (M;) or ad
libitum (A) nutrition) on back-transformed percentages (= 95%
confidence interval) of ewe lambs that attained puberty (during
Days 261 to 278 post partum), the apparent ovulation rate (at Day
607 post partum) and the percentage which ovulated post-
synchronisation (at Day 607 post partum). Table shows least square
means (+SE) for ovulation rate and proportion that ovulated.

Effect of dam nutrition during early pregnancy (P21-50; either sub
maintenance (Sm;), maintenance (M;) or ad libitum (A;) nutrition)
and mid-to-late pregnancy (P50-140; either maintenance (M;) or ad
libitum (A,) nutrition) on pregnancy rate and number of fetuses of
their daughters at pregnancy scanning (Day 672 post partum). Table
shows least square means (+SE).
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Normal growth trajectories of the ovine fetus and placenta from
conception to end of gestation period (Adapted and modified
from Barcroft, 1946).
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comprising seminiferous cords with one or two gonocytes (g)
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arrows) located at the periphery and Leydig cells (white arrows)
near the basement membrane of the cord (Adapted from Da Silva
etal., 2003).

Sequences of ovarian formation and key events occurring during
gestation and after birth in the sheep (Eckery et al., 1996).

Morphological classification of ovarian follicles. A) primordial -
germ cells surrounded by flattened follicular cells; B) primary -
enlarge oocyte completely surrounded by one or two layers of
cubodial follicular cells; C) secondary - enlarged oocyte
surrounded by two or more concentric layers of cubodial cells,
and; D) antral follicles - an oocyte surrounded by multiple layers
of cuboidal granulose cells and containing antral spaces, cumulus
oophorus and theca layer (Bernal et al., 2010).

Periods of development in sheep, cattle and pigs during which
maternal nutritional manipulations have been applied (light pink
colour) and the stages which effects on structure or function of
the reproductive system have been identified (dark red colour)
(Rhind et al., 2001).

Approximate timing of reproductive development events in the
sheep which may be sensitive to early life nutritional influences,
expressed as days of gestation and percentage of gestation
(Adapted from Rhind et al., 2001 and Rhind, 2004)

Critical periods during gestation in sheep for effects of maternal
nutrition (0.5 x maintenance vs 1.0 x maintenance) on fetal
ovarian development (Robinson et al., 2006).

Study design and overview of maternal size and nutrition studies
conducted in the offspring

Study design and overview of maternal nutrition during early and
mid-to-late pregnancy studies conducted in the offspring
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3.1.
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7.1.

7.2.
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8.1a.

Predicted live weights (Mean + SEM) (using a logistic function)
of male offspring from conception to 800 days for Control and
Restricted maternal nutrition treatments during pregnancy using
twelve sheep studies.

Predicted live weights (Mean) (using an orthogonal polynomial)
of female offspring from 145 (birth) to 450 days after conception
for Control and Restricted maternal nutrition treatments during
pregnancy. This data was generated using fourteen sheep studies.

Histological slide to visualize the measured variables of
seminiferous tubules per  field of 90,977 pm’ in area,
circumference of seminiferous tubule, Sertoli cells per
seminiferous tubule and number of gonocytes per seminiferous
tubule in a sample of fetal testis at Day 140 of gestation.

Growth curve of male offspring born to ewe nutrition during
pregnancy day 21 to day 50 (P21 — 50) (sub maintenance (Sm)
vs maintenance (M;) vs ad libitum (A;)) and P50 — 139
(maintenance (M) vs ad libitum (A;)) (least square mean + SE,
kg). There was no significant difference (P>0.05) between group
from birth to 820 days of age.

The measured histological variables of (A) total number of
dividing and non-dividing oogonia at Day 65 of gestation, and
(B) total number of pre-antral (primordial, primary and
secondary) and antral follicles (tertiary follicles), and (C) total
area of ‘oocytes’, ‘follicular cells’ and ‘follicle’ of the counted
follicles at Day 100 and 140 of gestation.

Immunohistochemical localisation of anti-Miillerian hormone
(AMH) in fetal ovaries (testis used as positive control) at Day
140 of gestation showing localisation of AMH in different type
of follicles (A), negative control ovary (B), positive control (C)
and cropping area for computer-based image analysis (D).

Immunohistochemical localisation of growth differentiation
factor 9 (GDF9) in fetal ovaries at Day 140 of gestation showing
localisation of GDF9 in different type of follicles (A; and A)),
negative control ovary (B), and cropping areas for computer-
based image analysis (B; and B,)..

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad
libitum (A) vs pregnancy maintenance (M)) during pregnancy on
daughter live weight (means + SE) during the period 580 to 2298
days of age (from 2007 to 2011; at breeding, mid-pregnancy
(except in 2008), pre-lambing and weaning). The * indicates a

75

98

117

135

159

163

164

195

Xvii

——
| —



8.1b.

8.2a.

8.2b.

8.3.

9.1.

significant difference at P<0.05.

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad
libitum (A) vs pregnancy maintenance (M)) during pregnancy on
predicted daughter live weight using spline function during the
period 568 to 2304 days of age.

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad
libitum (A) vs pregnancy maintenance (M)) during pregnancy on
daughter body condition score (means + SE) during the period
580 to 2298 days of age (from 2007 to 2011; at breeding, mid-
pregnancy (except in 2008), pre-lambing and weaning). The *
indicates a significant difference at P<0.05. Figures show least
square means (£SE).

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad
libitum (A) vs pregnancy maintenance (M)) during pregnancy on
daughter predicted body condition score using spline function
during the period 568 to 2304 days of age.

Effect of dam size (heavy (H) vs light (L)) and nutrition (ad
libitum (A) vs pregnancy maintenance (M)) during pregnancy on
the proportion (%) of daughters present in 2007, 2008, 2009,
2010 and 2011.

Effect of dam nutrition during early (P21-50; either sub
maintenance (Sm;), maintenance (M;) or ad libitum (A))
nutrition) and mid-to-late pregnancy (P50-140; either
maintenance (M,) or ad libitum (A;) nutrition) on the
hyperoxidised peroxiredoxin 3 (Prx 3) of fetal ovaries at Day 140
gestation. Representative non-reducing Western blot of Prx 3;
Prx 3 is visualised as a 37kDa band, hyperoxidised Prx 3 is
visualised as a low molecular weight band (20 kDa) The columns
represent the 30 animals that were used for the detection of Prx 3
hyperoxidation. (*no band was observed on the 20 kDa, which
show no hyperoxidised form of Prx 3).
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Measurement of seminiferous tubules total area using Imagel
software (Chapter 5).

Measurement of seminiferous tubule area and Sertoli cell counts
using ImageJ software (Chapter 5).

Defects of fetal ovarian cell structure in OCT compound due to
freezing effect (Chapter 9).

Defects of fetal testicular cell structure in OCT compound due to
freezing effect (Chapter 9).
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4a.

4b.

4c.

Immunohistochemistry Protocol for the evaluation of anti
Miillerian hormone (AMH) and Growth Differentiation Factor 9
(GDF9) expression in fetal ovaries (Chapter 7).

Rams from the study of the effect of maternal nutrition during
pregnancy (early and mid-to-late pregnancy) on the offspring
growth and reproductive performance (Chapter 6).

Measurement of  scrotal circumference using  scrotal
measurement tape (a) and blood collection from jugular vein for
testosterone concentration analysis (b) of male offspring
(Chapter 6).

Semen collection and evaluation (Chapter 6).
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