Poorer lifetime growth performance of gilt progeny compared with sow
progeny is largely due to weight differences at birth and reduced growth in the
preweaning period, and is not improved by progeny segregation after weaning!
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ABSTRACT: Gilt progeny (GP) are born and weaned
lighter than sow progeny (SP) and have higher rates
of mortality. This study aimed to quantify the perfor-
mance and survival differences between GP and SP
throughout the entire production cycle from birth to
sale. Furthermore, the study looked at the effects of seg-
regating GP and SP compared with commingling during
rearing within common pens. It was hypothesized that
GP would be lighter than SP at every age and have lower
rates of survival accompanied by higher rates of medi-
cation, and that segregating GP and SP would improve
the growth and survival of both groups. All progeny
born to 109 gilts (parity 1) and 94 sows (parities 2 to
8) were allocated to 4 postweaning treatments at birth:
GP separately penned, GP mixed with SP in a common
pen (GM), SP separately penned, and SP mixed with
GP in a common pen (SM), with littermates split among
treatments. The GM and SM pigs were penned together
after weaning. Individual live weight of all progeny
was recorded at birth (birth weight [BWT]), weaning
(28 d; weaning weight [WWT]), 10 wk of age (10-
wk weight [10WT]), and sale (22-23 wk; sale weight
[SWT]). Individual HCW, backfat depth, loin depth,

and dressing percentage were measured at slaughter. All
postweaning mortalities and medications were record-
ed. The GP had a lighter BWT (P = 0.032), WWT (P <
0.001), 10WT (P < 0.001), and SWT (P < 0.001) than
SP as well as a lower HCW (P < 0.001) and dressing
percentage (P = 0.012). Postweaning performance dif-
ferences were mostly attributable to the lighter WWT of
GP compared with that of SP when WWT was fitted as a
covariate. The GP had a higher mortality in the immedi-
ate postweaning period (weaning to 10 wk of age; P =
0.028) and from weaning to sale (P = 0.012) than SP,
which was also attributable to lower WWT. The GP
exhibited a higher incidence of mortality (P = 0.011)
due to respiratory tract infection in the grower—finish-
er period, despite similar medication rates (P = 0.83).
Segregation of GP and SP between pens presented no
benefit in terms of growth and survival of both groups
while requiring added labor and production consider-
ations and, therefore, is not recommended. This study
confirms that GP are lighter than SP, on average, at
every stage of life from birth to slaughter and that their
performance before weaning is an important determi-
nant for whole-of-life performance.
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INTRODUCTION

Parity of the dam can be an important factor in
determining the growth and survival of the resulting
progeny. Progeny of primiparous sows (gilt progeny
[GP]) are lighter at birth (Hendrix et al., 1978; Miller
etal., 2012a) and weaning (Wilson and Johnson, 1980;
Carney-Hinkle et al., 2013) than multiparous sow
progeny (SP) and have lower growth rates from birth
to market (Kemme et al., 1997; Gatford et al., 2009).
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Quantifying gilt progeny performance

Studies show that GP also have higher rates of mortal-
ity and require higher rates of medication (Holyoake,
2006; Miller et al., 2012a). The poorer performance of
GP relative to SP is not well understood but believed
to be due to a number of factors including low birth
weight, poor colostrum and/or milk intake (Miller et al.,
2012a,b), and insufficient transfer of maternal immuno-
globulins (Le Dividich et al., 2005; Pineiro et al., 2008;
Cabrera et al., 2012). Previous comparisons of separate
and commingled progeny production systems in the
United States have found a benefit of segregating GP
and SP between farms in terms of more effective patho-
gen control, reducing costs of production by the use of
targeted nutritional and veterinary treatment programs
(Moore, 2001; Boyd et al., 2002; Donovan, 2004). The
aims of this experiment were to quantify the differences
in performance between GP and SP from birth until
slaughter in an Australian commercial production sys-
tem and to evaluate segregated housing of these progeny
after weaning as a management technique to improve
the performance of both progeny groups. The general
hypothesis examined was that GP would be born lighter
and grow slower than SP throughout their lifetime and
have higher rates of mortality and medication. and that
keeping these progeny groups in separate pens would
result in improved growth performance and survival of
both GP and SP due to reduced pathogen exposure.

MATERIALS AND METHODS

All experimental procedures performed were ap-
proved by both the Rivalea (Australia) Animal Care
and Ethics Committee (protocol number 15P023) and
the Murdoch University Animal Ethics Committee
(protocol number N2778/15) in accordance with the
Australian Code for the Care and Use of Animals for
Scientific Purposes (National Health and Medical
Research Council, 2013).

Experimental Design

The entire experiment was conducted under com-
mercial conditions at the largest piggery site of Rivalea
(Australia) Pty. Ltd. (Corowa, Australia). A diagram-
matic representation of the experimental design and
allocation of treatments is shown in Fig. 1. All piglets
(Primegro Genetics, Corowa, NSW, Australia) born
to 109 primiparous (gilts; parity 1) and 94 multipa-
rous (parities 2 to 8) Large White x Landrace F; sows
(Primegro Genetics) that farrowed over a 10-d period
in March 2015 were included in the experiment. This
comprised a total of 1,143 GP and 1,019 SP spread
over 5 farrowing houses on 3 separate farms (farms 1,
2, and 3) located within a single site at Corowa, NSW,
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Australia. Piglets were allocated to this project based
solely on their dam’s parity, farrowing date, and prog-
eny genotype (commercial crossbreed).

Piglets were individually identified by ear tag at birth
before fostering and randomly assigned to 1 of 4 post-
weaning treatments at tagging: GP to be reared together
after weaning (GP separately penned [GG]), SP to be
reared together (SP separately penned [SS]), GP mixed
with SP in a common pen (GM), and SP mixed with
GP in a common pen (SM). Two-thirds of pigs in each
litter were allocated to the segregated treatments (GG
and SS), and the other third were allocated to the mixed
treatments (GM and SM). Individual live birth weight
(BWT) was recorded, along with dam parity, litter size
(LS), and farm and shed of birth. Minimal cross-foster-
ing of piglets was performed within progeny groups to
standardize LS to between 8 and 12 piglets, such that
GP were nursed only by gilts and SP were nursed only
by sows for the entire preweaning period. Due to com-
mercial considerations and the experimental design to
balance treatment groups, some litters could not be in-
cluded in the experiment in their entirety. Piglets were
individually weighed at weaning (average 27.89 = 0.05
d of age; weaning weight [WWT]), and ADG during
this preweaning period was calculated. After weaning,
pigs were transported to a single weaner facility at farm
1 and separately grouped into pens for GG and SS treat-
ments, whereas GM and SM piglets were commingled
into common “mixed” pens. For mixed pens (GP and SP
mixed in a common pen [M]), the allocation of GM and
SM treatments was targeted toward a ratio of 1:1 of each
treatment group. All groups shared the same airspace,
and pens were divided by steel bars allowing nose-to-
nose contact between adjacent pens. Mixed pens were
placed between 2 segregated pens, where possible, to
minimize direct contact between segregated pens. Pigs
from each source farm were kept in separate pens as
much as possible, and the source farm or farms of each
pen was recorded. These treatment groups were main-
tained throughout the grower—finisher period, although
pen sizes were reduced (see Animal Management).

Pigs were individually weighed at 10 wk of age
(10-wk weight [10WT]) and sale (sale weight [SWT]),
and ADG was calculated from 4 to 10 wk of age and
from 10 wk of age to sale. Average daily gain was addi-
tionally calculated from weaning to sale (4 wk to sale)
and from birth to sale. Total pen weights were obtained,
and an average pig weight was calculated from indi-
vidual weights at 10 wk of age (average pig weight
at 10 wk of age [P10WT]) and sale, with an extra pen
weight at 17 wk of age recorded. Total feed consumed
was recorded from 10 to 17 wk of age and from 17 wk
of age to sale on a pen-by-pen basis, with feed adminis-
tered and measured using an electronic feed cart fitted
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Figure 1. Graphical representation of the experimental procedures used, showing the organization of pigs into treatments and the points of data collection.
Birth group treatments are gilt progeny (GP) and sow progeny (SP); rearing group treatments are GP separately penned (GG), SP separately penned (SS), and
GP and SP mixed in a common pen (M) and subgroup treatments are GG, SS, GP mixed with SP in a common pen (GM), and SP mixed with GP in a common
pen (SM). FAT = carcass fat level measured at the P2 site; LD = carcass loin depth measured at the P2 site; DP = dressing percentage: (HCW/sale weight) x 100.

with a weigh scale. From these pen data, ADG, ADFI,
and G:F were calculated and were represented as av-
erages per pig, with an adjustment for pigs that died
during that period. Values were adjusted depending on
the number of pigs that were consuming feed each day
(“pig days”). The date and reason for any mortalities
or removals were recorded throughout the experiment.

At sale, pigs were given individual tattoos for car-
cass identification. Hot carcass weight was measured
on a hanging scale at slaughter, and backfat (measured
at the P2 site, 65 mm down the side at the level of the
head of the last rib [FAT]) and carcass loin depth mea-
sured at the P2 site (LD; 6.5 cm from the midline over
the last rib) were measured using a Hennessy Grading
Probe (Hennessy Grading Systems Ltd., Auckland,
New Zealand). Dressing percentage (HCW/SWT x

100) was calculated, and heavily trimmed carcasses
were excluded from the analysis.

Animal Management

Gilts were housed separately from multiparous
sows at farms 1 and 3 in static groups of 40 and 10, re-
spectively, but housed together in common pens with
parity 1 and 2 sows at farm 2 in dynamic groups of 250
during gestation with approximately 2 m2/sow space al-
lowance. Sows were moved into the farrowing houses
approximately 8 d before their expected farrow date and
housed in individual farrowing pens. Each farrowing
crate or pen was fitted with a drinker nipple for both
sows and piglets and a creep area for piglets fitted with
a heat lamp. Piglets were given an injection of 200 mg
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of Fe (Gleptosil; Champion Alstoe Animal Health,
Whitby, ON, Canada) and 2 mL of mycoplasma vac-
cine (RespiSure One; Zoetis Australia Pty. Ltd., NSW,
Australia) 2 d after birth, and their tails were docked. All
sows were fed a common gestation (averaging 12.9 MJ
DE/kg, 13.3% CP, and 0.5% available Lys, as-fed ba-
sis) and lactation (14.9 MJ DE/kg, 17.1% CP, and 0.9%
available Lys) diet throughout the experiment. Piglets
were provided ad libitum access to creep feed (15.3
MJ DE/kg, 21.5% CP, and 1.5% available Lys) and
vaccinated against porcine circovirus type 2 (Ingelvac
CircoFLEX; Boehringer Ingelheim Pty. Ltd., Sydney,
NSW, Australia) approximately 1 wk before weaning.

All 3 farms performed weaning on separate days,
and pigs from farm 2 were weaned over 2 d. As such,
pigs were separated into sexes and transported to the
weaner facility at farm 1 over a 4-d period at weaning.
Commercial weaning procedures resulted in litters being
mixed and randomly represented between pens, with no
more than 6 siblings represented in the same weaner pen.
This facility consisted of 2 sheds containing different
sized pens (small, approximately 35 pigs/pen, and large,
approximately 70 pigs/pen, with a space allowance of
0.22 m?/pig regardless of pen size), each fitted with
heat lamps and drinker nipples. During this period, pigs
were given ad libitum access to a standard commercial
starter diet (averaging 14.1 MJ DE/kg, 17.0% CP, and
1.2% available Lys) for the first 10 d after weaning and
standard commercial weaner 1 (14.9 MJ DE/kg, 21.6%
CP, and 1.3% available Lys) and weaner 2 (14.5 MJ DE/
kg, 21.8% CP, and 1.2% available Lys) diets thereafter.
Piglets received an additional vaccination against myco-
plasma (Respisure; Zoetis Australia Pty. Ltd.) at 8 wk of
age. An autogenous vaccine against Actinobacillus pleu-
ropneumoniae (APP) was administered at 8 wk of age
and again at 10, 12, 15, and 18 wk of age.

At approximately 10 wk of age, all pigs were
moved into the grower—finisher facility at farm 1 on a
single day. Pigs were moved into pens of 14 pigs/pen
(approximately 0.66 m?%/pig) fitted with drinker nip-
ples, with females and males housed in separate sheds.
Pigs that were penned together in the weaner facility
were kept together as much as possible when reallocat-
ed to grower—finisher pens to avoid remixing, and no
more than 5 siblings were represented in the same pen.
Individual pig weights at this point (10WT) were taken
over the next 3 d. During this period, pigs were given
ad libitum access to standard commercial grower (av-
eraging 13.9 MJ DE/kg, 16.2% CP, and 1.0% available
Lys) and finisher (averaging 13.5 MJ DE/kg, 13.9%
CP, and 0.8% available Lys) diets. Males were immu-
nologically castrated using a GnRH boar taint vaccine
(Improvac; Zoetis Australia Pty. Ltd.) given at 13 and
20 wk of age. Individual pigs showing clinical signs

4907

of APP infection (shortness of breath, cyanosis, nasal
bleeding, etc.) were treated with florfenicol (Selectan;
Laboratorios HIPRA, S.A., Girona, Catalonia, Spain)
and meloxicam (Metacam; Boehringer Ingelheim Pty.
Ltd.) and left in their respective pens. All individual
medical treatments were recorded.

Pigs were sent to an on-site abattoir for processing
the day after SWT was determined. Females were sold at
22 wk of age and males at 23 wk of age, over 3 separate
days each week coinciding with the date on which they
were weighed at the start of the grower—finisher period.
Therefore, the growth period was identical within sex.

Statistical Analysis

The data were analyzed using 3 model variations
(Fig. 1): 1) the birth group model, where treatments
were based on the parity of the birth dam, regardless
of how progeny were reared after weaning (i.e., GP vs.
SP); 2) the rearing group model, based on how the prog-
eny were grouped in pens after weaning (i.e., contrasts
among GG, SS, and M); and 3) the subgroup model,
where the rearing group model treatment M was split
into its 2 separate treatments (i.e., GG, SS, GM, and SM).
For the subgroup model, the following contrasts were
considered: 1) GG vs. GM and 2) SS vs. SM. Individual
performance data were analyzed using the MIXED pro-
cedure of SPSS (IBM SPSS version 21.0; IBM, Chicago,
IL), with individual pig as the experimental unit.

For all traits and models, both treatment and sex
were included as fixed factors. Dam parity group (par-
ity 1, parities 2 to 4, and parity >4) nested within birth
group treatment was fitted as a class effect for each
trait to test for the effect of the range of multiparous
sow parities included in the experiment. The age of
the animal at time of live weight measurement was
fitted as a covariate for each trait as appropriate. Litter
of birth (to account for the impact of both common
genes and a common environment before weaning),
farm of birth, farrowing shed of birth, weaner pen, fin-
isher pen, and source farm of each pen were tested as
random factors in each model where appropriate.

Birth weight was analyzed with and without fitting
LS as a covariate. To investigate the impact of earlier live
weights on later growth performance, BWT was fitted
as a covariate in the analysis of WWT and preweaning
ADG to determine how much variation in preweaning
growth was attributable to BWT. Similarly, WWT was
fitted as a covariate for postweaning performance traits.

Average pen performance data in the grower—fin-
isher period (using the rearing group treatment model)
were analyzed as a univariate ANOVA using the GLM
procedure of SPSS, with pen as the experimental unit.
Therefore, random effects associated with individuals



4908

could not be accommodated in the pen ANOVA. For
traits within the grower—finisher facility, the number
of days between entry to the grower—finisher facil-
ity and measurement of 10-wk weight (DAYS) was
used as a covariate where appropriate, because pigs
were weighed up to 3 d after they entered the facility.
As above, models were compared with and without
P10WT fitted as a covariate for later traits. Age at sale,
nested within sex, was fitted as a covariate for traits re-
corded at sale or slaughter (SWT, HCW, FAT, etc.) to
account for sexes being sold at different ages. Hot car-
cass weight was fitted as a covariate for FAT and LD.

Postweaning mortality and medication rates were
analyzed using a generalized linear mixed model binary
logistic regression through the GENLINMIXED proce-
dure of SPSS, with individual pig as the experimental
unit. Due to the method for allocation of experimental
litters to treatments in the farrowing house, whole lit-
ters were not necessarily represented in the experiment,
meaning preweaning mortality data were censored
and were not able to be analyzed. This was also due to
the lack of quality control in recording of preweaning
losses, which meant that preweaning mortality data of
whole litters was incomplete and, therefore, unreliable.
Differences in mortality between GP and SP during the
suckling period were, therefore, beyond the scope of
this study. During the weaner period (from weaning to
10 wk of age), 4.5% of animals were unable to be iden-
tified as having died or not, most likely due to record-
ing error or loss of tag. These animals were, therefore,
not included in the analysis of mortality during this pe-
riod. For the binary logistic regression, WWT of each
pig were assigned to quintiles (1 to 5) and this WWT
category was fitted as a class effect. This was in order
to account for any differences in postweaning mortal-
ity that may have been due to differences in weaning
weight of the gilt and sow progeny groups.

The number of individual pig observations for
each trait and treatment included in the analysis after
editing for outliers is presented in Table 1. A P-value <
0.05 was considered significant and P-values between
0.05 and 0.10 were considered a tendency toward sig-
nificance. Significant differences (P < 0.05) between
individual treatment means were determined using a
Bonferroni adjustment for multiple pairwise compari-
sons where appropriate. Estimates are herein reported
as least squares means + SE.

RESULTS

For all traits and all model variations, the random
effects of farm and shed of birth, weaner and finisher
pen, and source farm of each pen were not significant
(P > 0.10) and were, therefore, omitted from the mod-
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Table 1. Number of pigs represented in each treatment
group for each individual trait (after editing for outliers)

Model
Birth group? Rearing group? Subgroup*

Trait! GP SP GG SS M GM SM
Before weaning (0 to 4 wk)

BWT 1,143 1,019 782 690 690 361 329

ADG 834 763 580 512 505 254 251

WWT 834 763 580 512 505 254 251
Weaner period (4 to 10 wk)

ADG 756 717 537 483 453 219 234

10WT 797 737 566 500 468 231 237
Grower—finisher (10 wk to sale)

ADG 543 533 375 350 351 168 183

SWT 546 533 375 350 354 171 183
Lifetime (0 wk to sale)

Wean to sale ADG 523 523 355 341 350 168 182
Birth to sale ADG 546 533 375 350 354 171 183
Carcass

HCW 535 520 367 341 347 168 179
FAT 540 525 371 345 349 169 180
LD 539 525 370 345 349 169 180
DP 535 520 367 341 347 168 179

IBWT = birth weight; WWT = weaning weight (approximately 4 wk of
age); 10WT = 10-wk weight; SWT = sale weight; FAT = carcass fat level
measured at the P2 site; LD = carcass loin depth measured at the P2 site;
DP = dressing percentage: (HCW/SWT) x 100.

2GP = gilt progeny; SP = sow progeny.
3GG = GP separately penned; SS = SP separately penned; M = GP and
SP mixed in a common pen.

4GM = GP mixed with SP in a common pen; SM = SP mixed with GP
in a common pen.

els for the analyses. Dam parity nested within birth
group treatment was not significant for any traits and
was, therefore, also not included in any models. Litter
of birth had a significant effect on all traits in the mixed
models analysis except for wean to sale ADG and birth
to sale ADG and was, therefore, included in the rel-
evant models. The effect of sex tended toward signifi-
cance (P = 0.095) for BWT but was not significant for
any other traits. Sex was left in the model for each trait
but estimates are not reported herein. The treatment X
sex interaction was not significant for any traits and
was, therefore, omitted from the operational models.

Farrowing House

At birth, GP were 60 g lighter (P = 0.032) than
SP (Table 2) and 100 g lighter (1.41 £0.02 vs. 1.51 £
0.02 kg; P =0.001) after accounting for the effect of
LS on BWT, based on contrasts from the birth group
model. The subgroup model demonstrated that there
were no significant differences in BWT between pig-
lets allocated to the GG and GM (P = 0.27) treatment
groups or the SS and SM treatment groups (P = 0.56).
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Table 2. Least squares means (SE), and main treatment
effects for the birth group model (gilt progeny [GP] and
sow progeny [SP]) from the linear mixed models analysis

Treatment

Trait! GP SP P-value
Before weaning (0 to 4 wk)

BWT, kg 1.44 (0.02) 1.50 (0.02) 0.032

ADG, g/d 189 (3) 221 (3) <0.001

WWT, kg 6.77 (0.10) 7.69 (0.10) <0.001
Weaner period (4 to 10 wk)

ADG, g/d 457 (5) 499 (5) <0.001

10WT, kg 26.6 (0.3) 29.2(0.3) <0.001
Grower—finisher (10 wk to sale)

ADG, g/d 850 (6) 871 (6) 0.022

SWT, kg 99.5(0.8) 104.7 (0.8) <0.001
Lifetime (0 wk to sale)

Wean to sale ADG, g/d 732 (4) 746 (4) 0.006

Birth to sale ADG, g/d 638 (3) 652 (4) 0.003
Carcass

HCW, kg 75.4 (0.6) 80.0 (0.6) <0.001

FAT.2 mm 11.4(0.1) 11.5(0.1) 0.46

LD,2 mm 53.3(0.2) 53.5(0.2) 0.56

DP, % 75.8 (0.1) 76.1 (0.1) 0.012

IBWT = birth weight; WWT = weaning weight (approximately 4 wk of
age); IOWT = 10-wk weight; SWT = sale weight; FAT = carcass fat level
measured at the P2 site; LD = carcass loin depth measured at the P2 site;
DP = dressing percentage: (HCW/SWT) x 100.

2Carcass fat (FAT) and LD corrected for HCW (nested within sex).

During the suckling period, GP grew 32 g/d slower
(P <0.001) than SP and were 920 g lighter (P < 0.001)
at weaning (Table 2). They remained 770 g lighter
(P < 0.001) after accounting for the lighter BWT of
GP, which made a significant (P < 0.001) contribu-
tion to the overall WWT model when fitted as a co-
variate (data not shown). Similarly, preweaning ADG
was significantly (P < 0.001) affected by BWT, but
the contrasts between GP (190 + 3 g/d) and SP (219 +
3 g/d) for ADG remained significantly different (P <
0.001) after adjustment for BWT. The subgroup analy-
sis showed that piglets allocated to the SS treatment
were lighter (P = 0.002) at weaning than SM piglets by
chance (Table 3). This was taken into account for all
subsequent postweaning traits by adjusting for WWT
nested within birth group treatment as a covariate.
There was no difference (P = 0.34) in WWT between
piglets allocated to GG and GM treatments (Table 3).

Weaner Period

Gilt progeny grew slower (P < 0.001) than SP from
weaning until 10 wk of age (ADG; Table 2), even after
adjusting for WWT (P < 0.001; Fig. 2). There was a ten-
dency (P = 0.090) for M pens (both GP and SP) to grow
faster (483 + 4 g/d) than GG pens (471 = 5 g/d) and SS
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Figure 2. Difference in live weight (in kg) between gilt progeny and
sow progeny from weaning (4 wk of age) to sale (22.5 wk of age). Results
are shown for the model with no correction and the model with a correction
for weaning weight fitted as a covariate.

pens (478 £ 5 g/d) after adjusting for WWT differences.
There were no differences (P > 0.10) in ADG in this peri-
od between separate and mixed progeny groups (Table 3).

At 10 wk of age, GP were 2.6 kg lighter (P <
0.001) than their SP counterparts (birth group mod-
el; Table 2). This difference reduced to 800 g after
accounting for WWT (P = 0.016; Fig. 2). Average
weights from M pens were heaviest (28.2 + 0.2 kg),
GG pens were lightest (27.6 = 0.2 kg), and SS pens
were intermediate (27.8 £ 0.2 kg, after accounting
for pretreatment WWT differences; P = 0.014). After
accounting for pretreatment WWT differences, GM
progeny were significantly (P = 0.040) heavier at 10
wk of age than GG progeny but there was no differ-
ence (P> 0.10) between SM and SS progeny (Table 3).

Gilt progeny exhibited higher (P = 0.028) rates
of mortality in this period than SP (birth group model;
4.2 + 0.1 vs. 2.2 + 0.1%, respectively). However, this
difference was halved after accounting for WWTS5 in
the model (2.6 = 0.7 vs. 1.6 &+ 0.5%, respectively; P =
0.11). Main effects of treatment on mortality rates dur-
ing the weaner phase were not significant (P > 0.10) for
the rearing group or subgroup models (data not shown).

Grower-Finisher Period

Gilt progeny grew slower (P = 0.022) than SP be-
tween 10 wk of age and sale (ADG; Table 2) and were
5.2 kg lighter at sale (P < 0.001); however, differences
were no longer significant when adjusting for WWT
(Fig. 2). There were no differences (P > 0.10) among
SS, GG, and M pens in the individual MIXED analy-
sis (data not shown). There were no differences (P >
0.10) between separate and mixed progeny groups in
terms of ADG in this period (subgroup model) or in
terms of SWT (Table 3).
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Table 3. Least squares means (SE) of continuous individual pig performance traits and between treatment pair-

wise comparisons for the subgroup model from the linear mixed models analysis

Subgroup?3 P-value?

Trait! GG SS GM SM GG vs. GM SS vs. SM
Before weaning (0 to 4 wk)

BWT, kg 1.44 (0.02) 1.50 (0.02) 1.42 (0.02) 1.51 (0.03) 0.54 1.00

ADG, g/d 190 (3) 216 (4) 185 (4) 229 (4) 0.26 <0.001

WWT, kg 6.81 (0.10) 7.57 (0.11) 6.66 (0.12) 7.94 (0.13) 0.34 0.002
Weaner period (4 to 10 wk)

ADG, g/d 459 (10) 491 (11) 469 (11) 498 (12) 0.13 0.44

10WT, kg 27.2(0.4) 28.3(0.5) 27.7(0.5) 28.8(0.5) 0.040 0.12
Grower—finisher (10 wk to sale)

ADG, g/d 822 (15) 904 (17) 829 (16) 897 (18) 0.96 0.82

SWT, kg 97.3(1.6) 106.9 (1.7) 98.9 (1.6) 107.1 (1.8) 0.13 1.00
Lifetime (0 wk to sale)

Wean to sale ADG, g/d 733 (12) 753 (13) 720 (13) 748 (14) 0.22 0.92

Birth to sale ADG, g/d 644 (11) 654 (12) 633 (11) 648 (12) 0.68 0.28
Carcass

HCW, kg 74.1(1.2) 81.0(1.4) 754 (1.3) 81.5(1.5) 0.12 0.86

FAT,> mm 11.9(0.3) 10.9 (0.4) 11.8(0.3) 11.3(0.4) 1.00 0.042

LD, mm 52.4(0.8) 54.3 (0.8) 53.0(0.8) 54.5(0.9) 0.48 1.00

DP, % 75.9 (0.3) 75.8(0.3) 76.0 (0.3) 75.9 (0.3) 1.00 1.00

IBWT = birth weight; WWT = weaning weight (approximately 4 wk of age); I0OWT = 10-wk weight; SWT = sale weight (approximately 22.5 wk of
age); FAT = carcass fat depth measured at the P2 site; LD = carcass loin depth measured at the P2 site; DP = dressing percentage: (HCW/SWT) x 100.

2Subgroup model treatments: GG = gilt progeny (GP) separately penned; SS = sow progeny (SP) separately penned; GM = GP mixed with SP in a com-

mon pen; SM = SP mixed with GP in a common pen.

3Postweaning performance results obtained from the model correcting for WWT nested within birth group treatment to account for random differences

in live weight at weaning before subgroup treatments were applied.

4Contrast P-values obtained after a Bonferroni adjustment for multiple comparisons.

SCarcass fat (FAT) and LD corrected for HCW (nested within sex).

There were no differences (P > 0.10) in overall
mortality rates among any of the treatment groups in
the grower—finisher period (data not shown). The herd
experienced an outbreak of APP at approximately 15
wk of age. Gilt progeny exhibited a higher (P = 0.011)
incidence of mortality due to APP infection in the grow-
er—finisher period than SP (8.0 + 0.0 vs. 6.9 + 0.0%, re-
spectively); however, rates of medication for treatment
of APP symptoms were similar (P = 0.83) between GP
(17.1 £ 1.9%) and SP (17.9 £ 2.0%). There was no ef-
fect of postweaning subgroup treatment on mortality or
APP medication rates (P = 1.00; data not shown).

Pen Performance and Feed Efficiency

Average weight at the start of this period (P10WT)
was significantly affected by DAYS (Table 4). Due to
differences in ADG before this period among progeny
groups, GG pens were lightest, SS pens were heaviest,
and M pens were intermediate at the commencement
of this period, and therefore, P1IOWT was used as a co-
variate for all subsequent traits (Table 4). Pigs in GG
pens grew slower (ADG), ate more feed (ADFI), and
were less feed efficient (G:F; all P < (.05) than pigs in

SS and M pens in all grower—finisher recording peri-
ods (Table 4) except 17 wk to sale, where they grew at
the same rate as pigs in the SS and M pens (P > 0.05).
However, these differences were no longer significant
(P> 0.10) after adjusting for PIOWT (Table 4), except
for a tendency (P = 0.068) for higher ADG from 10 to
17 wk in SS pens than in GG and M pens and a ten-
dency (P = 0.057) for higher G:F from 10 wk to sale
in GG pens than in SS and M pens.

Lifetime Performance and Carcass Characteristics

Consistent with growth results from each period,
GP grew slower (P = 0.003) than SP from birth to sale
(Table 2), but there were no differences (P > 0.10) in
lifetime performance characteristics between separate
and mixed groups (GG vs. GM and SS vs. SM; sub-
group model; Table 3). Gilt progeny had higher (P =
0.012) rates of mortality in the period from weaning
to sale than SP (15.4 + 0.0 vs. 12.0 = 0.0%, respec-
tively); however, this was explained, in part, by WWT
category (15.2 £ 1.2 vs. 12.3 = 1.1%, respectively; P =
0.093) when it was fitted as a covariate. There were
no mortality or medication rate differences (P > 0.10)
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Table 4. Least squares means (SE) and main penning treatment effect from the univariate ANOVA of average pig
performance traits in the grower—finisher period, with pen as the experimental unit

Treatment*
Trait! Model?3 GG SS M P-value
10to 17 wk
P1OWT, kg y=X+DAYS 26.2 (0.3)2 29.2 (0.3)° 28.6 (0.3)° <0.001
ADG, g/d y=X 728 (6)* 760 (6)° 737 (72 0.001
y=X+PI1OWT 737 (7) 753 (7) 732 (7) 0.068
ADFI, g/d y=X 1,639 (12)2 1,748 (13)° 1,717 (13b <0.001
y=X+PI1OWT 1,680 (13) 1,719 (12) 1,698 (12) 0.13
GF, kg:kg y=X 0.445 (0.003)* 0.436 (0.003)20 0.430 (0.003)® 0.003
y=X+PI1OWT 0.440 (0.003) 0.439 (0.003) 0.432 (0.003) 0.17
17 wk to sale
P17WT, kg y=X 60.3 (0.5)2 64.8 (0.5)° 63.4(0.5)° <0.001
y=X+PI1OWT 62.7(0.3) 63.1(0.3) 62.3(0.3) 0.16
ADG, g/d y=X 998 (8) 1,032 (9) 1,014 (9) 0.059
y=X+P1OWT* 1,006 (10) 1,026 (10) 1,010 (10) 0.50
ADFI, g/d y=X 2,628 (19)2 2,753 (21)° 2,734 (22)° <0.001
y=X+PI1OWT 2,663 (23) 2,728 (22) 2,717 (22) 0.15
GF, kg:kg y=X 0.380 (0.002)? 0.372 (0.002)® 0.371 (0.003)® 0.021
y=X+P1OWT* 0.377 (0.003) 0.374 (0.003) 0.372 (0.003) 0.46
PSWT, kg y=X 99.4 (0.6)2 105.0 (0.6)° 103.1 (0.7)° <0.001
y=X+PIOWT 102.1 (0.5) 103.0 (0.5) 101.8 (0.5) 0.21
10 wk to sale
ADG, g/d y=X 845 (5)2 878 (5) 859 (6)2b <0.001
y=X+P1OWT* 855 (6) 871 (6) 854 (6) 0.11
ADFI, g/d y=X 2,069 (13)2 2,183 (14)° 2,164 (15)° <0.001
y=X+PIOWT 2,112 (14) 2,152 (14) 2,143 (14) 0.19
G:F, kg:kg y=X 0.411 (0.002)? 0.403 (0.002)® 0.399 (0.002)® <0.001
y=X+PIOWT 0.409 (0.002) 0.405 (0.002) 0.401 (0.002) 0.057
Carcass
HCW, kg y=X 75.0 (0.5)2 79.6 (0.5)° 78.5(0.5)° <0.001
y=X+PIOWT 77.1 (0.4) 78.2 (0.4) 77.5(0.4) 0.22
FAT,> mm y=X+HCW 11.2(0.1) 11.4(0.1) 11.6 (0.1) 0.15
LD, mm y=X+HCW DAYS 52.6 (0.4) 53.1(0.4) 52.7(0.4) 0.77
DP, % y=X 75.5(0.2)2 75.9 (0.2)% 76.0 (0.2)° 0.11

CMeans within a row with different superscripts significantly differ (P < 0.05) after a Bonferroni adjustment.

IP1OWT = average pig weight at 10 wk of age, fitted as a covariate in the model; P17WT = average pig weight at 17 wk of age; PSWT = average pig
weight at sale (approximately 22.5 wk of age); FAT = carcass fat level measured at the P2 site; LD = carcass loin depth measured at the P2 site; DP =

dressing percentage: (HCW/sale weight) x 100.

2DAY'S = number of days between entry to the grower—finisher facility and measurement of 10-wk weight.

3An X in the model equation denotes the basic fixed factors model (treatment + sex), which is consistent for all traits.

4Treatment groups: GG = gilt progeny separately penned (n = 40); SS = sow progeny separately penned (n = 35); M = gilt progeny and sow progeny

mixed in a common pen (r = 32).
SCarcass fat (FAT) and LD corrected for HCW (nested within sex).
*Effect of PIOWT in the overall model not significant (P > 0.10).

between the separate and mixed progeny groups in any
of the time periods discussed above (data not shown).

Gilt progeny carcasses were 4.6 kg lighter (P <
0.001) than SP carcasses, with a similar thickness
of fat (FAT; P = 0.46) and muscle (LD; P = 0.56)
when adjusted for HCW (Table 2). Furthermore, GP
had a lower (P = 0.012) dressing percentage than SP
(Table 2). There was no difference in HCW between
M and SS pens, but GG pens were lighter (P < 0.001)
in the rearing group model; however, this difference

was no longer significant (P = 0.22) when adjusting
for PIOWT (Table 4). There were no other carcass dif-
ferences (FAT, LD, and dressing percentage; P> 0.10)
between rearing group treatments in the pen ANOVA
(Table 4). Sow progeny were fatter (P = 0.042) in the
SS group than in the SM group (FAT; Table 3). There
was no difference (P > 0.10) between treatments in
the subgroup model in terms of HCW, LD (adjusted
for HCW), or dressing percentage (Table 3). If neces-
sary, supplemental material regarding animal numbers
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and raw data characteristics can be made available on
request to the corresponding author.

DISCUSSION

It is important to quantify the performance of
progeny from gilt litters compared with that of prog-
eny from sow litters to target management interven-
tions to improve growth performance and survival
rates of these animals in the herd. The current results
show that GP are born lighter than SP. This is in gen-
eral agreement with prior studies (Hendrix et al., 1978;
Geale et al., 2009; Miller et al., 2012a; Carney-Hinkle
et al., 2013); however, these other studies have re-
ported a higher discrepancy in BWT (10-15% lower).
Similarly, the finding that GP were 12% lighter than
SP at weaning is comparable to those in previous re-
ports using data from different populations (Campbell
et al., 1990; Spencer et al., 2003; Geale et al., 2009;
Miller et al., 2012a; Carney-Hinkle et al., 2013).

Lower BWT in GP is likely a result of relative im-
maturity of the gilt at mating resulting in smaller ma-
ternal size, which decreases uterine mass (Nielsen et
al., 1995) and placental size and thus reduces delivery
of nutrients to the conceptus (Gluckman and Hanson,
2004). Gilts are mated at a relatively young age to re-
duce nonproductive days, which results in gestation
and lactation at a time where the gilt is still partition-
ing energy between her own growth and the growth
of her litter (Sinclair et al., 1996; Bunter et al., 2010).
Recently, there is evidence to suggest that gilts are un-
der more oxidative stress than multiparous sows dur-
ing gestation (Roy et al., 2016), which has been linked
to interrupted embryonic development, intrauterine
growth restriction, and lower piglet BWT (Agarwal et
al., 2006; Lykkesfeldt and Svendsen, 2007).

Lighter WWT in GP is a consequence of both light-
er BWT and slower preweaning growth rates, and is
thought to be mostly a result of decreased colostrum
and/or milk production in gilts (Beyer et al., 2007;
Devillers et al., 2007; Ngo et al., 2012). This is further
evidenced by the increased growth of GP when fostered
onto multiparous sows at a young age compared with
those suckled by gilts (Pineiro et al., 2008; Geale et al.,
2009; Smits and Collins, 2009). Gilts have smaller ud-
ders than multiparous sows (Balzani et al., 2016), and
any extra energy fed through the lactation diet mostly
contributes to growth of the gilt herself rather than in-
creased milk production (Clowes et al., 1998; Pluske
et al., 1998; Zak et al., 1998). Furthermore, digestion
of nutrients in primiparous sows is not as efficient
(Renteria-Flores et al., 2008; Jacyno et al., 2016), which
may be as a result of lower intestinal volume (Le Goff
and Noblet, 2001; Landgraf et al., 2006) and/or poorer
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diversity of gastrointestinal tract (GIT) microbial pop-
ulations (Shi and Noblet, 1993a,b), which are charac-
teristics of lighter BW sows and may, therefore, be of
consequence to primiparous sows. These factors may
all contribute to suboptimal milk production in gilts and,
therefore, undernourishment of GP before weaning.
The fact that preweaning mortality rates between GP
and SP were not able to be compared in the current study
is unfortunate, because previous published reports are
contradictory, with some indicating that GP show lower
rates of survival before weaning (Mabry et al., 1983;
Holyoake, 2006), others that SP have lower survival
rates (Averette et al., 1999; Baxter et al., 2008; Miller et
al., 2012a), and others finding no difference (Milligan
et al., 2002; Spencer et al., 2003; Gourdine et al., 2004;
Carney-Hinkle et al., 2013). However, the statistical
power of various studies to detect differences in mor-
tality is sometimes questionable. Furthermore, results
were often adjusted for the significant effect of BWT
(Milligan et al., 2002; Miller et al., 2012a), which may
have altered the outcome and further illustrates the im-
portance of BWT on determining preweaning survival.
Gilt progeny were lighter than SP at every post-
weaning growth stage up until sale in the current study,
with lighter HCW but no differences in body compo-
sition as indicated by carcass muscling and fat lev-
els (at a constant HCW). This was in agreement with
Edwards et al. (2013), who found that GP were 4.2 kg
lighter than SP at 10 wk of age, and Pineiro et al. (2008),
who found that GP were significantly lighter than SP
at slaughter. Few studies, though, have examined dif-
ferences in growth performance and carcass quality of
GP and SP through to slaughter. Data from the current
study shows that GP have a lower dressing percent-
age than SP at sale, which may be as a result of under-
nourishment of GP causing preferential growth of the
GIT and associated organs rather than skeletal muscle
(Ebner et al., 1994; Pluske et al., 2003; Cottrell et al.,
2017), but nevertheless should be investigated further.
The finding that GP had decreased survival in the
nursery period concurs with other authors (Holyoake,
2006; Miller et al., 2012b; Edwards et al.,, 2013).
Differences in survival rates between GP and SP did not
persist to later periods of growth (from 10 wk of age until
sale); however, mortality rates in these periods were rel-
atively low and the statistical power to detect differences
between treatments is reduced. Few studies have investi-
gated differences in mortality in later growth periods be-
tween GP and SP; however, Miller et al. (2012a) found
no difference in mortality to sale between GP and SP, in
agreement with the current study. This may be due to
the decreased importance of maternal immunity in these
later stages of life. Despite this, more GP died of APP
infection in this later period despite a similar incidence



Quantifying gilt progeny performance

of infection, as indicated by individual medication rates.
The observation that GP showed rates of medication
similar to those of SP is contrary to previous reports
(Holyoake, 2006; Miller et al., 2012b) showing higher
rates of medical treatments in GP. This may be the due to
the period in which medications were recorded; that is,
the current study reported medication rates throughout
the whole period from weaning to sale as opposed to
shorter periods studied in previous reports. In agreement
with the APP-associated mortality in the current study,
Edwards et al. (2013) reported that GP showed higher
rates of respiratory-related mortality than SP, albeit in
the nursery period instead of the grower—finisher period.
The present results suggest that APP infection rates of
GP may be similar to those of SP, but their reduced im-
mune status may cause them be more severely affected
and succumb to infection at a younger age.

Grouping gilts and sows together in gestation may
improve the immune competence of gilts due to ear-
lier exposure to pathogens present in the multiparous
sow herd. Previous studies (Holyoake, 2006; Miller et
al., 2012b; Edwards et al., 2013) do not report whether
gilts and sows were commingled on the experimen-
tal farms. However, if separation occurred, which is a
common practice in gestation group housing systems
to facilitate gilt management (Li et al., 2012; Gonyou
et al., 2013), this may increase susceptibility of naive
GP to pathogens due to the reduced immune compe-
tence of their dams (Klobasa et al., 1985). This, in turn,
is likely to cause decreased transfer of maternal im-
munity to their offspring. In the current study, com-
mingling of gilts with higher parity sows at one of the
farms may have resulted in an increase in the immune
competence of GP, resulting in reduced mortality rates,
which may be a reason why fewer differences were
detected between GP and SP than expected. However,
this cannot be confirmed from these data. Although
farm was included as a factor within the analysis and
was found to have no effect on any traits, this factor
was not completely balanced and may yet have had an
effect that could not be detected given the study design.
Additionally, a high herd health status on the experi-
mental site as a result of an extensive vaccination pro-
gram for both primiparous and multiparous sows and
their progeny may have masked some of the expected
immunological differences between GP and SP, as a re-
sult of relatively low mortality rates in the herd overall.

Reduced postweaning growth rates, live weights,
carcass weights, and nursery survival rates of GP were
highly attributable to these progeny being born and
weaned lighter than their SP counterparts. The lighter
the piglet at birth, the lighter it is likely to be at weaning
(Winters et al., 1947; Rehfeldt et al., 2008; Beaulieu et
al., 2010) and beyond (Quiniou et al., 2002), with light-
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for-age pigs having less lean mass at sale age, resulting
in an increased number of days to market compared
with piglets weaned (and born) at heavier weights
(Mahan and Lepine, 1991; Dunshea et al., 2003;
Rehfeldt et al., 2008). These differences may be as a
result of an underdeveloped GIT at weaning in these
light-for-age pigs (Pluske et al., 2003; Wiyaporn et al.,
2013). Light-for-age pigs had carcass quality (Beaulieu
et al., 2010) and backfat levels (Dunshea et al., 2003)
similar to pigs born and weaned in higher weight rang-
es, which is consistent with the findings from the pres-
ent study. Lower survival rates in the nursery period
in GP compared with SP may be due to low birth (and
weaning) weights, poorer consumption of colostrum
(Ferrari et al., 2014) containing lower levels of mater-
nal immunoglobulins (Inoue et al., 1980; Klobasa and
Butler, 1987), and lower circulating IgG concentrations
in the piglet (Cabrera et al., 2012), which are all fac-
tors that have been shown to highly correlate with both
pre- and postweaning mortality (Gardner et al., 1989;
Le Dividich et al., 2005; Fix et al., 2010; Devillers et al.,
2011; Quesnel et al., 2012). These findings highlight
the importance of the preweaning period for giving GP
a good start to ensure survival and greater growth per-
formance in later stages of life, up until slaughter.

To the best of the authors’ knowledge, the current
study is the first large-scale experiment designed to spe-
cifically compare whole-of-life growth performance
of GP and SP housed both separately and commingled.
Generally, GP and SP performed similarly in mixed
groups as they did in separated groups in the current
study. In fact, contrary to the current hypothesis, GP
in mixed pens were approximately 500 g heavier at 10
wk of age than those kept separate from SP and 1.6 kg
heavier at sale. More variation in live weight at sale may
explain why the latter finding was not found to be signif-
icant. A possible explanation for this may be that GP in
mixed pens were exposed to less pathogens due to being
commingled with healthier, more robust SP. The find-
ing that SP carcasses were fatter when they were mixed
with GP may suggest that these SP are able to compete
more efficiently with their lighter GP pen-mates for feed.
This is supported by the higher feed intake levels in M
pens in the grower—finisher period. These findings are
in contrast to those from other studies, which may be
due to the segregation being between pens on the same
farm in close proximity to each other rather than sepa-
rate farms, as was the case in the data from the United
States (Moore, 2001; Boyd et al., 2002; Donovan, 2004).
Increased contact between separate and mixed progeny
in the current study may have negated this benefit. On
the other hand, splitting littermates between separate
and mixed treatments would be expected to improve
the accuracy of the contrast between these treatments.
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In light of the current results, separation of GP and SP
between pens presents no added benefit, and mixing
progeny groups after weaning in favor of separation
avoids additional labor and production considerations;
however, further research into this concept is needed.

Collectively, these results indicate that the life-
time growth performance of GP is hindered, largely as
a result of being born and weaned lighter than prog-
eny born to multiparous sows. Poorer growth and sur-
vival in these progeny leads to fewer and lighter pigs
reaching market and taking longer to achieve optimal
market weight, increasing feed costs and ultimately
reducing revenue. Furthermore, we observed that
these differences in growth and health performance
were not improved by segregation of GP and SP af-
ter weaning. Future studies should focus on increasing
GP BWT and WWT through interventions to improve
their growth in this vital preweaning period.
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