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Introduction 

Tsuma, V.T., S. Einarsson, A. Madej, H. Kindahl, N. Lundeheim and T. Rojkittik­
hun: Endocrine changes during group housing ofprimiparous sows in early preg­
nancy. Acta vet. scand. 1996, 37, 481-490. -The effect of group housmg sows dunng 
early pregnancy on maternal endocnne changes and on embryonic survival was studied 
Twenty crossbred (Swedish YorkshirexSwedish Landrace) pnmiparous sows were used. 
On day 11 ± 1 of pregnancy 3 unacquainted sows were randomly assigned to a smgle 
pen measunng 3mx3m in area. A fourth sow in each group was housed m an md1v1dual 
pen and used as a control. This procedure was repeated 5 times to collect data from 5 
animals m each rank as well as m a control group. Blood samples were collected from 
the day before groupmg to day 5 after groupmg for cortisol, cort1coster01d-bmdmg glob­
ulin (CBG), progesterone (P4), oestrad101-17ft (E2) and prostaglandm F2a metabolite 
(PG-metabolite) analysis. A rank-order test and an ACTH test were performed on day 4 
and day 5 of groupmg respectively. The sows were slaughtered on day 17 ± 1 of preg­
nancy and embryos recovered. Aggression accompanied by elevations (p<0.05) m cor­
tisol concentrations occurred m all grouped sows on the first day of groupmg. The cor­
tisol mcrease was greater (p<0.01) m the subordmate than m the other ranked sows. 
Cortisol concentrations and the level of aggression decreased on subsequent days dur­
mg groupmg, but the cortisol levels were still higher than on the pre-groupmg day ex­
cept for the mtermed1ate ranked sows. Cortisol concentrations after the ACTH test were 
similar m the grouped as well as the control sows. The dominance hierarchy was con­
firmed dunng the rank order test. Concentrations of P 4, E2, PG-metabolite and CBG 
were s1m1lar between the group-housed sows and with the controls. Mean embryonic re­
covery was 66.8% ± 11.5%, 71.3% ± 6.0%, 70.0% ± 16.0%, and 69.9% ± 5.8% for the 
dommant, mtermediate, subordmate, and control sows respectively. Hence, group hous­
mg dunng early pregnancy did not mfluence reproductive hormones or embryomc sur­
VJVal. 

hormones; rank order. 

Group housing of sows is becoming a com­
monly used housing method in modem pig pro­
duction due to welfare considerations. Al­
though group housing may reduce problems of 
behavioural and social deprivation, it leads to 
increased aggression among the grouped sows 
(Bokma & Kersjes 1988). Exposure to social 

stress is accompanied by disruption of repro­
duction in many mammalian species, and the 
degree of reproductive inhibition varies with 
social rank in animals which establish domi­
nance hierarchies (Christian & Davis 1964, 
Christian 1970). Previous work in pigs has 
shown that group housing during early preg­
nancy may negatively influence litter size at 
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birth (Bokma 1990). Nevertheless, there is lim­
ited information concerning the effect of group 
housing during early pregnancy on reproduc­
tive performance. Aggression accompanied by 
increases in plasma corticosteroids occurs 
when unfamiliar pigs are placed together (Ar­
none & Dantzer 1980, Warriss & Brown 1985, 
Parrott & Misson 1989). Stress may negatively 
affect pregnancy, with the period around im­
plantation considered to be quite sensitive to 
the negative effects of stress (Moberg 1985). In 
the golden hamster, social stress during early 
pregnancy was associated with reduced litter 
size in the subordinate females (Pratt & Lisk 
1989). This reduction in litter size in the golden 
hamster has been shown to be mediated via glu­
cocorticoids (Pratt & Lisk 1990). The aim of 
the present study was to determine the endo­
crine changes and effect on embryonic survival, 
of grouping primiparous sows during early 
pregnancy. 

Materials and methods 
Animals 
Experiments were performed with twenty 
crossbred (Swedish YorkshirexSwedish Land­
race) primiparous sows in 5 groups of 4 sows 
each. They were housed in individual pens and 
fed according to the Swedish breeding stock 
standard (Goransson 1984). Concentrates were 
provided twice daily (7:00 am and 3:00 pm) and 
straw once a day, with free access to water. The 
sows were fitted with jugular vein catheters 
(Rodriguez & Kunavongkrit 1983) four days 
before weaning. Piglets were weaned after 5 
weeks of lactation. Oestrous behaviour was 
checked for twice daily (9:00 am and 4:00 pm) 
with the aid of a boar. During oestrus (standing 
to back pressure in the presence of a boar) the 
sows were bred twice by artificial insemination 
(Al), using fresh semen (0 to 3 days old) from 
boars with known fertility. The sows found in 

Acta vet scand vol 37 no 4, 1996 

oestrus in the morning were inseminated on the 
evening of the same day and in the morning of 
the next day. The sows found in oestrus in the 
evening were inseminated in the morning and 
evening of the next day. At 09:30 am on day 11 
± 1 of pregnancy (!81 day of AI= day 1) three 
unacquainted sows were randomly assigned to a 
single solid floor pen measuring 3mx3m in 
area. Each pen had 3 adjacent feeding troughs 
equipped with water nipples. The troughs were 
not divided by any crates, enabling sows to dis­
place each other during feeding. The sows re­
mained in this group until slaughter. The fourth 
sow in each group was housed in an individual 
pen as a control. To confirm the dominance 
hierarchy a rank-order test was performed on 
day 4 of grouping by providing small amounts 
of concentrates repeatedly 10 times. Social 
status was assigned based on the order by which 
the sows displaced each other from the feeding 
troughs. An adrenocorticotrophic hormone 
(ACTH) challenge test was performed at 9:00 
am on day 5 of grouping by intravenous admin­
istration of 50 IU ACTH (Acton prolongatum®, 
Ferring AB, Sweden), to examine adrenal activ­
ity. The sows were slaughtered on day 17 ± 1 of 
pregnancy, ovulation rate determined and em­
bryos recovered. 

Blood Collection 
The experimental design was approved by The 
Ethical Committee for Animal Experiments, 
Uppsala, Sweden. Blood samples were col­
lected via permanent indwelling jugular cathe­
ters every 3 h (9:00 am to 9:00 pm) from the day 
before grouping to day 5 of grouping. On the 
day of the ACTH test, additional samples 
(5 ml) were collected every 15 min (8:00 am to 
12:00 am) and then every one h (1:00 pm to 
3:00 pm). Ten ml blood was collected in hep­
arin tubes, centrifuged and plasma collected 
and stored at -20°C until assayed for cortisol, 
corticosteroid-binding globulin (CBG), proges-
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terone (P 4), oestradiol-l 7j3 (E2) and the prosta­
glandin F2a metabolite (PG-metabolite). Corti­
sol and PG-metabolite concentrations were de­
termined in all samples, CBG in all 9:00 am 
samples, and progesterone (P 4) and oestradiol­
l 7j3 (E2) in samples taken every three hours 
(9:00 am to 9:00 pm). 

Hormone Assays 
Cortisol analysis. Plasma cortisol was de­
termined by a luminescence immunoassay ac­
cording to a method previously described 
(Magnusson et al. 1994). The intra-assay coef­
ficient of variation, calculated from the preci­
sion profiles of 5 assays, was below 9.8% for 
concentrations of cortisol between 11.6 and 
1125.0 nmol/1. The corresponding inter-assay 
coefficients of variation for 3 quality control 
samples were 17.8% (22 ± 6 nmol/l), 13.1% 
(115 ± 18 nmol/l) and 10.9% (235 ± 26 nmol/l). 

Corticosteroid-binding globulin (CBG) 
assay. The binding capacity of CBG was esti­
mated as a 1-point assay and included the addi­
tion of cortisol to saturation according to Ny­
berg et al. (1988). 

Progesterone and oestradiol- l 7j3 anal­
ysis. P4 and E2 concentrations were deter­
mined by an enzyme immunoassay (Amerlite®, 
Kodak Clinical Diagnostics Ltd., Amersham, 
England). The kits were used according to the 
manufacturer's instructions with modifications 
as described by Rojkittikhun et al. (1993). 
The intra-assay coefficient of variation, calcu­
lated from the precision profile of 5 assays, was 
below 2.1 % for concentrations of P 4 between 
2.0 and 160 nmol/1. The corresponding inter-as­
say coefficients of variation were 7.5% and 
11.6% respectively for low and high assay con­
trols. 
The intra-assay coefficient of variation, calcu­
lated from the precision profiles of 5 assays, 

was below 5.7% for concentrations of E2 
between 5.3 and 362.5 pmol/1. The correspond­
ing inter-assay coefficients of variation were 
18.6% and 11.4% respectively for low and me­
dium assay controls. 

PG-metabolite analysis. 15-Keto-13,14-
dihydro-PGF2a (15-ketodihydro-PGF2J, the 
main initial blood plasma metabolite of prosta­
glandin F za was analysed by radioimmunoassay 
as described previously (Granstrom & Kindahl 
1982, Kunavongkrit et al. 1983). The relative 
cross-reactions of the antibody were 16.0% 
with 15-keto-PGF2a' 4.0% with 13,14-dihydro­
PGF2a and 0.4% with PGFza· The inter-assay 
coefficient of variation was 14% and the intra­
assay coefficient of variation ranged between 
6.6% and 11. 7% for different ranges of stan­
dard curve. The practical sensitivity of the as­
say for 50 µl of plasma was 250 pmol/1. 

Embryo Recovery 
On day 17 ± 1 of pregnancy, reproductive tracts 
were removed from sows within 15 to 20 min of 
captive-bolt stunning and exsanguination. Re­
productive tracts were taken to the laboratory 
where embryos were recovered within 1 h of 
slaughter. The number of corpora lutea was re­
corded for all sows. An incision was made 
along the outer curvature of the uterine horn 
and the embryos were then flushed using saline 
(9 g/1 NaCl). The flushing solution was exam­
ined with the aid of a stereomicroscope to count 
the embryos. 

Statistical Analyses 
Changes in P 4 and E2 were expressed in percent 
of individual concentrations on the day before 
grouping. Data were examined by analysis of 
variance using the General Linear Model pro­
cedure (SAS Institute Inc. 1987). Least-squares 
means were compared through use of the prob­
ability of difference option of SAS. For all anal-
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yses, the variation between sows within rank 
was used as an error term when testing the dif­
ferences between ranks. 
The model for analysing the between rank dif­
ferences in concentrations of all the hormones 
studied included the effects of rank, sow within 
rank, day, sampling hour, and the interaction 
between rank and day. 

Results 
Behaviour 
Intense fighting occurred between the sows in 
each group during the first few hours of group­
ing, and in all the groups a linear dominance 
hierarchy was established within the first day of 
grouping. By the second day of grouping, ag­
gression between the sows had decreased and 
was mainly limited to the time of feeding. Dur­
ing the rank-order test, subordinate sows were 
always displaced from the feeding troughs by 
the other 2 sows. The socially intermediate sow 
was displaced by the dominant sow. The sow la­
belled dominant always displaced the others. In 
all the groups, the dominance hierarchy estab­
lished within the first day of grouping was sim­
ilar to that seen on the day of the rank-order 
test, and even on the last day of the experiment. 
The number of corpora lutea was used as an es­
timate of ovulation rate, and mean embryo re­
covery was 66.8% ± 11.5%, 71.3% ± 6.0%, 
70.0% ± 16.0% and 69.9% ± 5.8% for the dom­
inant, intermediate, subordinate, and control 
sows respectively. No significant differences 
were detected for this parameter measured. 

Hormone Profiles 
As illustrated in Table l, cortisol concentrations 
were significantly elevated (p<0.05) on the day 
of grouping in the dominant (Rank 1 ), interme­
diate (Rank 2) and subordinate (Rank 3) sows. 
The cortisol concentrations that were reached 
on the day of grouping in the subordinate sows 
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were significantly higher (p<0.01) than those in 
the other ranks. Cortisol concentrations on the 
second and third days of grouping remained 
similar to those on the first day of grouping in 
the dominant sows. In the other sows, cortisol 
levels decreased on the second and third days of 
grouping, to levels comparable to the pre­
grouping concentrations in the intermediate 
sows, but in the subordinate sows these levels 
were still greater (p<0.05) than the pregrouping 
concentrations. Cortisol concentrations signifi­
cantly mcreased (p<0.05) in the subordinate 
sows on the day of the rank-order test. Cortisol 
concentrations did not differ over the days in 
the control sows. After ACTH administration, 
plasma cortisol increased (p<0.001) in all sows, 
but there was no difference in the cortisol con­
centrations between the ranks or control sows. 
Total cortisol secretion per 180 min after 
ACTH administration (sum of the 15 min sam­
ples for 3 h after ACTH administration) is pre­
sented in Table 1. 
Corticosteroid-binding globulin (CBG) con­
centrations were similar between the grouped 
sows as well as the controls. 
In all sows, P4 levels rose gradually (p<0.05) 
from the day before grouping to day 15 of preg­
nancy when the last sample was collected (Ta­
ble 2). 
In all sows, E2 levels were unchanged during 
the experimental period (Table 3). 
PG-metabolite concentrations (data not shown) 
were not affected by group-housing. 

Discussion 
Elevations in plasma cortisol concentrations 
occur when unfamiliar pigs are placed together 
(Arnone & Dantzer 1980, Warriss & Brown 
1985, Parrott & Misson 1989, Pedersen et al. 
1993). The changes in cortisol concentrations 
during mixing are more pronounced in subordi­
nate animals (Arnone & Dantzer 1980). Simi-



Endocrine changes during group housing 485 

Table 1. Cortisol concentration LSMeans (± SEM) m sows grouped dunng early pregnancy, and m control 
sows dunng the correspondmg penod. 

Cortisol (nmol/l) 

Day Rank 1 Rank2 Rank3 Control 

-1 31.6 ± 3 o• 42.7 ± 3.o• 34.8 ± 3.13 39.7 ± 2.43 

1 45.9 ± 3 7bl 53.9 ± 2.6bl 77.5 ± 2 8b2 41.9 ± 2.431 

2 41.4 ± 2.6b 417±303 50.3 ± 2.8c 43.5 ± 2.73 

3 41.0 ± 4.2b 38.5 ± 3.33 49 0 ± 2.8c 45.0 ± 2.53 

4 38.1 ± 4.4ab 45.7 ± 3.5•b 63 9 ± 3.8<l 42 8 ± 2.93 

ACTH 1861±174 2117±99.7 2611 ±305 2400 ± 80 

abc Values with different superscnpts w1thm the same column differ s1gn1ficantly (p<0.05). 
12 Values with different superscnpts w1thm the same row differ s1gn1ficantly. 

larly in the present study, fighting for domi­
nance on the first day of grouping resulted in el­
evation in cortisol concentrations m all grouped 
sows, which was more marked in the subordi­
nate sows. On subsequent days during group­
ing, cortisol levels decreased as did the inci­
dence of aggression. Nevertheless, in the 
dominant and subordinate sows in the present 
study, the cortisol concentrations on subsequent 
days during grouping were still higher than the 
pre-grouping values. These findings concur 
with those of Parrott & Misson ( 1989), support­
ing psychological stress as an important aspect 
of the adrenal response to mixing. The presence 
of another pig, when perceived as a threat, leads 
to increased pituitary-adrenal activity (Arnone 
& Dantzer 1980). Such was not the case in the 
intermediate ranked sows in the present study, 
where the cortisol levels on subsequent days 
dunng grouping were similar to pregrouping 
levels, suggesting a lower stress response dur­
ing this period in the intermediate ranked sows. 
It is not clear why the intermediate ranked sows 
showed this different response. However, this 
findmg has close parallels to that of Morrow­
Tesch et al. (1994) who used a three-pig model 
as employed in the present study. Although they 
did not measure hormone concentrations, Mor-

row-Tesch et al. (1994) found that, compared 
with socially dominant and subordinate pigs, 
socially intermediate pigs had lower numbers 
of circulating neutrophils in the early days of 
the study. The increase in cortisol concentra­
tions in the intermediate and subordinate sows 
on the day of the rank order test was due to the 
repeated aggression as a consequence of re­
peated concentrate feeding. The dominance 
hierarchy seen during the rank-order test on the 
fourth day of grouping in the present study con­
firmed that observed on the first day of group­
ing. This suggests that dominance hierarchy 
was established within the first day of grouping 
and remained unchanged thereafter. Previous 
reports have also demonstrated establishment 
of dominance hierarchy within 24 h of regroup­
ing pigs (Friend et al. 1983, McGlone 1986). 
We assessed adrenal function on day 5 of 
grouping using ACTH challenge test. This test 
has been used previously in pigs to assess the 
functional status of the adrenal cortex which 
may, in turn, reflect the psychological state and 
experiences of the individual (Mend! et al. 
1992). A high response to ACTH is often seen 
in individuals who have been exposed to certain 
types of chronic stress lasting 4 to 6 weeks 
(Dantzer et al. 1983, von Borell & Ladewig 
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Table 2. LSMeans ( ± SEM) changes (m percent of pregroupmg day values) m plasma P 4 levels m prumparous 
sows grouped during early pregnancy. 

%P4 1evels 

Day Rank I Rank2 Rank3 Control 

-1 1001 ± 9.78 100 ± 8.78 100 ± 8.78 100 ±6.08 

1 117 ± 9.78 121±8.7•b 124 ± 8.7ab 123 ± 6.3b 
2 124 ± 1 l.8b 139 ± 8.7b 147 ± 10.2b 142 ± 6.8bc 
3 149 ± 1 l.9b 143 ± 8.7b 157 ± 10.2b 145 ± 7.lbc 
4 175 ± 17° 173 ±9.2° 188 ± 10.9° 155 ± 7.5° 

1 100% corresponds to 29.9±3.2, 36.7±2.8, 32.9±2.8 and 37.3±2.6 nmol/l for the dominant, mtermed1ate, 
subordinate and control sows, respectively. 

abc Values within the same column with different superscnpts differ s1gn1ficantly (p<0.05). 

1989, Mormede 1990). Similarly, low-ranking 
animals who have received high levels of ag­
gression from others often show an increased 
response to ACTH (Sassenrath 1970, Ely & 
Henry 1978). In the present study, the cortisol 
response to ACTH administration in the 
grouped as well as in the control sows was not 
significantly different. This may suggest that 
group housing using the three-pig model where 
stable linear dominance hierarchies were estab­
lished, was not stressful enough. 
A reduction in plasma corticosteroid-binding 
capacity after chronic exposure to various envi­
ronmental or management-related stressors has 
been reported in the pig (Kattesh et al. 1980, 
Barnett et al. 1985). In the rat, both dominants 
and subordinates, particularly the latter, show 
substantially reduced CBG levels during group­
ing (Blanchard et al. 1993). The similar pattern 
ofCBG concentrations in the grouped sows and 
the control sows in the present study suggests 
that grouping had no influence on CBG concen­
trations. The decrease in CBG concentrations 
seen in all sows in the present study coincides 
with advancement in pregnancy. This finding 
compares with the situation in the miniature 
pig, where the alpha globulin fraction, which 
contains transcortin, decreased during gestation 
(Tumbleson et al. 1970). 

Acta vet scand vol 37 no 4, 1996 

In the present study, no consequences for repro­
duction, in terms of reproductive hormones and 
embryonic survival were found in relation to 
group housing sows during early pregnancy. 
The patterns of P 4 (Shille et al. 1979, King & 
Rajamahendran 1988), E2 (Guthrie et al. 1972, 
Robertson & King 1974), and PG-metabolite 
concentrations (Shille et al. 1979) observed in 
the present study were characteristic of the 
early pregnant sow. Likewise, the similar em­
bryonic survival observed here between the 
grouped and the control sows excludes an effect 
of group housing on embryonic survival in the 
present study. However, this does not exclude a 
detrimental effect of social stress during early 
pregnancy on reproductive performance. Group 
housing of pregnant sows during the first few 
weeks of gestation may negatively influence lit­
ter size at birth (Bokma 1990). Data for the 
golden hamster indicate that social stress 
caused smaller litter sizes in socially subordi­
nate individuals, which was mediated via glu­
cocorticoids (Pratt & Lisk 1990). In the present 
study, dominance hierarchy was established on 
the first day of grouping and remained linear 
thereafter. When social dominance hierarchy is 
established within a group, the outcome of sub­
sequent aggressive interactions is predictable 
from previous encounters, and thus, the level of 
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Table 3. LSMeans (± SEM) changes (m percent ofpregroupmg day values) m plasma E2 levels m prim1par­
ous sows grouped dunng early pregnancy. 

% E2 levels 
Day Rank 1 Rank2 Rank3 Control 

-1 1001 ± 7.3 100 ± 6.5 100 ± 6.5 100 ± 5.9 
1 98 ± 7.3 103 ± 6.5 101 ± 6.5 90 ± 5.9 
2 117 ± 9.0 95 ±6 5 87 ± 7.7 107 ± 5.9 
3 98 ± 9.0 102 ± 6.5 73 ± 7.7 98 ± 6.2 
4 105 ± 12.8 123 ± 6.9 79 ± 8 2 96 ± 6.6 

1 100% corresponds to 22±2.4, 29.2±2.1, 27.8±2.1and39±1.9 pmol/l for the dommant, mtermedlate, subordi­
nate and control sows, respectively. 

aggression is reduced within the group (Rowell 
1974). This may benefit individual animals be­
cause they will avoid potentially costly interac­
tions with conspecifics, whether dominant or 
subordinate (Rowell 1974, Bernstein 1981). 
The stability of the three-pig model used in this 
study may have reduced the level of conflict and 
stress among the grouped sows, accounting for 
the similar reproductive performance between 
the grouped as well as with the control sows. 
Larger group sizes in pigs have been shown to 
result in complex, unstable, nonlinear social re­
lationships (McGlone 1986). Among other 
things, it has been suggested that it is the lack of 
control and predictability accompanying social 
instability which stimulates cortisol secretion 
(Sapolsky 1992). Group housing pregnant sows 
during early pregnancy using more sows in the 
group requires further exploration. 
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Sammandrag 
Hormone/la foriindrzngar i samband med gruppe­
rzng av ungsuggor under tidig driiktzghet 

Effekten av gruppenng under t1d1g driiktighet av 
ungsuggor har studerats med avseende pa matemella 
hormonella foriindnngar och fosteroverlevnad hos 
tjugo ungsuggor av korsnmgsras (Svensk Yorkshire 
xSvensk Lantras). Pa dag 11 ± 11 driiktigheten sam­
manfordes 3 stycken slumpmiiss1gt utvalda suggor, 
som mte t1d1gare gatt tillsammans, 1 en gemensam 
box (3mx3m) medan en fjiirde sugga placerades 1 en 

egen box och fungerade som kontrolldJur. Detta upp­
repades 5 ganger. Blodprover samlades med bolJan 
dagen fore gruppenngen och pag1ck till dag 5 efter 
gruppenngen och analyserades med avseende pa 
kortisol, kort1kostero1d-bmdande globulin (CBG), 
progesteron (P4), ostradiol-17 /3 (E2) och prostaglan­
dm F 2a metabohten (PG-metaboht). En rangordnmg­
stest och en ACTH test utfordes pa dag 4 respektive 
dag 5 efter gruppenngen. Suggoma slaktades pa dag 
17 ± l av driiktigheten och fostren samlades upp. Ag­
gress1oner atfoljd av kort1solstegnngar (p<0,05) 
f6rekom hos samthga grupperade suggor f6rsta 
grupperingsdagen. Kort1solstegringama var hOgst 
(p<0,01) hos de liigst rankade suggoma. Kort1sol­
koncentrat1onema och agress10nsmvaema minskade 
under de folJande dagama, men kort1solmvaema var 
fortfarande hogre an fore gruppenngen hos samtliga 
suggor utom hos de mellanrankade suggoma. 
Kort1solkoncentrat1onema efter ACTH testen var 
hka hos de grupperade suggoma och kontroll­
suggoma Rangordnmgen, som faststiillts gruppe­
nngsdagen bekriiftades v1d rangordnmgstesten. Kon­
centratlonema av P 4, E2, PG-metaboliten och CBG 
var hka hos de grupperade suggoma och kontroll­
suggoma. Medelprocenttalen aterfunna foster I re­
lation till antalet gula kroppar var 66,8 ± 11,5, 
71,3 ± 6,0, 70,0 ± 16,0 och 69,9 ± 5,8 hos de hogst, 
mellan och liigst rankade suggoma respektlve hos 
kontrollsuggoma. Gruppenng av suggor under t1dig 
driiktighet hade salunda mgen mverkan vare s1g pa 
blodkoncentratlonema av konshormoner eller foster­
overlevnad. 
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