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Modern Swine. Facilities and Management
A. H. JENSEN

One of the traditional characteristics
of the swine industry has been the
wide diversity of housing systems.
This variety spans the extremes from
trees and shrubbery as the sole "hous-
ing" protection to elaborately eqiupped,
completely insulated and mechanically
ventilated buildings. The common de-
nominator determining profitable oper-
ation of any of these systems, how-
ever, has always been the man behind
the system. And the choice of system
has usually been dictated by local cir-
cumstances such as weather extremes,
tenancy or ownership, feed supply,
size of enterprise, and financial re
sources.

During the last three to five years,
new techniques in building construc-
tion and swine management have re-
sulted in a marked increase in the
number of confinement swine produc-
tion systems. And although many vari-
ations are evident, certain basic pat-
terns have evolved which provide fa-
cilities and arrangements suitable to
specific uses and greater environment
control.

Most confinement management pro-
grams will fall within one, or a com-
bination, of the three following sys-
tems

1. One unit system. Pigs remain in
the same building from farrow-
ing to market weight; the sows
are removed when the pigs reach
weaning age.

A. H. JENSEN is Associate Profes-
sor of Animal Science, University of
Illinois.

2. Two unit system. Pigs are far
rowed and remain in a farrowing
unit until weaning age, then are
moved to a growing-finishing
unit.

3. Three unit system. Pigs are
moved at weaning to a nursery
unit, then later to a finishing unit.

An additional unit in each of the
above systems would be for the breed-
ing herd. In a majority of cases, this
will mean the use of open-front or
portable sheds in dirt or pasture lots.
A few very specialized producers keep
the breeding herd in strict confinement.

Many modifications of any one or
all of these systems can be found, but
of primary concern in each case is
maximum utilization of all units com-
mensurate with good management
practices.

Confinement production
Confinement production of swine is

not necessarily suited to all producers,
but it offers the advantage of greater
production potential per unit of labor
through the use of mechanization and
automation. Further, at least a quasi-
environment control can be readily ob-
tained. But confinement frequently has
the disadvantages of concentrating
many disease problems and the diffi-
culties associated with manure disposal.

Antibiotics, since their commercial
introduction in the early 1950's, have
tremendously aided the producer in
combating disease problems, but the
handling and disposal of the large
volumes of manure have frequently
continued to be major obstacles. Me-
chanical means of cleaning	 scraping
(by hand or tractor scrapers), water



pressure, gutter-cleaner equipment, and
various combinations of these—re-
duced total manual labor but in many
cases accentuated the inadequacy of
collection and/or storage units. This
latter problem deterred many pro-
ducers from changing from pasture
programs and their "built-in" manure
disposal systems.

Use of slotted floors

Thus, the swine industry was more
than ready to accept manure disposal
systems and building designs that
would solve, at least partially, the labor
requirements and management f rustra-
tions in confinement. The introduction
of slotted floors has, seemingly, largely
answered these needs. In fact, they
might rightfully be credited with ac-
celerating the trend to confinement
more than any other one factor. These
"self-cleaning" floors result from a
structural concept employing openings
in the floor through which manure will
drop or be trampled, thus eliminating
the time and labor of regular cleaning
associated with solid floors. Slat de-
scribes a fabricated material of long
narrow dimension which, when spaced
at appropriate intervals, provides a
slotted floor.

Closely associated with the effective
and efficient use of the slotted-floor
principle is the waste disposal pond or
lagoon. The manure is retained under
the slotted floor or in collecting tanks
for later removal to fields, or in many
cases is drained directly into the la-
goon. At first glance this latter ap-
proach may seem an economic waste,
but the value of the manure is deter-
mined by the proportion of its original
fertilizer value that actually reaches
the field. In many instances this value
would not pay for the equipment and
time required to deliver it to the fields.

Slotted floor material and design

Historically, slotted floors were used
in Iceland over 200 years ago, but they
have been generally adapted to swine
housing units in the United States only
within the last three years. Concrete,
steel, wood, masonite board, and other
materials have been used for making
slats. Nonslat material, such as flat-
tened expanded metal having diamond-
shaped openings, has been widely used.
In general, performance of swine on
the various materials has been similar
except where the material used caused
injury to feet and legs.

From the management viewpoint,
flooring material and design in confine-
ment units must satisfy two basic re-
quirements : (1) Minimize the labor
expended per animal unit; and (2)
cause no adverse effects on the well-
being and total performance of the
individual animal. In these respects,
many different arrangements have
proved satisfactory under specific cir-
cumstances.

Nursery and growing-finishing
units. Flattened expanded metal, hav-
ing diamond-shaped openings k inch
x 11 inches, was preferable to solid
concrete in pens for pigs weaned at
2 to 3 weeks of age. In tests lasting
6 to 8 weeks, 19% faster growth rate
was realized, pigs were cleaner, and
labor of manure removal was markedly
reduced. In certain instances, some of
the animals remained in these pens
until they reached weights of 240
pounds with no apparent adverse ef-
fects. In other tests, growing-finishing
pigs gained at comparable weights
whether on solid concrete, 5-inch wide
concrete slats spaced 1 inch apart, fl-
inch wide wood slats spaced at 1 inch
intervals, 11-inch wide wood slats at

inch intervals, or solid oak floor.
Spacing the 11-inch wide slats at
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1 inch intervals adversely affected per-
formance of pigs from 100 to 200
pounds. With increasing weight the
animals became reluctant to move
about and evidenced soreness of feet
and weakness of legs. Voluntary feed
intake was markedly reduced and rate
of gain was significantly slower than
that by pigs on the same slats spaced at
z inch intervals. Pens having slotted
floors were not cleaned during the
course of these latter tests, while solid
floors were cleaned regularly. A quarry
screen material had superior self-
cleaning characteristics, but was com-
pletely unsatisfactory for use due to
injury to feet and legs and resultant
poor performance.

Farrowing units. Slotted floors are
effectively used under farrowing crates
with many different arrangements
being evaluated. Frequently a solid
floor area, 2 feet to 4 feet wide,
is used across the crate to provide
sleeping area for the baby pigs. Slotted
floor "porches" attached to portable
individual houses have been effectively
used for sows and litters on pasture.
The units are moved as dictated by
the manure buildup under the slats.

Pen shape and size

Partially slotted floors. In parti-
ally slotted floors the slotted area
usually covers a gutter, and the sur-
face area ratio of solid floor to slotted
area runs about three or four to one
with the solid portion sloping toward
the slat-covered gutter. Under opti-
mum conditions the slotted area serves
as a dunging area 'and cleaning chores
are at a minimum. Locating the wa-
terer on the wall side of the gutter
or over the gutter encourages desired
behavior patterns. Floor space per pig
and season are two important factors
in keeping these pens clean; "house-

keeping" is usually easier during cool
weather. Pen shape has generally been
narrow and long, and of 8- to 20-pig
capacity.

Complete slotted floors. On com-
pletely slotted floors, pen shape is ap-
parently of little concern to the pig and
can frequently be designed for con-
venience of the operator. A 1-inch or
2-inch slot should be left next to walls
or partitions to reduce the area of
potential manure buildup.

On-floor and limited feeding

On-floor feeding has been enthusi-
astically endorsed by certain commer-
cial producers. This method is very
suitable to partially-slotted floor pens,
since the feed can be placed on the
solid portion, usually the sleeping area.
The pens stay cleaner since the pigs
seem less inclined to dung in the eating
and sleeping area. Feed wastage is at
a minimum if the animals do not have
more feed available than they will con-
sume at one eating. The optimum
frequency of feeding has not been
established, but the smaller the pig, the
more frequent the feeding usually
practiced.

To limit feed on completely slotted
floors, pens should be wide enough to
permit trough space for each animal
and only deep enough to provide re-
quired floor space. To prevent feed
wastage through the slots, a solid strip
under the trough, or a feed-saving lip
as a part of the trough, should be used.
Liquid feeding would fit well into this
arrangement.

Limited feeding of swine from 100
or 120 to 200 pounds can result in
more efficient gains and leaner car-
casses,- but these advantages are re-
alized at the expense of growth rate
and marketing time. Incorporation into
commercial programs has been stimu-
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lated by the development of feeder sys-
tems permitting automatic feeding of
specified quantities at prescribed inter-
vals of time.

Control of environment in confinement

Temperature and drafts. It is par-
ticularly important to provide warm
temperatures for young pigs, and in
completely slotted floor units drafts
cause added stress since the animals
have no solid-floor sleeping area.

Odor and ventilation. The method
of handling manure or the length of
time manure accumulates may affect
ventilation requirements. Although ap-
parently largely immaterial to the pig,
odor can become quite offensive to
workmen. Rate and pattern of air re-
placement will modify odor intensity.
Buildup of manure and urine under
slotted floors results in an, as yet, in-
completely defined gaseous production
which will vary with temperature and
environment. With mechanical ventila-
tion failure in tightly enclosed build-
ings, oxygen lack would perhaps be of
more concern than accumulation of
gases or odors. In a few reports of
"slow-up" in growth rate after 150
pounds in weight, accumulation of
carbon dioxide has been suspected, but
other gases may have been involved.
However, it is likely that either inade-
quate floor space or defective floor
material and design was a major
factor.

Space allowance

Relative crowding of animals on
slotted floors is essential to keep (1)
the manure trampled through the slots
and (2) the animals clean. But the ex-
tent to which pigs can be crowded
without adversely affecting growth
rate may depend on many factors
including :

1. Size of animals.
2. Number per pen.
3. Pen design.
4. Ventilation.
5. Season—particularly temperature.
6. Method and level of feeding.

All of these are interrelated. For
example, number of pigs per pen is
more critical during high temperatures
than during cool temperatures. Self-
feeding and limited feeding affect rates
of gain and could modify minimum
space allowances.

In one of the first tests to evaluate
space allotments for growing-finishing
swine on slotted floors, 8, 61, and 4
square feet per pig were compared.
The data in Table 1 show that growth
rate was about the same for all lots up
to 100 pounds. From 100 pounds on,
however, the pigs limited to 4 square
feet of floor space each gained signifi-
cantly more slowly than those allowed
6+ and 8 square feet. In the growth
period from 135 to 190 pounds, the
stress due to higher daily temperature
resulted in lower average performance
than during the 100- to 135-pound
period.

The same general pattern of per-
formance occurred in another test in
which pigs were confined to solid-
concrete-floor pens. For pigs above 100
pounds, 4 square feet again was inade-
quate. As air temperatures increased,
growth rate decreased in all pens. The
most obvious difference between the
two tests was the cleanliness of the
pigs and pens on the slotted floor and
the dirtiness of the pigs and pens on
the solid floor, even though the latter
pens were cleaned regularly.

In cool weather, level of perform-
ance did not decrease as animals ap-
proached 200 pounds except when
space was inadequate. Thus the re-
sults in Table 1 reflect effects of both
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Table 1.	 Effect of floor space on pig performance (May-August 1962)

Av. high
Floor space/pig, sq. ft.

daily temp., °F. 8 64 4

No. of pigs' 14 14 14
Slotted floors'
Average daily gain, lb.

25 to 100 lb. (75°) 1.33 1.24 1.26
100 to 135 lb. (75°) 1.71 1.65 1.33
135 to 190 lb. (85°) 1.46 1.48 1.20

Average daily feed, lb.
25 to 100 lb. 2.85 2.69 2.78

100 to 135 lb. 5.84 5.44 4.98
135 to 190 lb. 6.01 5.62 4.60

a Two pens of seven pigs each.
b The building was tightly enclosed, fully insulated, and mechanically ventilated. Ventilation was inade-

quate during the latter part of the test when the average daily high temperature was about 85° F, Water
was ponded under the slats.

space and temperature. It should be
noted that the pigs confined to 4 square
feet of floor space ate an average of
less than 5 pounds of feed per head
per day from 100 to 190 pounds.

The second experiment was de-

signed to evaluate the effects of num-
ber of pigs per pen on level of per-
formance when 4 square feet of floor
space was provided per pig. Groups of
4, 8, and 16 pigs were used, and the
results are shown in Table 2. From 25

Table 2.	 Effects of floor space, pigs per pen, and temperature'
(May-August 1962)

Pigs per pen

( Temp.') 4 8 16

Summary of gain
Period I

Floor space per pig,
sq.	 ft. 4 4 4

Av. daily gain, lb. :
25 to 100 lb. (75°) 1.39 1.44 1.35
100 to 130 lb. (75°) 1.39 1.46 1.05

Period II
Floor space per pig,

sq.	 ft. 19 9.5 4.5
Av. daily gain, lb. :

130 lb. to final wt.' (85°) 1.84 1.78 0.97
Summary of feed intake
Period I

25 to 100 lb. 3.78 4.09 3.41
100 to 130 lb. 4.95 4.96 4.37

Period II
130 lb. to final wt. 6.24 5.96 4.19

a Bldg. 2d, slotted floor. Two pens per treatment.
b Average high daily temperature during periods indicated.
e The 4- and 8-pig groups averaged about 185 pounds at the end of

aged about 155 pounds.
e trial. The 16-pig groups aver-
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Table 3. Effect of number of pigs per pen on performance during the
winter months (December 1962-February 1963)

No. pigs per pens Av. daily gain, lb." Feed per lb. gain, lb.

5 1.68 3.41

7 1.52 3.21

10 1.72 3.26

14 1.67 3.38

Pens were of solid concrete except for slat-covered gutter in tightly enclosed, insulated building. Aver-
age daily room temperature ranged from 40° to 60° F.

b Rate of gain from 115 to 200 pounds, 8i, square feet of floor space per pig.

to 100 pounds, similar performance
was obtained in all groups. From 100
to 130 pounds, however, the 16-pig
groups gained only 1.05 pounds per
day while the 4- and 8-pig groups
averaged about 1.42 pounds. Since (1)
it had previously been shown that 4
square feet became increasingly re-
strictive to pigs as they approached
200 pounds, and (2) higher air tem-
peratures were increasing the stress on
the animals, the partitions used to ad-
just size of pen were removed to see
whether the apparent stresses caused
by limited space and higher air tem-
peratures could be alleviated by in-
creasing floor space. Increasing the
pens to the maximum size provided
19, 9, and 44 square feet of floor space
per pig for the 4-, 8-, and 16-pig
groups. Growth rate immediately in-
creased in the 4- and 8-pig groups but
gradually decreased in the 16-pig
groups. During the period from 130
pounds to termination of the experi-
ment, the 16-pig groups ate an aver-
age of only 4.19 pounds of feed per
day. The 4- and 8-pig groups ate 49
and 42% more feed, respectively, than
the 16-pig group.

During seasons when temperatures
were within the thermal comfort zone
of the animals, number of pigs per
pen, from 5 to 14, had no material

effect on rate of gain and feed effici-
ency. Table 3 shows these results.

Stress of crowding and high air
temperatures is greatest when ventila-
tion is inadequate. With adequate
ventilation and use of various cooling
devices, heat stress can be minimized.

On the basis of research at the Uni-
versity of Illinois, the following tenta-
tive minimum space allowances on
slotted floors are suggested in Table 4
to allow a maximum rate of gain for
growing-finishing swine.

Current tests are designed to evalu-
ate space requirements for growing-
finishing swine confined to pens hav-
ing complete concrete floor or partially
slotted floor.

Table 4. Space on slotted floors

Weight of	 Square feet per
animal	 animal

Winter Summer

25 to 40 lb. 3 3
41 to 100 lb. 4 4

101 to 150 lb. 6 6
151 to 210 lb. 8 9

Additional management considerations
Some additional management con-

siderations result from the use of
slotted floors. The main advantages
and disadvantages are listed below.
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Advantages

• Sanitation—Slotted floors aid in
sanitation since the animal excreta
drops or is forced through the slots,
and this reduces direct contact of the
animal with material possibly carrying
pathogenic organisms and/or parasites.

• Labor—Daily cleaning chores have
been reduced up to 95% of the amount
of labor required on solid floors.

• Bedding—Properly designed and
effectively used slotted floors in tightly
enclosed, insulated, and ventilated
units eliminates the use of bedding.

Disadvantages
• Feed wastage—Spilled feed is lost

feed since it falls through the slots
and cannot be reclaimed by the pigs.

• Fighting—If different groups of

pigs have to be mixed and fighting re-
sults, more extensive injury to feet and
legs may result than on solid floors.

• Cost—Initial cost of slotted floors
will be greater than for solid floors,
and, with certain materials, mainte-
nance may be excessive. This added
cost cannot be justified on the basis
of an assumed increase in production
efficiency, but it is more often justified
on the bases of labor saved, the pos-
sible increase in volume of production
because of labor efficiency, at least
partial solution to manure handling
problems, saving in bedding costs, and
convenience to the operator.

Tail biting and cannabalism are ap-
parently no more or less frequent on
slotted than on nonslotted floors, man-
agement considerations being equal.

SUMMARY

IY

The percentage of the total number
of swine produced in the United States
that come from confinement systems
has increased dramatically during the
past three to five years. Unit com-
ponents of housing systems suitable
to specific age and size of animal have
been developed. Handling and disposal
of waste materials have been greatly
facilitated by the use of completely or
partially slotted floors.

Research to date suggests that total
swine performance on slotted floors is
comparable to that from animals on
conventional floors. Slotted floors, both
partial and complete, have been effec-
tively used in housing units for swine
of all ages.

Optimum width and spacing of slats
varies with size of pig, design, and
kind of slats. In general, for cleaning
efficiency, wide slats are used most
effectively in finishing units, with nar-
row slats more effective in farrowing

and nursery units. Narrow slats and
wide spacing caused feet and leg in-
jury to finishing (100 to 200 lb.)
swine.

Space allowances for growing-finish-
ing pigs have been suggested. Space
needs can be affected by factors such
as size of pigs, number of pigs per
pen, air temperature, and method of
feeding. Relatively restricted floor
space encourages maximum cleanliness
of pens and pigs.

Effective use of slotted floors will
save labor and improve sanitation.
Care should be taken to avoid use of
materials having rough or sharp edges
or other characteristics that would re-
sult in inj ury to feet and legs. In
tightly enclosed insulated buildings,
bedding has been eliminated.

The ready acceptance and almost im-
mediate use of the slotted-floor prin-
ciple in commercial swine units pre-

9



ceded availability of good research
data. While many advantages have
been realized, a few new management
problems have developed. It should be
emphasized that slotted floors can be

a strong assist to swine management
and a key part of the manure handling
and disposal system, but they cannot
be expected to replace, or be a substi-
tute for, the good manager.

Growth Rate of Pigs With Lower Front Teeth Removed

D. C. ENGLAND

Modern swine production practices
have removed the pig from a major
share of his natural environment and
have placed him under conditions more
favorable to our economic purposes.
These changes in the environment of
pigs have resulted in the exhibition of
some characteristics by the pigs which
are not favorable to our economic pur-
poses. Among these are tail and ear
biting, occasionally even whole body
cannibalism, and chewing of wood
fences and partitions, feed troughs,
etc. The chewing of wood fixtures and
facilities has been accepted by swine
producers for many years without a
great deal of effort to eliminate this
condition. With the advent of slatted
floors made from wood, however, and
the chewing of these slatted floors by
the pigs, the matter has become one of
considerable economic concern rather
than merely of nuisance value.

Chewing of wood slats

Oregon State University has reared
pigs to market weight on wood slatted
floors for more than two years with
no severe chewing of the wood slats.
Producers in Oregon have been quick
to adopt the use of slatted floors, and
in a large number Hof cases have used

D. C. ENGLAND is Associate Profes-
sor, Department of Animal Science,
Oregon State University.

either Douglas Fir or even softer
woods as the flooring material. Chew-
ing of the wood slats has been so
severe in a number of cases that ex-
tensive reflooring has been necessary
by the end of the first period of use
of the slatted floors for one group of
animals kept on them from weaning to
market. The necessity for reflooring a
part or all of the slats greatly reduces
the economic advantage of using wood
slats.

Removal of lower front teeth

Observations of pigs chewing wood
panels, feed troughs, farrowing crates,
etc. suggest that the majority if not all
of the damage to wood floors and fix-
tures is accomplished through the use
of the lower front teeth. The most
direct approach to elimination of such
chewing would, therefore, seem to be
to remove the teeth with which such
chewing is done. To determine whether
removal of such teeth would adversely
affect the growth rate of market hogs,
an experiment was conducted in which
the lower incisors were cut off at the
gum level. Side cutters were used to
cut the teeth.

Inasmuch as the needle teeth are
normally cut on newborn baby pigs
and tusks are cut for mature boars
without apparent adverse effects in
either case, it seemed logical that the
removal of the lower front teeth
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Table 1. Average daily gains of weaned pigs with lower incisors
excised or intact

Group Initial No. Av. daily gain Finish' Av. daily gain
weight pigs 1st 2-3 weeks ay. weight Total period

lb. lb. lb. lb.
Control 75 8 0.88 213 1.63
Excised 77 8 1.13 221 1.69
Control 26.6 8 0.79 63 1.18
Excised 26.1 8 1.13 68 1.35
Control 43.8 9 1.19 133 1.41
Excised 51.1 9 1.29 150 1.54
Control 50.0 9 1.30 149 1.58
Excised 47.9 7 1.23 148 1.59

Finish weight varies because pigs were regrouped for other experiments.

should not have a major effect on well-
being of the pig. It also seems that
with pigs kept in confinement the
lower front teeth are not needed for
feed consumption or chewing. As with
many other operations involving re-
straining swine, we found that the
major discomfort of the pigs appears
to result from restraint rather than
from any pain connected with cutting
the lower incisors.

Immediately upon being released the
pigs show no evidence of pain and will
often immediately go directly to the
self feeder and begin to eat. They do
not shake their heads, rub their mouths
against the floor or panels, or in any
other manner indicate that the process
has been painful. Although no adverse
effect appears to result from cutting
the teeth before weaning, the teeth
are not as fully grown as later and

control of damage to wood fixtures
may not be as complete as would be
expected from cutting the teeth at 10
to 12 weeks of age.

Effect on growth rate

Growth rates of pigs with the lower
front teeth cut off as compared to their
control groups are shown in Table 1.
It is apparent from these data that
growth rate was not adversely affected
either in the first two or three weeks
after cutting the teeth or during the
total growth period. Spot examinations
of several pigs failed to reveal any in-
dication of abscesses resulting from
cutting the teeth. It is our conclusion,
therefore, that the cutting of the lower
front teeth does not adversely affect
the growth rate of the pig and may
therefore be used as a means of de-
creasing or eliminating severe wood
chewing.
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Relationship of Nursing Position and Birth Weight to
Milk Intake and Performance
D. C. ENGLAND and HARVEY ROSE

The relationship of birth weight of
baby pigs to survival is shown by the
work of Vestal (Ind. Agr. Expt. Sta.
Bull. 669), Chapman and England
(OSU Spec. Rept. 137), and others
who report that approximately 60 to
70% of pigs weighing less than 2
pounds at birth fail to survive to wean-
ing age. Work in England by Pomeroy
(Journal Agric. Sci. 54:31-56) shows
that of those pigs that die before wean-
ing, about 80% die in the first three
days. England and Chapman reported
at the 4th Annual OSU Swine Day
(1962) that 89 of 90 pigs survived
when raised under laboratory condi-
tions in which room temperature was
kept above 70° and heat lamps were
used to provide additional heat. Milk
was fed individually, and disease prob-
lems were absent. These workers also
reported that practical adaptations of
temperature control, individual supple-
mental feeding for weak or small pigs,
control of diseases, and elimination of
crushing resulted in survival of all 92
pigs born during the summer of 1962.

Table 1 shows survival percentages
under practical production conditions
for more than 800 pigs born in the fall
1962 and spring 1963 farrowing sea-
sons. The data in this table show that
pigs that are small at birth can survive
about as well as pigs that are larger
at birth if adequate environmental con-
trol is provided through increased tem-

D. C. ENGLAND is Associate Profes-
sor of Animal Science and HARVEY
ROSE is a former graduate student,
Oregon State University.

peratures, adequate milk intake, and
prevention of crushing and disease
problems.

Performance of small pigs

With the development of practical
management techniques that permit the
rearing of above 90% of the pigs that
are born as undersized pigs, it be-
comes increasingly important to assess
the pre- and post-weaning perform-
ance of pigs that are small at birth.
Studies have therefore been conducted
to determine (1) the relationship of
birth weight of pigs to the location of
the udder section nursed by them, (2)
whether pigs that are small at birth are
forced to take the least productive
udder sections, or (3) whether the
low milk intake capacity of the small
pigs results in lowered milk produc-
tion by the udder sections which they
nurse. Data in Tables 2 and 3 show
the relationships found.

Data in Table 2 show no average
differences in birth weight for the pigs
nursing any of the first six udder sec-
tion positions from front to rear, but
the average birth weight of pigs
nursing udder section seven are signifi-
cantly less than for those nursing other
sections. In spite of the lower average
birth weights of pigs nursing udder
section seven, the distribution of pigs
to the udder sections appears to be

near random. In only 25% of the

litters was the smallest pig in the litter

nursing at the most rearward udder

section being nursed, and in only 33%

of the litters was the largest pig nurs-
ing the most frontward udder section.

12



No. born
alive

No.
survived

Percent	 No. died, low No. died, high
survived	 birthweight	 birthweightSeason

Table 1. Survival rates of newborn pigs with individual or group supple-
mental feeding and adaptation of other environmental features

Fall 1962 415 404 97.3 6 5
Spring 1963 408 390 95.6 9 9

Table 2. Birth weights, weaning weights, and milk intake per nursing
by pigs nursing at the different udder section positions

Udder section
position' 1 2 3 4 5 6 7 Total

Birth weight' 2.61 2.70 2.63 2.64 2.61 2.55 2.30 2.60
Milk intake' 43.9 39.6 39.3 43.1 41.4 35.1 38.7 41.0
Weaning weight' 35.2 33.8 33.8 35.2 32.8 33.2 31.3 34.0

1 Udder sections numbered consecutively from front to rear.
2 Pounds.

Grams per nursing (average).

Table 3.	 Associations between birth weights, weaning weights, milk
intakes, and nursing positions

Trait r P
Regression
coefficient

Milk intake-birth wt. .095 P > .05
Milk intake-weaning wt. .304 P < .01 0.113
Birth wt.-weaning wt. .433 P < .01 4.90
Nursing pos.-milk intake .131 P = .05 -1.134
Nursing pos.-birth wt. .092 P > .05
Nursing pos.-weaning wt. .162 P < .05 -0.520

Of even more importance, however,
is the information on average milk in-
take per pig per nursing in relation to
the location of the udder section. Only
udder section six showed a signifi-
cantly lower milk production than the
most highly producing udder section.
It therefore appears that the location
of the udder section does not have
any determinative relationship to the
amount of milk available to pigs nurs-
ing at that location. The only signifi-
cant difference in weaning weights was
between the pigs nursing at udder posi-
tion seven and those at positions one
and four. Inasmuch as birth weight
is strongly associated with weaning

weight (Table 3), and in view of the
lack of differences in milk intake of
pigs nursing position seven as com-
pared to positions one and four, it
appears that the lower weaning weights
of pigs nursing at position seven are
associated with the lower birth weights
-rather than being caused by differ-
ences in milk production of the udder
section.

Although not shown in the data re-
ported here, the above study showed
differences in milk production by dif-
ferent udder sections on a random

basis for a given sow and in milk pro-

duction by different sows.
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Pertinent information

The pertinence of the findings ap-
pears to be (1) milk production by in-
dividual udder sections of the sow is
not determined by the location of the
udder section; (2) pigs of low birth
weight are not forced to accept less
productive udder sections and do not
have a lower milk intake than bigger
pigs after two weeks of age; and (3)
pigs of lower birth weights do not
weigh as much at weaning as pigs of
higher birth weights, although they re-
ceive as much milk from the sow. The
implications of this latter relationship
are that the pigs of low birthweight
are either less efficient in the utilization
of their feed or that the pigs of heavier
birth weight eat more creep feed.
Studies on gains to five days of age
by pigs of different birth weight indi-
cate a similar efficiency of feed usage
regardless of birth weight, provided
that temperatures are adequate to pre-
vent dissipation of energy from food
intake through greater heat loss by the
smaller pigs, (England et al., Proc.
West. Sec. Am. Soc. An. Sci. Vol. 12).

Growth rates

The relationship between birth
weight and weaning weight (Table 3)
shows that under usual production con-
ditions the bigger pigs on the average
grow faster from birth to weaning

than do those that are smaller at birth.
To determine the economic feasibility
of rearing to market weight the pigs
that are small at weaning—a large
portion of which will be pigs that were
small at birth—data have been ana-
lyzed to determine the growth rates
of pigs from the same starting weight
to market weight regardless of the
weight of the pigs at weaning. Ages,
therefore, were different but begin-
ning test weights were about 40
pounds for each group. These data are
shown in Table 4. Data shown in
Table 5 provide growth rate and feed
efficiency data from an equal starting
weight.

It is well established that at any
given age, pigs that are heavier at wean-
ing grow more rapidly from weaning
to market than do lighter pigs. This,
along with heavier weaning weight for
pigs that are heavier at birth, is to be
expected because growth rate is a
function of size; that is, larger animals
of a given age grow more rapidly than
smaller animals of the same age. When
the average daily gains are calculated
on a basis from the same starting
weight to the same finish weight, how-
ever, there is no statistically significant
difference in the average daily gains
of pigs that were large at weaning as
compared to those that were smaller.
Likewise there is no advantage in feed

Table 4. Average growth rate from 40 pounds to 150 pounds by pigs
weaned at the same age but at different weights

Weaning
	

Growth rate from
weight
	

40-60
	

60-100	 100-150
	

Average

lb.	 lb.	 lb.	 lb.	 lb.
21-25 1.04 1.40 1.44 1.34

26-30 1.02 1.40 1.56 1.36

31-35 1.14 1.39 1.46 1.37

36-40 1.08 1.47 1.50 1.39

41-45 1.29 1.50 1.51 1.46
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Table 5. Growth rate and feed efficiency from 60 pounds to 200 pounds
by pigs of different weaning weights

Weaning
weight
	

Average daily gain
	

Feed efficiency

Above 40 lbs. 1.55 2.83
30 to 40 lbs. 1.57 2.63
Below 30 lbs. 1.52 2.52

efficiency for the pigs that were
heavier at weaning (Table 5). Data
reported in another paper in this pub-
lication (England et al.) show that
there is no difference in the length,
backf at thickness, loin-eye area, or per-
cent ham of pigs of differing birth
weights.

Costs compared

From the above data it appears logi-
cal to conclude that the only added costs
of rearing pigs of low birthweight to
market weight as compared to pigs that
are large at birth consists of the
supplemental feeding necessary to keep
them alive during the first few clays
and the additional feed and labor
required for them to grow from their
weaning weights to the weights at
which the larger pigs (at birth) were
weaned. All of the costs of maintain-
ing the sow must be paid whether pigs
of low birthweight survive or die. It
therefore appears logical to conclude
that every extra pig per litter saved
through providing the environmental
adjustments needed to raise pigs of
low birth weight actually costs less at
weaning than it does for pigs which
will survive without such adjustments.
This is not to say that small pigs at
birth are to be preferred to those that

are large; it is to say, however, that
since all the cost of the sow would
have to be paid by the larger pigs at
birth if the small ones were allowed
to die, that it is economically reason-
able to assess no sow costs against
those pigs which would automatically
die if such environmental adjustments
were not made. When viewed from
this standpoint, the pigs which are nor-
mally automatic deaths will cost less
per pig at weaning if environmental
adjustments are made to permit them
to survive than will the larger pigs that
would survive without such adjust-
ments.

Economic aspects

The total economic feasibility of pro-
viding the proper environmental ad-
justments will depend upon the condi-
tions pertaining to each swine pro-
ducer's program. For some producers,
priority of the use of time for other
purposes may make it economically
unfeasible to provide the care neces-
sary to raise a high percentage of pigs
that normally do not survive. For pro-
ducers who do not have a high priority
for time usage for other purposes, the
saving of an additional 20 pigs out of
each 100 farrowed appears to offer one
of the surest ways to increase eco-
nomic efficiency of swine production.
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Carcass Measurements in Relation to
Certain Production Factors

D. C. ENGLAND, T. P. DAVIDSON, J. E. OLDFIELD, and W. H. KENNICK

Carcass length, loin-eye area, thick-
ness of backf at, and percentage of each
of the primal cuts (ham, loin, shoulder,
and belly) are the measurements usu-
ally used to describe the yield and lean-
fat ratio of the swine carcass. Under
usual production conditions, the above
carcass measurements are among the
most highly heritable of any of the
traits of performance in swine and are
in general in the range of about .50.
It is equally true that different kinds
of rations produce carcasses of dif-
ferent measurements.

Performance testing

Performance testing is becoming
more widely accepted as a basis of
selection in purebred herds and in
evaluation of boars for use in com-
mercial herds.

In many performance testing sta-
tions, a sample number of pigs from a
given litter or a given sire are per-
formance tested with subsequent eval-
uation of remaining live littermates or
half littermates on the basis of the
tested sample. It therefore seems de-
sirable to report the relationship of
several production factors to some of
the carcass measurements used in per-
formance testing and in evaluating dif-
ferent rations.

D. C. ENGLAND is Associate Profes-
sor of Animal Science, T. P. DAVID-
SON is Superintendent of the Umatilla
Branch Station, J. E. OLDFIELD is Pro-
fessor of Animal Nutrition, and W. H.
KENNICK. is Assistant Professor of
Animal Science, Oregon State Univer-
sity.

Ration experiments

During the past two years experi-
ments have been conducted at the
Umatilla Branch Experiment Station
that show the effect of different kinds
of grain and different amounts of
alfalfa in the ration on the carcass
traits of swine. These data are shown
in Tables 1, 2, and 3.

Data are consistent in showing that
changes in energy levels in the ration,
whether by changes in kind of grain or
varying amount of alfalfa, affect the
carcass primarily through changing the
amount of fat. Carcass length and
loin-eye area are not affected.

In Table 1 carcass length and loin-
eye area are not significantly different
for groups fed rations containing 10%,
20%, or 30% alfalfa. Backfat thick-
ness, however, shows a consistent de-
crease as the percentage of alfalfa is
increased. This is shown in both
Tables 1 and 2. Differences between
animals fed barley, milo, and corn are
not statistically significant for either
loin-eye area or carcass length. Data
in Tables 1 and 2 consistently show an
increase in average backf at thickness
with a change from barley to other
grains that contain a higher energy
content and a lower fiber content. In
Table 1, average backfat thickness is
greater for milo than for barley and
greater for corn than for milo. In
Table 2, pigs fed milo had a higher
average backfat thickness than did pigs
fed barley.

The above data suggest that such
changes as occur in swine carcasses as
a result of varying the energy content
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Table 1.	 Carcass characteristics of swine fed balanced rations with
different grains and different amounts of alfalfa

Kind of
grain Alfalfa

Carcass
length

Backfat
thick

Loin-eye
area

in. in. sq. in.
Barley 	 10 30.6 1.39 3.87
Barley 	 20 30.8 1.26 3.48
Barley	 	 30 31.0 1.17 3.58
Average 	 30.8 1.27 3.64

Milo 	 10 30.8 1.42 3.79
Milo 	 20 30.9 1.32 3.79
Milo 	 30 31.0 1.25 3.44
Average 	 30.9 1.33 3.67

Corn 	 10 31.0 1.57 3.53
Corn 	 20 30.9 1.50 3.16
Corn 	 30 30.8 1.33 3.55
Average 	 30.9 1.47 3.41

Av. for all 10% alfalfa 30.8 1.46 3.73
Av. for all 20% alfalfa 30.9 1.36 3.48
Av. for all 30% alfalfa 30.9 1.25 3.52

of the ration are primarily due to
changes in amount of fat.

Relation of birth weight to carcass

Lean-meat certification programs,
sponsored by breed associations and
swine-testing stations established to
test producer-owned swine, test a
sample of pigs from a litter or sire
group. These programs require the
slaughter of representatives of the
groups tested. Producers are often re-
luctant to make available for slaughter
either male or female pigs of apparent
outstanding production merit. At the
same time, there is a hesitancy to
slaughter pigs that are smaller at wean-
ing and slower in postweaning growth
rate than the average of the litter be-
cause of uncertainty as to their com-
parative carcass measurements. In a
group of pigs of the same age, those
that grow faster appear to be better
developed than the smaller pigs.

To determine whether weight at

birth has an influence on carcass meas-
urements, carcass data from the OSU
swine herd were analyzed on the basis
of birth weights of the pigs. Birth
weight was used because of the pos-
sibility that a different developmental
pattern has been established by differ-
ences in prenatal growth, and because
growth from farrowing to market is
highly correlated with weight at birth.

Table 4 shows the relationship be-
tween birth weight and carcass length,
backfat thickness, loin-eye area, and
percent ham.

It is apparent that weight at birth
has no significant relationship to either
carcass length, backfat thickness, loin-
eye area, or weight of ham. It is con-
cluded, therefore, that insofar as car-
cass measurements are concerned,
smaller pigs in the litter at any given
age will represent the litter as ade-
quately as will the larger and faster
growing ones.
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Table 2. Effect of proportion of alfalfa and kind of grain in ration on
carcass traits of market swine

Grain	 Alfalfa
Carcass
length

Backf at
thickness

Loin-eye
area

Shrink
to mkt.

Dr. % on
mkt. wt.

% in. in. sq.	 in. %
Barley	 0 30.1 1.31 3.64 5.19 71.8

Milo	 0 30.1 1.52 3.80 3.80 71.9

Average 30.1 1.42 3.72 4.50 71.8

Barley	 7 30.2 1.30 3.60 5.21 70.4

Milo	 7 30.5 1.41 3.75 4.94 72.0

Average 30.3 1.36 3.68 5.08 712

Barley	 7-20* 30.3 1.19 3.67 6.32 69.4

Milo	 7-20* 30.7 1.24 3.78 4.16 70.3

Average 30.5 1.22 3.73 5.24 69.9

Barley	 7-30* 31.1 1.22 3.74 4.81 69.3

Milo	 7-30* 30.6 1.45 3.73 5.11 70.4

Average 30.8 1.34 3.74 4.96 69.9

Barley	 20-7* 30.5 1.20 3.96 5.40 71.0

Milo	 20-7* 30.8 1.29 3.74 5.16 71.0

Average 30.6 1.25 3.85 5.28 71.0

Barley	 30-7* 30.8 1.21 3.89 5.01 70.4

Milo	 30-7* 30.5 1.38 3.81 5.96 70.9

Average 30.6 1.30 3.85 5.48 70.7

Barley	 7-20-30** 30.6 1.18 3.65 6.39 70.5

Milo	 7-20-30** 30.6 1.32 3.71 5.15 70.8

Average 30.6 1.25 3.68 5.77 70.6

Average for all barley 30.5 1.23 3.74 5.48 70.4

Average for all milo 30.6 1.37 3.76 4.81 71.0

* Change in percentage of alfalfa made when pigs averaged 150 pounds.
** Change in percentage of alfalfa made at 100 and 150 pounds, respectively.

Table 3. Influence of different proportions of alfalfa and kind of grain
on carcass weights of 200-pound hogs

Shrink to	 Carcass	 Shrink to	 Carcass

Alfalfa	 Grain	 market'	 weight'	 Grain	 market'	 weight'

%	 lb.	 lb.	 lb.	 lb.

0	 Barley	 10.4	 136.1	 Milo	 7.6	 138.3

7	 Barley	 10.4	 133.5	 Milo	 9.9	 136.9

20-7	 Barley	 10.8	 134.3	 Milo	 10.3	 134.4

30-7	 Barley	 10.0	 133.8	 Milo	 11.9	 133.4

7-20	 Barley	 12.7	 130.0	 Milo	 8.3	 134.8

7-30	 Barley	 9.6	 131.9	 Milo	 10.2	 133.6

7-20-30	 Barley	 12.8	 132.0	 Milo	 10.3	 134.3

Average 0-7%	 10.4	 134.4	 0-7%	 8.8	 137.6

Average 20-30%	 11.7	 131.3	 20-30%	 9.6	 134.2

Total average	 11.0	 133.1	 Total	 ay.	 9.8	 135.1

Based on a 200-pound hog at off-test-weight with percent shrink as shown in Table 2.
Based on 200-pound hog at off-test weight with shrink and dressing percent as shown in Table 2.
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Table 4. Mean values of carcass measurements of pigs of various
birth weight groups

Birth
	

Carcass	 Backfat	 Loin-eye
	

Birth	 Birth
weight
	

length	 thickness	 area
	

Ham'	 length	 width

lb,	 in.	 in.	 sq. in.	 mm.	 MM.

< 2.0
	

30.6
	

1.46
	

3.73	 15.1
	

187
	

27.5
2.0-2A
	

30.6
	

1.44
	

3.82	 15.1
	

198
	

30.6
2.5-2.9 30.7 1.37 3.96 152 212 32.4
3.0-3.4 31.0 1.49 3.72 15.1 224 36.0

1 On the basis of live weight.

For most effective selection prac-
tices, reliable predictive measurements
on live animals are needed. Backfat
probes of live animals are highly effec-
tive in determining the relative fatness
of pigs. Measurements of comparable
simplicity and accuracy are not avail-
able for determining carcass length
and loin-eye area. In an attempt to find
simple and easily obtained measure-
ments that might have a relationship to
carcass length and loin-eye area at
market weights, measurements were
taken at birth on length from the base
of the tail to the prominent vertebra
immediately in front of the shoulders,

and width across the back immediately
behind the last rib. Because the length
and width of the pig at birth are
highly influenced by the birth weight
of the pig, these measurements have
been analyzed within birth weight clas-
sifications of 4-pound range. These
data are shown in Table 5.

Data in Table 5 indicate that there
is no consistent relationship between
the length of the pig at birth and the
length of its carcass at market weight.
Likewise, the width of the pig across
the back at birth does not have any
relationship to the loin-eye area at
market weight.

Table 5.	 Relationships of birth length and birth width of pigs to carcass
length and loin-eye area, respectively, at slaughter

Birth wt.
group

No.
pigs

Birth
length

Carcass
length Pigs

Birth
width

Loin-eye
area

lb. mm. in. no. mm. sq. in.
< 2.0

Low 14 181 30.9 13 25.7 3.72
High 12 196 30.4 13 29.4 3.74

2.0-2.4
Low 38 188 30.6 36 28.9 3.86
High 34 209 30.7 36 32.2 3.77

2.5-2.9
Low 39 206 30.3' 37 30.4 3.85
High 35 219 31.0 37 34.3 4.07

3.0-3.4
Low 28 218 31.1 37 34.9 3.72
High 30 230 30.9 21 37.9 3.72

I Significantly less (P < .01) than mean with which compared.
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SUMMARY

Experiments in which the energy
content of the ration has been changed,
either through additions of increasing
amounts of alfalfa or by changing to
grains that differ in energy content,
consistently show an influence of
energy content of the ration on the
amount of fat in the carcass but show
no effect on carcass length or loin-eye
area. Dressing percentage as measured
by cold carcass weight decreases as the
proportion of alfalfa in the ration
increases.

Pigs of different birth weight differ
in body length and in width over the
back. Differences in weight, length, or
width at birth are not associated with
differences in carcass length, loin-eye
area, or yield of ham at slaughter
weight. Any pigs that meet growth
requirements irrespective of weight,
length, or width at birth, may with
equal adequacy represent the litter in
lean-meat certification programs.
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