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Growth data cornpiled in this study were collected by using

pigs farrowed during the fall, 1963 and spring, L964 f.arrowing seasons of the Oregon State University swine

herd. Thirty-seven trios

of light-, rnediurn- and heavy-birth-weight suckling pigs were used to
deterrnine the effect of birth weight on subsequent rate of gain under
conventional preweaning managernent conditions. Thirteen pairs of

light- and rnoderate-birth-weight pigs reared from an initial average
weight of 8. 5 pounds were used to deterrnine the effect of birth
weight on rate of gain under a laboratory environrnent and to cornpare
the relative feed consurnption and efficiency of feed utilization under

this sarne environrnent.
For conventionally reared pigs, a significant difference
(P < . 05) was found between the birth weight groups for the nurnber

of days required to grow frorn 4 to l5 pounds; pigs of heavier birth
weights required significantly fewer days.

A significant difference (P ( ' 05) was found between birth
weight groups for average daily gain frorn birth to 25 pounds with the
pigs of light birth weights gaining rnore s1owIy than pigs of heavier

birth weights.
Highly significant (P < . 0I) correlation coefficients were
found

for birth weight with total gain to 56 days and birth weight with

the nurnber of days required to grow frorn 4 to 15 pounds. Birth
weight was significantly (P < .05) correlated with average daily gain

frorn birth to 25 pounds. No association (P > .05) was found for

birth weight with the nurnber of days required to grow frorn I0 to
25 pounds

or for the nurnber of days required to grow frorn 4to

25

pounds,

No significant difference (P > . 05) was found between birth

weight groups for the nurnber of days required to grow frorn
pounds

LO

to

25

or frorn 4 to 25 pounds. The conclusion was drawn that pigs

of light birth weight are adversely affected by neonatal environrnental
conditions in the expression of their ability to grow but becorne equal-

ly as competent as their initially heavier litter mates in this respect
during later preweaning life.
Under laboratory conditions, no significant differences

(P > . 05) occurred between pigs of light and rnoderate birth weights,

for rate of gain, total feed consurnption or efficiency of feed utilization. Frorn these data it was concluded that: (I) pigs of light birth

weight have the innate capacity to grow as rapidly, and with as rnuch

efficiency,

a.s

pigs of hea.vier birth weight; (2i the use of a weight

constant preweanin.g test period seerns to rnore accurately indicate

actual genotypic differences of pigs than does an age constant test

period; (3) when given environrnental conditions which adequately
provide for their needs, pigs of light birth weight are as econornically
productive as their litterrnates which were heavier at birth; and (4)

pigs of iight birth weight are not genetically inferior and, for this
reason, their use in a selection prograrn can increase the nurnber of
animals frorn 'which selections can be rna.de, with consequent
increased opportunity for efficiency of select ion.
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THE RELATIONSHIP OF INITIAL WEIGHT TO
GROWTH RATE IN PREWEANING PIGS
INTRODUCTION

To obtain the highest possible net return per unit of production,

the swine producer rnust produce efficiently and rnost profitably.
Fernales norrnally ovulate many eggs at each estrus and thus rrlany
pigs are produced at each farrowing. The nurnber of pigs born in
a

litter varies frorn

one to rrrore than twenty, with nine to ten being

average. This 1eve1 of prolificacy, however, is not

synonolnous

with a high reproductive efficiency, for it is generally agreed that
only 55 to 65 percent of the total nurnber of ova shed result in pigs

born aIive.
In average herds approxirnately I8 percent of aII pigs farrowed fail to survive to weaning, and it is generally recognized that

birth weight influences survival ability. In general, birth weights
follow a norrnal distribution. Birth weights average 2.8 pounds,
and range frorn slightly Iess than one pound to about 4.5 pounds. It

is recognized that there is a critical point of birth weights below
which pigs do not usually survive. Vestal (42), for exarnple, found

that only 37.6 percent of all pigs with birth weights of less than two
pounds survived to weaning, whereas
above two pounds

7

6. 6 percent of

survived. Approxirnatel y

all pigs born

20 percent of aII pigs

Z

farrorved are in the low-birth-weight category. T'hus, deaths within

litters are disproportionately greater among the smaller pigs.
It is generally recognized that the rna j o r ity of
weaningdeathsoccurduring the first

p

re-

In-

week of 1ife.

asrnuch as all pigs which are born alive lived frorn conception to

farrowing, it appears that the death of lighter pigs occurs prirnarily
because of
la rge

r,

rno

their inability to cope with neonatal environrnent.
re vigo rous pig s a re

appa

rently

rrto

The

re cornpetent in thi s

re spe ct.

Frorn an econornic standpoint, the nurnber of pigs rnarketed

per litter is of great irnportance. Baurnan et aI. (3) have shown that
the returns, above feed and labor costs, frorn five to seven pigs per

Iitter at weaning are absorbed by overhead costs. This rneans that
the incorne in excess of feed and labor costs in a litter of rnore than

five to seven pigs is returned to rnanagernent. Because the herit-

ability of litter size is low, the producer rnust depend rnainly on
rrranagerial ability to enable hirn to rnarket an increased nurnber of

pigs

pe

r litte r.
In forrner years it was considered sound rrranagernent to de-

stroy pigs of light birth weight because it was felt that they would

(l) decrease the arnount of rnilk available to the Iarger, faster
growing pigs, (2) die before weaning, or (3) if they lived, be inef -

ficient (32). England et aI. (19) have shown, however, that given

a

3

proper environrnent, 95 percent of all live pigs born could be raised
to weaning. Thus, the nurnber of pigs raised per litter can be increased by application of irnproved rnanagernent procedures that rneet

the environrnental needs of the srnaller Pigs.

with the recognition that (1) producing large nurnbers of pigs
per litter is of econornic irnportance, (2) only slow Progress can be
expected frorn selection

for increased litter size, and (3) that pigs

of light birth weight can, with extra care, be raised, a question

arises concerning the econornic value of the light-birth-weight pigs.

It is generally recognized that there are statistically significant
positive correlations between birth weight and rate of gain to a subsequent age

or weight. It is also established that pigs that grow faster

generally rnake their gains on less feed per unit of growth. It has recently been shown (5; 9), however, that if post-weaning growth is cornputed on a weight-constant basis frorn 50to200 pounds, pigs of light

birth weight grow as rapidly and efficiently

as pigs of heavier

birth weights.

The rnain objectives of the present study are:

I. To deterrnine the relationship of birth weight to preweaning
growth rate, when growth is rneasured on a weight-constant basis,
und.er usual production

conditions. The findings will indicate the

ability of light-birth-weight pigs to grow in a conventional environrnent.

Z. To ascertain the rate and efficiency of gains, on a

4

weight-constant basis, of light- and heavy-birth-weight pigs in

a

laboratory environrnent. The results will indicate the relative caPac-

ity for growth possessed by the pigs of light and heavy birth weights.
The inforrnation obtained should help deterrnine the effects

of size or weight per Sgon capacity of pigs to grow and use feed ef -

ficiently. If the pigs of Iow birth weights can grow with econornic
efficiency, sorne changes in cornrnercial husbandry practices will

justified. But equally irnportant, if it is

shown that there

is

be

no

genetic inferiority for perforrnance ability in pigs of light birth

weights, then these pigs cou1d, through suitable perforrnance testing
procedures, be included in the selection of breeding stock. This in

turn would raise the effective nurnber frorn which to select and thereby provide opportunity for increased efficiency of selection.

REVIEW OF LITERATURE
The factors which affect the growth of the light-birth-weight

pig and its ability to fit into an econornic breeding prograrrr corrle

frorn various sources and during various periods of life. In order to
gain a clearer understa.nding of the forces acting upon the pig, the

literature will be reviewed in three distinct phases;

(

1) those

fac-

tors influencing prenatal developrnent; (2) those factors influencing
neonatal and postnatal developrnent; and (3) those procedures influencing the acceptance of pigs into the breeding herd.

Factors Influencing Prenatal Developrnent in Swine

Litter size greatly affects individual birth weights (7, p.

89;

42, p. 4I\. Average litter size approxirnates 9. I pigs but large
deviations occur (7, p. 89t 42, p. 4ll. Because large variations in

litte r size occur, it is nece ssary to unde rstand the factors affecting

litter size which, in turn, could influence birth weight.
Rathnasabapathy et

al. (38, p.

15) found that ovulation rate

and fetal rnortality were the two rnain factors which controlled

litter

size in swine. Ovulation rate exerts its control by setting the upper

lirnit of litte r size possible, while fetal rnortality deterrnines the
actual nurnber of piglets born during a certain farrowing (41, p. l6).

For this reason, Squiers et aI. (41, p.

16) rnaintain that

fetal

6

rnortality exerts rnore influence on actual litter size than does ovulation rate.
Age of darn effects contribute greatly to ovulation rate; it has
been shown that gilts ovulate fewer total ova than sows, and that the

ovulation rate of sows increases with age up to eight years of age

(35, p. 3IZl. Perry (35, p. 310) found that sows over two years of
age ovulated an average
13. 6

of 19.6 ova per estrus, while gilts averaged

ova. Rathnasabapathy ut 31. (38, p. I I) concur with Perry in

that they found that gilts ovulated an average of lI.5 ova and sows
ovulated an average of I5. 0 ova.

Baker et al. (1) found significant differences in ovulation
rates between sows of different breeds. Godbey and Godley (23,

p.

1Z) demonstrated that inbreeding has a depressing effect on ovula-

tion, as on other traits associated with reproduction. It was found
that there was a reduction of 0.8 pig for every ten percent inbreeding (23, p. lzl.

Chaprnan

(8, p. 74t., however, found no such

effect on litter size in the Oregon State University swine herd.
Other factors which rnay have an effect on ovulation rate are
age at puberty

(35, p. 341, nutrient levels prior to ovulation (43),

season of the year (41,

p.

10) and crossbreeding

(4I, p.

Z7l.

Squiers (41, p. Z4l and Perry (35, p. 320) indicate that 40

to 46 percent of all ova shed are lost prior to parturition. Since

95

percent of all ova shed are fertilized, the rernaining 30 to 35 percent

7

mortality represents inadequacies in the fetal environrnent ('lI, p.Z4\
Several explanations have been presented to a.ccount for the causes

of such a high rnortality rate, with the rnost widely accepted one beinq
fetal crowding (1;38, p. 23;43\.

trbsen

(27, p' 76-80) working

with guinea pigs, found a depressing effect on fetal gro'+rth after the
5Oth day

of pregnancy if there were rnore than three fetuses in the

uterine horn. He also rnaintained that the total nurnber of fetuses
being carried influenced the developrnent of those in each horn; the

total nurnber cornpeted for the available nutrients and thus affected
each individual

fetus. Waldorf et al. (431, however, rnaintain that

in swine the nurnber of fetuses per horn is rnore influential than total
litter size.
With regard to crowding per se, Ilaker eta.I.

( 1)

indicates that

factors which favor a high ovulation rate rnay also favor rapid embryo growth, Later in pregnancy, however, due to crowding and
cornpetition, these sarrre factors rrray depress growth. Furtherrrlore,
the crowding rnay initiate a depressing rnechanisrrr on placental pro-

liferation.

Waldorf et al. (43) found results along this line when

they discovered that the fetal rnernbrar).es grow, and are affected, in

the sarne lnanner as the fetus.
Age of darn exerts an influence or ernbryonic rnortality. It
has been shown that with increasing age of darn there is a tendency

for ernbryonic rnortality to increase (35, p. 320),. This would

8

partially

off set the large nurnber of ova produced by

older sows,

resulting in a srnaller difference in nurnber of pigs born per litter
between young and old

sows. It was further

ernbryonic rnortality tends to level

of.f.

shown (35,

p. 20) that

at four years of age, but it was

postulated that this rnay be due to selection for prolificacy being al-

rnost cornplete by four years of age.
Anatornical differences also affect fetal growth and mortality.
Rathnasabapathy ut

4. (38, p. 32) found a significant correlation

of litter size at 55 days with length of uterus, but rnaintained that
the forces deterrnining the length of the uterus were under a great

deal of environrnental control,

l,arge variations in litter size, which, to a great extent, are
under environrnental controls, coupled with factors such as age of
darn and inbreeding effects, result in a low

heritability estirnate for

litter size. Estirnates vary frorn -0. 1I (25) to 0.59 (11) with 0.22
being average (29, p. 333). Heritability estirnates for the Oregon
State University swine herd are near the average of estirnates re-

ported and suggest that selection for larger litters would be rela-

tively ineffective (8, p.

54l..

The factors which influence fetal rnortality, narnely crowding
and subsequent lack of nutrition, also seern to influence birth weights.

In this regard, Dickinson (12) rnaintained that nutritional levels
greatly influence the size of the fetus; if nutrient uptake is restricted

9

there rrray be a delay in the growth pattern, which, in turn, could produce anirnals at

birth with different physiological stages of growth.

Position in the uterus seerns to be one of the rnain lirnitingfac-

tors in fetal growth, with the fetus and membranes at the extrernes
of a horn being larger than those toward the rniddle of the uterus (43).

Furtherrnore, the proxirnity with which one fetus lies next to another
greatly influences the relative amount of growth possible (43).

Litter size has a depressing effect on birth weight and percentage of pigs born

alive. Carrnichael and Rice (7, p. 86) found that

seven percent of the pigs born in

litters of less than seven were

dead

or imrnature, while in litters of eight or more I0.5 percent were
born dead or irnrnature. It was further shown that pigs from litters
below average in nurnber (8. I pigs) averaged 2,74 pounds birth

weight, whereas pigs frorn litters above average in nurnber averaged
2,55 pounds at birth. Vestalts (42, p. 41) results with a large nurn-

ber of sows fo1low these same trends. 'Winters et aI. (46) found

a

negative correlation of 0. 32 between average birth weight and litter

size. Lush et aL, (29, p. 335) also found that srnaller litters

have

heavier pigs, except in exceedingly srnall litters, in vihich case the

piglets were usually very light. Lush ut 31. (29, p. 333) also reported that 40 percent of the variation in birth weight within litters is
due to environrnental influences not corrlrnon to

litter rnates and that

only three percent of the variation is due to the genotype of the pigs.

10

This would indicate that strong environrnental influences such as fetal
crowding and restriction of nutrients available to the fetus exert

forces on pigs individually in utero (29, p.

340).

Age of darn exerts an influence on birth weight. Carrnichael
and Rice

(7, p. 90) demonstrated that pigs frorn sows under two years

of age farrowed pigs averaging 2. 4 pounds, while pigs frorn sows
over two years averaged 2.6 pounds.
Again, presumably because of large environrnental effects,
the ability to select for birth weight is low. Heritability estirnates

vary frorn 0.0 to 0.29 (25),, with 0.14 being average (34, p.

Z7O).

Menzies-Kitchin (32, p. 614) found that as a result of decreased birth weight pigs frorn larger litters are usually less vigorous and have a higher percentage of

rnortality. While generally con-

curring with this, Vestal (42, p. 40) and'Winters et al, (46) found
that the rnajority of preweaning deaths are associated primarily with

birth weight and not litter size per se. It was further

shown by

Vestal that all pigs with a birth weight of one pound or less died
before weaning, and of those that weighed two pounds or le ss 62.

4

percent died before weaning. Since 18.5 percent of 7,554 pigs born
were in the latter category, the death of light piglets accounted for

a disproportionate nurnber of preweaning deaths. In a sirnilar study,
Fredeen and Plank (ZZl showed that there was 44 percent rnortality in

the birth weight group of.2.5 pounds or less, and a rnortality of only

II
IZ percent in the birth weight group above 2.5 pounds. Porneroy
136,

p. 53) reported that two pounds is a critical point below which

piglets do not usually survive.

Factor" Irfl*"r.
The occurrence of such a high rnortality rate of piglets of

less than Z. 0 pounds birth weight (4Zl }r,.as prornpted a nurnber of
postulations regarding the factors that influence the rnortality and
growth of the light pig.
The rnost critical period of life for the newborn pig is the

firstthreedaysof life(35, p. 541. Porneroyts(35, p.54)
showed that 70 to 7Z percent of

data

all preweaning deaths occur at this

time and, furtherrnore, that 83 percent of the preweaning deaths of
pigs of light birth weight occur at this tirne. Porneroy further postu-

lates that the greater relative rnortality shown by pigs of light birth
weight is due to the fact that the undersized pig is Iess vigorous,

especially during the first three days of life. Because of its lower

vigor, the srnaller pig is rnore susceptible to chilling, starvation,
and crushing by the sow (36, p. 35).
Body ternperature exerts a large influence on the degree of

activity

shown by newborn pigs (33,

p. tZ0). Newland (33, p. tZl)

found that the body ternperature of the neonatal pig drops rapidly

within an hour afterbirth and attributed this to the evaporation of

tz
arnniotic fluids. The body ternperature of a heavy-birth-weight pig
then returns to norlnal in an average of four days. In the light-birth-

weight pig, however, the therrnoregulating rnechanisrn does not becorne active as rapidly and

it takes up to ten days for the body tern-

perature to return to norrnal (33, p. LZZI. Newland (33, P.

130)

postulates that because the light-birth-weight pig has proportionately

rnore surface area it rnust produce Inore heat per unit of body weight

in order to rnaintain the sarne ternperature, The srnaller pig also
utilizes its total body reserves at a faster rate and thus becornes
chilled and cornatose rnore rapidly. Furtherrnore, because it is

lethargic, the lighter-birth-weight pig consumes less milk at

each

nursing and nurses less often, which in turn, results in Iess energy
being available to prevent chilling and starvation (37). England and
Chaprnan (18) rnaintain that the causes of rnortality in weaker pigs

indicate that death is due to environmental conditions rather than to
the lack of genetic ability to survive. These workers reported that
hand feeding of weaker pigs and the use of heat larnps lowers the

incidence of preweaning rnortality to as low as about ten percent (20).

Milk consumption seems to be the prirne factor deterrnining
growth rate of the preweaning pig although social factors rnay exert

a great influence (10). Cornstock et al. (I0) rnaintain that differences in

ability to nurse caused differences in three and eight week

weights and, furtherrnore, that differences in ability to nurse corrle

13

from variation in appetites. England et 4' (19)' working with

artificially raised pigs, found a positive association of birth weight
with volurne of rnilk consurned. It was also shown that the average
increase in rnilk intake, for the first five days of life' was at a rnore

rapid rate in pigs of heavier birth weights. Donald (13, p. 359) also
found that the heavier pigs in a litter consurned more rnilk'

Using

a milking rnachine, Hartman et al. (26) obtained results frorn which
they proposed that larger preweaning pigs actually consulrle Inore

rnilk because their larger appetites cause thern to do a rnore cornplete
job of rernoving rnilk, which in turn stirnulates a heavier rnilk flow.

It is interesting to note, however, that England et aI. (19) found that
the intake of rnilk per unit of body weight for pigs fed individually

with a bottle was negatively correlated with average body weight
(-0. 28), and that lighter pigs actually consumed more rnilk in rela-

tion to their body size' Rose (39' p' 35)' by cornparing weights of
pigs before and after nursing, found no correlation between birth
weight and rnilk consurnption frorn 14 lo 42 days of age for pigs

nursing their darns.
Donatd

(I5), in an early study undertaken to deterrnine

the

arnount of influence of nursing position on rnilk consumption' found

that each pig regularly nurses a particular udder section and that
pigs have a tendency to nurse only the udder sections that they have

clairned. McBride (31) concluded that cornpetition played a rnajor

T4

role in the allocation of udder sections to pigs and that the larger,
rrrore vigorous pigs cornpeted rnore adequately for the desired posi-

tions. McBride (31) also concluded that sounds corning frorn the

sow,

and size of teat also encouraged cornpetition for the rnore anterior

quarters (31). McBride (30) found a positive association between

birth weight and udder section nursed, with heavier pigs nursing
rnore anteriorly. England et a1. (17) found that the rnajority of the
pigs nursed at the rnore anterior sections, but found that pigs of

significantly heavier birth weights nursed at udder positions three
and

four. It is of further interest to note that in this experirnent

there was a tendency for the larger rather than the srnaller pigs to

nurse at posterior teats.
Donald (14, p. 366) and Hartrnan et al. (26), working with

srnall nurnbers, found that anterior udder sections produce rnore
rnilkandpostulated that for this reason bigger pigs are usually found

here. Rose (39, p. 35), however, working with 32 litters found a
significant difference in production only between udder sections one
and six and four and six. England et al. (I7) postulated that while

there is no association between udder section nursed and birth weight,

it still rnay hold that the lighter-birth-weight pigs receive the udder
sections which produce Iess rnilk. A later study by England and

Rose, however, refutes this postulation (20).

With regard to efficiency of rnilk utilization, Donald (I3)

l5
proposed that piglets receiving the most milk above their requirernents for rnaintenance convert the extra rnilk lrlore efficiently.
England * aL. (19), however, working with artificially reared pigs

under laboratory conditions, found that pigs of low birth weight re-

quired L9.Z rnl of rnilk per .01 pound gain and piglets of heavier

birth weight required 26.L rnL of milk per .01 pound gain. Although
these data ignore differences in total rnaintenance requirernents,

they still indicate that pigs of low birth weight are capable of efficient production (19).

Factors Affecting Acceptance as Breeding Anirnals
The use of age constant periods for the evaluation of swine
has been in use

for rnany years. Menzies-Kitchin (32, p. 625),

as

early as L937, showed that pigs which were heaviest at weaning
tirne were also heaviest at slaughter on an age constant basis and
that there was a significant negative correlation between the weight
of a pig at six weeks of age and its age at slaughter. In support of

this, several workers (ZZ; 42, p. 40; 441 maintained that there is

a

direct relationship between birth weight and weaning weight, with
those pigs which were large and vigorous at birth usually weighing

rnore at a standard weaning age.

It has been rnaintained that a knowledge of the relationships
between weight at certain

tirnes, especially in early life, should

be

T6

of great value in predicting perforrnance (4) and potential breeding
value of swine (24). Toward this end, much work has been done to

deterrnine the relationship of birth weight with subsequent perforrn-

ance. Winters et al. (46) found that weaning weight of a litter increased 15.9 pounds with an increase of one Pound in the average

birth weight of the entire litter, when size of litter was held constant,
and weaning was on an age

basis. On an individual basis, Blunn

9! al. (4) found the correlation of birth weight and gain frorn birth to
56 days to be 0.44, and of

birth weight and 56-day weight to be 0.53,

indicating a very strong association of birth weight with subsequent
growth rate. These workers further rnaintained, however, that

correlations between weight at a given age and weight at a later age

are sornewhat autornatic, since the earlier weight is part of the
later. Forshaw et al. (Zl) support Blunn et 4. (4), in that they
found a correlation of

birth weight and weaning at eight weeks of

O.46. They also deterrnined that for everyonepound change in birth
weight there was a change of 7.8 pounds in weight at eight weeks.
Godley and Godbey \Z4l found a correlation of birth weight with
weaning weight of. O. 47.

Whatley (45, p. 253) found a correlation of birth weight with
180-day weight of O.43, but also found a correlation of weaning

weight with 180-dayweight of 0.55. He concluded that weaning
weight is twice as useful as birth weight in predicting weight at 180
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days, due rnainly to the effect that environrnent plays in prenatal and
preweaning growth. Donald (I4) concluded that weaning weights did

not discrirninate between the quality of the sow and the litter and,

for this reason, were arnbiguous. Nordskog g!31. (34, P.

ZTOl

re'

ported that weaning weight is rnainly a good rrreasure of a sowrs

rnilking abiJ.ity.
Bywaters (6, p. 468) cornputed the causes of variation in
weaning weights and found tlnat 42 percent

is due to environrnental

factors not cornrnon to litter rnates, and that only l8 percent of the
variation in weaning weight is due to genetic variation. Baker "t 4.
(2) concur with Bywaters, as they found that the portion of the variation in weight at 56 days which could be attributed to genetic causes
was four percent, while the amount of variation caused by environ-

rnent cornrnon only to the individual caused 46 percent of the varia-

tion. Thus, the part environrnent plays frorn birth to weaning is
quite large. Heritability estimates are low for weaning weight;
they range frorn . 074 (l 1) to 0. 35 ( l6). Again, these cornputations
were rnade on an age or tirne constant basis and are influenced by

greater environrnental effects at this young age. A decrease in environrnental effects, such as those occurring in later life, results in
a higher heritability estirnate.
Because differences in postweaning gains of pigs caleulated
on an age constant basis are quite dependent upon weaning weight,
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Chaprnan and England (9) questioned whether size

pg se influences

the association of weaning weight with postweaning rate of gain. In
an ea.rlier study, England and Chaprnan (18) reported that on a weight
constant basis, during a period from 50 to I00 pounds, there was no

difference in rate of gain found between pigs which had light and heavy
weaning weights. Boaz and ElsIey (5, p. 22) found an advantage in

growth rate for the heavy'weaning pig up to 60 pounds, but frorn 60

to

200 pounds found no difference

h.eavy weaning

in rate of gain between the light

groups. They further

and

showed that no difference be-

twt:en the two groups occurred in feed efficiency.
Chaprnan and England (9) 'working

with l33 pigs, found a cor-

ierj.ation of O.41 between weaning weight and postweaning growth rate
on An age-consta.nt

basis.

When postweaning gains were calculated

on e constant weight of 60 pounds

to I50 pounds the correlation

was

reduced to a non-significant value of 0. 17. Furtherrnore, and in
agreerrlent with Boaz and E1sIey, there was no significant difference

in rate of gain from

60 to 200 pounds between the

light and heavy

weaners. It was concluded that differences in size at the beginning
of a test will obscure differences in capacity for postweaning growth,
and that calculating gains on a weight-constant basis gives a rnore
adequate picture of genetic capacity

for growth.

Although the literature cited above is good evidence that the

rnajority of the causes for variations in growth are due to

r9

environrnental factors, no data are available to show the effect of

initial weight pel se on the performance of preweaning pigs. Cornpilation of inforrnation of this nature shoul.d add to the knowledge
of the genetic capacity for growth of pigs in general, and pigs of
light -birth-weight in particular.

ZO

MATERIAI.S AND METHODS
The inforrnation contained within this study was obtained by
using pigs born during the fall, I963 and spring, 1964 f.arrowing
seasons of the Oregon State University swine

herd. Twenty four

Iitters frorn the fall, and I7 litters frorn the sprin g f.arrowing were
repre sented.

The experirnent was cornposed of two trials.
used

The first was

to study the growth of pigs nursing their darns under usual

rrranagernent conditions in the Oregon State University swine herd.

The purpose of the second trial was to study the growth of pigs of

different birth weights in a laboratory environrnent with individual

full feeding. The two trials will be described separately.
Method of Herd Management

Approxirnately three days before farrowing, sows were
scrubbed with a disinfectant solution and placed in conventional

farrowing crates. Following procedures used in the university herd,
sows were attended while farrowing and baby pigs were weighed,

ear notched, and had needle teeth rernoved on the day of birth.
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srnall or weak pigs were given assistance in locating a teat and
securing adequate arnounts of colostrurn. In addition, pigs which
experienced difficulty in getting sufficient arnounts of rnilk were

ZT

bottle fed cornrnercial sow rnilk replacer. The farrowing crate contained warrrr, dry, draft f ree sleeping areas. To prevent anernia all

pigs were injected with one rn1 of iron dextran containing 100 rng
elernental iron when three days of age. When pigs reached approxirnateJ.y ten days

of age, the sow and litter were rnoved frorn the far-

rowing unit to conventional pens. In this area, the baby pigs were
provided with hovers which had heat larnps. Pigs were creep fed

after six weeks of age, but had access to sow feed during the entire
preweaning period.

Pigs were weighed once weekly frorn birth to six weeks of age
and again at 56 days of

age. The weight at one week of age included

variations in age of up to two days, however. This occurred because, in order to facilitate weighing procedures, all pigs were
weighed on one of two days during the week.

Pigs Raised Under Conventional Conditions
In all, I t I pigs frorn 24 f.aII and I0 spring farrowed litters
were cornpared. Thirty-seven pigs with birth weights

of.

2.0 pounds

or less (1ight group) were compared with 37 pigs with birth weights
of.

2.6-2.9 pounds (rnediurn group) and

37 pigs with

birth weights of

3.5 pounds or greater (heavy group). These three birth weight categories were chosen because they represent the average and the two
extrernes of birth weight distribution. Although treated as groups in

ZZ

the analysis, the pigs were allocated to the test as trios of light-,

rnediurn- and heavy-birth-weight pigs, based on the litter size and
breeding background of the pigs frorn the light-birth-weight group.

In

10

litter.

of the 37 trios all three pigs cornpared were frorn the sarne
In the rernaining Z7 cornparisons it was not possible to obtain

both of the other rnernbers of the trio frorn the sarne litter that con-

tained the light pig. In these instances, pigs of the appropriate birth
weight groups frorn other litters of cornparable size and breeding

were randornly selected to make up the trio.
Cornparisons of the three birth weight groups were rnade on

weight-constant bases. Two distinct growth periods were chosen;

frorn 4 to

15 pounds and

chosen because

frorn l0 to 25 pounds. The forrner

was

(t) this is an'early stage of post-natal growth and

rnay reflect a rnore sensitive effect of initial size differences than

at a later stage, and (Z) the pigs consurne rrrore rnilk than creep feed
during this tirne. The lower lirnit of four pounds represents the

birth weight of the heavy group, and was chosen in order to include
all pigs in the cornparison. Theperiodfrorn l0to 25poundswas
because

chosen

it includes a change frorn rnaxirnurn rnilk consurnption to in-

creased food consurnption and a less adequate rnilk supply. The

upper lirnit

of. 25 pounds

represents the weaning (56 day) weight of

the light group and, again, was used in order to include all pigs in
the cornparison.
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A third cornparison included the total growth period frorn 4 to
Z5

pounds. A final cornparison was that of average daily gain frorn

birth to 25 pounds.
Correlation coefficients were used to express the relationship
of birth weight with the nurnber of days required to grow frorn: (1)

4io

15 pounds, (Z)

l0 to

25 pounds, and (3) 4 to 25 pounds.

A fourth correlation coefficient was used to express the relationship between birth weight and average daily gain frorn birth to
Z5

pounds. Analysis of variance was used to test for significance of

differences between birth weight groups and between trios for the
growth periods of.4 to 15 pounds, l0 to 25 pounds, 4 to 25 pounds
and average daily gain frorn

birth to

25 pounds.

In very few instances did any pigs weigh exactly 4, 10, 15 or
Z5 pounds on any given

date. It was, therefore, necessary to adjust

the actual weight to the needed weight. This was done by cornputing
the average daily gain for the seven day period surrounding the de-

sired weight and then cornputing the nurnber of days necessary to
reach the needed weight frorn the actual weight closest to the needed

weight. For exarnple, if a pig weighed 3.3 and 6.4 pounds at

7 and

l4 days, respectively, then it had a rate of gain of 0.44 pounds per
day and weighed 4. 18 pounds at nine days of

age. Nine days was then

taken as the age at four pounds weight. Sirnilarly, if the pig weighed
13.5 and 16.3 pounds at 35 and 42 days, respectively, then it had a

z4

rate of gainof 0.40pounds per dayandweighed 15. I pounds at
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days of age. Thirty-nine days was then taken as the age at l5 pounds

weight, and the total period frorn 4 to I5 pounds was 30 days.
Pigs Raised in a Laboratory Environrnent

In the second tria1, the growth, feed intake and efficiency of
feed utilizatior. of I3 pigs of iight birth weight were cornpared to that

of

13 pigs weighing

A11

over 2.3 pounds each at birth (rnoderate group).

pigs used were frorn spring farrowed litters,

Pigs in the rnoder-

ate group were selected at randorn frorn within the sarne litters as

the selected light pigs in all but two cases.
The pigs rernained with the sow and were weighed weekly until

they reached an average weight of 8. 5 pounds. At that tirne they were
rernoved frorn the sow and taken to a laboratory environrnent. In the

laboratory, these pigs were housed in a closed building which contained no other swine and was away frorn the swine barn, Ternpera-

ture was not held constant but fluctuated relatively 1ittle as cornpared
with that encountered at the swine barn. The pigs were kept individually in cages with expanded rnetal floors.
The pigs were on test l7 days each, and during this tirne were

fed cornrnercial sow rnilk replacer ad libiturn. During the first three
days of the test, rnilk was rnixed to 75 percent of the recomrrrended

concentration. This was done to rninirnize the incidence of scouring

Z5

due to an abrupt change in
end of the

nutrition. Frorn the fourth day until

the

test, the pigs were fed rnilk replacer rnixed as recom-

rnended by the rnanufacturer. Measured arrrounts of rnilk were fed in

rnetal pans three tirnes daily. Twice daily the refused arnounts were
rneasured back and net consurnption was cornputed. Refused milk was

not reused. Milk pans were washed and disinfected twice daily. Milk
wastage appeared to be rninirnal and was not considered to be an irn-

portant factor insofar as differences between birth weight groups was
concerned.

The pigs were individually weighed on and off test. Net gains

were cornputed on a tirne-constant basis. A bearn type scale, graduated in grarrs, was used. Pigs were weighed in a deep plastic basket

in the rnorning and rnilk frorn the previous nightts feeding was available to thern prior to weighing.

Scours, which occurred with varying severity, were controlled
by the use of NF-180, Neornix and Tylocine.
Studentts t test was used to test for significance of differences between the two groups

surnption and feed efficiency.

for net gain, average daily rnilk con-
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RESULTS

Piss Raised Under Conventional Conditions
The rneans and standard deviations of the growth periods, in-

cluding birth weight, weaning weight, average daily gain frorn birth to
25 pounds andthe nurnber of days

requiredto growfrorn 4to 15, l0

to Z5 and 4 to 25 pounds are given in Table

2.

The correlation of birth weight with net gain to 56 days (Table

ispositiveandhigh1ysignificant(r=0,Z7z,P<
than rnost estirnates found by other u'orker s (4; Zl; Z4l,

An analysis of variance between trios was corrrputed to deterrnine the occurrence of litter effect on the growth pattern of the trios
used (Table I). No significant difference (P > .05), with 36 and 74
degrees of freedorn, was found between trios for rate of gain (l)

frorn 4 to

15 pounds,

(2) t0 to Z5 pounds, (31 4 to 25 pounds and (4)for

average daily gain frorn birth to 25 pounds.

Growth frorn 4 to I5 pounds. The correlation coefficient of

birth weight and nurnber of days r:equired to grow frorn 4 to I5 pounds
during this weight-constant period is negative (r - -0.256) and highly

significant (P < .01) (Table 3). This indicates that birth weight is
associated with subsequent growth rate frorn 4 to I5 pounds. This is

borne out by the regression coefficient of birth weight on the nurnber

3)
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Table i. Analysis of variance of growth rate during various periods
between trios of light-, mediurn- and heavy-birth-weight
preweaning pigs.
M.

S.

36

29,

14

l0-25 pounds

36

4-25 pounds

36

A. D. G. to 25 pounds

36

Source of Variation

d.

f.

F

Significance Leve1

Between Trios

4-15 pounds

Within Trio

515

P > . 05

37.8t

0.647

P>.05

43.75

0.

3.

s

pounds

658

50 0.69I

74

57.73

L0-25 pounds

74

58.42

4-25 pounds

74

66.50

A. D. G. to 25 pounds

74

5.07

4-L5

0.

P

>

. 05

P

>

. 05

Table Z. Means and standard deviations of birth weight, weaning weight, average daily gain frorn
birth to 25 pounds and nurnber of days required to grow frorn 4 to i5 pounds, 10 to 25
pounds and 4 to 25 pounds for suckling pigs of the birth weight classifications of light,
rnediurn and heavy.
Weight Classification

Birth weight

Mediurn

Heavy

Average of Groups
2.77
0.77

t. 90

Standard deviation

0.64

z.7o
0.34

3.72
0.73

eaning weight
Mean
Standard deviation

26.8
5. 13

29. z
4.81

33. 5
7. 57

Mean
'W

Light

A. D. G. frorn birth to 25 pounds
Mean (pounds per day)
Standard deviation

No. days frorn 4 to

L5 pounds

Mean
Standard deviation

No. days frorn l0 to 25 pounds
Mean
Standard deviation

No. days frorn 4 to 25 pounds
Mean

Standard deviation

0.42
0.055
30. r

0.44
0.053

8

6.54

o.47

o.45

0. 082

0. 069

4.75

28.5
6.34

26.4

29.9
7. ZO

30.7

31.I

46.9
g. 43

46. O
7. 03

5. Z0

29.

5. 56

6.77
45.3

9.78

28.3
5.75
30.5

6.4r
46.

L

8.8r

f\)
@

Table

3.

Correlation and regre s sion coefficients between birth weight and five growth periods for
suckling pigs raised under conventional conditions.
T

raits

P

b

Birth weight

weaning weight

O.3BZ

OI

3.2I

Birth weight

net gain to weaning

0. z7z

OI

2.

Birth weight

days 4 to 15 pounds

-0.256

01

Birth weight

days I 0 to 25 pounds

0. Lzg

05

1.07 days

Birth weight

days 4 to 25 pounds

-0.0046

05

-0.046 days

Birth weight

A. D. G. birth to 25 pounds

O. ZZ7

05

-

pounds

Zl pounds

I. 91 days

0.02 pounds per day

N

.o
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of days required to grow from 4 to I5 pounds. The regression coef-

ficient indicates that each additional pound in birth weight reduces the
tirne required to grow from 4 to

15 pounds

by 1.tI days (Table

3).

A significant difference (P< .05) was found between the three
birth weight groups for rate of gain from 4 to

L5 pounds (Table

4). By

the rnethod of least significant differences (L.S. D. ) it was found that

significant differences in rate of gain occur only between the light and
heavy groups. There was no significant difference in rate of gain
between the light and rnediurrr

or heavy and rnediurr groups (Table

5).

Growth frorn I0 to 25 pounds. A Iow, positive association

(r = 0. 129) was found between birth weight and the nurnber of

days

required to grow frorn 10 to 25 pounds (Tabte 3). While not significant (P ) .05), the correlation coefficient does indicate a change in
the growth pattern exhibited by pigs of the three different birth-weight
groups.

During the period frorn 4 to L 5 pounds there was a statistically

significant advantage for the pigs having a heavier birth weight. The
regression coefficient of the nurnber of days required to grow frorn
10

to 25 pounds on birth weight, however, would, if based on signifi-

cant differences of the rnagnitude shown in Table 3, indicate that an

increase in birth weight of one pound increases the time required to
grow frorn 10 to 25 pounds by l. 07 days. The absence of a significant relationship between these traits indicates no advantage for
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Table 4. Analysis of variance of nurnber of days required to grow
frorn 4 to 15 pounds between pigs of light, rnediurn and
heavy birth weights.
Source of Variation
Between

d. f.

birth weight groups

2

Within birth weight groups

r08

Total

rt0

M. S.

F

rz8. 0

4.09r,

3I.

3

'l'Significant at P < . 05

Table 5. Difference in rneans of nurnber of days required to grow
frorn 4 to L5 pounds between three birth weight groups.
Cornparison

D

Light vs rnediurn

L. s6

Mediurn vs heavy

z.

Light vs heavy

3. 70

L. S. D. (P

<

. 05) =

2.57 days

14

3Z

the pigs of heavier birth weight during this period.
No significant difference was found between birth weight
groups for the nurnber of days reguired to grow frorn 10 to 25 pounds

(Table 6). This further points out that there has been a change in
the growth pattern shown by the three groups in the period frorn 10 to
25 pounds as cornpared to the period

from 4to

15 pounds.

Growth from 4 to 25 pgunds. A low, negative correlation

coefficient (r = -0.0046, P > .05) indicates that there is no association of birth weightwithrate of gain over the weight constant period

frorn 4 to 25 pounds (Tab1e 3). The regression coefficient of the nurrrber of days required to grow from 4 to ?5 pounds on birth weight is
-0.046.
No significant difference was found between the birth weight
groups for rate of gain frorn 4 to 25 pounds (Table 7). This indicates

that on a weight-constant basis, the pigs of light birth weight grow
as rapidly as the pigs of rnediurn or heavy birth weights frorn 4 to
Z5 pounds.

Average dailv gain from birth to 25 pounds. There was a

significant (P <. 05), positive association (r = 0. ZZT\ between birth
weight and average daily gain from birth to 25 pounds (Table 3). The

regression coefficient of average daily gain to 25 pounds on birth
weight was 0.02 (Table 3). This indicates that for every one pound
change

in birth weight there is a subsequent change of 0.02 pounds
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Table 6. Analysis of variance of nurnber of days required to grow
frorn I0 to 25 pounds between pigs of light, rnediurn and
heavy birth weights,
Source of Variation
Between

d.

birth weight groups

f.

M. s.

z

14.

Within birth weight groups

108

Total

1I0

O

F
0. 336 N. S.

4r.64

P>.05

Table 7. Analysis of variance of nurnber of days required to grow
frorn 4 to 25 pounds between pigs of light, mediurn and
heavy birth weights,
Source of Variation
Between

f.

M. s.

z

23.0

0B

58. 87

d.

birth weight groups

Within birth weight groups

I

TotaI

110

P>.05

F
0. 39r N. s.
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per day in growth rate frorn birth to 25 pounds with the pigs of heavier

birth weight showing the growth advantage.
The rneans of average daily gain frorn birth to 25 pounds of
aI1 three

birth-weight groups are shown in Table 2. Although dif-

ferences appear srnall, a significant difference was found between

birth weight groups for average daily gain frorn birth to 25 pounds
(Table 8). As shown in Table 9, a significant difference in rate of
gain occurred only between pigs of light- and heavy-birth-weights,

with the heavier pigs gaining rnore rapidly. No significant difference

in rate of gain was found between the light

and rnediurn

or heavy and

rnediurn groups,

Pigs Raised Under Laboratory Conditions
The average daily gain, net gain during the l7 day test period,

daily rnilk consurnption, and feed efficiency for pigs raised under

a

laboratory environrnent are given in Table 10. The results, corrrputed by Studentrs

t tests, indicate that no significant differences

exists between the rnoderate and light groups for net gain, daily rnilk
consurnption or feed efficiency (Table I l).

35

Table B. Analysis of variance of average daily gain from birth to
pounds between pigs of light, rnediurn and heavy birth
weights.
Source of Variation
Between

birth weight groups

d.

f.

M, s.

z

0.0275

Within birth weight groups

108

Total

rI0

25

F

6.?1*

0.0041

'i'Significant at P < . 01

Table 9. Difference in rneans of average daily gain frorn birth to
pounds between three birth weight groups.
Cornparison

D

Light vs rnediurn

0.021

Mediurn vs heavy

0. 028

Light vs heavy

0. 049

L. S.

D. (P < . 05) = 0. 0295 pounds per day

25
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Table 10. Means of average daily gain, net gain, rnilk consurnption
and feed efficiency of two birth weight groups raised
under a laboratory environment.

Birth Weight Group
Birth weight

Moderate

(pounds)

Light

Average

Z, 74

1. 63

z.

Average daily gain (pounds per day)

0. 68

0. 66

o. 67

Net gain (kg)

5. z8

5. 13

5.

Milk consurnption (t)

z. 63

z. 54

z. 59

Feed efficiency (t per kg)

0. 498

0. 495

0. 497

L8

zl

Table 11. Studentrs test for significance of differences of production
traits between pigs of different birth weights raised in a
labo rato
T

rait

ry environment.

t Value

Significance Level

Net gain

0.228

P

05

Milk consurnption

0.394

P

05

Feed efficiency

0.098

P

05
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DISCUSSION

The correlation of birth weight with net gain to 56 days

(r ='J.Z7Z, Table 3) for the iil pigs cornprised of 37 trios of pigs
f

rorn the three birth-weight groups is lower than correlations of

birth weight and weaning weight reported by other workers for entire
litters (4; Zl; Z4l. The coefficient of deterrnination found in this

study

)

(r" = 0.074) indicates that on a tirne constant basis, variation in birth
weights accounts for a srnaller proportion of the variation in growth

in this population than is usually found in other herds.

'When the

correlation of birth weight with net gain to 56 days in the present
study is based upon the entire litters frorn which the trios were
taken its rnagnitude is greater (r = 0.328), but still lower than esti-

rnates reported in other studies.
One reason

for the dirninished rnagnitude of association of

birth weight with net gain to 56 days found in this study is that in
correlating birth weight and weaning weight, birth weight is included

in weaning weight. This results in an association of two weights
which are made up in part of the sarne weight (birth weight). The
association of birth weight with net gain to 56 days rernoves birth
weight frorn weaning weight and is therefore a fi)ore accurate meas-

ure of the association of birth weight and preweaning growth. The
association of birth weight with weaning weight found in this study was
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0.382 (P < . 01, Tab1e 3).
The use of heat lamps and the practice of feeding supplemental

rnilk to

srnal1 and weak pigs might also affect the association of

birth

weight with net gain to 56 days by enhancing the ability of light-birthweight pigs to grow at a rnore rapid rate than is found under rnanage-

rnent conditions where this type of assistance is not given. If pigs of

light birth weights gain rnore rapidly at a younger age they might
weigh rnore at 56 days than if they had received no extra care, there-

by decreasing the rnagnitude of the association of birth weight with
net gain to 56 days. Such expectations appear to be borne out in the
study by England and Chaprnan (I8a) in which the correlation of birth

weight and 55 day weight was only r = 0. 13 for pigs reared from birth

in a laboratory environrnent and fed artifically.
The occurrence of scours throughout the herd may also have

affected the arnount of association found, although scouring is probably found in rnost herds. Wide variations in severity of scouring

occur, and it is possible that heavier, more rapidly growing pigs are
rnore adversely affected than lighter pigs. No data are available to
support this hypothesis, however.

The correlation of birth weight with average daily gain frorn

birth to 25 pounds (r = 0.227, Table 3) indicates that birth weight is
significantly associated with rate of gain from birth to 25 pounds.

This is generally to be expected since pigs of heavier birth weight are
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required to gain less weight to reach 25 pounds. Furtherrnore, Pigs
which are heavier grow more rapidly on an age-constant basis. This
enables thern to rnaintain a rnore rapid rate of gain than the srnaller

pigs which grow rrlore slowly during the sarne period because they are
lighte r.

Analysis of the significance of differences of rneans of the
different birth-weight groups for the nurnber of days required to grow

frorn 4 to

15 pounds shows that the heavy group grows

lrlore rapidly

during this weight-constant period (Table 5). No significant differences occur between the birth-weight gfouPs

for the nurnber of days

required to grow frorn 10 to 25 pounds (Table 5), or over the total
nurnber of days required to grow frorn 4 lo 25 pounds (Table 7)'
These relationships indicate that pigs which are srnaller at birth

grow rrrore slowly early in life, even on a weight constant basis,
than do pigs which are heavier at birth. These relationships also

indicate that at solne tirne between four and ten pounds there is a
change

in the relative rates of gain of the three birth-weight groups.
Porneroyts work (36, p. 54) on neonatal survival in swine

indicates that pigs of light birth weight are less vigorous and adjust

rnore slowly to changes encountered in their new environment. It
has also been shown that the thermoregulating rnechansim in pigs of

light birth weight rnay take up to ten days to becorne stabilized,
whereas in pigs of heavy birth weight it takes about four days
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(39; Si), Pigs which are cold are less vigorous and since vitality
influences rnilk consurnption, it rnay be that the lighter pigs consurne
Iess rnilk because of secondary effects controlled by the adjusting
the rrnore

gulating rne chanism.

England 9! 4. (I9), using pigs raised under laboratory condi-

tions, reported that pigs which are heavier at birth consumed rnore
rnilk frorn birth to five days of age. This should be expected since
larger pigs have greater total capacity. It was further shown, how-

ever, that when given the opportunity to consurne as rnuch as they
desired, the lighter pigs consumed rnore milk in relation to their
body weight and utilized this

rnilk as efficiently as the pigs which are

heavier at birth (19). This work does not refute the possibility that
under conventional conditions the pig of light birth weight may consurne less rnilk per unit of body weight during the

first few days of

Iife. However, the additional care given pigs of light birth weight in
the Oregon State University herd rnay offset sorne handicaps norrnally
encountered under rnanagerrent conditions that are less adequate for

the pigs of light birth weight.
The change in association of birth weight and rate of gain

during the 4 to I5 pound and 1O lo 25 pound periods is most rnarked
between the light and heavy
vanced to account

groups. Two postulations can be ad-

for this change: (l) the heavier pigs are not

utilizing their growth capacity as adequately in relation to the light

4t

pigs during the l0 to 25 pound period as they did during the 4to
pound period,

L5

or (2) the light pigs have becorne rnore cornpetent in

their growth capacity during the l0 to

25 pound period than they were

during the 4 to l5 pound period. The growth curves of the three

birth-weight groups (Figure l) indicate that frorn about ten pounds the
growth rates of the three groups are equal. This is borne out by
the analysis of variance between birth-weight groups for the period

frorn 10 to

25 pounds.

That the light pigs are less efficient in their util,ization of
feed during early postnatal life and irnprove with age, thus making

rrlore rapid gains, would seerrl to be a plausible explanation for the
changes in association between the light and heavy

groups. It

has

been shown, however, that under laboratory conditions pigs of light

birth weight utilize their feed as efficiently, from birth to five

days

of age, as those of heavier birth weight (19). Although supplernental feeding and added warrnth were provided for pigs under conventional conditions in the present study, it appears that environrnental conditions rrray still have been less adequate for the pigs of

light birth weight than for their heavier litter rnates during the early
postnatal period. Newlandrs (33, p, IZZI report that pigs of low

birth weight are slower to reach a stage of adequate body ternperature regulation again suggests that the pigs of light birth weight are
at a disadvantage for as long as ten days after birth.
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Growth curves frorn birth to 56 days of age for light-,
mediurn - and heavy-birth-weight pigs raised under
conventional conditions.
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One explanation which rnight account

for the changes in

growth rate between the weight constant periods of.4 to I5 pounds
and

1A

b

25 pounds

is that of relative adequacy of rnilk intake.

Rose

(39, p. 30) found that rnaxirnurn rnilk flow occurs during the third
to fourth week of lactation in the Oregon State University herd.
During the third to fourth week in the present study, the light pigs
rveighed 8.7

to 11.0 pounds, whereas the heavy pigs weighed I2.8

to I6,0 pounds. If rnilk production was Iess than total intake desired
at this tirne or la.ter before reaching 25 pounds weight, the heavy pigs
would be under lnore stringent conditions, while the light pigs rnight
be drinking

all the rnilk they could consume. It was also found by

Rose that there

is little association between birth weight and rnilk

consurnption in pigs between the ages of. 14 ar,d 42 days. It is pos-

sible, on the basis of these data, to postulate that the heavier pigs
are colnparatively lirnited in growth between l0 and 25 pounds
weight by inadequate arnounts of rnilk. Data are not available on the

relative arnounts of feed eaten by heavy and by light pigs during this
weight-constant period, but it is generally recognized that additional
feed intake is low at young ages, probably because adequate arnounts

of rnilk are available to satisfy the a.ppetites of the young pigs.
Srnith (40), however, found that as the arnount of available rnilk becornes

lirnited, rrrore creep feed is consurned. England and Rose

(20) postulated that the increased gains rnade by heavier pigs rnay be

44

due tr: increased creep feed consurnption.

Frorn a corrparison of the periods frorn birth to 25 pounds
and frorn 4

to

15 pounds

with 4 to 25 pounds and IO to 25 pounds it is

clear that birth weight significantly influences neonatal growth

ability under conventional conditions. It may be, then, that the lightbirth-weight pigs are initially more severely handicapped by unfavorable environrnental conditions but gradually becorne rnore adequately
adjusted to the environrnent. They then reach a point at which their

true capacity for growth can rrlore readily be expressed.
The use of a laboratory environment, where the environrnental

variables of temperature, opportunity for feed consurnption, and
cornpetition are essentially controlled should give all pigs, regardless

of their weight at birth, the opportunity to grow at their rnaximurn

rate. Differences in growth, under this environrnent, should
caused rnainly by genetic and not environrnental

be

differences. As in-

dicated by the results obtained frorn Studentrs t tests (Table l1),

there is no significant difference between the light and moderate group

for net gain, rnilk consurnption or feed efficiency when the test period
is initiated at the sarne starting weight.
That no differences in gain occur between the two groups is in
agreerrlent with the results of the study with the pigs under conven-

tional conditions.
The results of the laboratory test also indicate that on aweight
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constant basis the pigs of lightbirthweight consurne as rnuch rnilk as
those of rnoderate birthweight, when given egual opportunity to do so.

This

shows not only that the pigs of

lightbirthweight have the innate

capacity to consurne equal arnounts of feed, but further th.at differences

in capacity to ingest feed, or the willingness to do so, are not

the causes of differences in preweaning growth rates found under conventional cond.itions. The data further indicate that pigs of light birth
weight utilize their feed as efficiently as pigs of heavier birth weight.

I'his is in accord with the results of England et al. (19),

rvho found

equal efficiency of feed utilization between light- and heavy-birthweight pigs frorn birth to five days of age'

If the results of the laboratory test are coElpared with the
results obtained under conventional conditions it can be concluded
that light-birth-weight pigs have the innate ability to grow with as
rnuch rapidity and efficiency as the pigs of heavier birth weights frorn

a specific initial weight, such as ten pounds. It rnight further be concluded that environrnental factors such as regulation of body ternper-

ature and cornpetition harnper the expression of the growth ability of
the pigs of light birth weight during early postnatal life. It is evident that the rnain factor which causes differences

in growth rate is

weight per se and not a Iack of ability to grow.

It was

shown by Chaprnan and England (9) and Boaz and

Elsley (S) ttrat differences in capacity for postweaning growth rate
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can be obscured by the differences in weight at the initiation of tests.

It was concluded by Chaprnan and England (9) that gains calculated on
a weight-constant basis reflect genotypic differences rnore accurately
than tests which are conducted on a tirne-constant basis. Frorn the

results found in the present study, it appears that on a preweaning
basis it is also true that a weight-constant test period rnore accu-

rately reflects the actual genotypic differences, especially when
working with pigs of iight birth weight.

It has been shown that the rnain cause of rnortality in lightbirth-weight pigs is their inability to cope with neonatal environrnent
(33, p. LZI; 36, p. 54). It has also been reported that an alteration

in the environrnent which facilitates the growth of these pigs increases the nurnbers raised (20).

Heritability estirnates for birth weight (25) and rePeatability
estirnates for within litter variation of birth weights (8, p. 54)., in-

dicate that the rnajority of the variation in birth weights is due to
factors which are 1owly heritable. Studies on the physiological nature
of variations of birth weights ( 1; 7, p. 85; 38, p. 32; 43) support
these indications, as they have shown that variations in birth weight

are due rnainly to the effects of litter si.ze, crowding, position in
the uterus, and, in turn, assurned differences in the nutrition of the

fetus. It would seern reasonable, then, that pigs of light birth weight
are srnaller at birth because of environrnental conditions irnposed
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i* yt_gjg, and that these conditions irnpose a restriction upon the
ability of the pigs of iight birth weights to adjust at birth to a new
environrnent. Frorn this it can be concluded that the restriction of
growth during the early life of pigs of light birth weight is due to size

per

se and not to genetic

inferiority.

If these conclusions are valid then production techniques
should be adopted which give the pigs of light

birth weight a rrrore

adequate environrnent. With present knowJ.edge,
changes in rnanagernent procedures could
enough to increase

it is unlikely that

alter prenatal environrnent

birth weight while holding litter size constant.

However, an increase in litter size at weaning of Z0 percent can be
brought about by using irnproved rrlanagernent techniques (19). The
use of supplernental rnilk feeding and supplernental heat also give the

light or weak pigs assistance during early life which rnay reduce the
length of tirne required before full utilization of growth ability occurs.

An increase in nurnbers weaned per litter is not only of econornic irnportance but also of genetic irnportance. It is known that
increased selection efficiency can result when larger nurnbers are
used frorn which

to select. Thus, an increase in litter size of ZO

percent at weaning rnight increase selection efficiency by rnaking
available larger nurnbers frorn which to select. Pigs of light birth

weight, as the results of this study indicate, have the innate ability
to be cornpetitive with regard to feasible use in a selection prograrn.
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Inspection of the data used by Chaprnan and England (t), for exarnple,
shows that of the 20 gilts with highest average daily postweaning

gains on an age to weight basis, only l3 would have been selected on
the basis of highest average daily gain on a weight-constant basis.

Finally, the results found in this study support the postulation
of England and Rose (20), narnely that pigs of light birth weight cause
no econornic disadvantage in cornrnercial production other than the

extra initial care and the tirne required to reach rnarket weight.
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SUMMARY AND CONCLUSIONS

1. A significant (P < .01) negative correlation was found for
birth weight with the number of days required to grow from 4 to

15

pounds. A significant difference (P < . 05) occurred between pigs of
light and heavy birth weights for rate of gain during this weight constant pe riod.

Z. A significant (P < .0I) positive correlation was found for
birth weight with average daily gain from birth to

25

pounds. A

significant difference (P < .05) was found between the light and
heavy groups for average daily gain during this period. The conclusion was drawn that environrnental conditions for pigs of light birth
weights are inadequate during the neonatal period of life, resulting

in a decreased rate of gain during this period and thus during the
total period frorn birth to 25 pounds.

3. No significant difference was found between the three
birth-weight groups for the nurnber of days required to grow frorn

l0 to

25 pounds

or frorn 4 to 25 pounds. It was concluded that

change in the relative growth rates had occurred

for the light

a

and

heavy groups between the 4 to 15 pound and the 10 to 25 pound

periods. Two postulations are given to account for this
a. The heavier pigs

do not grow

change:

relatively as rapidly

during the I0-to-25 pound period, probably because the
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anrount of

rnilk required by the heavier pigs is becorning un-

available.

b. The pigs of light birth weight becorne rnore cornpetent in their growth capacity during the l0-to-25 pound

period, rnainly due to the stabilization of body ternperature
with resulting adaptation to existing environrnental conditions.

4. No significant difference was found between pigs of light
and rnoderate

birth weights raised under laboratory conditions for

net gain, rnilk consurnption or feed efficiency. It is concluded that:

a. On a weight-constant basis, pigs of light birth
weight have the innate capacity to grow as rapidly as pigs of
heavier birth weights.

b. Given equal opportunity, pigs of light birth weight
consume as rnuch rnilk as pigs of heavier

c.

On a weight-constant

birth weight.

basis, pigs of light birth

weight utilize their feed as efficiently as pigs of heavier birth
weights,

d. Under laboratory conditions, with the environrnental factors of ternperature, opportunity for food consurnp-

tion, and cornpetition controlled, there is no difference in
perforrnance between light and heavy pigs when rneasured
on a weight constant basis.

5t

5. Frorn a colnparison of the results of the test of pigs
under conventional conditions with that of pigs under laboratory condi-

tions, it was concluded that the use of pigs of light birth weight in a
corzlrnercial prograrn is econornically sound and that their use as

part of the breeding herd could increase the nurnber of anirnals frorn
rvhich to select, which rnight, in turn, increase the efficiency of
se

le ctio n.

5Z
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