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ABSTRACT

The effect of dystocial parturition upon the 
neonatal calf was evaluated, using neonatal serum cortisol 
levels and absorption of colostral IgG, IgM and IgA as 
measures of partufitional stress and its effects upon the 
establishment of adequate levels of passive immunity.
Twenty dystocial and twenty eutocial calves were used.
Serum IgG, IgM and IgA levels were evaluated using a radial- 
immune diffusion technique, serum cortisol levels by a radio 
immuno assay. No differences were observed in colostral 
IgG, IgM or IgA absorption between dystocial and eutocial 
calves. The dystocial calves exhibited significantly lower 
serum cortisol levels than the eutocial calves at parturi
tion. The results clearly indicate that the dystocial calf 
is not impaired in its ability to absorb colostral immune 
globulins.

viii



INTRODUCTION

One of the primary factors affecting productivity 
and stability in a beef or dairy herd is the degree of 
reproductive loss. This loss includes stillbirth and 
neonatal death. Although many physiological factors have 
been implicated in neonatal death loss, the single most prev
alent cause is dystocia (Anderson and Bellows 1967,
Pattullo 1973). Dystocial calves have a reported mortality 
rate four times greater than that of eutocial calves (faster 
and Gregory 1973) .

As can be expected a significant body of research 
has developed around dystocia. However, little information 
exists concerning the interaction of dystocia and the estab
lishment of passive immunity. Specifically, can dystocial 
stress (faster and Gregory 1973) interfere in the acquisition 
of passive immunity? If so, the dystocial calf could be 
more susceptible to perinatal infection, but the effect may 
not become apparent until several days after parturition.

The acquisition of passive immunity, via enteric 
absorption of colos^tral immune globulins within 24 hours 
postpartum, can be deleteriously affected by stress. In 
fact, stressful situations significantly reduce colostra!

1
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immune globulin absorption (Stott et al. 1976, Jeffcott 
1972). Accordingly, dystocial stress could reduce colostral 
immune globulin absorption. The following study was con
ducted to determine if and how dystocial birth affects 
passive immunity in the neonatal calf.



REVIEW OF LITERATURE

In order to assess the effect of dystocia upon neo
natal absorption of colostral immune globulins, a review 
of the following areas is necessary: 1) bovine immuno
globulins, 2) passive immunity, including its effect on calf 
loss, and 3) .adrenocorticostreoidsy their relation to stress 
and passive immunity.

Bovine Immune Globulins 
Three classes of immune gammaglobulins have been 

identified in cattle. The three classes and their probable 
sites of synthesis are reviewed by Butler (1971). and Butler 
et al. (1971) .

Immune gammaglobulin G (IgG) is normally the most 
abundant in serum and lacteal secretions (Butler 1971), and 
functions in complement fixation. It is also the primary 
immune globulin involved in hyperimmunization. The primary 
sites of IgG synthesis are the lymph nodes and the spleen, 
with secondary synthesis in the mammory and reproductive 
tissue (Butler et al. 1971). Normal serum, colostral and 
milk concentrations are given (Table 1).

Immune gammaglobulin M (IgM) is characterized as an 
agglutinizing antibody, normally involved in early antibody
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Table 1. Serum levels of IgG, IgM and IgA under differing 

situations.a

Immune Concentrations, mg/ml
Gammaglobulin IgG IgM IgA

Maternal serum*3 13.0-26.4 2.8-2.6 o 0 00 1 o u>

Colostrum*3 34.0-76.9 3.2-4.9 2.00-4 .5
Milk*3 2.0-4 .5 0.25-0.25
Suckled calves, 24 hours 

PPC
22.3+17 1.26+1.7

Suckled calves, 24 hours 
PP

24.1+0.9

Suckled calves, surviving6 7. 5+1.0 0.8+0.1
Suckled calves, died0

Non-septicemic 5.0+1.0 0.6+0.1
Septicemic ' 0.8+0.3 0.2+0.1

^Reported levels among suckled calves differ due to 
differing analytical techniques of the researchers.

^Taken from Butler (19 71).

cTaken from Klaus, Bennett and Jones (1969).

^Taken from Bush et al. (1971).

eTaken from Penhale et al. (1970).
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response (Butler 1971). Primary synthesis occurs in the 
spleen and lymph nodes, with secondary production in the 
uterus, vagina and mammary tissue (Butler et al. 1971).
Normal serum, colostral and milk concentrations are given 
in Table 1.

Immune gammaglobulin A (IgA) is the third recognized 
class, and is the primary immune globulin synthesized in 
the exocrine glands, respiratory tract and gut (Butler et al. 
1971) . Normal serum, colostral and milk concentrations of 
IgA are given in Table 1.

The pattern of immune gammaglobulin synthesis in the 
calf mimics that of the adult with one exception; IgA syn
thesis does not occur in the gut of the neonate. This may 
be coincident to the proper absorption of colostral immune 
globulins (Butler 1971).

Passive Immunity
Although the epithelial-chorio cotyledonary placenta 

prevents the transfer of maternal immune globulins to the 
fetus, precolostral calf sera does contain low levels of IgG 
and IgM (Schultz 1973) . Detectable serum levels occur as 
early as 130 days gestation for IgM and 135 days gestation 
for IgG, indicating endogenous fetal production of immune 
gammaglobulins, albeit at low levels. However, these
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precolostral serum levels are not sufficient to confer 
protection against infection (Jeffcott 1972). Consequently, 
until adequate endogenous production is achieved immune 
gammaglobulins must be obtained from an exogenous source. 
Colostrum provides such a source (Jeffcott 1972). The trans
fer of maternal immune gammaglobulins to the calf via the 
colostrum is referred to as passive immunization.

Colostral formation in the maternal mammary tissue 
is prerequisite to proper neonatal immune globulin ab- ... 
sorption. Selective transfer of IgG, IgM and IgA from 
maternal sera to the lacteal secretion increases during the 
last four to six weeks of gestation (Jeffcott 1972, Smith 
1971). The transfer activity attains a peak at parturition, 
after which immune globulin concentration in the milk de
creases rapidly (Logan 1974).

The period of active colostral formation coincides 
with the period of increasing estrogen and progesterone con
centrations in maternal serum; i.e., the last four to six 
weeks of gestation (Jeffcott 1972, Smith 1971). Smith 
(1971), emphasizing the importance of this relationship, de
monstrated that estrogen and estrogen-progesterone treat
ments greatly increase IgG^ concentration in the lacteal 
fluid, indicating that estrogen and progesterone have a" 
direct effect upon the transfer of IgG^ into the colostrum. 
Since IgG^ is the principle immune gammaglobulin in
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colostrum, proper levels of estrogen and progesterone are 
essential to the formation of IgG^ adequate colostrum.

Colostral Absorption
Adequate absorption of colostral immune gamma

globulins by the neonate appears to be essential for the 
transfer of passive immunity, and is the phase which is most 
susceptible to both external and internal environmental con
ditions (Jeffcott 1972) . The anatomical site of colostral 
absorption is the small intestine (Jeffcott. 1972) . Although 
unclear, the absorptive mechanism appears to consist of > 

three phases: pinocytotic uptake of colostral proteins' from
the gut lumen into the epithelial cells, transfer of colos
tral proteins across the cell and extrusion of proteins 
into the tissue spaces (Jeffcott 1972). Apparently, the 
colostral proteins then enter into the thoracic duct where
by they are transported to the blood.

Peak absorption levels of IgG, IgM and IgA are 
attained within 27 hours postpartum, after which time serum 
levels do not rise despite continued colostral ingestion 
(Logan 1974; Bush et al. 1971; Staley, Jones and Bush 1971). 
The absorption of IgM reaches a peak at 16 hours postpartum, 
followed by IgA at 22 and IgG at 27 (Logan 1974). Although 
the absorption of colostral proteins is reported to be non- 
selective (Klaus et al. 1969), Brandon and Lascelles 1971),
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it may not be of equal efficiency (Klaus et al. 1969,
Staley et al. 1971, Logan 1974).

The cessation of absorption, or closure, is appar
ently associated with a failure of intracellular processing 
of colostral protein, rather than a failure in epithelial 
pinocytosis (Jeffcott 1972). Closure seems to be initiated, 
or at least affected, by several factors including altera
tions in absorptive cells, prematurity, starvation, colos-. 
tral "enhancement" factors, gastric development, ingestion 
of solid food, stress and endocrine mechanisms. The last 
two of these factors may be of significance in evaluating 
the effect of dystocia upon absorption.

Passive Immunity and Neonatal Loss
A close relationship exists between the effective 

degree of passive immunity and neonatal infection and loss. 
Calves with low serum immune gammaglobulin levels are: more 
likely to succumb to infection (Table 2), and neonatal mor
tality is directly associated with low IgG and IgM serum 
levels (Jeffcott 1972, Klaus et al. 1969 and Penhale et al. 
1970; Logan 1974). Immune gammaglobulin M has been identi
fied as the essential immune globulin in the prevention of 
enteric bacterial infection (Penhale et al. 1970) and 
general systemic immunity (Logan et al. 1974), although no
single immune globulin provides the full spectrum of defense 
(Logan 1974) .



Table 2. Radialimmune' diffusion data.
9

Immune 
Gammaglobulin

IgG IgM IgA

Diffusion media   1% agarose soln. ---

Standard normal bovine serum, pooled

Innoculation volume 0.002 ml 0.007 ml 0.02 ml

Incubation time, hrs 24 48 48

Washing solution normal saline, 24 hrs,

Stain acid fuchsin

Usable range, mg/ml 2-48 0.5-4 0.5-8 .0
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Passive Immunity and Corticosteroids
The role of adrenocorticoids in passive immunity is 

not well defined. Treatment of gestating cows with injec
tions of dexamethasone trimethylacetate two months prepartum 
decreases IgG, IgA and IgM absorption by half that of un
treated calves in the corresponding neonatal treated calves 
(Husband, Brandon and Lascelles 1973), apparently due to 
elevated adrenocorticoid serum levels in the fetus. Immune 
gammaglobulin absorption is similarly affected by elevated 
serum adrenocorticoids in the neonate (Jeffcott 1972) . How
ever, adrenocorticoid induced closure is incomplete and the 
mechanism by which closure is effected is not known (Husband 
et al. 1973).

Stress is also involved in the adrenocorticosteroid 
closure interaction since stressful situations are associ
ated with increased corticosteroid secretion (Stott et al. 
1976, Jeffcott 1972) . However, little is known concerning 
the interaction of the maternal and fetal systems in a 
stressful situation. The "stress factors" involved in 
parturition apparently elevate maternal serum cortisol 
levels (Hudson et al. 1976), but the effect of this upon the 
fetus is largely unknown.

The role of adrenocorticoids in dystocia, and the 
subsequent fetal response to the stress of a difficult and 
delayed parturition is unknown, although it is assumed that



dystocia is a stressful and traumatic process for the calf 
(Pattulo 19 73, Laster and Gregory 1973). If neonatal adreno- 
corticoid serum levels are elevated in response to dystocial 
trauma, premature closure might be induced, and colostral 
absorption would be impaired,



METHODS AND MATERIALS

Experimental Design
A randomized block design was used in the current 

study, each block accounting for colostral and environmental 
variations (Snedecor and Cochran 1973) . Five blocks were 
involved. Each block comprised four dystocial and four 
eutocial calves. The respective treatments of each block 
(dystocial or eutocial) were completed before the next 
block was started. All blocks were completed within 72 
hours, i.e., no more than 72 hours elapsed between the de
livery of the first calf and the release of the eighth.

Each of the five blocks had a separate colostral 
pool, collected no more than eight hours before the first 
feeding of each block, and refrigerated during storage and 
use. Only colostrum from the first milking of cows which 
had calved within the previous 24 hours was used. Each calf 
was fed 950 ml of colostrum at four and sixteen hours post
partum.

Weight and sex data were kept on each calf (Table 
3) . Calves were weighed prior to the first feeding and ear 
tags were used as identification numbers.

12
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Table 3. Weight (Kg) and sex data for dystocial and eutocial 

calves, weight given as mean and standard deviation.

Dystocial Calves, Eutocial Calves

35.27 + 3.15 Kg 

12 male, 8 female

Weight Data 

Sex Data
37.44 + 3.75 Kg 

8 male, 12 female

Any birth requiring the use of a mechanical calf 
puller to complete parturition was classified as dystocial. 
Calves born unassisted were classified as eutocial. Any par
turition requiring hand assistance was not used or recorded. 
Experienced herdsmen determined if and when the calf puller 
was needed, and no data were kept regarding how long the calf 
was in the birth canal prior to pulling. If possible the 
calf was left in the presence of the dam immediately after 
parturition, but not allowed to suckle.

Sample Collection 
Blood samples were collected from the calves at 

0, 4, 16 and 24 hours postpartum via puncture of the jugular 
vein using 8 ml evacuated tubes and 20 gauge needles.
Clotted samples were refrigerated no more than 48 hours be
fore separation of serum. After separation, sera was placed 
in vials and frozen at -20°C ..until assayed.
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Colostral samples were incubated, with" renin to pre
cipitate casein, and centrifuged to compact the precipitate. 
Whey was drawn off into vials and frozen at -20°C until 
assayed.

Immune Gammaglobulin Assay 
Quantitative analysis of serum IgG and IgM was com

pleted using the radial-immune diffusion technique of 
Mancini, Carbonara and Heremans (1965) and Fahey and McKelvey 
(1965). Quantitative analysis of serum IgA was completed 
using the radial-immune micro-diffusion technique of 
Massayeff and Zisswiller (1969). Diffusion media, innocula- 
tion volumes, incubation times and washing procedures are 
given (Table 2).

Anti-bovine IgG and IgM were produced by hyperimmuni
zation of rabbits following the method of Stott et al.
(1976). Anti-boyine IGA was purchased commercially.

Cortisol Assay 
Serum cortisol levels were assayed- using the radio- 

immune assay (RIA) technique of Foster and Dunn (1974) and 
Ruder, Guy and Lipsett (1972). Each serum sample was ex
tracted in ethanol (100 percent) to precipitate and remove 
corticosteroid-binding proteins. Recovery of known amounts 
of free cortisol by this method was calculated at 94 percent.
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Tritium labeled cortisol at 8000 counts per minute per 100 
micro-liters was used as the radio-tracer and cortisol- 
specific antisera (cortisol-3-0-carboxymethyl oxime BSA) at 
30 percent binding strength was used as the binding protein. 
All unbound cortisol was removed in a dextran-charcoal solu
tion. Samples were counted at 2 percent error for 10 
minutes. The standard curve was established using known 
amounts of cortisol subjected to the same procedure less 
ethanol extraction. Standards were run in triplicate, un
knowns in duplicate. Within assay variability for duplicate 
samples was 12.9 percent, with a standard deviation of 
+0.7 ng.



RESULTS AND DISCUSSION

Colostral Immune Gammaglobulin Absorption 
The IgG, IgM and IgA mean serum levels and absorp

tion patterns for all experimental calves, precolostral and 
16 and 24 hours postpartum, are shown in Figures 1, 2 and 3. 
The ANOVA schemes and block totals are given in Tables 4 
through 7. No significant differences in the neonatal 
serum levels of immune gammaglobulin fractions IgG, IgM and 
IgA are demonstrated between dystocial and eutocial calves, 
nor do any significant differences occur in the percent 
absorption of IgG, IgM and IgA between dystocial and eutocial 
calves. A significant difference does occur between blocks 
in the percent absorption of IgM, presumably a response to 
differences in colostral IgM concentration (Stott et al.
1976) . Serum levels of IgG, IgM and IgA in the experimental 
calves, both precolostral and at 24 hours postpartum, are 
comparable to those previously reported (Klaus et al. 1969 
and Bush et al. 19 71) .

The present study indicates that the absorption of 
colostral immune gammaglobulins is not impaired in the dysto
cial calf. Therefore, dystocial parturition is probably not 
comparable to those stresses shown to impair colostral 
immune gammaglobulin absorption.

16
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Table 4. Serum IgG (mg/ml) block and treatment means for postpartum (pp) serum
levels and percent absorption, for dystocial (D) and eutocial (E)
calves.

Block Number .1  2  3  4  5
Treatment D E D E D E D E D E

Treatment Means
*Precolostral 2.2 2.8 3.5 2.0 1.9 2.3 1.9 3.0 3.7 3.1
16 hours pp 9.8 8.6 9.4 9.5 4.7 8.0 9.3 15.9 13.3 12.5
24 hours pp 21.5 14.3 13.1 14.7 7.9 17.2 15.4 20.4 33.6 17.3
% absorption 37.5 24.8 21.8 25.8 13.8 18.8 29.8 39.8 44.0 27.8

Block Means
*Precolostral . 2.43 2.74 2.09 2 .40 3.39
16 hours pp 9 .19 9.42 6.33 12 .56 12.90
24 hours pp 17,88 13.88 1-2.55 17 .86 25.46
% absorption 31.1 .23.8 23.6 34 .8 35.9

* Previous to feeding colostrum.



Table 5. Serum IgM (mg/ml) block and treatment means for postpartum (pp) serum
levels and percent absorption, for dystocial (D) and eutbcial (E)
calves.

Block Number 1 2 3 4 5
Treatment D E D E D E • D E D E

Treatment Means
*Precolostral 0.1 0.2 0.4 0 .4 0.1 0.3 0.7 0.5 0.8 0.4
16 hours pp 0.9 1.5 0.2 0.5 0.5 0.6 0.8 0.8 0.9 0.5
24 hours pp 1.1 1.7 0.5 0.7 0.6 0.8 0.9 0.7 1.6 0.6

. % absorption 33.3 49.8 10.5 13.0 12.5 18.3 13.3 1.1 16.3 11.7
Block Means

*Precolostral 0.14 0.34 0.22 0.61 0.60
16 hours pp 1.21 0.34 0.55 0.76 0 .66
24 hours pp '1.40 - 0.61 0.71 0.81 1.10
% absorption 41.5 11.8 15.4 7.2 14.0 '

*Before feeding of colostrum.



Table 6. Serum IgA (mg/ml) block and treatment means, postpartum (pp) serum
levels and percent absorption, for dystocial (D) and eutocial (E)
calves.

Block Number 1 2 3 4 5
Treatment D E D E D E D E D E

Treatment Means
16 hours pp 1.6 1.6 1.6 2.3 1.1 1.1 1.5 0.7 1.2 1.0
24 hours pp 3.2 2.0 2.4 2.5 1.1 1.6 0.8 1.9 2.0 1.2
% absorption 59.9 52.2 28.7 58.7 41.4 55.3 34.3 47.4 49.1 39.8
>ck Means
16 hours pp 1.59 1.94' ' 1.06 1.09 1.09
24 hours pp 2.57 ! 2.45 1.37 1.36 1.58
% absorption 56.1 43.7 48.3 40.8 44. 5



Table 7. ANOVA tables for IgG, IgM and IgA for precolostral, 16 and 24 hour
serum levels and percent absorption (using the arcsin transformation) 
contrasting dystocial and eutocial calves.

S.S. F F
Sample Series Source df IgG IgM IgA IgG IgM IgA

Precolostral block 4 7.7 1.5 _ 0.6 3.0 4.02
treatment 1 .001 . ','009 - .} .0003 .08 - 7.56
b-t interaction 4 8.2 0.3 - .. .64 .77 - 4.02
error 30 96 3.6 — — - - -

16 hours pp block 4 235 3.3 5.0 1.3 1.4 2.0 4.02
treatment 1 83 .11 V0 3 1.9 .18 .05 7.56
b-t interaction 4 30 1.1 2.5 .17 .45 1.0 4.02
error 30 1323 18 19 - - - -

24 hours pp block 4 8.10 3.3 11 3.2 1.7 0.5 4.02
treatment 1 23 .03 .02 .37 .07 . .003 7.56
b-t interaction 4 842 6.0 7.1 3.3 3.2 .31 4.02
error 3 0 1867 14 170 - - — -

% absorption block 4 479 1904 1109 1.9 5.7 0.5 4.02
Treatment 1 2.6 49 643 .04 .59 1.1 7.56
b-t interaction 4 838 376 2129 1.1 1.0 1.0 4.02
error 30 1873 2480 16243

tvU)



24

Serum Cortisol: Parturition Effects
At parturition the dystocial calves exhibit signifi

cantly lower serum cortisol levels than the eutocial calves 
(p < 0.01). The overall cortisol pattern for both dystocial 
and eutocial calves is shown (Figure 4). The initial dif
ference at parturition disappears at 4 hours postpartum and 
does not reoccur.

Presumably, the stress of a long and difficult par
turition should elevate dystocial serum cortisol levels 
above those of the eutocial (Hudson et al. 19 76, Laster and 
Gregory 19 73). The fact that the reverse actually occurs in 
the present study indicates that dystocia, as an abnormal 
gestation/parturition situation, is not comparable to 
eutocial gestation/parturition, and does effect the ability 
of the dystocial calf to respond in a manner similar to the 
eutocial calf with regard to adrenal secretion.

The interaction between the dam and the fetus is 
extremely important in the maintenance and cessation of 
gestation. Current theory regards the hormonal interaction 
of the dam and fetus as being important in the establishment 
and maintenance of normal endocrinological patterns of 
gestation. Abnormalities of endocrine function in either the 
dam or the fetus could disrupt the normal gestation pattern. 
The dystocial dam exhibits abnormal patterns of serum pro
gesterone and estradiol from 23 to 12 days prepartum,
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indicating that normal gestational relationships have not 
been established and/or maintained within the dam-fetus ; 
system (Stott and O'Brien in press). The causes and effects 
of the abnormal dam-fetus endocrine relationships are un
clear , but an apparent fesult is dystocial parturition. The 
present study indicates.• that the dystocial fetus responds 
abnormally during parturition, maintaining a much lower 
serum cortisol level than the eutocial fetus, perhaps as 
the result of an endocrinologically abnormal gestation.

Serum Cortisol: Block Differences
Significant block differences in serum cortisol 

levels (p < 0.01) occur at parturition and at 4 and 16 hours 
postpartum. Further ANOVA breakdown reveals that the block 
differences follow a linear trend (p < 0.01), from block 1, 
the highest, to block 5, the lowest (Table 8). ANOVA 
schemes and block totals are given (Tables 8 and 9). Al
though no definite cause for this linearity has been 
established, it seems to be related to prepartal ambient 
environmental temperature, perhaps due to the calorigenic 
nature of cortisol (Yousef and Johnson 1967) . ; Correlations 
between serum cortisol levels at parturition and environmental 
temperature 0 to 8 days prepartum reveal a high negative 
correlation (-0.87) at 8 days prepartum (Table 10.) The 
relationship between the ambient temperature prepartum and



Table 8. Serum Cortisol (mg/ml) block and treatment means for dystocial (D) and
eutocial (E) calves, at parturition and at 4, 16 and 24 hours post
partum (pp) .

Block Number 1 2 3 4 5
Treatment D E D ' E D E D E D E

Treatment Means
Parturition 263.7.283.9) 209.4 283.8 150.0 189.6 113,8 147.5 78.7 150.0
04 hours pp 166.3 105.7 152.5 196.5 120.7 116.3 79.7 112.4 73.4 78.1
16 hours pp 192.1 119.9 127.3 131.1 99.3 162.1 59.4 97.3 45.9 72.2
24 hours pp 118.8 167.9 128.6 131.8 78.8 85.9 80.1 98 29.8 97.7

Block Means -

parturition 273.8 246.6 169.8 130 .7 114.4
04 hours pp 136.0 171.2 118.5 86 .46 75.8
16 hours .pp 155.9 129*2 130.7 78 .4 59.0
24 hours pp 143.4 130.2 82.4 89 .0 63.8



Table 9. F values for cortisol at (1) parturition,. (2) 4
hours postpartum, (3) 16 hours postpartum and (4> 
24 hours postpartum.

Source 
Time Period

df
Treatment periods .

F
(1) (2) (3) (4)

F .93

Block 4 29 .9 5.91 8.22 1 .65
linear (4) 2 8.6 4.4 7 .56 -
quadratic (4) 0.4 0.4 0.13 -

Treatment. 1 17.3 0.05 0.86 1.54
B - T 4 0.9 1.5 3.31 0.29
Error 30
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Table 10. Correlation coefficients between parturitional
serum cortisol levels and prepartum environmental 
temperature.

Coefficients
Days Prepartum Dystocial ~ Eutocial Overall

8 1 O 00 tjO

CNol - 0  . 8 7

6 - 0  . 8 2 I o -0 u> 1 o 00 H

4 - 0 . 7 7 I o CTi

uooI

2 I o 00 Ch 1 o H 1 o 00

0
. r-o1 CTi"shoI - 0  . 6 7

serum cortisol levels at parturition is illustrated in 
Figures 5 and 6.

The calorigenic properties of cortisol in cattle have 
been reviewed and documented by Yousef and Johnson (1967). 
Since cattle are isothermal, the fetus is not directly ex
posed to the ambient environmental temperature. Hence, the 
apparent fetal response to prepartal ambient temperature in 
the present study could be a maternally induced phenomena 
designed to increase and sustain heat production in the 
neonate in order to prevent hypothermi a in cold weather.
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Figure 5. Relationship of mean daily temperature 0-8 days pre-
partum and the mean serum cortisol levels of calves at u>
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