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Successful re p ro d u c tio n  in  th e  c o n te x t o f  evo lu tion  d em an d s  no 
m ore  th a n  p e rp e tu a tio n  o f  th e  species, b u t an  ideal sy s tem  o f  rep ro d u c tio n  
sho u ld  also aim  for h igh  efficiency.

Two basic sy s tem s h av e  p red o m in a ted : egg lay ing , a n d  v iv ip a rity  
w ith  p lace n ta l a t ta c h m e n t o f  th e  em bryo  to  th e  m o th e r. E g g -lay ing  is 
ineffic ien t in allow ing huge  losses and  g re a tly  lim its  th e  size o f th e  new born , 
a lth o u g h  it  has th e  a d v a n ta g e  o f causing  li t t le  physio logical u p h eav a l to  
th e  m o th e r. V iv ip a rity , on  th e  o th e r h an d , allow s th e  g ro w th  o f  a  m uch  
la rg e r fe tus, offers g re a t  p ro te c tio n  an d  is h ig h ly  effic ien t. I t s  m a jo r d is a d ­
v an ta g e  is th e  enorm ous d is tu rb an ce  o f  th e  m o th e r’s physio logy  in  th e  
in te re s ts  o f  ensuring  t h a t  th e  fe tus w ill n o t be re jec ted  im m unolog ically  
an d  th a t  a  con tinuous su p p ly  o f n u tr ie n ts  can  be p rov id ed  an d  w aste  p ro d ­
u c ts  rem oved .

O nly th e  m a rsu p ia l seem s to  have  ach ieved  a  sensible com prom ise 
b y  p rod u c in g  th e  y o u n g  a t  a  very  ea rly  s tag e  w hen i t  is liv ing  as a n  egg 
em bryo  w ith o u t th e  need  fo r p lacen ta tio n , an d  th e n  g iv ing  i t  con tin u o u s 
n o u rish m en t and  g re a t  p ro te c tio n  by  m ilk  feed ing  in  an  ex te rn a l pouch .

In  any  system  of reproduction th e  
basic requirem ent is to  produce young 
sufficiently large and  m atu re  for 
independent existence, and  so to  
m ain tain  the species. For m am m als 
th a t  size appears to  he determ ined  by  
a  natu ra l law (Fig. 1) which re ­
lates the  to ta l weight of the offspring 
o f a pregnancy to  the weight o f  th e  
m other over a ten  million fold range 
from  a b a t weighing less th an  5 g to  
a  whale weighing over 50 000 kg [7].

On the  basis of th a t  law the a p p ro ­
p ria te  weight for the independent 
existence of a  hum an newborn in fan t 
whose m other has a body w eight o f 
55 kg is abou t 3.5 kg, and a  w eight 
betw een 3.5 and  4.0 kg is, in m ost 
societies, consistent with m inim um

infant m orta lity  [5] and  m ight th e re ­
fore he accepted as the optim um .

The design o f a  reproductive system  
for m an therefore resolves itself into 
the question of how best to  produce 
a viable 3.5 kg infant, “ b es t” in  the  
contex t o f  evolu tionary  pressures 
implying g reatest efficiency and  few­
est losses. The problem  is basically 
nu tritional, the acquisition by the 
m other o f enough n u trien ts  o f the 
righ t k ind  to  bu ild  the fetus, and  
their tran sp o rt to  the  site of building. 
And a t  the  risk o f still fu rth e r o v er­
sim plification it can be said th a t  
N ature has, in general, adop ted  tw o 
alternative  reproductive pathw ays: 
egg-laying and  v iv iparity .

Both systems have major advan-
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MATERNAL WEIGHT - KG

F i a .  1. T he re la tionsh ip  b e tw e e n  m a te rn a l w e ig h t an d  to ta l  w e ig h t o f  th e  new born 
y o u n g  in  114 m am m alian  species [7]

ta g e s  and  disadvantages. I n  egg-lay­
ing  th e re  is the n u tritio n a l advantage 
t h a t  th e  nu trien ts need ed  for the 
co n stru c tio n  of the fe tu s can  be accu­
m u la te d  a t a ra te  ap p ro p ria te  to  the 
m o th e r ’s nu tritiona l circum stances; 
th e re  is no need, as th e re  is w ith v iv i­
p a r ity ,  to  ensure con tinuously  a suffi­
c ien t daily  supply to  th e  fetus of a 
ran g e  of specific n u trien ts .

T here  is the fu rth e r ad v an tag e  th a t 
once th e  egg is laid , physiological 
d em an d s on the m other a re  negligible. 
B u t  egg-laying has tw o  m ajo r d isad­
v an tag es . F irst, the  egg is, in general, 
p o o rly  protected, i t  is vu lnerab le  to 
tem p era tu re  changes an d  to  s tru c tu ra l 
d am ag e  so th a t losses in n a tu re  are 
u su a lly  high and th e  process is ineffi­
c ien t. Second, th ere  a re  stringent 
p ra c tic a l lim itations on  size. I t  can 
b e  calculated th a t  if  n u trien ts  were 
to  be provided in an  egg for the 
g ro w th  and developm ent o f a 3.5 kg

young, th e  egg w ould have to  be 
betw een 1.5 and  2 m in diam eter, 
a size which would pose singular 
problem s for th e  m other b o th  of 
pelvic arch itectu re  and  protective 
incubation , and  would require for 
s tab ility  an  egg-shell o f 1— 2 cm 
th ickness which would be a  particu la r 
p roblem  for the  young when the 
tim e came to  emerge.

F o r our 3.5 kg young, v iv iparity  
has g rea t advantages. Com pared to 
th e  need to  save up n u trien ts  for an 
egg, the  large q u an tity  required  can 
be more conveniently  dispensed on a 
day  to  day  basis; th e  p ro tec tion  of the 
developing young is considerable and 
lim ita tio n  of size is im posed only by 
th e  size o f the  m atern a l abdom en.

Since the  fundam ental purposes of 
reproduction  are only to  m ain ta in  the 
species, th e  advan tages ou tlined  above 
are advantageous prim arily  to  the 
fe tus an d  the  m other m ay see them
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in a ra th e r  different ligh t. F or example 
the  convenience o f being able to ac ­
quire n u trien t needs from  moment to  
m om ent works well for bo th  m other 
and  fe tus when conditions are favour­
able, b u t faced w ith  an  acute sh o rt­
age th e  fetus will a t te m p t to  ensure 
its own continuous supply if need 
be a t  th e  life-threaten ing  expense o f 
the  m aternal econom y. And the com ­
fo rt an d  protection enjoyed by th e  
fetus from  its position  in the m aternal 
abdom en m ay be fa r from  com fort­
able for the m other, bo th  m echani­
cally and  in the w idespread physiolog­
ical adap ta tions she m ust make to  
serve th e  fetal needs.

To begin with, e laborate  arrange­
m ents m ust be m ade for the m other 
to  to le ra te  the fetus, as a  hom ograft, 
for 40 weeks and  i t  is only recently  
th a t  th e  scale an d  ub iqu ity  of the  
physiological changes made by the  
p reg n an t woman have been apprecia t­
ed; every  physiological system  is m od­
ified and  the resu lting  m etabolic 
chaos is a  w idespread cause of d iag­
nostic confusion.

T hree examples o f  adap ta tion  will 
suffice to  show the  cavalier fashion in  
which the  fetus tre a ts  his m other 
by reaching ou t w ith  hormones to  
a lte r  her central con tro l mechanisms. 
All are probably b ro u g h t about by  
progesterone acting  in the h y p o th a l­
am us an d  they  illu stra te  a range o f 
effects, and  a range o f subsequent 
com plications for th e  mother.

T he firs t of these appears to cause 
th e  m other no p ro b lem  a t all: th a t  
is th e  resetting  o f her “ th erm o sta t” 
by which her body  tem perature is

raised  b y  some 0.5°C [1], a  change 
which appears to  be a genuine change 
in th e  se t po in t of the th e rm o reg u ­
la to ry  cen tre  [3].

The second adap ta tion  is m ore com ­
plex: th e  read justm en t of the  m o th e r’s 
energy balance. The p regnan t wom an 
gains m uch more weight th a n  can  be 
accoun ted  for by the p ro d u c t o f  con­
ception an d  in the growth o f specific 
organs o f reproduction such as the  
u te ru s  an d  the breasts. The average 
h ea lth y  wom an eating to  a p p e tite  
will gain abou t 12.5 kg; o f th a t ,  no 
m ore th a n  h a lf is due to  th e  u te ru s  
and  its contents, another q u a r te r  is 
due to  grow th  of the b reasts a n d  the  
accum ulation  o f blood an d  tissue 
flu id  b y  the  m other, and  th e  final 
q u arte r, ab o u t 3.5 kg, is otherw ise 
unaccoun ted  for (Fig. 2). Since 
there  is no w ater associated w ith  the
3.5 kg [6], there can be no question  
o f it representing, as was once believ­
ed [9], a  pro tein  store. I t  is d ep o t fa t 
sto red  m ostly  in the subcu taneous 
tissues o f the  tru n k  and  th ighs. The 
storage o f fa t on this scale is o th e r­
wise unknow n in healthy a d u lt  life 
and  it  seems reasonable on teleologi­
cal grounds to  regard it  as an  a n ti­
c ipa to ry  energy buffer, am oun ting  to  
m ore th a n  30,000 kcal (120 M J) laid  
down in the  firs t two th ird s  o f  p reg ­
nancy  aga inst possible la te r  needs; 
it  is analogous to  sim ilar s to rage by 
m am m als before h ibernation  a n d  b irds 
before m igration. An increased energy 
reserve in m aternal fa t dep o ts m ay 
n o t be necessary in the undem and ing  
conditions of m odern u rb an  civ iliza­
tion  b u t  it  could be of g rea t im por-
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Maternai s tores  

Tissue fluid 

Maternal  t i s sue s

Product of conception

Weeks of pregnancy

F i g . 2. T he com ponen ts o f  w eigh t gained by  th e  av e rag e  hea lth y  w om an in  p reg n an cy

F i g . 3. T he cum ulative  en erg y  c o s t o f  p regnancy

tan ce  to  physically ac tive women who 
are liable to  undergo periods of n u ­
tr itio n a l deprivation. Such periods 
m u st have been com m on when m am ­
m alian  reproduction  was evolving, 
an d  are still common in m any devel­
oping countries.

T he energy requ irem ents specific 
to  pregnancy  are sum m arized in 
Tig. 3. “ C apital gains” o f fa t and 
p ro te in  am ount to  som e 40,000 kcal 
(160 M J), 4 kg of fa t including th a t 
in  th e  fetus, and  ab o u t 1 kg of p ro ­
te in  in  the p roduct of conception 
a n d  enlarged m ate rn a l organs of

reproduction . To th a t m ust be added 
th e  “ runn ing  costs” incu rred  by the  
m etabo lism  of the new tissues and  
e x tra  m aternal cardiac, re sp ira to ry  
an d  ren a l work [5].

I t  can be seen from  Fig. 3 th a t  
in th e  f irs t two th irds o f p regnancy  
tissue form ation, alm ost en tire ly  fa t, 
p redom inates, while during th e  final 
th ird  runn ing  costs are increasing 
m ost rap id ly , and th a t th e  energy 
s to red  in  fa t could, if need be, fully 
subsidize the  inescapable m ain tenance 
requ irem en ts of late pregnancy . I f  
th e  energy  needs of p regnancy  do no t
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require  subsidy, th en  the  m uch g rea t­
e r energy dem ands o f lacta tion  could 
be assisted.

T he consequence o f the early p reg­
nancy fa t storage is th a t  the energy 
needs o f pregnancy are spread fairly  
evenly over most o f  pregnancy, th e  
slope o f the top  line in Fig. 3 
represen ting  some 350 kcal (1.4 M J) 
per d ay  during the la s t two th irds o f 
p regnancy.

T heoretically, the  fa t could be laid  
down sim ply by a ltering  the m other’s 
ap p e tite -sa tie ty  centres so th a t she 
a te  m ore food, b u t there is reason 
to  th in k  th a t a m ore fundam ental 
a lte ra tio n  of energy balance has been 
m ade. Progesterone probably resets 
the  so-called “ lip o s ta t” causing th e  
m o th er to  increase her store of body 
fa t w hich she can do by  either eating  
m ore, or expending less energy, o r 
bo th . The evidence is th a t  both con­
tr ib u te  to  the positive energy balance 
in hum an  pregnancy; the m other 
undoubted ly  eats m ore on average, 
and  also saves energy expenditure 
bo th  by resting more and  by perform ­
ing h er daily tasks w ith increased 
econom y of effort. In  addition, a fall 
in th e  circulating concentration o f 
free th y ro id  horm one m ay cause a  
general lowering o f m aternal m etab ­
olism.

C om pared to  th e  simple read ju s t­
m en t o f the m aternal therm ostat, in 
th is  second exam ple o f fetal in te rfe r­
ence w ith m aternal control m echa­
nism s the  fetus accomplishes its o b ­
jec t o f establishing an  energy buffer 
ag a in st possible p riv a tio n  with ra th e r 
m ore inconvenience to  the m other,

n o t m erely in the sp read ing  hips 
which m ake her pre-pregnancy  clothes 
uncom fortab ly  tigh t a f te r  delivery 
b u t in th e  obtrusive a p p e tite  an d  the 
le thargy  o f early pregnancy.

In the  th ird  example to  be consider­
ed the  fetus also arranges a sim ple 
change in m aternal hom eostasis for 
his own com fort, b u t the consequences 
for the m other are profound an d  far- 
reaching.

The fe tus ‘ resets” the m o th e r’s re ­
sp ira to ry  centres, so th a t  she grossly 
overbreathes from early  pregnancy  
to  reduce her P AC 0 2 from  ab o u t 
40 mm H g to 30 mm Hg o r even  less. 
In  add ition  to the rese tting , th e  re ­
sp ira to ry  centres become m ore sen­
sitive so th a t whereas before preg­
nancy  a  rise in P AC 0 2 o f 1 m m  will 
cause an  increased v en tila tio n  o f 1 or 
2 litres per m inute, the sam e rise in 
p regnancy  leads to  an increased  ven­
tila tio n  o f about 6 litres p e r m inute 
18, 11] (Fig. 4). The reduced  p C 0 2 
which th e  m other is guard ing  so assid ­
uously m akes teleological sense since 
it helps th e  fetus to  dispose o f C 0 2 
which m ay be im portan t because the 
new born infant, and p resu m ab ly  also 
th e  fetus, is more sensitive th a n  the 
adu lt to  ('<)., I 2].

To lower the P C 0 2 by  o v e rb rea th ­
ing is a  relatively sim ple physiologi­
cal operation, even if m an y  women 
suffer th e  discom fort o f d yspnoea  as 
a  resu lt [5], bu t it canno t be achieved 
in isolation. F irst, if th e  b lood pH  
is to  be preserved, which it is [13], 
th en  th e  plasm a con cen tra tio n  of 
b icarbonate  m ust be low ered p a r­
allel w ith the p C 0 2 and  if  b icarbon-
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6 F . E. Hytten: Viviparity ?

F i g . 4. The effect o f  p re g n a n c y  on P AC 0 2: T he re s tin g  leve l is reduced from  a b o u t 
38 m m  H g to  below  30 m m  H g  and  the  s e n s itiv ity  to  a  raised  P AC 0 2 is increased

a te  goes, then so does an  equivalent 
a m o u n t o f sodium, a n d  th is , together 
w ith  a  num ber of o th e r  changes in 
b lood  composition, leads to  a  consid­
e rab le  fall in plasm a osm olality  [12]. 
T he body  has w hat is recognized as 
a  v e ry  sensitive con tro l mechanism  
fo r m aintain ing p lasm a osm olality 
a n d  a  fall of 2 %, or a b o u t 6 mOsm/kg 
below  the  norm ally p rese rv ed  level, 
w hich m ay occur b rie f ly  after a 
fa irly  large w ater load , stops the 
sec re tion  of vasopressin (ADH) and 
allow s m axim um  diuresis [10].

In  early  pregnancy, la rg e ly  because 
o f  th e  sodium loss, p la sm a  osm olality 
d rops ab rup tly  by a b o u t 10 mOsm/kg 

-  m ore than  3%  (Fig. 5). In  other 
w ords, th e  pregnant w om an  m ight be 
ex p ec ted  to  cease th e  secretion of 
vasopressin  and be in  a  s ta te  of 
con tinuous diuresis. T h a t  she is not 
suggests th a t  the osm oreceptors have 
h a d  also to  be reset to  accep t and 
p reserv e  a  new low level o f osm olality 
in  th e  same way as th e  resp irato ry  
cen tres  are reset to  accep t a  new low

level o f  p C 0 2. The chain o f events is 
b riefly  sum m arized in Fig. 6.

I f  th is  secondary ad ju stm en t has 
a lag, an d  I  believe it has, th en  t r a n ­
s ito ry  signs o f diabetes insipidus m ay  
occur. T here  is evidence th a t  th ey  do: 
p o ly u ria  is common and th ere  is an  
a lm ost un iversal com plaint o f exces­
sive th ir s t  in  early pregnancy. A lack 
of vasopressin  m ight explain  som e 
of th e  o th e r  sym ptom s of early  p reg ­
nancy  a ttr ib u ta b le  to reduced sm ooth  
m uscle to n e , for example a  low d ia ­
stolic b lood  pressure, nausea, consti­
p a tio n  a n d  d ilatation  of th e  ure ters. 
A fter delivery  an  equivalen t lag in 
th e  recovery  of this ad ju stm en t w ould 
m ean a  rising plasm a osm olality  w ith  
low se t osm oreceptors and, therefore, 
an  increased  secretion of vasopressin 
lead ing  to  antidiuresis an d  w ater 
re te n tio n  —  precisely w ha t happens 
in th e  f irs t  few days of the puerperium  
[4]. W h e th e r the lowered p lasm a so­
d ium  h as an y  other effects on renal 
func tion  is uncertain , b u t one o f th e  
ea rliest featu res of p regnancy is an
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F ig . 5. T he effect o f  p re g n a n c y  on p lasm a  o sm o la lity  [12]
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F ig . 6. T he possible chain  o f  ev en ts  w hich  follows th e  “ re se ttin g ” o f th e  re s p ira to ry
cen tre s  in  p reg n an cy

enorm ously increased glom erular fil­
tra tio n  ra te  and  perhaps o th er 
changes of renal function which p erm it 
th e  ex trao rd in ary  losses of nu trien ts  
such as am ino acids and  the w ater 
soluble vitam ins.

Before pregnancy the  m ajor p re ­
occupation of the  norm al body is 
to  m ain tain  in ternal environm ental 
conditions which are presum ably  b est 
su ited  to  the functioning of the  body

in th e  ex ternal environm ent in which 
it finds itself. In  pregnancy, th e  sam e 
body, living in the same ex tern a l 
environm ent, is subject to  a  rad ically  
d ifferent in terna l environm ent. I f  the  
non-pregnan t arrangem ents are best 
su ited  to  the  functioning o f th e  body, 
then  it follows th a t a com pletely  
changed arrangem ent cannot equally  
be best su ited  to  the functioning of 
the  body. W e can only assum e th a t
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8 F. E. Hytten : Viviparity ?

th e  fe tus is engineering th e  changes 
w ith  its  own horm ones in th e  interests 
o f  p rovid ing  w hat will be the best 
env iro n m en t for itself, for example, 
th e  provision of ad eq u ate  food re ­
serves for its final stages o f grow th and 
th e  provision of a favourable carbon 
dioxide tran sp o rt system ; it is su r­
p rising  th a t  the average wom an to ler­
a te s  th is ex trao rd in ary  over-riding 
o f h e r own controls w ith  so little  
v isib le distress.

N evertheless these few exam ples are 
enough to  show th a t  she is being im ­
pelled  to  make considerable physiolog­
ical sacrifices to  ensure the  success 
o f v iv iparous reproduction.

Ideally , a system  of reproduction 
w ould  evolve which h ad  th e  ad v an ­
tag es  o f bo th  egg-laying an d  v iv ipar­
ity  w ith o u t their d isadvantages. Such 
a  system  already exists: m arsupials 
such  as the kangaroo have an in tra ­
u te rin e  gestation sh o rt enough to 
av o id  the  necessity of im plan ta tion , 
th e  consequent problem s of tra n s ­
p la n ta tio n  im m unity  an d  the huge 
program m e of physiological d isrup­
tio n  which follows im plan ta tion . The 
re d  kangaroo, which is alm ost as big 
as an  ad u lt woman, has an  em bryo 
w hich is born when it  is only a few 
m illim etres long, so th a t  th e  m other 
undergoes no m echanical stress during 
b ir th , a fte r which th e  em bryo m i­
g ra te s  to  an  ex ternal abdom inal pouch 
w here it fixes to  a nipple. For the

P ro f. F . E . H y t t e n  
C linical R esearch C entre 
W a tfo rd  R d ., H arrow , H A I 3U J, 
M iddlesex, E ngland

re s t o f  the  “pregnancy” the  young 
is as well pro tected  as an  in tra u te r­
ine young, it is fed on a m om ent- 
to -m om ent basis by m ilk and  its 
subsequen t separation  from  the 
m o th er can be u n d ertak en  gradually  
to  the  m axim um  advan tage o f both 
m o th er and infant.

T here are problem s to  be over­
come, n o t the least o f which are 
arrang ing  for an em bryo of a few 
m illim etres long to  have lungs m ature 
enough to  b reathe a ir an d  to  be able 
to  climb vertically  th rough  perhaps 
20 cm of fur using only  lim b buds, 
b u t th e  kangaroo has achieved this 
a n d  enjoys a fetal m o rta lity  com ­
p arab le  to  th a t  of m an.
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