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The comparative physiology of li ving m ammal s strongly s u ggest s that lactation
w as an early and fundament al feature of mammals. Because the young are fed
o n the mother's body secretions, supplying food to the neonates can be much
more Independent of the a vailable food resources than Is the case for reptiles
or for birds, whose p arents must find food for them In the immediate
e nvir on m en t.
Mammals are therefore particularly well suited to breeding In , environments
In ' which there Is Insurrtctent diversity' of food available to support a breeding
p opula tion of large birds or large reptiles. Mammals also sustain a very high
rate of postnatal growth, because it Is the larger a n d more experienced parents
which are doing most of the work to obtain the food which supports the growth
of the young. The intervai between conception and sexual maturity is very
short in m any mammals, very much shorter than the same Interval for reptiles
a nd most birds.
It Is concluded that current thinking about the ec ological relationships between
Me soz oic mammals, birds and reptiles may place too much emphasis on endothe rm y and viviparity, and not enough emphas is on lactation and other forms of
parental fe eding.
K ey w 0 r d s : lactation , p arental feeding, reproductive habit, colonizing species,
en e r gy storage, growth rate, reptiles, mammals, Mesozoic.
Ca r o lt n e M. Pond , Department of Biology, The Open University , Walton Hall,
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INTRODUCTION

For the first two thirds of their history, mammals were small, dainty
creatures, living in a world dominated by much larger reptiles. The Permian ancestors of mammals, the diadectomorphs and Dimetrodon were
of moderate size, up to about 170 Kg, but from the middle Triassic onwards therapsids and mammals became smaller and most of the large
terrestrial vertebrates were reptiles. This situation persisted - the reptiles became larger but the mammals remained small throughout the
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Cretaceous. The fact that Jurassic and Cretaceous mammals were small
does not necessarily mean that they were also rare. Mammalian fossils
from these periods are widely distributed (Clemens et al. 1979).
Physiologists have recently joined palaeontologists in a lively discussion about why large reptiles were so prevalent in the Mesozoic fauna,
but are comparatively insignificant in the Cenozoic. Most of the discussion
has focussed upon only one' physiological difference between mammals
and reptiles ,- the fact that the former are mostly endothermic, while
the latter are ectothermic. All the discussion of metabolic differences
between mammals and rept}les has tended to direct attention away from
another difference between the two groups - their mode of reproduction.
The aim of this paper is to outline some important features of reptilian
and mammalian reproduction and to emphasize how the reproductive
habits can be related to differences in energy storage, energy metabolism,
and ecological habit.
Although reptiles are structurally very diverse as adults, the anatomy of the egg and physiology of early development is remarkably uniform in all living members of the Class. Animals as varied in structure
and ancestry as snakes, turtles, and crocodiles lay large, yolky,shelled
eggs which hatch into a juvenile similar in form to the adult. The few
ovoviviparous species are clearly derived from this primitive condition.
Some crocodilians and squamates guard' the nest and newly-hatched
young, but no living reptile brings food to the nest. Once their yolk sac
is exhausted young reptiles must forage for themselves, and because the
young of large species are so much smaller than their parents, their diet
is necessarily different. For example, newly hatched crocodiles have
hardly an item of diet in common with large adults; the young take food
of gradually increasing size, starting with insects, crustaceans and amphibians and may be more than 10 years old before they share the same food
suppl y as their parents (Cott 1961).
There is no reason to suggest that the mode of reproduction of Mesozoic r eptiles was fundamentally different to that of living forms. Several
species are known to have laid eggs in nests (Kielan-Jaworowska and Dovchin 1969) and to have had juveniles which moved about (and hence were
presumably feeding) independently of the adults (Currie 1983). Young
Mesozoic reptiles probably also had diets different from that of their
parents. So like living crocodilians and big snakes, a breeding population
could only become established in a habitat in which food for all growth
stages was available.
Mammals are different; all living mammals, including the most
primitive, provide food for the newborn or newly hatched young, either
secreted from their own tissues, as in lactation, or by bringing suitable
food to the nest and processing it in such a way that it is readily chewed
and digested by the juveniles. The evolution of lactation must have
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preceded the evolution of viviparity. The egg-laying monotremes lactate
heavily; in the case of the duckbilled platypus, the mother supplies all
necessary nutrients in the form of milk to the young which remain in the
nest until they are more than half grown (Griffiths 1978). There is every
reason to believe that lactation, and possibly other forms of parental
care, are an early and fundamental character of mammals, probably
evolving during the Triassic.
Thus comparative physiology and palaeontology are consistent with
the assumption that the reproductive habits of Mesozoic mammals and
reptiles were similar to that of 'ty pical' mammals and 'ty pical' reptiles
of the present day. It is not necessary to postulate major physiological
differences between living and Mesozoic representatives of the same
Class, as those who place emphasis on temperature regulation and exercise
physiology have found it necessary to do. The physiology and ecology
of living reptiles and living mammals can therefore be compared directly
with that of Mesozoic members of these Classes.

GROWTH OF THE YOUNG

Even in climates in which it is warm throughout the year, modern
reptiles grow quite slowly (Bakker 1980). The growth rate depends upon
quantity and quality of food available as well as on temperature, but
even under optimum conditions it seems to take a herbivorous gopher
tortoise about 3 years to reach breeding size at 1 Kg, and carnivorous
"cr ocodiles about 10 years to grow 50 Kg. The int er val between conception
and sexual maturity can be very much shorter in mammals, as little
as three months in the case of some small rodents, and only about one
year for many medium-sized ungulates and carnivores (Pond 1977). The
difference is not due to the fact that newly born mammalian babies are
particularly large ; when viviparous mammals and viviparous reptiles
are compared it is found that the ratio of the weight of the clutch at birth
to the mother's weight is higher in some: reptiles than in mammals (see
Pond 1977: Table 3). Some snakes and chameleon lizards give birth to
broods up to 50% of the mother's weight, but the largest recorded clutch
size in mammals is 38% of the mother's weight and the majority are 520% of the mother's weight. Nor do mammals have particularly short
gestation times; the growth of mammals in utero is often surprisingly
slow, particularly when the high, constant body temperature is taken
into account. In humans for example, it takes about 9 months to produce
a 4.5 Kg infant, an average rate of 0.5 Kg per month, which is less than
1% per month increase in the mother's weight. The habit of parental
feeding alters the ecological requirements for reproduction in some very
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important ways. Its effect on the young is to relieve the newborn mammal
is the need to find, subdue, masticate and digest its own food until it is
weaned.' The young can rely upon a more or less constant food supply
which is free from chemical and bacterial contaminants does not need
to be chewed is a balanced diet and is easy to digest. As far as its feeding
and digestive organs are concerned it can continue to grow in an embryonic
manner for some weeks after birth. This may be particularly important
for hard tissues such as the teeth which depend upon the exact apposition
of the jaws for their proper function.
In many mammals, particularly the more primitive of the living
forms such as insectivores, Tupaia and most monotremes and marsupials,
the young does not run about while it is suckling but remains in a nest
or in a pouch until "it has reached a substantial fraction of the adult
weight. Growth in weight during the suckling phase if often extremely
fast, also always much faster than during gestation and after weaning
(see Pond 1977: Tables 2 and 4). In many mammals the young is born
with very little fat, i.e, with very little energy store, in contrast to the
newly hatched reptiles which have large yolk sacs, but mammalian
adipose tissue grows very fast during suckling and for many mammals
the fattest periods of their lives is when they are about to be weaned
(Pond 1981). This store of body fat helps them through the final phase of
growth when they are first out of the nest and foraging for themselves.

LACTATION AND THE PHYSIOLOGY OF THE MOTHER

Lactation has several important effects ' on the physiology of the
mother, it means that although gestation may be long due to the slow
growth of the young in utero, the clutch is not excessively heavy at
birth. Female reptiles of viviparous species give birth to clutches of young
which are a much greater fraction of the mother's own weight than is
the case with mammals (Pond 197'7). Such females are often unable to
feed and retire for long periods before giving birth, but almost all
mammals are able to feed normally and remain with the herd until a few
days before giving birth. Most mammals show no noticeable increase in
food intake during gestation, hence no extra food gathering activity is
required while she is carrying the young. The really heavy metabolic
demand is during the lactation period, when large quantities of calories,
proteins and minerals such as calcium are supplied to the growing young.
But this period of heavy demand can be met in part from fat and mineral
stores built up during pregnancy and stored elsewhere in the body, for
example, in adipose .tissue and as calcium stores in the bones. When the
animal is foraging for additional food during lactation it is not encumbered
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with the weight of the young, which are normally left in a nest. The lactation thus has the advantage to the young that it can remain inactive and
continue to grow in an embryonic manner for sometime after birth.
It has a steady, nutritious food supply, but at the same time the mother
is not encumbered with carrying around her offspring at later stages in
their development when they are heavy. And if necessary she can withdraw fats, proteins and minerals from her own body tissues to supply
the young with milk. The lactation habit therefore means that by the
time the young mammal has to feed for itself it can consume the same
diet as its parents. There is no need for special food to be available for
the juveniles. Furthermore, the juveniles do not suffer if there are
temporary food shortages during their phase of most rapid growth, because
the mother can meet at least part of the metabolic demands of lactation
from her own body reserves. Because lactation requires a very high rate
of synthesis of protein, sugars and fat, it will tend to promote anatomical
and physiological adaptations to energy storage and metabolism. Mammals
differ from ·reptiles in both the quantity and distribution of storage fats
(Pond 1978) particularly the role of the skin and subcutaneous tissues in
the storage and metabolism of fats.

ECOLOGY OF EARLY MAMMALS

These reproductive habits make mammals ideally suited as colonising
organisms: animals which can flourish in a disturbed or fluctuating habitat
and reproduce rapidly to build up a large population quickly when a new
food supply opens up. They are like weeds in the plant world; small,
adaptable, rapidly reprod~ing species which are quick to colonize
habitats which more slowly reproducing organisms with more stringent
ecological requirements simply cannot do. Permanently impoverished
environments such as mountain ranges, high latitudes, or temporarily
disturbed areas such as the aftermath of floods, volcanic activity and
extensive fires, would favour mammals. Ecologically complex, stable
habitats, such as temperate plains and the lowland tropics, which were
extensive during the Mesozoic, would favour, or rather not be a disadvantage to, large reptiles. The fauna and flora would be diverse enough
for there to be food available for all sizes of juveniles. As the climate
gradually became cooler and drier, and the upland areas increased relative
to the swamps and lowlands, the mammals gradually became more
numerous, though 'not larger, and dinosaurs, particularly .the very largest
species, became fewer in number.
.
It is interesting that some of the very earliest mammals, Morganucodon watsoni and Kuehneotherium praecursoris seem to have occurred as
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small populations on islands (Lillegraven, Kraus and Brown 1979).
Detailed studies by Schankler (1981) on fossils from the Willwood formation of early Eocene age suggest the condylarth Phenacodus was locally
abundant during relatively brief periods of geological time, then became
extinct, the same species reappearing elsewhere or at a later time again
in significant numbers. These observations are consistent with the suggestion that these mammals were able to colonise small areas and build up
populations relatively rapidly.

REPRODUCTIVE ECOLOGY OF BIRDS

The birds were another group which increased in abundance and
diversity during the second half of the Mesozoic (Elzanowski 1983).
Anatomically they are very similar to archosaurs (Ostrom 1973; Hecht
and Tarsitano 1983), but they have several physiological and behavioural
characters which are similar to mammals. The most widely discussed
of these characters is endothermy, but equally important for their ecology
is parental feeding of the young. Parental feeding in birds has three
important differences with parental feeding in mammals; it is rudimentary
among the most primitive living members of the Class: the ratites, the
hoatzin and some of the shore birds, and best developed among passerines,
psittaciformes and other specialized groups. Secondly, both parents guard
the nest and the food is gathered or caught from the environment just
before it is brought to the nest. With the exception of pigeons (which
secrete 'pigeon milk') and perhaps penguins, the food supplied to the
young is not derived from metabolic reserves within the parent's body.
An animal's own metabolic reserves within its body could have been
built up some time before being donated; to the young. But when food
brought to the nest must be gathered or caught just before it is eaten
by the young, storage of food materials obtained at a more remote time
or place is not possible.
Many birds which eat seeds or other plant materials as adults feed
the young on insects, and an important function of seasonal migrations
is to enable birds to breed in areas where there are temporarily a very
large number of insects. The .very rapid increase in insect abundance in
the spring .and summer is high latitudes means that the population is
much greater than the food requirements of the resident insectivores.
The 'surplus' insects are easily harvested by seasonal populations of birds.
Even so it is well known that a cold spell in spring which delays the
emergence of insects can cause high mortality among swift nestlings
(Lack 1968) and there is nothing the parent birds can do about it, because
they cannot move the nestlings or supply alternative foods; The prevalence
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of migrations among so many different kinds of birds, in spite of the
high mortality and enormous energy demands of the journey, suggests
that many birds can only breed where there is a temporary abundance
of food suitable for the young. If they could breed successfully in their
winter residence, presumably they would do so, and save much time
and ener gy. It has been suggested (Hatton 1980) that Plateosaurus and
other dinosaurs found as fossils at high latitudes may have been seasonal
migrants, perhaps also migrating for breeding in areas where small food
items were temporarily easy to come by. It is not known whether
dinosaurs brought food to their young, as most birds do. All mammals,
including the most primitive, lactate, and the most primitive living
mammals are among those which lactate most heavily and for the longest
time (Pond 1977). These facts suggest that parental feeding may also
have been a feature of the reptilian ancestors of mammals. But among
birds parental feeding is best developed in the anatomically most advanced groups, which suggests that parental feeding was not a feature of their
reptilian ancestors.
It is instructive to compare the ecological requirements for breeding
in modern birds and mammals. The adults of scavenging species such as
the maribou stork Leptoptilos crumeniferus can live in a wide variety of
habitats on diets ranging from big game carrion to human domestic refuse,
but their breeding requirements are very specific: they cannot reproduce
successfully without access to a plentiful supply of small vertebrates such
as frogs and fish which they bring whole to the nest for the young. Breeding is thus restricted to a few areas during the dry season, when suitable
prey are concentrated in small pools (Kahl 1966). Similarly Griffon
vultures (Gyps spp.) can live for long periods on offal, which contains
only abou t 0.01 0/ 0 calcium, but bone fragments are an essential item of
diet for nestlings. A shortage of suitable bone fragments may be a major
factor limiting reproduction in Gyps africanus (Houston 1978).
Many mammals, particularly small species raising large litters also
develop a specific appetite for calcium and other minerals (see Pond
1977), during gestation and lactation. But at least part of the demand
for these minerals can be met from reserves within the mother's body
which may have been built up a long time before conception took place"
and which may be replenished after depletion to feed the offspring,
during an indefinite period after the young are weaned. Birds are dependant upon finding all essential nutrients in the immediate neighbourhood
of the nest at the time the young are on the nest; they cannot utilize body
ener gy or mineral reserves to feed the growing young, even in an emergency. Because of the lactation habit, mammals can use body food reserves
to provision the young before and after birth, thus donating to the young,
during a brief period, nutrients which may have been acquired by the
mother over a much longer period. For many mammals breeding is more
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independent of the temporal and spatial distribution of resources than
is the cas e for many living birds, particularly the larger species. So , while
the adult of the species may be very widely distributed, successful breeding may only occur in a restricted area where there is a reliable su pply
of food suitable for the young. The greatest burden of food gathering
will fall on parents with dependent yo ung , while weanlings and non-reproducing adults only need to obtain enough food to support themselves. In other words the burden of obtaining food to support postnatal
gr owth is transferred from th e neonates themselves to their ol?er and
hence m or e ex per ie nced parents, an ecological strategy which will promote
t he importance of learning and the de velopment of more complex feeding
te chniques and strategies.
For birds with highly developed parental feeding the young become
ex tr eme ly fa t t owards the end of the nestling period and may r emain in
the nest while they continue rowing aft er the parents have ab andoned
them. Some migratory sp ecies may also become very fat ju st before
migration begins, but in this latter cas e, they become so fat that they
have difficulty taking off from the ground. Many normally solita r y
species may form large flocks during the pre-migratory period which
may increase protection from predators (see Pond 1978). But bird parents
are not particularly obese while they are bringing food to the n estlings ;
perhaps it is not possible to achieve a distribution of fat which permits
agility while gathering food , does not impede take-off, landing and fli ght,
and which nonetheless allows large quantities of fat to be carried in the
body . The problem appears to have be en sol ved among mammal s, for
f emales of many species ar e able to combine increased foraging acti vity
with increased fat and mineral reserves within the body, withou t noticeable ill-effect.
The Columbiformes parallel the mammals most closely in the physiology of parental fe eding. In this order, both parents produce a deciduous
ti ssue in th e throat which, in the cas e of the domestic pig eon, consists of
a n utritiou s mi xture of fats, prot eins and hormones and is fed to the
yo ung for ab out four days after h atching. Thus compared to mammals
of sim ila r size, 'lactati on' in pigeons is very brief ; nothing is known of
the physiological basis for this difference between birds and mammals,
but presumably it must have something to do with the way nutr ients,
particularly fa ts, pr oteins and minerals are stor ed and reclaimed with in
the body. The fac t that even highly endothermic, m etabolically act ive
birds 'lactate' very little makes it very unlikely that their Mesozoic
rel at ives, endoth er mic or not, did so .
.'
Nothing is known of when extensive parental feeding became w idespread among birds, but it is unlikely tohave been earlier than the beginnin g of the Cr etaceous , at least 50 million years after the trait w as we ll - established in mammals.
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CONCLUSION

My suggestion therefore is that lactatiorr is an early and fundamental
character of mammals and one which has been a major determinant of
their ecological role since early Triassic times. For the first two thirds
of their history mammals were opportunist species , rapidly colonizing
areas which the more slo wly reproducing reptiles could not invade.
Mammal populations built up r elatively rapidly but they may have be en
hunted out or competitively displaced by reptiles which were better able
to maintain a population when the env ironment became more sta ble and
the fauna and flora more di verse. Even when larger mammals evolved in
the Tertiary, the .gr ou p retained the potential for rapid postnatal growth
and short generation time, perhaps inherited from the long period of
their history when the ability to build up a population r apidly was a key
factor in their success.
The birds are the most numerous and diverse of the living descendants
of the diapsid r ep tile stocks; their success is usually attributed to the
fact that, .like mammals, they are endother m ic. Equally important, however, may have be en that the birds imitated the mammalian condition
by evolving increased parental care , including the bringing of food to the
nestlings. In our attempts to understand the physiology and ecolo gical
relationships of Mesozoic mammals, birds an d reptiles, we m ay be pl acing
too much emphasis on en dother my and viviparity, and not enough
emphasis on lactation and other forms of parental fee di ng.
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