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A CHARMING SMALL BEAST IS THE MARMOSET,

ITS HORMONAL STATE IS A PUZZLE - YET

WITHOUT RHYTHMS OR SEASONS,

NO RHYMES AND NO REASONS,

AT LEAST ONCE A YEAR THERE'S ANOTHER SET'
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ABSTRACT

The potential of the common marmoset, Callithrix

j acchus j acchus, as a primate model for studies on

human reproduction, has been assessed in this thesis.

Accumulation of basic data has been carried out

since the inception of the colony and various aspects

of the reproductive biology of this species have been

examined. Throughout a 7-year period marmosets have

been bred up to the third generation, and of the animals

brought into the colony originally,16.5% were still alive

at the end of the study period, a further 8.2% having

been transferred.

697 young were born at 324 birth events, 8.9?o of these

being stillborn. The survival rate of young during the

study was 42.1%, no differences in mortality rate being

observed between sexes.

Multiple births accounted for 85.5?o of all births,

twins constituting 5 7 . 4 ?o of all birth events. Of these,

47.5?o were heterosexual, an absence of deviation from an

expected 30°o value supporting the postulate that twins

are normally dizygotic. The secondary sex ratio revealed

an excess of males over females but the primary sex ratio

is unknown. The evidence available suggests that germ

cell chimaerism is not the explanation for the skewed

sex ratio.

The duration of the interbirth interval was

inconsistently affected by the occurrence of lactation,

and post-partum mating with conception can occur within



7-10 days of birth in both lactating and non-lactating

females.

Various parameters of body size were investigated;

little or no evidence of sexual dimorphism was recorded.

The chronology of growth of both male and female colony-

bred marmosets has been discussed.

Patterns of body weight change throughout singleton,

twin and triplet pregnancies have been accumulated and

compared. Maternal weight increase was dependent on the

number of young iji utero but little or no change in

weight was observed before the 13th week of the 20-21 week

gestation. An estimate of the weight of the fetal

membranes and fluid has been given for twin and triplet

pregnancies. The overall maternal: fetal weight ratio

was 1.00:0.20. Lactation had no effect on maternal weight

during the first 4 weeks post-partum.

Systemsfor the collection of blood and urine from

this species have been developed and described, the mean

24h urine volume being 14.7 - 7.3ml.

Human pregnancy diagnosis test kits were unsatisfactory

for the routine detection of pregnancy in the marmoset and

although the sub-human primate pregnancy test kit gave

reasonable results it offered no advantages over the use

of uterine palpation as a method of pregnancy diagnosis.

The pattern of marmoset chorionic gonadotrophin excretion

was determined by using a bioassay system: levels rose to

a maximum by week 7-9 of gestation and subsequently declined.



Combined gas chromatography and mass spectrometric

techniques were applied to marmoset urine. The major

oestrogen was oestradiol-17Ji; oestrone, 16oC- hydroxy-

oestrone and oestriol also being identified. Oestradiol

was recovered from both intact and gonadectomized animals
1 4

of either sex. Administration of 4- C-oestradiol-17p

resulted in recovery of oestradiol, oestrone and 16 oC -

hydroxyoestrone. Progesterone could not be isolated from

urine and the suggestion that the major metabolite of

progesterone was 5oC-pregnanef 3^4,6p-diol-20-one could

not be confirmed.

The use of fluorimetric assay for quantitation of

total oestrogens in urine has been examined and the method

applied to measurement of these steroids. The system was

found to be satisfactory and results for both intact and

gonadectomized animals of either sex show that levels

are higher in females. Extreme fluctuations in total

oestrogen in females are the result of ovarian cyclic

activity of about 22-26 days duration, or of pregnancy.

The pattern of urinary oestrogen excretion is dissimilar to

that seen in other primates in that levels fell during

the second half of gestation.

Social status appears to be related to endocrine

function in thatoc-ranked females show ovarian cyclicity,

with high levels of oestrogen, and become pregnant, while

subordinate females do not.

The results for cyclic females were confirmed by

radioimmunoassay for oestradiol and oestrone, either before

or after chromatographic fractionation.of hydrolysed

urinary extracts. The data were consistent with the view



that oestradiol constitutes the major oestrogen in

urine.

Although colony records suggested that the majority

of offspring were born in March-June and few were born

in November or February, the findings do not suggest

a truly well-defined breeding season. Serial studies

of males over a period of 1 year were undertaken, body

and testicular size and plasma and urinary steroids

being measured simultaneously. No recognizable pattern

of change which could be equated with a breeding season

could be delineated.

It is concluded that the marmoset offers great

potential as a model for investigations into human

reproduction .



CHAPTER I

GENERAL INTRODUCTION

Until relatively recently, rats, rabbits, mice and

guinea pigs have been the animals customarily used in

experimental medicine; however, these animals are far

removed from man, both taxonomically and phylogenetically,

and consequently are less suitable for many reasons than

members of man's own order - the Primates.

A clear-cut definition of the animals classified

as Primates is extremely difficult, and some hundred

years ago St George Jackson Mivart wrote that they were;

"Unguiculate, claviculate, placental mammals, with orbits

encircled by bone; three kinds of teeth, at least at one

time of life; brain always with a posterior lobe and

calcarine fissure; the innermost digit of at least one

pair of extremities opposable; hallux with a flat nail or

none; a well-developed caecum; penis pendulous; testes

scrotal; always two pectoral mammae". (Mivart, 1873).

At first glance such a definition appears to be

reasonable but its flaws have been discussed at length

and the alternatives proposed have drawbacks also,

(see e.g. Hershkovitz, 1977 , p.5). The principal reason

why this should be the case is found in the statement

by Washburn (1966) who, having been asked the question;

"What is a Primate?" concluded his reply by saying; "In

summary, simple structural definitions of the Primates

are bound to be misleading because the group has been

evolving as a separate mammalian way of life from close



ORDER

SUB-ORDER anthropoidea prosimii

SUPER-FAMILY ceboidea cercopit hecoidea hohinoidea

FAMILY callitrichidae ceb1dae

SUB-FAMILY

GENUS

SPECIES

SUB-SPECIES*

GENUS

SPECIES

SUB-SPECIES

callitrichinae caliimiconinae

callithrix

jacchus

l
— jacchus
geoffroyi
penicillata
flaviceps
aurita

argentata

I
argentata
leucippe
melanura

humeralifer

I
humeralifer
chrysoleuca

leontopithecus

rosalia

I
rosalia

chrysomelas
chrysopygus

cebuella

pygmaea

pygmaea
niyeiventris

nigricollis midas graellsi mystax imperator labiatus leucopus bicolor
i i i i

midas mystax labiatus bicolor
tamarin pluto thomasi martinsi

pileatus ochraceus

inustus oedipus fuscicollis
i i

oedipus fuscicollis
geoffroyi nigrifrons

ill igeri
leucogenys
lagonotus
fuscus
avilapiresi
weddelli
tripartitus
melanoleucus
crusliami
crandalli
acrensis

Figure 1s Classification of the Family Callitrichidae



TABLE 1: Taxonomy of the Callitrichidae
3

ORDER Primates Linnaeus 1758

SUB-ORDER Prosimii Illiger 1811

Anthropoidea Mivart 1864

SUPER-FAMILY Ceboidea Simpson 1931

Cercopithecoidea Simpson 1931
Hominoidea Simpson 1931

FAMILY Callitrichidae Thomas 1903
Cebidae Swainson 1835

SUB-FAMILY Callitrichinae Thomas 1903
Callimiconinae Thomas 1913

GENUS Callithrix Erxleben 1777

Leontopithecus Lesson 1840
Cebuella Gray 1866

Saguinus Hoffmannsegg 1807

SPECIES C. jacchus Linnaeus 1758
C. argentata Linnaeus 1766
C. humeralifer. E. Geoffroy 1812

L. rosalia Linnaeus
*

1766

V C. pygraaea Spix 1823

. S. midas Linnaeus 1758
S. nigricollis Spix 1823
S. fuscicollis Spix 1823
S. graellsi Jimenez de la

Espada 1870
S. mystax Spix 1823
S. imperator Goeldi 1907
S. labiatus E. Geoffroy 1812
S. leucopus Gunther 1876
S. bicolor Spix 1823
S. inustus Schwartz 1951
S. oedipus . Linnaeus 1758

SUB-SPECIES C. j. jacchus Linnaeus 1758
C. j. geoffroyi Humboldt 1812
C. j. penicillata E. Geoffroy 1812
C. j. flaviceps Thomas 1903
C. j. aurita E. Geoffroy 1812

C. a. argentata Linnaeus 1766
C. a. leucippe Thomas 1922
C. a. melanura E. Geoffroy 1812

C. h. humeralifer E. Geoffroy 1812

C. h. chrysoleuca Wagner 1842



Taxonomy of the Cal1itrichidae (contd....)

SUB-SPECIES
(contd). L. r. rosalia Linnaeus 1766

L. r. chrysomelas Kuhl 1820
L. r. chrysopygus Mikan 1823

S. m. midas Linnaeus 1758
S. m. tamarin Link 1795
S. f. fuscicollis Spix 1823
S. f. acrensis Carvalho 1957
S. f. avilapiresi Hershkovitz 1966
S. f. crandalli Hershkovitz 1966
S. f. cruzlimae Hershkovitz 1966
S. f. fuscus Lesson 1840
S. f. illigeri Pucheran 1845
S. f. lagonotus Jimenez de la

Espada 1870
S. f. leucogenys Gray 1865
S. f. melanoleucus Ribiero 1912
S. f. nigrifrons I. Geoffroy 1851
S. f. tripartitus Milne-Edwards 1878
S. f. weddelli Deville 1849
S. m. mystax Spix 1823
S. m. pileatus I. Geoffroy &

Deville 1848
S. m. pluto Lonnberg 1926
S. 1. labiatus E. Geoffroy 1812
S. 1. thomasi Goeldi 1907
S. b. bicolor Spix 1823
S. b. martinsi Thomas 1912
S. b. ochraceus Hershkovitz 1966
S. o. oedipus Linnaeus 1758
S. o. geoffroyi Pucheran 1845

DATA TAKEN EROM:

1. Napier, J.R. & Napier, P.H. (1967). A handbook of living primates.
London, Academic Press.

2. Napier, P.H. (1976). Catalogue of Primates in the British Museum
(Natural History) Part 1: families Callitrichidae and Cebidae.
London: British Museum (Natural History).
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to the beginning of the Age of Mammals. The basis for

the success of the order seems to have been in locomotor

adaptation, a way of climbing. But this had ramifications

for teeth and digestion, special senses and the brain,

reproduction, maternal care and social life. It is the

understanding of this whole evolving complex which defines

the Primates."

It seems therefore that it is difficult to give a

brief description of the characteristics of the mammals

which are classified as Primates, and this also may be

one of the reasons why the taxonomy of the order appears to

be somewhat confused. A review of the literature reveals

many different systems of classification, although those

of Simpson (1945), Fiedler (1956), Napier and Napier (1967)

and Chiarelli (1972) appear to be preferred by most writers.

A proposed classification of the Callitrichidae -

a Family of New World Primates which includes the marmosets

and tamarins - is outlined in figure 1, with an accompanying

taxonomy in Table 1. This system is based on the works of

Napier and Napier (1967) and Napier (1976).

The family Callitrichidae comprises four genera -

the true marmosets (Callithrix spp.), the pygmy marmoset

(Cebuella pygmaea) , the tamarins (Saguinus spp.)and the

golden or lion tamarins (Leontopithecus ssp.). The marmosets

can be separated from the tamarins on the basis of their

dentition, Callithrix and Cebuella forming the so-called

"short-tusked" callitrichids, where the lower incisors

are elongated and the lower canines incisiform, and

Leontopithecus and Saguinus, the "long-tusked"
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callitrichids, which have a normal lower incisor-

canine relationship.

In the wild, the callitrichid monkeys are

found only in wooded tropical and sub-tropical areas

of South America between about 9°N in Panama and south¬

east Costa Rica and about 24°S in Brazil and Colombia

(see int. a 1. Napier, 1976; Hershkovitz, 1977 p. 399,

912). They have an altitudinal range from sea level

up to 14-1300 metres (Brazilian Highlands and Colombian

Andes), and their spread is limited by the barriers

presented in the form of rivers, mountains and unfavour¬

able climate. However, there are apparently suitable

areas in which callitrichids are absent and such

absence cannot be explained on the basis of the conditions

prevailing at the present time.

The origin of the English name marmoset is obscure,

dating back to Middle English, and is thought to be

derived from the Old French word "marmouset" which

means grotesque image or mannikin (Hill, 1957), while the

term Callithrix means "beautiful-haired" (Schultz,

1969) .

All of the callitrichids are small, ranging from

the pygmy marmosets, which, with an adult weight of

approximately 100-150g are amongst the lightest of the

Primates and are the lightest of the platyrrhine

monkeys, through Callithrix and Saguinus to the lion

tamarins, which are the heaviest members of the family

with an adult weight of about 500g. (Hershkovitz, 1977).

Callithrix j acchus j acchus (Napier, 1976), the



Plate I: The common marmoset, Callithrix j acchus j acchus.
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common or cotton-eared marmoset (see plate 1), is a

squirrel-like, arboreal, quadrupedal platyrrhine, whose

locomotory system is essentially that of a branch-

running springer, with the hind limbs approximately

25?o longer than the fore-limbs. The non-prehensile

tail is used principally for balance. The digits are

not opposable and the pentadactyl manus and pes are

elongate, terminating in pointed claws, except in the

case of the hallux, which bears a flat nail.

Details of marmoset anatomy have been provided

by Beattie (1927), Hill (1957), Wettstein (1963) and

Hershkovitz (1977) amongst others, but on the basis

of such studies there has been controversy regarding

the systematic position of the callitrichids; thus

Pocock (1917) and Gregory (1922) postulated that many

of the apparently primitive features of marmosets such

as their small size, primitive ungues and lack of

pollical opposability were examples of retrogressive

evolution. Such assertions have been disputed by

many workers, including Beattie (1927), Wood-Jones

(1929) and Straus (1949), but although there is still

some disagreement (see e.g. Cronin and Sarich, 1978

regarding molecular systematics) , it appears now to be

more likely that callitrichids are the most primitive

of the platyrrhines (for discussion see Hershkovitz,

1977 p. 403) .

Callithrix j acchus has been bred successfully

in captivity for more than fifty years (Lucas, Hume

and Smith, 1927), but it is only relatively recently
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that there has been an increased awareness of some

of the advantages to be gained by using members of

the family Callitrichidae as laboratory animals in

preference to some of the other non-human primates.

Problems regarding the availability, husbandry,

slow breeding rates and especially financial consider¬

ations have severely limited the use of non-human

primates in medical research; however, the size of

the marmoset renders it relatively easy to handle

and reduces the space required for housing. In

addition, it is known to have a high breeding rate

in captivity, when compared with most other primates,

and this may reduce or eliminate the laboratory

demand on the wild population. The increased usage

of callitrichids has been emphasized by the holding

of meetings dealing with this Family alone, the

topics covered including conservation and biology

(Bridgwater, 1972; Kleiman, 1977a), behaviour (Rothe,

Wolters and Hearn, 1978), and various aspects of

biomedical research such as oncology, immunology,

genetics, physiology and infectious diseases (Gengozian

and Deinhardt, 1978).

Such research would be more difficult were it not

for the fact that self-sustaining colonies of callitrichids

have been established and that the breeding potential

of these monkeys is much greater than that of most other

primates. In terms of reproductive research the

advantages of using callitrichids lie in their short

gestation length (18.5-21 weeks depending on genus),
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"the relatively short interval between birth and

puberty (12-18 months), the absence of breeding

seasonality in captivity (except possibly for

Leontopithecus ssp. - Kleiman, 1977b), the short

inter-birth interval, and the high incidence of

twinning (60-80% of all births). The principal

disadvantages of using callitrichids include their

small body size which restricts the frequency of

blood sampling and the volume of blood which can

be taken, and the lack of external parameters of

ovarian cyclicity, as exemplified by the absence of

menstruation, which is characteristic of most, if

not all, of the New World monkeys, and the apparent

lack of clearly defined oestrous behaviour. One

further drawback lies in the problem of conservation.

In March, 1977 there were four groups of callitrichid

on the U.S. Endangered Species List. These were all

three sub-species of lion tamarin (Leontopithecus

rosalia),the pied tamarin (Saguinus bicolor), the

cotton-headed tamarin (Saguinus oedipus) , and the

white-footed tamarin (Saquinus leucopus), (Thorington,

1978). Additionally, it is thought that there may

be other callitrichids whose existence may be

threatened in that they appear to be vulnerable or

possibly endangered (Mittermeier, Coimbra-Filho and

Roosmalen , 1978).

At the time of commencement of the present

investigation relatively little was known regarding

the control of reproduction in callitrichids and the
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object of the studies to be reported was to

investigate several aspects of the reproductive

biology of the common marmoset, Callithrix

j acchus j acchus, particular emphasis being given

to the excretion of oestrogenic hormones and

chorionic gonadotrophin in urine.
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CHAPTER 2

ESTABLISHMENT AND MAINTENANCE OF THE COLONY

In January 1973 the Reproductive Biology

Unit received its first intake of common marmosets.

These were housed in temporary accommodation at

the University of Edinburgh Centre for Laboratory

Animals at Bush Estate, some eight miles (12.9 km)

south of Edinburgh. Further intakes of animals,

both from the wild and from established colonies

in the United Kingdom necessitated extension of

the primate facility, and in October 1975 all of

the marmosets were transferred into the present

accommodation (see figure 2), also located at

Bush Estate.

LIGHTING

All of the rooms in the marmoset accommodation

have windows to the outside so that natural day¬

light illuminates the animal quarters. Additionally

however, each room has supplementary lighting in

the form of fluorescent strip lights. These are

controlled by time clocks, being switched on at

0600h and off at 1900h giving a 13; 11 light:dark

schedule as opposed to the 12:12 (lights on at

0500h, off at 1900h) system used in the original

accommodation (Hearn & Lunn, 1975).

In view of the position of the colony (the

Royal Observatory in Edinburgh is situated at

55.925°N, 3.183°W), daylight length varies



■considerably throughout the year, from a

minimum of 6h 57min at the winter solstice

(December 21st) to a maximum at the summer solstice

(June 21st) of 17h 36min (sunrise to sunset: data

taken from figures for 1976). This variation

results in overlap between natural and artificial

lighting; thus, during the winter, the lights extend

the length of time to which the marmosets would be

subjected to natural light whereas in the summer,

sunrise and sunset both fall outwith the artificial

lighting period. As a result, "daylight" length is

artificially extended during short days, but the long

days allow a degree of seasonality throughout the

year.

TEMPERATURE

Marmosets have a narrow zone of thermal

neutrality (Scholander, Hock, Walters and Irving, 1950;

Scholander, Hock, Walters, Johnson & Irving, 1950;

Morrison & Middleton, 1967; Hampton, 1975), consequently,

it is extremely important that the environmental

temperature be maintained at a reasonably high level.

At the Estate, the external temperature throughout the

period August 1st, 1974 to July 31st, 1975 varied

between 27 and 82°F (-2.7 to 27.8°C), the mean annual

temperature being 47.6 - 8.9°F (8.7 - 4.9°C, Mean -

SD, n = 365) .

Temperatures are taken daily and the minimum

and maximum values throughout the 24h period are



-recorded. Throughout October 1975 to December 1978

(inclusive), the colony room temperature (Mean - 5D) was

77.7 - 2.26°F (25.4 - 1.26°C) ranging from a low of

65.8°F (18.8°C) in October 1975, before the animals had

been installed, to a maximum of 99.0°F (37.2°C).

VENTILATION

The number of air changes/hour ranged from 5-10

depending on the room being considered.

HUMIDITY

Humidifiers were present in all of the animal

rooms, their function being governed by a humidistat

in each room, set for a relative humidity of 55.0%.

The humidity was recorded on a hair hygrometer each

day and during the period October 1975 to December

1978 (inclusive) the mean relative humidity was 52.4

- 7.7% (Mean - SD), ranging from 20-88%. There is

little evidence to suggest that a constant humidity

is necessarily beneficial to marmosets in captivity,

and they survive a wide range of humidities in the

wild (Pacheco & de Assis, 1978 - personal communication.)

ENTRY PRECAUTIONS

Before entering the colony, personnel must don

protective clothing and non-slip waterproof boots,

together with disposable hats, gloves and face masks.

To enter the colony proper personnel must pass through

a footbath containing a quaternary ammonium compound.



Plate II: The marmoset home cage



■CAGING

The marmoset home cage is supplied by Forth-Tech

Ltd (Mayfield Industrial Estate, Dalkeith) and is

constructed entirely of aluminium (see plate 2). Each

cage consists of four so-called "single units" each

having internal dimensions (width x depth x height) of

20 x 20 x 27 in (51 x 51 x 69 cm). An aluminium

divider between adjoining single units can be removed

to form a "double unit". Each single unit has two

sliding doors, two wooden perches made of 1.0 in

(2.54 cm) diameter dowelling rod and nest box of

dimensions 6.75 x 10.5 x 7.5 in (17.1 x 26.7 x 19.1 cm)

Marmoset access to the nest box is through a 4.0 in (10

cm) diameter opening which can be closed by a sliding

door.

In the centre of each of rooms 1-4 there is an

exercise cage of 74 x 36 x 77 in (1.9 x 0.9 x 2.0 m).

The cage contains shelves, wooden branches and wood

shavings in its tray base.

The marmoset home cages are connected to the

central exercise cage on a rotational basis, the

connection being by means of a transparent flexible

tubing (Crystaflex; Flexible Ducting Ltd., Milngavie,

Glasgow). The internal diameter of the tubing is

4.0 in (10.2 cm) and a wire helix allows the animals

to progress along the tube, even when it is in the

vertical position, as though it was a ladder (see

plate 3). In addition, such a system of ducting can

be used to connect adjoining cages, or to connect
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upper and lower units. In this way the versatility

of the caging system is greatly increased. The

exercise cage increases the volume of space available

to the animals, arouses their curiosity in terms of

exploration, probably allows them to extend their

behavioural repertoire, e.g. in terms of scent marking,

contact calls, etc., and acts as a focal point of

interest for all of the other animals in the room.

A smaller exercise cage system, operating on the

same principles, can be used in rooms six and eight.

CAGE CLEANING

Perches, grids and shavings on absorbent paper

are changed once a week, the home cages themselves

being cleaned on a monthly basis. The exercise cages

are cleaned on a three-monthly basis, branches being

renewed annually. Cages are subjected to hot water/

detergent at high pressure; this is followed by hot

and cold water rinses. The cages are subsequently

air-dried in a hot room. Perches, grids and trays

are soaked in hot water/ detergent and are scrubbed

with hand brushes before being rinsed and air-dried.

Animal room floors are swept and hosed down

daily, drains being disinfected weekly.

ANIMAL HANDLING

for catching and handling animals, chrome

leather gauntlets are invariably worn; however, if

the animal is restrained in this way by one handler,



"another can manipulate limbs, palpate the uterus,

etc., using disposable or surgical gloves only.

DIET

There can be little doubt that it is of the

greatest importance to ensure that the diet given to

the captive animal is adequate, but it is difficult

to distinguish between such a diet and one which is

optimal. Signs of overt malnutrition can usually be

recognised but "to equate an optimal diet with the

absence of clinical disease is obviously not an

adequate definition" (Kerr, 1972). Despite the

apparent adequacy of diets offered to captive marmosets

and tamarins symptoms have been recorded which suggest

that such diets may indeed be barely adequate.

Additionally, symptoms may appear which do not seem

to be obviously related to dietary defects but may

be the end result of an unrecognised deficiency.

A review of the literature reveals very few

studies with callitrichids which are purely nutritional

in nature and in most instances dietary information is

presented almost incidentally rather than as the result

of a controlled nutritional investigation. Useful

data are supplied by Clark (1973) and King (1978).

Administration of a diet deficient in vitamin

D results in profound effects on the uptake of dietary

calcium, bone mineralization, renal tubular function

and muscle function (see review by Macintyre, Evans

and Larkins, 1977).

Disorders of bone, cage paralysis and wasting



marmoset syndrome (WMS) in callitrichids are believed

to be symptomatic of a single dietary deficiency,

presumed to be vitamin D inadequacy; however, concrete

evidence to support this postulate is not available and

vitamins A and E may be implicated also (Carroll, 1977;

Turton, 1977; Hiddleston, 1979 - personal communication).

New World primates in general, and callitrichids in

particular, appear to have a high vitamin D requirement,

and this must be in the form of vitamin (cholecal-

ciferol) or its precursor, 7-dehydrocholesterol, if UV

light is available. In addition there is evidence to

suggest a close link between inadequate vitamin in

the diet and the appearance of symptoms of WMS. It is

essential therefore that captive callitrichids receive

adequate levels of vitamin D-j.
The diet offered to the marmosets in this study

was constantly under review in an attempt to approach

the optimal rather than an adequate level of nutrition.

That the situation may not yet be ideal is indicated

by the fact that evidence of WMS, with our without

bone fractures, is still seen on occasion.

At the present time animals receive five different

pelleted diets as follows:

Monday: CRM(x) - an expanded pellet devised for growing

or breeding rats and mice (Labsure, Ltd.)

Tuesday: Mazuri - a New World primate formulation of

the expanded type manufactured by BP Nutrition Ltd.

Wednesday: CPD(x) - another New World Primate diet of

the expanded pellet type (Labsure Animal Foods, Ltd).



•Thursday: Marmoset diet - of similar formulation to

the Mazuri diet but having a smaller pellet size. This

diet is produced specifically for younger, smaller

animals by BP Nutrition Ltd.

Friday: CCM(x) - produced by Labsure Animal Foods for

feeding mature dogs.

Saturday: Mazuri.

Sunday: Marmoset.

Of the five diets used, all are of the expanded

pellet type, although the Marmoset diet is reconstituted

in an extruded form, and three of these are specifically

formulated for the feeding of New World monkeys. In

addition to forming the basis of a reproducible diet,

the five commercial products are slightly different in

terms of texture, taste, size and composition, thus

introducing variety and hopefully allowing for individual

animal preferences.

It would appear that a commercially prepared

pellet should form the basis of the diet offered to

captive marmosets although marked variations both between

and within animals can be expected in terms of daily

intake of a particular formulation. The fact that animals

show preference between diets suggests that it is

advantageous to offer several different types of food

pellet in terms of both content and texture.

The principal fruits offered to the marmosets

were apples, grapes, bananas, oranges and pears. Nuts

and raisins were also given, all of these items being

used to supplement the pelleted diet rather than as a



replacement for it. Banana skins were removed and all

large fruits chopped up before being offered to the

animals. Chopped brown bread was given as an alternative

to the fruit supplement, the bread, nuts and raisins

normally being given with the pellet at weekends.

In view of a lack of success with mealworm larvae

and the possible risks of insects as vectors of disease,

it was decided to use some type of canned dog food as a

source of animal protein. Pedigree Chum was selected

(Pedigree Petfoods, Ltd.) and initially this was made

available weekly. However, as with the other canned

foods tested, it was not popular with all of the animals

and with continued use an increasing number of monkeys

refused to eat it. Consequently its usage was much

reduced so that at the present time it is given only

in frequently.

Complan (Farley Health Products, Ltd.); a

complete fo d drink designed for human convalescents,

was prepared at a concentration of 200g/litre. From

birth until six weeks post-partum, lactating females

were given Complan each day in an ordinary nozzle-

type water bottle. It was accepted readily by all

animals, including other family group members, and care

was taken to ensure that the lactating female received

her fair share of this dietary supplement. Both Complan

and Casilan (see below) were prepared using an Atomix

laboratory blender (MSE Scientific Instruments).

In view of the suggestion that WMS may be related

to protein deficiency it was decided recently that



marmosets showing the characteristics of this syndrome

should be given Casilan (Farley Health Products Ltd) as

a supplement to their diet. This is a high milk protein

food which contains approximately 90?o casein. When made

up as directed by the manufacturer it is bland to the

point of being tasteless and the animals refused to take

it. Because of this, its composition was modified by a

process of trial and error until a formulation was

reached which would be taken by the animals. A thick

paste was prepared using cold water and Casilan. This

was further diluted with water to a final concentration

of 100g/litre, w/v before the addition of 80.0ml Cytacon

Syrup (Glaxo Laboratories, Ltd) and 60.Og sucrose. All

the animals accepted this mixture readily. At the present

time no conclusions can be reached as to the efficacy of

this treatment in reversal of the symptoms of WMS. As

with Complan, daily administration of Casilan was via a

water bottle feeder.

The composition of a vitamin supplement given

orally to each marmoset is shown in Appendix 1a. This

original formulation had the disadvantage that not all

of the animals found it palatable which meant that in

some cases the monkeys had to be caught and force-fed, a

stressful and time-consuming procedure. As a result,

the supplement was modified by the addition of yoghurt

(Appendix 1b). This was taken eagerly by all animals,

without exception.

Attempts were made to add vegetables to the diet,

e.g. carrots, turnips, but on the whole these were not



successful. The animals were given unadulterated

yoghurt by syringe, those flavoured with berries being

avoided for two reasons; firstly because of the

possibible risk of enteritis, and secondly because

the seeds would block the syringe exit. Chopped

hard-boiled and beaten raw eggs were given at random.

The only other dietary supplement used was SA-37

(Intervet Laboratories, Ltd.), a nutritional supplement

for dogs and cats, which was occasionally sprinkled

on pieces of chopped banana.

The main feeding time was at mid-morning when

the pelleted diet and fruit supplement was given. All

other supplements were given in mid-afternoon. Water

was available ad^ libitum.

COLONY MAINTENANCE

On arrival at the colony, animals were weighed

and placed in M/F pairs. In the case of wild-caught

batches, pairings were dependent not only on weight but

also on appearance, particularly of the teeth and

external genitalia. Each potential breeding pair was

housed in a single cage unit.

With the onset of births family groups consisting

of the adult pair with one or more sets of offspring

were expanded into a double cage unit, and the size of

the family allowed to expand to a maximum of 6-8 animals.

At this stage, additional pregnancies necessitated the

removal of some of the older offspring to prevent

overcrowding.

1. Peer group establishment; It has been
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suggested that unrelated, randomly-paired, colony-

bred male and female marmosets are slow to reproduce

(Kingston, 1975) and three options were examined by

Abbott and Hearn (1978) in an attempt to determine the

most efficient system of breeding, viz., i) randomly

paired young male and female marmosets; ii) young male

or female marmosets paired with an experienced monkey

of the opposite sex; iii) establishment of peer groups

of six unrelated marmosets, usually three males and

three females. Although Abbott (1978) suggested that

the most successful combination was that of a young

male paired with an experienced female,Abbott & Hearn

(1978) concluded that "Animals were more efficient at

breeding and rearing offspring in peer groups than in

pairs ..." As a result, the peer group system was that

most commonly used to set up new groups and to maintain

a family size which did not exceed eight. Details of

the peer group system, together with variations in

formation and dispersal are contained in Abbott and

Hearn (1978), Hearn, Abbott, Chambers, Hodges and Lunn

(1978) and Abbott (1979).

Following establishment, peer groups were maintained

for variable periods, and in all cases the ct-ranked M/F

pair were allowed to produce at least one set of young,

the other members in the group assisting in their

upbringing. This system increased the experience of

the subordinate animals, most of which had been raised in



family groups where they had been involved in rearing

at least one set of young siblings.

The dominant pair were eventually removed, for

a variety of reasons, including the relative instability

of peer groups in the long-term. This was particularly

obvious during the post-partum period, where the dominant

female, for no apparent reason, could attack subordinate

females without warning. This occasionally occurred after

the groups had been established for several years and

had lived peacefully through previous births. The dominant

pair were removed, together with their offspring, to form

an independent family unit. The remaining animals were

either split up and given experienced partners of the

opposite sex, or were left until the new dominant pair in

the peer group had produced young.

This system is used routinely, but it should be noted

that since ovulation in the subordinate females is

suppressed in the presence of thea- ranked animal of the

same sex (Abbott, 1978), the reproductive potential of

such females will not be realised. Consequently, for

maximum breeding, it may be that the peer group system,

which allows for some degree of mate selection, should be

used to identify a dominant pair, but that these should

be removed to allow th:P (3-ranked pair to breed successfully.
These could also be removed to allow the lowest-ranked

combination freedom from reproductive inhibition.

2. Detection of pregnancy; For successful colony

management it is of importance, for many reasons, that

a system be developed which allows pregnancies to be



detected and monitored. This is discussed more fully

elsewhere in this thesis, but as far as colony management

is concerned the method of choice was palpation of the

uterus in the unanaesthetized animal. This was performed

routinely on all females of potential fertility at

intervals of 4-6 weeks, data for singleton, twin and

triplet pregnancies having been reported for this colony

by Hearn and Lunn (1975) and Chambers and Hearn (1979).

3. Colony health and treatment of illness;

Surprisingly little information is available regarding the

causes of ill-health in callitrichid monkeys, most of the

data in this field having appeared relatively recently.

A comprehensive literature survey is not possible here but

a wide variety of agents have been isolated which are known

to, or potentially may be able to affect the health of

marmosets and tamarins. Useful references include those

of Halloran (1955), Ruch (1959), Dunn (1963), Deinhardt

and Deinhardt (1966), Nelson, Cosgrove and Gengozian (1966)

Deinhardt, Holmes, Devine and Deinhardt (1967), Fiennes

(1967), Kingston (1972b), Kuntz and Myers (1972), Porter

(1972), Cicmanec (1977), Hershkovitz (1977), Hiddleston

(1978), Hill, Turton and Bleby (1978) and Hunt, Anderson

and Chalifoux (1978).

In this colony, the most common problems were bites,

cuts, and scratches caused by fighting, usually while

establishing peer groups, but occasionally in family groups

or when one or more animals escaped from their cage(s).

By far the most serious condition encountered was

severe respiratory infection and animals which succumbed



to such infection accounted for a major proportion of

all post-weaning deaths. Where isolated, the causative

organism was Bordetella bronchiseptica and treatment

of the entire colony with Embazin solution (May and

Baker, Ltd) was instigated. The Embazin (containing

9.61% sulphaquinoxaline as supplied) was diluted at a

rate of 4.0ml/litre in drinking water, and was given

for six days, during which time all other sources of

water were removed. This was followed by similar

treatment with Tribrissen oral suspension in drinking

water for five days (Wellcome Veterinary Division, Ltd).

This treatment resulted in a marked decline in the

incidence of respiratory symptoms but did not eradicate

them from the colony. In many cases of respiratory

disease it was considered that death due to a terminal

pneumonia was secondary to a general decline in the state

of the marmoset (WM5), with or without associated defects

of bone.

Control of cockroaches and mice, as potential

carriers of, e.g. Prosthenorchis elegans or Sendaivirus,

was effected by having a pest exterminator (Rentokil) visit

the primate colony eight times/year.

40 Hand-rearing; Among the callitrichid monkeys,

multiple births are the rule and although the majority

of births in captivity are of twins, triplets are by no

means rare; however, the ability of the parents to raise

three young successfully, without human intervention,

is extremely limited (Hearn, 1978; Hiddleston, 1978;

Stevenson and Sutcliffe, 1978). As a result, in the vast
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majority of triplet births one of the offspring is

certain to die unless steps are taken to prevent this

by utilising some system of hand-rearing.

Information regarding such systems has been

supplied for marmosets (Ingram, 1973a,b; Pook, 1976;

Stevenson, 1976; Stevenson and Sutcliffe, 1978;

Hiddleston, 1978; Cicmanec, Hernandez, Jenkins, Campbell

and Smith, 1979; Eichberg, Moore, Kalter, Rodriguez

and Berchelmann, 1979; Ogden, 1979), tamarins (Hampton

and Hampton, 1967; Deinhardt, 1970; Wolfe, Ogden,

Deinhardt, Fisher and Deinhardt, 1972; Pook, 1974, 1976;

Kleiman, 1977a - see panel discussion p.225; Cicmanec

et al. , 1979; Ogden, 1979), and hybrids (Immendorf, 1961;

Coimbra-Filho and Maia, 1976).

A major advance in this area occurred with a

series of publications which gave details of the composition

of milk from the common marmoset and how these data were

used to formulate an artificial milk which could be used

in hand-rearing young successfully (Hobbs, Clough and

Bleby, 1977; Turton et_ al. , 1978a; Tiirton , Hobbs, Ford,

Bleby and Hall, 1978b).

At about the same time Hearn (1978) discussed the

possibility of 'collaborative' rearing, where one of

the triplets would be taken away in rotation for a 24h-

period and would be hand-fed during this time. Details

of the successful use of such a system were published

subsequently by Hearn and Burden (1979).

The use of the formulation of Turton e_t al.

(1978b) to rear one of three triplets in isolation has



been found to be successful in this unit in terms of

survival (Lunn, 1980 - unpublished); however, there

were problems at weaning and aberrant behaviour

caused difficulties in reintegrating the youngsters

back into the colony.

Now when triplets are born, one of these is

removed in turn, on a daily basis, as described by

Hearn and Burden (1979); however, they are fed with

the artificial milk of Turton ejt aj^.(1978b). In

this way, the young have the advantages of receiving

the substitute milk on only one day in three, despite

the fact that this formulation resembles natural

marmoset milk more closely than that used by Hearn and

Burden (1979). In addition, the limited separation of

the young from their parents or family group allows

normal interactions with other group members, so that

weaning is a smooth process and behavioural development

is normal.

An alternative to such hand-rearing techniques

is the possibility of fostering one of the triplets

to a set of parents where only a singleton has been

born or is surviving. This is a straightforward procedure

which is usually successful, the greatest problem

being the availability of parents with single young, as

this is comparatively unusual. The chances of such a

transfer are relatively small unless the colony is

large, since an age difference between the fostered

youngster and the singleton of the foster parents

must be restricted to a few days. When this system of



fostering is adopted, it is essential that the

youngster to be fostered is rubbed thoroughly

against the ano-genital region of members of the family

group to which it is to be introduced so that its own

scent is masked and it is 'recognised' as being a

member of the family by the fostering group.

CONCLUSIONS

Using the systems described above it has been

possible to establish a colony of common marmosets.

Although the conditions of housing may not be optimal

they are apparently adequate in that the animals have

been bred up to the F4 generation (March, 1980), and

the rate of replacement of animals by breeding has

meant that the colony has been closed since December,

1974, i.e. no animals have been brought into the

premises, either from the wild or from other colonies,

since this time.

Daily accumulation of data has occurred since the

colony was started in January, 1973; and the aim of the

first section of this thesis is to analyse these data

which pertain to the reproductive biology of this

species.



SECTION 1

THE REPRODUCTIVE BIOLOGY OE THE MARMOSET MONKEY



CHAPTER 3

THE GROWTH OF THE MARMOSET COLONY

INTRODUCTION: One measure of the efficacy of systems

used to house and maintain a breeding colony of any

animal species is given by the ability of such

animals to produce and raise offspring successfully.

Such success is underlined when consecutive generations

are born and raised without obvious difficulty, e.g.

in terms of behavioural abnormalities. The object

of this chapter is to supply information relating to

the number of animals in the colony since its inception

until 31st December, 1979 - a seven year period. Such

information has many uses; thus, in supplying

mortality data it is possible to compare survival

rates between sexes. These tend to be markedly

different in polygynous as opposed to monogamous species.

In the former, for a variety of reasons, there is an

increased loss of males as compared to females resulting

in a change from birth ratio of approximately unity

to an excess of females in adulthood. In monogamous

species there are usually few or no differences in

survival rates between the sexes.

Mortality data also allow a more accurate

assessment of the number of animals required for breeding

stock to allow expansion, contraction, or maintenance

of colony size. Data regarding the incidence of still¬

births assists such assessment and is also of use in studies

of toxicology or reproductive immunology where treatments

might be expected to influence reproductive events,

including the production of live-born offspring.
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TABLE2:AnimalIntakes BATCH NO.

ARRIVAL DATE

NO.IN INTAKE

STATUSAT31.12.79
ALIVE

DEAD

TRANSFERRED

T1

25.1.73

11

0

11

0

T2

17.7.73

9

1

6

2

T3

4.12.74

12

1

7

4

T4

18.12.75

6

3

3

0

Q1

28.2.73

32

2

30

0

Q2

13.6.73

30

4

26

0

Q3

12.10.73

50

11

33

6

Q4

21.5.74

44

10

30

4

TOTAL

194

32

146

16



RESULTS:

1. Colony growth: A total of 8 batches of animals

was brought into the colony. Four of these originated

from other established marmoset groups and were

designated groups T1-4 while the remainder were brought

in directly from the wild, being housed initially

according to the quarantine regulations laid down for

the UK. These animals were classified as Q1-4, their

treatment during the statutory six month quarantine

period having been described by Hearn, Lunn, Burden

and Pilcher (1975). Details of arrival dates, numbers/

intake and status at 31.12.79 are given in Table 2.

All of the groups contained equal numbers of males and

females (M and F) except for groups T1 (M:F=5:6) and

T2(M:F=6 : 3 ) . The ages of the animals (where known),

or their time in the colony, is based on data at

31 .12.79.

Animals in batch T1 had been in captivity elsewhere

for some 1-4 yrs, having been of unknown age when

originally obtained from the wild. All of these

animals died between 0.13 and 6.22yrs after arrival

in this colony. Throughout this thesis, the system of

ascribing age to animals is as follows; The time

elapsed between arrival (or birth) and death (or transfer

to another colony) was calculated in terms of days, and

this figure converted to years by dividing by 365.25

(the mean Julian year). The decimal system of expression

of age, or time in colony, is that recommended by

Watts (1977). The mean survival time was 2.91 - 2.27

years (n=11), and as with the other batches the survival



irate was unaffected by the sex of the animal (M=1.94
- 1.98 yrs, n = 5, range 0.15-4.22 yrs: F=3.72 - 2.34 yrs,

n = 6, rangeiO . 1 3-6 . 22 yrs: t = 1.37, P=>0.05, df=9).
Six of the animals in batch T2 have died (mean

time in colony=2.03 - 1.66 yrs, range:0.26-4.72 yrs).
Of the 3 survivors, 2 were transferred to another colony
after 4.39 years and the other is still alive after 6

yrs in this Unit alone.

The mean time in colony for 7 of the batch T3

marmosets was 2.47 - 0.75 yrs, range=1.63-3.62 yrs.

Four were transferred after between 3.01 and 4.73 yrs

and the other is still alive after 5.07 yrs in this

colony.

The last group in the colony transfer category
(batch T4) comprised a single family unit of 3M and

3F. The adults and the older female offspring died

between 0.16 and 3.38 yrs after arrival (mean=1.43 -

1.71 yrs), the 3 survivors having been in our possession

for 4.04 yrs.

Of the 32 animals in the Q1 group, all but 2 died,
these latter having now been in our colony for 6.84 yrs.

On the bases of body weight, appearance and subsequent

reproductive behaviour, both of these were adult at the

time of arrival. Twenty animals died within 16 days of
arrival but the remaining 10 lived for an average of
4.3 - 1.35 yrs (range=2.61-6.06 yrs).

Only 7 of the 30 animals in group Q2 survived for

more than 47 days. This was due to an epidemic of

measles, the disease having been acquired between capture



and arrival in the colony. Of the survivors, 3 died

after 4.62, 4.88 and 3.31 yrs while the remaining 4

monkeys are still healthy after 6.55 yrs.

The Q3 batch was the biggest group of animals

imported. Of the 50 marmosets, 6 were transferred

after 4.16-5.87 yrs and 9 died within 4 months of

arrival. A further 24 died after having been in the

Unit for between 1.07 and 6.11 yrs (mean=3.77 - 1.63

yrs). The remaining 11 are still alive after 6.33

y rs.

Of the 44 monkeys in batch Q4, 4 were transferred

some 3.55-5.27 yrs after arrival, 14 having died within

the first 4 months. A further 15 died after having

been in the colony for between 0.40 and 4.91 yrs (mean:

3.11 - 1.33 yrs), the remainder being alive 5.61 yr s

after arrival.

Over the period 25.1.73 to 18.12.75 8 groups of

animals were received, comprising a total of 194

(M:F=98:96) and the colony was then closed completely.

Of these marmosets, 16 were transferred, 146 died and

32 are still alive.

A total of 34 of the 78 females brought in

directly from the wild survived for longer than 21

weeks and information regarding the interval between

their arrival in the colony and first conception

(retrospectively dated from their first delivery and

assuming a 21-week gestation period), was available

in 25 of these. The other 9 were not included for a

variety of reasons, e.g. they were housed singly, or
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in F/F pairs, or they were kept with a vasectomized

male, or had been ovariectomized. Of these 25

females, conception occurred at 214.3 - 164.1 days

after their arrival, with a median of 200 days

(range=33-588 days), i.e. all of the females conceived

within 18 months of arrival.

The growth of the colony is shown in Fig. 3.

The solid arrows indicate when the 8 intakes were brought

into the colony and the broken arrows indicate transfers

of animals out of the premises. The dotted area shows

the number of animals bred in the colony and surviving

at any time, the open area the number of animals which

had been brought into the colony and were still alive.

For any given time therefore the total number of live

marmosets is given by the upper limit of the open area.

The theoretical colony size is given at the upper limit

of the black area and takes into account all of the

animals coming into the colony, either as intakes or

as colony births. These values do not take into account

any animal losses due to stillbirths, deaths or transfer

of animals out of the colony. As a result, the black

area gives the total number of stillbirths, deaths and

transfers, i.e. the difference between the theoretical

and actual colony size.

2. Number of young born: The number of marmosets

born/year is shown in Table 3. In summary, there were

46.2 - 21.0 (Mean - SD) birth events/year (n=7; range:

12-72) at which 2,18 - 0.21 young were produced/birth

(n = 7; range=1.88-2.58). This gives a mean of 99. 6 - 44.7



TABLE
3:

The

number
of

marmosets
born

per

year,

1973-1979

YEAR

NO.
OE

BIRTH
EVENTS
NO.
OE

YOUNG
BORN

MEAN

NO/BIRTH

1973

12

31

2.58

1974

26

49

1

.88

1973

45

95

2.11

1976

58

129

2.
22

1977

49

111

2.27

1978

62

129

2.08

1979

72

153

2.13

TOTAL

324

697

2.15



youngsters born/year (n = 7; range = 31-153 ) . Both

the actual number of young born and the number of

birth events show a gradual increase throughout; the

decrease in 1977 reflects the number of pregnancies

terminated by hysterotomy as part of an ongoing

research programme. The mean number of young born

at each birth remained relatively constant throughout,

ranging from a low of 1.88 in 1974 to a high of 2.58

in 1973.

3. Stillbirths; A total of 697 presumptive full-

term young was delivered during the period surveyed;

however, not all of these were livebirths.

The occurrence of stillbirths was recorded at

autopsy, the decision being based on the macroscopic

appearance of the lungs and the result of a lung

flotation test, carried out as described by Cooper

(1977). The results of such investigations revealed

that 48 of the colony-bred marmosets were stillborn.

A further 14 were classified as stillbirths on the

basis of lung appearance alone, giving a total of

62 stillbirths, an incidence of 8.9%.

A total of 36 female parents was involved in the

46 birth events which led to the delivery of the

62 stillborn young. Sixteen of the young were recovered

from 13 wild-caught females who were giving birth for

the first time since being brought into the colony;

a further 13 were found at first delivery in 8 colony-

bred females, i.e. 46.8% of stillbirths were seen at

first delivery. In addition, 16 stillbirths were



TABLE4:Obstetricandothercomplicationsassociatedwiththedelivery ofstillbornmarmosets. COMPLICATINGFACTOR

NOOFSTILLBORNANIMALS

Uterinerupturewithdeliveryofyoung intoabdominalcavityduringlabour

2

Prematuredeliverybasedonsizeand appearanceofoffspring

1

Fetaldystocia

6

Prematuredeliverywithumbilicalcord entanglement

3

Incorrectpresentationoffetus

2

Birthinmetabolismcage SUB-TOTAL Firstbirthincolony(Wild-caughtmother)
2

16 16

Firstbirthincolony(Colony-bredmother)
13

SUB-TOTAL

29

TOTAL

45



"associated with complications at delivery and these

are shown in Table 4.

In summary therefore, 45 stillborn young (72.6% of

all still-births) were associated with factors which

might be expected to be causative agents.

4. Survival of colony-bred live-born animals: Of

the 635 live births, 38 were transferred to other centres,

leaving a total of 597 animals. The distribution of

these animals between generations and the numbers

surviving at the end of the survey period are shown

in Table 5.

Of the theoretical total of 597 colony-bred animals,

there were 221 alive at the end of the 7-year period, a

survival rate of 37%.

Of 202 F1 generation deaths, 12 were as a result of

experimental design, the mean age of these animals

being 3.63 - 1.20 yrs; range = day of birth - 4.5 yrs,.

All of these were males. The distribution of ages at

death for both males and females is shown in Table 6,

no differences in age at death being observed between

sexes. In this group, 50% of all deaths occurred

within the pre- to early-weaning age range ( ^.50 days

old) - 32.6% of live-born F1 marmosets failing to

survive beyond day 10.

Of 138 deaths in F2 generation animals,66.7% had

taken place before the animals were 50 days old

(Table 7), 15.9% failing to survive beyond the day of

birth. Deaths before day 10 accounted for 55% of all

losses in this group.

Of the 36 F3 generation deaths 94% were in animals



TABLE
5:

Status
of

colony-bred
marmosets
at

31st

December,
1979.

STATUS

GENERATION
F1

F
2

F3

TOTAL

Alive

93

95

33

221

Dead

202

138

36

376

Stillborn

36

19

7

62

T

ransferred

27

7

4

38

TOTAL

338

259

80

697



TABLE
6:

Age
at

death
of

colony-bred
F1

generation
marmosets.

»

AGE
AT

DEATH
(DAYS)

SEX

MALE

FEMALE

UNKNOWN
TOTAL

0

4

4

1

9

1-10

28

23

2

53

11-50

1

6

16

1

33

51-100

5

6

-

11

101-200

7

5

-

12

201-500

3

7

-

10

>

500

31

31

-

62

TOTAL

94

92

4

190



TABLE
7:

Age
at

death
of

colony-bred
F2

generation
marmosets.SEX

AGE
AT

DEATH
(DAYS)

MALE

FEMALE

UNKNOWN

TOTAL

0

11

7

4

22

1-10

26

26

2

54

11-50

11

5

-

16

51-100

9

4

-

13

101-200

6

4

-

10

201-500

3

2

-

5

>

500

5

13

-

18

TOTAL

71

61

6

138



TABLE8:Ageatdeathofcolony-bredF3generationmarmosets. AGEATDEATH(DAYS)

SEX

MALE

FEMALE

UNKNOWN

TOTAL

0

6

3

1

10

1-10

11

4

-

15

11-50

3

6

-

9

51-100

-

-

-

-

101-200

-

-

-

-

201-500

1

-

-

1

>500

1

-

—

1

TOTAL

22

13

1

36



< 50 days of age, 69.4% of the marmosets dying

before day 10 (Table 8). The distribution of deaths

in this group was skewed since the first F3 birth

occurred in August, 1977 giving a theoretical maximum

age for any F3 animal of 874 days by the end of the

study period.

In total, there were 364 deaths of colony-bred

animals, the numbers of deaths being similar between

sexes (Table 9). Of the live births, 11.3% failed

to live for 24h, and 44.8% of all deaths had occurred

by day 10. Of live-born marmosets, 60.7% did not

survive for more than 50 days, i.e. they died before

they were completely weaned.

DISCUSSION: Under the conditions described in Chapter

2 it has proved possible to breed marmosets up to the

third generation within a 7-year period.

The 146 deaths in the 8 marmoset intakes can be

divided between 2 groups, T1-4 and Q1-4. Within the T

batches, deaths occurred at random after arrival (2.41

- 1.78 yrs, range = 0.13-6.22 yrs, n=27), as might be

expected, as they had been living in or had been born

in captivity, so that they were fully conditioned to

the laboratory environment. This was not the case with

the Q batches however, where deaths generally fell

into 2 distinct groups. In the first of these the

animals succumbed to the rigours, stresses and strains

of capture, transport and housing in a completely alien

environment. Under these conditions deaths were relatively



TABLE
9:

Age
at

death
of

colony-bred
marmosets
(F1-F3

generations).

AGE
AT

DEATH
(DAYS)

SEX

MALE

FEMALE

UNKNOWN

TOTAL

0

21

14

6

41

1-10

65

53

4

1

22

11-50

30

27

1

58

51-100

14

10

-

24

101-200

13

9

-

22

201-500

7

9

-

16

>

500

37

44

-

81

TOTAL

187

1

66

11

364



51

common within the 6-month quarantine period (n=68,

mean: 0.07 - 0.08 yrs, equivalent to 25.7 - 29.4

days, range = 10 min-147 days). Once the marmosets

had recovered and settled in then deaths tended

to occur at random, as with the T1-4 groups (n=52,

mean=3.83 - 1.45 yrs, range:0.67-6.11 yrs). The

apparent increase in longevity of the quarantine

group over the T1-4 group is explained by the

fact that animals in the latter category had been

in captivity for varying lengths of time before

their entry into this colony.

That conception occurred in Q batch females

within 18 months of arrival confirms the findings

for Saguinus spp. by Gengozian _et eQ. (1977, 1978),
and for both Saguinus and Callithrix spp. by Cicmanec

and Campbell (1978).

The theoretical colony size at 31.12.79 was

891, comprising the 194 animals brought in and the

697 youngsters delivered during the 7-year period;

however, the number of surviving marmosets was 253, of

which 221 had been bred in the colony (87.4%). Of the

remaining 638, 62 were stillborn and 54 were transferred,

the rest of the marmosets having died.

Published data on the incidence of stillbirths were

located for all callitrichid genera except Leontopithecus.

As far as possible, these data were calculated as a

percentage of total births, if not already expressed as

Information for C.jacchus is given in Table 10 where it

is compared with the results obtained in the present study.



TABLE10:Theincidenceofstillbirthsinthecommonmarmoset'. NOOFSTILLBIRTHS/ TOTALNO.OFBIRTHS

STILLBIRTHS(?o)

REFERENCE

87/2351

3.7

Hiddleston(1978)

4/78

5.1

Rothe(1975)

6/79

7.6

Stevenson&Sutcliffe (1978)

5/39

12.8

Gengozianetal.(1978)

6/44

13.6

Stevenson(1976)

75/451

16.6

Hamptonetal.(1978)

?

27.0

Ogdenetal.(1978)

7/39

17.9

Hobbsetal.(1977)

33/123

26.8

Phillips(1978)

SUB-TOTAL 223/3204

7.0

62/697

8.9

Presentstudy

TOTAL
285/3901

7.3



Its incidence ranged from 3.7-28.8%, the mean of

7% being similar to the 8.9% recorded in this colony.

Several reasons for the occurrence of stillbirths

in callitrichids have been proposed; thus, premature

delivery may result in an increase in the number of

stillborn animals recorded (Phillips, 1978). In this

colony, an animal is classified as being premature on

the basis of body weight and size and pelage status.

Unfortunately, the failure of stillborn young to

vocalize or move often results in an attempt by the

mother or other group members to eat the offspring.

In consequence, varying degrees of mutilation occur,

and in only 29 of the 62 stillborn young was an

accurate body weight available. These did not differ

from body weights seen in liveborn young weighed on

the day of birth (28.2 - 4.3g, n = 29, range = 15.0-38.Og

vs. 26.7 - 2.5g, n = 40, range:19.4-31.Og) . In both

of these groups, values at the lower end of the range

indicate some degree of prematurity.

Phillips (1978) also found that the number of still¬

born young produced by wild-caught parents was greater

than that seen for colony-bred animals (32.4 vs. 15.5%).

The same trend was apparent in this colony, although

to a much lesser extent. Wild-caught females were

associated with 180 of the 324 birth events (55.6%);

however, 41 of the 62 stillbirths (66%) occurred with

these females, indicating a marginally higher incidence

of stillborn young from wild-caught mothers.

It has been reported that more stillborn marmosets



are produced by primiparous mothers i.e. among young

born at the completion of a first pregnancy, than

in multiparous animals (Phillips, 1976; 1978). In

this colony 46.8% of stillbirths were seen at

first delivery of either wild-caught or colony-bred

females. Caution must be used when interpreting

this observation for the wild-caught group since their

previous reproduction histories were unknown and it

cannot be assumed that they were necessarily

nulliparous on arrival. Of 144 birth events in

colony-bred females 62 were first births and still¬

births were recorded in 8 of these (12.9%). Of the

remaining 82 births, stillbirths were also recorded

in 8 (9.8%). By themselves these findings are

inconclusive but the trend is in the same direction

as that reported by Phillips (1978) and by Wolfe

et al. (1972) for Saguinus spp.

Although it might be expected that an increase

in the number of offspring delivered at any one

birth may result in an increase in the number of

stillbirths there are insufficient data available

to substantiate such a hypothesis. Stillbirths

have been reported at the birth of twins, triplets

and quadruplets (Stevenson, 1976; Stevenson and

Sutcliffe, 1978) but such data are often confounded

by complications at birth which may require surgical

intervention (Stevenson, 1976; Lunn, 1980). From



the present study, 6.5% of stillborn young were

singletons, 32.3% were associated with twin births

and 58.0% and 3.2% with triplet and quadruplet

births respectively. Taking into account the

relative occurrence of single : twin:triplet: quadruplet

births (see chapter 4) it seems that stillbirths are

more likely to occur when triplets are born, a

conclusion which differs from that recorded earlier

(Lunn and Hearn, 1978).

The complications at delivery which were

associated with the production of stillborn marmosets

(Table 4) are believed to be possible causative

factors. Another interesting hypothesis is that of

Gengozian, Lushbaugh, Humason and Kniseley (1966)

who suggested that stillbirths in Saguinus (= Tamarinus)

nigricollis were associated with erythroblastosis

fetalis, which also occurs in man. Their findings

have yet to be confirmed.

Within callitrichids, it seems that the number of

stillbirths among laboratory-housed animals may vary

between genera (Hampton, Gross and Hampton, 1978).

Although not clearly stated, it appears that the

stillbirth incidence for Callithrix and Saguinus

combined is 38.4%, but data for Callithrix alone

suggests that 73% of offspring are liveborn (Ogden,

Wolfe and Deinhardt, 1978). This would confirm that

the number of stillbirths does vary between different



fcallitrichid genera housed in the same department.

The survival of marmosets born in this colony

appears to be poor in that only 221 animals were

still alive at the end of the study period from

the 635 live births, but an additional 38 animals

had survived until their transfer from the colony

and 12 had been deliberately sacrificed. If these

animals are classified as survivors, a survival

rate of 42.7% is obtained (271/635).

It is widely recognised that following the

birth of triplets in this species, one of the 3

offspring will almost invariably die within a few

days, since the parents appear to be unable to rear

all 3 successfully without human assistance (see

int. al. Kingston, 1969; Ingram, 1975b; Grist, 1976;

Phillips, 1976), although very occasional successes

have been recorded (Hiddleston, 1978; Stevenson

and Sutcliffe, 1978). Of the total number of birth

events under survey, 86 were triplet deliveries where

one of the young might be expected to die. In

this colony, following the birth of triplets, no

parents have been able to rear all 3 unaided. It

can be seen therefore that the death of 86 of the

258 young born at triplet delivery could account

for 22.9% of all deaths (86/376). In the report

of Hiddleston (1978), of all deaths recorded to

weaning at 14-16 weeks of age, 45% of these represented



^surplus' triplets. Recent advances in'collaborative

hand/parent-rearing systems suggest that it may be

possible to enhance triplet survival for a relatively

small outlay in terms of cost and labour, although

this is not the opinion of Hiddleston (1978) who

proposed selection of breeding stock for maternal

and lactational ability as an alternative.

Comparison between the survival rate recorded here

with data from published works is difficult for

several reasons, e.g. it is often not clear whether

survival rate refers to survival of live-born, full-

term young, or whether it includes the products of

premature delivery and abortion, or takes stillbirths

into consideration. It should be stressed therefore

that the figures quoted for the present study

represent the survival of live-born young, including

the very small number of young deemed to be premature

but exclude data for abortuses and stillborn young.

A further difficulty in comparing published data lies

in the fact that the length of time over which the

survey was conducted is often not given. In other

cases, survival is given only up to a relatively

young age, e.g. to weaning (often undefined) or to 30

days. Despite these problems, figures are available

for specified periods.

Phillips (1978) has suggested that once the common

marmoset has passed the one month old mark then its

chance of long-term survival is good, and this is
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underlined by the present findings where almost half

of the recorded deaths had occurred before the

offspring were 10 days old. Possible factors which

could account for this early neonatal mortality are

premature delivery, obstetric difficulty, inexperience

on the part of the parents, particularly the mother,

intolerance leading to rejection or aggression,

agalactia or other lactional malfunction, or inability

to raise more than two offspring, as discussed earlier.

Ingram (1975b) reported that 73.2% of her C. jacchus

offspring survived for more than 2 weeks, and although

Stevenson (1976) and Stevenson and Sutcliffe (1978)

also published data suggesting 74-87% survival, no

information was given regarding the length of time for

which the animals survived. Hiddleston (1976, 1978)

also provided data from which it can be calculated

that, excluding stillbirths, 72% of C. jacchus young

survived to weaning at 14-18 weeks of age. A two

year survival rate of 57.1% is given by Ogden ejt al.

(1978) for this species, but the two year survival rate

for the same species held in a different centre was

only 7% (Hampton et_ al. 1978).
With regard to other callitrichids, Cebuella

pygmaea is reported to have a 13% 2-year survival rate

(Hampton et^ e^I. ; 1978), while survival rate for the

same period in Saguinus spp. varies between 19 and 49%

(Hampton ejb al. 1978; Ogden e_t a_l. 1978). These within

genus discrepancies may be caused by differences in



systems used for calculating survival rates, may

reflect housing differences between Institutions,

or may be genuine interspecific differences.

Further information relating to survival in colony-

bred tamarins of this genus is given by Hampton et.

al. (1966), Wolfe et_ scl. (1975) and Gengozian, Batson

and Smith (1978).

With respect to long-term survival the absence

of a difference between sexes is notable. It must

be pointed out, however, that as far as possible the

aggression which occurs between unfamiliar marmosets

of the same sex when they are allowed access to one

another is limited in the laboratory situation, and

in cases of severe fighting the combatants are

separated to prevent incapacitating injury or death.

This will influence survival rates so that the

situation in captivity could differ from that

occurring in the wild.

Comparisons between survival rates in captivity

and in the wild are extremely difficult. No long-

term field studies have been carried out where

individual animals have been identified at birth

and followed until death and such a study seems scarcely

feasible. The stresses of wild life in terms of

predation and disease may be expected to reduce life

expectancy but on the other hand natural diet and

environment together with inherent or learned survival



ability may counteract these factors to some extent.

In captivity relative freedom from predation and

disease may be negated by different forms of stress

such as restricted environment, handling and possible

dietary inadequacy. Accordingly, the lifespan of the

feral callitrichid is unknown; however, they are

reported to live for up to 12 years in captivity

(Jones* 1962; Napier and Napier, 1967). Mallinson

(1975) reported the survival of a red-handed tamarin,

caught as an adult, for 13 years, while a captive sub-

adult emperor tamarin was still living at Jersey Zoo

14.5 years after capture.

In this colony, one of our wild-caught marmosets

died after she had been in captivity for at least 8.3

yrs. She had been captured as an adult and died some

24h after aborting a single fetus. Several other

wild-caught marmosets were still alive after being

in our colony for almost 7 yrs, having been adult on

arrival. At 31.12.79, the oldest living colony-bred

marmoset was 6.2 yrs. old.

SUMMARY: The growth of the marmoset colony is

described for a 7 yr period during which time animals

have been bred up to the third generation.

Throughout the first two years 194 marmosets

were brought into the laboratory and the colony was

then closed. Of these animals 8.2% were transferred

to other Institutions, 75.3% died and 16.5% were still

alive at the end of the period under survey.



A total of 697 young were delivered at 324

birth events, a mean of 2.13 offspring/birth, and of

these 8.9?o were stillborn. Possible causative

factors were associated with 12.6% of all still¬

births.

The survival rate of live-born young is dependent

on the system used for its calculation but as described

was 4 2.7 % over the survey period.

Mortality data for wild-caught and colony-bred

marmosets revealed no differences in survival rate

between sexes.

It is considered that the overall survival rate could

be greatly improved by assisting the parents during rearing

of triplet offspring.



CHAPTER 4

MULTIPLE BIRTHS AND SEX RATIO IN THE MARMOSET

INTRODUCTION: It has been known for more than

200 years that marmosets, as a rule, give birth

to more than one young, generally twins (Wislocki,

1932). As early as 1828, Rudolphi had published

an account of the placenta in a twin marmoset

pregnancy and this was followed by an account of

placentation at term in Callithrix (Martin St.-

Ange, 1844).

Hill (1926, 1932) and Hill and Hill (1927)

reported the finding of a single corpus luteum in

each of the two ovaries in an early twin pregnancy

in Callithrix (-Hapale) j acchus. This suggested

that in this instance twinning was dizygotic (Hill

and Hill, 1927). At the same time, it was reported

that at a late stage of gestation, twin fetuses were

enclosed within a common chorion, but while each

twin was provided with its own placental disk, the

umbilical vessels of the two were directly connected

by vascular anastomoses (Hill, 1926).

Wislocki (1932), unaware of these studies, discussed

early pregnancy in the tamarin, Saguinus (=0edipomidas)

oedipus geoffroyi. from his examination of the placentation

and fetal membranes of a pair of isosexual twins he

concluded that twinning in callitrichids was monozygotic -

a conclusion at variance with that of Hill and Hill

(1927). Both fetuses were attached to the same placental



disk, which he called the primary placenta, and this

had vascular connections to the secondary disk. Blood

vessels between the two fetuses were anastomosed, as

in Callithrix. Wislocki (1932) hypothesized that

should callitrichids produce dizygotic twins then

there would be four placental disks instead of two.

Such a condition in marmosets has not been reported

and is at variance with an earlier report (Wislocki,

1929) where it was pointed out that a single discoidal

placenta had been described for each of two fetuses

(Rudolphi, 1828). It would appear that the placenta

is normally discoidal in Callitrichidae (Hill, 1957;

Phillips, 1976) but that in the event of a singleton

pregnancy then two placental disks are formed (Martin

St.-Ange, 1844; Poswillo, Hamilton and Sopher, 1972;

Chambers and Hearn, 1979 - personal communication),

probably as a result of secondary attachment of the

blastocycst rather than as a reflection of embryonic

loss of co-twin fetus.

Wislocki subsequently reported that twin births in

callitrichids were the result of double ovulations

since they were usually hetero-sexual deliveries

(Hamlett and Wislocki, 1934). He concluded that twinning

in S. oedipus must be dizygotic and again underlined

the fact that fetal circulations were linked by

anastomoses; however, there was no evidence of free-

martinism in female co-twins of hetero-sexual pairs

(Wislocki, 1938). Examination of the reproductive



tract in 19 pregnant tamarins revealed twin

pregnancies in each case; however, it was possible to

differentiate between the true corpus luteum of

pregnancy and accessory luteinized tissue only in

early pregnancy. In 7 pairs of ovaries 2 corpora

lutea were present, one in each of the 2 ovaries,

supporting the contention that twinning is di- rather

than monozygotic (Wislocki, 1939).

If dizygotic twinning is the general rule, then

a frequency of 1:2:1 for MM:MF:FF twins would be

expected. One of the aims of this chapter is to

investigate the frequency of occurrence of multiple

births in this colony and to compare it with reports

in the literature for callitrichids in general.

A consequence of the early development of vascular

anastomoses (Hampton, 1973), linked with a high rate

of fraternal twinning, is the high frequency of

haemopoietic chimerism. The mosaic constitution of

blood elements in twin cattle was first demonstrated

by Owen (1945), and the occurrence of bone marrow

chimerism has been recorded for all 4 callitrichid

genera (Benirscke and Brownhill, 1962; Benirschke,

Anderson and Brownhill, 1962), suggesting that such

anastomoses are functional. The consistency of

occurrence of functional fetal vascular connections

is underlined by the fact that blood lymphocyte analysis

of over 150 heterosexual co-twin pairs has shown blood



chimerism in both sexes (Gengozian, Brewen, Preston

and Batson, 1980).

During early embryonic development mammalian

primordial germ cells migrate to the gonadal ridges

(Witschi, 1948; Mintz and Russell, 1957) and the

probability of germ cell exchange via vascular

connections between heterosexual co-twins in utero

was suggested for cattle by Ohno, Trujillo, Stenius,

Christian and Teplitz (1962). Germ cell chimerism

has been reported to occur in callitrichids (Benirschke

and Brownhill, 1963; Egozcue, Perkins and Hagemenas,

1968, 1969; Hampton, 1970, 1973). Such presumptive

germ cell chimerism might have a minor effect on the

sex ratio of offspring if there were XY oogonia,

leading to production of haploid Y-bearing oocytes.

This would favour the production of males as suggested

by Benirschke and Brownhill (1963).

If XX germ cells could survive in the testis with

production of functional spermatozoa this would result

in an excess of females when non-chimeric (XX) females

were bred with chimeric (XY/XX) males (Ford and Evans,

1977).

A further aim of this chapter therefore is to

examine the overall sex ratio for this colony and to

determine whether there is any deviation from a 1:1

sex ratio.



MATERIALS AND METHODS: Data regarding the incidence

of multiple births in this colony of C. jacchus were

taken from the animal records, being calculated both

by year and overall for the 7-year period. Similar

information for several species and all four genera

of callitrichid monkeys was obtained from the

literature for comparative purposes.

As far as possible, the s;ex of all offspring

delivered during the survey period was determined

within 36h of birth. In some cases sex determination

was not possible because of varying degrees of

mutilation and/or cannibalization of the young. The

secondary sex ratio was calculated by year and for

the 7-year study period, the composition of each

'litter' in terms of the sex of each of the offspring

delivered also being recorded. A literature survey

was undertaken to collect similar data on secondary

sex ratio in other colonies of captive callitrichids

while information dealing with sex composition of

litters at birth was restricted to published work

for Callithrix alone.

RESULTS AND DISCUSSION: The incidence of multiple

births for several species and all genera of the

family Callitrichidae is available in the literature

and is shown in Tables 11-13. The data for each

genus are summarised in Table 14, which also gives

the results obtained in the present study.



TABLE
11:

The

incidence
of

multiple
births
in

the

genus

Callithrix.

SPECIES

TOTAL
NO.
OFPREGNANCIES
SINGLES

■■TWINSETS

TRIPLETSETS

QUADSETS

REFERENCE

CallithrixCallithrix
sppspp

22250

172

19141

237

00

Schultz
(1948)

Hampton
et

al.(1978)

Total

272

73

160

39

0

Percentage

26.8

58.8

14.3
0

Callithrix
hybrids
18

1

13

4

0

Mallinson
(1977)

Total

18

1

13

4

0

PercentageC.humeralifer
5

5.6
2

72.22

22.21

00

Hill

(1969)

Total

5

2

2

1

0

Percentage

40

40

20

0

C.

argentata
C.

argentata
C.

argentata
C.

argentata
127124

2011

I

07II3

0000

0000

Hampton
et

al

(1972)
Kingston-(~1
97
5)

Carroll
(1977)Mallinson(1977)

Total

35

4

31

0

0

Percentage

11
.4

88.6

0

0

rnnfri



DD

TABLE
11

(contd....)
SPECIES

TOTAL
NO.
OF

SINGLES
TWIN

TRIPLET
QUAD

■

i

REFERENCE

PREGNANCIES

SETS

SETS

SETS

C.
j

acchus

4

1

3

0

0

Fitzgerald
(1935)

C

jacchus

2

0

2

0

0

Shaw
and

Auskaps
(1954)

C.

jacchus

16

3

9

4

0

Epple
(1970)

C.

jacchus

7

0

6

1

0

Hampton
et

al

(1972)

C.

jacchus

26

1

14

11

0

Ingram
(1975b)

C.
j

acchus

115

12

86

1

6

1

Kingston
(1975)

C.

jacchus

18

0

10

8

0

Stevenson
(1976)

C.

jacchus

34

5

25

4

0

Hobbs
et

al.
(1

977)

C.

jacchus

18

1

15

1

1

MallinsonTl
97
7)

C.

jacchus

49

4

21

23

1

Rothe
(1977)

C.

jacchus

1

040

59

644

329

8

Hiddleston
(1978)

C.

jacchus

159

19

106

34

0

Phillips
(1978)

C.

jacchus

28

0

8

17

3

Stevenson
&

Sutcliffe
(1978)

C.

jacchus

63

7

42

14

0

Ogden
et

al.
(

1

978)

Total

1579

11
2

991

462'
14

Percentage

7.1

62.8

29.3
0.9



TABLE
12:

The

incidence
of

multiple
births
in

the

genus

Saquinus

SPECIES

TOTAL
NO.
OFPREGNANCIES
SINGLES
TWINSETS

TRIPLETSETS

QUADSETS

REFERENCE

Saguinus
spp

Saguinus
spp

24295

4

1

28

20150

016

01

Schultz
(1948)

Hampton
et

al.(1978)

Total

319

132

1

70

16

1

Percentage

41
.4

53.3

5

0.3

Saguinus
hybrids
180

35

139

6

0

Wolfe
et

al.
(

1975)

Total

180

35

139

6

0

Percentage

19.5

77.2

3.3

0

S.

nigricollis
S.

nigricollis
S.

nigricollis
14882

3170

11702

010

000

Kingston
(1975)

Wolfe
et̂

al.(1975)
MallinsonTl
977)

Total

1

04

20

83

1

0

Percentage

19.2

79.8

1

0

S.

midas
S.

midas

43

02

41

00

00

Christen
(1974)Mallinson(1977)

Total

7

2

5

0

0

Percentage

28.6

71
.4

0

0

contd



TABLE
12:

(contd
)

SPECIES

TOTAL
NO.OF

SINGLES
TWIN

TRIPLET
QUAD

REFERENCE

PREGNANCIES
SETS

SETS

SETS

I

—

S.

oedipus

3

0

3

0

0

j

Wendt
(1964)

S.

oedipus

5

1

4

0

0

Epple
(1970)

S.

oedipus

1

2

1

11

0

0

Kingston
(1975)

S.

oedipus

68

9

.

56

3

0

Wolfe
_e_t

al.
(

1

975)

S.

oedipus

4

2

2

0

0

Mall
in

son
(*1

977
)

S.

oedipus

83

16

58

9

0

Gengozian
et

al.

(1978)

Total

175

29

134

1

2

0

I

Percentage

16.6

76.6

6.9

0

]

S.

fuscicollis
339

67

255

17

0

i

Gengozian
and

j

Batson
(1975)

S.

fuscicollis
363

68

279

16

0

Wolfe
et

al.
(

1

975)
I

S.

fuscicollis
8

0

4

4

0

Mall
in

son
(~1

977
)

S.

fuscicollis
2

0

2

0

0

Vogt

(1978)

Total

712

135

540

37

0

I

Percentage

19

75.8

5.2

i



TABLE
13:

The

incidence
of

multiple
births
in

the

genera
Cebuella

and

Leontopithecus.
GENUS

TOTAL
NO.
OFPREGNANCIES
SINGLES
TWINSETS

TRIPLETSETS

QUADSETS

REFERENCE

Cebuella

5

5

0

0

0

Schultz
(1948)

Cebuella

9

3

5

1

0

Hampton
et

al.

(1972)

Cebuella

8

0

7

1

0

Christen
(1974)

Cebuella

1

0

1

0

0

Kingston
(1975)

Total

23

8

13

2

0

Percentage

34.8

56.5

8.7

0

Leontopithecus
1

63

41

11
6

8

0

(Kleiman
(1977b)

Total

1

65

41

116

8

0

Percentage

24.8

70.3

4.9

0
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TABLE14:TheincidenceofmultiplebirthsintheFamilyCallitrichidae. GENUS

TOTALNO.OF PREGNANCIES
SINGLETONS

SETSOF TWINS

SETSOF TRIPLETS

SETSOF QUADS

Cebuella

23

8(34.8)

13(56.5)
2(8.7)

0(0.0)

Callithrix

1909

192(10.1)
1197(62.7)
506(26.5)
14(0.7)

Saguinus

1497

353(23.6)
1071(71.5)
72(4.8)

1(0.1)

Leontopithecus

163

41(24.8)
116(70.3)
8(4.9)

0(0.0)

Total

3594

594(16.5)
2397(66.7)
588(16.4).
15(0.4)

Callithrix^

324

47(14.5)
186(57.4)
86(26.5)

5(1.5)

Combined

2233

239(10.7)
1383(61.9)
592(26.5)
19(0.9)

Callithrix data Combined

3918

641(16.4)
2583(65.9)
674(17.2)
20(0.5)

Callitrichid data

-

1

Valuesinbracketsrepresent
2

Datafromthepresentstudy
dataexpressed
aspercent.



Of 324 birth events recorded in this colony, the

majority were twins (57.4% of all births), followed

by triplets, singletons and quadruplets. These

figures are comparable to data on 1909 Callithrix

births in the literature, their relative incidences

being similar.

With respect to Cebuella, the incidence of

twinning appears to be the same as that seen in

Callithrix; however, in the former the number of

singleton births appears to exceed that for triplets,

contrary to the findings in C. j acchus. More data are

required before weight can be placed on this difference

and the same can be said for the apparent interspecific

differences in Callithrix, since in most cases the

numbers are small.

What is more convincing is the comparison of data

between the two genera in which the numbers are large,

namely, Callithrix in which n=2233 pregnancies (including

the present study), and in Saguinus, where n=1497. It is

obvious that the trend in Saguinus is to the production

of 1 or 2 young (accounting for 95% of all pregnancies), Where¬

as in Callithrix 2 or 3 young are born (88% of all

pregnancies). In Leontopithecus the situation resembles

that seen in Saguinus rather than that in Callithrix

(Table 14). Taking the Callitrichidcie overall, twins

account for two-thirds of all pregnancies in captivity.

Excluding the first year of the study, in which the
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TABLE15:TheincidenceofmultiplebirthsinthisC.jacchuscolony throughouttheperiodJanuary1st,1973toDecember31st,1979 inclusive.^
YEAR

TOTALBIRTH
SINGLETONS
TWIN

TRIPLET

QUAD

EVENTS

SETS

SETS

SETS

1973

12

0(0.0)

5(41.7)

7(58.3)

0(0.0)

1974

26

6(23.1)

1.7(65.4)
3(11.5)

0(0.0)

1975

45

3(6.7)

34(75.6)
8(17.8)

0(0.0)

1976

58

7(12.1)

33(56.9)
16(27.6)

2(3.4)

1977

49

6(12.2)

25(51.0)
17(34.7)

1(2.0)

1978

62

12(19.4)

33(53.2)
17(27.4)

0(0.0)

1979

72

13(18.1)

39(54.2)
18(25.0)

2(2.8)

1973-79

324

47(14.5)
186(57.4)
86(26.5)

5(1.5)

1

Thevaluesinbracketsrepresentdataexpressedaspercent.



number of births was rather small and the distribution

of multiple births apparently unusual, there was no

progressive change in the occurrence of any particular

litter size, the relative incidences showing variable

changes from one year to the next (Table 15). As

expected, the number of birth events/year rose as the

size of the colony increased, but as pointed out in

Chapter 3 the mean number of young produced at each

birth event, calculated on a yearly basis, remained

constant. A consistent finding was that multiple

births occurred to a greater extent than single

births and that twins were more common than any other

pregnancy outcome.

These findings are in general agreement with the

report of Hiddleston (1978) but he reported a progressive

rise in the incidence of triplet deliveries with time,

and there was a concomitant fall in the number of twin

deliveries. This was attributed to the higher plane

of nutrition in captive animals and to the elimination

of parasites in imported marmosets. Ingram (1975a)

also suggested that the regular occurrence of triplets

may be due to the 'super-normal' conditions in

captivity.

A further possible reason for increasing litter

size was postulated by Epple (1970) who proposed that

increasing age of the mother might be associated with

a rise in the number of young delivered, although

she also considered the possibility that excessive



fecundity might be related to an increased plane of

nutrition, and observed that colony-bred animals

produced larger litters. Evidence against the age-

related increase in the number of young at birth was

presented by Gengozian and Batson (1975) who found

that in S^. fuscicollis more single young were born as

the age of the mother rose. Examination of colony

records in an attempt to resolve this equivocal

situation provided no evidence to support either

postulate in that no tendency in either direction was

observed.

Data for the incidence of multiple births in the

wild are relatively sparse, but triplets have not

been reported and it assumed that deliveries are

normally of twins. This is borne out by studies such

as that of Wislocki (1939) where examination of

pregnant uteri from wild-caught animals revealed only

twins. This does not rule out the possibility that

triplet births do occur, since the numbers examined

were small, and if the survival rate of the young

born at triplet delivery in captivity reflects the

position in the wild, then the almost invariable

failure of parents to rear all three successfully

would indicate that the chances of observing triplets

in the wild would be exceptionally small.

The advantages of producing triplets, as opposed

to singletons or twins, may be to reduce the



TABLE16:Secondarysexratiosinthecommonmarmoset(Callithrix j acchus)duringa7-yearperiod.
YEAR

TOTALNO. OFYOUNG

MALE

FEMALE

UNKNOWN

SEXRATIO(M:F1)

1973

31

14

13

4

108:100(82:100-138:100)

1974

49

24

24

1

100:100(96:100-104:100)

1973

95

53

41

1

129:100(126:100-132:100)

1976

129

64

64

1

100:100(98:100-102:100)

1977

111

55

49

7

112:100(98:100-127:100)

1978

129

67

59

3

114:100(108:100-119:100)

1979

153

88

58

7

152:100(135:100-164:100)

1973-79

697

365

308

24

119:100(110:100-126:100)

1

Rangecalculatedonthebasisthat female.

allunknown
sexanimalswereeithermaleor



incidence of dystocia, with its accompanying risk

to both mother and offspring, by reducing the body

size of the individual offspring; otherwise, there

would appear to be little to be gained, since one

of the young would almost invariably die. Additionally,

the nutritional demand on the mother during gestation

and lactation would be greater than that in a twin

pregnancy, any deficiencies being deterimental to all

concerned. Carrying the three youngsters would also

place an additional burden on the other members of

the group, and it seems likely therefore that the

regular occurrence of triplets in captive marmosets is

unnatural and may simply reflect the altered

environmental conditions in the laboratory, as proposed

by Ingram (1975a) and Hiddleston (1978).

The secondary sex ratio observed for C. jacchus in

the present study is shown in Table 16. The value given

is based on data for animals of known sex. A range

for the sex ratio was calculated on the basis that

marmosets in which the sex could not be determined were

either all male or all female. The secondary sex ratio

overall was 119M:100F with an estimated range of from

110:100 to 126:100. This deviates significantly from
O

an expected 1:1 sex ratio (X =4.828; P= <0.05) but if

all animals of unknown sex are presumed to be female

then there is no such deviation (X =1.56; P=NS). It

seems unlikely that all animals in this group were



TABLE17:SecondarysexratioinCallitrichids-Literaturesurvey.
vO

GROUP

SEX

REFERENCE

MALE

FEMALE

UNKNOWN

Callitrichidae
427

375

237

Hamptonetal.(1978)

Cebuella/ Saguinus

15

8

-

Christen(1974)

Callithrix Callithrix Callithrix Callithrix Callithrix Callithrix

10 53 22 18 60 37

15 44 22

5

56 42

1

Epple(1970) Phillips(1976) Stevenson(1976) Carroll(1977) Rothe(1977) Stevenson&Sutcliffe(1978)

Saguinus Saguinus Saguinus Saguinus

3
1

266 641

3 5

230 516

93

Shadleetal.(1965) Epple(19707 Gengozian&Batson(1975) Wolfeetal.(1975)

Leontopithecus
106

95

7

Kleiman(1977b)

total

1659 Sexratio:
1416 117:100(95:
338 100-141:100)

Callithrix

365

308

24

Presentstudy

Sexratio=
119:100(110
:100-126:100)

Combineddata
2024

1724

362

Sexratio:
117:100(97:
100-138:100)

Callitrichidae
1505 Sexratio=
1236 122:100

-

Ford&Evans(1977)



female, suggesting that there may be an excess of

males over females at birth. Although the overall

sex ratio differs from unity, individual analyses

of data shown in Table 18 for single, twin, triplet

and quadruplet categories reveals an absence of any

statistically significant deviations except in the

twin group where there was an excess of males at

birth (\^ = 5.845, P= <.0.02). Assumption that all of

the animals of unknown sex in this group were females

results in a ratio which does not differ from unity

CX.2 = 3 .480, P=>0.05).

Ford and Evans (1977) collected information from

9 different colonies for 4 callitrichid species and

found a sex ratio at weaning or birth of 122:100

(See Table 17). This ratio deviates significantly

from that expected ("X.2 = 2 6.4; P= <.0.001) but it should

be pointed out that no information was given as to the

number of animals, if any, to which a sex could not

be ascribed. Accumulating the figures compiled by

Ford and Evans with the present data for known-sex

offspring gives information for the sex of 3414
O

colony-bred young, a M:F ratio of 121:100 and a \

value of 31 .3 (P = <0.001 ) .

The secondary sex ratio for callitrichids in general

is also shown in Table 17, where the overall ratio was

117:100 (range=95:100 to 141:100), and confirms that a

deviation from an expected 1:1 secondary sex ratio
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TABLE18:Secondarysexratioandlittercompositioninthecommonmarmoset, Callithrixjacchus.
NOAT BIRTH

TOTALNO.OF BIRTHEVENTS
TOTALNO.OF YOUNGBORN

SEX M

OF F

YOUNG
U

COMPOSITION

Singleton

47

47

23

22.

2

23M

22F

2other

Twin

186

372

204

158

10

58MM

84MF

35FF

9other

Triplet

86

258

130

117

11

11MMM

33MMF

28MFF

7FFF7other

Quad

5

20

8

11

1

1MMMF

1MMFF

2MFFF

1other

Totals

324

697

365

308

24



2
probably extends to all callitrichid genera (X =

19.2, P = <0.001).

The secondary sex ratio and litter composition

for marmosets born in this colony is shown in Table

18. Of 177 sets of twins where the sex of both of

the young was known the ratio MM:MF:FF was 1.00:

1.45: 0.60. This ratio differs significantly from

the 1:2:1 characteristic of dizygotic twinning

(X^- 6.435, P= <0.05). In the human, departures from
this ratio are normally caused by the fact that a

proportion of twins are monozygotic and the application

of the 'differential' method of Weinberg (1901) as

described by Bulmer (1970) to the 315 colony births

recorded here, (i.e. excluding the 9 twin births where

the sex of both young in each set was not known), gave

an estimate for monozygotic twinning rate of 28.6 per

thousand births, the comparable value for dizygotic

twins being 533.3 per thousand.

Despite the deviation from a 1:2:1 ratio, the proportion

of iso- to heterosexual twins was 52.5%: 47.5% (range =

54.8: 45.2 to 50.0:50.0, assuming all of the 9 sets in

which the sexes were unknown were either iso- or hetero-

sexual). A X test revealed that the relative incidence

of iso- and heterosexual twins did not differ significantly

from the 1:1 ratio expected for dizygotic twinning. It

must be pointed out that the bias towards the birth of



TABLE19:Secondarysexratioandlittercompositioninthecommonmarmoset, Callithrixjacchus(Fromtheliterature).
NO.ATBIRTH
TOTALNO.OF BIRTHEVENTS
TOTALNO.OF YOUNGBORN

SEX M

OF

F

YOUNG
U

COMPOSITION

Singleton

188

188

85

87

16

85M

87F

16other

Twin

830

1660

872

720

68

230MM

412MF

154FF

34other

Triplet

67

201

92

97

12

4MMM

27MMF

26MFF

6FFF 4other

Quad

4

16

11

5

0

1MMMM

2MMMF
1MFFF

Totals

919

2065

1060

909

96

References: Singleton:GengozianandBatson(1975);Wolfe_ta_l.(1975);Phillips(1976);Rothe(1977) Twins:Shadle,e_tal.(1965);Epple(1970);Gengozian&Batson(1975);Wolfe£t^al.(1975); Phillips-Tl976);Stevenson(1976);Rothe(1977);StevensonandSutcliffe(1978).
Triplets:Epple(1970);Gengozian&Batson(1975);Wolfeetal.(1975);Stevenson(1976); Rothe(1977);Stevenson&Sutcliffe(1978).

Quads:Rothe(1977)Stevenson&Sutcliffe(1978).



male marmosets will alter the 1MM:2MF:1FF ratio

expected for dizygotic twinning and that there will

be an increase in the number of MM sets at the

expense of MF pairs; however, deviation from a 1:1

isoheterosexual twin ratio would not necessarily

occur, since although a loss of MF to MM would result

in an increase in this ratio, there may also be a loss

of FF pairs to the MF group to counterbalance this.

Under such circumstances, Weinberg's method cannot be

applied directly since it is dependent on an assumed

1:1 secondary sex ratio but would have to take into

account the skewed sex ratio at birth in marmosets.

Assuming the secondary sex ratio in the present

study to be 365M: 308F overall, correction for this

skewed ratio before the application of Weinberg's

method would suggest an expected iso- : heterosexual ratio

of 92:83 in 177 twin pregnancies (for method of calculation

see Bulmer, 1970). This does not differ significantly

from the observed ratio for twins born in this colony,

viz. 93:84 iso- : heterosexual pairs.

A review of the literature (Table 19) reveals that

in C. jacchus, of 796 known-sex sets of twins the ratio

MM:MF:FF was 1.00:1.79:0.67 and the proportion of iso-:

heterosexual twin pairs was 48 . 2?o: 51 . 8?o (range 50.4:49.6

to 46.3:53.7). The present data are therefore in

agreement with published information both with regard to



the relative decrease in the occurrence of both

MF and FF pairs and with respect to an absence of

a deviation from an expected 1:1 ratio for iso- :

heterosexual twin pairs characteristic of dizygotic

twinning, whether or not the skewed secondary sex

ratio is taken into account.

The value of the sex ratio data is somewhat

reduced by the fact that sex determination was

carried out shortly after birth, but it may reflect

the primary, or conceptual, sex ratio more accurately

than the data accumulated by Ford & Evans (1977),

where sex was recorded either at birth or weaning. In

either event, such assessments may be erroneous insofar

as they may not reflect the primary sex ratio since they

do not allow for deaths in utero. The inaccuracy of

such an estimate would be increased further if there

was a preferential loss of young of one sex during the

period between conception and birth.

That the number of offspring born does not

necessarily reflect the conception rate is borne out by

the fact that intra-uterine death is known to occur in

marmosets and tamarins. Thus, Wislocki (1939) reported

the death and partial maceration of one fetus in the

presence of an apparently viable fetus in Saguinus

(-Oedipomidas)oedipus geoffroyi,while Hobson and Hobbs

(1973) reported the recovery of a fetus papyraceous and



a 'blighted ovum' at caesarian section of a full-

term pregnancy complicated by fetal dystocia. In

addition, Phillips (1976) recorded a case of triplets

at hysterotomy at which he found the remains of a

macerated fourth fetus in C. jacchus.

Further backing for the loss of young in utero is

provided by the fact that heterosexual chimerism has

been recorded in offspring from single deliveries, and

in isosexual twins, suggesting loss of an opposite-

sexed co-twin or triplet in utero (Gengozian, Batson,

Greene and Gosslee, 1969; Gengozian and Batson, 1975.)

There is no real satisfactory evidence to support

the postulate of a transfer of primordial germ cells

between fetuses via placental vascular anastomoses in

marmosets; nor has the establishment of such germ cells

in the gonad of the opposite sexed fetus, with survival

to functional gametes, been determined unequivocally.

In the study of Benirschke and Brownhill (1963) evidence

was presented to suggest that in callitrichids with proven

marrow chimerism, germ cell chimerism had occurred also.

This was indicated by the examination of mitotic figures

in which a V-chromosome could not be identified, although

the spreads had a full complement of pairable homologues;

or by the absence of an XY bivalent at meiotic metaphase.

However, the authors themselves admitted that such spreads

were only of 'presumed spermatogonial origin' and Ford and

Evans (1977) expressed some dubiety over the nature of the



cells examined. In addition, Benirschke and Brownhill

should perhaps also have examined the situation in

control male marmosets which did not show marrow

chimerism (i.e. XV or XY/XV males). In such animals,

an inability to locate XV bivalents at meiosis or Y-

chromosomes would suggest an inadequacy in their

system of identification. If, on the other hand, the

Y-chromosome or XY bivalent was invariably located,

this would increase the weight which could be put on

their findings in marrow chimeras. Ford and Evans

(1977) suggested that occasional findings of curvature

of the XY bivalent at metaphase-diakinesis may result

in a ring-like appearance giving a spurious suggestion

of symmetry with subsequent failure to identify it as

XY bivalent, but to ascribe it as an XX status instead.

The claim of Hampton (1970) that XY oocytes were

seen in preparations from the ovaries of 2/12 female

marmosets, whose chimeric status was not otherwise

known, was tentatively dismissed by Ford and Evans (1977)

who suggested that the bodies which she claimed to be

XY bivalents may have been autosomal bivalents with

single terminal or sub-terminal chiasmata. In a later

study dealing with germ cell chimerism in male

marmosets and tamarins, Hampton (1973) discussed the

effect which functional XX spermatocytes would have on

the sex ratio of offspring produced (assuming the

gametes produced were capable of competing with those



From XY spermatocytes and had normal fertilizing

capacity). With a maximum of 4.9?o of XX spermato¬

cytes, the effect on the sex ratio of offspring,

all other factors being equal, would be so small that

an extremely large number of young would have to be

born to allow for detection of deviation from a 1:1

ratio in favour of females.

The evidence for germ cell chimerism in marmosets

is, at best, equivocal. It would appear that XY cells

may survive in an XX gonad, but that the chances of

survival of XX cells in the XY gonad, other than for

a short time, are poor (ford and Evans, 1977). If

both occurrences were equally probable, then the chance

of an altered sex ratio would be dependent on the

chimeric status of both parents and on the relative

numbers of germ cells of one sex surviving in a gonad

of the opposite sex. If the chances of survival of an

XY ovum to a functional gamete is greater than that of

an XX spermatogonium, then the production of a haploid

Y-bearing gamete in the ovary of the heterosexual

chimeric female would result in the birth of an excess

of males.

Examination of the secondary sex ratio in

callitrichids (Tables 16-17) does reveal an excess of

males, and this may suggest that fuctional germ cell

chimerism, with survival of XY germ cells to functional



oocytes is a possibility in XX/XY chimeric females,

but despite this, a recent study by Gengozian _et_ al.

(1980) indicates that this is not the case.

Using the four possible combinations of chimeric

and non-chimeric males and females for breeding, these

workers showed that in the tamarin, in no case was

there a deviation from an anticipated 1:1 ratio in the

sexes of the offspring produced. In addition, analysis

of 2,200 spermatocytes from proven haemopoietic chimeras

revealed no case in which an XX bivalent could be

demonstrated uniquivocally. In 5 cells in which

identification of the XY bivalent was questionable,

further examination revealed looping of the XY bivalent,

as observed by Ford and Evans (1977). It is of interest

that in animals which were non-chimeric (on the basis

of haemopoietic data), 7 ambiguous cells were recorded as

presumptive XX since they did not contain an obvious XY

bivalent. This underlines the criticism levelled at the

study of Benirschke and Brownhill (1963) regarding

examination of spermatogonia from control, marrow non-

chimeric, animals.

As the weight of evidence appears to be against germ

cell chimerism the cause of the sex ratio in favour of

males remains to be elucidated. Gengozian et al.(1980)

pointed out that published sex ratio data for callitrichids

showed this tendency to an excess of males but that in



such studies no information was given as to the chimeric

status of the breeders involved; if the conclusions of

Gengozian _et_ al. (1980) are correct, viz. that functional

germ cell chimerism does not occur, then the chimeric

status of the parents should be immaterial.

Although a preferential loss of females in utero could

explain the skewed sex ratio at birth there is no evidence

to suggest that this is the case. It seems more likely

that the secondary sex ratio merely reflects the fact that

the number of males conceived is greater than that of

females. This would be in agreement with the position in

the human, where an examination of the Annual Reports of

the Registrar General reveals a secondary sex ratio of

105.6:100 (Crew, 1952). Further data for the human give

ratios from 102.8:100 to 115:100. Of 46 million live

births in Western Europe the ratio was 105.3:100, while

for 21 million births among whites in the USA the value

was 105.8:100 (Parkes, 1976). Examination of aborted

human fetuses suggests that more males than females are

lost during intrauterine life and therefore the primary

sex ratio favours males significantly (Guerrero, 1975;

Parkes, 1976). Although numerous postulates have been

proposed to explain this skewed ratio in the human, e.g.

relative rates of movement of X- and Y-bearing sperm,

time of insemination in relation to time of ovulation, etc.



the reasons for a primary sex ratio which differs from ,

unity are unknown.

SUMMARY: Of 324 birth events recorded throughout a 7-year

period, multiple births accounted for 85.5?o of the total,

twins being the most common outcome of pregnancy in the

marmoset, where they constituted 57.4?o of all birth events.

No consistent changes in the relative incidence of

different litter sizes were recorded with time and there

was no evidence to suggest a relationship between the age of

the mother and the number of young born.

Of all twin births 4 7 . 5 ?o were heterosexual; since there

is no deviation from an expected 50% value this would support

the postulate that twinning in marmosets is usually dizygotic,

even allowing for a sex ratio at birth which differs from

unity .

The secondary sex ratio revealed an excess of males over

females at birth; the relationship between primary and

secondary sex ratios in callitrichids is unknown.

It is suggested that fuctional germ cell chimerism does

not occur in callitrichids and cannot be used to explain the

excess number of males born. The reasons for this skewed

secondary sex ratio are unknown.



CHAPTER 5

THE OCCURRENCE OF LACTATION AND ITS RELATIONSHIP WITH

INTERBIRTH INTERVAL IN MARMOSETS

INTRODUCTION: In the human female, lactation is associated

with a period of amenorrhoea and infertility (for review

see McNeilly, 1979). The exact mechanisms involved in

inhibition of reproduction during this post-partum period

have yet to be resolved, but it seems that both elevated

levels of prolactin and the suckling stimulus itself are

involved .

Lactationally-induced infertility has been recorded for

a number of primates other than man, the overt reasons for

failure of conception being inhibition of ovulation with

reduction or complete abolition of sexual activity. Amongst

the great apes there is good evidence of lactational

infertility in gorillas (Harcourt, Eossey, Stewart and

Watts, 1980), and chimpanzees (Douglas and Butler, 1970;

Clegg and Weaver, 1972; Tutin, 1980). In the orang-utan

a mean interbirth interval of 4.5-4.0 years is correlated

with a long period of dependency of the young, suggesting

that a similar mechanism may operate (Galdikas, 1979),

but whether loss of young with subsequent cessation of

lactation results in a shortening of the interval between

births appears to be unknown.

Data similar to those recorded for gorillas and chimp¬

anzees are available for lesser Old World anthropoids

such as the baboon (Rowell, 1974), several species of

macaque (Kaufman, 1965; Koford, 1965, 1966; Fujiwara,



Honjo, Imaizumi and Imanichi, 1967; Vandenbergh and

Vessey, 1968; Weiss, Dierschke, Karsch, Hotchkiss,

Butler and Knobil, 1973; Drickamer, 1974; Varley and

Vessey, 1977), and members of the genus Cercopithecus

(Mallinson, 1971b; Rowell, 1974). As far as the New

World primates are concerned, an effect of lactation

on reproduction has been observed in squirrel (Travis

and Holmes, 1974; Coe and Rosenblum, 1978), howler

(Carpenter, 1934), and spider monkeys (Dempsey, 1939;

Wolf, Harrison and Martin, 1973).

In the common marmoset, suckling has been recorded

for up to 129 days post-partum (Box, 1975) and although

the duration of lactation, whether established by

observations of suckling or by expression of milk from

the nipple, appears to be variable, the young normally

suckle for up to 80-100 days (Fitzgerald, 1935; Epple,

1967; Ingram 1975a; Rothe, 1977; Lunn and Hearn, 1978).

The mother begins to discourage suckling at about 10-

11 weeks post-partum (Ingram, 1975a) although lactation

may end before this (Fitzgerald, 1935; Epple, 1967)

and young marmosets have been known to survive without

human intervention following the loss of their mother

at 35 days post-partum (Mallinson 1969). The latter

report may reflect the relatively young age at which

offspring start to eat solid foods in addition to

continuing to suckle, weaning commencing at about 3

weeks of age (Lucas et_ a_l. , 1927; Epple, 1967;

Ingram 1975a, 1977; Stevenson 1976).



In Callithrix j acchus, gestation length is between

20 and 21 weeks (see int. al♦ Rothe, 1975; Stevenson,

1976; Hiddleston, 1978; Chambers and Hearn, 1979). If

lactation in the marmoset influences reproductive events

by delaying conception post-partum then the inter-birth

interval should be significantly lengthened beyond the

20-21 weeks of a normal gestation period.

The aim of this chapter is to examine interbirth

intervals in this marmoset colony and to relate such

intervals to the occurrence of lactation.

MATERIALS AND METHODS:

1. Interbirth intervals; The intervals between

successive births were available for the 7-year period

from January, 1973 to December, 1979 inclusive.

Additional data were analysed for the time elapsed

between a spontaneously occurring abortion whose date

was known, (i.e.the conceptual products were recovered),

and a subsequent birth, or for the interval following

a pregnancy which was terminated by a surgically-

induced abortion and a subsequent birth. The data were

classified as follows:

Group A (Interbirth intervals)

Category 1: No young raised beyond the day of birth.

Category 2: No young raised beyond 1-10 days of age.

Category 3: No young raised beyond 11-20 days of age

Category 4: No young raised beyond 21-50 days of age



Plate IV: Vaginal lavage
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Category 5: No young raised beyond 51-200 days of age.

Category 6: At least one offspring reared beyond 200

days of age.

Group B (Intervals between spontaneous or induced

abortion and subsequent birth).

Category 1: Interval from spontaneous abortion to

subsequent birth.

Category 2: Interval from induced abortion to

subsequent birth.

2. Vaginal lavage; Vaginal lavage was performed

daily as described by Hearn ejt al. (1975) for 64 animals

from the day of birth until sperm were first observed

(See Plate 4). In only one animal was lavage performed

following spontaneous abortion; however, information

regarding the appearance of sperm after surgical termination

of pregnancy (hysterotomy) was available for 13 females.

RESULTS AND DISCUSSION: Although 181 interbirth intervals

were available for analysis, 29 of these were eliminated

as it was considered that they had been lengthened artificially,

e.g. by loss of the male partner without immediate replacement;

by the use of experimental procedures which interfered with

fertility, or by severe loss of condition of the female

post-parturn.

There were only five instances where the date of spontaneous



TABLE20:Analysisofinterbirthandabortiontosubsequentbirthintervals inthecommonmarmoset.
GROUP*

CATEGORY*

n

MEAN-
S.

D.(DAYS)

MEDIAN(DAYS)
RANGE(DAYS)

1

5

174.8

+

38.8

156.0

151-243

2

15

189.3

+

49.4

158.0

151-274

A

3

6

187.7

+

26.6

193.5

157-227

4

6

164.0

+

18.8

156.5

154-202

5

6

179.0

+

39.5

155.5

154-248

6

114

212.6

+

57.7

206.0

147-441

Total

152

204.9

+

55.2

186.5

147-441

D

1

5

172.2

+

29.7

163.0

151-223

D

2

17

181.1

+

28.2

180.0

153-246

Total

22

179.1

+

28.1

175.0

151-246

*SeeMaterialsandMethodsfordetailsofclassification.



abortion was known with certainty, allowing the interval

between abortion and the following birth to be calculated.

Seventeen hysterotomies were performed at various stages

of pregnancy and the time elapsed between operation and the

next parturition was recorded.

The results obtained for the 152 interbirth and the 22

post-abortion intervals are shown in Table 20.

The degree to which lactation occurred was assessed on

the basis of offspring survival; thus in Group A, Category

2 all of the young produced at a particular birth died at

between 1-10 days of age, lactation presumably ceasing at

an earlier stage than in Group A, Category 4, where at

least one offspring survived to between 21 and 50 days of

age.

The mean interbirth intervals for Categories in Group A

ranged from 164.0 - 18.8 days (Category 4) to 212.6 - 57.7

days (Category 6) and there was a considerable overlap

between the range of values obtained for animals in which

no young survived the day of birth (Category 1) compared

with those in which full lactation occurred (Category 6).

The median values varied between day 155.5 in Category 5

and 206 days in Category 6.

The results for Group A suggest that there may be a

prolongation of interbirth interval in animals in which

full lactation occurs; however, this is not invariably

so since in one-third of the cases in Category 6 this

period was less than three weeks longer than the



gestation period. The minimum interval between post¬

partum mating as judged by the first recovery of sperm

at vaginal lavage and subsequent birth, was 145 days

in a Category 6 animal who delivered full-term twins,

(on the bases of birth weights and appearance), and

reared these successfully to adulthood.

In Group B it was assumed that any trauma associated

with spontaneous abortion or surgery would not influence

subsequent conception, and that lactation would not

occur. As a result, the animals in this group act as

non-lactating controls and it was expected that mean

values for interbirth intervals would resemble those

recorded for Group A, Category 1-3, where lactation was

absent, or impaired, in terms of duration. This was

found to be the case, interbirth intervals in Group

B ranging between 151 and 246 days. These results differ

from those reported by Wolfe, Ogden, Deinhardt, Fisher

and Deinhardt (1972) for the tamarin (Saguinus sp.),

where the interval between abortion and subsequent birth

was apparently longer than the interval between successive

births when the young were removed for hand-rearing within

48h post-partum. Intervals between hysterotomy and

subsequent birth have been provided by Phillips (1976),

values being similar to those reported here. In addition,

he noted the similarity between interbirth intervals in

control animals and those from operation to subsequent
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parturition in his experimental series. Chambers and

Hearn (1979) also recorded that the interval from birth

to post-partum ovulation was the same as that between

hysterotomy and ovulation.

In all categories interbirth intervals were recorded

which were only marginally longer than the gestation

period, suggesting that lactation in the common marmoset

does not invariably influence the length of the period

between successive births. This finding is in keeping

with the reports of others who have recorded interbirth

intervals of between 151 and 330 days(Epple, 1967; Mallinson,

1969; Rothe, 1975, 1977; Phillips , 1976; Stevenson, 1976;

Ingram, 1977; Hiddleston, 1978). The slightly longer

interbirth interval recorded in some instances in the

present study may reflect the fact that this is an

experimental, rather than a breeding colony, and would

support the findings of Eckstein and Kelly (1966) who showed

superior performance in macaque colonies in which there

was minimal experimental interruption.

In this colony, daily vaginal lavage revealed that post¬

partum mating, as judged by the finding of sperm, occurred

on day 7.41 - 6.17 (Mean - SD; n=64, medians day 7, range:

0-47 days) and this was unrelated to lactional status. In

the single animal in which lavage was performed following a

spontaneous abortion, mating took place on day 5, and in

the post-hysterotomy group sperm were recovered 7.54 - 6.89



days after the operation (n=13, median=7days, range:

1-28 days). Such data confirm that copulation occurs

shortly after birth or spontaneous or induced abortion

and that the lactational status of the animal does not

influence the time at which mating occurs.

In the study of Chambers and Hearn (1979), post-partum

ovulation occurred in 23 out of 31 marmosets (74?o) within

3 weeks after birth (Mean - SD=10.5 - 0.7 days, range=5-17

days), and 7 6% of these ovulations resulted in conception.

Such conceptions occurred irrespective of whether or not

the animals were lactating, and indeed some 72% of the

marmosets in which fertile matings occurred were lactating

(Chambers, 1980-personal communication).

Lactation in the marmoset is associated with elevated

levels of plasma prolactin but this does not delay the

time of ovulation post-partum (McNeilly, Abbott, Lunn,

Chambers and Hearn, 1980). Although the mean time to

conception post-partum was delayed, fertile matings did

occur at the first post-partum ovulation in 3 marmosets

suckling twins, indicating that lactation, with its

associated hyperprolactinaemia, cannot consistently

affect the ability of the common marmoset to conceive

(McNeilly et_ al. 1980).
It seems therefore that post-partum mating, ovulation

and conception can occur in the presence of lactation

in the marmoset. This is underlined by the present data



where interbirth intervals were found to be

inconsistently affected by lactational status. The reason

for the failure of lactation to influence post-partum

conception may lie in the rapid growth rate of the young

with its early onset of weaning, despite continued

lactation, since in the human it seems that the initiation

of supplemental feeding may trigger menstruation in the

presence of continued suckling (McNeilly, Howie and Houston,

1980). The early onset of weaning in the marmoset is

followed by early puberty and the short generation time

typical of a small mammal, although on a weight basis, the

gestational length of the marmoset is relatively long.

A study of the life history and reproductive events in the

marmoset would suggest that this callitrichid is an r-

rather than a K-strategist (see Daly and Wilson, 1978), and

as such it is advantageous to have a lactational/weaning

system which does not interfere with a requirement for a

short interbirth interval.

£. jacchus may differ from other callitrichid monkeys

since it has been reported that in the genus Saguinus mating

and ovulation do not occur for two and a half months post¬

partum (Wendt, 1964), and lactation delays subsequent

pregnancy (Wolfe et_ al. 1972; Abbott and Snowdon, 1980 -

personal communication).
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SUMMARY: The duration of the interbirth interval in the

common marmoset is not consistently affected by lactational

status in that periods only a few days longer than the

gestation length have been recorded in marmosets in which

full lactation and survival of the young to at least 200

days of age have been recorded.

Data for presumptively non-lactating females where

pregnancy has been terminated by abortion show that mating,

(as judged by the finding of sperm at vaginal lavage), occurs

at the same time as would be expected in a control (post¬

partum) group, and that amongst the latter the time of post¬

partum mating is unrelated to the lactational status of the

female.



CHAPTER 6

BODY 51ZE AND GROWTH IN THE MARMOSET

INTRODUCTION: In 1976, Ralls published a review which

examined the relationship between body size of male and

female mammals of the same species. She concluded that

among the callitrichids, the C_^ j acchus female was

larger than the male but that in Saguinus spp. either

there was no difference between the sexes, or that

claims in the literature suggesting that males were

smaller could not be substantiated because of lack or

inadeguacy of data.

Such data regarding sexual dimorphism in body weight

in this family have been published by various authors

including Schultz (1956, 1969), Napier and Napier (1967),

Christen (1974), Dawson and Dukelow (1976), Dawson (1977)

Neyman (1977) and Turton £t_ al. ( 1978b). Information

relating to sexual dimorphism in callitrichids is not

confined to body weight and data are available for many

other parameters such as external body and skeletal

measurements (Wettstein, 1963; Johnston, Dreizen and Levy

1970; Dawson, 1977; Hershkovitz, 1977; Neyman, 1977).

The results obtained in C. j acchus are conflicting;

thus, on a body weight basis the male marmoset is said

to be heavier than the female (Napier and Napier, 1967),

the same weight (Turton ejt a_l. 1978b) or lighter (Schultz

1969). With regard to other possibly sexually dimorphic

characters such as the upper canine teeth, these in the

female can be either larger (Wettstein, 1963) or smaller



105

Plate V: The marmoset weighing system
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(Johnston et_ a_l. 1970).
One of the aims of this chapter therefore is to

attempt to resolve this conflict by examining body weight

in wild caught (WC) marmosets in this colony from the

time of their arrival through a period of acclimatisation,

accompanied by marked changes in body weight until a stable

condition was reached.

The chronology of growth for colony-bred (CB) animals

was also studied, allowing comparison of growth rates

between males and females and F1 and F2 generation marmosets.

Information for body weight, head width and knee-to-heel

length was obtained from birth to adulthood, results for

adult CB animals being available for comparison with the WC

adult data.

In the study of Johnston e_t al. (1970) in C. jacchus,

it was found that the size of the canine teeth was larger

in males than in females, consequently, the upper canines were

removed from a series of male and female adult marmosets at

death, and were weighed to see whether or not this finding

could be confirmed.

MATERIALS AND METHODS:

1. Body weights: These were taken immediately before

the marmosets were due to be fed in the morning. Each

animal was caught and transferred to a small weighing

cage which was placed on the balance pan (Plate 5).

Initially, weights were taken using a Torbal top pan balance

(Model PL 800), but this was replaced by a Mettler

electronic balance (Model PL 3000). In both cases marmoset



weights were taken to the nearest 0.1g.

2. Head width: This was defined as the maximum

width across the head and was measured to the nearest

0.1mm using a pair of sliding vernier scale calipers.

3. Knee-heel length: This was the distance from

knee to heel when the knee was flexed at an angle of

90°. The thigh was held at 90° to the torso and the

foot was maximally flexed upwards. As with head width,

this distance, which gives an estimate of long bone

length, was taken to the nearest 0.1mm using the sliding

vernier scale calipers.

4. Canine teeth: The paired upper canine teeth

were removed from a small number of animals at autopsy,

and residual bone, tissue and plaque removed. Care was

taken to ensure that such teeth were present in their

entirety, and data were not used if either one of the

pair was already broken or was damaged during removal.

The teeth were surface dried with absorbent paper then

left in a vacuum desiccator for 48h over calcium chloride.

They were weighed individually to the nearest 0.1 mg using

an Oertling single pan Release-0-Matic balance.

In this study, the ages of the CB animals were known

but the ages of the WC marmosets were not. Animals in

the latter group were "adult" on arrival, but for the

purposes of comparison between sexes, data for both WC

and CB groups were pooled within sexes and the length

of time for which the WC animals had been in captivity

was assumed to be the same as their real age.



TABLE21:Bodysizeinthewild-caught,captiveadultmarmoset(accumulateddata)
SEX

PARAMETER

BODYWEIGHT(g)

HEADWIDTH(cm)

KNEE
-HEELLENGTH

(cm)

N1

2

n

Mean-SD

Range

N

n

Mean-SD

Range

N

n

Mean-SD

Range

M

43

540

289.2-50.1
122.0-427.0
29

58

3.11-0.15
2.75-3.50
29

58

7.07-0.31
6.40-8.00

F

28

417

290.4-42.6
177.0-448.0
17

35

3.09-0.13
2.70-3.40
17

35

7.06-0.25
6.50-7.60

M+F

71

957

289.7-46.9
122.0-448.0
46

93

3.10-0.14
2.70-3.50
46

93

7.07-0.29
6.40-8.00

N=numberofanimals n=numberofobservations
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For convenience, all other information pertaining to

design and material available is given at the relevant

point in the results section.

RESULTS:

1. Body size in adult, wild caught captive marmosets

(Accumulated data): During the period from January, 1973

to February, 1978 (inclusive) a total of 540 body weights

was obtained for 43 WC males and a further 417 for 28 WC

females. With respect to head width and knee-heel length,

58 measurements for each parameter were noted for 29 males

and 35 for 17 females. All of these animals were still

alive at the end of this period of assessment. Data for

animals which died prior to February, 1978 were eliminated.

Body weights for both non-pregnant and pregnant marmosets

were included in the female group data. The results are

shown in Table 21.

Examination of data with respect to possible differences

between sexes was undertaken using the 't * test of Student,

since the values were normally distributed, but no

statistically significant differences could be demonstrated

for any of the three parameters.

2. Body weight changes in wild-caught marmosets during

the 6-month quarantine period: On arrival from the wild the

marmosets were emaciated, dehydrated and generally in poor

condition (Hearn et_ al. 1975). For two different intakes,

animals were weighed regularly from the time of arrival

throughout the statutory 6-month quarantine period. For

the first batch, data were available for 18 males and 22



c

TABLE22:Changesinbodyweightofwild-caughtmarmosetthroughout the6monthquarantineperiod
Batch

TimeinColony (weeks)

n

Mean-SD(g)
Percentage''

Range(g)

ARRIVAL

40

249.8-26.7
100.0

188-301

1

40

241.8t28.4

96.8

170-306

2

40

249.2+29.3

99.8

181-324

3

40

264.4+28.0
105.8

196-334

4

40

278.7±29.7
111.6

197-360

1

5

40

282.9t30.9
113.3

210-374

8

40

289.5t39.0
115.9

215-424

9

38

289.6±32.6
115.9

228-428

13

40

284.0±36.7
113.7

210-438

17

40

290.2±36.3
116.2

225-431

22

40

285.9±40.1
114.5

203-418

26

38

297.2t33.9
119.0

238-365

ARRIVAL

18

219.8123.7
100.0

162-269

1

18

219.0+28.3

99.6

157-266

3

18

234.5±36.6
106.7

160-304

5

18

278.3±39.3
126.6

164-348

2

6

18

283.8±47.0
129.1

159-344

7

18

298.0±47.8
135.6

161-356

10

18

305.6±46.6
139.0

185-380

13

18

308.2+38.4
140.2

234-380

26

18

312.4±34.0
142.1

263-409

Meanbodyweightexpressedasapercentageofarrivalweight



females at arrival, and at 1, 2, 3, 4, 5, 8, 9, 13, 17,

22, and 26 weeks, all of these animals surviving the

quarantine period. In the second group, 12 males and

6 females provided information at arrival and at 1, 3,

3, 7, 10, 13, and 26 weeks. As with the first group,

all of these animals survived for more than 6 months

after their arrival in the colony. No differences

in the overall pattern of weight change during the

quarantine period between sexes were observed for either

batch; consequently, data were pooled to give n = 40

in batch 1 and n=18 for batch 2. The results are given

in Table 22.

Animals in batch 1 showed a slight decrease in weight

within 1 week of arrival but this was followed by a

progressive increase until at the end of the study the

mean body weight was 119.0?o of the arrival value. The

situation with respect to batch 2 differed slightly in

that weight loss did not occur during the first week

and the increase in weight occurred more rapidly and to

a greater extent than in batch 1. Although initial

body weights in batch 2 were less, absolute weight gain

was greater, so that at the end of the study period the

mean body weight had increased to 142.1% of the arrival

value.

3. Body weight in adult, wild-caught marmosets

(Single sampling): On the 11th December, 1979, during

the last month of the overall study period, all of the

surviving WC males and females were weighed, regardless



TABLE23:Bodyweightinadultwild-caught,captiveandcolonybredF1and F2generationmaleandfemalemarmosets.
Category

n

Sex

AGE(YEARS)*

BODYWEIGHT(g)

mean-S.D.
Range

Mean-S.D.

Range

WC

22

M

5.98-0.45
5.02-6.79

316.0-35.6
235.6-368.5

WC

7

F

6.13±0.45
5.56-6.79

308.7t28.7
252.9-338.7

WC

29

M+F

6.02t0.45
5.02-6.79

314.3±33.7
235.6-368.5

F1

43

M

3.9810.93
2.19-6.19

318.9-33.2
204.9-404.2

F1

46

F

3.82t0.89
2.16-5.68

320.0t42.7
210.1-397.9

F1

89

M+F

3.90t0.91
2.16-6.19

319.5±38.2
204.9-404.2

F2

10

M

2.76t0.43
2.20-3.72

283.0-47.2
203.4-362.6

F2

12

F

3.08+0.71
2.20-4.43

321.6t22.2
290.4-364.9

F2

22

M+F

2.93±0-61
2.20-4.43

304.1̂40.0
203.4-364.9

F1+F2

53

M

3.75t0.98
2.19-6.19

312.13̂8.4
203.4-404.2

.58

F

3-67-0.90
2.16-5.68

320.4h39.2
210.1-397.9

F1+F2

111

M+F

3.70±0.94
2.16-6.19

316.4+38.9
203.4-404.2

WC+F1+F2

75

M

4.40-1.33
2.19-6.79

313.2-37.4
203.4-404.2

WC+F1+F2

65

F

3.93+1.04
2.16-6.79

319.1t38.2
210.1-397.9

ALL

140

M+F

4.18-1.27
2.16-6.79

316.0-37.7
203.4-404.2

Ageinyears=TimeincolonyforWCanimals.



of physical condition or of the reproductive status of

the females (i.e. non-pregnant or pregnant). Weights

were taken for all 22 males and 7 females, results

being shown in Table 23. The "age" of the WC animals

at weighing was calculated as being equivalent to the

length of time for which they had been in captivity and

this was similar for both sexes. Although the data are

limited, there were no differences apparent between

sexes, the mean body weight for the group as a whole

being 314.3 - 33.7g. This value is significantly

greater than that recorded in Table 21 for combined male/

female body weight calculated from accumulated data

(P 4.0.001 ) .

4. Body weight in adult, colony-bred marmosets

(Single sampling): As with the WC animals discussed in

3 above, all CB animals >2 years of age (presumptive

adults) were weighed within a 48h period during the last

month of the study, irrespective of their sex, reproductive

status or physical condition. The results are given in

Table 23.

Within the F1 generation animals the mean ages at

weighing between sexes were the same, as were the body

weights. The age of the F2 generation marmosets was the

same between sexes, but in this case the males were

significantly lighter than the females. Perusal of

within-sex, between-generation values indicated that the

body weight of adult F1 and F2 females was the same, but

that F2 males were lighter than F1 males. Examination of



TABLE24:Headwidthandknee-heellengthintheadultcolony-bred marmoset.
Sex

Category
n

AGE(YEARS)

HEADWIDTH
(cm)

KNEE-HEEL
(cm)

mean-SD

Range

mean-SD

Range

mean-SD

Range

M

F1

10

6.07-0.60
5.42-7.12
3.15-0.12
2.91-3.38
7.11-0.18
6.76-7.34

M

F2

10

3.31+0.71
2.47-4.65
3.16+0.11
2.94-3.35
7.13t0o23
6.80-7.61

F

F1

10

5.73+0.52
4.86-6.61
3.0710.14
2.87-3.27
7.23t0.32
6.80-7.72

F

F2

10

4.16±0.68
3.49-5.36
3.11t0.13
2.83-3.28
7.27t0.22
6.94-7.70

M

F1+F2

20

4.69+1.25
2.47-7.12
3.16t0.12
2.91-3.38
7.12+0.20
6.76-7.61

F

F1+F2

20

4.96±1.01
3.49-6.61
3.09+0.14
2.83-3.28
7.25t0.26
6.80-7.72

M+F

F1

20

5.91-0.57
4.86-7.12
3.11±0.14
2.87-3.38
7.17+0.26
6.16-1.12

M+F

F2

20

3.73+0.81
2.47-5.36
3.13+0.12
2.83-3.35
7.2010.23
6.80-7.70

M+F

F1+F2

40

4.82+1.30
2.47-7.12
3.1210.13
2.83-3.38
7.18-0.24
6.76-7.72



the data as a whole confirmed that the F1 animals were

older than F2 at the time of weighing, but that the

between-generation and between-sex differences in body

weight caused by the relatively light animals in the

F2 male group disappeared, confirming that there was no

sexual dimorphism in body weight.

Comparison of the results obtained for adult CB F1

and F2 marmosets with those seen for WC captive adults

(Table 23) revealed no body weight differences between

any of the categories, viz. WC male vs. F1 or F2 male,

WC female vs. F1 or F2 female, or WC male and female

vs. F1 male and female, F2 male and female or F1 and F2

male and female.

3. Head width and knee-heel length in adult F1 and

F2 marmosets (single sampling): On the same day, a

total of 40 CB animals had head width and knee-heel

lengths measured. The group comprised 10 F1 males, 10

F1 females, 10 F2 males and 10 F2 females. The results

are given in Table 24.

Although the F2 females were older than their male

counterparts there were no differences in age between

F1 males and females or between sexes when F1 and F2

age data were combined. There were no differences

within-sex, between-generation, or between-sex, within-

generation for either head width or knee-heel length,

consequently, it can be stated that the adult CB marmoset

has a head width of 3.12 - 0.13cm (n = 40, range = 2.83-

3.38cm) and a knee-heel length of 7.18 - 0.24cm (n = 40,

range = 6.76-7.72).



TABLE25:Bodysizeincolony-bredlivebornandstillbornmarmosetsatbirth. Category
Sex

n

BODYWEIGHT(g)

HEADWIDTH(cm)

KNEE-HEEL(cm)

mean-SD

Range

n

mean-SDRange
n

mean-SDRange

Liveborn

M

20

27.3-2.1
24.0-31.0
14

1 .91-0.081.80-2.00
15

2.63-0.132.45-2.80

Liveborn

F

20

26.1+2.8
19.4-30.2
12

1.84!0.061.75-1.95
13

2.52+0.112.30-2.75

Stillborn
M

15

28.6t2.8
23.3-33.2
10

1.92t0.101.70-2.00
13

2.57t0.202.10-2.80

Stillborn
F

14

28.8t4.2
21.5-38.0
10

1 .87t0.121.70-2.05
12

2.66+0.142.45-2.90

Stillborn +

M

35

27.9-2.5
23.3-33.2
24

1 .92-0.081.70-2.00
28

2.60-0.162.10-2.80

Liveborn Stillborn +

F

34

27.2-3.7
19.4-38.0
22

1 .85-0.091.70-2.05
25

2.58-0.142.30-2.90

Liveborn Liveborn
M+F

40

26.7-2.5
19.4-31.0
26

1.88-0.081.75-2.00
28

2.58-0.132.30-2.80

Stillborn
M+F

29

28.2t4.3
21.5-38.0
20

1.90t0.111.70-2.05
25

2.61±0.172.10-2.90



When the results for adult CB body size (Tables 23

and 24) were compared with data for the WC adults (Tables

21 and 23), it was found that the only difference was in

knee-heel length, where this was longer in CB marmosets.

This was not the case for males, where the trend towards

increased length in CB adults was not significant;

however, this trend, together with the significantly

greater knee-heel length of CB over WC females resulted

in a significant difference between WC and CB animals

when data for both sexes were combined.

6. Body size for colony-bred stillborn and liveborn

marmosets on the day of delivery: Body weight, head

width and knee-heel length data for CB animals on the

day of birth are given in Table 23. The body weights

for 40 liveborn offspring are compared with information

obtained for 29 stillborn young in which mutilation by

the parents had not occurred. That the animals in the

latter group were stillborn was established retrospectively

by means of lung flotation tests and/or the appearance

of the lungs at autopsy. Since the stillborn animals

were delivered as the outcome of singleton, twin and

triplet pregnancies, data for the control, liveborn group

were also taken from offspring born as singles, twins

or triplets. For head width and knee-heel data the

number of observations ranged from 20-28 for the two

groups.

No significant differences for any of the measurements

taken were observed for combined data between liveborn



TABLE26:Bodysizein1dayoldsingletoncolony-bredF1andF2 generationmaleandfemalemarmosets.
Sex

Generation
n

BODY

WEIGHT(g)

HEAD

WIDTH

(cm)

KNEE-
HEEL(
cm)

mean

+

SD

Range

mean

+

SD

Range

mean

+

SD

Range

M

F1

6

29.9

+

3.6

23.0-33.5
1 .99

+

0.10

1.85-2.10
2.75

+

0.05

2.70-2.80

F

F1

7

33.0

+

5.4

23.4-37.9
2.10

+

0.09

1 .90-2.15
2.79

+

0.17

2.50-3.05

M+F

F1

13

31.6

+

4.8

23.0-37.9
2.04

+

0.10

1.85-2.15
2.77

+

0.13

2.50-3.05

M

F2

5

32.1

+

4.3

27.7-38.5
2.04

+

0.07

2.00-2.15
2.84

+

0.14

2.70-3.00

F

F2

2

37.4

+

2.1

35.9-38.9
2.15

+

0.14

2.05-2.25
2.88

+

0.25

2.70-3.05

M+F

F2

7

33.6

4.3

27.7-38.9
2.07

+

0.10

2.00-2.25
2.85

+

0.15

2.70-3.05

M

F1+F2

11

30.9

3.8

23.0-38.5
2.01

+

0.08

1.85-2.15
2.79

+

0.11

2.70-3.00

F

F1+F2

9

34.0

5.1

23.4-38.9
2.10

+

0.09

1 .90-2.25
2.81

+

0.18

2.50-3.05

M+F

F1+F2

20

32.3

4.6

23.0-38.9
2.05

+

0.10

1.85-2.25
2.80

+

0.14

2.50-3.05



and stillborn animals. For stillborn animals, there

were no significant differences between sexes for any

of the three body sizes, but in the liveborn group male

head width and knee-heel length were larger than in the

female. This difference with respect to knee-heel

length was lost when data for stillborn and liveborn

males were combined within-sexes, but the mean head

width of the male remained greater than that of the

female.

7. Body size in colony-bred marmosets at 1 day

of age: The majority of animals born in the colony

were sexed, weighed and head width and knee-kneel

length measured when they were one day old. Information

was available for male and female offspring belonging

to both F1 and F2 generations. During the period

January 1973 to January 1979 inclusive, a total of

368 offspring was examined - 20 singletons, 226

individuals born as twins and 122 individuals born as

triplets. The data are shown in Tables 26-29.

Taking the results overall the following conclusions

can be reached. In terms of body weight and knee-heel

length, there are no differences between males and

females, but head width in the female is marginally

larger than that observed for the male. A comparison

between F1 and F2 generation marmosets indicates that

the latter are slightly heavier, but that their head

width and knee-heel length do not differ from those

seen in F1 animals.



TABLE
27:

Body
size
-

1

day
old

twin

colony-bred
F1

and
F2

generation
male
and

female

marmosets

Sex

Generation
n

BODY

WEIGHT
(g)

HEAD
WIDTH
(cm)

KNEE-HEEL
(cm)

mean
-

SD

Range

mean
-

SD

Range

mean
-

SD

Range

M

F1

81

29.0
-

3.1

18.0-36.6
1

.99
-

0.07

1.85-2.15
2.69

-

0.11

2.45-2.90

F

F1

75

29.4
t

2.6

21.0-37.5
2.00
t

0.08

1.80-2.20
2.69
±

0.10

2.50-2.95

M+F

F1

156

29.2
±

2.9

18.0-37.5
2.00
t

0.07

1.80-2.20
2.69
t

0.11

2.45-2.95

M

F
2

34

29.3
±

3.1

19.5-36.5
1.95
+

0.15
1

.50-2.10
2.68
+

0.16

2.10-3.10

F

F2

36

29.9
1

3.1

19.0-37.5
2.00
t

0.10

1.70-2.25
2.68
1

0.18

2.20-3.15

M+F

F2

70

29.6
±

3.1

19.0-37.5
1.98
+

0.13

1.50-2.25
2.68
+

0.17

2.10-3.15

M

F1+F2
115

29.1
-

3.1

18.0-36.6
1

.98
-

0.10
1

.50-2.10
2.69
t

0.13

2.10-3.10

F

F1+F2
111

29.5
+

2.8

19.0-37.5
2.00
t

0.09
1

.70-2.25
2.69
+

0.13

2.20-3.15

M+F

F1+F2
226

29.3
±

3.0

18.0-37.5
1.99
+

0.09

1.50-2.25
2.69
+

0.13

2.10-3.15



TABLE
28:

Body
size
in
1

day
old

triplet

colony-bred
F1

and
F2

generation
male
and

female

marmosets.

Sex

Generation
n

BODY

WEIGHT
(g)

HEAD
WIDTH
(cm)

KNEE-HEE
L

(cm)

mean
-

SD

Range

mean
-

SD

Range

mean
-

SD

Range

M

F1

40

26.0
-

3.4

21.0-33.5
1.90

-

0.10

1.70-2.10
2.54

-

0.15

2.30-2.85

F

F1

51

26.9
+

2.9

19.0-32.0
1.92
1

0.09

1.65-2.10
2.61

-

0.12

2.30-2.80

M+F

F1

91

26.5
+

3.1

19.0-33.5
1.91
t

0.09

1.65-2.10
2.58
t

0.14

2.30-2.85

M

F2

1

6

27.6
+

2.2

22.6-30.9
1.98
+

0.06
1

.90-2.05
2.55
+

0.10

2.40-2.70

F

F2

1

5

27.7
+

2.3

22.3-30.8
1.96
+

0.05

1.90-2.05
2.57
+

0.10

2.40-2.75

M+F

F2

31

27.7
+

2.3

22.3-30.9
1.97
±

0.06
1

.90-2.05
2.56
1

0.10

2.40-2.75

M

F1+F2
56

26.5
±

3.1

21

.0-33.5
1.92
t

0.09
1

.70-2.10
2.54
1

0.14

2.30-2.85

F

F1+F2
66

27.1
+

2.8

19.0-32.0
1.93
+

0.08
1

.65-2.10
2.60
±

0.12

2.30-2.80

M+F

F1
+

F2

122

26.8
±

3.0

19.0-33.5
1.93
t

0.09
1

.65-2.10
2.57
+

0.13

2.30-2.85



TABLE
29:

Body
size
in
1

day
old

colony-bred
F1

and
F2

generation
male
and

female

marmosets.

Sex

Generation
n

BODY

WEIGHT
(g)

HEAD
WIDTH
(cm)

KNEE-HEEL
(cm)

mean
-

SD

Range

mean
-

SD

Range

mean
-

SD

Range

M

F1

127

28.1
±

3.2

18.0-36.6
1.95

-

0.08

1.70-2.15
2.65

-

0.12

2.30-2.90

F

F1

133

28.6
±

2.9

19.0-37.9
1.98
+

0.08

1.65-2.20
2.67
±

0.11

2.30-3.05

M+F

F1

260

28.4
+

3.0

18.0-37.9
1.97
+

0.08
1

.65-2.20
2.66
+

0.12

2.30-3.05

M

F
2

55

29.1
±

3.0

19.5-38.5
1.97
+

0.12

1.50-2.15
2.66
t

0.14

2.10-3.10

F

F
2

53

29.6
1

2.8

19.0-38.9
1.99
±

0.08
1

.70-2.25
2.66
+

0.17

2.20-3.15

M+F

F
2

1

08

29.3
±

2.9

19.0-38.9
1.98
1

0.11
1

.

50-2.25
2.66
±

0.16

2.10-3.15

M

F1+F2
182

28.4
1

3.1

18.0-38.5
1.96
+

0.10
1

.50-2.15
2.65
t

0.13

2.10-3.10

F

F1+F2
186

28.9
1

2.9

19.0-38.9
1.98
t

0.08
1

.65-2.25
2.67
t

0.13

2.20-3.15

M+F

F1+F2
368

28.6
+

3.0

18.0-38.9
1.97
±

0.09
1

.50-2.25
2.66
1

0.13

2.10-3.15



TABLE30:Thenumberofmarmosetsusedandthenumberofmeasurements ofbodysize
parametertakenduring
alongitudinal
study

Sex

■
Generation

Parameter

N1

2

n

Age"' (days)

M

F1

Bodyweight

36

482

27

M

F1

Head-width

33

477

27

M

F1

Knee-heellength
33

477

27

M

F2

Bodyweight

15

101

12

M

F2

Head-width

15

101

12

M

F2

Knee-heellength
15

101

12

F

F1

Bodyweight

35

489

27

F

F1

Head-width

34

479

27

F

F1

Knee-heellength
34

479

27

F

F2

Bodyweight

21

115

12

F

F2

Head-width

21

115

12

F

F2

Knee-heellength
21

115

12

1.noofanimalsused 2.noofobservations 3.noofagesatwhichmeasurementsweretaken.



1 24

Singletons are heavier, and their head width and

knee-heel length is greater than that recorded for

individuals born as twins, and these in turn are larger

with respect to all three parameters than are individuals

delivered as triplets. The combined data for all three

measures of body size taken at day 1 (Table 29) show a

significant increase over the corresponding values

noted for liveborn animals on the day of birth (Table 25).

8. Growth rate of colony-bred marmosets: Longitudinal

data for body weight, head width and knee-heel length were

collected at various times from birth to 600 days of age.

for F1 marmosets measurements were taken at age 5, 10,

15 and 20 days, then at 10-day intervals to 100 days,

20-day intervals to 200 days, 25-day intervals to 300

days and at 50-day intervals to 600 days, i.e. animals

were examined at 27 different ages. Not all of the

animals were examined at all of the times, consequently

the number of observations for each age ranged from 10-29.

With F2 animals these measurements were taken at day

50 and then at 50-day intervals to 600 days, i.e. at

12 different ages. As with F1 animals, not all of the

marmosets were measured at all of the times, the number

of observations at each age ranging between 5 and 15.

The number of marmosets used in each category and the

total number of observations made for each parameter

within these categories is shown in Table 30. The

data were used only if the animal survived for more

than 600 days of age.
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TABLE31:ChangeinbodysizeinF1generationmalemarmosetswithage BODYWEIGHT(g)
Age

I(Days)
nmean-SDRange

HEADWIDTH(cm)

KNEE-HEELLENGTH(cm)

n

mean

+

SD

Range

n

mean

+

SD

Range

127

1 .95

+

0.08

1 .70-2.15
127

2.65

+

0.12

2.30-2.90

20

2.OA

+

0.09

1.90-2.15
20

2.77

+

0.16

2.50-3.15

15

2.18

+

0.08

2.05-2.30
15

2.89

+

0.12

2.60-3.00

16

2.26

+

0.10

2.10-2.50
16

3.09

+

0.16

2.80-3.30

15

2.32

+

0.10

2.10-2.50
15

3.19

+

0.23

2.80-3.50

15

2.37

+

0.09

2.20-2.50
15

3.A5

+

0.28

3.00-A.10

12

2.A7

+

0.10

2.30-2.65
12

3.82

+

0.39

3.A0-A.65

15

2.50

+

0.08

2.35-2.65
15

A.01

+

0.36

3.30-A.80

17

2.53

+

0.11

2.25-2.70
17

A.31

+

0.33

3.70-5.00

16

2.59

4-

0.09

2.A0-2.80
16

A.58

+

0.3A

3.70-5.30

16

2.65

+

0.15

2.A5-3.10
16

A.69

+

0.3A

3.90-5.10

18

2.68

+

0.08

2.55-2.85
18

A.91

+

0.37

3.90-5.50

17

2.69

+

0.08

2.55-2.85
17

5.12

+

0.36

A.AO-5.65

17

2.76

+

0.08

2.55-2.90
17

5.AA

+

0.27

A.80-5.85

18

2.82

+

0.10

2.70-3.00
18

5.68

+

0.20

5.A0-6.00

20

2.85

+

0.11

2.65-3.15
20

5.97

+

0.22

5.50-6.25

18

2.88

+

0.11

2.60-3.15
18

6.12

+

0.33

5.A0-6.60

2A

2.92

+

0.12

2.75-3.20
2A

6.25

+

0.28

5.70-6.80

13

2.95

+

0.10

2.80-3.20
13

6.A5

+

0.21

6.00-6.75

19

2.93

+

0.15

2.80-3.A5
19

6.63

+

0.20

6.35-7.20

15

2.96

+

0.11

2.80-3.20
15

6.7A

+

0.15

6.50-7.00

22

2.97

+

0.12

2.70-3.30
22

6.85

+

0.21

6.60-7.50

25

2.99

+

0.10

2.75-3.10
25

6.95

+

0.22

6.65-7.55

21

3.03

+

0.12

2.90-3.35
21

7.01

+

0.2A

6.50-7.60

18

3.OA

+

0.09

2.90-3.20
18

7 .09

+

0.23

6.70-7.50

17

3.09

+

0.12

2.90-3.AO
17

7.13

+

0.2A

6.75-7.65

19

3.OA

+

0.1A

2.70-3.30
19

7.11

+

0.2A

6.50-7.65

19

3.10

+

0.12

2.80-3.25
19

7.19

+

0.21

6.90-7.65

1
3

!1oI15
20

!30 jAO
50 60 70 80

i90 I100 120 1AO
j160 I180 200 225 250 275 300 350 A00 A50 500 550 600

127
21

16 17 17 15 12 15 17 16 15 18 18 17 18 20
18 2A 13 19 15 22 2A 21 19 17 19 19

28.1 30.0 35.9 39 A2 5A.0 65.A 7A.0 85.1 99.0
110 122 131 151 167.8 171.1 189.0 199 205 218.1 230.2 236.5 255.3 256.0 276.0 286.3 28A.8 287.6

2 3 A 6 8 2 2

,5 ,3 ,2 ,3 ,2 ,5

A3 13 13 +5 ±5 ±13 ±15 *15.1 *19.A ±1A ±13 *11 ±20 ±15.1 ±16.8 ±20.8 ±22.A ±21 ±19 ±18 ±23.8 ±2A.2 *26.7 ±26.A ±26.9 ±25.1 ±25.1 +29.6

18.0 23.5 30.0 31 33.0 37.5 A1.0 A7 A5

5- 5'

,3' 70.0-
5-

,0-
6-

8A 96 81 129.0 1A1.0 119.0 1A1 156.0 178.0 185.5 177.0 176.0 185.0 209.0 227.0 222.0 230.3 2OA.2
0-

36.6 33.8 A2.2 A9.8 52.9 85.2 96.5 112.0 128.5 136.5 130.5 136.0 181.9 180.5 202.5 203.0 223.5 238.2 2AA.0 259.5 263.0 281.5 291.0 300.5 322.0 322.5 327.0 333.5



The results obtained for F1 generation male marmosets

are shown in Table 31, information for F1 males at 1

day of age being taken from Table 29. Assuming that

adult body weight of the F1 generation male is 318.9

- 33.2g (Table 23), growth, in terms of body weight had

not been completed by 600 days, although the range of

weights at this time did overlap with that seen in

adults, and some animals had reached adult weight by

430 days of age. F1 male adult head width and knee-

heel length (Table 24) was attained at 300 and 400

days of age respectively.

Information for F1 generation females is given in

Table 32, data for this category at day 1 being taken

from Table 29. Adult body weight in F1 generation

females is 320.0 - 42.7g (Table 23) and this was recorded

for some marmosets at 350 days of age; however, the

majority had not attained adult body weight until they

were over 500 days old. With regard to adult head width

and knee-heel length (Table 24), these were reached at

275 and 400 days respectively.

Results for F2 marmosets are shown in Table 33, day

1 data being taken from Table 29. Information for

adult F2 animals is given in Tables 23 and 24. Adult

body weight was reached by some F2 animals by 300 days

of age but the overall data suggest that this weight

had not been attained by all animals at 600 days of

age. In contrast, adult head width had been reached

by both F2 males and females by this time and adult



TABLE
32:

Change
in

body
size
in

F1

generation
female

marmosets
with
age

BODY

WEIGHT
(g)

HEAD
WIDTH
(cm)

KNEE-
HEEL

LENGTH
(cm)

Age(Day
s)

n

mean
-

SD

Range
n

mean
+

SD

Range
n

mean
+

SD

Range

1

133

28.6
-

2.9

19.0-37.9
133
1

.98
+

0.08
1

.65-2.20
133

2.65
+

0.12

2.30-2.90

5

29

31
.4
1

3.5

23.0-38.0
29

2.06
+

0.10
1

.80-2.25
29

2.81
+

0.14

2.50-3.05

10

27

36.3
1

4.5

24.0-43.0
25

2.20
+

0.09
1

.95-2.25
25

2.99

0.18

2.55-3.30

1

5

27

40.3
1

5.9

26.0-49.6
25

2.24
+

0.12
1

.90-2.45
25

3.07
+

0.21

2.70-3.40

20

21

44.5
+

5.9
28

.

5-52,.
0

19

2.34
+

0.09

2.15-2.50
19

3.24
+

0.21

2.75-3.60

30

21

53.1
±

9.2

33.6-74.2
21

2.42
+

0.06

2.30-2.55
21

3.55
+

0.21

3.10-3.90

40

1

6

62.2
1̂3.8

33.5-82.0
1

5

2.45
+

0.10

2.30-2.60
15

3.78
+

0.31

3.20-4.20

50

19

71
.5

±14.6

37.5-95.0
19

2.48
+

0.10

2.25-2.65
19

4.02
+

0.32
3.

20-4..
55

60

18

86.4
118.6
41

.5-109.4
1

8

2.54
+

0.13

2.30-2.80
18

4.33
+

0.37

3.45-4.75

70

17

96.9
±18.8

48.3-125.0
1

7

2.63
+

0.17

2.35-3.10
17

4.45
+

0.40

3.40-5.00

80

18

111.7
122.1

57.0-148.0
1

8

2.65
+

0.10

2.40-2.85
18

4.78
+

0.40

3.85-5.50

90

20

119.5
+

22.0

74.2-146.0
20

2.68
+

0.13

2.40-2.85
20

4.95
+

0.30

4.15-5.30

1

00

22

133.0
+

21
.2

86.6-162.0
21

2.69
+

0.11

2.45-2.85
21

5.14
+

0.34

4.50-5.65

1

20

1

9

151.0
±21

.9

115.2-185.5
19

2.74
+

0.10

2.55-2.90
19

5.45
+

0.42

4.70-6.10

140

19

164.7
+
2

5.4

126.5-197.0
19

2.80
+

0.14

2.40-3.00
19

5.69
+

0.36

5.40-6.30

1

60

18

172.1
+

31
.4

122.0-215.0
18

2.85
+

0.12

2.65-3.00
18

5.86
+

0.42

5.20-6.50

180

20

192.
5

±31
.3

136.3-239.0
20

2.90
+

0.11

2.70-3.05
20

6.11
+

0.42

5.50-6.75

200

22

199.1
133.2

153.0-257.0
22

2.91
+

0.13

2.70-3.20
22

6.26
+

0.41

5.70-6.85

225

14

216.0
+

27.1

163.6-263.0
14

2.95
+

0.15

2.70-3.30
14

6.55
+

0.36

5.80-7.00

250

1

5

225
.5

127.9
181

.5-281.5
1

5

2.97
+

0.13

2.75-3.30
15

6.67
+

0.39

6.00-7.20

275

14

230.7
±32.0

160.7-281.5
14

2.99
+

0.14

2.75-3.30
14

6.79
+

0.39

5.95-7.30

300

1

6

250.9
133.1

183.0-312.0
16

3.01
±

0.15

2.75-3.30
16

6.93
+

0.40

6.05-7.50

350

1

9

268
.0

±30.3

215.5-344.4
19

3.03
+

0.11

2.75-3.25
19

7.00
+

0.32

6.40-7.60

400

13

276.3
137.6

195.0-350.5
1

3

3.08
+

0.10

2.85-3.25
13

7.04
+

0.36

6.50-7.65

450

11

295.2
135.5

247.0-378.0
1

0

3.10
+

0.11

2.95-3.30
1

0

7.18
+

0.28

6.75-7.70

500

1

2

303
.1

143
.

6

250.8-399.0
12

3.12
4"

0.16

2.90-3.50
1

2

7.19
+

0.31

6.75-7.60

550

11

314.4
144.0

259.8-400.0
11

3.16

0.12

3.00-3.45
11

7.28
+

0.28

6.85-7.60

600

11

296.2
-31
.7

241.0-333.4-
1

0

3.25
+

0.11

3.00-3.30
1

0

7.38
+

0.23

7.05-7.70



TABLE
33:

Change
in

body
size
of
F2

generation
marmosets
with
age

MEAN
BODY

WEIGHT
(g)

MEAN
HEAD
WIDTH
(cm)

KNEE-
HEEL

LENGTH
(cm)

Cow
A

1-1
o

,

O
c
X

m
g
6(Days)

n

-

SD

Range

+

SD

Range

mean
4-

SD

Range

M

1

55

29.1
-

3.0
19

.

5-38.5
1

.97
+

0.12
1

.50-2.15
2.66
4-

0.14

2.10-3.10

50

11

77.8
115.1

45.0-91.1
2.53
+

0.12

2.35-2.70
4.21
4-

0.43

3.40-4.65

1

00

13

128.1
+

20.4

93.7-151
.5

2.67
+

0.13

2.35-2.80
5.21
4-

0.62

3.85-6.05

1

50

7

1

72.
5

±23.7

144.5-219.5
2.87
+

0.11

2.70-3.00
6.01
4-

0.44

5.30-6.75

200

13

199.9
±18.8

169.0-229.0
2.92
+

0.07

2.80-3.00
6.33
4-

0.40

5.50-7.05

250

7

212.1
+
2

6.
9

176.0-263.4
2.96
+

0.10

2.80-3.15
6.74
4-

0.24

6.40-7.20

300

10

247.2
±30.5

181.0-293.2
2.96
+

0.09

2.80-3.05
6.71
4-

0.50

5.90-7.45

350

7

236.6
±36.5

199.4-313.5
2.97
+

0.09

2.85-3.10
6.93
4-

0.21

6.70-7.30

400

8

259.5
133.7

220.0-320.0
3.03
+

0.07

2.90-3.10
7.06
4-

0

01
9

6.85-7.45

450

6

256
.3

±37.9

221.5-337.6
3.10
+

0.14

2.90-3.25
7.14
+

0.24

6.90-7.55

"500

8

257
.8

±40.3

208.7-345.5
3.10
+

0.11

3.00-3.30
7.08
4-

0.22

6.90-7.55

550

5

277
.6

±60.5

210.2-367.1
3

01
6

+

0.15

3.00-3.40
7.18
4-

0.24

6.90-7.55

600

6

267
.9

161
.3

193.6-370.7
3.07
+

0.13

2.90-3.30
7.12
4-

0.33

6.60-7.50

F

1

53

29.6
12.80

18.0-38.5
1

.96
+

0.10
1

.50-2.15
2.65
4-

0.13

2.10-3.10

50

7

74.5
-11.3

55.3-85.7
2.54
4*

0.90

2.40-2.65
4.16
4-

0.17

3.80-4.30

1

00

14

128.6
-21
.2

87.7-155.5
2.72
+

0.14

2.55-3.10
5.11
4-

0.36

4.40-5.70

1

50

6

1

58
.1

I44.1

72.4-191
.2

2.78
+

0.16

2.50-3.00
5.77
4-

0
0

5
6

4.75-6.25

200

15

204.0
-37.1

122.5-259.0
2.89
4-

0.11

2.60-3.05
6.25
4-

0.48

5.05-6.90

250

8

225.4
—

33.1
1

57
.

8-271
.0

2.94
4"

0.13

2.70-3.15
6.65
4-

0.50

5.50-7.20

300

10

247.6
±40.7

171.0-302.8
2.96
+

0.12

2.70-3.10
6.81
4-

0.42

6.10-7.45

350

7

264.1
134.1

214.0-318.0
2.99
+

0.08

2.90-3.10
6.96
4-

0.36

6.30-7.50

400
1

2

259
.5

134.8

182.3-304.6
3.03
4-

0.08

2.80-3.10
7.01
4-

0.38

6.55-7.60

450

8

278
.0

129.4

244.5-326.4
3.06
4-

0.08

2.95-3.20
7.26
4-

0.27

6.80-7.70

500

11

286.2
133.7

219.4-339.0
3.08
4-

0.08

2.95-3.20
7.21
+

0.30

6.80-7.70

550

9

283
.3

±36.2

221.4-330.3
3.07
4-

0.10

2.95-3.20
7.31
4-

0.29

6.85-7.70

6

00

8

291
.1

±23.5

254.5-328.0
3.09
4-

0.09

2.95-3.20
7.26
4-

0.23

6.90-7.70
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TABLE34:Uppercaninetoothweight(mg)inthecommonmarmoset Sex

n

AGE(DAYS)

CP

iNINETOOTHWEIGHT
LEFT

RIGHT

COMBINED

mean-SDRange
mean-SDRange
mean-SDRange

.mean-SDRange

M F

7 9

2.96-1.431.10-3.12 3.22-1.701.15-5.77
..

45.6-12.124.1-57.8 42.5-5.932.3-49.6
41.5-12.323.6-58.7 42.4-6.832.5-52.3
87.1-23.847.7-116.5 84.8-12.564.8-101.9



knee-heel length by 450 days.

9. Canine tooth weight: The data pertaining to

upper tooth weight are given in Table 34. There were

no significant differences between sexes for age/time

in colony, left, right or combined upper canine tooth

weights. In addition there were no within-sex

differences between the weights of left and right upper

canine teeth.

DISCUSSION: In the present study the possibility of

of sexual dimorphism in the common marmoset has been

examined with respect to body weight, head width, knee-

heel length and upper canine tooth weight. Possible

sex related differences with regard to the chronology

of growth have been examined also.

Except in cases where there is a marked body weight

difference between sexes such as is found in the gorilla,

orang-utan, baboon and patas monkey (Napier and Napier,

1967), this parameter is probably not one of the best

indices for establishing sexual dimorphism since it

is markedly affected by availability and nature of diet,

health and reproductive status.

In callitrichids, the incidence of WMS, which may be

related to diet, will affect mean body weight so that

random sampling may contain data for animals which are

chronologically adult but could have body weights

considerably less than those believed to be "normal".

A similar criticism may also be applied to data for
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WC animals which are weighed on arrival from the wild

(as opposed to feral animals trapped and weighed in

the field), since the former usually undergo severe

weight loss from capture to arrival in the laboratory.

This is borne out by the marked weight gain seen in

WC marmosets during the first weeks in the animal

house environment (Table 22), and was noted by Lucas

et a_l.( 1927) where a common marmoset obtained from

a supplier increased its body weight by 124% within

36 days. Changes during this period underline the

possible danger of using body weight data from recently

captured feral animals and may explain the very low

adult weight recorded by Wettstein (1963) for this

species (male = 236.Og, range = 1 67.0-345.Og, n = 5:

female = 206.Og, range = 139 . 0-255.Og, n = 10), although

Hershkovitz (1977) suggests that on the basis of

skeletal measurements some of the material used by

Wettstein (1963) was from sub-adult animals. Because

of such changes it is considered that the mean body

weight for WC captive animals calculated from accumulated

data (Table 21) is artificially low, since many of the

weights were taken at, or soon after, arrival from the

wild and during a period of weight gain. This is

reflected by the fact that a single sampling of WC

animals which had been in captivity for several years

yielded mean values some 7-10% higher than those seen

for cumulative data.



With regard to head width, this is a measure which

would not be expected to show appreciable gain once the

animal is adult. Alterations in muscle mass, such as

occur in WMS, may influence head width but the within-

and between-observer variance associated with this

parameter was similar to that seen for knee-heel length.

It is considered that the data for head width and knee-

heel length shown in Table 21 gave a true reflection

of the situation in WC captive adult marmosets.

For CB marmosets, body weight using the single sampling

data show that F1 marmosets, presumed to be adult on the

basis of their known age of ">2 yrs, were of the same

weight irrespective of sex, and these weights did not

differ from the single sample results in WC adults. The

only category which differed was the F2 males which were

lighter than their F1 counterparts, or the F2 females.

The reason for this is not clear but it should be noted

that the range of body weights obtained in this group was

not widely divergent from those seen in other categories

and this difference disappeared when the combined data

were examined. An F2 female: F2 male body weight ratio

of 113.6:100 was no greater than the F1 male: F2 male

ratio of 112.7:100.

Head width and knee-heel length in adults were not

different between sexes or generations. When compared

with data for WC adults the only difference was for

knee-heel length which was marginally longer in the CB



group. The reason for this is obscure: the possibility

of improved diet in the laboratory during the growth

phase of the CB animal stimulating bone growth is not

borne out by increases in adult head width or body weight

as might be expected. If WMS is a reflection of a

problem with laboratory foodstuffs then this would

mitigate against improved diet as a cause of increased

long bone growth.

A literature search revealed an adult body weight

range for C. j acchus from 120g (Benirschke and Richart,

1964) to 617g (Lucas et_ £^1.( 1937). The former is almost

certainly the weight of a sub-adult and the latter

indicates that obesity can occur in captivity. A more

accurate range is probably that of Hershkovitz (1977)

who suggests 261-352g. In the present study, mean body

weights for adult males and females were 313.2 - 37.4

and 319.1 - 38.2g respectively, and confirm earlier data

from this colony where mean body weight was given as

320.4 - 31 .4g (Hearn and Lunn, 1975). The inclusion of

data for pregnant females in the single sampling

system can perhaps be criticised but it is considered

that pregnancy is not an abnormal condition and that

only animals which have passed 13-15 weeks gestation

show much evidence of weight gain (see Chapter 7). Of

the 65 females used in the single sample study, none

of the 7 WC animals, 12 of the 46 F1 and 7 of the 12

F2 animals were pregnant at the time of weighing.



If data for these 19 marmosets are excluded the mean

non-pregnant weight is 313.7 - 39.5g (n = 46, range =

210.1-386.4g). This does not differ from the mean adult

male body weight. In the study of Dreizen and Levy

( 1969) a mean of 301.2 - 13.1g could be calculated for

n = 18, and values for males and females at 2-3 and >3

yrs were supplied by Turton et_ al_. (1978b) (males =

324.2 - 44.9 and 317.4 - 28.7: females = 318.1 - 36.3

and 323.4 - 42.7g). The present study is in agreement

with the literature with regard to absolute weight and

lends support to the conclusion that sexual dimorphism

in body weight is absent. This is at variance with the

data of Napier and Napier (1967) and Schultz (1969), but

is in agreement with the data of Turton et_ al_. (1978b).
The femaletmale sex ratio for head width of adult

animals was 98.6:100, absolute values being not

significantly different, and although data could not be

found in the literature for the identical measurement,

the data of Wettstein (1963) pertaining to either skull

breadth or head breadth gave ratios of 101.3 or 99.7:100

respectively, again suggesting no sexual dimorphism. A

similar situation for knee-heel length was observed, the

present ratio of 100.8:100 being the same as the data

from Wettstein (1963) for knee height (101.3). As

with body weight therefore head width and knee-heel length

in adult marmosets are not sexually dimorphic characters.

As observed in chapter 3, there was no difference in



135

body weight between live and stillborn animals on the

day of delivery, and this can be extended to include

head width and knee-heel length. Between-sex comparisons

for stillborns show no differences between the measures

employed, and the differences seen in the live-born

group, although significant, were relatively small, F:M

ratios for head width and knee-heel length being 96.3

and 96.8:100 respectively. The use of such ratios alone

is to be deprecated since in the case of liveborn body

weight, the between-sex body weight ratio was even lower

at 95.6:100, although the means were not significantly

different.

Between the day of birth and day 1 all three measure¬

ments had increased significantly indicating the rapidity

with which marmosets grow after birth. This is underlined

by the fact that body weight is doubled by about 30 days

of age. Differences at day 1 were limited to the findings

that female head width was greater than in males, (although

the ratio F:M head width was only 101:100), and that F2

animals tended to be heavier than their F1 counterparts.

The data with regard to head width differences is the

complete reverse of that seen in day 0 liveborn marmosets

and suggests that statistical significance cannot

necessarily be equated with biological significance. The

sexual dimorphism in head width seen at day 1 disappears

by the time that the animals are adult (Table 24) as does

the weight difference between F1 and F2 animals. As
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recorded by Hampton, Hampton and Levy (1971) for

5. oe. oedipus and C ♦ jacchus there was a tendency for

individual body size to decrease as the litter size

increased and this was clearly demonstrated in the

present study. It is possible that rather than being

a retention of a primitive characteristic, the incidence

of multiple births in callitrichids is an example of

regressive evolution and is a consequence of phyletic

dwarfism (Leutenegger, 1973, 1980). fossil evidence

suggests that callitrichid ancestors were larger (Hoffstetter,

1969) and thus the ratio of fetal head width: pelvic

canal width is improved by increasing the number of young

born and hence decreasing individual head size. This is

not the view taken by Hershkovitz (1977). Size difference

between singletons and individuals born as twins or

triplets disappear during post-natal development

(Hershkovitz, 1977; personal observation). This is

caused in part by the loss of one of the triplets unless

support feeding is employed.

Overall, the chronological data suggest that growth,

in terms of attainment of maximal body weight, is not

complete by 600 days, (being significantly less at this

stage than in the corresponding adult group for all

categories except for F2 males), but that adult head

width and knee-heel length have been reached by this time.

With respect to head width, the results suggest that

females may attain adult size at an earlier stage than



males but the variance associated with a relatively

small number of observations reduces the significance

of this observation and it is not supported by knee-

heel length data.

According to Wettstein (1963) most of the teeth

in the C. jacchus female are larger than those in the

male; thus the ratio quoted for mesiodistal length

of the canine teeth is 102.3:100. Hershkovitz (1977)

states that upper and lower canines are generally

significantly larger in adult males than in females

in platyrrhines and catarrhines but lists several

exceptions, one of which is the callitrichid group.

In the study of Johnston ejt 8^.(1970) it was found that

the size and height of the permanent upper canines in

C. jacchus was much greater in the male than in the

female, but in 5. oe. oedipus, there was no sexual

dimorphism in canine length or breadth (Neyman, 1977).

The data for upper canine tooth weight in this study

are in agreement with the views of Hershkovitz (1977)

and Neyman (1977), no differences in tooth weight being

seen between sexes, however, they are at variance with

data for tooth size recorded by Wettstein (1963) and

Johnston e^t a_l. (1970). In both of these studies it

seems possible that the animals were younger than those

used in the present investigation and that there may

be a dimorphism in the chronology of tooth eruption

and growth. This is confounded by the fact that the



'dimorphism appears to be in opposite directions when

these two studies are compared, and that the full

complement of 32 permanent teeth is recorded by 11-

12 months of age (Johnston et_ al. 1970).

From the results presented, it is concluded that

there is no sexual dimorphism in the common marmoset

as far as body weight, head width, knee-heel length and

upper canine tooth weight is concerned. Such a

conclusion would be in agreement with the postulate

that "monogamy promotes monomorphism and tends to

limit body size" (Leutenegger, 1978).

SUMMARY: The possibility of sexual dimorphism in body

weight, head width, knee-heel length and upper canine

tooth weight has been examined in C. jacchus. Data

for wild-caught and colony-bred animals of both sexes

have been presented and the chronology of growth for

animals in the latter category has been investigated.

There was little or no evidence for sexual dimorphism

in any of the parameters studied.



CHAPTER 7

BODY WEIGHT CHANGES THROUGHOUT PREGNANCY IN THE MARMOSET

INTRODUCTION: Despite the ever-increasing usage of the

callitrichids in medical research there are surprisingly

few data for body weight in the pregnant female, and so

far as could be ascertained serial weighings throughout

pregnancy have not been undertaken in any member of this

Family. Lucas _et_ a_l. ( 1927) reported weights for a

common marmoset at about the time of conception and at

approximately 2-3, 12-13 and 14-13 weeks gestation, while

Benirschke and Richart (1963) gave some information for

L. rosalia. In Cebuella pygmaea body weight rises by

about 22% during pregnancy (Christen 1968, 1974).

According to Ingram (1975a) the body weight of the

C. jacchus mother increases by some 100-125g during

gestation, but she reported an inexplicable weight loss

at about 8-9 weeks. No correlation between this drop

and any hormonal event could be seen (see discussion

following Hearn and Lunn, 1975), although at this time

Ingram suggested that the weight loss was occurring at

6-7 weeks of pregnancy.

The present study was undertaken to obtain serial

data regarding body weight changes in the pregnant

marmoset and to confirm that weight loss occurs sometime

between 8-9 weeks of gestation(Ingram , 1975a). It was

hoped that information regarding maternal: fetal weight

ratio in this species could be provided and that the

timing and degree of weight changes in single, twin and

triplet pregnancies could be compared.



TABLE35:Detailsofanimalsusedinthestudyof bodyweightchanges throughoutpregnancy
timeincolony forWCanimals

ANIMAL NO.

CATEGORY
GENERATION

*

AGE (YRS)

PREVIOUS
BIRTHS

SURVIVALOFYOUNG
SINGLE

TWIN

TRIPLET
<200DAYS
>200DAYS

1

CB

F1

3.12

-

1

-

-

2

2

CB

F2

2.23

-

-

-

-

-

3

CB

F2

2.29

-

1

-

-

2

4

WC

-

4.90

-

4

r-

5

3

5

WC

-

4.30

1

4

-

2

7

6

CB

F1

3.64

-

-

3

3

6

7

CB

F2

2.96

-

3

-

2

4

8

CB

F1

2.89

-

3

-

5

1

9

CB

F2

2.44

-

-

1

3

-

10

CB

F2

2.44

-

1

-

1

1

11

CB

F1

2.26

-

-

-

-

-

12

CB

F1

3.69

-

2

2

3

7

13

CB

F1

3.12

-

-

-

-

-

14

CB

F1

2.40

1

-

-

-

1

15

CB

F2

2'.03

-

1

-

-

2

16

WC

-

4.90

-

2

3

9

4

17

WC

-

4.30

2

3

-

—

8

18

WC

-

4.90

2

2

-

1

5

19

WC

-

4.90

1

1

3

1
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MATERIALS AND METHODS: Information for the 19 randomly

selected adult females used in this study is given in

Table 35. Of these animals, 16 were of proven fertility

while the other 3 were pregnant at the start of the

investigation. Female nos. 18 and 19 had been immunized

against the p-subunit of hCG (Hearn, Short and Lunn,
1975) and were not expected to become pregnant but were

included to give an indication of body weight changes in

the non-pregnant female.

Animals were weighed on the same day of each week

for periods ranging from 44-64 weeks but since this rigid

schedule took no account of the day of delivery of young,

an additional weight was usually taken on the day of birth.

As far as possible, offspring were sexed and weighed on the

day of birth or day 1. All weighings were carried out as

described in Chapter 6 using the Mettler PL 3000 balance.

The reproductive status of each animal was monitored

by means of palpation of the uterus (Hearn and Lunn, 1975)

at intervals of approximately 4 weeks throughout the study.

The stage of gestation was estimated retrospectively from

the day of delivery of young, assuming that conception

had occurred 147 to 140 days prior to parturition (Hearn

and Lunn, 1975; Hearn e_t £]^. 1978).
For comparative purposes weight changes occurring

throughout singleton, twin and triplet pregnancies were

expressed as percentages of the control, non-pregnant

values observed before the estimated period of conception

(100%). Body weight data for pregnancies which terminated

in abortion or in which the time of conception or parturition



NO

1
2 3 4 5 6 7

8 9

10 11 12 13 14 15 16 17 18 19

incidenceofpregnancyanditsoutcomeduringtheperiodofstudy NO.OFPREGNANCIES INCOMPLETE

COMPLETE

PREGNANCYOUTCOME INCOMPLETE

COMPLETE

1 1 1
2 2

2 2
1 1 1 1

2
1 1

2
1

2 2
1

TW ABORTION ABORTION TW TW TW ABORTION TW

TW,TR TW,TW S,TW

TW,TW TW,TW TR TW TW TR

TW,TW TW TR

TW,TR
TR TR

TW,TW TW,TR
S

TW

Twins

TR

Triplets



fell outwith the study period were not included in the

final analysis, except in the case of one incomplete

singleton pregnancy.

For calculation of the maternal: fetal weight ratio,

maternal weight was taken as that recorded for the non¬

pregnant animal (i.e. at week 0), while the fetal weight

used was the body weight(s) of offspring at the day of

birth or day 1, i.e. within 40h of the estimated time

of delivery.

RESULTS: The mean number of weights obtained for each

animal was 55-4 (n = 19, range = 47-64) . All of the

animals were pregnant at some time during the study

period except for the two immunized females which on

the basis of palpation, gave no indication that

conception had occurred. The mean body weights for

these two animals were 319.8 i 6.7g (animal no. 18,

n = 53, range = 308 .3-338.3g) and 278.2 - 1 6.9g (animal

no 19, n = 53, range = 253.3-318.7g). Assuming the mean

to be 10054, values for tbe former ranged from 96.5-1 05.854

and for the latter from 91 . 8-1 14 . 654.

Of the 17 animals in which pregnancy occurred,

information for body weight throughout a complete gestation

period was available in all but 2 cases, the incidence

of pregnancies and their outcome being shown in Table 36.

In only one case was a complete singleton pregnancy

recorded; however, a second singleton pregnancy had

occurred previously in the same animal and body weights were
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Figure 4: Changes in body weight throughout pregnancy

in the marmoset during: A) Part of a singleton and
one complete singleton pregnancy in animal no. 17: B)
Part of one twin followed by two complete twin

pregnancies in animal no. 1: C) One complete twin
followed by a complete triplet pregnancy in animal no.

16. □ = estimated period during which conception
occurred. Hi = duration of gestation ^ = occurrence
of birth (B).



available for all but the first 2 weeks of this

gestation. In addition, body weight data were recorded

for 13 complete twin pregnancies in 9 marmosets,

similar information being obtained for 7 pregnancies in

7 animals in which triplets were delivered. Representative

patterns for weight change throughout singleton, twin

and triplet pregnancy are shown in Figure 4 while the mean

body weights, with the range and estimates of variance,

are given in Tables 37-39 respectively. Changes in body

weight expressed as a percentage of the non-pregnant

mean are also shown in Tables 37-39 and are compared in

Figure 3.

Throughout the two singleton pregnancies (Figure

4A, Table 37) no marked change in body weight occurred

from the estimated time of conception until about 17

weeks of gestation and even within 1 week of delivery

mean body weight had risen by only 12.4?o over the non¬

pregnant value. Body weight had returned to that

seen in the non-pregnant animal during the first week

post-partum and was unaffected by lactation during

the first 4 weeks after delivery.

In mothers carrying twins (Table 38) body weights

displayed a tendency to rise from about mid-gestation

and by approximately 16 weeks had reached a stage, (in

terms of percentage increase), similar to that seen near

term in singleton pregnancy. This rise continued so

that in the last week of pregnancy the weight of the

mother was 124?o of that seen in the non-pregnant

condition. The non-pregnant weight was regained within

1 week after delivery and was unaffected by lactation.



•TABLE
37:

Body

weight

throughout
singleton
pregnancy
in

the

marmoset

WEEK

n

PREGNANCY
1

PREGNANCY
2

MEAN
-

SD

0//O

0

2

291.4

284.4

287.9
-

5.0

100.0

1

1

283
.4

98.4

2

1

287..5

99.9

3

2

286.9

278
.

2

282.6
-

6.2

98
.

2

4

2

285
.4

282
.5

284.0
1

2.1

98.6

5

2

294.3

264.1

279.2
2̂1.4

97
.

0

6

2

285.5

279
.1

282.3
±

4.5

98
.1

7

2

277
.1

284.9

281.0
+

5.5

97.6

8

2

284.3

281
.8

283.0
+

1.8

98.3

9

2

291
.1

273.0

282.1
±12.8

98.0

1

0

2

273
.6

268
.7

271.2
1

3.5

94.2

11

2

286.1

274.2

280.2
1

8.4

97.3

1

2

2

285.9

272
.3

279.1
+

9.6

96.9

13

2

301
.7

276
.2

288.9
±18.1

100.3

14

2

300.7

287
.7

294.2
1

9.2

1

02.
2

1

5

2

290.5

294.3

292.4
+

2.7

1

01
.6

1

6

2

290.8

295.8

293.3
+

3.5

1

01
.9

1

7

2

298
.4

300.8

299.6
±

1.7

104.1

1

8

2

308
.2

307
.5

307.9
+

0.5

1

06.9

1

9

2

304.1

315.1

309.6
1

7.8

1

07.
5

20

2

319.6

317.5

318.6
±

1.5

110.7

21

2

324.5

322.6

323.6
±

1.3

112.4

BIRTH

'

285.6

99.
2

+
1

2

291
.4

284<>4

287.9
-

4.9

100.0

+
2

2

291
.6

274.5

283.1
-12.1

98.3

+
3

2

283.4

276.6

280.0
-

4.8

97.3

+4

2

287
.

5

281
.0

284.3
-

4.6

98
.

7



TABLE
38:

Mean
body

weight

throughout
twin

pregnancy
in

the

marmoset

WEEKNO.

n

BODY

WEIGHT
(g)

MEAN

S.D.

RANGE

0123456789

I

0II
1

21314
1

5

1

617
1

8

1

92021BIRTH+
1

+
2

+
3+4

131313
1

313131313131313131313131313
1

313131313813
1

2

1

2

1

2

317.5321
.8317.9316.3318.8316.9317325320322324325

.1
328

,

330335
.1347.3355,364,373,380391

.0392.9328
.6319.1320.3322

.4
323

.3 52244,2

31
.730.027

.

2

313225212830.8275

30273031
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TABLE39:Meanbodyweightthroughouttripletpregnancyinthemarmoset WEEK NO.

n

BODYWEIGHT(g)

I

0/
/O

MEAN

CT)

•

o

•

RANGE

0

7

347.0

31.4

295.6-380.5

100.0

1

7

346.6

33.1

298.0-398.4

99.9

2

7

351.9

33.3

301.4-389.8

101.4

3

7

347.7

31.1

301.8-376.2

100.2

4

7

346.0

23.3

313.4-368.2

99.7

5

7

348.8

24.1

311.4-388.7

100.5

6

7

351.8

21.0

314.9-378.6

101.4

7

7

348.6

27.0

298.6-384.3

100.5

8

7

356.6

23.6

314.0-389.9

102.8

9

7

360.3

25.1

316.5-395.2

103.8

10

7

356.2

27.1

317.1-394.1

102.7

11

7

355.8

25.3

318.6-391.9

102.5

12

7

355.8

21.8

317.4-380.8

102.5

13

7

363.9

29.4

321.9-402.3

104.9

14

7

373.1

35.3

322.4-419.0

107.5

15

7

385.3

32.6

345.5-428.4

111.0

16

7

394.2

37.3

354.8-445.0

113.6

17

7

409.2

30.3

375.7-455.4

117.9

18

7

423.0

28.9

386.7-462.1

121.9

19

7

426.3

38.2

380.6-485.3

122.9

20

7

434.1

34.3

397.0-484.9

125.1

21

7

447.7

29.7

412.6-501.2

129.0

BIRTH

7

345.1

32.1

308.2-389.8

99.5

+1

6

342.6

27.1

312.3-382.3

96.3

+2

6

344.5

22.9

316.8-384.7

96.9

+3

6

342.2

20.9

315.5-368.2

96.2

+4

6

326.0

26.4

289.7-365.1

91.7



Examination of data from triplet pregnancies

(Table 39) showed a pattern of body weight change similar

to that seen in twin pregnancies up until about week 13,

percentage weight gain after this time being greater for

the triplet group. An increase similar to that seen in

term singleton pregnancies was reached by about week 13

while the rise seen at term in twin pregnancies was

attained by 19-20 weeks. Final weight gain of 129% was

recorded within the week prior to delivery, subsequently

falling to the preconception level within the first

week post-partum. During a 4-week period after birth

when lactation was known to be occurring there was a

gradual fall in body weight of the mother, irrespective

of the survival rate of the young.

These data are summarized in Figure 5. The pattern

of body weight change during gestation was similar for

singleton, twin and triplet pregnancy but differed in

degree, percentage weight gain being greatest in triplet

and least in singleton pregnancy. Although body weight

near term was dependent on the number of young ijn utero,

the values for consecutive pregnancies were similar

within animals as long as the outcome, e.g. twins, was

the same. In 4 cases where body weights were available

for the last week of pregnancy within animals having

both twin and triplet pregnancies consecutively, term

weight was greater when triplets were born in three of

the four females. In the other, body weight was greater

prior to delivery of twins than at term in the triplet

pregnancy.
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TABLE40:Maternalnon-pregnantandtermpregnantweight,weightofoffspring andmaternal:fetalweightratio.
NO.OF YOUNG BORN

MATERNALBODY
WEIGHT(MEAN-S.D.)
WEIGHT OFFOFF¬ SPRING

-Xx-

MATERNAL: FETALWEIGHT RATIO

n(SETS)

NON-PREGNANT
LASTWEEKOFPREGNANCY

1

2

287.9-5.0

323.6-1.3

34.2-3.2
1.00:0.12

2

10

322.7-32.7

401.0-32.1

61.9-7.0
1 .00:0.19

3

6

342.9-32.3

446.6-32.3

84.9-4.5
1.00:0.25

*Combinedweightofoffspringfortwinandtripletbirths
**Ratioofnon-pregnantmaternalweighttoweightofoffspring



Mean non-pregnant weight for animals subsequently

delivered of twins was 317.5 - 31.7g for n = 13 (Table

38), the corresponding value for marmosets giving birth

to triplets being 347.0 - 31.4g for n=7 (Table 39).

This difference is not statistically significant (t=

1.997, df = 18, P = >0.05, <0.1). In the only marmoset

to bear single young the non-pregnant body weight was

287.9 - 5.Og.

The mean weight of adult females during the last

week of gestation is shown in Table 40. from these data

it can be calculated that for singletons, the rise from

the mean maternal, non-pregnant to the 21 week pregnancy

weight was 35.7g, while the mean offspring weight was

34.2g, a difference of 1.5g. For twins and triplets this

difference was 16.4 and 18.8g respectively.

Information relating to maternal: fetal weight

ratio in singleton pregnancy was limited, but for the

2 single young born to one individual in the study the

relevant figures were 287.9 - 5.0g: 34.2 - 3.3g, a

ratio of 1.00:0.12, i.e. the weight of the single born

youngster was 11.9% of the maternal, non-pregnant body

weight. For twins, birth weights were available for

10 of the 13 sets delivered. In calculating the ratio,

the value for the combined weights of both offspring

was used, the figures being 322.7 - 32.7: 61.9 - 7.Og,

a ratio of 1.00:0.19 and a new-born weight 19.2% of

the non-pregnant body weight of the mother. In the

same way, for the 6 sets of triplet offspring where



birth weights were available, values of 342.9 - 32.3:

84.9 - 4.3g yielded a ratio of 1.00:0.25 or 24.8%.

Combining the data for the 18 births in which offspring

weights were recorded gave a mean ratio of 1.00:0.20

(325.6 - 34.0: 66.5 - 17.Og - 20.4%).

DISCUSSION: In 2 non-pregnant marmosets, body weight

varied by as much as 20% over a period of 1 year. Such

a range exceeded the change in weight noted between the

non-pregnant state and term weight in an adult female

during her two singleton pregnancies. Consequently,

body weight taken at random would seem to be of little

value as an indicator of pregnancy, since even in

animals bearing triplets an increase of only 125% over

the non-pregnant weight was recorded. Routine weighing

on a weekly basis might reveal the pattern of weight

change characteristic of a pregnancy but even so the

overall increase of 12.4% in the singleton pregnancy

is relatively small and at term the adult female

subsequently delivered of a single offspring does not

appear to be noticeably pregnant.

Regardless of the number of young in utero, there

was no evidence of a consistent drop in maternal weight

at any stage of gestation, a finding which differs from

that of Ingram (1975a); however, individual animals

showed decreases in body weight at different stages of

gestation. In many cases, daily weighings of marmosets

reveal surprisingly large fluctuations from one day to



the next (personal observation), suggesting that such

changes may have little significance.

As expected, the final maternal weight was

dependent on the number of young in utero, but the

correlation between the number of offspring delivered and

the increase in maternal weight is not linear. This is

the result of two factors, the first of these being

that the sizes of individual offspring decrease as litter

size increases. This was shown in Chapter 6 and is

confirmed here. The other fact is the tendency for larger

litters to be born from larger mothers. Although the

numbers are small and the differences not statistically

significant there is a tendency for the non-pregnant

weights of mothers subsequently delivered of triplets to

be greater than those for animals giving birth to twins.

This would be in agreement with the earlier postulate

that increased litter size may reflect improved conditions

in captivity as opposed to the situation in the wild.

The difference between the mean non-pregnant versus "term"

pregnant weight of the animal which had the single

deliveries suggests that the placenta, fetal membranes and

fluids weighed only 1.5g but this is unlikely. Data

regarding placental wet weight at delivery are extremely

sparse since the tissue is normally eaten, and on the rare

occasions that it is not, it usually lies for periods of

about 12h from delivery to discovery, during which time it

undergoes various degrees of drying. For this colony, only

2 fresh, term placentae were recovered and weighed at birth.



TABLE41:Maternal:Fetalweightratios-Acomparisonbetweenthe presentresultsandthosecalculatedfromdataobtainedin Chapter6.
PREGNANCY OUTCOME

MATERNAL:FETALWEIGHTRATIO*
PRESENTSTUDY

CHAPTER6DATA

Singleton Twin Triplet

1.00:0.12(11.9%) 1.00:0.19(19.1%) 1.00:0.25(24.8%)
1.00:0.10(10.3%) 1.00:0.19(18.7%) 1o00:0.26(25.6%)

*Valuesinbracketsrepresenttotalfetalweightexpressedasa Percentageofthenon-pregnantmaternalweight.
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These, together with the single weights provided by

Ingram (1975a)and Hobson and Wide (1981) for C. jacchus

give a mean of 7.2 - 1.3g (n = 4, range=5.4-8.25g). In

one of these the placenta was recovered at the birth of

a singleton and weighed 5.4g. In the present study, the

week 21 weighings were taken 6-7 days before the births of

the single young, these offspring being weighed on the day

of birth and day 1. It would seem that either there was

a marked rise in maternal body weight during the period

between the last weighing before birth and the immediate

pre-delivery weight or that the non-pregnant maternal

weights were slightly higher than expected. The latter

explanation would appear to be more likely since the

body weights in this particular animal remained below

the non-pregnant value during the first 12 weeks of

gestation. The twin and triplet pregnancy data, assuming

a placental weight of 7.2g, suggest that the combined

weight of fetal membranes and fluid was 9.2g in twin and

11.6g in triplet pregnancies respectively.

The maternal:fetal weight ratios in callitrichids have

been calculated by Hershkovitz (1977) who gave a value

of 1.00:0.095 for C. jacchus. Unfortunately this figure

does not take into account the differences between individuals

born as singletons, twins or triplets. The ratios in the

present study ranged from 1.00:0.12 for singletons to

1.00:0.25 for triplets, an overall ratio of 1.00:0.20

being observed. These values are in agreement with figures

calculated using the data obtained in Chapter 6 (see Table 41).



The information supplied by Leutenegger (1973) for this

species also suggest a ratio of 1.00:0.21 ( 21 . 4 ?o) > the

relative weight of a single newborn being 10.7?£.

Lactation had no effect on maternal weight during

the first four weeks post-partum where either a

singleton or twins had been delivered, but there was a

suggestion that the additional burden placed on mothers

suckling triplets affected the weight of the adult. By

week 4 after birth the mean body weight for the mothers

in this group had fallen below the pre-conception weight

Such a finding is confounded by the fact that one of

the animals in the group underwent progressive loss of

condition post-partum and died shortly after the study

was completed. In addition, one of each of the triplets

died soon after birth leaving the mother to suckle twins

Overall, it seems that lactation had little or no effect

on maternal body weight, at least for the first month

after delivery.

SUMMARY: Long-term studies of body weight changes were

undertaken in 19 adult female marmosets, 17 of which

were pregnant at some stage of the investigation.

Patterns of body weight change throughout complete

singleton, twin and triplet pregnancies were obtained

and compared.

Maternal weight increase was dependent on the

number of young iri utero; however, little or no change

in weight was observed during the first 13 weeks of



pregnancy, irrespective of the number of offspring

delivered subsequently.

The combined weight of the fetal membranes and

fluids was estimated to be 9.2 and 11.6g for twin and

triplet pregnancies respectively.

The overall maternal:fetal weight ratio was 1.00

0.20, ranging from 1.00:0.12 for singletons to 1.00:

0.25 for triplets.

Lactation had little or no effect on maternal

body weight during the first 4 weeks post-partum.
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CHAPTER 8

THE COLLECTION OF BLOOD AND URINE SAMPLES FROM THE MARMOSET

INTRODUCTION: Before embarking on a series of investigations

into the reproductive endocrinology of the captive marmoset

it was necessary to examine systems for the collection of

body fluids such as blood and urine. Although such

procedures have been developed and described for many species,

most new animal models have to be examined afresh as they

generally present their own specific problems. The common

marmoset is no exception since its small size prohibits

the removal of either a large single sample of blood or

continual short-term sampling such as that required during

investigations into the occurrence of circhoral or circadian

rhythms. In adult humans, normal blood volume amounts to

5.5-8.0% of body weight (Diem & Lentner, 1970). Assuming

the same proportions in the marmoset would suggest that this

primate has a blood volume of approximately 25.0ml.

The question of whether or not it is advantageous to

collect urine samples, rather than serum or plasma, has been

considered on occasions too numerous to mention, and the

benefits and drawbacks of both have been discussed at length.

There can be little doubt that to collect both blood and urine

and compare the results obtained for each is of value, but

in some cases this is not practicable. The collection of

urine from marmosets was considered to be possible but, in

common with most non-human primates, the callitrichids are

untidy feeders and separation of discarded food from faeces

and urine was looked on as being a potential drawback to

such collections.



The object of this chapter is to describe two

methods for the collection of blood and a further two

systems for the collection of urine. In view of the

small volume of blood it was decided at the outset to

collect plasma rather than serum to reduce loss of

fluid to a minimum.

MATERIALS AND METHODS:

1. Collection of blood:

System A: The method used originally was that described

by Hearn and Lunn ( 1975) and Hearn e_t a_l. (1975). The

sample was collected by femoral venipuncture using a

heparinized disposable 1.0ml syringe. Although samples

could be collected via a 23 or 25-gauge needle it was

decided to use a 26-gauge (0.46mm diameter) needle either

three-eighths or one half inch in length (9.5 or 12.7mm)

to reduce the potential amount of damage to the wall of

the vein, to reduce the risk of haematoma formation and

to increase the rapidity with which bleeding from the

vessel could be stopped following withdrawal of the

needle. from a practical point of view the 26G needle

was not ideal since the plastic hub, as supplied by the

manufacturer (Becton-Dickinson: Yale Microlance), was

dark brown and this meant that until the blood entered

the syringe proper it was often difficult to ascertain

that the needle was within the lumen of the vein. To

overcome this a 27G (0.4mm diameter x 12.77mm length)

needle was obtained (Sherwood Medical Ltd). This had

a clear plastic hub so that entry of the needle into
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Plate VI: Bleeding the marmoset: Manual restraint
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the vessel could be ascertained more readily, as judged

by the appearance of blood at the hub. This was the needle

used for the majority of the blood samples collected.

The animal was held in the gauntleted hand of an

assistant, who also restrained one of the hind limbs and the

tail, allowing the individual collecting the sample to hold

the other leg with one hand and to manipulate the syringe

with the other (Plate VI).

System B: The drawback of the system outlined above lay

in the fact that it required two people to take each sample.

This was often inconvenient, particularly if specimens were

to be collected during the night or at weekends. As a result

an alternative system was devised which allowed samples to be

taken by one person (Hearn, 1977). This involved the use of

a simple restraining device constructed of wood, plastic

drainpipe and Velcro fastening (Plate VII).

Initially the apparatus was attached to the cage front

but a modification of this system was undertaken so that a

series of 4 of these devices was constructed side by side

on a Dexion framework. This was portable and could be

placed on any level surface within the colony. The

advantage of the restraining device was that one person

could capture the animal, place it in position, and take

the sample. Movement of the marmoset out of the tube was

prevented by the Velcro strap situated just above the pelvis,

while one or both of the legs could be immobilized in similar

fashion. The blood sample could then be taken as in System

A, the handler having been replaced by the restraint mechanism.

An added bonus was that both legs could be restrained,
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Plate VII: Bleeding the marmoset: The restraint

device.



allowing the sampler to have both hands free.

In the portable 4-way apparatus, each device was

individually hinged at the top so that the angle at

which the marmoset was lying could be varied from near

vertical to horizontal. In the latter position, with

both of the marmosets hind limbs immobilized, vaginal

lavages could be taken without the requirement of a

handler.

For either system A or B the blood sample was

left in the syringe, which was placed in an insulated

polystyrene box filled with crushed ice until all of

the specimens had been collected in any one bleeding

session. The needle and plunger of the syringe was

removed and the Luer fitting end sealed with a sterile

plastic cap (Steriseal, Ltd). The syringe was placed

in a MSE Chillspin centrifuge directly, obviating a

requirement to transfer the already small volume of

blood into a centrifuge tube with associated loss of

material. The syringes were centrifuged using a 4-way

swing-out head having 8 x 50ml buckets at a speed of

2,500 rpm (RCF = 867 x G) for 20 min. An estimate of

packed cell volume could be read off directly from the

syringe calibrations. Plasma was removed using a

disposable glass Pasteur pipette and placed in a 1.0ml

auto-analyser cup or a 1.5ml Eppendorf microtube. These

were stored at -20°C to await assay.

For iron replacement the animals received 0.1ml

Fersamal (Glaxo Laboratories, Ltd) orally after each

sample was taken. If, as a result of repeated sampling,
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estimated packed cell volume was seen to decrease,

a simultaneous iron deficiency was assumed and correction

undertaken by i.m. injection of 0.25ml iron dextran

(Imferon, Fisons Pharmaceuticals, Ltd). This dose assumes

a 50?o haemoglobin deficit and a body weight of 320g, using

the formula:

Total iron required (mg) = 0.3 x body weight x

haemoglobin deficit(?o). Imferon contains 50mg of iron/ml.

2. Collection of urine:

System A: This method was that described by Hearn e_t al.

(1975). The marmoset was transferred to a rat metabolism

cage (North Kent Plastics, Ltd.). for a complete 24h period.

Urine was separated from faecal material in the cage funnel

and passed via a side arm into a disposable plastic universal

container (Sterilin, Ltd). The flask was immersed in ice

in a polystyrene container. A plastic bucket with part of

the side wall removed, was upturned over the metabolism

cage to provide the animal with some degree of security.

(Plate VIII). Using this method, water was available ad

libitum but a satisfactory feeding system was not achieved.

Provision of food resulted in the funnel becoming choked

with debris such as orange peel and, in addition, fragments

of pelleted primate diet absorbed a proportion of the urine

excreted. Accordingly, it was decided to withold food while

the animal was in the metabolism cage. The effect of this

imposed fast was monitored by examining body weight before

entry to, and after removal from, the metabolism cage.

The experiment was carried out in two parts. In the
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first of these, 7 animals were used to obtain 35 sets

of data. Each animal was weighed at 0915h and was then

given its daily food ration. After feeding for 45 min

the marmoset was reweighed before being placed in the

metabolism cage atlOOOh. On removal from the cage 24h

later each marmoset was weighed for a third time, having

been without food for the preceding 24h. In the second

experiment, 6 animals were used to give 18 observations

at each of 3 different times. Marmosets were weighed at

0930h before being given their food and were then

allowed to eat for 30 min. At 1000h they were reweighed

and placed in an NKP cage for 24h without food, at the

end of which time they were removed and weighed. The

same animals were used to repeat the experiment (n =

6 animals, 18 observations), but at the end of the feeding

period the marmosets were weighed and returned to their

home cages where they were left for 24h with normal access

to food. At the end of this time they were reweighed.

The results are given below.

An attempt was made to freeze the urine by surrounding

the collection vessel with solid CO^- This resulted in
cooling of the funnel side arm to such an extent that the

urine froze as it passed into the side arm and additional

fluid, unable to pass down the blocked arm, ran out via

the faecal exit and was lost. Urine collected by the ice

bath system was removed at the end of the working day and

transferred to a deep freeze at -20°C. The rest of the 24h

collection was recovered the following morning and placed



with the initial sample in the freezer.

The quantity of water drunk during the 24h period

in which the marmoset was held in the metabolism cage

was measured in 161 cases. Each animal was given 100ml

of water and the volume remaining was measured at the

end of the 24h period. The correlation between water

intake and urine output was estimated by standard

statistical procedures (Snedecor and Cochran, 1967),

using a Hewlett-Packard programmable calculator.

System B: It was decided that the administration of

radioactively labelled materials for metabolic studies

could not be undertaken using urine collection system A

since the cage volume was considered to be too small

(310 in^; 5070cm^), and it was felt that the animal

could not be returned to the home cage until the

administered label had been cleared, primarily in urine

and faeces. Since this meant keeping the animal in the

cage for several days a new system had to be developed.

The basic cage was a Metabowl Mk III, model 10

glass metabolism cage (Jencons, Ltd.) with several

modifications. The standard chamber depth of 6.5 in (16.5cm)
3 3

was inadequate, although the volume of 486in (7956 cm )

was greater than that of the NKP cage. The height of the

wall was raised by the addition of a cylinder of

stainless steel. This incorporated a perch of the same

material on which the animal could sit, rather than being

forced to stay on the mesh base of the unit. The modified
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Plate IX: Collection o f urine: The Metabowl system



I / u

cage is shown in Plate IX. Further modifications included

the use of a stainless steel feeding box rather than either

the standard cigar-type feeder or the solid (pellet), or

soft (mash) feeders, and the angling of the drop lick

water bowl arm towards the cage interior. This enabled

the marmoset to reach the water source more readily but

still ensured that water spillage could not enter the

cage chamber proper. It was suggested that the glass

wall height be raised from the standard 6.5 in (16.5cm)

to the maximum of 14.0in (35.6cm) available from the

manufacturer to avoid the requirement for an extended

stainless steel wall.

As with the NKP system, collected urine was kept

cool by means of an ice bath, the collection flask being

changed at 24h intervals. Food and water were available

ad libitum, but partial cage cleaning, particularly of

the urine spreader, was mandatory during the time the

marmoset was held in this cage.

RESULTS: 1. Collection of blood. Initially, blood

clotting constituted a problem, the clot occasionally

forming in the needle as the sample was being taken,

but more frequently in the syringe, after collection,

but prior to centrifugation. This was prevented

by increasing the concentration of heparin used for

rinsing the needle and syringe to 2,600 units/ml.

Using either system, it was found that collection of



blood samples was relatively straightforward, no

problems relating to blood clotting being encountered

once the concentration of heparin had been raised.

Occasionally, due to the proximity of the femoral

artery and vein, the needle was inserted into the former

in error. This resulted in an increase in the time

between needle removal and cessation of blood flow from

the vessel, otherwise no adverse effects were recorded.

In animals on short-term, frequent bleeding schedules,

samples were collected from the left and right femoral

veins alternately. For any one marmoset, a maximum of

12 samples was taken in any 24h period for studies to be

reported elsewhere,

2. Collection of urine. By far the majority

of samples were taken using the NKP cage (System A).

The only problem encountered was the ability of the

marmosets to escape from the rat cage, either by

dislodging the lid or the food/water hopper. These

escapes were prevented by the use of Bulldog-type

paper clips.

The mean volume of urine excreted in a 24h period

by the adult male marmoset was 12.5 - 6.0ml (n=336,

range = 1.5-42.0ml), the corresponding value for the

adult female being 15.1 - 8.0ml (n=874, range = 1.5-

48.0ml). Although the ranges show good overlap

between the sexes, females excreted significantly more

urine than did males (t = 6.122, P = <0.001, df = 1208).
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Combination of data for both sexes gave a mean of

14.4 - 7.5ml (n = 1210, range = 1.5-48.0ml). Within

the female group a comparison was made between collection

from pregnant and non-pregnant animals. In 5 females

having apparently normal gestations with full term

deliveries of viable young, 138 urine specimens were

collected during pregnancy (retrospectively dated).

In these same females, 98 samples were taken while the

marmosets were not pregnant. Comparison of the mean

volume of urine excreted by these animals showed no

difference between the pregnant and the non-pregnant

state (pregnant = 17.7 - 8.6ml/24h, n = 138; non¬

pregnant = 16.3 - 5.7 ml/24h, n = 98; t = 1.503,

P = N5, df = 234). If the non-pregnant female data are

compared with those for adult males it is confirmed that

the female excretes more urine (t = 5.737, P = <0.001,

df = 432).

In 7 males prior to bilateral orchidectomy, the

24h urine volume was 14.6 - 6.1 ml (n = 11, range = 5.7-27. 3ml),

and this was unaffected by surgery, the mean value post¬

operatively being 12.5 - 5.1ml (n = 56, range = 3.4-25.0ml).

In 9 females undergoing bilateral ovariectomy, with or

without hysterectomy, the preoperative mean of 15.0 -

6.6ml/24h (n = 64, range = 3.6-36.4ml), did not differ

from that seen following surgery (14.3 - 7.9ml/24h, n = 95,

range = 3.7-34.3ml).

For 35 observations in 7 marmosets, the mean body



TABLE42:Bodyweightchangesinmarmosetshousedinmetabolismcageswithoutaccess tofoodorinhomecageswithfoodavailablejkJlibitum *

PARAMETER

METABOLISMCAGE

HOMECAGE

Pre-feedweight(g)

339.1-29.6

350.2-24.1

Range(g)

292-383

314-393

Post-feedweight(g)

358.8-30.6

366.3-27.6

Range(g)

307-412

320-408

Meanweightgain(g)

19.6-9.0

16.2-7.4

Range(g)

6-36

6-34

Meanweightgain(%)

5.8-2.8

4.6̂2.1

Range

2.0-11.7

1.9-10.1

Meanweight24hpost-feed(g)
318.6-27.0

346.2-23.9

Range(g)

269-366

310-382

Meanweightlossfrompre-feed(g)
20.5-7.9

**

Range(g)

9-37

Meanweightlossfrompre-feed(?o)
6.0-2.2

**

Range(?o)

2.9-10.6

I

Meanweightlossfrompost-feed(g)
40.1-10.1

**

Range(g)

28-63

Meanweightlossfrompost-feed(%)
11.2i2.4

**

Range(%)

8.0-16.3

I

Forallparameters,6animalswereused.n=18forbothmetabolismandhomecage groups. Insomecasestherewasaweightgain,makingitimpossibletocalculateameanand estimateofvarianceforweightloss.
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weight prior to feeding was 299.1 - 32.6g, but after

they had been allowed access to food for 45 min this

value had risen to 312.2 - 31.3g, a net gain of 13.1g

or 4.4%. Following 24h in the metabolism cage without

food, the mean body weight had fallen to 280.3 - 30.3g,

a loss of 18. 8g ( 6 . 3?o) > or 31 „ 9 g (10. 2%) over the

pre- and post-feeding weights respectively. The post-

feeding weight was not significantly greater than the

pre-feeding value, but the 24h post-metabolism mean

was significantly less than either the pre-feed (P<0.02)

or post-feed (P^0.001) means.

The results for the second body weight experiment

are shown in Table 42. In animals in the metabolism

cage group the mean body weight showed an apparent increase

from the prefeeding value to that recorded at the end of

the 30min feeding period (i.e. immediately prior to

placement in the metabolism cage), but this was not

statistically significant. After 24h in the NKP cage

without food, mean body weight had fallen below that

recorded at pre-feeding but the decrease was barely

significant (P = ^0.05, ^0.02); however, when compared

with the post-feeding value there was a highly significant

weight loss (P = <4^0.001). The position with regard to

the control group i.e. those animals kept in their home

cages with continual access to food, was similar insofar

as there was a tendency for body weight to rise from

the pre- to the post-feeding value, but again this
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24 h URINE VOLUME (ml)

Figure 6: The correlation between water intake

and urine output in the marmoset.



increase was not significant. Where the control group

results differed lay in the fact that the 24h mean was

the same as that recorded at pre-feeding the day before

and that this figure was barely significantly less than

the post-feed mean(P = < 0 . 05 , 0 . 02 ) .

The correlation between the intake of water (ml/24h)

and the output of urine (ml/24h) was calculated for 161
a

pairs of observations. The mean fluid intake (Y) was

11.7 - 10.2ml water/24h (range = 1.0-63.0ml/24h) while

the output of urine (X) was 12.6 - 7.1 ml/24h (range =

3.0 - 33.6ml/24h). The values were positively correlated

(correlation coefficient r = 0.406, df = 159, P =

A

the formula for the regression line being Y = 0.588X +

4.247 (Figure 6).

DISCUSSION: Methods have been devised which allow the

routine collection of blood and urine samples from the

marmoset. As far as blood is concerned, it was found that

plasma samples could be obtained more readily using a

27G needle; however, for serum samples a 25G needle was

preferable since premature blood clotting often occurred

in the finer bore needle if serum was being collected.

The rapidity with which clot formation occurred was

overcome by increasing the concentration of heparin, and

NcNees, Caronia, Lewis and Stein (1979) have also

reported the effect of altering anticoagulant concentration

on the blood of this species. They found that a
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concentration of 10°o of the dipotassium salt of

ethylenediametetraacetic acid was required to inhibit

coagulation, while for heparin even at a concentration

of 20rng/ml, 8?^ of the samples collected showed clotting.

Although the conversion from mg/ml heparin to units of

heparin is far from straightforward, it appears that a

figure of 20mg/ml is roughly equivalent to 2,500 units/

ml, a concentration similar to that used in this study.

Few problems were encountered during blood

collection even when this involved the taking of serial

samples over prolonged periods.

Animals were kept in the Metabowl cage for up to

5 days without apparent ill effect, although they were

not left in the NKP cage for more than 24h. Little

information could be obtained from the literature

regarding 24h urine volumes in callitrichids; thus, in

a bibliography prepared by the Primate Information

Center (Morrow and Terry, 1968), only one of the references

listed gave data pertaining to this Family. For 4 adult

(?) female j acchus weighing between 230-320g, the mean

24h urine volume was 14.0ml with a range from 2.9-34.0ml

(Fooden, 1961). In the present study, the mean value

for n = 1210 was identical, and the range similar, to

that reported by Fooden (1961).

In view of the paucity of published data it is not

surprising that the difference in the volume of urine excreted



between sexes has not been recorded previously. It

is difficult to understand why such a difference should

occur; in humans there is a tendency for males to

excrete marginally larger volumes than females (Muting

et a I. , 1962), but this might be related to the greater

body size of the male. In marmosets such sexual

dimorphism is absent. It was considered that pregnant

females might produce more urine because of their

increased size and/or altered metabolic state but analysis

of data from the same females in the pregnant and non¬

pregnant condition does not support this postulate. This

is at variance with the situation in the squirrel monkey

where both the daily intake of water and the volume of

urine excreted increased during pregnancy to levels

significantly greater than those recorded during the

oestrous cycle. (Travis and Holmes, 1974). As expected,

gonad removal in animals of either sex had no effect

whatever on the daily urine output.

Examination of body weight changes were of interest

for several reasons. The main feed in this colony is

given in the morning and within 30-45 min of receiving

this, body weights tended to show increases of up to

11.7% over the pre-feed control value. In marmosets

kept in their home cages for the next 24h with access

to food body weight fell to the pre-feed level by the

next morning, but in animals kept in the fasting state

for 24h there was a decrease to a level significantly
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less than that seen at the pre-feeding stage. This

weight loss must constitute the major drawback of the

NKP system but the maximum fall below the pre-feed level

caused by this enforced fast was only 10.8?o, slightly

less than the rise seen after feeding and therefore also

less than the decrease from the post-feeding weight to

the next pre-feeding weight in the control situation.

It seems, therefore, that body weight can show marked

fluctuations in the short-term, and the decrease seen at

the end of a 24h period of fasting isnogreater in magnitude

than changes which normally occur during the day when

food is available ajl libitum.

The positive correlation between the intake of water

and the output of urine was as expected, and is in keeping

with the finding of Travis and Holmes (1974) in squirrel

monkeys. Assuming a mean body weight of 316g (Chapter 6),

marmosets had a daily intake of 37ml H20/kg, a value
considerably less than that recorded for non-pregnant (113.7ml/

kg body weight), or pregnant (167ml/kg body weight) squirrel

monkeys (Travis and Holmes, 1974).

SUMMARY: Satisfactory systems for the collection of blood

and urine from the marmoset have been devised. Initially

blood clotting occurred frequently but this was overcome

by rinsing the needle and syringe with heparin at a

concentration of 2,600 units/ml.

The mean urinary excretion was 14.4 - 7.5ml/24h,

females producing significantly more urine than males under



the conditions employed. No significant difference in

urinary output was observed between non-pregnant and

pregnant females.

Bilateral orchidectomy or ovariectomy, with or

without hysterectomy, did not influence urine output.

Absence of food for the 24h period during which

the animal was held in the metabolism cage resulted in

a significant weight loss, but this change was no

greater than that seen throughout the 24h period when

the animals were.kept in their home cages with continuous

access to food.

There was a positive correlation between the amount

of water drunk while the marmosets were kept in the metabolism

cage and the volume of urine excreted throughout this period.



SECTION 2

REPRODUCTIVE ENDOCRINOLOGY OE THE MARMOSET MONKEY
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CHAPTER 9

THE DETECTION AND MONITORING OF PREGNANCY IN THE MARMOSET

INTRODUCTION: In primates, early detection of pregnancy is

most important if they are to be used in fertility studies.

The problems of detecting and monitoring pregnancies in

marmosets and tamarins have not been fully overcome, although

two possible systems have been discussed.

In 1966, Nathan, Rosenblum, Limson and Nelson, in a

study using the squirrel monkey stated that, "Frequent

palpations of females in breeding groups can be

helpful in detecting and confirming somewhat later

pregnancies " , and in 1972 the possibility of

monitoring gestation in Callithrix j acchus by means of

uterine palpation was discussed by Poswillo ejt al. (1972).

Subsequent studies in the tamarins by Gengozian, Smith and

Gosslee (1974), and the marmoset, (Hearn and Lunn, 1975;

Mitchell and Jones, 1975; Phillips and Grist, 1975;

Hearn et_ al, , 1978; Chambers and Hearn, 1979), gave details

of changes in uterine shape, diameter and consistency.

This system appears to be a straightforward method of both

detection and monitoring of pregnancy.

An alternative to palpation is the use of biological

and immunological assay systems for the detection of

chorionic gonadotrophin in blood or urine. The most detailed

report of the use of bioassay in the marmoset is the

report of Hampton, Levy and Sweet (1969), but such systems

are relatively laborious and cannot be recommended for

routine application unless no alternative can be found.
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The possibility of using human pregnancy test kits

has been considered, those examined being Prepurin (Poswillo

et al. , 1972; Mitchell and Jones, 1975; Grist, 1976),

Pregnosticon (Poswillo ejt aj_. , 1972; Mitchell and Jones,

1975), and Gravindex (Hearn e^t al. ,1975) . In 1974, Hodgen

and Ross reported the development of a haemagglutination-

inhibition test for detection of macaque chorionic gonadotrophin.

The system utilized an antiserum raised in rabbits against

the fi-sub-unit of ovine luteinizing hormone (LH) which

reacted with antigenic determinants common to chorionic

gonadotrophin from humans, gorillas, chimpanzees, baboons and

macaques. There was no cross-reaction of the H-26 antiserum

with follicle stimulating hormone (FSH) or LH from baboons or

macaques. The use of this sub-human primate tube kit (SHPT)

has been extended to several primates including the gorilla

(Hobson, 1975, 1976; Martin, Seaton and Lusty, 1975), the

orang-utan (Hobson, 1975, 1976; Woodard, Graham and McClure,

1976; Davis, 1977; Hodgen, Turner, Smith and Bush, 1977),

the chimpanzee (Hobson, 1976; Hodgen, Niemann, Turner and

Chen, 1976a; Woodard ejt al. , 1976), the baboon (Hodgen and

Niemann, 1975; Hobson, 1976; Shaikh, Allen-Rowlands, Dozier,

Kraemer and Goldzieher, 1976), the stump-tailed macaque

(Janssen and Peters, 1979), the squirrel monkey (Hodgen,

Stolzenberg, Jones, Hildebrand and Turner, 1978), the owl

monkey (Hall and Hodgen, 1979) and marmosets and tamarins

(Hodgen, Wolfe, Ogden , Adams, Descalzi and Hildebrand,

1976b). These tests were qualitative, but using the more

sophisticated radio-immunological assay (RIA), it is



possible to obtain quantitative data for comparison with

the results obtained by bioassay. Although RIA for

monkey chorionic gonadotrophin in non-human primates has

been applied primarily to macaques (see e.g. Hodgen, Tullner

Vaitukaitus, Ward and Ross, 1974; Atkinson, Hotchkiss, Fritz

Surve, Neill and Knobil, 1975), such assays have also been

used for baboons (Shaikh e_t al. , 1976), squirrel monkeys

(Hodgen et_ al . , 1978), the lion tamarin (Kleiman, Gracy and

Hodgen, 1978) and other tamarins and marmosets (Hodgen et

al., 1976b). It is possible to apply RIA for LH to the

measurement of CG during pregnancy because of failure of

some LH-antisera to distinguish between these hormones (e.g.

Hobson, Faiman,. Dougherty, Reyes and Winter, 1975; Chambers

and Hearn, 1979).

One of the purposes of the present study was to obtain

information regarding the excretion of marmoset chorionic

gonadotrophin (mCG) in urine, as measured by an established

bioassay procedure using the Second International Reference

Preparation for human chorionic gonadotrophin (2nd IRP -

hCG) as the standard. This would allow both the levels of

marmoset urinary CG and the pattern of excretion of this

hormone throughout pregnancy to be compared directly with

findings in other primates. At the same time, it was

decided to use the human pregnancy test kit Pregnosticon

to ascertain whether this system could be used to give a

reliable indication of pregnancy in marmosets.

A further aim of this investigation was to re-examine

the use of uterine palpation as a method of detecting
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pregnancy and to compar'e this method with the results

obtained using the SHPT kit and two human pregnancy

test kits .

MATERIALS AND METHODS:

1. Pregnosticon tests/bioassay : A total of 128

complete 24h urine samples were collected during 6

pregnancies in 5 animals, pregnancy being confirmed

by subsequent delivery of young. The specimens were

collected as described in Chapter 8 using the NKP cage

system, but prior to storage of aliquots at -20°C all

samples were centrifuged at 2,500 rpm for 20 min to

remove sediment.

After thawing and filtration, urinary aliquots

were acidified to pH 4.0 and were extracted with ice-

cold acetone (5:1 v/v) and diethyl ether (1:1 v/v).

The resulting precipitate was centrifuged, the supernatant

discarded, and the precipitate washed with several

volumes of ice-cold acetone/ether before re-centrifugation.

The supernatant was again discarded and the precipitate dried

and stored over Dryerite in the desiccator.

a) Pregnosticon testing: Prior to extraction, aliquots

of urine were tested using the Pregnosticon haemagglutination-

inhibition test according to the instructions of the manufacturer

(Organon Laboratories, Ltd). The test gives a positive result

in the human at a concentration of approximately 1.0 iu hCG/ml.

b) Oestrogen removal: The quantity of oestrogen excreted

in the urine of the pregnant marmoset is known to be high

(Shackleton, 1974) and would be expected to interfere with the
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bioassay result since this has as its end point the

increase in weight of the immature mouse uterus. As

a result, the effect of the extraction system on

removal of interfering steroids was examined by direct

measurement of total oestrogens before and after

extraction using the fluorimetric assay system of

Brown, MacLeod, MacNaughtan, Smith and Smyth (1968),

the vaginal smear assay of Allen and Doisy (1923) and

by the mouse uterus bioassay itself. All 3 procedures

were undertaken before and after acetone/ether extraction

of 6 x 24h urine specimens from each of 3 pregnant marmosets

and on randomly pooled urine collected from another

pregnant animal.

c) Gonadotrophin recovery: The recovery of gonadotrophin

from marmoset urine by the acetone/ether system was also

examined. Biological inactivation of gonadotrophin was

carried out by boiling a specimen of human male urine for

30min. After cooling, hCG was added to 2 pools of the

treated urine to give a concentration of 0.5 or 1.0 iu/ml.

Five x 20ml aliquots were taken from each of the 2 pools

and were subjected to acetone/ether extraction. Boiled

urine, without the addition of hormone, served as a

control, aliquots being taken before and after extraction.

All samples were tested using the mouse uterine bioassay.

d) Bioassay: All extracts were assayed using the

increase in weight of the immature mouse uterus as the end-

point. Three-week old mice (Schofield: Swiss Albino

strain), weighing 8-10g were employed. A 4-point assay
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system was used (2 doses of hCG standard and 2 of the

unknown) a log-dose interval of 0.301 being employed.

In some instances, low 24h urine volumes necessitated

the use of a 3-point assay, i.e. only one dose level

of the unknown was tested.

Gonadotrophin excretion was expressed as iu

equivalents of the 2nd IRP-hCG/24h. The estimates of

potency and tests of validity, (e.g. examination of slope,

occurrence of parallelism) were calculated according to

the methods described by Borth,Diczfalusy and Heinrichs

(1957) using a Compucorp desk calculator.

All of the pregnancies were allowed to continue to

term and the stage of gestation estimated retrospectively,

assuming that all births represented full-term deliveries

and that gestation length was 21 weeks (Epple, 1970; Hearn

and Lunn, 1975; Hearn et_ al. , 1978).
2. Palpation/Pregnancy test kits: The animals used

were 25 WC or CB F1 females of which 22 were parous, having

had between 1 and 5 successful full-term pregnancies prior

to this study. The remaining 3 animals were investigated

during their first pregnancy.

A total of 101 complete 24h urine specimens was

collected during 26 pregnancies in the 25 marmosets using the

NKP system. A further 94 samples were obtained from 29

non-pregnant marmosets to act as negative control specimens.

As before, retrospective dating was used to estimate the

stage of gestation.

a) Palpations: Immediately after the collection of each



urine specimen the animal was subjected to routine

palpation to determine its reproductive status, i.e.

pregnant or non-pregnant, the thumb and index finger

being used as calipers. In an attempt to reduce sources

of variation, all of the palpations were performed by the

same investigator. A diameter of 0.5 cm or less was taken

as being representative of a non-pregnant animal (Poswillo

et al. , 1972; Hearn et_ al. , 1975; Mitchell and Jones, 1975).

b) Pregnancy test kits: Three systems were employed -

the SHPT haemagglutination-inhibition kit (Ortho Diagnostics,

Ltd), Pregnosticon (Organon Laboratories, Ltd) and the

latex system Pregnosticon Planotest (Organon Laboratories,

Ltd). Each kit was used in accordance with the instructions

of the manufacturer. The SHPT test was used for all 195

urine collections, Pregnosticon for 53 pregnant and 52 non¬

pregnant samples, and Pregnosticon Plantotest for 10 pregnant

and 11 non-pregnant specimens.

In the SHPT test the results were read as follows:

Positive reactions indicating pregnancy were recorded when

haemagglutination-inhibition occurred in the 'test' and

control tube. The test was negative when haemagglutination

occurred in the 'test' tube and haemagglutination-inhibition

was seen in the control tube, indicating that the animal

was not pregnant. If the pattern in the 'test' tube was

equivocal, the result was classified as inconclusive,

while invalid tests occurred if haemagglutination-inhibition

did not take place in the control tube. If the result of

the test was invalid or inconclusive it was always repeated.



TABLE43:Theconcentrationoftotaloestrogensinpooledmarmosetpregnancy urinebeforeandafteracetone/etherextraction.
TOTALOESTROGEN

UNEXTRACTED

EXTRACTED

REMAINING

ug/ml

ug/ml

(?o)

Unconjugated

0.388

0.001

0.26

Conjugated

53.10

0.223

0.61



"RESULTS:

1. The Pregnosticon test/bioassay :

a). The Pregnosticon test; Positive test results were

observed in only 33/128 (25.8%) of urine specimens. When

these findings were related to bioassay results it was

found that 15 positive and 78 negative reactions were with

urine specimens whose activity was less than 1.0iu hCG

equivalents/ml, while in samples with a gonadotrophin

concentration of greater than 1.0 iu hCG equivalents/ml, 18

positive and 17 negative results were obtained. No

specimens were positive before week 5 of gestation and

45.5% of the positive tests were from samples collected

between the 8th. and 11th weeks of pregnancy.

b) Oestrogen removal; The effect of the gonadotrophin

extraction system on the removal of oestrogens, as measured

by the total oestrogen assay of Brown e_t al. ( 1968), is

shown in Table 43. More than 99% of the oestrogen, either

conjugated or in the free form, was removed by the acetone/

ether extraction procedure. As far as the Allen-Doisy

test was concerned, full vaginal cornification was elicited

in all of 6 ovariectomized mice following the injection of

0.2ml of unextracted urine, whereas the equivalent volume

of urine after extraction failed to show any response

whatever over that seen in saline-injected controls.

For the 18 x 24h urine specimens collected from 3

pregnant marmosets, bioassay before extraction yielded a

mean of 280.2 - 162.2 iu hCG equivalents. Following

extraction, assay of the same urines gave a result of
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24.9 - 1.3iu hCG equivalents, a highly significant

decrease (P = 4*0.001, df = 34). In 5 mice, each

injected with 0.02ml unextracted urine, taken from a

pool of urine collected at random from a single marmoset,

mean uterine weight was 37.2 - 9.7mg. The corresponding

injection of an amount of extract equivalent to 0.02ml

of the original urine gave a mean of 8.1 - 0.7mg. Once

again, the difference is highly significant (P = ■C0.0001,

df = 8). The equivalent of 0.2ml of extracted urine had

to be injected to elicit the same response as that seen

with 0.02ml of unextracted urine.

c) Gonadotrophin recovery: Bioassay of unextracted

or acetone/ether extracts of boiled human male urine gave

no response in the bioassay system, mean uterine weight

being not significantly different from that seen following

the injection of saline. When gonadotrophin was added to

boiled urine, prior to acetone/ether extraction, the

recoveries were 93.9% (range = 74-109%) and 87.6% (range

- 67-104%) for hCG concentration of 1.0 and 0.5iu/ml

respectively.

d) Bioassay: Both the levels of mCG excreted/24h

and the pattern of gonadotrophin excretion throughout

pregnancy showed marked variation between marmosets, and

even within animals considerable fluctuations were

recorded between successive urine collections. Extreme

examples of these differences within- and between-animals

are shown in Figure 7.
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The geometric means for the bioassay results were

calculated by week for all 6 pregnancies. The mCG was

detectable throughout gestation, rising to a maximum at

about 13 weeks prior to delivery, or approximately 7-9

weeks gestation. This was followed by a gradual

decrease until the occurrence of parturition (Figure 8).

No measurable mCG was detected in urine samples collected

post-parturn.

2. Palpation/Pregnancy test kits:

a) Palpation: The results obtained for palpation

are given in Table 44 and are summarized in Table 45.

The earliest that pregnancy could be detected by palpation

was between days 11 and 20. In pregnant animals* 101

palpations were performed; 87 were classified as positive

while 14 were scored as negative, an overall accuracy

for the palpation system of 86%. Of the 14 negative results,

12 were recorded before the 40th day of gestation, the other

two being found on days 61 and 91. From day 41 to term,

the accuracy of the palpation system was 9 7 . 5 ?o. Of 94

palpations undertaken in the 29 non-pregnant marmosets,

uterine diameters in excess of 0.5cm were recorded on 10 occasions,

a false positive rate of 10.6%.

b) Pregnancy test kits: The Pregnosticon test gave

no positive results for the 42 urine specimens collected

from non-pregnant animals; however no positive results were

obtained in 53 samples from marmosets known to be pregnant.

A similar finding was observed for Planotest Pregnosticon,



TABLE
44:

The

results
obtained
for

palpation
and

SHPT
tests

throughout

pregnancy
in

the

marmoset.

TEST

RESULT

STAGE
OF

GESTATION
(DAYS)

1-10

11-30
31-50
51-70
71-90
91-110
111-130
131-147
TOTAL

Palpation
Positive
0

5

13

21

18

11

12

7

87

Negative
3

7

2

1

0

1

0

0

14

TOTAL

3

1

2

1

5

22

18

12

1

2

7

1

01

SHPT

Positive
0

2

15

17

15

2

1

1

53

Negative
3

9

0

4

2

9

11

6

44

Invalid/Inconclusive
0

1

0

1

1

1

0

0

4

TOTAL

3

1

2

15

22

18

12

12

7

1

01



TABLE
45:

Summary
of

data

obtained
for

palpation
and
the

sub-human
primate
tube

kit
in

pregnant
and

non-pregnant
marmosets.

ANIMALCATEGORY
NUMBER
OF

PALPATION

SHPT

ANIMALS

OBSERVATIONS
POSITIVE(SO

NEGATIVE(SO

POSTIVE(SO

NEGATIVE(*)

INCONCLUSIVE/INVALID
(30

Pregnant
25

101

87(86.1)
14(13.9)
53(52.5)
44(43.6)
4(4.0)

Non-Pregnant
29

94

10(10.6)
84(89.4)
10(10.6)
74(78.7)
10(10.6)
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only negative results being recorded for both the

non-pregnant and pregnant groups.

The results obtained for the SHPT throughout

pregnancy are given in Table 44. The earliest positive

result was obtained on day 18 of gestation. Of the 101

samples tested throughout pregnancy, there were 53

positive, 44 negative and 4 inconclusive or invalid

results, an overall accuracy for the SHPT test of 52.5%.

Of the 44 false negative results, 12 (27%) were recorded

before day 40 of gestation, while 26 of the remaining 32

were noted after day 91. The test was most accurate between

days 31 and 90 of gestation, with 47/55 urine samples

giving a positive reaction (85%). With regard to the

94 urine collections made from 29 non-pregnant animals,

10 gave positive, 74 negative and 10 invalid or inconclusive

results, a false positive rate of 10.6%.

Examination of results between days 1 and 90 of

gestation showed that the differences between the number

of positive results given by palpation (57/70) and the

SHPT test (49/70), was not significant (P =*^0.10). From

days 91 to term a similar comparison indicated that

palpation was a much more reliable indicator of pregnancy

(P = <0.0001).

DISCUSSION: Although the Pregnosticon haemagglutination-

inhibition test is an extremely reliable system of pregnancy

diagnosis in the human (Hobson, 1968), it is of little



value when used with marmoset pregnancy urine. During

its initial usage as a potential indicator of marmoset

pregnancy, positive results were obtained in only 33

of 128 samples collected from known pregnant animals.

Although 4 5% of these positive tests occurred with

urine collected between the 8th and 11th weeks of

gestation, when bioassayable mCG levels were high, the

correlation between the biologically active gonadotrophin

and the number of positive tests was poor. Further

testing of the Pregnosticon kit was even more unrewarding

in that no positive test results were obtained for urine

collected from either non-pregnant or pregnant marmosets.

The use of the Pregnosticon test has been reported by

several groups (Poswillo edt al. , 1972; Mitchell and Jones,

1975; Phillips, 1975). As with the present results, the

test was found to be unreliable. The difference seen

between the two sets of results obtained for this test

in the present study merely underlines this fact. Although

the sensitivity of both batches of Pregnosticon antisera

was similar, failure to record any positive results in

the second study might suggest that the affinity of the

antiserum for mCG varies between batches, such affinity

being unrelated to the sensitivity of the antiserum.

The poor correlation between the bioassay and Pregnosticon

test results, and the finding that different batches of

test antisera react differently with the urine under

test has also been shown in the pregnant chimpanzee
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(Boorman, Speltie and Fitzgerald, 1974). From the

limited number of samples in which Pregnosticon Planotest

was used, the data would suggest that this kit is of no

value in determining the occurrence of pregnancy in the

marmoset.

In general, the use of human pregnancy test kits for

pregnancy diagnosis in callitrichids has been disappointing.

Initial studies suggested that the Prepurin test (Burroughs,

Wellcome Ltd. ) gave clear positive results from day 15 of

gestation (Poswillo et_ al . , 1972), but later studies from

the same colony found it to be unreliable (Mitchell and

Jones, 1975; Phillips, 1975; Grist, 1976). Gravindex was

considered to be of some promise (Hearn _et_ al. , 1975), but

there have been no further reports of its use. The

unspecified human system employed by Hampton and his co¬

workers (Hampton ejt al ♦ , 1969; Hampton and Hampton, 1975),
was also found to be of little value, with a high incidence

of false positive and false negative results.

With regard to immunological pregnancy tests, the most

promising method for diagnosis of pregnancy in callitrichids

would appear to be the SHPT test (Hodgen and Ross, 1974;

Hodgen ejt al. , 1976b; Kleiman et_ al. , 1978). The use of

this test offers advantages over the human test kit in

that positive results were observed between days 18 and

137 of gestation. In both Callithrix and Saguinus sp.,

Hodgen et_ al. , ( 197 6b) found positive results as early as

days 15-20, with the test being most reliable between days

28 and 70. After this stage of gestation the number of
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positive scores decreased, almost all of the results

after day 105 being negative. The present results are

in general agreement with those of Hodgen et_ al. (1976b)

although the number of false positive and negative

tests was greater than that recorded by these workers.

.Although the results obtained in this investigation using

the SHPT test kit are an improvement over those seen

using human test systems, the findings of Hodgen e_t al.,

(1976b) are better still, even when the comparison between

the two studies is restricted to the most favourable

stage of gestation. The two major differences between the

studies reported here and those of Hodgen trt al.(1976b)

are that his results were obtained almost exclusively for

Saguinus, only one C. j acchus being investigated, while

the urine collections were made over 2-8h periods, as

opposed to the 24h samples collected in this study.

The finding that pregnant marmosets excrete relatively

large quantities of total oestrogen in urine is in agreement

with the observation of Shackleton (1974). The removal of

such steroid is essential if enhancement of the bioassay

end-organ response is to be avoided, but such factors have

not always been taken into account when bioassays for CG

have been performed (Clegg and Weaver, 1972). The results

of the fluorimetric, Allen-Doisy and mouse uterine bioassay

tests indicate that the acetone/ether extraction system is

satisfactory with regard to the removal of interfering

steroids and this, together with the good recovery of
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gonadotrophin noted in the test system described,

suggest that the bioassay results truly reflect the

biological activity of excreted mCG.

This hormone has previously been estimated both

biologically (Hampton et_ al., 1969), and by RIA (Hodgen
et al., 1976b), but data from these two groups cannot

be compared quantitatively with the present results.

Hampton et_ al. ( 1969) did not collect 24h urine samples

and used a semi-quantitative assay without a standard,

while Hodgen et al. ( 1976b), also utilising incomplete

specimens, expressed their results as equivalents of

RP2/mg creatinine, RP2 being a laboratory standard

prepared from rhesus monkey pregnancy urine. The possible

dangers inherent in expressing hormone assay results in

terms of creatinine have been discussed by Klopper (1976).

Despite these drawbacks the results of these two groups,

together with those recorded here, indicate that the peak

levels of biologically and immunologically active mCG are

found in urine collected some 12-13 weeks before parturition,

or at about 7-9 weeks of gestation.

Urinary mCG was detected by bioassay throughout

gestation, but the values for the last two weeks of pregnancy

were obtained from a single marmoset. In general, animals

were not placed in the NKP cage near term because of the

possible risk of premature or full-term labour. In an

earlier study, a marmoset delivered triplets in the

metabolism cage; two of these were stillborn while the



other died within 24h. The failure of Hampton e_t al.

(1969) to detect mCG during the last 3 weeks of gestation

is not surprising since at this time levels are low

(Figure 8) and their bioassay system was relatively

insensitive. Hodgen ejt al. ( 1976b) also failed to

detect mCG during the last 4 weeks of pregnancy. This

is rather surprising in view of the greater sensitivity

of the RIA procedure and the fact that mCG found in the

term placenta of j acchus is both bio-and immunologically

active (Hobson and Wide, 1972).

The quantity of mCG excreted throughout pregnancy

by individual marmosets shows considerable variation

(Figure 7), but the same fluctuations have also been recorded

in urine from pregnant women, apes and monkeys (Hobson

1965, 1970, 1972, 1977). The results of the present study

suggest that the pattern of CG excretion by the common

marmoset more closely resembles that of man and the apes

than it does that of the cercopithecoids, such as baboons

and macaques. Such a finding is at variance with that of

Hodgen ejt al. (1976b) who suggested that the pattern of

mCG excretion was 'distinctly unlike those of man, gorillas,

orang-utans, chimpanzees, baboons and macaques'.

The palpation data reported confirm earlier

observations in that pregnancy could be detected as early

as day 15, although it was rarely confirmed until about

3-4 weeks of gestation (Hearn and Lunn , 1975; Mitchell

and Jones, 1975; Phillips and Grist, 1975). In the

case of the false negative recorded on day 69, the animal
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had been fed in error just before palpation, a factor

which increases the difficulty of obtaining an accurate

result (Phillips and Grist, 1 975). For the 91-day false

negative, it is known that at this stage of pregnancy

the uterine diameter is approximately 2.0-2.5 cm (Mitchell

and Jones, 1975; Hearn e_t al. , 1978), but that between

days 70-100 it is extremely difficult to palpate and measure

accurately. (Mitchell and Jones, 1975; Phillips and Grist,

1975; Chambers, Hearn and Lunn, 1976 - unpublished

observation). All of the other false negatives were

recorded prior to day 33 of gestation when difficulties

in detecting a pregnancy are to be expected.

A uterine width of less than 0.5cm was taken to be

characteristic of the non-pregnant animal (Poswillo e_t al. ,

1972; Hearn and Lunn, 1975; Mitchell and Jones, 1975;

Phillips and Grist, 1975; Grist, 1976; Hearn _et_ al, , 1978).
Of the 10 false positive scores in the non-pregnant group,

one value was for a uterine diameter of 0.5cm and was

classified as a suspected pregnancy, 3 were at 0.6cm, 5 at

0.7cm and 1 at 0.8cm. These findings might suggest that the

animals were pregnant and underwent spontaneous termination.

The data of Hampton e_t al . , ( 1969) suggest that this may be

the case, although the possibility of residual trophoblast

was also postulated. Additionally, it is known that there

is a relatively high incidence of resorbtions and abortions

in this species (see Hampton e_t a 1 . , 1969; Lunn and Hearn

1978). None of these instances of false positive results by
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palpation were associated with a positive SHPT result,

and it suggested that in some animals it is possible that

cyclic fluctuations in uterine diameter may occur with

increases unrelated to conception being recorded. This

possibility is reflected in the observation that in 20

non-pregnant marmosets in which the uterine width was

measured at autopsy, the mean value was 0.64 - 0.13cm

(range = 0.45-0.88cm), suggesting that 0.5cm or less

may be an underestimate of the non-pregnant uterine

width.

The findings for the SHPT test suggest a reasonable

correlation between the bioassay and test results and up

to about the 12-13th week of gestation the difference

between the findings for the SHPT test and palpation, as

a means of detecting pregnancy in marmosets, is only

marginal. Since the SHPT test is seldom positive after

this time, palpation of the uterus remains the preferred

method. The incidence of false negative results before day

28 was similar for both the SHPT and palpation data, and

in terms of false positive results the two systems were

comparable. The difference in the amount of effort

involved in routinely collecting and testing urine from

marmosets, as opposed to performing regular palpations,

makes the latter the method of choice for diagnosis and

monitoring of pregnancy in this species.
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SUMMARY: Using a mouse uterine bioassay system, marmoset

urinary chorionic gonadotrophin (ftiCG) levels have been

measured throughout pregnancy. Satisfactory removal of

interfering steroids and recovery of added gonadotrophin

have been demonstrated following application of a simple

acetone/ether extraction method. Levels of mCG rose

steadily to a maximum between the 7th and 9th weeks of

gestation and subsequently decreased.

No correlation could be demonstrated between the

amount of biologically active mCG excreted in urine with

results obtained using the human immunological pregnancy

test kit, Pregnosticon. This test, together with

Pregnosticon Planotest, was found to be unsatisfactory

for diagnosing pregnancy in marmoset urine.

The sub-human primate tube test (SHPT) was found

to be more accurate than either of the human immunological

test systems but offered no advantages over uterine

palpation; consequently, palpation was selected as the

method to be used routinely for the detection and monitoring

of pregnancy in the marmoset.
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CHAPTER 10

THE IDENTIFICATION OF THE MAJOR OESTROGEN METABOLITES

IN MARMOSET URINE

INTRODUCTION: In assessing the marmoset as a potential

model for studies on human reproduction it is essential,

for comparative purposes, that basic data are accumulated

regarding steroid metabolism.

With regard to the female marmoset, information

regarding the occurrence of steroid metabolites in urine

is extremely limited. Shackleton (1974) examined two

common marmosets during the last third of pregnancy and

identified oestradiol-17p as the major oestrogen in urine

(The systematic name for this, and all other steroids

mentioned in this thesis, is given in appendix 2).

0estradiol-17|3 accounted for 75% of the total oestrogen

fraction, with oestrone, 16d.-hydroxyoestrone and oestriol

also being identified. As far as progesterone is concerned,

the major metabolites were 6^,-hydroxypregnanolone and
16d^-hydroxypregnanolone (Shackleton, 1974). Further

details regarding steroid excretion in C. jacchus urine

were given by Shackleton (1975) and he concluded that

this species could be used as a satisfactory model for

man because of the many similarities in steroid metabolism

between the human and this New World primate (Shackleton

and Mitchell, 1 975) .

It was decided to investigate the use of both

chemical and radioimmunological methods for the quantitation

of urinary oestrogens in the common marmoset, but as a

precursor to such an investigation the identification of
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urinary oestrogen metabolites by the use of combined

gas chromatographic and mass spectrometric techniques

(GCMS) was undertaken. The primary object of such

studies was to confirm the results of Shackleton (1974)

regarding oestrogen metabolism in this species, but in

addition, limited investigations were carried out to

examine the finding of Shackleton (1974) that the major

end products of progesterone metabolism were hydroxy-

pregnanolones. Urinary oestrogen metabolites were also

examined following i.v. administration of radioactively

labelled oestradiol to a pregnant animal.

MATERIALS AND METHODS: Complete 24h urine specimens were

collected from adult, intact and castrate, male and

female marmosets using the NKP cage system, samples being

taken from both non-pregnant and pregnant females.

1. Hydrolysis of urine; following centrifugation

for 20 min at 2500 rpm, the urine was decanted and diluted

to the nearest 5.0ml with distilled water. After acidi¬

fication to ph 4.5 with acetic acid, 5M acetate buffer

was added (10^ v/v) and enzyme hydrolysis was undertaken

using a crude sulphatase preparation which also contained

glucuronidase activity (Type H2 from Helix pomatia -

Sigma Chemical Co.) at 1 % v/v. After 24h incubation at

37°C a further aliquot of sulphatase (1 % v/v) was added

and incubation continued for a further 42h. An

alternative system utilized the addition of concentrated

HC1 to urine to give a final acid concentration of 16.7%.

Hydrolysis was performed for 40 min in a boiling water

bath .
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2. Extraction of steroids; Each hydrolysed specimen

was extracted once with 2 volumes of diethyl ether: ethyl

acetate (3:1) and the aqueous phase discarded. If the

interphase was "dirty" and separation difficult, MgSO^
was added. The organic phase was reduced in volume

under vacuum in a 40°C water bath using a Buchi Rota-

vapor rotary evaporator. The reduced volume preparation

(approx. 2.0ml) was transferred, together with ethyl

acetate washings, to a small flat-bottomed vial and was

blown down under a stream of ^ in a block heater at 60°C.
Drying of the residue was completed in a vacuum oven at

60°C.

3. Derivative formation;

a) tertiary-butyl dimethylsilyl ether (tBDMS);

Each residue was dissolved in 200jj1 of ethyl acetate. To

20ul of solution was added 50ul of imidazol (2M) and

50ul of 1M tert-butyl dimethylchlorosilane in dimethyl

formamide in a glass haematocrit tube. This was heat-

sealed and after thorough mixing was placed in a block

heater at 80°C for 30-60 min. A 1.0 inch (2.54 cm)

Sephadex LH-20 column was prepared in a glass Pasteur

pipette, the column being washed with heptane: ethyl

acetate (3:1) before the derivatized sample was added.

The column effluent, together with further heptane:

ethyl acetate washings, was collected, the purpose of

the chromatography being the separation of reagents

from derivatized steroids, the former being retained

on the column. Samples were dried down as before and
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were taken up in 25^j1 of toluene, 2.5ul aliquots being

used for GCMS studies.

b) Methyl-oxime/tBDMS; 25/ul aliquots of native

or hydrolysed urine were mixed with 1 volume of 1.5M

pyridinium acetate buffer (pH 5.1) and approximately

1mg of methoxyamine hydrochloride added. The tube

containing the mixture was left in an ultrasonic bath

for a minimum of AO min and was subsequently extracted

with 2 volumes of 3:1 diethyl ether: ethyl acetate before

being taken to dryness. Samples were dissolved in 200jjl

ethyl acetate: methanol (1:1) since they would not dissolve

readily in ethyl acetate alone. 20pl aliquots were further

derivatized to give the methyl oxime-tBDMS using the system

outlined in 3a.

c) bis-trimethylsilyltrifluoroacetamide (TMS);

Hydrolysed urinary extract was dissolved in 2 0 0p 1 ethyl

acetate and a 50pl aliquot evaporated to dryness. To

the residue was added 100jul bis-trimethylsilyltrifluoroacetamide

and after thorough mixing the glass haematocrit tube was

sealed and placed in the 60°C block heater for 30 min.

Aliquots of the TMS derivative were used directly in

GCMS studies.

d) Oxime; A 2 0/j1 aliquot of the hydrolysed urine

extract, taken up in ethyl acetate, was mixed with 50pl

ethyl alcohol (to allow access of reactants to steroid),

10-15pl of pyridinium acetate buffer and hydroxyammonium

chloride. The mixture was placed in a sonic bath for

60 min and the oximes extracted with 3 volumes of 3:1
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diethyl ether: ethyl acetate before being evaporated

to dryness.

4. Reference preparations; In view of the report of

Shackleton (1974) that the major urinary metabolite of

progesterone in the pregnant marmoset was 5<A. -pregnane-3<^,

6^3-diol-20-one (6p-hydroxypregnanolone) it was hoped
to use the authentic material as standard; however, it

was not available, consequently the isomer 5f3-pregnane-

3 cL , -diol-20-one was used (Koch-Light Laboratories,

Ltd). Approx. 0.5g was dissolved in 200/j1 ethyl acetate

and one half derivatized to give a methyl-oxime tBDMS,

the other being used to prepare a tBDMS derivative, without

prior oximation. 2.5pl aliquots of the derivatives in

toluene were used for GCMS studies. tBDMS and TMS

derivatives of 5^- and 5p~pregnanolone were subsequently

prepared and run on GCMS.

Trimethylsilyl ethers were prepared from crystalline

standards as in 3c, the oestrogens used being oestrone,

oestradiol-iyC-j oestradiol-17{3, oestriol, 1 6-epioestriol,

16,17-epioestriol, 16cL-hydroxyoestrone , 2-hydroxyoestradiol

and 1 1£S-hydroxyoestrone .

3. Gas chromatography (GC); The gas chromatographic

column was a 60.0 in (152.4cm) U-tube with an inner

diameter of 0.13 in (0.32cm). It was packed with 1 % Dexsil

on Chromosorb G (100-120 mesh). The carrier gas used

was helium, and although isothermal heating at 270°C
was used, the GC was normally temperature programmed, with

a starting temperature of 200°C rising by 2°C/min to

300°C .



6. Mass spectrometry (MS); The GC effluent was linked

to an AEI MS 12 mass spectrometer via a Watson-Bieman

molecular separator operating at 300°C. The ionization

(source) temperature was 270°C, ionization being induced

by electron impact at 20eV, the accelerating voltage

being 8.0 kilovolts. MS data were stored and analysed

by PDP-8 computer, with facilities for print-out of MS

data or of data plotting.

7. Oestrogens;

a) Experiment 1; A urine sample was collected

from a pregnant female 77 days before birth, giving an

estimated stage of gestation of 9-10 weeks, assuming a

140-147 day gestation period. Steroids were extracted

from 15ml of enzyme-hydrolysed urine as outlined in 2

and the residue dissolved in 6ml diethyl ether. The

preparation of an oestrogenic steroid fraction was

undertaken using the semi-automatic extractor of Brown

et al. (1968), as described, except that two carbonate

washes were used (see chapter 11 for details). The

extract was taken to dryness at the stage which would

normally be followed by fluorimetry, the purpose of the

extraction procedure being the elimination of many

non-oestrogenic steroids and non-steroidal compounds prior

to GCMS. The oestrogen extract was taken up in 100jj1 of

ethyl acetate and the TMS derivative prepared. This

was subjected to GCMS and 11 major GC peaks were scanned

by MS and plotted, those being compared with the mass

spectra obtained for standard oestrogen-TMS preparations.
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b) Experiment 2; Further identification of

of oestrogen metabolites was undertaken using urine

from 2 intact, adult males and from two adult, bilaterally

orchidectomized males (A and B), where 24h collections

were made at 13 (A) and 134 (B) days after surgery.

Samples were also collected from 2 adult, non-pregnant

females, known to be having cycles of ovarian activity,

and from 2 adult, bilaterally ovariectomized females

(C and D) at 14(C) and 253(D) days post-operation. All

eight urines were subjected to acid hydrolysis prior

to steroid extraction. The steroid residue was taken

through the oestrogen extraction system of Brown _et_ al.

(1968) as in experiment 1, and TMS derivatives prepared

of the oestrogen fractions, derivatized standards being

prepared as before.

A fresh aliquot was taken from the extract prepared

from the short-term castrate female and after TMS

formation was run through GC; the sample was run in

identical fashion following the addition of oestradiol-

17J3-TMS. The mass spectrum of the major peak found
in this extract was compared with that of oestradiol-

17p-TMS, as was the retention time. Further TMS

derivatives were prepared for oestradiol-17p and

oestradiol-17ok . These were subjected to GCMS, either

at different times, or simultaneously and mass spectra

and retention times compared. The epimeric standards

were run under both isothermal and temperature programmed

conditions .
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8. Progesterone; A complete 24h urine sample was

collected from an adult cyclic female some 8-15 days

before the estimated day of conception. It was

hydrolysed, extracted and a TMS derivative prepared.

An aliquot was run through GCMS and 8 major peaks

scanned and subsequently plotted. Each mass spectrum

was compared with those seen for standard preparations.

Underivatized progesterone was added to a further

aliquot of the urinary preparation and was run through

the GC to ascertain the retention time of the authentic

steroid. The extract was then re-run by itself through

the GCMS system and 6 peaks present in the expected

vicinity of progesterone were scanned. Data for the

fragmentation patterns of all 6 compounds were examined

and compared with information for the progesterone standard.
14 14

9. Administration of C-labelled oestradiol; 4- C-

labelled oestradiol-17p was obtained from the Radiochemical

Centre, Amersham; it had a specific activity of 50.0mC/mM

(1 . 85GBq/mM). Previous column chromatography with

fraction collection and counting had confirmed the purity

of the preparation, so that the labelled material was

used as received. The steroid was dried down from benzene,

taken up in 100jj1 of ethanol and diluted with saline

prior to injection. The animal used was a pregnant female

who was between 105-112 days pregnant at the commencement

of the study (retrospective dating). The marmoset, which

weighed 365.3g, received 5.0/jC of labelled oestradiol



in ethanol/saline (0.5ml i.v.) at time 0 and was

placed in the Metabowl glass-metabolism cage with

food and water available ajd libitum. The urine

collection vessels were removed at 12, 24, 48, 72,

96 and 120h after injection. Urine volumes were

measured and 0.75ml aliquots taken for radioactive

counting prior to acid hydrolysis of the samples.

Acidic hydrolysis was performed at 100°C for

40 min at an HC1 concentration of 16.7%. After

cooling, each urine specimen was extracted once with

300ml of 3:1 diethyl ether: ethyl acetate and the

organic phase washed with water before being dried

down under ^ in the usual fashion.
Urine sample 1 (collected during the first 12h

post-injection) was subjected to column chromatography

using a SEP-PAK silica column (Waters Associates, Inc.).

The residue was taken up in 300pl diethyl ether:

ethyl acetate and placed directly on the column. The

column was washed with 10ml of each of the following;

1. Diethyl ether: ethyl acetate (1:1); 2. Ethyl

acetate; 3. Ethyl acetate; 4. Chloroform; 5.

Chloroform:methanol (1:1); 6. Chloroform: methanol

(1:1); 7. Methanol.

All 7 fractions prepared from urine sample 1 were

dried down as usual and were taken up in 0.5ml of ethyl

acetate. An aliquot of 1/10 of each fraction was taken

for counting as an estimate of recovery of label
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FIGURE 9: Gas chromatographic separation of the oestrogenic
fraction of a urine sample collected from a

pregnant marmoset (as trimethylsily1 ethers.
The oestrogensindicated are: 4. oestradiol:
5. oestrone: 7. 16-hydroxyoestrone: 8. oestriol
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following hydrolysis, extraction and silica column

chromatography. The remainder of each fraction was

transferred to a small vessel and after being

evaporated down was run on a thin-layer chromatography

plate (TLC - Merck 5375), the sheet being developed for

1h using the solvent system 20?o ethyl acetate in

chloroform. The plate was dried and exposed to

photographic film (XOMAT-H; Kodak, Ltd.) for 48h and was

subsequently developed.

Authentic oestrone, oestradiol and 16- hydroxyoestrone

were run by TLC simultaneously, the area containing the

standards being cut out from the plate and sprayed with

20% H
£ S 0 ^ in ethanol. The photographic plate was compared

directly with the standard, plate to identify the separated

urinary oestrogens. The areas on the TLC plate on which

the unknown samples had been run were removed and counted

to give an estimate of the relative proportions of the

individual oestrogens.

RESULTS: 1. Oestrogen;

a) Experiment 1; The gas chromatographic

separation of the oestrogens, as TMS derivatives, is shown in

figure 9. Of 11 peaks scanned tentative identification was

made for 4, viz. peaks 4, 5, 7 and 8. Peak 4 had a mass

spectrum identical to that of the oestradiol-17J3-TMS
standard, but from this experiment alone the configuration

of the hydroxyl group at position 17 could not be
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determined. The close proximity of peaks 4 and 5

resulted in some degree of carry-over, so that the

mass spectrum for peak 5 was not ideal, however, it

is suggested that this compound was oestrone, since

it had characteristic peaks at m/z 342 (the base

peak and parent ion for oestrone-TMS) , and at 327 ,

285, 257, 244 and 218, as did the authentic oestrone-

TMS standard. Peak 6 gave an unidentified scan while

peak 7 gave the same MS as 16^-hydroxyoestrone-TMS

with the parent ion at m/z 430, the base peak at 286,

and further peaks at 415, 345, 244, 231 and 218. Peak

8 was considered to be an epimer of oestriol on the

basis of its MS data, having a base peak and parent

ion (for the TMS derivative) of 504 with a further 11

matched peaks (see figure 10). Since epimers of

oestriol give similar mass spectra, TMS derivatives of

oestriol and the epimers 16-epioestriol, 17-epioestriol

and 16,17-epioestriol were run under identical conditions.

On the basis of differential retention times it was

possible to separate the 16- and the 16,17-epimers but

both oestriol and 17-epioestriol came off the column

together .

b) Experiment 2; Eight peaks were scanned from

the derivatized extract prepared from an adult female

who had undergone bilateral ovariectomy 14 days previously

(figure 11), but only one of these compounds could be

identified (peak 5). figure 12 shows the MS scan of
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i. 3

FIGURE 11: Gas chromatographic separation of the oestrogenic
fraction of a urine sample collected from a

marmoset 2 weeks after bi-lateral ovariectomy
(as trimethylsilyl ethers). Peak 5 is oestradiol-
1 7p
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this peak compared with that from authentic oestradiol

-17J3-TMS. Points of similarity include the base peak

and parent ion at m/z 416, with further prominent peaks

at 326, 283 and 129; however, the MS of the 17-^-epimer

is identical so separation of the 17c^.- and the 17p-epimers
of oestradiol was effected by GC using TMS derivatives

of authentic standards. Under either isothermal or

temperature programmed conditions the 1 7c^-compound came

off the column first. Addition of 17p-oestradiol-TMS

to the derivatized urinary extract showed the 17|3-oestradiol
peak to be coincident with the oestradiol peak (figure 13),

and there was no evidence of a peak in the GC trace at the

position at which the 17 c(-epimer would be expected, if

present.

The sample obtained for the long-term ovariectomized

female showed a GC trace with few peaks, only the major

peak having an identifiable MS. This proved to be

oestradiol-17p, as in the short-term ovariectomized

urine specimen.

Examination of the castrate male urine collected

13 days after operation gave a GC trace with several

peaks, 9 of which were scanned. Of the 3 peaks located

at the position at which the oestrogens might be

expected, one was found to be oestradiol while the

other 2 could not be identified. All three peaks were

relatively small in comparison to most of the other

peaks scanned, none of which were identified. In the
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FIGURE 13: Gas chromatographic separation of the oestrogenic
fraction of a urine sample (as trimethylsily1
ethers) collected from a marmoset 2 weeks after

bi-lateral ovariectomy with (A) or without (B)
added oestradio1-17{3-TMS
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FIGURE 14: Gas chromatographic separation of the oestrogenic
fraction of a urine sample collected from an

adult, intact male marmoset (as trimethylsilyl
ethers). The oestrogens indicated are: 4 =

Oestradiol: 5 = Oestrone: 8 = 16-hydroxyoestrone:
9 = Oestriol
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long-term male castrate, the position was similar, only

oestradiol being identified, this steroid, on the basis

of peak height, being present in relatively very small

quantity. When this sample was re-run under isothermal

conditions, the peaks scanned for the area in which

authentic oestradiol-17p would be expected gave mass

spectra which differed from that of the oestrogen standard.

For the first of the intact male extracts, 11 peaks

were scanned and the mass spectra plotted. Of the 3

peaks appearing in the region where oestrogen standards

were found, the first gave an MS characteristic of

oestradiol, and although there was a degree of carry-over

of this oestradiol into the next peak, the MS of the

latter gave a base peak at m/z 342. The MS for this

compound suggested that it was oestrone-TMS since there

were at least another 7 identical m/z peaks. The next

compound to come off the column could not be identified

and the two following peaks, which occupied the region

in which 16-hydroxyoestrone and oestriol would be located,

were not scanned. If these peaks were indeed representative

of 16-hydroxyoestrone and oestriol, then on the basis

of GC peak height ratios, oestrone was probably the major

metabolite, followed by oestradiol, with the other two

oestrogens present in approximately equal but lesser

amounts.

In the extract prepared from the other normal male

(figure 14), 9 peaks were scanned and plotted. Of these,
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FIGURE 15: Gas chromatographic separation of the oestrogenic
fraction of a urine sample collected from an

adult, intact, non-pregnant female marmoset (as
trimethylsilyl ethers). The oestrogens indicated
are: 6 = Oestradiol: 7 = oestrone: 10=16-hydroxy-
oestrone: 11 = oestriol
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2 were positively identified as oestradiol and 16-

hydroxyoestrone (peaks 4 and 8), while the other 2

were tentatively identified as oestrone and oestriol

(peaks 5 and 9), but the mass spectra for the latter

were not ideal. Assuming that all 4 oestrogens were

correctly identified, GC peak heights would suggest

that oestradiol was a major urinary oestrogen, followed

by oestrone, with smaller, roughly equivalent quantities

of oestriol and 16-hydroxyoestrone.

GC of an extract of urine from an intact, non¬

pregnant female gave many peaks of which 16 were scanned

by GCMS. Of the 4 peaks believed to be oestrogens, 3

gave mass spectra identical to oestradiol-17p, 16c^-hydroxy-
oestrone and oestriol-TMS standards, but the MS for the

tenatatively identified oestrone peak was considered to

be partially contaminated with residual oestradiol from

the previous peak. If these steroids were identified

correctly, GC peak heights, as an estimate of quantity,

suggest oestradiol as the major oestrogen, followed by

oestrone, with peak heights for 16-hydroxyoestrone and

oestriol being similar to one another, but less than that

observed for oestrone.

For the last animal in this series (the second intact,

non-pregnant female adult - see figure 15), the pattern

obtained was similar to that recorded for the other

female in this category. Examination of 12 GC peaks by

MS gave positive identification of the same 4 oestrogens,
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FIGURE 16: Gas chromatographic separation of an extract of
urine collected from an adult intact, non¬

pregnant female marmoset (as trimethylsilyl
ethers). The steroids indicated are: 5 =

Oestradiol: 7 = 3*^, 6^-dihydroxy-5 U -pr egnan-

20-one (?): 8 = 16-hydroxyoestrone
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but in this case the MS for oestrone in the unknown

was identical to that given by the standard preparation.

Peak height examination suggested the same ratios as

found for the other adult female in that oestradiol

comprised the major oestrogenic component (peak 6),

followed by oestrone (peak 7), 16-hydroxyoestrone (peak

10), and oestriol (peak 11).

2. Progesterone; Of the 9 GC peaks scanned (Figure

16), mass spectra of 2 (peaks 5 and 8) were similar to

those of oestradiol and 16 tk -hydroxyoestrone-TMS standards

respectively. The MS of the compound separated as peak

7 is shown in figure 17, and is identical to that reported

as being 3 <A , 6|5-dihydroxy-5 -pregnan-20-one (see
Shackleton, 1974 - figure 2) with the parent ion at m/z

478, base peak at 298 and prominent peaks at m/z 388, 343,

283 , 233, 243 and 213. The MS for authentic 3c(, 6 o(^-dihydroxy-

5p~pregnan-20-one, an epimer of the 6p-hydroxypregnanolone
of Shackleton (1974), is shown in figure 18. Although

the parent ion at 478 and the base peak at 298 are evident,

together with other major peaks at m/z 388, 283 and 243,

the authentic 5p-epimer does not have prominent peaks
at m/z 343, 255 or 213, and urinary material is lacking

peaks seen in the authentic hydroxypregnanolone at m/z

374, 333 and 251. None of the other chromatographic peaks

scanned were identified. Scans of 6 peaks in the expected

vicinity of progesterone failed to reveal this compound,

the characteristic m/z peaks at 314 (the parent ion) and

272 (rep resenting the loss of the side chain), being absent.
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1 4
.3. Metabolites of 4- C-oestradiol-17|3: The

theoretical cpm of label administered was 10 x 10^,
but a variety of factors reduce this to a figure of

approximately 3 x 10^ cpm. Owing to a technical

problem, the urine sample collected between 24-48h

post-injection was lost, consequently the total counts

recovered for the 3 days that the marmoset was in the

metabolism cage could not be accurately assessed.

Of the 5 samples available, 3.8 x 10^ cpm were excreted

in the first 12h urine collection, and a further 2.4 x

10"* in the next 12h. The amounts of label present in

th&48-72, 72-96 and 96-120h urines were 2.6 x 10^, 1.3 x

4 3
10 and 5.7 x 10 , a total for the 5 day post-injection

period (excluding day 2) of 4.2 x 10^ cpm.

Only the first 12h sample was subjected to silica

column and thin layer chromatography. Of the radioactivity

originally in the urine sample, 58.4% was recovered after

hydrolysis, extraction and column chromatography. Assuming

the total radioactivity recovered to be 100%, label was

distributed among the 7 fractions of urine sample 1 as

follows: Fraction 1 = 84.5%; Fraction 2 = 9.2%; Fraction

3 = 2.0%; Fraction 4 = 0.4%; Fraction 5 = 3.5%; Fraction

6 = 0.3%; Fraction 7 = 0.1%.

The results obtained by TLC of the 7 silica column

eluates are shown in Figure 19, identification of

16 i^-hydroxyoestrone, oestradiol and oestrone being made by

reference to the retention pattern of the oestrogen standards.

As confirmation of the silica column eluate data, the
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majority of labelled material was recovered in Fraction

1. Assessment of label (cpm) in areas of the plate

occupied by the 3 oestrogens indicated that oestradiol

was the major oestrogenic component; thus, in Fraction

1, the labelled oestradiol accounted for 78.2?^ of the

radioactivity contained in the plate areas corresponding

to oestradiol, oestrone and 16<K -hy droxyoestrone, the

values for oestrone and 16 -hydroxyoestrone being 17.3

and 4.5% respectively. An appreciable quantity of a

highly polar material was located at or near the TLC

origin.

DISCUSSION: From the data presented, it would appear

that oestradiol-1 7J3 constitutes the major oestrogen in

urine and that it is probably produced by the ovary,

testis and adrenal. Removal of the gonads results in

a decrease in the amount of oestradiol excreted, as judged

by GC peak heights, but it can still be located,

suggesting that a proportion of the oestradiol found in

urine is of adrenal origin. GC peak height data would

also suggest that the amount of oestradiol produced by

the adrenal of the ovariectomized marmoset may be greater

than that of the castrate male, and this is underlined

by the fact that urinary total oestrogen is greater in

gonadectomized females than it is in males (see chapter

11 ) .

In intact marmosets of either sex, the other major

oestrogen metabolites identified appear to be oestrone,

16-hydroxyoestrone and oestriol, or one of its epimers.

Although an investigation into the configuration of 16-
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hydroxyoestrone was not undertaken, it seems likely

that the -OH group at is in theposition , since

this was the finding of Shackleton (1974) in this

species. Similarly, positive configurational studies on

the epimers of oestriol were not exhaustive in the present

study, since the GC system used did not separate oestriol

from its 17^-epimer, but Shackleton (1974), on the basis

of both its MS and GC retention volume, concluded that

this compound was oestriol (1 , 3 , 3 , (10 )-oestratriene-3,

16 ^ , 17p-diol).
In castrate animals of either sex, whether long-

or short-term, the number of peaks seen following GC of

the oestrogenic fraction was less than that recorded for

the same fraction obtained from intact marmosets.

Although only oestradiol could be identified in castrates,

it is possible that other oestrogens may be present but

that the levels are sufficiently low to make them appear

as minor GC peaks, which were not scanned. This may

explain why the re-run of a sample from a long-term

castrate male failed to show oestradiol in the area expected.

Alternatively, since this re-run was performed under iso¬

thermal conditions, the retention time was much shorter

and the peaks much sharper. It may be therefore, that

the MS scan was undertaken at the wrong time in relation

to the appearance of the GC peaks.

On several occasions, apparent carry-over from the

oestradiol scan resulted in a spectrum for oestrone which

was less than ideal, or equivocal, but re-running extracts
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with authentic oestrone-TMS confirmed the appearance

of oestrone immediately after the oestradiol peak.

This is supported by the fact that in the extract

from the second intact, non-pregnant female, although

separation of the oestradiol from the following peak

was no better than on other occasions, the MS was

identical to that of the oestrone-TMS standard.

As far as progesterone is concerned, it would

appear that little, if any, of this steroid is excreted

unmetabolized, scanning of GC peaks in the expected

vicinity of progesterone failing to reveal an MS

characteristic of this C^^ steroid. With regard to the
metabolites of progesterone, a compound was isolated whose

MS was identical to that described by Shackleton (1974)

as being that of 5c(-pregnane-3^, 6p-diol-20-one. However,

when the MS of the epimer 5p-pregnane-3<^, 6c>ly-diol-20-one
was examined it revealed major discrepancies between both the

unknown recovered from urine and the 5 -pregnane-3o( ,

6p-diol-20-one MS of Shackleton (1974). All that can

be said from the present study therefore is that

although a material was isolated from marmoset urine

which had the same MS as that seen by Shackleton (1974),

the identification of this material as 50^-pregnan e- 3 ck ,

6p-diol-20-one could not be confirmed. Failure to
locate 16-hydroxypregnanolone recorded for the

pregnant (Shackleton, 1974), and non-pregnant

(Shackleton, 1973), marmoset may lie in the fact



that in non-pregnancy urine it may be present in

only relatively small quantity (see figure 1 of

Shackleton, 1975).
14 ^Administration of 4- C-oestradiol-17B indicates

that a major proportion of the material was excreted

unmetabolized and that 1 6 d, -hydroxyoestrone and

oestrone were major metabolic products, a finding

in agreement with the conclusion reached regarding

the relative proportions of the oestrogens as assessed

by GCMS. It is possible that the polar non-mobile

fraction associated with label constitutes unhydrolysed

steroid, excreted as glucuronide or sulphate.

A survey of the literature pertaining to the

excretion of oestrogen and progesterone metabolites in

urine of primates reveals that of the relatively few

species examined, none appear to resemble the human

in every respect. The data are limited; thus in an

extensive examination of the literature dealing with

adrenal and gonadal hormones in plasma and urine of

non-human primates only 55 references were listed

(Morrow and Terry, 1968b). In the human, the major

urinary oestrogen is oestriol (see Baird, 1976), and

the same is the case for the Great Apes (gorilla -

Hopper, Tullner and Gray, 1968; Hodges, Czekala and

Lasley, 1979 - the orang-utan, Hodges e_t al^. 1979;

Bonney and Kingsley, 1980 - the chimpanzee, Hodges

et al. 1979). In the case of the orang-utan, the



■major oestrogen excreted in the non-pregnant female

is oestrone (Collins, Graham and Preedy, 1975), and

this is also the case in early pregnancy, but as

pregnancy proceeds oestriol appears as the major

oestrogen in urine (Bonney and Kingsley, 1980).

The only data which could be located for the pygmy

chimpanzee suggested oestrone as the major urinary

oestrogen in early pregnancy (Hodges et_ aj^. 1979) -

whether oestriol excretion overtakes that of oestrone

in late pregnancy remains to be elucidated.

In cercopithecoids oestrone is the major urinary

oestrogen, on a quantitative basis, in both the baboon

(Merkatz and Beling, 1969), and the rhesus monkey

(Hopper and Tullner, 1967; Hodges ert al. 1979),

although for the latter, Laumas (1965) found oestriol

in greatest quantity. In the non-pregnant rhesus,
1 4

administration of C-labelled oestradiol-17p i.v. led

to the recovery of oestradiol and oestrone as the

major oestrogenic components in urine, (Flickinger

and Wu, 1967). In the hanuman langur, Presbytis

entellus, the situation resembles that seen in the

orang-utan, the major oestrogen in urine from cyclic,

non-pregnant females being oestrone; however, during

pregnancy the major metabolite is oestriol (Shandilya,

Ramaswami and Shandilya 1976).

In the Ceboids of the New World, oestrone is

quantitatively of greater importance in capuchin,
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spider and squirrel monkeys (Hodges, Gulick,

Czekala and Lasley, 1981), and this is also the

case in the owl monkey (Bonney, Dixson and Fleming,

1979; Hunter, Martin, Dixson and Rudder, 1979;

Setchell, Bull and Bonney, 1979 - unpublished

manuscript). In Saguinus, a member of the same

Family as the common marmoset, oestrone is again the

major oestrogen in urine (Hodges e_t al. 1981).
In C. j acchus previous studies have indicated that

oestradiol is the major oestrogen in urine (Shackleton,

1974, 1973) and the evidence presented here would

support his findings. If this is the case it would

suggest that the common marmoset is unusual among the

primates in that it is the only species so far studied

which does not have either oestriol or oestrone as its

major urinary oestrogenic product. Despite this drawback,

as far as the use of this species as a model for human

reproductive research is concerned, the finding is of

interest since it is unusual. Because urinary (see

chapter 11), and plasma (Lanman, 1977; Chambers and

Hearn, 1979), oestrogen levels are relatively high in

this species it is considered that the marmoset can still

be of use as a model for the human.

The situation with regard to excretion of metabolites

of progesterone is less clear than that for the oestrogens.

In the human, pregnanediol is the major metabolite,

with lesser quantities of pregnanolone, pregnanedione

and 6-oxo derivatives (Loraine and Bell, 1971; Ryan

and Hopper, 1974). In the gorilla, pregnanediol is



also the most important metabolite (Shackleton

and Mitchell, 1975). In 1942, Fish, Dorfman and

Young identified pregnanediol in chimpanzee urine, and

this was confirmed by Elmadjian and Forchielli (1965).
1 4

Administration of C-progesterone to the immature

chimpanzee led to the recovery of urinary pregnanediol

(Romanoff, Grace, Sugarman and Pincus, 1963) which

is the major metabolite of progesterone in this

species (Shackleton and Mitchell, 1975). In the

other Great Ape, the orang-utan, pregnanediol was

found to be present in urine (Bonney and Kingsley,

1980) although androsterone is seen in equal, or

larger, amounts (Collins, Graham and Preedy, 1975).

That progesterone may be metabolized to an

androgen is not peculiar to the orang-utan .

Pregnanediol, although present in baboon urine (Merkatz

and Beling, 1969), is not necessarily quantitatively

the most important metabolite of progesterone.

Shackleton and Mitchell (1975) found both pregnanediol

and steroids, and following administration of
14 /x

C-progesterone, Goldzieher and Axelrod (1969)

recovered androsterone, pregnanediol and its 5c. -

isomer, together with pregnanolone. The situation is

similar in the macaques studied. In the pig-tailed
1 4

macaque, C-labelled progesterone appeared in urine

as androsterone, pregnanediol not constituting a major

metabolite (Jeffrey, 1966), while in the crab-eating

macaque Shackleton and Mitchell (1975) identified 7
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metabolites of progesterone, including pregnanediols,

but concluded that androsterone was a major metabolite

of progesterone. In the rhesus monkey the situation

is similar, pregnanediol not constituting a major

metabolic product (Liskowski and Wolf, 1971).

Androsterone, pregnanediol, pregnanedione and 3^-- pregnan-

3p-ol-20-one have all been isolated and identified

(Liskowski and Wolf, 1971; Shackleton and Mitchell,

1975), and although 3 pregnanediols were isolated from

the urine of rhesus monkeys receiving unlabelled

progesterone (Chamberlain, Knights and Thomas, 1964),

androsterone was named as the major metabolite following
14 /

injection of C-progesterone (Plant, James and Michael,

1969).

Data pertaining to progesterone metabolism in New

World monkeys is almost absent. In the squirrel monkey,

a material believed to be pregnanediol was identified in

urine (Travis and Holmes, 1974), but neither androsterone

or pregnanediol could be located in another study using this

species (Liskowski and Wolf, 1971). In the owl monkey,

6p - and 16c^- hydroxypregnanolones were major metabolites

and isomers of pregnanediol made up 35% of progesterone

metabolites (Bonney, Dixson and Fleming, 1979; Setchell,

Bull and Bonney, 1979 - unpublished manuscript).

The identification of hydroxypregnanolones in the

common marmoset has been reported by Shackleton (1974,

1975). Although data from the present study are limited,

a material with a MS identical to the 6|3-hydroxypregnan-

olone of Shackleton (1974) was present in marmoset urine,



but in view of the differences between the MS of

this compound and authentic 5p-pregnane-3<A , 6<^ -

diol-20-one, positive identification of the material

as 6j3-hydroxypregnanolone cannot be confirmed. It

seems therefore, that as with the oestrogens, differences

in the metabolism of progesterone exist between primates.

The Great Apes would appear to resemble the human most

closely, with respect to progesterone metabolism, but

it is impractical to consider their widespread usage as

animal models for the human. The likelihood that the

cercopithecoids metabolise progesterone to an androgen

is of interest, but it would seem that the marmoset may

be of greater use if a model is required for studies

on oestrogen or progesterone metabolism.

SUMMARY: Combined gas-chromatographic and mass

spectrometric techniques have been applied to the

identification of metabolites of oestrogen in the

marmoset.

The major oestrogen in urine is oestradiol-17p,

and this was recovered from urine of intact and

castrate animals of either sex.

Oestrone, 16 -hydroxyoestrone and oestriol were

also identified as major urinary oestrogen metabolites.
1 4

Administration of 4- C-oestradiol-17p resulted

in the recovery of oestradiol, oestrone and 16-hydroxy¬

oestrone, confirming the results obtained by GCMS.

Progesterone could not be isolated from marmoset
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urine and the suggestion that 5^.-pregnane 3e(, 6p-diol-

20-one is the major urinary progesterone metabolite

in this species could not be confirmed.
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-CHAPTER 11

MEASUREMENT OF TOTAL OESTROGEN IN MARMOSET URINE BY

FLUORIMETRY

INTRODUCTION: The studies of Shackleton (1974, 1975)

revealed that oestrogens were present in the urine of

the pregnant and non-pregnant common marmoset, oestradiol

being the major oestrogenic component. From experiments

reported in Chapter 10, extension of such GCMS studies

showed that oestrogens are also present in urine from

intact and castrate male and female marmosets and it

was decided to examine further the excretion of oestrogen

in the urine of this species as part of a series of

investigations into the uses of this primate as an animal

model in human reproductive research.

Brown, Macnaughtan, Smith and Smyth (1968a) examined

both the Kober colour (Kober, 1931) and Ittrich fluorescence

(Ittrich, 1958, 1960) reactions for the measurement of

the three 'classical oestrogens1, oestrone, oestradiol and

oestriol, together with their methyl ethers. The development

of a simple correction method increased the sensitivity

of the combined Kober/Ittrich procedure and linearity

between oestrogen concentration and fluorescence intensity

was demonstrated over the range 0.03-300ng. Subseguently,

Brown ert a^. ( 1968) described the use of a semi-automatic

extractor for the measurement of human urinary total

oestrogen in non-pregnant and early pregnant samples

using the Kober/Ittrich fluorimetric procedure as an

end-point. The aim of the studies reported in this

chapter was to examine the fluorimetric assay system as a
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rfieans of quantitation of total oestrogen excretion in

marmoset urine. In addition, radioimmunoassay (RIA)

of oestradiol-17p and oestrone was performed on crude

extracts, or chromatographic fractions of such extracts,

of urine collected from an adult, non-pregnant female

marmoset to ascertain whether the results obtained using

this system of assay were correlated with those seen for

fluorimetry.

MATERIALS AND METHODS:

1. The fluorimetric assay system: The semi-automatic

extractor was used according to the method of Brown et_

al. ( 1968).

a) Hydrolysis of urine; An aliquot of urine was

diluted to 6.0ml with distilled water and 1.2ml of

concentrated HC1 added. In the method of Brown ert al .

(1968) the acid volume used was 0.9 ml, a final acid

concentration of 13.055, as opposed to the 1.2ml (16.7515)

used here; however Brown and his associates carried out

the hydrolysis in a steam steriliser for 15 min at 120°C
at 15 psi. In the original manuscript it was suggested

that an alternative system was to use 1.2ml of concentrated

HC1 and to perform the hydrolysis for 30min in a boiling

water bath, 1555 HC1 for 60 min at 100°C, 2055 HC1 for

30min at 100°C and 1555 HC1 for 1 5min at 120°C being

approximately equivalent in the hydrolysis of urinary

oestrogens. Although this information did not appear

in the paper as published (Brown e_t aj^. , 1968), the 1.2ml

HC1 for hydrolysis for 30 min at 100°C was the procedure

adopted here.
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b). Extraction of urinary oestrogens; After

cooling, the hydrolysates were transferred to semi¬

automatic extraction vessels as described by Brown _et_

al. (1968), the machine being supplied by Paton

Industries, Australia. Approximately 1.0g of NaCl had

been added to each extraction vessel to assist in the

extraction of oestriol. The NaCl was dissolved by

mechanical rocking and the oestrogens extracted with

6.0ml of diethyl ether (BDH, Ltd. - AR grade), without

distillation. After 3 min rocking, the lower (urinary or

aqueous) phase was discarded. The acidic fraction was

removed by extracting the ether (organic phase) with 2.0ml

of carbonate buffer (pH = 10.3) with rocking for 3 min.

The aqueous phase (carbonate) was discarded and 6.0ml of

light petroleum ether (BDH, Ltd. - AR grade - boiling

range = 40-60°C) added to improve the extraction of

oestrone. This was allowed to equilibrate (clear) by

rocking, before the addition of 6.0ml 1N NaOH. After

rocking for 4 min the upper ether phase containing the

neutral fraction was discarded. Approximately 0.8g of

NaHCO^ was added to the alkaline extract and was allowed
to dissolve by rocking. The phenolic (oestrogen-

containing) fraction was back-extracted by rocking for 3

min with 6.0ml diethyl ether. The lower carbonate

phase was discarded and the ether extracts transferred

from the extraction vessels directly into Quickfit ground-

glass stoppered test-tubes. In the original method a

small proportion of the residual carbonate layer came

through the system, and although contamination of the
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oestrogenic extract with a trace of bicarbonate is not

detrimental (Brown e_t a_l. 1968), any carry-over in the

present study was avoided by freezing of residual aqueous

phase in a solid CO^/methanol mixture before transferring
the organic phase to the test-tubes.

At this stage of the assay, the oestrogen standard

was introduced. The standard comprised a single dose level

of oestriol (1.0 jjg/ml in Aristar grade ethanol-BDH, Ltd),

a 0.1ml aliquot (100ng oestriol/tube) being prepared in

duplicate or quadruplicate. 6.0ml of diethyl ether was

added to each tube and these, together with the urinary

oestrogenic extracts, were placed in a hot water bath in

the fume cupboard, following the addition of an alundum

(anti-bumping) granule. After evaporation of the ether,

final drying was achieved under vacuum, since it is

imperative that the residues are absolutely dry.

c). Fluorimetry; 1.0ml of Kober reagent, prepared

by dissolving 2.Og of quinol, with warming, in 66% v/v

H^SO^, was added to each tube. Following the addition of
approximately 1.Omg of powdered quinol, the contents of

each tube were mixed thoroughly on a vortex mixer. They

were placed in a water bath at 100°C for 5 min and were

re-vortexed to ensure that the quinol had dissolved.

After a further 35 min in the boiling water bath they

were cooled in an ice bath for 10 min. The tube contents

were diluted with 1.5ml of ice-cold distilled water and,

since this is an exothermic reaction, were re-cooled in

the ice bath to a maximum temperature of 4°C.
Ittrich reagent (2.Og of p-nitrophenol dissolved in
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1.0ml ethanol, with warming, followed by addition of

100ml of sym-tetrachloroethane), was dispensed in 0.75ml

aliquots in the special Ittrich tubes and these were

stored in the deep-freeze at -20°C. The diluted, cooled

Kober reagent was transferred to Ittrich tubes and the

fluorescence extracted by shaking the tubes 100 times.

Phase separation was effected by centrifugation at

2,000 rpm for 3 min at 0°C.

Fluorimetry was performed as soon as misting of the

lower (optical) region of the Ittrich tubes had ceased.

Fluorescence due to oestrogen was measured using an

Aminco-Bowman 4-8202 spectr,op hoto f luorometer at excitation

and emission wavelengths of 537 and 560nm respectively,

while non-specific fluorescence was measured at excitation

and emission w.avelengths of 490 and 520nm. The wave¬

lengths used and the correction factor applied to allow

for non-specific fluorescence were those originally

established for this machine by J.B. Brown (E.A. Michie -

personal communication) but to ensure that they were correct,

they were re-evaluated according to the procedures outlined

by Brown e_t al. (1968a) and Brown and Beischer (1972). The

fluorescence due to oestrogen was calculated using the

formula:

Corrected F= Observed Pg/b - (observed Pg/^ x k),
where Pgy^ was the fluorescence attributable to oestrogen
at excitation (a) and emission (b) wavelengths, Pg/j was
a measure of non-specific fluorescence at excitation (c) and

emission (d) wavelengths, while k was an estimate of the

ratio Fg/b: Pg/^ for extracts containing no oestrogen (Brown



et al. 1968a). For the machine used, this formula

became;

Corrected = Observed -

observed F49Q/520 k being approximately 1.0
The experiments undertaken to evaluate the fluorimetric

assay system and the results obtained "following the

application of the method to marmoset urine are described

in the results section.

2. The radioimmunoassay system:

a) Hydrolysis and extraction of urine; A 50.pl

aliguot of urine was hydrolysed for 30 min at 100°C

following the addition of 450pl distilled water and lOOpil

of concentrated HC1. After cooling, the oestrogens were

extracted with 2 volumes (1.2ml) of freshly distilled

diethyl ether, each tube being shaken 100 times. The

agueous phase was frozen by means of solid C02/methanol
bath and the organic phase decanted into a clean Quickfit

tube. The agueous phase was re-extracted with a further

2 volumes of ether and the organic phase added to the

initial extract. This was dried down in a block heater

under N^.
b) Fractionation; Separation of steroids was

effected using celite column chromatography as described

by Abraham, Tulchinsky and Korenman (1970). To each

extract was added 50Qpl of iso-octane (2 , 2 , 4-trimethy1

pentane) and the tube contents were thoroughly mixed

before being left to stand overnight at 4°C.
Celite 545 (Hopkin and Williams, Ltd.) was washed

with concentrated HC1 and left overnight at room
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temperature. It was subsequently filtered to remove

the acid using a Buchner funnel, and the celite washed

to neutral pH with water. The material was washed twice

with methanol, once with ether, and was left to dry

overnight. Approximately 25g lots were placed in a

muffle furnance at 500°C for 18h and these were ready

for use after cooling. Celite colums were prepared

using Kimble 5ml disposable pipettes, the celite being

supported on a 3.5-4.5mm diameter glass bead. The celite

was mixed with ethylene gylcol (2:1 w/v) and the column

packed in the dry state; celite level being made up to

the 5ml mark (1.5ml from the pipette tip). The ethylene

glycol constitutes a stationary phase with celite as

support medium. The columns were topped up to the

double blue line with iso-octane and the effluent passed

into the solvent waste container, care being taken to

ensure that at no time did the column run dry. The iso-

octane wash was repeated and ethyl acetate: iso-octane

prepared using freshly distilled ethyl acetate at 15:

85 and 35: 65 v/v.

Samples were transferred to the columns, an extra

column being prepared as a solvent blank, the sample

tubes were rinsed with a further 2ml ofiso-octane, and

the washings transferred to the columns. Each column

was washed with a further 3.5ml of iso-octane, the effluent,

containing steroids such as androstenedione (if present)

being discarded. The columns were washed with 4.0ml of

15% ethyl acetate in iso-octane and the effluent

containing oestrone was collected. The oestradiol fraction
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was collected following washing of the celite column

with 4.0ml of 3 5% ethyl acetate in iso-octane. Both

the oestrone and oestradiol fractions were dried down

at 45°C under N„ before being taken up in buffer. The

buffer used was 0.1M phosphate buffer (pH = 7.0) containing

8.6g anhydrous disodium hydrogen orthophosphate (BDH, Ltd.)

and 6.08g sodium dihydrogen orthophosphate (BDH, Ltd.)/

litre of distilled water. It also contained 0.15M NaCl

(9.0g/litre) and 0.1 % gelatin (Sigma Chemical Co.).

Sodium azide (BDH, Ltd.) - 0.1% w/v - was added as a

preservative. Oestrone samples were taken up in 1.0ml

and oestradiol in 2.0ml of buffer and after mixing were

left overnight at 4°C.
c) Radioimmunoassay of oestradiol;

i) Antiserum; RIA for oestradiol was carried

out using an antiserum (A/S) raised in rabbits against a

17p-oestradiol-6-(0-carboxymethyl)oxime-bovine serum

albumin conjugate. This was kindly supplied by Dr. P.

Dean. Details of the immunization schedule used to obtain

the A/S and the A/S characteristics are given by Dean,

Exley and Johnson (1971) and Exley, Johnson and Dean (1971),

while A/S specificity tests were reported by Van Look

(1976). The major cross-reactions, assuming oestradiol-

17(3 to give 100% binding, were; 6-oxo-17p~oestradiol =

10 6.0%, 17cC-oestradiol = 2.0%; oestriol = 1.7% and oestrone

= 0.2%. The percentage cross-reaction was defined according

to Abraham, Odell, Edwards and Purdy (1970) as (X ^ Y) x

100, where X = the mass of unlabelled oestradiol and Y

the mass of the presumptively competing compound causing
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50% inhibition of binding of 35pg of "^H-oestradiol-17p
by the antibody .

The A/S was kept frozen at -20°C at a dilution of

1:100 and was diluted to 1:7,000 for assay purposes,

giving a final dilution of 1:21,000.

ii) Labelled oestradiol tracer; Labelled

oestradiol-1 7f3-2 , 4 , 6 , 7 ,-"^H was held at 4°C as a

concentrated stock solution at 1.541 x 10^ cpm/0.1ml,

the labelled steroid being supplied by the Radiochemical

Centre, Amersham. Depending on the amount required,

multiples of 100gjl of the stock solution were dried down

under ^ and taken up in multiples of 25ml of phosphate-
gelatin buffer (PGB). The total volume was adjusted with

PGB so that the solution gave approximately 5,000 cpm/0.1ml.

iii) Standards; For each assay, 9 dose levels

of authentic, unlabelled oestradiol standards were prepared

in duplicate from stock solution, oestradiol being

obtained from Sigma Chemical Co. The dose levels used were

5, 10, 20, 30, 50, 100, 200, 300 and 500pg. All dose levels

were prepared to give a final volume of 70jj1, being made

up and diluted with absolute ethanol (Burroughs, Ltd).

They were evaporated to dryness, taken up in 100jj1 PGB

and mixed thoroughly, being left for 1h before further

treatment.

iv) Assay; After appropriate dilution with

PGB, 100^j1 aliquots in duplicate were taken from each

urinary extract and 100pl each of A/S and labelled oestradiol

added to both standard and unknown tubes. After

thorough mixing the tubes were left to
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equilibrate overnight at 4°C. Following incubation

the anti-body bound steroid was separated from free

steroid using a dextran/charcoal system. 250mg of

charcoal (Norit A- Sigma Chemical Co.) and 25.0ml of

dextran T-70 (Pharmacia Fine Chemicals, Ltd.) in 100ml

of buffer, or multiples, was cooled in an ice bath

and kept in suspension using a magnetic stirrer. 1.0ml

of charcoal was added to each assay tube as rapidly

as possible, and after exactly 15 min in the ice bath

the multi-tube carriers were placed in the centrifuge

and spun at 2,000 rpm for 10 min at 4°C, the problem

of stripping with this A/S being minimal (Van Look,

1976). The supernatants were decanted directly into

glass scintillation vials and 10ml of scintillant

added. The scintillant was prepared by dissolving 10g

of 2,5-diphenyloxazole (PP0 - Nuclear Enterprises Ltd.)

and 750mg of 1,4-di-2-(5-phenyloxazoly1)-benzene (P0P0P-

Nuclear Enterprises, Ltd.) in 2.5 litres of sulphur-free

toluene (A. & J. Beveridge, Ltd). This was added to

1.25 litres of Triton-X-100 (A. & J. Beveridge, Ltd.)

and mixed until homogeneous. After mixing the samples

with scintillant the vials were transferred to the

scintillation counter where they were left to equilibrate

in the dark for 4-5h at 4°C before counting.

In addition to the standards and unknowns, quadruplicate

tubes containing 200^1 of PGB and 10Qpl of labelled oestradiol

in PGB were run in each assay. Two of these were used to

give a measure of the amount of radioactive oestradiol

added to each tube, the so-called 'total counts' tubes, and
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volume of dextran/charcoal. The other two were used

as an indication of 'non-specific binding' (NSB), i.e.

the amount of tracer present in the supernatant after

charcoal separation in the absence or antibody. A

further four tubes were run through each assay, two at

the beginning and two at the end of each batch of

sample tubes. These were buffer control or 'zero'

tubes which contained 100jul each of label and A/S,

together with 100;j1 of buffer, instead of either the

100/jl of buffer containing the oestradiol standard

or the urinary oestradiol fraction. These were added

to estimate the amount of tracer bound to antibody

in the absence of unlabelled steroid. The difference

in counts between the two sets of zero tubes reflects

the problem of stripping: time relationships and is

reduced if charcoal is added as rapidly as possible.

v) Calculation of assay results; After

subtraction of the NSB cpm, the amount of antibody-

bound tracer (in cpm) in oestrogen standards and

unknowns was expressed as a percentage of the amount

of antibody-bound tracer (in cpm) in the zero tubes,

the mean value for the four zero tubes being taken

as 100?o. The standard curve was plotted with % binding

on the ordinate and the amount of oestrogen in the

standard (pg) on the abscissa, and the relationship

between binding and the amount of oestrogen drawn with

a flexicurve. From the graph, the amount of oestradiol/

assay tube is read off for each unknown. After the
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necessary correction for dilution factors, 24h urine

volume etc., the mean result based on dilutions for

1 or more dose levels of unknown was calculated.

This was a laborious system for the calculation

of results, consequently a Hewlett-Packard system was

used. After allowing for non-specific binding, the

relationship between bound and free steroid, based on

the cpm, and calculated as % binding, was subjected to

logit transformation and the regression line for the

linear portion of the dose-response curve was plotted.

In addition, the programme calculated the amount of

hormone required to give 10 and 90?o binding, the dose-

response relationship being drawn by a data plotter.

The data for the standard curve were stored in the

machine but information was also available via print¬

out. Data keyed into the machine regarding counts for

unknown samples were printed out in terms of pg of

hormone/tube. It was also possible to have all counting

data prepared directly on punched paper tape, and this

could be analyzed via a tape reader.

d) Radioimmunoassay of oestrone;

i) Antiserum; The A/S used was raised in

rabbits against an oestrone-6-(O-carboxymethyl) oxime-bovine

serum albumin conjugate and was furnished by courtesy of

Dr. P. Rowe. Major cross reactions with other steroids

were; oestradiol-17jl = 0.08?^, oestriol = 0 . 011 ?o,

progesterone, androstenedione and testosterone =^0.001?o

(Rowe, Cook and Dean, 1973). The oestrone A/S was

stored at a dilution of 1:100 and was used at an initial
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dilution of 1:12,000 (final dilution = 1:36,000).

ii) Labelled oestrone tracer; The labelled

2 ,4 , 6 , 7-^H-oestrone was diluted from stock in the same

way as described for oestradiol.

iii) Standards; The amounts of oestrone used

to establish the standard curve for assay were identical

to those used in the oestradiol RIA.

iv) Assay; The RIA for oestrone was identical

to that for oestradiol, except that the oestrone A/S and

label were substituted for those of oestradiol.

Experiments undertaken using RIA to estimate urinary

oestradiol and oestrone, with or without celite column

chromatography, are given in the results section.

RESULTS:
l

1. The fluorimetric assay;

a) The standard curve; Standard curves of oestriol

were prepared to assess the sensitivity of the method and

to examine the relationship between oestrogen concentration

and fluorescence intensity. A stock solution was prepared

in Aristar grade ethanol (BDH, Ltd.) at a concentration of

1 0 O^j g / m 1. Serial dilutions were prepared in ethanol to

cover the dose range from 30pg to 100/jg/ml. 0.1ml aliquots

were taken for each dilution and were dried down under

N£ in a 60° block heater, final drying being achieved in a
vacuum oven. Fluorescence was developed and measured as

in 1c (above) .

The relationship between the weight of oestriol and

the corrected meter reading, as a measure of intensity of
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TABLE46:Therelationshipbetweenfluorescence(spectrophotofluorometric reading)andoestriolweight(ng).
Amountofoestriol
0.0

0.003

0.01

0.03

0.10

0.30

1 .00

3.00

5.0

10.0

Noofreplicates
20

8

8

8

8

8

12

8

4

12

Meanreading

82

51

117'

132

80

117

171

264

484

1,119

S.D.

68

20

22

138

39

51

60

23

31

73

Coefficientof variance(?o)

83

39

19

105

49

44

35

8,7

6.4

6.5

Amountofoestriol
30

50

100

150

300

500

1 ,000

3 ,000
10,000

-

Noofreplicates
8

8

12

4

8

4

12

4

4

Meanreading

2,273

3,829

7,241
11,519
21,114
33,785
61,299
>100,000
>100,000

S.D.

131

196

261

439

1 ,642

1 ,487

2,584

-

-

Coefficientof variance(?o)

5.8

5.1

3.6

3.8

7.8

4.4

4.2

-

-
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fluorescence, is shown in Table 46 . The dose-response

relationship was linear over the range 1.Ong-1 . Opg, levels

above this giving visible fluorescence intensities which

were beyond the limitations of the spectrophotofluorometer.

No evidence of guenching, i.e. depression of the expected

meter reading, could be detected for the range of oestriol

guantities examined. Amounts of standard between 3 and

300pg gave meter values similar to those seen for the

reagent/ethanol blanks, and estimates of variance were

high. The apparent lower limit of sensitivity was 1.0ng,

but at this level the coefficient of variance (CV) was 3 5%

for n = 12. Over the remainder of the dose-response curve

the CV ranged from 3.6 to 8.7%.

b) Recovery of oestriol; 20 tubes were prepared

containing 2Ojul of native urine from a 533-day old CB
female marmoset, and to 16 of these was added 100ng of

oestriol in 100/il of ethanol. All 20 tubes were subjected

tohydrolysis and extracted as described as above before

being subjected to fluorimetry, the experiment being

undertaken to assess the accuracy of the assay procedure.

The mean recovery of 100ng of oestriol added to urine

prior to hydrolysis was 53.6 - 10.0% for n = 16.

c) Precision; The precision of the assay was

assessed by examining intra-assay variance. A further

20 x 20jul aliguots of urine were taken and run in a

single assay, together with 4 x 100ng oestriol standards.

The experiment was repeated on 3 subseguent occasions using

different urine specimens and 24 aliguots/assay , oestriol



TABLE47:Fluorimetricassayoftotaloestrogen-Intra-assayvariance Assayno.

n

/jgoestrogen/ml.urine
Coefficientof variation(?6)

Mean

S.D.

Range

1

20

28.0

CO

•

•

l

vo

•

o

CSI

13.6

2

24

16.1

1 .8

10.9-18.2

11.1

3

24

16.1

2.1

13.0-20.4

13.1

4

I

24

19.3

2.9

12.6-27.6

14.9
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standards again being run in quadruplicate on each

occasion. The mean, SD and CV for each group of

samples in each of the 4 experiments was calculated to

give an assessment of assay precision and the results

are given in Table 47 . Intra-assay variance in the

four experiments ranged from 11.1-14.9%, the mean CV

being 13.2 - 1.6%.

d) Reproducibility; An estimate of assay

reproducibility was given by assessing the interassay

variance. 20 different urine samples were run in a

single assay and the assay repeated in an identical

manner on 7 subsequent occasions. The mean, SD and CV

for each of the 20 samples was estimated. From the

individual values for the CV associated with each urine

specimen an overall mean for the interassay CV was

calculated. In addition, a single urine specimen was

run through the entire assay procedure on 23 different

occasions and the interassay variance calculated.

The results for the 20 individual samples are shown

in Table 48. The CV ranged from 6.8-26.1%, the mean CV

for all 20 samples being 15.3 - 4.4%. For the sample

assayed on 23 different occasions the mean was 135.3 -

19.2ng/ml (range = 96.5-174.3ng/ml), an interassay

variance, expressed as the CV, of 14.2%.

e) Comparison of oestriol and oestradiol standards;

In 13 assays, the usual oestriol standard of 100ng was run

in quadruplicate and a mean corrected meter reading obtained

for each assay. At the same time, 100ng of oestradiol

standard was run in quadruplicate and the mean corrected



TABLE
48:

Fluorimetric
assay
of

total

oestrogen
-

Inter-assay
variance

SampleNo.

No

of

■p
p
n
1

i

oo-f-Qo

Result
(jjg

total

oestrogen/24h.
Coefficient

of

variance(?o)

1

cpilLd
LtJo

Mean

S
o

D.

Ran
g
e

1

8

363.7

95.0

206.4
-

500.9

26.1

2

8

250.0

34.7

198.1
-

300.6

13.9

3

8

103.0

7.0

95.4
-

114.4

6.8

4

8

70.2

13.9

43.8
-

90.5

19.8

5

8

46.5

5.3

38.5
-

51
.6

11.5

6

8

32.4

4.0

25.7
-

37.2

12.4

7

8

75.8

10.4

58.9
-

88.6

13,7

8

8

69.9

15.3

49.1
-

96.4

21
.9

9

8

160.1

21
.9

130.8
-

201
.5

13.7

10

8

299
.7

44.3

210.3
-

362.1

14.8

1

1

8

312.9

47.4

247.5
-

387
.2

15.2

1

2

8

293
.9

52.1

228.0
-

368
.7

17.7

13

8

407.7

53.0

337.1
-

495.9

13.0

14

8

247.8

34.8

182.7
-

285.6

14.1

1

5

8

361
.3

60.1

273.9
-

451
.6

16.6

1

6

8

41

6.4

54.8

324.5
-

468
.0

13.2

17

8

223.9

37.0

174.5
-

287
.5

16.5

18

8

109.2

14.6

80.3
-

1

24.5

13.4

19

8

28.5

2.8

23.5
-

31
.8

9.8

20

8

15.3

3.3

10.7
-

20.4

21
.5

Mean
CV
=

15.3
t

4.485
n

=

20
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TABLE 49: Quenching of oestrogenic fluorescence with

increasing urinary aliquot volume

Urinary aliquot size
(pi)

Estimate of urinary total
oestrogen (pg/24h)*

2.0 51 2.4

5.0 562.7

10.0 474.5

20.0 531 .6

25.0 458.6

50.0 611 .8

75.0 542.3

|
i 100.0 490.2

j 250.0 361 .7

I
I

500.0 170.3
♦

i

! 1000.0 48.8

* Mean of duplicates



meter reading compared with that obtained for oestriol.

For n = 13 for each standard, the mean corrected meter

reading for oestradiol was 80.3 - 9.3?£ of that obtained

for oestriol, a highly significant difference (t = 7.26,

P = 4 0.001 , df = 24).

f) Quenching; When the assay was first run,

urinary aliquots of 1-2ml were used. This usually

resulted in a pinkish-orange fluorescence in the Ittrich

tube, but the meter readings, and consequently the assay

results, were variable. It was considered that the levels

of total oestrogen were sufficiently high that quenching

may have occurred. A 24h sample was collected from a

pregnant female 63 days before birth (estimated stage

of gestation = 73-82 days), since it was assumed that the

amount of oestrogen present would be high (Shackleton,

1974). The volumes of urine selected for hydrolysis were

2, 5, 10, 20, 25, 50, 75, 100, 250, 500, and 1 ,000jj1 in

duplicate and the assay was performed as usual. The

results are shown in Table 49 . As the volume of urine

taken for assay was increased beyond 100>j1, the estimated

value for total urinary oestrogen decreased. The

corrected reading for the 100ng oestriol standard fell

between the readings obtained for the 5 and 10^1 aliquots

of urine.

g) Measurement of total oestrogen in marmoset urine

i) The male; A total of 86 complete 24h

specimens was collected from 13 normal, intact adult males

and total oestrogen excretion examined by fluorimetric

assay. A further 113 specimens were collected from 11



TABLE50:Urinarytotaloestrogenexcretionintheintactandbilaterally gonadectomizedmarmosetasmeasuredbyfluorimetricassay Number
of

pgTotaloes
trogen/24h

Sex

Category

Animals

Observation
Mean

-S.D.

Range

M

Intact

13

86

9.9

-5.1

1.95-
24.5

M

Castrate

11

113

1 .2

i 1.3

0.18-

9.87

F

Intact

10

35

78.6

—91.8

10.3-
337.7

F

Castrate

11

113

11.5

-7.2

0

•

-P>

1

27.1
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male marmosets in this intact group at periods ranging

from 6-436 days after bilateral orchidectomy. The

results are given in Table 30 . For the 13 intact

animals a mean total urinary excretion value of

9.9 - 5.1/jg/24h was obtained, within the range 1.95-

24.6;jg/24h. Following castration the amount of

oestrogen excreted fell markedly to 1.21 - 1.3jjg/24h.
The mean was significantly depressed to between 10-20%

of the value recorded for the intact male (t = 15.44,

P = -{.0.001, df = 197), although there was a considerable

overlap between the results obtained for the 2 groups.

ii) The non-pregnant female; 35 urine

collections were made in 10 non-pregnant female marmosets.

It was not known whether these animals were having cycles

of ovarian activity, or if they were, what stage of the

cycle they were at when the urine was collected. 11

females, including the 10 in the intact group, were

subjected to bilateral ovariectomy, and 113 specimens

collected from days 6-415 post-operatively for oestrogen

determination. The results are shown in Table 50 . A

mean value of 78.6 - 91.8jjg/24h was recorded for the

intact females with a range of values from 10.3-337. 7yiq/

24h. The coefficient of variation was 116.8%. Removal

of the ovaries resulted in a highly significant fall in

the output of total oestrogen (t = 4.32, P =<0.001,

df = 146), a mean of 11.5 - 7.2jjg/24h being recorded for
the castrate group. As in the male, gonad removal

resulted in a significant decrease in urinary oestrogen

output, but control values in females were 7-12 times



TABLE51:Meantotalurinaryexcretionintheintact,non-pregnantfemale marmosetasmeasuredbyfluorimetricassay
>MQ

total

oestrogen/24h.

Animalno.

n

Mean

+

S.D.

Range

36W

10

137.8

+

99.8

14.9-
218.8

8W

20

100.4

+

81.6

8.2-

274.1

24W

20

10.6

+

3.6

2.6-

18.2

36W

20

90.9

+

78.4

19.7-
364o3

37W

20

10.3

+

5.1

2.5-

26.9

16W

20

17.0

+

10.1

6.6-

44.8
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higher than those seen in males, and remained some 10

times higher after castration. No pattern of change

in the levels of oestrogen excreted was observed with

time after surgery in either males or females.

In view of the large variance associated with the

mean in the intact non-pregnant female, it was decided

to investigate this category further. 10 specimens were

collected on alternate days from a single female (no.

36W), housed with another female (37W). The results

(Table 51 ) confirm the earlier finding, a mean of 137.8^j g /

24h being associated with a coefficient of variance of

72%. In consequence, urine specimens were collected on

alternate days over a 40-day period in 5 non-pregnant

females and the results are given in Table 51 In 2

of the animals (8W and 36W), the levels were similar to

those recorded earlier for the intact female 36W but were

some 10 times higher than those in animals 24W and 37W,

and 5 times higher than in animal 16W. As presented in

tabular form, the reasons for such differences are far

from clear, but it should be pointed out that animals

8W and 24W were housed as a F/F pair, as were 36W and

37W, while 16W was housed with her juvenile offspring,

an adult of either sex being absent. The patterns of

oestrogen excretion in these five animals are shown in

figures 20-22.

The results for pair 8W/24W (figure 20) suggest an

absence of ovarian cyclic activity in animal 24W, oestrogen

values remaining low throughout; however in the case of

her female partner, levels of urinary oestrogen were
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relatively high and suggested some degree of cyclicity

with an interval of 22 days between peaks. The results

for pair 36W/37W (figure 21 ) were similar, with low

levels and an absence of cyclic fluctuations in

animal 37W. In the case of her partner a cycle of

oestrogen excretion was recorded, with an interval

between oestrogen peaks of 26 days. In female 16W,

housed in the absence of other adult, or unrelated,

marmosets, oestrogen values were much lower than those

recorded for animals 8W and 36W but were higher than

those seen in 24W and 37W, showing an interpeak interval

of 26 days. ( figure 22 ) .

iii) Peer group females; Urines were

collected from females housed in mixed-sex peer groups.

Initially, such groups comprised 6 unrelated marmosets,

3 males and 3 females. 33 samples were collected from

14 females whose status, in terms of rank order within

their group, was not known to the author at the time of

collection, although the information was available. After

completion of the assays, these data were made available

and the results assigned to two groups; dominant and

subordinate. The results are shown in Table 32 , and

indicate clearly that the range of values seen in dominant

animals was large, the mean being higher than that seen

earlier for presumptively cyclic, non-pregnant animals.

For the subordinate group, the mean resembled that seen

in the castrate female group. On the basis of uterine

palpation and subsequent births, it was shown that 3 of the

oc-ranked females were pregnant, or became pregnant,
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FIGURE 22: Urinary total oestrogen excretion in the intact,
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TABLE
52:

The

relationship
between

social
status
and

urinary
total

oestrogen

excretion
in

female

marmosets
housed
in

peer

groups

STATUS

NUMBER
OF

.

J

pg

oestrogen/24h

Social

Reproductive
Animals

Observations
Mean

-

S.D.

Range

Dominant

Pregnant/Non-
5

13

366.8
-

489.2

i

5.2-1,468.0
i

Pregnant

II1

Subordinate
Non-pregnant
9

22

9.5
-

7.5

1.5-
35.6
|i

Dominant

Non-pregnant
3

10

183.8
-

324.4

j

5.2
-

1

,039.9
!|i



TABLE53:Totalurinaryoestrogenexcretioninthepregnantmarmoset asmeasuredbyfluorimetry
Animal No.

n

jugtotaloestrogen/24h

Period covered

Mean-S.D.'

Range

15W

23

373.4-205.1

81.0-692.8
-135to-21

16W(i)

1

157.0

-5

16W(ii)

34

277.3-101.9

15.9-461.8
-146to-15

17W

7

272.6±154.3

91.8-539.5
-71to-29

18T

2

272.4±147.9

167.8-376.9
-27to-20

18W(i)

2

37.2-35.6

12.0-62.4
-19to-13

18W(ii)

19

475.1-284.7
108.6-1133.1

-103to-24

18W(iii)

7

124.3-78.7

12.7-256.0
-148to-122

19W(i)

5

101.2-36.1

49.5-138.6
-35to-1

19W(ii)

26

167.1-123.2

26.0-580.4
-129to-23

ALL

126

281.3-200o7

12.0-1133.1
-148to-1
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during the period over which urine collections were

made, so values obtained for the pregnancy urines were

eliminated and the mean re-calculated. A value of

183.8 - 324.4yug/24h was obtained for n = 10 in 3 dominant

females. Within this group a single very high value

was considered to be characteristic of a pregnant female

and the possibility of a missed pregnancy, with subsequent

resorption or abortion must be borne in mind, although

there was no further evidence to support this. The

difference between the means for this and the subordinate

group was significant (t = 2.633, P = <0.02, df = 33).

iv) Pregnant females; A total of 126 urines

was collected during 10 pregnancies in 6 animals, pregnancy

being established by palpation and subsequent birth. The

values were dated retrospectively with respect to parturition,

a gestation length of 143 days being assumed.

A mean of 281.3/ug of total oestrogen/24h was recorded

(n = 126, range = 1 2 . 0 - 1 ,1 33jjg/24h) . Values for individual

animals are given in Table 33 , and the results plotted in

figure 23 . The solid line represents the pattern of

total oestrogen excretion excretion seen for urines collected

at random during 3 pregnancies in 1 animal, and the broken

line gives information for 2 pregnancies in another. The

open circles represent all other data. Results for these

two animals were serially linked because they included

the highest and lowest values recorded during pregnancy

in this species. Intra- and inter-animal variance was

marked; however, pooling of data within 10-day groups

throughout gestation showed that, following conception,
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FIGURE 23: Urinary total oestrogen excretion throughout

pregnancy in the marmoset • * = Data for 3

pregnancies in animal 18W; x--x = Data for 2

pregnancies in animal 19W; 0 = all other data
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oestrogen excretion increases fairly steadily to reacfh

maximum values about mid gestation, and this is followed

by a gradual decline throughout the remainder of the

gestation period (see fig. 24 ).

2. Radioimmunoassay of oestradiol and oestrone; In a

preliminary assay a single urine sample was run at 5

dilutions in duplicate for two reasons; firstly, to

ascertain whether the dilutions, based on the results of

the fluorimetric assay for total oestrogen, fell on the

linear portion of the dose-response curve for the

oestradiol standard, and secondly, to test for parallelism

between the serially diluted urine extract and the standard

curve. In this assay, the five dilutions of unknown

tested were those from an oestradiol fraction prepared by

celite chromatography and gave between 11.9 and 71.3?i

binding. The test for parallelism, carried out according

to Gaddum (1953a,b) suggested no deviation over the range

of dilutions examined.

The 20 urine.samples collected on alternate days

from animal 8W were assayed on 3 separate occasions using

the total oestrogen fluorimetric system, and aliquots were

also taken for RIA. These were subjected to hydrolysis

and extraction. After suitable dilution in PGB the extracts

were used directly for oestradiol assay without chromatography,

or were taken up in iso-octane prior to fractionation on

celite, the oestrone and oestradiol effluents being used for

the measurement of oestrone and oestradiol by RIA. In

the case of the RIA of the oestrone fraction, prepared by



TABLE54:Comparisonoftheresultsderivedbyfluorimetricassaywiththose seenforradioimmunoassayofoestradiol,with(+)orwithout(-) previouschromatography,andoestroneafterchromatography(+) all>jg/24h).
Sample no.

*

Fluorimetry
Oestradiol(-)
0estradiol(+)

**

0estrone(+)

:

Oestradiol(+j +0estrone(+)

1

108.9-10.0

71.4

29.0

14.0-1.6 _l_

43.0

2

43.7-7.7

58.0

34.0

20.9-1.5

54.9

3

165.5-13.0
116.9

91.1

54.0-1.9 4_

145.1

4

175.2-9.5
237.7

191.8

116.1-14.7 i

307.9

5

156.2-15.9
130.0

•151.4

77.9-4.2 i

229.3

6

139.8-20.1
152.5

67.3

44.6-3.9 1,

111.9

7

175.1-17.6
165.6

105.3

43.4-4.7 4.

148.7

8

166.3-17.7
154.7

83.2

41.8-5.0 4.

125.0

9

43.9-11.2

26.5

19.4

9.5-1.2 4.

28.9

10

9.5-0.9

6.3

5.6

4.3-0.39 4_

9.9

11

7.7-1.2

5.1

5.3

2.8-0.34 1
9.6

12

20.6-3.1

14.5

6.8

3.9-0.13 i

10.8

13

24.5-1.4

16.6

9.9

4.2-0.09 4_

14.1

14

22.8-5.5

18.7

17.2

5.3-0.64 i

22.5

15

116.6-8.9
106.3

91.7

36.9-5.94_

128.6

16

359.8-31.5
311.3

138.3

93.7-13.24.
232.0

17

182.3-31.6
233.1

157.8

83.2-6.4 4_

241.0

18

289.5-27.6
256.3

185.9

99.3-9.2 4_

285.2

19

249.5-24.7
214.5

154.0

74.6413.24_
228.6

20

172.2-22.2
183.1

130.1

57.7-8.6

187.8

Mean

131.5

124.0

83.8

44.4

128.2

S.D.

98.4

95.2

65.2

v^J

ON

•

V/1

101.0

Range

7.7-359.8

5.1-311.3

5.3-191.8
2.8-116.1

9.6-307.9

*Mean-S.D.forn=3assays
**Mean-S.D.forn=2assays
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chromatography, aliquots of the fraction were run in

two separate assays to give an estimate of RIA

reproducibility. The results obtained are shown in

Table 54 , column 2 giving the mean - SD for the

results obtained for 3 replicates for each sample run

in 3 separate, fluorimetric assays. Column 3 shows

results obtained using the oestradiol RIA without

chromatographic separation of oestrone and oestradiol,

columns 4 and 5 give the data for oestradiol and oestrone

RIA performed using the relevant fractions following

celite chromatography, while column 6 gives the sum of

oestradiol and oestrone for samples prepared chromoto-

graphically.

The mean values for total oestrogens by fluorimetry,

oestradiol without previous chromatography, and the sum

for oestradiol and oestrone after chromatography, were

similar, as were the excretion patterns, and this is

borne out by examination of the mean indices of

discrimination. The term 'index of discrimination' was

introduced by Gaddum (1955) and can be defined as the

ratio of the values obtained when standard and unknown

preparations are assayed by two different methods. If

the index consistently approaches unity, it can be assumed

that the material measured by the two systems is the same.

Data for indices of discrimination are given in Table 55.

It can be seen that the results obtained by fluorimetry

were slightly higher than those seen for oestradiol RIA



TABLE
55:

Mean

indices
of

discrimination
between
the

results
obtained
by

fluorimetric

assay
(F)

and

radioimmunoassay
of

oestrogen
in

marmoset
urine.
(-)

=

without

chromatography
(+)

=

following
chromatographyComparison

between

Sample
F

vs.

F

vs.

F

vs.

F

vs.

oestradiol(+)
oestradiol(-)
vs.

oestradiol(-)vs

oestradiol(-)
oestradiol(+)
oestrone(+)
+

oestrone(+)

oestradiol(+)
oestradiol(+)
+

oestrone(+)

1

1.52

3.76

7.78

2„53

2.46

1.66

2

0.75

1.29

2.01

0.80

1.71

1.06

3

1.42

1.82

3.06

1.14

1.28

0.81

4

0.74

0.91

1.51

0.57

1.24

0.77

5

1.20

1.03

2.01

0.68

0.86

0.57

6

0.92

2.08

3.13

1.25

2.27

1.36

7

1.06

1.66

4.03

1.18

1.57

1.11

8

1.07

2.00

3.98

1.33

1.86

1.24

9

1.66

2.26

4.64

1.52

1.37

0.92

10

1.52

1.69

2.20

0.96

1.12

0.63

11

1.52

1.46

2.77

0.80

0.96

0.53

12

1.42

3.02

5.23

1.91

2.12

1.34

13

1.48

2.47

5.79

1.74

1.68

1.18

14

1.22

1.33

4.29

1.01

1.09

0.83

15

1.10

1.27

3.16

0.91

1.16

0.83

16

1.16

2.60

3.84

1.55

2.25

1.34

17

0.78

1.16

2.19

0.76

1.48

0.97

18

1.13

1.56

2.92

1.02

1.38

0.90

19

1.16

1.62

3.34

1.09

1.39

0.94

20

0.94

1.32

2.99

0.92

1.40

0.97

mean

1.20

1.82

3.54

1.18

1.53

1.00

S.D.

0.28

0.72

1.50

0.48

0.46

0.29
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without chromatography; results for this steroid

following RIA of a specific oestradiol fraction are

less than those obtained if the chromatographic step

is omitted; total oestrogenic activity is greater

than that seen for either oestradiol or oestrone alone,

and the combined results for oestrone and oestradiol

by RIA following urinary fractionation are the same as

those seen with RIA of oestradiol when performed on

extracts without chromatography.

DISCUSSION: The rapid assay developed by Brown e_t al.

(1968) for the measurement of 'total' urinary oestrogen

in the human involves the use of a mechanical extractor

and has a fluorimetric end-point. This system has been

examined and applied to the estimation of urinary oestrogen

in the marmoset. Several laboratories have reported problems

in terms of reliability (Brown and Beischer, 1972) and

various snags were found in the present study.

Although the standard curve for oestriol was linear

throughout the range 1-1000ng, thus extending the observations

of Brown e^t al. ( 1968a), who examined 300ng at the upper

limit of their curve, the sensitivity at 1ng, was less than

that reported by the originators of the method; however,

in view of the levels of oestrogen found in marmoset plasma

(Chambers and Hearn, 1979), and urine (Shackleton, 1974)

this loss of sensitivity did not consititute a problem.

The recovery of oestriol was 54?o, the standard being added

to urine prior to hydrolysis. This value is low when
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compared with the results obtained by Brown e_t al.

(1968) who found a mean recovery of 7 5%. Ando, Nigi,

Tanaka and Ohsawa (1976) reported a recovery of 51 ?o

for oestrone using this method, but following subsequent

modification oestrogen recovery decreased to 22.4?o

(Ando, Nigi and Ohsawa, 1977). Brown et_ al. (1968)
utilised hydrolysis under pressure at 120°C, compared

with the 100°C at atmospheric pressure used in the

present study, and it is known that the former system

yields fluorimetric values some 20-40?£ higher than with

100°C hydrolysis (Brown and Beischer, 1972). Application

of such a correction to the recovery found here would

suggest a final figure of between 64 and 75?o, which

approaches the value of Brown _et_ al. (1968) more closely.

The question of which oestrogen to use as a standard

is a difficult one to answer. The original method utilized

oestriol, since this constitutes the major urinary oestrogen

in the human, and suggested that fluorescence intensity,

on a weight-to-weight basis, was greater for oestrone than for

oestriol, while oestradiol, although giving lower meter

readings than oestrone, gave marginally higher values than

did oestriol (Brown e_t aJK 1968a). This was not found to

be the case in this study, where fluorescence intensity for

oestradiol was only 8 0°,'a of that recorded for oestriol. This

would suggest that in addition to applying a correction

factor to allow for difference between systems of hydrolysis,

allowance should be made for differing fluorescence
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intensities, since expression of results in urine in

terms of oestriol instead of oestradiol will give an

underestimate of the true value if oestradiol is the

major excretory product. Since the measure of total

oestrogen does not give information regarding the

relationships between the component oestrogens which

go to make up the final result, it cannot be stated un¬

equivocally that oestradiol will always constitute the

major oestrogen in marmoset urine, so that the use of

one or other of the three classical oestrogens as

standard is probably not critical.

The intra-assay variance, although higher than that

reported by Brown et_ al. ( 1968) and Ando e_t jal. (1976)
was not considered to be excessive, the mean interassay

variance being only slightly higher at 1 4 -1 5 ?o.

Although quenching did not occur when the oestriol

standard curve was being characterized it is possible

that it may occur if the amount of oestriol is increased

beyond the maximum tested. It was certainly recorded

during initial studies, where marmoset urines gave

appreciable colour in the Ittrich tubes, and this appeared

to be negatively correlated with the calculated assay result,

serial dilution of such samples indicating quite clearly

that with increasing amounts of oestrogen, the intensity of

fluorescence resulted in quenching, as evidenced by depression

of the spectrophotofluorimetric readings. To overcome this,

the results were discounted if fluorescence or colouration
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•was obvious in the Ittrich tubes, and the assay was.

repeated with a smaller volume of urine. In addition,

where meter readings fell at either extreme of the

working range of the dose-response curve, the assay was

repeated in such a way that the fluorescence intensity

more closely approximated that of the oestriol standard.

Although no corrections were made for procedural

losses, male marmosets were found to excrete approximately

10jug of total oestrogen/24h, a mean only slightly less

than that recorded for the adult human male (Brown jrt al.

1968). On a body weight basis male marmosets produced

approximately 30/ug of total oestrogen/kg/day, assuming a

body weight of 320g, while an adult male human of 70kg

produces only 0 . 2,ug/kg/day . Following bilateral orchidectomy ,

there is an 8-fold decrease in the amount of total oestrogen

recovered from marmoset urine, but it is still present in

appreciable quantities. In the absence of the testes,

urinary oestrogen probably reflects adrenal cortical function,

either directly, or indirectly. Although the adrenal in

the human has the ability to synthesize oestrogen, it

secretes almost no oestradiol and only small quantities

of oestrone. (Baird, Uno and Melby, 1969). The source of

oestrogen in the castrate is probably via conversion of an

adrenal precursor such as androstenedione which undergoes

aromatization in skin, liver or fatty tissue (Baird, 1976).

Whether or not this is the case in the marmoset is not

known .

In urine from non-pregnant females, whose reproductive



status was otherwise unknown, mean total oestrogen

excretion was 8 times greater than that recorded for

males, and following bilateral ovariectomy, levels

fell to 14% of those seen in intact, control females.

Although the percentage decrease post-castration was

similar in the male, where post-surgery mean was 12%

of that of the intact, control male value, levels in

ovariectomized females were 10 times higher than those

recorded for the castrate male. If the adrenal is the

source of oestrogen in castrates of either sex, whether

directly, or indirectly via peripheral aromatization of

adrenal precursors, then either the female adrenal

produces more oestrogen or else conversion from precursor

occurs to a greater extent than in the male. The

advantages of such sexual dimorphism, if any, are not

clear .

The relatively large variance associated with mean

total oestrogen excretion in the non-pregnant female

is the result of cyclic fluctuations in the levels of

steroid excreted, interpeak intervals of 22-26 days being

recorded. In five animals studied over a period of 40

days, evidence of oestrogen cyclicity was seen in three,

such fluctuations being absent in the other two animals,

where levels were similar to those recorded in castrate

females. Although the numbers are small, the data

suggest an ovarian cycle length in excess of the

16.4 -1.7 days reported for this species by Hearn and

Lunn (1975), based on information obtained from plasma;
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however, these authors reported that cycles up to

26 days in length did occur, and a recent report claims

an ovarian cycle length of 30.1 - 0.7 days (n = 30),

although variations both between and within animals

were noted (Harding, Hulme, Lunn , Henderson and Aitken,

1981). The observation that the female housed in the

absence of an adult of either sex had cyclic activity

with a much reduced urinary oestrogen excretion relative

to that of the oc member of a female-female pair is

unsubstantiated.

The possibility that social status may influence

reproductive function was postulated for callitrichids

by Epple (1970), who found that within groups, only the

dominant female produced offspring. The probability that

this represents the end result of some kind of reproductive

suppression is borne out by the present study, where the

animal in the subordinate position of a pair of adult

females showed no evidence of cyclic ovarian function

and had depressed levels of urinary oestrogen. Such

ovarian suppression occurred also in females housed in

peer groups, where oC-ranked females showed elevated levels

of oestrogen, became pregnant, and delivered young, while

females having subordinate status within the group were

characterized by levels of urinary oestrogen similar to

those observed in gonadectomized females, and did not

become pregnant. Copulation with intromission and

ejaculation does occur in such females (Epple, 1970;

Abbott, 1979), but pregnancies do not ensue. This is
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not surprising since subordinate females have ovaries

which show little follicular development and no corpora

lutea, ovarian weights being similar to those observed

in the prepubertal female. (personal observation).

With regard to pregnancy, fluorimetric assay data

suggest that urinary oestrogen excretion differs from

all other primates studied so far. It has already been

shown that the marmoset is unique in that the bulk of

oestrogen excreted is in the form of oestradiol-17p

(Shackleton, 1974), but in addition, for all species

for which data are available, urinary oestrogen rises

throughout gestation to reach maximum levels during

the last third of pregnancy, usually shortly before birth.

At the present time it seems that only the common

marmoset shows a decrease in the output of total oestrogens

during the second half of gestation. The pattern for

plasma oestradiol and oestrone in this species also differs

from that seen for urinary oestrogen. Oestradiol levels

remained at normal luteal phase levels until week 12 and

rose thereafter, reaching maximum values during the last

week of pregnancy. Following ovulation, oestrone values

remained high and rose slightly throughout gestation

(Chambers and Hearn, 1979). These results are not necessarily

incompatible with the findings in urine since plasma assays

were undertaken for two oestrogens only, whereas at least

four have been identified in marmoset urine, and it is

known that all of these (oestrone, oestradiol, oestriol and

16^-hydroxyoestrone) are measured by the fluorimetric

assay system (Brown and Beischer, 1972). Since the non-



specific assay does not take into account alterations

in the ratios of constituent oestrogens it may be that

oestradiol and oestrone continue to rise in plasma while

an overall decrease for total oestrogens is recorded in

urine. That the aecrease is not an artefact due to

quenching is indicated by the fact that meter readings

were well within the working range of the assay and no

evidence of colour or fluorescence was visible in the

Ittrich tubes.

Since the sole purpose of the use of RIA was to

examine and compare total oestrogen excretion as measured

by fluorimetry, with values for the same urines assessed

by means of a well-established assay system for plasma

oestrogens, intensive studies on RIA reliability criteria

were not undertaken; however, parallelism was found

between the dose-response curves for oestradiol standards

and serial dilutions prepared from a fractionated urinary

extract.

The overall results for this comparison between RIA

for oestradiol and oestrone, with or without prior

chromatography, and the fluorimetric assay for total

oestrogen, indicates that patterns of urinary total

oestrogen are similar, whichever system is used. The

absolute values for total oestrogen and oestradiol (in

crude urinary extracts) were similar, but both procedures

probably give an underestimate of the amount of oestrogen

present in urine. In the case of fluorimetry, this is

caused primarily by incomplete recovery of oestrogen,

while in the RIA for oestradiol, although lack of complete
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A/S specificity will result in some degree of binding

with competing oestrogens, the A/S will still bind

oestradiol preferentially and will thus measure only

a proportion of the oestrogens present. This is

reflected by the fact that application of the oestradiol

RIA to an oestradiol fraction, rather than to the crude

urinary extract, results in a decrease in the oestradiol

values obtained, and that the figures obtained by total

oestrogen assay are consistently higher than those noted

for oestradiol assay of the crude extract, although they

are of the same order of magnitude. That the differences

between the fluorimetric assay and oestradiol RIA of

unfractionated urine are not larger than those observed

may indicate that losses are greater with the former system

or that oestradiol is the major oestrogen in the samples

tested, since an increase in the other oestrogenic

components would be expected to cause a greater rise in the

fluorimetric assay than in the oestradiol assay. If the

absolute values obtained by fluorimetric assay, and

oestradiol and oestrone RIA of chromatographic fractions,

are assumed to be correct, then the results would suggest that

of the total oestrogen, oestradiol accounts for 64?o and

oestrone for 34?o of the total, and that any other oestrogens,

including oestriol and 16oC- hydroxyoestrone make up the

remainder.

It seems, therefore, that the use of fluorimetry as a

means of assay of total urinary oestrogen in the marmoset is

satisfactory and yields useful information, a finding in

keeping with that reported for the Japanese macague (Ando
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et al. 1976; 1977). At the same time, a preliminary

investigation into the application of RIA for oestradiol

and oestrone to either crude urinary extracts or

chromatographically purified fractions suggests that these

may also be valuable research tools for further studies on

the excretion and metabolism of oestrogens in the marmoset.

As with all other primates studied, the marmoset

differs in many ways from the human, but despite these

differences it would appear to be more suitable for use as

a model for the human than some of the other primates for

which information is available. With regard to pregnancy,

the advantages of this monkey have been listed by Shackleton

and Mitchell (1975) who summarized primate steroid endocrinology

of pregnancy and concluded that, excluding the Great Apes,

there were more points of similarity between marmosets and

man than between man and the more commonly used baboon or

macaque. Apart from its use as an animal model the marmoset

perhaps deserves further investigation for itself - the finding

of possible differences in adrenal function between sexes

is of interest, and the inter-relationships between social

status and reproductive function, as assessed by steroid

endocrinology, is a fascinating one.

SUMMARY: A fluorimetric assay for the quantitation of total

oestrogens in urine has been investigated and applied to

the measurement of these steroids in the marmoset.

The results suggest that the method is satisfactory

for this purpose and data for intact and castrate marmosets

of both sexes are presented. Levels are higher in both

the intact and castrate female than they are in the male
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but show great variation in the intact, non-pregnant

female. This is due to cyclic fluctuation, with an

interpeak interval of 22-26 days.

Initial studies suggested that there was a

relationship between social status and ovarian function

and this was confirmed, oC-ranked females showing character¬

istic fluctuations and high mean levels of total oestrogen,

as opposed to an absence of cyclic change and relatively

low levels in subordinates.

Information obtained for oestrogen excretion during

pregnancy shows extreme variation between and within animals,

as noted for marmoset CG (chapter 9). The overall pattern

is dissimilar to that recorded for all other primates studied,

and also differs from the results seen for plasma oestrogens

in this species, in that levels fell gradually during the

second half of pregnancy.

Application of RIA for oestradiol and oestrone to crude

urinary extracts or chromatographic fractions confirmed the

patterns obtained for total oestrogen excretion in the non¬

pregnant, intact female as measured by fluorimetry.

It is estimated that for the urines subjected to total

oestrogen and RIA assay, oestradiol constitutes the major

proportion of the oestrogen excreted, followed by oestrone.
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CHAPTER 12

SEASONAL BREEDING IN THE CAPTIVE MARMOSET

INTRODUCTION: In the wild, many non-human primates

demonstrate annual reproductive cycles, the end results

of which are the production of offspring during a

discrete period of the year. Such reproductive factors

in mammals and birds are the result of two factors

(Amoroso and Marshall, 1960). The first of these is an

endogenous physiological rhythm with an approximate

periodicity of 1-2 years. It is known that this cannot

maintain a periodicity of birth seasons indefinitely but

has to be triggered and synchronized by external stimuli

(Amoroso and Marshall, 1960; Bullough, 1961). Such factors

presumably include primary cyclic events such as alterations

in day length, rainfall or humidity, temperature etc, which

in turn result in secondary cycles, as exemplified by

seasonal changes in vegetation, insect population and so on.

In most animal house environments, the subjects are

housed in situations which may be expected to reduce the

likelihood of observed seasonal breeding in that the

quarters are usually maintained under conditions of pre¬

set artificial lighting which is not programmed to undergo

cyclic changes throughout the year, the temperature is

often kept within narrow limits, humidity may be controlled

and food and water are continuously available. Under

such conditions, triggering or synchronization of inherent

endogenous annual cyclicity may not take place because

of the absence of the relevant external cue, e.g.



changing day lengths. The literature pertaining to

breeding seasonality is increasing rapidly and a review

of annual breeding strategies in the primates is outwith

the scope of this chapter. A useful introduction to

the literature is contained in the articles by Lancaster

and Lee (1965), Baldwin (1970), Dukelow (1971), Hafez

(1971), Butler (1974), Drickamer (1974) and Michael and

Zumpe (1976).

In examining the suitability of an animal as a model

for reproductive research it may be advantageous to use

a species which exhibits such changes but in many cases

it is postively disadvantageous, since, for example, in

the squirrel monkey (Taub, Adams and Auerbach, .1978)

tamarin (Gengoziah, Batson and Smith,. 1978) , and rhesus

macaque (Keverne and Michael, 1970; Riesen, Meyer and

Wolf, 1971), discrete birth seasons are often retained,

albeit attenuated, from between 2 to at least 5 years,

and this can interfere with an on-going research

programme.

The literature available regarding the possibility

of seasonal breeding in Callitrichids is often absent,

poor, anecdotal or equivocal. In the wild,tamarins

belonging to the genus Saguinus appear to exhibit

seasonal breeding (Wislocki, 1930; Enders 1935; Moynihan,

1970; Hernaridez-Camacho and Cooper, 1976; Izawa, 1978),

as do the lion tamarins (Coimbra-Filho and Mittermeier,

1973; 1977). Data regarding the presence or absence of

seasonal breeding in marmosets (Cebuella and Callithrix
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spp) could not be located.

Evidence for
f (Gengozian ert eLL. 1978; Hampton e_t

j^.1978; Ogden et_ a_l. 1978) and against,(Wol fe e_t

al. 1975; Cicmanec and Campbell, 1 978)?seasonal breeding
in captive Saguinus spp is available, but for the lion

tamarin information indicates breeding seasonality

(Kleiman, 1977b; Coimbra-Filho and Maia, 1979). No

such information is available for Cebuella in captivity

while for captive Callithrix sp the majority of information

suggests no seasonality (Lucas et_ al. , 1937; Mallinson,

1969; Ingram 1975b; Phillips, 1975; Rothe , 1975; Wolfe

et al. 1975; Cicmanec and Campbell, 1978; Stevenson and

Sutcliffe, 1978), but the opposite was found to be the

case by Hampton e_t aJ^.( 1978) and Ogden et_ aj^. (1978).
In the studies reported by these workers, the question

of seasonal breeding in captive callitrichids was

considered on the basis of the distribution of births

throughout the year. In the present investigation a

group of 5 normal males was examined to determine

whether they showed any evidence of reproductive seasonality

on the basis of body and testis size, examination of

their hormonal status also being undertaken. These data

were compared with findings for their female partners

during the 1 year study and breeding records for the

entire colony were examined for the period January 1973-

December 1979.

MATERIALS AND METHODS:

1. External environmental factors: In the wild,
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factors which might be expected to influence breeding

in a seasonal manner include day length, temperature,

rainfall or humidity and food availability. A

meteorological station is situated less than 100 metres

from the primate colony and data were obtained for dry

bulb temperature, relative humidity (calculated from

psychrometric tables using wet and dry bulb temperature

data), rainfall and hours of sunshine for the period of

study, which lasted from January 1st, 1976 until December

31st 1976. Data for changes in day length during this

period were obtained from the Royal Observatory, Edinburgh.

2. Internal environmental factors: Daily temperature

and humidity readings were taken every morning for the

room in which all of the experimental animals were housed.

The lighting system was 13:11 light:dark as described in

chapter 2. The effect of external daylight on the artificial

lighting system is shown in figure 24. Dark areas indicate

periods where light is minimal or absent and clear areas

indicate periods of daylight or artificial light. The

hatched areas indicate the overlap between external and

internal light caused by variations in natural day length.

This shows how changes in day length throughout the year

are reduced by internal lighting which causes artificial

elongation of day length during the winter. In summer,

natural light extends beyond the limits of artificial

light both in the morning and evening, resulting in a

degree of residual cyclicity in day length during the

year. The vertical hatched lines indicate the summer



and winter solstices and therefore mark maximum and

minimum day lengths respectively.

3. Animals: Five male/female pairs were selected

from the breeding stock. At entry to the study each

pair had been housed together for periods of 1.61-2.83

years (2.50 - 0.5 years) during which time they had

produced between 2 and 4 sets of young/pair (3.0 - 0.7

sets). Only the males were investigated but information

regarding the reproductive history of their partners

during the study period was recorded. Each of the 5

males was subjected to the following procedures at

intervals of 1 month (mean interval = 30.3 - 0.5 days).

a) Body size: Body weight, head width and

knee-heel length was recorded for each animal, the systems

of measurement being as described in chapter 6. The

marmosets were weighed immediately prior to feeding.

b) Testicular size: The length and diameter

of each testis was measured in the scrotum using sliding

vernier scale calipers. The testis volume was calculated
2 1

using the formula V = 1/6 Tf b l , where V = volume,

b r diameter, 1 = length i.e. assuming the testis to be

an oblate spheroid. In effect the formula became
2

V = b 1 x k, where k, a constant equals 0.52381. Total

testicular volume for each animal was calculated from

the individual testis data.

c) Collection of body fluids: Each animal

was bled by femoral venipuncture at time 0 (between 0900

and 0930h) and at 1, 2 and 3h, 0.3ml of whole blood being
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taken at each time. Plasma was separated as described

in chapter 8 and deep-frozen to await assay. Immediately

after the fourth sample was taken the animals were transferred

to the NKP metabolism cage and a 24h urine specimen

collected.

d) Assays:

i) Plasma testosterone: Plasma testosterone

without chromatographic separation, was assayed using the

RIA system of Corker and Davidson (1978), this assay

having been validated for marmoset plasma by simultaneous

measurement of the testosterone - tBDMS by tuned ion

GCMS (Kelly and Taylor, 1974).

The A/S was raised in a goat against testosterone-3-

carboxymethy1 oxime - bovine serum albumin (Free and

Tillson ,1 973) and showed cross-reactivity with 3 ex. - hydroxy-

testosterone (23.9%), 11^-hydroxy testosterone (0.4%)
oestradiol - 17JJ' (0.2%) and androstenedione (0.2%). The

recovery of testosterone in this system was 105.6 - 9.0%

(n = 24), the detection limit was 500-1000 pg/ml, and

intra- and interassay variances were 4.5 and 11.5-12.0%

respectively (Abbott and Hearn, 1978; Corker and Davidson,

1978; Chambers and Hearn, 1979). In view of the short-

term changes recorded in the levels of plasma testosterone

a mean monthly figure was calculated for each animal

using data obtained for the 4x1 hourly bleeds.

ii) Urinary total oestrogen: Aliquots of

every 24h urine specimen were subjected to fluorimetric

assay for total oestrogen using the methods outlined
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in the previous chapter, oestriol being used as standard.

iii) Urinary testosterone: Urinary testosterone

was measured by GCMS. 1.0ml aliquots were diluted with

5.0ml of water and hydrolysed for 30 min at 100°C following

addition of 1.2ml concentrated HC1. A single extraction

with 3 volumes of diethyl ether was used to prepare a

steroid fraction which was subsequently derivatized to

form the tBDMS. The testosterone was quantitated using

a Varian/duPont GCMS system and tuned ion analysis performed

using testosterone, in which 5 deuterium atoms had been

substituted in the A and B rings, and authentic testosterone,

at a m/z of 350 for the former and 345 for the latter. Ten

samples were subjected to a second extraction with 2

volumes of diethyl ether: ethyl acetate (3:1) to give an

estimate of recovery of the single extraction. The

testosterone standard was used at 4, 20, 100, 500 and 1000ng.

4. Calculation of results: The results for all five

males over the 12 month period were subjected to 2 factor

analysis of variance using the Hewlett-Packard programmable

desk computer. The parameters subjected to analysis were

body weight, head width, knee-heel length, left and right

testis length, diameter and volume, total testes volume,

24h urine volume, total urinary oestrogen, urinary

testosterone and plasma testosterone. The correlation

between urinary oestrogen and testosterone and between

urinary and plasma testosterone was also examined.



TABLE56:Externalandanimalroomtemperature(°F)andrelative humidity(%)from1stJanuary,1976-31stDecember,1976. Temperature

Humidity

Month

External

Internal

External

Internal

Mean

Range

Mean

Range

Mean

Range

Mean

Range

J

39.3

27.9-51.1
76.3

72-82

85.9

72-100

A7.A

36-60

F

38.A

27.1-55.0
76.9

67-83

87.A

76-99

A5o3

36-58

M

37.A

26.8-50.9
77.5

72-82

82.8

53-100

AA.5

A0-50

A

A3.6

25.5-61.3
76.7

73-80

79.2

52-100

50.3

A5-59

M

50.3

31.3-67.6
78.0

7A-86,

75.6

53-96

53.0

A8-60

J

58.2

A1.0-79.3
78.3

7A-86

75.8

57-100

53.1

A6-62

J

60.6

AA.1-82.A
80.0

76-85

73.6

56-95

56.1

A8-73

A

58.6

A2.3-77.9
77.9

7A-82

79.2

A5-99

59.8

55-6A

S

52.3

35.A-65.7
75.6

71-80

81.A

60-100

59.2

50-70

0

A7.6

31.5-62.6
78.0

73-82

88.0

6A-99

52.3

A3-59

N

39.9

25.5-A9.3
76.6

73-79

88.8

70-100

A7.2

38-56

D

33.5

1A.7-A1.9
75.7

69-80

91.1

7A-100

AA.5

38-51



5. Male control group: A group of 20 adult males

was taken, at random in December 1976 and body weight,

head width, knee-heel length, individual testis length,

diameter and volume, and total testicular volume

recorded .

6. Colony records: The breeding records of the

whole colony were examined for the period 1st January

1973 - 31st December 1979 to see whether there was any

evidence of seasonal breeding.

RESULTS:

1. External and internal environmental factors:

Information relating to mean monthly temperature and

humidity is given in table 56. Throughout the year

the external mean daily dry bulb temperature was 46.7°E
(8.14°C), ranging from 14.7-82.4°F (-9.6 to 28.0°C).
Mean daily rainfall was 0.08in (2.06mm), an annual total

of 29.39in (737.7mm). Mean sunshine was 3.59h/day, an

annual total of 1315.1h, and the mean daily relative

humidity was 82.5?o.

Although the internal environment was relatively stable

when compared with conditions outside, the temperature in

the animal room was at its highest during the summer

months and fell during the winter, the situation being

similar with respect to humidity.

2. Body weight :In the 20 randomly selected males,

mean body weight was 324.9 - 38. 2g and did not differ

from the 60 observations made during the year on the 5



TABLE57:Meanbodyweight(g),headwidth(cm),knee-heellength(cm)and 24hurinevolume(ml)in5adultmalemarmosetsduring1976
Month

Bodyweight

Headwidth

Knee-heel

24h/urinevol.

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Jan

316.1

30.5

3.11

0.07

7.20

0.29

8.4

4.6

Feb

309.3

29.9

3.18

0.12

7.10

0.32

8.4

4.5

Mar

319.3

36.0

3.11

0.09

7.20

0.21

9.7

8.1

Apr

321.3

37.7

3.13

0.13

7.20

0.22

6.3

3.1

May

324.2

•38.5

3.11

0.10

7 o20

0.21

11.2

2.6

Jun

330.2

36.4

3.16

0.14

7.20

0.27

6.9•

1.9

Jul

322.1

33.0

3.16

0.08

7.20

0.23

8.2

5.0

Aug

322.4

39.1

3.13

0.10

7.20

0.25

7.7

2.8

Sep

327.2

36.6

3.20

0.14

7.20

0.26

6.9

4.2

Oct

320.0

44.9

3.15

0.09

7.20

0.22

8.9

3.0

Nov

330.4

27.5

3.19

0.10

7.14

0.26

9.5

5.2

Dec

327.8

33.9

3.15

0.12

7.20

0.27

5.9

3.1

TOTAL

322.5

32.7

3.15

0.12

7.18

0.23

8.1

4.2



experimental animals (mean - SD : 322. 5 - 32.7g).

Analysis of variance revealed a highly significant

difference between the animals in the latter group,

the variance ratio (F) being 175.5 (P =<0.001, df =

4,44). This was due to the fact that the mean weight of

the lightest marmoset was 297.7 - 8.8g (n = 12) while

that for the heaviest was 383.5 - 11.6g (n = 12). A

significant difference was also recorded between months,

the lowest mean being recorded in February and the

highest in November (table 57). Further analysis of the

results using the New Multiple Range Test (Duncan, 1955)

indicated that the difference between monthly means

throughout the year was caused primarily by the low value

recorded in February.

3. Head width: For the group of 20 males, mean head

width was 3.10 - 0.13 cm and resembled that of 3.15 - 0.10

seen for n = 60 in the experimental group. For the latter

group, no significant differences were recorded between

months, although the between - animal analysis revealed

significant differences. The results are shown in table

57.

4. Knee-heel length (table 57); The situation for

knee-heel length was similar to that noted for head

width data although the mean obtained for the group of

20 males was marginally less than in the study group

(7.02 - 0.32 vs. 7.18 - 0.23, t = 2.065; P =<0.05;

df = 78). No difference between months was revealed by



TABLE58:Length(cm)anddiameter(cm)oftheleftandrighttestisof 5adultmarmosetsduring1976
Month

LeftTestisLength
RightTestisLength
LeftTestisDiameter
RightTestisDiameter

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Jan

1 =47

0.08

1 .46

0.08

0.85

0.10

0.92

0.08

Feb

1 .46

0.06

1 .49

0.02

0.87

0.06

0.90

0.04

Mar

1 .43

0.07

1 .55

0.05

0.90

0.00

0.92

0,06

Apr

1 .45

0.05

1 .48

0.06

0.85

0.05

0.87

0.04

May

1 .40

0.06

1 .43

0.07

0.86

0.04

0.86

0.04

Jun

1 .46

0.04

1 .43

0.04

0.88

0.05

0.91

0.04

Jul

1 .45

0.06

1 .49

0.05

0.88

0.08

0.89

0.02

Aug

1 .44

0.02

1 .43

0.06

0.86

0.07

0.91

0.04

Sept

1 .44

0.07

1 .47

0.08

0.88

0.03

0.91

0.02

Oct

1 .43

0.08

1 .51

0.02

0 =89

0.07

0.94

0 =06

Nov

1 .42

0.06

1 .50

0.04

0.88

0.03

0.90

0.06

Dec

1 .46

0.07

1 .46

0.06

0.87

0.03

0.94

0.04

TOTAL

1 .44

0.06

1 .48

0.06

0.87

0.05

0.91

0.05
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analysis of variance.

3. Testis size (Tables 38-39): In the group of control

males, the left testis lengths, diameters and volumes

were less than the comparable right testis measurements,

and the same was the case for the 5 experimental animals.

For all three parameters analysis of variance showed no

significant differences between months for the left testis,

although there were differences between animals. For the

right testis, differences were seen both between animals

and months for length, diameter and volume.

6. Total testicular volume. In the control group,

total testicular volume was less than that seen in the 5

experimental marmosets (1.091 - 0.223 cm^ vs. 1.216 -

0.146cm^; t = 2.327, P =<0.05, df = 78). Total testicular

volume differed between animals in the latter group but

showed no significant changes throughout the year,

7. Urine volume: No seasonal effects on the amount of

urine excreted during a 24h period were recorded. The mean

24h urine volume was 8.1 - 4.2 ml (n = 60) ranging from a

mean of 4.4 - 1.6 for animal 1 (n = 12) to 11.2 - 4.6 for

animal 4 (n = 12).

8. Plasma testosterone: A total of 240 samples was

collected during the study. Differences between hourly bleeds

in any one month were very high, the overall CV being 67.0?o

- 33.3?o (range = 4.3-135.3?o, n = 60). The mean plasma

testosterone level was 17.3 - 9.6ng/ml (see table 60)

ranging from 0 . 68-41.2ng/ml). There were no significant



TABLE
59:

Left,
right
and

total

testicular
volume
(cm'')
in
5

adult

marmosets
during
1976

Left

Testis
Volume
Right
Testis
Volume
Total

Testicular
Volume

Month

Mean

SD

Mean

SD

Mean

SD

Jan

0.552

0.132

0.656

0.151
1

.211

0,277

Feb

0.582

0.093

0.633

0.057
1

.216

0.146

Mar

0.607

0.028

0.689

0.081
1

.

296

0.108

Apr

0.552

0.084

0.588

0.063
1

.140

0.139

May

0.544

0.067

0.556

0.066
1

.100

0.115

Jun

0.593

0.063

0.621

0.061
1

.215

0.121

Jul

0.593

0.125

0.619
*

0.051
1

.213

0.140

Aug

0.561

0.090

0.644

0.077
1

.

205

0.145

Sep

0.585

0.056

0.639

0.068
1

.224

0,092

Oct

0.598

0.108

0.701

0.087
1

.

299

0.180

Nov

0.576

0.041

0.639

0.094

1.216

0.131

Dec

0.583

0.049

0.677

0.074
1

.

261

0.122

TOTAL

0.578

0.078

0.663

0.065
1

.216

0.146



TABLE60:Meanlevelsofplasmatestosterone(ng/ml),urinarytestosterone(pg/24h) andurinarytotaloestrogen(pg/24h)in5adultmalemarmosetsduring1976
.Month

PlasmaTestosterone
UrinaryTestosterone
Urinary
Oestrogen

Mean

SD

Mean

SD

Mean

SD

Jan

14.70

13.27

4.21

2.90

10.07

6.34

Feb

13.81

13.40

3.00

1.86

7.33

3.65

Mar

15.09

9.84

3.62

2.12

8.98

2.67

Apr

12.19

10.65

3.39

1 .53

9.44

2.41

May

17.92

16.56

4.53

4.40

14.44

3.64

Jun

17.21

14.48

4.06

2.03

11.00

5.25

Jul

30.18

7.91

2.95

2.84

11.41

5.56

Aug

16.43

13.87

4.44

1 .97

19.62

3.30

Sep

28.90

10.69

3.53

2 o25

12.05

3.32

Oct

3.04

3.58

1 .55

0.50

9.85

3.44

Nov

18.48

12.48

3.03

2.11

11.01

5.34

Dec

19.08

12.94

3.79

1 .55

11.49

2.59

TOTAL

17.28

9.63

3.50

2,30

11,39

4,82



differences between animals, but there were significant

differences throughout the year, the mean secretion of

testosterone being highest in July and September, with

a low in October of only 3.0 - 3.6 ng/ml compared to the

peak value of 30.2 - 7.9 ng/ml for July.

9. Urinary testosterone (Table 60): The mean urinary

testosterone excretion throughout the year was 3.5 -

2.3 ,qg/24h, significant differences between animals, but

not between months, being shown by analysis of variance.

The recovery of testosterone by single extraction was

89.5 - 6.2% (n = 10; range = 81.5-97.3%).

10. Urinary oestrogen (Table 60): No differences in

urinary output of total oestrogens were recorded between

the five marmosets, but differences throughout the year

did occur, ranging from a low of 7.3 ^ig/24h in February

to a high in August where a mean figure of 19.6 pg/24h

was obtained. An estimateof' free ' total oestrogen, ie.

the steroid measurable in urine before hydrolysis and

therefore presumed not to be conjugated to glucuronide

or sulphate was made using 1 urine sample from each of

the five animals. The mean value prior to hydrolysis

was 1.95 - 0.62 ug of total oestrogen (as oestriol

equivalent), and following acidic hydrolysis the

comparable figure for the combined free and conjugated

fractions was 8.77 - 2.85 ug/24h, a mean ratio of total:

free of 4.5:1.
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11. Hormonal correlations: There was no correlation

between the 60 individual values for plasma testosterone

and urinary testosterone (r = 0.121, P =>0.03) but

urinary total oestrogen and urinary testosterone were

significantly correlated (r = 0.503, P = <0.001).

12. Reproduction in female partners: In pair 1,

the female was pregnant at 1.1.76 and gave birth to

triplets on 25.2.76. She subsequently became pregnant

and delivered twins on 1.8.76, an interbirth interval

of 158 days. Post-partum mating occurred six days

later and the female was pregnant at 31.12.76. Female

2 was also pregnant at the start of the study and twins

were born on 14.3.76. Pregnancy again ensued and a

further set of twins were born on 7.9.76, an interbirth

interval of 177 days. Post-partum mating occurred 3

days later but conception did not occur until late

November. The female in the third pair was pregnant

on entry to the investigation and gave birth to triplets

on 20.3.76. She became pregnant but aborted between

5.5.76 and 12.5.76. Another set of triplets was born

on 18.12.76. In pair 4 triplets were born to the

female on 25.2.76 and 30.7.76, an interbirth interval

of 156 days. As with female 3, she again became pregnant

but this was terminated spontaneously in September, however

at 31.12.76 she had conceived again, triplets being born

in April the following year. The last female produced

a singleton on 9.1.76, twins on 9.6.76 and a further set

of twins on 2.12.76, interbirth intervals of 152 and 176

day s.



TABLE61:Thenumberofbirtheventsandthenumberofyoungmarmosetsborn eachmonthduringtheperiodJanuary1973-December1979inclusive
Month

Year

1973

1974

1975

1976

1977

1978

1979

Total

Jan

-

1(2)

5(11)

5(11)

3(8)

3(6)

7(14)

24(52)

Feb

1(2)*

-

1(2)

3(9)

1(3)

1(1)

1(3)

8(20)

Mar

-

1(2)

3(6)

6(15)

3(6)

4(8)

7(14)

24(51)

Apr

-

4(6)

1(3)

6(11)

11(27)

7(16)

12(28)

41(91)

May

-

3(6)

1(3)

6(13)

3(8)

13(30)

7(17)

33(77)

Jun

-

3(5)

5(10)

13(29)

4(9)

5(10)

15(31)

45(94)

Jul

-

1(2)

11(23)

5(12)

3(7)

6(11)

3(8)

29(63)

Aug

1(3)

-

5(11)

3(6)

6(13)

7(14)

4(9)

26(56)

Sep

3(9)

1(2)

7(14)

4(8)

7(15)

2(4)

5(7)

29(59)

Oct

6(14)

4(7)

2(4)

3(6)

6(12)

11(23)

6(13)

38(79)

Nov

-

1(2)

1(2)

2(4)

1(2)

2(4)

-

7(14)

Dec

1(3)

7(15)

3(6)

2(5)

1(1)

1(2)

5(9)

20(41)

TOTAL

12(31)

26(49)

45(95)

58(127)

49(111)

62(129)

72(153)
324(697)

*Valuesinparenthesesarethenumbersofyoungdelivered



In summary therefore, all five females were

pregnant at the start of the study, and by the end of the

year had produced a singleton, five sets of twins and

5 sets of triplets. In addition, two of the females

had become pregnant but failed to go to term and 3/5

were pregnant at the end of the study. In this small

group alone, births occurred in all months except

April, May, October and November, and retrospective

dating of term pregnancies indicated conceptions in

January, February, March, April and July.

13. Colony breeding records: The number of births

recorded throughout the colony during a seven-year

period, and the numbers of young born, are shown in

Table 61. The overall results show that births occur

every month but analysis of the data reveal that of the

324 events recorded, only 18.2% occurred during the

period November-February while 44.1 and'37.7% were

observed for March-June and July-October respectively.

In theory an absence of seasonal breeding would result

in the 324 births being evenly distributed between

months but deviation from such an expectation resulted

in a "X2 value of 56.07 for 11 df (P =<0.001).

DISCUSSION: The majority of reports suggest that in

C. j acchus there is no evidence for the occurrence

of seasonal breeding in captivity (see introduction for

references). This conclusion is based on the observation

that births, and hence conceptions, occur throughout

the year. It may be that this is the case, but in two



studies in callitrichids in which the numbers of

births were large (Hampton et_ eQ. 1978; Ogden et_ al.

1978) evidence of a birth peak was noted in April-

July, with a nadir in both cases in November. Analysis

of colony records for 324 births in the present study
2

are in agreement with those findings. A X test

revealed a deviation from uniformity in birth numbers/

month., The maximum number of births was recorded in

June while very few animals were born in November.

This finding supports the suggestion that there may

be a period during which an increased number of births

is recorded, although true breeding seasonality, in terms

a discrete birth peak and periods during which no births

occur, is absent.

To examine the possibility that such fluctuations

in the number of births throughout the year may be the

result of some type of seasonality in the male marmoset,

several parameters which might be expected to show

some evidence of seasonal change have been studied.

Although an attempt was made to stabilize the

internal environment, some degree of residual annual

changes related to external conditions was observed

with respect to both temperature and humidity. A

similar situation existed with respect to day-length,

the.13:11 light:dark internal lighting system being

over-ridden by the long days of summer. The activity

patterns of the marmosets were little affected by

this, since although they tended to emerge from their



nest-boxes slightly earlier during periods of

extended day length, they retired at about the same

time each evening irrespective of the lighting

condition (Lunn and Abbott - personal observations).

In theory therefore, residual environmental cues of

light, temperature and humidity might be sufficient

to induce or maintain an annual reproductive rhythm

in animals of either sex.

Although body size was relatively unaffected by

time of year, as might be expected for measures of

head width and knee-heel, body weight did show

significant differences between months, caused

primarily by the nadir in February. The changes in

body weight did not resemble those seen for the

seasonally breeding squirrel monkey, which undergoes

deposition of sub-cutaneous fat coincident with the

period of female sexual responsiveness (Dumond and

Hutchinson, 1967). The relationship between this

'fatting' phenomenon, spermatogenesis and hormonal

status in Saimiri sciureus has been discussed by

Dumond and Hutchinson (1967), Nadler and Rosenblum

(1972) and Coe and Rosenblum (1978).

With regard to left testis length, diameter and

volume, no seasonal effects were recorded, but

this was not the case for the right testis which,

in addition to being larger than the left, showed

differences in size during the year. The biological

significance of such a difference is obscure, if the
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finding is a real one, but it is thought to be an

artefact caused by unilateral errors in measurements.

Examination of the total testicular volume showed

an absence of change during the year.

As far as endocrine status was concerned,

plasma testosterone levels showed marked fluctuations

between bleeds, necessitating pooling of data within

animals by month. Such changes in plasma testosterone

have also been noted for the human within minutes,

(Murray and Corker, 1973) and between days (Doering,

Brodie, Kraemer, Becker and Hamburg, 1974). In view of

this fluctuation, it is difficult to know how much

weight can be placed on the finding that significant

variations throughout the year were recorded, a 10-fold

difference being recorded between the high of 30.18 ng/ml

in July and the low of 3.04 ng/ml in October. It may

seem that this problem could be overcome by looking at levels

of urinary testosterone over a 24h period, where some

degree of 'smoothing' of peaks can be expected, but in

the present study no correlation could be demonstrated

between the levels of plasma and urinary testosterone, and

no evidence of changes in the latter between months was

observed. The absence of correlation may reflect an

inadequacy of the plasma sampling system, in view of the

marked variations observed between times; alternatively,

it may be that urinary testosterone is not a major

androgenic component, and could perhaps be excreted on

a relatively constant level which does not reflect the
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'true androgenic status of the animal. Information

regarding the metabolism of androgens in marmosets is

non-existent so that the question cannot be resolved

at this time.

The mean of 11.39jjg of total oestrogen recorded

for the normal male in this study is comparable to that

of the 9.9 pg/24h recorded for this category in chapter

11. The lowest mean value was recorded in February and

peak levels occurred in August, but no recognisable

pattern of change throughout the year was observed.

Examination of data for parameters in which significant

differences occurred between months was not rewarded

by any clear cut trends. These differences were recorded

for body weight, right testis size, urinary total oestrogen

and plasma testosterone, but peaks and troughs for each

of the parameters were dissociated from one another. This

is not unexpected but adds to difficulties in interpretation

of the results; thus, it is difficult to see why maximum

levels of plasma testosterone and urinary oestrogen should

be found in August and July while maximum right testis

size was recorded in October, if the testis is the source

of the steroids and there is a relationship between testis

volume and endocrine function as is seen in the squirrel

monkey (Dumond and Hutchinson, 1967).

Examining the data overall, it seems that there is

a birth peak in captive marmosets, based on the distribution

of births throughout the year, but that evidence for an

annual reproductive rhythm in the male which could result



in such a distribution is lacking.

SUMMARY: The possibility that seasonal breeding

occurs in the captive marmoset has been examined.

Data have been acguired from five males studied over

a period of one year in an attempt to confirm or

deny the occurrence of a seasonal breeding cycle.

Information for body and testis size, plasma

testosterone, urinary testosterone and urinary total

oestrogen has been presented, steroids being measured

by RIA, tuned ion GCMS, and fluorimetry, respectively.

Where significant differences throughout the year

were recorded for any parameter they were not associated

with recognisable patterns of change.

From colony records, most births occurred between

March-June, with few animals being born in November or

February. These data suggest a birth peak but not

a truly defined breeding season. That such a peak

may be the result of cyclic seasonal changes in male

reproductive function has not been confirmed.
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APPENDIX I

1a. Preparation of vitamin supplement.

Solution A: Calcium Sandoz syrup (Sandoz Products

Ltd.) 250 ml

Cytacon syrup (Glaxo Laboratories

Ltd.) 250 ml

Abidec Multivitamin drops (Parke,

Davis & Co.) 24 ml

Solution B: Cholecalciferol 75 mg

Soya oil 1000 ml

Solution B contains 3000 iu

Vitamin D^/ml.

Combine equal volumes of Solution A and B. Add ascorbic

acid to a final concentration of 4 mg/ml.

Each animal received 0.3 ml of this solution orally once/

fortnight, equivalent to 250 iu vitamin D^/week.

1b. Preparation of vitamin supplment (modified)

The combined vitamin supplement is prepared as in 1a.

One part of the combined supplement is added to two

parts of yoghurt so that the final vitamin D^
concentration is 500 iu/ml. Each animal receives

1.0 ml of this solution orally once/fortnight,

equivalent to 250 iu vitamin D^/week.



APPENDIX
2:

NOMENCLATURE
OF

STEROIDS

SYSTEMATIC
NAME3-hydroxy-1,3,5(10)-oestratrien-17-one

1

,3,5(10)-oestratriene-3,17
oC

-diol1,3,3(10)-oestratriene-3,17/B-diol
1

,3,5(10)-oestratriene-3,16cx.
,17B-triol1,3,5(10)-oestratriene-3,16£,17J3-triol

1

,3
,

5(
1

0)-oestratriene-3
,1

Goc

,McC

-triol
1,3,5(10)-oestratriene-3,16B,17oC

-triol

3

,11

ji-dihydroxy
-

1

,

3
,

5

(1
0

)-oestratrien-1
7-one

3,16oi

-dihydroxy-
1

,3,5(10)-oestratrien-17-one2,3,17p-trihydroxy-1,3,5(10)-oestratriene4-pregnene-3,20-dione
3

o<
,

6p-dihydroxy-5c<
-pregnan-20-one

3

cx

,16o<-

-dihydroxy-5o6
-pregnan-20-one

-pregnane-3
,20°t
-diol3oC-hydroxy-5P-pregnan-20-one5p-pregnane-3,20-dione17p-hydroxy-4-androsten-3-one

oc

-hydroxy-
5oi

-androstan-1
7-one

5

oi

,17p-dihydroxy-androstan-3-one1ip,17p-dihydroxy-4
androsten-3-one

TRIVIAL
NAME

OestroneOestradiol-1
7<*-

Oestradiol-1
7jJ

(Oestradiol)
Oestriol16-epioestriol17-epioestriol16,17-epioestriol1ip-hydroxyoestrone

16^

-hydroxyoestrone
2

-

hydroxyoestradiolProgesterone
6p

-

hydroxypregnanolone
1

6

c<
—

hydroxypregnanolone
Pregnan

ediolPregnanolonePregnanedione
T

estosteroneAndrosteron
e-hydroxytestosterone1ip-hydroxytestosterone



317

REFERENCES

ABBOTT, D.H. (1978) The hormonal, physical and
behavioural development of the common marmoset,
Callithrix j acchus» In: Biology and Behaviour
of Marmosets eds. Rothe, H., Wolters, H.-J. &

Hearn, J.P. pp. 99-106 Gottingen: Eigenverlag
Rothe .

ABBOTT, D.H. (1979) Sexual development of the common

marmoset monkey, Callithrix j acchus j acchus Ph.D.
Thesis University of Edinburgh

ABBOTT, D.H. & HEARN, J.P. (1978) Physical, hormonal
and behavioural aspects of sexual development in
the marmoset monkey, Callithrix j acchus. J. Reprod.
Fert. _53: 1 55-166

ABRAHAM, G.E., ODELL, W.D., EDWARDS, R. & PURDY, J.M.(1970)
Solid-phase radioimmunoassay of estrogens in biological
fluids. In: Steroid Assay by Protein Binding
Karolinska Symposia on Research Methods in Reproductive

Endocrinology. Vol. 2. pp. 332-343 Ed. Diczfalusy, E.

Copenhagen: Bogtrykkeriet Forum

ABRAHAM, G.E., TULCHINSKY, D. & KORENMAN, S.G. (1970)
Chromatographic purification of estradiol-17p for use
in radio-ligand assay. Biochem. Med. .3 : 365-368.

ALLEN, E. & DOISY, E.A. (1923) An ovarian hormone.

Prelimary report on its localization, extraction and

partial purification and action in test animals.
J. Am.med. Ass. 8J_: 819-821

AMOROSO, E.C. & MARSHALL, F.H.A. (1960) External factors
in sexual periodicity. In: Marshall's Physiology of

Reproduction 3rd Edition Ed: Parkes, A.S. Vol I Part
II pp. 707-831 London: Longmans

ANDO, A., NIGI, H., TANAKA, T. & OHSAWA, N. (1976) Routine
measurement of urinary total estrogens of the female

Japanese monkey as an index for estimating the time
of ovulation. Primates 17: 89-94



318

ANDO, A., NIGI, H. & OHSAWA, N. (1977) A rapid assay

of urinary estrogens of the Japanese monkey for
routine use. Primates 1_8; 271-273

ATKINSON, L.E., HOTCHKISS, J., FRITZ, G.R., SURVE, A.H.,

NEILL, J.D. & KNOBIL, E. (1975) Circulating levels of
steroids and chorionic gonadotrophin during pregnancy

in the rhesus monkey, with special attention to the
rescue of the corpus luteum in early pregnancy. Biol.

Reprod. 1_2: 335-345

BAIRD, D.T. (1976) Oestrogens in clinical practice. In:
Hormone Assays and their Clinical Application 4th Ed.
Ch. 13 pp. 409-446 Eds. Loraine, J.A. & Bell, E.T.

Edinburgh: Churchill Livingstone

BAIRD, D.T., UNO, A. & MELBY, J.C. (1969) Adrenal secretion
of androgens and oestrogens. J. Endocr. 4J5: 135-136

BALDWIN, J.D. (1970) Reproductive synchronization in

squirrel monkeys ( Saimiri ). Primates 11: 317-326

BEATTIE, J. (1927) The anatomy of the common marmoset (Hapale
j acchus Kuhl). Proc. Zool. Soc. Lond. 2: 593-718

BENIRSCHKE, K., ANDERSON, J.M. & BROWNHILL, L.E. (1962)
Marrow chimerism in marmosets. Science 138: 513-515

BENIRSCHKE, K. & BROWNHILL, L.E. (1962) Further observations
on marrow chimerism in marmosets. Cytogenetics 245-257

BENIRSCHKE, K. & BROWNHILL, L.E. (1963) Heterosexual cells
in testes of chimeric monkeys. Cytogenetics 2_i 331-341

BENIRSCHKE, K. & RICHART, R. (1963) The establishment of
a marmoset breeding colony and its four pregnancies.
Lab. Anim. Care 13: 70-83

BENIRSCHKE, K. & RICHART, R. (1964) Observations on the
fetal adrenals of marmoset monkeys. Endocrinology 74:
382-387

BONNEY, R.C., DIXSON, A.F. & FLEMING, D. (1979) Cyclic

changes in the circulating and urinary levels of ovarian
steroids in the adult female owl monkey. (Aotus
trivirgatus) . J. Reprod. Fert. 5J^: 271-280



BONNEY, R.C. & KINGSLEY, S. (1980) Endocrinology
of pregnancy in the orang-utan (Pongo pygmaeus)
Antropolgia Contemporanea 3^: 170

B00RMAN, G.A., SPELTIE, T.M. & FITZGERALD,, D.H. ( 1974)
Urinary chorionic gonadotrophin excretion during

pregnancy in the chimpanzee. 0. med. Primatol 3^:
269-275

BORTH, R., DICZFALUSY, E. & HEINRICHS, H.T. (1957)
Grundlagen der statistischen Auswertung biologischer

Bestimmungen. Arch. Gynaek. 188: 497-538

BOX, H.O. (1975) A social developmental study of young

monkeys (Callithrix j acchus) within a captive family
group. Primates 1lj5: 419-435

BRIDGEWATER, D.D. (1972) Ed. Saving The Lion Marmoset.

Proceedings of the Wild Animal Propagation Trust
Golden Lion Marmoset Conference. Wheeling, West

Virginia: Wild Animal Propagation Trust

BROWN, J.B. & BEISCHER, N.A. (1972) Current status of

estrogen assay in gynecology and obstetrics. Part 1.

Estrogen assays in gynecology and early pregnancy.

Obstet. Gynec. Surv. 2^7: 205-235

BROWN, J.B., MACLEOD, S.C., MACNAUGHTAN, C., SMITH, M.A.
& SMYTH, B. (1968) A rapid method for estimating

oestrogens in urine using a semi-automatic extractor.
J. Endocr. 4^2: 5-15

BROWN, J.B., MACNAUGHTAN, C., SMITH M.A. & SMYTH, B (1968a)
Further observations on the Kober colour and Ittrich

fluorescence reactions in the measurement of oestriol,
oestrone and oestradiol. J. Endocr. <40: 175-188

BULL0UGH, W.S. (1961) Vertebrate Reproductive Cycles. 2nd
Edition London: Methuen

BULMER, M.G. (1970) The Biology of Twinning in Man. Oxford
Clarendon Press.



BUTLER, H. (1974) Evolutionary trends in primate sex

cycles. Contrib. Primatol. 2-35 Basel: Karger

CARPENTER, C.R. (1934) A field study of the behaviour
and social relations of howling monkeys. Comp. Psychol.

Monogr. 1_0: 1-68

CARROLL, J.B. (1977) The maintenance and breeding of the

silvery marmoset, Callithrix argentata. Dodo 1_4: 41-45

CHAMBERLAIN, J., KNIGHTS, B.A. & THOMAS, G.H. (1964) A

system of analysis by gas chromatography of 17^ - and

17p-pregnane-3, 20-diols and their identification as
metabolites of progesterone in man, the monkey, rabbit
and guinea-pig. J. Endocr. 28_: 235-246

CHAMBERS, P.C. & HEARN, J.P. (1979) Peripheral plasma
levels of progesterone, oestradiol-1 7JI, oestrone,
testosterone, androstenedione and chorionic gonadotrophin

during pregnancy in the marmoset monkey, Callithrix j acchus.
J. Reprod. Pert. 56^: 23-32

CHIARELLI, A.B. (1972) Taxonomic Atlas of Living Primates.
London: Academic Press.

CHRISTEN, A. (1974) Eortplanzungsbiologie und verhalten bei
Cebuella pygmyaea und Tamarin tamarin. Eortschr.

Verhalten/forsch. 1_4: 5-79

CICMANEC, J.L. (1977) Medical problems encountered in a

callitrichid colony. In: The Biology and Conservation
of the Callitrichidae. Ed. Kleiman, D.G. pp. 331-336

Washington: Smithsonian Institution Press.

CICMANEC, J.L. & CAMPBELL, A.K. (1978) Notes on comparative

reproduction of selected Callitrichidae in the laboratory.
In: Primates in Medicine Vol. 10: Marmosets in Experimental
Medicine Eds. Gengozian, N. & Deinhardt, E. pp 84-87
Basel: Karger.

CICMANEC, J.L., HERNANDEZ, D.M., JENKINS, S.R., CAMPBELL,
A.K. & SMITH, J.A. (1979) Hand-rearing infant callitrichids

(Saguinus spp. and Callithrix jacchus) ,owl monkeys
(Actus trivirgatus) and capuchins (Cebus albifrons). In:

Nursery Care of Non-human Primates. Eds. Ruppenthal, G.C. &

Reese, D.J. Ch. 32 pp. 307-312 New York: Plenum Press.



321

CLARK, N.A. (1973) A preliminary investigation into
the diet of marmosets and tamarins Callitrichidae

(Thomas, 1903) at the Jersey Zoological Park. Jersey
Wildlife Preservation Trust. Tenth Annual Report

pp. 44-50

CLEGG, M.T. & WEAVER, M (1972) Chorionic gonadotrophin
secretion during pregnancy in the chimpanzee (Pan
troqylodytes), Proc. Soc. exp. Biol. Med. 139: 1170—
1 174

COE, C.L. & ROSENBLUM, L.A. (1978) Annual reproductive

strategy of the squirrel monkey (Saimiri sciureus).
Folia- primatol. 19-42

C0IMBRA-EILH0, A. E . & MA IA, A. de A ( 1976) Hibridismo
de Callithrix geoffroyi (Humboldt, 1812) X C. jacchus

(Linneaus, 1758), E criscao artificial de filhote
hibrido (Callitrichidae, Primates) Rev. Bras. Biol. 3 6:
665-673

C0IMBRA-EILH0, A. F. & MA IA, A. de A ( 1979) A sazonalidade
do processo reproductivo em Leontopithecus rosalia

(Linnaeus, 1766) (Callitrichidae, Primates)Rev.Brasil
Biol. 21: 643-651 .

C0IMBRA-EILH0, A . E . & MITTERMEIER , R . A . (1973) Distribution
and ecology of the genus Leontopithecus, Lesson, 1840
in Brazil. Primates 1^L: 47-66

COIMBRA-FILHO , A.F. & MITTERMEIER, R . A . ( 1977) Conservation
of the Brazilian lion tamarins (Leontopithecus rosalia).
In: Primate Conservation. Eds.Rainier, The Prince, &

Bourne, G.H. pp. 59-94 New York: Academic Press.

COLLINS, D.C., GRAHAM, C.E. & PREEDY, J.R.K. (1975)
Identification and measurement of urinary estrone,

estradiol-17p, estriol, pregnanediol and androsterone
during the menstrual cycle of the orang utan. Endocrinology
96: 93-101.

COOPER, R. (1977) In: Panel Discussion - Reproduction of
small colonies of endangered callitrichids. In: The

Biology and Conservation of the Callitrichidae Ed. Kleiman,
D.G. pp. 219-226 Washington: Smithsonian Institution
Press.



322

CORKER, C.S. & DAVIDSON, D.W. (1978) A radioimmunoassay
for testosterone in various biological fluids without

chromatography. J. Steroid Biochem. 9_i 373-374

CREW, F.A.E. (1932) The factors which determine sex. In:
Marshall's Physiology of Reproduction Ed. Parkes, A.S.
Ch. 22 Vol II pp. 741-792 London: Longmans, Green & Co.

CRONIN, J.E. & SARICH, V.M. (1978) Marmoset evolution:
The molecular evidence. In: Primates in Medicine Vol. 10:

Marmosets in experimental medicine. Eds. Gengozian,
N. & Deinhardt, F. pp. 12-19 Basel: Karger.

DALY, M. & WILSON, M. (1978) Sex, Evolution and Behaviour
Ch 6 pp 119-161 Massachusetts: Duxbury Press.

DAVIS, R.R. (1977) Pregnancy diagnosis in an orang-utan
• using two prepared test kits. J. med. Primatol. 6^:
313-318.

DAWSON, G.A. (1977) Composition and stability of social

groups of the tamarin, Saguinus oedipus geoffroyi, in
Panama: Ecological and behavioural implications. In:
The Biology and Conservation of the Callitrichidae. Ed.

Kleiman, D.G. pp. 23-27 Washington: Smithsonian
Institution Press.

DAWSON, G. & DUKELOW, W.R. (1976) Reproductive characteristics
of free-ranging Panamanian tamarins (Saguinus oedipus

geo f f roy i ) . J. med. Primatol. _5: 266-275.

DEAN, P.D.G., EXLEY, D. & JOHNSON, M.W. (1971) Preparation
of 1 7 j3 -oestradiol-6-(0-carboxymethy1) oxime-bovine serum

albumin conjugate. Steroids 1_8^ 593-603 .

DEINHARDT, F. (1970), Nutritional requirements of marmosets.
In: Feeding and Nutrition of Non-Human Primates. Ed.

Harris, R.S. pp. 175-182 New York: Academic Press.

DEINHARDT, F. & DEINHARDT, J. (1966) The use of platyrrhine

monkeys in medical research. In: Symp. Zool. Soc. Lond.
17: Some Recent Developments in Comparative Medicine.
Ed. Fiennes, R.N.T.-W. pp 127-152 London: Academic Press.

DEINHARDT, F., HOLMES, A.W., DEVINE, J. & DEINHARDT, J. (1967)
Marmosets as laboratory animals. IV The microbiology of
laboratory-kept marmosets. Lab. anim. Care 17: 48-70.



323

DEMPSEY, E.W. (1939) The reproductive cycle of New World

Monkeys. Am. J. Anat. 64^: 381-403

DIEM, K. & LENTNER, C. (1970) Documenta Geigy - Scientific
Tables 7th Ed. p. 354 Basle: Geigy S.A.

DOERING, C.H., BRODIE, H.K.H., KRAEMER, H. BECKER, H. &
HAMBURG, D.A. (1974) Plasma testosterone levels and psychologic

measures in men over a 2-month period. In: Sex Differences
in Behaviour Eds. Friedman, R.C., Richart, R.M. and
Vande Wiele, R.L. Ch. 21 pp. 413-431 New York: Wiley.

DOUGLAS, J.D. & BUTLER, T.M. (1970) Chimpanzee breeding at the
6571st Aeromedical.Research Laboratory, Lab. Anim. Care
20: 477-482

DREIZEN, S. & LEVY, B.M. (1969) Histopathology of experimentally
induced nutritional deficiency cheiolsis. in the marmoset
(Callithrix j acchus) . Archs. oral. Biol. 1_4: 577-582.

DRICKAMER, L.C. (1974) A ten-year summary of reproductive
data for free-ranging Macaca mulatta. Folia primatol. 21:
61-80.

DUKEL0W, W.R. (1971) Reproductive physiology of primates.Lab.
Prim. Newsl. 10 (2): 1-15

DUM0ND, F.V. & HUTCHINSON, T.C. (1967) Sguirrel monkey

reproduction: The "fatted" male phenomenon and seasonal
spermatogenesis. Science 158: 1067-1070.

DUNCAN, D.B. (1955) Multiple range and Multiple F tests..
Biometrics 11: 1-42.

DUNN, F.L. (1963) Acanthocephalans and cestodes of South
American monkeys and marmosets. J. Parasitol. 4_9: 717-
722.

ECKSTEIN, P. & KELLY, W.A. (1966) A survey of the breeding

performance of rhesus monkeys in the laboratory. Symp.
Zool. Soc. Lond. 17-91

EG0ZCUE, J., PERKINS, E.M. & HAGEMENAS, F. (1968) Chromosomal
evolution in marmosets, tamarins and pinches. Folia
primatol. 9^: 81-94

EG0ZCUE, J., PERKINS, E.M. & HAGEMENAS, F. (1969) The
chromosomes of Saguinus fuscicollis illigeri (Pucheran,
1845) and Aotus trivirgatus (Humboldt, 1811). Folia

primatol. _TJD: 154-159



324

EICHBERG, J.W., MOORE, G.T., KALTER, S.S., RODRIGUEZ,
A. R. & BERCHELMANN, M.L. ( 1979) Rearing of conventional

and gnotobiotic non-human primates (Pan troglodytes,

Papio cynocephalus, Saguinus nigricollis) . J. med.
Primatol. 13: 69-78

ELMADJIAN, E. & EORCHIELLI, E. (1963) Characterization of
hormonal steroids of the chimpanzee: changes in adrenal
cortical function during simulated and actual space

flight. In: Hormonal Steroids; Biochemistry, Pharmacology
and Therapeutics Proc. 1st Int. Cong, on Hormonal Steroids.
Eds. Martini, L. & Pecile, A. Vol. 2 p. 533 New York:
Academic Press.

ENDERS, R.K. (1935) Mammalian life histories from Barro
Colorado Island, Panama. Bull. Mus. Comp. Zool. Harv.
78: 383-502

EPPLE, G. (1967) Vergleichende Unter suchungen uber Sexual—
und Sozialverhalten der Krallenaffen (Hapalidae). Eolia

primatol. 7^: 37-65

EPPLE, G. (1970) Maintenance, breeding and development of
marmoset monkeys (Callithricidae) in captivity. Eolia

primatol. 1_2: 56-76

EPPLE, G. (1978) Reproductive and social behaviour of
marmosets with special reference to captive breeding.
In: Primates in Medicine Vol. 10: Marmosets in experimental
medicine. Eds. Gengozian, N. & Deinhardt, F. pp. 50-62
Basel: Karger.

EXLEY, D., JOHNSON, M.W. & DEAN P.D.G. (1971) Antisera

highly specific for 1 7{3-oestradiol. Steroids 1_8^ 605-620

FIEDLER, W. (1956) Ubersicht Uber das System der Primates.
In: Primatologia Vol. 1 pp. 1-222 Eds. Hofer, H., Schultz,
A.H. & Starck, D. Basel: Karger

FIENNES, R. (1967) Zoonoses of Primates: The epidemiology
and ecology of simian diseases in relation to man. London:
Weidenfeld & Nicolson.

FISH, W.R., D0RFMAN, R.I. & YOUNG, W.C. (1942) The isolation
of pregnandiol-3 (<*) , 20 (<*-) from the urine of pregnant

chimpanzees. J. biol. Chem. 143: 715-720



325

FITZGERALD, A. (1935) Rearing marmosets in captivity,
J. Mammal. 1_6: 181-188

FLICKINGER, G.L. & WU, C-H (1967) Metabolism of estradiol-
1 4

17^3-4- C in a non-pregnant rhesus monkey. Proc. Soc.
exp. Biol. Med. 1_Z4: 1310-1313.

F00DEN, J. (1961) Urinary amino acids of non-human

primates. Zooiogica N.Y. 46^: 167-180

FORD, C.E. & EVANS, E.P. (1977) Cytogenetic observations on

XX/XY chimaeras and a reassessment of the evidence for

germ cell chimaerism in heterosexual twin cattle and
marmosets. J. Reprod. Fert. 41?: 25-33*

FREE, M.J. & TILLSON, S.A. (1973) Secretion rate of
testicular steroids in the conscious and halothane-

anaesthetised rat. Endocrinology 93_: 874-897

FUJIWARA, T., H0NJ0, S., IMAIZUMI, K. & IMANCHI, T. (1967)
The post-partum menstruation of cynomolgus monkeys kept
under the laboratory conditions. Jap. J. Med. Sci. Biol.
22 : 181-185

GADDUM, J.H. (1953a) Bioassays and mathematics. Pharmacol.
Revs. 5: 87-134

GADDUM, J.H. (1953b) Simplified mathematics for bioassays.
J. Pharm. Pharmacol. 6^: 345-358

GADDUM, J.H. (1955) Polypeptides which Stimulate Plain
Muscle p. 122 Edinburgh: Livingstone.

GALDIKAS, B.M.F. (1979) Orang-utan adaptation at Tanjung

Puting reserve: Mating and ecology. In: The Great Apes.
Eds. Hamburg, D. & McCown, E.R. pp. 195-233 California:

Benjamin/Cummings.

GENGOZIAN, N., BATSON, J.S. & SMITH, T.A. (1977) Breeding of
tamarins (Saguinus spp.) in the laboratory. In: The

Biology and Conservation of the Callitrichidae Ed. Kleiman,
D.G. pp 207-313 Washington: Smithsonian Institution Press.

GENGOZIAN, N., BATSON, J.S. & SMITH, T.A. (1978) Breeding
of marmosets in a colony environment. In: Primates
in Medicine Vol. 10: Marmosets in experimental medicine.
Eds. Gengozian, N. & Deinhardt, F. pp. 71-78 Basel:Karger.



326

GENGOZIAN, N., BREWEN, J.G., PRESTON, R.J. & BATSON, J.S.

(1980) Presumptive evidence for the absence of functional

germ cell chimerism in the marmoset. J. med. Primatol.
9: 9-27

GENGOZIAN, N. & DEINHARDT, F. (1978) Eds. Primates in
Medicine Vol 10: Marmosets in experimental medicine.

Basel:Karg er.

GENGOZIAN, N., LUSHBAUGH, C.C., H0MAS0N, G.L. & KNISELEY,
R.M. (1966) 'Erthoblastosis foetalis' in the primate,

Tamarinus nigricollis Nature 209: 731-732

GENGOZIAN, N., SMITH, T.A. & GOSSLEE, D.G. (1974) External
uterine palpation to identify stages of pregnancy in the

marmoset, Saguinus fuscicollis ssp. J. med. Primatol. .3:
236-243 .

GENGOZIAN, N., BATSON, J.S. & SMITH, T.A. (1962) Tamarinus

nigricollis as a laboratory primate. In: Proceedings of the
International Symposium on Bone Marrow Therapy and
Chemical Protection in Irradiated Primates Proc. Ryswikh

Radiobiological Institute of the Organization for Health
Research T.N.O. pp. 243-269

GENGOZIAN, N. & BATSON, J.S. (1975) Single-born marmosets
without hemopoetic chimerism: Naturally occurring and
induced. J. med. Primatol. 4L: 252-261

GOLDZIEHER, J.W. & AXELROD, L.R. (1969) Urinary metabolites
1 4

of 4- C-progesterone in the baboon (Papio spp.) Gen.

Comp. Endocr. 1JL:' 201 -205

GREGORY, W.K. (1922) The Origin and Evolution of the Human
Dentitiion. Baltimore: Williams & Wilkins.

GRIST, S.M. (1976) The common marmoset (Callithrix jacchus) -

a valuable experimental animal. J. Inst. anim. Tech. 27:
1-7

GUERRERO, R. (1975) Type and time of insemination within the
menstrual cycle and the human sex ratio at birth. Studies
in Family Planning 6_: 353-371 . A Publication of the
Population Council.



327

HAFEZ, E.S.E. (1971) Reproductive cycles. In: Comparative

Reproduction of Non-Human Primates. Ed. Hafez E.S.E. Ch.7

pp. 160-204 Springfield: Thomas.

HALL, R.D. & HODGEN, G.D. (1979) Pregnancy diagnosis in owl

monkey s (Aotus trivirgatus): Evaluation of the

hemagglutination-inhibition test for urinary chorionic

gonadotropin.- Lab. Anim. Sci. 2J?: 345-348

HALLORAN, P. O'C (1955) A bibliography of references to
diseases in wild mammals and birds. Am. J. vet. Res.

pp. 1-465

HAMLETT, G.W.D. & WISLOCKI, G.B. (1934) A proposed classification
for types of twins in mammals. Anat. Rec. €/\_i 81-96

HAMPTON, J.K. Jr. (1964) Laboratory requirements and
observations of Oedipomidas oedipus . Am. J. phys.
Anthrop 12\ 239-244

HAMPTON, J.K. Jr. (1975) In discussion of paper by Phillips,
I.R. ( 1975) Macaque and marmoset monkeys as animal models
for the study of birth defects. Lab. Anim. Hdbks. G_%.
293-302

HAMPTON, J.K. Jr & HAMPTON, S.H. (1975) Some expected and

unexpected characteristics of reproduction in Callitrichidae.
Lab. Anim. Hdbk.s. 6: 235-240

HAMPTON, J.K. Jr., HAMPTON, S.H. & LANDWEHR, B.T. (1966)
Observations on a successful breeding colony of the

marmoset, Oedipomidas oedipus Folia primat. 4^: 265-287

HAMPTON, J.K., HAMPTON, S.H. & LEVY, B.M. (1971) Reproductive

physiology and pregnancy in marmosets. In: Medical

Primatology, 1970 Eds. Goldsmith, E.I. & Moor-Jankowski,
J. pp. 527-535 Basel: Karger

HAMPTON, J.K. Jr., LEVY, B.M. & SWEET, P.M. (1969) Chorionic

gonadotropin excretion during pregnancy in the marmoset
Callithrix jacchus. Endocrinology 8j?: 171-174

HAMPTON, S.M.H. (1970) Gametogenesis in marmosets Ph.D
Thesis University of Texas, Houston.

HAMPTON, S.M.H. (1973) Germ cell chimerism in male marmosets.

Am. J. phys. Anthrop. 38^: 265-268



328

HAMPTON, S.H., GROSS, M.J. & HAMPTON, J.K. Jr. (1978) A

comparison of captive breeding performance and offspring
survival in the Family Callitrichidae. In: Primates
in Medicine Vol. 10: Marmosets in experimental medicine.
Eds. Gengozian, N. & Deinhardt, F. pp. 88-95 Basel: Karger

HAMPTON, S.H. & HAMPTON, J.K. Jr. (1967) Rearing marmosets
from birth by artificial laboratory techniques. Lab. Anim.
Care 17: 1-10

HAMPTON, S.H., HAMPTON, J.K. & LEVY, B.M. (1972) Husbandry
of rare marmoset species. In: Saving the Lion Marmoset.
Ed. Bridgewater, D.D. pp. 70-85 Wheeling, West Virginia:
Wild Animal Propagation Trust.

HARCOURT, A.H., FOSSEY, D., STEWART, K.J. & WATTS, D.P. (1980)
Reproduction in wild gorillas and some comparisons with

chimpanzees. J. Reprod. Fert. Suppl. 28_: 59-70

HARDING, R., HULME, M.J., LUNN, S. F., HENDERSON, C. &

AITKEN, R.J. (1981) Plasma progesterone levels in the ovarian

cycle of the common marmdset, Callithrix j acchus j acchus. -

in preparation.

HEARN, J.P. (1977) A restraining device for small monkeys.
Lab. Anim. V\_: 261-262

HEARN, J.P. (1978) Fertility and infertility in the
marmoset monkey, Callithrix j acchus. In: Biology
and Behaviour of Marmosets Eds. Rothe, H., Wolters, H.-J.
& Hearn, J.P. pp. 59-64 Gottingen: Eigenverlag Rothe.

HEARN, J.P., ABBOTT, D.H., CHAMBERS, P.C., HODGES, J.K.
& LUNN, S.F. (1978) Use. of the common marmoset, Callithrix

j a c c h u s , in reproductive research. In: Primates in
Medicine Vol 10: Marmosets in experimental medicine.
Eds. Gengozian, N. & Deinhardt, F. pp. 40-49 Basel,

Karger.

HEARN, J.P. & BURDEN, F.J. (1979) 'Collaborative' rearing
of marmoset triplets. Lab. Anim. 1_3: 131-133

HEARN, J.P. & LUNN, S.F. (1975) The reproductive biology of
the marmoset monkey, Callithrix j acchus. Lab. Anim.
Hdbks. 6: 191-202



329

HEARN, J.P., LUNN, 5.F., BURDEN, F.B. & PILCHER, M.M. (1975)
Management of marmosets for biomedical research. Lab.
Anim. 9: 125-134

HERNANDEZ-CAMACHO, J. & COOPER, R.W. (1976) The non-human

primates of Columbia. In: Neotropical Primates: Field
Studies and Conservation. Eds. Thorington, R.W. Jr. &

Heltne, P.G. pp. 35-69 Washington: National Academy of
Sciences.

HERSHKOVITZ, P. (1977) Living New World Primates (Platyrrhini)
With an introduction to primates. Vol. 1 Chicago:

University Press.

HIDDLESTON, W.A. (1976) Large scale production of a small

laboratory primate; Callithrix j acchus. In: The Laboratory
Animal in the Study of Reproduction Eds. Antikatzides, T.,

Erichson,S. & Spiegel, A. New York: Gustav Fischer.

HIDDLESTON, W.A. (1978) The production of the common marmoset,
Callithrix j acchus, as a laboratory animal. In: Recent
Advances in Primatoloqy Vol. 2: Conservation Eds. Chivers,
D.J. & Lane-Petter, W. pp. 173-181 London: Academic Press

HILL, A.C., TURTON, J.A. & BLEBY, J. (1978) Bacterial and

mycoplasma flora of a laboratory colony of the common

marmoset, Callithrix j acchus. Vet. Rec. 103: 824-827

HILL, J.P. (1926) Demonstration of embryologia varia

(Development of Hapale j acchus) . J. Anat. 6_0: 486-487

HILL, J.P. (1932) Croonian Lecture. The developmental history
of the Primates. Phil. Trans. Roy. Soc. B 221: 45-178

HILL, J.P. & HILL, C.J. (1927) An early blastocyst of Hapale.
J. Anat. 61_: 514

HILL, W.C.O. (1957) Primates, Comparative Anatomy and Taxonomy
Vol. 111:Pithecoidea, Platyrrhinj (Families Hapalidae and
Callimiconidae. Edinburgh: University Press.

HILL, W.C.O. (1969) Obstetric mishaps in marmosets. Acta
Zool. Path. Antverp. 4j3: 149-154

HOBBS, K.R., CLOUGH, G. & BLEBY, J. (1977) Establishment
of specified pathogen-free marmosets, Callithrix jacchus.
Lab. Anim. 11: 29-34



330

H0BS0N, B.M. (1963) The hormone production of normal
and abnornal trophoblast. In: The Early Conceptus,
Normal and Abnormal. Ed..Park, W.W. pp. 121-129 Dundee:
Thomson .

HOBSON, B.M. (1968) Pregnancy.diagnosis using the

Pregnosticon haemagglutination-inhibition test. J.
Obstet. Gynaec.Br. Commonw. 75^: 718-723

HOBSON, B.M. (1970) Excretion of gonadotrophin by the

pregnant baboon (Papio cynocephalus) . Eolia primatol.

1_2: 111-113

HOBSON, B.M. (1972) New observations on the excretion of
chorionic gonadotrophin during pregnancy in the rhesus

monkey (Macaca mulatta). Folia.primatol. 1_8: 463-468

HOBSON, B.M. (1975) The diagnosis of pregnancy in the
Lowland gorilla and the Sumatran orang-utan. Jersey
Wildlife Preservation Trust. 12th Annual Report pp. 71-75

HOBSON, B.M. (1976) Evaluation of the sub-human primate
tube test for pregnancy in primates. Lab. Anim. 10:
87-91 .

HOBSON, B.M. (1977) Excretion of chorionic gonadotrophin

by the great apes - unpublished.

HOBSON, B.M. & HOBBS, K.R. (1975) Abnormal fetal development
in the marmoset (Callithrix j acchus) . J. Reprod. Eert.
44: 323-324

HOBSON, B.M. & WIDE, L. (1972) A comparison between chorionic

gonadotrophins extracted from human, rhesus monkey and
marmoset placentae. J. Endocr. 5_5: 363-368

HOBSON, B.M. & WIDE, L. (1981) The similarity of chorionic

gonadotrophin and its subunits in term placentae from man,

apes, Old and New World monkeys and a prosimian. Folia
Primatol - In press.

HOBSON, W., FA I MAN, C., DOUGHERTY, W.J., REYES, F.I. &

WINTER, J.S.D. (1975) Radioimmunoassay of rhesus monkey
chorionic gonadotrophin. Fert. Steril. 26^: 93-97



HODGEN, G.D. &. NIEMANN, W.H. ( 1975) Application of the
sub-human primate pregnancy test kit to pregnancy diagnosis
in baboons. Lab. Anim. Sci. 25_: 757-759

HODGEN, G.D., NIEMANN, W.H., TURNER, C.K. & CHEN, H-C (1976a)
Diagnosis of pregnancy in chimpanzees using the non-human

primate pregnancy test kit. J. med. Primatol. 5^: 247-
252

HODGEN, G.D. & ROSS, G.T. (1974) Pregnancy diagnosis by a

haemagglutination-inhibition test for urinary macague chorionic

gon ado trap hin (mCG). J. clin. Endocr. Met,ab. ^8 : 927-930

HODGEN, G.D., STOLZENBERG, S.G., JONES, D.C.L. HILDEBRAND, D.E.
& TURNER, C.K. (1978) Pregnancy diagnosis in sguirrel

monkeys: Haemagglutination test, radioimmunoassay, and

bioassay of chorionic gonadotropin. J. med. Primatol.
7: 59-64

HODGEN, G.D., TULLNER, W.W., VAITUKAITIS, J.L., WARD, D.N.
& ROSS, G.T. (1974) Specific radioimmunoassay of chorionic

gonadotropin during implantation in rhesus monkeys. J.
clin. Endocrinology Metab. 39_: 457-464

HODGEN, G.D., TURNER, C.K., SMITH, E.E. & BUSH, R.M. (1977)
Pregnancy diagnosis in the orang-utan (Pongo pygmaeus)
using the sub-human primate pregnancy test kit. Lab. Anim.
Sci . 27: 99-101

HODGEN, G.D., WOLFE, L.C., OGDEN, J.D., ADAMS, M.R. DESCALZI,
C.C. & HILDEBRAND, D.F. (1976b) Diagnosis of pregnancy in

marmosets: Haemagglutination-inhibition test and radio¬

immunoassay for urinary chorionic gonadotrophin. Lab.
Anim. Sci. 224-229

HODGES, J.K., CZEKALA, N.M. & LASLEY, B.L. (1979) Estrogen
and luteinizing hormone secretion in diverse primate

species from simplified urinary analysis. J. med. Primatol.

8_: 349-364

HODGES, J.K., GULICK, B.A., CZEKALA, N.M. & LASLEY, B.L. (1981)
Comparison of urinary oestrogen excretion in South
American primates. J. Reprod. Fert. - In press.



332

HOFFSTETTER, R. (1969) Un primate de l'Oligocene.
infe'rieur sud-americain Branisella boliviana

gen. et. sp. nov. C. R.Acad. Sci. 269 : 434-437

HOPPER, B.R. & TULLNER, W.W. (1967) Urinary estrogen
excretion patterns in pregnant rhesus monkeys.
Steroids 9: 313-527

HOPPER, B.R., TULLNER, W.W. & GRAY, C.W. (1968)
Urinary estrogen excretion during pregnancy in
a gorilla (Gorilla gorilla). Proc. Soc. exp.

Biol. Med. 129: 213-214.

HUNT, R.D., ANDERSON, M.P. & CHALIFOUX, L.V. (1978)
Spontaeous infectious diseases of marmosets. In:
Primates in Medicine Vol. 10: Marmosets in

Experimental Medicine. Eds. Gengozian, N. &

Deinhardt, F. pp 239-253 Basel: Karger.

HUNTER, J., MARTIN, R.D., DIXSON, A.F. & RUDDER, B.C.C.
(1979) Gestation and interbirth intervals in the owl

monkey (Actus trivirgatus griseimembra) . Folia

primatol 3_1_: 165-175

IMMENDORF, M. (1961) Uber die Aufzucht eines
Kralinaffchem -Bastards aus dem Kolner Zoo. Mutter

Rothand-Tamarin,Leontocebus (T amarin ) midas (Linne,
1758); Vater Mantelaffchen, L^ (Marikina) bicolor
(Spix, 1833). Saugetierkdl. Mitt. 9_i 145-151

INGRAM, J.C. (1975a) Parent-infant interactions in the
common marmoset, Callithrix j acchus, and the development
of young. Ph.D. Thesis - University of Bristol.

INGRAM, J.C. (1975b) Husbandry and observation methods of a

breeding colony of marmosets (Callithrix jacchus)
for behavioural research. Lab. anim. 9_: 249-259

INGRAM, J.C. (1977) Interaction between parents and

infants, and the development of independence in the
common marmoset, Callithrix jacchus. Anim. Behav.
25: 811-827

ITTRICH, G. (1958) Eine neue Methode zur chemischen

Bestimmung der oestrogenen Hormone in Harn. Z. Phys.
Chem. 312: 1-14



333

ITTRICH, G. (1960) Eine Methode zur chemischen

Bestimmung von oestrogen Hormonen in Blut, Milch
und Colostrum. Z. Phys. Chem. 320; 103-110

IZAWA, K. (1975) Foods and feeding behaviour of monkeys
in the Upper Amazon Basin. Primates 1_6; 295-316

IZAWA, K. (1976) Group sizes and compositions of monkeys
in the Upper Amazon Basin. Primates 1J7 : 367-399

IZAWA, K. (1978) A field study of the ecology and behaviour
of the black-mantle tamarin (Saguinus nigricollis) .

Primates 19; 241-274

JANSSEN, F.G.J. & PETERS, A.M. (1979) Breeding and

pregnancy control in stump-tailed macaques (Macaca
arctoides). Z. Versuchstierk. 21 ; 107-111

JEFFREY, J. D'A (1966) Metabolism of progesterone in the

pig-tail monkey (Macaca nemestrina) J. Endocrin. 34;
387-392

JOHNSTON, G.W., DREIZEN, S. & LEVY, B.M. (1970) Dental

development in the cotton ear marmoset (Callithrix
j acchus) . Am. J. phys. Anthrop. 3_3: 41-48

JONES, M.L. (1962) Mammals in captivity - Primate longevity
Lab. Prim. Nwsl. 1_ (3): 3-13

KAUFMAN, J.C. (1965) A three-year study of mating behaviour
in a free-ranging band of rhesus monkeys. Ecology 46;
500-512

KELLY, R.W. & TAYLOR, P.L. (1976) Gas chromatography -

Mass spectrometry of steroids and prostaglandins as t-

butyldimethylsily1 ethers. In: Proceedings of the
International Symposium on Gas Chromatography Mass

Spectrometry Ed. Frigerio,A. p449-455 New York, Spectrum

KERR, G.R. (1972) Nutritional requirements of subhuman
primates. Physiol. Rev. 5_2: 415-467

KEVERNE, E.B. & MICHAEL, R.P. (1970) Annual changes in the
menstruation of rhesus monkeys. J. Endocr. <48: 669-670



334

KING, G. (1978) Comparative feeding and nutrition in

captive, non-human primates. Br. J. Nutr. 40: 53-62

KINGSTON, W.R. (1969) Marmosets and tamarins. Lab.

Anim. Hdbk. t\_: 243-250

KINGSTON, W.R. (1972a) The breeding of endangered species
of marmosets and tamarins. In: Saving the Lion Marmoset.
Ed. Bridgwater, D.D. pp. 86-89 Wheeling, West Virginia:
Wild Animal Propagation Trust.

KINGSTON, W.R. (1972b) Diseases of marmosets. In: Medical

Primatology, 1972 Part III Eds. Goldsmith, E.I. & Moor-

Jankowski, J. pp 68-72 Basel:Karger

KINGSTON, W.R. (1975) The breeding of endangered species
of marmosets and tamarins. In: Breeding Endangered Species
in Captivity Ed. Martin, R.D. pp. 213-222 London: Academic
Press

KLEIMAN, D.G. (1977a) Ed. The Biology and Conservation of the
Callitrichidae, Washington: Smithsonian Institution Press.

KLEIMAN, D.G. (1977b) Characteristics of reproduction
and socio-sexual interactions in pairs of lion tamarins

(Leontopithecus rosalia) during the reproductive cycle.
In: The Biology and Conservation of the Callitrichidae
Ed. Kleiman, D.G. pp. 181-190 Washington: Smithsonian
Institution Press

KLEIMAN, D.G., GRACV, D.W. & HODGEN, G.D. (1978) Urinary
chorionic gonadotropin levels in pregnant golden lion
tamarins. J. med. Primatol. 1_: 333-338

KLOPPER, A. (1976) The choice between assays on blood or on

urine In Hormone Assays and their Clinical Application.

Eds., Loraine, J.A. & Bell, E.T. 4th Ed. pp. 73-86

Edinburgh: Churchill Livingstone.

KOBER, 5 (1931) Eine kolorimetrische Bestimmung des
Brunsthormons. Biochem. Z. 239: 209-212.

K0E0RD, C.B. (1965) Population dynamics of rhesus monkeys on

Cayo Santiago. In: Primate Behaviour Ed. DeVore, I.

pp. 160-174 New York: Holt, Rinehart and Winston.



335

KOFORD, C.B. (1966) Population changes in rhesus

monkeys; Cayo Santiago 1960-64. Tulane Studies
Zool. 1_3: 1-7

KUNTZ, R.E. & MYERS, B.J. (1972) Parasites of South
American primates. Int. Zoo Yb. 1_2: 61-68

LANCASTER, J.B. & LEE, R.B. (1965) The annual reproductive

cycle in monkeys and apes. In: Primate Behaviour
Field Studies of Monkeys and Apes Ed. DeVore, I. Ch 14

pp 486-513 New York: Holt, Rinehart and Winston.

LANMAN, J.T. (1977) Parturition in non-human primates.
Biol. Reprod. 1_6: 28-38

LAUMAS, K.R. (1965) Urinary excretion of oestrogens in
rhesus monkeys. J. Endocr. 3_1_: 297-298

LEUTENEGGER, W. (1973) Maternal-fetal weight relationships
in primates. Folia primatol. 20_: 280-293

LEUTENEGGER, W. (1978) Scaling of sexual dimorphism in body
size and breeding system in primates. Nature 272:
610-611

LEUTENEGGER, W. ( 1980) Monogamy in Callitrichids: 'A
consequence ofphlyetic dwarfism? Int. J. Primatol. 1:
95-98

LEVY, B.M. & ARTECONA, J. (1964) The marmoset as an

experimental animal in biological research: Care and
maintenance. Lab. Anim. Care 1_4: 20-27

LISKOWSKI, L. & WOLF, R.C. (1971) Urinary excretion of
progesterone metabolites in pregnant rhesus monkeys.
Proc. Soc. exp. Biol. Med. 139: 1123-1126

L0RAINE, J.A. & BELL, E.T. (1971) Hormone Assays and
their Clinical Application Ch. 12 pp. 382-427 3rd Ed.

Edinburgh: Livingstone.

LUCAS, N.S., HUME, E.M. & SMITH, H.H. (1927) On the
breeding of the common marmoset (Hapale j acchus Linn.)
in captivity when irradiated with ultra-violet rays.

Proc .. Zool. ySoc. Lond. 3 0: 447-451

LUCAS, 'N.S., HUME, E.M. & SMITH, H.H. ( 1937) On the breeding
of the common marmoset (Hapale j a c c 11 u s Linn.) in captivity
when irradiated with ultra-violet rays - II A ten years

family history. Proc. Zool. Soc. Lond. Ser. A 107: 205-211



336

LUNN, S.F. (1980) A case of placenta praevia in a common

marmoset (Callithrix jacchus) . Vet. Rec. 106: 414

LUNN, S.F. & HEARN, J.P. (1978) Breeding marmosets for
medical research. In: Recent Advances in Primatology
Vol. 2: Conservation Eds. Chivers, D.J. & Lane-Petter,
W. pp. 1 83 —<1 8 5 London: Academic Press

McCULLAGH, K. & INGRAM, J. (1980) Syndromes associated with
chronic emaciation and anaemia in common marmosets.

Unpublished paper presented to the Primate Society of
Great Britain at the Meeting Rooms of the Zoological

Society of London, May, 1980

MACINTYRE, I. EVANS, I.M.A. & LARKINS, R.G. (1977) Vitamin D.

Steroids, 6^: 65-79

McNEES, D.W., CARONIA, B.J., LEWIS, R.W. & STEIN, E.J. (1979)
Effect of anticoagulant concentration on common marmoset

(Callithrix jacchus) blood. Lab. Prim. Newsl . 1_8^ (3)>: 1-3

McNEILLY, A.S. (1979) Effects of lactation on fertility.
Br. med. Bull. 35: 151-154

McNEILLY, A.S., ABBOTT, D.H., LUNN, S.F., CHAMBERS, P.C. &

HEARN, J.P. (1980) Changes in plasma levels of prolactin

during the cycle and lactation and their relationship to
return of fertility post-partum in the common marmoset
Callithrix jacchus jacchus - J. Reprod. Pert. - in press.

McNEILLY, A.S, HOWIE, P.W. & HOUSTON, M.J. (1980)
Relationships between feeding patterns, prolactin and the

resumption of ovulation postpartum. In: Research
frontiers in fertility Regulation - In press

MALLINS0N, J.J.C. (1966) Notes on the nutrition, social
behaviour and reproduction of Hapalidae in captivity.

Jersey Wildlife Preservation Trust. Third Annual Report

pp. 11-16

MALLINSON, J.J.C. (1969) The breeding and maintenance of
marmosets at Jersey Zoo. Jersey Wildlife Preservation
Trust. Sixth Annual Report pp. 5-10

MALLINSON, J.J.C. (1971a) The breeding and maintenance of
marmosets at Jersey Zoo. Int. Zoo. Yb. 11: 79-83



337

MALLINSON, J.J.C. (1971b) Observations on the reproduction
and development of vervet monkey with special reference
to intersub-specific hybridization. (Cercopithecus
pyqerythrus F. Cuvier, 1821) Mammalia 3j>: 598-609

MALLINSON, J.J.C. (1975) A preliminary record of mammalian

longevity at the Jersey Zoological Park. Jersey Wildlife
Preservation Trust. Twelfth Annual Report pp. 48-52

MALLINSON, J.J.C. (1977) Maintenance of marmosets and

tamarins at Jersey Zoological Park with special reference
to the design of the new marmoset complexes. In:
The Biology and Conservation of the Callitrichidae. Ed

Kleiman, D.G. pp. 323-329 Washington: Smithsonian
Institution Press.

MARTIN St.-ANGE, M.G.J.M. (1844) Memoire sur un placenta
'a deux lobes symmetriques chez un foetus d'oustiti.

Mag. de Zool. de Guerin Meneville 6^: 1-12

MARTIN, R.D., SEATON, B. & LUSTY, J.A. (1975) Application
of urinary hormone determinations in the management of

gorillas. Jersey Wildlife Preservation Trust. Twelfth
Annual Report pp. 61-70

MERKATZ, I.R. & BELING, C.G. (1969) Urinary excretion of

oestrogens and pregnanediol in the pregnant baboon. J.

Reprod. Eert. Suppl. G_: 129-135

MICHAEL, R.P. & ZUMPE, D. (1976) Environmental and endocrine
factors influencing annual changes in sexual potency in

primates. Psychoneuroendocrinology 1_: 303-313 -

MINTZ, B. & RUSSELL, E.S. (1957) Gene-induced embryological
modifications of primordial germ cells in the mouse.

J. exp. Zool. 134: 207-238

MI TTERMEIER , R.A., & COIMBRA-FILHO , A . F . (1977) Primate
Conservation in Brazilian Amazonia. In: Primate

Conservation. Eds. Rainier, The Prince & Bourne, G.H.

pp. 117-166 New York: Academic Press.



3 38

MITTERMEIER, R.A., COIMBRA-EILHO, A. F. & van ROOSMALEN, M.G.M.

(1978) Callitrichids in Brazil and the Guianas: Current

conservation status and potential for medical research. In:

Primates in Medicine Vol. 10: Marmosets in experimental
medicine. Eds. Gengozian, N. & Deinhardt, F. pp. 20-29

Basel:Karger.

MITCHELL, S.J. & JONES, S.M. (1975) Diagnosis of pregnancy in
marmosets (Callithrix j acchus) . Lab. Anim. 9^: 49-56

MIVART, St. GEORGE (1 8 7 3 )i On Lepilemur and Ch ei rogal eu s ,

and on the zoological rank of the Lemuroidea. Proc. Zool.
Soc. Lond. pp 485-510

MORRISON, P. & MIDDLETON, E.H. (1967) Body temperature and
metabolism in the pigmy marmoset. Folia primatol. 6^: 70-82

MORROW, A.C. & TERRY, M.W. (1968) Urine volume in non-human

primates. Primate Information Center. Regional Primate
Research Center. University of Washington. Seattle: Washington.

MORROW, A.C. & TERRY, M.W. (1968b) Adrenal and gonadal hormones
in plasma and urine of non-human primates: A tabulation from
the literature. Primate Information Center. Regional Primate
Research Center. University of Washington. Seattle: Washington.

MOYNIHAN, M. (1970) Some behaviour patterns of Platyrrhine

monkeys. II. Saguinus geo ff royi and some other tamarins.
Smithsonian Contrib. Zool. 20^: 1-77

MURRAY, M.A.F. AND CORKER, C.S. (1973) Levels of testosterone and

luteinizing hormone in plasma samples taken at 10-minute
intervals from normal men. J. Endocr. 5jS: 157-158

MUTING, D., REIKOWSKI, J. & STUMM, D. (1962) Untersuchungen uber
die Entgiftungsfunktion des Menschlichen Organismus. Z. klin.
Med. 1_57_: 391-404

NADLER, R.D. & R0SENBLUM, L.A. (1972) Hormonal regulation of the
"fatted" phenomenon in squirrel monkeys. Anat. Rec. 17 3:'
181-188

NAPIER, J.R. & NAPIER, P.H. (1967) A Handbook of Living Primates.
London: Academic Press.

NAPIER, P.H. (1976) Catalogue of Primates in the British Museum

(Natural History). Part 1: Families Callitrichidae and Cebidae.
London: British Museum (Natural History).



339

NATHAN, T.S., ROSENBLUM, L.A., LIMSON, G. & NELSON, J.H.
Jr. (1966) Diagnosis of pregnancy in the squirrel

monkey. Anat Rec. 135; 531-536

NELSON, B., COSGROVE, G.E. & GENGOZIAN, N. (1966) Diseases
of an imported'!: primate, Tamarinus nigricollis. Lab.
anim. Care IJi: 255-275

NEYMAN, P.F. (1977) Aspects of the ecology and social

organization of free-ranging cotton-topped tamarins (Saguinus
oedipus) and the conservation status of the species.
In;The Biology and Conservation of the Callitrichidae.
Ed. Kleiman, D.G. pp 39-71 Washington: Smithsonian
Institution Press.

OGDEN, J.D. (1979) Hand-rearing Saguinus and Callithrix

genera of marmosets. In: Nursery Care of Non-Human
Primates Eds. Ruppenthal, G.C. & Reese, D.J. Ch. 24

pp. 313-319

OGDEN, J.D., WOLEE, L.G. & DEINHARDT, F.W. (1978) Breeding

Saguinus and Callithrix species of marmosets under

laboratory conditions. In: Primates in Medicine Vol.
10: Marmosets in experimental medicine. Eds. Gengozian,
N & Deinhardt, F.W. pp. 79-83 Basel-Karger.

0HN0, S., TRUJILLO, J.M., STENIUS, C., CHRISTIAN, L.C. &

TEPLITZ, R.L. (1962) Possible germ cell chimerism among

newborn dizygotic twin calves (Bos taurus) . Cytogenetics

1_: 258-265

OWEN, R.D. (1945) Immunogenetic consequences of vascular
anastomoses between bovine twins. Science 102: 400-401

PARKES, A.S. (1976) Patterns of Sexuality and Reproduction
London: Oxford University Press.

PHILLIPS, I.R. (1975) Macaque and marmoset monkeys as

animal models for the study of birth defects. Lab.
Anim. Hdbks. 6: 293-302

PHILLIPS, I.R. (1976) The reproductive potential of the
^

common cotton-eared marmoset (Callithrix jacchus)in
captivity. J. med. Primatol. 5: 49-55



340

PHILLIPS, I.R. (1978) Some reproductive abnormalities of

laboratory-primates. J. Inst. anim. Tech. 29^ 17-27

PHILLIPS, I.R. & GRI5T, S.M. (1975) The use of transabdominal

palpation to determine the course ofpregnancy in the
marmoset (Callithrix j acchus) J. Reprod. Fert. 43^ 103-108

PLANT, T.M., JAMES, V.H.T. & MICHAEL, R.P. (1969) Metabolism
14

of (4- C) progesterone in the rhesus monkey (Macaca
mulatta) . J. Endocr. 43: 493-494.

P0C0CK, R.I. (1917) The genera of Hapalidae (marmosets) Ann.

Mag. Natural History Series 8, 2JD: 247-258

P00K, A.G. (1974) The hand-rearing and re-introduction
to its parents of a saddleback tamarin, Saguinus
fuscicollis at the Jersey Zoological Park. Jersey Wildlife
Preservation Trust Eleventh Annual Report pp. 35-39

P00K, A.G. (1976) Some noted on the development of hand-
reared infants of four species of marmoset (Callitrichidae).
Jersey Wildlife Preservation Trust. Thirteenth Annual

Report pp. 38-46

PORTER, J.A. Jr. (1972) Parasites of marmosets. Lab. Anim.
Sci. 22: 503-506

P0SWILL0, D.E., HAMILTON, W.J. & S0PHER, D. (1972) The
marmoset as an animal model in teratological research.
Nature 239:460-462

RALLS, K. (1976) Mammals in which females are larger than
males. Q. Rev. Biol. _51_: 245-276

RIESEN, J.W., MEYER, R.K. & WOLF, R.C. (1971) The effect
of season on occurrence of ovulation in the rhesus

monkey. Biol Reprod. _5: 111-114

ROMANOFF, L.P., GRACE, M.P., SUGARMAN, E.M. & PINC0S,
1 4

G. (1963) Metabolism of progesterone-4-C in immature

chimpanzees. Gen. Comp. Endocr. 3^: 649-654

R0THE, H. (1975) Some aspects of sexuality and reproduction in
groups of captive marmosets (Callithrix j acchus).
Z. Tierpsychol. 3J7 : 255-273



341

ROTHE> H. (1977) Parturition and related behaviour in
Callithrix j acchus (Ceboidea, Callitrichidae) . In:
The Biology and Conservation of the Callitrichidae
Ed. Kleiman, D.G. pp. 193-206 Washington: Smithsonian
Institution Press

ROTHE, H., WOLTERS, H.-J. & HEARN, J.P. (1978) Eds.

Biology and Behaviour of Marmosets. Proceedings
of the marmoset workshop, Gbttingen, 1977. Gbttingen;

Eigenverlag Rothe.

ROWE, P.H., COOK, I.F. & DEAN, P.D.G. (1973) Oestrone

specific antisera raised against oestrone-6-(0-carboxy-
methyl) oxime - bovine serum albumin. Steroids Lipids
Res. 4: 24-29

ROWELL, T.E. (1974) Female reproduction cycles and social
behaviour in primates. Adv. Study Behav. 4^: 69-103

RUCH, T.C. (1959) Diseases of Laboratory Primates.Philadelphia:
Saunders.

RUDOLPHI, A. (1828) Ueber den embryo der Affen und eineger

Saugethiere. Abh. d. Akad. d. Wissensch. Berlin p.35

RYAN, K.J. & HOPPER, B.R. (1974) Placental biosynthesis and
metabolism of steroid hormones in primates. Contrib.
Primat. 3^: 258-283 Basel: Karger

SCHOLANDER, P.F., HOCK, R., WALTERS, V. & IRVING, L. (1950)
Adaptation to cold in Arctic and tropical mammals and
birds in relation to body temperature, insulation and
basal metabolic rate. Biol. Bull. 99^: 259-271

SCHOLANDER, P.F., HOCK, R., WALTERS, V., JOHNSON, F. &

IRVING, L. (1950) Heat regulation in some arctic and tropical
mammals and birds. Biol. Bull. 9j?: 237-258

SCHULTZ, A.H. (1948) The number of young at birth and the
number of nipples in primates. Am. J. phys. Anthrop.
6: 1-23

SCHULTZ, A.H. (1956) Post-embryonic changes. In:

Primatologia Handbuch der Primatenkunde Eds. Hofer, H.,

Schultz, A.H. & Starck, D. Vol. 1: Systematik Phylogenie
Ontogenie pp. 887-964 Basel: Karger



342

SCHULTZ, A.H. (1969) The Life of Primates, London:
Weidenfield & Nicolson.

SHACKLETON, C.H.L. (1974) Progesterone and oestrogen
metabolism in the pregnant marmoset, (Callithrix
j acchus) J. Steroid Biochem _5: 597-600

SHACKLETON, C.H.L. (1975) The excretion of steroids by
the adult marmoset monkey (Callithrix j acchus) . J.
Steroid Biochem. G_: 1429-1432

SHACKLETON, C.H.L. & MITCHELL, E.L. (1975) The comparison of

perinatal steroid endocrinology in simians with a view
to finding a suitable animal model to study human problems.
Lab. Anim. Hdbks. 6_: 159-181

SHADLE, A.R., MIRAND, E.A. & GRACE, J.T. Jr. (1965)
Breeding responses in tamarins. Lab. Anim. Care 1_5: 1-10

SHAIKH, A.A., ALLEN-ROWLANDS, C., DOZIER, T., KRAEMER, D.C.
& GOLDZIEHER, J.W. (1976) Diagnosis of early pregnancy in

the baboon. Contraception 1_4: 391-402

SHANDILYA, L.N., RAMASWAMI, L.S. & SHANDILYA, N. (1976)
Oestrogen metabolites in urine during the menstrual

cycle, pregnancy and the puerperium in the Indian
hanuman langur (Presbytis entellus entellus) J. Reprod.
Fert. (1976) 47: 7-11

SHAW, J.H. & AUSKAPS, A.M. (1954) Studies on the dentition
of the marmoset. Oral Surg., Oral Med., Oral Pathol.
7: 671-677

SIMPSON, G.G. (1945) The principles of classification and a

classification of mammals. Bull. Amer. Mus. Nat. Hist. 85:

1-350

SNEDEC0R, G.W. & COCHRAN, W.G. (1967) Statistical Methods.
Sixth Edition. Ames: Iowa State University Press

SNYDER, P.A. ( 1972) Behaviour of Leontopithecus rosalia
(the golden lion marmoset), and related species: A
review. In: Saving the Lion Marmoset. Ed. Bridgwater,
D.D. pp. 23-49 Wheeling, West Virgina: Wild Animal
Propagation Trust.



343

STELLAR, E. (1960) The marmoset as a laboratory animal:

Maintenance, general observations of behaviour and

simple learning. J. comp. Physiol. Psychol. 5_3: 1-10

STEVENSON, M.E. (1976) Maintenance and breeding of
the common marmoset, Callithrix jacchus,with notes on

hand-rearing. Int. Zoo Yb. 1_6; 110-116.

STEVENSON, M.F. & SUTCLIFFE, A. G. ( 1 978 ) Breeding a second

generation of common marmosets, Callithrix j acchus,
in captivity. Int. Zoo. Yb. 1_8; 109-114

STRAUS, W.L. Jr (1949) The riddle of man's ancestry.
Quart. Rev. Biol. 24: 200-223

TAUB, D.M., ADAMS, M.R. & AUERBACH, K.G. ( 1978) Reproductive

performance in a breeding colony of Brazilian sguirrel

monkeys (Saimiri sciureus) . Lab. Anim. Sci. ^8: 562-566

TH0RINGT0N, R.W. Jr. (1978) Some problems relevant to the
conservation of the Callitrichidae. In: Primates

in Medicine Vol 10: Marmosets in experimental medicine.
Eds. Gengozian, N. & Deinhardt F. pp. 1-11 Basel: Karger.

TRAVIS, J.C. & HOLMES, W.N. (1974) Some physiological and
behavioural changes associated with oestrus and pregnancy

in the squirrel monkey. (Saimiri sciureus) . J. Zool.
Lond. Vl±: 41-66

TURT0N, J. ( 1977) Marmosets (Callithrix j acchus) . LAC
News No. 52 Newsletter of the Medical Research Council

Laboratory Animals Centre p. 15

TURT0N, J.A., FORD, D.J., BLEBY, J., HALL, B.M. & WHITING,
R. (1978a) Composition of the milk of the common marmoset

(Callithrix j acchus) and milk substitutes used in hand-

rearing programmes, with special reference to fatty acids.
Folia primatol. 2_9: 64-79

TURT0N, J.A., H0BBS, K.R., FORD, D.J., BLEBY, J. & HALL, B.M.
(1978b) An artificial milk for hand-rearing specified pathogen-

free marmosets, (Callithrix j acchus) and the growth of
animals on the preparation. In: Recent Advances in

Primatology Vol. 2: Conservation. Eds., Chivers, D.J.
& Lane-Petter, W. pp. 187-193 London: Academic Press



344

TUTIN, C.E.G. (1980) Reproductive behaviour of wild

chimpanzees in the Gombe National Park, Tanzania.
J. Reprod. Fert. Suppl. 2_8: 43-57

VANDENBERGH, J.G. & VESSEY, S. (1968) Seasonal breeding
of free-ranging rhesus monkeys and related ecological
factors. J. Reprod. Fert. 15: 71-79

VAN LOOK, P.E.A. (1976) Studies on the pathophysiology
of gynaecological endocrine disorders. Ph.D Thesis -

University of Edinburgh.

VARLEY, M.A. & VESSEY, S.H. (1977) Effects of geographic
transfer on the timing of seasonal breeding of rhesus

monkeys. Folia primatol. 2Q_: 52-59

VOGT, J.L. (1978) The social behaviour of a marmoset

(Saguinus fuscicollis)group. Ill Spatial analysis of
social structure. Folia primatol. 29_: 250-267

WASHBURN, S. (1966) What is a primate? Quoted in Lab.
Prim. Newsletter _5 (2): 9-11

WATTS, E.S. (1977) Some guidelines for collection and

reporting of non-human primate growth data. Lab. Anim.
Sci. 27_: 85-89

WEINBERG, W. (1901) Beitrage zur Physiologie und Pathologie
der Mehrlingsgeburten beim Menschen. Pflugers Arch,

ges. Physiol. 8_8: 346-430

WEISS, G., DIERSCHKE, D.J., KARSCH, F.J., HOTCHKISS, J.,

BUTLER, W.R. & KNOBIL, E. (1973). The influence of
lactation on luteal function in the rhesus monkey.

Endocrinology 93_: 954-959

WENDT, H (1964) Erfolgreiche Zucht des Baumwollkopfchens
oder Pincheaffchens Leontocebus (Oedipomidas) oedipus

(Linns'*, 1758) in Gefangenschaft. Saugetierkdl.
Mitt. V2: 49-52

WETTSTEIN, E.B. ( 1 963) Variabi1itat , Geschlechtsunterschiede
und Altersveranderungen bei Callithrix j acchus L . Morph .

Jahrb . 104: 185-270



345

VIL LIG, A. & WENDT , S. (1970) Aufzucht und Verhalten
des Geoffroyi-Perucken affchens, Oedipomidas geo ffroyi
Pucheran , 1845. Saugetierkdl. Mitt. 1_8; 117-122

WISLOCKI, G.B. ( 1929) On the placentation of primates with
a consideration of the phytogeny of the placenta.

Carnegie Contrib. Embryol. 2_0 : 51 - 8 0

WISLOCKI, G.B. (1930) On a series of placental stages
of a platyrrhine monkey (Ateles geo ffroyi) with some

remarks upon age, sex and breeding period of platyrrhines.
Contrib. Embryol. 22!: 175-192

WISLOCKI, G.B. (1932) Placentation in the marmoset

(Oedipomidas geo ffroyi) , with remarks on twinning
in monkeys. Anat. Rec. 5_2 : 381 -399

WISLOCKI, G.B. (1938) Twinning in marmosets (Oedipomidas
geo f froyi) . Anat Rec. Supple. 3 p 83.

WISLOCKI, G.B. (1939) Observations on twinning in
marmosets. Am. J. Anat. jS4_: 445-483

WITSCHI, E. (1948) Migration of the germ cells of human

embryos from the yolk sac to the primitive gonadal folds.

Carnegie Contrib. Embryol. 3_2: 6 2-80

WOLEE, L.G., DEINHARDT , f., OGDEN , J.D., ADAMS, M.R. &

EISHER, L.E. (1975) Reproduction of wild-caught and

laboratory-born marmoset species used in biomedical
research (Saguinus sp. Callithrix jacchus). Lab. Anim. Sci
2L5 : 802-81 3

WOLEE, L.G., OGDEN, J.D., DE INHARDT, J.B., EISHER, L. &

DEINHARDT, E. (1972) Breeding and hand-rearing marmosets
for viral oncogenesis studies. In: Breeding Primates
Ed. Beveridge, W.I.B. pp. 145-157 Basel: Karger

WOLF, R.H. HARRISON, R.M. & MARTIN, T.W. (1975) A review
of reproductive patterns in New World monkeys. Lab.
Anim. Sci. 25_: 814-821

W00DARD, D.K. GRAHAM, C.E. & McCLURE, H.M. (1976) Comparison
of haemagglutination-inhibition pregnancy tests in the

chimpanzee and the orang utan. Lab. Anim. Sci. 2 6 :

922-927



346

WOOD-JONES, F. (1929) Man's Place Among the Mammals. London:

Arnold

ZOKOWSKY, L. (1940) Zur Haltung und Pflege einiger
Neuweltaffenarten. Zool. Garten (Leipzig) 12: 92-110


