


of trees. The exudate provides a high energy food source
in seasons when fruit is unavailable (Coimbra-Filho,
1976). Under free-ranging conditions they spend up 30%
of their time feeding on gums and between 24-30% of
their time foraging for prey (Rylands and de Faria, 1993).

In captivity marmosets are maintained in
monogamous breeding pairs with several sibling litters.
This allows the offspring to co-operate with caring for the
juveniles and provides an enriched complex social
environment. Inbreeding is not usually a problem because
subordinate sexually mature females within the family
group do not ovulate. This is an unusual reproductive
specialisation in which the social dominance behaviour of
the « female suppresses ovulation in subordinate females
(Abbott et al, 1993).

In wild Callithrix populations, intra-group aggression
is not increased when young adults emigrate from the
family group. However, fighting within family groups
occurs in the confined colony situation. The most
frequently observed aggression occurs between male
siblings, although under certain circumstances father/son
fighting and sister/sister aggression is displayed. At
CSIRO the most disruptive periods occur when neonates
appear and the o« female comes into post-partum oestrus.
Fighting between juvenile marmosets at these two periods
usually involves chasing and minor food disputes.
However, if adolescents have not been removed by 18
months of age, more serious potentially fatal sibling
disputes may occur. In these cases the aggressor must be
removed.

Figure 1 A social group of common marmosets

Experimental marmosets are often maintained in small
same-sex groups. These groups must be carefully
established and monitored to ensure fighting does not
occur. Marmosets of similar weight should be placed
together in a clean cage to minimise the chance of
territorial fighting. Groups should be established at the
beginning of the week to ensure fighting does not pass
undetected on weekends when staffing levels are lower.
Male and female marmosets which have been housed
individually for any time will invariably fight if
introduced into a cage with same-sex conspecifics.

Captive-bred common marmosets have litters ranging
in size from singletons to quadruplets although triplets are
the most frequent (Poole and Evans, 1982). Infant survival
is significantly higher in twin litters, which is probably the
result of sibling competition, and maternal skill and
physical condition (Rothe et al, 1993). Non-viable
newborns are basically neglected by both parents and
weak newborns are often eaten by group members. The
interbirth interval ranges from 145-382 days, with a
median of 158 days (Box and Hubrecht, 1987).

Uses in the laboratory

The common marmoset has been used in a wide range of
research as a model of human disease, physiology and
metabolism. Their small size and adaptability enables
relatively large numbers to be maintained for
experimental purposes. However their size is also a
disadvantage for work involving surgery or requiring
frequent blood sampling. In recent publications
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Table 2: Hematological values for adult non-fasted common marmosets (Callithrix jacchus) (Yarbrough et al, 1984)

Adult male Adult female Units
Erythrocytes
Number of samples 61 33
Mean + SD 5.65+ 1.0 574+ 1.1 x10%/mm’
Hemoglobin
Number of samples 61 33
Mean + SD 16.1+3.5 150+ 1.8 g/dl
Hematocrit
Number of samples 61 33
Mean + SD 427+ 11.2 413+5.0 %
Mean corpuscular volume
Number of samples 61 33
Mean + SD 7246 73+4 w
Mean corpuscular hemoglobin
Number of samples 61 33
Mean + SD 28.0+4.2 26.9 + 3.7 pg
Mean corpuscular hemoglobin concentration
Number of samples 61 33
Mean + SD 39.0+£5.5 37+3.8 %
Leukocytes
Number of samples 61 33
Mean + SD 8.1+3.2 74428 x10*/mm’
Bands
Number of samples 61 33
Mean + SD 03+0.8 0.3+0.9 %
Segmented neutrophils
Number of samples 61 33
Mean + SD 43+ 16 54+15 %
Lymphocytes
Number of samples 61 33
Mean + SD 51+16 40 + 14 %
Eosinophils
Number of samples 61 33
Mean + SD 04+1.0 0.5+0.9 %
Basophils
Number of samples 61 33
Mean + SD 0.8+1.3 1.5+2.1 %
Monocytes
Number of samples 61 33
Mean + SD 33+29 3.6+2.8 %
Platelets
Number of samples 60 33
Mean + SD 281 + 101 281 + 121 x10°/mm’
Reticulocytes
Number of samples 55 38
Mean + SD 24423 1.9+1.7 %
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Table 3: Serum biochemical values for adult non-fasted common marmosets (Callithrix jacchus) (Yarbrough et al, 1984)

Constituent Adult male Adult female Units
Glucose

Number of samples 82 34

Mean + SD 172 +48 192 + 52 mg/dl
Serum Urea Nitrogen

Number of samples 82 34

Mean + SD 22+7 22+7 mg/dl
Creatine

Number of samples 81 33

Mean + SD 0.6+0.2 0.6+0.2 mg/dl
Aspartate aminotransferase (AST)

Number of samples 82 33

Mean + SD 151 £45 146 £ 43 [U/liter
Alanine aminotransferase (ALT)

Number of samples 80 34

Mean + SD 55+17 54 +23 TU/liter
Alkaline phosphatase (ALP)

Number of samples 81 34

Mean + SD 61 +27 58 +17 1U/liter
Lactose dehydrogenase (DL-L)

Number of samples 81 32

Mean + SD 218 + 110 216 + 104 1U/liter
Total protein

Number of samples 81 34

Mean + SD 7.2+0.8 6.6+0.8 g/dl
Albumin

Number of samples 82 34

Mean + SD 51+0.7 44+0.7 g/dl
Cholesterol

Number of samples 75 31

Mean + SD 185+ 49 155 + 47 mg/dl
Triglyceride

Number of samples 69 30

Mean + SD 136 +73 94 +42 mg/dl
Calcium

Number of samples 81 34

Mean + SD 104+1.3 9.6+15 mg/dl
Inorganic phosphorus

Number of samples 77 34

Mean + SD 56+14 52+1.6 mg/dl
Total bilirubin

Number of samples 73 33

Mean + SD 0.48 £ 0.54 0.25+0.22 mg/dl
Amylase

Number of samples 68 27

Mean + SD 930 + 593 1057 £ 720 IU/liter
Lipase

Number of samples 47 13

Mean + SD 33.0+32.4 168 +11.6 1U/liter
Chloride

Number of samples 56 14

Mean + SD 107 + 14 106 + 4 mM/liter
Sodium

Number of amples 29 2

Mean + SD 161 +8 155+4 mM/liter
Potassium

Number of samples 31 2

Mean + SD 4.14£0.6 39+0.3 mM/liter
Cholinesterase (serum)

Number of samples 51 11

Mean + SD 3.45+0.88 2.56 £0.88 TUC10*/liter
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marmosets have been used in nutrition, cardiovascular,
reproduction, pharmacology, virology, odontology,
teratology, behavioural, toxicology, neuro-
psychopathology and neurology investigations.

The embryology (Phillips, 1976a), skeletal
development (Phillips, 1976b), developmental biology
(Missler et al, 1992) reproductive biology (Hearn and
Lunn, 1975; Nandedkar and Kholkute, 1987; Torii et al,
1989) and aspects of neuroanatomy (Dick et al, 1991) of
the marmoset are well documented.

Normal values for haematology (McIntosh et al, 1985;
Yarbrough et al, 1984) and serum biochemistry (Davy et
al 1984; McNees et al, 1984; Yarbrough et al, 1984)
parameters of captive marmosets have been published (see
tables 2 and 3).

Husbandry and handling

Wherever possible, management procedures should be
based on what is understood of the behaviour of the
animal in the wild. The environment should be enriched
by providing companionship, adequate space and
complexity, and ways in which the marmosets can
manipulate or control their environment (Poole, 1990).
Although experimental protocols often require individual
housing of marmosets, they should always be maintained
within olfactory, aural and visual contact with other
marmosets. For practical suggestions see Scott (1991),
and Heath and Libretto (1993).

Caging for marmosets should maximise their potential
vertical flight path and opportunities for activity in three
dimensions. Family groups are usually maintained in
cages of about 1.2m(h)x1.0m(w)x0.8m(d) with smaller
cages for experimental pairs or individuals. As a guide the
Code of Practice for the Housing and Care of Animals
used in Scientific Procedures (1989) (UK) sets a
minimum cage height of 0.8m, and minimum floor area of
0.25m? for individually caged animals, or 0.135m? per
marmoset when housed in groups.

Cage sides and ceiling should be constructed entirely
of mesh, and vertical branches should be fixed within the
cages. If the animals are identified with disks on neck
chains the branch diameters should be large enough to
prevent snaring. As marmosets are strongly territorial,
adjacent cages must be separated by solid partitions or
walkways. Cages should contain at least one nest box,
depending on the number of animals in the cage and the
risk of aggression between the animals. As marmosets are
arboreal and not ground dwellers, nest boxes and feed
bowls should be fixed towards the top of the cages.

The temperature in marmoset rooms should be
maintained between 22-30°C with a relative humidity
between 40-60%. The air exchange rate should be fairly
high (>10 room air changes per hour), particularly when
cage group sizes are large. The marmoset is prone to
disruption by noise, overcrowding and transport stress,
which should be minimised.

Marmosets should be handled gently but firmly to
minimise stress and the chance of animal or handler
injury. Leather gloves which extend along the forearm

should be used routinely when handling marmosets. If
possible animals should be rewarded with food treats after
handling or manipulation. Nets to catch animals should
only be used in extreme circumstances.

Nutrition

Marmosets are small, highly active mammals with gastro-
intestinal tracts adapted to enable caecal fermentation
(Caton, 1994). Although coprophagy has been associated
with low protein diets (Flurer and Zucker, 1988) it is
commonly observed at CSIRO in normal healthy
marmosets. The protein requirement of marmosets is
similar to other species (Flurer et al, 1987).

Marmosets are usually fed a basic commercial ration
and provided with a variety of supplements such as fruit,
vegetables, nuts, eggs, jelly, cheese, cat chow and
yoghurt. Although most animal feed manufacturers could
manufacture marmoset diet, Milling Industries (Murray
Bridge, South Australia) is the only supplier which
regularly produces marmoset ration in Australia. Most
marmoset diets available locally and internationally are
extruded expanded rations which are super-heated with
steam during the milling process. Extruded rations are
harder, and have a greater loss of heat-labile nutrients than
normal pelleted rations. However the extrusion process
reduces the levels of viable contaminating organisms and
natural plant toxins, the digestibility is increased and the
rate of deterioration during storage is reduced.

Marmosets have a requirement for dietary ascorbic
acid (vitamin C) several times that of humans (Flurer at
al, 1987). This requirement is increased when the animals
are stressed (Flurer and Zucker, 1989). Naturally
occurring vitamin C in fruit and most commercially
available vitamin C is unstable and easily oxidised during
manufacturing, storage and diet sterilisation. Care should
be taken to use handle feed appropriately to ensure
adequate levels of vitamin C are actually provided to the
animals. Common marmosets maintained without access
to natural or ultraviolet (UV B) light have a high
requirement for dietary vitamin D_. The serum levels of
1 o«, 25-dihydroxyvitamin D_ in the marmoset are
extremely high, probably due to end-organ resistance,
which is greater to vitamin D_than D_ (Marx et al, 1989).
Most commercially availabﬁe marmoset diets contain
about 300ug vitamin D_/kg diet, although there is still

. 3 . . .
some disagreement as to the suitability of this level. As
vitamin D _ is fat-soluble and potentially toxic, excessive
supplementation should be avoided.

Experimental procedures

Due to the body size of marmosets, the volume of blood
taken from adults should be limited to under 3 ml, and
without close monitoring repeated sampling should not
exceed 2 ml/week. The use of a restraint device (see
Hearn, 1987) simplifies the sampling process and reduces
the chance of haematomas resulting from sudden animal
movements. Samples can be collected from the femoral
vein of restrained marmosets using 25 gauge needles or
from the jugular (O’Byrne, 1988) or femoral veins of
chronically cannulated animals. Blood samples of 8-10ml
can be obtained directly from the abdominal aorta at the
time of death.
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The injectable anaesthetic of choice for marmosets is
alphaxalone/alphadolone acetate (Saffan®) which is
administered into the quadriceps muscle of the hind leg
(18mg/kg im). As the volume is relatively large, the dose
can be divided and injected into both legs. Additional
doses may be given to prolong the anaesthesia, preferably
by intravenous increments. Saffan provides good
anaesthesia and smooth recovery, with a wide safety
margin, which makes it useful for clinical and
experimental procedures.

Other injectable anaesthetics recommended for use in
marmosets include a combination of xylazine and
ketamine (Flecknell, 1987). At doses of 0.5mg/kg im and
10 mg/kg im respectively this combination should provide
surgical anaesthesia lasting 30-40 minutes. However,
consideration should be given to the muscle necrosis
which occurs at the site of injection when ketamine is
used (Davy et al, 1987). All the commonly available
inhalation agents can be used to anaesthetise marmosets,
although properly calibrated vaporisers should always be
used with potentially dangerous agents such as halothane.
Buprenorphine (0.01mg/kg im or iv tid) can be used for
the control of moderate and severe pain (Flecknell, 1987).

Post-operatively, marmosets should be returned to
their previous social environment as soon as they have
regained consciousness and normal mobility. Marmosets
will often remove superficial sutures, and subcuticular
sutures should be used for wound closure. Vicryl® has
been successfully used at CSIRO for this purpose.

Marmosets can be trained to allow direct feeding with
feeding tubes, or can be dosed with agents by the injection
of materials into grapes or bananas. Marmosets are
frequently used in dietary experiments and can be fed a
range of experimental or modified standard diets.
However, changes in the base diet should be made
gradually over several weeks and the body weight of the
animals must be carefully monitored. Increasing the water
content of experimental diets to approximately 30% (‘soft
serve’ presentation) has been used to increase the
acceptability of experimental diets. Diets containing over
15% fat by weight are likely to cause diarrhoea.

Urine and faecal samples can be obtained from
marmosets maintained in modified rat metabolism cages
for limited periods. However ,the marmosets will be
stressed by this type of confinement and its use should be
limited to healthy, non-breeding adults. Modifying the
home cage nesting boxes should be considered if repeated
faecal and urine samples are required. The collection of
cerebrospinal fluid is described by Geretschl ger et al
(1987). Urine can be collected from undisturbed animals
(Anzenberger and Gossweiler, 1993) for the measurement
of urinary oestrogen metabolites (Ziegler et al, 1993).

For information on embryo and semen collection,
refer to Summers et al, (1987) and Cui et al, (1991).

Disease control

The marmoset is susceptible to many of the major
infectious diseases of primates. When working with
marmosets, in either laboratories or animal houses, the

health of humans and marmosets must be protected.
Institutions should consider the development of policies
for monitoring the health of staff working with primates,
and should include screening for tuberculosis and the
maintenance of regular staff reference serum samples.
Scratch and bite injuries to staff should be treated and
reported to the institutional occupational health and safety
committee. Staff working with marmosets should wear
face masks, protective clothes and gloves. Facilities to
wash hands should be available.

Although the health status of experimental marmosets
is not usually as well-defined as other laboratory species,
the principles of good animal house management to
protect their health apply. For instance, the animal house
and diet storage facilities should be vermin-proof and diet
should be sterilised. Staff with infectious conditions,
particularly upper respiratory infections or active herpes
cold sores, should not work with primates. Ideally a
veterinarian with an interest in primates should contribute
to the management of captive marmosets, and should
definitely be consulted on clinical issues and to perform
post-mortem examinations.

The condition of animals should be checked daily and
all marmosets should be weighed at least monthly.
Particular attention should be given to monitoring for
respiratory infections, gastro-intestinal problems and
signs of fighting in uni-sex groups.

‘Marmoset wasting disease’ was frequently reported
in the 1980s from many colonies (Brack and Rothe,
1981). The disease is associated with chronic weight loss,
anaemia and death and has been attributed to a complex
nutritional deficiency involving vitamin E, selenium and
protein (Chalmers et al, 1983). The marmoset is prone to
chronic inflammatory diseases of the intestinal tract
(Sainsbury et al, 1987). Animals suffering chronic
wasting at CSIRO often gain weight and recover when fed
a gluten-free cake, although attempts to demonstrate
gluten-intolerance have been unsuccessful. The diagnosis
of feed allergy as the causal agent has been supported by
histological post-mortem findings. Reviews of the
spontaneous infectious diseases and pathology of
marmosets have been published (Hunt et al, 1978;
Chalmers et al, 1983; Tucker, 1984) and details of
particular conditions are available including shigellosis
(Cooper and Needham, 1976), botulism (Petit, 1991) and
callitrichid hepatitis (Ramsay et al, 1989; Stephensen,
1992).

Further information

Under the auspices of a joint NHMRC and CSIRO
agreement, marmosets and/or their tissues are currently
supplied to investigators at research institutions within
Australia for use in approved projects. For further
information contact the Manager, Animal Services Unit at
CSIRO (see below).

Societies including the Australian Primate Society
(APS), the Australian Society for Laboratory Animal
Science (ASLAS) and the Australian and New Zealand
Council for the Care of Animals in Research and
Teaching (ANZCCART) are valuable resources for
primatologists.
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The Primate Information Centre at the University of
Washington produces a monthly bibliographical journal
and provides other useful primate information services.
The Wisconsin Regional Primate Research Center Library
co-ordinates an Internet Gopher server for people with an
interest in the field of primatology. Among the resources
accessible in the Primate Information Net (PIN) is
PRIMATE-TALK, which is an electronic listserver which
provides a forum for primatologists world-wide. A new
electronic listserver which provides a discussion forum
for research workers concerned with laboratory-based
primate work and research news is ‘Primatology’, which
is based from the University of Edinburgh. Another useful
forum for professionals working in the fields of
comparative medicine and biomedical research (all
species) is COMPMED, which is a Bitnet/Internet mailing
list operated by Washington University.

Useful addresses

ASLAS

President ASLAS

C/- University of Newcastle
Callaghan NSW 2308
facsimile: (049) 214-757

APS

Treasurer/Membership Secretary

C/- CSIRO Division of Human Nutrition
Majors Rd, O’Halloran Hill SA 5158
facsimile: 08 377-0004

Email: graemec@dhn.csiro.au

COMPMED

Ken Boschert DVM

Washington University School of Medicine
Box 8061, 660 South Euclid Ave

St Louis, Missouri 63110,USA

Email: ken@wudcm.wustl.edu

Manager Animal Services Unit
CSIRO Division of Human Nutrition
Majors Rd, O’Halloran Hill SA 5158
facsimile: 08 377-0004

Email: juliec@dhn.csiro.au

Primate Information Centre
University of Washington SJ-50
Seattle, Washington 98195 USA
facsimile: 206-685-0305

Primate Information Net (PIN)

Contact: Larry Jacobsen

Wisconsin Regional Primate Research Center

1220 Capitol Court, Madison WI 53715-1299, USA
Email: jacobsen@primate.wisc.edu.

Primatology

Tony Dickinson tonyd@castle.ed.ac.uk
Laboratory for Cognitive Neuroscience

Dept of Psychology, University of Edinburgh

I would like to thank Dr Brian Siebert and Mr Graeme
Crook for their assistance editing this article.
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