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Welcome to the inaugural meeting of the Marmoset Research Group of the Americas (MaRGA).  
MaRGA is modeled after the European Marmoset Research Group and like the EMRG, we intend to 
provide a forum for bringing together people from a wide variety of disciplines and types of 
institutions to improve the understanding of marmoset biology, and in turn, the quality of research 
conducted using marmosets. The integration and coordination of efforts by those in both North and 
South America is necessary to support the expanding use of these primates in research.   
 
We are particularly pleased about the diverse make-up of the registrants for this meeting and have 
high hopes that this diversity will foster true interdisciplinary exchange.  In addition, we are 
delighted to be able to host two colleagues from Brazil, Drs. Sousa and Yamamoto. 
 
MaRGA gratefully acknowledges the generous support of Harlan, Inc. in sponsoring Drs. Sousa, 
Yamamoto and Genain. 
 
In addition, the Steering Committee wishes to thank: 
 
• Wisconsin National Primate Research Center at the University of Wisconsin for providing all 

local arrangements. 
• Southwest National Primate Research Center for providing the program/abstract book and 

travel support for Dr. M. Power. 
• New England National Primate Research Center for providing travel support for Dr. Austad. 
• University of Nebraska at Omaha, for providing travel support for Dr. Ferris. 

 
We hope you will find the meeting informative and stimulating.  Your input will play a critical role 
in how this young organization develops and matures.  We do want MaRGA to be your organization.  
We have, therefore, left large blocks of time in the meeting for discussion and urge you to participate 
with your knowledge, questions and concerns. 
 
Thanks to everyone for your interest in MaRGA and have a great meeting. 
 
Suzette D. Tardif for the MaRGA Steering Committee* 
 
*Steering Committee Members: 
 David Abbott, Ph.D. 
 Jeffrey French, Ph.D. 
 Donna Layne, B.S. 
 Elisabeth Ludlage, D.V.M. 
 Keith Mansfield, D.V.M. 
 Rachel Power, Ph.D. 
 Nancy Schultz-Darken, Ph.D. 
 Suzette Tardif, Ph.D. 
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MARMOSET RESEARCH GROUP OF THE AMERICAS (MaRGA) 
Inaugural Meeting - 2004 

Memorial Union, University of Wisconsin, Madison 
 

SUNDAY, JUNE 13, 2004 
 
8:30 a.m. Introductions, Description of MaRGA and Meeting 
 S. Tardif, Southwest National Primate Research Center 
 
8:45 a.m. Marmoset Longevity: Its Place in the Mammalian Scheme 
 Speaker:  S. Austad 
 University of Idaho/University of Texas Health Science Center, San Antonio  
 
9:45 a.m. Break 
 

SESSION 1:  NUTRITION 
 
 Chair:  N. Schultz-Darken 
 
10:00 a.m. Nutrient Requirements of the Marmoset:  Phylogeny, Ecology and Some Hard Data 
 M. Power, National Zoo, Smithsonian Institution 
 
11:00 a.m. The Marmoset as a Model of Diet Induced Obesity 
 R. Bertram, Glaxo Smith Kline 
 
11:20 a.m. Effects of Energy Restriction on Gestation and Lactation 
 S. Tardif, Southwest National Primate Research Center 
 
11:40 a.m. Roundtable Discussion – Nutrition & Related Topics   
  
12:15 p.m. Break for Lunch 
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SESSION 2:  CLINICAL/HUSBANDRY/MANAGEMENT 
 
 Chair:  R. Power 
 
1:30 p.m. Pathology of Common Marmoset (Callithrix jacchus) Diseases 
 K. Mansfield, New England National Primate Research Center 
 
2:30 p.m. Development and Use of a Multi Colony Marmoset Demographic Database as a 

Research Resource 
 D. Smucny, Southwest National Primate Research Center  
 
2:50 p.m. A Demographic Review of the Captive Colony of Callithrix kuhlii at the University 

of Nebraska Callitrichid Research Facility 
 C. Ross, University of Nebraska 
 
3:10 p.m. The Influence of Litter Size on Inter Birth Interval in Captive Callithrix kuhlii at 

the University of Nebraska at Omaha’s Callitrichid Research Center 
 H. Jensen, University of Nebraska 
 
3:30 p.m. Break 
 
3:50 p.m. Systemic AA Amyloidosis in the Common Marmoset 
 E. Ludlage, New England National Primate Research Center 
   
4:10 p.m. Custom Designed Experimental Housing for Marmosets 
 D. Layne, Southwest National Primate Research Center 
 
4:30 p.m. Roundtable Discussion – Clinical & Husbandry Issues 
 
5:00 p.m. Discussion of Plans for Next Meeting/Other MaRGA Issues 
 
5:30 p.m. Adjourn 
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MONDAY, JUNE 14 
 

SESSION 3:  NEUROSCIENCE/COMMUNICATION/BEHAVIOR 
 
 Chair:  J. French 
 
8:30 a.m. Functional Magnetic Resonance Imaging in Conscious Marmosets: 
 Methods and Applications in Neuroscience Research 
 C. Ferris, University of Massachusetts 
 
9:30 a.m. Common Marmoset as a Model to Study the Neural Basis of Primate Vocal 

Communication 
 X. Wang, Johns Hopkins University 
 
9:50 a.m. Break 
 
10:10 a.m. Preliminary Evidence of Early Long Call Acquisition and Usage in a Callitrichid 

Primate (Callithrix kuhlii) 
 M. Rukstalis, University of Nebraska 
 
10:30 a.m. Making Sense Out of Scents:  Olfaction and Reproduction in Marmosets and 

Tamarins 
 T. Ziegler, National Primate Center, University of Wisconsin 
 
10:50 a.m. Mating Systems in Marmosets:  Data from Captive and Wild Groups 
 M.E. Yamamoto, Universidade Federal do Rio Grande do Norte, Natal, Brazil 
 
11:10 a.m. Sex Differences in Play Behavior Among Captive Common Marmosets (Callithrix 

jacchus) 
 L. Zemba, NICHD, National Institutes of Health 
 
11:30 a.m. Roundtable – Neuroscience & Related Topics 
 
12:00 p.m. Break for Lunch 
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SESSION 4:  PHYSIOLOGY AND IMMUNOLOGY 
 
 Chair:  E. Ludlage 
 
1:00 p.m. Primate Models of Inflammation with Emphasis on Multiple Sclerosis 
 C. Genain, University of California, San Francisco 
 
2:00 p.m. Immunogenicity of GBV-B DNA Vaccines in Common Marmosets 
 S. Biswas, University of Massachusetts 
 
2:20 p.m. Androgens and Aging in Male Marmosets 
 J. French, University of Nebraska 
 
2:40 p.m. Getting Hormonal Data From Wild Common Marmoset Females:  New Insights 

About Immigration and Mating Systems Mechanisms 
 M.B. Sousa, Universidade Federal do Rio Grande do Norte, Natal, Brazil 
 
3:00 p.m. Break 
 
3:20 p.m. Bone Mineral Density During Lactation in Common Marmosets 
 R. Power, Pennington Biomedical Research Center 
 
3:40 p.m. Roundtable – Physiology & Immunology 
 
4:20 p.m. Adjourn Meeting
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Marmoset Longevity: Its Place in the Mammalian Scheme 
S. Austad 
 
Affiliation:  University of Texas Health Science Center, San Antonio, TX 
 
Marmoset longevity will be compared to life history data on more than 600 species of mammals in 
order to evaluate its longevity both in the context of general mammalian life history patterns and 
primate-specific life histories.  Such an analysis reveals that: (1) primates are not the longest-lived 
mammalian order, either by absolute longevity, longevity corrected for body size, or metabolic 
expenditure per lifetime; (2) although relative brain size is highly correlated with longevity in 
primates, this is an aberrant trend for mammals in general, and other body organs account for an even 
greater amount of variation in longevity; (3) marmosets live about as long as an average primate of 
their body size; and (4) the limits of marmoset longevity in a captive setting have probably not yet 
been approached.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Nutrient Requirements of the Marmoset:  Phylogeny, Ecology and Some Hard Data 
M. Power 
 
Affiliation:  Nutrition Laboratory, Department of Conservation Biology, Smithsonian’s National 
Zoological Park, Washington DC 
 
Estimates of nutrient requirements for exotic specie are more often arrived at by intelligent 
guesswork than by actual hard data.  Nutritionists and animal managers tasked with the responsibility 
of maintaining collections of exotic species frequently must rely on information concerning the 
phylogeny, anatomy (especially gut morphology), ecology, natural history, and their personal 
experience with a species in order to devise satisfactory diets.  Even for important laboratory 
animals, such as the common marmoset (Callithrix jacchus) which has been kept in laboratory 
colonies for more than 40 years, studies that contribute data on nutrient requirements are few and far 
between.  I will briefly review what is known and what can be deduced regarding nutrient 
requirements for common marmosets based on their phylogeny, anatomy, and natural history. For 
example, the fact that they are primates all but guarantees that they have a requirement for vitamin C. 
Their small body size and gut morphology imply that they have a limited ability to digest insoluble 
fiber, although they would appear to be able to digest soluble fiber, such as gum.  Although gums and 
other plant exudates have an important place in their wild diet, there are no data that suggest that 
these foods provide any required nutrition that cannot be provided by other means in captivity. I will 
briefly explore this issue, and the possible role that fermentable substrates may or may not play in 
marmoset nutrition.  There are good data relevant to energy and protein requirements, and I will 
discuss these in more detail.  Finally, I will discuss the theoretically fascinating, but practically 
confusing and aggravating issue of vitamin D and calcium metabolism in marmosets and other New 
World primates.  
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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The Marmoset as a Model of Diet Induced Obesity 
Mark Paulik1, Diane Ignar1, Mary Lancaster1, Tula Miliken1, Wesley Young1, Christy Britt1, Lisa 
Clifton1, Rick Bertram2, Carmen McLamb2, and Tom Tlusty2 
 
Affiliation:  1Metabolic Diseases and Virology Center of Excellence in Drug Discovery; and 
2Laboratory Animal Science, Glaxo Smith Kline, Research Triangle Park, NC 
 
Obesity has become a major public health concern in the United States.  A predictive preclinical 
model of diet-induce obesity (DIO) could accelerate the development of pharmaceuticals to treat this 
rising epidemic.  A non-human primate could provide such a predictive model.  Thus, the common 
marmoset (Callithrix jacchus) was evaluated for its propensity to becoming obese when challenged 
with high fat diets.  Marmosets were placed on either a standard diet (Mazuri 5MI5) (SD), or a SD 
supplemented with 12% or 24% lard.  The marmosets fed the 12% lard diet (HF) for 8 weeks gained 
the most weight when compared with the 24% lard or the SD groups.  Marmosets placed on the HF 
diet for 3 months had a 27% increase in body weight, a 51% increase in fat mass, and a 25% increase 
in lean mass.  In addition, the marmosets on the HF diet had significant increases in total serum 
cholesterol, LDL-cholesterol, triglycerides, Hb lAc, glucose, insulin and creatine kinase when 
compared to marmosets on SD.  To determine how marmosets would respond to pharmaceutical 
intervention, male marmosets were dosed with a CB-1 antagonist (15 and 45 mg/kg) or with 
Sibutramine (5 and 15 mg/kg) for four weeks.  Compared to vehicle treated animals, the Sibutramine 
groups lost 2.3% and 7.9% weight, respectively.  Whereas, the CB-1 antagonist treated marmosets 
lost 9.5% and 17.4% of their starting weights, respectively.  Furthermore, CB-1 antagonist (45 
mg/kg) treated marmosets demonstrated significant lowering of serum triglycerides vs. vehicle 
control animals.  After initial evaluation, the common marmoset shows promise as a DIO model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
 

 

 

 

 

 



Nutrition                
                   

10 

4 
 
Effects of Energy Restriction on Gestation and Lactation 
S. Tardif, D. Layne, and D. Smucny 
 
Affiliation:  Southwest National Primate Research Center, San Antonio, TX 
 
We report on the effects of energy restriction during gestation or lactation on maternal condition and 
reproductive outcomes.  For all studies, females were restricted to 75% of expected ad lib energy 
consumption of a purified diet.  Mid gestation restriction (day 66) reliably induced loss of pregnancy 
prior to term (mean delivery age = 92).  Of the late (day 99) restricted pregnancies, 4 of 7 were 
normal term length while three were preterm deliveries, at 101, 117 and 132 days.  Restriction 
reliably prevented the normal weight gains seen in control pregnancies.  In late restricted females, 
higher daily weight loss was associated with earlier delivery age and females who began pregnancy 
at lower weights tended to have higher weight losses.  Energy restriction during lactation for females 
of relatively high body weight did not, in and of itself, affect milk composition or infant growth rates 
– i.e., mothers did not sacrifice infant condition to protect their own reserves.  Restricted mothers lost 
weight during lactation.  The percent time spent nursing did not differ between energy restricted and 
control mothers, however the percent time that mothers carried infants while not nursing was lower 
for restricted females.  Comparisons of maternal outcomes in the nonmanipulated population and in 
the energy restricted population both point to maternal weight loss during lactation as affecting not 
only maternal behavior but also milk output.  These results suggest that maternal investment in 
lactation is affected by maternal condition in the most extreme cases (i.e., mothers with low reserves 
nursing the largest litter size).  However, they also suggest that the impact of energy restriction upon 
reproductive function is strikingly different, dependent upon when in reproduction the restriction is 
imposed.  Specifically, it appears that, as one might expect, the further along the female is in a given 
reproductive event, the more likely she is to continue to invest. 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Pathology of Common Marmoset (Callithrix jacchus) Diseases 
K. Mansfield 
 
Affiliation:  New England National Primate Research Center, Harvard Medical School, 
Southborough, MA 
 
The common marmoset (Callithrix jacchus) is a small New World primate that has been used 
extensively in biomedical research for the past 30 years.  Spontaneous pathology and diseases 
recognized in common marmosets and other Callitrichidae differ from that seen in Old World 
primate species.  These differences result from unique susceptibilities to infectious agents, dietary 
requirements and species specific degenerative diseases that have arisen due to extensive 
evolutionary divergence coupled with adaptation to the neotropical environment. The laboratory 
animal scientist must appreciate these significant differences when utilizing marmosets in pursuit of 
their research goals.  Furthermore these differences may also present unique opportunities in model 
development not available in more traditional nonhuman primate species.  Knowledge of disease 
entities within a colony is critical in providing well defined research animals and is dependant on 
proactive disease surveillance.  Colony disease surveillance should include routine preventative 
health care, a rigorous diagnostic approach to clinical illness and gross and histologic examination of 
all colony animals at necropsy.  Common entities observed within the New England Primate 
Research Center marmoset breeding colony include systemic amyloidosis, inflammatory bowel 
disease, interstitial nephritis, adenocarcinoma of the small intestine, metabolic bone disease and a 
variety of enteric pathogens including enteropathogenic E. coli, Giardia and Campylobacter jejuni.  
Such spontaneous disease entities must be recognized in order to understand their impact on 
biomedical research programs and colony health. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Development and Use of a Multi Colony Marmoset Demographic Database as a Research 
Resource 
D. Smucny1, D.H. Abbott2, K.G. Mansfield3, N. Schultz-Darken2, M.E. Yamamoto4, A.I. Alencar4, 
and S.D. Tardif1 
 
Affiliation:  1Southwest National Primate Research Center, San Antonio, TX; 2Wisconsin National 
Primate Research Center, University of Wisconsin, Madison, WI; 3New England National Primate 
Research Center, Harvard Medical School, Southborough, MA; and 4Universidade Federal do Rio 
Grande do Norte, Department of Physiology, Natal, Brazil 
 
Common marmosets (Callthrix jacchus) represent an important nonhuman primate model in 
biomedical research.  Demographic and reproductive studies of captive marmosets have been limited 
by relatively small sample sizes, with most studies focused on a single colony.  A pooled data source 
across different marmoset colonies provides a valuable research resource to increase sample sizes to 
better study topics such as demography, reproduction, aging and heritability.  Since 2001, we have 
compiled demographic and reproductive information for five different common marmoset colonies 
into a large pooled database. The colonies included in the database are:  Universidade Federal do Rio 
Grande do Norte (Natal, Brazil), New England National Primate Research Center (Southborough, 
MA), Oak Ridge Associated Universities (ORAU) Marmoset Research Center (Oak Ridge, TN), 
Southwest National Primate Research Center (San Antonio, TX), and Wisconsin National Primate 
Research Center (Madison, WI).  All of these colonies have at least 8 years of breeding records 
available, with three of the colonies for > 13 years.  As of last update, the multicolony demographic 
database consisted of records for over 5100 marmoset individuals, including 625 dams and 570 sires 
with known birthdates.  For analyses, the records may be summarized with respect to each litter, for 
each dam (i.e., each dam’s reproductive history), as well as by colony or year. In future work, the 
marmoset database may be expanded and refined to include morbidity data, disease incidence and 
phenotype information.  The multicolony database also may be used to explore differences in animal 
husbandry and colony management practices. 

 
 
 
 
 
 
 
 
 
Notes: 
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A Demographic Review of the Captive Colony of Callithrix kuhlii at the University of Nebraska 
Callitrichid Research Facility 
C.N. Ross1, H. Jensen2, J.E.Fite2, and J.A. French2 
 
Affiliation:  1Department of Biological Sciences, University of Nebraska, Lincoln, NE; and 
2Department of Psychology, University of Nebraska at Omaha, Omaha, NE 
 
Although reports on colony demographics for a variety of callitrichid species are available in the 
literature, to date there has not been a detailed examination of Wied’s black tufted-ear marmoset, 
Callithrix kuhlii. The purpose of this study, therefore, is to present colony demographics for 
Callithrix kuhlii from the University of Nebraska’s Callitrichid Research Center from 1990-2003.  C. 
kuhlii are currently held at 16 zoological parks and 1 research institution in the U.S. and abroad.  The 
UNO colony represents the only North American breeding colony.  Demographic data was collected 
throughout the 13 years of reproduction in standardized studbook databases including ARKS, 
MedARKS, and SPARKS.  The colony was founded with 12 animals, and grew to a high of 
approximately 100 animals before breeding was concluded.  Analyses that will be presented include 
temporal analyses of reproductive output, average lifespan, mortality, sex ratios and health issues. 
Additionally, we will focus upon the impact of management practices on health, as well as mortality 
and reproductive output during that time.  We will use data from colony records to examine the 
effectiveness of prostaglandin treatment on reproductive suppression, as well as the need for, and 
health issues related to Vitamin D supplementation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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The Influence of Litter Size on Inter Birth Interval in Captive Callithrix kuhlii at the University 
of Nebraska at Omaha’s Callitrichid Research Center 
H.A. Jensen, J.E. Fite, and J.A. French 
 
Affiliation:  Department of Psychology, University of Nebraska at Omaha, Omaha, NE 
 
Many factors can influence the total reproductive success for captive female marmosets.  These can 
include maternal age, condition and experience, litter size, interbirth interval, and the presence of 
alloparents.  Studies have shown that these factors can work in conjunction with each other to either 
increase or decrease a dam’s total lifetime infant production.  With the important role that captive 
marmosets play in research and conservation today, it is vital that we understand how these factors 
interact in order to manage breeding colonies that optimize healthy infant production.  This study 
looks at two of these factors, interbirth interval and litter size in female Wied’s black tufted-ear 
marmoset (Callithrix kuhlii).  Information on the reproductive management of kuhlii marmosets is 
less documented than other, more prevalent species such as C. jacchus.  The information for this 
study comes from databases at the University of Nebraska at Omaha’s Callitrichid Research Center. 
Reproductive data was collected on 16 breeding females over 10 years.  Litter number and sizes were 
collected for each female, and interbirth interval was determined for each birth after the first.  In all, 
69 litters were examined; 1 quintuplet, 1 quadruplet, 17 triplet, 42 twin, and 8 singleton litters.  No 
significant effect of litter size was found on interbirth interval. Infant survival data was also analyzed 
and shown to have no effect on interbirth interval.  These findings confirm the results of studies on 
other callitrichid primate species (Snowdon, Sousa, Tardif, Ziegler, and others), and may prove 
useful in the reproductive management of C. kuhlii. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
 

 

 

 

 

 



 Clinical/Husbandry/Management                
                   

17 

9 
 
Systemic AA Amyloidosis in the Common Marmoset 
E. Ludlage1, C.L. Murphy2, S.M. Davern2, A. Solomon2, D.T. Weiss2, D. Glenn-Smith3, S. 
Dworkin1, and K.G. Mansfield1 
 
Affiliation:  1New England National Primate Research Center, Harvard Medical School, 
Southborough, MA; 2University of Tennessee Graduate School of Medicine, Knoxville, TN; and 
3University of California, Department of Anthropology, Davis, CA 
 
The common marmoset (Callithrix jacchus) is a small New World primate native to Brazil that has 
been used extensively in biomedical research.  A retrospective analysis of archived hematoxylin and 
eosin (H&E)–stained tissue sections and clinical records was conducted at the New England Primate 
Research Center (NEPRC) on 86 marmosets >1 year of age that were euthanized over the past 
decade due to morbidity and failure to thrive.  Approximately 17% (15/86) were found to have 
amyloid deposits in one or more organs, including the liver, adrenal glands, kidneys, and intestine.  
This material was shown by amino acid sequence analysis to be composed of serum amyloid A 
(SAA)-related protein.  This type of amyloidosis, designated AA or “secondary,” typically is 
associated with an inflammatory process that induces elevated levels of the SAA amyloidogenic 
precursor molecule.  Remarkably, there were no significant differences in SAA concentrations or 
other distinguishing features in animals with versus those without amyloid, thus suggesting the 
possible inheritable nature of the disorder.  In this respect, the common marmoset provides a unique 
experimental model for study of the pathogenesis and treatment of AA and other forms of systemic 
amyloidosis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Custom Designed Experimental Housing for Marmosets 
D.G. Layne1, R.A. Power2, G. Branson3, K. Pittman4, D. Pratt3, D. Bush4, and S.D. Tardif1 

 

Affiliation:  1Southwest National Primate Research Center, San Antonio, TX; 2Pennington 
Biomedical Research Center, Baton Rouge, LA; 3Biology Services Facility, University of Tennessee, 
Knoxville, TN; and 4LGL Animal Care Products, Inc., Bryan, TX 
 
With marmosets emerging as one of the biomedical model species in between rodents and the larger, 
Old World primates, experimental equipment and housing that is commercially available for use with 
rodents or other primates is often rigged to fit the need. While it is true that marmosets are about the 
size of rats in terms of body weight (350-500g) their natural posture, locomotion, and social 
requirements are not the same.  This presentation will describe the development and use of two 
experimental housing units:  1) a cage set and collection system for use in metabolic balance trials 
(24-72h) by a lactating female with infant(s) and 2) a cage for housing and handling marmosets in 
bio-safety level 4 conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Functional Magnetic Resonance Imaging in Conscious Marmosets:  Methods and Applications 
in Neuroscience Research 
C. Ferris 
 
Affiliation:  Center for Comparative Neuroimaging, University of Massachusetts Medical School, 
Worcester, MA 
 
Functional magnetic resonance imaging (fMRI) at high magnetic field strengths (4.7T – 11.7T) has 
far superior spatial and temporal resolution than any other non-invasive imaging technique. 
Functional MRI using the BOLD (blood oxygenation-level-dependent) technique measures changes 
in blood flow to areas of increased synaptic and neuronal activity.  Mobil protons associated with 
hydrogen atoms in water are the primary source of MR signal. The level of paramagnetic 
deoxygenated hemoglobin in the blood vessels alters the magnetic-susceptibility of protons aligned 
in the magnetic field of the spectrometer.  Enhanced neuronal activity is accompanied by an increase 
in metabolism concomitant with changes in cerebral blood flow and volume to the area of activation.   
The local blood flow to this area exceeds oxygen uptake, lowering the level of deoxygenated 
hemoglobin and increasing the T2*-relaxation time and MRI signal intensity.   
 
Fully conscious animals are not used routinely in fMRI studies because of technical problems 
associated with motion artifacts.  Any minor head movement distorts the image and may also create a 
change in signal intensity that can be mistaken for stimulus-associated changes in brain activity.  In 
addition to head movement, motion outside the field of view can also obscure or mimic the signal 
from neuronal activation.  Therefore most fMRI studies use general anesthetics to immobilize the 
animal.  However, anesthetics preclude the study of brain activity involving cognition and emotion. 
Furthermore, anesthetics depress neuronal activity reducing BOLD signal.  To circumvent these 
problems technology was developed to image fully conscious marmoset monkeys. 
 
Methods 
A restrainer was developed consisting of head and body holder with built-in radiofrequency 
electronics.  Prior to imaging animals are habituated to the restraint stress and imaging procedure in a 
simulated environment.  During MR sessions, animals are first lightly sedated with ketamine plus 
medetomidine (Domitor), and placed in the MR head and body holder. Once securely restrained, 
anesthesia is reversed with atipamezole (Antiseden).  Prior to imaging animals are tested for their 
sensitivity and recovery to this anesthetic procedure.  Animals recovering from anesthesia are judged 
to be fully conscious when they can both locomote normally and attend to cognitive tasks in their 
environment.  This recovery time from anesthesia is incorporated into the imaging study.  
 
High-resolution anatomical data sets of ca. 12 min in duration are acquired using a multi-slice spin-
echo (RARE) pulse sequence at the beginning and end of each imaging session. In plane spatial 
resolution is ca 120 µm x 120 µm with a slice thickness of 1 mm.  Functional images are acquired at 
15 sec intervals using a gradient-echo (FLASH) sequence weighted for T2*.  BOLD signal changes 
between control and stimulation periods are analyzed and significant differences presented as 
activational maps and time-course plots.  Subtraction of the first and last anatomical data sets and 
observation of functional time-series helps detect motion artifact.  
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Applications in Neuroscience Research 
 
Emotional States 
Fear, anger, hunger, and sexual arousal are examples of emotion states and are fertile areas of 
investigation using fMRI.  A library of vocalizations, smells and visual images with proven 
ethological significance in the animal’s natural habitat and in the semi-natural environment of the 
laboratory setting can be collected and used to communicate with the animal in the magnet.  For 
example, presentation of the odor of a novel reproductively receptive female marmoset to a male 
marmoset in the magnet will elicit changes in brain activity related to sexual arousal.   
 
Brain/Environment Interactions in Development 
There are myriad examples in animal studies showing early emotional or environmental insult can 
affect brain development with long-term neurobiological and behavioral consequences. Insights into 
the etiology of mental illness may be gleaned by longitudinal studies on marmosets examining the 
interaction between a vulnerable gene pool and a stressful environment at critical times in 
development.  Since fMRI is non-invasive and can be used to study the same animal over the course 
of its life it is possible to observe developmental changes in neuroanatomy, brain activity and brain 
chemistry (spectroscopy).   
 
Drugs Effects on Brain Activity  
Studying changes in brain activity in response to acute and prolonged exposure to psychotherapeutics 
and drugs of addiction are two other obvious applications of fMRI.  For example, many psychotropic 
drugs cause a prompt increase in brain levels of neurotransmitters.  Nonetheless, patients require 
weeks of treatment before reporting an improvement in their condition.  This would suggest drug 
efficacy for the treatment of mental illness is due to secondary changes in the neurochemical signals 
and pathways that are slowly affected by the continuous exposure to the psychotropic agent.  
Functional MRI would help to resolve this mechanism of action. In the case of drugs of addiction, 
rhesus monkeys can be trained to self-administer cocaine, withdrawn from the drug and later 
reinstated in response to conditioned cues.  It is feasible to image these different phases of cocaine 
addiction.   
 
Testing Cognitive Performance 
Since animals will readily respond to peripheral stimulation while in the magnet fMRI they may be 
used in studies of classical conditioning.  For example, foot shock can be used as an unconditioned 
response in associative learning paradigms.  When coupled with a conditioned stimulus like scent or 
light it can be used in learning studies examining discrimination and perception.  Operant 
conditioning would be more difficult because a behavioral action, e.g. bar pressing eliciting 
rewarding or punishing stimuli, would be necessary.  However, recent imaging studies on conscious 
rhesus monkeys show this is feasible and opens the area of cognitive neuroscience to investigation 
with fMRI in marmosets. 
 
Acknowledgement:  This work was funded by grants from the National Institute of Mental Health 
MH58700, MH59501 
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Common Marmoset as a Model to Study the Neural Basis of Primate Vocal Communication 
X. Wang 
 
Affiliation:  Laboratory of Auditory Neurophysiology, Department of Biomedical Engineering, Johns 
Hopkins University School of Medicine, Baltimore, MD 
 
Understanding how the brain processes vocal communication sounds remains one of the most 
challenging problems in neuroscience.  The long-term objective of the research in my laboratory is to 
reveal physiological mechanisms underlying perception and production of vocal communication 
sounds in non-human primates.  The marmoset is chosen for our studies because it has several 
important advantages over other non-human primate species for behavioral, neurophysiological and 
developmental studies in laboratory conditions (namely, highly vocal in captivity, easily bred and a 
smooth brain).  In the past several years, we have established a quantitative database of marmoset 
vocalizations captured in our breeding colony at Johns Hopkins.  Our results showed that marmosets 
vocalize a rich repertoire of communication sounds that contain exquisite information for 
discriminating call types and caller identity, similar to some of the fundamental properties 
demonstrated for human speech.  We have also pursued extensive neurophysiological experiments 
that aim to understand neural encoding mechanisms in auditory cortex of marmosets.  Findings from 
these experiments have showed a close correlation between spectral and temporal characteristics of 
marmoset vocalizations and response properties of cortical neurons, as well as auditory-vocal 
interactions in auditory cortex of this non-primate species.  Our studies have demonstrated the 
promising potential of the common marmoset as a neuroethological model to advance the 
understanding of human speech and language processing in the brain. I will summarize in my 
presentation a series of studies from my laboratory addressing these issues.  
 
This research was supported by NIH Grants DC03180, DC05808; Publications available at 
http://www.bme.jhu.edu/~xwang/papers.html 
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Preliminary Evidence of Early Long Call Acquisition and Usage in a Callitrichid Primate 
(Callithrix kuhlii) 
M. Rukstalis1 and J.A. French2 
 
Affiliation:  Callitrichid Primate Research Center, 1Departments of Biology and 2Psychology, 
University of Nebraska at Omaha, Omaha, NE  
 
The acquisition and appropriate usage of adult vocalizations among infant primates is a topic which 
has generated much controversy.  Recent research has suggested that primate infants may experience 
more complex periods of vocal ontogeny then previously believed.  However, this study presents 
preliminary evidence of a limited ontogeny in the acquisition and appropriate usage of one 
vocalization, the long call, in Wied’s black tufted-ear marmosets (Callithrix kuhlii).  We assed the 
morphology and usage of phee calls (i.e., long calls) in isolated marmoset infants from one to seven 
weeks of age.  Infant marmosets removed from their natal cage vocalized frequently, participating in 
antiphonal calling bouts with parents and siblings.  When compared to adults, the structure of 
marmoset infant long calls was similar even as early as eight days of age (mean duration of call 2.73s 
vs. 2.87 s, respectively).  While infant calls were similar, some structural differences were evident. In 
general eight day-old infant marmosets had higher maximum and minimum call frequencies then 
adults (11.98 kHz and 7.93 kHz vs. 7.99 kHz and 5.74 kHz respectively), used more syllables per call 
(5.2 vs. 3.7), and had shorter average syllable length (348.2 ms vs. 595.5 ms).  These differences 
were reduced by seven weeks of age and may reflect maturational changes (i.e. increasing vocal tract 
length and body mass) rather than development of a functional call.  While additional calls in the 
marmoset’s repertoire may undergo more complex periods of development, the preliminary evidence 
presented here suggest that long calls may experience a limited ontogeny. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Making Sense Out of Scents:  Olfaction and Reproduction in Marmosets and Tamarins 
T. Ziegler* 
 
Affiliation:  National Primate Center, University of Wisconsin, Madison, WI 
 
Marmosets and tamarins have a well-developed chemosensory system used for reproductive 
communication.  They make use of both the main olfactory system (MOS) and the assessory 
olfactory system (AOS).  Chemical signaling is received in a synergistic manner through both 
systems with the detection of the volatile substances by the MOS and the non-volatile substances 
through the vomeronasal of the AOS.  Chemical communication enables marmosets and tamarins to 
adjust both mating effort and parental effort according to their social surroundings.  Functional 
studies will be presented that demonstrate the responses elicited, both hormonal and behavioral, in 
male marmoset and tamarins to chemical signals. 
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Mating Systems in Marmosets:  Data from Captive and Wild Groups 
M.E. Yamamoto, A. Araújo, F.S. Albuquerque, M.B. Sousa, A.I. Alencar and M.F. Arruda 
 
Affiliation:  Universidade Federal do Rio Grande do Norte, Natal, Brazil 
 
The mating system of callitrichids has been suggested to be monogamous, polygynous and 
polyandrous. In Callithrix jacchus, two breeding female, as well as one breeding female groups have 
been reported. Reproduction in female common marmosets is usually related to dominance status, 
which is reflected in agonistic behavior and ovarian function. Socially dominant females have been 
reported to receive submissive behavior from subordinates, while exhibiting normal ovulatory 
function, intra-group copulatory behavior, and term births resulting in surviving offspring. 
Subordinate females, however, receive aggressive behavior from dominants, while exhibiting 
reduced or absent ovulatory function, and little or no intra-group copulatory behavior, with rare 
occurrences of term births. The long term monitoring of wild Callithrix jacchus groups in Nizia 
Floresta, RN, Brazil, suggests that wild groups may have one or two breeding females, but some of 
the two-breeding female groups may be, in fact, monogamous. Subordinate females in these two 
groups differed regarding the permanence in the group after breeding, the number of surviving 
offspring and the mating partner. Data from our colony indicated that subordinate females may or 
may not fight for the dominant rank in their groups, and this reflects in their behavioral and hormonal 
profiles. We suggest that such variation in female-female social dominance relationships and the 
associated variation in the degree and reliability of fertility suppression may explain why free-living 
groups of common marmosets can exhibit either one or two breeding females. We also suggest that 
subordinate female marmosets can explore reproductive alternatives other than remaining infertile in 
their natal group while waiting for a breeding vacancy in a neighboring group or migrating.  
 
MaRGA gratefully acknowledges the generous contribution of Harlan, Inc. in sponsoring this invited 
speaker. 
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Sex Differences in Play Behavior Among Captive Common Marmosets (Callithrix jacchus) 
H. Guard, K.T. Jenkins, L.A. Zemba, and R.L. Roberts 
 
Affiliation:  Laboratory of Comparative Ethology, NICHD, National Institutes of Health, Poolesville, 
MD 
 
Social play behavior may be an expression of affiliation that impacts subsequent social development 
and may function as a means of acquiring knowledge and abilities that provide animals with the 
optimal chance for survival as social adults.  Differences in play behavior between male and female 
primates have been recorded in various studies, but few studies have examined play in common 
marmosets, a monogamous New World primate that exhibits relatively little behavioral sexual 
dimorphism or sexual division of labor.  In our study, play behaviors, along with other social and 
non-social behaviors were recorded in eleven captive common marmoset (Callithrix jacchus) family 
groups.  When initiating play, both male infants (1-6 months old) and juveniles (over 7 months old) 
played for a longer average duration than females, particularly when initiating rough and tumble 
play.  Our results indicate that play behavior differs between males and females in ways that mirror 
differences in the behavior of adults, and this sex difference is present at the time that play emerges.  
Individual differences in the composition of litters and family groups might influence the expression 
of play behavior in ways that inform competing hypotheses about the adaptive function of play 
behavior. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
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Primate Models of Inflammation with Emphasis on Multiple Sclerosis  
C. Genain 
 
Affiliation:  Department of Neurology, University of California, San Francisco, CA 
 
Models that adequately reflect the complexity of human multiple sclerosis (MS) are needed, 
especially for pre-clinical testing of immunomodulatory drugs.  A unique experimental system to 
study MS has been created in the New World common marmoset Callithrix jacchus jacchus (C. 
jacchus). Following immunization with myelin, these monkeys develop a chronic, relapsing-
remitting form of experimental allergic encephalomyelitis (EAE), which pathologically, recapitulates 
the hallmark features of lesions of human MS.  The MS-like lesion in C. jacchus results from a 
complex immune response against myelin antigens, and requires both T cells and pathogenic 
antibodies.  Studies of C. jacchus EAE have permitted the identification of a major target for 
pathogenic autoantibodies in MS, the myelin/oligodendrocyte glycoprotein.  Other advantages of the 
model include a natural bone marrow chimerism, which permits T cell adoptive transfers between 
siblings, and the possibility of using different antigens to produce either inflammatory or 
demyelinating phenotypes of EAE.  Despite their small size, sequential in vivo imaging and 
immunological studies are possible in these monkeys, and have been used to monitor efficacy in pre-
clinical trials.  In addition and similar to tamarins, C. jacchus marmosets have a large deletion in the 
major histocompatibility class I gene region which perhaps favors susceptibility to spontaneous 
autoimmune diseases such as thyroiditis and inflammatory bowel disease.  Due to close phylogeny 
and high homology of immune and nervous system genes with humans, this model has fast-tracked 
the development of novel therapeutics for MS such as B cell targeted therapy. 
 
MaRGA gratefully acknowledges the generous contribution of Harlan, Inc. in sponsoring this invited 
speaker. 
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Immunogenicity of GBV-B DNA Vaccines in Common Marmosets 
S. Biswas1, Keith Mansfield2, James Jacob3, and Shan Lu1 
 
Affiliation:  1Department of Medicine, University of Massachusetts Medical School, Worcester, MA; 
2New England Regional Primate Research Center, Harvard, Medical School, Southborough, MA; and 
3College of Veterinary Medicine, Cornell University, Ithaca, NY 
 
The common marmoset, Callithrix jacchus, an important animal model potentially represents an 
alternative species to more traditional nonhuman primates.  A major impediment in the study of 
Hepatitis C virus (HCV) is the lack of affordable yet relevant animal models.  GB virus-B (GBV-B), 
which infects and causes hepatitis in marmosets, has been described to be phylogenetically most 
closely related to HCV. We have developed the common marmosets as a relevant animal model for 
HCV vaccine development studies and also to generate and identify useful immunological tools and 
reagents that will be used for further research involving this animal model.  
 
The envelope proteins of HCV are likely vaccine candidates and their counterparts in GBV-B, E1 
and E2, were examined for their immunogenicity in marmosets.  The genes coding for GBV-B 
envelope proteins were cloned in a mammalian expression vector and used to immunize marmosets 
via gene gun methodology. It was evident that DNA immunization with the DNA vaccine expressing 
only GBV-B E2 antigen and not where E1 was expressed in cis, generated high levels of E2-specific 
antibodies as demonstrated by ELISA and Western blot analysis of the marmoset sera, using anti-
human antibodies as the secondary antibody.  The effect of DNA priming was further demonstrated 
when the immunized animals showed enhanced anti-E2 antibody responses (anamnestic) after being 
challenged with GBV-B while there was no detectable anti-E2 antibody in naïve animals shortly after 
viral challenge.  Thus, we describe for the first time the generation of a specific immune response 
mediated by DNA immunization in the common marmosets.  We confirm the cross-reactivity of anti-
human IgG to marmoset antibodies as observed in other studies and our research further opens the 
door for studies of many such reagents in the future.   
 
 
 
 
 
 
 
 
 
Notes: 
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Androgens and Aging in Male Marmosets 
J.A. French, K.J. Patera, S. Boykins, and A.M. Puffer 
 
Affiliation:  Callitrichid Research Center, University of Nebraska at Omaha, Omaha, NE 
 
Aging is associated with dramatic changes in gonadal steroid production in men and women, 
including increases in hormones in the early stages of life (e.g., peripubertally) and decreases in 
hormone titers in later years.  Similar patterns are apparent in a wide range of mammals, suggesting a 
ubiquitous underlying process.  Callitrichid primates may represent an exception to this rule, at least 
for females.  In tamarins, while females do experience a reduction in ovulatory incidence as they age, 
ovarian luteal tissue does not appear to lose its steroidogenic properties in older females (Tardif & 
Ziegler, Biol. Reprod., 1992).  We explored patterns of changes in steroid hormone production in 
male marmosets whether male marmosets exhibit changes in androgens as they age.  We measured 
concentrations of urinary testosterone (uT), urinary estradiol (uE), and urinary cortisol (uC) in male 
marmosets (Callithrix kuhlii) via enzyme immunoassays.  Concentrations of uT were high in infants 
less than three months of age, and levels were lowest in males 5-6 months of age.  AT 12 months of 
age (the age of earliest documented conceptive mating in males), mean levels of uT exceeded 1,000 
ng/mg Cr, suggesting this value as a diagnostic for reproductive maturation.  Levels of uT and uC 
were not different in sons residing in family groups and while paired with females, but were elevated 
in males housed in same-sex groups.  In contrast, uE became elevated in males after pairing with 
adult females.  Across the lifespan, uT levels were characterized by a weak inverted U-shaped 
function, with peak levels at 6-8 years of age and delining levels thereafter.  There was a weak but 
significant correlation between age and uT from 6-15 years of age (r = 0.25, p < 0.01).  The results of 
GnRH challenges revealed that gonadal tissue not only retained its steroidogenic properties in older 
male marmosets, but may be more sensitive to GnRH challenge than in younger males.  Change in 
plasma T and E concentrations were highly and positively correlated with age (r’s =  0.85 and 0.86, p 
< 0.01, respectively).  These results suggest that alterations in hypothalamic-pituitary-gonadal 
activity associated with age in male marmosets are similar to those of other mammals, but unlike 
other primates (and like female callitrichids), steroidogenic cells in the gonads appear to retain 
function well into adult aging.  The results point to the utility of the male marmoset as a model for 
the effects of aging on androgen-mediated traits.  Supported by NSF (00-91030) and NIH (HD 
42882). 
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Getting Hormonal Data From Wild Common Marmoset Females:  New Insights About 
Immigration and Mating Systems Mechanisms 
M.B. Sousa, A.C.S.R. Albuquerque, and H.M. Santos  
 
Affiliation:  Universidade Federal do Rio Grande do Norte, Natal, Brazil 
 
The use of hormonal analysis in feces is a useful tool to investigate reproductive performance in wild 
primates. A two-step method to measure fecal progesterone was recently validated for captive 
common marmosets. These small primates live in secondary forests in the Northeastern region of 
Brazil and the major aspects related to their reproductive strategies have been clarified by the 
association between behavioral and hormonal studies. Despite the large hormonal information 
obtained from captive common marmosets no studies were developed until now for natural groups. 
Therefore the goals of this study were to determine the methodological concerns related to fecal 
collection under natural conditions and to establish the reproductive functioning of subordinate 
females in both situations: 1) before emigration from the natal group and, 2) when they were living in 
either monogamous and polygynous groups. We found that the chance to collect fecal samples is a 
100% when it is done shortly after the animals wake up when they start their motor activities around 
their sleeping trees. Factors such as temperature, rainfall, pregnancy and parturition do not disrupt the 
sampling but retards slightly the time of the first defecation. Subordinate females emigrated from 
natal groups showing different reproductive conditions such as not ovulating, ovulating or even 
pregnancy and in one occasion we recorded emigration and return to natal group by one subordinate 
female when a reproductive vacancy appeared.  Subordinate females were able to reproduce in both 
monogamous and polygynous groups but most in occasions they lost their infants. These data 
indicate that subordinate females when living in natural groups express different strategies trying to 
obtain their reproductive success. 

 
MaRGA gratefully acknowledges the generous contribution of Harlan, Inc. in sponsoring this invited 
speaker. 
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Bone Mineral Density During Lactation in Common Marmosets 
R.A. Power1, D.G. Layne2, D. Smucny2, and S.D. Tardif2  
 
Affiliation:  1Pennington Biomedical Research Center, Baton Rouge, LA, and 2Southwest National 
Primate Research Center, San Antonio, TX  
 
A significant decline in bone mineral density (BMD) has been observed during lactation in women 
and Old World monkeys; calcium supplementation does not alter this effect in women.  Our study 
examines the effects of lactation on BMD in common marmosets fed a calcium replete (1.2%; CCL) 
or deplete (0.3%; CRL) diet.  DEXA is performed at baseline (non-pregnant; NP), 22 days post-
partum (d22pp), 60 days post-partum (d60pp), and 94 days post-partum (d94pp).  Data for 8 subjects 
have been collected (4 CCL, 4CRL).  A significant effect of time, with a significant decrease in 
BMD at d60pp compared to NP, was observed for the combined 8 subjects.  A difference in 
BMD/NPBMD between CCL and CRL subjects was not observed at any lactation time point.  
However, only 1 CRL subject, compared to 3 CCL subjects, nursed twins, and within a repeated 
measures ANOVA model, a significant effect of litter size was observed.  In addition, NP females 
(n=13) were compared to males (n=11).  A slight trend toward higher BMD in females compared to 
males was observed, with no difference in age between the groups. 
 
These results suggest a decrease in BMD during lactation in common marmosets, with no apparent 
effect of dietary calcium content.  However, litter size appears to have an effect, and the greater 
number of twin litters within the CCL group compared to the CRL group should be considered.  In 
addition to these densitometry data, bone turnover data by histomorphometry are currently being 
collected and will be discussed.  
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