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ABSTRACT

The relocation of animals can induce stress when 
animals are placed in novel environmental conditions.  
The movement of captive animals among facilities is 
common, especially for non-human primates used in 
research.  The stress response begins with the activation 
of the hypothalamic-pituitary-adrenal (HPA) axis 
which results in the release of glucocorticoid hormones 
(GC), which at chronic levels could lead to deleterious 
physiological effects. There is a substantial body of data 
concerning GC levels and reproduction, and rank and 
aggression in primates.  However, the effect of transport 
has received much less attention.  Fecal samples from 
eight (four male and four female) captive-bred cotton-
top tamarins (Saguinus oedipus) were collected at four 
different time points (two pre-transport and two post-
transport).  The fecal samples were analyzed using 
an immunoassay to determine GC levels.  A repeated 
measures analysis of variance (ANOVA) demonstrated 
that GC levels differed among transport times (p = 
0.009), but not between sexes (p = 0.963).  Five of the 
eight tamarins exhibited an increase in GC levels after 
transport.  Seven of the eight tamarins exhibited a decrease 
in GC levels from three to six days post-transport to 
three weeks post-transport.  Most values returned to pre-
transport levels after three weeks.  The results indicate 
that these tamarins experienced elevated GC levels 
following transport, but these increases were of short 
duration.  This outcome would suggest that the negative 
effects of elevated GC levels were also of short duration.
[ J PA Acad Sci  88(2): 84-88, 2014 ]

INTRODUCTION

The movement of animals to different enclosures or 
facilities can be stressful, but frequently occurs with non-
human primates used in research (Kim et al. 2005).  The 
physiological stress response begins with the activation 
RI� WKH� K\SRWKDODPLF�SLWXLWDU\�DGUHQDO� �+3$�� D[LV�� ZKLFK�
causes the release of glucocorticoids (GC) from the 
DGUHQDO�FRUWH[���$W�FKURQLF�OHYHOV��HOHYDWHG�*&�PD\�OHDG�WR�
GHOHWHULRXV�SK\VLRORJLFDO�HIIHFWV�� �+RUPRQH�SUR¿OHV�FDQ�EH�
accurately monitored through the use of fecal steroid assays, 
offering a noninvasive means of assessing GC hormones 
in primates and other animals (Ziegler and Wittwer 2005).  
Feces can be collected without restraint or immobilization, 
making GC analysis increasingly popular in studies of both 
captive and free-ranging animals (Whitten et al. 1998).  A 
substantial amount of research conducted by primatologists 
KDV�FRPSDUHG�WKH�LQÀXHQFH�RI�UHSURGXFWLYH�VWDWXV��DQG�UDQN�
and aggression to GC levels in primates (Czoty et al. 2009; 
Hoffman et al. 2010).  However, few studies have investigated 
the effects of transport on GC levels in primates.  The intent 
of this study was to measure fecal GC levels during pre- and 
post-transport periods in cotton-top tamarins (Saguinus 

oedipus) transported between captive facilities as an 
assessment of stress levels.

MATERIALS AND METHODS

Animal husbandry

This study involved eight cotton-top tamarins (four 
females and four males) obtained from the Department of 
Psychology at the University of Wisconsin, Madison, WI.  
The tamarins were born into a captive colony at the University 
of Wisconsin and were used in non-invasive hormonal, 
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behavioral and cognitive studies. Animal age varied 
from three to thirteen years (Table 1). The tamarins were 
transported to Frostburg State University (FSU), Frostburg, 
MD on June 25, 2008 for continued involvement in similar 
non-invasive research.  Facilities and animal husbandry 
methods were similar at both institutions.  Animals were 
KRXVHG�LQ�WKH�VDPH�PDOH�IHPDOH�SDLUV�LQ������[������[������
m cages made of black polyurethane-coated steel mesh on 
anodized aluminum framing. Cages were spaced 0.46 m 
apart and opaque fabric sheets prevented physical and visual 
contact among the pairs.  Each of the cages contained natural 
WUHH�EUDQFKHV��SODWIRUPV��DQG�D�QHVW�ER[���&DJH�ÀRRUV�ZHUH�
covered with pine shavings, which were replaced weekly.  
Cage platforms were sanitized once a week.  Temperature 
was maintained between 25.5-28.3 °C, and full-spectrum 
RYHUKHDG�ÀXRUHVFHQW�OLJKWLQJ�ZDV�VHW�RQ����KRXU�OLJKW�GDUN�
cycle. Water was given ad libitum and animals were fed 
three times per day.  No physical restraint or handling of the 
tamarins occurred in fecal sample collection for this study.  
This study was conducted in accordance with the guidelines 
ODLG�GRZQ�E\�WKH�8�6��2I¿FH�RI�/DERUDWRU\�:HOIDUH�DQG�WKH�
research was approved by the Institutional Animal Care and 
Use Committee from each respective University.

Transport

On the night prior to transport to FSU, the tamarins were 
removed from their cages and placed in medium-sized 
DQLPDO� FDUULHUV� ������[������[������FP��� �7UDQVLW� WLPH�ZDV�
DSSUR[LPDWHO\����KRXUV²WZR�DQG�KDOI�KRXUV�E\�YHKLFOH� WR�
WKH�DLUSRUW��D�ÀLJKW�RI�VL[�KRXUV��DQG�DQRWKHU�WKUHH�DQG�D�KDOI�
hours by vehicle from the airport to FSU.  A tree branch and 
platform were placed in the carrier so the tamarins could 
remain elevated.  Tamarins were given grapes, New World 
0RQNH\�&KRZ��=XSUHHP��������:���WK�6W���6KDZQHH��.6��
SULRU� WR� WKH� ÀLJKW�� DQG�ZDWHU� �LQ� WKH� IRUP� RI� D� JHODWLQ�� LQ�
ÀLJKW���$�VKHHW�FRYHUHG�WKH�FDJH�DW�PRVW�WLPHV�WR�UHGXFH�WKH�
amount of visual stress. 

Fecal collections

Samples were collected from each animal between 
9:00 and 10:00 AM immediately after defecation.  Date, 
collection time, freeze time, and unusual circumstances (e.g., 
medication given or any disturbances to their schedule) were 
recorded during sampling.  Samples were frozen at -20º C 
within two hours of collection.  Samples were collected 
DW�IRXU�GLIIHUHQW� WLPH�SRLQWV�� �7KH�¿UVW��7LPH����ZDV�������
days pre-transport.  The second (Time 2) was one to two 
GD\V�SUH�WUDQVSRUW��WKH�WKLUG��7LPH����ZDV�WKUHH�WR�VL[�GD\V�
SRVW�WUDQVSRUW� DQG� WKH� ¿QDO� �7LPH� ���ZDV� ����� GD\V� SRVW�
transport.  Fecal samples were stored at -80 °C within three 
weeks of collection and prior to processing.  Also, all of the 

VDPSOHV�ZHUH�SURFHVVHG�ZLWKLQ�HLJKW�PRQWKV�RI�¿QDO�VDPSOH�
collection.

Steroid extraction

6WHURLGV�ZHUH� H[WUDFWHG� IURP� WKH� VFDW� IROORZLQJ�:DVVHU�
HW� DO�� ������� ZLWK� PRGL¿FDWLRQV�� %ULHÀ\�� VDPSOHV� ZHUH�
lyophilized using a VirTisTM Bench Top K Series Freeze 
Dryer (SP Industries, Inc., Gardiner, NY).  Samples were 
pulverized thoroughly using a mortar and pestle, then sifted 
through a screen sieve (#60) to remove vegetative and other 
large particulate matter (Millspaugh et al. 2002; Washburn 
and Millspaugh 2002).  Five mL of 95% ethanol was added to 
each 15 mL glass screw cap centrifuge tube (Kimble Glass, 
Inc., Vineland, NJ) containing 0.1 g of sample.  The glass 
tube was placed in a beaker of boiling water and heated for 20 
minutes with additional ethanol added as needed to maintain 
D�YROXPH�RI�����P/���7KH�H[WUDFWHG�VDPSOH�ZDV�FHQWULIXJHG�
IRU����PLQXWHV�DW�����[�J�DQG�WKH�VXSHUQDWDQW�ÀXLG�UHPRYHG�
to a new 15 mL tube.  The pellet was resuspended in 5.0 
P/�RI�����HWKDQRO��YRUWH[HG�IRU���PLQXWH��DQG�FHQWULIXJHG�
DV� EHIRUH�� �7KH� VXSHUQDWDQW� ÀXLGV�ZHUH� SRROHG� IRU� IXUWKHU�
SURFHVVLQJ���7KH�HWKDQRO�ZDV�UHPRYHG�DQG�WKH�H[WUDFWV�ZHUH�
dried using a CentriVap Mobile System (Labconco; Kansas 
City, MO).  Dried samples were stored at -20 °C prior to 
assay. 

Assay procedure

The Correlate-EIATM Corticosterone Enzyme Immuno-
assay Kit (Assay Designs, Inc.; Ann Arbor, MI) was used 
WR�GHWHUPLQH� WKH�*&� OHYHOV� LQ� WKH�H[WUDFWHG� IHFDO� VDPSOHV���
Manufacturer’s instructions were followed with the following 
PRGL¿FDWLRQ���7KH�H[WUDFWHG�VDPSOHV�ZHUH�GLVVROYHG�LQ�����
mL of assay buffer and diluted 1:20 before performing the 
assay.  A standard curve for each plate was created using 
corticosterone concentrations of 20,000, 4,000, 800, 160, 
and 32 pg/mL.  All samples were assayed in duplicate.  A 
63(&75$PD[� 0LFURSODWH� 6SHFWURSKRWRPHWHU� �0ROHFXODU�
Devices Corporation; Sunnydale, CA) was used to determine 
absorbance at 405 and 650 nm.  If a sample was outside the 
linear portion of the standard curve, the sample was further 
diluted an additional 1:10 and re-assayed.

Data analysis

The suitability of the Correlate-EIATM Corticosterone 
assay in determining GC levels in cotton-top tamarins was 
evaluated by initially performing a parallelism assay (Zar 
2010).  The difference between the slope of a serially diluted 
kit standard and the slope of a serially diluted pooled sample 
RI�¿YH�UDQGRPO\�FKRVHQ�IHFDO�VDPSOHV�ZDV�GHWHUPLQHG�XVLQJ�
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a Student’s t-test.  Validation would be demonstrated by 
IDLOLQJ� WR� GHWHFW� D� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� WKH� WZR�
slopes indicating the assay as being appropriate for assessing 
GC levels in tamarins.

A repeated measures Analysis of Variance was performed 
to compare average GC levels among the four transport 
SHULRGV�E\�VH[��DQG�WR�DVVHVV�LQWHUDFWLRQV�EHWZHHQ�WKHVH�WZR�
IDFWRUV���7XNH\�+6'�SDLUZLVH�FRPSDULVRQV�ZHUH�H[DPLQHG�
DW�D�VWXGHQWL]HG�UDQJH�FULWLFDO�YDOXH�RI���������������������=DU�
2010).  STATA (StataCorp LP; College Station, TX) was 
used for all statistical comparisons.  Statistical tests were 
FRQVLGHUHG�WR�EH�VLJQL¿FDQW�DW�DQ�DOSKD�OHYHO����������

RESULTS

Kit validation

7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�VORSHV�RI�WKH�
serially diluted standard and the pooled sample.  Therefore, 
the Correlate-EIATM Corticosterone Enzyme Immunoassay 
Kit was validated for use with cotton-top tamarins (p = 
0.350) (Fig. 1).

Transport and GC levels

GC levels differed among transport times (p = 0.009), but 
QRW� E\� VH[� �S� � ��������7XNH\�+6'�SDLUZLVH� FRPSDULVRQV�
GHPRQVWUDWHG� VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�7LPHV���DQG�
���7LPHV���DQG����DQG�7LPHV���DQG����DOO�S�����������)LYH�RI�

the eight tamarins had increased GC levels after transport, 
one had decreased GC levels, and two showed relatively 
little change (Table 1).  Seven of the eight tamarins showed 
decreased GC levels from Time 3 to Time 4, with most values 
returning to pre-transport values by Time 4.  The mean post-
WUDQVSRUW�OHYHO�RI���������6(� ��������QJ�J�GULHG�IHFHV�DQG�
was about four times that of Time 1 and Time 2, and about 
three times that of Time 4.

Tamarin 6H[ Cage mate Age
Time 1 GC 

concentration 
(ng/g dried scat)

Time 2 GC 
concentration 

(ng/g dried scat)

Time 3 GC 
concentration 

(ng/g dried scat)

Time 4 GC 
concentration 

(ng/g dried scat)
GA F QE 13 80.61 232.92 ������ 235.55
QE M GA 3 238.63 ������ ������ N/A
IY F WN 4 ����� 59.02 ������� ������
WN M IY 8 ������ ������ ������ ������
ZT F YI 11 10.64 126.59 1955.31 413.15
YI M ZT 5 31.96 ������ 1149.85 336.06
WA M VO 11 898.05 408.15 443.90 268.94
VO F WA 8 ������ 206.62 1825.68 218.94
F mean 265.98 ������ 894.85 360.60
M mean ������ 266.81 1010.55 264.25
Overall mean ������ ������ ������ 319.31

Table 1.  Glucocorticoid (GC) concentrations (ng/g dried feces) for eight cotton-top  tamarins transported from the University of Wisconsin-
0DGLVRQ�WR�)URVWEXUJ�6WDWH�8QLYHUVLW\�RQ�����������7LPHV���DQG���UHSUHVHQW�SUH�WUDQVSRUW�*&�OHYHOV��DERXW�������GD\V�DQG�����GD\V��UHVSHFWLYHO\��
prior to transport) and Times 3 and 4 represent post-transport GC levels (about 3-6 days and 9-21 days, respectively, after transport). 

Figure 1.  Parallelism between the Correlate-EIATM Corticosterone 
Enzyme Immunoassay Kit (Assay Designs, Inc.; Ann Arbor, MI 
48108, USA) standard curve and serially diluted pooled random 
sample conducted at Frostburg State University, 2010.
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DISCUSSION

Non-human primates represent a small (estimated at 
�������EXW�FULWLFDO�SURSRUWLRQ�RI�DQLPDOV�XVHG�LQ�ODERUDWRU\�
research in the United States (Capitanio et al. 2006).  Of the 
DSSUR[LPDWHO\�������FRWWRQ�WRS� WDPDULQV� LQ�FDSWLYLW\������
DUH� KRXVHG� LQ� UHVHDUFK� ODERUDWRULHV� �6DYDJH� HW� DO�� ��������
Many such research laboratories obtain animals from 
domestic breeding sources or other facilities which require 
shipment, often over large distances.  Transport, along with 
environmental and social change, can constitute a long-
term stressor for non-human primates, potentially leading 
to increases in GC levels.  Chronically increased GC levels 
have been linked to deleterious physiological effects (Pride 
2005; Sapolsky 1989).  

This study demonstrated that the use of the Correlate-
EIATM Corticosterone Enzyme Immunoassay Kit is an 
appropriate technique for determining GC levels in cotton-
top tamarins.  This was demonstrated using a parallelism 
assay in which there was no difference between the slopes 
of a serially diluted standard and a serially diluted pooled 
sample. 
$YHUDJH� *&� FRQFHQWUDWLRQV� H[KLELWHG� DQ� DSSUR[LPDWHO\�

four-fold increase from pre-transport to immediate post-
transport levels (Time 3).  These results are consistent with 
studies in other species (e.g., domestic pig (Sus domesticus), 
greyhound (Canis familiaris), and mouse (0XV� PXVFXOXV) 
(Kim et al. 2005; Nyberg et al 1988; Leadons and Mullins 
1991; Tuli et al. 1995) that have detected higher GC 
concentrations following transport.  Although tamarins 
showed a post-transport elevation in GC levels, this increase 
was transient.  The immediate post-transport mean (Time 3) 
ZDV�VLJQL¿FDQWO\�JUHDWHU�WKDQ�DOO�RWKHU�WLPHV��7LPH�������DQG�
4).  However, GC levels returned to or near pre-transport 
level within three weeks.  The large increase in GC levels 
directly after transport is presumed to be a stress response.

GC concentrations varied among individuals.  Although 
the difference in GC levels between two individuals (WN 
DQG�=7��ZDV�ODUJH��7DEOH�����SULPDWHV�QDWXUDOO\�H[KLELW�WZR�
WR� ��� IROG� YDULDWLRQ� LQ� *&� OHYHOV�� ZLWK� GDLO\� ÀXFWXDWLRQV�
RI� �� ���� IROG�� GHSHQGLQJ� RQ� WKH� VSHFLHV� �6DSROVN\� ��������
,QGLYLGXDO� YDULDWLRQ� FRXOG� GXH� WR� SUHYLRXV� H[SRVXUH� WR�
stressors (Sapolsky et al. 2000).  Although none of the 
subject animals had been transported across facilities before, 
SUHYLRXV� H[SHULHQFH� ZLWK� VXFK� VWUHVVRUV� �H�J��� PRYHPHQW�
to a new cage or room or veterinary procedures) may have 
altered the effects of transport for some individuals.  For 
H[DPSOH��*$�ZDV�PRYHG�WR�D�QHZ�FDJH�SULRU�WR�WUDQVSRUW�DQG�
H[KLELWHG� ORZHU�*&� OHYHOV� IROORZLQJ� WUDQVSRUW� WKDQ�GXULQJ�
baseline data collection.  

Glucocorticoid levels may have been higher if the animals 
had not been transported in male/female pairs. Close 
SUR[LPLW\�RI�D�KHWHURVH[XDO�SDUWQHU�KDV�EHHQ�VKRZQ�WR�UHGXFH�
the physiological consequences of novel-cage housing for 
black tufted-ear marmosets (Callithrix kuli) and other New 

World monkeys (Hennessy et al. 1995; Smith et al. 1998).  In 
the callitrichid primates (marmosets and tamarins), there is a 
VWURQJ��ORQJ�WHUP�VRFLR�VH[XDO�SDLU�ERQG�WKDW�H[LVWV�EHWZHHQ�
the breeding male and female in a social group (Evans 1983; 
Anzenberger 1993; Schaffner et al. 1995).  If this close bond 
provides a form of support during stressful events, paired 
WDPDULQV� DQG� PDUPRVHWV� PD\� H[KLELW� D� UHGXFHG� VWUHVV�
response.  All of the tamarins in this study were transported 
with an established mate; therefore their physiological stress 
responses may have been socially mitigated.  Regardless, 
there was clear evidence that transport induced increased 
GC levels among the majority of tamarins in the study.  
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