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Abstract. Marmosets represent an attractive and widely used animal species in biomedical research, and the
routine monitoring of female reproductive cycles is often mandatory in the fields of reproductive biology and
stem cell research. Today, the established method for the reliable detection of ovulation is the determination of
progesterone concentrations from blood samples. This method is based on relatively frequent handling and blood
collections; therefore, less invasive alternatives would help to reduce stress on the animals. Here, we investigated
whether the core body temperature of marmosets would show a correlation with cycle-dependent hormonal
fluctuations, as has been described for humans and other primate species. In particular, the objective was to
investigate whether the telemetric recording of core body temperature could replace progesterone measurements
as areliable, less invasive method for the detection of ovulation in these animals. Here we show that the core body
temperature parameters in female marmosets were characterized by frequent variations, but they were not related
to particular days or phases during the reproductive cycle. Therefore, the recording of core body temperature in
our controlled standard experimental setting is not an appropriate method to monitor the reproductive cycle in
female marmosets, and cannot replace serum progesterone measurement as a state-of-the-art method.

1 Introduction Routine monitoring of the female reproductive cycle is of-
o ten necessary, especially in the fields of reproductive biol-
Common marmoset monkey§dllithrix jacchug are small,  ogy and stem cell research. In marmosets, the ovarian cy-

diurnal nonhuman primates from South America; their bodycle lasts around 28 days, with a follicular phase of about
size of around 25cm in length and a weight of 300-450 g8 days. But in common with most New World primates, mar-
enable easy handling procedures. Marmosets are social aninosets do not menstruate or show other overt indications of
mals that can easily be housed in family groups, and breeghe female cycle phase (Harding et al., 1982; Hearn, 1983;
well in controlled laboratory conditions with a high repro- Mansfield, 2003). Today, the established method for reliable
ductive success showing no seasonal limitations. Thereforedetection of the ovulation day is the determination of pro-
marmosets represent an attractive and widely used specigfesterone concentration from blood samples (Hanazawa et
in different fields of biomedical research, including neurobi- a|., 2012; Harding et al., 1982). Although minimally inva-
ology, virology, toxicology, reproductive biology, and stem sive, this method is based on relatively frequent handling
cell research (for review see Hearn, 1983; Mansfield, 2003:and blood collection, usually two times per week. Therefore,
Orsi et al., 2011; 't Hart et al., 2012; Zuhlke and Weinbauer, studies have been conducted for alternative determination of
2003). the timing of ovulation, such as the quantification of urinary
estrogenic metabolites and fecal reproductive steroids or the
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analysis of vaginal swabs. The latter one was reported not tpattern with a clear periovulatory temperature drop and a
be a very sensitive single sampling indicator of the timing of strong correlation of temperature changes with fluctuating
ovulation (Gluckman et al., 2004). estrogen and progesterone concentrations (Graham et al.,

Samples from feces and urine are sufficiently available1977; Nyakudya et al., 2012). Similar core body temperature
and protocols for the determination of steroidal hormonescurves were reported for rhesus monkeyl¢aca mulatta
are well established (French et al., 1996; Sousa and Ziegleafter treatment with Pregonal — a purified mixture of follicle
1998). In feces, the determination of the periovulatory periodstimulating and luteinizing hormone plus human chorionic
can be roughly estimated with the increase of progesterongonadotropin (Balin and Wan, 1968). In contrast, the sub-
and estradiol (Ziegler and Sousa, 2002). However, one has toutaneous body temperature of female rhesus monkeys was
consider that after a surge the appearance of the steroids imot different between the follicular and the luteal phase. In-
feces is delayed for about 48 h as it was shown after injecstead, the authors found an increase in core body tempera-
tion of radiolabelled steroids (Shille et al., 1984; Ziegler et ture 2-3 days before ovulation (Barger et al., 2008). These
al., 1989). This delay is also observed when comparing thelifferences may be due to methodological reasons such as
augmentation in fecal pregnandiol to the increase of plasmaneasurement of core body versus subcutaneous temperature
progesterone (Heistermann et al., 1993). registrations.

In urine samples, the peak of steroids is delayed only for So far, the effect of hormonal changes on core body tem-
8-24h (Ziegler et al., 1989) and their determination is lessperature parameters has not been studied in female mar-
time-consuming than the analysis of fecal samples. Ovulamosets. A recent long-term study of circadian rhythms re-
tion is detectable by determination of urinary pregnandiol-3-vealed in a female marmoset a drop in core body tempera-
glucuronide (PdG) from 3 consecutive days (Mustoe et al.ture that occurred in a 4-week interval, indicating a possible
2012). relationship with cycle phases (Hoffmann et al., 2012). To

From this it is obvious that profiles of reproductive steroids obtain more information about this possible association, we
from urinary and fecal samples allow only a retrospective de-performed in the present study long-term telemetric registra-
termination of ovulation (Nievergelt and Pryce, 1996; Ziegler tions of core body temperature simultaneously with estab-
et al., 1996). For retrieval of early staged embryos (day 4-6)Jished monitoring of the reproductive cycle by determining
these approaches do not provide information about the day gbrogesterone concentrations from blood samples.
ovulation with the same reliability and accuracy as the well- Given the fact that temperature monitoring is not retro-
established assessment of blood progesterone concentratiosgective and marmosets do not have any obvious outward
(Hanazawa et al., 2012). displays of ovulation, the objective of this study was to inves-

In women, a popular method for the monitoring of the re- tigate whether the telemetric recording of core body temper-
productive cycle is the recording of basal body temperatureature could replace progesterone measurements as a reliable,
because core body temperature parameters vary with the difess invasive method for the real-time detection of ovulation
ferent menstrual cycle phases. In a prospective field trial pubin marmoset monkeys.
lished in 1968, it was reported that ovulation takes place after
a period of 6 days with a lower basal temperature, followed, 1aterials and methods
by a period of 3 days immediately after ovulation when body

temperature rises for 0.2 to 0.@ and stayed increased un- A|| experiments were performed in accordance with the Eu-
til menstrual bleeding occurs (Marshall, 1968, 1976; but segopean Communities Council Directive 86/609/EEC and the
also Norris, 1952). This change in temperature is a resuliGerman Animal Welfare Act and were approved by the
of alterations in the hormone profile throughout the repro-| ower Saxony Federal State Office for Consumer Protection

ductive cycle. Whereas estradiol lowers the core body temand Food Safety, Oldenburg, Germany (AZ 33.9-42502-04-
perature in the follicular phase, elevated circulating proges-11/0395).
terone results in an increase in temperature in the luteal phase
(Baker and Driver, 2007; Cagnacci et al., 1996, 1997, 2002'2 1 Animals
Coyne et al., 2000; Lee, 1988). In addition, the blunted noc-
turnal temperature decline during the luteal phase results irSix adult female common marmoset monkeys (age 26—
a decrease in amplitude of the temperature rhythm compare@1 months) were obtained from the breeding colony of the
with the follicular phase (Baker and Driver 2007; Cagnacci German Primate Center (Goéttingen, Germany). The ani-
etal., 1996, 1997; Coyne et al., 2000; Lee, 1988). mals were pair-housed with castrated males in a tempera-
In nonhuman primates (NHPs), reproductive cycle-ture (25+1°C) and humidity-controlled (6% 5 %) facil-
dependent variations in body temperature rhythms showty. These parameters were controlled daily. Room air was
species-dependent differences. The nocturnal subcutaneoghanged approximately 10 times per hour and filtered ade-
temperature profile in chimpanze@®a( troglodyteand the  quately. lllumination was provided by artificial lighting on
circadian core body temperature rhythm of chacma baboona 12.5: 11.5 h light. dark cycle with dusk and dawn effects
(Papio hamadryas ursinyisesemble the human temperature for the first and last 30 min of the light phase. Each cage
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(wxdxh =66x 80x 150cm, Ebeco, Castrop-Rauxel, Ger- were imported to Microsoft Excel 2007 and GraphPad Prism
many) was furnished with wooden branches, and shelves angoftware 4.0 (GraphPad Software Inc., San Diego, CA, USA)
contained a wooden sleeping box (221x 18cm). The  and averaged to 1 min bins.
floor under the cages was covered by paper sheets. Urine, To exclude a possible impact of blood sampling and han-
feces and leftovers were removed daily by exchange of thalling on the core body temperature, determination of pro-
paper sheets. The study room and the cages were cleang@sterone levels and ultrasonography were stopped after six
in weekly intervals and disinfected with water and Biguacid complete cycles in two animals with a regular ovarian cycle,
(Antiseptica, Pohlheim/Brauweiler, Austria). while registrations of core body temperature were continued
The marmosets were fed ad libitum with a pellet diet (ss-for another 3—4 cycles.
niff Spezialdiaten, Soest, Germany). In addition, 20g mash At the end of the study, the telemetry transmitters were ex-
per animal were served in the morning, and 30 g cleanly cuiplanted according to the operative protocol described above,
fruits or vegetables mixed with noodles or rice were suppliedand the animals were returned to the breeding colony of the
in the afternoon. Drinking water was always available. All German Primate Center.
materials were changed regularly, cleaned and sterilized.

2.3 Hormone analysis

2.2 Core body temperature
Measurement of progesterone started after a 2-week recov-

To record core body temperature, animals were implantecery phase from implantation of the radio transmitter. Blood
with Remo 200 radiotelemetry transmitters (Remo Tech-samples with a volume of approximately 0.2 mL were taken
nologies Ltd., Salisbury, UK). The implantation was per- from the vendarteria femoraliswith a heparinized syringe
formed under sterile conditions, and general anesthesitwice a week from the trained vigilant animals. After blood
was induced by intramuscular injections (i.m.) of diazepamcollection, animals were held for 5-7 min with pressure on
(0.3mgkgl, Diazeparff, Ratiopharm, Germany), alfax- the puncture wound before recording their weight; as a re-
olone (10 mgkg?, Alfaxar®, Vetoquinol, UK) and glycopy-  ward they received about 1 mL gum arabic solution and were
rronium bromide (0.01 mg per animal, RobifiulRiemser,  returned to their male partners. Samples were centrifuged
Germany). Effective depth of anesthesia was confirmed re{4000g at #C for 20 min) and processed immediately af-
peatedly by checking for an absent pedal withdrawal reflexter collection. The supernatant serum was used in the pro-
and body temperature was maintained at@&ising a heat- gesterone enzyme immunoassay using an antiserum raised in
ing pad (Horn, Gottmadingen, Germany). After the induction sheep against progesterone-11-hemisuccinate—bovine serum
of anesthesia, the animals were placed in dorsal spine posalbumin (BSA) as described by Heistermann et al. (1993).
tion and shaved in the umbilical region. A 2cm abdominal
mid!ine incision was mad<=T to open t.he peritoneal gavity. The2_4 Ultrasonography
sterile Remo 200 transmitter was inserted and fixed to the
abdominal wall with a 4-0 nonabsorbable Mersilene sutureThe ovarian reproductive cycle, particularly the development
(Ethicon, Germany); the muscle layer was closed with theof follicles and corpora lutea, was monitored once a week by
same suture. Subsequently, the skin was closed with a 5—Qltrasonography using a portable LOGIQ-e ultrasound scan-
absorbable Safil suture (Braun, Germany). ner (GE Healthcare, Little Chalfont, Buckinghamshire, UK).
The animals were monitored until they awoke from The animals were familiar to the procedure and held recum-
anesthesia and were then returned to their home cagebent by trained staff to give the examiner free access to the
They received i.m. injections of Meloxicam (0.5 mgHKy ventral abdominal wall. After ultrasonography the animals
Metacan®, Boehringer Ingelheim, Germany) approximately were rewarded with about 1 mL gum arabic solution. Ultra-
20 min prior to and for 2 days following surgery, and pro- sonographic results of both ovaries were recorded. The func-
phylactic injections of the antibiotic amoxicillin (60 mgky tional structures could be separated by the differential echo
i.m., Baytril®, Bayer, Germany) were given three times every of the tissues: round, dark gray and black (low echo) struc-
48 h. tures were known to be follicles while round, light gray and
Core body temperature recording began 1 week aftemwell-defined tissues (high echo) were identified as corpora
surgery and was continued until the transmitter batteries weréutea (see Figs. A6 and A7 in the Appendix).
dead & 3 to = 10 months after implantation). The transmit-
ter sent a tgmperature-dependent frequency modulated §igk-_5 Data analysis and statistics
nal at 10s intervals to a receiver near the cage. The sig-
nals were transferred to a personal computer-based acquBased on the 1 min averaged temperature data, the area un-
sition program (eDaqc Version 1.7x, EMMS, Bordon, UK) der the curve (AUC; baseline set &t@) for the dark phase of
and saved continuously from 13:20 to 13:00LT the follow- housing (19:00—06:30) was calculated using GraphPad prism
ing day. The 20 min pause in recording allowed for savingsoftware. Data sets with missing temperature recordings in
and backing up the recorded data. For further analysis, datthe first or last 20 min of the dark phase were excluded from
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Figure 1. Diurnal variations in(a) minimal daily temperatureTt,n), (b) area under the curve (AUC) of nocturnal body temperature, and

(c) serum progesterone concentrations for the complete study period (six progesterone data-based cycles followed by three extrapolatec
cycles) for a representative, regular cycling female marmoset (#14749). Follicular phases are highlighted in gray and hatched boxes indicate
the follicular phases of extrapolated cycles.

AUC analyses (e.g., see Fig. A3). For determination of the3 Results
minimum daily temperatureTt,in), a curve fitting for the

dark phase was performeg usin93 a pol}l/nomial fourth-orderrhe number of blood samples analyzed ranged from 30 to 52
equation ¢ = A+ Bx 4+ Cx“+ Dx+ Ex"), and the mini-  per animal, covering an observation period between 15 and
mum of this curve was calculated according to Schmelting etbg weeks corresponding to 3-6 reproductive cycles. The pro-

al. (2014). gesterone concentration varied betweef.5ngmL—! and
The follicular and the luteal phases of the ovarian cycle . 48 ngmL-1.

were identified based on the progesterone concentrations as gased on progesterone concentrations four out of the six
descrlbedlby Harding et al. (1982). Values between 1.5 angnimals investigated in this study were found to have regular
10ng mL~" were assigned to the follicular phase while val- reproduction cycles with a length of 27441.6 days consist-
ues above that were assigned to the luteal phase (Harlow &g of a follicular phase of 7-10 days followed by a luteal
al., 1983). This was confirmed by results from the uItrasoundphase ranging from 14 to 19 days (see Fig. 1, Figs. Al, A2
scanning Pf the ovaries. _ and A3 in the Appendix). In total, 20 cycles (3—6 per ani-
In addition, we investigated core body temperature in tWoma|; see Table 1 for details) were included in the study. Ul-

females in 3—4 subsequent cycles without blood sampling ofrasonography findings corresponded with the progesterone
ultrasonography. These cycle phases were estimated bas@@ncentration in 71.2 % of cycles.

on the previously recorded regular cycle lengths in the same The remaining two animals were found to have irregular
animals. This control phase was performed to exclude posreproductive cycles, with abnormally long duration and/or
sible changes in core body temperature parameters causg@nstantly elevated progesterone concentrations, and were
by the experimental manipulations that could interfere with therefore excluded from further analysis (see Figs. A4 and
hormonal-related changes throughout the ovarian cycle. A5 in the Appendix).

The means foffmin and AUC for the follicular and luteal Figure 1 shows the daily results f@kn, area under the
phases were calculated and compared using a paired samplggrve (AUC), and progesterone concentrations for a repre-
¢ test when normally distributed, or using the nonparamet-sentative animal (#14749) for the complete study period,
ric Wilcoxon signed rank test when not normally distributed. consisting of 6 cycles identified by progesterone concentra-
Differences were considered statistically significant at thetions and ultrasonography followed by 3 cycles calculated
95 % confidence levely( < 0.05). All results are presented pased on the length of previously recorded cycles.
as the meatt standard error of the mean (SEM). Figure 2 shows the 24 h core body temperature rhythm of

animal #14749 for the luteal and the follicular phase of the
reproductive cycle. It is characterized by a pronounced cir-
cadian variation with clear temperature differences of about
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Table 1. Minimal daily core body temperaturd,,) and area under the curve (AUC) of nocturnal body temperature values for follicular
and luteal phases of the ovarian cycle. Data are given as the sn&&M. The results for calculated cycles, not confirmed by progesterone
concentrations, are in parentheses. No significant differences were found between the luteal and follicular phases.

Minimal daily temperature®°C)

Animal# No. of cycles Follicular phase Luteal phase

14749 6(3) 36.280.07 (36.39:0.03) 36.28+0.02 (36.35+ 0.02)
14745 6(3) 35.930.02 (35.93:0.04) 35.92+ 0.02 (35.87:0.02)
14687 5 35.7&0.03 36.08t 0.27

14963 3 35.9&:0.10 36.0H0.02

Area under the curve of nocturnal temperature C)

Animal# No. of cycles Follicular phase Luteal phase

14749 6(3) 420.330.71(421.05:0.01) 420.36:0.38 (421.12+0.42)
14745 6(3) 416.290.55(415.98:0.49) 416.92£0.22 (415.1H1 0.29)
14687 5 414.620.23 415.15+0.64

14963 3 4144% 151 416.54 0.85

2°C between light and dark period. In the last 2h of the luteal phase. The day before the progesterone concentration
light phase, the temperature drops from daytime values in theises above 10 ng mt! is considered to be the day of ovu-
range of 38.5C to nighttime values in the range of 366G lation (Harding et al., 1982; Harlow et al., 1983, 1984). In
with lowest temperatures in the second half of the night. the present study, the cyclic variation of progesterone levels
Detailed analysis of core body temperature parametershowed that only four out of the six investigated female mar-
during the reproductive cycle showed frequent variationsmosets had a regular reproductive cycle, and only those ani-
for Tmin within the range of 35.76 and 37.2C and for mals were included in further analyses. In these animals the
AUC within 413.83 and 433.08k °C. However, these vari- mean cycle length of 274 1.6 days was in the same range
ations were not associated with particular days or phaseseported by other studies (Harding et al., 1982; Hearn, 1983;
during the ovarian cycle. In addition, the animals investi- Nievergelt and Pryce, 1996). Similar to our findings irregu-
gated in this study showed no significant differences in thelar estrus cycles were reported in three out of six marmosets
mean Thin between follicular (35.940.12°C) and luteal in a study investigating vaginal cytologic changes under the
(36.074+0.09°C) phases. Likewise, the mean AUC for the influence of circulating plasma progesterone (Gluckman et
nocturnal core body temperature was not significantly dif-al., 2004). Possible effects on the reproduction cycle such
ferent between follicular (416.42 1.58 hx °C) and luteal as endocrine suppression due to a close genetic relationship
(417.22+ 1.25 hx °C) phases. Results for thi@g,, and AUC  to other animals in the same room, age, housing conditions
for individual animals are summarized in Table 1. or stress were eliminated by the study design as all animals
Experimental manipulations had no detectable effect orwere housed under identical conditions. The mean age was
core body temperature parameters. Follicular and luteahlso not significantly different between animals with regu-
phase values were not significantly different in cycles with lar and irregular cyclest (test: p = 0.3; 29.5 to 32 months
and without blood sampling or ultrasonography (Table 1). at the start of the experiment). At the beginning of the study
none of the monkeys was included in a breeding program. It
is important to mention that the animals with irregular cycles
proved their fertility in subsequent studies indicating that er-
ratic cycles are not necessarily associated with infertility.

4 Discussion

In this study, we investigated in adult pair-housed female o .
marmosets possible relationships between fluctuations in_ [N Women, variations of the core body temperature in

hormone concentrations and the core body temperature reg%j_ifferent phases of the men.strual cycle are well described
istered via radiotelemetry transmitters implanted in the ab-\Baker etal., 2001; Cagnacci et al., 2002, 1996; Coyne etal.,

dominal cavity. Simultaneously, the reproductive cycle was2000)- Independent of the method for temperature measure-

monitored using the well-established method of measuringg‘em’ several studies agree that the median and minimal daily

serum progesterone levels (Harding et al., 1982) and ultraP?dy temperature are about 6@ higher in the luteal phase
sonography of the ovaries. than in the follicular phase, and that the amplitude of the di-

Throughout the reproductive cycle low progesterone ley-urnal temperature rhythm is reduced in the luteal phase. This
els of < 10ngmL-1 can be observed in the follicular phase effect is primarily a result of a blunted nocturnal temperature
and high levels of> 10ngmL-! are characteristic of the " decline, resulting in an increased minimal temperature and a
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Figure 2. Core body temperature rhythm of animal #14749 for the luteal (dotted line) and the follicular phase (solid line) of the reproductive
cycle. The 24 h pattern is characterized by a clear circadian variation with pronounced temperature differences 6Cabewtéen light

and dark period (gray) with no significant differences between luteal and follicular phase. Temperature rapidly decreases in the last 2 h of the
light phase from about 38 to nighttime values in the range of 366 and starts to increase to daytime values about 2 h before lights-on.

reduction in amplitude in the luteal phase (Baker et al., 2001;a periovulatory rise which could not be detected by telemet-
Cagnacci et al., 2002, 1996; Coyne et al., 2000; Lee, 1988)ric system used in this study.
However, some authors also report an increase in the peak It is known that marmosets (Petry and Maier, 1990) and,
body temperature (Baker et al., 2001; Lee, 1988). These efe.g., rats (Eikelboom, 1986; Poole and Stephenson, 1977)
fects are considered to be mediated by the changes in serushow a temperature elevation in response to handling pro-
progesterone concentrations (Baker and Driver, 2007; Hamptedures, and that experimental manipulations — for exam-
et al., 2006), or alternatively by a change in the progesteroneple, rectal temperature measurement or the transportation to
to-estrogen ratio (Cagnacci et al., 1997; Forman et al., 1987)a different room — can result in hyperthermia that can be
The possible effects of the menstrual cycle on the phaseletected for more than 60 min after the onset of the dis-
of the diurnal temperature rhythm are not as clear. Whileturbance. Importantly, as shown in rats this hyperthermia
Cagnacci et al. (2002, 1997, 1996) were able to detect a delagan be reduced by habituation to the experimental proce-
of the temperature rhythm in the luteal phase, others found nalure (Dallmann et al., 2006). To exclude such impact on the
difference (Baker et al., 2001; Coyne et al., 2000). nightly core body temperature, all our experimental proce-
Taken together, the menstrual phase differences in corelures were performed during the morning and the animals
body temperature rhythm and peak body temperature invere well habituated to both the blood sampling twice a week
women are contradictory, while mean and minimum daily and the weekly ultrasound investigations. To further exclude
temperature provide reliable and reproducible readouts fothe impact of handling on core body temperature, we con-
hormone-dependent temperature changes, with a most prainued temperature recordings in two animals showing reg-
nounced variation in theminimal temperature during theular estrous cycles (#14745 and #14749). In these animals
night. Therefore, we focused on analyzing the minimal daily we omitted experimental manipulations such as blood sam-
temperature and the nightly temperature AUC of the mar-pling and ultrasound investigations and found no differences
mosets. in core body temperature and AUC compared to the handling
In contrast to the situation in women, we were not able toperiod (Figs. 1 and Al in the Appendix). Therefore, a mask-
detect in marmosets any significant temperature differencefg of a periovulatory rise in body temperature caused by our
between the follicular and luteal phase. This finding is con-experimental procedure appears unlikely.
sistent with earlier reports in rhesus monkeys, chacma ba- In marmosets, the pronounced day—night differences in
boons and chimpanzees. Notwithstanding, a clear periovulacore body temperature might be the result of a low ther-
tory rise in core body temperature level enables the detecmoregulatory tolerance which was described in detail by
tion of ovulation in these three species, (Barger et al., 2008Petry and Maier (1990). Even small changes or disturbances
Graham et al., 1977; Nyakudya et al., 2012). In marmosetsor changes in energy intake can have a noticeable impact on
however, we could not detect a periovulatory temperature inthe diurnal body temperature rhythm. In the present study we
crease. At the current stage we cannot completely exclude thdid not monitor the animals’ food intake and therefore we
possibility that a periovulatory rise in core body temperaturecannot exclude the possibility that days with lower minimal
might also exist in marmoset monkeys. One may speculateore body temperature corresponded with days of reduced
that the pronounced day—night temperature variation maskenergy intake.
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To avoid pregnancies during the monitoring of reproduc- (Galago crassicaudatus crassicaudgtasd in tree shrews
tive cycles, the female marmosets were housed in pairs with &Tupaia belangeji significantly diminishes marking activ-
castrated male. Surgical castration results in a significant deities and results in atrophic scent glands as well in struc-
cline in circulating testosterone (Nunes et al., 2002) and maytural changes of the glans penis (Dixson, 1976; von Holst
act primarily via testosterone-dependent peripheral mechaand Eichmann, 1998). Similar effects with a strong impact
nisms resulting in reduced sexual activity as shown for cas-on sexual behavior cannot be excluded for gonadectomized
trated macaques (Michael and Zumpe, 1993; Zumpe et al.marmosets as sex and gonadal steroids play a central role in
1992). In the present study we did not monitor the behaviormammalian pheromonal communication (Baum and Bakker,
of the males. Consequently we cannot exclude the possibility2013). Thus, the use of vasectomized males instead of cas-
that they exhibited reduced sexual activity. trated ones might be an additional option for future studies.

Male as well as female marmosets possess scent glands In summary, we found that although the determination of
and regularly show scent-marking behavior. It is well es-progesterone from blood serum samples is a precise method
tablished that their communication system relies heavily onfor defining the day of ovulation in common marmosets, the
these olfactory signals which contain among others informa+ecording of core body temperature in this standard exper-
tion about sex, hormonal status and identity (Epple, 1974)imental setting proved not to be an appropriate method to
In males, the production of the chemical signals is under thanonitor the reproductive cycle in this New World monkey
control of testosterone. Orchectomy in the greater galagspecies.

www.primate-biol.net/1/11/2014/ Primate Biol., 1, 11-22, 2014
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Appendix A

# 14745

A 5
3
@ 37,0+
£ WA
o
g 307 gw&wyw’\'//’
2

35,0
B 450
G 440 o
2 430
2 AWM
I 420
C 410
2 60
£
2 40
2
S 20 ?
2
S 0
<
o

0
10
70

o o o o
5 ©

20
30
40
50
60
80
90

100

110

120
3
4

170

180

190

200

210

220

230

240

250

260

270

280

290

Time (days)

Figure A1. Diurnal variations in(a) minimal body temperatureTyin), (b) area under the curve (AUC) of nocturnal body temperature,
and(c) serum progesterone concentrations for the complete study period (six progesterone data-based cycles followed by four extrapolatec
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Figure A7. Representative ultrasound image (Frg: 10 MHz; depth
5.0cm) of the right ovary of animal #14936 in the luteal phase
(OVAR RE CL). The corpus luteum is characterized by a low
echogenic (light gray) structure with indistinct demarcation.
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