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Monitoring the Gestation Period of
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(Manis pentadactyla pentadactyla)
With Progesterone Radioimmunoassay
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Eight species of pangolin have been identified in the world. However,
understanding of pangolin reproductive biology has been limited to fragmentary
records. In this study, the concentration of serum progesterone in three pregnant
and two nonpregnant rescued female Formosan pangolins (Manis pentadactyla
pentadactyla) was monitored using a commercial progesterone radioimmunoassay
kit. During gestation, the serum progesterone of pregnant pangolins A, B, and C
remained at 28.5–55 ng/ml (n5 31 samples), 10.9–50.1 ng/ml (n5 34), and 12.4
and 33.5 ng/ml with a peak at 47.6 ng/ml (n5 19), respectively, whereas the serum
progesterone of nonpregnant pangolins D and E remained at 1.9971.62 ng/ml
(n5 80) and 2.2771.64 ng/ml (n5 27), respectively. From this study, it was found
that female pangolin weighing as low as 2.14 kg was already capable of
reproduction. For pregnant pangolins to give birth to viable offspring, their
body weight must increase significantly, 63.89 and 134.0% in the study, from the
time of inception or early pregnancy until parturition. In addition, study has
found that both viable offspring were born fully developed and exceeded 80 g in
weight. The period of gestation was found to be as short as 318 or longer than 372
days. Therefore, the Formosan pangolin should only be able to reproduce once a
year. This study is the first insight into hormone assay for determining the
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gestation period of pangolin. Further investigations on the same subject are
necessary to establish criteria for the recognition of reproductive status in
pangolins. Zoo Biol 30:1–11, 2011. �c 2011 Wiley-Liss, Inc.
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INTRODUCTION

The Formosan Pangolin (Manis pentadactyla pentadactyla) is isolated in Taiwan,
and is one of three subspecies of Chinese pangolins in Asia [Schlitter, 1993; Wu et al.,
2002]. Pangolins are nocturnal animals, spending daylight hours in self-dug burrows
over 1.5m below the ground, which adds to the great difficulty of tracking pangolins
for research in the field [Chao et al., 1993; Wu et al., 2004]. Understanding of pangolin
reproductive biology has been limited to fragmentary reproductive records, primarily
from interviews with hunters, birthing records of rescued individuals in shelters, and a
handful of dead fetus anatomy records [Chao et al., 1993; Chen et al., 2000; Chevenix-
Trench, 1922; Masui, 1967; Sandrine and Chin, 2009; Van Ee, 1966; Wu et al., 2002;
Wu, 1998]. The gestation period of Chinese pangolin was estimated to be 3–4 months
to 8 months, with the possibility of reproducing once or twice a year [Chao et al., 1993;
Chen et al., 2000; Liu and Xu, 1981; Wu, 1998]. There are few birth records for Cape
[Van Ee, 1966], Indian [Chevenix-Trench, 1922], and Malayan Pangolins [Sandrine and
Chin, 2009; Lekagu and McNeely, 1988]. Raising pangolins in captivity had been
largely unsuccessful and little information could be accumulated from captive animals
[Yang et al., 1999, 2007].

There was no direct hormone evidence to confirm the pangolin’s gestation
period. Reproductive hormone assay technology is applied to many other
endangered species [Bowers et al., 2005; Hesterman et al., 2008; Katsumata et al.,
2006; Putranto et al., 2007; Schwarzenberger et al., 2000]. In mammals, pregnancy is
associated with Progesterone(P4) concentrations greater than those observed during
nonpregnant diestrus [Capezzuto et al., 2008; Dionysius, 1991; Engeland et al., 1997;
Karen et al., 2003]. In goats, a progesterone assay provides an accurate pregnancy
diagnosis [González et al., 2004]. Radioimmunoassay (RIA) reagent has been very
effective (100%) in detecting pregnant animals [Dionysius, 1991; Engeland et al.,
1997; González et al., 2004]. The aim of this study is to evaluate the gestation period
of limited number of rescued Formosan pangolin using P4 RIA detection in serum
samples. Identifying the exact gestation period is beneficial in the captive
management and wild population investigations within the conservation program
of Formosan pangolin.

MATERIALS AND METHODS

Subjects

Wild-born Formosan pangolins, rescued between 2005 and 2007, were used in
the study. After arrival at Taipei Zoo, quarantine was conducted for over a month.
During quarantine, fecal analysis was performed every other week until two
successive parasite-free results were obtained. Health examination was followed by
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X-rays and a routine physical examination. Female Formosan pangolins with
normal feeding behavior and feces were chosen for sampling and monitoring. A total
of five females were monitored, in which three were pregnant and two were not. The
complete pregnancy of one pangolin (A), the partial pregnancies of two others and
the nonpregnancies of two more (B, C) were opportunistically monitored and the
nonpregnancies of two more (D, E) were monitored, too.

Pangolin A was rescued and then sheltered in the Zoo. She was out of
quarantine and was housed with a male in the same pen for mating from December
23–27, 2005, then was separated from the male and housed individually. Two female
pangolins (B and C) were isolated individually at the time of their rescue and
throughout the quarantine period. Pangolin D and E were isolated and housed in
individual pens.

* Pangolin A was hormonally monitored for 15 1
2 months (including a gap of 3 1

2

months surrounding parturition), beginning 3 months after arrival; this female
mated 5 1

2 months after arrival, and gave birth 10 1
2 months later, 16 months after

arrival (Table 1).
* Pangolin B was monitored for 8 1

2 months, beginning 2 months after arrival; she
gave birth 10 1

2 months after arrival (Table 1).
* Pangolin C was monitored for 12 months, beginning 3 months after arrival; she

gave birth 12 months after arrival (Table 1).
* Pangolin D was monitored for 21 months, beginning 7 months after arrival

(Table 1).
* Pangolin E was monitored for 12 months, beginning 7 1

2 months after arrival
(Table 1).

Housing

Indoor pens measured 120� 120� 80 cm3 and were filled to a depth of 10 cm
with a mixture of dirt and wood shavings as substrate. Each pen with a wooden nest
box (40� 60� 50 cm3), divided into two compartments, a mixture of dirt and wood
shavings, was prepared as bedding in pen and box (Fig. 1). Room temperature was
controlled so as not to exceed 281C (821F) in the summer and ranged between 24 and
261C (75–791F) in the winter. Humidity was maintained above 60% year round.
Photoperiod was maintained at 10 hr of artificial light per day year round.

Diet

The pangolins were fed a cooked diet (Table 2) based on published research
[Yang et al., 1999, 2007], provided at 4 PM every afternoon.

Blood Drawing

Blood samples were collected weekly from 2005 to 2006 (A, B, and D) and once
every 2 weeks in 2007 (C and E). Each animal was physically restrained while a 23-G
1¼-inch needle was inserted into the tail vein (not visible) to a depth of more than
2 cm from the ventral side of tail (Fig. 2). Then, 2–3ml of blood was drawn from
their tail vein using a 5-cc syringe. Blood samples were poured into serum tube.
Whole blood samples were allowed to clot, they were then centrifuged and the serum
was collected for assays. Following serum separation, all samples were stored in a
freezer at �201C before P4 assay.
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P4 RIA

The P4 RIAs of serum samples were performed at the RIA lab (Department of
Nuclear medicine, Chiu Clinic 3rd Floor No. 2 Nan-King West Road, Taipei, 104,
Taiwan, People’s Republic of China) The P4 concentration in serum samples was

Fig. 1. Separated chamber of the nest box where each pangolin was housed, with a mixture
of dirt and wood shavings as bedding.

TABLE 2. Daily Formula for Formosan Pangolin

Feed Unit Weight

Bee larvae g 100
Apple g 65
Mealworms g 22.5
Mazuri Insectivore Dieta g 7.5
Egg yolk g 10
Mix powderb g 5–10
Vitamin and mineral supplementc g 1.5
Chitin g 10
Water ml 60
Vitamin K g 1/15
Soil g 5

aMazuri 5MK8 Catalog ]0050819.
bMix powder5 coconut powder 300 g1yeast powder 600 g1CaCo3 100 g.
cVitamin and Mineral Supplement for Pig, China Chemical & Pharmaceutical Co., LD, Taiwan.

Fig. 2. A 23-G 1 1
4-inch needle with 5-cc syringe was inserted into the tail vein (not visible) to

a depth of more than 2 cm from the ventral side of tail. Two to three milliliters of blood was
drawn from the tail vein.
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determined in duplicate using commercial PROGESTERONE DSL-3400 (Kit DSL-
3400; Diagnostic System Laboratories, Webster, TX), as previously described for
bovine [Nilsson and Skinner, 2009]. The smallest detectable dose was 0.1 ng/ml and
the intra-assay coefficient of variation was 5.4%. Steroid recovery was 495% and
linearity recovery was 491% within acceptable criteria for the RIA lab. Inter-assay
coefficient of variation was 3.8%. Cross-reactivity data are available from the
manufacturer.

Body Weight

The pangolins were weighed at regular intervals to help ascertain their relative
health in captivity. Each animal was kept into a plastic box and weighed by electric
scale every week.

RESULTS

P4 Assay

The serum P4 concentration results of Pangolin A, obtained during the 2
months before mating, were 2.97–18.5 ng/ml (n5 13). The serum P4 concentration
increased to 41.2 ng/ml quickly 3 weeks after mating. It was then maintained between
28.5 and 55 ng/ml (n5 31) until 4 weeks before parturition (Fig. 3). She gave birth
successfully and cub weighed 110 g (Fig. 4).

The serum P4 level of Pangolin B after quarantine was 28.5 ng/ml. The
P4 concentration remained between 10.9 and 50.1 ng/ml (n5 34; Fig. 3). P4
concentrations fell to 11.7 ng/ml at 4 days before parturition. She gave birth
to a female cub weighing 52 g. Unfortunately, the cub died 3min after the umbilical
cord was cut. After parturition, the P4 concentration dropped to 1.26 ng/ml 12 days
later.

After quarantine was completed, Pangolin C showed a P4 concentration of
18.2 ng/ml. P4 concentration was maintained between 12.4 and 33.5 ng/ml (N5 19)
with a peak at 47.6 ng/ml. The concentrations fell to 4.9 ng/ml at 1 day before
parturition. She gave birth to a male cub weighing 80 g. The young pangolin died 3
days after birth due to the mother’s lactation deficiency. The concentration after
parturition decreased to 0.24–6.7 ng/ml (Fig. 3).

The concentration of serum P4 of Pangolin D was between 0.1 and 8.88 ng/ml
and the mean was 1.9971.62 ng/ml (n5 80; Fig. 3).

The concentration of serum P4 of Pangolin E was between 0.8 and 8.03 ng/ml
and the mean was 2.2771.64 ng/ml (n5 27; Fig. 3).

The variation patterns of P4 concentrations of the pregnant pangolins were
significantly different from that of the nonpregnant pangolins. Serum concentrations
were maintained at higher concentration in pregnant pangolins (over 10 ng/ml)
during gestation, whereas they remained lower in nonpregnant pangolins (between
0.1 and 8.88 ng/ml). It might be close to the time of parturition, when the P4
concentration decreased under 10 ng/ml. Consequently, based on the data of P4
concentration and parturition records, the gestation period of pangolin A was at
least 318 days, whereas the gestation periods of pangolin B and C were estimated to
be over 318 and 372 days, respectively (Fig. 3).
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Fig. 3. Serum progesterone concentration (SPC) and body weight (BW) of the
pregnant pangolins A, B, C and nonpregnant pangolins D, E. Pangolin A mated in captivity
(white arrow) and SPC elevated dramatically 3 weeks later and declined gradually at 4 weeks
before parturition (black arrow). The SPC of Pangolin B and C were high indicating mating
occurred before rescue and declined since 2 months and 5 months before parturitions. SPC of
the nonpregnant pangolins D, E was generally lower than that of the pregnant group. The BW
of pregnant pangolins A and C increased faster than nonpregnant pangolins D and E. The
pangolin B could not increase BW during gestation and lost the weight gradually before
parturition.

Fig. 4. Pangolin A gave birth successfully in captivity. The female cub weighed 110 g.
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Body Weight

* Pangolin A weighed 3.6 kg when she was introduced to a male for mating. Before
giving birth to a female cub weighing 100 g on November 9, 2006, her weight was
6.05 kg. Her total body weight increased 63.89% (2.35 kg) during the gestation
period (Fig. 3).

* Pangolin B was rescued on December 7, 2005, weighing 2.8 kg and dropped to
2.35 kg by January 11, 2006 when quarantine was finished. The gradual weight loss
continued down to 1.8 kg on September 20, 2006, when she gave birth to a female
weighing 52 g. Her weight before parturition decreased 35.7% (1kg; Fig. 3).

* Pangolin C was rescued on October 2, 2006, weighing 2.14 kg. Before giving birth
to a male cub weighing 80 g on October 9, 2007, her weight was 4.78 kg, with a
total increase in bodyweight of 134% (2.64 kg; Fig. 3)

* Pangolin D arrived at Taipei Zoo on June 1, 2004, weighing 1.8 kg. On January 2,
2005, her weight was 3.1 kg. She weighed 3.63 kg on October 31, 2006, resulting in
a total increase in body weight of 17% (0.53 kg; Fig. 3).

* Pangolin E arrived at Taipei Zoo on May 22, 2006, weighing 2.34kg. On January 2,
2007, her weight was 4.1 kg. She weighed 4.69 kg on December 31, 2007, which
calculates to a total increase in body weight of 14.9% (0.59 kg; Fig. 3).

Results of this study suggest that a female Formosan pangolin weighing 2.14 kg
(pangolin C) could be ready for pregnancy. Pregnant pangolins might increase in
body weight to enable birth of viable fetus generally. Even when born alive, pangolin
cubs weighing under 80 g, seem to could not survive well after their birth. Also,
pregnant pangolins seem to gain weight faster than nonpregnant pangolins.

DISCUSSION

From the study, the serum P4 concentration of pregnant and nonpregnant female
Formosan pangolins could be detected consistently and successfully by commercial P4
RIA reagent. There are obviously variations in hormone patterns between pregnant
and nonpregnant pangolins (Fig. 3). It is an effective and convenient method to
determine reproductive status of rescued female Formosan pangolins.

The gestation period of the Formosan pangolin from mating to parturition can
be as short as 318 or longer than 372 days. Consequently, the Formosan pangolin
can only reproduce once a year. The results of this study refute the gestation periods,
estimated from 3 to 8 months and breeding twice a year from the interview of
hunters or birth records, published previously without hormone evidence [Chao
et al., 1993; Chen et al., 2000; Liu and Xu, 1981; Masui, 1967; Wu, 1998]. The
gestation period of the great anteater (Myrmecophaga tridactyla) is considered to be
190 days [Patzl et al., 1998], whereas that of the silky anteater (Cyclopes didactylus) is
120–150 days [Chiarello et al., 2008]. Although they are similar in terms of feeding
habits and body temperature, based on this study, the gestation period of Formosan
pangolins is longer than anteaters. The variation of gestation period from 318 to 372
days of Formosan pangolins might be associated with the embryo delay
implantation such as bear, armadillo, or marsupial [Bagatto et al., 2000; Hesterman
et al., 2008; Sato et al., 2001], but the sharp P4 peak of pregnant bear before
implantation could not be identified in the limited data of pregnant pangolins
[Dehnhard et al., 2006]. More advance investigation should be necessary.
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Judging by their weight upon entering the Zoo, which ranged between 1.8 and
2.8 kg, the five pangolins in this study were estimated to be 1–1.5 years old [Liu and
Xu, 1981], which female Formosan pangolins might be ready to breed at 1–1.5 years
old, or early than that. At the same time, pregnant young pangolins were still
growing to adult. However, that energy or food supply from ants or termites with a
seasonal variation cannot support a high level of metabolic energy expenditure by
Chinese pangolin [Heath and Hammel, 1986; Ke et al., 1999; Wu et al., 1999].
Pregnant pangolins have more stable body temperature gradient than nonpregnant
pangolins. The need for heat production would be greater because of heat loss would
be higher [Heath, 1987; Heath and Hammel, 1986]. The role of special metabolic
mechanism for maintaining in fetus and pregnant young pangolin development
should not ignore the importance of energy requirement of the primitive mammal.

In previous birth records for the Formosan pangolin, the mother weighed 4kg at
the time of parturition, and the stillborn offspring weighed 70g [Chao et al., 1993]. Two
live cubs, 92g and 93g, were born from two 3kg Chinese pangolins, but died at 24hr and
5 days later [Heath and Vanderlip, 1988]. In Hua-nan pangolin reproduction records, the
mother weighed 3.86kg and gave birth to a 75-g stillborn neonate [Wu, 1998]. For young
pregnant pangolins to give birth to viable offspring, their body weight must increase
significantly, 63.89 and 134.0% in the study, from the time of inception or early
pregnancy until parturition. Meanwhile, the hormone levels gradually declined through
most of the monitored pregnancies for pangolin B and C whose infants promptly died,
whereas a decline in hormone level toward the very end of the pregnancy of the pangolin
A whose infant survived for several months (Fig. 3). The higher body weight of
prepregnant and preparturient female represent the advantage in environment adaption
and energy obtaining in most animals [Bagatto et al., 2000; Dehnhard et al., 2006; Heath,
1987; Heath and Hammel, 1986; Ke et al., 1999], which might be good for survival rate of
the newborn infants. The body weight of prepregnant and preparturient females and
newborn cubs should be impact criteria of successful breeding of pangolins. However,
due to the low number of subjects, in order to confirm this conclusion, wider
investigations on the subject are necessary to establish criteria for the successful
parturition in these species.

CONCLUSION

1. P4 RIA is a reliable and effective method to evaluate the reproductive status of
rescued Formosan pangolins.

2. The gestation period of the Formosan pangolin was determined to be from 318 to
372 days.

3. Formosan pangolins should be ready to breed at 1–1.5 years old. The body weight
of prepregnant and preparturient females and newborn cubs should be impact
criteria of successful breeding.
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