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ABSTRACT 

MATERNAL BEHAVIOR AND TIME ALLOCATION OF RED PANDA (AILURUS 

FULGENS) IN CAPTIVITY 

Juthapathra Dechanupong, M.S. 

George Mason University, 2019 

Thesis Director: Dr. Elizabeth W. Freeman 

 

An understanding of the behavior of animals in captive breeding programs is 

important for reproductive success and conservation efforts. In altricial mammals, 

sufficient maternal behavior is essential for the survival of the offspring. The red panda 

(Ailurus fulgens) is an endangered species with altricial offspring of captive population 

remaining in the nestbox for the first few months of its life. Captive breeding efforts to 

secure an insurance population of red pandas has resulted in a 40-50% neonate mortality. 

Despite the time in the nestbox being crucial to the reproductive success of the red panda, 

not much is known about the behavior of red panda dam and her interactions with the 

cubs after birth and during cub-rearing season. This study first explored the post-

parturition maternal time allocation of two subspecies of red pandas, A.f. fulgens at the 

Smithsonian Conservation Biology Institute (SCBI; n=4) and A.f. styani at Chengdu 

Research Base of Giant Panda Breeding (Chengdu; n=2). Dam behaviors on post-

parturition videos recorded from the nestbox were analyzed continuously using 
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Behaviour Pro application to measure duration of state behaviors and rate per hour of 

events. Resting and grooming made up the largest portion of time allocation per hour 

(P<0.05). Dams whom failed to rear their cubs to independence spent more time 

grooming compared to time spent resting (P<0.05), carried their cubs more than the dams 

who successfully reared their cub, as well as increased the time spent out of the nestbox 

away from the cub in the first 72hrs. This study also investigated the time allocation of 

non-pregnant female pandas (A.f. styani) living in groups of more than three adults in 

Chengdu. The red panda is believed to be a solitary species; no prior research has 

investigated the behavior of female pandas in a social setting or non-breeding adults 

during the cub rearing season. Focal observations were conducted during the day using 

Behaviour Pro application to measure duration of state behaviors and rate per hour of 

events. Pandas in these social groups mostly performed non-social activities, such as 

locomoting and straddling. Gregarious behaviors (play, allogroom, and nose-nose) were 

seen more frequently in one enclosure while agnostic behaviors (aggressive and chase) 

were observed more in a second enclosure. Small sample sizes, high individual variation 

and differences in management strategies between the two facilities limit the ability to 

draw strong conclusions from these studies. Thus, more research on these topics needs to 

be conducted. However, the knowledge gained from these studies could be used to 

enhance cub survivorship through adaptive management as well as provide a foundation 

for more in-depth research to uncover the cause(s) of newborn cub mortality. 
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 : INTRODUCTION 

Red Panda Status and Ecology 

The red panda (Ailurus fulgens) is a unique species in that it is the sole member of 

the family Ailuridae (Glatston et al. 2016). They are currently listed as endangered in the 

IUCN Red List of Species and Appendix I in CITES (CITES 2016). They are also legally 

protected in India, Bhutan, China, Nepal, and Myanmar (Glatston et al. 2016). There are 

two subspecies of red panda: Ailurus fulgens fulgens, which occurs in the west of Bhutan, 

Nepal, India, northern Myanmar, and northern China; and Ailurus fulgens styani native to 

central and southern China (Roberts & Gittleman 1984; Wei et al. 1999; Choudhury 

2001; Leus 2011). A.f. styani generally has longer and darker coat, more prominent tail 

stripes, a larger skull and a more rounded frontal bone than the A.f. fulgens (Groves 

2011). 

The number of wild red pandas is not currently known but the total population is 

estimated to be less than 10,000 individuals with 500 – 1,100 individuals in India and 

Nepal, 3,000 – 7,000 in China, and an unknown population in Myanmar and Bhutan (Wei 

et al. 1999; Chakraborty et al. 2015; Princée & Glatston 2016; Glatston et al. 2016). 

Although the wild population of both subspecies of red panda still exists, it is far from 

being sustainable with the decline of roughly 50% within the past 18 years and the 

number of individuals will most likely continue to plummet in the next three decades 
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(Dorji et al. 2012; Glatston et al. 2016). It is believed that the red pandas in Myanmar are 

already extinct and that red pandas have disappeared from several areas in China that 

they used to occupy (Groves 2011).  

Red pandas prefer a habitat ranging from 2,500 – 4,000 meters above sea level 

(Roberts & Gittleman 1984; Panthi et al. 2012; Chakraborty et al. 2015). The main reason 

for the population decline is the loss of red panda habitat due to deforestation (Groves 

2011; Leus 2011; Panthi et al. 2012; Glatston 2015). For instance, one of the main 

protected areas for A.f. fulgensis Langtang National Park (LNP) in Nepal, with only 6% 

of suitable vegetation remaining for red panda, the majority of which is highly 

fragmented (Yonzon & Hunter 1991a). Deforestation and fragmentation mean that the 

red pandas cannot readily seek out new feeding grounds. Bamboo which makes up 98% 

of the diet for red pandas, exhibits a phenomenon called gregarious flowering where all 

individuals in the same area have synchronized flowering and then die (Nadgauda et al. 

1990; Chakraborty et al. 2015; Glatston et al. 2016). When the bamboo in its area goes 

through the cyclic die-off, habitat loss and fragmentation make it increasingly difficult 

for red pandas to locate food sources within in their narrow-preferred habitat (Glatston et 

al. 2016). 

The red panda habitat also overlaps with land desired by cattle herders (Yonzon & 

Hunter 1991b; Panthi et al. 2012; Sharma et al. 2014; Glatston et al. 2016). The cattle do 

not directly compete with red pandas for their food resources but they do trample the 

bamboo shoots, further reducing the number of live bamboo (Yonzon & Hunter 1991a). 

Additionally, canine distemper, fatal for red pandas, is usually brought into the habitat by 
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unvaccinated domesticated dogs that wander into the habitat with the herders (Glatston et 

al. 2016). The number of red panda significantly decreased in areas that overlap with 

cattle herds; the rate of neonatal mortality is high (~57%) in areas with such human 

disturbances (Yonzon & Hunter 1991b; Sharma et al. 2014).  

The illegal pet trade and poaching have become a rising issue for the red pandas. 

Illegal poaching in Nepal and Myanmar supplies the demand for red panda pelts and 

bushmeat in China (Glatston et al. 2016). In most of the tribes in Bhutan, the red panda is 

a symbol of good luck, which could both be a blessing and a curse. In some communities, 

locals help conserve habitat, believing that the red panda is a reincarnation of god. In 

some other communities, the pelt is used in spiritual ceremonies or as clothing to ward 

off bad spirits because it is believed to be a talisman for good luck (Glatston & Gebauer 

2011). Even though it is illegal to hunt red pandas, Chinese restaurants still serve the 

meat and fur trading continues in many parts of Asia (Glatston & Gebauer 2011). 

Recently, evidence of illegal pet trade also has surfaced via social media, such as 

Facebook and YouTube, further jeopardizing the species’ survivorship (Glatston & 

Gebauer 2011, Pers.obs). These multiple threats to survivorship make it even more vital 

for conservationists to learn about red pandas before it becomes too late to conserve this 

precious species (Glatston 2011; Glatston & Gebauer 2011). 

 

Red Panda Life Histories 

Research on the natural history of the free-ranging red pandas is limited; most 

knowledge accumulated about the species is the result of studies done on the captive 
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population. Captive red pandas have a life expectancy of 12-15 years (Gittleman 1997). 

Both sexes reach sexual maturity at 22 months of age if the red panda is the product of 

the first litter of the dam, or at 18 to 20 months old if the dam has given birth before 

(Northrop & Czekala 2011). The inter-birth interval, or the time between two successful 

litters, is 12 months (Northrop & Czekala 2011). It has been observed in wild pandas that 

once the dam enters her next breeding season, the cub from the previous season can either 

leave the dam or stay with her until a few weeks prior to when her next litter is born 

(Gittleman 1997). 

The breeding season observed in captive populations shift according to the 

hemisphere in which the individual is being housed (Gittleman 1997; Northrop & 

Czekala 2011). In the northern hemisphere, red pandas typically breed January to March 

with birth occurring in early summer (June - August). In the southern hemisphere, the 

breeding season is shifted six months (June - August) and parturition takes place 

December-February (Northrop & Czekala 2011). The advantage of giving birth to 

offspring in early summer is the high availability of food to support the energy 

requirements of lactation (Gittleman 1997; Northrop & Czekala 2011).  

It is difficult to give an accurate gestation length for the red panda because mating 

behavior may not always be visible to the observer due to the crepuscular nature of the 

species (Lewis 2011). Thus, reported gestation lengths range widely between 90 - 145 

days (Gittleman 1997; Nowak 2005; Northrop & Czekala 2011), which contributes to 

suggestions that red pandas experience delayed implantation. The weight and altricial 

condition of cubs at birth have no correlation with the length of gestation for similarly 
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sized carnivores (Spanner et al. 1997; Northrop & Czekala 2011). An easy, definitive 

pregnancy test based upon hormonal changes has not been developed yet for red pandas. 

However, one way to tell that mating has already occurred in captive population is 

through behavioral changes (Lewis 2011). Before mating, the pair can be seen resting 

together and gathering materials to help build the nest. After mating has occurred, the 

pair stops spending time together in close proximity (Lewis 2011). 

The estrous cycle of red pandas is another mystery that has yet to be solved. Some 

studies show that red pandas in captivity come into estrus once a year (Northrop & 

Czekala 2011), for only a 18-24 hour period (Nowak 2005), suggesting that the red 

pandas are monoestrus. Other studies report the red pandas coming into estrus multiple 

times during a 3 months breeding period, suggesting a polyestrous cycle (Spanner et al. 

1997; Li et al. 2005; Wei et al. 2005; Northrop & Czekala 2011; Curry et al. 2017).  

Reproductive and maternal success may depend on the social interaction of the 

dam. In Chengdu, China, A.f. styani are housed socially, a different management strategy 

than other captive facilities (Wei et al. 2005). In previous study, paired red pandas and 

multiple females housed together with a single male have two estradiol peaks with 

ovulation occurring on the second peak and successful production of cubs (Wei et al. 

2005). The cubs from the study by Wei et al. have a 43% cub mortality rate (Wei et al. 

2005). However, three females housed together with a single male throughout the year 

have all of the cubs survived to adulthood (Wei et al. 2005). When a single female is 

housed with multiple males, her estradiol peaks are erratic, ovulation does not occur, she 

spends a lot of time hiding, and no offspring are produced (Wei et al. 2005).  
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Most observations in the wild indicate the red pandas are mostly solitary or 

monogamous pairs (Hodgson 1847; Yonzon & Hunter 1991a; Northrop & Czekala 2011; 

Pradhan et al. 2011; Lewis 2011). The territories of each individual often overlap but they 

do not interact until mating season (Hodgson 1847; Yonzon & Hunter 1991a; Northrop & 

Czekala 2011; Pradhan et al. 2011; Lewis 2011). Study on a captive population of A.f. 

fulgens in New Zealand finds the presence of a captive male essential for the increase in 

progesterone and mating behavior of captive females (Spanner et al. 1997). If the finding 

also applies to the red pandas in the wild because they are the same species, it would be 

extremely difficult for wild female red pandas to synchronize induced ovulation with 

mating without having a male nearby before the breeding season. . No studies have been 

conducted to date on the wild population of red pandas and questions regarding the 

estrous cycle of wild red pandas remain unanswered (Northrop & Czekala 2011).  

Guidelines for captive breeding of red pandas from the American Zoo and 

Aquarium Association Minimum Husbandry Guide for Mammals (Roberts 1997), the 

AZA Small Carnivore TAG (AZA Small Cartivore TAG 2012), the EAZA Best Practice 

Guidelines (Weerman 2015) and the International Husbandry and Management Guideline 

(IHMG) published in 1993 (Glatston 1993; Loeffler 2011a) recommend that red pandas 

should be kept in monogamous pairs to promote reproductive success and that sexually 

mature males tend to fight regardless of whether or not a female is in the enclosure. Thus, 

captive red pandas are commonly kept in a monogamous pairs or solitary. Again, it is 

important to note that Chengdu Research Base of Giant Panda Breeding in China, one of 

this project’s study sites, does not keep the red pandas in pairs like most facilities 



7 

 

(Loeffler 2011b). Instead, they keep the red pandas in groups of mixed gender in large 

enclosures (Loeffler 2011b).  

 

History of Red Panda in Captivity 

The first red panda in the United States arrived at the Philadelphia Zoo in 1906 

(Jones 2011). The breeding of red pandas in captivity started in San Diego Zoo in 1940 

(Jones 2011). The group consisted of three females and one male; all four were housed 

together in a large enclosure. Between 1940 and 1949, 34 individuals were born at San 

Diego Zoo (Jones 2011). Out of these, nine died within a month (a 26% infant mortality 

rate including stillborn), two (5.8%) died in as a juvenile from canine distemper, six 

(17.6%) had no record of their fate, and the rest (50%) survived into adulthood (Jones 

2011). Most of the cubs born at San Diego were distributed to various zoos across the 

United States; no other zoos at the time were able to achieve the same level of 

reproductive success (Jones 2011). It is important to note that by 1949, there were 17 

related individuals housed together in the same big enclosure at the San Diego Zoo 

compared to having only one mating pair housed together as commonly practiced today 

(Jones 2011). All surviving cubs born at the San Diego Zoo during that time period 

(1940-1949) were mother-reared and stayed in the family enclosure until they were 

transferred to a different zoo or passed away (Jones 2011). Allomothering was observed 

with females who were not the mother of the cubs assisting with parental care (Jones 

2011). 
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Ex situ breeding programs continue to be challenged to create self-sustaining 

populations. Between 1950 and 1969, around 250 A.f. fulgens were exhibited in zoos 

around Europe and North America; however most of these animals were wild-caught 

(Loeffler 2011a). During this same time, only 35 cubs were born in captivity in Europe 

and North America . Eight of the 35 cubs died the same day they were born (22.8% 

neonatal mortality rate) and 2 died within a year (Jones 2011). Data gathered from the 

Red Panda Studbook (1978-1992 and 1984-2004) indicates that infant mortality rates 

remain high, 23.5% - 50%  (Loeffler 2011a). At reproductive age (20 months to 12 years 

old) only 33% of A.f. fulgens and 23% of A.f. styani show copulation behavior. However, 

despite low rates of copulations being observed, the pregnancy rate of red pandas is high 

(Bircher 1989; Jones 2011; Loeffler 2011a). To improve reproductive success, the Panda 

International Husbandry and Management Guideline (Glatston 1993), a red panda 

husbandry manual for breeding program managers that is tailored to each region’s 

enclosure conditions and animal care procedures, was published (Loeffler 2011a; 

Weerman 2015). 

 

IHMG Management Recommendations 

The IHMG (Glatston 1993), which is described in detail in the book “Red Panda: 

biology and conservation of the first panda”, and is suggested by the Loeffler as the one 

used by most zoos in North America requires an enclosure space of at least 80 m2 per 

panda, or per pair of panda, and access to the outdoors all year round, while the North 

American Species Survival Plan only requires half that size (Loeffler 2011a). In contrast, 
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the enclosures in Chengdu often house a large group of red pandas, up to 15 individuals 

per enclosure, in a relatively small space, which results in fights and uncontrolled 

breeding as observed by Loeffler (2011a). IHMG guideline suggests that enclosures 

should have a variety of substrates and plenty of shade and hiding spots to provide a 

sense of security for breeding pandas(Loeffler 2011a). Edible trees are also recommended 

in order to provide the red pandas with climbing structures, food sources, and nesting 

materials during birthing season (Loeffler 2011a). Protection from heat is critical in areas 

where temperature commonly rises over 27 °C because red pandas are adapted for cooler 

climates (Gittleman 1997; Loeffler 2011a). It is recommended that a cool, temperature 

controlled indoor area be available for pandas to use at will, especially when temperature 

may affect cub mortality (Eriksson et al. 2010; Loeffler 2011a; Princée & Glatston 2016). 

The exhibit should only have two visible sides for the visitors; however, most zoos have 

more than two sides exposed to the public(Loeffler 2011a; AZA Small Cartivore TAG 

2012; Weerman 2015). Thus, many red pandas do not have any privacy in their 

enclosures, which may contribute to maternal stress and to poor reproductive outcomes 

(Loeffler 2011a; AZA Small Cartivore TAG 2012; Weerman 2015).  

Most zoos in Europe and Australia have a hands-off approach when it comes to 

mother-rearing their cubs to avoid creating unnecessary stress for the female that may 

lead to infant mortality (Loeffler 2011a; Weerman 2015). Two to three nestboxes are 

provided in a private and secluded area, following the recommendation by the IHMG 

with the entrance concealed by vegetation (Loeffler 2011a; Weerman 2015). A pregnant 

female is left in her normal enclosure with her mate(Eriksson et al. 2010; Loeffler 2011a; 
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Weerman 2015). After the cubs are born, there is no handling of the cub or the dam for 

the first eight to ten weeks(Eriksson et al. 2010; Loeffler 2011a; Weerman 2015). Instead, 

it is recommended that keepers closely monitor the cubs via cameras set up inside the 

nestboxes (Eriksson et al. 2010; Loeffler 2011a; Weerman 2015). Some facilities follow 

all of the recommendations and still have infant mortality rates of > 50% (Loeffler 

2011a). In Nepal, a breeding center had 100% survival rate of the cubs born between the 

year 1991-2010 (Lewis 2011). At the Nepalese facility, management practices were 

slightly different, purposefully include handling and socializing the 14 day old cubs to 

slowly reduce the fear and anxiety that both dams and cubs may have toward people 

(Loeffler 2011a). In North America and Japan, it is common to isolate the pregnant 

female to a more secluded location prior to parturition (Loeffler 2011a). Transfer to a 

new enclosure may induce stress in pregnant females and contributed to reproductive 

failure; however, this topic has yet to be scientifically studied (Loeffler 2011a). After 

birth, cubs should stay with the dam for at least eight months per IHMG, but the Loeffler 

speculated that some zoos in North America and most zoos in China separate the cubs as 

early as five months, believing that the cubs’ presence near the female will interfere with 

her ability to breed (Loeffler 2011a). Early separation can lead to high weaning mortality 

and social problems for the cubs that were kept in isolation after weaning (Loeffler 

2011a).  
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Cub Mortality 

 The highest percentage of mortality of red panda occurs within the first year of 

life. Most deaths occur within the first month and about 20% of neonates are stillborn or 

die on the first day (Eriksson et al. 2010; Fisher 2011; Loeffler 2011a; Delaski et al. 

2015; Princée & Glatston 2016). Historically, neonatal and juvenile mortality rates  range 

from 23-58% (Gittleman 1997; Fisher 2011; Jones 2011; Loeffler 2011a). Only a small 

difference occurs in neonatal mortality rates between the two subspecies (Gittleman 

1997; Fisher 2011; Jones 2011; Loeffler 2011a). 

Studbook data from 2008 shows that North American zoological facilities have 

the highest level of neonatal mortality (40.2%), when compared to Europe (23.6%) and 

Australia (10.6%) (Loeffler 2011a; Princée & Glatston 2016). The rate of neonatal 

mortality remains higher than the average rate of other mammals in order carnivora, 

0.16% - 0.83% (Gittleman 1997). Furthermore, the rate of neonatal survival has not 

significantly improved in more than 10 years (Gittleman 1997; Northrop & Czekala 

2011; Kohler et al. 2016) in spite of advances in animal husbandry and welfare. 

 Causes of neonatal mortality, as concluded by a study by Delaski from neonates 

that have been necropsied, can be split into two main groups, maternal care deficiency 

and natural health issues (congenital defects and other diseases) (Delaski et al. 2015). 

According to a comprehensive pathology review (1992-2012) the main causes of death 

for the neonates in North America are aspirational pneumonia (29.1%), trauma (including 

aggression and excessive carrying by the dam ; 20%), and stillbirth (9%) (Delaski et al. 

2015). The leading cause of juvenile death is aspirational pneumonia, which usually 
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occurs in bottle-fed cubs; mother-reared cubs rarely experience aspirational pneumonia 

(Delaski et al. 2015). Pneumonia being the main cause of neonatal death in North 

American population may directly reflect the higher number of hand-reared cubs in North 

American zoos (Delaski et al. 2015). The leading causes of death by maternal deficiency 

include infanticide by cannibalism, rejection by mother that leads to starvation or 

hypothermia, or low milk production by the dam which may also be caused by poor 

suckling of the cub (Preece 2011).  

 Numerous other factors may contribute indirectly to neonatal deaths. However, 

research conducted to date has yielded conflicting results (Preece 2011; Delaski et al. 

2015). Loeffler (2011a) speculated that small enclosure size may stress the dam and 

contribute to high mortality rates in North American zoos, even though the zoos with 

highest reproductive success have smaller enclosures than most North American zoos 

(Loeffler 2011a). Younger dams produce more surviving offspring than viable older 

dams (Delaski et al. 2015), but data also suggests that mortality does not correlate with 

the experience or age of the dam but has more to do with inbreeding (Roberts 1982). 

However, Loeffler states that inbreeding is not likely a problem often seen in the North 

America, Europe, and Australian populations, but it may occur in the Chinese population 

where breeding of red pandas is not controlled (Loeffler 2011a). It is possible that wild-

born cubs have different neonatal mortality rates than captive-born cubs, but no studies 

have been conducted on the topic. However, in other small mammal species, wild-born 

cubs do not have a mortality rate that is significantly different from captive-born 

conspecifics (Kohler et al. 2016). 
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Similar to the giant panda, being in the order carnivora, whose main diet is 

bamboo, it may be more advantageous in term of energy efficiency to selectively care for 

only one cub if twins are born (Zhu et al. 2001; Dell’Amore 2015; Kaplan 2015). The 

metabolic rate of the red panda is lower than other mammals with the same body size, 

which may interfere with its ability to naturally care for multiple offspring (McNab 1988; 

Fei et al. 2017). Resting metabolic rate of red panda ranges between 0.204ml/h/g to 0.406 

ml/h/g, with no significant differences between sexes or related to mass (Fei et al. 2017). 

Thus, the effect of low metabolic rate on the ability of the red pandas to raise multiple 

cubs remains unknown.    

Temperature in the nestbox also contributes to neonatal mortality (Gittleman 

1997; Loeffler 2011a; Princée & Glatston 2016).. Zoos in colder climates have higher 

reproductive success than those in warmer climates (Loeffler 2011a). Location of the zoo 

in which a red panda is born affects its lifespan and zoo managers are advised against 

translocating red pandas to a zoo in a warmer climate (Loeffler 2011a; Princée & 

Glatston 2016) The natural habitat of the red pandas has a temperature range from -6.5 - 

19°C, so it is possible that temperatures warmer than 19°C can trigger a stress response in 

the dam and compromise maternal care (Princée & Glatston 2016; Glatston et al. 2016). 

In captivity, the dam often does not provide sufficient care to the cub unless a suitable 

nestbox is provided (Gittleman 1997). The amount of time the dam spends with the cub 

in the first week is critical (Loeffler 2011a; Princée & Glatston 2016). Temperatures 

higher than 27°C in the nestbox cause the dam to spend more time outside it and results 

in less time nursing, which may lead to malnutrition, compromised immunity and heat 
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stress of the cubs (Loeffler 2011a; Princée & Glatston 2016). 

 Neonatal mortality is also presumed to be impacted by disturbances caused by 

visitors and keepers (Fisher 2011; Loeffler 2011a; Lewis 2011). In the wild, the dam 

carries her cubs between trees in search of a safe nest when a disturbance occurs near her 

nest site, which could cause injury from the bite wound marks (Fisher 2011; Loeffler 

2011a). In captivity, the same behavior is seen by Loeffler in the dam; the number of 

visitors around the exhibit positively correlates with the amount of time the dam shifts 

her cub between nestboxes (Loeffler 2011a). Some infants also reported by Loeffler to 

suffer from dermatophytosis, caused by excessive grooming of a stressed dam where the 

saliva creates a perfect environment for fungus (Loeffler 2011a). If left untreated, 

dermatophytosis can be fatal (Loeffler 2011a). Triggers for failed maternal care include 

unfamiliar noisy disturbances such as construction sound, foreign scents, and new 

keepers (Lewis 2011).    

Even though temperature and disturbances contribute to neonatal death, the real 

cause is likely a combination of all potential factors. Literature review by Loeffler shows 

that the enclosure size, distance of enclosure to other carnivores, number of nestboxes, 

handling of the cub by keepers, and temperature and found no significant effect on red 

panda infant mortality (Loeffler 2011a). These results suggest the issue is complex and 

the vast amount of knowledge that is lacking about red panda biology contributes to our 

inability to provide them the best possible management.  
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Maternal Behavior 

The dearth of knowledge on the ecology and biology of red pandas contributes to 

the species vulnerability and hinders the ability to properly manage the population (both 

in and ex situ). Breeding programs consist of two main aspects: reproduction and post-

parturition care. The success of the program is inevitably affected by the fluctuating 

mortality rates of the cubs. The cause(s) leading to a cub’s mortality is still unclear but 

poor maternal care contributes to the problem (Glatston & Leus 2005; Eriksson et al. 

2010; Delaski et al. 2015). 

 Red panda activity can be highly dependent on temperature and feeding schedule 

but generally they sleep through much of the day and often are more active during the 

night (Hodgson 1847; Weerman 2015). Gabauer’s observation of a single A.f. fulgens 

dam and her cub at Naturchutz-Tierpark Gorlitz, Germany is the only published complete 

study of maternal behavior and maternal-cub interaction of red pandas in English 

language (Gebauer 2011). According to Gebauer (2011) observation, a few weeks prior 

to parturition, the dam collects material near the den to make a nest; this behavior 

increases two days before the cub is born. On the day of parturition, nest time for the dam 

is 16 hours (67%). After birth, the dam curls around the cub for several hours and will 

sleep in contact with the cub until the cub is 11 months old (Gebauer 2011). The 

frequencies of activities and rest of the dam is low during the first three days with the cub 

(Liu et al. 2003). At seven days after parturition, the dam starts leaving the den between 

nursing bouts decreasing time spent inside the nest to four hours a day (16.7%) (Gebauer 
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2011). Red pandas generally keep their young in the den for 70 days before she carries 

the cubs out to explore the area (Gebauer 2011; Northrop & Czekala 2011) 

It is vital to understand the dam-cub relationship from parturition to maturity to 

ensure overall success of red panda breeding program. A few studies have previously 

touched upon the topic of red panda’s maternal behavior, but none have done so with 

multiple females (both successfully reared her cubs and unsuccessful ones) nor 

investigated both subspecies. The results can be used to improve the survivability of the 

cubs in captivity.   

The present project aimed to investigate post-parturition behaviors in red pandas, 

including both successful mothers (defined as red pandas that successfully raised at least 

one cub that survived to sexual maturity from her liter) and mothers who did not raise her 

cub(s) to sexual maturity (Ch 2). To reach the research aims, activity budget data was 

collected via nestbox video recording. Specifically, the observation of behavior in the 24 

hours post-parturition of two A.f. styani in Chengdu, China; and the observation of four 

pandas (A.f. fulgens) 72 hours post-parturition and for two, and additional 3 months at 

Smithsonian’s Conservation Biology Institute. The knowledge gained from this study 

could be used to enhance cub survivorship through adaptive management as well as 

provide a foundation for more in-depth research to uncover the cause of newborn cub 

mortality.  

This study also aimed to investigate the time allocation of two groups of non-

pregnant female red pandas (A.f. styani) living in social enclosures in Chengdu, China 

during the birthing season (Ch 3). No prior research on the behavior of non-pregnant 
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female red panda, living in a social setting exists. Thus, results of this study will expand 

our knowledge of social nature of red panda and can be used to enhance management 

guidelines. 
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 : MATERNAL BEHAVIOR OF RED PANDA IN CAPTIVITY 

 

Abstract 

Captive breeding of endangered red panda (Ailurus fulgens) is essential to the survival of 

the species. The high pregnancy success of pandas in captive breeding programs is 

dampened by an average of 50% cub mortality rate worldwide. High cub mortality can be 

attributed to deficiencies in maternal care. An examination of maternal behavior is useful 

to help determine factors that contribute to cub-rearing success. In this study, post-

parturition behavior of red panda dams from both subspecies, A.f. fulgens at Smithsonian 

Conservation Biology Institute (SCBI: n=4) and A.f. styani at Chengdu Research Base of 

Giant Panda Breeding (Chengdu: n=2), was investigated to gain a better understanding of 

their time allocation. Post-parturition videos recorded from the nestbox were observed 

continuously for 24hrs (Chengdu) and 72hrs (SCBI), and 30 mins every 6 hrs for 3 mos 

(SCBI, n=2) using Behaviour Pro application. All pandas in the study spent most of their 

time resting and grooming their cubs. Although the subspecies were not comparable due 

to differences in management at the two facilities, behaviors of both were similar with an 

exception of time out of nestbox. Dams whom did not raise their cubs to sexual maturity 

groomed more than rested, carried their cubs more than other dams, and spent an 

increased amount of time out of nestbox over the first 3 days post-parturition. Results of 

the present study suggest that individual differences exist between the behaviors of red 

pandas and that their time allocation changes over time as their cubs develop and mature. 

The ratio between resting and grooming behaviors, time carrying cub, and time spent out 
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of the nestbox within the first 72 hours post-parturition may be indicators for cub-rearing 

success, but more research with a larger sample size is needed to be conclusive. 

 

Introduction 

Red Panda (Ailurus fulgens) are listed as endangered the IUCN Red List of 

Species and Appendix I in CITES (CITES 2016). The species serves an important 

ecological role as seed disperser on the Himalayan mountain range and is legally 

protected in the India, Bhutan, China, Nepal, and Myanmar (Glatston et al. 2016). 

Breeding programs for conservation purposes that have been established all over the 

world yield high pregnancy success but suffer from high cub mortality rates, particularly 

when compared to breeding programs of similar sized mammals (Gittleman 1997; Jones 

2011; Loeffler 2011a; Northrop & Czekala 2011). In the North American population 

neonatal mortality rates range between 40-50% (Princée & Glatston 2016). There has 

been no significant improvement in cub survival worldwide despite advances in 

technology and husbandry techniques within the last 10 years (Gittleman 1997; Northrop 

& Czekala 2011; Kohler et al. 2016). To reduce cub mortality, husbandry staff have been 

hand-rearing cubs born to a dam with a history of unsuccessful cub-rearing. Although 

hand-rearing may save the life of the cub, it is highly demanding for the staff, is 

expensive, and may affect reproductive behavior in the next generation (Ryan et al. 2002; 

Loeffler 2011a). 

According to a comprehensive pathology review (1992-2012), neonatal mortality 

is mainly caused by maternal care deficiency and/or congenital abnormalities (Philippa & 
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Ramsay 2011; Delaski et al. 2015). Poor maternal care manifests in neonatal death 

indirectly, via rejection by the mother, which leads to starvation or hypothermia, or low 

milk production by the dam, and directly via cannibalism (Philippa & Ramsay 2011; 

Preece 2011). Due to maternal consumption, health condition of all neonates prior to 

death cannot be determined; however, fatal health issues may include still-birth, 

abnormal bone structure, gastrointestinal issues, and pneumonia. Pneumonia in cubs is 

mostly associated with aspiration during hand-rearing of the cubs (Fisher 2011; Philippa 

& Ramsay 2011; Delaski et al. 2015).  

Temperature and disturbance also contribute to neonatal deaths. Temperatures 

higher than 19 °C may trigger a stress response in the dam and compromise maternal 

care, resulting in the dam leaving the nestbox more frequently (Princée & Glatston 2016). 

The more time spent out of the nestbox could result in less time spent with cubs and less 

time nursing. Disturbances can also cause the dam to carry cubs between trees in the wild 

and between nestbox in captivity (Fisher 2011; Loeffler 2011a; Philippa & Ramsay 

2011). Cubs being carried by the dam can get injured (Delaski et al. 2015) or suffer from 

dermatophytosis, an infection caused by saliva and excess grooming (Loeffler 2011a).  

The importance of understanding dam-cub interaction cannot be overlooked in a 

quest to help alleviate cub mortality issues and ensure reproductive success of red panda 

breeding programs. Only a few studies have explored the maternal behavior of red pandas 

(Liu et al. 2003; Gebauer 2011) to the best of my knowledge, none have investigated the 

behavior of dams that successfully raised their cub to sexual maturity and the ones that 

did not, or females from different subspecies and locations.  
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The aim of the present study was to explore post-parturition behavior of red 

pandas in the breeding program both at the Smithsonian Conservation Biology Institute 

(SCBI), United States, and at the Chengdu Research Base of Giant Panda Breeding 

(Chengdu), China. To gain a better understanding of the dam’s time allocation, the first 

24 - 72 hours were monitored from A.f. fulgens (n=4) at SCBI and A.f. styani (n=2) at 

Chengdu, and the average daily activity budget was assessed in 3 months post-parturition 

for A.f. fulgens (n=2) at SCBI. I hypothesized that the pandas would spend most of their 

time during the first 3 days grooming and resting with the cub, and that these interactions 

would decrease over the 3 months that cubs remained in the nestbox. Differences in time 

allocation between dams that were successful and those that were unsuccessful at cub-

rearing was also predicted. The results could provide a foundation for future research 

focusing on dam-cub interaction as an indicator or predictor for cub-rearing success, as 

well as help aid husbandry staff in determining when to hand-rear the cub.  

 

Method 

Subjects and locations 

The subjects of the study (Table 2.1) were female red pandas (2014-2017) in 

breeding programs, including A.f. styani (N=2) at Chengdu and A.f. fulgens (N=4) at 

SCBI. Demographic data of pandas from Chengdu was not known. SCBI females ranged 

in age from two to seven years old (mean: 3.75±1.18 yrs) at the time of pregnancy. 

SCBI2’s two birthing seasons 2015 and 2017 were considered as two subjects in this 
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study (SCBI2(15) and SCBI2(17)). SCBI2(15) and SCBI3 were both nulliparous (Table 

2.1).  

 

Table 2.1 List of study subjects for maternal behavior study. 

 

Dams who were successful at cub-rearing in this study were defined as those 

whom raised at least one cub from her liter to sexual maturity. Using this definition, 

SCBI2(15), SCBI3, SCBI2(17), and Chengdu2 were successful, while SCBI1 and 

Chengdu1 did not raise their cubs to sexual maturity. However, it is important to note that 

SCBI1’s cubs remained in her care for seven weeks until she was euthanized due to 

encephalitis associated with S.neurona. Of the three SCBI1’s cubs that were hand-reared 

after the dam’s death, one was noticeably smaller than the siblings and was given extra 

supplement.  

Name 
Age 

(year) 
Location Subspecies 

Date of 

parturition 

(# of cubs) 

Cub-rearing 

method and 

deaths 

SCBI1 7 SCBI Fulgens 
26 Jun’14  

(3) 

Hand-reared after 

mother was 

euthanized 

SCBI2(15) 2  SCBI Fulgens 
7 Jun’15 

(2) 
Mother-reared 

SCBI2(17) 4  SCBI Fulgens 
14 Jun’17 

(2) 

1 mother-reared 

1 euthanized on 

Oct 4th 

SCBI3 2 SCBI Fulgens 
16 Jun’17 

(2) 

1 died after birth,  

1 mother-reared 

Chengdu1 Unknown Chengdu Styani 
30 Jun’16 

(1) 

Mother-reared 

Consumed at 35th 

hrs after birth 

Chengdu2 Unknown Chengdu Styani 
30 May’16 

(1) 
Mother-reared 
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Red pandas at Chengdu were housed and bred in large social enclosures with five 

to more than 10 red pandas in a group. This was different from the husbandry of red 

pandas in North America, where they were housed in breeding pair or dam-cub groups. 

Once pregnancy in Chengdu was suspected, the individuals were relocated to a nursery 

building in a secluded area. The pregnant females were managed individually to avoid 

aggression and stress that may occur with being in social enclosure in a high human 

traffic area. The nursery enclosures consisted of two nestboxes (one on the ground and 

one directly above the first nestbox) in an air-conditioned room with 24 hours access to 

an outside area where food, water, and a platform and native plants for climbing were 

provided. Their diet during birthing season comprised primarily of bamboo shoots, apple, 

and a mixture of grains and supplement vitamin called the "panda cake". After 

parturition, the husbandry staff had access to the outside area and only entered the air-

conditioned room in case of emergency.  

All SCBI pandas were kept as a breeding pair in a part of the facility not 

accessible by visitors. After confirmed pregnancy by ultrasound, the pregnant female 

remained in the same enclosure to avoid relocation stress, while the male was shifted to 

an adjacent enclosure. The red panda enclosures at SCBI were outdoor, tall cylinder-

shaped, with branches and a few toys available for enrichment. Two nestboxes were 

provided, both were slightly raised off the ground, with one opening for the keepers and a 

separate entrance for the red panda dam and her cubs, as suggested to be more effective 

in decreasing stress in the dams (Loeffler 2011a). The nestboxes were designed to be 

semi-temperature regulated and were normally cooler than the temperature outside the 
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nestbox during the nesting season (Kordell, personal communication, 2017). The pandas 

were mainly fed Marion leaf-eater biscuits (SKU# LEL B25 Size: 1" x ½") with a 

supplement of bamboo and fresh fruits. After parturition, husbandry staff only opened the 

enclosure to provide food and water immediately next to the door of the enclosure, while 

frequently monitoring the red pandas in the nestbox via video camera. No access to the 

nestbox by the keeper was allowed until after the dam came out of the nestbox for 3-4 

days consecutively when the keeper was present, or an emergency emerged.  

 

Data collection 

Maternal state behaviors of focal females and time spent out of the nestbox were 

measured as duration and event behaviors were measured as number of occurrence 

(Martin & Bateson 2007) (Table 2.2). The behaviors were recorded from nestbox footage 

using “Animal Behaviour Pro” application 

(https://www.kent.ac.uk/sac/iosapp/animalbehaviourpro.html) 

https://www.kent.ac.uk/sac/iosapp/animalbehaviourpro.html
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Table 2.2: Ethogram of maternal behavior in nestbox. Adapted from Gebauer 2011; 

Keeley et al. 2012, and  Kordell, personal communication,2015 

State behaviors (measure duration of these behaviors and number of occurrences) 

Carry Dam uses mouth to move cub from one location to another 

Groom “Licking/washing" own’s body or cub’s body using tongue 

(and paws on upper body/head) in a downward motion. Tail 

may be drawn toward mouth for cleaning. (Note: self-groom 

or groom cub) 

Lay/sleep (Rest) Lying motionless without reacting to surroundings.  Sleep 

can be noted when animal is motionless, and their eyes are 

closed. (Note: alone or in contact with cub) 

Locomote Walking around within the nestbox. No interaction with the 

cubs 

Nurse Dam is motionless in a lying, sitting or standing position 

with cub(s) suckling from a nipple 

Sit/Stand Sitting with weight on back limbs and front paws on and/or 

off the ground/Standing on all fours or on the back two paws 

(Note: alone or in contact with a cub) 

Other  Behavior of mother or interaction of mother-cub is obscured 

by position of the mother’s body and thus cannot distinguish 

for certain if nursing, grooming or other is occurring, 

including behaviors not otherwise noted in this ethogram. 

(Note: alone or with a cub) 

Out of sight Observer cannot see individual. (Note: alone or with a cub) 

Events (note all occurrences) 

Alert Head snaps up, eyes open, with reaction to the surroundings 

in some manners (e.g. head or ear movement). Has to 

interrupt the previous behavior and panda needs to return to 

the previous behavior after alert event.  

 

Infrared video cameras Tiandy TC-NC9200S3E-2MP-IR30 in Chengdu and Tiny 

Turret 212-71/3” color plus DIS Color IR in SCBI were mounted in the nestboxes and the 

video footage was downloaded from a DVR for analysis. The observation period started 

as soon as the dam gave birth to the cub (time 0hr). 

In Chengdu, only the first 24hrs post-parturition were available for analyses due 

to facility regulations, although some video footage was missing (16hr for Chengdu1; 19, 
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20, and 24hr for Chengdu2). The available data still provides insightful information 

because 19% of all cub mortality occurred within the first day after birth (Loeffler 

2011a). All of the dam behaviors within the first 24hrs from Chengdu (n=2) were 

observed in one-hr increments. In contrast, all behaviors within the first 72hrs, where it 

has been reported that 35% of cub mortality occurred (Loeffler 2011a), were analyzed in 

one-hr bouts from SCBI footage (n=4). Only 50hrs of SCBI1 were available because the 

video was lost, while all 72hrs of SCBI2(15), SCBI3, and SCBI2(17) were available. The 

footages of the first 24hrs at Chengdu and 72hrs at SCBI were observed continuously 

starting from time 0hrs.  

To gain a better understanding of maternal care throughout the nestbox period, 

two SCBI pandas, SCBI2(17) and SCBI3 from the 2017 season were observed for 3 

months. After 3 months, the cubs start spending more time outside the nestbox with the 

dam (Loeffler 2011a), making it impossible to study the dam’s behavior without cameras 

outside the nestboxes. In contrast to the continuous observation of 24hrs and 72hrs 

footage, the maternal behavior for the 3 months observation was observed in 30 minutes 

sessions, four times per day; so that over the span of a week, 28 observations were 

conducted on each animal. The four observations “time slots” were recorded six hours 

apart so all four time periods in a day: 0:00-6:00, 6:00-12:00, 12:00-18:00, and 18:00-

24:00 could be represented. Each subsequent sampling day was conducted 1 hour later 

than the previous day. This method allowed for each hour of the day to be sampled at 

least once over the course of the sampling week because the time of the day may affect 

the behavior of the observed dam. Due to technical error, some data were missing. For 
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SCBI3, missing data includes day 25 to 29, 51, 56, and 90; day 95 was missing from 

SCBI2(17) data.  

Nursing was defined on the ethogram; although it is crucial to mother-cub 

interactions and rearing success, it could not be included in this study. Due to the angle of 

the camera and the position of the red panda, the cub was frequently blocked from view 

and nursing could only be presumed. Because nursing was frequently not visible, the 

interaction between the dam and cub was reported as the accompanying body position 

instead, such as sitting or lay/sleep with cub. Vocalization was not included in the study 

because the camera used did not have an audio recording function. All observations were 

non-invasive and were approved by the appropriate Smithsonian and George Mason 

IACUC committees. 

  

Data Analysis 

Duration of state behaviors were analyzed as minutes per hour visible, except for 

time out of nestbox, which was calculated as minutes per hour. Events were analyzed as 

rate of occurrence per hour visible. Dam-cub interaction were presented in percentage of 

time observed. Student’s t-test was conducted to test for significant individual differences 

between the two subjects at Chengdu for 24 hrs observation and the two subjects at SCBI 

for the 3 months observation. One-way ANOVA was used to investigate significant 

individual differences between four subjects at SCBI for the 72 hours observation. One-

way ANOVA was then performed to compare duration of behaviors within individuals, 

followed by a Tukey’s test for posthoc analyses (aov; TukeyHSD, HSD.test). A linear 
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regression was performed (lm) to test for change in the duration of behavior over time for 

each subject. All results were reported as mean ± SE and significance were determined as 

P<0.05 using R-Studio (v.1.1.456). 

 

Results 

Chengdu1 spent more time (t35=2.58, P=0.01) out of nestbox (Fig. 2.1) and alerted 

more frequently (t30=2.08, P=0.04) than Chengdu2 (Chengdu1 alert:1.64±0.49/hr; 

Chengdu2 alert: 0.48±0.22/hr). No other differences between the two pandas at Chengdu 

were detected (P>0.05). Both pandas differed in duration of each behavior (Chengdu1: 

F5=17.79, P<0.01; Chengdu2: F5=33.05, P<0.01). Posthoc analyses indicated no 

difference between time spent grooming and resting nor between locomote, sit/stand, and 

other (not shown on the figure). Both red pandas rested and groomed more than (P<0.05) 

locomoted, sit/stand, or other (Fig. 2.1). Average time spent resting, grooming, and out of 

nestbox were not different from each other for Chengdu1 but were greater than time 

locomoting and sit/stand. Chengdu2 allocated more time to rest and groom than out of 

nestbox, which was more than time spent locomoting and sit/stand (Fig. 2.1). 

 



29 

 

  

 

From start to the end of the 24 hours, the time out of the nestbox increased 

significantly (Fig. 2.2A) for Chengdu1. For Chengdu2, the time spent outside the 

nestbox, locomote, and sit/stand decreased over 24hr (Fig. 2.2; Table 2.3). No other 

behaviors changed over the first 24hr post-parturition (P>0.05; Table 2.3).            

Figure 2.1. Mean length of time allocation during the first 24 hours 

post-parturition of red panda dams. “Other” behaviors not listed 

represented less than 1 minute per hour visible and thus, is not 

included in the graph. Chengdu. * denotes significant (P<0.05) 

individual differences between pandas  
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Table 2.3. Linear regression of time allocation during the first 24hrs post-parturition of two 

red panda dams at Chengdu. Significant results are listed in bold. 

 

Behavior/ID R2 

Standard 

error P-Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Groom 

   Chengdu1 

   Chengdu2 

0.1063 

0.0008 

20.6843 

15.2668 

0.1289 

0.9005 

19.0331 

23.1089 

0.9695 

0.0627 

Rest 

   Chengdu1 

   Chengdu2 

0.0499 

0.0559 

22.2443 

16.0993 

0.3056 

0.3022 

32.1474 

24.9084 

-0.6927 

0.5531 

Locomote 

   Chengdu1 

   Chengdu2 

0.0154 

0.3802 

2.9836 

3.1383 

0.5722 

0.0029 

3.7856 

6.4055 

-0.0508 

-0.3470 

Sit/Stand 

   Chengdu1 

   Chengdu2 

0.1685 

0.2648 

3.6938 

2.8988 

0.0517 

0.0170 

5.0339 

5.2067 

-0.2260 

-0.2456 

Other 

   Chengdu1 

   Chengdu2 

N/A 

0.1721 

N/A 

0.3600 

N/A 

0.0615 

N/A 

0.3705 

N/A 

-0.0232 

Out of Nestbox 

   Chengdu1 

   Chengdu2 

0.4075 

0.2511 

14.2203 

6.1295 

0.0010 

0.0207 

1.7486 

13.5894 

1.6026 

-0.3263 

Alert 

   Chengdu1 

   Chengdu2 

0.1321 

0.1272 

2.3265 

0.9982 

0.0882 

0.1126 

3.0355 

1.0407 

-0.1233 

-0.0538 

Figure 2.2. Regression analyses of minutes per hour visible of red pandas A) out of the 

nestbox, B) locomote, and C) sit/stand. The graph shows Changedu1 (Blue) and 

Chengdu2 (Orange). 

■ Chengdu1 
■ Chengdu2 

B C A 
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Dam-cub interaction 24hrs post-parturition (Chengdu)  

Chengdu1 spent more time (t22 = 3.91, P<0.01) carrying her cub than Chengdu2 

(Fig. 2.3A). No other significant individual differences were detected. Both Chengdu1 

and Chengdu2 rested with cub and groomed cub more than sit/stand with cub and carry 

cub (Chengdu1: F3=12.86, P<0.01; Chengdu2: F3=31.15, P<0.01) (Fig. 2.3). Percent of 

time Chengdu1 spent carrying her cub decreased over 24 hrs (Fig. 2.3.B; Table 2.4). No 

significant change over time was detected for any behaviors in Chengdu2 (Table 2.4).  

 

 
Figure 2.3. A) Mean percent of time dam-cub interact during the first 24 hours post-

parturition at Chengdu. B) Change in percent per observation Chengdu1 spent carrying 

her cub. Shaded area represents standard error, * denotes significant (P<0.05) individual 

differences in duration of behaviors between pandas 
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Table 2.4. Linear regression result of change in % duration of dam-cub interactions over 24 

hours post-parturition for two females at Chengdu. Significant (P<0.05) differences are 

bolded 

 

Maternal behavior 72hrs post-parturition (SCBI) 

Time allocation of the four pandas at SCBI differed during the first 72hrs post-

parturition (P<0.05). SCBI1 spent more time on grooming (F3=18.30, P<0.01) and less 

time on resting (F3=16.50, P<0.01) than the other three pandas. SCBI1 and SCBI2(17) 

locomoted more (F3=0.07, P<0.01) than SCBI2(15) and SCBI3.. SCBI2(17) was out of 

nestbox (F3=3.44, P=0.02) longer than SCBI3. No individual difference in occurrences of 

alert was detected (F3=1.75, P=0.16) between the individuals (SCBI1:1.61±0.42/hr; 

SCBI2(15):.21±0.20/hr; SCBI3: 87±0.22/hr; and SCBI2(17) 1.68±0.33/hr). No 

differences occurred between time spent sit/stand, locomote, out of nestbox, and other for 

SCBI1, SCBI3, and SCBI2(17). Time sit/stand was more than locomote and other for 

SCBI2(15) (Fig. 2.4). “Other” made up less than 1 minute in hour visible for all subjects 

and was not included in the graph.  

Behavior/ID R2 

Standard 

error P-Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Groom cub 

   Chengdu1 

   Chengdu2 

0.0772 

0.0640 

17.5344 

22.0454 

0.1994 

0.2685 

29.6394 

21.9811 

-0.6890 

0.8603 

Lay/Sleep with cub 

   Chengdu1 

   Chengdu2 

0.1138 

0.1458 

34.9653 

24.1372 

0.1155 

0.0877 

29.6394 

27.2350 

-0.6890 

1.4878 

Carry cub 

   Chengdu1 

   Chengdu2 
0.3389 

0.1458 
2.3207 

24.1372 
0.0036 

0.0877 
4.8819 

27.2350 
-0.2258 

1.4878 

Sit/Stand with cub 

   Chengdu1 

   Chengdu2 

0.1284 

0.1801 

5.4658 

3.9504 

0.0932 

0.0552 

6.5942 

6.1662 

-0.2851 

-0.2762 
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Figure 2.4 Mean length of time budget during the first 3 days post-parturition of red panda 

dams at SCBI (n=4). Symbols denote individual differences (P<0.05) in duration of 

behaviors between pandas 

 

Over the 72hrs observed, SCBI3 decreased in duration of resting while increased 

the time spent sit/stand and out of nestbox; SCBI1 increased the time out of nestbox and 

decreased the time sit/stand; and SCBI2(15) increased duration sit/stand (Fig. 2.5; Table 

2.5).  
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Figure 2.5. Regression analyses of minutes per hour visible of A) Rest, B) Sit/stand, and 

minutes per hour of C) Out of nestbox of four females at SCBI during 72 hours post-

parturition period. Shaded area represents the standard error. 
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Table 2.5. Linear regression of time allocation during the first 3 days post-parturition of 

four red panda dams at SCBI. Significant results are listed in bold.  

Behavior/ID R2 

Standard 

error P-Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Groom 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0147 

0.0193 

0.0226 

0.0035 

16.7073 

13.1239 

10.6159 

14.4089 

0.4018 

0.2451 

0.2076 

0.6206 

35.2970 

21.8321 

11.2029 

19.2674 

-0.1385 

-0.0872 

0.0766 

-0.0406 

Rest 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0590 

0.0000 

0.0619 

0.0123 

18.0670 

14.5329 

13.0214 

16.3380 

0.0891 

0.9832 

0.0351 

0.3543 

15.2843 

35.8370 

47.9051 

35.2489 

0.3073 

-0.0017 

-0.1587 

0.0864 

Locomote 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0238 

0.0056 

0.0001 

0.0334 

2.6649 

0.9368 

1.1140 

2.1219 

0.2848 

0.5333 

0.9336 

0.1243 

2.3052 

0.2824 

0.4804 

1.7161 

-0.0282 

0.0033 

-0.0005 

-0.0187 

Sit/Stand 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.1992 

0.0979 

0.0886 
0.0123 

4.2823 

5.4803 

5.1514 
5.0823 

0.0012 

0.0074 

0.0111 

0.3540 

7.1242 

2.0486 

0.5053 

3.7591 

-0.1450 

0.0857 

0.0762 
-0.0269 

Alert 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0297 

0.0458 

0.0006 

0.0217 

2.9584 

1.6583 

1.9011 

2.7849 

0.2314 

0.0712 

0.8434 

0.2174 

0.7461 

0.6023 

0.9459 

0.9846 

0.0351 

0.0172 

-0.0021 

0.0197 

Out of Nestbox 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.1148 

0.0239 

0.0799 

0.0370 

9.2524 

9.1723 

4.8565 

11.1143 

0.0161 

0.1946 

0.0161 

0.1055 

-0.7782 

1.0593 

-1.0161 

2.4154 

0.2262 

0.0681 

0.0679 

0.1034 

Other 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0265 

1.0000 

0.0167 

0.0165 

0.4037 

0.0000 

1.0423 

0.0250 

0.2589 

NA 

0.2788 

0.2821 

-0.0106 

0.0000 

-0.0936 

0.0084 

0.0045 

0.0000 

0.0065 

-0.0002 
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Dam-cub interaction 72hrs post-parturition (SCBI) 

SCBI1 allocated more time grooming her cubs (F3=23.33, P<0.01) and less time 

resting with cubs (F3=14.41, P<0.01) compared to the other three pandas. SCBI1 carried 

her cubs more than SCBI2(15) (F3=4.25, P<0.01). SCBI2(15) spent less time resting than 

SCBI3 (F3=14.41, P<0.01) and spent even less time on carrying cub (F3=4.25, P<0.01) 

but more time sit/stand (F3=3.48, P<0.02) with cub than SCBI2(17) (Fig. 2.6).  

Analysis of differences in time allocation within individual showed SCBI1 was 

grooming her cub more than resting with cub (F5=82.12, P<0.01). The other three pandas 

spent more time resting with cub than grooming cub (SCBI2(15): F5=211.603, P<0.01; 

SCBI3: F5=379.408, P<0.01; SCBI2(17): F5=177.759, P<0.01)). SCBI2(15) was carrying 

cub less than sitting/standing with cub. Out of nestbox with cub and other behaviors both 

represented less than 1% of the observation and were not included in Fig. 2.6). 

 

  

Figure 2.6 Mean length of time dam-cub interact during the first 3 days 

post-parturition at SCBI. Symbols denote individual differences in 

duration of behaviors between pandas. 
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Over 72 hrs, change in time carrying cub decreased in all four pandas (Fig. 2.7; 

Table 2.6). Sit/stand behavior by SCBI1 decreased but increased for SCBI2(15) and 

SCBI3. SCBI3 decreased time resting with cub while SCBI2(17) decreased duration of 

time out of nestbox with cub.  

 

A 

  

 B 

 ■ SCBI1 

■ SCBI2(15) 

■ SCBI2(17) 

■ SCBI3 
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■ SCBI2(15) 
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Hours since birth 
 Figure 2.7. Regression analysis in percent per observation a) carry cub and b) sit/stand with cub 

of four females at SCBI for the 72 hours post-parturition period. Shaded area represents the 

standard error. 
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Table 2.6.Results of linear regression analysis of change in % duration of dam-cub 

interactions 3 days post-parturition of four females at SCBI. Significant differences are in 

bold. 

Behavior/ID R2 

Standard 

error 

P-

Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Groom Cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0347 

0.0026 

0.0261 

0.0129 

25.2651 

18.1943 

14.7380 

20.4533 

 

0.1955 

0.6704 

0.1755 

0.3427 

 

55.9491 

25.3334 

16.0480 

27.9841 

 

-0.3250 

-0.0441 

0.1144 

-0.1108 

 

Lay/Sleep with cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0477 

0.0002 

0.0802 

0.0003 

30.3077 

25.6044 

22.6259 

30.4022 

 

0.1276 

0.7120 

0.0159 

0.8871 

 

25.3235 

59.4649 

80.6240 

58.9219 

 

0.4606 

-0.0538 

-0.3171 

0.0246 

 

Carry Cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.1323 

0.0630 

0.1258 

0.0677 

3.1344 

0.6631 

1.2693 

2.4496 

 

0.0094 

0.0334 

0.0022 

0.0273 

 

3.3014 

0.4434 

1.1975 

2.2169 

 

-0.0831 

-0.0082 

-0.0228 

-0.0313 

 

Sit/Stand with cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

 

0.2179 

0.0806 

0.0827 

0.0163 

 

6.9245 

9.0939 

8.3848 

6.7677 

 

 

0.0006 

0.0157 

0.0143 

0.2846 

 

 

11.7574 

3.4853 

0.8942 

5.1194 

 

 

-0.2482 

0.1278 

0.1194 

-0.0414 

 

Out of Nestbox 

w/cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

0.0599 

0.0112 

0.0112 

0.0662 

0.1344 

0.2447 

0.7038 

1.4969 

0.0868 

0.3771 

0.3771 

0.0291 

0.0840 

0.0726 

0.2088 

1.1030 

-0.0023 

-0.0012 

-0.0035 

-0.0189 

Other w/cub 

   SCBI1 

   SCBI2(15) 

   SCBI3 

   SCBI2(17) 

 

0.0020 

1.0000 

0.0186 

1.0000 

 

0.4148 

0.0000 

1.6444 

0.0000 

 

0.7587 

N/A 

0.2537 

N/A 

 

0.0273 

0.0000 

-0.1623 

0.0000 

 

0.0013 

0.0000 

0.0107 

0.0000 
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Maternal behavior 3mo post-parturition (SCBI) 

 

 

SCBI2 spent more time on groom (T159= -2.45, P=0.01), exhibited a higher 

frequency (T122=-2.70, P<0.01) of alert (SCBI3: 0.38±0.09; SCBI2: 0.96±0.19), and spent 

less time performing other behaviors not listed (T83=2.50, P=0.01) than SCBI3. For both 

subjects (SCBI3: F5=95.47, P<0.01; SCBI2: F5=109.573, P<0.01) time spent on rest and 

out of nestbox was more than groom, which was more than locomote, sit/stand, and other 

behaviors. (Fig. 2.8). Both pandas increased time spent out of nestbox and decreased time 

spent on rest and the frequency of alert. SCBI3 also decreased the time spent sit/stand and 

increased in time spent on other activities not listed over time.  

Figure 2.8. General behavior time allocation during the 3 months post-parturition of 

dams at SCBI. * denotes individual differences (P<0.05) in duration of behaviors 

between pandas 
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Figure 2.9. Change in time spent performing A) groom B) out of nestbox C) locomote 

D) others E) rest F) sit/stand G) alert of two females at SCBI during the first 3 months 

post-parturition in minutes per hour visible (out of nestbox in minutes per hour and 

alert in occurrences per hour visible). Shaded area represented the standard error. 
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Table 2.7 Linear regression of time allocation during the first 3 months post-parturition of 

two red panda dams at SCBI. Significant results are listed in bold.  

 

 

 

Dam-cub interactions 3mo post-parturition (SCBI) 

SCBI2 spent more time out of nestbox with cub than SCBI3 (T105= -4.41, 

P=0.01). No other individual differences were detected. Both pandas rested with cub 

more than groomed cub (SCBI3: F5=61.82, P<0.01; SCBI2(17): F5= 41.92, P<0.01). 

SCBI3 allocated more time to grooming the cub than sit/stand, out of nestbox, and other. 

SCBI2 was out of nestbox with cub more than grooming cub and was grooming cub more 

than sit/stand and other behaviors (Fig. 2.10). 

Behavior/ID R2 

Standard 

error 

P-

Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Alert 

   SCBI3  

   SCBI2 

0.2067 

0.1073 

0.7692 

1.6303 

<0.0000 

0.0014 

1.0413 

1.8602 

-0.0142 

-0.0207 

Groom 

   SCBI3  

   SCBI2 

0.0454 

0.0413 

16.2394 

17.9447 

 

0.0503 

0.0502 

 

9.3515 

14.7906 

 

0.1284 

0.1367 

 

Rest 

   SCBI3  

   SCBI2 

0.0817 

0.2105 

21.6048 

19.2601 

 

0.0080 

<0.0001 

 

44.6208 

45.2133 

 

-0.2337 

-0.3649 

 

Locomote 

   SCBI3  

   SCBI2 

0.0395 

0.0406 

3.9038 

3.7582 

 

0.0681 

0.0540 

 

0.0436 

0.7578 

 

0.0287 

0.0284 

 

Sit/Stand  

   SCBI3  

   SCBI2 

 

0.0503 

0.0070 

 

5.7337 

4.6609 

 

0.0391 

0.4278 

 
5.0157 

3.0528 
-0.0478 

-0.0144 

Out of Nestbox 

   SCBI3  

   SCBI2 

0.4218 

0.4320 

14.1314 

14.2106 

<0.0001 

<0.0001 

11.0159 

14.4334 

0.4376 

0.4547 

Other 

   SCBI3  

   SCBI2 

0.0784 

0.0055 
5.8286 

1.2222 
0.0095 

0.4840 
-1.0591 

0.2876 
0.0616 

-0.0033 
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Both pandas decreased (P<0.05) the percent of time spent grooming cub, resting, 

and sit/stand with their cubs and increased time spent out of nestbox with cub over time. 

SCBI2 decreased the percent of time carrying her cub while SCBI3 increased percent of 

time spent on other behaviors over time (Table 2.8; Fig. 2.11).  

 

 

  

Figure 2.10. Mean length of percent dam-cub interact during the first 3 months post-

parturition at SCBI. * denotes individual differences in duration of behaviors between 

pandas. 
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Table 2.8. Linear regression of dam-cub interaction during the first 3 months post-

parturition of two red panda dams at SCBI. Significant results are listed in bold. 

Behavior/ID R2 

Standard 

error 

P-

Value 

Coefficient 

(Intercept) 

Coefficient 

(independent) 

Groom cub 

   SCBI3  

   SCBI2 

0.0458 

0.0765 

10.1226 

10.8524 

0.0491 

0.0076 

13.0816 

15.9786 

-0.0804 

-0.1146 

Rest with cub 

   SCBI3  

   SCBI2 

0.2492 

0.3765 

24.5649 

20.3181 

<0.0001 

<0.0001 

51.8982 

53.2690 

-0.5132 

-0.5793 

Carry cub 

   SCBI3  

   SCBI2 

0.0317 

0.0628 

0.9208 

0.8251 

0.1030 

0.0160 

0.4767 

0.7504 

-0.0060 

-0.0078 

Sit/Stand  

   SCBI3  

   SCBI2 

0.1639 

0.3765 

4.4810 

20.3181 

0.0001 

<0.0001 

5.5137 

53.2690 

-0.0719 

-0.5793 

Out of Nestbox 

   SCBI3  

   SCBI2 

0.1003 

0.3705 

6.6149 

20.4852 

0.0031 

<0.0001 

-2.2481 

-12.7001 

0.0801 

0.5766 
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■ SCBI2(17) 
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A B 

C D 

E F 

Figure 2.11. Change in percent of time spent performing A) groom cub B) resting with cub C) carry 

cub D) sit/stand with cub E) out of nestbox with cub F) other behaviors with cub of two females at 

SCBI in percent per observation during the first 3 months post-parturition. Shaded area 

represented the standard error. 



45 

 

Discussion 

Time allocated to different maternal behaviors by red pandas from both facilities 

differed and changed as the cubs matured. Change in time allocation over 3 months 

observation was expected, as cubs mature, the dam should adjust her activity to meet the 

cub’s needs while being energetically efficient. Although the red pandas from both 

locations were not directly comparable due to subspecies and management differences, 

some general trends emerged.  

Resting with cub and grooming cub were the most observed behaviors throughout 

the nesting period. Grooming behavior only significantly exceeded time spent on resting 

in a dam with three cubs (SCBI1) during the 72 hours post-parturition period. Locomote, 

sit/stand, and other, both alone and with cub represented less than 10% of the time 

allocation. These results, with the exception of eating and drinking (which was not 

observed during this study because the water and food bowls were situated outside the 

nestbox), were consistent with patterns observed in other altricial carnivores, especially 

in mustelids, which is the most closely related family to the red pandas (Starck & 

Ricklefs 1998; Glatston 2011; Groves 2011). The significant decrease in time resting 

over 3 months was not surprising as it is consistent with prior studies on red panda 

maternal behavior (Liu et al. 2003; Gebauer 2011) and sea otters (Enhydra lutris), a 

closely related species to red panda (Osterrieder & Davis 2011). Dams spend most of 

their time resting to conserve energy because lactation is the most costly behavior in 

mammals compared to any other activities, including copulation (Starck & Ricklefs 

1998). Rest was the most common posture during observable nursing bouts. Thus, the 
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decrease in time spent resting could also be associated with development of the cub. As 

the cub matured and weaning period started, there was less need for the dam to nurse the 

cubs or provide warmth as the cubs become more independent in their ability to 

thermoregulate, as documented in red pandas (Gebauer 2011), sea otters (Osterrieder & 

Davis 2011), howler monkeys (Alouatta spp.)(Dias et al. 2018), and other carnivorous 

mammals (Starck & Ricklefs 1998)). 

Next to rest, grooming was the most observed behavior of all pandas in the 

present study. Groom cub was reported to be the most common behavior by the red panda 

dams in the nestbox (Liu et al. 2003; Gebauer 2011) which decreases over time as cub 

matures. Average grooming time for adult red panda is 16.7% per day but no cub-

grooming average was reported (Gebauer 2011). In the present study, time spent 

grooming, which includes both groom self and groom cub, ranged from 23 - 52% of the 

day and time spent exclusively on grooming cub ranged from 9 - 48%. Time spent 

grooming did not change over 3 months while the time spent on grooming cub decreased. 

These results indicated an increase in time spent on groom self, which also implied more 

self-care toward the end of 3 months observation. 

Grooming cub is normally seen as a sign of maternal care and acceptance of the 

cub. Dams stimulate urination and defecation by licking the anogenital area of the cub 

and also groom other parts of the cub’s body until sexual maturity (Gebauer 2011; 

Northrop & Czekala 2011). It is possible that as the cub matured and developed self-

grooming mechanisms, the mom could spend less time in this activity and groom herself 

more as seen in sea otters (Sandegren et al. 1973; Gelatt et al. 2002; Osterrieder & Davis 
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2011). Similar to the present study, Gebauer (2011) reported a decrease in percent of time 

grooming the cub behavior to 3% by 3 months post-parturition.   

Grooming excessively can be an indicator of stress and can cause 

dermatophytosis leading to cub mortality (Loeffler 2011a; Philippa & Ramsay 2011; 

Princée & Glatston 2016). In the present study, one dam (SCBI1), whose cub was later 

hand-reared after 7-weeks because the dam was sick, groomed her cub significantly more 

than other pandas and more than the time she rested. Her level of grooming may be an 

indicator of her sickness, stress, individual preference, or it could reflect her having a 

larger litter (n=3) and the higher resulting attention demands by the cubs. Because of the 

design of this study, the association between rest, groom cub, and dam’s ability to 

successfully rear the cub herself could not be investigated. One of the Chengdu red 

pandas consumed her cub around 35hr post-parturition. The results from this small 

sample suggest that dams that did not raise their cubs to maturity spent less time resting 

than grooming cub and also rested less than other successful dams during the first few 

days post-parturition. In a similar study of the polar bear (Ursus maritimus), another 

mammal with altricial young, successful dams spent more time resting in the first 3 days 

post-parturition than the dam that lost her cubs (Gessel 2015). The relationship between 

the time resting, other activities, and the ability of the dam to raise her cub may be worth 

further investigation. 

Carrying cub is another behavior that could indicate stress because the dam will 

carry and relocate cubs if she is disturbed (Fisher 2011; Loeffler 2011a). For a majority 

of the pandas in the present study, the percent of time spent carrying cub is high 
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immediately after birth and started to gradually decrease a few hours after birth. In the 

first days after birth, the decrease was most likely due to the dam settling down after 

finding a comfortable and secure spot in the nestbox (Gebauer 2011). One dam, 

SCBI2(17), frequently carried one cub from one nestbox to the other for a few days post-

parturition. After the husbandry staff interfered and moved the abandoned cub into the 

same nestbox, the percent of time SCBI2(17) carried either cub decreased. For the 

Chengdu dam that consumed her cub percent of time carrying the cub was higher than the 

successful dam and decreased over 24 hr of observations as she left her cub in the 

nestbox more toward the time of cub consumption. This may be an individual difference 

in cub carrying preference or it could be an indicator of stress leading to the dam 

consuming her cub (Loeffler 2011a). Thus, abrupt changes in carrying behavior, higher 

amount of time spent on carrying than other nursing red pandas in the facility, or no 

observable decrease in carrying cub in the first 72 hours may indicate complications. 

Carrying cub negatively correlates with nursing time and could directly affects the cub’s 

well-being (Philippa & Ramsay 2011), resulting in an unsuccessful cub-rearing as 

observed in Chengdu dam who consumed her cub in this study.  

The red panda that continued to carry her cub and subsequently consumed it 

alerted about three times more than other dams. Alert was measured as a disruption of an 

on-going behavior and this could be an indication of disturbance. The Chengdu dam may 

have been disturbed by something outside her nestbox which contributed to her high 

number of alerts and the frequency with which she carried her cub. Alert was the only 

event behavior that was observed more than once per individual throughout the study. 
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Scent, scratch, lick/sniff were all expected to occur more frequently than observed. 

Location of the camera may have prevented our ability to observe some of these 

behaviors; others, such as scent marking may have occurred outside of the nestbox and 

went undetected. 

The prediction that time out of nestbox, both alone and with cub, would increase 

over 3 months was supported. During that time, the cub drastically matures and becomes 

less dependent on the dam. As a result, it is likely that the dam can spend more time on 

other self-benefitting behaviors such as food and water consumption and lay/sleep 

outside the nestbox. Starting around 8-11 weeks, the surviving cubs from SCBI3 and 

SCBI2(17) started following the dam out of nestbox. One of SCBI2(17)’s cubs never had 

the ability to independently leave the nestbox and was later euthanized at 4 months old 

due to rapid weight loss and renal failure. Results of the present study corroborate prior 

observations of red pandas which indicate cubs leave the nestbox around week 10-12 

(Gebauer 2011; Northrop & Czekala 2011). In giant panda (Ailuropoda melanoleuca), 

cubs also leaves the den at around 3 months old (Zhu et al. 2001).  

The amount of time the dam spends with the cub in the first few weeks is critical, 

and less time spent with cub could directly interfere with a dam’s ability to raise her cubs. 

Time spent out of nestbox takes time away from nursing or aiding with the cub’s 

thermoregulation, leading to malnutrition, compromises immunity, and heat stress of the 

cubs (Starck & Ricklefs 1998; Loeffler 2011a; Princée & Glatston 2016). Based upon 

previous studies (Gittleman 1997; Gebauer 2011), time out of nestbox was predicted to 

be relatively low during the first days post-parturition. In lab mice (Mus musculus) 
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(Weber et al. 2013)and black bears (Ursus americanus) (Linnell et al. 2000), there is a 

negative correlation between time away from the den and the mom’s ability to care for 

her offspring. All pandas who failed to raise any of her cub to sexual maturity (Chengdu1 

and SCBI1) showed an increase in time spent out of the nestbox during the first 3 days. A 

successful dam (SCBI3) also showed an increased in time out of nestbox during the first 

3 days but her behavior could also be explained by individual differences. SCBI3 did not 

leave the nestbox during the first day while all other panda briefly left. On the second 

day, the time spent out of nestbox by SCBI3 was the similar to other pandas. This may 

account for the significant increase in time out of nestbox seen in SCBI3. It is also 

relevant to mention that, while not reported as time out of nestbox due to scoring 

methods, both pandas observed in 2017 spent time in a nestbox with one cub while 

leaving the other cub behind in a different nestbox during the first day post-parturition. It 

was impossible in this study to distinguish between the cub that died and the cub that 

survived to adulthood to see if the dam had a preference for with which cub she stayed.  

Although not totally comparable because of management differences, the dams in 

Chengdu spent more time (mean: 8 and 19.9 m/hr) out of the nestbox, 13.3% and 33.16% 

of their time respectively in the first 24hr, than those at SCBI (1.39 – 4.76 m/hr; 2.32%-

7.93% of time) in the first 72hr post-parturition. Red pandas spent time with her cub for 

several hours after birth and gradually decrease the time spent in the nest box over the 

week (Gebauer 2011). Dams of altricial young typically spend most of their time during 

the first day after parturition inside the den with their offspring, as shown with other 

species like the cheetah (Acinonyx jubatus) (Laurenson 1993; Schmalz-Peixoto 2003) and 
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lab mice (Mus musculus)(Weber et al. 2013). Temperature is the most common factor 

associating with time spent out of nestbox by altricial mammals, where warmer 

temperature causes the mom to spend less time in the nestbox (Glatston 1993; Zidar 

2008; Princée & Glatston 2016; Studd et al. 2016). Thus, it is possible that location, 

temperature, and humidity contributed to higher percentage of time out of nestbox for 

Chengdu pandas than SCBI dams. Unfortunately, temperature inside the nestbox was not 

measured during this study. While temperature is the most likely factor, differences in 

management, enclosure condition, and subspecies, as well as individual preference all 

could have contributed to these differences. This further supports the need for additional 

research to investigate the correlation between time away from the nestbox and cub 

mortality in red pandas, as well as the intricate connection between factors that may have 

caused the dam to leave her nestbox. 

No differences, except for carrying cub and sit/stand with cub, were observed 

between the two cub rearing seasons for SCBI2 during the 72 hours post-parturition. The 

finding supports Roberts' (1982) study of neonatal mortality in red panda, which 

concluded that the experience of the dam does not change her post-parturition activities 

or affects the survival of the cub. Maternal experience having no effect is unexpected; in 

other species such as brown rat (Rattus norvegicus) (Fleming & Luebke 1981), domestic 

sheep (Ovis aries)(Dwyer & Lawrence 2000), as well as various primates (Wilson 1980), 

experience  factors into variation in maternal behavior whereby nulliparous females 

exhibit more harmful behaviors than parturient mothers.  
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Contrary to Glatston (1993) whom suggested that given a choice, red pandas will 

choose a nestbox high above the ground because it is more natural for the arboreal 

species and probably less stressful, both red pandas at Chengdu chose the nestbox closer 

to the ground. SCBI only offered nestboxes on the ground, thus a similar comparison 

could not be made in those pandas. Due to management differences such as these 

between the two facilities, it is not possible to compare behaviors of the two subspecies 

within this study. However, data suggested that the time allocation of maternal activities 

by both subspecies are similar other than time out of nestbox.   

More comparative studies between the two subspecies, as well as between dams 

with different cub-rearing ability, are necessary to gain insight into the differences in 

post-parturition behaviors observed. Furthermore, many behaviors of the dam were likely 

underreported or missing altogether because they were more commonly occurring out of 

the nestbox. Activities such as eating or drinking normally occur at the feeding station 

outside of the nestbox. Data on food consumption along with body condition assessments 

would allow investigation of how energy consumption and energetic needs factor into 

maternal behavior and reproductive success as panda’s main diet is bamboo which is low 

in energetic value (Yonzon & Hunter 1991a; Nijboer & Dierenfeld 2011). Future 

research should include a larger sample size, the ability to measure climate inside and 

outside of the nestbox, and a camera outside the nestbox. Additional footage outside of 

the nestbox will allow for a more thorough observation of the dam’s daily activity. It also 

would be beneficial to measure glucocorticoid concentrations relative to maternal 

behavior, as stress is highly suspected to play a role in excessive grooming, excessive cub 
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carrying, and time spent away from the nestbox (Loeffler 2011a). However, facilities do 

not want to disturb dams after birth of the cub and collecting samples for analyses may be 

difficult. 

In conclusion, this study indicated that individual differences between red pandas 

exist, as well as changes in behavior over time. Except for time spent out of nestbox, red 

panda of both subspecies exhibited similar maternal behavior allocation; they spent most 

of their post-parturition time resting and grooming. Based upon this study, it may be 

possible to use the ratio between resting and active behaviors, change in time carrying 

cub, and time spent out of nestbox as indicators for cub-rearing success. The current cub 

mortality rate of 40-50% in North America (Princée & Glatston 2016) may be normal 

considering red pandas are a folivorous carnivore, like the giant panda, and may not have 

enough energy to keep more than one cub alive. Thus, it might be natural for the red 

panda dam to sacrifice the weaker cub to help ensure the survival of the more vigorous 

one (Zhu et al. 2001; Dell’Amore 2015; Kaplan 2015). The reasons for cub mortality are 

complex and are most likely a combination of an inappropriate environment, individual 

variation, genetics, or other factors not yet explored (Glatston 1993; Ryan et al. 2002; 

Fisher 2011; Gebauer 2011; Loeffler 2011a; Philippa & Ramsay 2011; Princée & 

Glatston 2016). More research needs to be conducted to fully understand the relationship 

of all factors that contribute to red panda maternal behavior and cub-rearing success.  
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 : SOCIAL BEHAVIOR OF NON-PREGNANT FEMALES 

Abstract 

Red panda (Ailurus fulgens) are reported to be a solitary species. Thus, managing 

red pandas in social groups of more than three unrelated adults is not recommended 

because it could lead to aggressive behaviors and injuries. However, adaptive social 

behavior and an increase in reproductive success has also been attributed to group 

management. Thus, social interactions of red pandas warrant further investigations as the 

dearth of knowledge could hinder the conservation efforts of this endangered species. 

The time allocation of non-pregnant female red pandas (A.f. styani; n=6) living in two 

social enclosures at the Chengdu Research Base of Giant Panda Breeding (Chengdu) was 

measured during the cub-rearing season (May 19th – July 1st 2016). Focal observations 

were conducted during the day time in 15 minutes increments once in the morning and 

once in the afternoon to compare differences in the duration and rate of occurrences of 

behaviors between and within individuals. Red pandas spent most of their time on non-

social behaviors, such as locomoting and straddling. Red pandas in one enclosure 

performed more gregarious behaviors (allogroom, play, and nose-nose) while red pandas 

in the other enclosure exhibited more agonistic behaviors (aggression and chase). The red 

pandas that had lived in their enclosure longer were perhaps more established in their 

territory, as demonstrated through lower activity levels and more time spent on self-

maintenance behaviors, such as self-grooming than newer additions. Observations 

suggested that some red pandas perform positive interactions when living in a group. 
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However, more research is needed to fully explain group behaviors in red panda as well 

as the effect of social living on reproductive success.  

 

Introduction 

Red panda, the sole member of family Ailuridae, is a unique bamboo specialist 

carnivore listed as endangered in the IUCN Red List of Species and Appendix I in CITES 

(Hodgson 1847; CITES 2016; Glatston et al. 2016). The population continues to decline 

due to threats from habitat loss (Groves 2011; Leus 2011; Panthi et al. 2012; Glatston 

2015; Glatston et al. 2016), habitat fragmentation (Yonzon & Hunter 1991a; Chakraborty 

et al. 2015; Glatston et al. 2016), habitat degradation by grazing cattle (Yonzon & Hunter 

1991b; Panthi et al. 2012; Sharma et al. 2014; Glatston et al. 2016), and illegal pet trade 

(Glatston & Gebauer 2011). To ensure the survival of the species and maintain a 

genetically and demographically diverse insurance population, the red panda is being 

bred ex-situ all over the world in zoos and conservation breeding facilities (Leus 2011; 

Primack 2016). The management and husbandry of red pandas ex-situ varies.  

The oldest recorded sighting of red panda by Hodgson and more recent 

observations suggest they are a solitary species for most of the year, only seen to 

socialize during mating season (Hodgson 1847; Yonzon & Hunter 1991a, 1991b). Most 

facilities in North America, Europe, and Australia adhere to the recommendations by the 

International Husbandry and Management Guideline (IHMG) (Glatston 1993), where a 

breeding pair should be kept together year-round, except during the denning period  

(Glatston 1993; Loeffler 2011a). Contrary to management in North American and 

European zoos, A.f. styani in Chengdu, China, are housed socially (Wei et al. 2005; 
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Loeffler 2011b; pers.obs) with a large group of five or more individuals per enclosure, in 

a relatively small space. Despite observations of the red panda being solitary and reports 

of aggressions, stereotypic behaviors, and injuries seen in large walkthrough enclosures 

accessible to the public (Loeffler 2011b, pers.obs), managing red pandas in social groups 

has shown some unexpected results such as allogrooming and allomothering (Jones 

2011). Behaviors of solitary animals managed in a social arrangement warrant further 

investigation. 

Reproductive success and cub survival rates of red pandas in China housed in a 

multiple females and one male group is better than the success of a female housed with 

her mate (Wei et al. 1999). A group of four adults and five young adult pandas, some 

related, successfully help each other raise the cubs (Jones 2011). Thus, reproductive and 

maternal success may depend on the social interactions of the dam with the pack at large. 

Further, these unexpected behaviors raise an interesting question about the social 

behavior of wild red pandas. Red pandas are mutually tolerant in captivity and exhibited 

some social behaviors, thus there is a possibility that small bands may also form in nature 

(Wilson 1980). Allomaternal care is usually limited to advanced social species with 

intricate communications, social structures, and family bonds such as African elephant 

(Loxodont Africana) and chimpanzee (Pan spp.) (Wilson 1980). Because allomothering 

occurs in captive red panda, it is possible that for some free-ranging populations of red 

panda, not yet studied, will also adapt to this social structure to improve reproductive 

success, particularly in the face continuing habitat loss and fragmentation.  
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This project aimed to investigate the time allocation of two groups of non-

pregnant female red pandas (A.f. styani) living in social enclosures in Chengdu Research 

Base of Giant Panda Breeding, China (Chengdu), during the birthing season. Based on 

the literature suggesting that red pandas are solitary, gregarious behaviors such as 

allogrooming, touching nose, smelling, and playing with a conspecific were predicted to 

be rare. Agonistic behaviors such as aggression, chase, and backing away as well as 

territorial defense behavior like scent-marking were expected to be commonly observed 

in this study. No prior research has focused upon the behavior of non-pregnant female red 

pandas, living in a social setting. Thus, the results of this study expand our knowledge of 

the time allocation of red pandas in a social setting and can be used to enhance 

management guideline. 

 

Method 

Subjects and locations 

 The subjects of the study were non-pregnant female red pandas A.f .styani (n=6) 

at the Chengdu Research Base of Giant panda Breeding, Chengdu, China (“Chengdu”). 

The red pandas were observed in two outdoor enclosures referred to as “Upper” and 

“Middle”. The Upper and Middle enclosures were situated next to each other in an area 

open for public viewing. Visitors were separated from the red panda by a half wall (pony 

wall) and a dry moat. Local birds and rodents were frequently seen in the enclosure, 

especially in the feeding area. Both enclosures were filled with native flora to provide 
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plenty of shade and climbing structures, several hiding boxes, a platform, a cave, and a 

small manmade waterfall to provide fresh water throughout the day. 

The Middle enclosure was 698 m2 with all sides accessible to visitors. Three 

unrelated females (Middle 1-3) and one male red panda were managed in the enclosure at 

the beginning of the study. A second male was added to the enclosure eight days before 

the end of the observation and a third male was temporarily added in for 14 days during 

the study. The Upper enclosure was 1384.97 m2 and had a denser bamboo, resulting in 

more locations where the red pandas were out of sight. One side of the Upper enclosure 

was not accessible to visitors because the wall was attached to another enclosure. Upper 

enclosure housed two males and the three females (Upper 1-3), possibly including one 

male and female sibling pair. An additional male was added seven days before the end of 

the study. Only the female red pandas were included in this study. Even though the 

transponder ID was available, the family history and demographic information (e.g. age 

and breeding history) of the red panda corresponding with the ID number were not 

accurate. The only exceptions were red pandas Middle1 and Middle2, who were 

confirmed by keepers to have occupied the enclosure for over a year, which verified them 

as adults and also the red pandas that had lived in the enclosure the longest. 

 

Data collection 

Direct focal observations of non-pregnant behaviors (Table 3.1) were conducted 

using continuous recording (Martin & Bateson 2007) during the daytime; 15 minute focal 
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samples were randomized so that each individual was observed once each morning and 

afternoon. 

 

Table 3.1. Ethogram of non-pregnant red panda in social enclosure, Adapted from Gebauer 

2011; Keeley et al. 2012, and  Kordell, personal communication,2015 

State behaviors (measure duration of these behaviors and number of occurrences) 

Eat Consuming food , including browse, diet or natural vegetation 

Drink Consuming water 

Groom “Licking/washing" own body using tongue (and paws on upper 

body/head) in a downward motion. Tail may be drawn toward 

mouth for cleaning.  

Allogroom “Licking/washing" a conspecific or getting licked/washed by a 

conspecific using tongue (and paws on upper body/head) in a 

downward motion.  

Rest Lying motionless without reacting to surroundings.  

Straddle Lying flat and legs spread. Usually accompany by panting.  

Locomote Walking/running on the ground 

Climb Moving along a vertical or horizontal plane away from the 

ground 

Sit/Stand Sitting with weight on back limbs and front paws on and/or off 

the ground or standing still on all fours or on back two paws 

Play Exaggerated, disjointed, and seemingly non-purposeful, non-

aggressive behavior involving two or more individuals or an 

individual and an object. Actions includes such acts as: 

stand/climb on, wrestle, tickle, grab, kick, ambush, tag, nudge, 

swat, mouth. No stress or aggression sound associated with the 

action. Note: if conspecific or object 

Not visible/Out of sight Observer cannot see the individual 

Events (note all occurrences) 

Olfaction 

Lick/Sniff Olfactory investigation of an object or a non-animal.  May 

involve using tongue to lick/wash the object and then 

withdrawing tongue into the mouth. 

Scent Rubbing of genital regions either sideways or front to back  

Scratch Using claws to rake across ground or object 

Social interactions (*note if the action is toward conspecific or other species) 

Aggression Aggressive physical contact; may include arching of tail and 

back, exaggerated head movements, hitting, scratching or biting.  

May also include displacement of one individual by another. 

Huff and snout sound may be audible, a response from the 

receiver (backing/running away, squeal, or returned aggression is 

necessary for this classification)  
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Approach Individual moves towards another individual (<1 body length) 

while facing the receiver and the receiver is initially not moving. 

Back away Individual is facing another individual while moving backwards 

Chase Walking (or running) behind another conspecific.   

Mount Standing on hind legs, forelegs resting on body of another 

conspecific 

Nose-to-nose Briefly touching noses with another individual 

Smell Sniffing another individual.  

Watch Watching an individual in or around the enclosure. Head turning 

in the same direction the conspecific is moving.   

Stereotype Excessive and/or repetitive walking/ running/ grooming/ licking 

Vocalization Panda makes an audible noise – ranging from long high 

frequency calls to a short low frequency huff.  

 

The behavioral application “Animal Behaviour Pro” 

(https://www.kent.ac.uk/sac/iosapp/animalbehaviourpro.html) was used to collect 

behavioral data. The observations took place between May19th, 2016 and July 1st, 2016. 

Temperature in the area surrounding the enclosure ranged between 18⸰C - 35⸰C and the 

relative humidity was 44.3 - 100% at the time of observations.   

Red pandas are crepuscular species (Hodgson 1847; Lewis 2011; Weerman 

2015), but observations could only be conducted during daytime hours because the 

facility is closed to visitors and researchers at night. Thus, two to four camera traps 

(Bushnell Trophy Cam Aggressor Brown. Model #119776) were set up in the Upper and 

Middle enclosures to monitor the red panda’s nighttime activities. The camera took 10 

seconds of video, with 3 seconds recovery time, whenever movement was detected. The 

location of the camera was selected to aim at a water source, a frequently travelled path 

of red pandas, or an area not visible to observer to optimize the chance of catching red 

panda’s activities on camera. The location of the cameras was moved within the same 

enclosure once a week to a different spot. Although the video did not provide conclusive 
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observation of the panda’s activity, some nocturnal interactions of the pandas in social 

enclosure could still be observed. Camera trap results are included in Appendix I. 

 

Data Analysis 

Duration of state behaviors were analyzed as minutes per hour visible; events 

were analyzed as rate of occurrence per hour visible; observations where the red panda 

was not visible were removed from analyses. Only interactions directed toward another 

conspecific were included  in the analysis; actions directed toward other species were 

omitted. To avoid autocorrelation of the data, the relationship between behaviors was 

investigated with Pearson correlation (corr., R-Studio); any behaviors with R > 0.50 were 

combined into a behavioral category. Back away and run away were combined into flee; 

nose to nose and smell were combined into nose touch. None of the state behaviors were 

combined. Because pandas from the Upper and Middle enclosures were not able to 

interact with each other, data from the two enclosures were analyzed separately. One-way 

ANOVA was used to test for significant individual differences between the three females 

within each enclosure. One-way ANOVA was also used to compare differences in 

duration and rate of occurrences of behaviors within individuals. Posthoc analyses of 

significant data were performed with Tukey’s Test (aov; TukeyHSD, HSD.test). All 

results were reported as mean ± SE and significance were determined as P<0.05 using R-

Studio (v.1.1.456). 
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Results 

State behaviors 

Upper1 spent more time (F9=13.8617, P<0.01) on locomote than eat and climb, which 

were more than other behaviors observed. Upper2 (F9=6.4907, P<0.01) straddled and 

locomoted more than allogroomed and played, and she spent the least amount of time 

drinking and self-grooming. Upper3 (F9=4.6522, P<0.01) spent the majority of time on 

eating and locomote and less time on rest, self-groom, allogroom, and drink (Table 3.2). 

Middle1 (F9=49.83, P<0.01) straddled more than self-groomed; and self-groomed and 

sit/stand more than the rest of the behaviors observed. Middle2 (F9=15.68, P<0.01) spent 

the majority of time straddling. Middle3 (F9=11.69, P<0.01) spent more time on straddle, 

locomote, and climb than other behaviors. Across all red pandas, time spent drinking in 

both enclosures were less than 1 minute per hour. Red pandas in the Middle enclosure did 

not allogroom or play during the observation.  
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Individual differences were detected in red pandas from both enclosures. Upper1 

locomoted (F2=4.74, P<0.01) more than Upper2 and 3. Upper3 played (F2=3.79, P=0.03) 

more than the other two (Fig. 3.2). Middle1 straddled (F2=3.57, P=0.03) more than 

Middle3 and self-groomed (F2=4.59, P=0.01) more than both Middle2 and Middle3. 

Middle3 spent more time locomoting (F2=9.49, P<0.01) and Middle2 rested (F2=6.92, 

P<0.01) more than the other two red pandas in the enclosure (Fig. 3.1). No other 

individual differences were detected.  

Although not statistically tested, a comparison between the two enclosures shows 

red pandas in Upper locomoted, ate, climbed, played, and allogroomed more than red 

Table 3.2. State behavior time allocation of non-pregnant female pandas in the Middle and 

Upper enclosure at Chengdu. Letters represent behavioral difference within individual. 

 

Behavior1/ 

Subject2 Locomote Eat Straddle Climb Sit/Stand 

Upper1 24.95±3.86a  14.74±4.07b 3.87±2.68c 7.85±2.08bc 4.07±1.35c 

Upper2 13.93±2.65a 4.89±2.42abc 13.97±3.92a 10.39±1.95ab 8.57±1.72abc 

Upper3 12.90±2.55a 12.93±3.56a 10.59±3.84ab 6.67±1.62abc 4.27±1.01abc 

Middle1 2.29±1.30c 1.03±0.73c 38.89±3.85a 1.07±0.39c  4.84±0.92bc 

Middle2 4.39±1.87b 6.63±2.87b 28.02±4.20a 2.20±0.74b 5.96±1.51b 

Middle3 15.75±3.32a 3.68±1.48bc 20.46±4.80a 11.36±2.52ab 4.90±1.01bc 

      

Behavior1/ 

Subject2 Rest Play Allogroom Self-groom Drink 

Upper1 2.20±2.20c 0.76±0.69c 1.42±0.49c 0.04±0.04c 0.10±0.06c 

Upper2 5.19±3.01abc 1.38±0.93bc 1.08±0.42bc 0.37±0.30c 0.23±0.15c 

Upper3 2.92±2.22bc 5.93±2.10abc 3.18±1.10abc 0.45±0.3c 0.16±0.10c 

Middle1 0.60±0.34c 0.00±0.00c 0.00±0.00c 11.27±3.14b 0.00±0.00c 

Middle2 9.23±3.22b 0.00±0.00c 0.00±0.00c 3.53±1.34b 0.03±0.02b 

Middle3 0.67±0.61c 0.00±0.00c 0.00±0.00c 2.08±1.37c 0.10±0.08c 
1Description of behavior found in Table 3.1 
2Subjects are numbered according to their location.  
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pandas in Middle enclosure. Red pandas in Middle enclosure straddled and self-groomed 

more. (Fig. 3.2). 
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Figure 3.1. Individual differences in time allocation of non-pregnant female red pandas in 

the A) Upper and B) Middle enclosures at Chengdu Panda Base for Giant Panda Breeding. 

Symbols represent individual differences in duration of behaviors between red pandas in 

the same enclosure. 
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Event behaviors 

 

Although not tested statistically, Upper1 performed scent, lick/sniff, approach, 

and scratch more frequently F9=5.8939, P<0.01) than all other behaviors observed. 

Upper2 and Upper3 approached another conspecific more than other behaviors observed 

(Upper2: F9=4.1539, P<0.01; Upper3:F9=5.7110, P<0.01). Vocalize, flee, and aggression 

were the least frequent event behaviors of the pandas in Upper enclosure. The most 

frequent behavior for Middle1 (F9=49.8343, P<0.01) and Middle2 (F9=15.6804, P<0.01) 

was scratch; no chasing behavior was observed for either panda. Scent mark was 

observed more than all other activities in Middle3 (F9=11.6885, P<0.01) (Table 3.3). 

Figure 3.2. Average time allocation of non-pregnant female red pandas in Upper (n=3) and 

Middle (n=3) enclosures at Chengdu. 
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Upper1 licked/sniffed an object more than Upper3 (F2=3.18, P<0.05) and did not 

exhibit watching behavior during the observation and thus was different from Upper2 

(F2=5.30, P=0.01) (Fig. 3.3). Middle 3 scent marked (F2=6.58, P<0.01) more frequently 

than the other two pandas and was the only one who performed chasing behavior during 

the observation (Fig. 3.3)   

 

 

Even though not statistically tested due to low sample size, red pandas in the 

Upper enclosure approached, licked/sniffed, nose touched, watched, and chased more 

frequently than pandas in Middle enclosure. Red pandas in Middle enclosure scratched, 
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Figure 3.3. Individual differences in event behavior time allocation of non-pregnant female red 

pandas in the A) Upper and B) Middle enclosures at Chengdu Panda Base for Giant Panda 

Breeding. Symbols represent individual differences in duration of behaviors between pandas 

in the same enclosure. 
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fled, scent marked, showed aggression, and vocalized more than red pandas in the Upper 

enclosure (Fig. 3.4).  

 

Figure 3.4. Average occurrence of event behavior of non-pregnant female red pandas in 

Upper (n=3) and Middle (n=3) enclosures at Chengdu. 
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Discussion 

Red pandas housed socially in two enclosures at Chengdu spent most of their time 

on non-social behaviors, specifically locomote, straddle, climb, and eat. This was 

expected because energy conserving behaviors (straddle and rest) and energy gaining 

behaviors (eat and drink) are important for red pandas because of their low energy diet 

(Yonzon & Hunter 1991a) and their carnivorous digestive system (Fisher 2011). Time 

spent on rest and drink were also predicted to be similar to the portion of time allocated 

Table 3.3. Event behavior time allocation of non-pregnant female pandas in the Middle and 

Upper enclosure at Chengdu. Letters represent significant behavioral difference (p<0.05) 

within individual. 

 

Behavior1/   

Subject2 Scent Approach Lick/Sniff Watch Scratch Chase 

Upper1 8.78±3.86a 3.53±1.20ab 5.85±1.59a 2.70±0.87c 1.28±0.69bc 0.44±0.24c 

Upper2 3.43±1.39ab 3.81±1.02a 1.93±0.81ab 2.58±1.15ab 3.45±1.14ab 0.71±0.33ab 

Upper3 3.55±1.34ab 5.54±1.42a 2.83±0.90abc 1.83±1.55bc 0.74±0.52bc 0.44±0.25bc 

Middle1 0.32±0.22b 0.80±0.64ab 0.48±0.26b 0.80±0.32ab 2.24±0.85a 0.00±0.00b 

Middle2 0.64±0.38ab 0.32±0.32ab 1.14±0.68ab 0.81±0.40ab 2.10±0.66a 0.00±0.00b 

Middle3 9.92±3.58a 1.12±0.66b 0.82±0.42b 0.95±0.52b 2.36±0.56b 0.62±0.29b 

       

Behavior1/   

Subject2 Flee Vocalize Aggression 
Walk 

away 
Nose touch  

Upper1 0.22±0.22c 0.00±0.22c 0.00±0.22c 0.00±0.00c 2.70±0.87ab  

Upper2 0.17±0.17b 0.18±0.18b 0.00±0.00b 0.00±0.00b 0.00±0.00ab  

Upper3 0.17±0.17bc 0.00±0.00c 0.17±0.17bc 0.30±0.21bc 2.98±1.01abc  

Middle1 0.16±0.16b 0.52±0.28ab 0.16±0.16b 0.16±0.16b 0.00±0.00b  

Middle2 0.80±0.57ab 0.00±0.00b 0.16±0.16b 0.16±0.16b 0.16±0.00b  

Middle3 0.15±0.15b 0.00±0.00b 0.32±0.22b 0.15±0.15b 0.00±0.00b  
1Description of behaviors found in table 3.1   
2Subjects are numbered according to their location 
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to straddle and eat, respectively. However, resting and drinking were quite rare. The 

‘panda cake’, a main food at Chengdu, was prepared with warm water and has the 

consistency of cookie dough; the red pandas could be getting enough moisture from their 

food source and did not require much additional water intake. High temperature in 

Chengdu (17⸰C - 35⸰C) at the time of observation may have contributed to a higher 

average of time straddling compared to resting. Straddle behaviour has been positively 

associated with warmer weather as a means to thermoregulate (Smithsonian National Zoo 

2016). Although not statistically tested, the pandas in the Middle enclosure straddled 

more than twice the duration performed by pandas in Upper enclosure, which had denser 

vegetation. Aside from thermoregulation, the differences in time spent straddling between 

the two enclosures could be explained by the differences in the social dynamic of the two 

enclosures. In the Middle enclosure, two long-term resident pandas were less active than 

the third panda. Furthermore, the three females in the Upper enclosure, along with one 

additional male, were added to the enclosure shortly before the observation period began. 

Addition of new animals in an enclosure could result in restlessness and increased food 

consumption while social hierarchies are getting established, as previously demonstrated 

in captive lowland gorillas (Gorilla beringei) (Hoff et al. 1996). Alternatively, variations 

in energy-related behaviors could be a result of age differences; some pandas may have 

been younger than others and thus were more active (Gebauer 2011).  

Self-grooming behavior (Upper: <1% ; Middle:10%) was lower than expected. 

Which may have been dictated by the subspecies preference, the location, or 

management. Grooming (both independently and socially) helps get rid of ectoparasites, 
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dirt, keeps hair and skin in good condition, and is important to the health of mammals 

(Ishii et al. 2017). It is possible that red pandas in the present study dedicated more time 

to other behaviors, such as straddling to thermoregulate in high heat and humidity, 

leaving less time to self-groom. The red panda who groomed the most in the Middle 

enclosure was thought by the keepers to be the dominant individual in the enclosure. She 

was the first to come down and eat while other pandas waited a distance away from the 

feeding spot and she displaced other red pandas when she walked (Chen Jie, personal 

communication. 2016). Thus, reasons Chengdu’s red pandas self-groomed so little may 

also correlate with the panda’s social rank in the enclosure. Lower ranked animals in the 

enclosure may have to sacrifice self-management time for other active activities, such as 

locomote, as previously shown in mice (Mus musculus) where mild chronic stress 

decreased grooming behavior (Smolinsky et al. 2009).  

Although rare, gregarious behaviors such as allogrooming, performing nose 

touching, approaching, and playing with a conspecific were performed at least four times 

more in the Upper enclosure than the Middle enclosure. Allogrooming is an important 

behavior in social species as it helps with courting, bonding, hygiene, and rank 

establishment and is normally only observed in solitary species during mating season or 

between mom and offspring (Wilson 1980; Smolinsky et al. 2009; Ishii et al. 2017). In 

the Upper enclosure, the red pandas spent more time on allogroom than self-groom; 

allogroom was rarely observed in the Middle enclosure. Play with a conspecific was only 

seen in the Upper enclosure. Because play is most commonly seen among juveniles 

(Gebauer 2011), it is possible that the pandas in Upper enclosure were younger than the 
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those in Middle enclosure or they were siblings. Future research should explore the 

relationships between demographics, stress, ectoparasites, and grooming to understand 

the function of self-grooming and allogrooming in red pandas as well as the affects social 

housing may have on these behaviors.   

The occurrences of agonistic behaviors, which included aggression, chase, and 

back away were predicted to occur regularly based on previous reports (Glatston 1993; 

Loeffler 2011a, 2011b). In the present study, aggressive behaviors were not common. 

Summary statistics suggested that fleeing from other conspecifics, aggression, and 

vocalization occurred more in the Middle enclosure, while the only negative interaction 

seen more in the Upper enclosure was chase. A higher frequency of agonistic behaviors 

in the Middle enclosure may have been driven by demographic differences as the Upper 

enclosure may be younger and related (Glatston 1993; Gebauer 2011). Enclosure 

differences such as sparse vegetation and higher red panda density due to smaller area in 

Upper enclosure, could also affect the behavior (Glatston 1993; Loeffler 2011b).  

Scent marking were observed in all red pandas in the study but was most frequent 

in the female that was the newest member of the Middle enclosure at the time of the 

study. The same red panda also showed excessive scent marking on two different 

occasions after rainfall. Scent marking is used by mammals for territorial defense, non-

combative fighting, resource marking, mate attraction, and fitness advertisements (Lewis 

2006; Charpentier et al. 2010). Scent marking in socially managed groups during non-

mating season may benefit routine territory maintenance, especially for lower ranking 

individuals, and help communicate social status as seen in wolves (Canid lupus) (Peters 
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& Mech 1975). Higher frequency of scent marking may have resulted in the lack of 

agonistic behaviors in the Upper enclosure as scent marking can be an effective 

communication tool to help avoid physical aggressions in primates and other mammals 

(Lewis 2006; Roberts 2012). It is also relevant to mention that visitors were seen lifting 

their toddlers to urinate into the red panda enclosures in the study. The presence of 

human urine in the enclosure may also interfere with scent marking behavior. 

Data gathered in the present study, although non-conclusive, suggested that more 

than two adult red pandas can coexist in a social enclosure without  agonistic behaviors 

which repeatedly cause external wound or lead to a fatality in red panda. The observation 

prompts an interesting question regarding the existence of the same social structure in the 

wild population as the species face habitat destruction and fragmentation. In zoos, groups 

of one male and two adult females have successfully been kept together during the 

breeding season (Roberts & Gittleman 1984), and larger groups have been managed 

without apparent aggression. A dam can successfully raise her cubs with her mate and the 

litter from the previous year (Kleiman 1980; Loeffler 2011b), and allomothering can 

occur in captive populations (Jones 2011). All of these anecdotal accounts suggest that 

red pandas may be more social than originally reported by Hodgson (1847). 

However, observations of wild red pandas do not report them appearing in large 

groups. Prater (1980) and Pradhan et al. (2011) never report seeing groups larger than 

three, and only of adults together during breeding season or dams with cubs. In Langtang 

National Park, Nepal, male home ranges overlap with other males and females; however, 

the home range of collared females do not overlap (Yonzon & Hunter 1991a, 1991b). 
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Additionally, only one red panda usually occupies a latrine site (Yonzon & Hunter 1991a, 

1991b). Similarly, the solitary European pine martens (Martes martes), a closely related 

species, exhibits intrasexual territory where male spacing can overlap; male spacing is 

highly dependent on female spacing and the availability of food resources (Newman et al. 

2012). Specialized animals, with low tolerance for food deprivation and that also lack the 

ability to utilize resources or extract a large amount of energy from food, tend to be 

solitary (Newman et al. 2012). Smaller species who need more food to maintain their 

energetic needs are often more dispersed and are more likely to be solitary (Wilson 

1980). As a carnivore whose diet is mainly bamboo, the red panda’s digestive system is 

built to break down meat and is not efficient at extracting energy from their high fiber 

diet. Thus, the diet of red pandas is consistent with them evolving to be solitary (Fisher 

2011).  

The unexpected presence of gregarious behavior in the Upper enclosure may have 

been due to demographic factors. Age differences and relatedness could affect social 

behavior (Li et al. 2005; Jones 2011). Without accurate demographic data of the red 

pandas in the study, it is not possible to investigate the connection between these factors 

and the behaviors observed. In spite of this, the data suggest more than three pandas can 

be housed together if they are provided a large enough space with dense bamboo forest, if 

they are siblings, and/or if they are juveniles. Future studies should include 

environmental data to better understand the effects environmental factors have on social 

behaviors as well as night time. Given the disparities in previous research and 

inconclusive results from the present study, it is important to further investigate social 
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behaviors of red panda to gain better understanding of how best to manage the species 

and enhance conservation efforts in the future.   
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 : CONCLUSION 

The present study on the behaviors of female red pandas at SCBI (Ailurus fulgens 

fulgens) and Chengdu (Ailurus fulgens styani) during nursing season has broadened our 

knowledge on red panda dams’ time allocation and provided new data on social 

interaction of non-pregnant female red pandas. Findings on time allocation of the dams 

suggested that the post-parturition behaviors within the first 72 hours can potentially be 

used as indicators of cub-rearing success. If verified in future research with larger sample 

size, the findings in this study will help determine the need for human interference to 

prevent cub mortality. Data showed dams that did not raise their cub(s) to sexual maturity 

allocated more time to grooming than resting, increased their time spent out of the 

nestbox, and continue to carry their cubs during the first 24-72hrs. Perhaps grooming cub 

excessively instead of resting and regaining her strength after birth is an indicator of 

stress or some defects in the cub. Time out of the nestbox could be a warning for 

abandonment of the cubs or uncomfortable environmental conditions within the nestbox  

(Glatston 1993; Princée & Glatston 2016). These indicators warrant a close observation 

and/or a management intervention to prevent cub mortality. Time away from nestbox and 

time allocated to carrying cub directly impact the well-being of the cubs because carrying 

cub can result in injuries (Preece 2011). Additionally, leaving the nestbox and carrying 

the cub also takes time away from thermoregulating and nursing the cubs (Starck & 

Ricklefs 1998; Loeffler 2011a; Princée & Glatston 2016). However, many other factors 

including the body condition of the dams is also likely to impact her behavior as well as 
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her ability to care for her cub, as demonstrated in one of the SCBI pandas in the study 

who was unable to care for her cub due to her sickness. Temperature is another main 

factor that could influence the behavior of the dam and must be included in future 

research focusing on maternal behavior (Glatston 1993; Zidar 2008; Princée & Glatston 

2016; Studd et al. 2016). 

Observations of non-pregnant female red pandas suggested that even when they 

are managed socially, they mostly spent time alone. Results showed they only allocated a 

small portion of the day to interacting with other conspecifics. It is unclear if these social 

interactions were intentional and desired by the pandas or whether they were unavoidable 

due to the size of the enclosure. It is possible that the management of a solitary species in 

social setting could have an impact on the maternal behavior even after the dam was 

separated from the group for birthing season. Though not comparable due to differences 

in management, the mean of time Chengdu dams leave the nestbox was double the time 

SCBI dams spent out of the nestbox during the first 24 hour which could be a result of 

differences in subspecies, in the nursery’s environment, or in the husbandry management 

of the facility. The dams from Chengdu were most likely kept in a social enclosure prior 

to the birthing season so the connection between being managed in a social group and 

time spent in the nestbox warrants further investigation. This is particularly of interest 

because time out of nestbox has been shown to negatively correlate with time spent on 

caring for the cub in previous research (Starck & Ricklefs 1998; Linnell et al. 2000; 

Loeffler 2011a; Weber et al. 2013; Princée & Glatston 2016) and shown in this study to 

be a potential indicator for cub-rearing failure. Future research involving dams that are 
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kept in social setting prior to birthing period should also consider the temperament of 

conspecifics within the enclosure the red panda previously resided. The differences in 

social interaction between the two enclosures may be due to variation in population 

demographic, in individual temperaments, or density and may have an impact on the 

stress level of the dam and subsequently the survival of her cub. The dam from an 

aggressive group may remain agitated even after separated, leading to insufficient care of 

the cubs, while the one from the affiliative group may be better equipped socially to take 

care of her cubs.  

The relationship between the behaviors observed in this study and cub-rearing 

success are still unclear due to low sample size and a lack of data on other factors such as 

temperature and the history of the individuals in the study that could affect their 

behaviors. Future research should further examine the potential correlation between 

maternal behaviors, stress, and the ability of dam to successfully rear her cub to sexual 

maturity, as well as the impact of the management of adult red pandas in social groups on 

the pandas’ health, stress, and reproductive success. The knowledge gained from such 

research would further expand our understanding of this complex issue of cub mortality 

in red panda and help improve the management of the species and conservation efforts.   
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APPENDIX I 

A total of 10,162 video recordings 10 seconds in length (Upper: 5,014; Middle 

5,148) were captured between May19th through July 1st. Recordings featuring other local 

species and the ones too obscured to accurately score the behavior were not included in 

the analyses, resulting in 2,807 and 2,574 usable video recordings from Upper and 

Middle enclosures, respectively. The same ethogram in Chapter 3 was used to score the 

videos (Table 3.1). The data were first analyzed to determine percentage of three 

categories of data from recordings including solitary, social (interaction), social (no 

interaction). Solitary was when the red panda was seen alone in the recordings. Social 

(interaction) was defined as two or more interacting pandas in the video recording 

performing activities such as play, chase, allogroom, aggression. Social (no-interaction) 

was noted when two or more red pandas seen in the recording, but they were not 

interacting with one another, just merely occupying the same video frame (Table A1). 

The result suggested that the red rpandas spent the majority of their time solitary but 

could be in close vicinity of each other without any negative interaction. Only 2% of the 

observed videos showed red pandas interacting.  

All of the usable videos also were analyzed for the percentage of olfactory, 

agonistic, and gregarious behaviors exhibited in each enclosure. Analysis of olfactory 

behaviors (scent and sniff) can provide additional information on the temperament of the 
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red pandas in the enclosure as scenting could be interpreted as a territorial behavior 

because the observation was done during a non-breeding season, while sniffing is an 

information gathering behavior.  

 

Table A.1.Percent recordings showing red  

panda in social enclosure at Chengdu, China, 

performing each interaction category 
 

 

 

Scent marking was seen more often in the Middle enclosure while sniff was seen 

more in the Upper (Fig. A1). The night time results from the camera traps showing a 

higher frequency of scent marking in the Middle enclosure contradicted the results in 

Chapter 3 where scent marking was seen more in the Upper enclosure. This may be the 

result of the inclusion of the male behavioral data in the camera trap study; individuals 

could not be identified on the videos. However, the findings showed the same trend of the 

relationship between scent marking and olfactory information gathering as in Chapter3. 

Interaction 

Category 

Upper Middle 

Solitary 76% 92% 

Social 

(interaction) 
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Social (no 
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Figure A.0.1.Percent of recordings showing 

olfactory behaviors of adult red panda in social 

enclosure in Chengdu, China. 
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Red pandas in an enclosure that received fewer olfactory cues (sniffing or scratching the 

ground), scent marked more than the other enclosure that received more olfactory cues. 

Results of agonistic and gregarious behaviors (Figs. A2, A3) supported the findings in 

Chapter 3.  Although these behaviors were rare, red rpandas in the Middle enclosure 

displayed more agonistic behaviors than the red pandas in the Upper enclosure.   

 

 

 

 

P
e

rc
e

n
t 

p
e

r 
vi

si
b

le
 r

ec
o

rd
in

gs
  

0

1

2

3

Chase Squeal Huff Grunt Displace Fight

Upper

Middle

Figure A.0.2. Percent of recordings showing agonistic behaviors of 

adult red panda in Chengdu, China 
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