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Abstract

The aim of this study was to assess behavioural and glucocorticoid changes in black-
and-white ruffed lemur females transported for breeding purposes between Czech ZOOs. 
The frequency of the presented behaviour elements was recorded via direct observation. 
The faecal samples were collected from the floor and subsequently the faecal glucocorticoid 
values were determined using specifically designed assays for faecal glucocorticoid 
metabolite (FGM) analysis. While the frequency of certain comfort behaviour patterns 
decreased (P < 0.05) in response to transport and change of the environment, grooming, 
resting, sleeping as well as playful behaviour (chasing, climbing) were not affected  
(P ˃ 0.05). No changes were found in the frequency of behaviour connected to metabolic 
events with the exception of defecation. Lemur females defecated more frequently (P < 0.05) 
in their new environment. The frequency of neither fear nor exploratory behaviour differed 
(P ˃ 0.05) before and after transport. The positive effect of the novelty was shown by the 
reduction (P < 0.01) of behavioural signs of frustration and stereotypical behaviour after 
transport. In response to transport, a significant (P < 0.05) increase of FGM levels was found 
the second day after the transport, reaching peak levels in the morning and starting to decline 
to baseline levels in the afternoon. The results of both behaviour and adrenocortical activity 
analysis suggest that despite some presented changes in the monitored indices prior and after 
transport, the transportation under the studied conditions presented only a mild stressor with 
limited behavioural and glucocorticoid responses.

ZOO animals, ethogram, glucocorticoids, faecal samples, ELISA

Black-and-white ruffed lemurs (Varecia variegata) inhabit lowland to mid-altitude rain 
forests in eastern Madagascar. Due to habitat loss, logging, mining and hunting, their wild 
populations are decreasing. Since 2008, the species has been listed as critically endangered 
by the IUCN Red List of Threatened Species (IUCN 2018). They are also listed in Appendix 
I of CITES (CITES 2017), belonging among the most endangered among CITES-listed 
animals and plants. Considering their conservation status, black-and-white ruffed lemurs 
are one of the priority species in terms of developing both in situ and ex situ conservation 
programs (King et al. 2013; Schwitzer et al. 2013). 

ZOOs play an important role to prevent the extinction of species in nature. Captive 
animals can serve as a resource for re-establishing endangered populations and maintaining 
genetic diversity (Dembiec et al. 2004). Transportation is often necessary for breeding 
purposes but presents a strong stress factor for the animals. For studying changes in the 
behaviour and physiology during and after the transport, the use of a combination of 
behavioural and physiological measurements will provide the best overall measurement of 
animal discomfort (Grandin 1997).

The behavioural observation is one of the important methods to assess the  
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well-being of captive bred animals. Detailed observation of animals in the wild is 
key to understanding their behaviour. In the past, numerous published ethograms 
described the detailed behaviour of cercopithecine monkeys and apes (Pereira  et 
al. 1988). However, no information on lemurs and other prosimian primates was 
available until the study by Pereira  et al. (1988) was published. The authors provided 
a detailed description of all behaviour patterns observed in a semifree-ranging group 
of black-and-white ruffed lemurs (Varecia variegata variegata). Besides the behaviour 
observations, also the stress response to environmental changes can be analysed with 
the use of laboratory analytical methods. The monitoring of endocrine markers is a 
well-known method for measuring stress. While blood collection has considerable 
limitations, non-invasively collected samples such as urine, saliva, hair or faeces 
can be obtained without any limitations or disturbance of the observed animal. The 
methodology of non-invasive monitoring of adrenocortical activity has been described 
e.g. by Schwarzenberger  and Brown (2013), Malikova et al. (2018), and others. 
Behringer  and Deschner  (2017) summarized the achievements in non-invasive 
monitoring of physiological markers in primates.

The aim of this study was to assess behavioural and glucocorticoid responses to 
stress related to transport in two black-and-white ruffed lemurs. This study did not 
differentiate between the single effects of several stressors affecting animals during 
their transfer (handling, floor space restrictions, change of the environment, change of 
daily routine, etc.).

Materials and Methods

The study animals were two females of black-and-white ruffed lemur (Varecia variegata). The females were 
siblings born on 13th May 2015 in the ZOO in Olomouc where they were housed together with their parents since 
their birth. Female 1 was the dominant one, distinguished by white colour on the tail. Female 2 was submissive 
and had an all-black tail.

For breeding purposes, the females (aged 17 months) were transported from the Olomouc ZOO to the Brno 
ZOO on 6th October 2016. During the transport, the females were placed separately in two pet transport crates but 
were in visual, olfactory and auditory contact. The transport took approximately three hours (distance travelled 
202 km).

The ethological observation started three days prior to the transport and continued until four days after the 
transport. The frequency of the presented behaviour elements was recorded into pre-prepared ethogram sheets 
every 2 min for 2 h each day (from 10:00 to 11:00 h and from 14:00 to 15:00 h). The recorded behaviour elements 
were counted in total from both females three days prior to transport (i.e. six values for frequency of the presented 
behaviour elements were gained in total) and four days after the transport (i.e. eight values for frequency of the 
presented behaviour elements were gained in total).

Furthermore, non-invasive monitoring of adrenocortical activity in response to transport was carried out. 
The faecal samples were collected from the floor twice a day while avoiding urine and water contamination, 
starting one day prior to transport and ending two days after transport excluding the transport day (no samples 
were available). The sampling intervals ranged between 10:00 to 12:00 h and 13:00 to 15:00 h. The faecal 
samples were placed in plastic bags within one hour of defecation, marked and directly transferred to a 
freezer at -20 °C. Sample processing and faecal glucocorticoid analysis were performed at the University 
of Veterinary Medicine, Vienna, Austria. Samples for endocrine monitoring were extracted by vortexing a 
mixture of 0.50 g wet faeces, 1 ml distilled water, and 4 ml 100% methanol, for 30 min. After centrifugation, 
the obtained extracts were diluted in assay buffer. Faecal immunoreactive glucocorticoid metabolite (FGM) 
concentrations were analysed using enzyme immunoassays (EIAs) developed and courteously provided by Dr. 
R. Palme, Vienna. The polyclonal antibodies used in the EIAs were produced in rabbits using immunogens 
against 11-oxoaetiocholanolone I (72a, measuring 11,17-dioxo-androstanes; 11,17-DOA) (Palme and Möstl  
1997), 11-oxoaetiocholanolone II (72T, measuring FGM with a 5β-3α-ol-11-one structure) (Möstl  et al. 2002) 
and 11β-hydroxyaetiocholanolone (69a, measuring FGM with a 5β-3α,11β-diol structure) (Frigerio et al. 
2004).

The results were analysed using the statistical package Unistat 5.6. (Unistat Ltd., London, England). Because 
of non-normality of the data (Shapiro-Wilk test), non-parametrical methods were used for their analysis. The 
median of frequencies of the behaviour elements presented before and after the transport was calculated and 
subsequently compared by means of the Mann-Whitney U test (Zar  1999). Faecal glucocorticoide metabolite 
concentrations measured one day prior to the transport, one day, and two days after the transport were compared 
by means of Kruskall-Wallis ANOVA. A P-value < 0.05 was considered significant.
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Results
The observed behaviour elements and their frequencies are presented in Table 1. Prior 

to the transport, some comfort behaviour patterns were observed significantly more 
frequently than after the transport, namely a higher frequency of sunning (P < 0.05), 
scratching (P < 0.05), stretching (P < 0.01), and allogrooming (P < 0.01) was found in both 
females. However, the frequency of other comfort behaviour patterns (grooming, resting, 
sleeping) and playful behaviour (chasing, climbing) were not affected (P ˃ 0.05) by either 
the transport or the change of the environment. No changes were found in the frequency 
of behaviour connected to metabolic events (foraging, feeding, drinking, urination) with 
the exception of defecation. The lemurs defecated more frequently (P < 0.05) in their new 
environment. The frequency of fear or exploratory behaviour did not differ (P ˃ 0.05) 
before and after the transport. Interestingly, higher (P < 0.01) frequency of behaviour 
signs of frustration and stereotypical behaviour was observed in the original housing in 
comparison to the new environment. 

Faecal glucocorticoide metabolite concentrations one day prior to and one day after 
the transport did not differ (P ˃ 0.05). A significant (P < 0.05) increase in FGM levels 
was seen two days after the transport, reaching peak levels in all three EIAs in the 
morning and starting to decline to baseline levels in the afternoon (Fig. 1). While 
comparisons between FGM levels one day and two days after the transport revealed 
significant differences in all three EIAs tested, comparing FGM levels one day  
before and two days after the transport, a significant (P < 0.05) difference 
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Table 1. Observed behaviour elements and their frequency in female lemurs before and after transport.

N.S. = not significant (P ˃ 0.05)

 Median of frequency  Significance - PBehaviour elements
 Before transport After transport (Mann-Whitney U test)

Grooming 6.0 4.5 N.S.
Sunning 2.0 0.0 0.019
Stretching 4.0 2.0 0.004
Scratching 4.0 2.2 0.029
Resting 24.0 24.0 N.S.
Sleeping 0.0 0.0 N.S.
Allogrooming 5.5 2.0 0.004
Drinking 2.0 1.0 N.S.
Feeding 9.5 8.5 N.S.
Foraging 5.0 4.5 N.S.
Defecation 2.0 3.5 0.023
Urination 1.0 1.0 N.S.
Coprophagy 1.0 0.0 N.S.
Vocalization 1.0 2.5 N.S.
Exploration 28.0 36.5 N.S.
Chasing 5.0 1.5 N.S.
Climbing 11.0 4.0 N.S.
Aggression 0.0 0.0 N.S.
Fear 0.0 1.5 N.S.
Frustration 4.0 0.0 0.002
Stereotypy 1.0 0.0 0.003



was found only in two of the three assays tested (11-oxoaetiocholanolone II, 
11β-hydroxyaetiocholanolone). 

Discussion
The physiological and behavioural reactions in animals are controlled by a complex 

interaction of genetic factors and previous experiences (Grandin 1997). The extent 
of the impact is dependent upon the type and duration of stress, as well as the animals’ 
past experiences. Since the monitored black-and-white ruffed female lemurs had never 
experienced any change of environment nor have they been transported before, a major 
stress response was expected. However, the transport was inevitable as the two females 
had to be removed from their native group before reaching sexual maturity. It is a routine 
practice in captive breeding that simulates animals leaving their birth groups before 
reaching sexual maturity in the wild as a natural prevention from inbreeding. Reproductive 
maturity in captive black-and-white ruffed lemur is reached at around 18–20 months of age 
(Porton 1989). Thus, at 16 months of age, the monitored females were ready to leave their 
birth group. A detailed description of the behavioural repertoire of free-ranging Varecia 
variegata was reported by Pereira et al. (1988). The social structure of wild ruffed lemurs 
is described as a multi-male/multi-female fission-fusion social organization (Vasey 2006) 
and their activity is cathemeral according to recent studies (cathemerality, or activity 
throughout the 24-h cycle, is relatively common among e.g. ring-tailed lemurs and ruffed 
lemurs) (Bray et al. 2016). 
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Fig. 1. Faecal glucocorticoide metabolite (FGM) concentrations in female lemurs before and after transport.



In general, the response to stress in animals is usually manifested with various 
physiological and behavioural changes (e.g. fear can inhibit exploratory behaviour or 
stimulate flight or hiding behaviour). Stress may also result in abnormal behaviour 
patterns, changes in facial expressions, position of ears, and increased respiration and pulse 
rate (Dembiec et al. 2004). An increase in body temperature (Brundige et al. 1998) 
and depressed immune response (Baker and Gemmell 1999) have been documented as 
effects of transportation stress. Activation of the hypothalamic-pituitary-adrenal axis with 
an elevation of circulating glucocorticoid levels is a typical marker of stress in animals 
(Sapolsky et al. 2000), which has been documented also in many studies in primates 
(Whitten et al. 1998; Heistermann et al. 2006; Clark et al. 2011; Pirovino et al. 
2011; Weingrill et al. 2011; Shutt et al. 2012; Hämäläinen et al. 2014; Keller et 
al. 2014; Rangel-Negrín et al. 2014; Takeshita et al. 2018). Pride (2005) found the 
group size to affect stress in ring-tailed lemurs by measuring faecal cortisol concentrations 
with a radioimmunoassay (RIA). In other studies, stress effects of seasonality, sociality 
and reproduction in free-ranging ring-tailed lemurs were determined using a steroid-
extraction method to measure cortisol concentrations from female faeces using the RIA 
method (Cavigelli 1999) or faecal corticosterone levels determined by the RIA method 
(Starling et al. 2010). Similarly, Gould et al. (2005) found the effects of reproductive and 
social variables on faecal glucocorticoid levels (cortisol) in ring-tailed lemurs. Cavigelli 
et al. (2003) found an impact of the individual’s position within the social hierarchy on 
glucocorticoid levels in ring-tailed lemurs.

In our study, the stress related to transport and the change of environment resulted in 
a decreased frequency of sunning, scratching, stretching, and allogrooming. The most 
prominent reduction was seen in sunning. Despite sunning being one of the typical 
behaviour patterns in ruffed lemurs, no sunning was recorded during the four days of 
observation after the transport. Normally, sunning is observed in captive ruffed lemurs 
during the whole year; in winter or when the sun is not shining, an infrared lamp is used. 
This behaviour is an important adaptation that augments chemical thermoregulation in the 
absence of dynamic insulating fur (Kelley et al. 2016). Common positions are upright 
sitting with the arms extended laterally, the head tilted back, frequently with the eyes 
closed, and supine lying (Pereira et al. 1988). However, the presence of other comfort 
behaviour patterns (grooming, resting, and sleeping) and playful behaviour (chasing, 
climbing) that are considered to be the indicators of positive welfare (Pereira et al. 1988) 
were not affected by the transport and change of the environment. 

Similarly, no changes were found in the frequency of behaviour patterns connected to 
metabolic events (foraging, feeding, drinking, urination) with the exception of defecation. 
The lemurs defecated more frequently in their new environment. Despite the increased 
frequency of defecation, coprophagy was not observed after the transport. Coprophagy 
is often considered an indicator of negative welfare in captive primates (Campbell et al. 
2000) and a number of hypotheses have been discussed to explain its occurrence including 
food deficiency, boredom, social stress, and medical issues (Krief et al. 2004). 

Abnormal behaviour patterns such as stereotypy are often seen in animals kept in 
captivity. Tarou et al. (2005) studied stereotypy in prosimians and found 13.2% of 
prosimians at institutions accredited by the Association of Zoos and Aquariums (AZA) 
to exhibit some form of stereotypic behaviour. Individuals of the genus Varecia and 
Microcebus were more likely to engage in stereotypic behaviour than members of 
other genera. The presence of stereotypic behaviour is also used as a marker of poor 
welfare (Broom 1986; Honess  and Marin 2006; Mallapur  and Choudhury 2003). 
Frustration is one of the manifestations of stereotypy. It results in animals from not 
being able to perform a species-specific behaviour pattern, or from social deprivation, 
unavoidable stress or fear, etc. (Tarou et al. 2005). Whereas locomotor stereotypy 
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(pacing) and frustration were observed in both lemurs in their original housing, 
neither was seen during the periods of observation in their new environment after 
the transport. As one aspect of the environment that has been considered to cause 
stereotypic behaviour is boredom (Mallapur  and Choudhury 2003), the effect of 
transport and change of the environment may have played a positive role in this case. 
The new enclosure with its natural soil surface covered with leaves and the presence 
of trees offered many options for exploration as well as for the satisfaction of species-
specific needs of black-and-white ruffed lemurs as described by Pereira  et al. (1988). 
However, the frequency of exploratory behaviour did not significantly differ within the 
monitored period before and after the transport. It was mainly caused by the variation 
of the frequency of exploration in the days following the transport. While in the first 
two days after the transport the exploration was almost missing, it rapidly increased 
later. Because of the short period of observation after the transport, it is not known if it 
was only a short-term effect of the novelty or if the new environment suited the lemurs 
better and their abnormal behaviour patterns disappeared altogether.

Behavioural responses to stress are evoked from the underlying complex physiological 
changes resulting from stress. In our study, the endocrine effect of transport stress 
was determined using non-invasive assessment of faecal samples, which has become 
an invaluable tool for studying the behavioural ecology of primates (Behringer  and 
Deschner  2017). The marked increase in FGM concentrations was observed in 1.5 
day after the transport. The delay in glucocorticoid excretion is correlated with the 
transit time of digesta. A comparable lag time was observed in grey mouse lemurs 
(Microcebus murinus), where the FGM concentrations started to increase 24 h after 
exposure to a stress stimulus; the median lag time to peak FGM response was 38 
to 50 h (Hämäläinen et al. 2014). In other primates the concentrations varied, for 
example, in captive chimpanzees and Barbary macaques, FGM levels were elevated 
1–2 days after the stress impulse (Whit ten et al. 1998; Heis termann et al. 2006), 
whereas in marmosets the FGM levels peaked already 7 h after the stress impulse. 
In pileated gibbons the peak response was determined from 22 to 55 h and the levels 
usually returned to pre-treatment baseline levels by day 5 (Pirovino et al. 2011). The 
time course of change in FGM levels observed in our study is in agreement with the 
previous studies indicating that transport of animals results in an short-time increase 
of FGM levels (Goymann et al. 1999; Terio et al. 1999; Palme et al. 2000; Möst l  et 
al. 2002; Dembiec et al. 2004; Touma and Palme 2005; Laws et al. 2007; Capiro 
et al. 2014; Kel ler  et al. 2014; Bashaw et al. 2016). The excretion of glucocorticoids 
into faeces is affected by many factors. Differences among species must be taken into 
consideration, as the excretion is influenced by the different formations of the digestive 
tract, ingestion of different kinds of food and different metabolisms (Touma et al. 2004; 
Palme 2005; Goymann 2012). Our study provides new data on the glucocorticoid 
response to transport and its progress in black-and-white ruffed lemurs. All EIAs tested 
were found to be sensitive enough to show stress-related changes in FGM levels in 
black-and-white ruffed lemurs. 

In conclusion, the results of both the behaviour and the adrenocortical activity analysis 
suggest that despite some presented changes in the monitored indices prior to and after the 
transport, the transportation under the studied conditions presented only a mild stressor 
with limited behavioural and glucocorticoid responses.
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