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Abstract: Breeding history,reproductive characteristics and  body  morphometry  of  18  captive  born  lions
(9 females and 9 males) were studied at Addis Ababa Lion Zoo. A seven years breeding record (between 2002
to 2008) showed sixty-seven births. The average litter size and parturition interval were 2.2 and 240 days,
respectively. Estrus and mating behavior of the lioness consisted rubbing and nudging, frequent rolling and
positioning. The mean (±SE) length of estrous cycle and estrus were 8.9±1.7 days and 5.4±0.8days, respectively.
Typical mating behaviors in the males were licking, rubbing, biting and snaring. The Mean (±SE) duration of
copulation, refractoriness and frequency of copulation were 14.3±1.1 sec, 24±3.3 min and 18 ±2.0/days,
respectively. The mean (±SE) body weight, height at wither and snout-body length for the male were
137.2±2.9kg, 89.7±1.5cm and 140.6±5.8cm, respectively. In conclusion, lions of Addis Ababa Lion zoo are
relatively smaller in size with similar reproductive characteristics to East and South African lions. Therefore, the
objective of further study should be confirmation of the presence of their ancestors in the wild, compare them
with lions of other parts of Africa and prioritizing them for conservation.

Key words: Body measurement  Estrus and mating behavior  Addis Ababa zoo  Lion

INTRODUCTION have been in captivity since the 1960’s. Apart from their

The  African  lion  (Pantheraleo)  is  currently listed been bred without introduction of new lineage.
as  vulnerable  [1]  (Pantheraleo.   The   IUCN   Red  List Species survival is critically dependent on
of  Threatened   Species.  Version  2015. reproductive performance, a complex physiological
2.<www.iucnredlist.org>. Downloaded on 07 July 2015). process under vigorous genetic control. A major
The lion has been a powerful and “omnipresent” symbol challenge  in  conservation  is  inbreeding  that  often
and its disappearance is believed to represent a great loss occur in small populations. Inbreeding is known to
for the traditional culture of most Africans [2]. Though influence growth, fecundity and susceptibility to
Ethiopia is home to many species of wildlife, no other environmental stress,  all  of  which  have  a  significant
animal is as iconic and a true symbol of Ethiopia as the role in determining fitness [5,6]. Hence, inbred animals
lion. Till the recent past, the Lion of Judah motif was face a greater risk of extinction [7]. Conservation efforts
figured prominently on the old imperial flag, currency, are hence about protecting and nurturing a species so
stamps and is still being seen as a national symbol. The that  it  can survive into the future. This implies
lion population in Ethiopia is estimated to  be  in  the preserving genetically diverse population that can avoid
range of 1000-1477. Three sub-species of lions are inbreeding [8]. This involves very good understanding of
believed to live in Ethiopia: P. l. massaicus, P. l. nubica the biology of the animal, reproductive functions and
and P.l. roosvelti of these few are believed to be in circumventing the effects of inbreeding within a small
captivity [3,4]. Currently, there are 18 lions  found in population that can lead to the ultimate extinction of a
Addis  Ababa  Lion zoo that are descendants of lions that species [8]. 

poorly described taxonomy, this small population has
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In this regard, very little research has been carried out per  day.  Water  is provided ad libitum. Routine
on the general biology, phenotypic or genotypic veterinary care is provided. Mechanical wound and
characteristics and reproductive activity of lions in constipation are the most common health problems. Lions
Ethiopia in general and captive lions at Addis Ababa Lion are regularly dewormed with broad spectrum anthelmintic
zoo in particular. Previous morphometric study in the three times a year to control internal parasite.The lion’s
same zoo [4] involved estimation without immobilization population is composed of mostly adult animals with
of the animals, hence was less accurate. Recent study [9] close to half already over 10 years of age. The current
revealed a unique genetic basis for lions of Addis Ababa population  structure  consist  38.9%  (With  3  females
Lion zoo although the presence of similar lions in the wild and 4 males) less than 10 years of age; 16.7% (With 2
has not been substantiated with objective filed data. females and 1 male) 15 years of age. The rest,  44.4%
Currently, management of the lions at the zoo is at random (With   3   females    and  5  males)  are  between  11  and
or involves personal experiences of the attendants at best. 14 years of age. 
Attempts to control the breeding of the females using
GnRH several years ago resulted in erratic breeding Reproductive Characteristic: The study on the
patterns that were not explained by the professionals reproductive characteristics was carried out from both
around  (Personal  communication). It is therefore retrospective data analysis and direct observation. Seven
important  to  gain  as  much  basic  information as years records of reproductive data such as age at first
possible to improve the husbandry and reproductive parturition, gestation length, litter size and parturition
management of this captive population. Hence, the interval, were collected and analyzed. Additionally, birth
objectives of this study were to characterize the rates and mortality rates up to 6 months of age were also
reproductive  and  mating  behavior;  and the recorded. During the observational study, mating
morphometric attributes of the captive lions in Addis characteristics of the lions were noted by meticulous daily
Ababa Lion Zoo. observation of cage mates. Each lioness was observed

MATERIALS AND METHODS estrus behaviors, length of estrus and mating

Study Site: The study was conducted at Addis Ababa mating characteristics, as well as length and frequency of
Lion zoo. Addis Ababa is situated at 2400 meters above mating. Scrotal circumference was also measured during
sea level. It receives a rainfall of 1800 mm in bi-modal immobilization for body morphometric study.
pattern with long rainy season extending from June to Observations were recorded on predesigned format and
September and short rainy season from March to May. photos of prominent activities were taken.
Annual average minimum and maximum temperatures are
10.7°C and 23.4°C, respectively. The zoo is very small with Body  Morphometry: Prior to the start of all
1300 sq. m. area and was established by His Majesty measurements, the body weight of each lion was
emperor Hailesilase in 1948 with an objective of keeping estimated and darted usingXylazine (0.5 mg/kg) and
lions for public exhibit. Ketamine (5 mg/kg). As soon as the lions were fully

Management of the Lions: A total of 18 lions (Nine males Body weight and other body measurements were taken
and nine females) aged between five and 19 years are kept and recorded according to a previously described
in captivity at the Zoo. Their ancestors, (Two males, two procedure [10]. Body weight was measured in kilograms
females and three cubs of unknown sex) were captured using a scale while size was measured in centimeter using
from the Southwestern provinces of Ethiopia to be a tape. 
presented to Emperor Hailesilase as a gift. The annual Measures of the head-body length (From the tip of
income from the exhibit reached 2,000,000 Birr the nose to the base of the tail), tail length (From the base
(~111,500USD) in 2010 alone. For the past 64 years adult of the tail to the last caudal vertebrae), chest girth
lions were kept in pairs (a male and a female) in nine (Circumference of the chest immediately caudal to the
separate cages (5 x 4 x 2.5m dimension). Though there is front limbs), abdominal girth (Circumference of the
no separate maternity den, the lionesses were separated abdomen immediately cranially to the hind limbs), height
from the males after three months of pregnancy until at the shoulder (From scapula to the tip of the foot
parturition and the cubs were housed alone in small cages without the claws), length of front leg (From elbow to the
after weaning. The lions are fed 6 kg of non-deboned beef tip of the foot),  circumferences of front leg (Thickest part

daily for one hour starting 8:00am in the morning for

characteristics. Similarly the males were observed for

immobilized,  their  eyes  were  blindfolded  for safety.
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above the knee), length of hind leg (From the hip joint to RESULTS
the tip of the foot), paw width, color of the mane,  length
of the mane, size of the upper and lower canine teeth, Reproductive Characteristics of Lions: According to the
head length and width and scrotal circumference for the result of the retrospective data analysis, a total of 67
males were measured and recorded on a format for later parturitions and birth of 148 cubs were recorded during
analysis. Each animal was released into its cage after the  past  seven   years   period   (2001-  2007;   Figure  1).
completion. The age at first parturition was 53.3 months. From 148

Data Analysis: Data were statistically analyzed using was 0.92. The mean (±SD) litter size was 2.4±1.2 cubs and
SPSS for windowsversion 15.0, USA. Quantitative the parturition interval was 240 days.
variables (Data on body morphometry and reproductive Parturition took place throughout the year with more
characteristics) were summarized using descriptive parturitions occurring during the cold-wet season.
statistics (Mean ±SE; and percentage). Effects of sex on Looking at the seasonal distribution, 52.7% of the cubs
body weight and effect of age on estrus length were were born during the cold-wet season while 47.3% were
computed using student t-test while the effect of season born during the dry season (Figure 2). Overall mortality of
on  cub mortality rate was computed using Chi-square cubs was 87.8% with a significant difference (p<0.05)
test. Relationships of variables were computed using between the two seasons. Mortality was higher (58.5%)
Pearson’s correlation. Level of significance was held at during the cold-wet season compared to the warm-dry
P<0.05. (41.5%) season of the year.

cubs (71 male and 77 female) born, the male to female ratio

Fig. 1: Number of cubs born arranged by year of parturition 

Fig. 2: Distribution of births and mortality of cubs through the season and months of the year
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Fig. 3: Mating characteristics of lions (A=rubbing; B=licking; C= rolling and dorsal recumbency in female; D=
positioning by the female and mounting by the male; C & E= dismounting and refractoriness).

Table 1: Effect of age on length of estrus and estrus cycle of lionesses
Age Length of estrus cycle (Days) Mean (±SE) P-value Length of estrus (Days) Mean (±SE) P-value
=10 years 8.33 (±0.33) 0.525 5.00 (±0.58) 0.243
>10 years 9.25 (±1.10) 5.75 (±0.25)

Table 2: Morphometric results of lions and lioness at Addis Ababa Zoo
Female Male
------------------------------------------------- ----------------------------------------------------

Body parameters Mean (±SE) Range Mean (±SE) Range
Body weight [kg] 129.6±2.2 117-135 137.2±2.9 125-156
Height at the shoulder [cm] 85.6±1.1 80-88 89.7±1.5 82-93
Head-Body length [cm] 103.3±5.3 93-145 140.6±5.8 95-150
Tail length [cm] 83.6±0.8 80-87 87.8±0.9 82-92
Front leg length [cm] 83.3±1.1 78-86 87.6±1.2 80-90
Hind leg length[cm] 39.2±1.2 33-45 46.0±1.2 38-49
Front leg circumference [cm] 32.9±0.6 30-35 35.8±0.9 31-38
Chest girth [cm] 111.4±1.5 103-115 118.1±1.8 108-123
Abdominal Girth [cm] 136.2±3.2 120-148 129.1±1.9 117-138
Scrotal circumference [cm] - - 14.2±0.4 13-16
Head length [cm] 23.0±0.7 20-27 28.1±0.9 22-30
Head width [cm] 30.0±1.4 25-40 39.8±1.7 28-43
Upper canine length [cm] 3.9±0.1 3-4 3.9±0.1 3-4
Lower canine length [cm] 4.0±0.0 4-4 3.9±0.1 3-4

Reproductive Behaviors of the Lions: Males typically The lioness showed estrus and mating behavior
showed heterotypic mating behaviors such as licking, typically consisting of rubbing and nudging, dorsal
rubbing, biting and snaring of the  females  (Figure  3). recumbency, walking past the male, elaborate tail
Mating was categorically divided into periods of movements, high frequency and intensity of rolling,
courtship, coitus and refractoriness The mean (±SE) lordosis and positioning by lying on the belly, raising the
duration of copulation, frequency of copulation and tail and presenting the hind quarter for mating.
refractory  period  were  14.3 ±1.1  Sec.  (Range  11 – 18), The mean (±SE) length of estrous cycle and estrus
18 ±2.0/day (Range 12 – 25) and 24 ±3.3  minutes  (Range (n=27 cycle observations) were 10.6±1.7 days (Range= 8
15 – 35), respectively. – 17  days)  and  5.4  ±0.8  days  (Range   =   4  –  6  days).
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Fig. 4: Lion with typical long and black mane (Left) and lioness (Right)

Age had no effect on estrus intervals or length  of  estrus The mating behaviors observed in both the lions and
(Table 1). the lionesses in this study are in agreement with the

Body Morphometry: Results of body morphometry  for estrus were within the range of report by Schramm et al.,
the lions and lioness are presented in table 2. The largest [17]. Urban and West, [18] in a more recent study,
male and female weighed 156 and 135 kg, respectively. reported estrus lasting 4 - 7 days, with intervals between

Male lions were significantly heavier (p<0.05) than periods lasting from a few days to more than a year.
the lionesses. The mean (±SD) mane length, top line, (n=7) Lionesses were known to mate less frequently compared
was 18.9±9.8 cm. Testicular circumference in the males to up to 100 times per day reported by Packer and Pusey
was correlated both with body weight (r=0.96) and age [16]. The duration of copulation was also much shorter
(r=0.40). Except for one lion with short and light brown (11-18 seconds) compared to the 30 - 70 seconds from the
colored mane, all eight lions had dark brown to black same study. Scrotal circumference was correlated with
colored mane. The mane covered the entire neck and head mating. Furthermore, duration of copulation, frequency of
concealing the ears (Figure 4). It grows between the copulation and length of courtship were all correlated with
forelimbs and in some, a tuft of hair reached the lower scrotal circumference of the male.
aspect of the chest just cranial to the navel. Longer Body morphometry results are slightly smaller than
duration of copulation (r=0.98; p<0.001) and high what is previously known for wild lions [19]. Body
frequency of copulation (r=0.94; p<0.05) were both morphometric differences between the captive and wild
significantly correlated with larger testicular population are known to be partly the effect of captivity
circumference. [20]. The lions in this study are relatively smaller in size

DISCUSSION is only few kilos above the lower body mass margin

Aspects of the female reproductive characteristics Smuts [21] and Nowell and Jackson [22], showed a body
observed in this study show similarity with earlier reports mass to be mostly in the order of 150–272 kg,  the current
[4,11]. However, parturition interval is much shorter finding  is relatively more consistent with the
compared to the 20 months report [12]. The same author phylogeographic patterns in Eastern–Southern African
suggested a longer interval only when the previous litter lions [19, 23] in which smaller body weight was recorded
survives to maturity and 4–6 months if the previous litter (117-145kg). This may suggests that the lions at Addis
is lost. High cub mortality can be suggested as a reason Zoo may not differ much from the existing wild
for shorter parturition interval and fast return of the Eastern–Southern African lion population with respect to
lioness to breeding observed in this study [13,14]. Cub body weight. Higher body weight in male lions compared
mortality was high reaching 100% in some instances to females is explained by presence of sexual dimorphism
particularly during the wet-cold season. Poor cub in which male lions weigh 20-27% more than females [24-
management, deliberate euthanasia, poor maternity 27]. Females being the dominant natural hunters, have a
behavior of lioness and possibly, consequence of comparatively light build. 
inbreeding [4,15] are among the reasons for high cub Even though most of the lions had a light tawny
mortality. body color, a distinctive dark brown mane was observed

previous work [16]. The mean length of estrous cycle and

but are more compact. The largest body weight recorded

commonly reported for wild lions. Although reports by
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in the male lions. The large mane extends down the chest 2. Frank, L.G., R.B. Woodroffe and M. Ogada, 2005.
through the front legs, over the back and below the People and predators in Laikipia District, Kenya. In
shoulders and belly through the groin giving it a People and Wildlife, conflict or coexistence? R.B.
comparatively unique appearance than  Eastern  and Woodroffe, S.Thirgood and A. Rabinowitz (Ed).
Southern African lions. A more recent investigation by Cambridge Univ. Press, city, UK, pp: 286-304.
Brucheet al.[9], suggested that Addis zoo lions are also 3. Wolff, J.V., 1961. Wildlife in Ethiopia. Ethiopian
genetically distinct from all lion populations for which Forestry Review, 2(1): 3-13.
comparative data exists, both in Africa and Asia. Factors 4. Tefera, M., 2003. Phenotypic and reproductive
such as advancing age, ambient temperature, nutritional characteristics of lions (Pantheraleo) at Addis Ababa
status testosterone level and health conditions have also zoo. J. Biodivers. Conserv., 12(8): 1629-1639.
been reported to influence the color and development of 5. DeRose,   M.A.and   DA.   Roff,   1999. A
mane in lions [28-30]. comparison  of  inbreeding  depression  in  life-

Longer and darker mane, as observed in most of the history and morphological traits in animals.
lions in this study, are rather suggestive of a good Evolution, 53: 1288-92.
nutritional and health condition [28]. Lions with black 6. Hedrick, P.W. and S.T. Kalinowski, 2000. Inbreeding
long mane also showed larger scrotal circumference when depression in conservation biology. Ann. Rev. Ecol.
compared to lions with light short mane, indicator of their Systemat, 31: 139-162.
older age and higher testosterone level [29]. 7. Nieminen, M., M.C. Singer, W. Fortelius, K. Schops

CONCLUSION inbreeding depression increases extinction risk in

The  reproductive   characteristics   of   both  male 8. Saccheri, I., M. Kuussaari, M. Kankare,  P. Vikman,
and  female  lions  in  Addis Ababa zoo are basically W. Fortelius and I. Hanski, 1998. Inbreeding and
similar with findings elsewhere in Africa. The parturition extinction  in  a  butterfly  metapopulation.  Nature,
interval was shorter in the present study compared to 392: 491-494.
others. The higher cub mortality was primarily associated 9. Bruche,  S.,   M.   Gusset,   S.   Lippold,   R.  Barnett,
with the cold-wet season indicating the presence of K.   Eulenberger,   J.   Junhold,   C.A.   Driscoll  and
management  faults  related  to  the  housing  condition. M. Hofreiter, 2012. A genetically distinct lion
The higher cub mortality in turn has led the females to (Pantheraleo) population from Ethiopia. Eur. J. Wildl.
rebreed   sooner   than  expected.  The  morphometric Res., 59(2): 215-225.
study  also  revealed that the lions found within the zoo 10. De Waal, H.O., W.J. Combrinck and D.G. Borstlap,
are smaller in size compared to other lions. Some 2004a. A comprehensive procedure to measure the
significant  correlations  were  found  among  different body dimensions of large African predators with
body parameters. Such correlations, if consistently comments  on  the  repeatability  of  measurements
established, are highly useful in estimating the body taken from an immobilized African lion (Pantheraleo).
weight, without a scale, using practical and easy J. Zool., Lond, 262(4): 393-398.
measurements from the lions. 11. Packer, C., 2001. Infanticide is no fallacy. American

Anthropologist. 102(4): 829-831.
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