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Abstract:  Litocranius walleri (Brooke, 1878) is a bovid commonly called the gerenuk. It is a medium-sized antelope closely re-
lated to gazelles and springbok, but unlike these it has low-crowned teeth. L. walleri is the only species in the genus Litocranius. It is 
commonly found in dry thornbush savannah in northeastern Africa, where it feeds almost exclusively on thorny shrubs and trees while 
frequently using a bipedal stance. L. walleri is classified as “Near Threatened” (NT) by the International Union for Conservation of 
Nature and Natural Resources (IUCN) because its population trends are decreasing.
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Litocranius Kohl, 1886

Gazella Brooke, 1878:929. Part.
Litocranius Kohl, 1886:79. Type species Gazella walleri Brooke, 

1878, by original designation.
Lithocranius Thomas, 1891. Unjustified emendation (see 

“Nomenclatural Notes”).

Context and Content. Order Artiodactyla, suborder 
Ruminantia, family Bovidae, subfamily Antilopinae, tribe 
Antilopini. Litocranius is monotypic (Grubb 2005:682).

Litocranius walleri (Brooke, 1878)

Gerenuk

Gazella walleri Brooke, 1878:929, pl. LVI. Type locality “main-
land of Africa, north of the island of Zanzibar, about lat. 3° 
S. and long. 38° E”; restricted to the vicinity of Chisimaio 
by Grubb (2002; see “Nomenclatural Notes”).

Litocranius (Gazella) walleri: Kohl, 1886:79. First use of cur-
rent name combination.

Lithocranius sclateri Neumann, 1899:21. Type locality “das 
nördliche Somali-Land [= northern Somalia]” (see 
“Nomenclatural Notes”).

Mammalian Species 53(1005):65–77

Fig. 1.—Adult male Litocranius walleri in Buffalo Springs National 
Reserve, Kenya. Photograph by Dr. Frank Zachos used with permission.
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Lithocranius walleri sclateri: Rothschild 1902:473. Name 
combination.

Context and Content. Context as for genus. Litocranius 
walleri has two subspecies (Grubb 2002).

L. w. sclateri Neumann, 1899. See above.
L. w. walleri (Brooke, 1878). See above.

Nomenclatural Notes. In the original description of the 
genus, Kohl (1886) did not comment on the etymology of the 
name. However, he emphasized the extraordinary elongated 
and flattened appearance of the skull compared with gazelles 
that justified generic distinction. Later authors assumed that the 
name was based on the “solid stony character of the cranium 
(λιθοs = lapis [gemstone])” (Sclater and Thomas 1898:227). 
Therefore, they concluded that there was a misprint in the 
original description and changed the name to Lithocranius. In 
1933, Krumbiegel clarified the situation by demonstrating that 
the species was named according to its long and flattened skull 
(λιτός = plain, modest, simple, frugal—Krumbiegel 1933). The 
name appears twice in the original description, so a misprint 
seems unlikely.

In the original species description, Brooke (1878:929) gave 
the type locality as “mainland of Africa, north of the island of 
Zanzibar, about lat. 3° S. and long. 38° E,” therefore in Kenya. 
Sclater and Thomas (1898) refer to their correspondence with 
Sir John Kirk, who had employed the hunters who collected 
the type specimens (one of the three skulls is preserved in the 
Natural History Museum in London, BM [British Museum of 
Natural History] 1897.7.29.1—Lydekker 1914). Kirk stated 
that they were collected “on the coast near the River Juba in 
Southern Somaliland” (Sclater and Thomas 1898:230) and that 
he later shot other specimens at the same location. One of these 
specimens collected by Kirk is also preserved in the Natural 
History Museum, with the locality Kismayu (now Kismayo), a 
town located near the mouth of the Jubba River. Grubb (2002:539) 
therefore restricted the type locality of Litocranius walleri to 
“the vicinity of Chisimaio” in southern Somalia. Nevertheless, 
not all authors followed the argument of Sclater and Thomas and 
still cite the original type locality in Kenya (e.g., Neumann 1899; 
Schomber 1963).

Sclater (1884) states that the type specimens of L. w. sclateri 
(two skins) came from “Somali -land, vicinity of Berberah.” The 
name gerenuk derives from the Somali word “garanuug.”

DIAGNOSIS

Litocranius walleri (Fig. 1) differs from the closely related 
gazelles and springbok by its very elongated legs, neck, ears, 
and skull (especially in the part behind the horns—Brooke 1878; 
Kohl 1886; Sclater and Thomas 1898). The skull (Fig. 2) has a 
flattened skull-roof, hardly curving down toward the back as in 
gazelles. The extremely elongated supraoccipital bone reaches 
the length of the parietals. It forms a cone-shaped hump that 

extends beyond the sloping part of the occiput (Kohl 1886). The 
braincase of males is heavily ossified and carries extremely heavy 
horns (Kingdon 1982). L. walleri is the only bovid with low-
crowned teeth (hypsodonty index = 1.32—Janis 1986). Contrary 
to all other gazelles (exception: mountain gazelle [Gazella 
gazella]), the premaxillae of L. walleri do not reach the nasals 
(Kohl 1886). The closely related dibatag (Ammodorcas clarkei) 
can be regarded as showing an intermediated morphology be-
tween gazelles and L. walleri, in terms of skull elongation and 
tooth reduction (Thomas 1891; Lydekker 1914). The dibatag 
can, however, be easily distinguished from L. walleri by its very 
different horn shape (horns curve backward and then upward and 
forward, similar to the horns of reedbuck [Redunca]). L. walleri 
is unique in its feeding behavior, as it frequently adapts a bipedal 
stance for reaching browse at up to 2 m off the ground (Menges 
1887; Sclater and Thomas 1898).

GENERAL CHARACTERS

Litocranius walleri has characteristic facial markings (Fig. 1):  
a broad white ring around the eyes; black preorbital glands ante-
rior to the eyes; white lips, chin, and throat; and long ears with 
black-and-white markings on the inside. A dark-brown stripe 
extends from between the ears and over the neck; the stripe 
broadens to a saddle along the entire rump, before narrowing 
again toward the tail. The flanks and outer parts of the legs are 
light brown, and the belly and inner parts of the legs are white. 
A thin light stripe can often be found between the saddle and 
the flanks. L. walleri has a narrow, white rump patch and dark 
brown to black knee-tufts. The tail is white near the base and 
has a black tip, and the underside is black and hairless (Sclater 
1884; Schomber 1963; Estes 1992). Grubb (2002:541) notes that 
seven skins from Tanzania, Kenya, and southern Somalia have a 
“band of reversed hairs directed towards the head on the dorsal 
midline of the neck,” and that he never observed this character in 
specimens from northern Somalia, which could indicate a poten-
tial differentiation of the two subspecies.

There is a marked sexual dimorphism in L. walleri. Males 
are larger and more massive, especially in the anterior body 
region. The neck of males has the same width throughout the 
entire length, whereas the neck of females is generally more 
slender and decreases in width toward the head (Ullrich 1963). 
Males have heavy lyre-shaped horns (32–44 cm) with strong 
annulations that start to grow relatively late during ontogeny 
(after about 5 months); females are hornless (Sclater and 
Thomas 1898).

External measurements (cm) of L. walleri were: total length 
(snout to tail), 165–195; head–body length, males 155–160 and 
females 140–155; tail length, 22–35; height at withers, males 
89–105 and females 80–100. Weight varies from 31.2 to 52 kg 
in males and 28.5 to 45 kg in females (Schomber 1963; Kingdon 
1982). The northern subspecies, L. w. sclateri, is noticeably 
larger than the nominate subspecies (Sclater and Thomas 1898; 
Neumann 1899; Schomber 1963). L. w. walleri has shorter 
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nasals and premaxillae, a more reddish coat color, and black 
knee-tufts, as opposed to brown knee-tufts in L. w. sclateri. 
A geographic cline from north to south may exist in these traits 
(Neumann 1899; Schomber 1963).

Measurements for 44 skulls from various museum 
collections (London, Florence, New York, Nairobi) were pro-
vided by Schomber (1963). Grubb (2002) reused these data to-
gether with measurements from additional specimens from the 
Natural History Museum, London and provided the mean ± SD 
(mm) for the two subspecies according to his definition of their 
geographic boundaries (see “Distribution”). Measurements for 
L. w. walleri (24 males and seven females) and L. w. sclateri (10 
males and five females), respectively, were: greatest length of 
skull males, 231.58 ± 6.68 and 251.25 ± 4.35; greatest length 

of skull females, 210.86 ± 5.27 and 227.30 ± 3.38; nasal length 
males, 58.57 ± 6.40 and 69.45 ± 3.21; nasal length females, 
53.29 ± 4.57 and 61.54 ± 6.71; premaxillary length males, 
58.06 ± 3.11 and 65.58 ± 2.91; premaxillary length females, 
53.00 ± 3.00 and 59.92 ± 2.99. Neumann (1899) also postulated 
a difference in toothrow lengths between the two subspecies, but 
Schomber (1963) did not confirm this. Mean tooth measurements 
are thus presented for all specimens combined (mm; range in pa-
renthesis): length of upper molar row, 30.8 (28–34.3); length of 
upper premolar row, 21.2 (19–23); length of lower molar row, 
33.2 (31–37.7); length of lower premolar row, 19.3 (17–22.3).

Limb bone lengths (mm) were provided by McMahon 
(1975; mean ± SD) and Christiansen (1999; mean values in 
parentheses): humerus, (165.0); ulna, 175 ± 19; radius, (221.0); 

Fig. 2.—Skulls of adult Litocranius walleri housed in the mammal collection at Zoological Research Museum Alexander Koenig in Bonn. (A–D) 
Female (ZFMK_MAM_1936.0055 from northern Tanzania, west of Kilimanjaro, condyle-basal length [CBL] = 209 mm); (E, F) male (ZFMK_
MAM_1957.0211 from Kenya, Garba Tula, north of the Tana river, CBL = 208 mm). (A, E) Lateral view; (B, F) dorsal view; (C) ventral view; (D) 
mandible.
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femur, 213 ± 20.5 (207.0); tibia, 282 ± 18.7 (266.0); and meta-
tarsus, 279 ± 14.8. McMahon (1975) also provided a measure-
ment for the length of the humerus (276 ± 16.2 mm); however, 
this was probably a mistake (could be 176?) because the hu-
merus is markedly shorter than the radius in Litocranius.

DISTRIBUTION

Litocranius walleri is native to the Somali-Masai arid 
zone from southern Djibouti, eastern Ethiopia, Somalia, and 
Kenya to northwestern Tanzania (Leuthold 1971; IUCN SSC 

Antelope Specialist Group 2016) at elevations below 1,200 m 
(Fig. 3). It presumably still occurs throughout its historical 
distribution, although recent information is not available from 
all countries inhabited by L. walleri. It is debated whether a 
gap in the species’ distribution exists. Schomber (1963) stated 
that a gap exists in the distribution of the species between the 
Tana and Sabaki rivers in eastern Kenya, and that this gap 
separates the two subspecies of L. walleri, L. w. sclateri north 
of the Tana, and the smaller L. w. walleri south of the Sabaki 
River. Leuthold (1971) clarified that the area of the poten-
tial species distribution gap is simply understudied due to 
its difficult accessibility. He cited personal communications 

Fig. 3.—Geographic range of Litocranius walleri (based on IUCN 2016). Map is based on a customizable map of the Horn of Africa available 
on d-maps.com (https://d-maps.com/carte.php?num_car=25596&lang=de). The Sabaki River was added using the map “Tsavo national park map 
en.png” by Lencer, available on commons.wikimedia.org. Coordinates were added using the map of Kenya available on www.ducksters.com.
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with game wardens that confirm the presence of L. walleri 
throughout the area. Leuthold also studied L. walleri in Tsavo 
East National Park that lies north of the Sabaki River. Grubb 
(2002) postulated that L. w. sclateri only occurs in northern 
Somalia and Ethiopia, separated from L. w. walleri by the 
mountain range extending from the Churcher Highlands of 
Ethiopia to the Goolis Mountains of northern Somalia.

A petrograph exists at Hôsh (Wâdi Sab’er Rigâl) near Silwah 
on the eastern bank of the Nile River in Upper Egypt. It shows a 
man holding a L. walleri on a leash and was dated to 4,000–2,900 
BCE (6,000–4,900 years ago—Winkler 1939). This coincides 
with an African Humid Period (11,700–4,400 years ago) when 
subtropical North Africa was much greener than today (Claussen 
et al. 2017). L. walleri, in association with other elements of 
the tropical fauna from Sudan, was able to extend its distribu-
tion into the Sahara, until the subsequent aridification lead to a 
shrinking of its distribution to its present size (Schomber 1963). 
No fossils of L. walleri are known.

FORM AND FUNCTION

Form.—Litocranius walleri has the typical glands of 
gazelline antelopes: preorbital glands (very prominent in males, 
excreting a thick oily secretion), carpal glands with knee-tufts, 
and interdigital glands (Estes 1992; Sokolov et al. 1994). 
Primary and secondary hair follicles are present in the integu-
ment at a ratio of 1:1 and are interspersed. The secondary hairs 
are very short, and their bulbs do not extend below the level 
of the bilobular sebaceous glands associated with the primary 
hair follicles. The sweat glands of L. walleri have convoluted 
shapes and are similar in size to those of oryx (Oryx beisa) and 
lesser kudu (Ammelaphus—Jenkinson and Nay 1975). A de-
tailed histological description of the integument of L. walleri 
in different body areas is provided by Sokolov et al. (1994).

Females have four mammae (Estes 1992). The content 
of the milk of one captive female was reported by Grzimek 
(1959) as: 2.1% fat, 4.0% lactose, 0.78% albumin fraction, 
5.63–7.7% casein, but these values should be taken with cau-
tion because the female died next day from a deficiency of 
vitamin C and K.

The dental formula of L. walleri is i 0/3, c 0/1, p 3/3, m 
3/3, total 32. Although L. walleri is classified as a browser 
(hypsodonty index = 1.32, mesowear score = 0.87—Kaiser et al. 
2013), its occlusal morphology is more similar to frugivores due 
to the thickened enamel (measured on the M2—Heywood 2010). 
L. walleri has relatively small frontal sinuses that terminate an-
terior to the supraorbital canal. The sinuses are restricted to the 
lateral position of the frontal bone and are separated from the 
lacrimal sinuses by a thin bony lamina (Farke 2010).

The erect stance in L. walleri is possible due to a pronounced 
lumbar lordosis permitted by a reduction in the spinous process of 
the lumbar vertebrae (Richter 1970; Cartmill and Brown 2017). 
Apart from this, other morphological features usually attributed 
to bipedalism (e.g., expanded cranial sector of the acetabular 

semilunar surface) are not present in L. walleri (Cartmill and 
Brown 2017).

Richter (1970) compared the proportions of the limb bones 
in various gazelline antelopes and concluded that the elongation 
of the limbs in Litocranius primarily stems from an elongation 
of the metapodials; however, the humerus and radius are also rel-
atively longer than in other antelope species. He also noted that 
Litocranius has the longest forelegs of all gazelline antelopes 
(90.5% the length of the hind legs) and is the only genus where 
the metacarpals are longer than the metatarsals. Compared with 
other antelopes, the limb bones of Litocranius are extremely 
thin-walled. Currey and Alexander (1985) calculated the ratio K 
between the outer and the inner diameter of the bone for various 
mammalian species (K = 0 when bone is solid, K approaches 
1 when bone is very thin-walled). The values for L. walleri 
were: femur 0.73; tibia 0.54; metatarsus 0.58; humerus 0.67; 
and metacarpus 0.63. The values for the femur, metacarpus, 
and metatarsus of L. walleri are the highest among mammals in 
general, even including small mammals that tend to have thinner 
bone walls.

The vertebral formula of L. walleri is 7 C, 13 T, 6 L, 4 S, 7 
Ca, total 37 (number of caudal vertebrae according to a drawing 
in Kingdon 1982:428). The seventh cervical vertebra has a ro-
bust, comb-like processus spinosus that is rather thin and spiky 
in other antelopes (Richter 1970). The surfaces of the vertebral 
joints in the neck are very large and arranged almost horizon-
tally, allowing for extensive movement in the sagittal plane.

Despite its facultative bipedalism, the musculature of the 
hind leg of Litocranius only shows minor differences compared 
with Thomson’s gazelle (Eudorcas thomsonii) or domestic 
bovids (Richter 1970). Values for the distribution and diameter 
of red, intermediate, and white muscle fibers in the longissimus 
dorsi muscle of L. walleri and other antelopes are provided by 
Stickland (1979). In comparison to other bovids, L. walleri has 
the highest percent distribution of red muscle fibers (50.5% 
versus 11.1–28.2% in other bovids) and the lowest distribution 
of white muscle fibers (27.5% versus 34.3–44.8%) and interme-
diate muscle fibers (22.0% versus 28.0–54.6%). The diameters 
of the respective fibers (red, 40.6 µm; white, 70.3 µm; inter-
mediate, 55.3 µm) lie within the range of those in other bovid 
species.

Tongue measurements for L. walleri were provided by Meier 
et al. (2016). Mean values (cm) for three individuals were: tongue 
length, 13.2; torus length, 5.5; torus width, 2.5; corpus length, 
7.7; maximum width of corpus, 2.2; minimum width of corpus, 
2.0; free portion, 3.9 (29%). L. walleri therefore has the smallest 
relative tongue length (in terms of total length, torus length, and 
corpus length in relation to body mass) of all analyzed species 
that have 0% grass in their diet (Meier et al. 2016).

The aorta of L. walleri shows paired ostia shaped like 
narrow slits for all intercostal arteries. The renal arteries 
have a common origin in the aorta (Sikes 1967). The ostial 
collars have a characteristic cup-like shape, that can also be 
found in other artiodactyls with a sloping back, adapting a 
more vertical stance when feeding, for example, klipspringer 
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(Oreotragus), giraffe (Giraffa), and steenbok (Raphicerus 
campestris—Sikes 1969).

Brain weights of two adult L. walleri were reported to 
be 105 and 130 g; body weights of the respective animals 
were 38 and 42 kg (Oboussier and Schliemann 1966). Friant 
(1938) described the fetal brain of L. walleri and made the fol-
lowing observations: posterior groove of rhinal sulcus more 
pronounced than the anterior; ectosylvia anterior more vis-
ible than the posterior; lateral sulcus and suprasylvia clearly 
visible; coronal sulcus noticeable, and presylvia slightly vis-
ible. For the splenial sulcus, only the median part was visible. 
Friant (1938) suggested that, similar to Gazella, the crucial 
sulcus would be the only part of the splenial that extends 
to the external part of the hemispheres in the adult brain of 
Litocranius.

Average weights of salivary glands of L. walleri are 59.2 g 
for the parotid gland (n = 4) and 27.8 g for the mandibular 
gland (n = 2—Hofmann et al. 2008). Maloiy et al. (1982) 
described the digestive system of 10 wild L. walleri (mean % 
± SE): weight of the gastrointestinal contents relative to the 
body mass, 12.1 ± 0.8%; weight of each gut region (as % of 
total gut weight) was reticulorumen, 78.1 ± 0.9%; small in-
testine, 5.6 ± 0.8%; and cecum plus colon, 16.3 ± 0.7%. The 
analyzed L. walleri had a mean blood glucose concentration of 
67.3 ± 1.8 mg/100 ml and a serum urea nitrogen concentration 
of 48.0 ± 1.6 mg/100 ml. The rumen of L. walleri is relatively 
evenly papillated (Hofmann and Stewart 1972), with surface 
enlargement factors of 7.5 in the dorsal rumen, 12.0 in the ven-
tral rumen, and 19.0 in the atrium. These values are typical for 
browsing ruminants (Clauss et al. 2009).

Litocranius walleri has a bicornuate uterus, and the placenta 
occupies both uterine horns. It has a polycotyledonary placenta 
(typical for most ungulates), with an epitheliochorial relation to 
the maternal tissues. Benirschke (2008) examined two placentas: 
one belonged to an immature fetus and had > 80 cotyledons and 
an umbilical cord of 5 cm length, and the other belonged to a 
full-term fetus and had 48 cotyledons arranged in four rows and 
an umbilical cord of 15 cm length.

Function.—Clemens and Maloiy (1983, 1984) studied 
the concentration, absorption, and secretion of fluids, 
electrolytes, and organic acids in the digestive system of 
African wild ruminants. They found that the percentage 
of dry matter in the distal colon (where fecal pellets are 
formed) of L. walleri was 65%, indicating a water resorption 
within the colon of 65.1%. This was the highest value of all 
analyzed species in these studies (average percentage of dry 
matter in the colon in other bovid species ranged from 15.0 
to 42.2). The resorption and secretion of electrolytes was 
found to be quite variable among the species, and the sample 
size for most species was low (e.g., n = 3 for L. walleri), so 
results have to be viewed with caution. L. walleri absorbed 
38 mg/100 ml of sodium, 4.5 mg/100 ml of potassium, 
11.1 mg/100 ml of chloride, and 19.1 mmol/l of volatile 
fatty acids (Clemens and Maloiy 1983).

In an adrenocorticotropic hormone (ATCH) challenge test, 
the concentration of fecal glucocorticoid metabolites (stress-
hormone derivatives) of L. walleri was measured using the ICN 
07-120102 corticosterone antibody. An excretion peak of about 
230 ng/g occurred about 12 h after the ATCH injection, and a 
second prolonged peak of 115–95 ng/g about 38–60 h after the 
injection (Wasser et al. 2000).

ONTOGENY AND REPRODUCTION

Litocranius walleri shows nonseasonal reproduction 
(Piening Schuler et al. 2009a), with births occurring year-round. 
Only singletons are born, but one female can have two births 
in 1 year (Schomber 1963), with an average calving interval of 
248 days (222–321) in captivity (Houston et al. 1988). Body 
weights of neonatal L. walleri are 2.8–3.4 kg (Piening Schuler 
et al. 2009b). Weights recorded 24 h after birth were 2.3–3.8 kg 
(mean 3.1 kg—Houston et al 1988). Two hand-reared L. walleri 
accepted milk until 5 and 9 months old (Schomber 1963). 
Weaning of two other hand-reared young at the St. Louis Zoo 
occurred at 49 and 89 days (Houston et al. 1988). Minimum age 
of conception (recorded in a zoo) was 11 months, but females 
usually reach sexual maturity at 1.5–2 years (Kirchshofer 1963; 
Houston et al. 1988). Male offspring start to produce semen at 
12 months of age and are pubertal at 18 months (Penfold et al. 
2005); they part with their mothers at 1–1.5 years and become 
territorial at 2.75–3.5 years (Leuthold 1978b).

In a study on artificial insemination, Penfold et al. (2005) 
studied the reproductive physiology of L. walleri. The testos-
terone level of captive adult males did not show seasonal var-
iation. Mean testes volume was 22.2 ± 1.7 cm3. Semen was 
collected from anesthetized males using electroejaculation, and 
no seasonal variation was found in total sperm number (463.0 ± 
88.0 × 106), sperm motility (60 ± 4.4%), and normal sperm mor-
phology (40.0 ± 4.7%). Interestingly, this high number of mal-
formed spermatozoa (60%) was also found in wild L. walleri 
(Penfold et al. 2005). Mean length of the ovarian cycle is 
18.7 ± 0.9 days (Penfold et al. 2005). Pregnancy lasts for about 
210 days (range: 194–221 days—Houston et al. 1988). One fe-
male treated with artificial insemination using cryopreserved 
spermatozoa delivered a stillborn young after 213 days (Penfold 
et al. 2005). There is one reported case of an ectopic pregnancy 
carried to full-term in a captive L. walleri with fetal viability 
confirmed through day 213. Fetal membranes were attached to 
the omentum (Helmick and Citino 2001).

ECOLOGY

Population characteristics.—Density of Litocranius 
walleri was 0.5–1/km2 in Tsavo National Park (Leuthold 
1978a) and 0.01 in Kenya (Okello et al. 2016); the latter value 
was recorded after severe droughts in the studied area. Piening 
Schuler et al. (2009b) reported survival rates of semicaptive 
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parent-reared L. walleri: 74% survived the first week of life, 
65% the first month, and 49% the first year. Survival of hand-
reared L. walleri was slightly higher (87% for the first week, 
87% for the first month, and 53% for the first year). Survival 
of female offspring (eight of nine) was much higher than sur-
vival of male offspring (one of seven) in captive L. walleri 
at Frankfurt Zoo (Kirchshofer 1963). Sex ratio of subadults 
and adults in Tsavo National Park was 65 males:100 females 
(Leuthold 1978a). The maximum age of a L. walleri in cap-
tivity was 17 years and 4 months (Weigl 2005).

Space use.—Litocranius walleri uses a variety of habitats 
with woody vegetation, being most common in dry, flat 
thornbush, and it avoids dense bush, thickets, tall woodland, 
and open savanna. Density increases with aridity and distance 
from permanent water in Tsavo National Park, possibly due 
to reduced resource competition with more water-dependent 
browsers (Estes 1992).

Permanent territories of adult males are 0.8–2.8 km2 (av-
erage 2.1; Tsavo National Park—Leuthold 1971) but can be as 
large as 4 km2 (Leuthold 1978b). Usually these territories do not 
overlap and often have no common boundaries. Home ranges 
of females are of similar size (1.4–3.4 km2) and could partially 
or completely overlap with one male territory (Leuthold 1978a, 
1978b). L. walleri is sedentary, but home-range shifts of a few 
kilometers can occur. Vacant territories might not be reoccupied 
for several months (Leuthold 1971).

Diet.—Litocranius walleri is a browser and not known to 
eat grass or even small herbs (Leuthold 1970). It is adapted to 
feed selectively on small-leaved, thorny shrubs and trees (e.g., 
Acacia, Commiphora), possessing a long pointed tongue, mobile 
lips, spoon-shaped lower incisor row, and eyes protected by long 
lashes and vibrissae. Up to 68 different species of plants in the 
diet of L. walleri were reported in Tsavo National Park, including 
some fruit (Leuthold 1970). The diet varies throughout the year, 
with many climbing plants (e.g., Dalechampia ipomoeifolia, 
Thunbergia guerkeana) and deciduous trees (e.g., Premna 
resinosa, Hymenodictyon parvifolium) in the rainy season, and 
predominantly evergreen plants such as Thylachium thomasii, 
Maerua endlichii, and Boscia coriacea in the dry season. 
Succulents are not found in the diet of L. walleri (Leuthold 1971).

Litocranius walleri is usually not observed drinking in cap-
tivity, and only a few cases were reported (Iles 1955 [not seen, 
cited in Schomber 1963]; Rühmekorf (by letter) in Schomber 
1963). Only one documented case of two wild L. walleri 
drinking from a puddle exists (Hagen 1975), and most authors 
assume that L. walleri does not drink (Leuthold 1971; Kingdon 
1982). In captivity, it has been observed repeatedly that females 
drink urine of males in the days following parturition (Backhaus 
1960), a behavior assumed to supplement the increased demand 
for water after giving birth. This behavior followed a certain 
ritual (“Harnzeremoniell”) that incorporated aspects of mating 
behavior (e.g., “Laufschlag” and mating march). Nevertheless, 
Leuthold (1971) reported that he never observed such behavior 
in wild L. walleri.

Diseases and parasites.—Contagious caprine pleuropneu-
monia, caused by Mycoplasma capricolum capripneumoniae, 
was found in one captive adult Litocranius walleri (Arif et al. 
2007). Another captive male was diagnosed to have died 
from eastern equine encephalomyelitis, the first reported 
case of this virus in an exotic ruminant species (Young et al. 
1994). L. walleri is susceptible to malignant catarrhal fever, a 
clinicopathological syndrome caused by the alcelaphine her-
pesvirus 1 (Metzler 1991).

Diarrhea was a frequent medical problem in semicaptive 
L. walleri. In Al Wabra Wildlife Preservation, it occurred in 34 
of 85 individuals within 7 years, causing deaths of two adults 
and eight juveniles. Infectious agents were Escherichia coli 
(11 cases), Coccidia sp. (five cases), and Giardia (one case—
Hammer et al. 2008). In a study on bovine tuberculosis, two 
out of five L. walleri tested were positive for bacteria from the 
Mycobacterium terrae complex and one for Nocardia testacea 
(Tschopp et al. 2010).

The coccidium Eimeria walleri was described as a new 
species from a captive L. walleri in London (Prasad 1960). 
Black et al. (1999) found the blood serum of L. walleri to be 
fully supportive of the replication of the African trypanosome 
Trypanosoma brucei clone 1 and clone 22.

A captive-born 2-year-old male died from congestive heart 
failure caused by congenital hematocysts (Citino and Herron 
1990). Lloyd and Stidworthy (2011) reported on severe cases of 
osteofluorosis in several captive L. walleri, caused by high levels 
of fluoride in a commercial feed. Lice in the genera Bumalinia 
(Tricholipeurus) and Linognathus were found on one wild L. 
walleri (Hopkins 1949).

Interspecific interactions.—Litocranius walleri coexists 
with a range of Somali arid-zone ungulate species, including 
giraffe (Giraffa camelopardalis), lesser kudu (Ammelaphus 
sp.), Grant’s gazelle (Gazella granti), beisa oryx (Oryx 
beisa), and Grevy’s zebra (Equus grevyi—Said 2003). Hirola 
(Beatragus hunteri—Ruso 2017) and Burchell’s zebra (Equus 
quagga burchellii—Regassa 2013) can also be found in associ-
ation with L. walleri.

Presence of livestock can significantly reduce numbers of L. 
walleri (Said 2003), and changes in vegetation due to increased 
numbers of elephants (Loxodonta africana) can result in a de-
cline of L. walleri (Parker 1983 [not seen, cited in Arsenault and 
Owen-Smith 2002]).

Cheetahs (Acinonyx jubatus—Graham 1966), hyenas 
(Crocuta crocuta and Hyaena hyaena—Fourvel et al. 2015), 
lions (Panthera leo—Patterson et al. 2004), and leopards 
(Panthera pardus) prey on L. walleri, but leopards seem to prefer 
other prey (Hayward et al. 2006). Wild dogs (Lycaon pictus) also 
occasionally kill L. walleri (Woodroffe et al. 2007).

HUSBANDRY

Litocranius walleri has occurred in zoos at least since the 
1930s. The St. Louis Zoo, a facility known for its well-established 
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management of L. walleri, first displayed a female in 1937 
(Houston et al. 1988). Breeding groups, however, were only es-
tablished in the 1970s when 30 L. walleri were imported from 
Kenya to the United States (St. Louis Zoo, Los Angeles Zoo, 
Bush Gardens, and Gladys Porter Zoo—Barnes 2002). Of those 
imported, 28 founded the Association of Zoos and Aquariums 
(AZA) population, from which all existing individuals are 
descended (with the exception of individuals that might result 
from artificial insemination with Kenyan imported sperm—
Penfold et al. 2005). Thus, the entire Association of Zoos and 
Aquariums population belongs to the subspecies L. w. walleri.

The current European zoo population derives from the 
United States population, and just a few individuals can today 
be seen in the Berlin Tierpark Friedrichsfelde and the Berlin 
Zoo. Historically, both subspecies were on display in Europe, 
with breeding populations of L. w. sclateri at Frankfurt Zoo from 
1956 to 1979 (Scherpner 2011) and Antwerpen Zoo from 1957 
to 1965 (Zootierliste 2019).

Litocranius walleri is often kept in small groups of 4–7 
individuals (Penfold et al. 2005); breeding groups can consist of 
one male and two females. Young males are removed from the 
herd at an age of 9–14 months due to intraspecific aggression 
from the breeding male. Young males can be housed in bach-
elor herds and mixed with other species (Houston et al. 1988). 
Species that have been mixed with L. walleri include ungulates, 
such as the eastern bongo (Tragelaphus eurycerus isaaci), 
Guenther’s dik-dik (Madoqua guentheri), Soemmerring’s ga-
zelle (Nanger soemmerringii), and giraffe, and birds, such as the 
common ostrich (Struthio camelus) and southern ground horn-
bill (Bucorvus leadbeateri—Association of Zoos and Aquariums 
Ungulate TAGs 2017).

Challenges for the maintenance of L. walleri in captivity 
include its fragile and often nervous nature (Thomas et al. 
1986), high death rates, and decreasing gene diversity (Penfold 
et al. 2005; Association of Zoos and Aquariums Antelope and 
Giraffe Taxon Advisory 2014). Injuries due to flight behavior 
can be decreased via large enclosures, fencing with yielding 
material, and habituation of keepers (Hammer et al. 2008). 
L. walleri receives vitamin E, penicillin, and monoclonal 
antibodies against Escherichia coli to reduce various illnesses 
often found in captive individuals (Thomas et al. 1986). For 
invasive procedures, L. walleri can be anesthetized using a 
combination of medetomidine (40–60 μg/kg) and ketamine 
(3 mg/kg) administered with a blow gun (Penfold et al. 2005; 
Pas 2014), and anesthesia can be reversed using atipamezole 
(0.25 ± 0.1 mg/kg—Penfold et al. 2005).

Housing for L. walleri should have indoor stalls and an 
outdoor yard. Indoor stalls need to be maintained at 20°C 
throughout the winter. L. walleri needs to be kept inside when 
outside temperatures drop below 18°C (Houston et al. 1988) and 
when it is raining. The outdoor yard must have a separation from 
the visitors, such as a railing with 1.4 m distance to the yard 
(Houston et al. 1988) or via moat coupled with a fence or a wall 
of 80 cm in height (Scherpner 1971). The St. Louis Zoo provided 

L. walleri with alfalfa hay, fresh browse when in season (e.g., 
maple [Acer], mulberry [Morus], and sycamore [Platanus]), 
pelleted dairy chow, and string beans. Supplements such as vi-
tamin A and Rocavit-E (Roche Chemical Division, Hoffman-La 
Roche Inc., Nutley, New Jersey) vitamins were added to the diet 
(Houston et al. 1988).

BEHAVIOR

Grouping behavior.—Litocranius walleri can occur in 
herds of up to 30 individuals (Eisenberg 1966) but typically 
form smaller groups of 3–4 animals with no more than one 
adult male or just adult females and their young. Subadult 
males are frequently found alone or associated with other males 
of the same age, sometimes also with adult females (Leuthold 
1978b). Adult males are usually territorial and can occupy 
the territory for several years (Leuthold 1978a). Adult males 
without a territory stay solitary or occasionally join groups of 
subadult males. In general, associations of individuals seem to 
be temporary, loose, and mainly caused by an overlap of home 
ranges (Leuthold 1978b).

Intimidation behavior occurs in the form of head-shaking 
and swift lowering of the head (Leuthold 1978b). Combat be-
tween males starts after both contestants bow their heads. They 
then creep up on one another and clash horns. Both try to twist 
their head away, followed by movement of the head left and 
right. The opponent will mirror the head movements until one 
starts to charge again (Walther 1961). During combat, both 
males vigorously swish their tails. Subadult and juvenile males 
engage in play fighting with other subadults (Leuthold 1978b) or 
adults (Walther 1961).

Young males and females display submissiveness by lifting 
the tail and curling it over the back (Leuthold 1978b). In cap-
tivity, female L. walleri will lay down with the front legs and 
neck flat on the ground as a clear sign of submission (Walther 
1961).

Litocranius walleri shows a typical contact behavior of rub-
bing their heads against each other’s jaw. This has been observed 
between two or more adult females and occasionally between 
adult males (Leuthold 1978b). Captive individuals have been 
observed licking and nibbling one another (Walther 1958).

Reproductive behavior.—Mating ceremonies begin with 
the male approaching the female with his nose held up high. 
Males then display a behavior called the “Laufschlag” that 
is typical for many antelopes. Litocranius walleri, however, 
does this in a slower and more pronounced manner. The male 
extends its front leg between the hind legs and front legs of 
the female, and the male’s leg can be completely extended. He 
will do this until the female either accepts or declines mating. 
The male occasionally will use this behavior to “kick” the fe-
male up from a laying position. Females uncomfortable with 
the sexual advances flap their ears; progression of this behavior 
is shaking of the head with ears and nose raised. The female 
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might also run or hold her head up high with her ears laid back. 
A female accepting sexual advances walks ahead of the male, 
proceeds to urinate, and later lowers her head in preparation 
of copulation. The male will let the urine run over his snout 
and flehm. Males use their antorbital glands to mark the fe-
male (Walther 1958). During copulation, both partners stand 
with head and neck erect, and the forelegs of the male loosely 
hanging down (Ullrich 1963). Ullrich (1963) further stated that 
he often saw males with inflated necks during the breeding 
season (in June 1955 in Tanzania) and interpreted this as part 
of courtship display.

A detailed account of the birth of an L. walleri in the 
Frankfurt Zoo (and comparable time frames of a second birth) 
was given by Kirchshofer (1963): 30 min (14 min) after the rup-
ture of fetal membranes, the head of the fawn appeared, and it 
was born 55 min (1.5 h) later. The mother immediately cleaned 
the newborn and ate the fetal membranes and umbilical cord. 
After 20 min, the newborn tried to stand for the first time and 
succeeded in doing so 1 h after birth, with first successful steps 
40 min later. The placenta was delivered 2 h and 50 min (same in 
the second case) after the neonate and immediately eaten by the 
mother. Ten minutes later, the neonate drank for the first time. 
Neonate and mother communicate with soft calls (“knätschen”). 
Birth-related events at St. Louis Zoo were summarized (means 
and ranges) by Houston et al. (1988): total duration of labor 6.6 
(1.5–16) h, neonate standing after 1.4 (0.75–3) h, and neonate 
suckling for the first time after 0.75–4 h.

After birth, the mother leads her young to a hiding place. 
This might be repeated for the next few days. After the first 
week, young start to choose their hiding site, thus beginning the 
hiding phase. Mothers end each hiding phase by walking toward 
the hiding site and at 15–20 m away start to call for their young. 
Daytime hiding sites are typically among small trees or bushes, 
and nighttime hiding sites consist of dry branches. In the first 4 
weeks, young L. walleri hide for 9–9.5 h, separated from their 
mothers that can be up to 1.5 km away. After 2 months, the hiding 
phase is reduced to 5 h/day, and at 3 months, hiding is changed 
to resting behavior (Reif and Klingel 1991). At 5 months, the 
young stays with the mother. Due to the long resting hours, suck-
ling mainly takes place in the morning (0700–0800 h) and eve-
ning (1800–1900 h—Leuthold 1978b).

Communication.—An adult male Litocranius walleri 
marks its territory by placing secretions of the antorbital gland 
on bare wooden twigs (Gosling 1981). The marks of one ter-
ritorial male in two consecutive years were placed along a 2- 
to 3-km-long band bordering an oval-shaped area of 12–30 ha 
within his territory, with radiating lines of scent marks stretching 
outward. The marked area therefore is much smaller than the 
territory itself (Gosling 1981). The average height of marks is 
about 116 cm (Leuthold 1978b). Marks consist of small deposits 
in spherical forms of up to 1 cm diameter. Large marks likely 
are the result of repeated application of secretion on the same 
spot (Gosling 1981). Scent marks are commonly found on plant 
species such as Delonix elata and Premna resinosa, particularly 

on sites most likely to be found by conspecifics, for example, 
along trails (Gosling 1981). Leuthold (1978b) mentioned that 
all marked shrubs had been fed upon, thus marking is frequently 
correlated with feeding. Marking frequency is 0.6–3.7 times/h, 
highest in the late afternoon, but increasing markedly after terri-
torial fights (Leuthold 1978b). In captivity, L. walleri is known 
to mark fencing, wire, pencils, and fingers when tame (Gosling 
1981). Males have been observed to perform a shrub-horning be-
havior in which they thrash shrubs with their horns. In captivity 
males are known to thrash their horns against the ground as well 
(Leuthold 1978b).

Similar to all species in Antilopini, adult L. walleri usually 
urinate and defecate in sequence, adopting very conspicuous 
body postures with legs stretched far behind during urination, 
and a low crouched position when defecating on the exact same 
spot (Estes 1992). This urination–defecation sequence is often 
preceded with scraping the ground with their forelegs, and can 
be accompanied with antorbital gland marking. Frequency of 
urination in males (0.6 times/h) is significantly higher than 
in females (0.4 times/h), and it can be assumed that urination 
by males plays a role in communication (Leuthold 1978b). 
Nevertheless, L. walleri does not maintain dung middens as 
some other antelopes do, for example, oribi (Ourebia ourebi), 
bontebok (Damaliscus pygargus), and impala (Aepyceros 
melampus—Estes 1992).

When alarmed, L. walleri makes a low short noise (Sclater 
and Thomas 1898). Abdominal contractions are clearly vis-
ible during this process (Leuthold 1978b). Under predation 
risk, it will hide or flee. Hiding consists of a typical body 
position where it will stretch its neck up high, with nose in 
the air and ears held flat on the head (Walther 1958). Flight 
consists of a gallop, and sometimes individuals will expose 
their white rump patches by spreading the hair of the perineal 
area (Leuthold 1978b).

Miscellaneous behavior.—Litocranius walleri is fa-
mous for its feeding behavior because it frequently browses 
bipedally (Fig. 4; Menges 1887; Sclater and Thomas 1898) and 
is even able to walk a few steps sideways on its hind legs while 
browsing (Leuthold 1971). In a hand-reared L. walleri, without 
contact to conspecifics, this behavior started to occur within the 
first 2 weeks after birth, with the first successful attempt at the 
age of 1 month (Leuthold and Leuthold 1973). L. walleri uses 
rotary galloping when running (after the second hindfoot, the 
forefoot on the same body side touches the ground—Biancardi 
and Minetti 2012).

Daytime activity of L. walleri is negatively correlated 
with ambient temperature: the higher the temperature, the 
less time spent feeding (Robinson and Owen-Smith 2004). 
L. walleri is known to lie down and wait during rain, prob-
ably to reduce heat loss. The basic daytime rhythm shows 
an alternation between feeding and ruminating bouts. Social 
environment, reproductive status, weather conditions, and 
external disturbances likely modify daytime activities 
(Leuthold and Leuthold 1978).
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GENETICS

Litocranius walleri has a diploid number (2n) of 60 
acrocentric chromosomes and a fundamental number (FN) 
of 60 (Wurster and Benirschke 1968). The autosomes are 
acrocentrics or subacrocentrics, the X chromosomes is a large 
acrocentric and the Y chromosome is a medium acrocentric 
(Wurster and Benirschke 1968). The genome size of one L. 
walleri male was estimated to be 7.32 pg of DNA per cell nu-
cleus, based on flow cytometric analysis (Krishan et al. 2005); 
this value is slightly larger than values published for other 
species of gazelles.

Protein (and gene) sequences known for L. walleri in-
clude cytochrome-c oxidase subunit 1, 2, 3 (COXI, COXII, 
COXIII); cytochrome b (CYTB); NADH-ubiquinone 
oxidoreductase chain 1, 2, 3, 4, 4L, 5, 6 (ND1, ND2. ND3, 
ND4, ND4L, ND5, ND6); integrin beta (integrin beta1); ATP 

synthase subunit a (ATP6); ATP synthase protein 8 (ATP8); 
beta spectrin (SPTBN1); thyroptin beta chain (THYR); pro-
tein kinase C iota (PRKCI); and Kappa-casein (KCAS; 
http://www.uniprot.org/uniprot/Q95MR4). Two complete 
mitochondrial genomes were sequenced by Hassanin et al. 
(2012) and are available on GenBank (www.ncbi.nlm.
nih.gov/genbank; accession number NC_020716.1 and 
JN632653.1).

CONSERVATION

Litocranius walleri is classified as “Near Threatened” 
(NT) by the International Union for Conservation of Nature 
and Natural Resources, and about 10% of all L. walleri occur 
in protected areas in Ethiopia (e.g., Mago National Park, 
Awash National Park), Kenya (e.g., Tsavo National Park, 
Sibiloi National Park, Meru National Park, Samburu Game 
Reserve), and Tanzania (e.g., Mkomazi Game Reserve and 
Tarangire National Park—IUCN SSC Antelope Specialist 
Group 2016). Threats include anthropogenic activities such 
as hunting (Funaioli and Simonetta 1966), habitat frag-
mentation, and deforestation (Holst et al. 2013). L. walleri 
is hunted commercially and traditionally for bushmeat and 
skins. Traditionally, it is hunted with bow and arrow (Grayson 
et al. 2007). Hunting by tourists has been increasing, and 
in some areas the L. walleri populations have been fairly 
heavily affected (e.g., Mkomazi in Tanzania up to 10% of 
the population—Caro et al. 1998). The skin of L. walleri is 
exported from Somalia (Funaioli and Simonetta 1966).

Human conflicts contribute directly to the hunting of L. 
walleri in Kenya and Somalia, as young men (referred to 
as warriors) in Kenya (Squires et al. 2016) and military in 
Somalia (Funaioli and Simonetta 1966) are known to hunt L. 
walleri for fresh meat. Actions to counter these impacts in-
clude establishment of nature reserves with strict no-hunting 
zones (Funaioli and Simonetta 1966) and education and so-
cial activities (Squires et al. 2016). L. walleri is an ideal 
species to combine conservation and ecotourism efforts be-
cause it is known to attract tourists and can therefore help in 
establishing conservation tourism by acting as a flagship spe-
cies (Holst et al. 2013). Some L. walleri live close to densely 
inhabited areas, such as Djibouti city, so it can easily be used 
in conservation education (Holst et al. 2013). Lastly, there is 
a positive effect of other social activities on conservation, for 
example, in parts of Kenya where the introduction of soccer 
decreased the time warriors spent killing wildlife (Squires 
et al. 2016). Additional improvements to conservation efforts 
have occurred with the collaboration of the Kenyan and 
Tanzanian governments on monitoring and assessing of an-
imals along their border (Okello et al. 2015). Conservation 
efforts protecting the habitat of the endangered Grevy’s zebra 
(Equus grevyi) also help protect L. walleri living in that area 
(Said 2003).

Fig. 4.—Adult female Litocranius walleri showing the typical be-
havior of feeding bipedally. Buffalo Springs National Reserve, Kenya. 
Photograph by Dr. Frank Zachos used with permission.
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