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Choloepus llliger, 1811
Choloepus 1lliger, 1811:108. Type species Choloepus didactylus.

CONTEXT AND CONTENT. Order Xenarthra (= Edenta-
ta), Suborder Pilosa, Infraorder Tardigrada, Family Megalonychi-
dae, Genus Choloepus, which includes two species, C. didactylus
and C. hoffmanni (distinguished below in Diagnosis section).

Choloepus didactylus (Linnaeus, 1758)
Linné’s Two-toed Sloth

Bradypus didactylus Linnaeus, 1758:34. Type locality “Zeylona.”
Restricted to “Suriname” by Thomas, 1911:132.

Choloepus unau Link, 1795, in Cabrera, 1957:211.

Choloepus curi Link, 1795, in Cabrera, 1957:211.

Choloepus guianensis Fitzinger, 1871:399. Type locality “Guiana
und Suriname.”

Choloepus braziliensis Fitzinger, 1871:403. Type locality “Nord-
Brasilien.”

Choloepus didactylus var. columbianus Gray, 1871:432. Type lo-
cality “Columbia” [Colombia).

Choloepus florenciae Allen, 1913:469. Type locality “Florencia
(alt. 1000 ft. [305 m]), Rio Bodoquera, Caquetd, Colombia.”

Choloepus napensis Lonnberg, 1922:18. Type locality “along river
Napo, altitude 2000 ft.” [610 m], Napo province, Ecuador.

CONTEXT AND CONTENT. Familial designation of two-
toed sloths (Choloepus) has been problematic, and they have his-
torically been placed with three-toed sloths (Bradypus) in the Bra-
dypodidae or alone in the Choloepidae. Most workers now agree
that Choloepus belongs in the Megalonychidae, formerly a family
with only extinct members (Engelmann, 1985). Consequently, tra-
ditional groupings of extinct “ground” sloths and extant “iree”
sloths are no longer valid (Webb, 1985). No true subspecies of C.
didactylus have been described but, if western and eastern popu-
lations gain subspecific status, three names are available (C. d.
columbianus, C. d. florenciae, and C. d. napensis—Wetzel, 1982).
The type specimen of the purported subspecies C. d. pallescens
Lonnberg, 1928:12 (type locality “Perii, San Martin, Calavera”) ac-
tually belongs to the species C. hoffmanni (Wetzel, 1982).

DIAGNOSIS. Choloepus didactylus (Fig. 1) can be distin-
guished from C. hoffmanni by having throat pelage that is similar
in color to pectoral hair, whereas throat hairs are lighter in C.
hoffinanni. In C. hoffmanni, cheek and throat hairs are distinctly
shorter and finer than those of the neck and shoulder, but these
hairs are not shorter in C. didactylus. The skull of C. didactylus
(Fig. 2) is marked by an anterior maximal interpterygoid width that
is at least double the minimum posterior interpterygoid width (less
than double in C. hoffmanni), and by the presence of one pair
each of small and large foramina peneirating the anterodorsal por-
tion of the interpterygoid space (one pair of small and two pairs of
large foramina in C. hoffmanni). Posterior foramina do not pene-
trate pterygoid sinuses in C. didactylus, but do in C. hoffmanni.
In C. didactylus pterygoid sinuses are broadly inflated (greatest
width >14 mm), but less so in C. hoffmanni (greatest width <13.5
mm). Maxillae of C. didactylus are in broad contact with the fron-
tals, but are separated externally by lacrimals or nasals in C. hoff-
manni. Cervical vertebrae usually number 7 (range 6-8) in C. di-
dactylus, and 6 (range 5-6) in C. hoffmanni (Wetzel, 1985).

GENERAL CHARACTERS. Linné’s two-toed sloth ranges
from tan to buffy brown in color but in the wild may take on a
slight greenish tinge due to green algae living on its hair (Aiello,
1985). Underfur is absent, and ventral pelage is usually lighter than

that of the back. The long fur (up to 170 mm—Anderson and Jones,
1984) is parted along the ventral midline of the animal and is
directed dorsally, collecting into a whorl at the level of the sacrum.
Pinnae are reduced and completely concealed by hair. The light
brown face is not furred and has a leathery texture. Young C. di-
dactylus tend to have a darker pelage that is soft and woolly (Ve-
selovsky, 1966).

The eyelids are fleshy and the eyes appear beady. Irises are
reddish-brown and pupils are round (Meritt, 1985). A single pair
of mammae is situated pectorally. Only a non-prehensile, vestigial
tail remains. Manual and pedal formulae are 0-3-3-0-0 and 0-3-3-
3-0, respectively. The digits of all four feet are syndactylous, and
each bears a strongly curved claw. The naked volar surfaces of the
feet are covered entirely with smooth, brownish-pink or brown pads.
C. didactylus is nocturnal and spends much of its waking time
hanging below branches in an inverted posture, often resting on a
lower branch for support.

Mean measurements (= SD) for adult C. didactylus are as
follows: total length, 677 * 55 mm (n = 41); length of tail, 23 +
7 mm (n = 11); length of hind foot, 148 = 17 mm (n = 37); length
of ear, 28 = 4 mm (rn = 19); mass, 6.07 = 1.09 kg (n = 21);
greatest length of skull, 111.2 = 5.7 mm (n = 42); ratio of mini-

FiG. 1. Female Choloepus didactylus at the Calgary Zoo,
Botanical Garden and Prehistoric Park in a typical suspensory
pose. Photograph by D. H. Bininda.



Fic. 2. Dorsal, ventral, and lateral views of cranium and lat-
eral view of mandible of Choloepus didactylus (sex unknown) from
the Calgary Zoo, Botanical Garden and Prehistoric Park (University
of Calgary Museum of Zoology UCMZ(M)1992.025). Greatest length
of cranium is 11.8 cm. Photograph by H. I. Rosenberg.

mum to maximum interpterygoid widths, 0.47 * 0.08 mm (n =
30—Wetzel, 1985). Sexual dimorphism is not marked (Anderson
and Jones, 1984).

DISTRIBUTION. Choloepus didactylus is found in humid,
warm, neotropical lowlands and is limited to well-established forest
habitat to an altitude of 2,438 m (Britton, 1941). It is distributed
(Fig. 3) as follows: north to the Rio Orinoco delta in Venezuela and
upper (Meta) Orinoco drainage in Colombia; east to Guyana, Su-
rinam, French Guiana, and Maranhdo state in Brazil; south along
both banks of the Rio Amazonas-Solimdes; west to the Amazon
basin of Colombia, Ecuador, and Peru (Wetzel, 1982, 1985). De-
forestation may be reducing the natural range of C. didactylus
(Wetzel and de Avila-Pires, 1980). Choloepus is known only from
Recent times but may have originated in the Miocene (Patterson
and Pascual, 1968).

FORM. With the exception of vibrissae and hair around the
eyes (Britton, 1941), hairs of Choloepus are unique among mam-

mals in having 8-11 longitudinal furrows extending along their
length (Aiello, 1985; Wujek and Cocuzza, 1986). This fluting at-
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Fic. 3. Distribution of Choloepus didactylus in South Amer-

ica (modified with permission from Wetzel, 1982).

tenuates toward the distal end of each hair, and adjacent ridges are
connected by cuticular bridges (Aiello, 1985). Hairs reportedly lack
a central medulla and pigment granules (Aiello, 1985), although
Wujek and Cocuzza (1986) dispute the absence of the medulla.
Hair tracts along the body and limbs are directed dorsally. Skin of
the body is 2—4 mm thick (Grassé, 1955), and that of the manus
and pes confers syndactyly to the distalmost interphalangeal joints
of the digits. The epidermal-dermal junction of the digital skin can
be microscopically distinguished from other areas of the body by
the presence of papillae. Dermatoglyphics, sweat glands, and cal-
luses are lacking on the glabrous volar pads, but flexion creases
are prominent. These pads are also one of the few places where fat
deposits occur (Mendel, 1981a, 19815, 1981c).

The skeleton of C. didactylus is illustrated in Grassé (1955:
1190). Vertebral number is variable, with ranges of 6-8 C, 23-25
T, 34 L, 4 S, and 4-6 Ca (total range 45-46—Frenchkop, 1953;
Grassé, 1955; Wetzel, 1985). Transverse processes of posterior lum-
bar vertebrae may fuse with the ilium, and anterior caudal vertebrae
often articulate tightly with the ischium. The resultant long and
rigid pelvic girdle may provide stability previously provided by the
extra vertebral processes (xenarthroses) that characterize the Order
Xenarthra, but which have been secondarily lost in this species
(Frenchkop, 1953). Both scapulae and clavicles are large in asso-
ciation with a strong forelimb (Frenchkop, 1953; Miller, 1935). De-
tailed distal skeletomuscular and joint anatomy of Choloepus limbs
has been described (Mendel, 1979, 19815, 1981¢, 1985; Miller,
1935). Both manus and pes have marked flexibility in the meso-
podia, but metapodial-phalangeal and interphalangeal joints are of
the tongue-and-groove type. Only digits II and III of the manus
remain functional; metacarpal V is absent, and I and IV are re-
duced to stubs. Metacarpal I consists of three centers of ossification:
diaphysis, epiphysis, and a carpal element, the trapezium, fused to
it (Flower, 1873). Pedal digits II, III, and IV are present, and met-
atarsals I and V are vestigial. Ungual phalanges each bear a strong-
ly curved claw that is subequal in size to others of the same foot.

The skull of Linné’s two-toed sloth is short and rounded dor-
sally. Adjacent bones are usually solidly fused in adults, making
recognition of suture lines difficult. Strong temporal fossae are pres-
ent, but a sagittal crest is lacking. The zygomatic arch is incomplete
and has a pronounced, descending, jugal process. Tympanic bullae
are absent. A prenasal bone is present (Grassé, 1955; Wetzel,
1985). The precise dental formula of C. didactylus is disputed; five
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teeth are present in each maxilla, and four in each dentary. The
anteriormost maxillary and mandibular teeth are triangular in cross
section and larger than more posterior cylindrical teeth. The an-
terior leeth may be canines, as evidenced by their large size and
separation from more posterior teeth by a diastema (Grassé, 1955),
or they may be caniniform premolars (Eisenberg, 1989; Frenchkop,
1953). The caniniform teeth bear sharp, bevelled occlusal surfaces
and are self-sharpening. The remaining posterior teeth have occlu-
sal surfaces with complex wear facets due to differential wear of
inner and outer dentine layers (Naples, 1982, 1995). Histological
preparations of C. didactylus teeth show a thick cementum layer
and no enamel. The orthodentine has numerous vascular canals
externally, but the central dentine is amorphous and lacks canals
(Ferigolo, 1985). Dentaries are solidly fused at the mandibular sym-
physis (Naples, 1982).

Whole-body musculature of Choloepus has been described
(Humphrey, 1870; Mackintosh, 1875; Windle and Parsons, 1899),
as have muscles of forelimb (Mendel, 19815; Miller, 1935), hind
limb (Mendel, 1981¢), mastication (Naples, 1985b; Sicher, 1944),
tongue (Naples, 1986), and face (Naples, 1985a). Skeletal muscu-
lature is uniformly composed of red muscle tissue (Britton, 1941).
Both fore and hind limbs have undergone blending of muscle and
changes in muscle action, including the rearrangement of the mm.
tibialis anterior and extensor hallucis longus to the flexor compart-
ment of the foot, which increase force of flexion (Mendel, 19815,
1981¢, 1985; Miller, 1935). Ligamentum femoralis is absent, giving
the hind limb a large degree of free rotation (Mackintosh, 1875).
Fibers of the masseter muscle of Choloepus lie in an almost hori-
zontal plane, taking origin from the descending jugal process (Na-
ples, 1982, 1985b). The presence of a grooved palate, large tongue,
and mandibular adductor muscles may be functionally related to
eating in an inverted posture (Naples, 1986).

Values for red blood cells of C. didactylus are similar to those
of other mammals, with cell count of 4.2-4.8 X 10%/mm?, cell lon-
gevity 130-135 days, and hemocrit 49-53% (Marvin and Shook,
1963; Spector, 1956). Values are relatively high for blood hemo-
globin (17.1-19.7 g/100 ml), urea nitrogen (25-28 mg%), and cho-
lesterol (250-260 mg%), but they are comparatively low for glucose
(58-62 mg%), chloride (94-102 mole equivalents/l), and bicarbon-
ate (18-22 mole equivalents/l). Blood pH is >7.44; pCO, is <29.7;
p0, is <74.9; and white blood cell numbers are 10-33 X 10%/mm?
(Bush and Gilroy, 1979). The heart beats 70-130 times per minute
at rest (Britton, 1941) and 48-108 times per minutes under anes-
thesia (Bush and Gilroy, 1979). Systolic blood pressure ranges are
120-140 mm Hg (Britton, 1941), and diastolic ranges are 110-160
mm Hg (Goffart, 1971). The heart of C. didactylus, relative to body
mass, weighs 4.9-5.9 g/kg and has large auricles with remnants of
the fetal sinus venosus and associated valves (Ehrat, 1943). The
vena cava is double to the level of the renal arteries and attenuates
anteriorly. Blood returning to the heart from the iliac veins is largely
transported by an intervertebral vein, which lies to the right of the
spinal cord and runs through the neural foramina of the lumbar
and thoracic vertebrae between the sacrum and the level of the
heart. It drains into either the azygous or jugular vein (Barnett et
al., 1958). Extensive retia mirabilia are present on the medial side
of both the fore and hind limbs (Grassé, 1955). Lung volume of
Choloepus is large (60 ml/kg, relative to body mass—Goffart,
1971). At rest, C. didactylus draws 10 breaths per minute (Bopp,
1954).

The brain of C. didactylus has been illustrated by Richter
and Bartemeier (1926) and described by Elliot-Smith (1898). Gen-
eral brain form suggests that the senses of touch, taste, and smell
are good, but that sight and hearing are poor. Levels of various
polypeptides (e.g., substance P, neurotensin, and cholecystokinin)
from the spinal cord of C. didactylus are similar to those of other
mammals studied (Yaksh et al., 1988).

Eyes of Choloepus are directed forward with a divergent angle
of 34° and set with an interoccular distance of 4547 mm (Goffart,
1971). The retina of C. didactylus has a laterally located area
centralis with 1,000 ganglion cells per mm?; the peripheral density
surrounding the area centralis is 100 cells per mm?. The area cen-
tralis forms a lengthened visual streak along the superior-inferior
axis (Andrade-da-Costa et al., 1989). It is disputed whether a ta-
petum lucidum is present (Brition, 1941) or absent (Goffart, 1971).
Olfactory bulbs, tracts, and piriform lobes are large (Goffart, 1971).
Ackerknecht’s organ is also present (Coebergh, 1930). The cochlea
of Choloepus is typically mammalian (Ramprashad et al., 1985),
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and C. didactylus hears in the range 0.3-25.3 kHz at 100 dB, with
optimum hearing in the range 2-8 kHz at 45 dB (Suga, 1967). M.
tensor tympani is present but not attached to the malleus. The
small, concealed pinnae of Linné’s two-toed sloth may be poor at
collecting sound (Goffart, 1971). The vestibular structure of Cho-
loepus is not appreciably different from that of other mammals
(Ramprashad et al., 1984).

Choloepus is a foregut fermenter (Bauchop, 1978). The stom-
ach of C. didactylus is large and three chambered, with well-de-
veloped rugae on the interior surface. The large fundus has a short,
cone-shaped cecum extending from its posterior margin. The pyloris
is poorly developed, having only thin, muscular walls (Klinckows-
trom, 1895). No ceca are present on the intestine, and the transition
from small to large intestine is gradual (Goffart, 1971). The rectum
is pouch-like and may store up to 1 kg of fecal material (Grassé,
1955). Unlike Bradypus, Choloepus has a gall bladder; it is located
on the central lobe of the trilobed liver (Britton, 1941). The liver
may (Wislocki, 1928) or may not (Grassé, 1955) rotate 135° during
embryogenesis.

Kidneys are small, oval, smooth, have a well developed hilum,
and are positioned low in the abdominal cavity near the level of
the sacrum (Britton, 1941). The urinary bladder is large and thick
walled (Goffart, 1971). External genitalia are small, inconspicuous,
and similar in form in males and females, making sex determination
difficult without close examination (McCrane, 1966} or internal in-
spection. Males have a small penis, and, as testes are intra-abdom-
inal, males have no scrotum. The expanded coxal bones and in-
flexible pelvic region may prevent thrusting movements during cop-
ulation (Frey, 1994). It is disputed whether a prostate gland or
seminal vesicles are present in C. didactylus (Wislocki, 1928).

In females, the mesosalpinx creates an ovarial pouch that con-
ceals the bilobed ovaries {Goffart, 1971). The vagina is double in
its posterior third, with two external openings separated by a sep-
tum vaginae (Britton, 1941; Wislocki, 1928). The placenta of C.
didactylus is deciduate, labyrinthine, endotheliochorial, nodular-
discoidal in form, and attaches to the fundus of the unicornuate
uterus. The 12-cm umbilical cord attaches marginally to the de-
veloping fetus, with free membranes constituting half of the fetal
surface. The amnion is anodular and attached firmly to the chorion.
Endothelial cells of maternal tissue are prominent, but not invaded
by the trophoblast (Benirschke and Powell, 1985).

Thyroid glands are paired, connected by a thin isthmus, and
are reported to be either of relatively small size with low activity
(Marvin and Shook, 1963) or actively secreting glands falling within
the size range of most eutherian mammals (Goffart, 1971). Islets of
Langerhans are present in the pancreas, and adrenal glands are
located far anterior to the kidneys (Britton, 1941).

FUNCTION. The dorsal projection of hair tracts in sloths is
thought to increase the efficiency of sloughing off of water while
the animal hangs in an inverted posture (Goffart, 1971). Although
generally lacking subdermal adipose tissue, the thick skin of C.
hoffmanni, and presumably that of C. didactylus, is more insula-
tive than that of most other tropical mammals (Scholander et al.,
1950). The distensible fat tissue underlying hand and foot pads
may act as a friction generator, conferring a firm grip and thus
improving the ability of a sloth to hang onto overhead supports
(Mendel, 19815, 1981c).

Adaptations for suspensory locomotion are most prevalent in
the skeletomuscular anatomy. Claws and syndactylous digits enable
the manus and pes to function as hooks for moving below branches,
and enhanced flexor musculature ensures that the grip is firm (Men-
del, 1985). The anatomy of the limbs even allows dead sloths to
hang from a support (Merrett, 1983). The broad thoracic cavity,
with the support of many pairs of ribs, acts as a basket to support
the viscera of the animal (Frenchkop, 1953).

The relatively high blood pressure of C. didactylus is needed
to supply blood to the limbs, which lie above the heart in the usual
posture of the animal (Goffart, 1971). Functions suggested for the
retia mirabilia include blood storage or a means of preventing blood
stoppage during prolonged muscle contraction (Goffart, 1971). In
C. hoffmanni this vascular arrangement serves in thermoregulation
as a countercurrent heat-exchanger (Scholander and Krog, 1957).

Decerebration lesions either above or below the red nucleus
of the brain induce flexor rigidity, although the response is stronger
and longer when a lesion is made above the red nucleus (Richter
and Bartemeier, 1926). In most terrestrial mammals decerebration
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causes extensor rigidity, presumably a response to increase the se-
curity of a normal tetrapodal stance. Flexor rigidity suggests that
the nervous system is adapted to the hanging posture of C. didac-
tylus. Decerebrate C. didactylus responded to the distress call of
a young sloth (Richter and Bartemeier, 1926).

Vision in Choloepus is marked by poor accommodation, poor
acuity, and slow light reactions of the iris (Mendel et al., 1985).
Reactions to falling are likewise slow, and Choloepus that are fall-
ing distances of 4 m show no attempt to right themselves, even
though falls of <3 m are known to break their spines (Goffart,
1971). The superior-inferior visual streak of the retina may increase
acuity and depth perception of vertical objects in the visual field,
such as a branch under which the animal is progressing (Andrade-
da-Costa et al., 1989).

Food may be retained in the stomach of Choloepus for 70-90
hours post-ingestion and may take one week to pass through the
entire gut (Britton, 1941). The large urinary bladder and rectal
pouch allow considerable waste to be stored prior to elimination.
Volumes of urine and solid waste expelled at any given time may
be 500 and 235 ml, respectively, accounting for up to 30% of the
total body mass of the sloth (Meritt, 1973). Urine retention may
promote water resorption by cells in the wall of the urinary bladder
(Goffart, 1971).

Blood-urea levels are high (100 mg/l—Brition 1941), and this
nitrogenous compound may be used by gut bacteria for protein
synthesis. The amount of uric acid in the urine is also high, but
two-toed sloths are considered ureotelic (Goffart, 1971). The heart
appears to be well supplied with glycogen (0.5-0.6 mg%). Both the
adrenal glands and pancreas are important in carbohydrate man-
agement. Glycotaxis is apparently slow, as animals which have had
their pancreas removed are hyperglycemic after only 3—4 days and
die after one week (Britton, 1941).

ONTOGENY AND REPRODUCTION. No fixed breeding
period is discernable for C. didactylus, as births and the carrying
of young have been documented throughout all seasons of the year
(Moeller, 1990). Mating occurs abdomen to abdomen and takes
place either on the ground (Britton, 1941) or while hanging from a
branch (Eisenberg and Maliniak, 1985; Veselovsky, 1966). Reten-
tion of wastes in the urinary bladder and rectum by Choloepus
makes detection of pregnancy by palpation equivocal (Meritt,
1985). Determination of the gestation period in C. didactylus is
difficult, and both sperm storage and delayed implantation are im-
plicated in the wide range of estimates found in the literature (Van
Doorn, 1971). The most reliable findings indicate that gestation
lasts 10.5 months (Eisenberg and Maliniak, 1985; Partridge, 1991).
Estrus in C. hoffmanni lasts 4-5 days and is marked by swelling
of the labia, blood on perches, and presence of a scablike devel-
opment in the vaginal opening (Meriit, 1985). A similar condition
is likely for C. didactylus. Intercycle periods have not been re-
ported.

The embryology of C. didactylus has not been documented.
Young are born singly and head-first, with a mean mass at birth of
364 g and total length of ca. 250 mm (n = 3—Veselovsky, 1966).
Newborns have open eyes and are partially precocial, being able
to climb onto the mother’s abdomen using a strong grip with little
or no assistance (McCrane, 1966). Parturition in one instance took
35 minutes (Veselovsky, 1966). Post-parturition consumption of the
placenta by the mother or other sloths is common (Britton, 1941;
Van Doorn, 1971).

Suckling bouts are periodic, last 5-15 minutes, and take place
opposite to the force of gravity, with the young situated on the
ventrum of the hanging mother. Weaning is gradual and occurs ca.
2.5 months after birth. Solid foods are first taken at 3—-5 weeks of
age (Eisenberg and Maliniak, 1985; McCrane, 1966; Stone, 1957).
A l-week-old C. didactylus can drink water (Eisenberg and Mal-
iniak, 1985). Young achieve independence gradually, beginning as
early as 5 months of age when they weigh 15% of the mother’s
mass (Eisenberg and Maliniak, 1985; Stone, 1957). Mortality of
infants in captivity is high. Of 21 births at the Prague zoo, 3 were
stillborn and 13 died within the first 2 months of life (McCrane,
1966).

Early growth of C. didactylus has been documented (Eisen-
berg and Maliniak, 1985; McCrane, 1966; Veselovsky, 1966). Ca.
2.5 years are required for young to achieve adult body proportions
(Veselovsky, 1966), but sexual maturity is not reached until the age
of 3 years in females and 4.5 years in males. The oldest female

MAMMALIAN SPECIES 621

known to give birth was 25 years old (Eisenberg and Maliniak,
1985).

ECOLOGY. The natural habitat of C. didactylus is classified
as an ever-wet tropical climate, with an annual rainfall of >2,000
mm and short dry-seasons (Sarmiento and Monasterio, 1975). Cap-
tive sloths prefer warm, humid conditions and may be kept at 21—
30°C and 30% relative humidity in autumn and winter, and 20—
38°C and 25-90% relative humidity in spring and summer (Eisen-
berg and Maliniak, 1985; Partridge, 1991).

Both genera of sloths, Choloepus and Bradypus, live in hab-
itats with moderate or dense tree growth and prefer areas rich in
labyrynthous lianas (vines). They often use these lianas and inter-
connecting tree crowns to move between adjacent trees (Montgom-
ery and Sunquist, 1975, 1978). Although vines also extend from
the canopy to the forest floor, Choloepus is typically found in the
upper forest canopy at heights 24-30 m above the ground (Mendel,
1981a, 19815). Most lianas and vines are <10 mm in diameter,
although they may get as large as 100 mm. C. hoffmanni is most
accomplished on supports <39 mm in diameter and reticent to
traverse supports =65 mm in diameter (Mendel, 1981a). Similar-
ities in limb size and anatomy may confer comparable limitations
to C. didactylus (Mendel, 19815, 1981c¢).

The nocturnal habits and camouflaged nature of sloths make
examination of their diet difficult. Cecropia leaves are often stated
to be the plant most consumed by sloths (e.g. Britton, 1941; Lundy,
1952), although this statement is more applicable to Bradypus
(Meritt, 1976) and indirect evidence indicates that the diet of Cho-
loepus may be considerably more varied. Although the diet of wild
C. didactylus is not known, C. hoffmanni is found in association
with at least 52 plant species, most of which are likely to comprise
some part of the diet in the form of young shoots, leaves, and fruits
{(Montgomery and Sunquist, 1975, 1978). In captivity, C. didactylus
eats a variety of foods, including salad, grain, leaves, cooked rice,
carrots, kale, sweet potato, apples, and other fruits and vegetables
(Eisenberg and Maliniak, 1985; Veselovsky, 1966). Cooked meat is
also taken readily (Britton, 1941; McCrane, 1966), and wild sloths
may opportunistically eat animal matter in the form of insects, eggs,
nestlings, carrion, and small vertebrates (Meritt, 1985; Merrett,
1983). Coprophagy has been observed in captive animals (Par-
tridge, 1991).

Data from an extensive rescue operation after flooding in Su-
rinam indicate a density of 56 C. didactylus per km? (of an area
of 15 km?). This equates to a biomass of 241 kg/km?, or 7.9% of
the total biomass of non-volant mammals rescued. Corresponding
values for Bradypus from the same area were, density, 140/km?
biomass, 449 kg/km? and total biomass, 14.7%. From these data,
the energy intake of wild Linné’s two-toed sloths was estimated at
220 kcal ha~! day~'. However, these findings are probably not rep-
resentative of their whole range (Eisenberg and Thorington, 1973).

Two-toed and three-toed sloths overlap considerably in occu-
pancy of tree species (and individual trees), suggesting that they
may compete for food and territory (Montgomery and Sunquist,
1975, 1978). C. didactylus shares most of its range with Bradypus
variegatus and is also sympatric with B. tridactylus in Guyana,
Surinam, French Guyana, and northern Brazil; and with C. hoff-
manni in Peru (Wetzel, 1982). Many tree species are also used by
phyllophagus monkeys, and competition for food may occur (Mon-
gomery and Sunquist, 1975). Below-branch feeding, as exhibited
by Choloepus (Naples, 1986), may reduce competition with above-
branch foragers (Grand, 1972). Regardless, the impact of sloths on
vegetation may be less than that of monkeys because sloths have
a lower metabolic demand and more specialized gut (Montgomery
and Sunquist, 1975). In captivity, Linné’s two-toed sloths are kept
successfully in habitats with marmosets (Callathrix jacchus), pa-
carana (Dinomys branicki), tamarins (Saguinus labiatus), agoutis
(Dasyprocta aguti), hairy armadillos (Euphractus villosus), and
nine-banded armadillos (Dasypus novemcinctus—Merrett, 1983).

Principal terrestrial and arboreal predators of Choloepus are
the coati (Nasua nasua), jaguar (Panthera onca), marguay (Felis
wiedii), ocelot (F. pardalis), and anaconda (Funectes murinus—
Britton, 1941; Goffart, 1971; Moeller, 1990). The threat to sloths
from these predators is greatest when sloths descend to the ground
to defecate or change trees (Moeller, 1990). The harpy eagle (Har-
pia harpyja) is the major airborne predator of sloths (Izor, 1985;
Retting, 1978). Many native South American cultures consider the
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killing of sloths to be taboo (Britton, 1941), and hunting of C.
didactylus is not extensive.

Sloths are unusual in having an extreme diversity of arthropod
associates, although two-toed sloths lack an underfur and tend to
have fewer ectoparasites than do three-toed sloths (e.g., 50% of the
tick load of Bradypus—Waage and Best, 1985). Hematophagous
insect parasites of C. didactylus include Clerada apicicornis (He-
miptera: Lygaeidae), biting flies (Culicidae, Psychodidae, Tabani-
dae), and some triatomine bugs. The mallophagan louse Lymeon
gastroides has been found on hair of Choloepus didactylus. Two
tick specialists on sloths are Ambyomma geayi and A. varium
(Ixodidae). Sloth mites (Psoroptidae) tend to aggregate near or in-
side the anus and may be coprophagous or predatory. The mite
Edentalges choloepi is known from C. didactylus (Waage and Best,
1985). Non-ectoparasitic arthropods carried by C. didactylus in-
clude chrysaugine pyralid moths (e.g., Cryptoses choloepi). Al-
though sloth moths may inhabit the hair of sloths during all stages
of life, the larvae of at least some of these insects live in sloth dung
and presumably establish a phoretic relationship with sloths as
adults (Waage and Best, 1985; Waage and Montgomery, 1976). Eye
and nasal feeding by moths was observed by Lundy (1952), but
Waage and Montgomery (1976) believe that these insects usually
feed on sebaceous secretions or rainwater trapped in the fur. The
distribution and density of sloth moths may vary seasonally and
geographically (Waage and Best, 1985).

The grooved and wettable hairs of Choloepus didactylus pro-
mote algal growth that gives the animal a greenish tinge in the wild
and helps to camouflage it among the greenery of its habitat. The
symbiotic algae of two-toed sloths include Cyanoderma choloepi
and Trichophylus. Choloepus didactylus may also benefit from
these algae in the procurement of nitrogen either by licking or by
diffusion of nitrogen through the hair to the skin (Aiello, 1985).
Wild animals do not generally possess algal growths until the 2nd
month of life (Goffart, 1971).

Hemoflagellate parasites of C. didactylus include Endotry-
panum schaudinni, Leishmaniau braziliensis, and Trypanosoma
mesnilbrimonti (Dedet et al., 1989; Shaw, 1985). Nematode fauna
of two-toed sloths includes Bostrichodera bequaerti, Dioctophyme
renale, and Diptetalonema spiralis (Frimeth and Arai, 1984; Gof-
fart, 1971). The bacteria in the gut of sloths have not been iden-
tified (Bauchop, 1978). C. didactylus hosts Jari, yellow fever, and
Anhanga viruses (Seymour, 1985; Seymour et al., 1983). Enceph-
alitis, a mosquito-born virus, also occurs in C. didactylus (Waage
and Best, 1985).

The oldest captive C. didactylus on record was 27 years of
age (Moeller, 1990); longevity is usually estimated to be 30—40
years (Merrett, 1983; Moeller, 1990). Most dead two- and three-
toed sloths in the wild are found during the rainy season, as colder
temperatures may affect their ability to digest food (Montgomery
and Sunquist, 1978).

Low and high frequency transmitters are useful for locating
sloths in their complex three-dimensional habitat (Montgomery and
Sunquist, 1973). Although often thought to be slow and docile,
Choloepus have efficient clawing and biting abilities (Montgomery
and Sunquist, 1978; Partridge, 1991). A combination of tiletamine
HCI and zolazepam (Parke, Davis & Co., Ann Arbor, MI) at a dos-
age, relative to body mass, of 1.9-6.0 mg/kg is sufficient for an-
esthetizing C. didactylus (Bush and Gilroy, 1979).

BEHAVIOR. The behavior of C. didactylus is poorly docu-
mented, due to their nocturnal habits with peak activity during
crepuscular hours (Conway et al., 1977; Howarth and Toole, 1973;
Partridge, 1991), and due to the great heights and complex habitat
in which they live (Mendel, 1981a). Most zoos use a reversed night/
day cycle in sloth enclosures to enable patrons to observe these
animals during their short bouts of activity. An activity budget for
captive animals follows: sleeping, 45% of the time; resting with
eyes closed, 20%; awake but inactive, 10%; and active, 25%
(Bopp, 1953, 1954).

Wild Choloepus are typically found alone unless a mother is
with her young (Goffart, 1971), but captive specimens may be kept
successfully in small groups. Two mother C. didactylus with young
avoided direct contact with each other in captivity (Van Doorn,
1971). Fighting between two males (one of which died as a result)
presumably vying for access to a female has been observed (Par-
tridge, 1991). Pre-mating courtship has not been reported for C.
didactylus (Merrett, 1983), but a female C. hoffmanni in estrus
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may approach and rub her anogenital region against a male. Males
typically respond by going to sleep (Meritt, 1985).

In captivity, other individuals may approach a mother during
partuition and aid in the process by preventing the newborn from
falling. They also clean the mother and young (McCrane, 1966).
Mutual grooming is uncommon except when a mother cleans her
young of feces and urine (Veselovsky, 1966). Captive-born C. di-
dactylus begin to self-groom at 4 weeks of age, and exhibit sniffing,
licking, tasting, and fighting play behaviors in the 5th week of life
(McCrane, 1966). Mothers are very protective of their young if they
are in contact (Lundy, 1952), and when a mother and her young
are separated, the latter may give a distress call in the form of short
bleats 1.4 kHz in frequency (Ramprashad et al., 1985). Young that
fall to the ground call frequently, but may die after unsuccessful
attempts by the mother to find them. As adults, C. didactylus are
only able to hiss (Goffart, 1971). Young are known to become dis-
tressed by bright light (McCrane, 1966).

When not active, C. didactylus generally assumes one of two
positions. In the first, the sloth rests its back or sacral region on
top of the base of a branch and hangs onto an overhead support
with one, two, or three limbs (Bopp, 1954). Partridge (1991) reports
that a vertical separation of 30-40 cm between branches is most
comfortable for C. didactylus resting in this position. The second
posture is known as the hanging basket; in this case, support is
maintained by both hind limbs while the head and forelimbs are
curled ventrally over the groin (Bopp, 1954).

Locomotion in two-toed sloths has been well documented (An-
thony, 1907; Mendel, 1979, 1981a, 19815, 1981c, 1985; Schnei-
der, 1940). When moving in trees, C. didactylus suspends itself
below branches by all four limbs. This posture may give these an-
imals better access to leaves and branches (Britton, 1941), reduce
joint strain, and dampen body oscillations and early swing-phase
potential energy during movement. The under-branch posture also
tends to minimize problems of balance (Mendel, 1979, 1985).
Limb-swing phases occur in contralateral, diagonal couplets when
moving under supports (Anthony, 1907; Mendel, 1981¢; Schneider,
1940). Average and maximum speeds of 0.5-0.6 km/h and 1.6 km/
h, respectively, have been reported for captive C. didactylus tra-
versing below supports (Merrett, 1983; Schneider, 1940), but no
data are available for wild animals. No leaping occurs, and changes
of direction on branches are made by supporting the entire weight
of the body with the hind limbs while twisting and stretching the
anterior half of the body (Mendel, 1979, 1981c). C. didactylus is
an agile swimmer (Britton, 1941; Lundy, 1952).

Choloepus didactylus descends from the forest canopy only
to defecate or change trees. Movement on the ground is slow (0.25
km/h), awkward, and may expose sloths to terrestrial predators (An-
thony, 1907; Miller, 1935; Preble, 1924). Descent occurs head first,
unlike the backward descent of Bradypus (Mendel, 1981a). During
typical terrestrial locomotion, weight is carried on the elbow and
ulna of the forelimb and ankle or volar surface of the hind limb
(with the pes rotated 45° laterally). Elbows, hips, and knees remain
flexed in all phases of the walk. Limbs are swung uncoupled for
short (10-30 cm), distances, thus a stable, tripodal stance is main-
tained at all times (Anthony, 1907; Schneider, 1940).

Defecation and urination oceur simultaneously near the base
of a tree at 3.4—4.6 day intervals (Eisenberg and Maliniak, 1985).
Unlike Bradypus, two-toed sloths do not bury their waste, which
is recognizable as exposed piles of small dense pellets 8-12 mm
in diameter (Waage and Best, 1985). In eaptivity, groups of C.
didactylus tend to defecate simultaneously, indicating social or
metabolic facilitation (Eisenberg and Maliniak, 1985). Infants de-
scend to the ground and evacuate independent of their mother at
22 weeks of age (McCrane, 1966).

Cropping of food in Choloepus is accomplished by protrusion
of the mandible and biting of vegetation with the caniniform teeth.
Mastication is open-mouthed and unilateral, with lateromedial
movement of the jaw at a rate of 0.55-0.59 s per cycle (Naples,
1985b; Sicher, 1944). Both fore and hind limbs are employed to
pull branches toward the mouth (Preble, 1924), and relatively large
chunks are chewed and swallowed (Naples, 1985b). C. hoffmanni
eats 340 g of wet food and 170 ml of water per day, and similar
amounts are likely to be taken by C. didactylus (Meriit, 1985).
Food intake by captive C. didactylus drops slightly before defe-
cation (Meritt, 1973). Water is taken by lapping at a rate of 0.45 s
per lap (Bopp, 1954).

Licking, scratching, and rubbing of the body on branches are
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common grooming behaviors. Choloepus may scent mark territories
in a manner similar to Bradypus (Goffart, 1971). Scratching occurs
in occasional bouts lasting several minutes and employs both fore
and hind limbs, although only the fore limbs are used to scratch
the face (Bopp, 1954). Wetting of the fur by two-toed sloths has
been observed in temperatures >30°C, and panting and sweating
are believed to be ineffective in cooling of these animals. Under
heat stress, captive Choloepus display increased fighting and ac-
tively seek shade. When cold, they do not shiver. Muscles may
enter hypertonus or the animal may curl into a hanging basket
posture to conserve heat (Goffart, 1971).

Choloepus occurs more often in zoos and adjusts better to
captivity than does Bradypus, which does not eat in captivity. Cho-
loepus is notorious for its greater tendency to fight when handled
(Meritt, 1982; Partridge, 1991). The caniniform teeth may be used
in both display and physical defense (Naples, 1985b).

GENETICS. Choloepus is unusual in that it has at least sev-
en distinct karyotypes, consisting of a variable, and often odd, num-
ber of unpaired and highly polymorphic chromosomes. The diploid
number of C. didactylus may range from 52 to 64 and includes 3—
15 submetacentric, 11-23 acrocentric, 2—4 metacentric, and 2-7
unpaired chromosomes. Supernumerary chromosomes are classified
according to size and shape; euchromatism indicates that these el-
ements are genetically active (Jorge et al., 1985).

Sex-determining mechanisms for C. didactylus are unclear.
Sonta et al. (1980) suggest that in their male specimen, autosome
21 became translocaled onto the Y chromosome resulting in an
unpaired chromosome 21. They propose that the sex determining
mechanism is thus a variation of the XO-XY type. Jorge et al.
(1985) believe that females are represented by XX or XO sex chro-
mosome pairs, and that males have atypically large and polymor-
phic Y chromosomes. The study by Jorge et al. (1977) indicates
that hybrid offspring may result from a mating between a male C.
didactylus (identified as C. hoffmanni florenciae by Jorge et al.,
1977) and a female C. hoffmanni.

REMARKS. Choloepus didactylus is also known as the
unau. The generic name is derived from the Greek kholos, meaning
lame, and pous, meaning foot. The Greek words di-, meaning twice,
and daktulos, meaning finger or toe, make up the specific epithet.
Both terms refer to the reduced digital formula of the manus.

The biologies of C. didactylus and C. hoffmanni are often
considered to be very similar. However, few data are available to
validate this assumption. In general, more is known about Hoff-
mann’s sloth due to extensive research on Barro Colarado Island in
the Panama Canal (Montgomery and Sunquist, 1973, 1975, 1978).
For more information not presented here on two-toed sloth biology
at the generic level, Goffart (1971) should be consulted for an ex-
cellent review and extensive citation list.

Two interesting aspects of sloth physiology remain unstudied
in C. didactylus. The first is imperfect homeothermy, as the only
published record of body temperature in Linné’s two-toed sloth is
by Bush and Gilroy (1979), who found that body temperature was
always <34.4°C. C. hoffmanni exhibits a wide range of body tem-
peratures, with rectal temperature ranging from 33.4 to 36.2°C
within a 24-hour span (Goffart, 1971).

Sloths are also well known for their ‘slothfulness.’ Another
unstudied aspect is basal metabolic rate, which has not been mea-
sured for C. didactylus. It is estimated that oxygen consumption
would be 0.188 cm® g~ h~! for C. hoffmanni (45% of that expected
from body mass), with no rise even during pregnancy (McNab,
1978, 1985, 1987). A number of hypotheses have been advanced
to explain this low metabolism, including low-caloric and high-fiber
diet, possible presence of toxins in the diet, relatively low muscle
mass, low blood pressure, and low glycogen reserves (Goffart, 1971;
MecNab, 1978). Two-toed sloths also have slow muscles (although
faster than Bradypus), and isometric twitches in C. hoffmanni
skeletal muscle may be one-sixth as fast as those of a cat, with
recovery times being 9-14 times longer. This muscle slowness is
poorly understood, as fine structure of their muscle fibers resemble
the typical mammalian arrangement. Low ATPase activity and dif-
ferences in sarcoplasmic reticulum and mitochondrial distributions
have been implicated (Barany et al., 1967; Goffart, 1971).

1 gratefully acknowledge the help of H. I. Rosenberg in the
preparation of this manuscript. D. Bininda; J. Creviston and other
staff of the Calgary Zoo, Prehistoric Park, and Botanical Garden;

MAMMALIAN SPECIES 621

W. Fitch; and A. P. Russell are also thanked for their contributions.
B. K. McNab and an anonymous reviewer are thanked for many
helpful comments.

LITERATURE CITED

AIELLO, A. 1985. Sloth hair: unanswered questions. Pp. 213-218,
in The evolution and ecology of armadillos, sloths, and ver-
milinguas (G. G. Montgomery, ed.). Smithsonian Institution
Press, Washington, District of Columbia, 451 pp.

ALLEN, J. A. 1913. New mammals from Columbia and Ecuador.
Bulletin of the American Museum of Natural History, 32:469—
484.

ANDERSON, S., AND J. K. JoNEs, JR. 1984. Orders and families of
Recent mammals of the world. John Wiley and Sons, New
York, 686 pp.

ANDRADE-DA-CosTA, B. L. S., V. F. PESsoa, J. D. BOUSFIELD, AND
R. J. CLARKE. 1989. Ganglion cell size and distribution in
the retina of the two-toed sloth (Choloepus didactylus 1.).
Brazilian Journal of Medical and Biological Research, 22:233—
236.

ANTHONY, R. 1907. Etudes et recherches sur les édentés tardi-
grades et gravigrades. I. Les coupures génériques de la famille
des Bradypodidae. II. Les attitudes et la locomotion des pa-
resseux. Archives de Zoologie Expérimentale et Générale
(4igme série), 6:31-72, pls. 1-2.

BARANY, M., T. E. CoNOVER, L. H. ScHLISFELD, E. GAETJENS, AND
M. GOFFART. 1967. Relation of properties of isolated myosin
to those of intact muscles of the cat and sloth. European Jour-
nal of Biochemistry, 2:156-164.

BarnEeTT, C. H., R. J. HARRISON, AND J. D. W. ToMLINSON. 1958.
Variations in the venous systems of mammals. Biological Re-
views, Cambridge Philosophical Society, 33:442-487.

BaucHop, T. 1978. Digestion of leaves in vertebrate arboreal fo-
livores. Pp. 193-204, in The ecology of arboreal folivores (G.
G. Montgomery, ed.). Smithsonian Institution Press, Washing-
ton, District of Columbia, 594 pp.

BENIRSCHKE, K., AND H. C. PowELL. 1985. On the placentation
of sloths. Pp. 237-241, in The evolution and ecology of ar-
madillos, sloths, and vermilinguas (G. G. Montgomery, ed.).
Smithsonian Institution Press, Washington, District of Colum-
bia, 451 pp.

Bopp, P. 1953. Biologische Beobachtungen an Choloepus didac-
tylus L. in Gefangenschaft. Verhandlungen Schweizerische
Naturforschende Gesellschaft, 133:100-101.

1954. Einige biologische Beobachtungen am Zweizeh-
enfaultier, Choloepus didactylus (Linné, 1766). Saugetierkun-
dliche Mitteilungen, 2:114-118.

Britron, S. W. 1941. Form and function in the sloth. Quarterly
Review of Biology, 16:13-34 and 190-207.

Bush, M., AND B. A. GiLrROY. 1979. A bleeding technique for
nonpalpable vessels in anesthetized two-toed sloths (Choloe-
pus didactylus)—plus hematological data. Journal of Zoo An-
imal Medicine, 10:26-27.

CABRERA, A. 1957. Catdlogo de los mamiferos de América del
Sur. L. (Metatheria—Unguiculata—Carnivora). Revista del
Museo Argentino de Ciencias Naturales “Bernardino Rivada-
via” e Instituto Nacional de Investigacién de las Ciencias Na-
turales, 4:1-307.

CoEBERGH, H. 1930. Das Organ von Ackernecht bei Bradypod-
idae. Anatomischer Anzeiger, 69:12-18.

CoNway, K. M., L. J. SHAw, S. MICKLESEN, AND D. W. CROUSE.
1977. Activity rhythms of ten species of nocturnal animals
as a function of light intensity. Pp. 101-140, in Applied be-
havioral research at the Woodland Park Zoological Gardens,
Seattle, Washington (C. Crockett and M. Hutchinson, eds.).
Pika Press, Seattle, 407 pp.

DEDET, J. P, F. GAY, AND G. CHATENAY. 1989. Isolation of Leish-
mania species from wild mammals in French Guiana. Trans-
actions of the Royal Society of Tropical Medicine and Hygiene,
83:613-615.

EnraT, H. 1943. Zur Topographie und Anatomie des Faultier-
herzens (Bradypus tridactylus und Choloepus didactylus).
Zeitschrift fiir Wissenschaftliche Zoologie, 156:290-331.

EISENBERG, J. F. 1989. Mammals of the neotropics: the northern
neotropics. The University of Chicago Press, Chicago, 1:1-
449.

EISENBERG, J. F., aAnD E. MarLiniak. 1985. Maintenance and re-




MAMMALIAN SPECIES 621

production of the two-toed sloth Choloepus didactylus in cap-
tivity. Pp. 327-331, in The evolution and ecology of armadil-
los, sloths, and vermilinguas (G. G. Montgomery, ed.). Smith-
sonian Institution Press, Washington, District of Columbia,
451 pp.

EISENBERG, J. F., AND R. W. THORINGTON, JR. 1973. A prelimi-
nary analysis of a neotropical mammal fauna. Biotropica, 5:
150-161.

ELL10T-SMITH, G. 1898. The brain in the Edentata. Transactions
of the Linnaean Society of London. Series 2, 7:277-394.
ENGELMANN, G. F. 1985. The phylogeny of the Xenarthra. Pp.
51-64, in The evolution and ecology of armadillos, sloths, and
vermilinguas (G. G. Montgomery, ed.). Smithsonian Institution

Press, Washington, District of Columbia, 451 pp.

FERIGOLO, J. 1985. Evolutionary trends of the histological pattern
in the teeth of Edentata (Xenarthra). Archives of Oral Biology,
30:71-82.

FrrziNnGeR, L. J. 1871. Die Arten der natiirlichen Familie der
Faulthiere (Bradypodes), nach dusseren und osteologischen
Merkmalen. Sitzungsberichte der Mathematisch-Naturwissen-
schaftlichen Klasse der Kaiserlichen Akademie der Wissen-
schaften, Wien, 63:331-405.

FLower, W. H. 1873. Note on the carpus of the sloths. Journal
of Anatomy and Physiology, 7:255-256.

FRENCHKOP, S. 1953. De quelques particularités adaptives du
squelette des passereux. Bulletin. Institut Royal des Sciences
Naturelles de Belgique. Sciences de la Terre, 29:1-14.

Frey, V. R. 1994. Der Zusammenhang zwischen Lokomotion-
sweise, Begattungsstellung und Penislidnge bei Siugetieren. L.
Testiconda (Mammalia mit intraabdominaler Hodenlage). Zeit-
schrift fiir zoologische Systematik und Evolutionforschung, 32:
137-155.

FrRIMETH, J. P., AND H. P. ArRAl. 1984. A survey for the microfi-
lariae of the canine heartworm, Dirofilaria immitis, in the
Calgary region of southern Alberta. Canadian Veterinary Jour-
nal, 25:14-16.

GOFFART, M. 1971. Function and form in the sloth. Pergamon
Press Lid., Oxford, United Kingdom, 225 pp.

Granp, T. I. 1972, A mechanical interpretation of terminal
branch feeding. Journal of Mammalogy, 53:198-201.

GRrassE, P. -P. 1955. Ordre des Edentés. Formes actuelles. Sous-
ordre des Xénarthres. Traité de Zoologie. Mammiferes: Les
Ordres: Anatomie, Ethologie, Systématique, 17:1182-1246.

GRrAY, J. E. 1871. Notes on the species of the Bradypodidae in
the British Museum. Proceedings of the Zoological Society of
London, 1871:428-449.

HowARTH, S. T., AND J. F. ToOOLE. 1973. Some observations of
the circadian rhythm of Choloepus hoffmanni, the two-toed
sloth. Laboratory Animal Science, 23:377-379.

HumPHREY, G. M. 1870. The myology of the limbs of the unau,
the ai, the two-toed ant-eater and the pangolin. Journal of
Anatomy and Physiology, 4:17-78, pls. 1-4.

ILLiGer, K. 1811, Prodromus systematis mammalium et avium.
Salfeld, Berlin, 176 pp.

Izor, R. J. 1985. Sloths and other mammalian prey of the harpy
eagle. Pp 343-346, in The evolution and ecology of armadil-
los, sloths, and vermilinguas (G. G. Montgomery, ed.). Smith-
sonian Institution Press, Washington, District of Columbia,
451 pp.

JorGe, W., D. A. MERITT, AND K. BENIRSCHKE. 1977. Chromo-
some studies in Edentata. Cytobios, 18:157-172.

JorGe, W., A. T. Orsi-Souza, AND R. Best. 1985. The somatic
chromosomes of Xenarthra. Pp 121-129, in The evolution and
ecology of armadillos, sloths, and vermilinguas (G. G. Mont-
gomery, ed.). Smithsonian Institution Press, Washington, Dis-
trict of Columbia, 451 pp.

KLINCKOWSTROM, A. 1895. Zur Anatomie der Edentaten. 1. Bei-
trdge zur Anatomie des Magens der Edentaten. Zoologische
Jahrbiicher. Abteilung fiir Anatomie und Ontogenie der Tiere,
8:481-543, pls. 32-33.

LNk, H. F. 1795. Beytrige zur Naturgeschichte. Uber die Le-
benskrifte in naturhistorischer Riicksicht und die Classifica-
tion der Sdugethiere. K. C. Stiller, Rostock und Leipzig, 1(pt.
2): 1-126. (Not seen, cited in Hall, 1981: The National
Union Catalog Pre-1956 Imprints, 334:603, 1974; and Cat-
alogue of the Library of the British Museum (Natural History),
3:1124, 1910).

7

LINNAEUS, C. 1758. Systema naturae par regna tria naturae, se-
cundum classes, ordines, genera, species, cum characteribus,
differentiis, synonymis, locis. Tenth ed. Laurentii Salvii,
Stockholm, Sweden, 1-824.

LonNBERG, E. 1922. A third contribution to the mammalogy of
Ecuador. Arkiv for Zoologi, 14:1-23.

1928. Notes on some South American edentates. Arkiv
for Zoologi, 20:1-17.

Lunpy, W. E. 1952. The upside-down animal. Natural History,
61:114-119.

MackintosH, H. W. 1875. On the muscular anatomy of Choloepus
didactylus. Proceedings of the Royal Irish Academy, 2:66-78,
pls. 1-4.

MarviN, H. N., anp B. R. SHOOK. 1963. Hematological studies
on the two-toed sloth, Choloepus didactylus. Comparative
Biochemistry and Physiology, 8:187-189.

McCRANE, M. P. 1966. Birth, behaviour and development of a
hand-reared two-toed sloth Choloepus didactylus. Internation-
al Zoo Yearbook, 6:153-163.

McNas, B. K. 1978. Energetics of arboreal folivores: physiolog-
ical problems and ecological consequences of feeding on a
ubiquitous food supply. Pp. 153-162 in The ecology of ar-
boreal folivores (G. G. Montgomery, ed.). Smithsonian Insti-
tution Press, Washington, District of Columbia, 594 pp.

. 1985. Energetics, population biology, and distribution of

xenarthrans, living and extinct. Pp 219-232, in The evolution

and ecology of armadillos, sloths, and vermilinguas (G. G.

Montgomery, ed.). Smithsonian Institution Press, Washington,

District of Columbia, 451 pp.

1987. The reproduction of marsupial and eutherian
mammals in relation to energy expenditure. Symposia of the
Zoological Society of London, 57:29-39.

MENDEL, . C. 1979. The wrist joint of two-toed sloths and its
relevance to brachiating adaptations in the Hominoidea. Jour-
nal of Morphology, 162:413-424.

1981a. Use of hands and feet of two-toed sloths (Cho-

loepus hoffmanni) during climbing and terrestrial locomotion.

Journal of Mammalogy, 62:413—421.

. 198156. The hand of two-toed sloths (Choloepus): its anat-

omy and potential uses relative to size of support. Journal of

Morphology, 169:1-19.

. 1981c. Foot of two-toed sloths: its anatomy and potential

uses relative to size of support. Journal of Morphology, 170:

357-372.

. 1985. Adaptations for suspensory behaviour in the limbs
of two-toed sloths. Pp. 151-162, in The evolution and ecology
of armadillos, sloths, and vermilinguas (G. G. Montgomery,
ed.). Smithsonian Institution Press, Washington, District of Co-
lumbia, 451 pp.

MEeNDEL, F. C., D. PiGGins, AND D. R. FisH. 1985. Vision of two-
toed sloths (Choloepus). Journal of Mammalogy, 66:197-200.

MEeRITT, D. A., JR. 1973. Edentate diets. II. Two-toed sloths. Lab-
oratory Animal Science, 23:543-545.

. 1976. The nutrition of edentates. International Zoo Year-

book, 16:38—46.

1982. Nutrition of herbivorous edentates: two-toed and

three-toed sloths, Choloepus sp. and Bradypus sp. Proceed-

ings of the Second Annual Dr. Scholl Conference on the Nu-

trition of Captive Wild Animals, 2:153-158.

1985. The two-toed Hoffmann’s sloth, Choloepus hoff-
manni Peters. Pp. 333-341, in The evolution and ecology of
armadillos, sloths, and vermilinguas (G. G. Montgomery, ed.).
Smithsonian Institution Press, Washington, District of Colum-
bia, 451 pp.

MERRETT, P. K. 1983. Edentates. Project for City and Guilds An-
imal Management Course, St. Andrew’s: Zoological Trust of
Guernsey, Guernsey, Channel Islands, 88 pp.

MILLER, R. A. 1935. Functional adaptations in the forelimb of
the sloths. Journal of Mammalogy, 16:38-51.

MOELLER, W. 1990. Modern xenarthrans. Pp. 583626, in Grzi-
mek’s encyclopedia of mammals (S. P. Parker, ed.). McGraw-
Hill Inc., New York, 2:1-648.

MONTCOMERY, G. G., AND M. E. SunquisT. 1973. Radiolocating
arboreal vertebrates in tropical forest. Journal of Wildlife Man-
agement, 37:426-428

1975. Impact of sloths on neotropical forest energy flow

and nutrient cycling. Pp. 69-98, in Tropical ecological sys-




tems: trends in terrestrial and aquatic research (F. B. Golley

and E. Medina, eds.). Springer-Verlag Inc., New York, 398 pp.

1978. Habitat selection and use by two-toed and three-
toed sloths. Pp. 329-359, in The ecology of arboreal folivores
(G. G. Montgomery, ed.). Smithsonian Institution Press, Wash-
ington, District of Columbia, 594 pp.

NapLEs, V. L. 1982. Cranial osteology and function in the tree
sloths, Bradypus and Choloepus. American Museum Noviti-
ates, 2739:1-41.

1985a. The superficial facial musculature in sloths and

vermilinguas (anteaters). Pp. 173-189, in The evolution and

ecology of armadillos, sloths, and vermilinguas (G. G. Mont-
gomery, ed.). Smithsonian Institution Press, Washington, Dis-
trict of Columbia, 451 pp.

1985b. Form and function of the masticatory muscula-

ture in the tree sloths, Bradypus and Choloepus. Journal of

Morphology, 183:25-50.

1986. The morphology and function of the hyoid region

in the tree sloths, Bradypus and Choloepus. Journal of Mam-

malogy, 67:712-724.

1995. The artificial generation of wear patterns on tooth
models as a means to infer mandibular movement during feed-
ing in mammals. Pp. 136-150, irn Functional morphology in
vertebrate palaeontology (J. J. Thomason, ed.). Cambridge
University Press, Cambridge, Ontario, 277 pp.

PARTRIDGE, J. 1991. The two-toed sloth. International Zoo News,
38:23-28.

PATTERSON, B., AND R. PascuaL. 1968. Evolution of mammals
on southern continents. V. The fossil mammal fauna of South
America. Quarterly Review of Biology, 43: 409-451.

PREBLE, E. A. 1924. Two-toed sloth. Nature Magazine, 4:350 and
382.

RamprAsHAD, F., J. P. LanpoLt, K. E. MONEY, AND J. LAUFER.
1984. Dimensional analysis and dynamic response charac-
terization of mammalian peripheral vestibular structures. The
American Journal of Anatomy, 169:295-313.

RaMPRASHAD, F., J. P. LANDOLT, K. E. MONEY, M. J. CORREIA, AND
J. LAUFER. 1985. Functional cochlear morphology of the two-
toed sloth (Choloepus sp.). Pp. 199-211, in The evolution and
ecology of armadillos, sloths, and vermilinguas (G. G. Mont-
gomery, ed.). Smithsonian Institution Press, Washington, Dis-
trict of Columbia, 451 pp.

RETTING, N. L. 1978. Breeding behaviour of the harpy eagle
(Harpia harpyia). Auk, 95:629-643.

RicHTER, C. P., AND L. H. BARTEMEIER. 1926. Decerebrate rigid-
ity of the sloth. Brain, 49:207-225.

SARMIENTO, G., AND M. MONASTERIO. 1975. A critical consider-
ation of the environmental conditions associated with the oc-
currence of savanna ecosystems in tropical America. Pp. 223~
250, in Tropical ecological systems: trends in terrestrial and
aquatic research (F. B. Golley and E. Medina, eds.). Springer-
Verlag Inc., New York, 398 pp.

SCHNEIDER, K. M. 1940. Zum Gang des Unaus (Choloepus di-
dactylus L.). Zoologische Garten (Leipzig), 12:325-330.
SCHOLANDER, P. ., AND J. KroG. 1957. Countercurrent heat ex-
change and vascular bundles in sloths. Journal of Applied

Physiology, 10:405-411.

SCHOLANDER, P. F., V. WALTERs, R. Hock, AND L. IrvING. 1950.
Body insulation of some arctic and tropical mammals and
birds. Biological Bulletin, 99:225-236.

SEYMOUR, C. 1985. Sloths as hosts of arboviruses. Pp. 269-278,
in The evolution and ecology of armadillos, sloths, and ver-
milinguas (G. G. Montgomery, ed.). Smithsonian Institution
Press, Washington, District of Columbia, 451 pp.

SEYMOUR, C., P. H. PERALTA, AND G. G. MONTGOMERY. 1983.
Viruses isolated from Panamanian sloths. American Journal of
Tropical Medicine and Hygiene, 32:1435-1444.

SHaw, J. J. 1985. The hemoflagellates of sloths, vermilinguas
(anteaters), and armadillos. Pp. 279-292, in The evolution and

MAMMALIAN SPECIES 621

ecology of armadillos, sloths, and vermilinguas (G. G. Mont-
gomery, ed.). Smithsonian Institution Press, Washington, Dis-
trict of Columbia, 451 pp.

SICHER, H. 1944. Masticatory apparatus of the sloths. Field Mu-
seum of Natural History. Zoological Series, 29:161-168.
SonTa, S., I. Havata, M. Sasaki, aNp N. Konpo. 1980. The
karyotype and sex-determining mechanism in the two-toed
sloth, Choloepus didactylus. Chromosome Information Ser-

vice, 28:15-17.

SPECTOR, W. S. (£p.). 1956. Handbook of biological data. Saun-
ders, Philadelphia, 584 pp.

StoNE, W. D. 1957. The gestation period of the two-toed sloth.
Journal of Mammalogy, 38:419.

SuGA, N. 1967. Hearing in some arboreal edentates in terms of
cochlear microphonics and neural activity. The Journal of Au-
ditory Research, 7:267-270.

TaoMas, O. 1911. The mammals of the tenth edition of Linnaeus;
an attempt to fix the types of the genera and the exact bases
and localities of the species. Proceedings of the Zoological
Society of London, 1911:120-158.

Van DoorN, V. 1971. Verzogerter Zyclus der Fortpflanzung bei
Faultieren. Zeitschrift des Kélner Zoo, 14:15-22.

VESELOVSKY, Z. 1966. A contribution to the knowledge of the
reproduction and growth of the two-toed sloth Choloepus di-
dactylus at the Prague zoo. International Zoo News, 6:147—
153.

WaAGE, J. K., aND R. C. Brst. 1985. Arthropod associates of
sloths. Pp. 297-311, in The evolution and ecology of arma-
dillos, sloths, and vermilinguas (G. G. Montgomery, ed.).
Smithsonian Institution Press, Washington, District of Colum-
bia, 451 pp.

WAAGE, J. K., aND G. G. MONTGOMERY. 1976. Cryptoses cho-
loepi: a coprophagous moth that lives on a sloth. Science, 193:
157-158.

WEBB, S. D. 1985. The interrelationships of tree sloths and
ground sloths. Pp. 105-112, in The evolution and ecology of
armadillos, sloths, and vermilinguas (G. G. Montgomery, ed.).
Smithsonian Institution Press, Washington, District of Colum-
bia, 451 pp.

WETZEL, R. M. 1982. Systematics, distribution, ecology and con-
servation of South American edentates. Special Publication
Series, Pymatuning Laboratory of Ecology, 6:345-375.

1985. The identification and distribution of recent Xe-
narthra (= Edentata). Pp. 5-21, in The evolution and ecology
of armadillos, sloths, and vermilinguas (G. G. Montgomery,
ed.). Smithsonian Institution Press, Washington, District of Co-
lumbia, 451 pp.

WETZEL, R. M., AND F. D. DE AvILA-PIRES. 1980. Identification
and distribution of recent sloths of Brazil (Edentata). Revista
Brasileira de Biologia, 40:831-836.

WINDLE, B. C. A., AND F. G. PARSONS. 1899. On the myology of
the Edentata. Proceedings of the Zoological Society of London,
1899:314-338 and 990-1017.

WisLockl, G. B. 1928. Observations on the gross and microscopic
anatomy of the sloths (Bradypus griseus griseus Gray and
Choloepus hoffmanni Peters). Journal of Morphology and
Physiology, 46:317-397.

Wusek, D. E., aND J. M. Cocuzza. 1986. Morphology of hair of
two- and three-toed sloths (Edentata: Bradypodidae). Revista
de Biologia Tropical, 34:243-246.

YaksH, T. L., ET AL. 1988. Survey of distribution of substance P,
vasoactive intestinal polypeptide, cholecystokinin, neuroten-
sin, met-enkephalin, bombesin and PHI in the spinal cord of
cat, dog, sloth and monkey. Peptides, 9:357-372.

Editors of this account were ELAINE ANDERSON, KARL F. KOOPMAN,
VIRGINIA HAYsSEN, AND CYNTHIA E. REBAR. The managing editor
was BARBARA H. BLAKE.

PETER J. ADAM, SAN DIEGO STATE UNIVERSITY, DEPARTMENT OF
BioLoGy, 5500 CAMPANILE DRIVE, SAN DIEGO, CALIFORNIA 92182



