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Abstract The digestive tract of elephants is surprisingly
short compared to other herbivorous mammals. However,
measurements relating the length of the intestine to the
body mass of the respective individual are rare. In this
study, we report such data for an African elephant and an
Asian elephant. Our data support the hypothesis that Asian
elephants have a longer intestinal tract than their African
counterparts. These findings are in accord with the
observation of longer retention times and higher digestion
coefficients in Asian as compared to African elephants.
This difference between the species could be the reflection
of slightly different ecological niches, with Asian elephants
adapted to a natural diet with a higher proportion of grass.
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Introduction

In the dissection of elephants, the intestinal tract seems to
have received least attention of the different internal organs
most likely due to its cumbersome size. Blair (1710) (data
collated in 1683—1775) already stated that, during his
dissection of a specimen, after the opening of the
abdominal cavity, “... the intestines jeated out in a confus’d
mass [...] but I had not time to take notice of their precise
length.”

Elephants differ in their digestive physiology from other
ungulate species due to their very short ingesta retention
times and low digestion coefficients (Clauss et al. 2003c;
Loehlein et al. 2003). One correlate of these findings is the
dimension of their digestive tract, which is unusually short
for herbivorous mammalian species (Shoshani et al. 1982;
Clauss et al. 2003a). Mitchell (1903—1906) already noted
that to his astonishment, the elephant’s large intestine was
hardly shorter than its small intestine. Although this
general feature sets elephants apart from other herbivores,
the two elephant species still differ in their respective
digestive physiology. Hackenberger (1987) showed, in a
thesis of enormous experimental scope (n=50 elephants),
that Asian elephants achieve higher digestion coefficients
on comparable diets, and have longer ingesta mean
retention times, than their African counterparts. Similar
results had been obtained, although with a lower number of
animals, by Foose (1982). This difference could be an
indication of a difference in the natural diet both species
select. Both extant elephant species are intermediate
feeders with a preference for browse, but isotopic
investigations showed that both lineages were once grazers
and are in a transition back to browsing (Cerling et al.
1999), and that the Asian elephant (Elephas maximus)
might ingest a higher proportion of grass than the African
elephant (Loxodonta africana). This difference was con-



firmed by microwear results (Solounias and Semprebon
2002). As grass yields fermentative energy at a slower rate
than browse (Hummel et al. 2006), longer ingesta retention
times have been suggested as a particular adaptation of
herbivores consuming grass (Clauss et al. 2005a; Clauss et
al. 2006b). The differences in molar structure between the
two species (with L. africana having less enamel ridges
than E. maximus) could also be interpreted as a higher
degree of adaptation for grass forage in E. maximus (Frade
1955) because grass, a flexible material that does not break
easily, is assumed to require a higher degree of enamel
folding for appropriate masticatory particle size reduction
(Solounias and Dawson-Saunders 1988; Archer and
Sanson 2002).

It has been suggested that the difference in ingesta
retention and digestive efficiency between the species
should be reflected in differences in gastrointestinal
morphology (Clauss et al. 2005a). However, the paucity
of available anatomical data so far prevented even a
preliminary check of this hypothesis. The length of the
intestinal tract of elephants has only been measured
sporadically, and the available data suggest a longer
intestinal tract in Asian elephants (Table 1). Combined
information on both the intestinal tract length and the body
mass (BM) of individuals is scarce and comprises, to our
knowledge, three Asian elephants and one African elephant
so far (Shoshani et al. 1982). In this study, we report the
BM and length of the intestinal tract of one additional
individual of each species, thus facilitating a preliminary
comparison.

Materials and methods

The necropsy of 21-year-old female African elephant,
which was clinically healthy but was culled because it had
tested positive for tuberculosis, has been described
previously in this journal (Clauss et al. 2005b). A 39-
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year-old female Asian elephant from the Zoological
Garden of Zurich was euthanized in March 2006. Six
months before the procedure, the animal had been weighed
on a scale outside of the elephant house at Zurich Zoo;
unfortunately, this scale is susceptible to freezing and does
not yield reliable results in the wintertime. The last weight
measurement obtained from this animal was 4.2 metric
tons. The animal had a history of chronic lameness and of
presumed arthrosis and had had increasing difficulties
moving. At necropsy, a severe degree of generalized
arthrosis was confirmed. Up to its death, the animal had
displayed a normal food intake. To ensure a physiological
gut fill postmortem, the animal was offered grass hay ad
libitum until being euthanized. Its regular diet had
consisted of grass hay, straw, browse, elephant pellets,
fruits, and vegetables. At necropsy, all body parts and
organs (including the individually isolated parotid glands)
were weighed individually up to the nearest kilogram with
a portable digital scale (Berkel L316, Obrecht Technologie
G, Dietikon, Switzerland). The total sum of all weight
measurements was assumed to represent 90% of the live
body weight of the animal, with the remaining 10%
representing blood and body fluids lost during necropsy
(Shoshani et al. 1982). All adhering mesenteries were
removed from the gastrointestinal tract. The lengths of the
individual segments were measured, and photographs were
taken to facilitate the preparation of anatomical drawings.

Results

The BM of the African elephant was 3,140 kg (Clauss et al.
2005b). A total BM of 4,228 kg was calculated for the
Asian elephant by adding 10% for blood and body fluids to
a total mass of weighed body parts of 3,805 kg (both
parotids: 4 kg; discrete adipose tissue not including
subcutaneous fat: 244 kg). Thus, the BM recorded 6 months
before the death was confirmed. The animal was

Table 1 Reported measurements of body mass (BM, kilograms) and length measurements (meters) of different sections of the

gastrointestinal tract from the literature

Species BM Stomach Small intestine Cecum Large intestine Total intestine Source

- - 1.2 20.0 0.5 5.8 26.3 (Mullen 1682)

- - 1.0 9-11 0.5 5-7 14.5-18.5 (Frade 1955)

- - - 21 0.6-1.5 12.8 34.4-353 (Schmidt 1978)

L. africana - 1.1 13.8 0.8 8.5 23.1 (Stevens and Hume 1995)
L. africana - 1.2 11.0 1.0 6.0 18.0 (Sikes 1971)

L. africana 7,256 - - - - 28.2 (Shoshani et al. 1982)
E. maximus - - 20.0 - 11.6 - (Evans 1910)

E. maximus - - 21.0 - 12.2 - (Evans 1910)

E. maximus - - 223 - 14.0 - (Evans 1910)

E. maximus - - 22.6 - 13.1 - (Evans 1910)

E. max. - - 21.5 0.8 8.0 30.3 (Gabry et al. 1965)
E. maximus 2,268 1.2 15.9 0.9 12.1 29.3 (Shoshani et al. 1982)
E. maximus 2,903 - - - - 28.4 (Shoshani et al. 1982)
E. maximus 3,216 - - - - 29.9 (Shoshani et al. 1982)

—”” means not given.
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considered to be in a good body condition with moderate
obesity. When comparing the intestinal tracts of both
animals (Figs. 1 and 2), it appeared that, whereas the cecum
was of comparable size, the large intestine, but particularly
the small intestine, was longer in the Asian specimen. The
measurements are given in Table 2. If all available data
(own results, literature) on BM and total intestine length
were combined, it appeared that there was a trend for
increasing length with increasing BM, but on a lower
general level, in the African than in the Asian elephant

(Fig. 3).

Discussion

Conclusions based on so few individual animals must
always remain speculative, and results obtained from zoo

Fé

Fig. 1 Gastrointestinal tract of an African elephant (Loxodonta
africana) (necropsy described in Clauss et al. 2005b). The scale bar
represents 50 cm

Fig. 2 Gastrointestinal tract of an Asian elephant (Elephas
maximus). The scale bar represents 50 cm

Table 2 Body mass (BM, kilograms) and length measurements
(meters) of an African (Loxodonta africana) and an Asian (Elephas
maximus) elephant (this study)

L. africana E. maximus
BM (kg) 3,140 4,228
Length (m)
Stomach 1.8 1.4
Small intestine 9.2 20.2
Cecum 1.0 1.0
Colon 9.4 11.8
Total intestine 19.6 33.0
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animals must additionally be considered with caution. On
the one hand, diseased specimens with a history of
decreased food intake and, on the other hand, obese
specimens may yield results not representative for the
natural state of the species. The elephants of Zurich Zoo
have a history of being obese but have been on a weight
reduction and control program for more than a decade (Hatt
and Liesegang 2001). The Asian elephant measured in this
study was moderately obese, so her BM may be a bit high
relative to her gastrointestinal parameters.

Nevertheless, a comparison of the intestinal tract lengths
as correlated to BM (Fig. 3) supports the hypothesis that
the more grazing Asian elephant has a longer total
intestinal tract than its less grazing African counterpart.
This difference in length is evident both in the small and the
large intestines and could account for the observed
differences in ingesta retention and digestive efficiency
demonstrated between the species. The results therefore
provide further support for the notion that the two extant
elephant species might provide valuable examples of
herbivores adapted to diets differing in the proportion of
browse and grass. In fact, apart from the adaptations in
digestive physiology and dental morphology, two further
observations might support this pattern. In ruminants, it has
been suggested that grazers have larger masseter insertion
surfaces, which are thought to reflect the higher mastica-
tory forces required to grind grass material (Stockmann
1979; Axmacher and Hofmann 1988). Likewise, the
diagram of the lower mandible in Frade (1955) suggests
that the masseter insertion area is larger in Asian than in
African elephants. Another distinctive morphological
characteristic between grazing and browsing ruminants is
the size of the salivary glands, which is generally smaller in
grazers (Hofmann 1989). In the Asian elephant from this
study, the total weight of the parotid glands was 4 kg; in
contrast, in six free-ranging adult African elephants (of
unknown BM), the combined weight of both parotid glands
averaged 14.8 kg (Raubenheimer et al. 1988). In another
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captive Asian elephant, one parotid gland measured
18x12x9.5 cm (Shoshani et al. 1982) in contrast to
29%x22x19 cm in the free-ranging African elephants.
While these sparse data are suggestive, more anatomical
measurements are evidently needed to corroborate these
findings.

The postulated differences in digestive anatomy and
physiology between the elephant species would gain
credibility if similar differences were demonstrated be-
tween other browsing and grazing hindgut fermenters, e.g.,
in rhinoceroses. Differences have been demonstrated in
ingesta retention (Clauss et al. 2005a) and digestive
efficiency (Clauss et al. 2006a) between the grazing and
browsing rhinoceros species. The browsing black rhino-
ceros (Diceros bicornis) has both shorter small and large
intestines than the grazing rhinoceroses (Ceratotherium
simum, Rhinoceros unicornis) (data collated in Clauss et al.
2003a). However, due to the difference in BM range
between these species, a direct comparison is impossible.

In parallel to the more capacious rumens in grazing
ruminants (Clauss et al. 2003b) and a presumably longer
ingesta retention at this site (Clauss et al. 2006b), a longer
hindgut would be expected in the more grazing Asian
elephant, as grass yields relevant amounts of fermentative
energy after a longer period of time than browse (Hummel
et al. 2006). However, the observation that the grazing
species—ruminants (Hofmann 1989), elephants, and
potentially rhinoceroses—also have a longer small intes-
tine has not been accounted for so far. In vitro studies on
the enzymatic digestion of grass and browse material are
warranted to explain this difference. In elephants, bacterial
fermentation even takes place in the small intestine as well
(van Hoven et al. 1981). Those animals in which gut
bacteria hydrogenate dietary fatty acids before lipid
absorption have a lower proportion of polyunsaturated
fatty acids in their body lipids (Christie 1981). Therefore, a
longer retention of the ingesta in a longer small intestine
with bacterial activity might account for the fact that Asian
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elephants seem to have a lower proportion of polyunsat-
urated fatty acids in their spermatozoa (Swain and Miller
2000) and blood cells (Clauss et al. 2003d) than African
elephants.
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