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ABSTRACT The early embryology of the elephant has never
been studied before. We have obtained a rare series of African
elephant (Loxodonta africana) embryos and fetuses ranging in
weight from 0.04 to 18.5 g, estimated gestational ages 58–166
days (duration of gestation is '660 days). Nephrostomes, a
feature of aquatic vertebrates, were found in the mesonephric
kidneys at all stages of development whereas they have never
been recorded in the mesonephric kidneys of other viviparous
mammals. The trunk was well developed even in the earliest
fetus. The testes were intra-abdominal, and there was no evidence
of a gubernaculum, pampiniform plexus, processus vaginalis, or
a scrotum, confirming that the elephant, like the dugong, is one
of the few primary testicond mammals. The palaeontological
evidence suggests that the elephant’s ancestors were aquatic, and
recent immunological and molecular evidence shows an ex-
tremely close affinity between present-day elephants and the
aquatic Sirenia (dugong and manatees). The evidence from our
embryological study of the elephant also suggests that it evolved
from an aquatic mammal.

There is now a wealth of information to show that the elephants
(Proboscidea) and the sea cows (Sirenia) must share a common
ancestor. The early Tethytheria, a group consisting of the Pro-
boscidea, Sirenia, and the extinct Desmostylia, appear to have
been semi-aquatic (1, 2). The Desmostylia have only been found
in marine deposits and are considered to have been aquatic
herbivores, feeding on marine algae and angiosperms (3). Re-
mains of Anthracobune, probably the earliest known pro-
boscidean ancestor from the early or early-middle Eocene ('50
million years ago), have been recovered from sites in both Asia
and Africa which were near-shore shallow water environments
(2). The Moeritherium, a primitive genus of the Proboscidea
(40–30 million years ago) has skeletal features highly suggestive
of a semiaquatic lifestyle (1). There are similarities in dentition
between the herbivorous Proboscidea and Sirenia, and they share
a unique character in their enamel structure (2, 3, 4). The middle
ear of the Sirenia has a perilymphatic foramen, which also has
been found in the development of the fetal elephant (2). Bio-
chemical data, such as the analysis of alpha-lens crystallin, also
link the elephants and sea cows (5). They also are linked by the
developmental pattern of their fetal membranes (6). Most re-
cently, molecular studies using a mitochondrial 12s ribosomal
RNA gene tree (7) and mitochondrial cytochrome b gene seg-
ments (8) have reinforced the affinity between the elephants and
the Sirenia. A recent review (9) of all of the molecular studies
leaves no doubt that the Proboscidea and the Sirenia must share
a common aquatic ancestor. Here, we provide information on the
early embryology of the African elephant, Loxodonta africana.
This has provided some unexpected additional evidence in sup-
port of an aquatic ancestry. The unique development of nephr-
ostomes in the mesonephric kidney, the intra-abdominal location

of the testes, and the precocious development of the trunk could
all have been adaptations to an aquatic lifestyle.

MATERIALS AND METHODS
We have been able to obtain some rare African elephant spec-
imens consisting of one embryo (weight 0.04 g) and six fetuses
(weight ranging from 0.79 to 18.5 g) that were collected from
adult females shot in the Kruger National Park, South Africa,
between 1993 and 1995, as part of a culling operation to reduce
elephant numbers in the park. They were fixed whole in neutral
buffered formalin, were photographed (Fig. 1), were measured
with vernier calipers, were weighed, and then were serially
sectioned at 8 mm. The crown-rump length was measured from
the base of the tail to the base of the trunk, and trunk length was
measured from the corner of the oral groove to the tip of the
trunk. Craig’s formulae (10) were used to estimate age from body
weight. The embryo was estimated to be 58 days old, and the
oldest fetus was estimated to be 166 days old [duration of
pregnancy is '660 days (11)]. For fetuses weighing ,1.46 g, the
formula used was t 5 105w1y3 2 (w1y3 1 0.193)23 1 140; for
fetuses .2.6 g, age was estimated by using the formula t 5 106w1y3

1 138, where t 5 days and w 5 weight.
Several methods were used to determine the sex of the fetuses.

Sections through the gonads were examined for indications of
sexual differentiation. The percentage of cells containing sex
chromatin masses was calculated by using the method described
by Wijayanti (12). The presence of a ‘‘Y’’-shaped urethral open-
ing, characteristic of the adult male elephant, was used to sex the
fetuses in which the phallus had differentiated.

RESULTS AND DISCUSSION
The elephant has by far the longest gestation length of any
mammal. The estimated gestational ages of our specimens are
shown in Fig. 2A; they ranged from 58 days (0.04 g) to 166 days
(18.5 g). The crown-rump lengths relative to estimated gestational
age are shown in Fig. 2B.

On histological examination of the serial sections, the most
striking feature not seen in other mammalian embryos was the
nephrostomes, which were present in the mesonephric kidneys of
all of the fetuses (Fig. 3 A and B and Fig. 4). The nephrostome
is a funnel-shaped ciliated duct opening on the surface of the
mesonephros and connecting the coelomic cavity to the capsule
of the renal glomerulus. It enables osmotic exchange between the
coelomic fluid and the blood supply. In the embryo (58 days), the
mesonephros was in the early stages of development. It was
elongated, and S-shaped nephric tubules connected the glomeruli
to the Wolffian duct. The early stages of nephrostome develop-
ment could be seen as an invagination of the mesonephric surface
leading toward the glomerulus. In the early fetuses (97–117 days),
there was one fully developed nephrostome for each mesonephric
glomerulus. In later fetuses (139 to 166 days), the pronephros had
degenerated, and the mesonephros was beginning to regress as
the metanephric kidney developed. The largest number of ne-The publication costs of this article were defrayed in part by page charge
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phrostomes was found in a fetus of 115 days of age when the
metanephric kidney was still relatively poorly developed, with few
tubules and no glomeruli. By day 166, the mesonephros had
clearly regressed and had the smallest number of nephrostomes
(Fig. 4) whereas the metanephros had many tubules and glomer-
uli and had acquired the lobulated appearance characteristic of
the adult elephant kidney.

Nephrostomes are a characteristic feature of the mesonephric
kidneys of freshwater vertebrates such as sturgeons (13) and frogs
(14–16). When vertebrates moved onto dry land, they preserved
the aquatic environment of the embryo by encasing it in a
fluid-filled amniotic sac, and functional nephrostomes are still
present in the first stages of development of the mesonephric
kidneys of egg-laying reptiles (17) and all birds (18, 19). The
platypus, an egg-laying monotreme, has extensive development of
nephrostomes in the mesonephros of 8-mm-long specimens, but,
by the time of hatching, only remnants of the nephrostomes are
present (20). The echidna, also an egg-laying monotreme, has
nephrostomes in the mesonephros to a lesser degree than in the
platypus (20, 21). Rudimentary nephrostomes, which are never
connected with glomeruli, occur only in the pronephros of some
mammals, such as the sheep (22), domestic cat (23), and common
brushtail possum, Trichosurus vulpecula (24). However, nephro-
stomes never occur in the mesonephric kidneys of present-day
viviparous mammals, nor do they develop in the definitive
metanephric kidney (19, 20, 25).

The prolonged persistence of well developed nephrostomes in
the mesonephros of the elephant fetus for at least 2 months could
be a result of the very slow rate of embryonic and fetal growth,
so that structures that only appear transiently in other mammals
remain for much longer in the elephant. Unfortunately, there is
no other mammal with a comparably long gestation length, but,
even in the rhinoceros, Diceros bicornis [gestation length is '16

months (11)], there are no nephrostomes in the fetal mesone-
phros (26), nor are they present in the mesonephros of the
humpback whale fetus, Megaptera novaeangliae (27) [gestation
length is '11 months (11)]. An alternative possibility is that the
nephrostomes in the elephant’s mesonephric kidney are a plesi-
omorphic character associated with its aquatic ancestry.

Another uncommon feature of the elephant is the intra-
abdominal location of its testes, known since the time of Aristotle
(28). The early differentiation of the urogenital system in the four
male African elephant fetuses followed the normal mammalian
pattern, except that the testes remained intra-abdominal at the
ventromedial aspect of the kidney and never descended into a
scrotum. During organogenesis, the testes initially developed
from the genital ridge located at the medial aspect of the
mesonephros, but, as the metanephric kidney assumed a more
cranial location, the testes assumed their definitive position
adjacent to the metanephros (Fig. 5). In scrotal mammals, the
testes and associated mesonephric ducts descend and are guided
through the inguinal canal to the scrotum by the gubernaculum.
At no stage of fetal development in the elephant was there any
sign of a gubernaculum, processus vaginalis, inguinal canal, or
scrotum. In scrotal mammals, the highly coiled spermatic artery
is surrounded by a convoluted venous pampiniform plexus drain-
ing the testis, which cools the arterial blood supply to the testis,
but, in the adult elephant, this structure is notably absent (29, 30).
We found that, in the elephant fetuses, the testicular artery ran
a direct course from the renal artery into the testis and the

FIG. 1. The youngest and oldest African elephant embryo and fetus
used for this study. (A) Embryo, estimated gestation 58 days. (B)
Fetus, estimated gestation 166 days. [Bars 5 5 mm.]

FIG. 2. Growth of the African elephant fetus. Fetal weight (A),
crown-rump length (B), and trunk length (C) increase with estimated
gestational age.
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testicular vein ran straight into the posterior vena cava with no
sign of a pampiniform plexus (Fig. 3C and Fig. 5). If elephants
were secondary testiconda, whose testes had once been scrotal,
the pampiniform plexus would probably have been retained, as it
is in the seals and whales (31). Thus, we agree with the earlier
conclusions of Weber (32) that the elephant, like the dugong (33),
is a primary testicond mammal that shows no evidence of prior
testicular descent.

When the terrestrial artiodactyl ancestors of the seals and
whales entered the water 60 million years ago (34), they presum-
ably had scrotal testes, which were subsequently withdrawn back
into the inguinal canal or abdominal cavity to prevent them from
getting too cold, as even a brief period of extreme testicular
cooling can render an animal permanently sterile (35). Thus, the
seals and whales are classified as secondary testiconda (32).

The trunk was evident even in the earliest of the fetuses studied
(Fig. 2C), coinciding with the first appearance of the nephros-
tomes in the mesonephros. The trunk might have first evolved as
an adaptation to an aquatic environment. For example, it could
have been used as a snorkel, as it is to this day when elephants
swim in deep water (36). A normal pleural cavity was present in
all of the fetuses (Fig. 3D). However, it is known that the parietal
and visceral pleura of the elephant fuse just before birth, so that
newborn and adult elephants have no pleural cavity (37). This
adaptation, thought to be a protection against the high negative
intrathoracic pressures achieved when water has to be sucked up
the trunk as a prelude to drinking, would only have been
necessary in a terrestrial mammal.

The molecular evidence from DNA sequences is consistent
with all of the earlier morphological, immunological, and pale-
ontological data showing that the Proboscidea and Sirenia un-
questionably share a common ancestry (1–9). Whether present-
day embryonic structures reflect past evolutionary history is still
hotly debated. Although few would now support Ernst Haeckel’s
extreme view that ‘‘ontogeny recapitulates phylogeny’’ (38), many
would agree with Ernst Mayr, who concludes that embryological

FIG. 4. The number of nephrostomes, renal tubules, and glomeruli
in the mesonephric kidney of the African elephant. Shown are
Nephrostomes (F), tubules (‚), and glomeruli (ƒ).

FIG. 3. Histological appearance of the mesonephric kidneys and lungs of African elephant fetuses. (A) Transverse section through the 115-day fetus
showing the mesonephros with nephrostomes (N) opening into the coelom (Co) and connecting to the glomerulus (G) and associated collecting tubules
(T). (B) High-power photomicrograph of one mesonephric nephrostome (N) clearly showing cilia (Ci). The cilia are characteristically angled inwards
indicating the direction of flow of the filtrate. (C) Transverse section through the 139-day fetus showing mesonephros (M), metanephros (Me), dorsal
aorta (da), and the posterior vena cava (pvc). The future spermatic vein (sv) leads directly from the mesonephros and the developing testis (not shown)
to the posterior vena cava. (D) Transverse thoracic section through the 139-day fetus showing lung (L) and pleural cavity (Pl), heart (H) surrounded by
pericardium, dorsal aorta (da), oesophagus (oe), and bronchus (B). [Bars 5 0.25 mm (A), 0.16 mm (B), 0.64 mm (C), and 0.75 mm (D).]
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development does provide some clues to evolutionary history and
that even a ‘‘hard-nosed look at the facts does not lead me to a
different and superior interpretation’’ (39). For example, we
accept without question the ontogenetic significance of the
cranial nerves, the branchial arches, and the bones of the middle
ear, so it seems reasonable to extend the argument to the renal,
reproductive, and respiratory tracts. Given such an assumption,
our embryological data strongly suggest that the mesonephric
kidney, the testis, the trunk, and the lungs of the elephant all
originally were adapted to its aquatic environment and that some
of these unusual anatomical adaptations have persisted in
present-day terrestrial elephants.
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FIG. 5. Diagram and photograph of the ventral view of a dissected
166-day African elephant fetus. (A) This shows the short, straight
spermatic vein (sv) and spermatic artery (sa). The right testis (RT) and
Wolffian duct are displaced caudally (indicated by dotted outline) to show
the course of the renal vein (rv) and the renal artery (ra) supplying the
metanephric kidney (K) and the ureter (U). The right mesonephros has
been omitted for clarity. The gut (G) has been removed, and the bladder
(B) has been reflected caudally. Note that the adrenal glands (Ad) are
large. The metanephric kidney is lobular as in the adult. The mesonephros
(M) is regressing. (B) The large intra-abdominal testes (T) on the ventral
aspect of the lobular metanephric kidney (K) are evident. The regressing
mesonephros (M) is just visible. The gut (G) has been removed, and the
bladder (B) has been reflected caudally.
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