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a b s t r a c t

In this article we describe the microscopic structures of a silicified piece of wood collected in
the Middle Awash Valley (Ethiopia). The fossil wood was extracted from sediment precisely
dated 4.4 Ma. Its attribution to the Ficoxylon species is based upon detailed comparison
with published data and with comparisons of some modern species of the genus Ficus and
similar characters encountered in fossil woods from West Africa, Egypt, Libya and Ethiopia
previously described and attributed to this taxon.

© 2009 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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Cet article décrit les structures microscopiques d’un fragment de bois fossile, silicifié, récolté
dans la vallée moyenne de l’Awash (Éthiopie). Le bois fossilisé a été trouvé dans des dépôts
datés avec précision de 4,4 Ma. Son attribution en tant que Ficoxylon sp. est basée sur la
comparaison du bois de quelques espèces modernes du genre Ficus, connues en Afrique et
la présence de caractères décrits pour les spécimens de bois fossiles d’Afrique de l’Ouest,

et d’Éth
émie de
liocène
thiopie de Libye, d’Égypte

© 2009 Acad
. Methods

The Pliocene fossil wood sample (SIMA 98-39), was col-
ected in 1998 from the Pliocene deposit in the Aramis
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iopie, antérieurement attribués à Ficoxylon.
s sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

area of the Middle Awash study area of Ethiopia. It was
collected at Aramis Vertebrate Paleontology Locality 6, the
holotype site for Ardipithecus ramidus (White et al., 1994).
The analyzed fossil wood sample comes from the top 10 cm

of a carbonate horizon about 30 cm thick, stratigraphi-
cally located in the interval of two 40Ar/39Ar dated tuffs
(Renne et al., 1999). Therefore, a precise age of 4.4 Ma can
be attributed to this fossil specimen (WoldeGabriel et al.,
1994).
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Plate 1. 1. Transverse section, general view, axial parenchyma
in bands more than three cells (scale bar 160 �m). 2. Transverse
section, general view, axial parenchyma in band more than three
cells (scale bar 145 �m). 3. Transverse section, detail of vessel with
tyloses and parenchyma band, (scale bar 190 �m). 4. Transverse
section, detail of vessel with tyloses, (scale bar 35 �m). 5. Tangen-
tial section, disposition of rays, general view (scale bar 108 �m). 6.
Tangential section, detail of ray, (scale bar 62 �m) 7. Tangential sec-
tion, detail of rays and prismatic crystal in axial parenchyma (scale bar
alevol 9 (2010) 1–4

The sample measures 10 cm in length, 6 × 7 cm in width.
It is blackish grey in color and strongly silicified. Nine
distinct thin sections along the transverse, tangential and
radial planes were made from this sample at the Laboratory
of Palaeobotany, MNHN Paris. They revealed only partially
preserved structures. Analysis of structural characters and
measurements along each plane could only be made on sur-
faces no greater than 5 mm2, therefore too small to allow
statistical comparisons of the measurements.

Descriptions of the microscopic structures and char-
acteristics of the Middle Awash fossil specimen conform
to the hardwood feature list of diagnostic characters as
recommended by the International Association of Wood
Anatomists (IAWA Committee, 1989). Identification of the
fossil also refers to descriptions of wood structure by
Metcalfe and Chalk, 1950; Normand and Paquis, 1976,
illustrated in an atlas from Normand, 1950–1960; Lebacq,
1955–1957; Neumann et al, 2001, and was controlled
through the online wood database called “Insidewood,
2008”. Ficus fossil wood list was compared to the work
of Gregory et al., 2009. Although these documents are
critical tools for wood anatomy identification, the atlases
mainly describe wood of commercial value geographi-
cally restricted to the Ivory Coast (Normand, 1950–1960)
and to the Congo (Lebacq, 1955–1957). The database
“Insidewood”, containing excellent descriptions of more
geographically widespread species, is still incomplete and
does not include most tree species of Ethiopia. Greater
precision in the identification of the Middle Awash fossil
wood could be achieved in the future when a more detailed
comparative reference collection of extant woods becomes
available for this country.

FAMILY: MORACEAE
Genus: FICOXYLON Kaiser 1880
Species: Ficoxylon sp.

2. Anatomical description (SIMA 98-39); MAW15
(ARA-VP-6)

Growth rings are absent or indistinct.

• Vessels: diffuse, mostly solitary. There are five per square

millimeter. Tangential diameter ranges from 138 �m to
299 �m, with a mean of 220 �m. Radial diameter ranges
from 195.5 �m to 368 �m, the mean is 240 �m. Because
of the poor preservation of the sample the mean was
calculated only from 11 measurements.

45 �m). 8. Tangential section, detail of heterocellular ray structure and
prismatic crystal in parenchyma cell (scale bar 84 �m). 9. Radial section,
ray structure, ray composed mainly of procumbent cells with upright
marginal cells (scale bar 53 �m).

Planche 1. 1. Section transversale, vue générale, vestige de vaisseaux
et parenchyme en bandes (échelle 160 �m). 2. Section tranversale, vue
générale, vestige de vaisseaux et parenchyme en bandes (échelle 145 �m).
3. Section transversale, détail d’un vaisseau et du parenchyme en bande
(échelle 190 �m). 4. Section transversale, détail d’un vaisseau avec
présence de thyllose (échelle 35 �m). 5. Section tangentielle, vue générale,
disposition des rayons (échelle 108 �m). 6. Section tangentielle, détail
d’un rayon (échelle 62 �m). 7. Section tangentielle, détail d’un rayon et
parenchyme cristallifère (échelle 45 �m). 8. Section tangentielle, détail
de la structure hétérocellulaire des rayons, et parenchyme cristallifère
(échelle 84 �m). 9. Section radiale, structure des rayons composés de
cellules couches, avec cellules dressées terminales (échelle 53 �m).
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Tyloses are abundant (Plate 1 [fig. 3, 4]). Vessel mem-
bers are not distinct in tangential section, their length
cannot be measured and vascular pitting and the perfo-
ration plate are indistinct.
Parenchyma: Two types of parenchyma can be distin-
guished. One vasicentric, surrounding the vessels, with
one or two rows of elongated cells greater in length
(30.8 �m) than in width (14 �m), (Plate 1, fig. 3). The
second forms axial parenchyma bands more than three
cells wide, three to six cells (Plate 1 [fig. 3, 4]); the cells
tangential diameter range from 22.5 �m to 40 �m. The
thickness of axial parenchyma bands is between 162 �m
and 207 �m. Prismatic crystals occur in the parenchyma
(Plate 1, fig. 7, 8).
Rays: the tangential section shows rays one to six cells
wide (27 �m to 115 �m) (Plate 1, fig. 5). Their heights
range from 425.5 �m to 1127 �m (14 to 60 cells). The
poor preservation of the fossil wood structures did not
allow calculation of the ray density. Rays are hetero-
cellular (Plate 1 [fig. 7, 8]), composed of procumbent
cells with one or two rows of upright/square cells
in the marginal cells. Prismatic crystals are present
in the terminal cells. The dimensions of procum-
bent cells (width × height) range from 9 �m × 9 �m
to 31.5 �m × 31.5 �m, and for upright cells we have
22.5 �m × 46 �m to 27 �m × 49.5 �m.
Fibres: they are also not well preserved, and the thick-
ness of their wall not appreciable, with no visible pits
and septae. Fibres are generally circular, and the diameter
measures between 13.5 �m and 18 �m in the tangential
section (Plate 1 [fig. 3]).

. Affinities

.1. Comparisons with modern wood structure

The structural characteristics described for the Middle
wash fossil wood sample: medium size of the vessels

150 �m -300 �m), the pore density (5 pores/mm2), large
ands of abundant axial parenchyma, heterocellular, irreg-
lar and long rays, occurrences of crystals inside the
arenchyma and terminal ray cells indicate a clear affin-

ty with modern wood of trees from the Moraceae family,
n particular with the genus Ficus (Metcalfe and Chalk,
950; Insidewood, 2008). In Tropical Africa, the genus
icus includes several hundred species. On the basis of
omparison with existing descriptions or collection, it is
ossible to exclude a few species such as F. mucuso Fil.,
. sycomorus L., et F. vallis-choudae Del. that have much
arger rays than those shown in the Middle Awash fossil
ample described in this paper (Insidewood, 2008). Strong
esemblance exists between the Middle Awash fossil wood
nd the wood structure of F. sur Forssk, F. salicifolia Vahl.
t F. ingens (Miq.) Miq (Insidewood, 2008), all species that
annot be distinguished from one another by their wood
natomy.
.2. Comparisons with other fossil specimens identified
s Ficoxylon

In Ethiopia, attribution to the genus Ficus, has been pro-
ided to six distinct specimens of fossil wood. Ficoxylon
alevol 9 (2010) 1–4 3

sp. from Upper Cretaceous/Eocene of Ethiopia (Beauchamp
et al., 1973) does not include sufficient description to
allow a valuable comparison with our Pliocene specimen.
Ficoxylon cretaceum (Schenk et al., 1883) identified from
the Lower Miocene site Molaie (Lemoigne et al., 1974) is
clearly distinguished from the ARA VP6 fossil wood by its
one to three seriate rays. Ficoxylon blanckenhornii (Kraüsel,
1939), from the Wondo Miocene site (Lemoigne et al.,
1974) seems an erroneous attribution in regard to the orig-
inal primary description of the type specimen (Kraüsel,
1939). However, as it showed small vessels (150 �m), large
parenchyma bands of five to 10 cells, and three to six seriate
rays, these characters exclude any attribution to Ficoxylon
blanckenhornii for the Middle Awash fossil wood. From the
Plio-Pleistocene site of the Lower Omo Valley (Dechamps
and Bande, 1994) have attributed fossil wood to modern
species: Ficus sp. with large vessels (140 �m to 450 �m),
rays 25 seriate, large band of parenchyma (up to 14 cells
each); Ficus capensis Thunb. (syn.: F. sur Forssk) having mid-
dle size vessels, large parenchyma bands of more than 15
cells and large rays not described more precisely by the
author; F. vallis-choudae also having middle to large ves-
sels, but with parenchyma bands made of three to 12 cells
and one to nine seriate rays therefore larger than those in
the fossil wood specimen from Middle Awash.

Attribution of the fossil wood to Ficus, extends else-
where in Africa. Ficoxylon blanckenhornii was described
from the Upper Oligocene-Lower Miocene in Egypt
(Kraüsel, 1939). Ficoxylon cretaceum (Schenk et al., 1883)
was identified in sediments dating from the Cretaceous
(Kamal-El-Din, 2003) to Lower Oligocene-Lower Miocene
in Egypt (Kraüsel, 1939), the Danian of Asselar, Mali
(Boureau and Monod, 1949) was recorded as well in
the Oligocene of Tunisia (Fessler-Vrolant, 1979), the
Oligocene-Miocene of Sudanese Sahara (Boureau, 1949).
Both Ficoxylon cretaceum and F. blanckenhornii appear
to be present up to the Miocene. Another Ficoxylon sp.
(Kraüsel, 1939), was noted in Upper Senonian of Egypt
(Dupéron-Laudoueneix and Dupéron, 1995). Oligocene
Ficoxylon guettarense from Libya has rays of 1 or 3 cells
but intravascular pittings less than 4 �m in size (Fessler-
Vrolant, 1977). Oligocene Ficoxylon melahense also from
Libya and related to Asiatic species of Ficus (Louvet, 1971)
is clearly distinguished from the Ethiopian Middle Awash
specimen by the occurrence of storied parenchyma.

4. Discussion

Many fossil wood structures close to Ficus are known at
least since the Cretaceous and are widespread from West
Africa to Egypt, Libya and Ethiopia since the Oligocene.
Among these available descriptions of fossil wood speci-
mens, the closest resemblance of the 4.4 Ma old Pliocene
specimen from Middle Awash, Ethiopia, is with F. capensis
from the lower Omo Valley (P588-65 sect. 9, Lower Member
C dated 2.7 Ma (Dechamps and Bande, 1994). However the

two specimens differ in the thickness of the parenchyma.
The Middle Awash fossil wood studied has thinner axial
parenchyma bands than F. capensis (Plate 1 [fig. 2, 3, 4]).

Some authors have discussed the relationships
between climate variables and wood anatomical char-



l. / C. R. P
4 M.-C. Jolly-Saad et a

acters. (Woodcock and Ignas, 1994) indicate, “marginal
parenchyma may serve as a precipitation indicator”. More
particularly some findings on Ficus have shown a seasonal
variation in the size of fusiform initials; the initials are
shortest and broadest in summer, especially during the
rainy season. Likewise short and narrow rays increase
during this period (Ajmaland and Iqbal, 1987).

However, before going further in this investigation we
need a more precise calibration between extant wood
anatomy and climatic variability, notably for Ethiopian
species. For interpreting environmental variables, other
wood anatomical characters (wood ring porous, vessels
mean tangential diameter less than 100 �m, vessels with
multiple perforations, spiral thickenings present in the
vessels, fibre septae, rays more than 10 cells wide, rays
heterocellular with 4 or more upright cells, rays storied,
presence or not of axial parenchyma) have been used to
estimate mean annual temperature (MAT), cold monthly
mean temperature (CMMT), mean annual precipitation
(MAP) and length of dry season (DRY) (Wiemann et al.,
1998) and (Wiemann et al., 1999). These studies point
to new opportunity for estimating paleoclimatic condi-
tions at Middle Awash 4.4 Ma ago based upon analysis of
fossil wood assemblages, providing the fact that at least
ten distinct species are identified from the same beds.
Until further and better preserved fossil wood specimens
from the Pliocene Middle Awash study will be analyzed,
the parsimonious attribution of the Middle Awash sample
should remain Ficoxylon sp. Other descriptions of modern
wood from most common trees in Ethiopia are required to
relate the fossil to a modern botanical species that could
also provide relevant and more precise paleoecological
information. At last, this wood with additional precision
from phytoliths and endocarps studies which include some
species like Celtis, Myrica, palms and grasses suggests that
the surroundings of the hominid site were probably open
woodlands (WoldeGabriel et al., 2009).
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