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Although the fossil bird Lithornis has been known for more than a century, only in the 1980s were its affinities within the
palaeognathous birds (Aves, Palaeognathae) realized and demonstrated by use of osteological characters. Other lines of
evidence could, however, be used to test hypotheses of its affinities. To add data to this ongoing investigation, we present
the first detailed description of the microscopic morphology of the eggshell of this fossil bird. Our description of egg-
shells of two species of Lithornis is consistent with the placement of this fossil bird within Palacognathae. Characters that
corroborate this position include the presence of three aprismatic structural layers visible by use of scanning electron mi-
croscopy (SEM) in the eggshell microstructure. The placement of Lithornis phylogenetically close to the extant flighted
South American group Tinamidae is supported on the basis of characters present in the structural composition of the egg-

shell layers of both these taxa.
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Introduction

Lithornis was one of the earliest described fossil birds. The
genus was named in 1840 by Sir Richard Owen (Owen 1840)
on the basis of partial fossil remains preserved within a clay
nodule (figured for the first time in Owen 1841) collected
from the lower Eocene London Clay Formation on the Kent
coast, UK (Isle-of-Sheppey) sometime before 1793 (Owen
1846). The original holotype specimen of Lithornis vultu-
rinus was housed in the Museum of the Royal College of
Surgeons until it was destroyed in the bombing of London
during World War IL

Subsequent to this, little more information pertaining to
Lithornis was published until Houde (1986, 1988) reported
the discovery of additional fossil specimens, including both
skeletons and fragments of eggshell from the Paleogene of
North America, which he considered closely related to L.
vulturinus. On the basis of this new material, coupled with
re-evaluation of existing fossils not previously recognized as
“lithornithid” (Harrison and Walker 1977), Houde (1988)
designated a neotype specimen for L. vulturinus, and named
anumber of additional species including the North American
Lithornis celetius. This taxon, from the Paleocene Fort Un-
ion Formation of Montana (Houde 1988), was placed within
the family Lithornithidae along with two additional gen-
era—Paracathartes Harrison, 1979 and Pseudocrypturus
Houde, 1988. Based on current knowledge of the fossil re-
cord, members of Lithornithidae are known from the latest
Cretaceous—earliest Eocene of New Jersey (Parris and Hope
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2002) through to the upper Eocene of the United Kingdom
(Houde 1988; Dyke 2000), spanning some 15 million years
(Dyke 2003).

The phylogenetic placement of Lithornis (and related taxa)
has been questioned over the years since the original discov-
ery of these birds. Owen (1841) considered these birds to be
related to extant Cathartidae (New World vultures), whereas
Harrison and Walker (1977) placed them closer to Muso-
phagidae (turacos). Houde (1988) was the first to present the
hypothesis that Lithornis is a basal member of Palacognathae
on the basis of osteological observations and some compari-
sons of eggshell structure (gross morphology and ground thin
sections). This hypothesis was corroborated by the observa-
tions of Mikhailov (1997) who reported the eggshell of this
genus to be “ratite-like” (Mikhailov 1997: 71). In light of re-
cent advances in the use of ultrastructural features of eggshell
anatomy as characters in bird systematics (Grellet-Tinner
2000; Zelenitsky and Modesto 2003), we present description
of Lithornis eggshell based on two specimens collected in as-
sociation with skeletons of these birds. We figure in detail the
microstructure of Lithornis eggs for the first time.

Institutional abbreviations —AMNH, American Museum of
Natural History, Division of Vertebrate Zoology (Ornitho-
logy), New York, USA; BMNH, Natural History Museum
(Palaeontology Department collections), London, UK;
NMING F, National Museum of Ireland, Division of Natural
History (Geology collections), Dublin, Ireland; YPM, Pea-
body Museum of Natural History, Yale University, New Ha-
ven, USA.
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Material and methods

Eggshell fragments collected in association with skeletal
specimens of Lithornis vulturinus and Lithornis celetius
were used in this study. One fragment was donated to G.J.
Dyke by a private collector working in the lower Eocene
London Clay Formation at the locality of Walton-on-the-
Naze, Essex, UK and was found in association with a hu-
merus and sternum referrable on the basis of osteological
characters to L. vulturinus (GJD personal observation). Egg-
shell fragments referrable to L. celetius were made available
to GGT by the Yale Peabody Museum (YPM). These latter
pieces were collected from the Bagtail Quarry in the Paleo-
cene Fort Union Formation (Gallatin National Forest, Mon-
tana) in 1942 and include pieces already thin sectioned by
Houde (1988). Entire skeletons of L. celetius are known from
this quarry (Houde 1988). We note that both in the UK and
North America, specimens of Lithornis are commonly found
by collectors disarticulated inside calcareous Paleogene clay
nodules. This style of preservation renders it unlikely that in-
dividual specimens of these birds will be found directly asso-
ciated with eggshell material (i.e., preserved sitting on a
nest). Samples were broken into smaller fragments, washed
and dried for SEM and thin section observations, following
the method as implemented recently by Grellet-Tinner
(2000) and Makovicky and Grellet-Tinner (2000) (see also
Mikhailov 1997; Varricchio and Jackson 2004).

When observed in cross section under SEM, the eggshells
of most birds display at least 3 structural layers—the “mam-
milary layer” (layer 1), “squamatic zone” (layer 2) and “ex-
ternal zone” (layer 3) of Mikhailov (1997). To avoid prob-
lems with the homology of these layers, our preference is to
assign them numbers (see Grellet-Tinner 2000). The only de-
scribed exceptions to this are the dromornithids (e.g., Gen-
yornis newtoni) that seem to have had only two layers along
with Dromaius novaehollandiea and Casuarius casuarius
that have four layers (Mikhailov 1997; Grellet-Tinner 2000).
All neognathous birds exhibit what has been referred as a
prismatic condition between their layers whereas palaeo-
gnathous taxa are characterized by an aprismatic condition,
defined by the way the shell layers are delimited (Grellet-
Tinner 2000; Grellet-Tinner and Norell 2002; Grellet-Tinner
and Chiappe 2004; Buffetaut et al. 2005; Grellet-Tinner in
press; Grellet-Tinner et al. in press). Aprismatic layers have
sharp and well-defined delimitations between adjacent struc-
tural layers whereas the delimitation of prismatic layers is
somewhat indistinct and not easily noticeable (Mikhailov
1997; Grellet-Tinner 2000; Grellet-Tinner and Norell 2002).

Description

Houde (1988) presented brief macroscopic and microscopic
descriptions of the morphology of eggs referred to Lithornis
from the Eocene of North America. Mikhailov (1997) noted
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that eggs referrable to this genus are “ratite-like” in their
structure. On the basis of our analyses, we corroborate the
fact that the eggs of L. celetius have a smooth external sur-
face (as seen in Struthio, Rhea, and Tinamidae; Mikhailov
1997). Large and widely spaced pore apertures on the egg-
shell surface are commonly visible to the naked eye. These
pores are conical in radial thin section (Fig. 1; Houde 1988:
fig. 31). Houde (1988) also noted the presence of a “cuticular
layer” of outer “true shell” in these birds that is also similar to
that seen in extant Tinamidae (Tyler and Simkiss 1959;
Houde 1988: 118).

However, our observations demonstrate that this inter-
pretation of the eggshell structure based on thin sections is
incorrect—the third and outermost layer of Lithornis shell
is instead aprismatic and composed of calcium carbonate as
is characteristic for all palaeognath eggshells (Fig. 1; Mi-
khailov 1997; Grellet-Tinner 2000). Although a thin “cutic-
ular layer” (Houde 1988) does cover the outer surface of
most modern bird eggs after ovideposition and during the
early stage of incubation (Deeming and Ferguson 1991),
this layer has not often been observed in the fossil record as
a result of its chemical and organic composition (GGT per-
sonal observation). Preservations of organic structures, in-
cluding soft tissues, are typical of sedimentation regimes in-
volving stagnation typical of Lagerstitten deposits (Bottjer
et al. 2002; Grellet-Tinner 2005). Examples of soft tissue
preservation in eggs and eggshells have been reported in
few instances (Sochava 1969; Kohring 1999; Grellet-Tin-
ner 2005), mostly restricted to the preservation of the mem-
brana testacea (the protein-rich membrane directly under-
neath the eggshell), for example in eggs of the non-avian
theropod Troodon formosus (Zelenitsky et al. 2002; Grel-
let-Tinner 2005). Recent observation of fossilized testa-
ceaous membrane in titanosaurid eggs from Auca Mahuevo
(Argentina) has led to the interpretation that this unique
preservation could be bacterially mediated (GGT personal
observation).

Our sample of L. celetius shell is diagenetically altered,
hence internal eggshell structural layers are only visible in
small areas whereas little diagenetic alteration is visible in
the shell of L. vulturinus (Figs. 1, 2). In both taxa, the outer
eggshell surface (seen in tangential view; Fig. 1A3) is smooth
and displays a number of circular pores that range in their di-
ameter from 73 to 80 um. The presence of these pores is vari-
able between specimens depending on the degree of eggshell
re-crystallization. Cross-sectional views reveal the presence
of three clear structural and aprismatic layers in these shells,
a character unique to palaeognathous birds (Grellet-Tinner
2000). Although the second layer is by far the most conspicu-
ous (Figs. 1A,, 2A,), all three are clearly visible with the
third being thinnest. The overall vertical crystal orientation
of this layer differs from that of layer two (Fig. 1A,), and av-
erages 25 pum in thickness.

Layer 1 comprises a series of individual shell crystal units
fused together and averages 40 um in thickness. The base of
these units are rounded (concave-side down) and comprise
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Fig. 1. SEM micrograph images of eggshells. A. Lithornis vulturinus (Lithornithidae), NMING F 2005-1, Walton-on-the-Naze, Essex, UK, London Clay
Formation (lower Eocene). A,. Circular pore orifice on the eggshell outer surface; A,. Three aprismatic structural layers (our layers 1-3; see text) compose
the entire thickness of the same specimen. Layers, 1 and 3 are relatively thin comparatively to layer 2. A;. Details of layer 3. A,. Bladed calcite crystals at the
base of eggshell. B. Rhynchotus rufescens (Tinamidae), AMNH 13376, Recent. B,. Layer 3 of the eggshell. B,. Structural layers with bladed calcite crystals

at the base of eggshell units.

long, bladed calcite crystals in L. vulturinus (Fig. 1A,) and
acicular crystals in L. celetius (Fig. 2A,). In general the size
and geometry of layer 1 is reminiscent of that of the tinamou
Rhynchotus. Of the three layers that comprise the shell units
in Lithornis, layer 2 is by far the thickest measuring between
307 and 486 pum in our samples. SEM images show a relative
difference in the morphology of the calcite crystals located in
layer 1, a disparity that is not attributed to diagenetic alter-

ation. Crystals at the base of each eggshell units have their C
axes vertically orientated but their aspect ratio (width/length)
in L. celetius gives them an acicular/tabular morphology. In
contrast, the aspect ratio in L. vulturinus has produced more
bladed crystal shapes. Such a dichotomy is also observable
in the structural make up of eggshell of extant Tinamidae
(GGT personal observation) but no other known palaeognath

group.
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Fig. 2. SEM micrograph images of eggshells. A. Lithornis celetius, YPM PU 16961, Bagtail Quarry, Montana, Fort Union Formation (Paleocene). A,. Cir-
cular pore orifice on the eggshell outer surface (arrow). A,. Even though it is hard to see, the entire thickness of the eggshell consists of three aprismatic
structural layers (layers, 1 and 3 are also relatively thin comparatively to layer 2; see text). A. Detail of layers 1 and 2 (note the acicular crystals at the base
of the eggshell units). A,. Detail of layer 3. B. Tinamus tinamus (Tinamidae), AMNH 15478, Recent. B,. Layer 3. B,. Layer 1 with acicular calcite crystals
at the base of eggshell units.

: : (Houde 1988) and phylogenetic analyses of osteological
DISCUSSIOH characters (Dyke 2000, 2003; Clarke and Norell 2002) has
Despite some historical debate with regard to the systematic ~ converged to the view that not only are these birds primitive
placement of Lithornis and other fossil members of Litho-  palaecognaths but that they may also be closely related to ex-
rnithidae, evidence from comparative skeletal morphology  tant Tinamidae (Bertelli et al. unpublished data).



GRELLET-TINNER AND DYKE—THE EGGSHELL OF THE EOCENE BIRD LITHORNIS 835

The presence of at least three aprismatic structural layers
(seen in microscopic section; Mikhailov 1997) is a synapo-
morphy of the eggs of Palaeognathae (as opposed to three
prismatic layers as seen in all other extant neornithine birds;
Neognathae; Grellet-Tinner 2000). Three structural eggshell
layers were also observed in an avian egg from the Late Cre-
taceous Gobi Desert, Mongolia (Grellet-Tinner and Norell
2002), consistent with its interpretation as a neognath. The
layers of Lithornis eggshell are certainly aprismatic, a condi-
tion known to occur only in extinct and extant palacognaths
(Grellet-Tinner 2000).

Although Lithornis has been known for over 100 years
and was postulated as representing a basal palaeognath since
the 1980s, little character data other than osteology have
been presented that can be used to corroborate this hypothe-
sis. Further description of its eggshell, however, independ-
ently supports its placement within Palacognathae. How-
ever, an additional discovery of eggshells associated with
embryonic remains in ovo will be required to better assess the
significance of Lithornis and related birds to the general
question of palaeognath and basal neognath evolution by use
of oological evidence.
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