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Introduction

Vertebrates are normally fossilized as isolated teeth and 
bones, sometimes also as jaws with teeth. Partial skeletons 
are rare, and complete ones even rarer. Extraordinary is 
fossilized soft tissue. In Germany, we are lucky to have 
three Eocene sites that are famous for the preservation of 
soft tissue. These are the classic locality of the Geiseltal 
near Halle/Saale, Grube Messel near Darmstadt, and the 
Eckfeld Maar NW of Trier in the Eifel Mountains (Text-
fig. 1). At Grube Messel feathers, hair and even the soft 
body silhouettes of fossil vertebrates are preserved as black 
shadows. Unique in the world is “Ida”, Darwinius masillae, 
the most complete fossil primate ever discovered (Franzen 
et al. 2009). In some cases, even internal organs, such as 
lung, liver and veins of frogs, or the intestine of mammals, 
are preserved due to bacterial metabolism (Wuttke 1983, 
1992). Amazing is the preservation of three-dimensional 
ovaries of a turtle (Gassner et al. 2001). 

Here, I present a summary of the discovery of fossil 
mares with preserved uteroplacentae. These are the first 
discoveries of this kind ever made. One comes from 
Eckfeld, the other two from Messel. The report refers to 
investigations published in detail elsewhere (Franzen et al. 
2006, 2015, 2016), but a third pregnant mare with preserved 
uteroplacenta was recognized only recently. It is presented 
and analyzed here for the first time.
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Abstract: I report on the discoveries of three pregnant mares from the middle Eocene of Germany that contain remains of 
fetuses still wrapped in the fossilized uteroplacenta. These are the first and up to now only discoveries of this kind. One specimen 
comes from the Eckfeld Maar (Eifel Mountains). It is 44 million years of age. The other two were discovered at Grube Messel 
and are 48 million years old. These are the oldest fossil uteroplacentae known so far. Their morphology corresponds to recent 
homologues. Presumably, the uteroplacenta developed as part of the propagation system of mammals during the Palaeocene, 
perhaps already during the late Mesozoic. 
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Text-fig. 1. Map of Germany showing the topographic situation 
of the Eocene localities of Eckfeld (Eifel Mountains), Messel 
near Darmstadt and Geiseltal near Halle/Saale. Drawing by 
Mascha Siemund (at that time Senckenberg Research Institute 
Frankfurt).
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Text-fig. 2. Skeleton of a pregnant mare of Propalaeotherium voigti (Matthes, 1977) from the middle Eocene maar of Eckfeld 
(Germany); Maarmuseum at Manderscheid (PW 1992/52-LS). A white ellipse indicates the position of the uteroplacenta. Scale = 
10 cm. Photo by Ulrike Nies (Natural History Museum Mainz). 
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The pregnant mare from the Eckfeld maar

The fi rst remains of the uteroplacenta of a fossil mare 
and of a fossil mammal in general were not discovered at 
Messel but at Eckfeld, another Eocene maar in Germany 
(Franzen 2006). A virtually complete and articulated equid 
skeleton turned up in August 1991 during excavations 
carried out by the “Museum für Naturkunde Mainz/
Landessammlung für Naturkunde Rheinland-Pfalz” at the 
middle Eocene maar of Eckfeld (Eifel Mountains, Germany; 
Text-fi g. 2). The specimen is exhibited in the Maarmuseum 
at Manderscheid (Eifel; inventory no. PW 1992/52-LS). 
Biochronologically, the site is situated within the upper 
Geiseltalian (MP 13; Franzen 1993, 1994). The radiometric 
age of the maar explosion that led to a crater lake, in which 
the fossil lagerstaette developed, is dated at 44.3 ± 0.4 my 
(Mertz et al. 2000). Correspondingly, the age of the fossil-
bearing strata is estimated at 44 million years. Lutz (1993) 
described the discovery and taphonomy of the specimen, 
whereas Franzen (1993) determined it as a pregnant mare of Propalaeotherium voigti (MattHES, 1977). In 2006, when 

describing the skeletons of the mare and the fetus in detail, 
he discovered remains of the placenta still enwrapping the 
fetus (Franzen 2006). This was the fi rst time that a fossilized 
uteroplacenta of a mammal became known.

The remains of one (and only one!) fetus occur between 
the right ilium and femur of the mare (Text-fi g. 3a). The 
fetus displays the left side. The fact that there is only one 
fetus is remarkable because at this early time in equid history 
it already corresponds to the normal situation with living 
horses and to the so-called k-strategy of propagation. This 
means to keep the number of offspring low, but the amount 
of parental care high. Cranium and dentition of the fetus are 
missing. Perhaps they were originally hidden below the right 
ilium of the mare. In any case, they are not visible within a 
window, which was kept open in the epoxy resin from the 
opposite side. Relative to the mare, the vertebral column of 
the fetus is obviously situated cranially, whereas the limb 
bones point in a caudal direction. This corresponds with a 
fi nal stage of parturition of modern horses, when the fetus 
has turned around its long axis for about 180°, and moves 
with the head placed on the anterior limbs into the birth 
canal (Benesch 1957).

Identifi able elements of the fetus are several ribs (some 
of which are preserved as secondary casts of the embedding 
epoxy resin), parts of the scapula, humerus, radius and ulna, 
diaphysis of the femur, fi bula, and a proximal fragment 
of the tibia, all of the left side (Text-fi g. 3b). Surprisingly, 
larger fragments of a hard undulated bright-grey crust cover 
parts of the skeleton of the fetus, such as the fetal vertebral 
column, which is only indicated by traces of its outline. In 
some places the crust was removed during preparation to 
expose the fetus. The anatomical position as well as the 
form of the crust as a thin layer lead to the conclusion that it 
represents the fossilized uteroplacenta. Histological details, 
however, are no longer recognizable. But we discovered 
fossilized coccal bacteria, which appear within the grey 
crust (Text-fi g. 4). Presumably, they participated in the 
fossilization process as it is the case with the preservation of 
soft tissue at Messel (Wuttke 1983, 1994). 

b

a

Text-fig. 3. The abdomen of Propalaeotherium voigti from Eckfeld 
contains the remains of a fetus, a) coated with ammonium 
chloride (NH4Cl), b) anatomical interpretation. The bones of the 
mare are colored light grey and those of the fetus black. The 
fetal bones represent tibia (1), femur (2), fibula (3), costae (4), 
scapula (5), humerus (6), ulna and radius (7). Remains of the 
uteroplacenta are colored dark grey. Scale (a and b) = 3 cm. 
Photo by Elke Pantak-Wein; anatomical interpretation by 
author (both Senckenberg Research Institute Frankfurt).

1 μm

Text-fig. 4. Coccal bacteria within the grey crust covering the 
fetus of Propalaeotherium voigti from Eckfeld. SEM photo by 
Marie-Louise Tritz and author (both Senckenberg Research 
Institute Frankfurt).
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A pregnant mare with preserved uteroplacenta 
from Messel

A nearly complete and articulated skeleton of a pregnant 
mare of Eurohippus messelensis (Haupt, 1925) was 
discovered and excavated by a team of the Senckenberg 
Research Institute Frankfurt at Grube Messel in 2000 (Text-
fig. 5). It is archived in the Institute’s Department of Messel 
Research under the inventory no. SMF ME 11034. Within 
the abdomen occurs the nearly complete and articulated 
skeleton of a fetus. When we described this in detail 
(Franzen et al. 2015), we discovered that most of the fetus is 
still enwrapped in a bright-yellow crust containing petrified 
bacteria (Text-fig. 6a–b). Corresponding with the Eckfeld 
mare, the crust displays a fine wrinkling. Such a wrinkling 
is well known in the uteroplacenta of recent mares. After 
foaling it appears on the external wall of the uteroplacenta, 
when the muscles relax (Schlafer 2004, Taverne and Noakes 
2009). Evidently, the feature corroborates our hypothesis 
that we are dealing with the uteroplacenta, which is 
outstandingly well preserved. Additionally, micro-x-ray 
shows a conspicuous grey shadow between the fetus and the 
lumbar vertebrae of the mare (Text-fig. 7a). This is partially 
dispersed into stripes, which run parallel to one another and 
frame longitudinally elongated holes. Their structure points 
dorsocaudally in the direction of maternal lumbar vertebrae 
4–7. Morphology and position of the structure correspond 
to the broad ligament (ligamentum latum uteri) of recent 
mares of Equus caballus. There, it attaches the uterine 

horn to the lumbar vertebrae and the pelvis (Text-fig. 7b). 
An alternative interpretation as abdominal muscle can be 
excluded, because of differing position and direction. In 
recent horses, the musculus transversus abdominis extends 
in vertical direction from the lumbar vertebrae and the pelvis 
down to the ventral midline of the abdomen, whereas the 
musculus obliquus abdominis stretches from the tuber coxae 
to the last rib and rib cartilage.

A second pregnant mare of Eurohippus 
messelensis from Messel with a fossilized 
uteroplacenta

Only recently, we recognized that another pregnant 
mare of Eurohippus messelensis from Messel contains also 
a fossilized uteroplacenta (Text-fig. 8). The skeleton was 
found and prepared by a private collector and belongs to 
the private collection of Dr. Burkhard Pohl, who offers open 
access for scientific research.

Franzen (2007) supposed already that the uteroplacenta 
of this specimen still surrounds the fetus, because four 
thoracic and three lumbar vertebrae of the mare avoided 
that area when they shifted ventrally into the abdominal 
cavity. Obviously, something prevented them from entering 
that region, presumably the uteroplacenta. When I recently 
investigated and analyzed the complete and mostly articulated 
skeleton of the mare, I recognized that most of the fetal area 
is still lined with the uteroplacenta, although the skeleton 

10 cm

Text-fig. 5. Skeleton of a pregnant mare of Eurohippus messelensis (haupt, 1925) from the early middle Eocene maar of Messel 
(Germany); Senckenberg Collection (SMF ME 11034). A white ellipse indicates the position of the uteroplacenta. Scale = 10 cm. 
Photo by Sven Tränkner (Senckenberg Research Institute Frankfurt).
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of the fetus is very incomplete, mostly disarticulated and 
dislocated (Text-fi g. 9a). Following the idea that bones and 
many fragments of the rib cartilage of the mare should lie 
on the external wall of the uterus, whereas remains of the 
fetus should lie on the internal wall, it became possible to 
differentiate the uteroplacenta into the external wall, i.e., 
the uterus, and the internal wall, i.e., the placenta (Text-
fi g. 9b). Both display the typical wrinkling known in living 
mares, but also in the other two fossil mares with preserved 
uteroplacenta. At some places, a thin white layer is directly 
attached to the bones of the fetus. Two interpretations seem 
possible. It may be the innermost layer of the uteroplacenta, 
hence the amnion, or the skin of the fetus. This is still an 
open question.

At other places, the preparator, when applying the 
transfer technique of preparation and not knowing at that 
time to deal with a uteroplacenta, penetrated through the 

uteroplacenta and uncovered the underlying dark grey 
polyester, in which the fossil was transferred. Enigmatic are 
parallel structures that appear left of the tibia of the fetus 
(Text-fi g. 9b). Presumably, as in the fi rst pregnant mare 
from Messel they represent remnants of the broad uterine 
ligament. The third specimen and its uterine system are still 
being investigated. 

What is the significance of the preserved 
uteroplacenta? 

The three pregnant mares represent the only known 
uteroplacentae of fossil mammals. In contrast to the 
locomotory system, and despite at least 48 million years of 
subsequent evolution, these middle Eocene uteroplacentae 
reveal no major morphologic difference when compared 
with those of recent horses. Therefore, I conclude that the 

a

5 cm

b

Text-fig. 6. a) Line drawing of the exposed side of the fetus of Eurohippus messelensis from Messel. Bones of the mare are shown for 
orientation. Notice the fine wrinkling lateral to the right femur of the fetus. The white line distinguishes the uteroplacenta on the 
left from the exposed bones of the fetus on the right. Scale = 5 cm; b) the SEM photo reveals that the wall of the uterus is replaced 
by petrified bacteria, preserved as siderite (FeCO3). Drawing and anatomical interpretation by author; SEM photo by Renate 
Rabenstein (both Senckenberg Research Institute Frankfurt).
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uteroplacenta of mammals evolved early, at latest during the 
Palaeocene or even earlier, during the late Mesozoic, when 
dinosaurs were still thriving on our planet. Considering 
the protection, a uteroplacenta offers to growing fetuses 
compared to those developing in eggs, this could have been 
one of the reasons why viviparous mammals survived the 
catastrophic event at the K/Pg boundary, whereas oviparous 
dinosaurs did not (Franzen et al. 2016).

Acknowledgments

I thank Dr. Herbert Lutz (Vice Director, Naturhistorisches 
Museum Mainz), Dr. Martin Koziol (Maarmuseum 
Manderscheid), Dr. Stephan Schaal (Head of the Department 
Mammalogie und Messelforschung, Senckenberg Forschungs-
institut Frankfurt) and Dr. Burkhard Pohl, who kindly 
permitted me to study the specimens under their care. 
Gratefully acknowledged is the cooperation with Professor 
Dr. Christine Aurich, specialist of the reproduction of recent 
horses (University of Veterinary Medicine, Vienna, Austria), 
Dr. Renate Rabenstein, performing some of the SEM ana-
lyses, and Dr. Jörg Habersetzer, who provided micro-x-ray-
photos (both Senckenberg Forschungsinstitut Frankfurt). 
I also thank Ulrike Nies (Naturhistorisches Museum 
Mainz, Landessammlung für Naturkunde Rheinland-Pfalz), 
Elke Pantak-Wein and Sven Tränkner (both Senckenberg 
Forschungsinstitut Frankfurt) for photos. Dr. Jan Sklenář 
(executive editor of FI; National Museum, Prague) improved 
the illustrations, whereas Prof. Dr. Kenneth D. Rose was so 
kind to correct my use of the English language. Also, two 
anonymous reviewers made valuable suggestions. 

References

Benesch, F. (1957): Lehrbuch der Tierärztlichen Geburts-
hilfe und Gynäkologie. – Urban and Schwarzenberg, 
München, Berlin, Wien, 891 pp. 

Franzen, J. L. (1993): Das biostratigraphische Alter der 
Fossillagerstätte Eckfelder Maar bei Manderscheid 
(Eifel). – Mainzer Naturwissenschaftliches Archiv, 31: 
201–214.

Franzen, J. L. (1994): Neue Säugerfunde aus dem Eozän des 
Eckfelder Maares bei Manderscheid (Eifel). – Mainzer 
Naturwissenschaftliches Archiv, Bh. 16: 189–211.

Franzen, J. L. (2006): A pregnant mare with preserved 
placenta from the Middle Eocene maar of Eckfeld, 
Germany. – Palaeontographica, A, 278: 27–35.

Franzen, J. L. (2007): Eozäne Equoidea (Mammalia, Perisso-
dactyla) aus der Grube Messel bei Darmstadt (Deutsch-
land). Funde der Jahre 1969 – 2000. – Schweizerische 
Paläontologische Abhandlungen, 127: 1–245.

Franzen, J. L., Gingerich, P. D., Habersetzer, J., Hurum 
J., Koenigswald, W. v., Smith, H. (2009): Complete 
Primate Skeleton from the Middle Eocene of Messel in 
Germany: Morphology and Paleobiology. – PLoS ONE, 
4(5): e5723 (27 pp.). 

 https://doi.org/10.1371/journal.pone.0005723
Franzen, J. L., Aurich, C., Habersetzer, J. (2015): Descrip-

tion of a well-preserved fetus of the European Eocene 
Equoid Eurohippus messelensis. – PLoS ONE, 10(10): 
e0137985 (14 pp.). 

 https://doi.org/10.1371/journal.pone.0137985
Franzen, J. L., Aurich, C., Habersetzer, J. (2016): Das Pferd 

im Pferd. Urpferdfohlen erblickt nach 48 Millionen Jahren 
das Licht der Welt. – Natur · Forschung · Museum, Das 
Senckenberg-Wissenschaftsmagazin, 146(3/4): 94–101.

a

b

Text-fig. 7. Comparison of the broad uterine ligament; a) x-ray 
of the abdomen of a pregnant mare of Eurohippus messelensis 
from Messel (Senckenberg Collection SMF ME 11034); b) 
drawing of the abdomen of a recent mare (after Benesch 1957). 
X-ray by Jörg Habersetzer; anatomical interpretation by 
author (both Senckenberg Research Institute Frankfurt).



73

Gassner, T., Micklich, N., Kohring, R., Gruber, G. (2001): 
Turtles (Testudines, Geoemydidae, “Ocadia” sp.) with 
Three-dimensionally Preserved Remains of Internal 
Organs from the Middle Eocene of Grube Messel 
(Hessen, Germany). – Kaupia, Darmstädter Beiträge zur 
Naturgeschichte, 11: 111–123. 

Lutz, H. (1993): Zur Taphonomie der aquatischen und terre-
strischen Fauna des „Eckfelder Maares“ (Mittel-Eozän; 
Deutschland): Ergebnisse aus den Grabungen 1990-1992. 
– Mainzer Naturwissenschaftliches Archiv, 31: 85–113.

Mertz, D. F., Swisher, C. C., Franzen, J. L., Neuffer, F. O., 
Lutz, H. (2000): Numerical dating of the Eckfeld maar 
fossil site, Eifel, Germany. A calibration mark for the 
Eocene time scale. – Naturwissenschaften, 87: 270–274. 

 https://doi.org/10.1007/s001140050719
Schlafer, D. H. (2004): Postmortem Examination of the 

Equine Placenta, Fetus, and Neonate: Methods and 

Interpretation of Findings. – AAEP Proceedings, 50: 
144–157. 

Taverne, M. M., Noakes, D. E. (2009): Parturition and the 
care of parturient animals, including the newborn. – In: 
Noakes, D. E., Parkinson, T. J., England, G. C. W. (eds), 
Veterinary Reproduction and Obstetrics, 9th ed. Elsevier, 
Saunders Ltd., Edinburgh, pp. 154–193.

Wuttke, M. (1983): “Weichteil-Erhaltung” durch lithifizierte 
Mikroorganismen bei mittel-eozänen Vertebraten aus 
den Ölschiefern der “Grube Messel” bei Darmstadt. – 
Senckenbergiana lethaea, 64: 509–527.

Wuttke, M. (1992): Conservation – dissolution – transfor-
mation. On the behaviour of biogenic materials during 
fossilization. – In: Schaal, S., Ziegler, W. (eds), Messel. 
An insight into the history of life and of the Earth. 
Clarendon Press, Oxford, pp. 263–275.

10 cm

Text-fig. 8. Skeleton of a mare of Eurohippus messelensis with fetus from the early middle Eocene maar of Messel (Germany); 
collection Dr. Burkhard Pohl. A white ellipse indicates the position of the uteroplacenta. Scale = 10 cm. Photo by author.
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a

Text-fig. 9. The abdominal cavity of the mare of Eurohippus messelensis from the collection of Dr. Burkhard Pohl. a) after 
preparation; b) the anatomical interpretation differentiates the uteroplacenta, which is artificially colored. Dark red = external 
wall of the uterus; pink = internal wall of the placenta; white (original) = amnion or skin of the fetus; dark grey = where the 
preparator penetrated through the uteroplacenta and uncovered the underlying polyester. Fetal elements: 1 = left dP4 followed 
by erupting M1, below: fragment of left mandible with dP3 or dP4; 2 = left dP3; 3 = left ulna; 4 = left radius; 5 = right frontal 
bone; 6 = right tibia; 7 = right fibula; 8 = right dP2; 9 = right dP3; 10 = right (?) humerus; 11 = left postglenoid process; 12 = left 
humerus; 13 = nasals; 14 = left frontal bone; 15–17 = skull fragments. Scale (a and b) = 10 cm. Photos by Sven Tränkner; drawing 
and anatomical interpretation by author (both Senckenberg Research Institute Frankfurt).
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