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ABSTRACT—An unusual trace containing eggs of the 50 kg-plus theropod dinosaur, Troodon formosus, represents
one of the best preserved dinosaur nests. This unique specimen (MOR 963) represents the actual nest structure and
the direct product of Troodon behavior. The trace comes from the Campanian, Late Cretaceous Two Medicine Formation
of Montana, and consists of a bowl-shaped depression with an internal area of ~1m? surrounded by a distinct rim. A
clutch of 24 tightly-placed eggs sat in the center and both nest and cluich show bilateral symmetry about a north—
south axis. The trace occurs within a moderately well-developed micritic paleosol. A physically and chemically distinct
mudstone covered the nest and represents overbank deposition.

The nest protected the eggs by creating a suitable micro-environment during the lengthy egg-laying and incubation
periods. Clutch and nest size, shape, and symmetry and low organic carbon of the overlying mudstone suggests brooding
rather than incubation with vegetative cover, although the latter cannot be ruled out. The nest probably played no role
in the post-hatching care of precocial Troodon young.

Reproductive traits indicated by MOR 963 show that Troodon possessed plesiomorphies shared with crocodilians
(some burial of eggs and lack of egg rotation), apomorphies shared with birds (open nests, exposed eggs, and incubation
by a brooding adult), but also at least one unusual feature (steeply-inclined eggs) not found in either extant archosaur
group. Some reproductive features typically associated with living birds first evolved within non-avian coelurosaurian

theropods like Troodon.

INTRODUCTION

The diversity in egg size, shape and shell microstructure of
Mesozoic egg clusters found throughout the world suggests
they derive from a variety of dinosaur taxa (Carpenter and Alf,
1994). Undoubtedly, many of these clutches represent dinosaur
nests. Their description and interpretation may potentially clar-
ify the evolution of nesting behaviors within Archosauria. For
most clutches, the uniformity of the sediments surrounding the
eggs provides no information about nest structure (Jerzykiewicz
et al., 1993) or implies crocodile-like burial of eggs (Mohabey,
1996). For most egg clutches, nest morphology has generally
been based on the arrangement of eggs and not on sedimento-
logic features (Cousin et al., 1994; Mikhailov et al., 1994; Mor-
atalla and Powell, 1994).

A recent discovery at Egg Mountain in the Upper Cretaceous
Two Medicine Formation of western Montana, differs from all
previously reported nests (e.g., Horner, 1982, 1984; Mikhailov
et al,, 1994; Moratalla and Powell, 1994; Norell et al., 1995;
Dong and Currie, 1996; Mohabey, 1996). This specimen, Mu-
seum of the Rockies (MOR) 963, consists of a tight clutch of
eggs covered by a friable mudstone and encircled by a low mi-
critic rim set back from the clutch. Distinct lithologies, repre-
senting the rim and its fill, facilitated excavation and observation
of this structure in situ. The eggs belong to Troodon formosus,
a 3-meter-long, 50 kg coelurosaurian theropod dinosaur. This
specimen uniquely preserves a nesting trace, a direct product of
Troodon activity, and differs radically from what might be in-
ferred from the clutch alone. Thus, it provides an unusual op-
portunity to investigate dinosaur reproductive behavior.

As models for dinosaur reproduction, the two living groups
of archosaurs, crocodilians and birds, share several features.
Synapomorphies include (Fig. 1): hard-shelled eggs (Packard et
al., 1977); parental care involving nest and young attendance
and protection (Magnusson et al., 1989; Gill, 1989); assembly-
line oviducts (Palmer and Guillette, 1992); and luteal morphol-
ogy (Guillette et al., 1995). Crocodilians and the basal groups
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of extant birds, Faleognathae, Galliformes, and Anseriformes,
all primitively retain self-feeding precocial young (Coombs,
1989; Sibley and Ahlquist, 1990; Sillen-Tullberg and Temrin,
1994). Nest-bound altricial young that require parental feeding
represent a derived feature within Neognathae above the level
of Galliformes and Anseriformes (Temrin and Tullberg, 1995).

Nevertheless, crocodilians and even basal extant birds differ
in a number of reproductive features, particularly, egg number,
size, shape, and mode of deposition, Birds produce fewer, larg-
er, and asymmetrical eggs (Blueweiss et al,, 1978; Iverson and
Ewert, 1991; Smart, 1991), and deposit these ane at a time over
daily or greater intervals (Gill, 1989). Crocodilians produce
large clutches of small eggs with egg-laying occurring over one
to two hours (Magnusson et al., 1989). A phylogenetic analysis
using extant groups indicates that parental care evolved in the
common ancestor of birds and crocodilians (B. Tullberg and H.
Temrin, pers. comm.). This contrasts with the condition in most
reptiles which usually lack any post-depositional care of eggs
and young.

Nest construction and associated behaviors also represents a
significant difference between the two groups. Extant crocodil-
ians exhibit two nesting strategics. Gharials and most crocodiles
dig hole nests, burying their clutch in sediments, whereas alli-
gators, caimans, and some crocadiles construct low mounds of
vegetation and dirt (Coombs, 1989; Magnusson et al,, 1989).
Although the latter behavior is exceptional for modern reptiles,
hole-nesting occurs commonly in extant turtles, lizards, and
snakes. Egg incubation depends upon solar radiation, microbial
decomposition of organic debris or the metabolic heat produced
by nearby mound-building termites (Magnusson et al., 1989).

Birds use a wide array of nest types ranging from simple
sand scrapes and holes in trees to elaborate constructions of
twigs, fibers or mud (Gill, 1989). Simple open nests found in
Paleognathae, Galliformes, and Anseriformes appear to be
primitive for living birds (Owen and Bennett, 1995). In nearly
all avian species, eggs remain exposed within the nest, covered






























