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1
1979 Two Medicine
(Horner and Makela, 1979 ; Horner , 1984 ; Horner and Gorman , 1988) ,
) — ) Oro-
dromeus makelai (Horner and Weishanpe , 1988) ,Hircch  Quinn(1990)
1990
(1975 1979) (Parataxoromy)
( Prismatodlithus gebiensis) ( ,1993) ,
( Prigmeatoolithids) “ " , Horner
Wei shanpe ,
—_— (Troodon . T. formesus) , Orodromeus makelai (Horner and Weishanpd ,
1996)
, Languedoc (Vianey-Liaud and
Crochet , 1993) Morrioon  (Hirsch ,1994)
Oldman  (Zdenitsky and Hills, 1996) (Mikhailov , 1994)
( ,1995) (zhao
2000)
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, , ( 1) 110 150mm, 48
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, ( 2 4;Horner 1984, 5;HirchandQuinn, 1990, 3d;Ze
lenitsky and Hills, 1996, 2a) ,
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1

2 ( Prismatodlithus 9.) ,
, 5
Fg.2 A cutch o troodontid eggs, Prismatodithus 9. , from the Lower Cretaceous rocks of Xixia Basn
The eggs gand verticdly , with the exception o the two tipped over on the
right and |€ft sde in the cluich, scae bar =5cm



3 ( Prismatodithus gebiensis) (NMB 4341)

Fg.3 A dutch o troodontid eggs, Prismatodithus gebiendis, in the Upper Cretaceous
Djadokhta Formation from Bayan Manduhu , Nei Mongpl
The clutch with eggs is shown upsde down; eggs gand verticaly on their pointed end in neg ; scde bar =5cm

4 ( Prismatodithus hukouersis) , ,
Fg.4 A dutch o troodontid eggs, Prismatodithus hukouensis , in the Upper
Cretaceous Anging Formation from Nanxiong Basn, Quangdong Province , scae bar =5cm
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) L] pCI' L]
] pcr
( ), ( )
( Prismatodithus tenuius Prismatodlithus mate len-
Sis) (Vianey-Liaud and Crochet , 1993) ,
(1 Prismatodlithus levis Zdenitsky
(2000) ; Prismatoalithus hukouersis
( 3
1 6
Tablel GCeometric data of six types of troodontid eggs (mm)
(L)
Name of the eggs Long axis Diameter Eggshell thickness Digribution References
Prismatodithus Upper Jurassc o Qolorado,|
110 60 0.7 1.0 Hirsch (1994)
coloradensis USA
) ) Lower Cretaceous o XixigWang and  Zhou
Prismatodithus 9. 116 48 0.6 0.9 . .
Basn, Henan, China (1995) ; Zheo (2000)
Upper Oretaceous ( Santonianr
Prismatodithus gebiensis 120 50 0.7 0.9 Canpanian) o Bayan Manr(Zheo and Li (1993)
duhu, Ne Mongol , China
Upper Oretaceous (Carpanian
Prismatodithus levis 135 65 0.85 P ( ) Zelenitsky (2000)
of uthern Alberta, Canada
150 66 0.8 0.9 Upper Oretaceous (Canpanian) [Hirch and  Qui
Troodon . T. formosus 115 61 0.8 0.9 P ¢ anfan) |Hirch and - Quimn
117 62 0.8 0.9 of wegern Montana, USA (1990)
Upper CQetaceous ( Maas
Prismatodithus hukouensis 140 56 0.7 1.0 trichtian) of Nanxiong Basin [Zhao (2000)
Quangdbng, China

2.1

(Hyman and Hedey , 1967)
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Table 2 Representive parameters of six types o troodontid eggshels
Radius(R Eggshdll thickness
Name of the eggs ® R L/2R K R cr Ogcr
mm (h) mm
Prismatodithus coloradensis 30 0.7 0.023 1.8 0.21 1.2x10 *E 0.00523 E
Prismatoalithus 9. 24 0.6 0.025 2.4 0.17 1.13x10°*“E  0.00453E
Prismatodithus gebiensis 25 0.7 0.028 2.4 0.17 1.42x10 “E 0.00507 E
Prismatodithus levis 32.5 0.85 0.026 2.1 0.19 1.39x10 *E 0.00531 E
33 0.8 0.024 2.3 0.175 1.10x10°“E 0.00453 E
Troodon . T. formosus 30.5 0.8 0.026 1.9 0.20 1.47x10°“E 0.0056 E
31 0.8 0.026 1.9 0.20 1.42x10°“E 0.0055 E
Prismatodithus hukouensis 28 0.7 0.025 2.5 0.165 1.10x10 *E 0.0044 E
, 0,=0.025E( ,1997) 2
, 6 Opcr 0.0044E 0.0056E ,
0({) cr <O-b y 6 0(0 cr ’
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2.2
«C ) «( )
t 1 ( 11997) 1
Per = AT CER?, (3)
h ,C (Weingarten et a. , 1965) ,
C=0.606- 0.546[1 - exp(- /16 VvR/ h)], (4
Peer = P MR? = 2C(HW R)?E, (5)
Oyer = P/ AT RN = ChE/ R (6)
3 (5 () 6
Pxcr Oxer 3
3 PXCI’ pXCI’ GXCF
Table 3 Representive parameters of the egd s middie portion o six types of troodontid eggshdls
Name o the eggs C Pyer Pxer O xer
Prismatodlithus col oradensis 0.423 1.30E 4.61x10°%E 0.98x10°2E
Prismatodlithus . 0.428 0.97E 5.35%x10 *E 1.07x10"2E
Prismatodithus gebiensis 0.436 1.34E 6.83x10°*E 1.22x10"%2E
Prismatodithus levis 0.431 1.96E 5.80x10°*E 1.13x10°%2E
Troodon . T. formosus 0.425 1.71E 5.0x10°“E 1.03x10°2E
0.431 1.73E 5.93x10 “E 1.13x10"%2E
0.430 1.73E 5.74x10 “E 1.11x10"%2E
Prismatodlithus hukouensis 0.428 1.32E 5.35x10°4E 1.07x10"%E
2 3 6

, : 1.10x10°*E 1.47x10 *E
; : 4.61x10°*E 6.83x10 *E
, 4 5
, 0.6 1.0mm ,

, 19 50
, 20 80 )
(Currie, 1987 ;Lambert ,1993;Xu et d. , 2002)
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2002)

Horner  Gorman(1988) ,

Fg.6 Neging behavior of the Chinese Cretaceous troodbntid
A. buildng nes ;B. the squetting femde laying her eggs
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24

,Hirch  Quinn (1990) ,
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THE NESTING BEHAVIOR OF TROODONTID DINOSAURS

ZHAO Z-Kui
(Ingtitute d Vertebrate Paleontdogy and Paleoanthropology , Chinese Academy d Sciences Beijing 100044)

Key words troodontid egg, critica pressure ,critica gress ,ingahility ,breaking grength ,nest-
ing behavior

Summary

The troodontid eggs have been preserved ganding up on the nes ,pointed ends dowrwards , ©
that they looked asif they had been suck in the ground when they were laid (see Fig. 5 of Horner ,
1984 ;Fg.3d o Hirsch and Quinn,1990; Aate | of Zheo and Li ,1993;Fg. 1 o Zhao ,2000) . Why
did the troodortids put their eggs verticaly into the earth a neding ? Does the neging behavior have
any paeobiologca dgnificance ?

The troodontid eggs were initidly described as prismatoolithid eggshells by Hirsch and Quinn
(2990) from Wesgtern Montana ,USA and formally named by Zhao and Li (1993) . These eggs were
initidly assgned to hypslophodontid Orodromeus make ai ,based on embryonic remains within eggs
from Wegtern Montana (Horner and Weshanpe ,1988) . However it has been announced (Horner
and Weshampd ,1996) that the initid identification of these embryos was erroneous.  They were re-i-
dertified as the smdl theropod Troodon . T. formasus ,rather than Orodromeus makdai .

Based on the fosdl record 9 far avalable ,the prigmetoolithid eggshdls are d < known from
Canada ,China , France and Mongplia. Although the eggs from these dtes contain o embryonic re-
mains ,the amilarity of their eggshell gructure and the patern o the egg arrangement in the neg sug-
ged that the same type of troodontids or closdly related gpecies had laid these eggs.

The primary functions of the eggshell are to protect the embryo and to mediate the interaction
between the developing embryo and the outs de environment. It mug be srong enough to withgtand the
externa pressure during its incubation ,yet fragle ermough to crack easly when the young hatches.
Therefore it is clear that the mechanica properties o the eggshell have a great irfluence upon hatch-
ability. When the dinosaur eggswere laid and buried in the earth for incubation ,they were subjected
to externd pressure. Once the pressure comes to the critica vaue pe , the eggshell will subsde and
then break. It has been demondrated that the p is mainly determined by the geometry of the
egoshdll (long axis ,radius ,thickness) ,the nature of the eggshdll materia (dagic nmodulus ,Poison’ s
ratio) and the direction of the externd forces acting on it.

Acoording to the theory of thin shell ,the critical pressure pgand criticd dressO . of troodontid
eggshel can be oltained when the egg i's buried oriented horizontaly or verticaly in the earth (Tables
2and 3).

The troocontid eggshdl is very thin. Its ahility to redg buckling (or ingahility) is very poor ,
and the eggs can merely bear pressure @ =1.10 x 10 *E  1.47 x 10" * E(Table 2) if they are
horizontdly buried in the earth. However ,when the eggs are put ganding up verticdly in the earth ,
the externd pressure p,they are subjected to canbe 4.61 x 10" *E  6.83 x 10" * E(Table 3) . That
isto say ,the eggshdl ability to res s buckling will be four to five times as compared with thet of the
egg oriented horizontdly. It is reaonable ,therefore ,that the troodontid dinosaurs had to arrange their
eggs verticdly or somewhat obliquely in the earth a neging, in order to prevent the eggshdl from be-
ing crushed by the externd pressure during the incubetion.

Troodortid dinosaurs are a group of srdl ,bipedd ,bird-like theropod with keen eyesght and a
relatively large brain ,indicating a high leve o intdligence. Beddes ,they probably had featherson its
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body (Xu ,2002) . It is necessary and achievable that these anima s place their eggs sanding up verti -
cdly in the earth when they are laid.

The eggs from the wedern Montana have been preserved ganding up ,verticdly or obliquely in
mudstone ,suggedting that troodontid dinosaurs could take dried lake bed astheir neding ste (Horner
and Gorman 1988) . When the lake was high (and these kinds of lakes tended to dry up each year)
they would have come and laid their eggs. It seems tha they did not make neds that isto say ,they
did not build goecid place to lay their eggs. It is quite obvious that in such geologicd environment
the troodontids are able to put their eggs verticdly into the muddy il and need not condruct a ge-
cid place for them. However ,they had to lay their eggsfrom squatting podtion ,and by the perigalds
o the oviduct the eggs were forced into the muddy il .

It isworth mentioning the fact concerning the fine parale driations on the outer surface of the
eggshdl bdongingto Troodon . T. formasus(see Fig. 3EF of Hirsch and Quinn ,1990) . Judging
fromthis, | would rather think that the above-mentioned longtudindly oriented driaions on the
eggshel surface that were described as a taxoromic character (Hirsch and Quinn ,1990) could ot be
the naturd sculpturing ,but should be produced by rubbing when the egg was forced into the sedi -
ment. Thus it cannot be used as a taxoromic indicator of the troodontid eggshells.

The troodontid eggs, Prismatodlithus ,found in China have been preserved in dltgones ,indicat-
ing that the troodontids represented by these eggs chose lakesde or riverine sands as their neging
dtes. Each clutch contains6 7 eggs. It will not be surprigng to irfer ,however that under this en-
vironmental conditions the troodontids mugt firg loosen the sediments to make the gecid place and
then squat down to lay their eggs(Fig. 6) . After laying6 8 eggs,she might easly manipulate one or
two dippery eggs ,and then cover them with sands.

As has been dhown above ,each of troodontid neds found in China containsonly 6 7 eggs.
However , Horner (1984) reported finding dutches of up to 24 eggs per nest in Montana ,indicating
that a ange femde troodon was able to produce eggs as many as 24 or nore a one laying. The Chi -
nese troodontids preferred to lay their eggs in the lakedde or riverine sands. Under the circumgances
the troodontids could hardy congruct a ecid neg nore than one meter in diameter for laying and
putting them verticdly into the sands. It was likely that the femae produced a totd of perhaps 24
eggs but she sparated them in severd dutches.
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