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I RA B E R BB LMNNIAE
2K

CRER 2B 1 3 HE B0 575 A LHT9EHT)
X@A BEAN WMOEN BRE BREEE SALERE

W ' B OE .

A A MEEERNREEHO SRR EBNE SRS, HETERREEEE BN
RTEERAZEANERSENESR, RN, ANESEHELEML, HEREE
MSEESRAS, ENAREAARER, SSAEENHSABRSEENELA. 5%
MX=HBREELEEBLN. NEXEEEE, SRESKEIRWEERERES Hf
A ST B BB B Ko

R SRR TR 6 T S AR RS R TSR
BHHERE

i

—. HI

REENERITE Y, B ERENENR. RIEYHESNEERT, FLH
FEROEN, BN KRAIEE LEEE EHHXRER (Erben, 1970; Erben, Hoeffs
£1979; W4, 1978; B ZE, HHEE, 1991), W, #—FFEPEKRIRERD
BB N, BIFEAREAREX 2 RERENENSZEE, RET AEBEEBLEE
FEERNEEE R ERA A, ABETXIT E O R R T RIF &M, .

55EEM, REEERUNFEBLER LEANSILEINR T R SIEKRES
#e, HEk k&R, EENMBOCLES, SENRERERENNESTHOERE. BEX
FEM - EABHSEENMEEX, NEBYARE, RIARSHET EEOFERAE, &
FWREREFRNVARGEHE R CHNBENREEN, EEREX—FEE, Seymour 7£
1979 EHRMNEEMF TN =fE BB EENRRERDHEND X SR RE # 2
BERLYN, BERMAERARES, EAFREMN-EARIESHRA (Seymour,
1979), #4f5, Williams, Seymour & A (1984) NHISL T :EEH Aix &M AL
RPN R R E, AN THEANS R, I

REZHR EOBINESBRBEHNENERE—, CHEREOHRFE, BEN
+ERTHZHREBREECANANE S ERAMNREERITTHE (g o 4,
1965), +HEGE, AEEBRBENANERGEWEREL T —ESRAE (B ¥ E,1975),
AU BB B RBENAAME, RE R E B R 5 R 755 e 2
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ERMBRELE X BOER TREEEEHOMAE, XHNMHEAKRST BRI XA
Ho

SR I

BlHERANEAETE - ELOEEETE=ZZANAE, HPLOZHEBERLGHE
B, S EARITANRDE . DENES. FENABELARTTRERET,

EAXIE, EEBERHNEEERE 1, 4ET=ZTR (BEE, M # %,
1991), EEMBEERBHENNF L, HEZRIECEWANTFHEMNTEEEMNMA, @&
BTWEEEE (Macroolithus yaotunensis), M EEE (M. rugustus) FEZEKRKE
%= (Elongatoolithus andrewsi) = AF{E4 Rk, HoRMEBWT:

7% ZE# Elongatoolithidae” Zhao, 1975
EXZER Macroolithus Zhao, 1975
HEEHRE M. rugustus Young, 1965
BEENME M. yaotunensis Zhao, 1975
= ER Elongatoolithus Zhao, 1975
REEME E. andrewsi Zhao 1975

ERMES L, EREAMBREEHEAX S, EHRFTS RN SOLE R
LI 1 1I), FBRIAE: SABRERE, AL, L TERLEHS; KFLEZDE L
BHEN,ETRESHBEE, L/, SAMBRBERNELNR, EXRZRERSEROEHE, 5
REFRESW(REE, L, 1991), ERXSEMENE RS ITRHE TRARW R,

BrE BN RBEENESWRDECRELSENHLKE, BIERES LK -
FEEM(RFEZE, 1979; Packard & Packard, 1980), HRTH RIAEMNLRMELTHHIB
MR TECES TEMRE, ARIMTRERELEENBAABOARERME TR H10 A&
Bl MERBNX=MEZENEMEHERASENIEFHEM, FHLEZINGTLIRE
MR R Bio

BEERA BENSHES, RENRSLERAZLAWERBOBRESER: —
75 T 3 SRR BLRE D B AU /N, DLE R IR B R E S E R RIEAK KR, —EBRE L
MR B—J7H, LBRA BB RUEET, DURPEBRAZTERRKTEH L
A1iko LUK 451, HEEﬁ%—%%@%%?ﬁ%%ﬁ%%ﬂfﬁﬁEWUFT%WE’\JE%E@H_ﬁ
BRER—NMEE (Rahn & Ar, 1974; Rahn, Paganelli %,1976), BB EEA WA TE
HRKEBMZE—EN, KABHKNEREZNSEENULEZDREE Y]
X BRITEEEERBER XD YEERSEKEFE (gas conductance), 3
TER-HE, BdiFE &£ TEREX KRR FIRER SRR % T2 507 LU IR G
EERRERERDAY BN -EABREENS K.

EREBEFWSEEZISREZN, FEERUEH DT ILIEEG X BEIIIE SRR
S EE:
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L Z&S#HR (V) RER (S)

AT REBREENZES, ATME R PR R A AED ST BN R,
EERVHSHARRZIHETENEERRMMECIMOSRER T, FAAK )X
HEER:

V=Kyv XL X B (1

X—2ARE Hoyt (1979) it 7 26 Mtk 210 NS (ERWM B 2 6.7—1692.3
FVEEVMN. WA Kv UFEBER 0.50720.007(SD), AKX (1) FHL ZEENK
B (em), B RENEKEE (cm),

Kv HLZEERNEROZM, EDDHKEFEW}\’\K(I)‘?O AN Kv BHEBE
SRIERNE,

EENAN R, XBXTERRGITE S EE Williams, Seymour % ARYHHEARME
{Hl, Seymour (1979) ZEIHE “BHAE" (Protoceratops) HIBAIAEIRET, A=
5, BEEBRZEBERMERFM—NMERERER, ACHENX =B RBENERSKE
FEARRALL RNk E LR ERENBER, BXE= 5&&*3 AR AR
R, FTRARRRAX—F %,

Williams, Seymour £ (1984) E N EN A S ¥ Kv & B 24 0.51, 2
HINAREZ, BREEVRER, REERN Ky ERETO5, £, EBEX=mEE
EH Kv BEMEE 0.53—061, |

Eﬁftﬂﬁiﬁjfz ERRf R A (2) RILRER:

S =Ki X V¥ ‘ (2)

KA Ki fhHARK (3), (4) Kt (Hoyt, 1976): :
Ki = 4.393 + 0.394E] 3)
=1/B ' (4)

El REMNERE, HEDNEBRX=MABEN Ki E) 5.2—5.5,Seymour(1979)
E#5IH Hoyt (1976) 3¢ 28 MBS IT A, B Ki 25 4928, fisR W HETHIE, X
Frl, Hoyt ZEF—RXEHBREBLE THTERFRARNE, 4928 X— Ki HLARE
PHRERIEZE, AR Ki EHRERIERNRE,

2 B8R (Ap)

FIE DT ERAEREPBRZIE, 22 MR G IFALEBK 4300 5, TR
ERHE, £ENETEHEMANR, 8%, FRUBMTHEEE R 8- fE%
T 100 2SI, BREREITE REMBERMECEAHIES BN SN PHER.

TEW A BB A RN S AL, B SAEER LRSS SWN, TEAIM
ERIPESAE. BRAERETRNMSAFHERE BSILBHTEHR,

SLEHEE (Lp)
R = R 8 25 0 S B EE B B L R ﬂ&@ﬁﬁfﬁmﬂﬁﬁ Hiy
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BB L, Bk, EER AR 2R BETHEELE S —BIEASILENKE,

RED ELAEER,RALAAR () RKE—ERE TEHNKERRNE & £
Gio [mg/(day + mmHg)]:

Gu,o0 = (C/RT) X Dy,o X (AP/LP) (5)
(Ar, Pagapelli %, 1974)

XEC BT [1.56 X 10° (sec » mg)/(day « mole)] R BRMAEHES [6.24 X
10*(cm® « mmHg)/(mole « °K)1, T ZEEHPHATRE (°K), Duo BAKEEAMEX
HEBEE (cm’/sec)s

B -fRREN LA ESSRBNMTNERE, HhEHR E & 35-36C
(Ar & Rahn, 1978), JEfTE1#IRMRFHRAS REELLEM, BABEHRKR—%, wWiT
HEHE SRR SEER 31.1C (Goodwin & Marion, 1978), Seymour
(1979) INABEEABCBELRE 30C £4, EFBINNERX—EREEESY, 30C T
Do B4 0:292 cm?/sec (Seymour, 1979),

AT T XHE—FHTR, EFERAEUDRRBEEN>TRENVER. BITARH
(Seymour, 1979; Williams, Seymour %,1984), BB EE 1.08g/cm’, XEE, Z

TERERR:
W —1.08 X V (6)

=. & RBRRMitie

LEEBREERPHRAIASEER

RIFIHTHEN=MAREAXYEENNELR:
BEANPTRNOWEERRAKRRESE ZAEF -ENREEKRA:
Gy,o = 0.384 X W (7)
(Ar & Rahn, 1978)
XE Gyo H25°C TERENKEANVESEE, BRI T=ZHTEEENEERA (DA,
B3 25C THAEERNEENARREZSE, EATREBROBNRE, IBERS
MREER 1 PFFIN=1GHEW 43%, 58% R136%,
HMEREEN AL SN ARAEFERA, EMTNBLRES RS ENRAHERC
S FRAMBIERSD, “EABRE NIRRT R RRE T &0, AN X5 &R
BEHHEMERER (Lomholt, 1976)c FAMNER S BELEAMNKEREFERLK
5, IR KR (Alectura lathami) ZER Guo EREMEFAEESZN 2.6 % (Seymour
& Rahn, 1978), JEfTEIMINE —BIEREHKEKIREFE, i@ (Chelonia mydas)
FEFHBBRBIEGEEN 2 5 (Ackerman, & Prange, 1972); HFREYE (Alli-
gator mississippiensis) NELZERRLHEEELEMNE 5 % (Packard, Taigen %,
1979), Hit, BREERHWHMHES LR LM RTZSHHNESHOAREN, BHEEER
RS SER, SEARABRENR A, SRNHBERAREET SRS, WL
W, BRE BB, ME 1 hETEN, HEXSHBARENARREEERAE
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%1 BR=MBRENEXBE

(Table 1 Representative parameters of dinosaur eggs from Nanxiong Basin)

& WHEHE HEEEE EEEEE
28 M. yaotunensis M. rugustus E. andrews:
em? 8434147 548+37 356437
Volume n =10 n=6 n=28
FHH
Surro P e cm? 474454 354420 274417
HiF
Weight g 9114159 592440 3844-40
E‘%ﬁﬁm cm? 1.391 0.711 0.553
BRI O 13500 12700 8500
Pore number
H—SF R mm? 0.01034-0.0055 0.0056--0.0020 0.006540.0029
1 Pore area n =131 n = 143 n = 107
SIERE mm 1.454-0.091 1.4240.066 0.984-0.072
Pore length n =52 n =21 n =35
SARE P 0.285+0.077 0.358--0.058 0.310+0.089
Pare density | n = 42 n = 37 n =48
7)‘%&%@3& mg/(day - mmHg) 231 120 ‘} 136
1 2
A%, KRB,

EREEER AN RRE R, HEW Hypselosaurus, RHEMN “FHAE"
(Protoceratops) F—Fh X EEMIMHIRE = F R REAEFRLE 30°C RKERE 5 X & 3l &
1203, 189 117,000 mg/(day - mmHg), S#EELXTHEHFEELER 7,451 100 {EL2L E
(Seymour, 1979), #E Alx ZHEMEVUHNBEERELZNKEZENESRHELS,
ZREHELEN 8—24 fF (Williams, Seymour %5, 1984), LLLE LI, MBEX=5
ﬂiﬁ%ﬁ@ﬂ(%ﬁ%-@%ﬁ“Jﬁﬁ@%”%a’ﬂ?ﬁ%iﬁ,.Wh‘ﬁﬁfﬁﬁl'ﬁﬁﬁwo XILAEAGER, &
FRROEMEHBLRAEN, REBIEREENRE XA LIRTEELRERLN, HE
BEOE, FHEARENRRAEYT Sentonian-Companian Hi, TiRFkEX =MAR
ERCEMAEYT Maastrichtian i, HENRMEERTHELEA, AIERMNENNE
FEERRMIEERE, I PFEREH AR, SR, ElX =B RERAEEETYIL
FRPEMRENHBNEETRRE, FENERKRAESEELYES, XAMSE
HFR/ NS LB E M E R,

2. ERPHEE

MATATR, EEREEEENMRAOCPERE—EENK D —BEENERKERE
R FREEER 14—18% (Rahn & Ar, 1974; Rahn, Paganelli %,1976), YK E
BEE 25 % W, 5 A0 NEAT KA AL R B KIEEE (i (Seymour, 1979) X B RiF M=
MEFENESIAKBEZENTRINHERN 15%, R Seymour (1979) B4 I Bkt
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CJLFh {7 sh 4R SL 4 30°C BF 235924 66 K) FERIL 4 BT 8 4 W 1L 38 &
(Mcllhenny, 1934; Lynn & Brand, 1945; Goodwin & Marion, 1978), {Zi% 30°C F&
%%Eﬁﬁﬁ?ﬂﬁi%’ﬁl?@ 65 K, X IR EFNINKEREE APyo (mmHg):
APy,0 = (0.15 X W X 1000)/(1 X GHZO) (8)
AR T RICRE, HEERIE 2, FIBEL B LEE APy, & 35mmHg (Rahn
& Ar, 1974) k5%,
ERREANKERAR —BE WA, 30°C i tafIAKZKRE Pino & 31.9mmHg, T
JEE] LK BB 81 R K IR UE Pay,o (mmHg):
Pag,o = 31.9 — APy (9)
SRAE 2, FEERAENNESEpKERE 20—-23 mmHg (Vieck, Vieck %,
1983; Grant, Paganelli %, 1984) 2N, MENEEE, YHESEN L HEE
35.6°C it 47 45% (Rahn, Ar %5, 1979), MM ERRESEICHIORmE60% LUL
Seymour (1979) YRR A4 ME(LHIRY B K SRk BRI G ENIF= T R B 2 10
20%, LB AR BESWAENBE, BENERSESR Dl L, —BKH, EHiR
ORI KBERILEERN. ACEERN 15% EREFEBHTHRKE, ARREK

- B, TP R AR E R, AN, RORARE, Seymour HFZRRAIFEJLFH

- AREBAFLEB=FBEESELHNEETE, ZSEFRENEEHNAENEE
TEE 0% B —EERHA,

#2 BRSHEREERGHARSERNEEE

(Table 2 Water vapor pressures and relative humidities in dinosaur
nests in Nanxiong Basin)

sg A uBEERE | JEERE E oy g
7)&‘:‘2&@5)% mmHg 9.1 11.4 6.5
é‘%ﬁg? ‘ % 71.5 64.3 79.6 N

3. BAENEES BH LGSR

BRELRAKOEN, BT EPRIANLZH, BRAAKN (9)—~12) ALK
30°C TEFZHNESM AR EFTE Go,v Geo, [cm’/(day + mmHg)] URBERK

Ko,» Kco, [cm?/(day » cm? » mmHg)] (Vleck, Hoyt %5,1979):;
| Go, = 22.4/18.0 X (Do, /Di0) X Gio (10)
Geo, = 22.4/18.0 X (RQco,/Du,o0) X Guyo (11)
Ko,=G0,/S (12)
Kco, = Geo,/ S - (13)

XH Do, 24 0.221cm?/sec, Deo, 24 0.173.cm?/sec (Paganelli, Ackerman %, 1978), S
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#3 AUESHERENHFRSHERSE BERBMAERANESES

(Table 3 Conductances and diffusion coefficisions of respiratory gases and oxygen
pressure differences across the eggshells of dinosaurs from Nanxiong Basin)

EiiE EHEERE HEE®ER ERKEE
BE ) M. yaotunensis M. rugusius E. andrewst
0, fefk ¢m?/day - mmHg 245 127 144
(Go,)
0; ?kf)ﬁ& cm?/(day - cm? - mmHg) Y oo.s2 0.36 0.53
co, ff@% cm?®/(day - mmHg) 192 100 112
Oz
COEK%:%)%& cm?/(day - cm* - mmHg) 0.40 0.28 ‘0.40
FEH R 3h 36.9 26.9 19.6
Vo) et
FHREEZ .
{aPo) mmHg s/ 3.61 5.08 o 3.27

REFNREH. ERIE 3,

LA 37 CHBERI Ko, Keo, I5IR 0.276, 0.216 cw’/(day + cm® « mmHg)
(Wangensteen, Wilson %, 1970/71), MR BEFZNMENMEXRYZGESEMN 1.5 &

AR (13) FRAB T HFTE K SRR ERFRRTSY & RKFEFER Vo, (cm’/h)
FAEARTREMER (W) ZHEPNXRA: _ '

Vo, = 0.244 X W'Y : (14)

(Sey mour, 1979)
REE=MEEENERRA (13) XKW Vo, A, BHAK (14) RUEZAIMIE S
EZE APo2 (mmHg); ‘

APq, = Vo, X 24/ Gy, : (15)
LZEIR R 30 .

SHOSERZRNING APy, H—# & 42mmHg (Rahn & Ar, 1980); #g#(Chelonia
mydas) BEPEFZNING APo, & 5.2mmHg (Prange & Ackerman, 1974), BFifi=
MR REN APo, SEEEIL, MELATERES,

B2 . BRNESBERYE, FRIMESEER, R T RBH REIN RN IER

L SEEREEASENEREMNREER

MENX=MEEEBRAEENSEEEER, BARERHTARRSEHNE? R
ITREMNEZEW RS RIRER,
BEMSAERE Lp(em), BSAFER Ap(em®) FSAEE P (4/cm®) A%
MIFFRNWER W(g) ZRSNFES FHREERINXR:
Lp=5.126 X 107 X W% (16) (Ar, Paganelli %, 1974)
Ap=19.72 X 107 X W** (17) (Ar & Rahn, 1978)
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F4 BHR=HDEESHAERSENHXBIILR
(Table 4 Comparison of dinosaur eggs from Nanxiong Basin and
similarly sized bird eggs)

T W& BUEHE M EE RRELE
% § \ M. yaotunensis M. rugustus E. andrewsi
Lp/"’Lp" 1.26 1.51 1.27 -
Ap/'"Ap”’ 2.88 2.52 3.38
P/p 0.49 0.56 0.44

P=279.7 X W2 (18) (Ar & Rahn, 1978)
AR UHERESX=FMELEEARENLENEREE “Lp”, BSAEK “Ap” MK

FLEEE “P7s
MF 4 hal L, BRLFRITERNSILERE Lp 1k “Lp” &l 03—05 4%, HEX

HER Ap AR “Ap” M3—4 %, XBEHRELER — L RESAESRXHEEER
MEEAESH 1—2 5, WAKR G) hrlEH, EEFRERd, REEFERIMIRT
J= Ap/Lp X—IhiE,

4B RE, REEFHLHSIAEEP RE“P'HN40% £FH. Hit, Apth
“Ap”%,%ﬁﬁﬁl%%&%}mﬂzi@%ﬁéﬁﬁfﬂﬁ,ﬁﬁf BEIEE, SEARREE
%0, BA SRR AL T B 1.5ug/(day - mmHg) (Ar & Rahn, 1985), iR
BHRNSIKEBERESERZX—EW 105EA, Bk,  TUEHE R, SBERLE
EREEIRNERRRER MO PFIRBERE R

b, /b &

AEdMAEEABWEEELE, ARERENZRIKEE=FEoZHRR
BRERDEE, RUBEKHBEEFRENERARSNSGRESE, EHAEEN S
BE 23 %, ARwT:

(1) BRIEEZAKERFE, EFHOMTEAAEES(EXEEE 60% L
ENES SRR 8B SRS S

(2) HigMEEERE., ERERENZRREERSF L “FARWE LB
WABBRAEL X5 EMHRAEER, RSB EBY &, ERBENREXAL,
EILMEARERRELN, ATEFERNE, EMNNOHANREZEL 20 74, " RAE
X BB RAO M B X BB AL BRI DD BB R A RIZE Ko :

FEEESR LR RRE U RFE R —FREMBRNERAL, EEAX=M2E
ENSKERRREES, X5ENANIMSABERARER R

(3) MRERAEENSEESES, FEREY BN SANEHEHEARKX, TARSK

AEHREMSSILBFEN,

AXREMI RN —BoNFHEM LBUTR. £2XWEES, BRTHRES
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FEMNBOREKIE, BRBMKIEAELREMEINTIERE T T RO KR
Bt OPTON E&fRtBIRE s REN B NCSS G it b ; 3 A o i R A5 T AL
ZENBARFBE TFRREY, EE—HBH. HIMNEECERMAFIREIE.] RE
W, BN ER EEE R IEN A NERA, SURERBABAEEHE,
(1991 4£ 9 A 11 HigFE)

£ * X M
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RPE, 1975 TRESBREEAGHIMER(—)—HIRBEBMENAXNE. HHEDDSHAL, 13
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NEST ENVIRONMENTS OF THE LATE CRETACEOUS DINOS
AUR EGGS FROM NANXIONG BASIN, GUANGDONG
PROVINCE

Mou Yun

(Instituze of Vertebrate Paleonrology and Paleoanthropology, Academia Sinica)

Key words -+ Nanxiong Basin; Late Cretaceous; Dinosaur eggs; Nest environment; Gas

conductance

Summary

As dinosaurs were oviparous animals, incubation of their eggs was the essential procedure
during their repfoduction. Physiologically, eggshell microstructures were bound to adapt to the

"nest environments during incubation if embryos normally developed. Gas conductance estimated

from eggshell morphology can provide evidence for the environment conditions in nests.
Seymour (1979) first estimated gas coaductance of dinosaur eggs from France and Mongolia and
indicated that the nest environments of these eggs were all high in humidity, low in oxygen and
high in carbon dioxide. Such conditions most likely occurred underground or within incubation
mounds. Williams et al. (1984) found similar nest environments of four kinds of dinosaur eggs
from Aix Basin in southern France.

Some papers about dinosaur eggs indicated that the extinction of dinosaurs would be
related to their reproduction (Erben, 1970; Erben, Hoeffs et al. 1979; Zhao, 1978; Zhao, Ye et
al. 1991). Thus further investigations about reproduction of dinosaurs in Late Cretaceous might
be significant. This paper will reconsider the relationship between dinosaur eggs and their
environments.

Material and Methods

)

Three “species” of dinosaur eggshells used in this study were collected from Upper Creta-
ceous stratigraphic horizons—Nanxiong Group in Nanxiong Basin. of Guangdong Province.
Up to now, 12 “species” of dinosaur eggs have been found:there (Zhao, Ye et al. 1919). How-
ever, only three of them have complete fossil eggs available to measure tbeir sizes. The taxa of
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the three “species’ are shown as follows:

Elongatoolithidae Zkao, 1975
Macroolithus Zhao, 1975
Macroolithus yaotunensis Zhao, 1975
- Maroolithus rugustus Young, 1965
Elongatoolithus Zhao, 1975
Elongatoolithus andrewsi Zhao 1975

Although the three “species” can be distinguished easily from their microstructures, there
are still many similarities among them (see Plate I, 11, III): The pore canals are straight and
unbranched; The cross sections of pores are regular and appear circles or ovals. These chara-
cteristics make it possible for us to measure shell and pore geometry to estimate the gas con—
ductance through the shell.

The structures and functions of the dinosaur eggs in Late Cretaceous are advanced and
have approached the levels of living bird eggs (Zhao, 1979; Packard & Packard, 1980). The
microstructures of the three “species” studied here are very similar to those of bird eggs. So it
is reasonable to use similar research methods.

The dinosaur eggs had rigid calcareous shells as significant resistances to diffusion of
water vapor and respiratory gases. The porosity of shell had to satisfy embryo’s two opposite
metabolic requirements: providing adequate exchange of respiratory gases between the embrye

and its environment and limiting evaporative water loss.
In bird eggs, the percentage of water loss during incubation to the initial weight is

always a constant (Rahn & Ar, 1974; Rahn, Paganelli et al. 1976). There is a good reason to be-
lieve that the dinosaur eggs were the same case. The quantity of gas which diffuses per unit of
time through the whole egg shell under a unit of partial pressure difference is defined as gas
conductance (symbolized by G). By the conductance of water vapor and respiratorp gases on
certain conditions, we can estimate the humidityand the concentrations of oxygen and carbon
dioxide in the dinosaur nests. Before estimating the gas conductances, we have to know the
values of the following parameters about sizes and microstructures of the dinosaur eggs:

1. Volume (V) and Surface Area (S) of the Egg

Some undeformed eggs were selected to measure their linear dimensions in nests to estimate
their volumes by Eq. (1): .
V=Kv XL XB (1)

This is an empirical formula of bird eggs (Hoyt, 1979). L is the length of egg, B is the
breadth, Kv is the index of volume. The mean Kv is 0.507+0.007 (SD) for bird eggs- whose
initial weights range from 6.7 to 1692.3g. Becaise of the systematic effect of shape on Kv, the
values of Kv used in the present paper are all corrected for the dinosaur eggs, ranging from
0.53 to 0.61.

The method of calculating egg volume here is different from that by Seymour. (1979),
who estimated the volume of the “Protoceratops” egg from linear measurements of a cast and
assumed the original egg to consist of a cylindrical portion capped with two hemispheres. The
three “species” of dinosaur eggs studied here are also elongated eggs, but the sizes of their two

ends are quite different.
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The relationship between volume and surféce area is.

S =KiXx V¥ (2)

Ki is the Surface-Volume Index. It is highly correlated with Elongation of the egg (Hoyt, 1979):
Ki= 4,393 + 0.394El 3

El=L/B (4

Corrected by the two equations, the Ki values of the three “species” of the dinosaur eggs stu-
‘died here are 5.2—5.9.

2, Total Pore Area (Ap)

More than 100 pores for each “species” were seclected at random to measure their areas. Each
pore area was photographically enlarged 4300 times. As the pores are often not circles but ovals,
the area of each one is determined by the measurements of its major and minor axes. The average
individual areas of pores of the three “species” are shown in Table 1.

The pores in a unit area of the tangential thin-sections were counted with microscope. Assu-
‘ming an even distribution of pores, the total number and area of pores in egg shell are easily
known.

3. Length of Pore Canal (Lp)

Length of pore canal greatly affects the diffusion of gas. In the three “species” from Nan-
xiong Basin, the cones arrange closely and probably provide effective resistance to diffusion. It
is also found that the pores are rarely exposed on the tubercles. So the effective pore length is
determined from the bottom of cone to the plane top of column in radial thinsections.

Water vapor conductance through the eggshell can be estimated by Eq. (5) from measure-
ments mentioned above (values presented in Tablt 1):

Gy,o = (C/RT) X Dy, X (Ap/Lp) (5)
(Ar, Paganell: et al. 1974)

Here C is a conversion constant 1.56 X 10° [ (sec'mg)/(day mole)], R is the gas constant 6.24X
107 (cm®- mmHg)/(mole-°K) ], This the absolute temperature in nest during incubation (°K),
Dy,o is binary diffusicity (cm®/sec).

The incubation temperature in bird nests is usually 35—36°C (Ar & Rahn, 1978). As the
metabolic rates of reptilian embryos are lower than those of avian embryos, the incubation tem-
peratures also seem to be lower. For example, the nests of alligators living in marshland have a
mean temyerature of 31.1°C (Goodwin & Marion. 1978). Seymour (1979) assumed the dinosaur
eggs hatched at temperatures around 30°C when the incubation time was 66 days. Here the tem-
perature in the dinosaur nests in Nanxiong Basin is also assumed to be 30°C. Dy, is 0.292
cm®/sec at 30°C (Seymour, 1979). ’

Assuming that fresh dinosaur eggs had a density similar to that of recent bird eggs (1.08
g/cm®), their weights may be calculated according to Eq. (6) (Paganelli et al. 1974):

W=108XV - (6)
Results and Discussion

1. Characteristics of the Nest Environmente

. The values of representative parameters of the three ‘“‘species” of the dinosaur eggs from
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Nanxiong Basin are presented in Table 1. It is known that there is an allometric relationship
for bird eggs between the fresh weight and water vapor conductance through the eggshell:

Gyu,o = 0.384 X W** (Ar & Rahn, 1978) ) (7)

Here Gy,o is water vapor conductance at 25°C. According to Eq. (7), the three “species” of
dinosaur eggs from Nanxiong Basin predict Guy,o to be only 43%, 58% and 36% of measured
values, respectively (The effect of temperature is negligible).

The high conductance of water vapor through the dinosaur eggshells studied here indicates
that their nest environments were far different from those of birds. The highly porous egg-
shells always make it possible for embryos to exchange gases in the hypoxic and hypercapnic
environment with high humidity (Seymour and Rahn, 1978; Lomholt, 1976). The eggs of recent
megapode or burrowing birds show high gas conductance. For example, the Gg,o in eggs
of the Australian Brush Turkey (Alectura lathami) is 2.6 times higher than that in similarly
sized bird egg hatching above ground (Seymour & Rahn, 1978). Reptilian eggs usually show
high gas conductance. The average diffusion coefficision in eggs of Chelonia mydas is two
times that in hen’s eggs (Ackerman & Prange, 1972); Alligator mississippiensis shows gas con-
ductance 5 times higher than that in the bird egg which has the same weight (Packard, Téigen
et al. 1979). Therefore, like the nest environments of other reptiles, the nests of the three “species”
of dinosaur eggs in Nanxiong Basin were high in humidity, low in oxygen and high in carbon
dioxide. Such conditions most likely occurred underground or withiy mounds. It is reasonable
to draw a conclusion that the dincsaurs in Nanxiong Basin probably -buried their eggs for in-
cubation. Table 1 shows that the water vapor conductances in the three “species” have few dif-
ferences each other and their nest environments might be similar.

According to Seymour (1979) and Williams et al. (1984), G is 1203, 189 and 17,000mg/
(day-mmHg) at 30°C in the eggshells of Hypselosaurus from France, “Protoceratops” from
Gobi Desert in Mongolia and a Gobi sauropode respectively, and thé values are over 7,4 and
100 times higher than predicted (Seymour, 1979). The dinosaur eggs from Aix Basin in sou-
thern France show gas conductances 8—24 iimes higher than those of similarly sized bird eggs
(Williams, Seymour et al. 1984).

As shown above, there is strong resemblance between water vapour conductances in the
eggs from Nanxiong Basin and in the eggs of “Proroceratops” from Mongolia. This indicates
that their nest environments might be similar. These “species” are probably close in taxonomical
positions because their shapes, sizes and shell microstructures are similar too. However, it should
be noticed that the geological time of the three “species” from Nanxiong Basin is Maastrich-
tian while the time of “Protoceratops” is Sentonia-Campanian. It shows that there were very
few changes in structures or functions of the dinosaur eggs during about 20 million years.

The gas conductances in the three “species” of eggs from Nanxiong Basin differ markedly
from those in the Gobi saurpode eggs from Mongolia and in all kinds of eggs from southern
France. The latter are much higher perhaps because the eggs are larger in size and higher in
porosity.

2. Humidity In Dinosaur Nest

As mentioned above, the water loss of a bird egg during incubation is always 14—I18% of
its initial weight (Rahn & Ar, 1974; Rahn, Paganelli et al. 1979). In both birds and reptiles,
hatchability will decline sharply if water loss approaches 25% (Seymour, 1979). On this basis,
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[ assumed water loss for the dinosaur eggs from Nanxiong Basin normally of 15%. According

to the present statistical data about incubation time of some living reptiles (Mcllhenny, 1934;
Lynn & Brand, 1945; Goodwin & Marrion, 1978; Seymour, 1979), the incubation tim e(I) for
dinosaur eggs might be 65 days at 30°C. Thus the vapor pressure difference across the shell
APy,o (mmHg) is: '

AP0 = (0.15 X W X 1000)/(I X Gy,o) (8)

It is shown in Table 2 that values of APy, are all much lower than 35mmHg which is the
vapor pressure difference across bird eggshell in nest (Rahn & Ar, 1974).
The air cell in egg is completely saturated, and water vapor pressure is 31.9mmHg in it.

Then the external water vapor pressure Pay,o is:
PaHzo = 31.9 — APHzO (9)

The values of Pay,q presented in Table 2 are similar to those of burrowing bird nests
with about 20—23mmH gR.H. (Vlick, Vleck et al. 1983; Grant, Paganelli et al. 1984). In
relative humidity, bird nests above ground are 45% at 35.6°C (Rahn, Ar et al. 1979) while
the dinosaur nests in Nanxiong Basin are more than 60% at 30°C.

As Seymour (1979) assumed the tolerance to dehydration in dinosaur eggs is about 20%
of the initial egg weight and took it into Eq. (8), the relative humidities in the nests are more
than 80%. The water loss of 15% in the present paper is assumed the normal one, not the ma-
ximum. So the humidities in nests in Nanxiong Basin are lower than those estimated by Sey-
mour (1979).

3. Conductances of Respiratory Gases Across Dinosaur Eggshells

Dinosaur embryos exchanged oxygen and carbon dioxide with external atmosphere across
the shells. It is easily to know the conductance and diffusion coefficision of respiratory gases
by Eq. (10)—(13) (Vleck, Hoyt et al. 1979).

Go, = 22.4/18.0 X (Dq,/Dy,0) X Gu,o (10)
Geo, = 22.4/18.0 X (Dco,/DH,o) X Gu,o (11)
Ko, = Go,/$ (12)
Keo, = Gco,/s (13)

Here Dy, is 0.22Icm®/sec, Dgo, is 0.173cm’/sec (Paganelli, Ackerman et al. 1978), S is the
surface area of the egg shell. The results are presented in Table 3.

The diffusion coefficisions Ko, and Kgo, in hen’s eggs are 0.276, 0.216cm’/(day-cm®-
mmHg) respectively (Wangensteen, Wilson et al. 1970/71). Values of Ko, and K¢o, in the
dinosaur eggs from Nanxiong Basin are about 1.5 times of them.

The following Eq. (14) shows the relationship between the prehatching oxygen consump-
tion (Vgq, ) of embryo and the initial egg weight for large reptiles and birds nesting under-
ground (Seymour. 1979):

Vo, = 0.244 X W7 (14)

This equation is used to predict Vo, in the three “species” from Nanxiong Basin. According
to Eq. (14), the oxygen pressure difference across the shell APQ, (mmHg) can be estimated:

i APO2 = \,0z X 24/G02 : (15)



134 H ¥ B BB % H 30 %

The values are shown in Table 3.

APO; is usually 4ZmmHg in bird nests (Rahn & Ar, 1980), and 5.2mmHg in the nest
of ckelonia mydas (Prange & Ackerman, 1974). ,

APOQ; in dinosaur nest is much lower.than the former and similar with the latter. .

To sum up, the high oxygen coefficisions for the dinosaur eggshells and low oxygen partial
pressure differences across the shells are evidences for hypoxic environments,
4. Factors on Shell Structures Causing High Gas Conductance

All the three “species” of dinosaur eggs from Nanxiong Basin show high gas conductances.
It seems to be interesting to find out the reasons.

In bird eggs there is the following allometric relationships between the initial egg weight
W and the shell thickness Lp, total pore area Ap and pore density P respectively:

Lp=5.126 X 107 X W*%¢ (Ar, Paganelli et al. 1974) (16)
A, =972 X 107 X W™ (Ar & Rahn, 1978) an
P=279.7 Xx W% (Ar & Rahn, 1978) (18)

Accordingly, we can know the predicted values of “LP”, “AP” and “P” in bird eggs which
have the same weights with dinosaur eggs from Nanxiong Basin (see Table 4).

From Table 4, we can see that the dinosaur eggshells are thicker than those of similarly
sized bird eggs on the one hand, on the other hand, the total pore areas of the former are about
3 times higher. As a result, the values of G are still higher. Because thé measured pore densi-
ties of dinosaur eggshells are only 40% of the predicted, the large total pore areas are com-
pletely due to the large individual pore area, rather than the number of pores. Water vapor
conductance across the individual pore in the dinosaur eggs is 10 times that in bird eggs which
is 1.5ug/(day - mmHg) no matter how much the egg mass is (Ar & Rahn, 19875).

Therefore, the high water vapor conductance of the specimens from Nanxiong Basin is
mainly dependent on large individual pore area, not the number of pores in the shell.
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BEHEKE (Macroolithus yaotunensis)
(@41 (radial section of eggshell), CGF-II, %27 2.®|5iEVIME (radial section of eggshell),
L X227 3L EAEiE U, s =4l (tangential section of eggshell, showing three pares),

C2TA2T 4 G E R = T4L Crangendial  section of eggshell, showing three pores),
CGN-Pl, 27%27 5.5fLEi#iE (cross-section of a pare), CGN-PI, 106%106 6.5{fLHk#i{E (cross-
seccion of a pure), CGN-PL, 106106
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MBEME (Macroolithus rugustus)

l.fE5% @ (radial secrion of eggshell), 6223, K27 2.E5E&EVE (radial section of eggshell),

6223, K27 3. B EaxVE s AL (rangential section of egpshell, showing [ive pores), 6223,

27%27 A RAE W RPE 4 FL C(tangential section of eggshell, showing five pares), 6223, 27X27

5. FLMLE T Ceross-section of a pore), 6223, 106106 6.5 fLE{% & (cross-section of a pore),6223,
1064106
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REE%E (Elongatoolithus andrewsi)

L. @552 (radial section of eggshell), COX-1, %27 2.875 RN, 43 (fLill (radial section of

eggshell, shawing a pore canal), CGY-1, %27 3. K451 U, 75 #ERIZk Cradial section of eggshell,

showing space between canes), CGY-1, %27 4. & 5@ (radial section of cggshell), CGD-2,

%27 5. SRR IR M UL (rangential section of eggshell, showing two pores), CGY-1, 27x27

6-2fLI#LE Ccross-section of a pore), CGY-=l, 106% 106 7. “{fLIE i (¢rosszsection of a pore),
CGY-1, 106X 106 o



